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https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-software-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-software-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/system-design-of-cna-communication-node
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/satellite-payload-transmitter-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-2-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-2-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/developers-guide-getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/developers-guide-getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-ais
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype/144mhz-modulation-demodulation-scheme
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype/144-mhz-oscillator-circuit
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects/ambulance-emergency-system-ecs-cna-trip-2024
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▪ DevOps CI/CD Development Environment (HW, GUI and embedded SW) 

▪ AS-COMSAT Testbeds CNA+LEO-Sat, Antenna 

▪ Testing of CNA 3-1-2024 

▪ Reduced Testbed (Defined 8 Jan 2024) 

▪ Antenna Testing and Sending&Receiving Testing with gnu radio and 

HackRF 

▪ Launch Issues (SpaceX and other suppliers from India and Russia) 

 

 

 

https://aecenar.com/index.php/companies/as-comsat/gui-and-embedded-software-development-environment
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-of-cna-3-1-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-cna-8-jan-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/launch-issues-spacex-and-other-suppliers-from-india-and-russia
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2 AS-COMSAT SW&HW Repository1 

2.1 Documentation 

AS-COMSAT_1 Satellite_HW_SW_Development_Report 2023 

(docx) 

AS-COMSAT_1 Satellite_HW_SW_Development Report 2023 (pdf)  

PMU (Solar Charger) Development Documentation (docx) (last 

updated: 23.08.23) 

CNA System Development Report 2023 (docx) 

CNA System Development Report 2023 (pdf) 

Antenna Testing Lab Manual (docx) (Aug 2024) 

CNA with 1 Gateway, 3 nodes, and n mobile users - Report (Sep 24) 

  

 Link to google-drive AS-COMSAT (not actual) 

 

1 https://aecenar.com/index.php/companies/as-comsat/as-comsat-sw-hw-repository 

https://aecenar.com/index.php/downloads/send/16-ics/1489-satellite-hw-sw-development-281223
https://aecenar.com/index.php/downloads/send/16-ics/1489-satellite-hw-sw-development-281223
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1509-as-comsat-1-satellite-hw-sw-development-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1539-pmu-solar-charger-development-documentation-docx-last-updated-23-08-23
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1539-pmu-solar-charger-development-documentation-docx-last-updated-23-08-23
https://aecenar.com/index.php/downloads/send/16-ics/1507-cna-system-development-050124-1220pm
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1738-antenna-testing-lab-manual-docx
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1771-cna-with-1-gateway-3-nodes-and-n-mobile-users-report-docx
https://drive.google.com/drive/folders/1qfpl0ZLqbeINVXHEMRgsTMXUo_kXH3_D?usp=sharing_eip_m&ts=65095c69
https://aecenar.com/index.php/companies/as-comsat/as-comsat-sw-hw-repository
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2.2  Posters 

AS-COMSAT_1_OrbitChangeHIL_Poster (pptx), Nov 24  

AS-COMSAT_1_TT&C_POSTER (pptx), 10.7.24  

AS-COMSAT_ACS&OBC_POSTER290824_pptx  

 AS-COMSAT CNA 2 nodes and 2 mobile users (GUI Code and STM 

Code for each of the two transceiver cards) (Poster+Code) 

2.3 SW Code Repository 

TT&C GUI C# 

TT&C GUI C# Ver. 180923 

TT&C GUI C# Ver. 200124 

TT&C GUI C# Ver. 220124 

ACS_Test_Stand_GUI integrated in 

TT&C_GUI Ver.300124 

TTC_GS_GUI_Ver_070224 ACS_Test_Stand_GUI 

integrated in TT&C_GUI update valve  

TTC_GS_GUI_V29_100224 ACS_Test_Stand_GUI 

integrated in TT&C_GUI Debugging 

TTC_GS_GUI_V_170224 ACS_Test_Stand_GUI 

integrated in TT&C_GUI open valve 1 to 8 

TTC_GS_GUI_V_190224 ACS_Test_Stand_GUI 

integrated in TT&C_GUI open valve 1 to 9 

    

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1801-as-comsat-1-orbitchangehil-poster-pptx
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1705-as-comsat-1-tt-c-poster
https://aecenar.com/index.php/downloads/send/16-ics/1748-as-comsat-acs-obc-poster290824-pptx
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1794-as-comsat-cna-2-nodes-and-2-mobile-users-gui-code-and-stm-code-for-each-of-the-two-transceiver-cards
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1794-as-comsat-cna-2-nodes-and-2-mobile-users-gui-code-and-stm-code-for-each-of-the-two-transceiver-cards
https://aecenar.com/index.php/downloads/send/16-ics/1530-ttc-gs-gui-v24-031023-needs-optimization
https://aecenar.com/index.php/downloads/send/16-ics/1535-ttc-gs-gui-plc-v-200124
https://aecenar.com/index.php/downloads/send/16-ics/1536-ttc-gs-gui-plc-v-220124
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1547-acs-test-stand-gui-integrated-in-tt-c-gui-v-300124
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1547-acs-test-stand-gui-integrated-in-tt-c-gui-v-300124
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1551-ttc-gs-gui-v-070224-acs-test-stand-gui-integrated-in-tt-c-gui-update-valve
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1551-ttc-gs-gui-v-070224-acs-test-stand-gui-integrated-in-tt-c-gui-update-valve
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1558-ttc-gs-gui-v-100224-acs-test-stand-gui-integrated-in-tt-c-gui-debugging
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1558-ttc-gs-gui-v-100224-acs-test-stand-gui-integrated-in-tt-c-gui-debugging
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1562-ttc-gs-gui-v-170224-acs-test-stand-gui-integrated-in-tt-c-gui-open-valve-1-to-8
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1562-ttc-gs-gui-v-170224-acs-test-stand-gui-integrated-in-tt-c-gui-open-valve-1-to-8
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1565-ttc-gs-gui-v-190224-acs-test-stand-gui-integrated-in-tt-c-gui-open-valve-1-to-9
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1565-ttc-gs-gui-v-190224-acs-test-stand-gui-integrated-in-tt-c-gui-open-valve-1-to-9
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TTC_GS_GUI_V_200224 ACS_Test_Stand_GUI 

integrated in TT&C_GUI full connected version 

TT&C GUI Bug 

fixing 3.1.25 
    

GUI_TTC_GS 

Commenting out parts of the code : 

// data_request_timer.Start(); (Comment reading data) 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1568-ttc-gs-gui-v-200224-acs-test-stand-gui-integrated-in-tt-c-gui-full-connected-version
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1568-ttc-gs-gui-v-200224-acs-test-stand-gui-integrated-in-tt-c-gui-full-connected-version
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 TT&C STM32 

(C) 
 TT&C STM32 (C) Ver. 071124   

Bug fixed: Maximum retries are disabled. Communication is 

much stable. In reset registers function (line 82), instead of 

write_register(NRF24L01P_REG_CONFIG, 0x08), it 

became write_register(NRF24L01P_REG_CONFIG, 0x18). 

https://aecenar.com/index.php/downloads/send/16-ics/1799-stm32-ttc-trx-sw106-071124
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TT&C STM32 

(C) 

 

TT&C STM32 (C) Ver. 280823 

TT&C STM32(C) -170224- Valve open correctly 1 

to 8 

TT&C STM32(C) -190224- Valve open correctly 1 

to 9 

https://aecenar.com/index.php/downloads/send/

13-temo-space-communication/1707-tt-c-stm32-

sw-110724 (A Acha) 

     

 CNA GUI (C#) CNA GUI C# Ver. 010124 (Fully Functional)     

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1533-tt-c-transceiver-sw101-updated-28-08-23
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1563-transceiver-sw101-170224-valve-open-correctly-1-to-8
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1563-transceiver-sw101-170224-valve-open-correctly-1-to-8
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1566-transceiver-sw101-190224-valve-open-correctly-1-to-9
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1566-transceiver-sw101-190224-valve-open-correctly-1-to-9
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1707-tt-c-stm32-sw-110724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1707-tt-c-stm32-sw-110724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1707-tt-c-stm32-sw-110724
https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-010124-fully-functional
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CNA GUI (C#) 

Corrected 

CNA GUI C# Ver. 091024 (Fully Functional, as 

before with predefined texts)  
  

Bug: Port_not_recognized_inGermanWindowsVersion 

fixed on 091024 

  

Bug: Map and Coordinates were not correctly shown in Form. 

Fix: in MapCoordinates.txt files: for German version "," instead 

of "."  

CNA User GUI 

(C#) 
      

 CNA STM32 

(C) baseline 

 CNA STM32 (C) Ver. 311223 (communication 

partner is defined in file configuration.h and(!) 

main.c) 

Testreport 

see CNA 

System 

Development 

Report 2023 

(pdf) at end 

communication partner is defined in file configuration.h and(!) 

main.c: In the following pictures there is the configuration of 

Turk User to be programmed on STM:  

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1490-cna-gui-091024-fully-functional-bug-fixed-for-german-windows
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1490-cna-gui-091024-fully-functional-bug-fixed-for-german-windows
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1534-cna-transceiver-sw-update-31-12-23
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1510-cna-system-development-technical-report-2023-pdf
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of the 

document  

 

 

CNA 

STM32(C) 

baseline311223, 

Bugfixed 

071124 

 CNA STM32(C) baseline311223, Bugfixed 071124    

Bug fixed: Maximum retries are disabled. Communication is 

much stable. In reset registers function (line 82), instead of 

write_register(NRF24L01P_REG_CONFIG, 0x08), it 

became write_register(NRF24L01P_REG_CONFIG, 0x18). 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1800-bugfixing071124-maxretriesatsending-baseline311223-cna-transceiver-stm32-sw806
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 CNA STM32 

(C), Ver. Sep 

24, 

COnfiguration 

with external 

HW jumpers 

(gateway or 

user or node is 

defined with a 

jumper on the 

board 

(see Users 

Guide, Getting 

  

CNA STM32 (C) Ver. 100924 

CNA STM32 (C) Ver. 180924 

CNA_STM32 (C) Ver. 260924 (fixed users full 

functional)  

    

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/downloads/send/16-ics/1763-cna-stm-code-100924
https://aecenar.com/index.php/downloads/send/16-ics/1769-cna-stm-code-180924
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
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Started - CNA 

with 1 

Gateway, 3 

nodes, and n 

fixed users 

(aecenar.com)) 

CNA Gateway 

STM32 (C)  
      

CNA Node 

STM32 (C)  
      

CNA User 

STM32 (C)  
      

OBC Rasberry 

(python) 

OBC_Raspberry (python) Ver. 061223 

OBC Raspberry (python) Ver. until April 24 

https://aecenar.com/index.php/downloads/send/

13-temo-space-communication/1713-acs-

valvecontrol-pythoncode-ver-0724 (AhmAli) 

    

 ACS Board 

STM32 (C)  

Attitude_Controller_SW101_241123 

Attitude_Controller_SW103 210324 

Attitude_Controller_SW103 230524 

    

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1542-as-comsat-1-obc-sw
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1662-as-comsat-obc-python-code-ver-apr-24
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1713-acs-valvecontrol-pythoncode-ver-0724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1713-acs-valvecontrol-pythoncode-ver-0724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1713-acs-valvecontrol-pythoncode-ver-0724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1538-acs-board-sw-for-stm32-sw101-last-updated-24-11-23
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1594-attitude-controller-sw103
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1688-attitude-controller-sw103-230524
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ACS on OBC 

(python code) 

ACS OBC python code Ver. 27.7.24 

ACS OBC python code Sun Sensor - Valve 

Feedback Ver. 200824 

    

PV Charge 

Controller 

STM32 (C) 

  

PMU (Solar Charger) SW (last updated: 23.08.23) 
    

ACS PLC 

Teststand - 

GUI 

ACS PLC Teststand_180122 - GUI (C#)     

2.4 Hardware Boards 

ACS Board 

Gerber file for ACS Board.December.2023 

Schematic of ACS Board.December.2023 

Schematics of ACS Board May 2024 (without multiplexers) 

Transceiver Board 

Gerber file for Transiver Board.December.2023 

BOM Transceiver Board, Ver. 25.10.23 

Schematic of Transiver Board.December.2023 

Power Charging Board 
Gerber file for PC Board.December.2023 

Schematic of Power Charging Board.December.2023 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1713-acs-valvecontrol-pythoncode-ver-0724
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1735-acs-control-algorithm-python-sunsensorvalvefeedback-py
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1735-acs-control-algorithm-python-sunsensorvalvefeedback-py
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1540-pmu-solar-charger-sw-last-updated-23-08-23
https://aecenar.com/index.php/downloads/send/16-ics/1431-as-comsat-propulsion-system-pcs-gui-code
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1582-gerber-file-of-acs-board
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1586-schematic-of-acs-board
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1587-gerber-file-for-transiver-board
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1602-as-comsat-transceiver-board-bom-ver
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1588-schematic-of-transiver-board
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1583-gerber-file-for-power-charge
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1585-schematic-of-power-charging-board
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Amplifier Board 

  

Gerber file for Emplifier Board.16.March.2024 

Schematic of Emplifier Board.16.March.2024 

Sun Sensor Board 
Gerber file for Sun Sensor Board.20.March.2024 

Schematic of Sun Sensor Board.20.March.2024 

Patch Antenna Board Fusion Design of Patch Antenna.21.March.2024 

 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1580-amplifier-board
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1584-schematic-of-amplifier
https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1591-gerber-pcb-sun-sensor
https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1592-schematic-of-sun-sensor
https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1593-patch-antenna
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3 Summary 

3.1 Actual Status of Projects in Apr 2025 
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3.2 Next TODOs 

3.2.1 OrbitChange Testrig 
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3.2.2 CNA 

3.2.2.1 Transceiver Development 28.8 MHz 

3.2.2.2 CNA Area Testbed 

 

3.2.3 TT&C Testrig 

• Completing Testrig Guidance&Control 

• Data Link  
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3.2.4 ECS 

Completing Teststand Configuration 

3.3 Posters/Presentations of partly realized projects 

3.3.1 Early Fire Detection with Drones 
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3.3.2 Nanosat with suppliers components 



Summary 
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3.3.3 Antenna Testbed 

 



Summary 
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3.3.4 TT&C Testrig 
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3.3.5 Orbit Change Testrig 
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Summary 

 

44 

3.3.6 CNA 
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3.3.7 ECS 
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AS COMSAT HABERLEŞME PLATFORMLARI VE UYDU HABERLEŞME SİSTEMLERİ 

SANAYİ VE TİCARET LİMİTED ŞİRKETİ 

TEPEÜSTÜ MAH. KAFİYE SOK. NO:47/3 ÜMRANİYE/İSTANBUL 

ALEMDAĞ V.D. V.NO:0861584690 

İTO: 457897-5  MERSİS NO: 0086-1584-6900-0001 

 

AS COMSAT COMMUNICATION PLATFORMS AND SATELLITE COMMUNICATION 

SYSTEMS, INDUSTRY AND TRADE LIMITED COMPANY 

Name of document: 

 C:\AS-COMSAT\Administration\Planning&Control2023\020523AS-

COMSAT_AdministrationReport2023.docx 
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4.1 Content 
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4.2 Investors 

4.2.1 Data of Investors 

Name Shares Date, Remarks 

Samir Mourad 80% 1.5.23 

Salih Bayar 10% 1.5.23 

ÖMER KORÇAK 10% 1.5.23 

4.2.1.1 Turkish VKN number (T.C. No.) of Manager Samir Mourad 

 

Samir Mourad, Yabanci VKN 6232042167 



AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

56 

4.3 Initial Investment from company foundation until IMEX exhibition (1.5.-15.9.23) 

AS COMSAT Initial Investment last updated: 13.5.2023

per months

May June Jul Aug Sep (IMEX)

3 Ing Lib 1.500$            1.500$         1.500$         1.500$      1.500$         

2 Ing TR (Koskep) -$                

Atelier 250,00$          250$            250$            250$         250$            

Foundation Company

Investment Shares

Ömer hoca 432,00$          432$            432$            432$         216$            1.944$         0,101261

Salih hoca 432,00$          432$            432$            432$         216$            1.944$         0,101261

Samir hoca 1.080,00$       1.080$         1.080$         1.080$      540$            15.310$      0,797479

Material ECS 300,00$          300$            

Material CNA 300,00$          300$            

Material AS-COMSAT_1 Demo System

Exhibition Fee, … 500$            

Total

4.294,00$       4.294$         3.694$         3.694$      3.222$         19.198$      

IMEX: 14.-17.9.23  

4.4 Official company papers 

4.4.1 Name of Company 

AS COMSAT HABERLEŞME PLATFORMLARI VE UYDU HABERLEŞME SİSTEMLERİ SANAYİ VE 

TİCARET LİMİTED ŞİRKETİ 

TEPEÜSTÜ MAH. KAFİYE SOK. NO:47/3 ÜMRANİYE/İSTANBUL 

ALEMDAĞ V.D. V.NO:0861584690 

İTO: 457897-5  MERSİS NO: 0086-1584-6900-0001 

4.4.2 Renting contract for company space (Kafiye sokak) 

Buero in Kafiye Sokak No. 47, Tepeüstü, Umraniyye, Istanbul (Asian side) 

250 EUR all in rent for the whole flat (rented from Samir). 

One part of it is the company space. 

 

 

              KİRA SÖZLEŞMESİ ÖZEL HÜKÜMLER 
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1- Kiracı, kiralananı kiraya verenin yazılı iznini almadan başkalarına kullandıramaz, 

kiraya veremez ve  

      devredemez. 

2- Kira paraları her ayın 25’inde peşin olarak ödenecektir. 

3- Kira sözleşmesinin yenilenmesi halinde yenilenen her dönemin kira parası, kendinden 

önce gelen dönemin kira parasına, İstanbul Ticaret Odasınca belirlenecek olan ÜFE-

TÜFE endeksinin yıllık ortalamaları toplamının  ½ ‘si oranında zam yapılarak 

hesaplanacaktır. 

4- Kira artırımları için kiraya verenin kiracıya ihtarname keşide etmesine ve ihbarda 

bulunmasına gerek olmayacak ve kiracı kira parasını yukarıda 3. maddede belirtilen 

koşullara göre kendiliğinden hesaplayıp ona göre ödemede bulunacaktır. 

5- Kiracı, sözleşmeyi yenilemek istemediği takdirde bu hususu kira süresinin 

bitmesinden en az 60 gün önce kiraya verene yazılı olarak bildirecektir. 

6- Bu sözleşme ile ilgili olarak kiraya veren tarafından kiracıya gönderilecek her türlü 

bildirim kiralananın bulunduğu adrese tebliğ edilecek ve yasal açıdan geçerli olacaktır.  

7- Bu sözleşmede hüküm bulunmayan hususlarda Türk Borçlar Yasasının taşınmaz 

kiraları ile ilgili hükümleri uygulanacaktır.  

8- Bu sözleşme ile ilgili uyuşmazlıklar İstanbul Anadolu Mahkemelerince çözüme 

kavuşturulacaktır.  

9- Kiracı, kiralananı kontratta yazılı kullanım amacı dışında kullanamaz. Kullanma 

amacını genişletici fiil ve davranışlara giremez. Aksi takdirde bu husus akde aykırılık 

teşkil edecek ve tahliye sebebi olacaktır.  

10- Kiracı, kira sözleşmesi yapılıp kiralanana taşınmadan önce kiralananın elektrik su ve 

doğalgaz aboneliklerini ilgili kurumlarda kendi adına tesis ettirecek ve kiralanan bu 

işlemlerin tamamlanmasından sonra kendisine teslim edilecektir.  

11- Kiracıdan 1000.-TL tutarında depozito alınmış olup bu depozito hiçbir şekilde kira 

parasına mahsup edilmeyecek ve tahliye sırasında kiracının kiralanana normal 

kullanımdan kaynaklanan yıpranma dışında bir zarar vermediğinin tespiti halinde 

kiraya veren tarafından kiracıya aynen geri verilecektir. 

12- Kiralanan kiracıya boya ve badanası yapılmış bir şekilde ve eksiksiz olarak teslim 

edilmiş olup kiracı da tahliye sırasında kiralananı kiraya verene aynı şekilde teslim 

edecektir.  

13- Bu sözleşme taraflar arasında düzenlenip birlikte okunmuş ve içeriğinin tarafların bu 

konudaki iradelerini yansıttığı görülünce müştereken imzalanıp bir örneği kiralayana, 

bir örneği de kiracıya verilmiştir. 

 

27.04.2023 
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4.4.3 KİRA KONTRATOSU 

Dairesi                               : ÜMRANİYE 

Mahallesi                           : TEPEÜSTÜ 

Sokağı                               :  KAFİYE 

Numarası                           : 47 D:3 

Kiralanan şeyin cinsi         : KONUT 

Kiraya verenin adı, soyadı  :  

ve ikametgahı                       MERDİVENKÖY MH. ÇÖMLEKÇİ ÇUKURU SK. NO:47A 

                                             KOSOVA APT. A BLOK, D:14 MERDİVENKÖY- 

                                             KADIKÖY/ İSTANBUL 

Kiracının adı, soyadı          : AS-COMSAT Haberleşme Sistemleri, Yazılım, Donanım ve     

Danışmanlık Hizmetleri Limited Şirketi 

ve ikametgahı                       TEPEÜSTÜ MH. KAFİYE SOK. 

                                              NO:47, D:3 ÜMRANİYE/ İSTANUL 

                                              

Bir senelik kira karşılığı     : 12.000 TL (Onikibin Türk Lirası)  

                                                 

Bir aylık kira karşılığı        :  1000.-TL  (Dokuzuyüzyetmişbeş Türk Lirası) 

Kira karşılığının ne şekilde: Her ayın 2’sinde peşin olarak ödenecektir. 

ödeneceği 

KİRACI KİRAYA VEREN 

AS-COMSAT Haberleşme Sistemleri, 

Yazılım, Donanım ve Danışmanlık 

Hizmetleri Limited Şirketi 

 

 



AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

59 

Kira müddeti                       : 1 yıl  

Kiranın başlangıcı               : 2.Mayıs.2023 

Kiralanan şeyin şimdiki       : Tam ve mükemmel 

durumu  

Kiralanan şeyin ne için        : İşyeri olarak kullanılacaktır. 

kullanılacağı 

Kiralanan şey ile beraber teslim olunan demirbaş eşyanın beyanı 

Aspiratör ve kombi.  

 

1-) 24.12.1980 gün ve 2361 sayılı kanunla değiştirilen 193 sayılı Gelir Vergisi Kanununun 70.94.ve 

106. maddeleri gereğince; 

Tüccar, serbest meslek erbabı ve çiftçiler, ticari, mesleki ve zirai işleri ile ilgili olarak yaptıkları kira 

ödemelerinden %25 oranında gelir vergisi tevkifatı yaparak vergi dairesine yatıracaklardır.  

 

2-) 488 sayılı Damga Vergisi Kanununu değiştiren 21.11.1980 gün ve 2344 sayılı ve 30.12.1980 gün 

ve 2367 sayılı kanunlar gereğince; 

 

Malsahibi ve kiracı için %01 kefil için %05 olmak üzere mukavele müddetine göre bütün kira 

bedelinin binde altısı nispetinde damga pulu yapıştıracaktır. Teslimat hakkındaki şerhlerde her 

imza için 501 liradan 1000 liraya kadar(1000 dahil) 10 lira, 1001 liradan 5000 liraya kadar (5000) dahil 

15 lira, 5001 liradan 10.000 liraya kadar (10.000 dahil) 20 lira, 10.001 liradan 100.000 liraya 

kadar(100.000 dahil) 30 lira 100.001 liradan 500.000 liraya kadar olan (500.000 dahil) 50 lira, 500.000 

liradan yukarı olanlar 100 liralık damga pulu yapıştırırlar.Pullar tarih ile beraber imza veya mühür 

konulmak suretiyle iptal olunacaktır.  

 

İki pul için bir iptal muamelesi kabul edilir.  

 

4.4.4 RENTAL CONTRACT (translated by google translator) 

Department : UMRANİYE 

Neighborhood : TEPEUSTU 

Street : Kafiye 

Number : 47 D:3 

Type of rented property : HOUSING 

Name, surname of the lessor: Şennur BAYAR (T.C NO: 56554410246) 
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and its residence is MERDİVENKÖY MH. ÇÖMLEKÇİ ÇUKURU SK. NO:47A 

                                              KOSOVO APT. A BLOK, D:14 MERDİVENKÖY- 

                                              KADIKOY/ ISTANBUL 

Tenant's name, surname: AS-COMSAT Communication Systems, Software, Hardware and 

Consulting Services Limited Company 

and his residence is TEPEÜSTÜ MH. KAFIYE SOK. 

                                               NO:47, D:3 UMRANİYE/ ISTANUL 

                                              

One-year rental equivalent: 12.000 TL (Twelve Thousand Turkish Liras) 

                                                 

One month's rent equivalent: 1000.-TL (Nine hundred and seventy-five Turkish Liras) 

How the rent is paid: It will be paid in advance on the 2nd of each month. 

to be paid 

Rental period : 1 year 

Beginning of the lease : 2.May.2023 

The present of the rented thing: Complete and perfect 

status 

What the rented thing is for: It will be used as a workplace. 

to be used 

Declaration of the fixed goods delivered together with the rented thing 

Aspirator and combi. 

 

1-) In accordance with Articles 70.94 and 106 of the Income Tax Law No. 193 amended by Law No. 

2361 of 24.12.1980; 

Traders, self-employed and farmers will deposit 25% of their income tax withholding from their rent 

payments related to their commercial, professional and agricultural works to the tax office. 

 

2-) In accordance with the laws numbered 21.11.1980 and numbered 2344 and day 30.12.1980 and 

numbered 2367 amending the Stamp Duty Law No. 488; 

 

It will affix a stamp at the rate of six per thousand of the entire rental price according to the contract 

period, 01% for the owner and the tenant, and 05% for the surety. In the annotations about the 

delivery, for each signature from 501 liras to 1000 liras (including 1000), 10 liras, from 1001 liras to 

5000 liras (5000 included) 15 liras, from 5001 liras to 10,000 liras (including 10,000) 20 liras, from 

10,001 to 100,000 liras (including 100,000) ) 30 liras from 100,001 liras to 500,000 liras (including 
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500,000) 50 liras, and those over 500,000 liras affix a 100 lira stamp stamp. Stamps will be canceled 

by placing a signature or seal together with the date. 

 

A cancellation treatment is accepted for two stamps. 

 

 

4.4.5 Visit from Government 

[11:37, 3.5.2023] Salih Bayar Istanbul: "A polling officer will come from the tax office. An SMS will 

be sent to Mr. Mourad's phone 1 day before he arrives. 

You can say: "We do not have an insured employee, we pay a net rent of 1.000 TL".  

They do not enter the house, they ask at the door and take a photo, and then no one comes." 

[11:37, 3.5.2023] Salih Bayar Istanbul:          

[11:38, 3.5.2023] Salih Bayar Istanbul: I think I will get an SMS. I will be there on that day inshaAllah. 
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4.4.6 Foundation of AS COMSAT (AS COMSAT HABERLEŞME PLATFORMLARI VE UYDU 
HABERLEŞME SİSTEMLERİ SANAYİ VETİCARET LİMİTED ŞİRKETİ) 

4.4.6.1 Wikala from Samir Mourad to Salih Bayar at noter for founding the company (26.4.23) 

 

 

Translation of passport of Samir Mourad 
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Translated with google tranlater (there are mistakes) 
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Translated with google tranlater (there are mistakes) 
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4.4.7 Meeting with financial advisors Mesut Yildiz at Fatih Derya at 27.4.23 

 

 

 

 

 

 

 

 

 



AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

68 

[11:06, 3.5.2023] Salih Bayar Istanbul:  

GENEL MUHASEBE VEKALETİ İÇİN İSİMLER 

 

FATİH DERYA : 4264 955 4728 

MESUT YILDIZ             : 5410 018 1572 

SERHAT TENGİZ          : 2603 940 2400 

FURKAN ÇALIK : 2625 510 1248 

SERKAN SÖNMEZ        : 1560 545 6428 

TUTKU SARPKAYA     : 3629 268 7452 

 

4.4.8 Meeting Date with Industry Ministry 
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4.4.9 Circular of Signatures (IMZA SIRKÜLERI) - Needed for all official issues (bank account, 
import, export, …) 
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4.4.10 General Wikala from Manager Samir Mourad to Salih Bayar for all transactions concerning 
the company 
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4.4.11 Turkish Trade Registry Newspaper 

 



AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

74 
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[11:30, 3.5.2023] Salih Bayar Istanbul: "Mr. Mourad has to go to the notary with this newspaper 

within 15 days and take out the signature circular and the general accountant's power of attorney 

and send the scanned photo of it to us." 
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4.4.12 İ S T A N B U L CHAMBER OF COMMERCE OPERATING CERTIFICATE (COPY OF 
REGISTRY REGISTRATION) 
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4.4.13 Tax Sheet (VERGI LEVHASI) 

 

4.4.14 Foundation Costs 

[11:49, 3.5.2023] Salih Bayar Istanbul: So far, I make the following payments: 

[11:50, 3.5.2023] Salih Bayar Istanbul: 954.74TL for notary 

[11:50, 3.5.2023] Salih Bayar Istanbul: 409.79TL for notary 

[11:51, 3.5.2023] Salih Bayar Istanbul: 7,000TL (Seven thousand TL) money transfer to Mesut Yıldız (Financial Advisor) for foundation 

[11:52, 3.5.2023] Salih Bayar Istanbul: 8,364.53TL totally 

 

5,500 TL for private account of Samir 

Mourad at Kuveyt Turk bank. 

(To be able to open a company 

banking account at Islamic Bank 

Kuveyt Türk, the Manager Samir 

Mourad had to open fist a private 

account) 

 

12.5.23    Total Foundation Costs: 15,446 TL (718 EUR) 
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Cost paid according to shares: 

Samir 80% 12,557 TL 

Salih 10% 1,545 TL 

Ömer hoca 10% 1,545 TL 

 

80% 12357 TL 

10% 

4.5 Banking account at Kuveyt Türk Bank 

"You can open an account in the name of the company from the bank together with the signature 

circular, trade registry newspaper, activity certificate, tax plate, passport translation and stamp." 

Opened at Kuveyt Türk Kağıthane Şubesi 

[20:45, 11.5.2023] Salih Bayar Istanbul: kağıthane ilçesinde Gültepe şubesi 

[20:46, 11.5.2023] Salih Bayar Istanbul: Gültepe branch in Kağıthane town        

[20:47, 11.5.2023] Salih Bayar Istanbul: Ortabayır, Talatpaşa Cd. No: 70, 34410 Kâğıthane/İstanbul 

 

4.5.1 Private Account of Manager Samir Mourad at Kuveyt Turk Bank Istanbul 

Kuveyt Türk Bank 

Owner: SAMIR MOURAD 

IBAN TR220020500009855530800102 (EUR Account) 

Private account 

[14:18, 12.5.2023] Samir Mourad: I had to open a private Account before are able to open as comsat 

account 
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4.5.2 AS COMSAT Account at Kuveyt Turk Bank 

 

User name online banking: samır (Not samir) 
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4.6 AS COMSAT & Partners Facilities 

 

4.6.1 Cooperation Partners 

  

 
 

 

 

4.6.2 Office in Heidelberg/Germany (TEMO / hi enterprises) 

Procurement 

4.6.3 Administration Flat in Istanbul (AS COMSAT) 

    

[19:46, 1/25/2022] Samir Mourad: 3000TL oder 200 Euro für Miete 

Erdgas 400TL (~25 Euro), Strom 250TL (~10 Euro), Kalt Wasser 100TL (~6 Euro), Internet 155TL (~11 Euro), 

Insgesamt ungefaehr 250 Euro 

[19:46, 1/25/2022] Samir Mourad: https://goo.gl/maps/2tNKYdmc2fPnNifY9 

2 rooms (1 bureau, 1 private room) + kitchen + bath room 

https://goo.gl/maps/2tNKYdmc2fPnNifY9
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1 Feb 22 2 Feb 22 

  

19 May 22 19 May 22 

 
 

10 May 23 10 May 23 
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4.6.4 KİRA KONTRATOSU 

Dairesi                               : ÜMRANİYE 

Mahallesi                           : TEPEÜSTÜ 

Sokağı                               :  KAFİYE 

Numarası                           : 47 D:3 

Kiralanan şeyin cinsi         : HOME OFİS 

Kiraya verenin adı, soyadı  : Şennur  BAYAR (T.C NO: 56554410246) 

ve ikametgahı                       MERDİVENKÖY MH. ÇÖMLEKÇİ ÇUKURU SK. NO:47A 

                                             KOSOVA APT. A BLOK, D:14 MERDİVENKÖY- 

                                             KADIKÖY/ İSTANBUL 

Kiracının adı, soyadı          : AS COMSAT HABERLEŞME PLATFORMLARI VE UYDU 

HABERLEŞME SİSTEMLERİ SANAYİ VE TİCARET LİMİTED ŞİRKETİ 

ve ikametgahı                       TEPEÜSTÜ MAH. KAFİYE SOK. NO:47/3 ÜMRANİYE/İSTANBUL                             

ALEMDAĞ V.D.   VERGİ NO: 0861584690                  

Bir senelik kira karşılığı     : 12.000 TL (Onikibin Türk Lirası)  

                                                 

Bir aylık kira karşılığı        :  1.000.-TL  (Dokuzuyüzyetmişbeş Türk Lirası) 

Kira karşılığının ne şekilde: Her ayın 2’sinde peşin olarak ödenecektir. 

ödeneceği 

Kira müddeti                       : 1 yıl  

Kiranın başlangıcı               : 2.Mayıs.2023 

Kiralanan şeyin şimdiki       : Tam ve mükemmel 

durumu  

Kiralanan şeyin ne için        : İşyeri olarak kullanılacaktır. 

kullanılacağı 

Kiralanan şey ile beraber teslim olunan demirbaş eşyanın beyanı 

Aspiratör ve kombi.  

 

1-) 24.12.1980 gün ve 2361 sayılı kanunla değiştirilen 193 sayılı Gelir Vergisi Kanununun 70.94.ve 

106. maddeleri gereğince; 

Tüccar, serbest meslek erbabı ve çiftçiler, ticari, mesleki ve zirai işleri ile ilgili olarak yaptıkları kira 

ödemelerinden %25 oranında gelir vergisi tevkifatı yaparak vergi dairesine yatıracaklardır.  
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2-) 488 sayılı Damga Vergisi Kanununu değiştiren 21.11.1980 gün ve 2344 sayılı ve 30.12.1980 gün 

ve 2367 sayılı kanunlar gereğince; 

 

Malsahibi ve kiracı için %01 kefil için %05 olmak üzere mukavele müddetine göre bütün kira 

bedelinin binde altısı nispetinde damga pulu yapıştıracaktır. Teslimat hakkındaki şerhlerde her 

imza için 501 liradan 1000 liraya kadar(1000 dahil) 10 lira, 1001 liradan 5000 liraya kadar (5000) dahil 

15 lira, 5001 liradan 10.000 liraya kadar (10.000 dahil) 20 lira, 10.001 liradan 100.000 liraya 

kadar(100.000 dahil) 30 lira 100.001 liradan 500.000 liraya kadar olan (500.000 dahil) 50 lira, 500.000 

liradan yukarı olanlar 100 liralık damga pulu yapıştırırlar.Pullar tarih ile beraber imza veya mühür 

konulmak suretiyle iptal olunacaktır.  

 

 

İki pul için bir iptal muamelesi kabul edilir.  
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4.6.5 Office in Inilek Sok/Umraniyye 

4.6.5.1 Renting Contract 
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4.6.5.2 Office Inventory 
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4.7 AECENAR Laboratories 

Ras Maska/Tripoli, www.aecenar.com 

Electronic Lab, Vacuum Chamber (to be completed) 

 

http://www.aecenar.com/
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4.8 History of AS COMSAT 

4.8.1 Planned Stakeholders in Oct 2021 
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4.8.2 Company vision 

2023 Demonstration System for Exhibition 

2023 Establishing company space and Testing facility at Istanbul 

14.-17.9.2023 IMEX exhibition in Istanbul 

2024-2025 First Operational System  

2026-2030 International Supplier 

4.8.3 Specification Phase Aug 2020 – May 2021 

AnalysisPhase_Specification_SupplierParts_pptx 

4.8.4 Planning Aug 2020 – Jul 2023 (3 years) 

Aug 2020 – Sep 2021 Team Foundation through weekly zoom meeting 

2021 Development 2U Sat (COM(Transponder), Scientific (X-Ray Sensor) + 

1U Sat (COM) + Ground Station 

2022  

2023  

4.8.5 Initial Investment Planning for 1U Satellite (last update: Dec 2020) 

Bismillah Last update: 19 Dec 2020

Satellite Development Cost and Launch Cost

Working Package Material Cost Man Month Qualification Salary/MM

Personnel 

Cost per 

item

Total item

cost Material from suppliers

Camera $50,000 6 Eng $2,000 $12,000 $62,000 cube sat solar

COM&Telemetry
$50,000 10 Eng $2,000 $20,000 $70,000

deployable solar

Gyroscopes $20,000 5 Eng $2,000 $10,000 $30,000 ISIS cubesat scolare

Accelerometers $20,000 5 Eng $2,000 $10,000 $30,000 crystal space P14 "Vasik"

Reaction Wheel $10,000 3 Eng $2,000 $6,000 $16,000 EXA BA0 high energy density battery array

Eng $2,000 $0 $0 EXA Titan-1 350 whr high energy density…

Power System Solar panels, 

battery system $15,000 4 Eng $2,000 $8,000 $23,000

Eng $2,000 $0 $0

Board Control Computer $10,000 8 Eng $2,000 $16,000 $26,000

Antenna system $10,000 3 Eng $2,000 $6,000 $16,000

Integration $10,000 3 Eng $2,000 $6,000 $16,000

Test $10,000 2 Eng $2,000 $4,000 $14,000

Launch $44,000 1 Eng $2,000 $2,000 $46,000

Ground Station $20,000 6 Eng $2,000 $12,000 $32,000

$269,000

Total Cost $381,000

Operational Cost per year

Working Package Material Cost Man Month Qualification Salary/MM

Personnel 

Cost per 

item

Total item

cost

Maintenance $40,000 12 Eng $2,000 $24,000 $64,000

Ground Station $20,000 36 Eng $2,000 $72,000 $92,000

Total Cost $156,000

Material (from Suppliers) & Engineering Costs

AS-COMSAT cubeSAT System (1 Satellite 10cmx10cmx10cm)

-> 381 k$ Investment 

4.8.6 Investment Planning update for 2U + 1U Satellite + Ground Station System (last update: 
May 2021) 

Goals of investment:  

file:///C:/AS-COMSAT/Administration/Planning&Control2023/220421_03AS-COMSAT_FireDetectionSystem_TechnicalPresentation_2021.pdf
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• Demonstration System (2U+1U+Ground Station) 

• Team Building:  

• Payloads: AIS Ship Communication System, Astronomical X-Ray Sensor 

Engineering (ManPower Aug 2021-Jul 2023) 2 yrs x 5 persons x 12 k$ 120 k$ 

Administration TEMO Aug 2020 – Jul 2021 (Analysis Phase) 25 k$ 

Administration TEMO (2 yrs Aug 2021 – Jul 2023) 2 x 25k$ 50 k$ 

Material Cost Satellites (1U + 2U) + Ground Station 75 k$ 

Launching Cost (1U + 2U) 150 k$ 

  

Total $420,000 
    

4.8.7 Budget for 2022 (bureau in Istanbul from 2/2022) 

rent Istanbul Feb-Dec 2022         2.750 €  

Salih Alfmeier              600 €  

Reisekosten           3.600 €  

Satellite material        40.000 €  

Rozan Mustafa Sep-Dec 2022         4.000 €  

     

      

      

      

      

  Sum      50.950 €  

4.8.8 Milestones 2022 

Tue, 1.2.2022: Taking bureau in Istanbul 

In AECENAR: COM unit (with HackRF) 

In Istanbul: Integration of satellite (with local students) 

In Istanbul: electronics lab, integration and testing lab, marketing / meeting space for customers 
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4.9 Predevelopment Studies 2012- 2022 

4.9.1 Satellite-airship COM system 
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4.10 Payload Radioastronomy Sensor 

 

See AECENAR IAP-SAT Final Report (2013-2020), 
http://aecenar.com/index.php/downloads/send/10-iap/664-iap-sat-final-report-2012-2020-pdf 

http://aecenar.com/index.php/downloads/send/10-iap/664-iap-sat-final-report-2012-2020-pdf
http://aecenar.com/index.php/downloads/send/10-iap/664-iap-sat-final-report-2012-2020-pdf
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4.10.1 LEO Satellite System 
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4.10.2 Hardware-in-the-Loop test rig for IAP-SAT (Overview) 
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Overview is including Simulation model of actuators, space model and sensors of IAP-SAT (for 1. 

xcos model, 2. Graphs of simulation results please refer to documentation) 

- Interface between Simulation Server and Board Computer of IAP-SAT (for 1. xcos model, 2. Graphs 

of simulation results): please refer to documentation) 

- Meteorological Images supply by HDSDR 

 

  

http://aecenar.com/index.php/downloads/send/10-iap/444-021215iap-sat-projectreport3-2015149
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4.10.3 Fire Detection System 2020/2021 

• This System Specification Document describes a distributed system for fire detection in rural 

and agriculture areas. On one satellite there will be inscha Allah also a X-Ray Astronomy 

sensor, which data is sent via a transmitter online to earth. 

• System Configuration 
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4.10.4 Payload X Ray Sensor 

 

4.10.5 Space Radiation detection 

PowerPoint Sunusu (aecenar.com) 

4.10.6 AIS 

 

 

http://aecenar.com/index.php/downloads/send/13-temo-space-communication/834-space-radiation-protection-presentation-pdf
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4.11 Business Plan/Marketing: Plans for different Projects (to be presented at 
IMEX, Istanbul 14.-17.9.23) 

4.11.1 ECS 
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4.11.2 CNA 
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4.11.3 AS COMSAT 1 LEO Communication System 

 

4.12 AS COMSAT Staff 

 

Launching supplier: to be defined 

 

4.12.1 Salary list for beginners at AS-COMSAT 

 Salary for fulltime (160h/month)  

Worker   

Specific worker (Welder)   

Student without 

Bachelor/Licence 

  

Bachelor Holder   

Master Holder 500 $ (in Lebanon)  
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4.12.2 Organizational chart for AS COMSAT 1 satellite development 

 

Director R&D

.

System Integration/

System Test

Power Supply Subsystem 
(Battries, ...)

Supplier

Antenna 
Subsystem

Supplier

Attitude Control 
Subsystem

Raja M.

Propulsion 
Subsystem

Plasma Thruster

Testing Electrical 
Propulsion Unit

Telemetry and 
Tracking Subsystem

Ground Station 
GCS

Communications 
Subsystem, AIS

Payload Camera 
Subsystem

Supplier

Technical 
Assistant
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4.12.3 Organizational chart for AS COMSAT 1 launcher development 

 

 

 

Director R&D

.

System Integration/

System Test

Power Supply Subsystem 
(Battries, ...)

Supplier

Antenna 
Subsystem

Supplier

Attitude Control 
Subsystem

Raja M.

Propulsion 
Subsystem

Telemetry and 
Tracking Subsystem

Ground Station 
GCS

Structure
Payload Place and 

Outthrowing

Supplier

Technical 
Assistant
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4.13 AS COMSAT 1 (Satellite System) 

4.13.1 Summary of System Parts 

4.13.1.1 Actuator 

MAGNETOMETERS - Magnetometers sense magnetic field strengths and direction. 

The measurements are compared to the Earth’s magnetic field map (which is dependent 

on the spacecraft position) to determine the attitude. Moreover, it can only be used at 

low altitude orbits, where the magnetic field is strong enough. 

4.13.1.2 How communication is done  

 

Figure 1: Communication and TT&C 
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4.13.2 Physical System Overview Example: the IRVINE-03 Education satellite 

 

Figure 2: physical overview 

• PA: (power amp) amplifies when transmitting. 

• LNA: (low noise amp) amplifies when receiving. 

• both sit between circuitry and antenna. 

• for duplexed signal, passive duplexer shifts between the two on Rx/Tx 

 

4.13.3 On-Board Computer (Raspberry Pi) 

On this computer the NASA core flight system shall be implemented. System design: Jana Othman 

(Internship AECENAR July-Aug 2021). 
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4.13.3.1 OBC System 

 

As payload also the AIS system shall be implemented (Rozan Mustafa as master thesis at Marmara Univ.) 
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4.13.3.2 AIS system on the OBC 

 

Tasks: 

- Satellite Footprint investigation to know how many visible satellites we need for AIS for black sea 

Result: Requirements for satellite system: 

- Orbit height: 500-600 km (over 600 km we get problems with AIS signals) 

- Sun-synchronous orbit (restriction from launcher) 

- Inclination: ? 

Result from Rozan Oct 21: 

>10 satellites needed  

Height over earth: about 650 km 

Period: 97.72 min. 

Orbit ellipse axis a = 7027.748 km 

Inclination: 100°-127°  

(sun-synchronous orbit) 

4.13.4 Attitude Control System (ACS) (Responsible: Raja) 

Sensors: Sun sensor, IMU (see FCS of TEMOLeb-Mintad 2018 in TEMOLeb-Mintad Final Report2) 

Actuators: Magnetorquer 

 

2 See [2] 

http://aecenar.com/index.php/downloads/send/16-ics/666-temoleb-mintad-final-report-1999-2020
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4.13.4.1 System Concept for Attitude Determination and Control System (ADS, ACS) 

 

 

4.13.5 X-Ray Detector (Sensor) 

4.13.5.1 Silicon Detector Amplification Stages 

 

Figure 3. Silicon Detector Amplification Stages 

4.13.5.2 Testing X-Ray Sensor with e-beam on cupper anode 
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4.13.5.3 Specification of GUI: 

 

 

X-Ray Detector 
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4.13.5.4 Implementation of GUI: 

 

4.13.5.5 Realization of Field Control Unit: 

Arduino board with RF module (wireless connection to GUI computer) 

4.14 Telemetry, Tracking & Control (TT&C) on board 

 

 

 

On-Board Computer 

(RaspberryPi) 

HackRF SDR Card Antenna 
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4.14.1 Telemetry, Tracking & Control (TT&C) Ground Station 

4.14.1.1 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE 

GROUNDSTATION FOR USE BY WMO MEMBERS [4]) 
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4.14.2 Hardware in the loop (HIL) Test System 

Space Segment: 

- Raspberry (Linux, Gnuradio, NASA coreFlightSystem) 

- ACS (magnetorquer, IMU from IAP-SAT)) 

- HackRF 

- Antenna 

- Structure 

Ground Segment: 

- Laptop (Windows or Linux, GnuRadio/PothosSDR) 

- Antenna 

- HackRF 
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4.14.3 Project Documents & Databases for AS-COMSAT-1 (1 1U Satellite) (Last update: 8.4.21) 

4.14.3.1 Development Documents 

Development Phase Name of Document Purpose/Content 

Analysis 
Fire Detection System Description 
Presentation 

about 130 pages Project 
Description, Supplier Parts 

  
Initial Cost Estimation 

381,000 $ for satellite and ground 
station (including launch) 

Systemdesign System Design Document   

      

Mechanical Design     

Hardware Design HackRF   

SW Specification Software Specification Document (SDS) on OBC and HackRF 

SW Design Software Design Document (SDD)   

4.14.3.2 Mechanical CAD Models 

 

AS-COMSAT- 1 Integration 

  
Payload 1 (X-Raysensor) 9,5 cm x 2,5 cm x 7 cm  
PV Cells and Controller    
Load Controller&Batteries    
Magnetorquer    
Sun Sensor (Photocell)    
On-Board-Computer (OBD) Raspberry Pi 3  

SDR (HackRF) (TT&C and Payload COM) 

 
 

file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/Analysisphase/180321AS-COMSAT_FireDetectionSystem_TechnicalPresentation_2021.pptx
file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/Analysisphase/180321AS-COMSAT_FireDetectionSystem_TechnicalPresentation_2021.pptx
file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/191220costs_AS-COMSAT_CubeSAT_System.xlsx
file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/AS-COMSAT-1_3DModel/integration_%20110221%20-%20Colored.FCStd
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4.15 Launch issues 

From 

 

4.15.1 Offer from Russian Company (Launch with Soyuz) from May 2021 

www.gklaunch.ru, info@gklaunch.ru 

 

2 U, 3 kg: 110,000$ 

Dear Samir! Thank you for your launch quote request. We have prepared a ROM price 
proposal based on your satellite’s charaeristics and seleed a suitable mission. 

Mission: 
> Cluster launch 
> Launch period: 2 quarter of 2022 
> Orbit: SSO, LTAN 11:00 
> Baikonur Cosmodrome 
> Primary payload: contracted 
> Secondary payload: available 

Launch price: 
for 3kg satellite is 110000$ 
The price includes: 
1. Program management and program documents; 
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2. Support of Customer personnel visits; 
3. Administrative support to the Customer personnel at GK facilities in accordance with 
the terms and conditions to be defined in the contract; 
4. Program reviews and meetings as may be necessary; 
5. Interface Control Document with the results of analyses and reports as may be 
necessary; 
6. Hardware (adapter and separation system, umbilical connector, harness for testing), 
personnel and equipment for fit-check to be performed at the NPOL facility (SC 
dummy for testing to be provided by Customer); 
7. Hardware (adapter and separation system, umbilical connector, harness), personnel 
and equipment for integration of the flight SC with the launcher; 
8. Hardware, ground support equipment (Space Head Module (SHM), Fregat upper 
stage, launch vehicle) and personnel for processing of the SHM with SC and execution 
of launch; 
9. Customs clearance of SC/GSE on entry into Russia, customs clearance of GSE on exit 
from Russia; 

10. Tranortation of satellite and GSE from the entry/exit port to payload preparation 
facility and back of GSE, including their customs clearance; 
11. Performance of launch campaign and provision of: 
Work place in AITB; 
Administrative and storage premises; 
Power supply; 
Provision of logistics to Customer’s personnel whilst at the launch site (payment 
for the services to be made by Customer); 
Communications services (international telephone calls to be paid for in 
accordance with the terms and conditions to be defined in the contra). 
Launch of deployer with CubeSat(s) into the required orbit; 
12. Provision to Customer of LV telemetry data confirming the SC separation and initial 
orbit parameters; 
13. Post-launch services; 
14. Photographic and video documentation; 
15. Linguistic support; 
16. Procurement of third party liability insurance for the damage due to the launch 
activities and support in obtaining the satellite insurance; 
17. Launch observation. 

You can add insurance of the satellite ground and space related risks and insurance 
of 
the launch service. To do so, call us or write a response letter. 
This is a ROM launch price proposal to be finalized after we receive all the documents. 
Some mission parameters may change. 

Standard Milestone payment plan: 
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4.15.2 Companies launch satellite 

4.15.2.1 GK laucnh (Russian)3 

GK Launch Services is a company established by Glavkosmos (a subsidiary of ROSCOSMOS State 

Space Corporation) and International Space Company Kosmotras. GK Launch Services is an 

operator of Soyuz-2 commercial launches from the Russian spaceports. 

The key targets this joint venture aims at include advancing of commercial launch services, 

promotion of Russian launch vehicles on the world market, and strengthening the positions of 

Russia as the most competitive launch service provider. 

A solid competence of the two partners facilitates achieving these ambitious goals. Glavkosmos has 

been participating in global international space projects over 30 years and has already had 

experience in provision of launch services with Soyuz-2 rocket. Kosmotras has lofted over 100 

payloads within 22 commercial launches. 

4.15.2.2 Swarm company (U.S)4 

Swarm Technologies, Inc. is a private company building a low Earth orbit satellite constellation for 

communications with Internet Of Things (IOT) devices using a Store and forward design. An early 

investor was Craft Ventures. On July 16, 2021, Swarm entered into an agreement to become a direct 

wholly-owned subsidiary of SpaceX.[2] 

They have an Federal Communications Commission (FCC) licence for low bandwidth 

communications satellites in low Earth orbit.[3] 

In 2018 Swarm became the first ever company found to have deployed satellites without regulatory 

approval after an FCC investigation into the startup’s launch on an Indian PSLV rocket of its first 

four picosatellites in January that year.[4] 

By December 2020, Swarm had launched 9 test satellites and 36 of a planned 150 low Earth orbit 

satellites to provide communication with IOT devices.[5] 

In February 2021 Swarm announced that its commercial services were now live using 72 commercial 

satellites providing its global low cost data to customers.[6] 

The Swarm Tile is its dedicated satellite two-way data modem designed to be low energy and 

embedded on the PCB of third party products. Other products include a data plan and development 

kit.[7] 

4.15.2.3 Exolaunch company (Germany)5 

The protocol of launching is: 

 

3 http://gklaunch.ru/en/  

4 https://en.wikipedia.org/wiki/Swarm_Technologies 

5 https://exolaunch.com/  

http://gklaunch.ru/en/
https://en.wikipedia.org/wiki/Swarm_Technologies
https://exolaunch.com/
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1) LAUNCH PLANNING 

Every mission is unique. We listen to you and offer solutions that will enable the successful launch 

of your satellite. With precision, knowledge and expertise, we make the complex work of your 

specific campaign a simple and affordable experience. No stress. 

2) MISSION MANAGEMENT 

Next, we produce your event. We provide technical management of the satellite adaptation to a 

launch vehicle, interface control document development, mission analysis delivery, and launch 

schedule coordination. 

3) SEPARATION SYSTEMS 

EXOpod deployers for cubesats and CarboNIX, the shock-free separation systems for microsatellites, 

are designed and produced by Exolaunch to support your mission needs. Later, we adapt the 

deployment systems to the launch vehicle to safely deliver your satellite into its target orbit. 

4) DEPLOYMENT SEQUENCER 

EXObox is essential for smallsat cluster launches. It is a unique, highly reliable and modular 

deployment sequencer to manage the deployment of up to 50 satellites with just one EXObox unit. 

It will precisely and safely separate small satellites into their target orbits. 

5) LICENSING 

In this phase, we handle the complex legal and regulatory support documents that are required for 

launch. Your desk is now clean! 

6) ENVIRONMENTAL TESTING 

Our fully-fledged environmental testing services are tailored to the requirements of any launch 

vehicle, ensuring your satellite has made the grade. All of the tests are performed in Berlin, and 

yEnvironmental tests profiles and types: 

a. Vibration and shock testing 

We provide a full range of mechanical testing to cover the qualification, proto-flight or acceptance 

requirements of all launch vehicles. 

b. Thermal and vacuum testing 

Thermal cycling and thermal vacuum testing is available to meet your mission requirements. 

Whether testing survivability limits or simply performing a vacuum bake-out, we can perform the 

tests that fit your needs. 

c. Qualifation and acceptance test 

Qualification of your design based on the composed mechanical loads in order to meet the 

requirements of most common launch vehicles. Tailored acceptance testing profiles of your flight 

models to the launch vehicle of your choice, ensuring the function of your spacecraft while 

increasing confidence in its reliability. 

d. Test profiles design 
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We offer support to develop individual specifications for mission tailored test profiles with 

optimized loads and durations. Inclusive our acceptance guarantee of the test profiles by the launch 

authority. 

e. Adapters & additional hardware 

We offer TestPods and other test fixtures with the test interfaces identical to the launch vehicle 

interfaces, ensuring the validity of all test results. ou are offered our cleanroom for satellite 

checkouts. 

7) SHIPMENT 

Our expertise in global logistics and experience with customs clearance allows us to process 

worldwide shipping of payloads and equipment in a safe, convenient and timely fashion. We will 

ensure your satellite reaches the launch site safely and without hassle. 

8) INTEGRATION SERVICES 

When your satellite meets the launch vehicle. We will seamlessly integrate your satellite with the 

support hardware onto its launch vehicle. 

9) LAUNCH 

The launch vehicle has left Earth. Shortly afterwards, we receive a positive signal that your satellite 

is in orbit and is ready to start changing the world. 

4.15.2.4 Gunter’s space page6 

The four SpaceBEE, formerly known as BEEs (Basic Electronic Elements), picosatellites, built to 

the 0.25U CubeSat form factor are to demonstrate two-way satellite communications and data relay 

for Swarm Technologies Inc. 

The mission is to test the world’s smallest two-way communications satellites to serve as a cost-

effective low-data rate Internet of Things (IoT) network connectivity solution for remote and mobile 

sensors. The initial experimental space deployment is comprised of four satellites, each with a 1/4U 

form factor employing radar signature enhancement technology, which enables them to be passively 

tracked, and using VHF band frequencies for communications. There will also be an experimental 

deployment of ground stations for communications with the space units. 

The mission is to demonstrate the capabilities of these picosatellites for serving low data rate 

communication relays for remote sensors and data collectors. Experimental operations is scheduled 

to begin upon launch for a period of at least 6 months and up to 2 years 

The tiny satellites have very small radar cross section, which might complicate the tracking. 

Therefore they featured a GPS device in each satellite that would broadcast its position on request. 

Also the four smallest faces of the satellites are covered with an experimental passive radar reflector 

 

6 https://space.skyrocket.de/doc_sdat/spacebee.htm  

https://space.skyrocket.de/doc_sat/cubesat.htm
https://space.skyrocket.de/doc_sdat/spacebee.htm


AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

135 

developed by the U.S. Navy’s Space and Naval Warfare Systems Command, which according to the 

FCC application would increase the satellites radar profile by a factor of 10. 

The FCC dismissed Swarm’s application. Nevertheless, the satellites have been launched, 

apparently without a valid licence, in January 2018 on an Indian PSLV-XL rocket under the 

name SpaceBEE. The ownership of the SpaceBEEs remained obscure, until in an IEEE Spectrum 

article the identity of the SpaceBEEs with Swarm's BEE satellites was revealed.  

A follow-on mission, SpaceBEE 5 to 8, with larger 1U CubeSats was also not granted a licence after 

this. Later the licesnce was granted. SpaceBEE 1 to 4 were also granted an operation licence. 

The operational 2nd generation SpaceBEE satellites reverted back to the 0.25U form factor. 

4.15.2.5 Antrix corporation (India)7 

I contacted this company and the emails are below: 

RE: FW: question for procedure to launch a satellite 

November 25, 2021  7:44 am  28 KB 
From: 

Ganesh Mohan <ganesh_mohan@antrix.co.in> 

To: 

siham.aisha@temo-group.com 

Hi Siham, 

  

Could you please elaborate on what is it that you’re looking for in administrative and legal procedures? 

  

I presume all the permits, authorisations and notices of non-opposition including frequency filing / other 

regulatory mandates would be already done by you, during the course of the project. 

  

We will support in any administrative matters during the import and re-export of the payload and the 

auxiliaries, including transportation, testing facilities, accommodation of personnel etc during the launch 

base. Once the satellite is separated in a low earth orbit, the control gets passed over to you. All the other 

aspects like Indemnity, Insurances etc would be covered in the launch contract and we can discuss over it 

during the course of execution of the contract. 

  

  

  

Thanks 

  

Ganesh 

  

  

  

  

 

7 https://www.antrix.co.in/  

https://space.skyrocket.de/doc_lau_det/pslv-xl.htm
https://space.skyrocket.de/doc_sdat/spacebee-5.htm
https://space.skyrocket.de/doc_sdat/spacebee-10.htm
https://www.antrix.co.in/
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From: Siham [mailto:siham.aisha@temo-group.com] 

Sent: 22 November 2021 15:53 

To: Ganesh Mohan 

Subject: Re: FW: question for procedure to launch a satellite 

  

Hello, 

Thank you for your response. 

  

We need know what is the administrative and legal procedure in details, I mean if we want to keep 

some legal files we wish to inform us. 

  

I prefer an email contact to be clearly.  

our location is in Lebanon - Tripoli - Ras masqa, name of my organization is North Alternative 

Power departement TemoGroup 

  

Regards 

  

On November 22, 2021 at 11:57:24 am +02:00, Ganesh Mohan <ganesh_mohan@antrix.co.in> 

wrote: 

Hi Siham, 

  

Thanks for your interest in Antrix. 

  

The procedure is that 

1.       there will be a launch services agreement that we will have to execute, wherein the said satellite will be 

accommodated as a ride share with one of the upcoming PSLV / SSLV missions. 

2.       There will be an Interface control document, where all the details of the testing, Dynamic studies, 

sequencing, power supply etc would be addressed and cleared. 

3.       The launch would happen from Sriharikotta, where the necessary testing / operations / safety procedures 

would be happening. 

  

With respect to the pricing, it will vary. May I know where are you based at and the company that you’re 

working for? We can probably discuss it over a call. 

  

  

  

Thanks 
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Ganesh Mohan 

Manager, Antrix Corporation 

  

  

From: Siham [mailto:siham.aisha@temo-group.com] 

Sent: 16 November 2021 15:39 

To: sonali@antrix.co.in 

Subject: question for procedure to launch a satellite 

  

  

Hello,  

I want to launch a satellite, Could I have a quote of price and  what is the procedure to launch it? 

1- the time frame it's about in the middle of 2022 

2- launch to the same inclination, I mean in the same orbit and the inclination is 100 degre - 127 degre  

3- our spacecraft don't have propulsion 

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites  

5-  mass is: 3Kg 

6- the purpose: small pilot system for communication satellite. 

7- altitude: 650 km  

8- elliptic semimajor axis a = 7027.748 km 

9- orbit heigh: 500- 600 km 

 

Regards, 

Siham 
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Procedure to launch a satellite in India89 

Norms, Guidelines and Procedures for Satellite Communications Announced 

The Government has approved a policy that envisages allocation of INSAT system capacity for non-

governmental users, registration of Indian satellite systems by private Indian companies and limited 

use of foreign satellites in special circumstances. The Department of Space (DOS) will be the 

administrative ministry in all matters related to satellite systems in India. 

 

As per the policy, the Indian National Satellite System (INSAT) capacity will be made available to 

non-government (private) Indian Service Providers on a commercial basis subject to availability after 

meeting the government needs. The DOS will allocate INSAT capacity for private users. DOS may 

also build capacity in INSAT system for private users on request on commercial basis. 

 

Private Indian companies with a foreign equity less than 74 percent are now allowed to establish 

Indian Satellite Systems. These companies can submit their applications for registering their satellite 

systems to the Committee for Authorising the establishment and operation of Indian Satellite 

Systems (CAISS). The office of CAISS is set up at the SatCom Programs Office at ISRO Headquarters, 

Antariksh Bhavan, New BEL Road, Bangalore- 560 094. The authorisation to operate the Satellite 

System and the Orbit spectrum notification/registration will be done by CAISS. However, operating 

licenses for services to be provided by the Indian Satellite Systems will be issued only by the 

concerned administrative departments like Department of Telecommunication for telecom services 

and Ministry of Information and Broadcasting for TV/Radio broadcasting. 

 

Foreign satellites will also have allowed to be used in special circumstances for satellite 

communication services in India. The service licensing departments may allow the use of foreign 

satellites only in consultation with the Department of Space. If suitable capacity/capability is 

available in INSAT or Indian Satellite Systems, operations with foreign satellites will not be 

permitted. For the use of foreign satellites for Internet Service Provider (ISP) gateways, the existing 

procedures established by Telecom Commission will apply. 

 

 

India’s Space Policy10 

Remote sensing  

 

8 https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-

announced  

9 https://www.isro.gov.in/contact-us-0 

10 https://www.isro.gov.in/indias-space-policy-0 

https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-announced
https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-announced
https://www.isro.gov.in/contact-us-0
https://www.isro.gov.in/indias-space-policy-0
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Recognizing that Remote Sensing data provides much essential and critical  

information - which is an input for developmental activities at different levels, and is also of benefit 

to society. 

Noting that a large number of users - both within and outside government, use Remote Sensing data 

from Indian and foreign remote sensing satellites for various developmental applications. 

Taking into consideration the recent availability of very high-resolution images, from foreign and 

commercial remote sensing satellites, and noting the need for proper and better management of the 

data acquisition/ distribution from these satellites in India. 

Recognizing that national interest is paramount, and that security consideration of the country 

needs to be given utmost importance. 

The Government of India adopts the Remote Sensing Data Policy (RSDP) - 

2011 containing modalities for managing and/ or permitting the acquisition / dissemination of 

remote sensing data in support of developmental activities.  

Department of Space (DOS) of the Government of India shall be the nodal agency for all actions 

under this policy, unless otherwise stated.  

1. For operating a remote sensing satellite from India, license and/ or permission of the 

Government, through the nodal agency, shall be necessary. 

o As a national commitment and as a “public good”, Government assures a continuous and 

improved observing/ imaging capability from its own Indian Remote Sensing Satellites (IRS) 

programme. 

o The Government, through the nodal agency, shall be the sole and exclusive owner of all data 

collected/ received from IRS. All users will be provided with only a license to use the said 

data, and add value to the satellite data. 

o Government reserves the right to impose control over imaging tasks and distribution of data 

from IRS or any other Indian remote sensing satellite, when it is of the opinion that national 

security and/ or international obligations and/ or foreign policies of the Government so 

require. 

o   

2. For acquisition/ distribution of remote sensing data within India, license/ permission from the 

Government of India, through the nodal agency, shall be necessary. 

o Government reserves the right to select and permit agencies to acquire/ distribute satellite 

remote sensing data in India. DOS shall be competent to decide on the procedure for 

granting license/ permission for dissemination of such data, and for the levy of necessary 

fees. 

o To cater to the developmental needs of the country, the National Remote Sensing Centre 

(NRSC) of the Indian Space Research Organisation (ISRO)/ DOS is vested with the authority 

to acquire and disseminate all satellite remote sensing data in India, both from Indian and 

foreign satellites. 

▪ NRSC shall enter into appropriate arrangements with DOS for acquiring/ distributing 

data from IRS within the visibility circle of NRSC’s receiving station(s). 
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▪ NRSC and/ or Antrix Corporation Ltd., shall be competent to enter into agreements with 

foreign satellite operator(s) for acquisition/distribution of foreign satellite data in India. 

However, NRSC will distribute the data as per terms agreed to with Antrix Corporation 

Ltd. 

o NRSC shall maintain a systematic National Remote Sensing Data Archive, and a log of all 

acquisitions/ sales of data for all satellites. 

3. For acquisition and distribution of IRS data for use in countries other than India, the Government 

of India, through the nodal agency, shall grant license to such bodies/ agencies of those countries 

as are interested in the acquisition/ distribution of IRS data, as per specific procedures. 

o The Antrix Corporation Ltd. (of DOS) is vested with the authority for receiving the 

applications for grant of license for acquisition/ distribution of IRS data outside of India; to 

consider and decide on the granting of license within the policy considerations of the 

Government, and to enter into licensing agreements with the prospective users on behalf of 

the Government. Antrix Corporation Ltd. shall also be competent to levy such fees for 

granting licenses as may be considered appropriate by it. It shall also be responsible, where 

necessary, for rendering any further help/ guidance needed by the license. 

o The Government reserves right to impose restrictions over imaging tasks and distribution of 

IRS data in any country when it is of the opinion that national security and/ or international 

obligations and/ or foreign policies of the Government so require. 

4. The Government prescribes the following guidelines to be adopted for dissemination of satellite 

remote sensing data in India: 

o All data of resolutions up to 1 m shall be distributed on a non-discriminatory basis and on 

“as requested basis” 

o With a view to protect national security interests, all data of better than 1 m resolution shall 

be screened and cleared by the appropriate agency prior to distribution; and the following 

procedure shall be followed: 

▪ Government users namely, Ministries/ Departments/ Public Sector/ Autonomous 

Bodies/ Government R&D institutions/ Government Educational/ Academic 

Institutions, can obtain the data without any further clearance. 

▪ Private sector agencies, recommended at least by one Government agency, for 

supporting development activities, can obtain the data without any further clearance. 

▪ Private sector agencies, recommended at least by one Government agency, for 

supporting development activities, can obtain the data without any further clearance. 

▪ Specific requests for data of sensitive areas, by any user, can be serviced only after 

obtaining clearance from the HRC. 

▪ Specific sale/ non-disclosure agreements to be concluded between NRSC and other users 

for data of better than 1 m resolution. 

5. This Policy (RSDP-2011) comes into effect immediately, and may be reviewed from time-to-time-

by Government. 

4.15.2.6 Spaceflight (US) 

I contacted spaceflight: 

RE: [External] - Sales - Website Submission 

November 17, 2021  6:31 am  52 KB 
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From: 

Keiko Nasu <knasu@spaceflight.com> 

To: 

siham.aisha@temo-group.com 

Hello, 

 

Sorry, for some reason your e-mail has been in the spam box and it took me a while to find your response. I 

deeply apologize for that. 

We are just to close the manifest for June 2022 SpaceX rideshare. We need to provide a good portion of 

deliverables to SpaceX by December 1, but if you will be able to do that, we might be able to launch your 

satellite with that mission. 

The issue is how you would like to separate the 2 satellites. Our Sherpa-OTV could provide in-plane phasing 

but it’s not going to be very economical for 2U satellite (and I heard that our Sherpa capacity is already 

filled). 

We might be able to separate a little bit by delay the second satellite deployment (30min or so at most), 

but it will not give you a lot of separation. 

Please confirm SSO is the orbit you would like to go, and will check other possible launch options. 

Let me know if you prefer to have a brief call. 

Warm regards, 

 

 

Keiko Nasu 

Business Development, Spaceflight Inc. 

KNasu@spaceflight.com 

Mobile:+1-206-384-0678 

  

From: Siham <siham.aisha@temo-group.com> 

Sent: Monday, November 15, 2021 1:36 AM 

To: Keiko Nasu <knasu@spaceflight.com> 

Subject: RE: [External] - Sales - Website Submission 

  
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

  

hello, 

I'm waiting for response.  

another question: what is the procedure to launch a satellite ? 

  

Regards, 

Siham 

  

On October 2, 2021 at 9:20:37 am +03:00, Siham <siham.aisha@temo-group.com> wrote: 

Hello Keiko, 

  

1- the time frame it's about in the middle of 2022 

2- launch to the same inclination, I mean in the same orbit 

3- our spacecraft don't have propulsion 

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites  

mailto:KNasu@spaceflight.com
mailto:siham.aisha@temo-group.com
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5-  mass is: 3Kg 

6- the purpose: small pilot system for communication satellite. 

  

Regards, 

Siham 

  

On September 29, 2021 at 1:34:32 am +03:00, Keiko Nasu <knasu@spaceflight.com> wrote: 

Hello Siham, 

Thank you so much for reaching out to us. 

In order to figure out the launch options and pricing, could you provide below? 

• What is the time frame you are looking to launch? 

• What orbit do you want to launch your spacecraft to? 

-> Do you mean to launch to Mid-inc? 45 degrees inclination, Or you would like to launch to the same 

inclination but do the plane phasing? 

• Will your spacecraft have propulsion? 

• What is the size of your spacecraft? 

->2U x 2 satellites 

• What is the mass of your spacecraft? 

• What is the purpose of your spacecraft? 

Thank you! 

Keiko Nasu 

Business Development, Spaceflight Inc. 

KNasu@spaceflight.com 

Mobile:+1-206-384-0678 

 

mailto:knasu@spaceflight.com
mailto:KNasu@spaceflight.com
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4.16 Launcher System Company Management like the Spanish Company PLD 

Predevelopment see [IAP-Transporter Report 1] (2016), [IAP-Transporter Report 2] (2017), [IAP-

Transporter Report 3] (2018). Most basics are described in [IAP-Transporter Report 2]. 

Tasks: 

- System Requirements 

- System Design 

- Structure Mechanical Design (Materials, Shape) 

- Control System 

-  

It shall be a copy of a small existing launcher like PLD 

4.16.1 Construction, Manufactoring, Assembling &Test Facility  

4.16.1.1 Assembly /Integration 
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AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

145 

4.16.1.2 Mechanical Analysis 
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4.16.1.3 (test stands & test bed) 
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Control Room 

 

 

 

Full Teststand 
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Planned to be at Tuz lake 
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4.16.1.4 Payload 

 

4.16.2 Required Staff11 

 

4.16.2.1 MECHANISM DESIGN ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

 

11 From Spanish company PLD Space: www.pldspace.com/en/career  

https://www.pldspace.com/en/career/mechanism-design-engineer-en
http://www.pldspace.com/en/career
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Description 

Become part of our Structures Team, you will participate in Mechanism Design development for 

our PLD Space launch vehicles. 

Responsibilities 

• Mechanism design and its mechanical components, from the concept definition to the 

detailed design, performing also the standard components selection, such as fasteners, 

bearings, etc. 

• Functional analysis, kinematic of mechanisms and clash analysis, as well as material 

selection in accordance with operating conditions, environment, etc. 

• Research of locking and releasing systems, rotating mechanisms, etc. that will operate in 

vacuum and under extreme thermal ranges. 

• Selection and integration of actuators, electronic components and pneumatic systems 

according to the specifications, interacting with all competent departments. 

• Generation of engineering documentation: 3D models, drawings, bill of materials, weight 

reports, MCI, technical reports, engineering change notes for the complete definition of 

detailed parts, assemblies and installation manuals. 

• Interaction with other engineering departments to perform the assigned tasks to obtain the 

required information (Stress, M&P, Testing, Propulsion, Avionics, etc.) also providing 

input to Manufacturing and Supply Chain departments under request. 

• Meet the product specifications, subsystem requirements and interface definition during all 

product design stages, including: prototyping, testing, qualification and mass production. 

• Participate in periodic design review meetings dealing with Supply Chain and 

Manufacturing for the achievement of requirements, specifications, feasibility, delivery 

time and cost. 

• Continuous improvement research, performance and weight optimisation of the design 

solutions. 

• Identify and recommend opportunities to reduce costs and improve efficiency. 

• Complete the assigned tasks “on time, on quality, on cost”. 

Required knowledge 

• Aerospace or Mechanical Engineering Bachelor’s degree or demonstrable relevant 

experiencie in lieu thereof. 

• Minimum 5 years of relevant technical experience in aerospace industry or equivalent as a 

Mechanisms Design Engineer. 

• Knowledge in selection and application of design criteria and rules, materials, strengths, 

and other mechanical properties, according to the loading conditions, working 

environment, etc. 

• Knowledge in stack-up analysis and kinematic of mechanisms. 

• High degree of CAD competence and PDM tools. 

Required competences 

• +3Y of parametric modeling design (Siemens NX) and PDM tools (Teamcenter). 

• Knowledge in dimensioning and tolerancing of aerospace parts (ASME Y14.5, ISO 1101 

standards). 
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• Experience in mechanism design applications and standard components selection 

(bearings, actuators, transmissions, etc.). 

• Be familiar with different manufacturing technologies (such as machining, forming, 

welding, composite hand lamination, etc.). 

Desired Competencies 

• Mechanisms design of rockets or satellites. 

• Knowledge of applicable standards, such as Space Mechanisms ECSS Engineering 

Standards (ECSS-S-ST-33). 

• Experience in design of components that operate under extreme conditions (cryogenics, 

high temperature, vibration, etc.). 

• Knowledge of the standards related to corrosion protection and common surface 

treatments. 

• Be familiar with aerospace grade component design, common lightweight metallic and 

non-metallic alloys and materials. 

• Self-motivated and able to work under pressure to meet deadlines, dealing with situations 

that are constrained by time and managing different tasks at once. 

• Able to work autonomously with little supervision. 

4.16.2.2 EMBEDDED SOFTWARE ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

As part of a small, passionate, and accomplished team, you will be responsible for the 
development of the Embedded and flight software for MIURA 1 and MIURA 5 
programs. 

Responsibilities 

• Drive the planning, project definition, technical decisions and trade-offs. 
• Provide engineering expertise for design, analysis, production and testing of Launch 

Vehicles flight avionics. 
• To define, clarify, communicate, check, and accept the Avionics and GNC requirements 

for MIURA 1 and MIURA 5. 
• Define and perform electrical verification testing and data analysis. 
• Track the execution and release avionics projects to production and testing. 
• To design, manufacture and test in-house electronics & software for ground support. 
• To monitor the design, manufacture, assembly and test flight qualified electronics. 
• Provide support to the Project Assistant with schedule and economical resources of the 

avionics department. 

Required knowledge 

• Bachelor's degree in Aerospace engineering, Computer Science or 
Telecommunications engineering. 

• Open-minded engineer with 3 -5 years’ experience in developing software for 
embedded systems in C / C++ for Linux / Windows for critical systems. 

https://www.pldspace.com/en/career/embedded-software-engineer-en
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• Experience with real time operating systems (RTOS) and/or VxWorks, RTEMS, etc. 
• Proven experience in Kernel Development for (Embedded) Linux. 
• Strong knowledge in assembly language and architecture for ARM. 
• Proven experience in SoC development containing logic units, memory slots, and I/O 

peripherals. 
• Proven experience in ADC, DAC, Timers, PWM, DMA, watchdogs, interrupt processing, 

and registers. 
• Experience in Linux drivers: CAN/I2C/SPI/UART/USB/RS422/RS485 and protocols 

CSP/FTP. 
• Experience with avionics inspection and integration in aerial systems. 

Required competences 

• English. 
• Stress Tolerance. 
• Problem solving. 
• Multitasking. 
• Wordload capacity. 
• Autonomy. 

Desired Competencies 

• +2 year experience with Matlab-Simulink for trajectory study and control optimization. 
• Knowledge of programming languages such as Python, C, C++. 
• +2 year experience with computer aided design (CAD). 
• Experience with telemetry systems. 
• Experience in CCSDS standards. 

4.16.2.3 STRUCTURES ANALYSIS ENGINEER P85 

• ENGINEERING 
• Elche 
• + view deal 

Description 

• As part of a small, passionate, and accomplished team, you will be responsible for ensuring 

the structural integrity aspects of the rocket structure. 

https://www.pldspace.com/en/career/stress-analysis-engineer
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Responsibilities 

• Performing analysis to demonstrate structural integrity and strength aspects associated 

with Aerospace primary and secondary structures, equipment systems, components and 

integration according to the technical requirements within the scope of the Project. 

• Pre- and post-processing of components and assembly models. Meshing, advance load and 

boundary conditions definitions, material definitions. 

• Perform Linear Static and Dynamic Analysis especially focused on metallic and composite 

materials behaviour and failure modes. 

• Participate in technical reviews and configuration decisions as an expert in the structural 

strength discipline. 

• Participate in the release process of detail, sub-assembly, general assembly and installation 

drawings, preparing the necessary reports, memos and formal compliance documents 

(written in English) in order to demonstrate and check that the design satisfies all the stress 

requirements. 

• Liaise with other functions when required to ensure stress requirements are fully 

integrated. 

Required competences 

• Bachelor’s or Master’s degree in Aeronautical Engineering. 

• Experience with hand calculations. - In-depth knowledge of engineering principles and 

design techniques relation to composite materials, classical laminate theory and finite 

element modelling techniques. 

• Good understanding of spacecraft manufacturing methods and processes. 

• In-depth knowledge of Linear and Non-Linear Static analysis for metallic components, 

buckling, bolted joint, fatigue… 

• Proficient in using Finite Element Analysis principles and associated tools. 

• Deep knowledge on implicit FEM analysis, Nastran solver is mandatory. 
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• Knowledge in static and thermal analysis. - Self-motivated and able to work under pressure 

to meet deadlines, dealing with situations that are constrained by time and managing 

different tasks at once. 

• Proactive and good team worker. 

• Fluent Spanish and English. 

Desired Competencies 

• Experience with HyperWorks/HyperMesh and OptiStruct is desirable. 

• Good Knowledge on MatLab and VBA Excel is desirable. 

4.16.2.4 Experience 

• Minimum of 4 years of advance structural analysis experience in static and dynamic load 

cases, metallic and composite materials. 

4.16.2.5 MECHANICAL ANALYSIS ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

As part of a small, passionate, and accomplished team, you will be responsible for 
designing launch vehicle Propulsion elements and configurations in concert with 
Structures subsystem. Specific focus on Propellant lines design. 

 

https://www.pldspace.com/en/career/propulsion-components-design-and-analysis-engineer-2
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Responsibilities 

• Participate in subsystem analysis and architecture of pressure-fed liquid rocket engine, 
including component sizing, loads determination, and detailed analysis. 

• Perform thermal / mechanical load analysis for propellant lines (including cryogenics 
and fuel lines as well as high pressure gas lines). 

• Create and manage test and development plans for engines and propulsion 
components. 

• Perform analysis and interpretation from Propulsion test and flight data. 
• Generation of Engineering documentation. 
• Maintain and improve program standard approaches to analysis. 
• Liaise with Design Engineers of the same department and with others Engineering 

departments (Structures design and stress, M&P, Quality, etc.) and provide information 
to the Manufacturing area under request. 

• Continuous research to optimize analysis solutions. 
• Identify and recommend opportunities to reduce costs and improve efficiency. 
• Complete the assigned tasks “on time, on quality, on cost". 

 

Required competences 

• Aerospace or Mechanical Engineering Bachelor’s degree or demonstrable relevant 
experience in lieu thereof. 

• Minimum 3 years of relevant technical experience. 
• Demonstrated experience in analysis metallic structures for propellant lines. 
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• Knowledge in selection and application of analysis criteria according to the loading 
conditions, working environment, etc. 

• Fluent written and oral communication both in Spanish and English 

Desired Competencies 

• Previous experience in Aerospace Industry as Propulsion analysis engineer or Stress 
Analysis Engineer (or an equivalent combination of education and experience). 

• Familiar with the main manufacturing technologies and capabilities 
• Knowledge of the most common corrosion prevention rules and surface protection. 
• Knowledge of the most common cryogenic (LOX) cleaning procedures. 
• Knowledge of Cryogenic (LOX) manipulation. 
• Familiar with Aerospace standard parts and typical light materials, metallic and non-

metallic. 
• Preferred software: Ansys and Teamcenter. 
• An occasional need to travel with the role will be required. 
• Self-motivated and able to work under pressure to meet deadlines, dealing with 

situations that are constrained by time and managing different tasks at once. 
• Able to work autonomously with little supervision. 

4.16.2.6 MECHANICAL DESIGN ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

• As part of a small, passionate, and accomplished team, you will be responsible 
for designing launch vehicle Propulsion elements and configurations in concert 
with Structures subsystem. Specific focus on Propellant lines design. 

Responsibilities 

• Participate in subsystem design and architecture of pressure-fed liquid rocket engine, 
including component sizing, loads determination, and detailed design. 

• Design of primary metallic structures (different size range of machined components, 
sheet metal parts) for propellant lines (cryogenics, fuel and gas) fitting. 

• Design of secondary structures as brackets or supports for rigid pipes, valves, 
mechanism, propulsion components electrical harness, etc. 

• Generation of Engineering documentation such as 3D models, Drawings, BOMs, and 
Eng. Change Notes for the complete definition of Detailed Parts, Assemblies, and 
Installation. 

• Maintain and improve program standard approaches to design, safety factors, material 
allowables, drafting standards, etc. 

• Liaise with others Engineering departments (Structures design and stress, M&P, Quality, 
etc.) and provide information to the Manufacturing area under request. 

• Responsible to accomplish with specifications and requirements during the 
development of the assigned tasks or product design along the entire lifecycle and 
across all phases from Prototype, Testing and Series production. 

• Participate in the periodic design reviews dealing with SCH/Manufacturing for the 
achievement of requirements, specifications, feasibility, lead time and prices. 

• Continuous research to optimize design solutions. 
• Identify and recommend opportunities to reduce costs and improve efficiency. 
• Complete the assigned tasks “on time, on quality, on cost". 

https://www.pldspace.com/en/career/propulsion-components-design-and-analysis-engineer
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Required competences 

• Aerospace or Mechanical Engineering Bachelor’s degree or demonstrable relevant 
experience in lieu thereof. 

• Minimum 3 years of relevant technical experience. 
• Demonstrated experience in design metallic structures for propellant lines. 
• Knowledge in selection and application of design criteria and rules, materials, strengths, 

and other mechanical properties, according to the loading conditions, working 
environment, etc. 

• High degree of CAD competence and PDM tools. 
• Fluent written and oral communication both in Spanish and English 

Desired Competencies 

• Previous experience in Aerospace Industry as Propulsion design & analysis engineer or 
Structural Design Engineer (or an equivalent combination of education and experience). 

• Familiar with Aerospace standards 
• Familiar with the main manufacturing technologies and capabilities 
• Knowledge of the most common corrosion prevention rules and surface protection. 
• Knowledge of the most common cryogenic (LOX) cleaning procedures. 
• Knowledge of Cryogenic (LOX) manipulation. 
• Proven in the development of products from the original concept design according to 

Aerospace normative and rules, through to the delivery of detailed technical design 
packaging into final production. 

• Design focused to assembly line concerns, tooling, and jigs. 
• Familiar with Aerospace standard parts and typical light materials, metallic and non-

metallic. 
• Preferred software: Siemens NX and Teamcenter. 
• An occasional need to travel with the role will be required. 
• Self-motivated and able to work under pressure to meet deadlines, dealing with 

situations that are constrained by time and managing different tasks at once. 
• Able to work autonomously with little supervision. 

4.16.2.7 SYSTEM ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

• Systems Engineer for MIURA 1 launch vehicles and associated tests and future launch 

operations. 

https://www.pldspace.com/en/career/systems-engineer
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Responsibilities 

• Develop and manage system and subsystem requirements, including verification 

techniques and interface control. 

• Work proactively and collaboratively with the engineering team and customer to identify, 

track, mitigate, and resolve technical/programmatic issues that may arise during program 

execution. 

• Serve as engineering focal for mission requirements and exchange of technical information 

between subsystems on launch vehicles and payloads. 

• Assist with the development of design, integration, and test processes, procedures, and 

configurations for launch vehicles in concert with other engineering disciplines. 

• Provide support for design/analysis results level to technical team and program 

management. 

• To be part of launch vehicle Simulation analysis and other performance analysis across 

vehicle functions. 

• To assist with the development of test methods and plans according to defined 

requirements. 

• To be part of CONOPS upgrade and implementation. 

• To elaborate design documents. 

Required competences 

• Master's degree in Aerospace engineering, Electrical Engineering, Mechanical Engineering, 

Systems Engineering or equivalent. 

• +3 years’ experience with Systems Engineering SW tools 

• +3years experience in high reliability Systems Engineering design and processes 

• +2 years’ experience with space systems, satellite, launch vehicles, etc. 

• Experience managing technical budgets, requirements, V&V, AIT and plan definition 

• Expertise in Computer Aided Design (CAD) using industry tools such as Siemens NX. 
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• Ability to work with multidisciplinary teams in technical and programmatic areas 

• Experience with space Launch Vehicle (suborbital or orbital) 

• Familiarity with hardware test program requirements captured in industry standards 

including ESA ECSS Standards, SMC-S-016, NASA-STD-7001, NASA-STD-7002 and GSFC-

STD-7000. 

• Team player able to work with different subsystems 

Desired Competencies 

• Experience with mission definition and requirements 

• Experience in environmental testing, thermal vacuum, vibration, electromagnetic 

compatibility, as well as test methods and validation. 

• Expertise in Matlab/Phyton. 

• Understanding of launch vehicle key subsystems and their associated performance 

parameters. 

• Experience in managing subcontractors. 

• Fast adaptability to rapid changes environments. 

Experience 

• Experience working with government, NASA, ESA or commercial launch contracts. 

4.16.2.8 ELECTRONICS ENGINEER (Senior Avionics Engineer) 

• ENGINEERING 
• Elche 
• + view deal 

Description 

• Responsible for the avionics design, integration, and tests for PLD launch vehicle 

programs. 

Responsibilities 

• Stablish requirements for PLD launch systems avionics. 

• Design the electronic components and subsystems for MIURA 5 launch vehicle. 

• Integration of avionics subsystem in the vehicles. 

• Stablish production prototype and testing activities for recurrent PLD Space programs. 

• Electrical verification of the full avionics' subsystems. 

• Flight operations and procedures. 

• Ground Support for software and hardware. 

• Ground integration with vehicles. 

• Pre-flight / post-flight data review and correlation with simulations and tests. 

• Software verification with software-in-the-loop and hardware-in-the-loop. 

Required knowledge 

• Bachelor’s degree in Electrical engineering, Aerospace Engineering, Telecommunications 

Engineering. 

https://www.pldspace.com/en/career/senior-avionics-engineer
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• 3-5years’ experience in Electronics design, manufacturing and testing. 

• 3-5 years’ experience in Matlab/Simulink. 

• 3-5 years’ experience working with sensors, signal conditioning and data acquisition 

electronics. 

• 3-5 years’ experience in power distribution units and power systems. 

• Experience in COTS, automotive, industrial and military electronic components. 

Required competences 

• English. 

• Stress Tolerance. 

• Problem solving. 

• Multitasking. 

• Wordload capacity. 

• Autonomy. 

Desired Competencies 

• Experience working with government, NASA, ESA or commercial launch contracts. 

• Experience in High reliability systems and industry standards. 

• Experience in international regulations for launch vehicles. 

• Experience in spacecraft integration and testing. 

• Experience in telemetry systems. 

• Experience in programming in Python, C, C++. 

• Experience in FTS design and dispersion simulation. 

• Experience in flight structural hardware design, testing and integration in composite 

materials and metallic materials. 
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4.16.2.9 STRUCTURAL TEST ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

PLD Space is seeking a new member for our team to serve as a Test Engineer, within 
the Structures Department. This position will be focused on assisting the qualification, 
and acceptance testing of structural components for its launch programs. 

Responsibilities 

• Definition of tests, considering available inputs, requested outputs and measurements, 
as well as other boundary conditions. 

• Test campaign planning. 
• Test suppliers management: contact, evaluation, selection, agreements. 
• Test execution/follow-up. 
• Assessment of externally executed tests. 
• Assistance in post-processing of test data in collaborations with Stress team. 
• Report writing and internal dissemination of test outcomes. 

https://www.pldspace.com/en/career/structural-test-engineer


AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

164 

• Assessment of sensorization requirements and load conditions for which data is to be 
obtained in order to meet test objectives in a safe manner. 

• Collaborate in the design of test benches and tooling. 
• Create work methodologies or improve the existing ones in order to benefit current and 

future projects. 
• Research state of the art in testing methodologies and sensors and propose creative 

approaches to complex problems. 
• Occasionally travel to other PLD Space or supplier locations. 

Required competences 

• Aerospace or Mechanical Engineer. 
• Fluency in English is mandatory. 
• +5 years’ experience in similar position, testbench/hardware and lab work. 
• Used to work with standards (ECSS, ISO, EN, ASTM, MIL...). 
• Used to work under pressure without neglecting safety and quality. 
• Strong analytical and problem-solving skills, along with excellent written and oral 

communication skills. 

Desired Competencies 

• Knowledge on specific space sector, space vehicles and launchers, metallic pressure 
vessels, COPV and payload structures is high desirable. 

• Knowledge of pressure vessel codes (BPVC, EN 13345, PD5500, AD 2000...). 
• Skills on electronics, optical instrumentation and extensiometric measurement will be 

welcomed. 
• Vibration and dynamic analysis test experience. 
• Experience in analysis or design positions is desirable. 
• Experience with Catia or NX Unigraphics is desirable. 
• Basic knowledge of finite element analysis shall be welcomed. 
• Programming experience (Matlab/Octave, Python...) is desirable. 

Experience 

• Experience developing and conducting test plans for experimental structural test. 
• Knowledge on developing reports to analyse test results from test execution. 
• Experience working with testbenches. 
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4.16.2.10 PROPULSION TEST ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

https://www.pldspace.com/en/career/propulsion-test-engineer
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Description 

PLD Space is seeking a new member for our team to serve as Propulsion test engineer 
for MIURA 1 launch vehicle. The primary role of this position involves testing hardware 
from development, qualification, and acceptance for flight at both subsystem and 
component level. The Candidate will carry out rocket engine testing activities and 
propulsive stage testing activities at PLD Space propulsion facilities in Teruel (Spain). 
This role is for a hands-on person. The main workplace will be Elche with frequent 
travels to Teruel and Huelva. 

Responsibilities 

• Deep understanding of liquid rocket engine propulsion subsystems and components. 
• Deep understanding of test procedures, industry standards, and best-practices. 
• Knowledge of thermodynamic principles as applied to cryogenics and high-pressure 

systems, to ensure test facilities can provide physical parameters defined for each 
engine system or component. 

• Knowledge of safety principles and best practices while working with high pressure 
fluids and cryogenics. 

• Perform fundamental fluid flow, heat transfer and structural analysis to contribute to 
the design and development of new propulsion test facilities 

• Write test plans, test procedures, and maintain configuration management system. 
• Perform data analysis and prepare data reviews and performance reports to evaluate 

propulsion test facility performance. 
• Work with technicians in the field to prepare test articles prior to testing. 
• Coordinate with technicians to operate cryogenic facilities, fuel facilities and high-

pressure lines for engine testing. 
• Provide support to System Engineering department to define, coordinate and control 

the functional and physical interfaces between the propulsion system and the launch 
vehicle. 

• Perform other duties as assigned. 

Required competences 

• BSc in Aerospace Engineering or Mechanical Engineering. 
• Must be able to stand for extended periods. 
• Must be able to maneuver in tight spaces. 
• Must be able to handle items weighting more than 15kg. 

Desired Competencies 

• Experience working with high pressure systems, desired experience with Fuel and/or 
cryogenic components and propellants. 

• Knowledge of manufacturing processes, test & integration procedures of liquid 
aerospace propulsion systems or pressurized system. 

Experience 

• 5+ years of Rocket Propulsion subsystem testing activities or aerospace-related 
propulsion testing activities. 
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4.16.2.11 GNC ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

Trajectory design and analysis of launch vehicles and related launch operations in the department of 

Systems and GNC. 

Responsibilities 

• Perform trajectory design, optimization, and dispersion for suborbital and orbital launch 

vehicles. 

• Development of 6-DOF launch vehicle and spacecraft dynamics simulators. 

• Perform aerodynamic characterization of aerospace vehicles. 

• Contribute to flight safety analysis, safety corridors, IIPs. 

• Interaction with other subsystems and systems engineers for trajectory optimization. 

• Contribution to launch licensing according to international regulations. 

• Provide inputs for flight hardware (structural and propulsion components). 

• Pre-flight / post-flight data processing and correlation with simulations and tests. 

• Software verification via testing with flight-software-in-the-loop and hardware-in-the-loop. 

Required competences 

• Master's degree in Aerospace engineering, Space exploration or flight mechanics, or GNC. 

• 5-7 years of experience with Matlab/Simulink. 

• 5-7 years of experience with flight simulation programs (rocket trajectories) and orbital 

mechanics. 

• Experience with space Launch Vehicle trajectory simulations (suborbital or orbital) and 

with the use of ASTOS, STK or similar software. 

• Relevant experience in rocket trajectory analysis and simulation software development. 

• Knowledge of Computer Fluid Dynamics (CFD) software. 

• Knowledge of ballistic missile and orbital trajectory simulations. 

• Knowledge of aerodynamic reentry simulations and analysis. 

• Knowledge of security analysis and international regulations. 

• English. 

• Stress Tolerance. 

• Problem solving. 

• Multitasking. 

• Wordload capacity. 

• Autonomy. 

Desired Competencies 

• Experience with spacecraft orbital trajectory design and simulations. 

• Experience with ballistic missile trajectory design. 

• Experience with re-entry aerothermodynamics analysis and simulations. 

• Experience with Safety analysis and international regulations for launch vehicles. 

https://www.pldspace.com/en/career/gnc-engineer-en
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• Experience with FTS design and dispersion simulation. 

• Experience with control dynamics and optimization strategies for missile and orbital 

spacecrafts.  

 

4.16.2.12 PROPULSION ENGINEER 

• ENGINEERING 
• Elche 
• + view deal 

Description 

senior-rocket-propulsion-engineer-for-miura-1 

Responsibilities 

• To Participate in the TEPREL-B Liquid Rocket Engine Flight Qualification, including 
hardware integration, testing and post-hot test data processing. 

• To be part of the engineering decision process of MIURA 1 propulsion subsystem final 
development, testing and integration. 

• To provide inputs for TEPREL-B liquid rocket engine upgrades and to improve its 
performance. 

• To contribute and participate in the engineering decision process of MIURA 1 propellant 
feed system (including piping, valves, sensing, actuators, etc.) 

• To contribute in material characterization, material selection and to generate 
specification for updates and further developments. 

• To develop test plans for liquid propulsion parts and assemblies. 
• To generate manufacturing and assembly specifications. 
• To contribute in the upgrade PLD Space Propulsion Test Bench software and hardware. 
• To operate Company´s test bench during hot test campaigns. 
• To provide launch and mission operations support. 

Required competences 

• Master´s degree in Aerospace Engineering. 
• Relevant experience in liquid propulsion (+7 years of liquid propulsion experience, design and 

testing) . 
• +5 years experience in Finite Element Analysis using industry tools such as ANSYS. 
• Excellent use of Siemens NX/Teamcenter, EcosimPro, Matlab and Simulink tools. 
• Relevant experience in manufacturing processes (metal machining): Copper Alloys, Aluminium 

Alloys and Stainless-steel Alloys, as well as Electrical Discharge Machining (EDM). 
• Other relevant experience in manufacturing processes, such as Aluminium and Stainless-steel 

TIG Welding. 
• Good communications skills, including C1 English Level (both written and oral). 
• Ability and willingness to thrive in a fast-paced work environment. 
• Highly motivated and committed to improvement. 
• Ability to represent a workgroup. 
• Ability to work as a part of a team. 

Desired Competencies 

• Use of Labview is desired. 
• Experience with space launch vehicle design. 

https://www.pldspace.com/en/career/senior-rocket-propulsion-engineer-for-miura-1
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• Spanish (both written and oral). 
• Experience working with Spanish Government or National Agencies (NASA, CNES or DLR). 
• Experience working with Institutional Contracts with European Space Agency (ESA). 

Experience 

• +7 years of liquid propulsion experience, design and testing. 

4.17 AS-COMSAT-1 Launcher System (Mechanics, Electronics & SW) 

4.17.1 OBC System 

 

4.17.2 AIS system on the OBC 

See Master Thesis Rozan 

4.17.3 System Concept for Trajectory Control System 

4.17.4 Telemetry, Tracking & Control (TT&C) Ground Station 

See AS-COMSAT-1 Technical Development Documentation 

 



AS-COMSAT Administration Report 2023 with Supplement from 2024 

 

170 

4.18 Planning&Controlling 2023 

Remark: The actual status of working packages for ECS, CAN and AS-COMSAT_1 satellite system is on AS-COMSAT Planning&Controlling 2023 

(aecenar.com). It will be updated in this document at the end of each month insha Allah. 

4.18.1 Milestones 2023 (Updated: 6.5.23) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Development ECS 

with own HW 

AS-COMSAT-1 

Satellites System 

AS-COMSAT-1 (Launching: Prop, Structure, Payload Chamber and outlet mechanism) 

Prototype for 

Communication 

Network 

Ambulance (CNA) 

http://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-temolebanon-planning-controlling-2023
http://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-temolebanon-planning-controlling-2023
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4.18.2 Overall Working Packages for AS-COMSAT_1 System (Satellite 
System+Launching) 

 Working Package Responsible Name of Technical 

Documentation 

Department/ 

Stakeholder 
Status 

1 CoreFlightSystem, on-board 

computer 
Abd System Design  ICS  

2 Attitude control system Raja/Hana ACDS Technical Report ICS  

3 AIS Candar AIS Clustering Marmara 

University, 

Istanbul, Faculty 

of Computer 

Science 

done 

4 Telemetry and payload 

COM system, intersatellite 

communication 

Ahmad Awad COM/OBD  open 

      

5  Yahya X-Ray Sensor IAP  

6 Ground station Hana Ground Station AS-COMSAT open 

7 Launching issues Siham Orbit and Altitude 

Specification, Legal 

issues, pre-launch 

activities 

 Done 

8   Vibration damper   

9   Thermal Isolation   

 

file:///C:/AS-COMSAT/Administration/Planning&Control2023/ADCS_TechnicalReport.pdf
file:///C:/AS-COMSAT/Administration/Planning&Control2023/S-AIS.pdf
file:///C:/AS-COMSAT/Administration/Planning&Control2023/MasterThesis_X-RayDetector.docx
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4.18.3 Working Packages for Satellites System AS-COMSAT-1 (Satellite system) 
until IMEX Istanbul 14-17 Sep 2023 (Updated: 7.5.23) 

 

• 2 x 12 U Satellites (two identical Satellites) 

• Satellite Operator (TT&C) Station) (see [AS-COMSAT-1 Technical Documentation, 

2021], pp. 14-33) 

• Network Operator Station 

• User Terminal 1 

• User Terminal 2 
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4.18.4 Satellite Prototypes (2 identical satellites) 

 Working Package Responsible Name of Technical 

Documentation 

HW 

Procurement/Price 
Status 

1 On-board Main computer 

(OBC) (RaspberryPi) 
Raja System Design  100$  

2 Attitude control system Raja ACDS Technical 

Report 

IMU from Mintad 

Project 

100$ 

 

4 Telemetry COM system, 

intersatellite 

communication 

- Like CNA 

communication 

system 

- Patch antenna 

Ahmad 

Awad 

COM/OBD Board Development 

Patch Antenna 

 

200$ 

In 

progress 

 Payload COM system Ahmad 

Awad 

 300$  

 Power System (Solar Cells, 

Controller, Lithium 

Batteries) 

Abdullah Q.  1500$  

 Cold Gas Propulsion Unit 

(4 Outlets) 

Raja  1000$  

 12 U chassis Uthman  500$  

8   Vibration damper   

9  Uthman Thermal/Radiation 

Isolation 

100$  

  AS-COMSAT 

Staff Istanbul 

Satellite Integration 300$  

 

   Total Material 

Price 

4000$  

 

> 2 Satellites: 8000$ Material Price 

file:///C:/AS-COMSAT/Administration/Planning&Control2023/ADCS_TechnicalReport.pdf
file:///C:/AS-COMSAT/Administration/Planning&Control2023/ADCS_TechnicalReport.pdf
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4.18.4.1 Status of Hardware for Satellite (Example Table) 

 

 

 

4.18.5 Satellite Operator (TT&C Station) 

 Working Package Responsible Name of Technical 

Documentation 

Department/ 

Stakeholder 
Status 

6 Ground station Hana Ground Station AS-COMSAT open 

 

4.18.6 Network Operator Station 
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4.18.7 Task TT&C Ground Station 

 

 

4.19 Working Packages for ECS 
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4.20 Working Packages for CNA 

 

4.21 Working Packages for Transporter 

4.21.1 Mobile Testrig 

 

-------2.3m-----|---1m-----|---------3m--------|-2.2m--| 

-> 8.5m 

4.21.1.1 Mobile Platform – Option1 
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12000$ 

4.21.1.2 Mobile Platform – Option 2 (8m + 2m, 6000USD) – Ali Dib 

 

How many tons unknown 

4.21.1.3 Mobile Platform – Option 3 (12mx2,6m, 58t, 8000$) – Abdullah 

Mohammad Mourad 
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4.21.1.4 Mobile Platform – Option 4 (8,5mx2,6m, 50 tons, 6200$) 

55tons 

4.1 Timeline and Human Ressources Management (Gantt Diagram) 

To be done 
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4.3 Company Liquidation (in Dec 2024) 
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5 Early fire detection system using uav and artificial intelligence 
(Master Thesis, June 2021) 
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5.1 Presentation Master Thesis 
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5.4 Abstract 

This thesis presents the design and implementation of a forest fire and smoke detection 

system based on machine learning. The system will receive live video stream from a 

flying quadcopter over a forest region and detects the fire and smoke in the received 

frame. The system uses Artificial Neural Networks (ANNs) based on Darknet-53 and 

YOLO V3 pretrained network with 1200 train images and 200 test images for model 

validation. The base station is composed of a laptop PC which will receive a live video-

stream from a quadcopter flying over a certain region of forests and then run the 

detection algorithm on CPU. To test the model accuracy, virtual fires and smokes are 

simulated in a recorded drone live footage. The system effectively detected fire and 

smoke in a video-stream with accuracies of 98% and 96% respectively.  
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5.8 Introduction 

5.8.1 Background 

The advancement of industry in the last century increased the environmental pollution and climate 

change in many regions of the world. This led to rising global temperatures which is one of the 

reasons for the outbreak of fires in large areas of forests [1] [2]. In 2013, the US had lost 104,131 

Hectares of forest due to fires [3]. According to the European Forest Fire Information System (EFFIS) 

report, the Middle East and North Africa have lost at least 176,116 Hectares of Forest in 2014 [4]. 

In 2019, a series of fires broke out in the forests of Lebanon and nearby countries with nearly 100 

fires on the Lebanese territories, according to the Lebanese Civil Defense [5]. In 2020, and based on 

the data and estimates of the municipalities in the villages, the area burned in this incident has 

reached 12 million square meters [6]. Unfortunately, this happens every year in Lebanon. 

Meteorological experts stated that the fires were caused by high temperatures, which reached 38 

degrees Celsius (nearly 10 degrees above the average), and dry winds that contributed to forest fires 

[7]. 

Problems caused by the lack of technological aspects in the field of fire detection are obviously 

disastrous. There is still no way to know when are the early flames that caused the fire ignited. 

Because there are no methods used in Lebanon that keep on checking and identifying the forests’ 

status, it is always too late to prevent forest fires that happen every year. These fires contribute to a 

great physical, climate, and economic losses. Thus, it is a must to develop monitoring systems that 

detect fires, especially early flames, and show their status (level, direction, speed). This will help 

firefighters in accessing the stage safely and treating fire quickly and efficiently which will definitely 

save more lives and green spaces. Unfortunately, traditional fire detecting sensors, such as 

ionization smoke sensors and flame detectors frequently lack efficiency when stationed in nature, 

and often have false alarms. This raises an urgent need for a better and more accurate technology.  

The fire detection system using drones has gained a huge turnout especially in the past two decades. 

This system has been gradually developed throughout the years, starting from remote-controlled 

drones with smoke sensors, to installing cameras on autonomous drones that take pictures of the 

fire and transmit live video stream of the fire and how it is moving. This technology helped NASA 

to detect effectively the California wildfire in 2008 and helped preventing it from spreading in an 

uncontrolled manner [8]. On one hand, using drones to detect fires has positive aspects. They help 

firefighters to specify the state of the fire like its direction and extension. Besides, their convenient 

size helps them penetrate through areas unreachable by pilots. Drones also cost less than helicopters 

and decrease human losses by being their substitute. On the other hand, there are drawbacks. Being 

always available and hovering above forests are constrained by their low flying time and some 

technical risks.  

Firstly, continuous use of quadcopters results in less efficient motors, this is called motor aging. 

Motors will lose their power as they “grow up” which may cause undesirable behavior of the drone 

and maybe crashing. Moreover, quadcopters’ communication channels maybe interfered with other 

signals. This risk causes loss of information between sender and receiver and may end up with a 
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disastrous situation. In addition, and one of the most common risks, sudden power death due to 

battery deficiency may occur and crashing will defiantly occur. These risks should be taken into 

consideration and never be ignored in the design stage of a quadcopter.  

5.8.2 Problem Statement 

Lebanon lacks advanced fire detection technologies that allow the early detection of fires and 

provide their state. Due to this deficiency in information, firefighters are exposed to great risks that 

threaten their lives yearly. Unfortunately, there is no safe way for firefighters to approach the fire 

when they do not have enough information about its size and its propagation. A large number of 

people and animals get either highly injured or killed as well. In addition, fires highly increase air 

pollution and destroy millions of hectares of forest land. Eventually, fires contribute in a great deal 

of economic and financial losses. Take the wildfire that broke in 2019 in the Lebanese forests for 

instance. This fire caused dangerous injuries for more than 88 civilians [9] and 5 firefighters, and 

burnt at least 4 houses in the surrounding area [10]. 3700 acres of green land became ashes in 48 

hours, which means the loss of thousands of olive trees and other fruity trees that their owners 

depended on for their income [9]. Usually, the detection of wildfires is late due to either false alarms 

or the complete absence of alarms in some forests. This partially eliminates the possibility to access 

the terrain which allows the fire to nurture by the various fuel sources in the forest. Thus, the need 

for an efficient way to detect early fires is extremely necessary to avoid further losses. 

5.8.3 Thesis Objective 

As stated earlier, and due to the tremendous need of an early forest fire detection system in Lebanon, 

this thesis is dedicated to design and implement an early fire detection system, with the aid of 

quadcopter, based on Machine Learning (ML)/Neural Networks (NN). 

The system is responsible to detect fires in video frames received from quadcopters flying over a 

region of forest. For this reason, a “Yolov3” neural network model will be used to detect fire in a 

frame. This model has been chosen for its high training accuracy and the ability to work with low-

cost computers. The model will be trained using 1000 of positive images (images with fires). The 

labeling of images will be done using “labelImg” software. Model training will be handled over 

“Google Collabs” that offers a free GPU. In addition, a simple proportional controller will be used to 

calculate the necessary actions for a 2-D gimbal in order to keep the camera focused on fire region.  

5.8.4 Literature Survey 

There are a lot of fire detection algorithms and techniques used by scientists and engineers to help 

in early fire detection and monitoring processes using UAVs.  For example, Chi Yuan et al. [11] did 

effectively extract and track fire pixels in an infrared video sequence received from a UAV. They 

used brightness and motion clues along with image processing histogram segmentation to extract 

hot object regions. They also used optical flow sensors to calculate motion vectors of these hot 

candidate regions. Another work done by Casbeer et al. [12], where they explored the feasibility of 

a short term, low altitude UAV team to cooperatively track and monitor forest fires’ propagation. 

They simulated a full 6-DOF dynamic model of the UAVs and some numerical models for forest fire 
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propagation. They did not test it in real fire situations. In addition, Zhou et al. [13] gathered video 

streams from a UAV and applied orthorectification method of these received images to monitor 

forest fires. They pointed out some specific problems which should be treated in case of forest fire 

detection and presented some primary solutions to these problems. However, there were no results 

presented. Moreover, Mubarak Mahmoud et al. [14] collected 6 videos available online and used 

image processing algorithms to detect fires. They first applied background subtraction to capture 

movements within the region detected. Then they converted the moving regions from RGB color 

space into YCbCr which helped them to apply 5 different fire detection rules in order to separate fire 

pixels. And finally, they used temporal variation method to distinguish between fire and fire-color 

objects. They achieved 96.63% accuracy detection rate. Another method proposed by Henry Cruz et 

al. [15] developed a method, which can be used on UAVs, called Forest Fire Detection Index (FFDI) 

based on using a new color index. This index is based on vegetation methods to detect flames and 

smoke. They tested this method upon a database imagery with acquiring very good results of about 

96.82% precision accuracy over 960 x 540 pixels samples along with 0.0447 seconds processing speed.  

5.8.5 Thesis Outline 

The thesis is divided as follows; chapter 2 covers the mathematical modeling and control of a 

quadcopter drone. Chapter 3 lists all components to be used to fully-implement this project and state 

their specifications. Chapter 4 clearly defines the procedure followed to train a Neural Network 

(NN) in order to detect fire in camera frames and the design of the simple control system to drive a 

camera gimbal to keep tracking fire region. Chapter 5 shows the results and chapter 6 concludes the 

project.  

 

5.9 Mathematical Model 

5.9.1 Introduction 

This chapter aims to introduce briefly the basic physics of a quadcopter. Modeling the non-linear 

dynamics and kinematics of a quadcopter in 6 DOF will be presented. The quadcopter model will 

be simulated using MATLAB/Simulink to follow a spiral trajectory. Position and attitude angles are 

controlled via Proportional, Derivative, and Integral (PID) controllers.  

The quadcopter produces rotational torques in order for it to navigate in space. These rotation angles 

can be described as Euler angles in 3D. The rotations about x-axis, y-axis and z-axis are represented 

as rolling (𝜑), pitching (𝜃), and yawing (𝜓) respectively as shown in Figure 5.1.  
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Figure 5.1. Quadcopter rotation angles 

Figure 5.2 shows the overall control system structure. The quadcopter is equipped with a high-level 

(position) controller responsible for tracking a desired trajectory in (𝑥𝑑 , 𝑦𝑑 , 𝑧𝑑), generated by the 

trajectory generator, and a low-level (attitude controller) controller responsible for tracking the 

rotational setpoints (𝜑𝑑 , 𝜃𝑑, 𝜓𝑑). The quadcopter then receives 4 control inputs (𝑢1, 𝑢2, 𝑢3, 𝑢4) which 

control the throttle force, rolling, pitching, and yawing torques respectively.  

 

 

Figure 5.2. Quadcopter high- and low-level controllers 

5.9.2 Kinematics and Dynamics 

First, it is important to define the reference frames of the quadcopter. There are 2 coordinate frames 

concerned with quadcopter’s movements; body fixed frame 𝐵(𝑥𝑏 , 𝑦𝑏 , 𝑧𝑏) and the inertial fixed frame 

𝐼(𝑥𝑖, 𝑦𝑖 , 𝑧𝑖) as shown in Figure 5.3. Quadcopter’s aerodynamical forces and actuator forces are all 

applied with respect to the body fixed frame. However, and in order for the quadcopter to complete 

its missions in inertial frame (i.e., in real world navigation over the surface of earth), it is important 

to transform force vectors from inertial to body frame and vice versa. To transform translations from 

body (𝑥𝑏 , 𝑦𝑏 , 𝑧𝑏)  to inertial frame (𝑥𝑖, 𝑦𝑖, 𝑧𝑖), the following rotation matrix is used: 
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Figure 5.3. Inertial and body coordinate frames 

 

𝑹𝑏𝑜𝑑𝑦
𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙 = [

𝑐𝜓𝑐𝜃 𝑐𝜓𝑠𝜃𝑠𝜑 −  𝑠𝜓𝑐𝜑 𝑐𝜓𝑠𝜃𝑐𝜑 +  𝑠𝜓𝑠𝜑
𝑠𝜓𝑐𝜃 𝑠𝜓𝑠𝜃𝑠𝜑 −  𝑐𝜓𝑐𝜑 𝑠𝜓𝑠𝜃𝑐𝜑 −  𝑐𝜓𝑠𝜑 
−𝑠𝜃 𝑐𝜃𝑠𝜑 𝑐𝜃𝑐𝜑

] 

 

(5.1) 

Where, c and s stand for cos and sin functions respectively. Similarly, the relation between Euler rates 

in inertial frame (�̇�, �̇�, �̇�) and body angular rates (𝑝, 𝑞, 𝑟) can be determined by equation (5.2). 

. 

 

[
𝑝
𝑞
𝑟
] = 𝑻�̇� = [

1 0 −𝑠𝜑
0 𝑐𝜑 𝑠𝜑𝑐𝜃
0 −𝑠𝜑 𝑐𝜑𝑐𝜃

] [

�̇�

�̇�
�̇�

] 

 

(5.2) 

As a result, the complete kinematic equations, relating body frame translations and rotations with 

inertial ones can be obtained by: 

 

[
 
 
 
 
 
𝑥𝑖
𝑦𝑖
𝑧𝑖
�̇�

�̇�
�̇�]
 
 
 
 
 

= [
𝑹𝑏𝑜𝑑𝑦
𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙

03𝑥3

03𝑥3 𝑻−1
]

[
 
 
 
 
 
𝑥𝑏
𝑦𝑏
𝑧𝑏
𝑝
𝑞
𝑟 ]
 
 
 
 
 

 (5.3) 

On the other hand, dynamics can be divided into 2 subsystems, translational and rotational 

dynamics, where translational ones are fully interconnected with rotational ones while rotational 

dynamics are fully decoupled. From Figure 5.3, and applying Newton’s second law, the total forces 

acting on the quadcopter are the upward forces generated from the propellers and the down force 

from gravity. Forces generated from motors can be written as: 

 𝑓𝑖 = 𝑘𝛺𝑖
2 (5.4) 

Where k is a thrust constant affected by the dynamics of the propeller and 𝛺𝑖 is the speed of motor 

i. Therefore, the translational dynamics, represented in inertial frame, can be written as: 



Early fire detection system using uav and artificial intelligence (Master Thesis, June 2021) 

 

199 

 

�̈� =
1

𝑚
[(cos(𝜑) sin(𝜃) cos(𝜓) + sin(𝜑) sin(𝜓))𝑢1 − 𝑘𝑓𝑥�̇�] 

�̈� =
1

𝑚
[(cos(𝜑) sin(𝜃) sin(𝜓) − sin(𝜑) cos(𝜓))𝑢1 − 𝑘𝑓𝑦�̇�] 

�̈� =
1

𝑚
[(cos(𝜑) cos(𝜃))𝑢1 − 𝑘𝑓𝑧�̇�] − 𝑔 

(5.5) 

Where, m is the total mass of the quadcopter, g is the gravity force, u1 is throttling control input and 

(𝑘𝑓𝑥 , 𝑘𝑓𝑦, 𝑘𝑓𝑧) are aerodynamical constants in x, y and z axes respectively and are affected several 

aerodynamical factors. Similarly, rotational dynamics using Newton’s second law can be written as: 

 

�̈� =
1

𝐼𝑥𝑥
[�̇��̇�(𝐼𝑦𝑦 − 𝐼𝑧𝑧) − 𝐽𝑡𝑝�̅��̇� + 𝑢2] 

�̈� =
1

𝐼𝑦𝑦
[�̇��̇�(𝐼𝑧𝑧 − 𝐼𝑥𝑥) + 𝐽𝑡𝑝�̅��̇� + 𝑢3] 

�̈� =
1

𝐼𝑧𝑧
[�̇��̇�(𝐼𝑥𝑥 − 𝐼𝑦𝑦) + 𝑢4] 

(5.6) 

With, (𝐼𝑥𝑥, 𝐼𝑦𝑦, 𝐼𝑧𝑧) are the moment of inertia about (x,y,z) axes respectively. 𝐽𝑡𝑝 is the total rotational 

moment around propeller axis and �̅� = −𝛺1 + 𝛺2 − 𝛺3 + 𝛺4 is the total gyroscopic torque acting on 

the quadcopter. If l represents the arm length of the quadcopter, then the control inputs 

(𝑢1, 𝑢2, 𝑢3, 𝑢4) can be given, in function of propellers’ speed, as: 

 [

𝑢1
𝑢2
𝑢3
𝑢4

] =  [

𝑘 𝑘 𝑘 𝑘
0 −𝑙𝑘 0 𝑙𝑘
−𝑙𝑘 0 𝑙𝑘 0
−𝑑 𝑑 −𝑑 𝑑

]

[
 
 
 
 
𝛺1
2

𝛺2
2

𝛺3
2

𝛺4
2]
 
 
 
 

 (5.7) 

5.9.3 Controllers  

The goal of position and attitude controllers is to calculate the best control inputs (𝑢1, 𝑢2, 𝑢3, 𝑢4) in 

order for the quadcopter to complete its mission efficiently, where 𝑢1 controls the upward force 

(altitude), and (𝑢2, 𝑢3, 𝑢4) control rolling, pitching, and yawing respectively. For this purpose, PID 

controller is used to track position and attitude. Figure 5.4 shows the maneuvers in which the 

quadcopter can achieve by appropriately varying the rotors’ speed. 𝑢1 is the control input 

controlling ascending and descending and can be achieved by varying rotors’ speed equally over all 

propellers (Figure 5.4 (e and f)). Rolling torque, or 𝑢2, can be achieved by achieving different thrust 

levels between propellers 2 and 4 (Figure 5.4 (c and d)). Pitching torque, or 𝑢3, is produced by also 

varying propellers 1 and 3 speeds (Figure 5.4 (a and b)). And finally, yawing torque, or 𝑢4, is 

produced by increasing the speeds of 2 rotors on the same arm and reducing the remaining 2 (Figure 

5.4 (g and h)). 
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Figure 5.4. Quadcopter maneuvers 

PID controller is a simple but efficient controller which is used to control a desired state of 

a system. It deals with the state error until it converges to 0. PID controller has the shape shown in 

Figure 5.5.  

 

Figure 5.5. PID controller block diagram 

The general equation to control a single state x using PID can be written as: 

 𝑃𝐼𝐷𝑜𝑢𝑡 = 𝑘𝑝𝑒𝑥 + 𝑘𝑖∫𝑒𝑥𝑑𝑡 + 𝑘𝑑𝑒�̇� (5.8) 

Where, 𝑘𝑝, 𝑘𝑖 , 𝑘𝑑 are tunable positive gains. 𝑒𝑥 is said to be the controlled state error signal 

of state x and is defined by the difference between the desired state setpoint and the actual value 

(𝑒𝑥 = 𝑥𝑑𝑒𝑠𝑖𝑟𝑒𝑑 − 𝑥𝑎𝑐𝑡𝑢𝑎𝑙). The controlled state 𝑥 can be any variable such as, position, velocity, 

acceleration, temperature etc. By tuning the 3 gains, one can achieve the desired behavior of the 

system which is chosen according to designer’s choice.  
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5.9.3.1 Attitude Controller 

The attitude controller is required to maintain or track desired attitude inputs (𝜑𝑑 , 𝜃𝑑 , 𝜓𝑑) and 

outputs the required roll, pitch, and yaw torques. The closed-loop attitude control diagram can be 

seen in Figure 5.6. The desired torques can be calculated as: 

 

𝑒𝜑 = 𝜑𝑑 − 𝜑𝑎𝑐𝑡𝑢𝑎𝑙 

𝑒𝜃 = 𝜃𝑑 − 𝜃𝑎𝑐𝑡𝑢𝑎𝑙 

𝑒𝜓 = 𝜓𝑑 − 𝜓𝑎𝑐𝑡𝑢𝑎𝑙 

(5.9) 

 

𝑢2 = 𝑘𝑝𝑒𝜑 + 𝑘𝑖 ∫𝑒𝜑 𝑑𝑡 + 𝑘𝑑�̇�𝜑 

𝑢3 = 𝑘𝑝𝑒𝜃 + 𝑘𝑖∫𝑒𝜃 𝑑𝑡 + 𝑘𝑑�̇�𝜃 

𝑢4 = 𝑘𝑝𝑒𝜓 + 𝑘𝑖 ∫𝑒𝜓 𝑑𝑡 + 𝑘𝑑�̇�𝜓 

(5.10) 

 

 

Figure 5.6. Attitude PID controller 

Tuning PID gains was done by trial and error until achieving acceptable rise time and overshoot 

characteristics. The tuned attitude controller gains were found to be [𝑘𝑝, 𝑘𝑖, 𝑘𝑑] = [10, 1.2, 15]. The 

closed-loop response to a step input for these three controllers is shown in Figure 5.7 and Figure 5.8. 

As seen in Figure 5.7, the responses of phi and theta systems have approximately a rise time of 0.1 

seconds, maximum percent overshoot of 12% for roll system and 5% for pitch system, and 0 steady 

state error after approximately 3 seconds. 
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Figure 5.7. Phi (left) and theta (right) response to step input of 20 degrees 

 

Figure 5.8. Psi response to step input of 90 degrees 

5.9.3.2 Position Controller 

The position controller forms the high-level controller for the quadcopter system. It takes the desired 

trajectory from a trajectory generator (𝑥𝑑 , 𝑦𝑑 , 𝑧𝑑) and is responsible to output the desired the attitude 

(𝜑𝑑 , 𝜃𝑑) and throttle to achieve translation in space. Figure 5.9 illustrates the PID-based closed-loop 

position controller. The “Inverse Kinematics” block is responsible to translate the 2D position PID 

output into the desired attitude values.  

 

Figure 5.9. Position controller block diagram 
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From the translational dynamics in equation (5.5), and considering small angles approximation 

(cos(𝜑) = cos(𝜃) = 1 𝑎𝑛𝑑 sin(𝜑) ≈  𝜑 𝑎𝑛𝑑 sin(𝜃) ≈  𝜃), The desired attitude and throttle input can 

be calculated as: 

 [

𝑒𝑥
𝑒𝑦
𝑒𝑧
] = [

𝑥𝑑 − 𝑥𝑎𝑐𝑡𝑢𝑎𝑙
𝑦𝑑 − 𝑦𝑎𝑐𝑡𝑢𝑎𝑙
𝑧𝑑 − 𝑧𝑎𝑐𝑡𝑢𝑎𝑙

] (5.11) 

 [

�̈�𝑑
�̈�𝑑
�̈�𝑑

] = 𝑘𝑝 [

𝑒𝑥
𝑒𝑦
𝑒𝑧
] + 𝑘𝑖

[
 
 
 
 
 ∫ 𝑒𝑥 𝑑𝑡

∫𝑒𝑦 𝑑𝑡

∫𝑒𝑧 𝑑𝑡]
 
 
 
 
 

+ 𝑘𝑑 [

�̇�𝑥
�̇�𝑦
�̇�𝑧

] + [
0
0
𝑔
] (5.12) 

 [
𝜑𝑑
𝜃𝑑
] =

1

𝑔
[
sin(𝜓𝑑) −cos(𝜓𝑑)
cos(𝜓𝑑) sin(𝜓𝑑)

] [
�̈�𝑑
�̈�𝑑
] (5.13) 

Finally, the simulation was done with(𝑥, 𝑦, 𝑧, 𝜑, 𝜃, 𝜓) = (0,0,0,0,0,0) as the quadcopter’s initial 

position. The desired trajectory, which generates the spiral trajectory, is given by equation (5.14). It 

is worth to mention that the spiral path was chosen in order to make tracking smoother. The 

simulation time was set to 140 seconds. PID tuned gains are given in Table 5.1. Figure 5.10 illustrates 

the quadcopter’s 3D and 2D position while tracking its desired circular trajectory and Figure 5.11 

shows the x and y desired trajectory with respect to time. The desired trajectory was calculated in a 

way to provide smooth setpoints suitable for UAV navigation. 

Table 5.1. Tuned PID parameters 

Position Controller 
Attitude Controller 

𝑘𝑝 
𝑘𝑖 𝑘𝑑 𝑘𝑝 𝑘𝑖 𝑘𝑑 

5 0 10 10 1.2 15 

 

 [

𝑥𝑑
𝑦𝑑
𝑧𝑑
] =

{
 
 
 
 
 

 
 
 
 
 [

0
0
10
]                                   , 𝑓𝑜𝑟 𝑡 ≤ 20

[
 
 
 
 

𝑡 − 20

5 sin(0.1𝜋𝑡)
𝑡 − 20

5 cos(0.1𝜋𝑡)
20 ]

 
 
 
 

          , 𝑓𝑜𝑟 20 <  𝑡 ≤ 80

[
12 sin(0.1𝜋𝑡)
12 cos(0.1𝜋𝑡)

20

]                        , 𝑓𝑜𝑟 𝑡 > 80

 (5.14) 
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The physical parameters used in this simulation are listed in Table 5.2. These parameters are 

calculated from the physical properties of the quadcopter used and all parts with their specs are 

listed in chapter 3.  

 

Table 5.2. Quadcopter simulation parameters 

Parameter Description Value Unit 

𝑚 Mass of the quadcopter  2 𝑘𝑔 

𝐼𝑥𝑥 Moment of inertia about x-axis 0.0641 𝑘𝑔.𝑚2 

𝐼𝑦𝑦 Moment of inertia about y-axis 0.0641 𝑘𝑔.𝑚2 

𝐼𝑧𝑧 Moment of inertia about z-axis 0.1148 𝑘𝑔.𝑚2 

𝑔 Gravity force 9.81 𝑚. 𝑠2
−1

 

𝑏 Thrust constant 1.02 × 10−6 𝑁.𝑚. 𝑠2 

𝑑 Drag constant 1.3 × 10−7 𝑁.𝑚−1 

𝑙 Quadcopter arm length 0.275 𝑚 

𝐽𝑡𝑝 Total rotational moment of inertia 

around the propeller axis 

104 × 10−6 𝑘𝑔.𝑚2 

𝑘𝑓𝑥 x-axis drag constant  0.00215 𝑁.𝑚−1 

𝑘𝑓𝑦 y-axis drag constant 0.00215 𝑁.𝑚−1 

𝑘𝑓𝑧 z-axis drag constant 0.00215 𝑁.𝑚−1 

 

 

Figure 5.10. Quadcopter tracking spiral trajectory 
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Figure 5.11. X (left) and Y (right) position tracking with respect to time 

The above figures show the great tracking results from a simple PID controller. However, this 

controller is applicable under the small angles’ approximation (−25𝑜 ≤ 𝜑 ≤ 25𝑜𝑎𝑛𝑑 − 25𝑜 ≤ 𝜃 ≤

25𝑜). Also, generating smooth setpoints also plays a major role in efficient, and less-deviated from 

the desired tracking. 

5.9.4 Conclusion  

This chapter presented the kinematic and dynamic mathematical model of a quadcopter UAV. Also, 

it proposed the design of PID position and attitude controllers in order for the quadcopter to track 

a predefined trajectory. Position controller was able to track a circular trajectory with significantly 

very small position error which can be accepted.  

5.10 Project Specifications 

5.10.1 Introduction 

In this chapter, hardware and software requirements will be demonstrated. Figure 5.12 illustrates 

the main parts used in this project. The system components can be divided into 4 main parts: 

quadcopter, vision, communication and central PC.  

   Figure 5.12. Project main parts 
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5.10.2 Quadcopter  

For this project, the required quadcopter should be characterized by its medium size and light 

weight. The required components along with their quantities to build a quadcopter are listed in 

Table 5.3. 

 

Table 5.3. Quadcopter parts 

 

5.10.2.1 Quadcopter Frame and Power Distribution Board 

The quadcopter frame is used to mount all components together. The primary criteria of selecting 

the frame are the total payload to be carried and its material. In this thesis, light payload is required 

since it is only required to carry a small camera and a gimbal. The chosen frame, shown in Figure 

5.13 (left), is made of ultra-strong, light weight glass fiber. Its different arms’ colors help in better 

determining the heading of the quadcopter while flying.  

In addition, the “DJI450” frame also includes a Power Distribution Board (PDB) in order to solder 

electronic components. The PDB uses a high-strength Printed Circuit Board (PCB) material which 

makes battery and ESCs wiring very safe and easy. Table 5.4 summarizes the important specs of the 

selected frame.  

 

Figure 5.13. DJI450 quadcopter frame (left), Power Distribution Board PDB (right)  

Component Quantity 

Quadcopter frame 1 

Brushless DC motor  4 

Propeller 4 

Electronic Speed Controller 4 

Flight controller with Inertial 

Measurement Unit and GPS 
1 

Power Distribution Board 1 

Battery 1 

Gimbal 1 
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Table 5.4. DJI450 frame specs 

Parameter Value 

Diagonal Wheelbase 450 𝑚𝑚 

Weight 282 𝑔 

Material  𝑃𝐴66 +  30𝐺𝐹 𝑔𝑙𝑎𝑠𝑠 𝑓𝑖𝑏𝑒𝑟 

Recommended battery  3𝑠 ~ 4𝑠 

Recommended motors 900 ~ 1200 𝐾𝑉 

Recommended ESC rating 30𝐴 

5.10.2.2 Brushless DC Motors 

Brushless DC motors, or BLDC, is a type of DC motors that is widely used in quadcopters and many 

other fields. It utilizes a permanent magnet as its external rotor with 3 phase output voltage, unlike 

brushed DC motors. It is characterized by its very high efficiency (up to 85%) compared with 

brushed ones. They are selected among their KV ratio, where KV ratio is its 
𝑟𝑝𝑚

𝑉
. Higher KV ratio 

increases the motor’s speed but decreases the torque of the motor and decreases the payload lifting 

capabilities accordingly. For this thesis, and as stated earlier, the required payload is low but 

traveling speed must be ≤ 5
𝑚

𝑠
, so, motors with 1200 KV ratio are selected as shown in Figure 5.14. 

Table 5.5 summarizes the most important parameters of the selected motors.  

 

 

Figure 5.14. PROPDRIVE V2 2826 1200 KV 
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Table 5.5. PROPDRIVE motor specs 

Parameter Value 

Max current  15𝐴 

KV 1200 

Power  215 𝑊 @ 12 𝑉 

Weight 59 𝑔 

5.10.2.3 Propellers 

Propellers are used to transform the rotational movement generated from the BLDC motors into 

thrust force. The propellers are selected upon their physical shape, length and pitch angle which 

directly affect the thrust generated. Propellers usually are marked by number that represents its 

length and pitch angle. For example, a “1045” propeller means it has 10 inches length and 4.5 inches 

pitch angle. The selected propellers for this project are made of plastic and are shown in Figure 5.15. 

 

Figure 5.15. 1045 propellers 

5.10.2.4 Electronic Speed Controller 

Electronic Speed Controller, or ESC, is an electronic device used to transform Pulse Width 

Modulation (PWM) signal coming from the flight controller into the appropriate 3 phase voltage to 

supply the BLDC motors. It is based on MOSFET transistors that switch on and off several thousands 

of times a second according to their frequency feature. Generally, ESCs are chosen upon their 

operating voltage, maximum supplied current (must be twice as the required motor’s current) and 

frequency range. The chosen ESC is shown in Figure 5.16 and has the specs listed in Table 5.6. 
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Figure 5.16. AfroESC 30A 

Table 5.6. ESC specs 

Parameter Value 

Supply current Continuous 30A 

Voltage range 2 ~ 4s LiPo 

Type Linear Battery Elimination Circuit 

(LBEC) 

Input frequency  Up to 1 KHz 

Weight  26.5 g 

5.10.2.5 Flight Controller 

The flight controller is the brain of the quadcopter. It receives PWM input from the user (usually 

from remote control) and interpret multiple sensor inputs to help maintaining a stable flight and 

outputs the desired PWM signals for the ESCs to control the speed of motors. They are characterized 

by their control algorithms used, power consumption, user assistant software, decisions in case of 

failures, etc. There are plenty of flight controllers available in the market: Multiwii, KK multicopter, 

Pixhawk, naze32, Ardupilot, Naza collection, etc. Each is characterized by its own settings. One of 

the best flight controllers is the “Naza-M v2” made by DJI [16] and is shown in Figure 5.17. It supports 

9 different quadcopter configurations as it includes a GPS/compass module for better positioning. It 

has a take-off assistant algorithm which helps to ensure a drift-free take-off even if the quadcopter 

is started from un-leveled ground. In addition, it has multiple features that help increase the flight 

safety such as: low voltage protection, enhance fail-safe, return to home, and Intelligent Orientation 

Control (IOC). Table 5.7 lists all of Naza’s flight controller specs. 
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Figure 5.17. Naza-M v2 flight controller 

Table 5.7. Naza-M v2 specs 

Parameter Value 

 Supported ESC output 400 Hz refresh frequency 

Input voltage 2s ~ 6s LiPo recommended 

Power consumption  1.5 W @ 5V max 

0.6 W @ 5V normal 

Hovering accuracy (GPS mode) Vertical: ±0.8m 

Horizontal: ±2.5m 

Max angular speed 200^o/s 

Ascent/descent speed Ascent:6 m/s 

descent:4.5 m/s 

5.10.2.6 Battery 

The battery is the power source used to power up all components onboard. There are mainly 2 types 

of batteries used to power up components on quadcopters, Lithium ion (Li-ion) and Lithium 

Polymer (LiPo). Both are known for their high durability and robust performance. However, Li-ion 

batteries suffer from capacity decrease over charge cycles or even when it is not used while LiPo 

batteries have more stable performance but it is more expensive. In this project, LiPo battery is 

chosen and is selected upon the desired flight time and can be calculated using the following 

formula:  

 𝑓𝑙𝑖𝑔ℎ𝑡 𝑡𝑖𝑚𝑒 (𝑖𝑛 𝑚𝑖𝑛𝑢𝑡𝑒𝑠) =
𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐴ℎ) × 0.8

𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑎𝑑 (𝐴)
× 60 (5.15) 

Where the battery capacity is expressed in Ampere hours (Ah), 0.8 is the efficiency of the LiPo battery 

(80%) and the total load consumption is expressed in Amperes (A) which can be obtained by adding 

all current consumption of each component and is approximated to be 60A. This total load cannot 
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be checked during flight, however it is assumed to be constant. For this project, a 5000 mAh LiPo 

battery was chosen and is shown in Figure 5.18 with its specs listed in Table 5.8.  

 

Figure 5.18. HRB 5000 mAh LiPo battery 

Table 5.8. HRB LiPo battery specs 

Parameter Value 

Output Voltage 3s (1s = 3.7/4.2V: discharged/charged) 

Capacity  5000 mAh 

Continuous discharge 50C 

Wire gauge 10 AWG 

Weight 376 g 

5.10.2.7 Gimbal 

The camera gimbal is a device used to control the movement smoothly without producing 

vibrations. It is mounted on the quadcopter to provide smooth video output from the camera 

(vibration-free) and is driven by 3 brushless motors to stabilize the camera’s position in 3 directions 

(roll, pitch and yaw). The selected gimbal is shown in Figure 5.19 and has the specs listed in Table 

5.9. 

 

Figure 5.19. Gidy camera gimbal 
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Table 5.9. Gidy camera gimbal specs 

Parameter Value 

Pitch -90o to+30o 

Roll 0o or 90o (horizontally and vertically) 

Stabilization  3 axes (pitch, roll, yaw) 

Weight 158.757 g 

5.10.3 Vision 

The appropriate selection of vision system, or camera is very crucial for NN application. There are 

several camera factors that will affect the performance of fire detection algorithm which are frame 

rate, camera resolution, field of view, and ISO range. Fps drop depends on the PC used, filters 

applied, and number of objects detected in a single frame. The camera selected for this project is 

built-in with the gimbal device shown in Figure 5.19 and its specs are listed in Table 5.10. 

Table 5.10. Camera specs 

Parameter 
Value 

Sensor 
1/2.3’’ (CMOS), 12.35 MP 

ISO range 
Video: 100-3200 

Photo: 100-1600 

Image size  
4K – 4000×3000 

 

 

 

Video recording modes 

C4K: 4096×2160 24p 

4K: 3840×2160 24/25/30p 

2.7K: 2720x1530 24/25/30p 

FHD: 1920×1080 24/25/30/48/50/60/96p 

HD: 1280×720 24/25/30/48/50/60/120p 

5.10.4 Communication  

The communication system includes the video transmitting and receiving units. This unit is 

responsible to transmit live video streams from quadcopter and receive them on the central PC in 

order for these frames to be processed. These devices are chosen according to their Radio Frequency 

(RF) bandwidth, power consumption, sending rate, and sending range. For this project, it is desired 

to have a video-stream transmission within 1.5 to 2 km. Thus, the selected communication system 

is shown in Figure 5.20 and its specs are listed in Table 5.11. 
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Figure 5.20. AKK video transmission system 

Table 5.11. Communication system specs 

Parameter  Value 

Sending range 2000 m and ≥3000 m in open areas 

Number of channels 40 covering bands A, b, E, F, r 

Operating voltage 7-16V 

Power consumption 0.22/0.65A: non-

transmitting/transmitting @12V 

Video format NTSC/PAL 

Weight  85 g 

5.10.5 Central PC 

This is the most important component in this thesis. The central PC is responsible for all fire detection 

process. It will receive raw images from the quadcopter flying over a forest region, then it will 

process these incoming frames and detect fires using Artificial Neural Networks (ANN). Fire 

detection was done on a central computer since ANN are power-greedy and will noticeably reduce 

the flight time if calculated onboard. Choosing the right PC for this application is a bit expensive.  

5.10.5.1 Hardware Requirements  

The chosen PC is based on CPU not GPU and all fire detection scripts will be run by, which causes 

significant frames per second (fps) drop when detecting fires in frame. GPU has very small fps drop 

when running fire detection scripts on, since it can handle more graphical information than CPU but 

it is very expensive. However, CPU-based PC was selected upon its availability, cheapness and is 

shown in Figure 5.21 with its specs listed in Table 5.12. 
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Figure 5.21. HP laptop 15-da1xx 

Table 5.12. HP laptop specs 

Parameter Value 

Processor Intel® core™ i5-8265U 

Ram 8 GB 

System type 64-bit Operating System (OS) 

Windows 10 

As mentioned before, the training will be held over “Google Collabs”, which is a python development 

environment that runs in any browser, because it offers a GPU rather than CPU which is way better 

to train a network over. Training a NN over a CPU would take approximately 4-5 times more time 

than training it over a GPU, according to Buber et al. [17].  “Google Collabs” uses the hardware specs 

listed in Table 5.13. 

Table 5.13. Google Collabs hardware specs 

Parameter 
Value 

GPU 
Nividia k80/T4 

GPU memory 
12GB/16GB 

GPU memory clock 
0.82GHz/1.59GHz 

Performance 
4.1 TFlops/8.1 TFlops 

Number of CPU cores 
2 

Available RAM 
12GB (upgradeable to 26.75GB) 

Disk space 
358GB 

5.10.5.2 Software Requirements 

This section will show the necessary software applications to be installed on the central laptop in 

order to setup and run all required files to detect fires in video frames. There are mainly 2 required 

software applications that must be installed (all installation procedure is shown in Appendix 

section). 
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Python 

Python is a high-level and general-purpose programming language which is getting more 

popular over time. It is widely used in Machine Learning (ML) applications because it offers very 

easy and ready-to-use libraries. It includes a very famous computer vision library (OpenCV) that 

provides a very large image processing functions. For this project, the required libraries to run the 

fire detection code are: “OpenCV” and “Numpy”. 

 

Figure 5.22. Python logo 

LabelImg  

LabelImg is an interactive image annotation tool written in python. It will be used to label fire 

regions in the training data set (1000 images). LabelImg is one of many image annotations tools but 

it is selected for its simplicity and “YOLOv3” network friendly. The procedure of using this software 

application and setting up training set will be explained in chapter 4. 

 

Figure 5.23. LabelImg logo 

5.10.6 Conclusion  

In this chapter, all hardware and software requirements to build an early fire detection system using 

NN were shown. Python scripts for detecting fires will be handled by a CPU-based PC but training 

NN will be held by a GPU-based hardware offered from “Google Collabs”. In the next chapter, NN 

training procedure, using “YOLOv3” model to detect fires in video frames will be demonstrated. 

5.11 Design 

5.11.1 Introduction 

In this chapter, the procedure to train a neural network using YoloV3 models to detect forest fires 

will be demonstrated. A brief introduction for Neural Networks (NN) will be presented and the 

necessary parameters that have to be tuned during training will be highlighted.  

5.11.2 Convolutional Neural Network 

A Convolutional Neural Network (CNN), which is also known as Multi-Layer Perception (MLP), is 

a class of deep neural networks for learning frame works. The first known CNN was introduced by 
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LeCun in 1990 and is called LeNet [18]. CNNs, unlike feedforward Networks, are used for image 

recognition and classification. Image classification based on CNNs can optimally and automatically 

learn to extract image features effectively. Figure 5.24 illustrates the flow of CNN-based fire 

detection algorithms. The detection CNN has region proposals, feature extraction, and image 

classification functions. The first step consists of the CNN accepting an image as an input and 

outputs region-based proposals by 2 main layers; convolution and pooling. Then, it is the turn of 

region-based fire detection CNN to decide whether there is fire or not in proposal regions through 

convolutional, pooling, fully-connected layers. 

 

Figure 5.24. Convolutional Neural Network architecture 

The convolutional layer is the most essential part in any CNN. Ordinary Neural Networks (NN) use 

connection weights, biases and weighted sums while convolutional layer is equipped with image 

transform filters also known as convolutional kernel in order to generate feature map of the original 

image. So, a convolutional layer is nothing but a set of convolutional kernels. The kernel slides over 

the whole image and computes a new pixel by some sort of weighted sum of the pixel which is 

floating over, in order to generate a full feature map. Equation (5.16) shows the main calculation 

formula of the convolutional layer. 

 𝑦 =  ∑∑𝑤𝑖𝑗 .  𝑥𝑚+1,𝑛+𝑗  . +𝑏, (0 ≤ 𝑚 ≤ 𝑀, 0 ≤ 𝑛 ≤ 𝑁) 

𝐼−1

𝑖=0

𝐽−1

𝑗=0

 (5.16) 

Where x is the input image of size 𝑊 × 𝐻, w is defined as a convolutional kernel of size 𝐽 × 𝐼, b is a 

bias value and y is the output of the feature maps. Practically speaking, w and b values are 

determined optimally through training process. Pooling layer samples the feature map acquired 

from the convolutional layer attempting to significantly reduce the overfitting, the number of 

parameters, and the computation in a CNN. Lastly, the fully-connected layer produces the final 

classification vector. It is connected to every single neuron in the layer before it decides the existence 

of possible matching between combination of features found and class labels.  

5.11.3 Yolo V3 

You Only Look Once Version 3 (YOLO V3) is an object detection network which is used after a 

feature extraction network to detect classify images with fires and smoke created by Joseph Redmon 

and Ali Farhadi in 2018 [19]. The feature extraction layer uses Darknet-53 network. YOLO V3 refers 

the idea of residual network to improve the accuracy of object detection. In addition, this network 
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performs perfectly on detection speed for it uses a one -stage strategy. Figure 5.25 shows the detailed 

architecture of YOLO V3 network. The feature extraction network, or Darknet-53, generates a small-

scale feature map which 32 times smaller than the original sampled images. Typically, YOLO V3 

network accepts input images with dimensions of 416 ×416 so the size of the feature map extracted 

from the Darknet-53 becomes roughly 13 × 13. The goal of this small feature map is to detect large 

objects. Then, YOLO V3 network generates a large-scale feature map by enlarging the small-scale 

feature map got from the feature extraction network (Darknet-53) and concatenating with an earlier 

layer-feature map. The large-scale feature map includes information of previous layers and other 

complex features from deeper layers which are used to detect small objects. Practically, there are 3 

scales of feature maps; 8, 12 and 32 time smaller from the original image.  

 

Figure 5.25. Yolo v3 Architecture 

In the above figure (Figure 5.25), N in ResN clarifies that there are N number of Res units connected 

in series. Whereas, Concat refers to the concatenation operation which expands the dimension of the 

feature maps. It noteworthy that concatenation process is different than an ordinary addition 

operation, the normal addition does not change the dimension of the feature maps. YOLO V3 uses 

a sigmoid activation function to predict and detect multilabel classifications per one bounding box. 

The sigmoid function has the form as in equation (5.17) and Figure 5.26. 

 𝜎(𝑧) =
1

1 + 𝑒−𝑧
 (5.17) 

The main advantage of sigmoid function is that it is a smooth version of an ordinary step function. 

In other words, it has a derivative everywhere. This is very important in neural networks since the 

fully-connected layer in a CNN computes the gradients through backpropagation to update the 

weights.  
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Figure 5.26. Sigmoid Activation Function 

So, a YOLO V3 network can be trained to detect multiple objects in on frame. For this thesis, it was 

trained to detect fires and smoke in a single frame image.  

5.11.4 Training and Testing 

Training the CNN-based algorithm requires a huge amount of data. Therefore, in this thesis, 1200 

fire and smoke images were collected from different internet sources for training and 200 for testing. 

Using LabelImg image annotation tool, each image in the dataset is annotated with a bounding box 

around fire and smoke. Figure 5.27 shows the training images setup procedure. Around 4500 fires 

were annotated in these 1000 images and 3265 smokes.  

 

Figure 5.27. LabelImg Annotation Tool 

5.11.5 Gimbal Control 

This part will deal with designing an appropriate control method to drive the gimbal, holding the 

camera, towards the fire and smoke region. In other words, the camera mounted on the quadcopter 

will always concentrate on the center of the fire and smoke. The gimbal is driven by 2 servo motors; 

to control the yaw and the roll angles. Fortunately, a built-in feedback control system is already built 
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inside each servo motor, thus it is enough to feed through the desired rotation angle to the servos. 

The control methodology is illustrated in Figure 5.28, gimbal design is shown in Figure 5.29, and the 

circuit diagram in Figure 5.30. In short, the central PC will detect the presence of fire in video frames 

received from the quadcopter and create bounding boxes around all fires and smokes in the frame. 

The center of each bounding box has 2D coordinates (x or w: width, y or h: height) in the image frame 

expressed in Pixels (px).  

 

Figure 5.28. Gimbal Control Strategy 

If there are multiple bounding boxes in the frame, it is required to calculate a central position 

between all these bounding boxes. Thus, center of interest 2D coordinates are calculated by equation 

(5.18): 

 

𝑤𝑐 =
1

𝑛
∑𝑤𝑖

𝑛

𝑖=1

 

ℎ𝑐 =
1

𝑛
∑ℎ𝑖

𝑛

𝑖=1

 

(5.18) 

Where, 𝑤𝑖 and ℎ𝑖 are respectively the width and height of bounding box center i and n is the number 

of bounding boxes in the frame. In a control system manner, and as mentioned before, it is required 

to keep the camera focusing on the center of interest so this variable is the setpoint of the system 

which will continuously be compare with the center coordinates of the frame (wf and hf). The error 

signal undergoes a simple P-controller (gain K) to scale it and finally a mapping function is used to 

convert Pixels (px) into the desired servo angle deviations to be sent back to the gimbal controller 

(Arduino Uno) mounted on the quadcopter. Servo deviations calculation, restrained between 0o and 

180o in yawing and 0o and 65o in rolling, are shown in equation (5.19). 
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∆𝜓 = 𝑚𝑎𝑝(𝐾 × (𝑤𝑐 − 𝑤𝑓), 0, 180) 

∆𝜑 = 𝑚𝑎𝑝(𝐾 × (ℎ𝑐 − ℎ𝑓), 0, 65) 
(5.19) 

And on the Arduino side, the required yawing and rolling is calculated through equation 

(5.20): 

 

𝜓 =  𝜓𝑐𝑢𝑟𝑟𝑒𝑛𝑡 + ∆𝜓 

𝜑 = 𝜑𝑐𝑢𝑟𝑟𝑒𝑛𝑡 + ∆𝜑 
(5.20) 

 

Figure 5.29. Gimbal Designed 3D and Physical Models 

 

Figure 5.30. Servo Motor Control Circuit Connections 
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5.11.6 Conclusion 

In this chapter, training a neural network model of a fire detection system via a feature extraction 

deep network (Darknet-53) and image recognition (YOLO V3) models was explained. Also, a P-

control-driven gimbal controller was designed. 

5.12 Non-Technical Aspects 

5.12.1 Introduction 

In this chapter, all hardware components will be presented with their cost in local/global markets in 

addition to the approved method of management in this work. The last part will cover the ethical, 

social, and environmental effect on society, as well as the sustainability will be covered. 

5.12.2 Economical/Financial 

The thesis is composed of a quadcopter with gimbal and a camera, as mentioned before. Table 5.14 

lists the chosen items for each quadcopter and their cost. According to Local/Global markets and 

Table 5.15 shows the engineering staff cost.  

Table 5.14. Components cost 

ITEM Price/ Piece Quantity 

Turnigy Heavy Aerial Lift frame $40.84  1 

A2212/13T motor $8.86 4 

Propeller $2.99  2 

AFRO ESC 30A $13.50  4 

Power Distribution Board $5.91  1 

MULTIWII Flight controller $22.95  1 

HRB 5000mAh 11.1v 50C $69.99  1 

Ublox Neo 6m GPS $15.00  1 

Ultrasonic Sensor HC-SR04 $0.66  1 

Arduino Mega 2560 $40.30  1 

Camera with Gimbal $609.00 1 

Tools $10.00 1 

Total ($) $910.07 

 

Table 5.15. Engineering cost 

Task MM Qualification Salary/MM Total 

Salary 

Assembling quadcopter 0.25 Eng. $1000 $250 

Control system (Hardware 

and Software 

development) 

0.5 Eng. $1000 $500 

Testing quadcopter 0.5 Eng. $1000 $500 

Programming (Training) 5 Eng. $500 $2500 

Testing 1 Eng. $500 $500 

Project Management 1 Eng. $1000 $1000 

https://hobbyking.com/en_us/turnigy-h-a-l-heavy-aerial-lift-quadcopter-frame-585mm.html?___store=en_us
https://www.aliexpress.com/item/4000601796488.html?spm=a2g0o.productlist.0.0.11a94b17LTUjiA&algo_pvid=db8265fd-aa43-4aad-a679-71901c5bc4c2&algo_expid=db8265fd-aa43-4aad-a679-71901c5bc4c2-7&btsid=0bb0623116142583856635636e5847&ws_ab_test=searchweb0_0,searchweb201602_,searchweb201603_
https://www.ebay.com/c/1031470364
https://hobbyking.com/en_us/hobby-king-quadcopter-power-distribution-board.html
https://www.thanksbuyer.com/crius-mwc-multiwii-se-v2-0-standard-development-board-flight-control-module-for-mini-multicopter-46077
https://www.amazon.com/HRB-5000mAh-50C-100C-Compatible-Brushless/dp/B088QX4BMN/ref=pd_lpo_21_img_2/146-7218414-3109527?_encoding=UTF8&pd_rd_i=B088QX4BMN&pd_rd_r=d737e870-4436-415f-971c-b4673dd1c840&pd_rd_w=vZjoh&pd_rd_wg=ZIBXD&pf_rd_p=16b28406-aa34-451d-8a2e-b3930ada000c&pf_rd_r=6B0NRFCN795NE2RV4Q9P&psc=1&refRID=6B0NRFCN795NE2RV4Q9P
https://makersportal.com/shop/neo-6m-gps-module
https://www.aliexpress.com/item/1005001621997017.html?spm=a2g0o.search0302.0.0.56821158XUGE84&algo_pvid=279f70ee-4c21-40a5-a122-4c765083bbf2&algo_expid=279f70ee-4c21-40a5-a122-4c765083bbf2-0&btsid=0b0a556a16150313877287645e40c3&ws_ab_test=searchweb0_0,searchweb201602_,searchweb201603_
https://store.arduino.cc/usa/mega-2560-r3
https://www.amazon.com/Waterproof-Camera-Gimbal-Swellpro-Splash/dp/B07F8P9WQR/ref=sr_1_1?dchild=1&keywords=Drone+Camera+Gimbal&qid=1619717092&sr=8-1
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Total Man Power Costs $5000 

5.12.3 Project Management 

The thesis is divided into 3 main phases: Gathering Data, Simulation, and Software. Thesis started 

by gathering data and literature surveys. This phase started in July 27 until 16 Oct, in other words, 

it took 60 days. Then, the simulation phase started by modeling and designing the High/Low level 

control of quadcopters. The Simulation took 20 days, from Aug 24 to Sep 18. At the end, the Software 

phase covers programming, Training, and testing processes. The period of this phase extended from 

Sep 18 to Jun 2, in a total of 184 days. All phases and tasks are presented in Figure 5.31. 

 

Figure 5.31. Thesis Gantt Chart 

5.12.4 Ethical and Social 

Ethics by definition are the moral values that guide the performance of an action or administer a 

person’s behavior. 

5.12.4.1 Quadcopter 

All forms of drones face distinct ethical problems that fluctuate relying on the drone’s category 

(Military, Civilian and commercial, and Recreational) [20]. The quadcopter in this thesis is classified 

as civil and commercial for fire foreign surveillance, aims at detecting fire earlier. The use of drone 

for this aim raises ethical problems related to the collection of citizen’s data located inside or nearby 

the forest. This issue leads to an invasion of privacy. This adds to the noise of the operating drone 

problem. Also, having too many quadcopters used for surveillance purpose in a limited space might 

be challenging. 

5.12.4.2 Camera 

Taking photographs or live stream via camera mounted on a drone for a diverse purpose, may not 

have an ethical issue related to them. However, if a person accidentally takes a picture of another 

person, it can be an invasion of privacy. Hence, photography can only be evaluated based upon the 

action, intention, and the consequence of the actions intended by the photographer [21]. 

5.12.4.3 Neural Networks 

Due to the hidden and complex implementation of algorithm elements or the intermediate layer of 

statistically trained ‘neurons’, there is a topic that proposes a cognitive dilemma and brings related 
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ethical issues for deep learning (neural networks) [22]. Otherwise, computer scientists and software 

engineer themselves are increasingly worried about the lack of transparency of AI and deep learning 

[23]. This opacity of algorithmic black boxes poses a direct and long-term challenge to lawmakers 

and policymakers. At the end, in Thilo Hagendorf’s (2020) review of twenty-two recommendations 

on the ethical guidelines of AI by governments and NGO’s, transparency (in general, AI systems) is 

second only to privacy, fairness, and accountability. In other word, it is the fourth important theme 

of 22 themes [24]. 

5.12.5 Environmental and Sustainability 

Quadcopter is an ecological electric machine that is often used as an alternative to polluting one. For 

instance, according to two studies published in 2018 [25] [26], the environmental improvement can 

be accomplished by using drones for delivery instead of ground transportation methods (e.g., diesel, 

natural gas, and even electric vehicles). Specially, when drone batteries have access to clean power 

source for charging. Otherwise, drones can be used in wildlife conservation. For example, it can be 

used for disaster relief, tracking animals, especially dangerous animals, without endangering 

anyone, and monitoring large area (especially agriculture area). 

5.12.6 Standards 

5.12.6.1 Quadcopter Standards 

No drone laws have been established in accordance with Lebanese laws and regulations, but this 

does not mean that you can fly anywhere.in fact legislators may often refuse to use drones. To avoid 

problems or raise drones, it is recommended to contact the Lebanese Directorate General of Civil 

Aviation (DGCA). In the other hand, the U.S.’s Federal Aviation Administration’s has some rules 

for drone usage. Table 5.16 below lists some of them: 

Table 5.16. FAA’s Model Aircraft Rules 

Nb. Rules 

1 
Do not fly from a moving vehicle, unless in a sparsely populated area  

2 
Avoid flying within five miles of an airport 

3 
Keep the drone within visual line-of-sight 

4 
Yield right of way to manned aircraft  

5 
Fly during daylight or civil twilight 

6 
Do not fly directly over people  

7 
Fly at or under 100 mph 

8 
Fly at or below 400 feet 
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Drones in particular are governed by various rules and laws around the world. According to this, 

quadcopters are divided into classes, categories and labels. One of the best-known regulations are 

the European standards 2019/947 and 2019/945 of the European Union Aviation Agency (EASA) [27] 

[28]. Accordingly, the quadcopter used in this work is classified as “Open-A3”. In addition, several 

UAV standards have been developed (e.g., ISO 21384-1, ISO 21384-2, ISO 21384-3, ISO 21384-4), and 

others that were previously incomplete (e.g., ISO/IEC AWI 22460-2, ISO/IEC AWI 4005-1, etc.) [29]. 

5.12.6.2 Neural Networks Standards 

In general, there are many standards that define and classify Artificial intelligence, machine 

learning, deep learning, and Neural network. Some of them are approved and other still under 

study. Table 5.17 lists some of IEEE Standards related to Neural Networks (completed and 

incomplete) [30]. 

Table 5.17. IEEE Standards Related to Neural Networks 

ID Title 

IEEE 3333.1.1-2015 Standard for Operator Interfaces of Artificial Intelligence 

IEEE 3333.1.2-2017 
Standard for the Perceptual Quality Assessment of Three-Dimensional (3D) 

and Ultra-High-Definition (UHD) Contents 

P3333.1.3 
Standard for the Deep Learning-Based Assessment of Visual Experience 

Based on Human Factors 

P3333.1.1 
Standard for Quality of Experience (QoE) and Visual-Comfort Assessments 

of Three-Dimensional (3D) Contents Based on Psychophysical Studies 

P2941.1 Standard for Operator Interfaces of Artificial Intelligence 

5.12.7 Conclusion 

As mentioned before, all components used in the thesis were presented with their cost in 

Local/Global markets in addition to the approved method of management in this work. Finally, the 

ethical, social, and environmental effects on society, and the sustainability were presented in this 

chapter. 

5.13 Results 

5.13.1 Introduction 

This chapter will present the NN training and testing results. Training accuracy, training losses and 

training precision percentages will be plotted. In addition, the servo motor-controlled angles will be 

plotted vs. fires and smoke frames in a video stream. 

5.13.2 Neural Networks 

Training the Neural Network model to detect fires and smoke in a live video stream was done by 

iterating 30000 times. Figure 5.32 shows the essential training parameters. Training losses and 

average training losses should be as low as possible and if the average training losses becomes less 

https://standards.ieee.org/standard/3333_1_1-2015.html
https://standards.ieee.org/standard/3333_1_2-2017.html
https://standards.ieee.org/project/3333_1_3.html
https://standards.ieee.org/project/3333_1_1.html
https://standards.ieee.org/project/2941_1.html
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than 0.0607, the training can be stopped and best results are acquired. The fire and smoke detection 

accuracy graphs shows that the detection accuracy after approximately 1000 iterations becomes 20% 

and after 30000 iterations, it settles at approximately 98% for fire and 95% for smoke. The precision 

percentage is the ratio of true positive images (images containing fire and smoke) to the total number 

of positive predictions. Intersection over Union (IoU) percentage is the accuracy of the detection 

algorithm given a dataset. The F1-score is the model’s accuracy over a give dataset. It is a 

combination between the precision percentage and recall percentage of the model. And finally, the 

mean average precision percentage from its name, is the average of the training precision 

percentage.  

 

Figure 5.32. Training Losses (a), Detection Accuracy (b), Training Precision Percentage (c), Average Intersection Over Union (d), F1 
Score (e), and Mean Training Precision (f) 
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Figure 5.33. Detected Fires and Smokes in a Video Frame 

5.13.3 Gimbal 

The gimbal is receiving its commands from python which calculates the desired servo deviation 

angles based on the fires and smoke center coordinates. The gimbal’s center position is at (roll = 30o, 

yaw = 30o). Table 5.18 below shows the desired rolling and yawing gimbal angles calculated from 

the central x and y coordinates and Figure 5.34 shows the gimbal desired angles received from 

python.  

Table 5.18. Gimbal Roll and Yaw Data Associated to the frame coordinates 

X Y Roll Yaw 
0 

42 

50 

47 

42 

23 

54 

61 

53 

49 

39 

48 

50 

50 

0 

47 

50 

52 

32 

50 

46 

59 

70 

37 

45 

54 

62 

50 

30 

32 

32 

30 

42 

42 

45 

38 

24 

33 

36 

33 

24 

24 

30 

44 

44 

49 

63 

111 

103 

83 

77 

79 

99 

102 

102 

102 
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47 

61 

51 

33 

70 

60 

61 

48 

38 

32 

53 

42 

38 

50 

62 

45 
 

52 

59 

74 

43 

35 

47 

50 

40 

48 

47 

70 

43 

44 

39 

49 

53 
 

22 

15 

70 

75 

85 

87 

87 

94 

95 

97 

80 

85 

89 

96 

96 

94 
 

107 

87 

13 

43 

7 

-11 

-30 

-26 

-4 

28 

22 

36 

57 

57 

35 

44 
 

 

 

Figure 5.34. Gimbal Input Controlled from PC 

5.13.4 Conclusion 

This chapter presented the results of the trained neural network model and the gimbal control 

method. 
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5.14 Conclusion 

5.14.1 General Conclusion 

The thesis presented the implementation of a forest fire and smoke detection system based on 

Darknet-53 and YOLO v3 object detection networks. A camera was mounted on a quadcopter, which 

was not shown intact, that will transmit back a live video stream of the target forest in order for the 

detection system to calculate the desired gimbal deviations to maintain the video stream back at the 

middle of the fires and smoke. Training the neural network model was held on Google Colab’s GPU 

while the detection was performed on a CPU-based processor. The system was able to detect fires 

and smoke in a video stream successfully. Through analyzing and validating the output results, it 

can be concluded that: 

• Running the fire and smoke detection system on a GPU is 7 times faster than running it 

on a CPU. A significant fps drop resulted from running the system on CPU.  

• Training YOLO v3 models is much flexible compared to other types of models such as 

RCNN, faster RCNN etc. 

• Training the model on 5000 iterations gave significantly unsatisfactory detection 

accuracy of 55% for smoke and 65% for fires. The model needed to be trained at a 

minimum number of 11,000 iterations to exceed the 90% accuracy line.  

5.14.2 Future Work 

The system can be further developed in many ways. The propagation speed of the fires can be 

estimated for extra monitoring information that can help locals to better take decisions. In addition, 

the system can be trained to detect humans in video frames and send special kind of alert to the 

stakeholders.  
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6.1 Presentation of Master Thesis 
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7.2 Source Code Version Control 

 

IU 

Version 

Features 

V1.0 
Initial release: Gnuradio script (Base Station) to receive packets from NRF24 with 2 Mbps 

data air rate and configurable communication channel. 

V1.01 
Text messages received from NRF24 through gnuradio are now decoded and the 

payload is extracted. 

V1.02 
Base station can send text data back to NRF24 modules over a configurable address and 

communication channel. 

 

SU 

Version 

Features 

V1.0 
Initial release: Gnuradio flowgraph to send and receive packets using GFSK modulation 

and channel coding.  

 

7.3 Introduction 

This article demonstrates the development process of an emergency communication system 

(EmerComm). This system is intended to be used where secured and independent communication 

channels are requested. It communicates via a Control Station (CS) with multiple Intervention Units 

(IU) and multiple Scouting Units (SU).  

The Control Station (CS) is responsible for: 

Sending position and altitude commands to scouting units.  

Sending text and voice messages to intervention units.  

Receiving position, images, and video livestream from SUs.  

Receiving position, text, and voice information from IUs. 

7.4 Requirements  

The system software requirements are listed in the requirements tracking sheet. In short, the 

following requirements shall be met.  

Table 2-1 EmerComm Software Requirements 

Req. ID Description Field Status 

Req_001 The EmerComm system consists of 3 parts: Control 

station "CS", Scouting units "SU", and intervention 

units "IU". 

General   

about:blank
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Req_002 SU shall send its location (Lat, Long, Alt) periodically 

to the CS. 

SU   

Req_003 SU shall be able to send images or video to the CS on 

request. 

SU   

Req_004 SU shall change its location by a CS command. SU   

Req_005 SU shall use an SDR for its communication with the 

CS. 

SU   

Req_006 A voice communication channel shall be established 

to make a streaming voice communication channel 

between the IUs and IU-CS (broadcasting). 

General   

Req_007 IU shall be able to send/receive text message to/from 

the CS. 

IU   

Req_008 IU shall send its location (Lat, Long, Alt) periodically 

to the CS. 

IU   

Req_009 IU may use any Mid-Range communication module 

to make the communication with the CS. 

IU   

Req_010 All communication packages shall be encrypted. General   

Req_011 The AES standard shall be used for the encryption. General   

Req_012 IU may have its own interaction hardware 

"Input/Output" or it may connect to a mobile phone 

via Bluetooth to do it. 

CS   

Req_013 The CS application shall be developed to be run on 

windows computer, with an SDR unit connected for 

the communication. 

CS   

Req_014 The CS application main dashboard consists of: radio 

module, units Listing module, mapping module, 

chatting module. 

CS   

Req_015 The radio module used to listen and calling the IUs. CS   

Req_016 The units Listing module used to show the on-range 

units with their info (Name, details, status). 

CS   

Req_017 The map module shall be used to locate units (SU, IU) 

on map using pins. 

CS   

Req_018 Distinct pins shall be used for SU and IU. CS   

Req_019 SU pin shall be movable to send the unit a command 

to change its location. 

CS   
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Req_020 The map module may also use the images provided 

by the SUs instead of the map to locate the units. 

CS   

Req_021 The chat module shall be used to send/receive text 

message between the CS and IU. 

CS   

Req_022 The CS shall have the ability to send text message to a 

specific IU or to all (broadcasting). 

CS  

 

Figure 2-1 System Planned GUI 

The planned Graphical User Interface shall consist of a text interface between the intervention units 

and the base station. In addition, it should view, in real time, the current position of each IU and 

each SU. Numbers of connected devices should clearly be displayed with the name of each device.  
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7.5 System Overview 

 

Figure 3-1 System Architecture 

The system, as mentioned before, is composed of 3 units: base station, intervention units, and 

scouting units. The communication channels between the BS and the IUs are held somewhere 

between 2.4 and 2.5 GHz where this band is very efficient for digital communication protocols.  

7.5.1 System Setup  

The system is assembled on a lab-scaled level as shown in Figure 3-2. Each unit is described with a 

separate section below in the document. 

 

Figure 3-2 System Setup 
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7.6 Understanding Wireless Range Calculations 

One of the key calculations in any wireless design is range, the maximum distance between 

transmitter and receiver for normal operation.  

7.6.1 Power and dbm Calculations 

RF power is most commonly expressed and measured in decibels with a milliwatt reference, 

or dBm. A decibel is a logarithmic unit that is a ratio of the power of the system to some reference. 

A decibel value of 0 is equivalent to a ratio of 1. Decibel-milliwatt is the output power in decibels 

referenced to 1 mW. 

Since dBm is based on a logarithmic scale, it is an absolute power measurement. For every 

increase of 3 dBm there is roughly twice the output power, and every increase of 10 dBm represents 

a tenfold increase in power. 10 dBm (10 mW) is 10 times more powerful than 0 dBm (1 mW), and 20 

dBm (100 mW) is 10 times more powerful than 10 dBm. You can convert between mW and dBm 

using the following formulas: 

 

𝑃(𝑑𝐵𝑚) = 10. (𝑃(𝑚𝑊))  

 

𝑃(𝑚𝑊) = 1 𝑚𝑊. 10
(
𝑃(𝑑𝐵𝑚)
10

)
 

(4-1) 

 

7.6.2 Path Loss 

Path loss is the reduction in power density that occurs as a radio wave propagates over a 

distance. The primary factor in path loss is the decrease in signal strength over distance of the radio 

waves themselves. Radio waves follow an inverse square law for power density: the power density 

is proportional to the inverse square of the distance. Every time you double the distance, you receive 

only one-fourth the power. This means that every 6-dBm increase in output power doubles the 

possible distance that is achievable. 

Besides transmitter power, another factor affecting range is receiver sensitivity. It is usually 

expressed in –dBm. Since both output power and receiver sensitivity are stated in dBm, you can use 

simple addition and subtraction to calculate the maximum path loss that a system can incur: 

 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑎𝑡ℎ 𝑙𝑜𝑠𝑠 =  𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡 𝑝𝑜𝑤𝑒𝑟 –  𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑟 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 +  𝑔𝑎𝑖𝑛𝑠 –  𝑙𝑜𝑠𝑠𝑒𝑠 (4-2) 

 

Gains include any gains resulting from directional transmit and/or receive antennas. 

Antenna gains are usually expressed in dBi referenced to an isotropic antenna. Losses include any 

filter or cable attenuation or known environmental conditions. This relationship can also be stated 

as a link budget, which is the accounting of all gains and losses of a system to measure the signal 

strength at the receiver: 

 
𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 =  𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡 𝑝𝑜𝑤𝑒𝑟 +  𝑔𝑎𝑖𝑛𝑠 –  𝑙𝑜𝑠𝑠𝑒𝑠 

 

(4-3) 
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The goal is to make the received power greater than the receiver sensitivity. 

In free space (an ideal condition), the inverse square law is the only factor affecting range. In 

the real world, however, the range also can be degraded by other factors: 

• Obstacles such as walls, trees, and hills can cause significant signal loss. 

• Water in the air (humidity) can absorb RF energy. 

• Metal objects can reflect radio waves, creating new versions of the signal. These multiple waves 

reach the receiver at different times and destructively (and sometimes constructively) interfere with 

themselves. This is called multipath. 

7.7 Intervention Units 

7.7.1 IUs System Architecture 

Each intervention unit is supposed to send the location, text, and voice messages to the CS and shall 

receive the same from the CS. (The architecture is changeable upon the change of requirements). 

 

Figure 5-1 Intervention unit basic architecture 

Each intervention unit shall connect to an operator’s cell phone via Bluetooth interface. The user 

shall send text and voice data to the unit which will be processed by a microcontroller and fed to the 

NRF24 module in order to be transmitted by air.  

7.7.2 IUs System Components  

Table 5-1 Intervention unit system components (for prototyping) 

Component Description  

Nano-RF24 

 

● Microcontroller: ATmega328P-MU QFN32 

● Bootloader: Newest 1.8.8 

● Wireless: Nrf24L01+ 2.4G 

● BLE chip: TI CC2540 

● Work channel: 2.4G – 2.528G 

● Transmission distance: ~100m 

● Architecture: AVR 

● Input voltage: USB power supply, Vin 6-12V 

● Operating Voltage: 5V 

● Flash Memory: 32KB of which 2KB used by bootloader 

● SRAM: 2KB 

● Clock Speed: 16MHz 
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7.7.3 NRF24 Signal Interpretation 

The first step to establish a communication channel between the base station and the IUs is to 

detect and decode the signal from the NRF24L01 module and be able to replay a signal back to it. 

This module modulates its signal using Gaussian Frequency Shift Keying (GFSK) with user-defined 

channel (2.400 to 2.528 GHz separated at 1 MHz @ 1 Mbps and 2 MHz @ 2 Mbps), air rate (1 or 2 

Mbps), and antenna power. The module uses Enhanced Shockburst packet format for data 

transmission which contains a preamble field, address field, PCF field, payload field, and CRC field. 

 

Figure 5-2 An Enhanced Shockburst packet with payload (0 - 32 bytes) 

The preamble (1-byte long) is a bit sequence used to detect the 0 and 1 levels in the receiver. It is 

either 01010101 or 10101010. This is done to ensure there are enough transitions in the preamble to 

stabilize the receiver.  

The address is for the receiver. An address ensures that the correct packet is detected by the receiver. 

It can be configured as 3 to 5 bytes long. When choosing the address, one shall avoid using repetition 

in characters or cyclic codes (e.g., 000FFFFFFF or 0101010101) which will raise the packet-error-rate.  

The Packet Control Field (PCF) is a 9-bit long sequence which gives information about the 

payload. This field is only used if the Dynamic Payload Length function is enabled.  

 

Figure 5-3 Packet control field 

Payload length gives the information about the user-defined message length sent by the transmitter. 

It can be either static or dynamic.  

The 2-bit PID (Packet Identification) field is used to detect if the received packet is new or 

retransmitted. PID prevents the receiver from presenting the same payload more than once to the. 

The PID field is incremented at the transmitter side for each new packet received through the SPI. 

The PID and CRC fields are used by the receiver device to determine if a packet is retransmitted or 

new. When several data packets are lost on the link, the PID fields may become equal to the last 

received PID. If a packet has the same PID as the previous packet, nRF24L01 compares the CRC 

sums from both packets. If the CRC sums are also equal, the last received packet is considered a 

copy of the previously received packet and discarded. 

The Cyclic Redundancy Check (CRC) is the error detection mechanism in the packet. It my either be 

1 or 2 bytes and is calculated over the address, PCF, and payload: 

The polynomial for 1 byte CRC is X8 + X2 + X + 1, Initial value 0xFF. The polynomial for 2-byte CRC 

is X16+ X12 + X5 + 1, Initial value 0xFFFF 
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The goal is to develop a transceiver with the same packet format described by the NRF24 

module. In reception mode, the receiver (SDR at the CS side) shall locate the presence of a known 

address to start interpreting the data. While in transmitting, the CS shall assemble the same packet 

format in order for the module to receive successfully.  

7.7.4 Developing the Transceiver 

The IUs are responsible for exchanging data with the base station. Hence, a transceiver architecture 

is required.  

 

Figure 5-4 IU transceiver flowchart 

7.8 Channel Coding  

Channel coding, or Forward Error Correction (FEC), is a technique used in wireless communication 

in order to handle transmission channel uncertainties and errors. The various coding methods that 

can be employed are achieved by interweaving additional binary digits into the transmission. When 

decoded on the receiving end, the transmission can be checked for errors that may have occurred 

and, in many cases, repaired. Other times, the recipient simply asks for the transmission again.  

7.9 Scouting Units 

Still under implementation  
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7.9.1 Developing the Transmitter 

 

Figure 7-1 SU transmitter flowgraph 

 The SUs transmitter uses the GFSK modulation to transmit data. The following 

factors must be considered when designing a robust transmitter: 

● Air data rate: it is expressed in samples per second.  

● Bandwidth:  

● Packet length: 

● Channel coding algorithm: 

7.9.2 Developing the Receiver 

 

We have added the receiver part that plays the role of the base station that receives the data from 

the transmitter . first of all , we want to check if the preamble is equal to 85 in the packet received 

because preamble is the header of the packet that indicated the beginning of the packet , then after 

checking the preamble  we want to check the access address to indicate the destination of the packet 

. 

 

import numpy as np 

from gnuradio import gr 
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import time 

 

 

class blk(gr.sync_block):  # other base classes are basic_block, decim_block, 

interp_block 

    """Embedded Python Block example - a simple multiply const""" 

 

    def __init__(self,  address = '0x00', payload_length = 32):  # only default 

arguments here 

        """arguments to this function show up as parameters in GRC""" 

        gr.sync_block.__init__( 

            self, 

            name='python test',   # will show up in GRC 

            in_sig=[np.float32], 

            out_sig=[np.byte] 

        ) 

        # if an attribute with the same name as a parameter is found, 

        # a callback is registered (properties work, too). 

        self.address = address 

        self.payload_length = payload_length 

 

    def work(self, input_items, output_items): 

         

        input = input_items[0] 

        addr= self.address 

 

        if 85 in input and len(input) > 17: 
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            for i in range (len(input)): 

                if input[i] == 85 and 

int(input[i+1]+input[i+2]+input[i+3]+input[i+4]+input[i+5]) == int(addr): 

                    print("Found packet") 

        return len(output_items[0]) 

 

This is our code above , where we are taking the input and checking if the packet contains the 

preamble (which is 85) then we check the access address if it is the same in the packet . 

7.10 Base Station 

7.10.1 Base Station Components 

The base station components are listed in Table 7-1 below. 

Table 7-1 Base Station Components 

Component Description  

Hackrf one 

 

RF Device: 

● 30 MHz to 6 GHz operating frequency 

● Half-duplex transceiver 

● Up to 20 million samples per second 

● 8-bit quadrature samples (8-bit I and 8-bit Q) 

● Software-configurable RX and TX gain and baseband filter 

● Software-controlled antenna port power (50 mA at 3.3 V) 

● Power amplification up to 15 dBm.  

PC 

Processing Device: 

● 64-bit operating system 

● At least 4 GB RAM 

● SSD is preferred.  

● Linux-based OS (Ubuntu 20.04) 

7.10.2 Base Station Software Packages 

The following software packages must be installed on the ubuntu-based machine for 

development.  

1. GNU Radio Companion: Used to control the HackRf transceiver which will be used between 

the control station and the scouting units.  

sudo add-apt-repository ppa:gnuradio/gnuradio-releases 

sudo apt-get update 
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sudo apt-get install gnuradio python3-packaging 

2. Arduino IDE (Prototyping): Used to program the nrf24-based controllers for Intervention 

units. 

https://www.arduino.cc/en/software 

3. Hackrf board packages. 

sudo apt-get install hackrf 

4. to make sure the hackrf is working correctly, open the terminal and type: 

hackrf_info 

7.10.3 Communicating with IUs 

IUs use the GFSK modulation technique for message transmission. Hence, a GFSK modulator 

and demodulator are to be designed and implemented on the base station to handle this 

communication. Both the receiver and transmitter are put in the same flowgraph but they are 

separated in this section for explanation reasons.  

7.10.3.1 Building the Receiver and Decoder 

 

 

Figure 8-1 Gnuradio NRF24 demodulator and decoder (V1.02) 

 The soapy HackRF Source block receives the IQ signal from the air. The user 

should determine some configuration parameters for this block. 

Table 7-2 Soapy HackRF source block parameters 

Parameter Description  Type Variable Value 
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Device 

arguments 

Determines the address of the SDR connected to the PC. String - 

 

‘hackrf = 0’ 

Sample rate Determines the required sample rate, in samples per 

second, of the hackrf device. It should be chosen according 

to the received air sample rate.  

Float samp_rate 2e6 

Center 

frequency 

Determines the center frequency, in Hz, in which the 

transmitter is transmitting on.  

Float 2.4e9 + 

nrf_channel 

* 1e6 

2.5e9 

Bandwidth  This is the expected bandwidth, in Hz, of the received 

message.  

Float - 1e6 

IF Gain Intermediate frequency gain.  Float - 25 

VGA Gain Variable Gain Amplifier.  Float - 30 

 

The received IQ signal is fed into a magnitude calculator and then into a low pass filter to make it 

smoother. The magnitude calculator transforms the complex IQ signal into just a magnitude. In other 

words, it only highlights the necessary part of the signal. All the obvious high frequency noises are 

smoothed via a low-pass filter. The output of the low pass filter is shown below in Figure 7-2 which 

corresponds to TX identical packets received from the transmitter. The LPF parameters are listed in 

Table 7-3 below. 

Table 7-3 Low pass filter block parameters 

Parameter Description  Type Variable Value 

FIR type The type of the input and output of this block.  - - Float -> Float 

(Decimating) 

Decimation Decimates the sample rate. i.e., divides the sample rate 

by this value.  

Int - 1 

Sample rate  The sample rate of the message entering this filter.  Float Samp_rate 2e6 

Cutoff 

frequency  

Determines the LPF cutoff freq. Any frequencies above 

this value will not pass.  

Float  - 1e6 

Transition 

width  

Is a range of frequencies that allows a transition 

between a passband and a stopband of a signal 

processing filter.  

Float - 100e3 

Window   - - Hamming 

Beta Low pass filter constant Float  - 6.76 
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Figure 8-2 Low pass filter response to TX packets being received 

 On the other side, the IQ signal received, which is GFSK-modulated, undergoes 

quadrature demodulation which demodulates the FSK signals. This block retrieves the message sent 

from the transmitter. The output of this block is the signal frequency in relation to the sample rate, 

multiplied with the gain. Mathematically, this block calculates the product of the one-sampled 

delayed input and the conjugate un-delayed signal and then calculates the argument of the resulting 

complex number: 

 𝑌[𝑛] =𝑎𝑟𝑔 𝑎𝑟𝑔 (𝐴2𝑒
𝑗2𝜋

𝑓
𝑓𝑠)  (7-1) 

Where, 𝐴 is real, and so is 𝐴2, and hence it only scales, therefore 𝑎𝑟𝑔 𝑎𝑟𝑔 (. )  is invariant which leads 

to: 

 𝑎𝑟𝑔 𝑎𝑟𝑔 (𝐴2𝑒
𝑗2𝜋

𝑓
𝑓𝑠) =

𝑓

𝑓𝑠
  (7-2) 

The gain of this block is determined by the sample rate and the FSK frequency deviation (which is 

170 KHz) and pugging the numbers:  

 =
𝑓𝑠

2𝜋 (
𝑓𝑑𝑒𝑣
8 )  

 =
2𝑒6

2𝜋 (
170𝑒3
8 )

= 14.9793 (7-3) 

The binary slicer block slices a float value producing 1 bit output. Positive input produces a binary 

1 and negative input produces a binary zero. In other words, it scales the float input from the 

quadrature demodulator into 1s and 0s.  

The incoming signal may be weak, so a soft amplification has to be done in order to better interpret 

the signal. Figure 7-3 below shows the output of the binary slicer followed by the gain multiplication 

of 80. It is clear that the output now is swinging between 0 and 80 instead of 0 and 1.  

The following step is to only take the required part of this messy signal. By multiplying the 

demodulated and amplified signal and the output of the low pass filter (which only focuses on the 

magnitude of the IQ signal), we can only extract what is necessary and remove what is noise. Hence, 

the multiply block takes the output of the low pass filter and the output from the amplified 

quadrature demodulation and outputs the baseband signal.  
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Figure 8-3 Binary slicer and multiply constant output 

The output after multiplying the LPF output with the demodulated and amplified signal is shown 

below in Figure 7-4 and Figure 7-5. It is clearly visible that the noise’s amplitude (before receiving 

the NRF packet) is somewhere between 0 and 4 in the amplitude unit.  

 

Figure 8-4 Before a NRF packet is received 

 

Figure 8-5 After NRF packets are received 

 Zooming in the above figure: 
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Figure 8-6 After NRF packet is received zoomed in 

Figure 7-6 above holds the entire packet within it. But it is still hard to distinguish the packet received 

from the NRF. Hence, a threshold block is added to filter out the noises from this signal. This block 

outputs a 1 if the input is greater than its high threshold and a 0 if the input is below its low 

threshold. The high and low thresholds have been chosen as 10 and 8 respectively. In other words, 

the necessary information in the signal lying above the amplitude of 10 and anywhere below 8 is 

considered as noise.  

The packet received after adding threshold is shown below in Figure 7-7. The address field is chosen 

in the Arduino sketch which is completely custom.  

 

Figure 8-7 NRF24 packet received with PCF field disabled 

After successful reception of the packet, the packet must be decoded to extract the payload. So, a 

custom python block (decode NRF24) is added. The input to this block is a stream of bytes, it accepts 

the address and the payload length as parameters, and outputs the payload as a stream of bytes. 

When writing this block, several factors must be considered to ensure proper packet-decoding: 

● The input stream is received as a complete list and not element by element.  

● The input stream of unpacked bytes (0s and 1s) is in the form of a list, input = 

[0,1,0,0,1,0,….,1,0], with variable length.  
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● The input stream sample rate is determined by the block before it, where it is 2Mbps.  

● Processing the input stream and manipulating it with complex CPU functions will result in 

a delayed-sampling period which affects the functionality of the flowgraph.  

● The block has 2 main functions; “init ()” and “work ()”. The “init” function is called once when 

the flowgraph is active and the “work ()” function is called whenever there is a new input 

stream present at the input terminal.  

The SW design of this block took into consideration the user custom addresses set by the NRF24 

transmitter and the payload size determined also by the TX side.  

Table 7-4 Decode NRF24 python block parameters 

Parameter Type Comments 

Input Stream of bytes - 

Output Stream of bytes - 

Address  String of HEX Max: 5 bytes. Example: FFEEDDCCBB 

Payload_length Int  Min: 1 byte – Max: 32 bytes 

 

As mentioned before, manipulating the input stream with complex functions will absolutely result 

in delayed-sampling of the input stream and eventually result in bad packet decoding in addition 

to gnuradio freezing. To solve this problem, the input stream must not be processed when not 

necessary or when the TX side transmits nothing. The SW design flowchart of this block is shown 

below in Figure 7-8.   
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Figure 8-8 Decode NRF24 python block flowchart (V1.02) 

The methodology illustrated above processes the input stream as a whole string of bits 

(“0100101010…”). Thus, the address parameter, which is input from the user, should be expressed 

as bits and not bytes (ex: 0x80A0 = 1000000010100000). A mapping function is used to map the 

address string to its equivalent string of bits which is 5-bytes long.  

When a new input is present, the average of the list is calculated. If the average is 0, this means that 

all the input list is 0 and no new packet has arrived and no further processing is required. However, 

when at least 1 packet is received, the average of the input list becomes different than 0. So, the 

packet can be processed. This small change calculation will robustly remove the delayed-sampling 

and process only what is important.  

The Decode NRF24 block code is written using VS code and is shown below: 

""" 

Decode NRF24 Packet: 

This block receives NRF24 packets at 2 Mbps. If the average of the input list is 0, this 

block will ignore the input. Otherwise, useful packet is received, the block will process 

the data as a string. This is done to prevent data delayed-sampling. 

""" 

import numpy as np 

from gnuradio import gr 

import re  

import binascii 

import time 
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import pmt 

 

class blk(gr.sync_block):  # other base classes are basic_block, decim_block, interp_block 

 

    """NRF24 Decoding - This block decodes the stream coming from NRF24 BTLE 

       Parameters: 

       self.address: Is the self.address put by the transmitter. The self.address for both 

ends must match to decode 

            the message. 

       Payload Length: The message length in bytes  

    """ 

    def __init__(self, address = '0x00', payload_length = 32):  # only default arguments 

here 

        """arguments to this function show up as parameters in GRC""" 

        gr.sync_block.__init__( 

            self, 

            name='Decode NRF24',   # will show up in GRC 

            in_sig=[np.byte], 

            out_sig=[np.byte] 

        ) 

 

        self.address = address 

  # Map the address to its equivalent string of bits 

        self.address = str(bin(int(self.address, 16))[2:].zfill(8)) 

        # Complete the string with MSB 0s to complete the 40 bits 

  self.address = '0' * (40 - len(self.address)) + self.address 

  # Express the payload length in bits instead of bytes 

        self.payload_length = payload_length * 8 

        self.text_rec_prev = "" 

         

    def work(self, input_items, output_items): 

        bits = "" # Variable string to store input stream 

        input = input_items[0] # save the input stream 

        avg = sum(input) / len(input) # Calculate Input Average 

 

        # if the input stream is different than 0 

        # this avoids delayed-sampling 

        if avg > 0: 

            for i in range (len(input)): 

                bits += str(input[i]) 

 

        preamble_header = [m.start() for m in re.finditer('01010101', bits)] # Extract the 

preamble sequence 

        output_items[0][:] = '0' # Clear all residual data in the output buffer 

        if len(preamble_header) > 0: 

            for header_index in preamble_header: 

                text_rec = "" # Variable to store the characters of the payload 

 

                if bits[header_index + 8: header_index + 8 + len(self.address)] == 

self.address: 

                    PCF = bits[header_index + 8 + len(self.address): header_index + 8 + 

len(self.address) + 9] 

 

                    PLD_LENGTH = int(PCF[0:6], 2) 

                    PID = int(PCF[6:8], 2) 

                    NO_ACK = int(PCF[8], 2) 

 

                    #print(PLD_LENGTH, PID, NO_ACK) 
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                    payload = bits[header_index + 8 + len(self.address) + 9: header_index 

+ 8 + len(self.address) + 9 + self.payload_length] 

 

                    for x in range(self.payload_length): 

 

      # Update the output stream 

                        output_items[0][x] = payload[x] 

 

                    for pld in range(0,len(payload) - 1, 8): 

                        an_integer = int(payload[pld:pld + 8], 2) 

                        ascii_char = chr(an_integer) 

                        text_rec += ascii_char 

                     

                    if self.text_rec_prev == text_rec: 

                        print(text_rec) # Print the payload 

 

                    self.text_rec_prev = text_rec 

 

            return(len(output_items[0])) 

 

        return(len(output_items[0])) 

7.10.3.2 Building the Transmitter 

 

Figure 8-9 Gnuradio NRF24 Transmitter (V1.02) 

The transmitter design is the complete opposite of the receiver. The payload must be packetized in 

the same form of the packet format in Figure 5-2. The whole packet then should undergo GFSK 

modulation to match the format of the NRF24 packet. Figure 7-9 above shows the gnuradio 

flowgraph to transmit a text message to the hackRF. The “NRF24 Packet Generator” is a custom 

block used to combine the payload with the preamble and the address. Note that the CRC checking 

is disabled in both the gnuradio TX and the NRF24 RX for the aim of simplicity but will be added in 

the future. This block has the following user-defined parameters: 

Table 7-5 NRF24 Packet Generator block parameters 

Parameter Type Comments 

Address string The write address. This must match with the receiver in order to 

accept the message. Max: 5 bytes 

Repeat int The number of times to repeat the TX message.  

Msg_in PMT Receives the payload from a text field editor in form of pmt message.   

https://wiki.gnuradio.org/index.php/Polymorphic_Types_(PMTs)
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Clear_input PMT Used to clear the text field editor after processing. 

Out byte Byte of packed bits.  

  

 The TX flowgraph must be executed whenever a new string message is entered 

in the text field in order to not interfere with the RX flowgraph. Thus, the SW design architecture of 

the packet generator is as follows:  

 

Figure 8-10 NRF24 Packet Generator block flowchart (V1.02) 

 When writing a message in the textbox editor and set the repeat parameter to 1, 

the output byte stream looks like: 

 

Figure 8-11 Packed TX output byte stream 

 

 

 The code of the NRF24 packet generator block is as follows: 
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import numpy as np 

from gnuradio import gr 

import pmt 

import time 

 

textboxValue = "" 

 

class blk(gr.sync_block):   

 

    """This block generates the NRF24 packet format.""" 

 

    def __init__(self, repeat = 5, address = str(00)):  # only default arguments here 

        """arguments to this function show up as parameters in GRC""" 

        gr.sync_block.__init__( 

            self, 

            name='NRF24 Packet Generator',   # will show up in GRC 

            in_sig=None, 

            out_sig=[np.byte] 

        ) 

        self.message_port_register_in(pmt.intern('msg_in')) 

        self.message_port_register_out(pmt.intern('clear_input')) 

        self.set_msg_handler(pmt.intern('msg_in'), self.handle_msg) 

 

        self.repeat = repeat 

 

        self.address = address 

        self.address = str(bin(int(self.address, 16))[2:].zfill(8)) 

        self.address = '0' * (40 - len(self.address)) + self.address 

 

        self.address_str = "" 

        for i in range (0, len(self.address), 8): 

            an_integer = int(self.address[i:i + 8], 2) 

            self.address_str += chr(an_integer) 

 

    def handle_msg(self, msg): 

        global textboxValue 

        textboxValue = pmt.symbol_to_string(msg) 

 

    def work(self, input_items, output_items): 

        global textboxValue 

         

        for i in range (len(output_items[0])): 

            output_items[0][i] = 0 

 

        # get length of string 

        _len = len(textboxValue) 

        if (_len > 0): 

            # Add the preamble and the address to the payload 

            textboxValue = "U" + self.address_str + textboxValue 

            _len += 1 + len(self.address_str) 

 

            for i in range (self.repeat): 

                # store elements in output array 

                for x in range(_len): 

                    output_items[0][x + (i * _len * self.repeat)] = ord(textboxValue[x]) 

 

                 

 

            textboxValue = "" 



Emergency Communication System (ECS) Development, V1.3 (7.2.23) 

 

268 

            self.message_port_pub(pmt.intern('clear_input'), pmt.intern('')) 

            return (len(output_items[0])) 

        else: 

            return (0) 

 

The packet needs to unpacked before undergoing modulation. Thus, an unpack block is 

added which unpacks the packet to (8 bits per byte). The packet after unpacking looks like: 

 

Figure 8-12 Unpacked TX output byte stream 

 Where the above packet looks very similar to the NRF24 packet detected in 

Figure 7-7. Thus, the packet is now ready for modulation.  

 A GFSK modulator block is used to do all the magic. This block converts the 

stream of unpacked bytes to 2 frequencies: 

 𝑓𝑜𝑢𝑡 = {𝑓𝑏𝑎𝑠𝑒 + 𝑓∆, 𝑖𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 = 1 𝑓𝑏𝑎𝑠𝑒 − 𝑓∆, 𝑖𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 = 0  (7-4) 

 Where, 𝑓𝑏𝑎𝑠𝑒 is the center frequency in Hz and 𝑓∆ is the FSK deviation frequency 

of 170 KHz. The input sample rate of the GFSK modulation block is 2Mbps. The output sample rate 

of the GFSK mod block can be found as: 

 𝑓𝑠𝑜𝑢𝑡 = 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑝𝑒𝑟 𝑠𝑦𝑚𝑏𝑜𝑙 × 𝑓𝑠𝑖𝑛  (7-5) 

 

 Where, the samples per symbol determine how many frequency deviations are 

there. By default, this is set to 2 and cannot be less than 2. The output of the GFSK mod block, of the 

same message as above, is as follows: 
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Figure 8-13 GFSK modulation block output 

 Finally, a soapy hackRF block is used to transmit this message. The parameters 

of the hackRF sink are: 

Table 7-6 Soapy hackRF sink block parameters 

Parameter Description  Type Variable Value 

Device 

arguments 

Determines the address of the SDR connected to the PC. String - 

 

‘hackrf = 0’ 

Sample rate Determines the required sample rate, in samples per 

second, of the hackrf device. It should be chosen according 

to the transmitted air sample rate.  

Float samp_rate * 

2 

4e6 

Center 

frequency 

Determines the center frequency, in Hz, in which to 

transmit the message at.  

Float 2.4e9 + 

nrf_channel 

* 1e6 

2.5e9 

Bandwidth  This is the expected bandwidth, in Hz, of the transmitted 

message.  

Float - 1e6 

VGA Gain Variable Gain Amplifier.  Float - 47 

7.11 How to Use 

To run the program, follow the following steps: 

1. Open the Arduino transceiver V1.02 sketch using Arduino IDE. 

2. Choose Arduino nano from the select board selection bar along with the COM port and then 

click the upload button (must be done once). The configurable parameters are the address, 

the communication channel in the radio.setChannel() function (by default it is 100), and the 

baud rate.  
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Figure 9-1 Arduino Nano configuration in Arduino IDE 

If everything is OK, the Arduino IDE must show a “success” message in the serial monitor. 

 

Figure 9-2 Successful connection to NRF24 

3. Type the message you wish to send in the serial monitor.  

4. Open GNUradio flowgraph NRF_transceiver_V1_02 and click on RUN. 

5. Enter the desired transmit message in the edit box as shown in Figure 8-3. 

6. The RX menu in the GUI shown in Figure 8-3 views the received packets from the NRF24 

module.  

7. The user can change the NRF communication channel from the counter input.  
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Figure 9-3 Gnuradio GUI TX menu 

 

Figure 9-4 Gnuradio GUI RX menu 

7.12 Test Cases 

7.12.1.1 TS_SU_0001 Range Test, Test Run 1 

TS_SU_0001 Communication Range Test  Test Run : 1 

Description  
we want to see maximum range between the transmitter HackRf and the 

receiver HackRf 

Precondition  

- 2 hackRfs are on 

- frequency deviation = 200 Khz 

- sample rate = 2 Msps 

- center frequency = 2.7 Ghz 
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TS_SU_0001 Communication Range Test  Test Run : 1 

- VGA gain (TX) = 47 dB 

- VGA gain (RX) = 62 dB 

- IF gain (RX) = 20 dB 

Steps 

- connect the HackRf (TX and RX) with the usb cable each HackRf on 

2 different computers.  

- check if the HackRf is connected by writing in the terminal 

“hackrf_info”. 

- then open GNU radio , on the first computer to run the transmitter 

code and on the other computer we run the receiver code. 

- after running the code we check the 2 graphs of the receiver and 

transmitter if they are the same 

- Then we keep the transmitter HackRf fixed and take the receiver 

HackRf further away from the transmitter to check the signal at every 

distance . 

Expected result We are expecting the signal to be received well until we reach 1 km  

7.12.1.2 TS_SU_0001 Range Test, Test Run 2 

TS_SU_0001 Communication Range Test  Test Run : 2 

Description  we want to test different antenna on one of the HackRf 

Precondition  

- 2 hackRfs are on 

- frequency deviation = 200 Khz 

- sample rate = 2 Msps 

- center frequency = 2.7 Ghz 

- VGA gain (TX) = 47 dB 

- VGA gain (RX) = 62 dB 

- IF gain (RX) = 40 dB 

Steps 
we put on the transmitter a black antenna and on the receiver one the same 

antenna remains as the first test run 

Expected result 
We are expecting the signal to be received well until we reach 1 km , then 

the signal  

7.12.1.3 TS_SU_0001 Range Test, Test Run 3 

TS_SU_0001 Communication Range Test  Test Run : 3 

Description  we want to test different antenna on both of the HackRf 

Precondition  - 2 hackRfs are on 
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TS_SU_0001 Communication Range Test  Test Run : 3 

- frequency deviation = 200 Khz 

- sample rate = 2 Msps 

- center frequency = 2.7 Ghz 

- VGA gain (TX) = 47 dB 

- VGA gain (RX) = 62 dB 

- IF gain (RX) = 40 dB 

Steps we put on both of the transmitter and the receiver a black antenna  

Expected result We are expecting the signal to be received well until we reach 1 km  

7.12.2 Test Cases Results 

7.12.2.1 TS_SU_0001 Range Test, Test Run 1 

TS_SU_0001 Communication Range Test Results Test Run : 1 

Results  

After the transmitter and the receiver ran well , we had a problem with the 

range . We expected the range to be at least 1 km, but after we reached 30 m 

there was noise in the signal and when we exceeded 40 m , the signal was 

completely corrupted. 

Expected 

Reasons 

we think that :  

- we have to change the antenna  

- we have problem in channel coding 

We used this antenna on both the transmitter and receiver HackRf in the test run : 1  

 



Emergency Communication System (ECS) Development, V1.3 (7.2.23) 

 

274 

7.12.2.2 TS_SU_0001 Range Test, Test Run 2 

TS_SU_0001 Communication Range Test Results Test Run : 2 

Results  
After changing on of the antenna the signal was more stable then the test run 

1, and the range was so far , on line of sight  

Expected 

Solutions 

we think that :  

- we have to change both antenna to the black ones 

We used this antenna on the transmitter HackRf in the test run : 2 

 

7.12.2.3 TS_SU_0001 Range Test, Test run 3 

TS_SU_0001 Communication Range Test Results Test Run : 3 

Results  
After changing on of the antenna the signal was more stable then the test run 

2, and the range way greater the the previous test run , on line of sight  

We used this antenna on both of the transmitter and the receiver HackRfs in the test run : 3. 
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7.13 GUI for base station 

 

The GUI here used to be a programme for the whole emergency communication system to control 

all actions like the order to the SUs and the IUs to give the gps and the pictures of any needed unit.  

7.13.1 How it works 

First of all we have to open the system we have a list view that contains all the active units each unit 

has her own channel when you press on the desired channel you can now write in the text field the 

command navigation to SUS(drones) and the voices or the text messages IUS(ambulance) to give 

their data in GPS, PICTURES, VOICES and text messages. 

7.13.1.1 the reached level 

We put the text field, text area, and 2 buttons which are programmed in the exit button to close the 

system and the send button that we programmed till now just all we write in the text field to the text 

area once it sends all the written words will disappear automatically. 
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8 Cubesat AS-COMSAT-1, Version 2021: Technical Development 
Documentation (Development with off-the-shell components) 
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8.1 Requirements Database (RDD) 

8.1.1 System Requirements 

8.1.1.1 Orbit Specification, Number of required satellites12 

For AIS application: 

- 650 km altitude, elliptic semimajor axis a = 7027.748 km 

- 10 minutes per satellite visibility - > 10 satellites  

- - > 10 satellites 

- - inclination: 100° - 127° 

Analysis of required number of satellites, inclination und height 

 The ground station can receive AIS signals in a radius of 40-40 km when using an antenna 15 m 

above sea level. However, Terrestrial stations placed on a higher altitude may be able to extend the 

radius and get the signal from to 70-100 km subject to some other factors like weather, elevation, 

external antenna, and obstacles around it (1).  

The altitude of the station antenna plays an important role to get better reception. Base stations in 

higher elevation extend the range and provide efficient reception and get signals from distant ships 

and vessels.  

However, terrestrial network is not yet efficient for vessel tracking services because of its limitations 

considering seas and oceans. They are inevitable to be used in ports for clustering, traffic 

management, path prediction, identification and to get better understating of the current situation 

at ports and coastal areas.  

But when going far into the open sea, it is hard to get the overall picture of what is going on there 

using terrestrial network-based receivers, but it does help in navigation for the vessels themselves 

and ensure the safety of the ships by providing collision avoidance solutions so the ships will be 

aware about each other and the location of each vessel. Thus, this can only work in coastal zones 

and ship-to-ship zone.  

Satellite based AIS data can be more useful in the seas and oceans when no terrestrial base station 

can be found to receive and analyze AIS signals. It can provide a global and yet complete picture of 

the world’s maritime network.  

When satellites are used to handle these data, term S-AIS is used. While terrestrial network can be 

ideal solution for real-time vessel tracking and positions coverage at thousands of coastal areas and 

ports, satellites are promising solution to the next generation the AIS devices which need to be 

improved also to work better with the satellite-based networks. Because current AIS devices can not 

make better use of all the solutions, features and functions that satellites can provide.  

CubeSat AIS receivers can be used to detect AIS signals in LEO orbit at the altitude of 650km 

(2). Satellites in higher altitudes may suffer from the propagation, AIS packets collision due to 

Faraday effect which causes the signal's polarization plane to rotate subject to the elevation 

 

12 [5] 
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angle and magnetic flux intensity. Doppler effect also makes the signal to overlap. Hence, the 

detection probability has to be at its highest which can be obtained by satellites operating in 

LEO. 

Orbital Period  

The orbital period is defined by the time taken by an astronomical object to rotate in its orbit around 

another for one complete revolution.  

A satellite's period is the amount of time it takes to make one full orbit around a planet, Earth. If the 

satellite is placed high above the surface of the planet, it will take a long time to complete its orbit. 

However, if the satellite gets closer to the surface of the planet, or to a lower altitude, it will take less 

time to complete its revolution - and its period will be shorter.  

The time needed for a satellite for one period in the orbit is given by the formula:  

 
Where 𝜇 is the gravitational constant for the Earth equal to 398600 km3 /sec2.  

-  Re is Earth's equatorial radius 6378 km.  

- z is the altitude.  
 

Thus, a satellite launched into a sun-synchronous circular orbit with altitude 650 km will need a 

period of 97.72 minutes.  

The period determines the semimajor axis a:  

 
Thus, the semimajor axis for the altitude 650 km and period 97.72 minutes is:  

a= 7027.748766 km 

Inclination Angle  

The angle of inclination is the angle between the reference plane and the direction axis. It is an orbital 

element that determine the shape and direction of astronomical orbits.  

The orbit plane of a satellite that rotate around 

the Earth straight above the equator line is the 

same as the equatorial plane of the Earth, and 

the orbital inclination in this case is 0°. 

Inclination Angle  

Description  

0°  The orbital object has a prograde orbit in the 

equatorial plane of the planet.  

0°<∝<90°  Prograde orbit but not as same as the equatorial 

plane.  

90°  Polar orbit, satellite passes over the poles of the 

planet.  

63.4°  Critical inclination, zero apogee drift in elliptical 

orbits.  
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90°<∝<180°  Retrograde orbit, in which the satellite's position on 

the equatorial plane is projected in the opposite 

direction of the Earth's rotation.  

180°  Retrograde equatorial orbit.  

 

 

AIS is required for black sea area: 

 
 

Considering Black Sea area, polar sun-synchronous orbits with 127° inclination at altitude 650 km 

and semimajor axis of 7027.748766 km with a revolution period of approximately 97.72 min is by far 

accepted to handle AIS data from this area.  

Below, is a graph with five periods of the calculated orbital elements 
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1: The automatic identification system (AIS) : a data source for studying maritime traffic : The case of 
the Adriatic Sea. Arnaud Serry, 2017  

2: Design of Automatic Identification System (AIS) Receiver for Low Earth Orbit (LEO) Satellite 
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Analysis with MATLAB AddOn “sat-lab”: 
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8.1.2 Mission purpose and Payload 

8.1.2.1 X-Ray sensor 

[SRQ 20] There shall be an astronomical x-ray sensor on board. 

8.1.2.2 Satellite based AIS system 

[SRQ 30] There shall be a AIS transponder system on board for coordinating AIS signals from ships 

in the black sea. 
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Tasks: 

- Satellite Footprint investigation to know how many visible satellites we need for AIS for black sea 

Result: Requirements for satellite system: 

- Orbit height: 500-600 km (over 600 km we get problems with AIS signals) 

- Sun-synchronous orbit (restriction from launcher) 

- Inclination: ? 

For AIS application: 

- 650 km altitude, elliptic semimajor axis a = 7027.748 km 

- 10 minutes per satellite visibility - > 10 satellites  

- - > 10 satellites 

- - inclination: 100° - 127° 

-  

8.1.3 ACS 

[SRQ60] Shall be low cost. For this reason only magnetorquer and sun-sensor is shall be used. 

8.1.4 TT&C System 

[SRQ10] TT&C shall be realized with the same hardware card as payload COM  

OBC -> TT&C/COM transceiver (SDR) -> flat antenna 
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On-Board Computer 

(RaspberryPi) 

HackRF SDR Card Antenna 
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8.2 System Design Document (SDD) 

8.2.1 On-Board Telemetry, Tracking & Control (TT&C) 

8.2.1.1 Overview - Bottum-Up Approach 

[SRQ10] TT&C shall be realized with LimeSDR Mini.  

 

8.2.1.2 Transceiver Card 

[SRQ50] The Transceiver Card has to be maximum 10 cm x 10 cm x 1 cm. 

8.2.2 Telemetry, Tracking & Control (TT&C) Ground Station 

8.2.2.1 Bottum-Up Approach 

At ground station the off-the-shell HackRF is suitable.  

OBC -> TT&C/COM transceiver (SDR) -> flat antenna 

 

 

 

On-Board Computer 

(RaspberryPi) 

HackRF SDR Card Antenna 
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8.2.2.2 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE 

GROUNDSTATION FOR USE BY WMO MEMBERS [4]) 
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8.2.2.3 As reference a ground station design from 2007 ([3]): 

Abstract of [3] : 

The CubeSat satellite ground station at the University of Wuerzburg is built with “commercial of 

the shelf” low cost amateur radio hardware. It opens up opportunities for students to receive and 

operate CubeSats, including Wuerzburgs UWE-1. As any other satellite ground station, it is built up 
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on essential hardware, as there are Antenna, Antenna Rotator, Radio, Modem and Computers. 

Furthermore software is used to afford basic control over the ground station and provide tracking 

abilities to follow a satellite passing over the ground station. 
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8.2.2.4 Graphical User Interface 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

297 

 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

298 

 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

299 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

300 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

301 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

302 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

303 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

304 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

305 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

306 

 

 

 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

307 

8.2.3 Hardware in the loop (HIL) Test System 

8.2.3.1 System Design of HIL 

 

 

Payload: Sending from 1 to 2 an AIS file on 161.975 MHz – Sending from 2 to 3 this file on 2.6 GHz 

Telemetry, Tracking & Control (TT&C): Sending from 1 to 2 a control command file on 2.6 GHz, 

sending from 2 to 1 a file with sensor information on 2.6 GHz 

1: Gnuradio 

HackRF 

Linux in VM / Windows, Laptop 

2: HackRF tools (hackrf_transfer -r 

…, hackrf_transfer -t … 

HackRF 

Linux, Raspberry Pi 

Linux in VM / Windows 

3: Gnuradio, RTL-SDR, Linux in 

VM / Windows, Laptop 

Sattelite 
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8.2.3.2 HackRF – RTL-SDR – GNU RADIO Setup13 

Orange Pi – Raspberry Pi 

HackRF One is an SDR (Software Defined radio) working in transmission and reception in a wide 

frequency range. 1MHz to 6GHz. RTL-SDR is the cheapest and most well-known SDR working in 

reception only. Here we will discuss the connection of these 2 SDRs to an Orange Pi or a Raspberry 

PI and their operation with the GNU Radio software. 

Connection of the HackRF One SDR to an Orange Pi Pc2 or Orange PI One Plus running on 

ARMBIAN or a Raspberry PI. 

HackRF Library 

In console mode, update your system: 

sudo apt-get update 

sudo apt-get upgrade 

 

13 HackRF – RTL-SDR – GNU RADIO Setup – F1ATB (https://f1atb.fr/index.php/2020/08/06/hackrf-orange-

pi-gnuradio-setup/) 

https://f1atb.fr/index.php/2020/08/06/hackrf-orange-pi-gnuradio-setup/
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Install the library for hackrf: 

sudo apt-get install hackrf 

Connect the hackrf to an USB port and check it: 

hackrf_info 

If the installation is good, you will get a response “Found HackRF” etc … Sometimes with some USB 

cables that connect the HackRF, there is no response. Change the cable in this case. 

Installation GNU Radio Companion 

GNU Radio is a very powerful tool for modelling signal processing chains. GNU Radio Companion 

is a complementary tool allowing to build radio processing chains graphically without writing a line 

of code. So far for Debian Buster there is only version 3.7.13 which is considered stable. 

sudo apt-get install gnuradio 

Installation Osmocom SDR and RTL-SDR Drivers 

 

RTL-SDR and Orange PI One Plus 

sudo apt-get update 

Installation of the USB library: 

sudo apt-get install cmake build-essential libusb-1.0-0-dev 

We clone Osmocom in the user’s Downloads folder for example: 

cd ~/Downloads 

sudo git clone https://github.com/osmocom/rtl-sdr.git 

Go to the folder rtl-sdr:   

cd rtl-sdr 
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sudo mkdir build 

cd build 

sudo cmake ../ -DINSTALL_UDEV_RULES=ON -DDETACH_KERNEL_DRIVER=ON 

 

At this point I sometimes got an error because the pkg-config package was not found. Make: 

sudo apt-get install pkg-config 

and relaunch the cmake from above. 

sudo make 

sudo make install 

sudo ldconfig 

Osmocom source module installation 

sudo apt-get install gr-osmosdr 

GNU Radio launch 

You have to be in graphics mode to be able to use this superb signal processing design tool. 

Personally, I use my orange-pi or raspberry in remote mode. I connect to them by enabling VNC in 

setup and using the VNC extension in chrome on my PC. On a terminal in graphics mode type: 

gnuradio-companion 

A message “RANDR” missing … is not important. 

Error Xterm executable is missing 

If you have when launching a model in gnuradio companion a message of the type Xterm executable 

is missing and if you are on Armbian or Raspbian (raspberry) go to the configuration folder. 

cd ~/.gnuradio 

edit grc.conf 

sudo nano grc.conf 

and add at the end of the file: 

[grc] 

xterm_executable = /usr/bin/lxterminal 

First of all, check that the terminal is installed on your machine. Otherwise installed it with: 

sudo apt install lxterminal 

Osmocom module 

To enter data from HackRF One or RTL-SDR, use the Osmocom source module in GNU-Radio. 
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It is not necessary to identify the SDR if only one is connected to the processing board. For the gains, 

it is necessary to make tests to find the good values according to the model of SDR. 

Note On Hack RF Gains 

HackRF One provides: 

• RX : three different analog gain controls 

• RF (“amp”, 0 or 14 dB), 

• IF (“lna”, 0 to 40 dB in 8 dB steps), 

• baseband (“vga”, 0 to 62 dB in 2 dB steps) 

• TX : two gain controls 

• RF (0 or 14 dB) , 

• IF (0 to 47 dB in 1 dB steps) 

The RX and TX, RF amplifiers have two settings: on or off. In the off state, the amps are completely 

bypassed. They nominally provide 14 dB of gain when on, but the actual amount of gain varies by 

frequency. In general, expect less gain at higher frequencies. 
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Note on RTL-SDR Gains 

Only the RF gain parameter acts on the RTL-SDR. You can get the available gain values provided 

that the RTL-SDR was not started by an application. In a terminal window type: 

rtl_test 

root@opi-onep-70:~# rtl_test 

Found 1 device(s): 

  0:  Realtek, RTL2838UHIDIR, SN: 00000001 

 

Using device 0: Generic RTL2832U OEM 

Detached kernel driver 

Found Rafael Micro R820T tuner 

Supported gain values (29): 0.0 0.9 1.4 2.7 3.7 7.7 8.7 12.5 14.4 15.7 16.6 19.7 20.7 22.9 25.4 
28.0 29.7 32.8 33.8 36.4 37.2 38.6 40.2 42.1 43.4 43.9 44.5 48.0 49.6 

[R82XX] PLL not locked! 

Sampling at 2048000 S/s. 

 

Info: This tool will continuously read from the device, and report if 

samples get lost. If you observe no further output, everything is fine. 

Multi-SDR 

In the case of several SDRs connected to the processing card, they must be identified. For a hackrf 

type in a terminal hackrf_info and retrieve the serial number and put it in the ‘Device Arguments’ 

box. Ex: 

hackrf=000000000000000075b068dc3122a607 

For an RTL-SDR, type rtl_eeprom and put the serial number. Ex: 

rtl=00000002 
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The difficulty with RTL-SDRs is that they all carry the serial number 1 when they are manufactured. 

You can reprogram this number by typing: 

rtl_eeprom -s 'numéro de série' 

With the rtl_eeprom -h command, we have the corresponding help. 

Purchases 

The HackRF being developed in Open Source can be bought in China at Aliexpress for a hundred 

Euros. To use it, the Orange Pi solution is very interesting. We forget the Orange Pi Zero which, 

following the treatment defined in GNU-RADIO, quickly risks running out of power. We are going 

to move towards 64-bit 4-core processors like the H5 or the H6. I have successfully tested Orange Pi 

PC2 H5 and Orange PI One Plus H6 for SSB reception and SSB transmission. 

 

Orange PI PC2 

The Orange PI PC2 has the following advantages: 

• several USB2 if you want to connect different SDRs 

• An audio output on headphone jack, useful for an HF receiver 
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Orange PI One Plus 

The Orange PI One Plus has the following advantages: 

• The minimum required to control a Hack RF or a RTL-SDR from the network (USB, Ethernet 1Gb / s) 

• A very low price: less than 30 € with food and transport (Ebay or Aliexpress) 

Posts on Remote-SDR 

• Remote SDR v3 

• Gpredict — Remote SDR 

• Remote SDR – Raspberry Pi 4B or Orange Pi Zero 2 image installation 

• Remote SDR v3 – Manual Installation 

• SA818 – RTL-SDR 

• Remote SDR – Examples of realization 

• Transmit over QO-100 satellite with a Smartphone 

• Remote SDR V2 – Software Architecture 

• Remote SDR v3 – Tips 

• Remote SDR V1- Purchase 

• Remote SDR V1 – Man Machine Interface 

• Remote SDR V1 – Signal Processing 

• Web Client to GNU Radio 

• GNU Radio to Web client 

https://f1atb.fr/index.php/2021/10/23/remote-sdr-v3-2/
https://f1atb.fr/index.php/2021/10/23/gpredict-remote-sdr-2/
https://f1atb.fr/index.php/2021/10/22/remote-sdr-raspberry-pi-4b-or-orange-pi-zero-2-image-installation/
https://f1atb.fr/index.php/2021/10/22/remote-sdr-v3-manual-installation/
https://f1atb.fr/index.php/2021/10/22/sa818-rtl-sdr-2/
https://f1atb.fr/index.php/2021/08/24/remote-sdr-examples-of-realization/
https://f1atb.fr/index.php/2021/05/19/transmit-over-qo-100-satellite-with-a-smartphone/
https://f1atb.fr/index.php/2021/05/11/remote-sdr-v2-software-architecture/
https://f1atb.fr/index.php/2021/05/03/remote-sdr-v2-tips/
https://f1atb.fr/index.php/2020/09/22/remote-sdr-purchasing/
https://f1atb.fr/index.php/2020/07/24/remote-sdr-man-machine-interface/
https://f1atb.fr/index.php/2020/07/23/remote-sdr-signal-processing/
https://f1atb.fr/index.php/2020/07/19/web-client-to-gnu-radio/
https://f1atb.fr/index.php/2020/07/19/gnu-radio-to-web-client/
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• Remote SSB Transmitter 

• Remote SSB Receiver 

• GPIO on Orange PI One Plus H6 

• TCXO installation on HackRF 

• Q0-100 Transceiver with 2 SDR – Remote SDR V1 

8.2.3.3 Other Gnuradio/HackRF instructions 

Installing HackRF on Raspberry: 

HackRF One installation 

• Prerequisites 

If you did not install these for SDRplay: 

sudo apt install libusb-1.0-0-dev libfftw3-3 libfftw3-dev 

• Install 

• cd ~/ 

• git clone https://github.com/mossmann/hackrf 

• cd hackrf/host 

• mkdir build 

• cd build 

• cmake .. 

• make -j 4 

• sudo make install 

sudo ldconfig 

• reboot 

• You may need to update the firmware to match the version of the driver. As of this writing, the 

latest firmware/driver version was 2021.03.1 

https://f1atb.fr/index.php/2020/06/23/remote-ssb-transmitter/
https://f1atb.fr/index.php/2020/06/22/remote-ssb-receiver/
https://f1atb.fr/index.php/2020/06/16/gpio-on-orange-pi-one-plus/
https://f1atb.fr/index.php/2020/05/26/tcxo-installation-on-hackrf/
https://f1atb.fr/index.php/2020/05/12/q0-100-transceiver-with-sdr/
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Most HackRF devices have firmware version 2018.01.1 or earlier. Use hackrf_info to see if the 

firmware version matches the driver that you installed. 

• hackrf_info 

•  

• # If you see "Firmware Version: 2021.03.1 (API:1.04)", then it is up to date. 

•  

• # Transfer rate test: 

• hackrf_transfer -r /dev/null -s 21500000 

•  

• #Test sending data: 

• hackrf_transfer -t /dev/zero 

• Firmware updating instructions are based on this: 

https://hackrf.readthedocs.io/en/latest/updating_firmware.html#updating-the-spi-flash-firmware 

Note that the zip and tar.xz archives have the firmware files. The git clone procedure does not. 

 

Download hackrf-2021.03.1.zip 

Extract only the firmware-bin directory into the ~/hackrf directory 

• cd ~/hackrf/firmware-bin 

•  

• # To update the firmware on a working HackRF One, use the hackrf_spiflash 

program: 

https://hackrf.readthedocs.io/en/latest/updating_firmware.html#updating-the-spi-flash-firmware
https://github.com/greatscottgadgets/hackrf/releases/download/v2021.03.1/hackrf-2021.03.1.zip
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• hackrf_spiflash -w hackrf_one_usb.bin 

•  

• # Press the reset button on the HackRF. 

• hackrf_info 

•  

# The new firmware version should now displayed. 

Installing gnuradio on raspberry: 

apt-get install -y gnuradio 

running gnuradio: 

gnuradio-companion 
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8.2.3.4 Hardware-in-the-Loop test rig for IAP-SAT (Overview) (2015) 
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Overview is including Simulation model of actuators, space model and sensors of IAP-SAT (for 1. 

xcos model, 2. Graphs of simulation results please refer to documentation) 

- Interface between Simulation Server and Board Computer of IAP-SAT (for 1. xcos model, 2. Graphs 

of simulation results): please refer to documentation) 

- Meteorological Images supply by HDSDR 

8.2.3.5 HIL 2021 

Space Segment: 

- Raspberry (Linux, Gnuradio, NASA coreFlightSystem) 

- ACS (magnetorquer, IMU from IAP-SAT)) 

- HackRF 

http://aecenar.com/index.php/downloads/send/10-iap/444-021215iap-sat-projectreport3-2015149
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- Antenna 

- Structure 

Gnuradio program and HackRF drivers successfully installed on raspberry pi 

 

Ground Segment: 

- Laptop (Windows or Linux, GnuRadio/PothosSDR) 

- Antenna 

- HackRF 

Also possible with  

Programm CubicSDR, PothosFlow (instead of gnuradio) 

Task Sending and Receiving file 

1. On 2.6 GHz band: sending a file from space segment 

2. Receiving this file on ground segment and visualize it 

Especially: 

1. Recording file from remote control of car opening (probably  433,92 MHz) by raspberry 

2. Sending this file to ground station 
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8.3 Hardware Design Document (HDD) & Hardware Realization Document (HRD) 

8.3.1 TT&C Tranceiver 

8.3.1.1 Crowd Supply LimeSDR Mini Boards 

Crowd Supply Lime Software Defined Radio (SDR) Mini Boards are hardware platform for 

developing and prototyping high-performance and logic-intensive digital and RF designs. These 

boards use Altera's MAX 10 FPGA and Lime Microsystems' LMS7002M RF transceiver. The 

LimeSDR Mini boards are smaller, and less expensive when compared to the LimeSDR. These mini 

boards feature two 128KB for RF transceiver MCU firmware, and a 4MB flash memory for data. 

The LimeSDR Boards feature 2 SMA (SubMiniature A) connectors for connecting external transmit 

and receive antennas, such as the Taoglas TG.09.0113. A U.FL connector is provided for an external 

clock source, such as GPSDO or atomic clock, via the Taoglas CAB.721 antenna. 

Features 

• Lime Microsystems LMS7002M MIMO FPRF transceiver 

• Altera MAX 10 (10M16SAU169C8G) FPGA: 
o 169-pin FBGA package 
o 549KB M9K memory 
o 2368KB user flash memory 
o 4 x fractional Phase Locked Loops (PLLs) 
o 130 x general purpose input/output (GPIO) 
o Single supply voltage 
o Flash feature 
o FPGA configuration via JTAG 

• 2 x 128KB for RF transceiver MCU firmware and data 

• 1 x 4MB flash memory for data 

• General user inputs/outputs: 
o 2 x dual color (red and green) LED 
o 8 x FPGA GPIO pin header (3.3V) 

• Connectivity: 
o USB 3.0 Type-A (FTDI FT601 controller) 
o 2 x coaxial RF SMA connectors 
o U.FL connector for external clock source 
o FPGA GPIO headers 
o FPGA JTAG connector 

• Clock system: 
o 30.72MHz onboard VCTCXO 
o Possibility to tune VCTCXO with onboard DAC 
o External clock input via U.FL connector 

• 69mm x 31.4mm dimensions 

• Weighs about 20g 

 

https://eu.mouser.com/ProductDetail/960-TG090113
https://eu.mouser.com/ProductDetail/960-CAB721
https://eu.mouser.com/ProductDetail/LMS7002M
https://eu.mouser.com/altera-max10-fpga/
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8.3.1.2 Lime SDR mini 

 

 

8.3.2 TT&C Antenna 
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8.4 Software Design Document (SWDD) & Software Implementation Document 
(SWID) 
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8.4.1 Organizational chart (current and future) 
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Subsystem
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8.5 AS-COMSAT-1 System (Hardware&SW) 
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8.5.1 System Concept for Attitude Determination and Control System (ADS, ACS) 

 

 

8.5.2 On-Board Computer (Raspberry Pi) 

On this computer the NASA core flight system shall be implemented. System design: Jana Othman 

(Internship AECENAR July-Aug 2021). 

8.5.2.1 Physical System Overview  

 

Figure 35: physical overview 
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8.5.2.2 How communication  is done  

 

Figure 36: Communication and TT&C 
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8.5.2.3 OBC System 

 

As payload also the AIS system shall be implemented (Rozan Mustafa as master thesis at Marmara 

Univ.) 
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8.5.2.4 AIS system on the OBC 

 

8.5.3 HackRF Card (Responsible: Abdurrahman) 

Establishing digital communication between HackRF and On-Board Computer 

8.5.4 Attitude Control System (ACS) (Responsible: Raja) 

Sensors: Sun sensor, IMU (see FCS of TEMOLeb-Mintad 2018 in TEMOLeb-Mintad Final Report14) 

Actuators: Magnetorquer 

8.5.5 X-Ray Sensor (Responsible: Yahya, Raja) 

This project will present the design and implementation of an X-ray detector system that is based on 

low-cost PIN diodes (BPW34).  General procedure of designing the preamplifier and shaping 

amplifier will be presented as well as the practical approach to implement this system.  

       Typically, the PIN diodes (detectors) have low-voltage input signal and have to be amplified via 

an extremely low-noise preamplifier. The preamplifier acts as a first stage in a chain of amplifiers 

that has very sensitive characteristics. Then, a shaping amplifier is used to make a reasonable signal 

shape that has the shape of a tail which can be processed and interpreted by a microcontroller. An 

ADC will then be used to transform these analog quantities to digital. Figure 37 below shows the 

overall process of converting input charges from a detector into digital readable signal proportional 

to input charges. 

 

14 See [2] 

http://aecenar.com/index.php/downloads/send/16-ics/666-temoleb-mintad-final-report-1999-2020
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Figure 37. Silicon Detector Amplification Stages 

There are mainly 3 types of preamplifiers and are listed below. However, we are just interested 

in charge-sensitive preamplifiers which are the type used for charge detector applications.  

• Voltage-sensitive preamplifier. 

• Current-sensitive preamplifier. 

• Charge-sensitive preamplifier. 

8.5.6 Charge Amplifier  

As mentioned before, the PIN diode, when used to detect X-rays, outputs a very weak charge 

pulse having a pulse width of several tens of nano seconds. Since the detector is can be modeled as a 

capacitive device, its impedance is high and the preamplifier should be designed according to this 

criterion. For these applications, an integrator amplifier (using capacitor feedback) is used since it has 

high impedance, integrates weak charge pulses and converts them to voltage pulses ready for further 

amplification. 

The first stage of charge amplifier (preamplifier) is usually a low-noise FET and its open loop 

gain must be set high in a way that the second amplification stage is not influenced by the detector 

capacitance.  

When X rays strike into the detector, signal charges Qs are generated with an amplitude 

proportional to the particle energy. These signal charges are all integrated in the feedback capacitance 

Cf (since it can be approximated that the current entering the op amp is equal 0) and then a pulse 

output eout(t) is generated.  
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 In general, the following characteristics are required for the design of a good X 

ray charge amplifier: 

• High gain 

• Low noise (Excellent signal-to-noise ratio) 

• Excellent integration linearity  

• High speed rise time 

• High temperature stability 

8.5.7 Gain  

The gain of charge amplifier is given in 2 ways; amplifier gain alone or the gain for 

detector/amplifier together. Amplifier gain (Gc) which is also referred to charge gain is given as: 

 𝐺𝑐 =
𝑉𝑜𝑢𝑡
𝑄𝑠

=
1

𝐶𝑓
 [

𝑉

𝐶𝑜𝑙𝑢𝑚𝑏
] 𝑜𝑟 [

𝑉

𝑝𝑖𝑐𝑜𝐶𝑜𝑙𝑢𝑚𝑏
] (1) 

 The charge fall time of the amplifier can be determined by the feedback 

resistance and capacitor. 𝜏𝑓 = 𝑅𝑓𝐶𝑓 

Amplifier with detector gain can be referred to as sensitivity (Rs). Sensitivity is expressed as 

output voltage mV per one MeV of energy particle irradiated onto the detector. The amplitude of 

the signal charge obtained with a semiconductor detector is determined by the input particle 

energy such as X-rays and also by the material of the semiconductor.  

 𝑄𝑠 =
𝐸. 𝑒−

𝜀
 (2) 

 Where, 𝐸 is the particle energy (MeV), 𝑒− is the elementary charge (1.6𝑒−19 C), 

and 𝜀 is the energy required to create one electron/hole pair.  For silicon, 𝜀 varies between 3.62 

eV and 3.71 eV. From equations (1) and (2), amplifier’s sensitivity can be written as: 

 𝑅𝑠 =
𝑉𝑜𝑢𝑡
𝐸

=
𝑒−

𝐶𝑓
.
1

𝜀
[
𝑚𝑉

𝑀𝑒𝑉
] (3) 

  Noises: 

      Noises in charge amplifiers come generally from 3 sources: Thermal noise of first-stage FET, 

shot noise caused by the gate current of the first stage FET and dark current of the detector, and 

thermal noise caused by the feedback resistance. The noise of the first-stage FET is given as: 

 𝑒𝑛1 = √
8

3
.
𝐾𝑇

𝑔𝑚
 (4) 
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     Where, K is Boltzmann constant, T is the absolute temperature in Kalvin, and 𝑔𝑚 is the mutual 

conductance of first-stage FET. The second noise source, shot noises, can be expressed as: 

 𝑖𝑛 =  √2𝑞(𝐼𝐺 + 𝐼𝐷) (𝐴/√𝐻𝑧) (5) 

     Where, q is the elementary charge, 𝐼𝐺  is the gate leakage current of first-stage FET, and 𝐼𝐷 is the 

dark current of the detector. The third and final source of noises can be presented as: 

 𝑒𝑛2 = √4𝑘𝑇𝑅𝑓 (𝑉/√𝐻𝑧) (6) 

     Where, Rf is the feedback resistance. From equations (4), (5), and (6), the total noise of a charge 

amplifier can be written as: 

 𝑒𝑛𝑡(𝑗𝑤) = 𝑒𝑛1
2 . (1 +

𝐶𝑖𝑛
𝐶𝑓
)

2

+ [𝑖𝑛2 + (
𝑒𝑛2
𝑅𝑓
)

2

] .
1

(𝑗𝑤𝐶𝑓)
2 (7) 

      The first term is constant over the entire frequency range and amplified by the noise gain (1 +

𝐶𝑖𝑛

𝐶𝑓
) determined by the input capacitance. The second term component is constant regardless the input 

capacitance but it decreases with the frequency. 

8.5.8 Experiments  

8.5.8.1 Experiment 1: I-V characteristics of BPW34 diode: (28-6-2021) 

The I-V characteristics of a photodiode are studied with the same manner of an ordinary diode. 

The diode is studied under reverse voltage of 12 V to ensure its ionization and with a 100 ohms 

resistor to measure the current across it using an oscilloscope. A flash light from the phone is used as 

luminance input.   

 

8.5.8.2 Experiment 2: Preamplifier Design: (28-6-2021) 

This experiment uses an ordinary feedback integrator circuit with pulling down the non-inverting pin 

of the op amp. The charge op amp fall time is approximated to be 23.5 micro-seconds (5 pF * 4.7 M).  
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However, the output is constant (left figure) no matter how much light is presented at the photodiodes.  

After some modifications, a 10-pF capacitor is mounted between the photodiodes and the operational 

amplifier and it can be seen from the right figure above a nearly charging and discharging signal 

shape. (FAILED) 

8.5.8.3 Experiment 3: Preamplifier Design: (29-6-2021) 

Another experiment was done by presenting a bias voltage for the photo diodes by connecting a 

voltage divider network into the non-inverting operational amplifier pin. The output can still be seen 

as very noisy. (FAILED) 
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8.5.8.4 Conclusion: Preamplifier Design: (2-7-2021) 

The previous experiments gave unsatisfactory results due to several reasons, such as: 

• A JFET transistor should be used at the output of the detector with low capacitance junction 

to collect the charges from the detector. JFET transistor suggestions can be: 2N4416, 2SK152, 

2N6550. 
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• Another operational amplifier with JFET input should be used such as TLE2072 or OPA324. 

 

8.5.9 Monitoring (6-7-2021) 

Another approach was taken in order to monitor the energy received by the photodiodes. The 

photodiodes in this experiment were dealt with as current sources. A resistor is connected to the 

reverse diodes in order to get a voltage image of the current. An Arduino Uno is used to read the 

voltage coming from the photo diodes through its analog pin A0 which will be then converted into 

current. 

 

The nominal voltage, when the diodes are exposed to normal room lights, was approximately 

750 mV. When an external light source (phone flashlight) is exposed to the diode array at a distance 

of approximately 8 cm, the voltage rises to 1780 mV. A complimentary filter is used to filter out 

measurement noises which has the following form:  

 𝑉𝑓𝑖𝑙𝑡 = 𝛼. 𝑉𝑓𝑖𝑙𝑡 + (1 −  𝛼). 𝑉𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 (8) 

Where, 𝛼 is a wheighing constant between 0 and 1 which prefers one variable over the other, 

where it was chosen as 0.8. The current is calculated by dividing the output voltage by the load 

resistance of 10 k ohms.  
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     The light intensity, at this stage, can be calculated from the current graphs given by the 

datasheet of the BPW34 photodiodes. It is noteworthy that there are 4 diodes connected in parallel 

so the current is added. 

8.5.10 Testing X-Ray Sensor with e-beam on cupper 

 

 

You can find the full vidoe on the following link:  

 https://drive.google.com/file/d/1ftpkXedKj8o95gi0vmIOGuOIiWHcSMjj/view?usp=drivesdk 

https://drive.google.com/file/d/1ftpkXedKj8o95gi0vmIOGuOIiWHcSMjj/view?usp=drivesdk
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8.5.11 Telemetry, Tracking & Control (TT&C) Ground Station 

8.5.11.1 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE 

GROUNDSTATION FOR USE BY WMO MEMBERS [4]) 
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8.5.11.2 As reference a ground station design from 2007 ([3]): 

Abstract of [3] : 
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The CubeSat satellite ground station at the University of Wuerzburg is built with “commercial of 

the shelf” low cost amateur radio hardware. It opens up opportunities for students to receive and 

operate CubeSats, including Wuerzburgs UWE-1. As any other satellite ground station, it is built up 

on essential hardware, as there are Antenna, Antenna Rotator, Radio, Modem and Computers. 

Furthermore software is used to afford basic control over the ground station and provide tracking 

abilities to follow a satellite passing over the ground station. 
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8.5.12 Graphical User Interface 
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8.6 Research plan to improve SDR communication system 
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8.6.1 Electrical Propulsion Unit 

Electrical Propulsion Unit for 
Orbit Control

1/23/2022 AS-COMSAT, Jan-Feb 2021                   142
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8.7 CAD Model 

 

8.8 Simulation platform 

 

8.9 Thermal Control 

Source: 

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses  

Part of the Aerospace Engineering Commons Department:  

Recommended Citation  
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Boushon, Katelyn Elizabeth, "Thermal analysis and control of small satellites in low Earth orbit" 

(2018). Masters Theses. 7755. https://scholarsmine.mst.edu/masters_theses/7755  

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning 

Resources. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction 

for redistribution requires the permission of the copyright holder. For more information, please 

contact scholarsmine@mst.edu. 

8.9.1 INTRODUCTION 

Spacecraft thermal control is integral to mission success. The process of thermal control for a 

spacecraft involves managing the energy entering and leaving the spacecraft to ensure that the 

components of the spacecraft remain within an acceptable temperature range. 

8.9.1.1 THERMAL CONTROL HARDWARE 

The thermal control system on a satellite generally uses two basic approaches 

fortemperaturemanagement: passive and active thermal control. ...4.1.1. Passive Thermal Control. 

Passive thermal control techniques includematerialproperty selection, controlling the path of heat 

transfer, and using insulation systems to ensure that temperatures remain within acceptable limits 

[22]. Techniques including the use of multilayer insulation (MLI) and thermal coatings have a long 

heritage on traditional satellites, but may require modifications for use in small satellites. 

 

Materials used for fabrication of an MLI blanket should always be treated as flight-critical hardware 

from the moment they are received. The materials should never be handled with bare hands and 

should never be exposed to uncontrolled and corrosive environments in order to avoid 

contamination and material degradation. Actions such as pulling or unnecessarily wrinkling the 

material should be avoided as this can cause stress in the layers and defects that may not appear 

until launch. Fabrication should occur in a temperature and humidity monitored Class 100,000 clean 

room to preserve the cleanliness and optical properties of the material. The fabrication area requires 

tables large enough to support the largest blanket being manufactured. All tools, equipment, 

templates, holding fixtures, and tables should be cleaned with a solvent that has a nonvolatile 

mailto:scholarsmine@mst.edu
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residue that does not exceed 0.02 g/L. The solvent must be compatible with the materials to avoid 

damaging the materials during normal cleaning operations. Clean white gloves or powder-free latex 

gloves suitable for clean room use must be used when handling the material, and clean room lab 

smocks must be worn [14]. 

8.9.1.2 Sunshields.  

Sunshields offer shading for a satellite from direct solar  

•impingement and the radiation environment of space [6]. Traditional sunshields have been made 

from a thin aluminum, titanium, or stainless-steel substrate, with a low absorptivity and high 

emissivity coating of silvered Teflon or white paint on the outer surface [1]. Sunshields for small 

satellites must unfold from a smaller form factor than their traditional counterparts. The 

implementation of sunshields for small satellites applications is fairly new, though Sierra Lobo has 

flown deployable sunshields on a few small satellite missions [10].  

8.9.1.3 Radiators.  

Waste satellite heat is rejected to space through the use of  

•radiators. Regardless of the radiator configuration, be it a satellite structural panel or a flat plate 

radiator mounted to the satellite exterior, radiators reject heat from their surfaces by IR radiation. 

The optical properties determine the power of the radiator. Radiators must reject waste heat from 

the satellite while also rejecting heat impinging on the satellite. Most radiators have a high emissivity 

to maximize heat rejection and low absorptivity to limit heat loads from the space environment. 

Typical finishes include quartz mirrors, white paint, and silvered or aluminized Teflon [14].  

•The simplest and most common radiators are the existing panels of the satellite exterior. For 

example, an exterior aluminum honeycomb panel can serve as a structural panel as well as a 

radiator. The face sheets of the panel distribute away from electronics boxes that are mounted to it, 

with the outside panel face acting as the radiating surface. The face sheets can also be made thicker 

to increase the heat distribution. Separate plates called “doublers,” typically made of aluminum, can 

also be added under high heat dissipating electronics boxes to help distribute the heat. These 

measures may result in mass increases that will not fit within the satellite mass budget. Heat pipes 

can be considered in this situation to distribute spread the heat. 
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8.9.2 THERMAL DESIGN PROCESS 
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8.9.2.1 Lessons Learned.  

Many lessons were learned throughout the process of thermal model construction, analysis, and 

application of thermal control. It is very important to keep up-to-date documentation during the 

process. Documentation should include information regarding all model input parameters 

including orbit profile, satellite dimensions, and material properties. It should be very clear in the 

documentation which parameters are used for which model revision. Each new model revision 

should be saved as a separate file and should be accompanied by its own documentation.  

 

8.9.3 CONCLUSION  

THESIS SUMMARY  

Proper thermal analysis and control for spacecraft is essential for successful mission performance. 

Thermal control methods for traditional satellites are well documented, but many methods for small 

satellite applications are still in the development stages. This thesis study presents proven methods 

of thermal analysis and control specifically relating to small satellites in low Earth orbit in order to 

act as a resource for future reference.  

Satellite thermal analysis typically involves using analytical processes assisted by computer 

software to determine temperatures at nodes in the model by applying a numerical approximation 

method, typically the finite difference method. The solar vector, albedo factors, satellite component 

dissipation, orbit beta angle, and orbit altitude all affect the outcome of the thermal analysis. Thermal 

extrema cases define the upper and lower bounds on temperature predictions. The results of thermal 

models are then verified through testing, and the thermal model adjusted to more closely reflect the 

test results.  



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

378 

Satellite thermal control methods are used to regulate temperatures to ensure that components 

function properly throughout the mission. Thermal control systems on a satellite can use both 

passive and active thermal control. Small satellites most commonly employ passive methods as they 

tend to be lighter, more reliable, and do not require power. Passive thermal control methods include 

the use of multilayer insulation, thermal surface coatings and finishes, tapes, sunshields, radiators, 

heat pipes, phase change materials, and heat switches.  

8.9.4 CONTRIBUTIONS TO THE SMALL SATELLITE COMMUNITY  

The goal of this thesis study has been to provide a resource to guide the small satellite thermal 

control system design and analysis process. Inexperienced engineers and academic teams will be 

able to use this thesis study as the starting point for their work in the thermal analysis and control 

of their small satellite designs. Basic heat transfer concepts and satellite heating environments are 

discussed for the benefit of student engineers still learning about the topics. Thermal analysis 

processes from various sources are summarized and presented, as well as a case study to 

demonstrate the use of these practices and an outline of the practical application of model 

construction, analysis, and design in Appendix A.  
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8.10 Launch issues 

8.10.1 Exolaunch 

 

 

I think they used a tape meter for the antennas. They can be folded and they can open like a 

switchblade by the tension of the material which is a nice idea. I have seen yagi type antennas from 

cut tape measures made by RF amateurs before . 

5x5x5 cm pocket sat Grizu 263A is on air 
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https://www.aa.com.tr/tr/bilim-teknoloji/turkiyenin-ilk-cep-uydusu-grizu-263a-uzay-yolculuguna-

hazirlaniyor/1861764 

8.10.2 Offer from Russian Company (Launch with Soyuz) from May 2021 

www.gklaunch.ru, info@gklaunch.ru 

 

2 U, 3 kg: 110,000$ 

Dear Samir! Thank you for your launch quote request. We have prepared a ROM price 
proposal based on your satellite’s charaeristics and seleed a suitable mission. 

Mission: 
> Cluster launch 
> Launch period: 2 quarter of 2022 
> Orbit: SSO, LTAN 11:00 
> Baikonur Cosmodrome 
> Primary payload: contracted 
> Secondary payload: available 

Launch price: 
for 3kg satellite is 110000$ 
The price includes: 
1. Program management and program documents; 
2. Support of Customer personnel visits; 
3. Administrative support to the Customer personnel at GK facilities in accordance with 
the terms and conditions to be defined in the contract; 
4. Program reviews and meetings as may be necessary; 
5. Interface Control Document with the results of analyses and reports as may be 
necessary; 
6. Hardware (adapter and separation system, umbilical connector, harness for testing), 
personnel and equipment for fit-check to be performed at the NPOL facility (SC 
dummy for testing to be provided by Customer); 
7. Hardware (adapter and separation system, umbilical connector, harness), personnel 
and equipment for integration of the flight SC with the launcher; 
8. Hardware, ground support equipment (Space Head Module (SHM), Fregat upper 
stage, launch vehicle) and personnel for processing of the SHM with SC and execution 
of launch; 
9. Customs clearance of SC/GSE on entry into Russia, customs clearance of GSE on exit 
from Russia; 

10. Tranortation of satellite and GSE from the entry/exit port to payload preparation 
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facility and back of GSE, including their customs clearance; 
11. Performance of launch campaign and provision of: 
Work place in AITB; 
Administrative and storage premises; 
Power supply; 
Provision of logistics to Customer’s personnel whilst at the launch site (payment 
for the services to be made by Customer); 
Communications services (international telephone calls to be paid for in 
accordance with the terms and conditions to be defined in the contra). 
Launch of deployer with CubeSat(s) into the required orbit; 
12. Provision to Customer of LV telemetry data confirming the SC separation and initial 
orbit parameters; 
13. Post-launch services; 
14. Photographic and video documentation; 
15. Linguistic support; 
16. Procurement of third party liability insurance for the damage due to the launch 
activities and support in obtaining the satellite insurance; 
17. Launch observation. 
You can add insurance of the satellite ground and space related risks and insurance 
of 
the launch service. To do so, call us or write a response letter. 
This is a ROM launch price proposal to be finalized after we receive all the documents. 
Some mission parameters may change. 

Standard Milestone payment plan: 
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8.10.3 Companies launch satellite 

From 
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8.10.3.1 GK laucnh (Russian)15 

GK Launch Services is a company established by Glavkosmos (a subsidiary of ROSCOSMOS State 

Space Corporation) and International Space Company Kosmotras. GK Launch Services is an 

operator of Soyuz-2 commercial launches from the Russian spaceports. 

The key targets this joint venture aims at include advancing of commercial launch services, 

promotion of Russian launch vehicles on the world market, and strengthening the positions of 

Russia as the most competitive launch service provider. 

A solid competence of the two partners facilitates achieving these ambitious goals. Glavkosmos has 

been participating in global international space projects over 30 years and has already had 

experience in provision of launch services with Soyuz-2 rocket. Kosmotras has lofted over 100 

payloads within 22 commercial launches. 

8.10.3.2 Swarm company (U.S)16 

Swarm Technologies, Inc. is a private company building a low Earth orbit satellite constellation for 

communications with Internet Of Things (IOT) devices using a Store and forward design. An early 

investor was Craft Ventures. On July 16, 2021, Swarm entered into an agreement to become a direct 

wholly-owned subsidiary of SpaceX.[2] 

They have an Federal Communications Commission (FCC) licence for low bandwidth 

communications satellites in low Earth orbit.[3] 

In 2018 Swarm became the first ever company found to have deployed satellites without regulatory 

approval after an FCC investigation into the startup’s launch on an Indian PSLV rocket of its first 

four picosatellites in January that year.[4] 

By December 2020, Swarm had launched 9 test satellites and 36 of a planned 150 low Earth orbit 

satellites to provide communication with IOT devices.[5] 

 

15 http://gklaunch.ru/en/  

16 https://en.wikipedia.org/wiki/Swarm_Technologies 

http://gklaunch.ru/en/
https://en.wikipedia.org/wiki/Swarm_Technologies
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In February 2021 Swarm announced that its commercial services were now live using 72 commercial 

satellites providing its global low cost data to customers.[6] 

The Swarm Tile is its dedicated satellite two-way data modem designed to be low energy and 

embedded on the PCB of third party products. Other products include a data plan and development 

kit.[7] 

8.10.3.3 Exolaunch company (Germany)17 

The protocol of launching is: 

10) LAUNCH PLANNING 

Every mission is unique. We listen to you and offer solutions that will enable the successful launch 

of your satellite. With precision, knowledge and expertise, we make the complex work of your 

specific campaign a simple and affordable experience. No stress. 

11) MISSION MANAGEMENT 

Next, we produce your event. We provide technical management of the satellite adaptation to a 

launch vehicle, interface control document development, mission analysis delivery, and launch 

schedule coordination. 

12) SEPARATION SYSTEMS 

EXOpod deployers for cubesats and CarboNIX, the shock-free separation systems for microsatellites, 

are designed and produced by Exolaunch to support your mission needs. Later, we adapt the 

deployment systems to the launch vehicle to safely deliver your satellite into its target orbit. 

13) DEPLOYMENT SEQUENCER 

EXObox is essential for smallsat cluster launches. It is a unique, highly reliable and modular 

deployment sequencer to manage the deployment of up to 50 satellites with just one EXObox unit. 

It will precisely and safely separate small satellites into their target orbits. 

14) LICENSING 

In this phase, we handle the complex legal and regulatory support documents that are required for 

launch. Your desk is now clean! 

15) ENVIRONMENTAL TESTING 

Our fully-fledged environmental testing services are tailored to the requirements of any launch 

vehicle, ensuring your satellite has made the grade. All of the tests are performed in Berlin, and 

yEnvironmental tests profiles and types: 

f. Vibration and shock testing 

We provide a full range of mechanical testing to cover the qualification, proto-flight or acceptance 

requirements of all launch vehicles. 

g. Thermal and vacuum testing 

 

17 https://exolaunch.com/  

https://exolaunch.com/
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Thermal cycling and thermal vacuum testing is available to meet your mission requirements. 

Whether testing survivability limits or simply performing a vacuum bake-out, we can perform the 

tests that fit your needs. 

h. Qualifation and acceptance test 

Qualification of your design based on the composed mechanical loads in order to meet the 

requirements of most common launch vehicles. Tailored acceptance testing profiles of your flight 

models to the launch vehicle of your choice, ensuring the function of your spacecraft while 

increasing confidence in its reliability. 

i. Test profiles design 

We offer support to develop individual specifications for mission tailored test profiles with 

optimized loads and durations. Inclusive our acceptance guarantee of the test profiles by the launch 

authority. 

j. Adapters & additional hardware 

We offer TestPods and other test fixtures with the test interfaces identical to the launch vehicle 

interfaces, ensuring the validity of all test results. ou are offered our cleanroom for satellite 

checkouts. 

16) SHIPMENT 

Our expertise in global logistics and experience with customs clearance allows us to process 

worldwide shipping of payloads and equipment in a safe, convenient and timely fashion. We will 

ensure your satellite reaches the launch site safely and without hassle. 

17) INTEGRATION SERVICES 

When your satellite meets the launch vehicle. We will seamlessly integrate your satellite with the 

support hardware onto its launch vehicle. 

18) LAUNCH 

The launch vehicle has left Earth. Shortly afterwards, we receive a positive signal that your satellite 

is in orbit and is ready to start changing the world. 

8.10.3.4 Gunter’s space page18 

The four SpaceBEE, formerly known as BEEs (Basic Electronic Elements), picosatellites, built to 

the 0.25U CubeSat form factor are to demonstrate two-way satellite communications and data relay 

for Swarm Technologies Inc. 

The mission is to test the world’s smallest two-way communications satellites to serve as a cost-

effective low-data rate Internet of Things (IoT) network connectivity solution for remote and mobile 

sensors. The initial experimental space deployment is comprised of four satellites, each with a 1/4U 

form factor employing radar signature enhancement technology, which enables them to be passively 

 

18 https://space.skyrocket.de/doc_sdat/spacebee.htm  

https://space.skyrocket.de/doc_sat/cubesat.htm
https://space.skyrocket.de/doc_sdat/spacebee.htm
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tracked, and using VHF band frequencies for communications. There will also be an experimental 

deployment of ground stations for communications with the space units. 

The mission is to demonstrate the capabilities of these picosatellites for serving low data rate 

communication relays for remote sensors and data collectors. Experimental operations is scheduled 

to begin upon launch for a period of at least 6 months and up to 2 years 

The tiny satellites have very small radar cross section, which might complicate the tracking. 

Therefore they featured a GPS device in each satellite that would broadcast its position on request. 

Also the four smallest faces of the satellites are covered with an experimental passive radar reflector 

developed by the U.S. Navy’s Space and Naval Warfare Systems Command, which according to the 

FCC application would increase the satellites radar profile by a factor of 10. 

The FCC dismissed Swarm’s application. Nevertheless, the satellites have been launched, 

apparently without a valid licence, in January 2018 on an Indian PSLV-XL rocket under the 

name SpaceBEE. The ownership of the SpaceBEEs remained obscure, until in an IEEE Spectrum 

article the identity of the SpaceBEEs with Swarm's BEE satellites was revealed.  

A follow-on mission, SpaceBEE 5 to 8, with larger 1U CubeSats was also not granted a licence after 

this. Later the licesnce was granted. SpaceBEE 1 to 4 were also granted an operation licence. 

The operational 2nd generation SpaceBEE satellites reverted back to the 0.25U form factor. 

8.10.3.5 Antrix corporation19 

I contact this company and the emails is below: 

8.10.3.6 RE: FW: question for procedure to launch a satellite 

November 25, 2021  7:44 am  28 KB 
From: 

Ganesh Mohan <ganesh_mohan@antrix.co.in> 

To: 

siham.aisha@temo-group.com 

Hi Siham, 

  

Could you please elaborate on what is it that you’re looking for in administrative and legal procedures? 

  

I presume all the permits, authorisations and notices of non-opposition including frequency filing / other 

regulatory mandates would be already done by you, during the course of the project. 

  

We will support in any administrative matters during the import and re-export of the payload and the 

auxiliaries, including transportation, testing facilities, accommodation of personnel etc during the launch 

base. Once the satellite is separated in a low earth orbit, the control gets passed over to you. All the other 

 

19 https://www.antrix.co.in/  

https://space.skyrocket.de/doc_lau_det/pslv-xl.htm
https://space.skyrocket.de/doc_sdat/spacebee-5.htm
https://space.skyrocket.de/doc_sdat/spacebee-10.htm
https://www.antrix.co.in/
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aspects like Indemnity, Insurances etc would be covered in the launch contract and we can discuss over it 

during the course of execution of the contract. 

  

  

  

Thanks 

  

Ganesh 

  

  

  

  

From: Siham [mailto:siham.aisha@temo-group.com] 

Sent: 22 November 2021 15:53 

To: Ganesh Mohan 

Subject: Re: FW: question for procedure to launch a satellite 

  

Hello, 

Thank you for your response. 

  

We need know what is the administrative and legal procedure in details, I mean if we want to keep 

some legal files we wish to inform us. 

  

I prefer an email contact to be clearly.  

our location is in Lebanon - Tripoli - Ras masqa, name of my organization is North Alternative 

Power departement TemoGroup 

  

Regards 

  

On November 22, 2021 at 11:57:24 am +02:00, Ganesh Mohan <ganesh_mohan@antrix.co.in> 

wrote: 

Hi Siham, 

  

Thanks for your interest in Antrix. 

  

The procedure is that 

1.       there will be a launch services agreement that we will have to execute, wherein the said satellite will be 

accommodated as a ride share with one of the upcoming PSLV / SSLV missions. 

2.       There will be an Interface control document, where all the details of the testing, Dynamic studies, 

sequencing, power supply etc would be addressed and cleared. 

3.       The launch would happen from Sriharikotta, where the necessary testing / operations / safety procedures 

would be happening. 
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With respect to the pricing, it will vary. May I know where are you based at and the company that you’re 

working for? We can probably discuss it over a call. 

  

  

  

Thanks 

  

Ganesh Mohan 

Manager, Antrix Corporation 

  

  

From: Siham [mailto:siham.aisha@temo-group.com] 

Sent: 16 November 2021 15:39 

To: sonali@antrix.co.in 

Subject: question for procedure to launch a satellite 

  

  

Hello,  

I want to launch a satellite, Could I have a quote of price and  what is the procedure to launch it? 

1- the time frame it's about in the middle of 2022 

2- launch to the same inclination, I mean in the same orbit and the inclination is 100 degre - 127 degre  

3- our spacecraft don't have propulsion 

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites  

5-  mass is: 3Kg 

6- the purpose: small pilot system for communication satellite. 

7- altitude: 650 km  

8- elliptic semimajor axis a = 7027.748 km 

9- orbit heigh: 500- 600 km 
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Regards, 

Siham 

  

 

 

8.10.3.7 Procedure to launch a satellite in India2021 

 

Norms, Guidelines and Procedures for Satellite Communications Announced 

The Government has approved a policy that envisages allocation of INSAT system capacity for non-

governmental users, registration of Indian satellite systems by private Indian companies and limited 

use of foreign satellites in special circumstances. The Department of Space (DOS) will be the 

administrative ministry in all matters related to satellite systems in India. 

 

As per the policy, the Indian National Satellite System (INSAT) capacity will be made available to 

non-government (private) Indian Service Providers on a commercial basis subject to availability after 

meeting the government needs. The DOS will allocate INSAT capacity for private users. DOS may 

also build capacity in INSAT system for private users on request on commercial basis. 

 

Private Indian companies with a foreign equity less than 74 percent are now allowed to establish 

Indian Satellite Systems. These companies can submit their applications for registering their satellite 

systems to the Committee for Authorising the establishment and operation of Indian Satellite 

Systems (CAISS). The office of CAISS is set up at the SatCom Programs Office at ISRO Headquarters, 

Antariksh Bhavan, New BEL Road, Bangalore- 560 094. The authorisation to operate the Satellite 

System and the Orbit spectrum notification/registration will be done by CAISS. However, operating 

licenses for services to be provided by the Indian Satellite Systems will be issued only by the 

concerned administrative departments like Department of Telecommunication for telecom services 

and Ministry of Information and Broadcasting for TV/Radio broadcasting. 

 

Foreign satellites will also have allowed to be used in special circumstances for satellite 

communication services in India. The service licensing departments may allow the use of foreign 

satellites only in consultation with the Department of Space. If suitable capacity/capability is 

available in INSAT or Indian Satellite Systems, operations with foreign satellites will not be 

 

20 https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-

announced  

21 https://www.isro.gov.in/contact-us-0 

https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-announced
https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-announced
https://www.isro.gov.in/contact-us-0
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permitted. For the use of foreign satellites for Internet Service Provider (ISP) gateways, the existing 

procedures established by Telecom Commission will apply. 

 

 

India’s Space Policy22 

Remote sensing  

Recognizing that Remote Sensing data provides much essential and critical  

information - which is an input for developmental activities at different levels, and is also of benefit 

to society. 

Noting that a large number of users - both within and outside government, use Remote Sensing data 

from Indian and foreign remote sensing satellites for various developmental applications. 

Taking into consideration the recent availability of very high-resolution images, from foreign and 

commercial remote sensing satellites, and noting the need for proper and better management of the 

data acquisition/ distribution from these satellites in India. 

Recognizing that national interest is paramount, and that security consideration of the country 

needs to be given utmost importance. 

The Government of India adopts the Remote Sensing Data Policy (RSDP) - 

2011 containing modalities for managing and/ or permitting the acquisition / dissemination of 

remote sensing data in support of developmental activities.  

Department of Space (DOS) of the Government of India shall be the nodal agency for all actions 

under this policy, unless otherwise stated.  

6. For operating a remote sensing satellite from India, license and/ or permission of the 

Government, through the nodal agency, shall be necessary. 

o As a national commitment and as a “public good”, Government assures a continuous and 

improved observing/ imaging capability from its own Indian Remote Sensing Satellites (IRS) 

programme. 

o The Government, through the nodal agency, shall be the sole and exclusive owner of all data 

collected/ received from IRS. All users will be provided with only a license to use the said 

data, and add value to the satellite data. 

o Government reserves the right to impose control over imaging tasks and distribution of data 

from IRS or any other Indian remote sensing satellite, when it is of the opinion that national 

security and/ or international obligations and/ or foreign policies of the Government so 

require. 

o   

7. For acquisition/ distribution of remote sensing data within India, license/ permission from the 

Government of India, through the nodal agency, shall be necessary. 

o Government reserves the right to select and permit agencies to acquire/ distribute satellite 

remote sensing data in India. DOS shall be competent to decide on the procedure for 

 

22 https://www.isro.gov.in/indias-space-policy-0 

https://www.isro.gov.in/indias-space-policy-0
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granting license/ permission for dissemination of such data, and for the levy of necessary 

fees. 

o To cater to the developmental needs of the country, the National Remote Sensing Centre 

(NRSC) of the Indian Space Research Organisation (ISRO)/ DOS is vested with the authority 

to acquire and disseminate all satellite remote sensing data in India, both from Indian and 

foreign satellites. 

▪ NRSC shall enter into appropriate arrangements with DOS for acquiring/ distributing 

data from IRS within the visibility circle of NRSC’s receiving station(s). 

▪ NRSC and/ or Antrix Corporation Ltd., shall be competent to enter into agreements with 

foreign satellite operator(s) for acquisition/distribution of foreign satellite data in India. 

However, NRSC will distribute the data as per terms agreed to with Antrix Corporation 

Ltd. 

o NRSC shall maintain a systematic National Remote Sensing Data Archive, and a log of all 

acquisitions/ sales of data for all satellites. 

8. For acquisition and distribution of IRS data for use in countries other than India, the Government 

of India, through the nodal agency, shall grant license to such bodies/ agencies of those countries 

as are interested in the acquisition/ distribution of IRS data, as per specific procedures. 

o The Antrix Corporation Ltd. (of DOS) is vested with the authority for receiving the 

applications for grant of license for acquisition/ distribution of IRS data outside of India; to 

consider and decide on the granting of license within the policy considerations of the 

Government, and to enter into licensing agreements with the prospective users on behalf of 

the Government. Antrix Corporation Ltd. shall also be competent to levy such fees for 

granting licenses as may be considered appropriate by it. It shall also be responsible, where 

necessary, for rendering any further help/ guidance needed by the license. 

o The Government reserves right to impose restrictions over imaging tasks and distribution of 

IRS data in any country when it is of the opinion that national security and/ or international 

obligations and/ or foreign policies of the Government so require. 

9. The Government prescribes the following guidelines to be adopted for dissemination of satellite 

remote sensing data in India: 

o All data of resolutions up to 1 m shall be distributed on a non-discriminatory basis and on 

“as requested basis” 

o With a view to protect national security interests, all data of better than 1 m resolution shall 

be screened and cleared by the appropriate agency prior to distribution; and the following 

procedure shall be followed: 

▪ Government users namely, Ministries/ Departments/ Public Sector/ Autonomous 

Bodies/ Government R&D institutions/ Government Educational/ Academic 

Institutions, can obtain the data without any further clearance. 

▪ Private sector agencies, recommended at least by one Government agency, for 

supporting development activities, can obtain the data without any further clearance. 

▪ Private sector agencies, recommended at least by one Government agency, for 

supporting development activities, can obtain the data without any further clearance. 

▪ Specific requests for data of sensitive areas, by any user, can be serviced only after 

obtaining clearance from the HRC. 



Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

393 

▪ Specific sale/ non-disclosure agreements to be concluded between NRSC and other users 

for data of better than 1 m resolution. 

10. This Policy (RSDP-2011) comes into effect immediately, and may be reviewed from time-to-time-

by Government. 

 

I contact spaceflight: 

 

8.10.3.8 RE: [External] - Sales - Website Submission 

November 17, 2021  6:31 am  52 KB 
From: 

Keiko Nasu <knasu@spaceflight.com> 

To: 

siham.aisha@temo-group.com 

Hello, 

  

Sorry, for some reason your e-mail has been in the spam box and it took me a while to find your response. I 

deeply apologize for that. 

  

We are just to close the manifest for June 2022 SpaceX rideshare. We need to provide a good portion of 

deliverables to SpaceX by December 1, but if you will be able to do that, we might be able to launch your 

satellite with that mission. 

  

The issue is how you would like to separate the 2 satellites. Our Sherpa-OTV could provide in-plane phasing 

but it’s not going to be very economical for 2U satellite (and I heard that our Sherpa capacity is already 

filled). 

We might be able to separate a little bit by delay the second satellite deployment (30min or so at most), 

but it will not give you a lot of separation. 

  

Please confirm SSO is the orbit you would like to go, and will check other possible launch options. 

  

Let me know if you prefer to have a brief call. 

  

Warm regards, 

  

Keiko Nasu 

Business Development, Spaceflight Inc. 

KNasu@spaceflight.com 

Mobile:+1-206-384-0678 

  

From: Siham <siham.aisha@temo-group.com> 

Sent: Monday, November 15, 2021 1:36 AM 

To: Keiko Nasu <knasu@spaceflight.com> 

Subject: RE: [External] - Sales - Website Submission 

  

mailto:KNasu@spaceflight.com
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

  

hello, 

I'm waiting for response.  

another question: what is the procedure to launch a satellite ? 

  

Regards, 

Siham 

  

On October 2, 2021 at 9:20:37 am +03:00, Siham <siham.aisha@temo-group.com> wrote: 

Hello Keiko, 

  

1- the time frame it's about in the middle of 2022 

2- launch to the same inclination, I mean in the same orbit 

3- our spacecraft don't have propulsion 

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites  

5-  mass is: 3Kg 

6- the purpose: small pilot system for communication satellite. 

  

Regards, 

Siham 

  

On September 29, 2021 at 1:34:32 am +03:00, Keiko Nasu <knasu@spaceflight.com> wrote: 

Hello Siham, 

Thank you so much for reaching out to us. 

In order to figure out the launch options and pricing, could you provide below? 

• What is the time frame you are looking to launch? 

• What orbit do you want to launch your spacecraft to? 

-> Do you mean to launch to Mid-inc? 45 degrees inclination, Or you would like to launch to the same 

inclination but do the plane phasing? 

• Will your spacecraft have propulsion? 

• What is the size of your spacecraft? 

->2U x 2 satellites 

• What is the mass of your spacecraft? 

• What is the purpose of your spacecraft? 

Thank you! 

Keiko Nasu 

Business Development, Spaceflight Inc. 

mailto:siham.aisha@temo-group.com
mailto:knasu@spaceflight.com
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KNasu@spaceflight.com 

Mobile:+1-206-384-0678 

 

8.11 Tasks and Responsibilities, Technical Documentation 

Working 

Package 
Responsible Name of Technical Documentation Department/ 

Stakeholder 
 Samir System Design  IAP 

  ACDS Technical Report IAP 

 Rozan AIS Clustering Marmara University, 

Istanbul, Faculty of 

Computer Science 

  Orbit and Altitude Specification  

 Abd COM/OBD  

 Yahya X-Ray Sensor IAP 

  Vibration damper  

  Thermal Isolation  

Packages: 

1. CoreFlightSystem, on-board computer 

2. Attitude control system 

3. Telemetry and payload COM system, intersatellite communication 

4. Ground station 

5. Launching issues 

6. AIS 

 

Staff: 

For 1: new Turkish bachelor student group 

For 2: Raja 

For 3: Abdurrahman 

For 4: new Turkish bachelor students 

For 5: Siham 

mailto:KNasu@spaceflight.com
file:///C:/AS-COMSAT/Reports/AS-COMSAT_FinalReport2020-2025/ADCS_TechnicalReport.pdf
file:///C:/AS-COMSAT/Reports/AS-COMSAT_FinalReport2020-2025/S-AIS.pdf
file:///C:/AS-COMSAT/Reports/AS-COMSAT_FinalReport2020-2025/MasterThesis_X-RayDetector.docx
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For 6: Rozan 

 

8.11.1 Summary of System Parts 

MAGNETOMETERS - Magnetometers sense magnetic field strengths and direction. 

The measurements are compared to the Earth’s magnetic field map (which is dependent 

on the spacecraft position) to determine the attitude. Moreover, it can only be used at 

low altitude orbits, where the magnetic field is strong enough. 

8.11.2 Status of Hardware 

 

8.11.3 Project Documents & Databases for AS-COMSAT-1 (1 Satellite 10cmx10cmx10cm) (Last 
update: 8.4.21) 

8.11.3.1 Development Documents 

Development Phase Name of Document Purpose/Content 

Analysis 
Fire Detection System Description 
Presentation 

about 130 pages Project 
Description, Supplier Parts 

  
Initial Cost Estimation 

381,000 $ for satellite and ground 
station (including launch) 

Systemdesign System Design Document   

      

Mechanical Design     

Hardware Design HackRF   

SW Specification Software Specification Document (SDS) on OBC and HackRF 

SW Design Software Design Document (SDD)   

file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/Analysisphase/180321AS-COMSAT_FireDetectionSystem_TechnicalPresentation_2021.pptx
file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/Analysisphase/180321AS-COMSAT_FireDetectionSystem_TechnicalPresentation_2021.pptx
file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/191220costs_AS-COMSAT_CubeSAT_System.xlsx


Cubesat AS-COMSAT-1, Version 2021: Technical Development Documentation (Development 

with off-the-shell components) 

 

397 

8.11.3.2 Mechanical CAD Models 

AS-COMSAT- 1 Integration 

  
Payload 1 (X-Raysensor) 9,5 cm x 2,5 cm x 7 cm  
PV Cells and Controller    
Load Controller&Batteries    
Magnetorquer    
Sun Sensor (Photocell)    
On-Board-Computer (OBD) Raspberry Pi 3  

SDR (HackRF) (TT&C and Payload COM) 

 
  

8.12 Suppliers 

8.12.1 Satellite Parts 

www.cubesatshop.com  

file:///C:/AS-COMSAT_Turkey/AS-COMSAT-1/AS-COMSAT-1_3DModel/integration_%20110221%20-%20Colored.FCStd
http://www.cubesatshop.com/
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8.13 Parts from Suppliers 

8.13.1 2U Sommunication Satellite System 
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8.13.2 SAT – Power Supply System 
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8.13.3 SAT -Attitude Control System 
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8.13.4 Command&Data Handling (On-Board Computer) 
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8.13.5 COM Elements: TT&C and payload COM 

 

8.13.6 SAT – TT&C System 
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8.13.6.1 TT&C GCS 
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8.13.6.2 TT&C On-board part 
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Antenna system 

Antenna System

1/23/2022 AS-COMSAT, Jan-Feb 2021                   139

 

 
1 23 2022 AS-C  SAT,  an-Feb 2021 140
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8.13.7 SAT – Payload Communications Subsystem 
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8.13.8 Electrical Propulsion Unit 
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8.13.9 CubeSAT Structure 
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8.13.10 Ground Support Equipment 

TT&C Subystem – Ground Support Equipment

1/23/2022 AS-COMSAT, Jan-Feb 2021                   150

 

8.13.11 Launch adapter (SAT deployment) 

Launch adapter

1/23/2022 AS-COMSAT, Jan-Feb 2021                   151

https://exolaunch.com/

1U ISIPOD have a sales price of €20K.
ISIS - Innovative Solutions in Space BV

Motorenweg 23

2623 CR DELFT | The Netherlands

t: +31 (0) 15 256 9018

www.isispace.nl
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8.14 Minimal System with suppliers components 
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9.4 ÖZET: S-AIS Tabanlı Denizcilik Ağı: Dağıtılmış Gemi Kümelenmesi 

B˙ILG˙ISAYAR MÜHENDİSLİĞ ˙I Yüksek Lisans derecesi için CANDAR KARABULUT, Ağustos 2022, 

Marmara Üniversitesi, ˙Istanbul, Türkiye’de sunulmus ţur. 

AIS (Otomatik Tanımlama Sistemi) 1990’larda gemilerde kullanılmak üzere ilk kez geliştirildiğinden beri, 

bu periyodik olarak gemilerin yayınladıkları verilerin gemi trafik hizmetlerinde (VTS) çok önemli olduğu ve 

denizlerde ve okyanuslarda nelerin olduğunun anlas ı̧lmasında çok yararlı olduğu görülmüs ţür. Bu değerli sinyal 

verileri, diğer birçok uygulamanın yanı sıra izleme amaçları, arama ve kurtarma, navigasyon ve çarpıs¸madan 

kaçınma için kullanılabilir. AIS sinyalinin yatay menzili yaklas ı̧k 74 km’dir, bu da trafik yönetiminin sadece kıyı 

bölgelerinde ve limanlarda veya gemiler arasında yapılmasını kısıtlamaktadır. Bu sınırlama, denizcilik ağ ı  için daha 

istikrarlı bir iletis i̧me sahip olmak için alternatif çözümlerin aras ţırılmasını kaçınılmaz hale getirmis  ̧ve bu ihtiyaca 

kars ı̧lık vermek için S-AIS terimi ortaya çıkmıs ţır. AIS verilerini toplamak, is ļemek ve analiz etmek için uydular 

kullanıldığında; Satellite AIS anlamına gelen S-AIS terimi kullanılır. Ancak, uydu tabanlı sistemleri kullanmanın 

temel sorunu, kalabalık alanlarda uydunun es¸zamanlı olarak is ļemesi gereken çok sayıda AIS sinyali olmasıdır. 

Böyle durumlarda, çarpıs¸ma veya diğer sinyaller ile giris i̧mler nedeniyle birçok önemli gemilerin AIS sinyalları 

kaybolabilir. Ayrıca, uydunun ayak izinin dıs ı̧nda kalan gemilerin takibi, denizcilik ağında birçok gemiyi yetkililere 

görünmez hale getiren bir diğer önemli konudur. Bu açıkları kapatmak için, bu çalıs¸mada gemiler arası 

is  ̧birliği ile dağıtık kümeleme yaklas ı̧mı kullanılmasını öneriyoruz. Gemilerin gruplanması 

ve kümelenmesi, sinyalleri uyduya iletmeden önce ayak izi alanı dıs ı̧nda bazı yararlı veri ön is ļeme 

yöntemlerini uygulamamıza yardımcı olabilecek ve küme üyelerinin verilerine toplu 

olarak kapsamlı bir genel bakıs  ̧sunmamızı sağlayacaktır. Açık denizlerin ortasında gemiler 

arasında is  ̧ birliğine dayalı çalıs¸manın, genel denizcilik ağını ve gemi trafiği hizmetlerini 

iyiles ţirmeye yardımcı olacağına ve ayrıca yetkililere açık denizlerde neler olup olmadığını daha iyi 

anlamalarına yardımcı olacağına inanıyoruz. 

9.5 ABSTRACT: S-AIS Based Maritime Network: Distributed Vessel Clustering 

Rozan Mustafa, for the Master of Science degree in COMPUTER ENG˙INERR˙ING, presented on July 01, 

2022, at Marmara University, Istanbul, Türkiye. 

Automatic Identification System (AIS) is crucial in vessel traffic services (VTS) and beneficial for getting a 

better understanding of what is happening in the middle of the seas and oceans. AIS signals are being used for 

many applications including ship tracking, search and rescue, navigation, and collision avoidance. Since the 

horizontal range of the AIS signal is limited, it is inevitable to utilize satellite communications on open seas which 

introduced satellite-based AIS (S-AIS). However, there are significant challenges with satellite-based systems, such 

as the huge number of AIS signals that the satellite has to process concurrently in crowded areas which cause signal 

interference making some important vessel’s signals be lost or dropped. Moreover, tracking vessels that are out of the 

satellite’s footprint is another essential issue in the maritime network making many vessels to be invisible to the 

authorities. To bridge these gaps, a new methodology is presented based on distributed clustering approach for the 

vessels so that they can work cooperatively to transmit their signals to the satellite. Grouping and clustering ships will 
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allow us to collectively take a comprehensive overview of the data of the cluster members that can help us to 

implement some useful data pre-processing methods outside the footprint area to examine the signals before 

transmitting to the satellite. We implement the proposed methodology in a realistically generated vessel traffic in 

the Mediterranean and the Black Sea and propose some optimization approaches to increase the coverage area. Test 

results show that the cooperation between vessels in the middle of the open seas will help to improve the overall 

maritime network and vessel traffic services and assist the authorities as well to get a better understanding of what 

is happening on the open seas. 



Distributed Vessel Clustering for S-AIS Based Maritime Network 

 

9.6 ABBREVIATIONS 

 

AIS : Automatic identification System 

VTS : Vessel Traffic Services 

S-AIS : Satellite-Based Automatic Identification System 

VANET : Vehicular Ad-Hoc Networks 

S2S : Ship-to-Ship 

SOG : Speed Over Ground 

SNR : Signal-to-Noise Ratio 

DBSCAN : Density-Based Spatial Clustering of Applications with Noise 

IMO : International Maritime Organization MMSI

 : Maritime Mobile Service Identity GPS

 : Global Positioning System 

LEO : Low Earth Orbit 

HD : Hop Distance 

TLE : Two Line Elements 

DVCA : Distributed Vessel Clustering Algorithm RAAN

 : Right Ascension of the Ascending Node CH : 

Cluster Head 
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9.10 INTRODUCTION 

Since the AIS (Automatic Identification System) was first introduced in the 1990s to be used in ships and 

vessels, the data that these transceivers broadcast periodically has proven to be crucial in vessel traffic services 

(VTS). Vessels use AIS signals to communicate with other ships and with the shore using different frequencies 

(161.975 MHz for ship-to-ship and 162.025 MHz Duplex for the ship-to-shore) [1]. Initially the main idea behind 

AIS was only collision avoidance based on S2S (ship-to-ship) communication, but nowadays almost all maritime 

and vessel traffic services applications are relied on these signals. The horizontal range of AIS signal is about 74 

kilometers which makes the traffic management obtainable only by the shore in the coastal areas and ports or in the 

S2S zone [2]. This limitation makes investigating alternative solutions inevitable to have more stable 

communication for maritime networks and the term S-AIS is finally introduced. 

S-AIS stands for Satellite AIS, where Low Earth Orbit (LEO) satellites are used to detect, analyze, and process 

AIS data. However, the key issue with using satellite-based systems is the huge number of AIS signals that satellite 

has to process concurrently in crowded areas or from the satellite’s very wide signal footprint. This leads to many 

lost AIS signals because of the collision or the interferences with other signals and thus, AIS is still not a perfect 

data source [3]. The other issue is that a vessel is not always in the satellite’s footprint especially in the oceans, 

making tracking operations unreliable. Thus, A vessel is not always in the satellite’s footprint especially in the 

oceans, but even if it is in the coverage area, its signal may not be detected when the satellite is passing over crowded 

area. Also some of the ships may perform dark activities by intentionally switching off their AIS signal transmitters. 

Since initially AIS signals never meant to be transmitted to the space and the main idea behind it was only 

collision avoidance based on S2S communication, rethinking is necessary to better utilize satellite-based AIS 

systems considering all the aforementioned limitations. 

In this paper, we aim to examine how satellite-based AIS systems can detect and analyze the AIS signals in 

open seas beyond the reach of terrestrial-only networks using a fully distributed approach to guarantee safety and 

security for the vessels in addition to ensure better tracking operations providing better time interval for position 

report. We design and present a novel distributed clustering algorithm for the vessels to prove how the coordination 

betweenships can be useful to overcome some limitations of AIS and make communication more reliable and stable 

for maritime monitoring systems. 

Relying on data broadcasted by other ships, we intend to group a set of vessels into multiple clusters. Instead of 

clustering based on similar characters or homogeneous dynamic/static data like most the clustering algorithms do, 

we cluster the vessels based on their position to closest satellite’s footprint. We will see how it is important to neglect 

the fundamental rule of clustering in Vehicular Ad Hoc Networks (VANETs) or other networks which is; nearest 

neighbors into same cluster as much as possible. However, we intentionally have to avoid grouping closest pairs 

into same cluster. Dark Activity is another issue in Maritime Network which we believe cooperative vessels can 

overcome. 

Our aim is not to bring a new product, but to illustrate the impact of cooperative vessels in maritime networks 

and how ships working together can bring new features and improvements to the network. Thus, we intend to suggest 

the necessary modifications with which our presented clustering approach can work. 
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9.10.1 Contributions of the Thesis 

Clustering vessels using a proper algorithm based on dynamic factors to encourage cluster members to work 

cooperatively, to exchange data and share and manage the available resources efficiently and fairly, will not only lead 

to better network management, but will also give the vessels another reason to obtain an AIS transceiver. 

Clustering can play an important role to improve the maritime network and the term of Cooperative Vessels can 

be unavoidable for the next core updates of the network. 

The main contribution of this study is to elaborate on how cooperative vessels can improve the maritime network 

in terms of vessel traffic services by presenting a novel distributed clustering algorithm to help cargo firms and 

authorities to monitor the network in a better way. 

When AIS is adapted to execute the algorithms in the presented approach, ships can benefit from this method to 

deliver their signals in circumstances in which they can not due to the satellite not being in the area or weak 

transmission range in adverse weather conditions. Indeed, our distributed approach relies only on AIS signals and 

does not require any additional signaling or infrastructures. 

Furthermore, presenting the concept of cooperation of vessels and the formation of cooperative groups will 

encourage researchers to investigate new methods to enhance the overall performance of the network from a 

different point of view when we have clusters. 

• We discuss the limitations of AIS and why the maritime network cannot rely on the current 

system to provide better tracking services. 

• We present a new term in maritime network called Cooperative Vessels to overcome 

some limitations of AIS to make ships coordinate and collaborate for the first time. 

• We introduce an novel distributed clustering algorithm for maritime network in the middle 

of the seas and oceans to improve the overall performance of the network in terms of 

tracking services and reliability of AIS. 

• The simulation environment is built from scratch to run the proposed clustering approach 

with applied optimization techniques. 

9.10.2 Outline of the Thesis 

The rest of the thesis is organized as follows. Chapter II mentions some related clustering approaches in both 

maritime network and VANET. The key differences between the both networks are discussed in this chapter to 

better understand why clustering methods in VANET cannot be applied in maritime network. Chapter III recalls the 

current principles of the network and describes the limitations of AIS. A novel clustering algorithm for maritime 

network is presented in Chapter IV followed by optimization techniques. Section VI focuses on numerical study in 

terms of experimental setup, data collection, simulation parameters, implementation of the algorithm and the 

obtained results. 
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9.10.3 RELATED WORKS 

 

Over the last few years, the conception of clustering has come to be an important field of study in many 

networks especially mobile ad hoc networks. To the best of our knowledge, there are no vessel clustering algorithms 

in the open sea and ships work on their own without any collaboration with other ships in the area unlike VANET 

where many clustering methods are presented based on different approaches (partitioning, hierarchical, density-based 

method, etc.). However, we intend to present a novel vessel clustering algorithm in the open sea to illustrate how 

cooperative work between ships will make the network and vessel traffic management applications that rely on AIS 

signals more dependable and safer. Indeed, there exists some studies on maritime networks regarding clustering in 

ports and coastal areas and also extracting shipping route patterns. 

9.10.3.1 Extracting shipping route patterns by path clustering 

The maritime routes are known for irregular traffic paths unlike urban roads which are easy to define and 

follow. Thus, the authors in [4] tried to overcome this issue and extract ships trajectory routes considering dynamic 

parameters from AIS data. The authors aimed to enhance the safety and security of maritime environment for more 

stable ports by analyzing AIS datasets to extract shipping route patterns from raw AIS messages and proposed a 

trajectory clustering model that relies on the location of the vessels which is the minimal set of information required 

for clustering mobile nodes. However, to obtain better classification results, they enriched the model with other 

parameters like speed and direction. This study aimed to convert AIS messages to reliable information to help the port 

managers to get better understanding of the port situation and make related decisions in advance and react 

immediately in compliance with the current conditions to decrease the risk and accidents especially in crowded 

ports. The authors in [5] presented a route extraction method based on density clustering algorithm by analyzing S-

AIS data. They first grouped the data into sub-trajectories and then DBSCAN method is used for clustering 

according to structural similarity calculation based on the similarity distance of the sub-clusters. The AIS 

parameters utilized by this approach are the actual direction of the vessel, vessel position, and speed over ground. 

The clustering in this case is helpful to notify vessels and the authorities with unusual or irregular ships behavior to 

improve vessel traffic services. Extracting shipping routes could help also in determine whether the vessel obeys 

the recommended sailing lane or not. 

 

9.10.3.2 Clustering vessels in the ports and coastal areas 

Additionally, some other researchers focused on clustering vessels not the trajectories, but also in the ports 

and coastal areas [6]. They used a behavioral clustering approach based on k-means theory to classify ships into 

groups using AIS signals from Rotterdam port to understand the behavior of the ship and predict its pattern for better 

traffic management. The vessel properties (Vessel Type, Gross Tonnage, Length and Beam) were analyzed to 

investigate vessel behavior (Heading, Speed Over Ground, Course Over Ground and Position) to prove later that 

the behaviors can be grouped into clusters based on the defined properties. The only classification parameter is 

determined by the correlation between these factors, and they have shown that vessel position and course over 
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ground are strongly affected by the beam. On the other hand, the speed is related to the gross tonnage. Thus, the 

behavioral factors are classified in compliance with the vessel properties. The clustering based on revealed 

behavioral analysis leads to better prediction of the vessel intention which will help the authorities to monitor ships 

and estimate their future behavior patterns. 

9.10.3.3 Clustering in VANET 

As mentioned before, clustering is a wide research topic in VANET which is a fast-changing network 

in terms of topology comparing with maritime network. Here, the nodes are faster and have higher mobility 

characteristics than vessels. Thus, routing the messages to their final destination is considered a big challenge in this 

domain. However, this issue is also addressed by clustering techniques based on dynamic parameters like speed, 

direction, density, and location of the vehicles. However, the authors in [7] presented innovative approach for 

clustering in mobile networks which is Coalitional Game Theoretical Approach considering only two parameters 

which are speed and link quality to ensure higher signal-to-noise ratio (SNR) and establish stable clusters. In such a 

game as discussed by the researchers, a vehicle can select any other vehicle for cooperating or forming a cluster 

depending on the gain they expect to get and the cost of the coalition. The vehicles have many strategies depending on 

traffic density and the neighbors, and it selects to form/join a cluster which provides maximum revenue. The gain 

function is defined by signal-to-noise ratio, while the cost is determined by the connection 
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lifetime and speed difference. This is similar to our algorithm, the vessel cooperates with a neighbor that provides 

the best deal but considering the distance, density, position, available resources, and satellite’s position as well. 

Another clustering algorithm in VANET [8] focused more on the continuous connectivity between vehicles even at 

the cost of higher network overhead. They consider other goals of clustering as secondary objectives and primary goal 

is to increase connection reliability to improve the network in emergency situations. They proposed a multi-homing 

clustering algorithm in which each vehicle is connected to multiple cluster heads through multiple connections and 

channels to avoid connection-less states. However, the overhead in the maritime network is already an issue for the 

satellite which may not be able to process all AIS data due to its huge footprint and that leads to signal loss and 

interference when multi-homing approach is applied to vessel clustering. The authors in [9] presented a novel and 

distributed multi-hop clustering method in VANET based on neighborhood follow approach between vehicles. The 

proposed algorithm decreases number of isolated clusters, number of cluster heads, and communication cost. The 

vehicles can exchange information in multi-hop manner through intermediate nodes rather than one-hop that 

requires cluster members to be directly available to the cluster head. Thus, multi-hop approach can extend cluster 

coverage but requires complex routing protocol to fulfil the requirements of multi-hop communication between 

members in multiple clusters not to mention the higher cost of forming and maintaining those clusters. This approach 

is better from the previous one because each node is connected to only one node which can be a cluster member or 

a cluster head directly. The majority of other well-known clustering algorithms in VANET are described in [10] and 

almost all approaches relies on the availability of GPS. Yet, Basu et al. [11] proposed a novel mobility based clustering 

algorithm in mobile ad-hoc networks that doesn’t utilize any absolute location providers. They use the received 

signal strength as an indicator of the distance between transmitting and receiving node pairs. The mobility metric is 

the only parameter for cluster formation and cluster head selection procedures.The node with lowest aggregate 

relative mobility value compared to the surrounded nodes is selected as cluster head, otherwise, it announces itself 

as a cluster member. 
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9.11 Methodological Background 

 

The current maritime network and vessel traffic services are based on AIS signals where ships are responsible 

to broadcast their signals to other ships and satellites as well. However, since maritime transport is getting wider 

and becoming essential in many industries [12], the network has to be improved and new solutions are required to 

deal with the increasing number of vessels in the water despite all the limitations of AIS. However, we believe that 

cooperative vessels can overcome many of them. 

9.11.1 Vessel Traffic Services 

VTS is traffic monitoring system in maritime network set to help authorities to coordinate traffic in coastal 

areas by identifying, locating, and observing vessels to increase the safety of maritime traffic and to protect the 

environment and react to different traffic situations [13]. We did mention that AIS signals were intentionally planned 

to be used for collision avoidance, but until today not all ships have the device installed because there are specific 

criteria that have to be met, or else ships do not have to obtain AIS. Therefore, the existence of one ship not having 

AIS in a crowded area will not guarantee collision avoidance. However, Vessel traffic service is still among the 

biggest applications of AIS signals at least for ships that are required to have AIS according to IMO (International 

Maritime Organization) which are passenger vessels irrespective of size, all ships engaged on international voyages 

with size of 300 gross tonnage, and cargo ships of 500 gross tonnage [14]. Nevertheless, Clustering vessels using a 

proper algorithm based on dynamic factors to encourage cluster members to work cooperatively, exchanging data and 

share and manage the available resources efficiently and fairly, will not only lead to better vessel traffic management 

but will also give the vessels another reason to obtain an AIS transceiver. 

9.11.2 Automatic Identification System 

The data broadcasted by AIS in a single message can be divided into three groups in terms of 

information types: static information, dynamic information, and voyage-related information [15]. The dynamic 

information includes latitude, longitude, speed over ground, course over ground, etc.; these parameters are updated 

automatically throughout specific time intervals depending on vessel’s movement and message type. Static 

information which contains 

Table 3.1. AIS Signals Time Intervals 

Navigation Behavior (Velocity V in knots) Time Interval (s) 

In the anchorage (V= 0) 180 

0 ≤ V ≤ 14 12 

14 < V ≤ 23 6 

0 ≤ V ≤ 14 and changing course 4 



Distributed Vessel Clustering for S-AIS Based Maritime Network 

481 
 

V > 23 3 

14 < V ≤ 23 and changing course 2 

V > 23 and changing course 2 

 

vessel type, name, dimensions, gross tonnage, etc. is set when the device is first installed. Voyage-related 

information is defined and updated manually by the crew before the sailing like estimated time off arrival, 

destination, and draught. However, our research only needs the most dynamic property which is position data. The 

position-related AIS signal is broadcasted by the vessel at a time interval between 2 and 180 seconds as described 

in Table 3.1 [16]. 

Indeed, AIS signals have proven to be valuable source of information for all applications of maritime 

networks. Yet, it suffers from some limitations. 

(i) The accuracy of information received from AIS is depended on the quality of the data 

broadcasted by that AIS which may not be updated especially voyage-related 

parameters. The vessel may be sailing at 15 knots at the middle of the sea ant yet showing 

“at anchor” status. 

(ii) AIS is not compulsory on every vessel; even though, the vessels that are enforced by the 

IMO to obtain these devices can deactivate and turn off the AIS anytime. 

(iii) The horizontal range of AIS signals in the coastlines for ship-to-shore area is 50 nautical 

mile (nm) and for vessel-to-vessel at sea is 20-30 nm under most atmospheric conditions 

[17] subject to some other factors like elevation, external antenna, and obstacles around it. 

(iv) The AIS system could become overwhelmed in crowded areas. 

The current infrastructure of AIS allows 64 message types, 27 of them are already reserved [18]. In this paper, 

we recommend using additional message type called cluster related data including information about clusters 

situation to be used by our presented algorithms. 

9.11.3 Satellite vs Terrestrial Networks for Receiving AIS Signals 

The terrestrial network is not yet efficient for vessel tracking services because of its range limitations 

considering seas and oceans. They might be inevitable to be used in ports for clustering, traffic management, path 

prediction, identification and to get a better understanding of the current situation at ports and coastal areas. But when 

going far into the open sea, it is hard to get the overall picture of what is going on there using terrestrial network-

based receivers, but it does help in navigation for the vessels themselves and ensure the safety of the ships by 

providing collision avoidance solutions so the ships will be aware of each other and the location of each vessel. Thus, 

this can only work in coastal zones and ship-to-ship zone. Satellite-based AIS data can be more useful in the seas 
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and oceans when no terrestrial base station can be found to receive and analyze AIS signals. It can provide a global 

and yet complete picture of the world’s maritime network. When satellites are used to handle these data, the term 

S-AIS is used. While the terrestrial networks can be ideal solution for real-time vessel tracking and positions 

coverage at thousands of coastal areas and ports, satellites are a promising solution to the next generation of AIS 

devices [19]. However, we believe that these devices need to be improved also to work better with satellite-based 

networks since current devices cannot make better use of all the solutions, features, and functions that satellites can 

provide. CubeSat AIS receivers can be used to detect AIS signals in LEO orbit at the altitude of 650km [20]. Satellites 

in higher altitudes may suffer from the propagation, AIS packets collision due to the Faraday effect which causes 

the signal’s polarization plane to rotate subject to the elevation angle and magnetic flux intensity [21]. Doppler effect 

also makes the signal overlap. Hence, the detection probability has to be at its highest which can be obtained by 

satellites operating in LEO. Thus, to detect and analyze and transmit AIS signals in the open seas, a satellite-based 

network will help for tracking ships that are beyond the ports and coastal zones where shores cannot receive the 

signals due to AIS limitations. Hence, S-AIS is an up-and-coming solution to get around the constraints of the 

terrestrial networks [22]. However, S-AIS still lacks the continuous real-time coverage making the network less 

reliable for the authorities not to mention the latency and signal collision due to huge satellite’s footprint [23]. 
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9.11.4 Cooperative Vessels 

Presenting a novel distributed clustering algorithm for vessels that can be functional for maritime networks 

will prove how cooperative vessels can make the network more reliable and safer than when each one is working on 

its own. When ships work together to deliver AIS signals to satellite or shores, VTS can be more dependable, and the 

authorities can have better picture of the sea even beyond both terrestrial and satellite-based networks. Maritime 

network has become larger since 90 percent of global trade volumes is being carried by the sea currently [24]. Thus, 

the development in the structure and presenting original approaches and solutions are inevitable in the network to keep 

pace with its increasingly crucial role in the global economy. Cooperative vessels can only be the first step to improve 

reliability and stability of the network. 

9.11.5 Dark Activity 

Nothing can stop vessels from turning off their AIS and go dark due to many legitimate or illegitimate 

reasons. The authorities cannot tell for sure whether a ship switched off its AIS to hide its location for some illicit 

dark activities (e.g., fishing in restricted areas and dark trade) [25]. The ships can always deny this activity 

because the signal can be lost the way to the satellite especially in congested waters. Thus, only a nearby ship can 

be aware of the dark activity. The ratio between lost signals unintentionally due to conditions beyond AIS and 

deactivating the transmitter on purpose is something between 1:10 and 1:20 depending on ship type and geographical 

area according to Ron Crean, vice-president for commercial at Windward Maritime Analytics [26]. 

However, we believe that vessels working cooperatively can overcome this issue; obviously, not if the AIS was 

turned off before sailing in the first place. 

9.11.6 Orbital Elements 

The classical orbital elements are the six Keplerian elements, the proportion of Johannes Kepler and his laws 

in relation to planetary motion, are the parameters that can be determined for each stage of the orbit, usually indicated 

by a particular time, epoch, and point of reference. 

9.11.6.1 Definitions 

Orbital Period 

The orbital period is defined by the time taken by an astronomical object to rotate in its orbit around another 

for one complete revolution. 

A satellite’s period is the amount of time it takes to make one full orbit around a planet, Earth. If the satellite is 

placed high above the surface of the planet, it will take a long time to complete its orbit. However, if the satellite gets 

closer to the surface of the planet, or to a lower altitude, it will take less time to complete its revolution - and its 

period will be shorter. 

The time needed for a satellite for one period in the orbit is given by the formula: 
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• µ is the gravitational constant for the Earth equal to 398600km3/sec2. 

• Re is Earth’s equatorial radius 6378km. 

• z is the altitude. 

 

Mean Motion 

Mean motion for a satellite is described as the number of orbits traversed in one day around earth. 

˙It can be calculated using the formula: 

n = 2π/P (3.2) 

 

Where n is the mean motion in rad/sec and P is the period of the satellite in seconds. 

 

TLE Data 

Position of satellites is usually calculated by some ground stations mechanisms like radar and laser reflectors. 

However, satellite location can be approximately determined by numerical approach making use of some data 

called the TLE with orbital elements which we are going to describe in this section. Tow-Line Element or as called 

TLE is used to encode the orbital elements of a body orbiting the earth for a specific time, Epoch. This data can be 

used to predict the position and velocity of the body at any time in the future or the past accurately to an acceptable 

extent [27]. TLE is also used for maneuvering operations, risk analysis, and collision avoidance for the objects 

orbiting the earth. 

A TLE file is made of two lines of data, sometimes preceded with another line defining title or name of 

the satellite, but it is not a mandatory line. These two lines are actually Brouwer-Lyddane mean orbital elements 

and not Keplerian elements which defines the parameters of the satellite orbit [28]. 

The main difference that Keplerian elements have six parameters describing together the shape, size and 

orientation of the orbit and the position of the object in the orbit presuming there are not any forces apart from the 

gravitational force eliminating all perturbing forces. 

On the other hand, Brouwer-Lyddane Mean element is set of the same parameters used by Keplerian elements. 

But the values are not constant, instead they are averaged over time considering perturbing gravitational forces. 

Thus, it is an advantageous orbit element type for orbital design. Figure 3.1 explains the TLE data and the definition 

of each element [27]. 
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Figure 3.1. TLE elements 

 

 

9.11.6.2 Semi-Major Axis 

Semi major axis represented by letter a describes size of the orbit it which the object is rotating around earth 

and the time each revolution takes to complete one orbit [29]. 

Since the earth is not a perfect circle, satellite is sometimes closer to the earth and at other times farther away. 

Thus, we have got two definitions [30]: 
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• Apogee: The point in the orbit of the satellite in which the satellite is at its farthest 

from earth ra. 

• Perigee: Nearest point from the earth on the orbit of the satellite rp. 

ra = a(1 + e) (3.3) 

 

rp = a(1 − e) (3.4) 

 

Where e defines the eccentricity of earth, the third orbital element.Thus, Semi major axis is half of the major axis 

which is the distant from apogee to perigee. 

 

 

Figure 3.2. Semi-Major Axis 
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9.11.6.3 Inclination Angle 

The angle of inclination is the angle between the reference plane and the direction axis [31]. It is an orbital 

element that determine the shape and direction of astronomical orbits. Thus, the angle made by the orbit of the 

satellite with equator line of the earth defines the inclination of the orbit The orbit plane of a satellite that rotate 

around the Earth straight above the equator line is the same as the equatorial plane of the Earth, and the orbital 

inclination in this case is 0°. 

 

Table 3.2. Inclination Angles 

Inclination Angle i Description 

0° The orbital object has a prograde orbit in the equatorial plane of the planet 

0°< θ <90° Prograde orbit but not as same as the equatorial plane 

90° Polar orbit, satellite passes over the poles of the planet 

63.4° Critical inclination, zero apogee drift in elliptical orbits 

90°< θ <180° 
Retrograde orbit, in which the satellite’s position on the equatorial 

plane is projected in the opposite direction of the Earth’s rotation 

180° Retrograde equatorial orbit 

9.11.6.4 Eccentricity 

Table 3.3. Eccentricity of Shapes 

Eccentricity Value Description 

e = 0 Circle 

0 < e < 1 Ellipse 

e = 1 Parabola 

e > 1 Hyperbola 

e = ∞ Line 

 

The eccentricity is a positive real number defines how much a conic section deviates from being a circle. Thus, 

circle has eccentricity of 0, while eccentricity for earth has a value between 0 and one since it is elliptical. In orbital 

elements, eccentricity describe the shape of the orbit [32]. 

Eccentricity is the ratio of the distances between the two focus points of the ellipse and the length of the major 

axis. 
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Figure 3.3. Satellite orbits with different inclination angles 

 

Figure 3.4. A total of 100 satellite periods with e = 0.1, i = 45 

 

9.11.6.5 Mean Anomaly 

The mean anomaly M can be defined as an angle θ ranging from 0 to 2π radians which describes the location 

of the satellite it its orbit at a specific epoch time relative to perigee as shown in Figure 3.2. It is a fraction of period 

elapsed since the satellite passed perigee. Mean anomaly at perigee is zero and reaches to 180 degrees at apogee 

before getting back to perigee at 2π. 
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The mean anomaly M at any given epoch time t is calculated by adding the previous known mean anomaly M0 

to the mean motion multiplied by the time elapsed since M0. 

M(t) = M0 + n(t − t0) (3.5) 

 

It can also be calculated if we know time of the previous perigeal passage tp using the formula: 

M = n(t − tp) (3.6) 

 

9.11.6.6 Argument of the perigee 

Satellite drops through the equatorial plane in two points, Ascending node and descending 

node. 

• Ascending node where satellite intersects the equatorial from south to north. 

• Descending node when the satellite passes the equatorial plane from northern hemisphere 

to the south. 

Argument of the perigee is the angle along the orbital path between the Ascending node and the perigee point 

and measured always in the orbital plane at earth’s center in the direction of the object motion [31]. it ranges from 0 

to 360 degrees, and for circular orbits, the value is zero. 

9.11.6.7 Right ascension of ascending node 

Right ascension of ascending node RANN is also called longitude of the ascending node represented with 

Greek letter Ω and define the orientation of the orbit in the space [33]. 

It is an angle measured counterclockwise between the first point of aries and the ascending node 

of the orbit. 

9.12 Distributed Vessel Clustering Algorithm (DVCA) 

We present a novel and fully distributed vessel clustering algorithm (DVCA) for maritime networks so that 

vessels are able to deliver their AIS signals to the ground stations even if they are not in the satellite’s footprint area 

or beyond terrestrial networks. Before the satellite passes over a region, we intend to do some signal pre-processing 

operations to get a better understanding of the situation in the water and how the vessels are positioned by grouping 

vessels into clusters based on their location with respect to the footprint area. Thus, each ship depending on its 

distance to the closest footprint will carry specific number of other ships’ signals which are not in the footprint or 

will not be anytime soon. 

9.12.1 Assumptions 

For a ship equipped with AIS transponder to be involved in the clustering operation, it is expected that: 
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(i) The ship knows when the next closest satellite will be passing over its region or a 

nearby region. 

(ii) The ship can calculate the distance between any two locations (Distance to its 

neighbors and distance to the closest footprint) which can be done by Haversine 

formula [34]. 

(iii) The ship is able to store and track some data about its neighbors and cluster situation. 

(iv) The cluster related data AIS signature is defined with a minimum set of fields including 

cluster ID, position data, empty value, priority and satellite access bit. These parameters 

will be described in details in the main text. 

9.12.2 Functions 

Figure 4.1 illustrates high-level flowchart of the distributed clustering approach. The ship who wants to carry 

a signal is named as the carrier, and the ship whose signal is being carried is named as the acceptor. Obviously, a 

ship can be a carrier and an acceptor at the same time, it may be carrying some signals and has a carrier as well. 

Each ship has Cluster ID which is initially set to nil. A ship accepts a proposal by updating its Cluster ID to carrier’s 

Cluster ID. If the proposal is accepted, the Carry function takes place. 

The last carrier in the cluster who sets the clusterid carrying all previously carried signals 
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forwarding to the satellite is called cluster head. The cluster head which is in the footprint and

 

Figure 4.1. Distributed Vessel Clustering Algorithm 

 

is actually delivering all carried signals to the satellite is then called the cluster carrier. Thus, the cluster may 

not have a cluster carrier. 

There are three main functions a carrier has to consider while making decisions upon carrying another ship’s 

signal or not. These functions are May_Carry, Should_Carry and Carry. Another function in the acceptor 

side, Accept_Carrier, is applied against the proposal to decide whether to accept the carrier or not. If the carrier 

is accepted, acceptor may have to drop some signals it has already carrying, according to the available resources at 

the carrier side, which is done in the Drop function. 

Some conditions in the functions related to carrying or accepting signals may be reconsidered after a while 

and the decision might be changed in the future according to specific circumstances and scenarios since the third 

assumption allows us to track data which is necessary for optimization purposes as will be described later. 
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9.12.2.1 May_Carry function 

This function decide whether a carrier "may carry" a signal or not. If the result of this function is "no", the 

signal is simply discarded. If it is "yes", then the second decision step will take place to decide whether the signal 

should be carried or not. Before describing the May_Carry function, we define the following parameters: 

r: AIS range, maximum horizontal range of AIS signal. Typically r may change according to 

the AIS class of the ships. We set r as the minimal horizontal range of vessels involved in the clustering 

algorithm. 

md: Distance from satellite to the farthest ship allowed to create or join a cluster. It is desirable to have md mod 

r = 0. 

f : Number of signals the farthest ship can carry. It is reasonable to set this value to one by 

default, because in order to carry more signals, md can be increased instead of f . However, it can still be adjusted 

for crowded areas. 

d: Distance from the ship to satellite. If the ship is in the footprint, then d = 0. 

 

 

hd: Hop distance from the ship to satellite. It is actually equal to the minimum number of ships that is needed 

to send the signal to the footprint area, and defined as 

rd = ⌈d/r⌉ (4.1) 

 

n(hd): Number of signals each ship can carry depending on its hop distance (hd) to satellite. This value is updated 

dynamically in time. 

 

 

If d > md, then n(hd) = 0, i.e. the ship cannot carry any signal. Otherwise, the number of signals the ships are 

allowed to carry increases when the ship gets closer to the footprint area. We use the following equations to set the 

value of n(hd): 
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( 

n(hd) = 

( 0, if hd > md/r 

f , if hd = md/r 

n(rd + 1) + h, otherwise. 

 

where we set h as 

h = 
2, if hd >= md/2r, 

1, otherwise. 

 

For the ships that are far away from the footprint, we increment n(hd) by 2, while for the ships closer to the 

footprint we increment by one. The particular reason behind this is the fact that the ships that are closer to the 

footprint area may have more opportunity to find other alternatives for sending their signals, as well as they have 

more probability to be covered by a satellite in a near future. Therefore we decide to favor the vessels that are far 

away from the footprint area. 

For the standard parameters in this research r = 40km, md = 160km and f = 1, we need at least 5 ships with 

the n values shown in Table 4.1. 

Table 4.1. n values for the standard parameters 

Distance from the vessel to the nearest satellite n 

d>160 0 

120<d≤160 1 

80<d≤120 3 

40<d≤80 5 

0<d≤40 6 

d=0 7 

 

If we define empty as the capacity parameter considering the number of signals a ship can carry, then its 

initial value is n and it is decremented by one for every carried signal and incremented by one when a signal is 

released. 

We want to draw attention to the fact that the maximum number of signals that can be carried by a 

vessel in the footprint area could be limited according to technical reasons or regulations. This requirement is 

satisfied by adjusting two parameters, namely md and f . 
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However, in crowded areas it is better to have lower md with higher f . While in the middle of the oceans higher 

md is recommended. 

 

Algorithm 1: May_Carry Function 

Data: Carrier ship c, signal to carry s. 

Result: Decide whether c may carry s or 

not. carry ← true; 

if c.empty > 0 or s.d = 0 or s.d > md or s.d<c.d or |s.d-c.d| < 2km then 

 carry ← f alse; 

 return carry  

 

Algorithm 1 gives the decision factors on the possibility of carrying a signal considering the parameters and 

current situation of both vessels. A signal is simply discarded if there is no empty space in the carrier, or if signal to 

carry is already in the footprint or closer to it than the carrier, or if the difference between their distances to the 

satellite is less than 2 kilometers. The latter condition is included to not overwhelming the network, and will be 

illustrated in detail later while describing the scenarios. 

Figure 4.2 represents a set of ships in an area with one satellite around. According to the previous function 

we can see which ship may carry another ship’s signal: 

 

 

 

Figure 4.2. May_Carry Function example 

 

• b will not carry a (a.d > md); 

• c may carry b; 

• d may carry h; 
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 Table 4.2. Distances for Figure 4.2  

 

a b c d e f g h sat 

a 0 30 - - - - - - 185 

b 30 0 35 - - - - - 155 

c - 35 0 36 - - - 20 115 

d - - 36 0 35.5 37 - 33 75 

e - - - 35.5 0 25 36 38 28 

f - - - 37 25 0 34.5 - 26.5 

g - - - - 36 34.5 0 - 0 

h - - 20 33 38 - - 0 90 

 

• f will not carry e (| f .d − e.d| < 2km) (in coming scenarios it may, when optimization 

techniques are applied); 

• g may carry e and f ; 

• f will not carry g (g.d = 0); 

• c will not carry d (d.d < c.d) (in coming scenarios it may, when optimization techniques 

are applied). 

9.12.2.2 Should_Carry function 

This function will also be run by the carrier ship against a signal it may carry to investigate the shared area 

between carrier and that signal. The primary goal is to analyze the neighbors of both ships and check whether there 

exists another ship with empty space in the range of the signal to carry, that is closer to the satellite. If such neighbor 

exists, then the signal it may carry is discarded to give the other neighbor opportunity to carry it. This way we also 

make sure that every ship tries to carry farthest signals as much as possible. Algorithm 2 illustrates final decision 

procedures on carrying a signal or not, by exploring the shared environment. 

Consider again the Figure 4.2. d should not carry h because e is a shared neighbor, and it is closer to the 

satellite. Thus, it is better for d to carry c instead, even if it has space for both signals. 

When the carrier takes decision in favor of carrying a signal, it broadcasts this signal under its own clusterid 

indicating updated empty value of the acceptor which is the number of 
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Algorithm 2: Should_Carry Function 

Data: Carrier ship c, signal it may carry s. 

Result: Decide whether c should carry s. 

carry ← true; 

foreach n ∈ c.neighbors do 

if n.d < c.d and n.empty > 0 and n ∈ s.neighbors then 

 carry ← f alse; 

 return carry  

 

additional signals the acceptor is allowed to carry. The acceptor is asked to drop some carried signals by setting 

the empty value to negative. Then it waits for the acceptor to take action. The proposal sending operation to nearby 

vessels is repeated within an interval defined by the authorities, although it needs further investigation. 

9.12.2.3 Accept_Carrier Function 

After a ship decide to carry a vessel’s signal, it sends proposal to it by repeating the signal with its own 

clusterid as mentioned above. If the acceptor accepts the proposal, it will update its clusterid accordingly and all 

the signals the acceptor already carrying will do the same thing. Indeed, the carrier may not carry (repeat) all signals 

the acceptor carries. Thus, some signals may by dropped and they will update their clusterid to nil to receive 

proposals from new carriers. 

In Algorithm 3, s is looking for a better carrier if the proposed carrier is not already in the footprint. The 

access_bit is used by a vessel in the footprint to inform another vessel -directly or through cluster members 

recursively- that its signal has been sent to the satellite by broadcasting its signal with access_bit = 1 until it get out 

of the satellite’s coverage area. 

If there exists a neighbor with access_bit = 1 and has empty space more than the proposed 

carrier has, it will reject the proposal and wait for new one from that neighbor n. This might be risky because 

the neighbor may be filled up before it realizes s or it may send proposals to other ships after waiting for a timeout 

period. However, s can accept the proposal anytime and the probability that both became filled up in the same time 

is low, so it is better for s not to wait too much for a proposal from n and follow the updates carefully. 
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Algorithm 3: Accept_Carrier Function 

Data: Proposal by c, signal to be carried s 

Result: Decide for s whether to accept carrier 

c if s.clusterid==nil then 

 accept ← true; 

if c not in footprint then 

foreach n ∈ s.neighbors do 

if n.access_bit=1 and n.empty ≥ c.empty then 

 accept ← f alse; 

 

if accept then 

 s.clusterid ← c.clusterid; 

 return accept  

 

9.12.2.4 Carry Function 

Carry function is the core function in the proposed clustering algorithm for maritime network. The function 

takes place when the acceptor accepts the proposal and broadcast its AIS signal under the potential carrier’s Cluster 

ID. 

Intuitively, the carrier should carry all the signals the acceptor already carrying and the fact that the empty space 

at the carrier may not allow to carry all those signals is demonstrably discernible. Thus, some of them will have to 

be dropped in the Drop function shown in Figure 4.1. 

There are three mechanisms for dropping signals: 

 

 

(i) Drop at the carrier: The carrier repeats the acceptor’s carried signals one by one until it 

get filled up. The acceptor consequently drops the unrepeated signals and so will do the 

other members of the cluster. If the acceptor is carrying 5 signals and the the carrier has 

only 4 empty spaces, meaning that two signals has to be dropped. However, the carrier 
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may drop a vessel that is carrying 2 signals, which in turn, will lead to dropping 3 signals. 

Another solution for the carrier is to drop the farthest signals to overcome this problem, 

but as mentioned, it is better to carry farthest signals. This mechanism may be fast but 

not effective especially when the priority function (that will be mentioned in Section 5) is 

concerned. 

(ii) Drop at the acceptors: The acceptor knows how many empty place the carrier has, and 

it knows the conditions of its own acceptors as well. Thus, it chooses a vessel (vessels) 

considering priority values, if that vessel has no carried signals, it is dropped directly, 

otherwise, the mission is passed to it. This is effective but time consuming. 

(iii) Hybrid: Only the current acceptor decides which signals to be dropped without involving 

the acceptors behind. This approach is fast but not always effective, especially when its 

acceptors are not empty. 

The analysis of each of these methods requires further studies. In this work, we adopt the second mechanism. 

 

Algorithm 4: Carry Function 

Data: Accepted proposal from s, carrier c 

Result: c carrying s 

/* icarry= carried signals by a vessel */ 

c.icarry.push(s); 

c.empty ← c.empty − 1; 

s.drop(); 

foreach n ∈ s.icarry do 

c.icarry.push(n); 

c.empty ← c.empty − 1; 

foreach n ∈ c.icarry do 

 n.empty ← min(n.empty, c.empty); 

 

 

Setting acceptor’s empty value by the carrier while sending proposal is crucial for the adopted dropping 

mechanism. If this value is negative, the acceptor will drop that number of signals by the recursive flow chart shown 

in Figure 4.3. Indeed, the carrier may carry all the signals carried by its new acceptor but ask other acceptors (if any) 
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to drop signal(s) according to priority values. When an acceptor is told to drop a signal, it first checks the priority 

values of its own acceptors. If the one with lowest priority has no carried signals, it is dropped or else the mission is 

delivered to it by setting its empty value to negative to run the recursive Drop

 

Figure 4.3. Drop Function 

 

function, and so on. For every dropped signal, the negative empty value is increased by one. To drop this signal, 

carrier repeats it for the last time, by setting its clusterid to nil. The number of signals to be dropped can be divided 

between multiple acceptors if they have same priority values. Algorithm 5 describes the operation of choosing an 

acceptor to drop signals. If the priorities are the same, then the number of carried signals and distance to satellite is 

considered respectively. 

 

Algorithm 5: Lowest_Priority_Acceptor Function 

Data: Acceptors acceptors[] ordered by d in ascending order 

Result: Lowest Priority Acceptor For Signal s 

/* R is priority value */ 

lowest = acceptors[0]; 

foreach n ∈ acceptors do 

if n.R<lowest.R or (n.R = lowest.R and |n.icarry| < |lowest.icarry|) then 

 lowest ← n; 
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Fairness may come to be an issue here since we do not consider the priorities of all the 
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signals carried by the acceptors. An acceptor may be dropped although its priority is higher than at least one ship 

carried by another acceptor. However, this way we still have some preferable aspects: 

• We avoid dropping signals to the greatest extent in chain topologies which are the best 

form of clusters since they carry signals from remoter distances. 

• We boost the term of cooperative vessels which ensures higher priority values for the 

carriers as discussed in section 5. 

9.12.3 Failing Scenarios 

9.12.3.1 Closer to Satellite Failure 

Let’s refer to the fourth condition in May_Carry function, s.d < c.d. Here, if the signal to carry is closer to 

satellite than the carrier, the carrier will not carry it. However, this may cause a problem if there are no other ships to 

carry that signal the way to satellite as in the following examples: 

c will not carry b because b is closer to satellite than c. c will not carry d because d is closer 

 

Figure 4.4. Closer to Satellite Failure 

 

to satellite than c. The result is that both b and d will not be able to deliver their signals to the satellite while in 

a better case they should. 

Table 4.3. Distances for Figure 4.4 

 

a b c d e sat 

a 0 - - - - 0 

b - 0 13 - - 20 

c - 13 0 37 38 20 

d - - 37 0 - 10 
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e - - 38 - 0 0 

9.12.3.2 Low Distance Failure 

The last condition in May_Carry function |s.d − c.d| < 2km may produce similar issue. This condition is 

there to not overwhelming the network because it is better to carry farthest signals since a signal who is behind c by 

only 2 km may get proposal from another ship who is in front even from c’s carrier itself. Therefore it would be 

nonsense to carry a signal a to b through c where b can carry a directly without carrier in middle. But if there is no 

vessel to carry signal a other than c, a will not be delivered. 

9.12.3.3 Poor Carriers 

In Accept_Carrier function, if signal to carry’s clusterid is not nil -meaning that it already has a carrier-

, the proposal will be rejected, but what if the current carrier could not deliver the signal and dropped it. Thus, there 

need to be a mechanism for tracking data to not accept proposals from previous carriers which has dropped the signal 

before, and wait for other proposals. 

9.12.3.4 Overloaded Carriers with Undistributed Signals 

This scenario is critical, and it is the biggest issue in the clustering algorithm so far as explained in the bellow 

diagram. As it can be seen, ship b could not deliver its signal because ship c is already carrying 7 signals. However, 

in the best case, e should carry a to let space in c to allow f to carry b. This happened because e was last broadcasted, 

and without e in middle, d cannot carry a. We can be sure that this scenario will happen in so many areas in a real 

map. 

 

Figure 4.5. Overloaded Carriers with Undistributed Signals 
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9.12.4 Dark Activity Detection 

Cooperative vessels can play an important role in dark activity detection because when a ship turns off its 

AIS transmitter, only its neighbors can be aware of this behavior. Every ship’s role in the water will come to be 

crucial sooner or later in clustering algorithm. In the previous diagram, if ship g turns off its AIS, it can affect 5 

other ships to be invisible to the authorities. However, c can detect this activity at some probability if the ship is 

supposed to be in its range for specific period. When c receives g’s signal, it will know g’s speed and direction from 

AIS data (speed over ground, course over ground, heading). This way, c can compare this data with its own and 

calculate how long g is going to be in the range. This can also be an additional parameter to be used in 

May_Carry function in future work. 

Exponentially weighted moving average is better choice to calculate the period. 

a: calculated period using the last AIS signal. 

α: alpha value between 0.80-0.85. 

pl: current period given by: 

 

pl = a ∗ α + (1 − α) ∗ pl−1 (4.2)  

if t = min(pl, 180s) passes since the last check, the probability that the 

ship went dark is given by: 

Pd = (n − l ∗ n − s)/(t) ∗ (i) ∗ ω (4.3) 

 

t: time in which the accused ship should have been in range. 

n: number of signals should have been received in t. 

l: percentage of lost AIS signals in the area. 

i: Weighted average of signal intervals. 

ω: Number between 0-1. This value is related to the risk of the area, nearby forbidden areas, and type of the 

ship. 

s: number of received signals in t. 

The idea behind 180s is that the period might be long, yet the ship should check the dark activity frequently at least once every 

3 minutes. 

 

 

Figure 4.6. Dark Activity 



Distributed Vessel Clustering for S-AIS Based Maritime Network 

505 
 

 

We can see that after 00:00:30, signal b isn’t received anymore but it is supposed to be in a’s range for more 

76 seconds. 

If no signal from b is received until 00:01:48, ship a will check the dark activity for ship b: 

Pd= (12.74-12.74*0.07-0)/(76.46)*(6)*0.9= 0.84 

If the last period was more than 150s, let’s say 160s, then the a would check the dark activity twice: 

 

• The first time after 180s passes and the probability would be: 

n= 25+7 (150/6=25; number of signals should have been received after 00:00:30. 7; number of signals 

should have been received before that. Please note that the interval changes to 6s after the speed becomes 

under 24knots). 

 

 Table 4.4. Dark Activity Detection  
 

Time a (km/h) b (km/h) Distance (km) p (s) 

00:00:00 70 50 35.00 150.00 

00:00:03 74 45 35.06 149.54 

00:00:06 75 41 35.15 150.32 

00:00:09 78 - 35.28 144.03 

00:00:12 80 40 35.43 138.07 

00:00:15 85 - 35.62 127.88 

00:00:18 88 40 35.85 118.48 

00:00:21 90 - 36.10 109.47 

00:00:24 95 41 36.40 97.42 

00:00:27 97 - 36.73 87.03 

00:00:30 100 40 37.10 76.46 

00:00:33 101 -  - 

00:00:36 100 -  - 

00:00:39 102 -  - 

00:00:42 104 -  - 

00:00:45 105 -  - 

— 104 -  - 
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— 105 -  - 

00:01:48 104 -  - 

 

Pd= (32-32*0.07-7)/(180)*(5.71)*0.9= 0.65 

• The second check is after the period passes: 

Pd= (26.6-26.6*0.07-0)/(160)*(6)*0.9= 0.84 

If no signal is received at all in any period, the probability is (1 − l) ∗ ω. 

9.13 Optimization Techniques 

9.13.1 Tracking Data 

As a carrier, May_Carry and Should_Carry functions prevent a ship from sending proposals to 

neighbors that are behind by only two kilometers or less. And also, to those who are closer to satellite. However, 

sometimes it has to send proposals because there may not be other ships around to carry their signals. Thus, the 

carrier stores data related to these ships and sends proposal to them after waiting for a time-out value, td_timeout. 

This parameter was set to 60 seconds in our study. 

Another reason for tracking data is to help ships making better decisions when accepting proposals. A ship 

may drop a signal for one of the following reasons: 

(i) It could not deliver the signal to the satellite because it is a dead node, there are no ships 

in its range to deliver signals forward. 

(ii) All of its neighbors are full. 

(iii) Its own carrier could only carry some of signals because |s.icarry| + 1 > s.carrier.empty, 

and the ship had to drop some signals. 

(iv) The ship preferred some other signals to carry (see priority function). 

A vessel may store information about the carriers which dropped its signal before to reject coming proposals 

from them and wait for a better proposal. If there is no other, it waits for td_timeout and accepts any proposal. 

9.13.2 Load Balancing 

It is not a good practice if a ship is carrying 5 signals and its neighbor is carrying only 1, or if it can carry 6 

but is carrying only 4 because its carrier has no empty space. Even though Should_Carry function investigates 

the area before sending proposal to help making the network more distributed, the topology may change anytime. 

Thus, a mechanism allowing the acceptor to change its carrier will provide better distribution value. 

Distribution value in any given area A is given by: 

D(A) = sd((i.n − i.icarry) i ∈ A & 
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∃ j ∈ i.neighbors : j.clusterid ̸= nil) (5.1) 

 

which is the standard deviation of unused capacity of the ships in area A, considering only the vessels that sent 

their signals by the clustering algorithm and their neighbors. Unused capacity of a ship is given by the number of 

signals it can carry minus the number of signals it is actually carrying. The aim is to decrease D value to distribute 

signals between vessels and obtain higher functionality. 

Better D value can be achieved by Load_Balance function given in Algorithm 6, which aims to decrease 

loads on current carrier and choose another one to balance the load as much as possible. The ship will analyze the 

area looking for a neighbor with cluster or a neighbor in footprint and compare the number of signals carried by its 

current carrier and the new candidate, and decide accordingly. Obviously, it should first receive a proposal from that 

neighbor. 

 

 

Algorithm 6: Load_Balance Function 

Data: Ship s, its neighbors 

Result: Ship s changes its carrier 

foreach n ∈ s.neighbors do 

if (|n.icarry| + |s.icarry| + 1) < |s.carrier.icarry| and n.empty > (|s.icarry| + 1) then 

wait_and_accept_proposal_ f rom(n); 

 

 

 

9.13.3 Local Optimality 

The Load_Balance function does not guarantee local optimality since a ship may have a neighbor without 

cluster but cannot carry it because its carrier’s empty is zero. In spite of that, it may not change its carrier because 

there would be no change in terms of load balance. 

Consider the scenario in Figure 5.1. a cannot carry d because empty value of a’s carrier is zero (hence its 

own empty value is zero as well). If any of the ships a or b changes its carrier to c, a will be able to carry d. But they 

will not do this in Load_Balance function because in both cases the load on their carrier will not change (for 

e.g. b’s current carrier e carries two signals, if b changes its carrier to c, then c will carry two signals as well). 



Distributed Vessel Clustering for S-AIS Based Maritime Network 

508 
 

However, to ensure local optimality, this case should be considered. Thus, If a ship’s empty value is zero and its 

n − icarry is positive, and if it has a neighbor without a cluster, it will just change its carrier  

 

Figure 5.1. A scenario with load balancing, but there is still room for improvement 

 

even if the conditions in load balance are not met (it is enough if the new carrier has enough space to carry its 

signals and that neighbor). After switching to the new carrier, the new neighbor would be able to join to its cluster. 

Algorithm 7 illustrates the Local_Optimality function. 

Here, one may ask why do we need Load_Balance function, and why not a ship changes its carrier only 

if it has a neighbor without cluster? The answer to this question is that if a ship changes its carrier to increase load 

balancing even if it does not have a neighbor without cluster, it may give its cluster members in front and behind 

more spaces to carry other signals. The global optimality is still a discussion. 

 

Algorithm 7: Local_Optimality Function 

Data: Ship s, its neighbors 

Result: Ship s changes its carrier 

if ∃ j ∈ s.neighbors : j.clusterid = nil and (s.n − |s.icarry|) > 0 then 

foreach n ∈ s.neighbors do 

if         n.empty > (|s.icarry| + 1) then 

    wait_and_accept_proposal_ f rom(n); 
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9.13.4 Priority Function 

This function is to make preferences between signals to carry more important ones. Each vessel will have a 

dynamic priority parameter R ranging from 0-1 according to specific situations: 

(i) Emergency e: In case of emergency, e = 1, otherwise e = 0. A ship may have a priority of 

1 if only if it has an active emergency situation. Furthermore, the md condition will not 

be considered in this case. 

(ii) Ship type p: each ship will have default priority p ∈ [0, 0.5] according to the ship itself 

(search and rescue vessels, passenger vessels, cargo ships, coast guard ships, etc.). 

(iii) Hop distance to the footprint (hd): To prevent drop function from dropping farther ships 

and protect chain topologies, vessels are given an additional priority value α ∈ [0, 0.1] 

according to the hd value. 

(iv) Time t: Time passed since it delivered its signal to the satellite last time. This is known 

by utilizing access_bit. 

(v) Priorities of the signals it carries. 

R = max(e, c) (5.2) 

 

α value is calculated according to the ratio of hop distance to the maximum hop distance by the following equation. 

α = 0.1hd · r/md (5.3) 

 

In case of emergency, R = 1, otherwise 0 ≤ R = c < 1. If a ship does not carry any signal and t is not more than 

threshold value δ , then c is equal to p + α.. If t > δ , c is updated according to a logistics growth function G as follows. 

G (t, δ ) = 

 

1 − e−k(t−δ )  

1 + be−k(t−δ ) 

 

 

 

(5.4) 
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c = (p + α) + (1 − (p + α))G (t, δ ) (5.5) 

 

G is always in range [0,1). Using such a sigmoid function is reasonable, since it starts with a slow growth 

just after t exceeds δ , followed by a moderate growth, and then back to a period of slow growth while converging 

to 1 for high t values. b and k parameters define growth rate of the function. If t and δ values are considered in terms 

of minutes, we set b and k values to 5 and 0,1 respectively. Typical value for δ is 3 minutes. Growth rate for these 

values and p = 0.3 is shown in Figure 5.2. 

 

Figure 5.2. Growth function for p + α = 0.3, δ = 3 in 60 minutes 

 

Once the priority parameter R is calculated, it is updated if the vessel carries other signals. Let us define Rc as 

the priority of carrier c that is calculated by equations (5.2) and (5.5). Rc is updated for every acceptor a, according 

to the acceptor’s priority Ra as follows. 

Rc = Ra + (1 − Ra)Rc (5.6) 

 

This update mechanism has some desirable features: 

• If any vessel is in active emergency condition (with e = 1), all its carriers will have a 

priority value of 1. 

• Priority value is never 1 if there is no emergency condition in any of the carried signals. 

• Priority of a carrier is never less than the priority of its acceptor. 

• If a carrier has multiple acceptors, the order of applying equation (5.6) for each of the 

acceptors does not matter. 

Figure 5.3 illustrates an example on priority updates when forming or joining a cluster. Furthermore, when a 

ship updates its priority value due to any reason such as changes in t or e parameters, its carrier also follow the 

updates accordingly. 

9.13.5 Divide Signals 

To improve the network, we believe that more ships in footprint should play role to deliver signals to satellite. 

Until now, for default parameters, the CH in the footprint carries up to 7 signals. But it would be a good practice 

if these signals were divided between some 
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Figure 5.3. Cluster priorities 

 

other ships in the satellite’s coverage area that are carrying no signals. The other vessels in the footprint who join 

the cluster are called cluster supporters. The first cluster supporter carries 

⌈|cluster_carrier.icarry|/2⌉ signals. Each new supporter uses the same formula against 

the 

previous supporter. 

 

 

 

Figure 5.4. Divide Signals 

 

Consider the scenario shown in Figure 5.4. All a, b and c are in the footprint and a is carrying 7 signals. In 

order to do division of labor, other satellites in the footprint decide to carry some signals of a. Here b will carry 4 from 

a, c will carry 2 from b. Indeed, a is not dropping the 4 signals b is carrying but will broadcast them within higher 

intervals than the other 3 signals. Otherwise, if it does not broadcast them, its acceptor may think that those signals 

are dropped so they will look for other carriers. Similarly, b also broadcasts 2 signals carried by c within higher 

intervals, to inform a that those signals are not dropped. 
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9.13.6 Global Optimality 

Although local optimality is achieved by Load_Balance and Local_Optimality functions, global 

optimality cannot be guaranteed because vessels are not aware about the situation in other areas and do not have the 

full picture. 

 

 

 

Figure 5.5. Global Optimality Discussion 

 

The example scenario shown in Figure 5.5 is an illustration of why global optimal cannot be guaranteed. In 

this scenario, c can carry 5 signals and b can carry 6. According to Load_Balance function, a will change 

its carrier to b to decrease load on c. However, if 6 more ships appear near b after some time and they are not in a’s 

range, 2 of them will not be able to join any cluster. 

9.14 Numerical Study 

9.14.1 Data Collecting 

To gather empirical data for the simulation, there were two sources of AIS which are terrestrial and satellite-

bases AIS signals. However, we needed both type of data since our experiment extends the coasts and involves all 

seas surrounding Türkiye which are Black Sea, Mediterranean, Aegean and Marmara Seas. Obtaining historical real 

terrestrial data was easy but not enough. Thus, the simulation utilized more than fifty mathematical functions with 

different density parameters to produce AIS signals in the middle of sea in a way to look similar to the real-world 

map at its most congested time. According to the United Nations Environment Programme, some two thousand 

vessels of size one hundred metric tons (98.42 gross tons) each are there in the Mediterranean Sea at any given time 

[35]. In our experiment, 2150 vessels located in the Mediterranean Region, while 850 are in the Black Sea, meaning 

that three thousand total vessels are used by our study for clustering purposes. 
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9.14.2 Satellites Orbit 

A total of five satellites are used by the simulator to track vessels over the investigated region. The TLE data 

files are defined in Figur 6.1. The other parameters are defined in Table 6.1. 

 

Table 6.1. Orbital parameters for the satellites used by the simulator 

Semi-Major 

(km) 

Inclination 

(deg) 

Eccentricity 

Value 

Mean Ano. 

(deg) 

Mean Mot. 

(rev/day) 

Arg. Peri. 

(deg) 

RAAN 

(deg) 

Altitude 

(km) 

7000 97.98 0.012 264.0374 14.82 130.58 275.77 536-707 

6850 97.98 0.012 260.0374 15.31 130.58 286.76 388-555 

6960 97.98 0.012 259.0374 14.95 130.58 298.16 497-666 

6950 97.98 0.012 259.0374 14.98 130.58 309.16 487-656 

6940 97.98 0.012 269.0374 15.01 130.58 319.06 477-646 

 

Considering the region, polar sun-synchronous orbits with inclination i = 97.9827 and semi-major axis of a 

∈ [6850, 7000] with a revolution period of approximately P = 97.72min is   

 

 

Figure 6.1. TLE data for the satellites used by the simulator 
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by far accepted to handle AIS data from this area. The first satellite passes over the investigated region at Tue Mar 

2022 02:06:40 GMT+3:00 when the simulation is set to run. The first five periods are shown in Figure 6.2. 

9.14.3 Results 

The simulation was done using the following parameters: 

• 3000 ships: 2150 in the Mediterranean, 850 in Black Sea. 

• Five satellites crossing the investigated area at the simulation time with different 

orbital elements. 

• Seven parameters sets for different r, md, and f values. 
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Figure 6.2. Orbit visualization for first satellite in five periods 

 

9.14.3.1 Results without clustering 

Figure 6.3 illustrates all the vessels situation in the studied region considering default parameters r = 40km, 

md = 160km, and f = 1, after the 5 satellites passes the area (fifth satellite has passed the easternmost region some 

time ago, so it is not seen in the figure). The vessels marked by dark blue delivered their signals, while the vessels 

that could not deliver their signals are represented by dark red color. Before applying the presented clustering 

algorithm, we have got 2165 ships delivered their signals and 835 other ones which were not in the footprint area 

could not.   
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Figure 6.3. Results without clustering 

 

Figure 6.4. Cluster Examples for plain DVCA 

9.14.3.2 Results for plain DVCA 

After running DVCA without optimization techniques, we have 650 (77.84%) more ships managed to deliver 

their signals thanks to the cooperative vessels. In Figure 6.4 we present some examples for clusters. Vessels marked 

by green color delivered their signals by joining or forming a cluster. Members of same cluster are shown by 

connecting lines between vessels. We can obviously see some of the failing scenarios in both sides of Figure 6.4. For 

example, if we look at the rectangle in the right side, we can see a ship without a cluster (marked by red) although it 

has another ship in range which is in green. There were two satellites passed the west and the east of the area, which 

can be noted by dark blue 
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Figure 6.5. Load Balance and Tracking Data Results 

vessels. The green ship is 59 km away from the nearest footprint (east) and can carry 5 signals. While the red one 

is 58 km away from the nearest satellite (west). Thus, the ship in green did not send proposal to it because it is closer 

to another satellite. 

Another failing scenario is in the left side. It is better for ship c to change its carrier from h to d to provide some 

empty space for e to carry a and b. Not to mention that by this operation, the load on h will be decreased by 2 

allowing f to carry 2 more signals from the north where we have 3 vessels without cluster when g becomes in f ’s 

range (it is not yet). 

There are 3 possible reasons why c’s current carrier is h, not d: 

• Ship d appeared after the cluster is set for c. 

• c did not accept proposal from d because it has a neighbor in footprint with empty space. 

• d did not send proposal to c due to Should_Carry function. 

However, the actual reason was the third one. 

9.14.3.3 Optimization Results 

With tracking data and improved distribution value using Load_Balance function, number of ships 

delivered their signal using the proposed clustering algorithm is increased to 704 (84%) ships. Now we can have a 

look at Figure 6.5 to see the improvements. We can notice that 6 more signals are delivered from both sides. 

As mentioned before, tracking data and load balance functions do not guarantee local 
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Figure 6.6. (i) A failing scenario for load balance; (ii) Improvement by local optimization optimality. Figure 

6.6.i illustrates one real example. If a changes its carrier to c, then both e 

and d will be delivered. If b change its carrier to c, then only d will be carried. It really depends on who gets the 

proposal and acts first. Let’s remember that in the standard load balance function without adding the local optimality 

condition, nothing is going to happen, as illustrated before in Figure 5.1. 

In Figure6.6.ii with local optimality condition considered, b changed its carrier to c allowing a to carry d. 

Indeed, this provided 2 empty spaces for b’s previous cluster carrier. Thus, total 3 more signals are delivered. Total 

number of ships delivered their AIS signals to the satellite using all optimization techniques is increased to 720 

(86.22%). There remain 115 ships without cluster and 13 of them are away from the nearest satellite by a distance 

more than 

md = 160km. Thus, they by default cannot create or join a cluster. 

9.14.3.4 Dividing signals 

Having more ships involved in the clustering algorithm increases the efficiency of the network and prove the 

term of cooperative vessels. Now, we have 193 cluster heads in the footprint (cluster carriers) carrying signals of 

vessels that are not in the satellite’s coverage area. However, this can be increased to 373 vessels utilizing dividing 

signal function. Figure 6.7 illustrates how new ships in footprint are involved in sharing signals with cluster carrier. 
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Figure 6.7. Dividing Signals Results 

9.14.3.5 Comparison Table 

If nc is the number of vessels delivered their AIS signals by clustering and D is the distribution value for the 

investigated area, then the simulation results for seven different parameter sets are presented in Table 6.2. 

The impact of optimization techniques is outstanding improving the results by at least 9%. Furthermore, the 

load balance function is proven to play an important role in decreasing the distribution value by around 12% in most 

cases. Comparing the first set with the last one (where n values for cluster carriers are the same), increasing md by 

80km added no more than 36 members to the clusters. Therefore, increasing f instead of md was a better choice since 

our map is crowded. Comparison of sets 1 and 3 is another confirm for this fact. The clustering algorithm is more 

influenced by r as expected. Yet, increasing f with low AIS ranges is desirable as can be noted comparing sets 5 

and 6. When r is small, a vessel has fewer alternatives of carriers to choose between. This restricts the power of load 

balance function which could only decrease the distribution value by 8.2% in set 4. The number of vessels carrying 

full capacity (n) for the first set is 59 and no vessel in the footprint is full. While for set 4, there are 66 vessels with 

full capacity, 17 of them are in the footprint. This means that the carried signals along all clusters could not be shared 

among more cluster carriers. 

# Ships with 
Set No.  Parameter Sets 

0 < d ≤ md 

 

Standard Clustering 

 

Load Balance 

 

Tracking Data 

 

Local Opt. 
Max. d : 

clusterid ̸= nil 

md = 200km 
1 833 

r = 40km, f = 1 

 

nc=673, D=2.08 

 

nc=709, D=1.80 

 

nc=730, D=1.95 

 

nc=738, D=1.97 

 

171km 

md = 160km 
2 822 

r = 40km, f = 1 

 

nc=650, D=1.97 

 

nc=692, D=1.77 

 

nc=704, D=1.81 

 

nc=720, D=1.84 

 

156km 

md = 160km 
3 822 

r = 40km, f = 2 

 
nc=671, D=2.15 

 
nc=705, D=1.87 

 
nc=725, D=1.99 

 
nc=732, D=2.00 

 
156km 

md = 160km 
4 822 

r = 32km, f = 1 

 
nc=485, D=2.07 

 
nc=497, D=1.90 

 
nc=519, D=1.95 

 
nc=529, D=1.93 

 
142km 

md = 144km 
5 803 

r = 36km, f = 1 

 

nc=593, D=2.03 

 

nc=616, D=1.81 

 

nc=631, D=1.84 

 

nc=648, D=1.88 

 

143km 

md = 144km 
6 803 

r = 36km, f = 2 

 

nc=612, D=2.22 

 

nc=625, D=1.93 

 

nc=656, D=2.06 

 

nc=668, D=2.07 

 

143km 

md = 120km 
7 758 

 

nc=637, D=1.88 

 

nc=673, D=1.65 

 

nc=684, D=1.70 

 

nc=702, D=1.74 

 

120km 

r = 40km, f = 3 

Table 6.2. Comparison Table 
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9.15 Conclusion and Future Work 

 

The current maritime network is based on AIS signals and ships are responsible to broadcast their own signals 

to other ships and satellites as well independently. However, since maritime transport is getting wider and becoming 

essential in many industries, the network has to be improved and innovative solutions are required to deal with the 

increasing number of vessels in the water. The presented distributed vessel clustering algorithm (DVCA) proves 

the importance of cooperative vessels so they can deliver their position report in shorter time intervals offering a 

conclusive answer to the question of “What should be considered in the next generation of AIS devices?”. 

When vessels coordinates and work in clusters, the network becomes more dependable and safer than when 

each vessel works on its own. The clustering algorithm in standard parameters increased number of delivered signals 

for ships which are not in the satellite’s coverage area by 77.84%. The optimization techniques provided better 

results by making the network more distributed and efficient increasing the percentage to 86.22%. We believe that 

the presented approaches are easily deployable, since they do not require any core update in the infrastructure, and 

rely in software updates and definition of new AIS message type for cluster-related data. It is important to mention 

that the only parameters used in the clustering were the distance between vessels, AIS range, and the nearest satellite 

but yet the findings that we have presented in this research are precursor to more advanced work and it would be 

fruitful to pursue further research in this area. Clustering based on certain characteristics and parameters like AIS 

classes, direction, and speed will ensure stability in the network which is an important term in clustering. The mobility 

of the nodes and the changing topology should be considered in future works. Furthermore, serving multiple clusters 

and sharing carried signals with more than one ship/cluster considering load balance function will decrease the 

distribution value and make the network more reliable. Giving incentives to the ships to carry other’s signals is another 

issue. To cover these gaps, we intend to present a game theoretical approach for clustering in maritime network in 

future work. Moreover, we believe that some presented functions like May_Carry 

and Accept_Carrier can be enhanced by machine learning models. It is expected that this 

no vel study will have pioneering effect for many valuable researches in maritime network. 
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10.1 Introduction 

This document aims to explain the development process of the satellite system designed by AS-

COMSAT.  

10.2 On-Board System Design and Realization 

10.2.1 Introduction 

This chapter is intended to introduce the design procedure of the onboard system. The 

onboard system is composed of all necessary units for the satellite to function, which will be 

discussed in details.  

10.2.2  Overview 

The onboard system consists of several units to ensure a stable operation. Figure 2-1 below 

shows all the units and how they interact with each other. The main components are: 

● Attitude Control System: This controller board establishes the stability of the satellite. 

It is responsible for navigating (through its onboard propulsion components) the 

satellite with respect to user commands (received from the ground station) and sun 

sensors equipped on-board to track the sun’s position. 

● Charge Control/Power Supply Unit: This unit is responsible for feeding the satellite 

units with their suitable power. It also manages the battery charging process via the 

solar panels. 

● Telemetry, Tracking, and Commanding (TT&C) Transceiver unit: This unit sends to 

the ground station all the telemetry data measured from the onboard sensors. It is also 

responsible for receiving the command setpoints from the ground station.  

● On-board computer (OBC): This is the heart of the satellite system. It serves as a 

complete on-board data sharing server between all the units. All the units will be 

connected to the OBC via serial bus (USB bus) and data would be shared between all 

the units.  

● Payload Data Transceiver: The Payload transceiver is responsible for user data 

exchange between the ground station and the satellite such as images, text, video 

streaming, etc… 

● Inter-satellite transceiver: This unit is responsible for transferring data in between the 

satellites located in the LEO. The objective is to cover the widest area possible to 

transmit messages. 



Satellite System Development 2023 and TT&C Testrig 2023-Apr 24 

528 
 

      

Figure 2-1 Satellite Unit Components  

10.2.3 Bill of Material 

To assemble a single unit of CubeSat, the components listed in Figure 2-2 below are needed. 

N.B: The last column “Implemented In” shows in which CubeSat version the related component was 

used (for now, there are 2 CubeSat versions). 

 

 

Figure 2-2 Bill of material for different satellite assembly versions 
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10.2.4 Mechanical Realization 

 

Figure 2-3 Mechanical realization of satellite system V1(cold gas propulsion unit) 

) 

● A: Pressurized gas container: used to store a high-pressure gas such as nitrogen to 

generate the propulsion for the Attitude Control System (ACS). 

● B: Solenoid valves used to distribute the pressure and generate thrust for the CubeSat. 
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Figure 2-4 Mechanical realization of satellite system V2 (orbit change Propulsion unit) 

 In V2 system, the propulsion unit is built outside the CubeSat and is controlled 

through the Attitude Controller. 

10.2.5 Attitude Control System (ACS) 

10.2.5.1 Introduction 

The attitude control system is responsible for receiving the high-level navigation commands 

and stabilize the satellite at a specific orientation. 
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The schematic/PCB files are attached below: 

 

drive-download-20231228T084755Z-001.zip
 

10.2.5.2 Propulsion System 

Pressurized Gas (V1) 

The satellite navigates in the LEO level by having a tank filled and pressurized with cold gas 

(In our case, it was 6 bars of Helium gas). The cold gas container is attached to 4 valves to ensure 

proper thrusting and thus, we can obtain a 3-DOF translation in space.   

Fuel Burner (V2) 

See document done by Ahmad Dannawi and Abdulla Qassem  

(https://www.aecenar.com/index.php/companies/as-comsat/ics-iap-sat/as-comsat-1-attitude-

control-system-testrig) 

10.2.5.3 Inertial Measurement Unit (IMU) 

Communication protocol used between accelerometer & stm32: 

https://www.aecenar.com/index.php/companies/as-comsat/ics-iap-sat/as-comsat-1-attitude-control-system-testrig
https://www.aecenar.com/index.php/companies/as-comsat/ics-iap-sat/as-comsat-1-attitude-control-system-testrig
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● The communication between an accelerometer and STM32 microcontroller on an ACS board 

typically involves the use of a I2C communication protocol. 

● This protocol allows the accelerometer to send data to the STM32 microcontroller, which can 

then process and use the data as needed. 

● I2C is a serial communication protocol only uses two wires to transmit data between devices. 

so, data is transferred bit by bit along a single wire (the SDA line).  

● Data is transferred in messages. Messages are broken up into frames of data. Each message 

has an address frame that contains the binary address of the slave. One address frame is 7 

bits. 

● Now we shall program the accelerometer & gyro-meter using IDE programming and 

sending data to STM32 using I2C by SDA with address 0F (depending on data sheet of 

LSM9DS0). And check if there is connection between accelerometer and microcontroller. 

● The microcontroller shall response by 49 (HEX) for accelerometer & D4 for Gyro meter, if no 

response so no connection between the 2 devices. (based on datasheet of accelerometer 

LSM9DS0) 

● After the connection between STM32 & Accelerometer is approved, now we shall implement 

some code to test the accelerometer & Gyro meter along 3-axis (X, Y, Z) 

● The results shall be in form of Hexadecimal, we put for each axis 2 bytes (16 bites) 

● Therefore, when we change the location of the sensor along any axis, the results will change 

and the test will be complete. 

Add the sensor communication flowchart 

10.2.5.4 Sun Sensor 

Sun sensors are navigation instruments that are used in space to establish the direction and 

position of the sun in relation with the satellite or spacecraft. These devices are used to determine 

attitude in space, providing data about the orientation of the satellite in relation with the solar vector, 

which is the angle at which the sun rays reach the satellite or spacecraft. 

The sun sensor board consist of 4 identical stages of Figure 2-5 separated by 4.5 cm between 

each stage.  
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Figure 2-5 Sun sensor single array schematic 

The following BOQ is used when ordering the sun sensors.  

 

Figure 2-6 Sun sensor BOQ 

 

The heart of the sun sensor is the BPW34 photodiode. It acts as a dependent current source 

when exposed to light (the higher the light is, the higher the current is). From its datasheet, the 

variation of its reverse current with respect to its exposed light is shown in Figure 2-7. It is noticed 

that the relationship between both quantities is almost linear. Hence, the relation between both 

quantities can be expressed as: 

𝐼𝑟𝑎 = 0.08
𝜇𝐴

𝑙𝑥
 . 𝑠𝑢𝑛 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 (𝑙𝑥) 

2-1) 

 When connecting 4 parallel photo-diodes, the equation becomes: 

𝐼𝑟𝑎 = 0.32
𝜇𝐴

𝑙𝑥
 . 𝑠𝑢𝑛 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 (𝑙𝑥) 

2-2) 

 Hence, the limits of the generated current via the 4 parallel diodes would 

become: 

𝐼𝑟𝑎 = {3.2 𝜇𝐴      𝑖𝑓 𝑠𝑢𝑛 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 = 10
1 𝑙𝑥 3200 𝜇𝐴  𝑖𝑓 𝑠𝑢𝑛 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 = 104 𝑙𝑥  2-3) 
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Figure 2-7 Sun sensor reverse current vs. exposed light illuminance 

The use of resistor in emitter part of transistor: For Stability and Biasing: to act as amplifier 

when the emitter junction is forward biased and the collector junction is reverse biased, the transistor 

is in the active region The resistor limits the current flowing through the emitter, protecting the 

transistor from excessive current that could damage it.  

 

Figure 2-8 Sun sensor PCB board 
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10.2.5.5 ACS Software Design 

 

The software can be accessed from 

https://drive.google.com/drive/folders/1GAl7GWIgGsKQ98mlGo1DK3z6c-Tu0ZIL  

(Attitude_Controller_SW101) which shall be uploaded to the STM32 controller. 

 

https://www.aecenar.com/index.php/companies/as-comsat/as-comsat-tripoli-ecs/system-design-of-

attitude-control-system-acs  

10.2.6 TT&C Transceiver 2,4 GHz Development 

10.2.6.1 Introduction 

The Telemetry, Tracking, and Control (TT&C) transceiver is responsible for transmitting 

back to the ground station the telemetry and tracking data such as: battery health, solar panels 

https://drive.google.com/drive/folders/1GAl7GWIgGsKQ98mlGo1DK3z6c-Tu0ZIL
https://www.aecenar.com/index.php/companies/as-comsat/as-comsat-tripoli-ecs/system-design-of-attitude-control-system-acs
https://www.aecenar.com/index.php/companies/as-comsat/as-comsat-tripoli-ecs/system-design-of-attitude-control-system-acs
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health, position updates, acceleration, etc. It is also responsible for receiving navigation commands 

from the ground station.  

This chapter will discuss in details the design procedure of the 2 versions of TT&C 

transceivers. Version 1 uses the at86rf233 from microchip along with rfx2401c power amplifier while 

version 2 uses nrf24l01+ from Nordic semi-conductors along with rfx2401c power amplifier for range 

extension. 

10.2.6.2 System Architecture 

UPDATE March 16, 2023 

 

UPDATE March 25, 2023 

 

 Frequency: 2.4 GHz 

Update 2.6.23 (Transceiver with Microchip AT86RF215):  

This is a chip from Microchip. It offers the transmission/receiving over 2.4 - 2.483.5 GHz band. 
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The chip uses Multi-Rate (MR) FSK, MR-O-QPSK Modulations 

10.2.6.3 Bill of Material 

 

Figure 2-9 TT&C Transceiver V1 BOM 



Satellite System Development 2023 and TT&C Testrig 2023-Apr 24 

538 
 

 

Figure 2-10 TT&C Transceiver V2 BOM 

In Figure 2-9 and Figure 2-10, the listed BOMs are generated from EasyEDA software. All parts were 

purchased from https://www.lcsc.com/ and the complete excel sheets of the BOQs are attached. 

    

https://www.lcsc.com/
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10.2.6.4 Hardware Design (V1) (Canceled Due To Defect in Design) 

When designing RF circuits, plenty of measures must be taken into account in order to design a fully-effective RF system.  

 

Figure 2-11 TT&C transceiver schematic (AT86RF233 interface) 
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Figure 2-12 

TT&C 

transceiver 

schematic 

(Controller 

interface) 
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Figure 2-13 TT&C transceiver schematic (Power Management) 
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Figure 2-14 TT&C transceiver PCB design. (a) Top layer (signal layer), (b) second layer (GND plane), (c) 

Third later (3V3 plane), (d) Bttom layer (signal layer)  

 

Figure 2-15 TT&C transceiver 3D model 
 

Figure 2-16 TT&C implemented PCB 

This version of the transceiver was canceled on November 8, 2023 due to several reasons 

including: 

● Noisy connections of SPI traces: The SPI’s MISO pin is generating noisy data and the master 

controller (STM32) was not able to process them. 
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● Inefficient impedance matching circuit: Since the transceiver chip is too old, majority of 

recommended parts for the impedance matching network were not available. 

Hence, to solve the aforementioned problems, a version 2 of the transceiver was designed and 

implemented.  

10.2.6.5 Hardware Design (V2) 

 

Figure 2-17 TT&C transceiver V2 main schematic 
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Figure 2-18 TT&C transceiver V2 power schematic 
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Figure 2-19 TT&C transceiver V2 controller schematic 

 

Figure 2-20 TT&C transceiver V2 PCB layout. (a): top layer, (b): bottom layer 
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Figure 2-21 TT&C transceiver 3D model 

Power Section 

 

Figure 2-22 TT&C transceiver V2 power supply part snippets 
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Figure 2-23 TT&C transceiver V2 power supply PCB part snippets 

The power section is responsible for delivering sufficient power for all the circuit components. 

Figure 2-22 shows the schematic of the power system designed for this transmitter.  

When designing a power circuit, several factors must be taken into consideration: 

● Required output voltage: There are 2 stages of Low Drop-Out (LDO) regulator where it is 

required to supply 2 voltage levels to the transceiver; 5V and 3.3V. The 5V is used to powerup 

the microcontroller and the 3.3V is used to powerup all the other components. 

● Required output power: Table 2-1 shows the required output power for each subcircuit.  

● LDO self-power dissipation: This is an important factor which reflects the power dissipated 

in the LDO itself when delivering/not delivering power to the output. The quality of the LDO 

can be reflected from what is called the Quiescent Current (Iq or Icc). This current expresses 

the current dissipation when there is no load connected. The lower Icc is, the better the LDO 

is. The LDO power dissipation can be calculated as follows: 

 

𝑃𝐷 = (𝑉𝑖𝑛 − 𝑉𝑜𝑢𝑡) × 𝐼𝑜𝑢𝑡 + 𝑉𝑖𝑛 × 𝐼𝑐𝑐 2-4) 

Table 2-2 shows the specifications of AMS1117 LDOs extracted from their datasheets. From 

equation 2-4), we can calculate the maximum power dissipated through the LDOs and their 

value is inserted in Table 2-1. 

● Reverse polarity protection: This aspect is important to mitigate faulty polarity connection 

of the battery. Diode D1 is used as reverse polarity protector diode. If the supply voltage is 

connected correctly, the diode allows the current to pass from its anode to its cathode. 

However, if the input battery is reversed, the diode prevents current from passing and the 

circuit remains off.  



Satellite System Development 2023 and TT&C Testrig 2023-Apr 24 

549 
 

● PCB trace width: power lines in the PCB shall be designed according to the required current 

passing through them. The trace width can be calculated as follows: 

 

𝐼𝑡𝑟𝑎𝑐𝑒 = 𝐾 × ∆𝑇
0.44 × (𝑊 × 𝐻)0.725 2-5) 

 

Where, 𝐼𝑡𝑟𝑎𝑐𝑒is the required current, 𝐾 is a constant (0.024 for internal traces and 0.048 for 

external traces), ∆𝑇 is the temperature rise above ambient temperature (~ 10o),  𝑊 is the trace 

width, and 𝐻 is the trace height (typically 0.035 mm). The track width of the power traces 

was calculated (assuming ∆𝑇 = 10 and 𝐾 = 0.048) as 0.7mm which withstands approximately 

1.9 A.  

Table 2-1 Components power dissipation 

Component Max Power Dissipation 

Nrf24l01 49.5 mW @ 3.3V 

RFX2401C 390 mW @ 3.3V 

Controller 75 mW @ 5V 

Total 
440 mW @ 3.3V 🡪 134mA 

75 mW @ 5V 🡪 15 mA 

LDO power dissipation 

AMS1117-5V @ Vin = 15V, Iout = 15mA:  315mW 

AMS1117-5V @ Vin = 15V, Iout = 0: 165 mW 

AMS1117-5V @ Vin = 11.3V, Iout = 15 mA: 220 mW 

AMS1117-5V @ Vin = 11.3V, Iout = 0: 125 mW 

 

AMS1117-3.3V @ Vin = 5V, Iout = 134mA:  283 mW 

AMS1117-3.3V @ Vin = 5V, Iout = 0: 55 mW 

Power dissipated from input battery (Vin = 11.3V) 

Ptotal (Vin = 15V) = 283 + 315 ~ 600 mW 

Pmin (Vin = 15V) = 55 + 165 = 220 mW 

 

Ptotal (Vin = 11.3V) = 283 + 315 ~ 503 mW 

Pmin (Vin = 11.3V) = 55 + 165 = 180 mW 

 

Table 2-2 AM1117 specifications 

LDO 

 5V Output 3.3V Output 

Min Input voltage 6.5V 5V 



Satellite System Development 2023 and TT&C Testrig 2023-Apr 24 

550 
 

Max input voltage 15V 15V 

Max out current 1.5A 1.5A 

Quiescent current  11 mA 11mA 

 

 The second section of the power section is the battery monitoring sub-circuit. It 

is used to monitor the health of the connected power supply and repots its status. It consists of a 

voltage divider network that shifts the voltage down by a ratio of 1:4.45. Given the constraint of V 

battery = 15V max, the output of the divider gives 3.3V (the maximum acceptable voltage by the 

STM32’s pins). SB2 (shown in Figure 2-22) is a 0 Ohm resistor solder bridge used to 

connect/disconnect the divider network.  

Controller Section (STM32 Microcontroller) 

 

Figure 2-24 TT&C transceiver V2 controller part snippets 

The controller section uses STM32 as the microcontroller driving the transceiver. SB4 and SB5 are 

Solder Bridges expressed as 0 Ohm resistors. They are used in case of faulty connection. Thus, it is 

easy to desolder them and correct the connections accordingly.  

Transceiver Section 

To begin with the transceiver itself, the nrf24l01+ chip, Figure 2-26 shows the transceiver part 

only. The transceiver communicates with the microcontroller via SPI connection (MOSI, MISO, CSN, 

SCK) mode 0 (see Figure 2-25).  
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Figure 2-25 SPI communication modes 

 

Figure 2-26 TT&C transceiver V2 transceiver part snippets 

 

Figure 2-27 Impedance matching stage 1 simulation 
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Figure 2-28 Impedance matching stage 1 results 

 

 

Figure 2-29 TT&C transceiver V2 transceiver PCB part snippets 

Oscillator Section 

 

Figure 2-30 Transceiver V2 oscillator part snippets 
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Figure 2-31 Transceiver V2 oscillator PCB 

part snippets 

Power Amplifier Section 

 

Figure 2-32 TT&C transceiver V2 power 

amplifier part snippets 
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Figure 2-33 TT&C transceiver V2 power amplifier PCB part snippets 

Harmonics Filter Section 

 

Figure 2-34 Transceiver V2 harmonics filter part snippets 
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Figure 2-35 Harmonics filter LTspice simulation 

 

Figure 2-36 Harmonics filter results (output power) 

 

Figure 2-37 Harmonics filter results (impedance) 
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Figure 2-38 Transceiver V2 harmonics filter PCB part snippets 

Trace width = 0.9 mm.  
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10.2.6.6 TT&C Software Design (on STM32 microcontroller) 

 

Figure 2-39 Satellite transceiver flowchart 

The satellite needs to communicate with the ground station via the transceiver. The transceiver 

is responsible to collect all the data from the plugged STM controllers (units) and send it to the 

ground station via antenna. In order for the transceiver to send the data, it needs first to get the data 

from the STM. The STM sends the data to the transceiver via SPI (serial peripheral interface). Lastly, 

the transceiver sends the data in the air via antenna in order for the data to be fetched by the 

transceiver of the ground station. The transceiver has a trigger event that occurs depending if the 

GUI on the ground station sent any command to the satellite. The transceiver receives the message 

and extract it. It then checks if the received message is “CMD FRAME”, then the transceiver sends 

the message to the STM via SPI (serial peripheral interface). Lastly, the STM sends the message to 

the ACS unit via Serial port. 
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Figure 2-40 Ground-station transceiver flowchart 

The ground station needs to communicate with the satellite via the transceiver. The transceiver 

is responsible to collect all the received data from the plugged STM controller and send it to the 

Graphical User Interface (GUI) via Serial port. In order for the transceiver to send the data, it needs 

first to get the data from the STM. The STM sends the data to the transceiver via SPI (serial peripheral 

interface). Lastly, the transceiver sends the data to the GUI via Serial port. The transceiver has a 

trigger event that occurs depending if the GUI sent any command to the satellite. The transceiver 

receives the message and send it to the STM via SPI. Lastly, the STM sends the message to the 

satellite via antenna. 

10.2.7 Antenna 

The antenna design can be accessed from: 

https://www.aecenar.com/index.php/companies/as-comsat/rf-2-4ghz-tranceiver-unit-prototype/rf-

sys-implementation/antenna-design-rf  

https://www.aecenar.com/index.php/companies/as-comsat/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/antenna-design-rf
https://www.aecenar.com/index.php/companies/as-comsat/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/antenna-design-rf
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10.2.8 On-Board Computer 

10.2.8.1 Introduction 

The On-Board Computer (OBC) is responsible for collecting the data from the connected units such 

as Power Unit and Attitude Control System (ACS) Unit then send the collected data to the 

Transceiver Unit. It also collects other frames from the transceiver, such as CMD_Frame, then 

forward the data to its corresponding unit. The system uses a raspberry pi as the OBC, and it is 

coded in python. 

Figure 2-41 Raspberry Pi picture 
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10.2.8.2 OBC Software Design 

 

Figure 2-42 OBC Flowchart 

The flowchart above explains how the flow process of the following code will work. 

import serial.tools.list_ports 

import serial 

import time 

 

PIDs = { 

    'TRANSCEIVER UNIT': b'\xFC', 
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    'POWER UNIT':       b'\xFD', 

    'ACS UNIT':         b'\xF0' 

} 

 

FRAMES = { 

    'WHO AM I':                 b'\xFF', 

    'VER FRAME':                b'\x17', 

 

    'ACS MEASUREMENT FRAME':    b'\x11', 

    'ACCELERATION FRAME':       b'\x12', 

    'ANG RATE FRAME':           b'\x13', 

    'ANGLES FRAME':             b'\x14', 

    'POSITION FRAME':           b'\x15', 

    'STATUS FRAME':             b'\x16', 

    'ACS DIAG FRAME':           b'\x18', 

 

    'POWER MEASUREMENT FRAME':  b'\x20', 

    'POWER STATUS FRAME':       b'\x21', 

    'POWER DIAG FRAME':         b'\x22', 

 

    'CMD FRAME':                b'\x30', 

    'OBC DIAG FRAME':           b'\x31' 

} 

 

def request_data(port, request): 

    try: 

        ser = serial.Serial(port.device, baudrate=115200, timeout=0.001)  # Adjust 

baudrate and timeout as needed 

        ser.reset_input_buffer() 

 

        ser.write(request) 

        response = ser.read(11)  # Read 11 bytes of response 

        ser.close() 

 

        if response: 

            return response  

        else: 

            return None 

 

    except serial.SerialException as e: 

        print(f"Error opening {port.device}: {e}") 

        return None 

 

def send_packet(port, packet): 

    try: 

        ser = serial.Serial(port.device, baudrate=115200, timeout=1) 

         

        if packet != None: 

            ser.write(packet) 
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        ser.close() 

 

    except TypeError: 

        print("Errorrr") 

 

    except serial.SerialException: 

        print("Error Writing to COM port") 

 

def main(): 

    pid = None 

 

    cmd = trans_ver = bytes(0) 

    power_meas = power_stat = power_ver = power_diag = bytes(0) 

    acs_meas = raw_acceleration = raw_ang_rate = angles = positions = acs_status 

=  acs_version = acs_diag = bytes(0) 

    obc_diag = bytes(0) 

 

    try: 

        while True: 

            ports = list(serial.tools.list_ports.comports()) 

            new_connected_targets = {} 

             

            now = time.time() 

            if ports: 

                for port in ports: 

 

                    if port.pid != None: 

                        pid = port.pid & 0xFF 

                        pid = pid.to_bytes(1) 

 

                        if pid == PIDs['TRANSCEIVER UNIT']: 

                            new_connected_targets['TRANSCEIVER UNIT'] = port.device 

 

                            cmd = request_data(port, FRAMES['CMD FRAME']) 

 

                            send_packet(port, power_meas) 

                            send_packet(port, power_stat) 

                            send_packet(port,power_ver) 

                            send_packet(port,power_diag) 

 

                            send_packet(port,acs_meas) 

                            send_packet(port,raw_acceleration) 

                            send_packet(port,raw_ang_rate) 

                            send_packet(port,angles) 

                            send_packet(port,positions) 

                            send_packet(port,acs_status) 

                            send_packet(port,acs_diag) 

                         

                        elif pid == PIDs['POWER UNIT']: 
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                            new_connected_targets['POWER UNIT'] = port.device 

 

                            power_meas = request_data(port, FRAMES['POWER 

MEASUREMENT FRAME']) 

                            power_stat = request_data(port, FRAMES['POWER STATUS 

FRAME']) 

                            power_ver = request_data(port, FRAMES['VER FRAME']) 

                            power_diag = request_data(port, FRAMES['POWER DIAG 

FRAME']) 

 

                            if power_meas != None: 

                                v_batt = (power_meas[2] << 8) | power_meas[3] 

                                v_batt = v_batt * (3.3 / 4096) 

                                v_batt /= 0.0945 

                             

                        elif pid == PIDs['ACS UNIT']: 

                            new_connected_targets['ACS UNIT'] = port.device 

 

                            acs_meas = request_data(port, FRAMES['ACS MEASUREMENT 

FRAME']) 

                            raw_acceleration = request_data(port, 

FRAMES['ACCELERATION FRAME']) 

                            raw_ang_rate = request_data(port, FRAMES['ANG RATE 

FRAME']) 

                            angles = request_data(port, FRAMES['ANGLES FRAME']) 

                            positions = request_data(port, FRAMES['POSITION 

FRAME']) 

                            acs_status = request_data(port, FRAMES['STATUS FRAME']) 

                            acs_diag = request_data(port, FRAMES['ACS DIAG FRAME']) 

 

                            send_packet(port, cmd) 

 

       if raw_acceleration != None: 

                             a_res = ((raw_acceleration[8] << 8) |  

raw_acceleration[9]) / 100000000.00 

 

                             x_acc = (((raw_acceleration[2] << 8) |  

raw_acceleration[3])) 

                             y_acc = (((raw_acceleration[4] << 8) |  

raw_acceleration[5]))  

                             z_acc = (((raw_acceleration[6] << 8) |  

raw_acceleration[7]))  

 

                             if x_acc & 0x8000: 

                                 x_acc = x_acc - 65536 

 

                             if y_acc & 0x8000: 

                                 y_acc = y_acc - 65536 
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                             if z_acc & 0x8000: 

                                 z_acc = z_acc - 65536 

                             

                             x_acc *= a_res 

                             y_acc *= a_res 

                             z_acc *= a_res 

 

            else: 

                print("No connected serial ports found.") 

             

    except KeyboardInterrupt: 

        print("exit") 

 

 

if __name__ == "__main__": 

    main() 

 

Before starting with the program, the code should import the following libraries: 

- serial.tools.list_ports 

- serial 

Then, the code should contain the PID frames for each unit it will communicating with. The 

PIDs are the following: 

PIDs = { 

    'TRANSCEIVER UNIT': b'\xFC', 

    'POWER UNIT':       b'\xFD', 

    'ACS UNIT':         b'\xF0' 

} 

Then, the code should contain all the frame headers that it needs to collect. The Frames are 

the following: 

FRAMES = { 

    'WHO AM I':                 b'\xFF', 

    'VER FRAME':                b'\x17', 

 

    'ACS MEASUREMENT FRAME':    b'\x11', 

    'ACCELERATION FRAME':       b'\x12', 

    'ANG RATE FRAME':           b'\x13', 

    'ANGLES FRAME':             b'\x14', 

    'POSITION FRAME':           b'\x15', 

    'STATUS FRAME':             b'\x16', 

    'ACS DIAG FRAME':           b'\x18', 

 

    'POWER MEASUREMENT FRAME':  b'\x20', 

    'POWER STATUS FRAME':       b'\x21', 

    'POWER DIAG FRAME':         b'\x22', 
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    'CMD FRAME':                b'\x30', 

    'OBC DIAG FRAME':           b'\x31' 

} 

After including all these information, the code will start with the “main()” function. The 

function will start by initializing all the variables that it needs in order to store the data from the 

requested frames. The following variables need to be initialized: 

pid = None 

 

    cmd = trans_ver = bytes(0) 

    power_meas = power_stat = power_ver = power_diag = bytes(0) 

    acs_meas = raw_acceleration = raw_ang_rate = angles = positions = acs_status = 

acs_version = acs_diag = bytes(0) 

    obc_diag = bytes(0) 

The code then enters into an infinite loop that will keep executing the program until it 

detects a “KeyboardInterrupt” exception. The code will initialize and store the ports that are 

connected by using the imported library into the “ports” variable. 

ports = list(serial.tools.list_ports.comports()) 

The code then checks if “ports” variable contains any value and is not empty. If the variable 

is empty, then it will skip the iteration and keeps looping until “ports” store a value. Then the code 

loops for each “port” that is in “ports” variable in order to check on each port and if it’s the 

required port needed. Then the code check if the “port pid” is not “None”, it will store the value in 

“pid” variable and convert it to a byte.  

while True: 

            ports = list(serial.tools.list_ports.comports()) 

            new_connected_targets = {} 

             

            now = time.time() 

            if ports: 

                for port in ports: 

 

                    if port.pid != None: 

                        pid = port.pid & 0xFF 

                        pid = pid.to_bytes(1) 

After taking the pid of the port, the code check the pid if it is equal to one of the specified 

PIDs at the beginning of the code. If it is the “TRANSCEIVER UNIT”, it will call the function 

“request_data()” for the “CMD FRAME”, that is responsible for requesting data frames from a given 

port and return the value of the frame as an array of bytes, and store them in a variable “cmd”. It 

will also call the function “send_packet()”, that is responsible to send the given data to the given 

port, and send all the frames “power_meas, power_stat, power_ver, power_diag, acs_meas, 

raw_acceleration, raw_ang_rate, angles, positions, acs_status, acs_diag” to the TRANSCEIVER 

UNIT. 

def request_data(port, request): 

    try: 
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        ser = serial.Serial(port.device, baudrate=115200, timeout=0.001)  # Adjust 

baudrate and timeout as needed 

        ser.reset_input_buffer() 

 

        ser.write(request) 

        response = ser.read(11)  # Read 11 bytes of response 

        ser.close() 

 

        if response: 

            #if response[0].to_bytes(1) == request: 

            return response  

        else: 

            return None 

 

    except serial.SerialException as e: 

        print(f"Error opening {port.device}: {e}") 

        return None 

 

def send_packet(port, packet): 

    try: 

        ser = serial.Serial(port.device, baudrate=115200, timeout=1) 

         

        if packet != None: 

            ser.write(packet) 

        ser.close() 

 

    except TypeError: 

        print("Errorrr") 

 

    except serial.SerialException: 

        print("Error Writing to COM port") 

 

 

if port.pid != None: 

                        pid = port.pid & 0xFF 

                        pid = pid.to_bytes(1) 

 

                        #print(PIDs.items()) 

                        if pid == PIDs['TRANSCEIVER UNIT']: 

                            new_connected_targets['TRANSCEIVER UNIT'] = port.device 

 

                            cmd = request_data(port, FRAMES['CMD FRAME']) 

 

                            send_packet(port, power_meas) 

                            send_packet(port, power_stat) 

                            send_packet(port,power_ver) 

                            send_packet(port,power_diag) 

 

                            send_packet(port,acs_meas) 



Satellite System Development 2023 and TT&C Testrig 2023-Apr 24 

567 
 

                            send_packet(port,raw_acceleration) 

                            send_packet(port,raw_ang_rate) 

                            send_packet(port,angles) 

                            send_packet(port,positions) 

                            send_packet(port,acs_status) 

                            send_packet(port,acs_diag) 

If it is the “POWER UNIT”, it will call the function “request_data()” to request 4 headers, 

“POWER MEASUREMENT FRAME, POWER STATUS FRAME, VER FRAME, POWER DIAG 

FRAME”, and store them in a variables. It will also check for the “power_meas” frame if it is not 

equal to None, then it will calculate a formula for the “v_batt” variable to make sure that the 

transceiver receives the accurate value of the battery voltage. 

 

elif pid == PIDs['POWER UNIT']: 

                            new_connected_targets['POWER UNIT'] = port.device 

 

                            power_meas = request_data(port, FRAMES['POWER 

MEASUREMENT FRAME']) 

                            power_stat = request_data(port, FRAMES['POWER STATUS 

FRAME']) 

                            power_ver = request_data(port, FRAMES['VER FRAME']) 

                            power_diag = request_data(port, FRAMES['POWER DIAG 

FRAME']) 

 

                            if power_meas != None: 

                                v_batt = (power_meas[2] << 8) | power_meas[3] 

                                v_batt = v_batt * (3.3 / 4096) 

                                v_batt /= 0.0945 

If it is the “ACS UNIT”, it will call the function “request_data()” to request 7 headers, “ACS 

MEASUREMENT FRAME, ACCELERATION FRAME, ANG RATE FRAME, ANGLES FRAME, 

POSITION FRAME, STATUS FRAME, ACS DIAG FRAME”, and store them in a variables. It will 

also call the “send_packet()” function to send the “cmd” variable to the ACS unit. It will also use a 

formula to convert the “raw” data received from the Accelerometer into accurate data. It will also 

check if the values received after conversion are negative value by checking the first bit of the data 

(signed value: 1 for negative value, 0 for positive value) using the command “&8000” which can be 

represented as “1000000000000000”. This method will check if the first bit is 1 (means negative), it 

will subtract 65536 which is the maximum number a 16 bit integer can reach to convert the value 

accordingly.  

elif pid == PIDs['ACS UNIT']: 

                            new_connected_targets['ACS UNIT'] = port.device 

 

                            acs_meas = request_data(port, FRAMES['ACS MEASUREMENT 

FRAME']) 

                            raw_acceleration = request_data(port, 

FRAMES['ACCELERATION FRAME']) 
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                            raw_ang_rate = request_data(port, FRAMES['ANG RATE 

FRAME']) 

                            angles = request_data(port, FRAMES['ANGLES FRAME']) 

                            positions = request_data(port, FRAMES['POSITION 

FRAME']) 

                            acs_status = request_data(port, FRAMES['STATUS FRAME']) 

                            acs_diag = request_data(port, FRAMES['ACS DIAG FRAME']) 

 

                            send_packet(port, cmd) 

 

                      if raw_acceleration != None: 

                             a_res = ((raw_acceleration[8] << 8) |  

raw_acceleration[9]) / 100000000.00 

 

                             x_acc = (((raw_acceleration[2] << 8) |  

raw_acceleration[3])) 

                             y_acc = (((raw_acceleration[4] << 8) |  

raw_acceleration[5]))  

                             z_acc = (((raw_acceleration[6] << 8) |  

raw_acceleration[7]))  

 

                             if x_acc & 0x8000: 

                                 x_acc = x_acc - 65536 

 

                             if y_acc & 0x8000: 

                                 y_acc = y_acc - 65536 

 

                             if z_acc & 0x8000: 

                                 z_acc = z_acc - 65536 

                             

                             x_acc *= a_res 

                             y_acc *= a_res 

                             z_acc *= a_res 

 

10.2.9 Payload Transmitter 

Same as TT&C transceiver 

10.2.10 Power Management Unit (PMU) 

10.2.10.1 Introduction 

The PMU is designed to charge the onboard batteries via solar panels. In addition, it is 

responsible for reporting the power status of the system such as: charging state, overvoltage, 

undervoltage, current consumption, and voltage levels.  

10.2.10.2 Bill of Material 
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10.2.10.3 PMU Hardware Design 

 

Figure 2-43 PMU schematic diagram 

Refer to this to access the power management unit development 

https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.g

jdgxs  

10.2.10.4 PMU Software Design 

Refer to this to access the power management unit software development 

https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.g

jdgxs  

10.3 TT&C Ground Station 

10.3.1 Introduction 

This chapter will introduce the steps of developing the graphical user interface (GUI) and 

explain how the classes in the GUI interact with each other. A sequence diagram will be used 

to show how the data is being transferred between the forms and the use case diagram will 

illustrate the actions that can be done by the user. Moreover, each function in the code will be 

explained. 

10.3.2 GUI Sequence Diagram 

Figure 3-1 below shows the time sequence of the GUI behavior. 

https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.gjdgxs
https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.gjdgxs
https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.gjdgxs
https://docs.google.com/document/d/10I53u1CAf4NAXECpuC_PeLMeE_lChAot/edit#heading=h.gjdgxs
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Figure 3-1- System Sequence Diagram 

The user will have to choose a port from the combo box and click the start button. Then the 

GUI will request headers from the STM that will send the frames to be displayed in the text boxes 

in the first form of the GUI. The values of Phi, Theta, Psi angles and Altitude will be set in the 

Stateform to be used in the Control Panel. In the control panel, the user can view the angles of the 

satellite and change them. When a value gets changed it will be sent directly to the STM. The other 

steps will be repeated as previous in order to view the updated values on both forms. 

The stop button will freeze the values that are being displayed on the form. If an invalid port 

was chosen, an error message will be displayed to the user. 

10.3.3 GUI Use Cases 

In Figure 3-2, all the actions that can be performed by the user in the GUI are represented. 
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Figure 3-2- System Use Case Diagram 

10.3.4 Interface between GUI and Ground Station TT&C Transceiver 

The transceiver of the ground station is similar to the TT&C Transceiver. Ground Station (GS) 

Transceiver is used to transmit control data from the GUI to the satellite transceiver and to deliver 

received data from TT&C transceiver to be displayed on the GUI Forms. 

The data received by the GS transceiver consists of frames with the structure as shown in Table 

3-1 below. 
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Table 3-1- Schedule Table 

Each frame consists of 11 bytes and contains specific data about the state of the satellite. All 

the frames in the table are being received by the GS transceiver and displayed in the GUI except for 

the CMD Frame (ID: 0x30). This frame is the one being transmitted from the control panel of the 

graphical user interface to the GST and then to the TT&C transceiver. 

10.3.5 GUI Design 

10.3.5.1 Requirements 

Satellite to Ground Station: 

1. Battery Voltage. 

2. Solar Voltage. 

3. Solar Current. 

4. Load Current. 

5. State of Charge (SOC). 

6. Temperature. 

7. Sun Exposure. 

8. Pressure. 

9. Software Version. 

10. Cube SAT ID. 

11. Radio Status. 

12. Valves Status (4 Valves). 

13. Acceleration. 

14. Position. 

15. Angular Rate. 

16. Angles. 

Ground Station to Satellite: 

1. Position Change. 

2.  Manual Control. 
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10.3.5.2 Building the Interfaces 

Form 1: AS-COMSAT_1 TT&C: 

  This form will allow the user to choose a port and navigate through the 

different forms of the GUI. 

To do that: 

‐ Add a combo box and change its name to “AvailablePorts”. 

‐ Add a button and set its name and Text to “Start”. 

‐ Add a button and set its name and Text to “Stop”. 

‐ Add a button and set its name to “powerUnitBtn” and Text to “Power Unit”. 

‐ Add a button and set its name to “acsUnitBtn” and Text to “ACS Control Unit”. 

‐ Add a button and set its name to “futureBtn” and Text to “Control”. 

‐ Add from the toolbox “serialPort” hidden component. 

‐ In the properties of the serialPort --> ReceivedBytesThreshold = 2. (2 Bytes will be received for 

the value at a time). 

‐ Add a picture box to generate the graphics of the “Satellite to PC” illustration. 

‐ Add from the toolbox “timer1” hidden component and set its name to “pictureTimer” and 

interval to 500 ms. 

‐ Add another timer call it "data_request_timer" with interval 5 ms. 

The form should look like Figure 3-3 below. 

 

Figure 3-3- Main Form 
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Form 2: Power Unit 

 This form contains tall the power variables related to the satellite. To build it: 

‐ Place 5 textboxes to display the 5 power values (Battery voltage, solar voltage, solar 

current, load current, state of charge). 

‐ Place 2 textboxes to display cubeSAT ID, software version. 

All the values in this form will be taken from the stateForm. It should look like Figure 3-4. 

 

Figure 3-4- Power Unit Form 

Form 3: ACS Control Unit 

 This form allows the user to view angles Phi, Theta and Psi and the altitude 

graphically. It also contains the states of the valves. All the mentioned variables can be modified by 

the user in this form. And the new values will be sent to the STM. 
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Figure 3-5- Control Panel Form 

 The meters represented in Figure 3-5 are drawn and manipulated by code. To 

change any of the angles, the user can scroll the slider left or right, the data will be sent to the STM 

to be sent back to the GUI and seen in real time on the meters. To change the value of the valves, the 

switch could be toggled on or off. 

Building this form requires textboxes, toggles and sliders. The Software version button displays the 

version on request. Moreover, the outlines of the meters are pre-drawn pictures which are then 

called and controlled in the code.  

Form 4: Control 

 This form contains the rest of the control panel variables and the state of the 

valves. 
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Figure 3-6- Control 

   

Form 5: Propulsion System: 

In the Refresh_Timer_Tick event, the following controls are updated: Pressure1_textBox,   

Pressure2_textBox, Pressure3_textBox, Flow_Meter1_textBox, Flow_Meter2_textBox, 

Valve_Opening_VM1_textBox, and Valve_Opening_VM2_textBox. Additionally, within this event, 

if the valve is turned open, the CMD_ON_OFF_Valve1_button's text is set to "CMD ON" and its 

background color is changed to green; otherwise, it is set to red. In the 

CMD_ON_OFF_Valve1_button_Click event, clicking the button toggles the valve status between 

"CMD_ON" and "CMD_OFF”. 
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Figure 3-7- Propulsion System 

In the latest update (20-02-2024), we added valve codes 1 to 9 into the STATUS_FRAME to keep 

track of them better. We also changed the C code to work better with C# code. These changes make 

it easier for different parts of the system to communicate with each other. We tested the changes to 

make sure they work well and don't cause any problems. 

After opening the "acs_control_unit" and the "propulsion_system," all valves are initially set to the 

"OFF" position. When a valve, such as valve 1, 5, or 9, is opened in the "acs_control_unit," it should 

also be opened in the "propulsion_system." Similarly, when a valve is opened in the 

"propulsion_system," it should be reflected as open in the "acs_control_unit." This ensures 

synchronization between the two systems, providing consistent valve status updates across both 

components. Overall, these updates make the system more efficient and reliable. 
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Figure 3-8- ACS Control Unit Valve OFF 

 

Figure 3-9- ACS Test Stand ON 

 

 

10.3.6 GS Transceiver Functions 

‐ CDC_Receive_FS: when the STM receives the headers requested by the GUI, it fills 

the data in the buffer according to the request and calls the “CDC_Transmit_FS” 

function. 

‐  CDC_Transmit_FS: this function transmits the data back to the GUI. 
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10.3.7 GUI Functions 

The code consists of 4 forms and a stateForm class. 

The role and behavior of each of these forms will be explained below. 

TTC_Form: 

‐ Enum Frames_ID_t: variable containing the frames IDs matching with the transceiver 

IDs. 

‐ ttcForm: initialize the components of the Form and calls an instance of the stateForm 

class. 

‐ ttcForm_Load: the first function that gets activated when the app starts. 

‐ Calls “InitializePortWatcher” function. 

‐ Calls “PopulateAvailablePorts” function. 

‐ Controls the “Satellite to PC” illustration. 

‐ Starts the “data_request_timer”, which is the timer used to time the requests to 

the STM. 

‐ Disables all the buttons except the start button. 

‐ Port Connectivity Check Region: the functions found in this region are to 

automatically gather COM ports connected to the GUI.  

‐ InitializePortWatcher: it monitors the serial port of the PC to check when a new 

device is connected. 

‐ PortWatcher_EventArrived: when a port is connected it adds it to the 

comboBox by calling the “PopulateAvailablePorts” function. 

‐ PopulateAvailablePorts: Collects all the COM ports and adds them to the 

comboBox. 

‐ Serial Data Region: this region is to receive and organize the data sent by the STM. 

‐ serialPort_DataReceived: generates an array of bytes to hold the received data 

and calls ProcessReceivedData function. 

‐ ProcessReceivedData: this function separates the data according to each frame 

ID. It stores each value in a variable and sends them to the stateForm. 

‐ Start_Stop_Buttons Region:  

‐ Start_Click: this function gets triggered when the Start button is clicked. 

▪ It takes the selected port in the comboBox. 

▪ Enables all the buttons and disables itself. 
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▪ It opens the serial port according the comboBox selection. 

▪ Calls serialPort_DataReceived function to start receiving data. 

‐ Stop_Click: this function gets triggered when the Stop button is clicked. 

▪ Disables all the buttons and enables the Start button. 

▪ Stops the data_request_timer 

▪ Disconnects the serial port. 

‐ ShowErrorMessageAsync and error_Handler functions are responsible for the error 

messages that appear when an error occurs.  

‐ New Form Openings Region: the functions in this region open the different forms of 

the GUI. 

‐ powerUnitBtn_Click: gets triggered when the “Power” button is clicked. It 

opens the power form as a thread. 

‐ acsUnitBtn_Click: gets triggered when the “ACS Control Unit” button is 

clicked. It opens the ACS_Control_Panel as a thread. 

‐ futureBtn_Click: gets triggered when the “Control” button is clicked. It opens 

the future form as a thread. 

Power Form: 

‐ Power_Load: starts the powerTimer when the form is loaded. 

‐ Soft_Ver_Click: triggered when “Software Version” button is clicked and gets the 

software version from the stateForm to be displayed in the textbox. 

‐ powerTimer_Tick: gets triggered on each time the timer duration elapse to get the 

power values from the stateForm and display them in textboxes. 

ACS_Control_Panel:  

‐ The pictures of the meters are called at the top of this form each in a variable. 

‐ ACS_Control_Panel: initializes the components of this form, set the style of the 

drawings to be done later. 

‐ Control_Panel_Load: this function gets all the values that will be used in the form (phi, 

theta, psi, altitude, and valves status) from the stateForm and place them in the 

corresponding components. 

‐ OnPaint: this is a built in function that paints the graphics on the form by using the 

images declared at the top and controls the images through a specific scale provided 

for each value. It also calls the “ProcessAngles” function. 
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‐ ProcessAngles: this function controls the Pitch, Roll, and Yaw angles orientation and 

sets the values in the textboxes. 

‐ Drawing Functions Region: 

‐ ScrollCounter: to control the altitude displayed number. 

‐ RotateImage: to control the arrows in altitude and the circular motion of the 

Psi meter. 

‐ InterpolPhyToAngle: specify the limits of each angle. 

‐ RotateAndTranslate: control the phi/theta meter. 

‐ Control Slider Value Changing Region: 

‐ ControlAltitude_ValueChanged, ControlPhi_ValueChanged, 

ControlTheta_ValueChanged, ControlPsi_ValueChanged all these functions 

have similar functionalities. They get triggered when the corresponding slider 

value changes and call the “ControllingData” function. 

‐ ControllingData: this function is responsible for instantly sending the new data 

from the sliders or toggles to the STM.  

Propulsion System: 

‐ Refresh_Timer_Tick: 

‐ Pressure1_textBox, Pressure2_textBox, Pressure3_textBox 

‐ Flow_Meter1_textBox, Flow_Meter2_textBox 

‐ Valve_Opening_VM1_textBox, Valve_Opening_VM2_textBox 

‐ if "VALVE turn " open ==> CMD_ON_OFF_Valve1_button. Text = "CMD ON" 

==> the background of the button set to green, else set to red; 

‐ CMD_ON_OFF_Valve1_button_Click: when we click the button, we can 

change the status of the valve on to "CMD_ON" or "CMD_OFF". 

 

Future Form: this form has a similar functionality as the Power Form. 

 

10.3.8 GUI Code 

https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1568-ttc-gs-

gui-v-200224-acs-test-stand-gui-integrated-in-tt-c-gui-full-connected-version  

https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1568-ttc-gs-gui-v-200224-acs-test-stand-gui-integrated-in-tt-c-gui-full-connected-version
https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1568-ttc-gs-gui-v-200224-acs-test-stand-gui-integrated-in-tt-c-gui-full-connected-version
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10.4 APPENDIX  

Table 4-1 Utilized software packages for designing, simulating, coding, and ordering PCBs 

Tool Description Website 

EasyEDA Pro Design schematics and PCBs https://easyeda.com/  

LTspice  Simulate RF and other electronic 

circuits. 

https://www.analog.com/en/design-

center/design-tools-and-

calculators/ltspice-simulator.html  

STM32CubeIDE 

(1.12.1) 

Write the code for STM32 

microcontrollers 

https://www.st.com/en/development-

tools/stm32cubeide.html  

STM32 

Programmer 

(2.14) 

Program the STM32 

microcontrollers 

https://www.st.com/en/development-

tools/stm32cubeprog.html  

Smith Chart 

(V4.1) 

Design impedance matching 

networks 

https://smith1.software.informer.com/4.1

/  

JLCPCB To order PCBs https://jlcpcb.com/  

LCSC To order PCB parts https://www.lcsc.com/  

 

10.5 STM32 IDE configuration and Code Upload 

First, we create a new STM32 Project 

 

Figure 5-1- Create new STM32 Project 

Next, we choose our STM model and click next button 

https://easyeda.com/
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html
https://www.st.com/en/development-tools/stm32cubeide.html
https://www.st.com/en/development-tools/stm32cubeide.html
https://www.st.com/en/development-tools/stm32cubeprog.html
https://www.st.com/en/development-tools/stm32cubeprog.html
https://smith1.software.informer.com/4.1/
https://smith1.software.informer.com/4.1/
https://jlcpcb.com/
https://www.lcsc.com/
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Figure 5-2- Choose STM model 

Lastly, we give our project a name and click Finish 
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Figure 5-3- Project Name and Creation 

When we reach this page, first we need to configure the RCC configuration as shown in the figure 

below. 
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Figure 5-4- RCC configuration 

Next, we need to configure the USB configuration as shown in figure 5-5 and 5-6 below 

 

Figure 5-5- USB Configuration 
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Figure 5-6- USB Configuration 

Lastly, we need to change the clock configuration and put it to 72 MHz as shown in the figure below 

 

Figure 5-7- Clock Configuration 

After finishing with the configuration, we need to “release” the code. 
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Figure 5-8- Code Release 

After releasing the code, we open “STM32CubeProgrammer” and then we need to choose the file 

that we have released. 

 

Figure 5-9- Choosing file from Programmer 

Then we choose the code elf file from where we saved it in the “Release” folder. Here is a sample 

directory path of where the file is saved: Test\Release\fileName.elf 
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Figure 5-10- Choosing elf file for Programmer 

We need to make sure to connect the “ST-Link” USB programmer to the PC without connecting a 

USB serial port. 
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Figure 5-11- Connecting ST-Link programmer USB 

Next, we click connect and then we download the file to the STM32. 

 

Figure 5-12- Downloading the code on the STM32 
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Lastly, we need to click the reset button found on the STM32 to refresh the code and we can plug a 

USB serial port after finishing all the steps. 

 

Figure 5-13- Resetting the STM 
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11 Further Issues to Satellite Development 2024 

11.1 AS-COMSAT_1 TT&C (Telemetry, Tracking & Control) System 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment 

 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment
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11.1.1 TT&C Testrig 
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11.1.2 TT&C Testbed 

 

 

TT&C GUI + Satellite OBC python programme_270224 
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11.1.3 Monitoring values of TT&C Ground Station Transceiver STM32 C Code 

In the following we see a film series, where Eng. Raja Mourad explains how to monitor values on 

the transceiver STM32 of the TT&C ground station while executing: 

Monitoring values of TT&C Ground station Transceiver STM32 C Code - part 1 (mp4) 

Monitoring values of TT&C Ground station Transceiver STM32 C Code - part 2 (mp4) 

  

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1555-monitoring-values-of-tt-c-ground-station-transceinver-stm32-c-code-part-1-mp4
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1556-monitoring-values-of-tt-c-ground-station-transceinver-stm32-c-code-part-2-mp4


Further Issues to Satellite Development 2024 

596 
 

Action: Change valve status command button: 

 

last frame is for the changed valve status command button: 
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11.2 ACS 

 

• All Pages 

 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram/acs-controlcodepython?showall=1
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def OutofSolarSensorToPercentage(): 

    """ 

    DependOfTypeOutputofSolarSensor 

    

    """ 

    return 

def PercentageToDecimal(perc): 

    """This methode transform the pourcentage to a nombre decimal 8 bits """ 

    if(perc<0 or perc>100): 

        raise (ValueError) 

    else: 

        decimal_value= (perc/100)*255 

    return decimal_value 

def DegreToTime(degree): 

    """ this methode have the formula of valve 

        she transforme the degree to time needed to open a valve 

        exp: turn the valve for 10 sec the satelite turn 5 degree 

 

    Args: 

        degree (float): the degree of rotation 

    """ 

    return 
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def RotateRight(time): 

    """this method control the valve needed to open if i need rotate to right """ 

    """the following methodes is the same""" 

    return 0 

def RotateLeft(time):   

    return 0 

def RotateBas(time): 

    return 0 

def RotateHaut(time): 

    return 0 

def newPercentageBeforRotate(): 

    """ 

    this methode prend the new ouptput of the solar sensor 

    """ 

    return 0 

def DecimalValueToCondition(decimal_value): 

    """this methode find the sens of rotation needed to rotate the satelite 

    the value 80% is not true is the condition when the satelite is in the true position 

    """ 

    ConditionNeeded= PercentageToDecimal(80) 

    if(decimal_value<80): 

      temp=decimal_value 

      RotateRight(DegreToTime(1)) 

      if newPercentageBeforRotate()>temp : 

        temp2=newPercentageBeforRotate() 

        while(newPercentageBeforRotate()>=temp2): 

            temp2=newPercentageBeforRotate() 

            RotateRight(1) 

      elif newPercentageBeforRotate()<temp: 

        RotateLeft(DegreToTime(2)) 

        temp2=newPercentageBeforRotate() 

        while(newPercentageBeforRotate()>=temp2) : 

            temp2=newPercentageBeforRotate() 

            RotateLeft(1) 

        """complet the same methode of all or optimised method if you have the data complet""" 

        """this case if i have 1 solar sensor in the satelite if i have anothers the programe is very easy 

           because one sensor in haut give u the 

           the sens of rotation in haut or in bas 

           and one in the left give u the sens left or right 
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           compare the value of the sensor in the center whith the other sensor in the left or right ...and the 

sensor in haut or bas 

           3 sensor very good but if the nomber of sensor augment the resolution augment 

            

        """ 

three solar sensor 
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o AS-COMSAT 

▪ AS-COMSAT SW&HW Repository 

▪ AS-COMSAT Planning&Controlling 

▪ TEMO Lebanon 2016 - 2020 

▪ Ballon/Airship Based Communication Platforms 

▪ Satellite Based Communication Platforms 

▪ Management Software 

▪ AS-COMSAT Planning and Controlling 2022 

▪ AS-COMSAT Planning&Controlling 2023 

▪ AS-COMSAT Procurement 2023 

▪ AS-COMSAT Office&Atelier Istanbul 

▪ AS-COMSAT Planning & Controlling 2024 

▪ AS-COMSAT Platforms&Devices 

▪ AS-COMSAT_1 (LEO Communication Satellite) 

▪ AS-COMSAT_1 (LEO Satellite) System Architecture 

▪ AS-COMSAT_1 ACS (Design&Realization&Testing) 

▪ AS-COMSAT_1 ACS Board STM32 SW 

▪ ACS Board - Ver. 0524 

▪ AS-COMSAT_1 ACS Sun Sensor 

▪ AS-COMSAT_1 ACS Teststand 

(Requirements&Design&Realization) 

▪ AS-COMSAT_1 Power Management Unit (PMU) 

▪ AS-COMSAT_1 PMU SW 

▪ AS-COMSAT_1 LEO Satellite - Structure and Integration 

▪ AS-COMSAT_1 Space Radiation Protection 

▪ AS-COMSAT_1 TT&C 

▪ AS-COMSAT_1 TT&C Ground Station HW 

▪ AS-COMSAT TT&C GUI 

▪ TT&C Ground Station and Satellite Transceiver Boards 

STM32 SW 

▪ Monitoring values of TT&C Ground Station Transceiver 

STM32 C Code 

https://aecenar.com/index.php/companies/as-comsat
https://aecenar.com/index.php/companies/as-comsat/as-comsat-sw-hw-repository
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/temo-lebanon
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/temo-lebanon/ballon-airship-based-communication-platforms
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/temo-lebanon/temoleb-communication-tech
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/temo-lebanon/temo-lebanon-management-software
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-planning-and-controlling-2022
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-temolebanon-planning-controlling-2023
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-temolebanon-planning-controlling-2023/as-comsat-procurement-2023
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-temolebanon-planning-controlling-2023/as-comsat-office-atelier-istanbul
https://aecenar.com/index.php/companies/as-comsat/as-comsat-planning-controlling/as-comsat-planning-controlling-2024
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-system-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-board-stm32-sw
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/acs-board-ver-0524
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-sun-sensor
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-teststand-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-teststand-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-power-management-unit-pmu
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-power-management-unit-pmu/as-comsat-1-pmu-sw
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-mechanical-realization
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-mechanical-realization/space-radiation-protection
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/as-comsat-ground-segment-system-architecture
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/as-comsat-tt-c-ground-segment-software
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/tt-c-ground-station-and-satellite-transceiver-boards-stm32-sw
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/tt-c-ground-station-and-satellite-transceiver-boards-stm32-sw
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/monitoring-values-of-tt-c-ground-station-transceiver-stm32-c-code
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-ground-segment/monitoring-values-of-tt-c-ground-station-transceiver-stm32-c-code
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▪ AS-COMSAT_1 On-Board-Computer (OBC) 

▪ Monitoring values of OBC RaspberryPi python code 

▪ ACS_ControlCodePython 

▪ AS-COMSAT_1 Launching 

▪ AS-COMSAT_1 LEO Satellite Concepts 

▪ AS-COMSAT_1 COM Concept with HackRF 

▪ AS-COMSAT_1 COM Hardware 

▪ AS-COMSAT_1 COM Software 

▪ AS-COMSAT 4U Cubesat Integration Concept 

▪ AS-COMSAT_1 LEO to GEO Orbit Change Module 

▪ LEO to GEO transfer orbit basics 

▪ AS-COMSAT_1 LEO to GEO Transfer Requirements 

▪ AS-COMSAT_1 LEO to GEO Transfer Module 

Propulsion System Design&Realization 

▪ Regenerative Cooling for AS-COMSAT_1 

OrbitChange Module 

▪ AS-COMSAT_1 LEO to GEO Orbit Change Teststand 

▪ AS-COMSAT_1 LEO to GEO Orbit Change 

Teststand - Test Specification 

▪ ACS Teststand Systemtest Specification 

▪ AS-COMSAT_1 LEO to GEO Orbit Change 

Teststand - System Test 

▪ 22.12.2023 - AS-COMSAT_1 Orbit 

Change Teststand System Test 

▪ AS-COMSAT_1 Orbit Change HIL Teststand 

▪ AS-COMSAT_1 Orbit Change Module CFD-NC 

Simulation 

▪ RF 2.4GHz Tranceiver Unit Prototype 

▪ RF System Implementation 

▪ System Design 

▪ Amplifier Design 

▪ Oscillator Design 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram/monitoring-values-of-obc-raspberrypi-python-code
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram/acs-controlcodepython
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-launching
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-satellite-concepts
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-satellite-concepts/as-comsat-1-com
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-satellite-concepts/as-comsat-1-com/as-comsat-1-com-hardware
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-satellite-concepts/as-comsat-1-com/as-comsat-1-com-software
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-satellite-concepts/as-comsat-1-mechanical-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/leo-to-geo-transfer-orbit
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-leo-to-geo-transfer-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-leo-to-geo-transfer-module-propulsion-system-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-leo-to-geo-transfer-module-propulsion-system-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-leo-to-geo-transfer-module-propulsion-system-design/regenerative-cooling-for-as-comsat-1-orbitchange-module
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-leo-to-geo-transfer-module-propulsion-system-design/regenerative-cooling-for-as-comsat-1-orbitchange-module
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-test-specification
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-test-specification
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-test-specification/acs-teststand-systemtest-specification
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-system-test
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-system-test
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-system-test/22-12-2023-propulsion-system-test
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/propulsion-unit-system-test/22-12-2023-propulsion-system-test
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig/as-comsat-1-orbit-change-hil-teststand
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-orbit-change-module-cfd-nc-simulation
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-orbit-change-module-cfd-nc-simulation
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/system-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/amplifier-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/osc-design-rf
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▪ Mixer Design 

▪ Filter Design 

▪ AS-COMSAT Patch Antenna Design & Realization 

▪ Basics Microchip antennas 

▪ Power Management Unit (PMU) Design 

▪ RF 2.4GHz System Design (Microchip) 

▪ Transceiver Design 2023 V2 

▪ ECS V2 System Requirements 

▪ ECS V2 System Design 

▪ Amplifier Design 

▪ Power Management Unit (PMU) Design 

▪ ICS Emergency COM System (ECS) V1 (SDR based) 

▪ AS-COMSAT City Network Ambulance (CNA) 

▪ mobile network basics 

▪ CNA GUI Implementation (C#) 

▪ CNA GUI Software Implementation (C#) - Update 

Versions Feb-Sep 2024 (beta versions) 

▪ CNA STM32 eSW (C) 

▪ AS-COMSAT City Network Ambulance (CNA) Hardware 

Requirements 

▪ AS-COMSAT City Network Ambulance (CNA) Software 

Requirements 

▪ System Design of CNA Communication Node 

▪ CNA Satellite Payload Transmitter Design 

▪ CNA 2 Mobile Users 

▪ CNA with 2 nodes and 2 mobile users 

▪ CNA with 1 Gateway, 3 nodes, and n fixed users 

▪ Users Guide, Getting Started - CNA with 1 Gateway, 3 

nodes, and n fixed users 

▪ Developers Guide, Getting Started - CNA with 1 

Gateway, 3 nodes, and n fixed users 

▪ AIS Specification & Use Cases 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/mixer-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/filter-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/antenna-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/antenna-design-rf/prototype-microchip-antennas-for-iu-and-su
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-sys-implementation/pmu-design-rf
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/rf-2-4ghz-system-design-microchip
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/ecs-version2
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/ecs-version2/ecs-ver-2-system-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/ecs-version2/ecs-v2-system-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/ecs-version2/tx-amplifier-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-2-4ghz-tranceiver-unit-prototype/ecs-version2/pmu-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-emergency-com
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/mobile-network-basics
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-gui-implementation-c
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-gui-implementation-c/cna-gui-implementations-c
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-gui-implementation-c/cna-gui-implementations-c
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/transceiver-node-stm-esw
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-hardware-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-hardware-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-software-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/as-comsat-city-network-ambulance-cna-software-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/system-design-of-cna-communication-node
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/satellite-payload-transmitter-design
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-2-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-2-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/developers-guide-getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/cna-with-2-nodes-and-n-mobile-users/developers-guide-getting-started-cna-with-1-gateway-3-nodes-and-n-mobile-users
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-ais
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▪ RF 144 MHz Transceiver Unit Prototype 

▪ 144MHz Modulation/Demodulation Scheme 

▪ 144 MHz Oscillator Circuit 

▪ AS-COMSAT Customer Projects 

▪ Ambulance Emergency System (ECS CNA Trip 2024) 

▪ DevOps CI/CD Development Environment (HW, GUI and embedded SW) 

▪ AS-COMSAT Testbeds CNA+LEO-Sat, Antenna 

▪ Testing of CNA 3-1-2024 

▪ Reduced Testbed (Defined 8 Jan 2024) 

▪ Antenna Testing and Sending&Receiving Testing with gnu radio and 

HackRF 

▪ Launch Issues (SpaceX and other suppliers from India and Russia) 

 

11.3 AS-COMSAT_1 ACS Teststand (Requirements, Design & Realization) 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-

comsat-1-acs-design-realization-testing/as-comsat-1-acs-teststand-requirements  

11.3.1 Requirements for ACS Teststand 

11.3.1.1 Teststand System 

(here: Magnetorquer as Actuator) 

References: 

https://www.astrofein.com/en/products/acs-test-stand/ 

https://www.slideshare.net/mchessab/cube-sat-test-bed  

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype/144mhz-modulation-demodulation-scheme
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/rf-144-mhz-transceiver-unit-prototype/144-mhz-oscillator-circuit
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects
https://aecenar.com/index.php/companies/as-comsat/as-comsat-customer-projects/ambulance-emergency-system-ecs-cna-trip-2024
https://aecenar.com/index.php/companies/as-comsat/gui-and-embedded-software-development-environment
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-of-cna-3-1-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-cna-8-jan-2024
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/antenna-testing-and-sending-receiving-testing-with-gnu-radio-and-hackfr
https://aecenar.com/index.php/companies/as-comsat/launch-issues-spacex-and-other-suppliers-from-india-and-russia
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-teststand-requirements
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-acs-design-realization-testing/as-comsat-1-acs-teststand-requirements
https://www.astrofein.com/en/products/acs-test-stand/
https://www.slideshare.net/mchessab/cube-sat-test-bed
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11.3.1.2 Actuator System (Cold Gas) 

 

11.3.2 Design of ACS Teststand 

Responsible: Layla Taleb 

11.3.2.1 Block Diagram (System Design) 
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Explanation: 

Sun Sensor Analog signal goes to the STM32 of the ACS Actuator board and then immediately to 

the Raspberry Pi. On the Raspberry Pi the python ACS Algorithms determines, which valves shall 

open. Then Raspberry Pi sends an appropriate signal to the ACS Actuator Board. Then the ACS 

Actuator Boards sends a signal to the valves. 

The Raspberry Pi is connected to the stm32 through a USB cable. 

The Raspberry Pi should update the stm32 by the status of the valves when it sends a request. 

STM32 Program: 

 

  

The while loop presented above allows us to read constantly the inputs from channels 0,1 and 2 

which are connected to the sun sensor and stores each of them in  the array. 

 

We now need to send these values to the Raspberry Pi, we can write them here but this will end by 

sending them constantly. 
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The method above is written in the file "usbd_cdc_if.c". 

This method ensures that the stm32 won't send the data  of the sun sensor to Raspberry Pi until it 

sends a request carrying with the address which is 0x32. 

Python Code: 

FRAMES = { 
'WHO AM I': b'\xFF', 
'VER FRAME': b'\x17', 

'ACS MEASUREMENT FRAME': b'\x11', 
'ACCELERATION FRAME': b'\x12', 
'ANG RATE FRAME': b'\x13', 
'ANGLES FRAME': b'\x14', 
'POSITION FRAME': b'\x15', 
'STATUS FRAME': b'\x16', 
'ACS DIAG FRAME': b'\x18', 
 
'POWER MEASUREMENT FRAME': b'\x20', 
'POWER STATUS FRAME': b'\x21', 
'POWER DIAG FRAME': b'\x22', 

'CMD FRAME': b'\x30', 
'OBC DIAG FRAME': b'\x31', 
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'Sun Sensor': b'\x32' 
} 

elif pid == PIDs['ACS UNIT']: 
new_connected_targets['ACS UNIT'] = port.device 

acs_meas = request_data(port, FRAMES['ACS MEASUREMENT FRAME']) 
raw_acceleration = request_data(port, FRAMES['ACCELERATION FRAME']) 
raw_ang_rate = request_data(port, FRAMES['ANG RATE FRAME']) 
angles = request_data(port, FRAMES['ANGLES FRAME']) 
positions = request_data(port, FRAMES['POSITION FRAME']) 
acs_status = request_data(port, FRAMES['STATUS FRAME']) 
acs_diag = request_data(port, FRAMES['ACS DIAG FRAME']) 
sun_sensor = request_data(port, FRAMES['Sun Sensor']) 
 
send_packet(port, cmd) 

This part is responsible of sending the request from the Raspberry Pi to STM32 on the ACS board. 
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The Flow chart above represents the algorithm of the motion of the satellite by setting the valves. 

(S3 should get the highest value) 

ACS&OBC Poster [pptx file] 

https://aecenar.com/index.php/downloads/send/16-ics/1748-as-comsat-acs-obc-poster290824-pptx
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See also the videos on AS-COMSAT_1 On-Board-Computer (OBC) (aecenar.com) 
(https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-
block-diagram ): 

  

  

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
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11.3.3 Realization of ACS Teststand 

  

ACS Teststand Realization 2.4.24 (film) (https://aecenar.com/index.php/downloads/send/13-temo-
space-communication/1723-as-comsat-1-acsteststand-realization-film ) 

11.3.3.1 ACS Actuator Board 

  

11.3.3.2 OBC 

  

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1723-as-comsat-1-acsteststand-realization-film
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1723-as-comsat-1-acsteststand-realization-film
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1723-as-comsat-1-acsteststand-realization-film
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11.3.3.3 Sun Sensor 

Connecting Sun-Sensor directly to ACS Actuator Board 

 

Connecting Sun Sensor to On-Board-Computer (OBC) 

Responsible: Layla Taleb 

needs Analog Digital Converter (ADC) 
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11.3.3.4 On-Board Computer 

 

AS-COMSAT_1 On-Board-Computer (OBC) (https://aecenar.com/index.php/companies/as-

comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram ) 

The On-Board Computer (OBC) is responsible for collecting the data from the connected units such 

as the Power Unit and Attitude Control System (ACS) Unit then sends the collected data to the 

Transceiver Unit. It also collects other frames from the transceiver, such as CMD_Frame, then 

forward the data to its corresponding unit. The system uses a raspberry pi as the OBC, and it is 

coded in python. 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/obc-block-diagram
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OBC Block Diagram 

 

 

Download OBC Diagram File: OBC Block Diagram.drawio 

https://aecenar.com/index.php/downloads/send/16-ics/1449-obc-block-diagram
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OBC Software Design 
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OBC to ACS Board Communication and Signal Handling (18.3.24) 
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The flowchart above explains how the flow process of the following code will work. 

OBC Software Code (python) 

OBC Rasberry (python) 

  

OBC_Raspberry (python) Ver. 061223 

OBC Raspberry (python) Ver. until April 24 

  

Communication between OBC and ACS board 

We need to test our communication between the OBC (raspberry py) and  ACS board (STM32), we 

are using a USB as a communication protocol between these two.  

Algorithm of operation for ACS board (STM32) 

 

Figure 1: the path of the communication code 

the code that is responsible for transmitting and receiving data can be reached by following Figure 

1. 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1542-as-comsat-1-obc-sw
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1662-as-comsat-obc-python-code-ver-apr-24
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Figure 2: defining some variables and their bits capacity  

As we can see in Figure 2 We start by defining three variables with "unit8_t" which means each one 

of these variables is 8-bits (0000 0000) and we've created for each one an array 

of "FRAME_LEN" rows (cmd array length simply is the value of "FRAME_LEN" -2). 

we define a variable called "new_cmd" as a bool format (0 or 1) and an initial value 0 (false) to simply 

use later to track if there is a new command or not.  

finally, we've defined many variables as "unit16_t" which means each one of these variables is 16-

bits (0000 0000 0000 0000). 

"FRAME_LEN" is simply a variable that we've defined in another place ("configuration.h") (we've 

defined him here as 12 ). You can access the configuration of "FRAME_LEN" and many other 

variables by following the path in Figure 3. 
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Figure 3: configurations of variables  

After we know the value of the "FRAME_LEN" we can know how each of our main three variables 

(Figure2) will look (just to facilitate understanding), we will have 8bit each array: 

1. rx_buffer [] = [00000000, 00000000, 

00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 

00000000]  

2. tx_buffer [] = [00000000, 

00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 

00000000, 00000000] 

3. cmd_data []= [00000000, 

00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000, 00000000] 

Assume that rx_buffer [12] = [00000001, 00000010, 00001001, 00100100, 00010000, 

10000000, 00011100, 00000000, 00000000, 00000000, 00000000, 00000000] 

In this example rx_buffer [0] =[00000001], rx_buffer [3]= [00100100], rx_buffer [5]= [10000000], the 

same concept for the other variables (now if we mention them later the reader can imagine them 

easily). 

Most of the time we will use the hexadecimal format instead of the binary to facilitate writing in this 

case how our variables will look like:  

1. rx_buffer [12] = [0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00]  

2. tx_buffer [12] = [0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00] 

3. cmd_data [12-2]= [0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00] 
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Figure 4: transmitting and receiving algorithm   

The function in Figure 4 is the one that is responsible for transmitting and receiving data. the first 10 

lines of this function are self-explanatory (check the comment in green for more details in Figure 4). 

The main thing here is that we will receive our data and this data will be saved at rx_buffer. 

according to the data that we will receive we will later transmit the required data. 

we specify the first byte of our received and transmitted data as the ID (to know simply this data 

where it should go exactly). according to Figure 3, we can see the ID of our variables. 

what the switch and case function do is simply a comparison between the "rx_buffer[0]" (ID  send it 

to STM32) and each one of my frames, if  ("rx_buffer[0]" == 0x11("MEASUREMENT_FRAME")) start 

this case if we start this case we won't look anymore to other cases, if not go to other case and do the 

same comparison (it's like using else if). 

For example, if the OBC sends a signal that has ID=0x11 (00010001), we will enter the measurement 

case and fill the tx buffer with the required data (usually those data came from sensors). 

According to Figure 4 our tx_buffer will look like that: tx_buffer[] = [0x11 

("MEASUREMENT_FRAME"),0x06, 0x14B, 0xA5E, 0x7B, 0x7A, 0xFF, 0xFF]. (about those values in 

the middle I am not sure yet if they are decimal, but they look like it). (2654>>8 we will explain this 

later on In the article). 

 

Figure 5: sending data function (from stm32 to OBC) 

After we fill the tx_buffer with the required data we need now to send this data to the Raspberry py, 

to do so we can see in Figure 5 we have a function that called "CDC_Transmit_FS" This function 

sends the information that is located in the tx_buffer to the OBC system through USB. 

now all cases instead of CMD_Frame are responsible for sending data to the OBC system and they 

work the same way as the "MEASUREMENT_FRAME" (the OBC system requests data by sending 

the requirement ID and STM32 sends this data for him). 
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Figure 6: CMD frame  

To start the CMD_frame it will be the same process as before (like the other frames), but the 

difference here is that this frame is the only one that receives data, we use this frame to apply a 

manual control to our system. 

As we can see in Figure 6, we first change the variable new_cmd to true to indicate that there is a 

new commend. 

All the variables here can store up to 16 bits, what we've done in the code that's we've taken two 

arrays from the rx_buffer and merged them to have a 16-bit.  

let's take an example to understand how exactly each function worked here. assume that rx_buffer 

[] = [00110000 (0x30), 00000010, 00001001, 00100100, 00010000, 10000000, 00011100, 

11000000, 01001001, 10000001, 00110000, 00001000]. (the first array represents the ID of the 

CMD_FRAME) 

1. Extract Values from rx_buffer: rx_buffer[2]: 00001001 - rx_buffer[3]: 00100100 

2. Left Shift Operation: rx_buffer[2] << 8 : 00001001 << 8  →  00001001 00000000  

3. Bitwise OR Operation (or is like summation): rx_buffer[2] << 8 | rx_buffer[3]: 00001001 

00000000  OR  00000000 00100100 ----------------->  00001001 00100100  

- Result: phi_cmd = 00001001 00100100 (binary) / 0x0924 (hex) / 2340 (decimal)  

the same concept goes for other variables of the CMD frame.  
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Figure 7: return commends functions  

According to Figure 7, we've added many functions to get the CMD value for each variable (phi, 

theta, psi,....). 

"get_cmd_flag" is the function that tells you whether there is a new command or not. 

st_cmd_flag allows you to change the value of a new_cmd we use this to do a reset after finishing 

applying the commend. 
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Figure 8: Main function  

As we can see in Figure 8 we start with the condition to know I there is a CMD or not 

("get_cmd_flag"), if there is we will reset the CMD flag (set_cmd_flag(0)) which means we've entered 

no command mode (to be ready to receive a new command again), after that we've requested for the 

CMD data that are related to the valves (get_valve_cmd) and save it in the valve_cmd. 

we will turn each relay ON and OFF according to the valve_cmd. to understand how (valve_cmd & 

0x01) work we will take an example.  

assume that valve cmd = 00000000 01001001, '&' work as multiplication and the 0x01 is represented 

in binary in this form: 00000001.  

00000000 01001001 AND 00000000 00000001 --------> 00000000 00000001 which means 1 so this relay 

will turn on.  

Relay 2: (0x02: 00000010), 01001001 AND 00000010--------> 00000000  which means 0 so this relay will 

turn OFF. 

the same goes for all other relays. 

relay  hexa nb  binary nb  

relay 1 0x01 00000000 00000001 

relay 2 0x02 00000000 00000010 

relay 3 0x04 00000000 00000100 

relay 4 0x08 00000000 00001000 

relay 5 0x10 00000000 00010000 

relay 6 0x20 00000000 00100000 
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relay 7 0x40 00000000 01000000 

relay 8 0x80 00000000 10000000 

relay 9 0x100 00000001 00000000 

Table 1: the nb of each relay and its representation in binary and hexadecimal 

According to Figure 8 and Table 1, we know that each bit from our 16-bit represents a relay if it's 0 

it will turn off, and if 1 it will turn on. the LSB bit represents relay 1 and the MSB represents relay 

16. 

valve cmd = (relay 16)MSB 00000000 01001001 LSB(relay 1)  those 16-bit represents the relays that 

will turn on and off, in this example relays: 1,4, and 7 will turn on.  

  

communication test :  

because we are working at a small scale our OBC won't take command from the ground station so 

we will add the command manual inside the code, figure 9 will show us this command.   

 

 Figure 9: Raspberry Py manual command  
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In Figure 9 we have the first byte x30, which is the ID ("CMD frame"), we have an explanation inside 

Figure 9 to tell us if we change the final byte what will happen.

 

Figure 10: STM32 pin configuration  

For this test we will only control 3 relays, as we can see in Figure 10 we've configured the required 

relays and set them initially low. We've defined the LED to let it blink when we've received 

comments (for visualization) (The LED pin is high because when we set it high = the LED is OFF 

and vice versa). 

Now we are ready to apply our test. We will apply 4 tests each one turning on and off different 

relays, we will be moving in the same order as the comment in Figure 9, and Table 2 will show us 

more details about our test. 

TEST  relay 1 relay 2 relay 3 cmd hexa representation  
binary representation (last 2 

byte ) 

1 ON ON ON b'\x30\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x07' 00000000 00000111 

2 OFF ON ON b'\x30\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x06' 00000000 00000110 

3 ON OFF ON b'\x30\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x05' 00000000 00000101 

4 OFF OFF OFF b'\x30\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00\x00' 00000000 00000000 

Table 2: tests details  

Test 1,2,3, and 4 results are represented in Figures 11,12,13 and 14 
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Figure 11: Result of test 1 

 

Figure 12: Result of test 2 
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Figure 13: Result of test 3 
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Figure 14: Result of test 4 

  

videos of each test and their result: communication_Tests_Results 40624 

STM 32 code (used in this test): Attitude_Controller_communication_test_SW103 40624 

raspberry py code (used in this test): OBC_Raspberry_communication_test (python) 40624 

2.9.24: 

https://aecenar.com/index.php/downloads/send/16-ics/1748-as-comsat-acs-obc-poster290824-

pptx (Poster pptx file) 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1693-tests-results-140624
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1694-attitude-controller-sw103-140624
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1695-obc-manual-control-test-140624
https://aecenar.com/index.php/downloads/send/16-ics/1748-as-comsat-acs-obc-poster290824-pptx
https://aecenar.com/index.php/downloads/send/16-ics/1748-as-comsat-acs-obc-poster290824-pptx
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12 AS-COMSAT_1 LEO to GEO Orbit Change Testrig 

 

                                           

AS-COMSAT_1 LEO to GEO Orbit Change Teststand  

(https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-

comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig ) 

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig
https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/ics-iap-sat/as-comsat-1-leo-to-geo-orbit-change-module/as-comsat-1-attitude-control-system-testrig
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12.1 System Design & Mechanical Realization & Testing 

12.1.1 Propulsion System 

 

Picture 1: Testrig For Satellite Propulsion 
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12.1.2 Propulsion System Design 

 

Picture 2: System of All Sensor's for the Testrig For Satellite Propulsion 
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12.1.3 Panel Wiring Diagram 

 

Picture 3: Connection of PLC of attitude control satellite propulsion teststand 
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12.1.4 PLC Panel  

 

Picture 4: PLC Panel of teststand 

12.1.5 Graphical User Interface  

 

Picture 5: GUI of Teststand by PLC. 
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12.1.5.1 ACS PLC Teststand GUI (Diagrams and Code) 

 

12.1.6 Modbus Address - PLC Points interface 
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Picture 6: table of modbus 

12.1.6.1 Testrig of the propulsion stand system at 30/11/2023 

 Testing of the propulsion system (mp4 file). 

 

Picture 7: This figure show the important and unimportant enrichment point. 

Graphical User Interface code (C#) 

PLC Code 

Modbus Address - PLC Points interface 

https://aecenar.com/index.php/downloads/send/16-ics/1443-videos-for-testing-propolsion-stand
https://aecenar.com/index.php/downloads/send/16-ics/1431-as-comsat-propulsion-system-pcs-gui-code
https://aecenar.com/index.php/downloads/send/16-ics/1432-as-comsat-propulsion-system-pcs-plc-code
https://aecenar.com/index.php/downloads/send/16-ics/1433-as-comsat-propulsion-system-pcs-plc-addresses
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Picture 9: Fuel and oxidizer inlet to combustion chamber 

 

Picture 10 : Gazifier and Connecting Lines 
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  Picture 11: Connection of ACS Board for Satellite Attitude Control System (ACS) Teststand 

 

Picture 12: ACS Panel of teststand 

 

Picture 13: ACS Teststand controlled by TT&C GUI 
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Picture 14: Connection the Solar Panels in Teststand, connected A and C in series, and B and D 
in series, and (A,C) with (B,D) in parallel. 

 

Picture 15: Connected the Raspberry with ACS Board, Transvers Board, Power Charge Board. 
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Picture 16: Drawing showing remote control method. 

12.2 Test with Ethanol Dec 23 

   

AS-COMSAT_OrbitCh

angeTestrig2023-12-24 at 19.20.53.mp4
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13.1 Presentation of Master Thesis on 8.12.24 
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13.2 Abstract 

This thesis explores the design and analysis of a LOX/LCH₄ thruster engine with a pressure 

feed system, tailored to efficiently transfer a spacecraft from Low Earth Orbit (LEO) to 

Geostationary Orbit (GEO). Blending innovation with practical feasibility, the study delves 

into advanced computational tools to optimize engine performance and sustainability.   

The first phase involves calculating key performance parameters using NASA CEA and 

RPA software to determine the optimal oxidizer-to-fuel mixture ratio and evaluate specific 
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impulse, effective exhaust velocity, and combustion characteristics. These findings guide 

the design of critical engine components, including the thrust chamber, combustion 

chamber, and nozzle, ensuring optimal operation under vacuum conditions for a target 

thrust force of 5 kN.   

The second phase focuses on propellant calculations for orbital transfer, employing the 

Tsiolkovsky rocket equation to estimate fuel requirements based on spacecraft mass and 

mission Δv. Thermal management strategies are explored through RPA simulations to 

develop effective cooling and heat recovery systems, enhancing engine reliability and 

efficiency.   

This research bridges the gap between theoretical propulsion models and practical design, 

contributing to the development of efficient and reliable liquid propulsion systems for 

small satellite missions. By integrating advanced simulation tools and focusing on 

performance optimization, the study paves the way for future advancements in sustainable 

and cost-effective space exploration.   

Keywords: LOX/LCH₄ thruster engine, pressure feed system, NASA CEA, RPA, orbital 

transfer, chemical propulsion, heat recovery, space exploration. 

13.3 Résumé 

Cette thèse explore la conception et l'analyse d'un moteur-fusée LOX/LCH₄ avec un 

système d'alimentation par pression, conçu pour transférer efficacement un engin spatial 

de l'orbite terrestre basse (LEO) à l'orbite géostationnaire (GEO). Alliant innovation et 

faisabilité pratique, l'étude s'appuie sur des outils informatiques avancés pour optimiser 

les performances du moteur et sa durabilité.   

La première phase consiste à calculer les principaux paramètres de performance à l'aide 

des logiciels NASA CEA et RPA afin de déterminer le rapport optimal oxydant/carburant 

et d'évaluer l'impulsion spécifique, la vitesse d'éjection effective et les caractéristiques de 

combustion. Ces résultats orientent la conception des composants clés du moteur, 

notamment la chambre de poussée, la chambre de combustion et la tuyère, garantissant un 

fonctionnement optimal dans des conditions de vide pour une poussée cible de 5 kN.   

La deuxième phase se concentre sur les calculs de propergol pour le transfert orbital, en 

utilisant l'équation de Tsiolkovski pour estimer les besoins en carburant en fonction de la 

masse de l'engin spatial et du Δv de la mission. Les stratégies de gestion thermique sont 

étudiées à l'aide de simulations avec RPA pour développer des systèmes de refroidissement 

et de récupération de chaleur efficaces, améliorant ainsi la fiabilité et l'efficacité du moteur.   

Cette recherche comble le fossé entre les modèles théoriques de propulsion et la conception 

pratique, en contribuant au développement de systèmes de propulsion liquide efficaces et 

fiables pour les missions de petits satellites. En intégrant des outils de simulation avancés 
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et en mettant l'accent sur l'optimisation des performances, cette étude ouvre la voie à de 

futures avancées dans l'exploration spatiale durable et rentable.   

Mots-clés: moteur-fusée LOX/LCH₄, système d'alimentation par pression, NASA 

CEA, RPA, transfert orbital, propulsion chimique, récupération de chaleur, 

exploration spatiale.   

13.4 Abbreviations 

LOX Liquid Oxygen 

LCH₄ Liquid Methane 

LEO Low Earth Orbit 

GEO Geostationary Orbit 

CEA Chemical Equilibrium with Applications 

NASA 
National Aeronautics and Space 

Administration 

RPA Rocket Propulsion Analysis 

CAE Computer-Aided Engineering (tools) 

13.5 List of Parameters 

MR Oxidizer-to-Fuel Ratio 

PC Combustion Chamber Pressure 

pe Exit Pressure 

pₐ Ambient Pressure 

Isp Specific Impulse 

Cf Thrust Coefficient 

γ specific heat ratio of gas 

a Sonic Velocity 

h Enthalpy 

s Entropy 

G Gibbs Energy 

u Internal Energy 

Cₚ Specific Heat at Constant Pressure 

T temperature 

c Effective Exhaust Velocity 

Ve Exit velocity 
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g gravitational acceleration 

ṁ Total Propellant Mass Flow Rate 

ṁCH4 Fuel Mass Flow Rate 

ṁO2 Oxidizer Mass Flow Rate 

F Thrust Force 

C* Characteristic velocity 

Aₜ Nozzle Throat Area 

Dₜ Nozzle Throat Diameter 

Aₑ Nozzle Exit Area 

Dₑ Nozzle Exit Diameter 

AC Combustion Chamber Area 

DC Combustion Chamber Diameter 

VC Combustion Chamber Volume 

LC Combustion Chamber Length 

L* Characteristic length of the Combustion Chamber 

ε Nozzle Expansion Ratio 

tS Propellant Stay Time 

v specific volume of propellant 

R specific gas constant 

RU universal gas constant 

MW Molecular Weight 

Δv velocity change 

ρLO2 Liquid Oxygen Density 

ρLCH4 Liquid Methane Density 

mi Initial mass (spacecraft mass including fuel) 

mf Final mass (spacecraft mass without fuel) 

MLO2 Oxidizer Mass  

MLCH4 Fuel Mass 

VLO2 Liquid Oxygen Volume 

VLCH4 Liquid Methane Volume 

tb Burn Time 

hc1, hc min, hc2 Rib Height 

a1, a min, a2 Channel Width 

b1, b min, b2 Rib Width 

Twg Temperature of chamber wall on its hot gas side 

Twi Temperature between the thermal barrier coating layer and chamber wall 
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Twc Temperature of chamber wall on its cooler side 

Tc Temperature of the coolant 

pc Pressure of the coolant  

wc Velocity of the coolant 

ρ Density of the coolant 

qconv Convective Heat Flux 

qrad Radiative Heat Flux 

qtotal Total Heat Flux 

h Heat Transfer Coefficient 

Tgas combustion gas temperature 

Twall inner wall temperature 

ϵ Emissivity 

σ Stefan-Boltzmann constant 

Tm Melting temperature at standard pressure  

∆𝑣 Change in specific volume during melting 

ΔHf Latent heat of fusion 

𝑇𝑚
 ′  Melting temperature at combustion chamber pressure 
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13.7 Introduction 

13.7.1 Overview of the Thruster Design Process 

The goal of this thesis is to design a LOX/LCH4 thruster engine with a pressure feed system 

for transferring spacecraft from Low Earth Orbit (LEO) to Geostationary Earth Orbit (GEO), 

with an integrated heat recovery system. The process of designing this thruster engine 

requires a comprehensive approach that takes into account performance, efficiency, and 

reliability, while adhering to mission-specific constraints such as weight, size, and thermal 

management. This chapter introduces the methodology followed in this project, covering 

the mission requirements, design constraints, and key performance metrics used in the 

development of the engine.  

The design approach is broken down into several key stages, from identifying mission 

objectives to finalizing the components and conducting structural and thermal analyses 

using computational tools like RPA. 

13.7.2 Methodology for Thruster Development 

The development of the LOX/LCH₄ thruster engine follows a structured methodology 

tailored to meet the mission requirements of transferring a spacecraft from Low Earth Orbit 

(LEO) to Geostationary Earth Orbit (GEO). The design process balances performance 

optimization with constraints on weight, size, and operational efficiency. 

13.7.2.1 Design Requirements and Constraints 

The development of the LOX/LCH4 thruster engine is driven by specific mission 

requirements, particularly the need to provide efficient thrust while keeping the system 

compact and reliable. This section highlights the major design requirements and the 

operational constraints that shape the thruster engine’s development. 

Mission Requirements 

The mission objective is to transfer a spacecraft from Low Earth Orbit (LEO) to 

Geostationary Earth Orbit (GEO) using a LOX/LCH₄ propulsion system. To achieve this, 

the design must fulfill the following key requirements: 

1. Payload and Dry Mass Specifications: 

⚫ Payload mass: 50 kg 

⚫ Dry mass of the spacecraft: 60 kg 

2. Δv Requirement: 
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⚫ The orbit transfer maneuver requires achieving the necessary Δv, accounting for 

gravitational and orbital mechanics considerations. 

3. Thrust Force: 

⚫ The propulsion system should generate sufficient thrust to efficiently perform the 

orbit transfer. An estimated thrust of 5 kN is considered as a preliminary target. 

4. Propellant Selection and Mixture Ratio: 

⚫ Propellants: Liquid Oxygen (LOX) and Liquid Methane (LCH₄) are chosen for their 

performance characteristics, storability, and environmental compatibility. 

⚫ The oxidizer-to-fuel ratio will be optimized in later calculations to achieve 

maximum engine performance. 

5. Structural and Thermal Design: 

⚫ The engine must be capable of withstanding high-pressure combustion and 

extreme thermal conditions, necessitating robust materials and an efficient cooling 

system. 

6. System Integration: 

⚫ The propulsion system design must ensure seamless integration with the 

spacecraft, adhering to constraints on mass, volume, and structural compatibility. 

These mission requirements establish the foundation for the propulsion system's design 

and performance objectives, guiding subsequent calculations and optimization efforts. 

Performance Metrics 

Key performance metrics are defined to evaluate the effectiveness of the thruster engine: 

⚫ Specific Impulse (Isp): This is a key measure of fuel efficiency, which the engine design 

aims to maximize while maintaining consistent combustion. 

⚫ Thrust-to-Weight Ratio: A high thrust-to-weight ratio is targeted to provide optimal 

performance without adding unnecessary mass to the spacecraft. 

Physical and Operational Constraints 

Key constraints influencing the design include: 

⚫ Weight and Size: Minimizing engine mass and volume to fit within spacecraft 

constraints. 

⚫ Pressure and Temperature: The engine operates at high chamber pressures, estimated 

at 300 psia (approximately 20.7 bar), and temperatures exceeding 3000 K, requiring 

robust materials and precision engineering. 

⚫ Thermal Management: Incorporating reliable cooling systems to handle extreme heat 

and improve efficiency through heat recovery. 
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Design Challenges 

The engine design faces several challenges: 

⚫ Thermal Stress: High temperatures in the combustion chamber and nozzle require 

advanced cooling techniques and heat-resistant materials. 

⚫ Pressure Stability: Ensuring stable chamber pressure without pumps poses a challenge 

to achieving consistent thrust. 

⚫ Efficient Combustion: The thruster must ensure complete and efficient combustion of 

LOX and LCH4 to maximize performance while minimizing fuel consumption. 

13.7.2.2 Combustion Chamber Design 

The combustion chamber is a crucial component responsible for igniting and sustaining the 

combustion process. Its design must ensure efficient combustion while managing extreme 

temperature and pressure conditions. The following aspects are considered in the design: 

⚫ Chamber Geometry: The combustion chamber’s geometry, is optimized for fuel mixing 

and complete combustion. 

⚫ Material Selection: Materials like Inconel or copper alloys are selected for their strength 

under high thermal and mechanical stress. 

⚫ Cooling System: Regenerative cooling ensures thermal stability. 

13.7.2.3 Nozzle Design 

The nozzle transforms thermal energy into kinetic energy to produce thrust: 

⚫ Geometry: Optimized throat and exit diameters maximize exhaust velocity. 

⚫ Materials: High-temperature-resistant materials ensure durability. 

⚫ Cooling Requirements: Regenerative cooling is integrated for thermal management. 

13.7.2.4 Pressure Feed System 

A pressure feed system is chosen for its simplicity and reliability compared to pump-fed 

systems. Key considerations include: 

⚫ Feed System Overview: The pressure feed system eliminates the need for complex 

pumps, reducing system mass and complexity. 

⚫ Tank Design: Propellant tanks are designed to withstand high pressures and provide 

steady flow into the combustion chamber. 

⚫ Pressurization Gas: Helium is used for pressurizing the tanks due to its inert nature 

and light weight. 
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13.7.2.5 Cooling and Heat Recovery System 

Effective cooling and heat recovery are vital to ensure long engine life and improve 

efficiency: 

⚫ Cooling Techniques: Regenerative cooling is implemented, where the fuel is used to 

cool the combustion chamber walls before injection. 

⚫ Heat Recovery: The system recovers heat from the combustion process to preheat the 

fuel, improving the overall efficiency of the engine. 

13.7.2.6 Structural and Thermal Analysis 

To ensure the engine's reliability under operational conditions, structural and thermal 

analyses are essential: 

⚫ RPA: Computational analysis tools like RPA are used to simulate thermal stresses, 

fluid dynamics, and heat transfer in the thruster engine. 

13.8 Fundamentals of Thruster Propulsion 

13.8.1 LEO to GEO Transfer 

13.8.1.1 Low Earth Orbit (LEO) 

Low Earth Orbit (LEO) refers to an orbit around the Earth with an altitude typically ranging 

from 160 km to 2,000 km. This region is commonly used for various satellite missions, 

including communications, Earth observation, and human spaceflight, due to its proximity 

to the Earth’s surface, which allows for lower launch costs and shorter orbital periods. 

For the spacecraft in this project, LEO represents the point of departure, from which the 

thruster engine will provide the necessary delta-v to execute the transfer to GEO, fulfilling 

the mission's orbital transfer objectives. 

13.8.1.2 Geostationary Earth Orbit (GEO) 

The geostationary orbit (GEO) is a circular orbit located approximately 35,786 kilometers 

(22,236 miles) above the Earth's equator, where a satellite's orbital period matches the 

Earth's 24-hour rotation. This synchronization results in the satellite appearing stationary 

to an observer on the ground, continuously covering the same geographical area. This 

stable positioning is invaluable for communication satellites, weather monitoring, and 

other applications that require uninterrupted coverage of specific regions. 
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Figure 13.1 illustration of Orbital Altitudes: Low Earth Orbit (LEO), Medium Earth Orbit (MEO), and Geostationary Earth 
Orbit (GEO) 

Importance of the Geostationary Orbit 

⚫ Continuous Coverage: GEO satellites provide uninterrupted communication and 

monitoring over large regions, which is crucial for services like television 

broadcasting, telecommunications, and emergency responses. 

⚫ Simplified Ground Equipment: Since satellites in GEO remain fixed relative to Earth's 

surface, ground-based antennas can stay pointed in a single direction, eliminating 

the need for complex tracking systems. 

⚫ Improved Signal Quality: The stable position of GEO satellites ensures stronger and 

more reliable signal transmission, making them ideal for high-demand 

applications like satellite internet and real-time communication. 

13.8.1.3 Challenges of Direct GEO Transfers 

Placing a satellite directly into GEO is challenging due to the high altitude and the energy 

required. Direct transport to GEO is rarely practiced for the following reasons: 

⚫ High Energy Requirements: The altitude of GEO demands significant energy to 

overcome Earth's gravity and achieve the necessary orbital speed. 

⚫ Launch Vehicle Limitations: Most thrusters are designed to place payloads in low 

Earth orbit (LEO) or medium Earth orbit (MEO), making direct launches to GEO 

complex and expensive. 

⚫ Gravity Losses: A direct ascent to GEO would result in greater gravity losses, 

making the mission less efficient. 
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13.8.1.4 LEO to GEO Transfer Process 

Given these challenges, satellites are typically launched into low Earth orbit (LEO) first. 

Satellites in LEO travel at high speeds, orbiting the Earth approximately every 90 to 120 

minutes. This proximity allows for high-resolution imaging and low-latency 

communication but requires multiple satellites to cover a larger area due to their limited 

field of view. 

Here's how the transfer process works: 

⚫ Launch to LEO: The satellite is initially placed in LEO, an altitude of around 160 to 2,000 

kilometers, where launching is easier and requires less energy. 

⚫ Transfer to GTO: From LEO, the satellite is moved into a geostationary transfer orbit 

(GTO), an elliptical orbit with an apogee at GEO altitude. This is done using the 

thruster's upper stage or a separate propulsion system. 

⚫ Final Maneuver to GEO: At the apogee of GTO, the satellite’s propulsion system is fired 

to circularize the orbit, completing the transition to GEO. 

 

13.8.2 Classifications Of Propulsive Devices 

In the past century, a range of propulsive devices were developed for modern aircraft and 

spacecraft, classified into air-breathing and non-air-breathing engines (see Figure 2.2). Air-

breathing engines use ambient air as an oxidizer and include gas turbines (turbojet, 

turbofan, turboprop), ramjets, and specialized scramjets. Non-air-breathing engines, or 

thruster engines, carry their oxidizer onboard and are categorized into chemical (solid, 

liquid, hybrid) and non-chemical (solar, electric, nuclear) types. This report focuses on 

chemical propulsion, with an emphasis on liquid propellant thruster engines. 
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Figure 13.2  Classification of propulsive  

13.8.3 Liquid Propellant Thrusters 

Liquid propellant thruster engines have been extensively researched since the late 1930s 

and remain the most widely used propulsion system for space launch systems. They 

provide higher thrust and specific impulse due to the high chemical energy stored in liquid 

propellants. These engines use a liquid oxidizer and liquid fuel, which are fed into a 

combustion chamber either through pressurized tanks or pumps. The chemical reaction 

between the propellants generates hot gases that are ejected through a nozzle at high 

velocity, producing the necessary thrust to propel the vehicle. As the technology has 

matured, current developments focus on achieving design flexibility, simplicity, and 

reliability, all while maintaining high performance. 

13.8.3.1 Components Of Liquid Propellant Thruster Engines 

A typical liquid propellant thruster engine consists of several key components: the thrust 

chamber (which includes the combustion chamber and nozzle), injector, igniter, propellant 

tanks, propellant feed system, and cooling system (see Figure 2.3). The combustion 

chamber houses injectors that atomize the liquid propellants, mix them, and ignite them, 

resulting in the production of high-temperature, high-pressure gases. These gases are then 

expanded through a convergent-divergent nozzle to produce thrust. 
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Figure 13.3 A typical liquid-propellant Thruster engine. 

 

The propellant feed system, which may use high-pressure tanks or turbo-pumps, ensures 

the proper delivery of fuel and oxidizer to the combustion chamber. Efficient combustion 

requires the propellants to be vaporized and mixed thoroughly, which is achieved by 

feeding them at high pressure into the injectors. The ignition system provides the initial 

energy to start combustion, although hypergolic propellants ignite on contact and do not 

need an igniter. Finally, a cooling system is employed to manage the high temperatures in 

the combustion chamber and nozzle. 

13.8.3.2 Types of Liquid-Propellant Thruster Engines 

Since the development of liquid-propellant thruster engines in 1926, several variations have 

emerged. These engines can be broadly classified into two main types based on the number 

of liquid propellants used:(1) monopropellant thruster engine and (2) bipropellant thruster 

engine. 

Monopropellant Thruster Engines 

In a monopropellant thruster engine, a single liquid propellant is used, which decomposes 

with the help of a catalyst to produce hot gases. These gases are expanded through a nozzle 

to generate thrust. The key advantage of this system is its simplicity, as it eliminates the 

need for an oxidizer, making the overall engine design more straightforward. However, 

monopropellant engines are generally limited to applications requiring low thrust and 

short-duration burns. 
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A schematic of a typical monopropellant thruster engine is shown in Figure 2.4 , in which 

liquid propellant is injected into a catalyst bed and decomposes into high-pressure and 

high-temperature gas. This gas is then expanded through a convergent-divergent nozzle to 

create the required thrust. Monopropellants are usually chemicals that decompose easily 

in an exothermic reaction, releasing hot gas. 

 

Figure 13.4 Schematic of monopropellant LPR engine. 

Bipropellant Thruster Engines 

Bipropellant thruster engines utilize two separate liquid propellants: one as fuel and the 

other as an oxidizer. This configuration, as illustrated in Figure 2.5, offers significant 

advantages over monopropellant engines, including higher specific impulse 

(performance), the ability to restart, variable thrust, and broader operational versatility. 

These engines are widely used in applications such as launch vehicles and missiles due to 

their superior performance. 

A typical bipropellant thruster engine consists of has thrust chamber, injection system, 

cooling system, propellant feed sys tem, nozzle, and so on. The liquid fuel and oxidizer are 

atomized into fine sprays, mixed, vaporized, and ignited to produce high-temperature, 

high-pressure gases. These gases are then expanded through a convergent–divergent 

nozzle to generate thrust. 

 

Figure 13.5 Schematic of bipropellant LPR engine. 

 

Based on ignition methods, bipropellant engines are divided into two categories: 
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➢ Hypergolic Engines 

In hypergolic engines, the fuel and oxidizer ignite spontaneously upon contact without the 

need for external ignition. Common hypergolic propellants include: 

Fuels: Aniline, Triethylamine, Hydrazine, MMDH (Monomethylhydrazine), UDMH 

(Unsymmetrical Dimethylhydrazine) 

Oxidizers: White fuming nitric acid (with nitrogen tetroxide), Red fuming nitric acid (with 

higher nitrogen tetroxide content) 

These propellants can typically be stored at normal pressure and temperature, but some 

combinations, like liquid fluorine and liquid hydrogen, require cryogenic storage. 

➢ Non-Hypergolic Engines 

Non-hypergolic engines require external ignition energy to initiate combustion. These 

engines use fuels such as kerosene, hydrocarbons, alcohol, methane, and liquid hydrogen. 

Liquid methane (LCH4) is increasingly being favored in modern designs, especially when 

paired with liquid oxygen (LOX), due to its higher specific impulse, cleaner combustion, 

and cryogenic properties, which are easier to manage compared to liquid hydrogen. 

13.8.3.3 Propellant Feed System 

The propellant feed system plays a critical role in liquid thruster engines by delivering 

propellants from storage tanks to the combustion chamber at the correct flow rate and 

pressure. The feed system has two principal functions:  

1. To increase the pressure of the propellants. 

2. To supply them at design mass flow rates to the thrust chamber(s). 

The energy for these functions is provided either by high-pressure gas, centrifugal pumps, 

or a combination of both. The choice of a specific feed system is governed by the thruster 

application, mission duration, number and type of thrust chambers, past experience, and 

general design requirements such as simplicity, ease of manufacture, cost-efficiency, and 

minimum inert mass. 

Feed systems consist of components such as piping, valves, provisions for filling, draining, 

filters, and control devices to manage propellant flow. Depending on how the propellants 

are pressurized and fed into the thrust chamber, the feed system is classified as pressure-

fed or pump-fed as shown in Figure 2.6. 
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Figure 13.6 Pressure-Fed and Pump-Fed Liquid Propulsion 

Pressure Feed System 

The pressure feed system uses high-pressure gas to force the propellants from the tanks 

into the combustion chamber. This type of system is suitable for low-thrust applications 

with low chamber pressures and relatively low total impulse, such as attitude control 

systems or small upper stages. 
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Figure 13.7 Schematic Flow Diagram of a Liquid Propellant Thruster Engine with a Gas Pressure Feed System. 

The system typically includes the following components: (see Figure 2.7) 

⚫ Pressurized gas tank: Stores the high-pressure gas. 

⚫ Pressurant gas or other expulsion devices (e.g., helium gas) to provide the energy for 

the feed system 

⚫ Valves to control the pressure and flow and filters. 

⚫ Ducting or piping to transfer fluids to the combustion chamber. 

⚫ Thrust chamber: Converts the propellants' energy into thrust. 

⚫ Gas pressure regulator: Manages the pressurant gas flow to maintain consistent 

pressure. 

⚫ Propellant tanks: Hold the fuel and oxidizer. 

⚫ Propellant valves and feed lines: Direct propellant flow into the thrust chamber. 
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These systems are generally classified according to the source of the pressurant gas, which 

determines how the propellants are expelled from the tanks. There are two common 

configurations: 

⚫ Monopropellant systems, where a single propellant, such as hydrazine, flows through 

a catalyst bed and expands in a nozzle to generate thrust. 

⚫ Bipropellant systems, which use separate oxidizer and fuel tanks, both requiring a 

pressurization system to expel the propellants into the feed lines and ultimately to the 

thrust chamber. 

One of the advantages of pressure-fed systems is their simplicity and reliability. These 

systems are often used in applications with low to moderate engine performance 

requirements, such as orbital maneuvering, reaction control, and small upper-stage 

propulsion. However, they tend to be heavier due to the need for thick-walled pressurized 

tanks. 

Stored-gas pressurant systems are widely used, where gases such as helium (due to its low 

molecular weight) are stored at high pressures (up to 270 atm) and then supplied to the 

propellant tanks at regulated pressures. Factors that influence the selection of 

pressurization gases include mission requirements, cost, weight, reliability, and 

compatibility with tank materials. 

The pressure-fed system is favored when system simplicity and low cost are prioritized 

over performance. Nonetheless, these systems are typically heavier because of the need for 

thick-walled, pressurized propellant tanks. 

Turbopump Feed System 

The turbo-pump feed system is favored for high-thrust, long-duration thruster engine 

systems with high specific impulse, as the gas pressure feed system is unsuitable for such 

applications. Turbo-pump systems are typically used in boosters, sustainers of space 

vehicles, long-range missile systems, and aircraft performance augmentation due to their 

advantages over gas pressure feed systems, such as: 

⚫ Flexibility: Easier control of pump speed allows better operational flexibility. 

⚫ High Pressure: The system can achieve stable pressures as high as 6–8 MPa. 

⚫ Compact Design: Smaller volume requirements, even for higher-thrust engines. 

⚫ High Power-to-Weight Ratio: Ranges from 15 to 50 kW/kg, making it more 

efficient. 

 

A simplified turbo-pump system consists of several key components: (see Figure 2.8) 

⚫ Propellant tanks 

⚫ Inlet and discharge ducts 

⚫ Pumps: Pressurize the propellants. 
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⚫ Turbine: Powers the pumps. 

⚫ Speed reduction gearbox: Transfers torque from the turbine to the pump at a 

reduced rotational speed. 

⚫ Gas generator: Produces hot gases by burning a small portion (1%-5%) of the total 

propellant flow, which powers the turbine. 

⚫ Heat exchanger and nozzle: Expands the hot gases generated by the gas generator. 

 

Figure 13.8  Simplified Schematic Diagram of a Liquid Propellant Thruster Engine with a Turbopump Feed System and 
Separate Gas Generator. 

In this system, propellants are pressurized by pumps driven by turbines. The turbines are 

powered by hot gases, which are created in the gas generator by combusting a small 

fraction of the propellant. This setup allows the turbo-pump system to deliver high 

performance, making it ideal for demanding missions where weight and engine efficiency 

are critical. 

Turbo-pump feed systems are classified based on the configuration of the turbine-pump 

drive and the exhaust gas discharge modes. The main types include: 

1. Monopropellant Cycle 

2. Bipropellant Cycle 

3. Expander Cycle 
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4. Staged Combustion Cycle 

13.8.4 Liquid Propellants 

Propellants, the working substances of thruster engines, constitute the fluid that undergoes 

chemical and thermodynamic changes. The term "liquid propellant" encompasses all the 

various propellants stored as liquids. 

Liquid propellants consist of a liquid fuel, a liquid oxidizer, and sometimes liquid 

additives. Examples of liquid fuels include hydrocarbons, liquid hydrogen, and alcohols, 

while common oxidizers are liquid oxygen, nitric acid, and liquid fluorine. 

Liquid propellants can be classified based on several factors such as fuel-oxidizer 

arrangement, energy content, ignitability, and storability. Broadly, they are categorized 

into: 

13.8.4.1 Monopropellants  

Monopropellants are further divided into: 

• Simple Monopropellants: The fuel and oxidizer are part of the same molecule, such as in 

methyl nitrate (CH₃N ₃), which decomposes into CH₃  and N ₂. 

• Composite Monopropellants: A mixture of fuel and oxidizer, such as nitric acid and amyl 

acetate, which undergo exothermic reactions. 

13.8.4.2 Bipropellants 

Bipropellants can be further classified based on ignitability into: 

• Hypergolic Propellants 

• Non-Hypergolic Propellants 

13.8.4.3 Energy Classification 

Liquid propellants are also categorized by energy content, which typically correlates with 

their specific impulse. They are divided into: 

• Low-Energy Propellants: These have lower specific impulses and are used for simpler 

applications. 

• Medium-Energy Propellants: Offering a balance between performance and complexity. 

• High-Energy Propellants: Known for delivering high specific impulses, such as hydrogen-

fluorine (H₂ F₂) and liquid hydrogen-liquid oxygen (LH₂ L X). 

The choice of liquid propellants depends on the mission requirements, such as 

performance, storability, and safety, making them highly versatile for various thruster 

propulsion applications. 

13.8.4.4 Why LOX / LCH4 ? 

The development of LOX/LCH4 propulsion technology has a rich history, dating back to 

the 1970s. Efforts during this period focused on creating technologies to store and utilize 
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cryogenic propellants in space as a non-toxic alternative to traditional propellants, aiming 

to achieve high-performance spacecraft. Numerous programs explored non-toxic 

propellants suitable for spacecraft thrusters, including liquid hydrogen and liquid oxygen. 

However, using liquid hydrogen for propulsion proved to be complicated due to 

challenges in long-term storage and the necessity for engine pumps. The high boil-off rate 

of hydrogen, the large volume of storage tanks, and the complexity of redundant pump 

systems led to increased spacecraft mass and costs, which counteracted the advantages of 

high specific impulse offered by the H2/O2 combination. While LO2/LH2 performs well for 

short-duration upper stages, denser propellants are more favorable for smaller, long-

duration spacecraft. 

In the 1980s, liquid methane emerged as a superior hydrocarbon fuel for in-space 

applications, thanks to its clean-burning properties, non-sooting characteristics, 

compatibility with LO2, and ability to be pressure-fed. LOX/LCH4 outperforms hydrazine 

and electric propulsion systems in thrust capability and is recognized as a green propellant 

ideal for deep space missions and planetary landers, offering increased cargo capacity and 

high thrust along with substantial delta-V capabilities.  

Methane/oxygen thruster engines offer potentially significant life cycle mission advantages 

compared to traditional thruster propellants used in the United States today. Figure 2.9 

shows that liquid methane (LCH4) and liquid oxygen (LOX) propulsion is very competitive 

based on bulk density impulse compared to current booster and in-space propellant 

combinations traditionally used today. 

 

Figure 13.9 Density impulse Comparisons show methane comparable with traditional propellants. 

 

The combination of LOX and LCH4 can significantly reduce spacecraft mass due to its 

higher specific impulse (Isp) when used with composite propellant tanks and cold-stored 

gaseous helium (GHe) pressurant. LOX/LCH4 is storable in space without requiring 

heaters like earth-storable propellants or active cooling like LH2. In certain environments, 

LOX and methane can be stored indefinitely at temperatures ranging from 90 to 120 K in 

deep space or for months in other orbits. 
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Additionally, LOX/LCH4 offers key reliability advantages for spacecraft propulsion. LOX 

is compatible with many materials, while methane is compatible with nearly all materials, 

and both are non-corrosive. The pressure-fed capability of LOX/LCH4 enhances reliability 

compared to LOX/LH2, which typically requires pump-fed systems.  

These clean-burning, high vapor pressure propellants do not contaminate sensitive optics 

or damage surfaces, which is beneficial for platforms such as the International Space 

Station. Ground operations see significant improvements with LOX/LCH4, as these 

propellants are non-toxic and low-cost, facilitating rapid loading, testing, reusability, and 

clean turnaround operations for spacecraft and subsystems. Automated loading of 

spacecraft can occur concurrently with the launch vehicle, similar to LOX/LH2 upper 

stages, but without the complications of LH2 air liquefaction or toxic propellant issues. 

There is no need for hazardous propellant pre-loading at offsite facilities, allowing inert 

spacecraft to be transported and integrated with the launch vehicle easily. For launch pad 

operations, mobile propellant storage tanks, transfer lines, and cryogenic fluid couplings 

are necessary. The high vapor pressure of both propellants significantly enhances 

reusability, as they can be easily and safely inerted with GN2 and vented. 

13.8.5 Propellant Tanks and Pressurization 

In liquid bipropellant thruster engine systems, the propellants are stored in separate 

oxidizer and fuel tanks within the vehicle. Monopropellant thruster engines, by definition, 

use only one propellant tank. Typically, one or more high-pressure auxiliary gas tanks are 

included, which are used to pressurize the propellant tanks. However, there are tank 

pressurization methods that utilize heated gas from the engine, eliminating the need for 

additional heavy, high-pressure gas storage tanks. 

The arrangement of tanks can vary, and the design, shape, and placement of the tanks can 

influence the vehicle's center of gravity. Typical arrangements are illustrated in Figure 2.10. 

Since propellant tanks must also fly, their mass is a significant factor, and they are often 

highly stressed. Common tank materials include aluminum, stainless steel, titanium, alloy 

steels, and fiber-reinforced plastics with a thin, impervious metal liner to prevent leakage 

through the porous walls of the fiber-reinforced material. 
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Figure 13.10 Simplified Sketches of Typical Tank Arrangements for Large Turbopump-Fed Liquid Bipropellant Thruster 
Engines. 

The optimal shape for both propellant and gas pressurizing tanks is spherical, as this shape 

results in the least mass for a given volume. Small spherical tanks are often used in reaction 

control engine systems, where they can be easily integrated with other vehicle equipment. 

However, larger spherical tanks, which are necessary for primary propulsion systems, do 

not efficiently fill the available space in the vehicle. Therefore, larger tanks are often 

integrated into the vehicle's fuselage or wings, typically cylindrical with hemispherical or 

ellipsoidal ends, but they can also be irregular in shape. 

There are several categories of tanks in liquid propellant propulsion systems, with relevant 

pressure values generally falling into the following: 

➢ Pressurized feed systems: Propellant tanks in these systems typically operate at 

average pressures between 1.3 and 9 MPa (200 to 1800 psi). These tanks have thick 

walls and are relatively heavy. 

➢ High-pressure stored gas tanks: Used to expel propellants, these tanks need to 

withstand pressures between 6.9 and 69 MPa (1000 to 10,000 psi). They are usually 

spherical to minimize inert mass, and several small spherical tanks may be connected 

together. In some vehicles, these smaller high-pressure gas tanks are placed inside the 

liquid propellant tanks. 

➢ Turbopump feed systems: The propellant tanks in these systems must be pressurized 

slightly (to prevent pump cavitation) to average pressures between 0.07 and 0.34 MPa 
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(10 to 50 psi). These low pressures allow for thinner tank walls, resulting in lower inert 

tank mass for turbopump feed systems. 

13.8.5.1 Tank Pressurization 

As previously mentioned, the objective of feed systems is to move propellants under 

pressure from propellant tanks to the thrust chamber(s). The tank pressurization system is 

the part of the feed system that provides the propellant expellant gas. 

Types of Tank Pressurization Systems: 

➢ Pressurized Gas Feed System: A relatively high-pressure gas displaces the propellants 

from the tanks. 

➢ Pumped Feed System: The main energy for feeding the propellants comes from one or 

more pumps. This system requires lower gas pressures in the tanks to move the 

propellants to the pump inlet, helping to avoid pump cavitation. 

Sources of Pressurizing Gas Used in Tank Pressurization Systems: 

➢ High-Pressure Inert Gases: Commonly used gases include helium, nitrogen, and air, 

stored at ambient temperature. When gases expand adiabatically, their temperature 

drops. 

➢ Heated High-Pressure Inert Gases: Typically heated to between 200 and 800 °F (93 to 

427 °C), which reduces the amount of required gas and thus the inert mass of the 

pressurizing system. Examples include gases heated by a heat exchanger using warm 

exhaust from a gas generator or turbine. 

➢ Gases Created by Chemical Reactions: These can be derived from either liquid 

bipropellants, monopropellants, or solid propellants, resulting in “warm gas.” The 

term “warm gas” typically refers to gases between 400 and 1600 °F (204 to 871 °C), 

distinguishing it from the “hot gas” in the main combustion chamber (4000 to 6000 °F 

or 2204 to 3319 °C). Chemically generated warm gases usually result in lighter tank 

pressurization systems compared to heated inert gas systems. 

➢ Evaporated Flow of Cryogenic Liquid Propellant: A small portion of cryogenic liquid 

propellant, usually liquid hydrogen or liquid oxygen, can be evaporated by applying 

heat from a thrust chamber cooling jacket or from turbine exhaust gases, using part or 

all of this evaporated flow for tank pressurization. 

➢ Direct Injection of Hypergolic Fuel: A small stream of hypergolic fuel can be injected 

into the main oxidizer tank and a small flow of hypergolic oxidizer into the fuel tank, 

though this has seen limited success. 

➢ Self-Pressurization of Cryogenic Propellants by Evaporation: This method is feasible 

but can be difficult to control, with limited experience in this area. 
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Information Required for Designing and Analyzing a Pressurization System: 

To design or analyze any pressurization system, it is necessary to have relevant information 

about the tank and the engine, which can include: 

⚫ Basic Engine Parameters: Such as propellant flow, thrust, duration, and pulse 

width. 

⚫ Propellant Tank Volume and Percent Ullage of Tank Volume. 

⚫ Storage Temperature Range. 

⚫ Properties of the Propellant and Pressurizing Gas. 

⚫ Propellant Tank Pressure and Gas Tank Pressure. 

⚫ Amount of Unavailable Residual Propellant. 

13.8.6 Thrust Chambers 

The thrust chamber is a critical component of a thruster engine, responsible for converting 

the chemical energy stored in the propellants into the kinetic energy needed to generate 

thrust. It comprises three main parts: an injector, a combustion chamber, and a nozzle. 

In simple terms, the fuel and oxidizer are combined in the combustion chamber, creating 

high-temperature and high-pressure gases. These gases are then expanded through the 

nozzle, converting pressure and temperature into velocity. At the nozzle throat, the flow 

becomes choked thermodynamically, reaching sonic velocity. The combustion gases 

continue expanding at supersonic speeds through the diverging section of the nozzle. This 

process exchanges internal energy for kinetic energy, generating the momentum thrust 

required for propulsion. 

This section will cover key elements associated with thrust chamber design, organized as 

follows: a comprehensive description of the thrust chamber is presented, detailing the 

underlying design concept and its applications. Then, various nozzle types used with the 

thrust chamber are explained. 

As illustrated in Figure 2.11, the thrust chamber with an integral nozzle operates as follows: 

the propellants enter through the injector and undergo a series of complex physical and 

chemical processes such as atomization, vaporization, mixing, reaction, and expansion. The 

combustion chamber contains the high-pressure, high-temperature combustion gases and 

ensures stable combustion throughout the process. These gases are then expanded through 

the nozzle, with the diverging nozzle section (downstream of the throat) typically forming 

an integral part of the combustion chamber hardware. In many cases, a separate nozzle 

extension is added to further expand the gases and increase thrust. 

For a liquid bi-propellant thruster engine, the combustion process can be summarized as 

follows: 
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⚫ Propellant Injection and Atomization: the fuel and the oxidiser are injected into 

the combustion chamber at the correct oxidizer/fuel mixture ratio (O/F) and 

atomized into fine droplets. 

⚫ Vaporization and Mixing: These droplets vaporize as they absorb heat from the 

surrounding gases. Throughout this process, the droplets' size and velocity 

change, leading to rapid mixing and further heating of the vaporized propellants. 

The reaction between these vaporized propellants significantly increases the 

gaseous mass flow rate within the combustion chamber. 

⚫  Combustion Process: The gas-phase reactions, driven by high-speed diffusion of 

reactive molecules and atoms, continue as the gases flow toward the chamber 

throat. Combustion is generally completed upstream of the throat, ensuring that 

all droplets have vaporized. However, certain conditions may cause shock waves 

or pressure oscillations, leading to "combustion instability," which can produce 

destructive vibrations and heat flux. Thus, ensuring stable combustion is a 

significant aspect of thruster design and development. 

⚫ Gas Acceleration and Ejection: As the combustion products move toward and 

through the throat, they accelerate to sonic speeds and then to supersonic 

velocities within the expanding nozzle section, ultimately being expelled to 

generate thrust. 

The principal components of a thrust chamber are the injector including the propellant 

inlets and distributing manifolds, the ignition device (which is necessary in case of a 

thruster engine burning non-hypergolic propellants), the combustion chamber, the 

converging portion of the nozzle between the inlet plane and the throat, and the diverging 

portion of the nozzle between the throat and the exit plane. 

 

Figure 13.11 Thrust Chamber with integral nozzle and key operation processes (courtesy of Pratt & Whitney 
Thrusterdyne.) 
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13.8.6.1 Injectors 

The injector is the part of a thruster engine in which the liquid fuel and liquid oxidizer are 

admitted into the combustion chamber, broken into particles or droplets to increase the 

contact surface areas, mixed, and vaporized before reacting in the combustion process. The 

injector terminates with a perforated plate marking the start of the combustion chamber. 

Types of Injectors 

Several types of injectors have been devised for thruster engines. They can be broadly 

divided into two categories: (1) nonimpinging and (2) impinging. Among nonimpinging 

types of injectors, three types, namely, (a) shower head injector, (b) coaxial injector, and (c) 

swirl atomizers, are used in liquid-propellant thruster engines. The impinging injectors are 

broadly classified into two: (a) unlike-impinging and (b) like-impinging injectors. All these 

injectors are discussed in detail in the following. 

1. Nonimpinging Injectors: 

a. Shower-head Injector: This type of non-impinging injector is one of the earliest 

designs, in which fuel and oxidizer are ejected perpendicularly from the injector face, 

resembling the flow from a water shower (see Figure 2.12a(A)). The axial streams of 

fuel and oxidizer create spray cones or sheets, which interact to promote atomization 

and mixing through turbulence and diffusion. However, this design tends to produce 

inefficient atomization and incomplete mixing, necessitating a longer combustion 

chamber for complete combustion.  Despite these drawbacks, the shower-head injector 

is effective in cooling the combustion chamber walls, as the axial flow helps prevent 

heat transfer from the combustion zone to the walls. Additionally, it allows for easy 

throttling of the engine by adjusting the spray cone or sheet width using axially 

movable sleeves, without causing significant injection pressure drops. This concept 

was successfully used in the lunar excursion module, demonstrating throttling 

capabilities with a flow rate range of over 10:1 without substantially altering the 

mixture ratio. 
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Figure 13.12 Types of injector elements: (a) nonimpinging: (A) shower head, (B) co-axial injector, (C) swirl 
injector and (b) impinging: (A) unlike doublet, (B) unlike triplet, (C) like doublet, (D) splash plate (Ox, 

oxidizer; F, Fuel). 

b. Coaxial Injector: This is the most commonly used non-impinging injector, particularly 

suitable for non-hypergolic propellants and preferred in semicryogenic liquid-

propellant thruster engines. It was first developed by NASA during the early 

experiments with cryogenic liquid-propellant engines. A typical coaxial injector, as 

shown in Figure 2.12a(B), consists of two concentric tubes with a recessed length. 

Generally, the liquid propellant (often liquid oxygen) is injected through the central 

tube at a relatively low velocity (below 30 m/s), while the gaseous fuel flows through 

the outer tube at a much higher velocity (over 300 m/s).  The slower velocity of the 

liquid propellant allows for reduced injection speed into the recess area, while the 

high-velocity gaseous fuel shears the liquid surface into ligaments and then fine 

droplets, promoting better atomization and mixing. This results in a high-performance, 

stable injector, which is widely used in semicryogenic thruster engines that utilize 

gaseous fuel and liquid oxygen. The fuel surrounding the oxidizer helps prevent 

combustion instability and shields the combustion zone, reducing heat transfer to the 

combustion chamber walls.  However, the performance of the coaxial injector declines 

significantly when used with two liquid streams, as it becomes difficult to achieve the 

optimal momentum flux ratio necessary for effective atomization. 

c. Swirl Injector: In a swirl injector, the liquid propellant is injected tangentially into the 

injector chamber, causing the formation of a hollow conical sheet with a cone angle 

ranging from 40° to 100°, as shown in Figure 2.12a(C). This liquid sheet breaks into 

ligaments and eventually into fine droplets. As the swirl component increases, the cone 
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angle becomes larger, resulting in a more uniform distribution of the droplets. This 

type of injector is commonly used for non-hypergolic bipropellants that require rapid 

vaporization and thorough mixing of fuel and oxidizer in the gas phase for efficient 

combustion. The swirling motion promotes enhanced atomization and facilitates the 

mixing needed for successful ignition and combustion. 

2. Impinging Injectors 

In impinging injectors, two or more streams of propellant jets collide with each other, 

causing the bulk liquid jet or sheet to break up into a fine spray. These injectors are widely 

used in thruster engines due to their superior performance, simplicity, and lower cost. 

While impinging injectors are generally preferred for non-hypergolic propellants, they 

have also been successfully used with hypergolic propellants.  

Impinging injectors are categorized into two main types: (1) unlike-impinging injectors, 

where different propellant streams (fuel and oxidizer) impinge, and (2) like-impinging 

injectors, where streams of the same propellant impinge. 

a. Unlike-impinging injector: In this case, two/three different liquid streams impinge on 

each other when they are issued from two/three angled orifices. Several types of 

unlike-impinging injectors have been developed for thruster engine applications. 

Some of them are (a) unlike-impinging doublets, (b) unlike-impinging triplets, which 

are discussed here: 

➢ Unlike-Impinging Doublets: In an unlike-impinging doublet injector, two streams of 

fuel and oxidizer collide, creating a fan-shaped spray of the mixed liquids, as depicted 

in Figure 2.12b(A). The impact at the impinging point generates waves that convert the 

bulk liquid jet or sheet into ligaments, which then fragment into smaller droplets, 

enhancing atomization and the distribution of fuel and oxidizer in the combustion 

chamber. The disintegration of the jets results in spherical waves that propagate 

outward, influencing the extent of the atomization process. Key parameters affecting 

this process include jet diameter, momentum, injection pressure drop, chamber 

pressure, and the angle of impingement. When the streams are different, they form a 

two-dimensional fan-shaped spray in a plane, assuming no chemical reactions occur 

in the liquid phase. However, various factors, such as momentum mismatches and 

stream-diameter discrepancies, can distort the spray shape and size, leading to poor 

atomization and mixing. In hypergolic propellants, rapid chemical reactions can occur 

simultaneously with atomization, causing reactive-stream separation and affecting 

performance. Hypergolic propellants have short ignition delays, producing gases 

before the complete hydrodynamic impact, which can separate the reacting surfaces. 

Similar effects may occur in non-hypergolic systems, like liquid kerosene and liquid 

oxygen, particularly under high pressure. Additionally, combustion during the 
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atomization of hypergolic propellants can alter the mixing and mass distribution of the 

injected spray. The presence of hot gas cross-flow and increased turbulence near the 

injector can lead to radial winds that deform the spray pattern, stripping away the 

rapidly atomizing portions of the injected propellants. 

➢ Unlike-Impinging Triplets: Unlike-impinging triplet injectors address the issue of 

distorted spray fans that can occur in doublet injectors due to mismatches in stream 

size and momentum between fuel and oxidizer streams. This distortion can lead to 

poor atomization and mixing. In a triplet injector, a symmetrical axial central stream of 

one propellant is surrounded by two symmetrical impinging streams of another 

propellant, as shown in Figure 2.12b(B). The triplet configuration can consist of two 

fuel streams impinging on a single oxidizer stream (F-Ox-F) or two oxidizer streams 

impinging on a single fuel stream (Ox-F-Ox). The latter configuration is often 

preferred, as it provides a larger oxidizer area, which is beneficial for mixing, especially 

in fuel-lean conditions. However, care must be taken to avoid oxidizer-rich streaks near 

the combustion wall. The primary advantage of the unlike triplet injector is its 

enhanced mixing capabilities, resulting in higher combustion efficiency compared to 

doublet injectors. However, it is also more susceptible to combustion instability issues. 

Various combinations of unlike streams can be utilized to produce the spray, but this 

increases complexity. Although designs involving quadlets, pentads, or hexads can 

yield improved mixing, they often result in poorer mass distribution and are rarely 

used in practice due to their tendency toward instability. Despite these challenges, 

multiple-impinging injectors with a higher number of streams are advantageous in 

applications requiring high propellant flow rates. 

b. Like-impinging injectors: In this case, two/three or more same liq uid streams are 

impinged on each other when they are issued from their respective angled orifices. 

This kind of injectors is also known as self-impinging injectors. Several types of like-

impinging injectors have been developed for thruster engine applications. Some of 

them, namely, (a) like-impinging doublet and (b) like-impinging triplets, are in the 

following: 

 

➢ Like-Impinging Doublets: In a like-impinging doublet injector, two streams of the 

same propellant collide, forming a fan-shaped spray of droplets, as shown in Figure 

2.12b(C). The impact generates waves along the spray fan's two-dimensional surface, 

dissipating energy and converting the bulk liquid jet into ligaments that fragment into 

smaller droplets. Unlike unlike-impinging doublets, there is no mixing between the 

streams since they consist of the same liquid. The degree of mixing is influenced by the 

orientation of the initial fans for secondary impingements and the overlapping of 

sprays. Like-impinging injectors are typically used in thruster engines with non-
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hypergolic liquid propellants, as they mitigate the reactive demixing issues seen in 

unlike-impinging injectors, ensuring higher combustion stability. While they provide 

lower mixing levels than unlike-impinging doublets, effective design improvements 

can enhance combustion efficiency 

➢ Like-Impinging Triplets: To overcome the issue of undesired shifts in the impinging 

point caused by mismatches in stream size and momentum, like-impinging triplet 

injectors allow three identical propellant streams to collide at a single point, as 

illustrated in Figure 2.12. These triplets typically produce a narrower spray fan with 

larger droplets compared to doublet injectors, which may result in overall performance 

losses. Additionally, smaller orifices are required to accommodate more triplet 

injectors within the same manifold surface area. Similar challenges can arise with other 

multiple-stream self-impinging injectors, such as quadlets and pentads, potentially 

complicating design and performance. 

3. Other Types of Injectors 

Several other types of injectors have been tried during the development of thruster engines. 

Two of them, namely, (1) splash plate and (2) premixing injectors, shown in Figure 2.12, are 

discussed: 

a. Splash Plate Injector: The splash plate injector utilizes the principle of impingement 

in conjunction with a splash plate, as shown in Figure 2.12b(D). This design promotes 

the breaking of liquid jets or sheets, facilitating better mixing of the propellants in their 

liquid state. By directing the liquid streams against the splash plate, the injector 

minimizes the misalignment issues associated with the impinging points seen in 

doublet configurations. This feature enhances performance across a wide range of 

operating conditions and has been successfully applied to certain storable propellants. 

b. Premixing Injector: In a premixing injector, the liquid fuel and oxidizer are mixed 

prior to being injected into the combustion chamber. The dimensions of the premixing 

chamber are influenced by the reaction time and the residence time of the propellant 

streams. It is crucial to avoid explosions of the premixed propellants within the 

chamber, particularly because flame can travel back from the combustion chamber, 

leading to dangerous conditions—especially under high-pressure and high-mass-flux 

scenarios. To mitigate this risk, swirls may be introduced into the liquid stream. Due 

to these safety concerns, premixing injectors are uncommon in thruster engines, 

although they can be used in the combustion chambers of other types of engines. While 

they have been tested with non-hypergolic propellants, they can cause excessive 

thermal loads on the injector structure due to potential precombustion in the premixing 

chamber. Consequently, the use of premixing injectors is typically reserved for 

addressing specific injection challenges. 
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13.8.6.2 Combustion Chambers 

A liquid-thruster combustion chamber is designed to convert propellants into high-

temperature, high-pressure gas through combustion, releasing the chemical energy of the 

propellant and increasing the internal energy of the gas. Traditionally, combustion 

chambers have been of tubular construction and are a critical part of the thrust chamber, 

where nearly all of the propellant burning takes place. The chamber serves as an envelope 

to retain the propellants long enough to ensure complete mixing and combustion, referred 

to as the "stay time." 

Historically, three geometric shapes have been used in combustion chamber design: 

spherical, near-spherical, and cylindrical.Three geometrical shapes that have been used in 

combustion-chamber design are shown in Figure 2.13. A spherical combustion chamber 

has, in comparison with a cylindrical one of the same volume, a smaller mass and a smaller 

surface to be cooled. In addition, for the same pressure and for the same strength of the 

materials used, the walls of a spherical combustion chamber can be less thick than those of 

a cylindrical combustion chamber. On the other hand, a spherical combustion chamber is 

more difficult to manufacture and offers a lower performance than is the case with a 

cylindrical combustion chamber. However, despite these advantages, spherical chambers 

are more difficult to manufacture and generally provide poorer performance in other 

respects, leading to the more frequent use of cylindrical chambers. 

 

Figure 13.13 Frequently used geometrical shapes for combustion chambers. 

13.8.6.3 Nozzles 

The primary function of a thruster nozzle is to efficiently convert the thermal energy of 

combustion gases into kinetic energy, producing high exhaust velocities. Typically, thruster 

nozzles are converging-diverging (De Laval) designs, where gas is accelerated to sonic 
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speed at the throat and to supersonic speed in the diverging section. The nozzle increases 

thrust by converting high-pressure, high-temperature gases into velocity.  

Maximum thrust is achieved when the exhaust gas pressure at the nozzle exit matches the 

ambient pressure, a condition called optimum nozzle expansion.  

When the exit pressure differs from the ambient pressure, two scenarios occur: 

➢ Over-expansion (exit pressure less than ambient), leading to shocks and pressure 

adjustments through repeating compression and expansion waves (Mach disks). 

➢ Under-expansion (exit pressure greater than ambient), where the flow expands and 

compresses in a series of Prandtl-Meyer expansions and compressions to reach 

pressure equilibrium. 

Nozzle Shape 

Most thruster nozzles are of the converging-diverging De Laval design. In the converging 

section, where gas flow velocity is relatively low, a smooth and well-rounded contour 

results in minimal energy losses. However, the diverging section's shape is critical due to 

the high flow velocities involved. The optimal nozzle shape for a specific expansion area 

ratio is guided by key design goals: 

⚫ Ensuring uniform, parallel, and axial gas flow at the exit for maximum momentum. 

⚫ Minimizing flow separation and turbulence losses. 

⚫ Keeping the nozzle as short as possible to reduce weight, space, friction losses, and 

cooling needs. 

⚫ Facilitating ease of manufacturing. 

To avoid shock waves or turbulence, abrupt changes in the nozzle wall contour should be 

avoided. While the nozzle throat represents the minimum cross-sectional area, it is typically 

designed with a smooth, rounded contour. Only the nozzle exit features a sharp edge to 

prevent over-expansion and flow separation. 

Various nozzle shapes have been studied, tested, and used in liquid thruster engines. The 

most common types include conical, contoured, plug (aerospike), and expansion-deflection 

nozzles and are shown in Figure1-14(a to d). 

a. Conical nozzle: 

Conical nozzles are simple to design and manufacture with flexibility in resizing. Thus, the 

conical nozzle was widely used in early experimental liquid thruster engines. This simple 

geometry, however, comes with the penalty of decreased performance due to the radial 

component of the exhaust gas velocity. Optimum-divergence cone half angles are generally 

between 12◦ and 18◦ as shown in Figure1-14a in terms of performance and nozzle size. Small 

divergence angles result in low divergence losses, but increase the noz zle length and 
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weight. In contrast, large divergence angles increase the divergence losses, but result in 

lower length and weight. 

 

Figure 13.14 Most common nozzle shapes: (a) conical; (b) contoured; (c) plug; (d) expansion–deflection. 

b. Contoured Nozzle: 

Contoured nozzles offer superior performance and reduced length compared to conical 

nozzles, making them the preferred choice in modern liquid thruster engines. The most 

common configuration is the bell-shaped nozzle as shown in Figure 2.14b, which features 

an initial section with a high expansion angle (30°–60°) immediately after the throat. This 

is followed by a gradual reduction in the contour slope, resulting in a near-zero divergence 

angle at the nozzle exit.  

The large divergence angles near the throat are made possible by the rapid acceleration of 

flow, which prevents flow separation when the nozzle contour is smooth. The sudden 

expansion behind the throat generates weak expansion waves, while the reversal of the 

contour slope creates compression waves as the flow is redirected. The expansion waves 

from the throat region counteract the compression effects, minimizing nozzle losses.  

A nearly uniform distribution of exit velocity can be achieved with minimal divergence 

loss, but the length of an ideal bell-shaped nozzle is typically too long. Proper contour 

shaping, however, can reduce the nozzle length by 10–25% compared to a 15° conical 

nozzle. Bell-shaped nozzles are usually designed using Rao’s parabolic approximation, 

derived from the method of characteristics. 

Similar to thrust chamber design, the nozzle can be cooled using various techniques: (i) 

regenerative cooling, (ii) film cooling, (iii) transpiration cooling, (iv) ablative cooling, and 

(v) radiative cooling. The choice of cooling method depends on careful consideration of 

design trade-offs. 

⚫ Parabolic approximation of the bell nozzle:  

The parabolic approximation, proposed by G. V. R. Rao, is a convenient method for 

designing near-optimum-thrust bell nozzles. The design configuration of a parabolic 

approximation bell nozzle is shown in Figure 2.15. In this design, the nozzle contour just 

upstream of the throat is a circular arc with a radius of 1.5 times the throat radius Rt. The 

divergent section consists of a circular entrance section with a radius of 0.382 Rt  from the 
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throat to point N, and a parabolic contour from N to the exit. The design process requires 

key data, such as the throat diameter, nozzle length, expansion area ratio, and the initial 

and exit wall angles. By selecting appropriate inputs, an optimal nozzle contour can be 

approximated accurately, with minimal influence from the specific heat ratio of the 

propellant. 

 

Figure 13.15 Parabolic approximation of bell nozzle. 

 

c. Annular nozzles (plug and expansion–deflection) : 

Comparedtoaconicalorbell-shapednozzle,annularnozzles are more complex to design and 

operate. There are two basic types of annular nozzles: (i) plug (or commonly known as 

aerospike) nozzle and (ii) expansion–deflection nozzle. As shown in Figure 2.14c, the plug 

nozzle has the outer surface of the annular flowasafree-jet boundary, whichisself-adjusted 

by ambient pressure. Similarly, the expansion–deflection nozzle has the inner free-jet 

boundary with the outer nozzle wall contour as shown in Figure 2.14d. Because of the 

altitude compensation characteristics with the free-jet boundary, annular nozzles are not 

subject to flow separation losses from over-expansion at low altitude as in the case of a 

conventional nozzle. Also, it allows a short nozzle design, potentially reducing interstage 

structural weight. However, annular nozzles require relatively high cooling require ments, 

heavier structural construction, and manufacturing complexity. 

13.8.7 Computer-Aided Engineering (CAE) Tools 

In designing and optimizing the LOX/LCH4 thruster engine, various Computer-Aided 

Engineering (CAE) tools are employed to model, simulate, and analyze key aspects of the 

engine’s performance. These tools provide essential insights into combustion processes, 

thermal management, and fluid dynamics, allowing for effective design validation and 

optimization. This section highlights the main CAE tools used in the project. 
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13.8.7.1 Rocket Propulsion Analysis (RPA23)  

RP Software+Engineering UG offers Rocket Propulsion Analysis (RPA), a powerful 

software tool used for preliminary analysis and design of liquid Thruster engines. RPA is 

widely used in the industry due to its ability to calculate engine performance based on 

input parameters such as propellant type, chamber pressure, and mixture ratio. Key 

features of RPA include: 

⚫ Thrust and Specific Impulse Calculation: RPA provides detailed calculations of 

thrust, specific impulse (Isp), and propellant flow rates for various engine 

configurations. 

⚫ Performance Optimization: The software allows for optimization of key parameters 

such as expansion ratio and chamber pressure to achieve the desired performance 

levels. 

⚫ Combustion Analysis: RPA can simulate combustion conditions, predicting 

temperature, pressure, and gas composition in the combustion chamber and nozzle. 
 

RPA serves as an essential tool for the initial design phase, providing a solid foundation for 

more detailed simulations using other CAE tools. 

13.8.7.2 NASA CEA 

CEA (Chemical Equilibrium with Applications) is a NASA software tool used to calculate 

the thermodynamic properties of combustion products and predict chemical equilibrium 

for a wide range of Thruster engine conditions. Key capabilities of CEA include: 

Equilibrium Calculations: CEA calculates the composition, temperature, and pressure of 

combustion gases at equilibrium, providing valuable data for understanding the behavior 

of the propellants under different operating conditions. 

Performance Estimation: The software is used to estimate important engine parameters 

such as specific impulse, thrust, and exhaust velocity based on the propellant chemistry 

and engine design. 

Propellant Mixture Ratio Optimization: CEA helps optimize the LOX/LCH4 mixture ratio 

for maximum combustion efficiency and performance. 
 

CEA NASA is particularly useful for validating combustion models and ensuring that the 

chemical reactions inside the engine are correctly represented. 
 

The combination of RPA and CEA NASA provides a comprehensive toolkit for the design, 

simulation, and optimization of the LOX/LCH4 thruster engine. These tools allow for 

accurate performance predictions, detailed combustion analysis, and efficient design 

 

23 See https://rocket-propulsion.com/index.htm  

https://rocket-propulsion.com/index.htm
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optimization, ensuring the engine meets all mission requirements while operating 

efficiently and reliably. 
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13.9 Thruster Calculation 

13.9.1 Calculation of Stoichiometric Mixture Ratio for LOX/LCH₄ 

To determine the stoichiometric mixture ratio for the propellant combination of liquid 

oxygen (LOX) and liquid methane (LCH₄), the following steps are followed: 

⚫ Step 1: Chemical Equation 

The combustion reaction for liquid methane with liquid oxygen can be expressed as: 

CH4 + O2 → CO2 + H2O (13-1) 

⚫ Step 2: Balancing the Equation 

The balanced chemical equation for the combustion of methane is: 

CH4 + 2O2 → CO2 + 2H2O (13-2) 

From this equation, it is evident that one mole of methane (CH4) reacts with two moles of 

oxygen (O2). 

⚫ Step 3: Molar Mass Calculations 

The molar masses of the reactants are calculated as follows: 

➢ Molar mass of CH4 (methane): 

Carbon (C): 12.01 g/mol 

Hydrogen (H): 1.008 g/mol×4=4.032 g/mol 

Total: 12.01+4.032=16.042 g/mol 

➢ Molar mass of O2 (oxygen): 

Oxygen (O): 16.00 g/mol×2=32.00 g/mol 

⚫ Step 4: Calculating the Stoichiometric Mixture Ratio 

The stoichiometric mixture ratio (O/F) can be determined using the formula: 

𝑂/𝐹 =  
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑂2
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻4

 
(13-

3) 

From the balanced equation, we find: 

𝑂/𝐹 =  
2 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑂2
1 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶𝐻4

 =  2 
(13-

4) 

⚫ Step 5: Mass Ratio Calculation 

To calculate the mass ratio, the following equation is used: 

Stoichiometric 𝑀𝑎𝑠𝑠 𝑅𝑎𝑡𝑖𝑜 (𝑂/𝐹)  =  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑂2

𝑀𝑎𝑠𝑠 𝑜𝑓 𝐶𝐻4
 =  

2×32.00 𝑔/𝑚𝑜𝑙

16.042 𝑔/𝑚𝑜𝑙
 =

64.00

16.042
 ≈ 4 

(13-

5) 
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This indicates that the stoichiometric mixture ratio by mass of LOX to LCH₄ is 

approximately 4. Thus, for every 1 kg of methane, about 4 kg of liquid oxygen is required 

for complete combustion. 

⚫ Step 6: Adjusting for Practical Applications 

While the calculated value of 4 serves as a theoretical baseline, it is typically adjusted for 

practical applications, where the commonly cited stoichiometric mixture ratio falls around 

3.2 to 3.5. This adjustment accounts for various factors such as: 

Real-World Engine Efficiencies: Actual Thruster engines may not achieve perfect 

stoichiometric ratios due to design limitations or optimization for performance. 

Combustion Characteristics: The combustion behavior can differ based on mixture 

preparation, injector design, and combustion chamber conditions. 

Hydrogen Addition: In some designs, a small amount of hydrogen may be introduced to 

enhance combustion, effectively reducing the oxygen requirements. 

13.9.2 Optimal Mixture Ratio Analysis 

As previously discussed, the optimal mixture ratio for the LOX/LCH₄ propellant system 

may differ from the stoichiometric ratio, depending on performance and thermal 

constraints. This section utilizes NASA CEA calculations to determine the most efficient 

operational parameters for the engine by identifying the mixture ratio that maximizes 

specific impulse (Isp) while considering chamber temperature limits. 

13.9.2.1 Parameters for the Analysis 

NASA CEA will be used to conduct simulations for each mixture ratio within the specified 

parameters. The inputs for each simulation will include: 

⚫ Fuel: Liquid Methane (LCH₄) 

⚫ Oxidizer: Liquid Oxygen (LOX) 

⚫ Chamber Pressure (Pc): The simulations will be conducted at a chamber pressure of 300 

psia, which represents typical operational conditions for many Thruster engines. 

⚫ Chamber to exit pressure ratio: The chamber-to-exit pressure ratio (Pc/Pe) will be set to 

30,000,000,000 to simulate vacuum conditions, where the external pressure is nearly 

zero. In practical terms, we approximate the exit pressure Pe as 10-8 psia to reflect the 

near-vacuum environment of space. 

⚫ Mixture Ratios: The analysis will explore O/F mass ratios ranging from 2.0 to 4.6, with 

increments of 0.04. This range enables a comprehensive examination of how different 

LOX-to-LCH₄ proportions influence specific impulse and chamber temperature. 

⚫ Area Ratio (Ae/At): To ensure a feasible thruster design, the area ratio was limited to a 

maximum of 100, as the optimal area ratio from initial calculations was impractically 
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large for a vacuum environment. By setting Ae/At = 100, the design is adjusted to more 

realistic dimensions, balancing theoretical efficiency with manufacturable limits. 

The simulations will yield specific impulse (Isp) and chamber temperature values for each 

mixture ratio, allowing for the identification of the optimal fuel and oxidizer proportion to 

maximize efficiency. 

13.9.2.2 Analysis  Based on Specific Impulse and Chamber Temperature 

To identify the optimal mixture ratio for the LOX/LCH₄ propulsion system, both the 

specific impulse (Isp) and the chamber temperature as functions of the oxidizer-to-fuel 

(O/F) mass ratio were analyzed. The goal was to find a balance between maximizing 

performance (high Isp) and maintaining manageable thermal conditions (chamber 

temperature) to enhance engine durability and efficiency. The graphs below illustrate these 

variations. 

 

Figure 13.16 Specific Impulse (Isp) vs. O/F Mass Ratio at 300 psia Chamber Pressure in Vacuum Conditions (NASA CEA 
Results) 
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Figure 13.17 Chamber Temperature vs. O/F Mass Ratio at 300 psia Chamber Pressure in Vacuum Conditions (NASA CEA 
Results) 

Specific Impulse and Chamber Temperature Comparison 

The specific impulse curve, as shown in Figure 6.1, peaks at an O/F ratio of approximately 

3.32, where the exit Isp reaches around 3597.2 m/s. This mixture ratio offers the highest 

efficiency in terms of thrust production for the LOX/LCH₄ system, making it an attractive 

option from a performance standpoint. 

In contrast, Figure 6.2 reveals that the chamber temperature continues to rise with the O/F 

ratio, reaching a maximum at an O/F ratio of around 3.72, where the temperature is 

approximately 3400 K. However, at the O/F ratio that maximizes specific impulse (3.32), 

the chamber temperature is slightly lower than this peak, around 3380 K. 

Determining the Optimal Mixture Ratio 

This discrepancy between the O/F ratios for maximum Isp and maximum chamber 

temperature highlights an important trade-off. Operating at the O/F ratio of 3.32 achieves 

the highest specific impulse, thereby maximizing thrust efficiency. However, the chamber 

temperature at this ratio is still very close to the maximum observed temperature, which 

could impose significant thermal stress on the combustion chamber and require advanced 

cooling solutions. 
 

The optimal mixture ratio for the LOX/LCH₄ system is identified as MR = 3.32, where 

specific impulse is maximized, and the chamber temperature remains near, but not at, the 

peak level. This selection provides a balance between maximizing performance and 

maintaining thermal conditions that support engine durability. 

13.9.3 Performance Parameters of the Thruster at Optimal Mixture Ratio Analysis 

In this section, we analyze key performance parameters for the LOX/LCH₄ propulsion 
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data, we explore the performance characteristics across three main regions of the rocket 

nozzle: the chamber, throat, and exit. This analysis includes values for specific impulse, 

thrust coefficient, and other thermodynamic properties critical to understanding the 

engine’s efficiency and thermal management requirements. 

13.9.3.1 Definitions of  NASA CEA Output Parameters 

⚫ Thrust Coefficient (Cf): A dimensionless parameter that measures the efficiency of a 

rocket nozzle, defined as the thrust produced per unit pressure in the combustion 

chamber. 

⚫ Mach Number: A dimensionless quantity representing the ratio of the speed of the 

flow to the speed of sound in that medium, indicating whether the flow is subsonic, 

sonic, or supersonic. 

⚫ Gamma (γ): The specific heat ratio of the gas, defined as the ratio of specific heat at 

constant pressure (Cp) to specific heat at constant volume (Cv), influencing the 

thermodynamic behavior of the flow. 

⚫ Cross-section Area Ratio (Ae/At): The ratio of the exit area (Ae) of the nozzle to the 

throat area (At), used to evaluate the expansion and acceleration of the exhaust gases 

through the nozzle. 

⚫ Pressure (P): The static pressure of the gas at various points in the propulsion system, 

measured in bar, indicating the energy available for propulsion. 

⚫ Sonic Velocity (a): The speed at which pressure waves travel through the gas, 

dependent on the gas properties and temperature, critical for determining flow 

characteristics in the nozzle. 

⚫ Density (ρ): The mass per unit volume of the gas, measured in kg/m³, affecting both 

the mass flow rate and the thrust generated by the engine. 

⚫ Enthalpy (h): The total heat content of the gas, measured in J/kg, representing the 

energy available for doing work during expansion. 

⚫ Entropy (s): A measure of the disorder or randomness of the gas, expressed in J/(kg·K), 

indicating the irreversibility of processes and the energy unavailable for work. 

⚫ Gibbs Energy (G): The energy associated with a system that can perform work at 

constant temperature and pressure, measured in J/kg, useful for evaluating the 

feasibility of chemical reactions. 

⚫ Internal Energy (u): The total energy contained within the gas due to its temperature 

and state, expressed in J/kg, influencing the thermodynamic efficiency of the engine. 

⚫ Molecular Weight (M): The mass of a molecule of gas, expressed in g/mol, affecting 

the gas properties and performance of the propulsion system. 
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⚫ Temperature (T): The absolute temperature of the gas in Kelvin (K), which influences 

the thermodynamic properties and performance characteristics of the engine. 

13.9.3.2 Performance Parameters from NASA CEA 

The data obtained from the NASA CEA simulations provide critical insights into the 

performance parameters for each station (Chamber, Throat, Exit and Exit at Ae/At = 100) of 

the LOX/LCH₄ propulsion system at the optimal mixture ratio of 3.32. The results are 

summarized in Tables 3.1.a, 3.1.b and 3.1.c. 

Station 

Thrust 

Coefficient 

(Cf) 

Mach 

Number 
Gamma (γ) (Ae/At) 

Pressure (P, 

bar) 

Chamber 0.0000E+00 0.0000E+00 1.1258E+00 0.0000E+00 2.0684E+01 

Throat 6.5121E-01 1.0000E+00 1.1228E+00 1.0000E+00 1.1997E+01 

Exit 2.3933E+00 1.7621E+01 1.0000E+00 2.3123E+08 6.8947E-10 

Exit at 

Ae/At = 100 
1.9740E+00 4.5072E+00 1.2059E+00 1.0000E+02 1.6667E-02 

a 

Station 

Sonic 

Velocity 

(m/s) 

Specific Heat 

(Cp, 

kJ/(kg·K)) 

Specific 

Impulse (Isp, 

m/s)) 

Density (ρ) 
(kg/m³) 

Enthalpy (h) 
(J/kg) 

Chamber 1.2246E+03 8.2199E+00 0.0000E+00 1.5527E+00 -1.5993E+03 

Throat 1.1867E+03 7.9788E+00 1.1867E+03 9.5647E-01 -2.3034E+03 

Exit 2.4750E+02 1.2656E+06 4.3613E+03 1.1255E-09 -1.1110E+04 

Exit at 

Ae/At = 100 
7.9809E+02 2.1095E+00 3.5972E+03 3.1554E-03 -8.0691E+03 

b 

Station 
Entropy (s) 
(J/(kg·K)) 

Gibbs Energy 
(G) (J/kg) 

Internal 
Energy(u) 

(J/kg) 

Molecular 
Wt. (M) (mw) 

(g/mol) 

Temperature 
(t) (K) Pc/Pe 

Chamber 1.2733E+01 -4.4689E+04 -2.9314E+03 2.1121E+01 3.3840E+03 1.0000E+00 

Throat 1.2733E+01 -4.3437E+04 -3.5577E+03 2.1414E+01 3.2304E+03 
1.7241E+0

0 
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Exit 1.2733E+01 -1.3550E+04 -1.1171E+04 2.3120E+01 1.9164E+02 
3.0000E+1

0 

Exit at Ae/At 
= 100 

1.2733E+01 -2.6756E+04 -8.5973E+03 2.3101E+01 1.4676E+03 
1.2410E+0

3 

c 

Table 13.1 performance parameters for each station (Chamber, Throat, Exit and Exit at Ae/At = 100) at the optimal 
mixture ratio (NASA CEA Results) 

13.9.3.3 Interpretation of NASA CEA Results 

The NASA CEA results provide detailed insights into the performance parameters and 

thermodynamic properties of the LOX/LCH₄ thruster engine at various critical points: the 

chamber, throat, and exit, along with an additional exit condition using a limited area ratio 

(Ae/At = 100). These parameters are crucial for assessing the engine's efficiency, thermal 

behavior, and feasibility of design in vacuum conditions. The following is an interpretation 

of key findings based on these results: 

Operating Conditions and Inputs: 

• The chamber pressure is set to 300 psia with an extremely high chamber-to-exit pressure 

ratio of 3×1010, simulating an ideal vacuum. 

• An oxidizer-to-fuel ratio (O/F) of 3.32 is used, close to the specific impulse peak, 

optimizing performance. 

• The analysis considers liquid methane (CH₄) as the fuel and liquid oxygen (O₂) as the 

oxidizer, with full combustion assumed. 

Performance Parameters: 

⚫ Thrust Coefficient (Cf): The thrust coefficient shows a significant increase from the 

throat to the exit, with a maximum value of 2.3933 at the exit. This indicates the high 

efficiency of the nozzle in converting combustion energy into thrust. However, at an 

area ratio of 100, the exit thrust coefficient drops slightly to 1.9740. This more practical 

area ratio still allows for efficient thrust production while maintaining structural 

feasibility. 

⚫ Effective Exhaust Velocity (c): Effective exhaust velocity is the speed at which exhaust 

gases effectively exit the nozzle, considering both the exit velocity ve and pressure 

differential at the exit Ae(pe−pa).  

In vacuum conditions where pe=pa=0, c=ve. for this engine, the effective exhaust velocity c 

at the vacuum exit is 4361.3 m/s, representing the highest achievable efficiency. With Ae/At 

limited to 100, c slightly decreases to 3597.2 m/s, providing a more practical value without 

𝑐 =  𝑉𝑒  +  𝐴𝑒(𝑃𝑒 − 𝑃𝑎) (13-6) 
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a severe loss of performance. This compromise between maximum Isp and realistic area 

ratios helps balance performance with feasible nozzle dimensions. 

⚫ Specific Impulse (Isp): Specific impulse measures the thrust generated per unit weight 

flow rate of the propellant, typically in seconds. Since NASA CEA provides c, the 

specific impulse can be derived by dividing c by gravitational acceleration g≈9.81 m/s2, 

yielding: 

𝐼𝑠𝑝 =  
𝑐

𝑔
 =  

3597.2 𝑚/𝑠

9.81 𝑚/𝑠2
 = 366.687 s (13-7) 

⚫ C*, (m/s): Characteristic velocity, indicating the performance of the engine in terms of 

combustion efficiency. C* remains constant across all stations at 1822.3 m/s, indicating 

stable combustion efficiency. 

Thermodynamic Properties: 

⚫ Temperature (T): The temperature in the chamber reaches 3384 K, aligning with the 

high energy release of the combustion process. At the vacuum exit, the temperature 

falls to 191.64 K, while at Ae/At = 100, the exit temperature is 1467.6 K, a more 

reasonable temperature for material durability and nozzle design. 

⚫ Density (ρ): Density decreases from 1.5527 kg/m³ in the chamber to near vacuum levels 

at the exit, due to gas expansion. For Ae/At = 100, density is 0.00315 kg/m³, indicating 

a lower but manageable expansion for real-world applications. 

⚫ Sonic Velocity (a):  The sonic velocity decreases from 1224.6 m/s in the chamber to 

247.5 m/s at the vacuum exit, reflecting cooling and expansion of the exhaust gases. For 

Ae/At = 100, the sonic velocity remains high at 798.09 m/s, allowing for a controlled 

supersonic flow within feasible design limits. It reflects the thermal energy being 

converted into kinetic energy as the gas expands, accelerating the flow to supersonic 

speeds downstream of the throat. 

⚫ Specific Heat (Cp): The specific heat Cp decreases progressively from 8.22 kJ/(kg·K) in 

the chamber to 7.98 kJ/(kg·K) at the throat and 2.11 kJ/(kg·K) at the exit. This reduction 

reflects the energy transformation as gases expand and cool. High Cp in the chamber 

supports efficient energy release during combustion, while the lower Cp at the exit 

indicates successful energy conversion to achieve high exhaust velocity. 

⚫ The enthalpy and internal energy values provide insight into the energy available for 

work at each station, with both values dropping significantly as the exhaust gases 

expand. 

⚫ The entropy remains constant across stations, suggesting minimal irreversibility in the 

expansion process, while Gibbs energy values reflect the thermodynamic feasibility of 

reactions at each stage. 
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Flow and Expansion Characteristics: 

⚫ Mach Number: In the chamber, the Mach number is zero, as expected in subsonic 

regions. It reaches unity at the throat, marking the transition to supersonic flow, and 

increases dramatically to 17.621 at the ideal exit, demonstrating high gas acceleration 

under vacuum conditions. For an area ratio of 100, the exit Mach number is reduced to 

4.5072, providing a controlled supersonic expansion that remains manageable for 

structural and thermal stability. 

⚫ Gamma (γ): The specific heat ratio (γ) remains relatively stable across stations but 

decreases slightly at the exit, which indicates changes in gas properties at low 

pressures. This variation reflects shifts in specific heat capacities during the expansion 

process. 

Molecular Properties: 

⚫ Molecular Weight (M): The molecular weight slightly increases from the chamber to 

the exit, with values ranging from 21.121 to 23.101 g/mol. This gradual increase reflects 

changes in gas composition due to varying pressure conditions during expansion. 

Design Feasibility: 

⚫ Cross-section Area Ratio (Ae/At): An area ratio of 2.3123×108 is required for ideal 

vacuum expansion, which is unfeasible in practical applications. Limiting the area ratio 

to 100 provides significant expansion while keeping the design achievable. 

⚫ Pressure (P): Pressure decreases dramatically from 20.684 bar in the chamber to nearly 

zero at the exit under ideal vacuum. With Ae/At = 100, the exit pressure is 0.01667 bar, 

providing a feasible low-pressure environment for significant expansion without 

compromising nozzle integrity, facilitating the acceleration of exhaust gases to high 

velocities. 

13.9.4 Thrust and Mass Flow Calculations 

13.9.4.1 Total Mass Flow Rate:  

To determine the total mass flow rate ṁ, we use the relationship between thrust F, effective 

exhaust velocity c, and total mass flow rate as follows: 

ṁ =  
𝐹

𝑐
 (13-8) 

Given an assumed thrust force of 5 kN and the effective exhaust velocity c derived from 

NASA CEA as 3597.2 m/s, we obtain ṁ = 1.39 Kg/s 

This parameter is critical for determining the specific fuel and oxidizer flow rates required 

to sustain the desired thrust. 
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13.9.4.2 Fuel and Oxidizer Mass Flow Rates: 

The mass flow rates for fuel ṁCH4 and oxidizer ṁO2 are derived based on the mixture ratio 

O/F MR=3.32. Using the relationships: 

ṁ𝐶𝐻4  =  
ṁ

1 + 𝑀𝑅
 =  

1.39

1 + 3.32
 =  0.3217 𝐾𝑔/𝑠 (13-9) 

 

ṁ𝑂2  =  
ṁ

1 + 1 𝑀𝑅⁄
 =  

1.39

1 + 1 3.32⁄
 =  1.0682 𝐾𝑔/𝑠 (13-10) 

 

These calculations provide the basis for configuring the propellant feed system, ensuring 

accurate delivery of both fuel and oxidizer to meet thrust requirements while maintaining 

the optimal mixture ratio. 

13.9.5 Nozzle Geometry Calculations 

13.9.5.1 Throat Area and Diameter 

The throat area At is a key design parameter that supports the nozzle’s ability to choke the 

flow and achieve critical conditions. It is calculated using the equation for characteristic 

velocity (c*): 

𝑐∗  =  
𝑃𝑐  ×  𝐴𝑡

ṁ
 (13-11) 

where  c* is provided by NASA CEA, and Pc is the chamber pressure assumed as 300 psia 

= 2.06843 x 106 Pa. 

Rearranging for At: 

𝐴𝑡  =  
ṁ ×  𝑐∗

𝑃𝑐
 =  

1.39 𝐾𝑔/𝑠 ×  1822.3 𝑚/𝑠 

2.06843 𝑥 106 𝑃𝑎
 =  1.2246 × 10−3 𝑚2 (13-12) 

The throat diameter (Dt) is then: 

𝐷𝑡  =  √
4 𝐴𝑡
𝜋
 =  √

4 × 1.2246 × 10−3

𝜋
 =  0.039486 𝑚 =  3.9486 𝑐𝑚 (13-13) 

13.9.5.2 Exit Area and Diameter 

Using the area ratio Ae/At = 100, the exit area Ae can be calculated as follows: 

𝐴𝑒  =  100 × 𝐴𝑡  =  100 × 1.2246 × 10
−3  =  0.12246 𝑚2 (13-14) 

The exit diameter De is then calculated as: 

𝐷𝑒  =  √
4 𝐴𝑒
𝜋

 =  √
4 × 0.12246

𝜋
 =  0.39486 𝑚 =  39.486 𝑐𝑚 (13-15) 
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13.9.6 Combustion Chamber Geometry 

13.9.6.1 Combustion Chamber Area and Diameter 

Assuming a contraction ratio Ac/At = 4, the combustion chamber area Ac is calculated as: 

𝐴𝑐  =  4 × 𝐴𝑡  = 4 × 1.2246 × 10
−3  =  4.8983 × 10−3 𝑚2 (13-16) 

 

the chamber diameter Dc is then calculated as: 

𝐷𝑐  =  √
4 𝐴𝑐
𝜋
 =  √

4 × 4.8983 × 10−3

𝜋
 =  0.078973 𝑚 =  7.8973 𝑐𝑚 (13-17) 

13.9.6.2 Combustion Chamber Volume 

The volume Vc of the combustion chamber is essential for maintaining a stable combustion 

process. It is calculated using the characteristic length L* and throat area At as: 

𝑉𝐶  = 𝐿
∗ × 𝐴𝑡  (13-18) 

The characteristic length, L*, is a design parameter in rocket engine combustion chambers 

that represents the effective length required for efficient mixing and combustion of 

propellants. In practical terms, L* is an empirical measure used to ensure that the 

combustion chamber has sufficient volume and residence time for the propellants to mix, 

ignite, and burn completely before reaching the nozzle throat. Typical values of L* vary 

depending on the propellant combination and combustion chamber design, generally 

ranging from 0.8 to 1.6 meters for liquid-propellant thruster engines. 

With an assumed characteristic length L*=0.8m, we obtain:  

𝑉𝐶  =  0.8 × 1.2246 × 10
−3  =  9.7966 × 10−4 𝑚3 

13.9.6.3 Combustion Chamber Length 

Using the calculated chamber volume and area, the combustion chamber length Lc is 

derived as: 

𝐿𝐶  =  
𝑉𝐶
𝐴𝐶
 =  

9.7966 × 10−4

4.8983 × 10−3
 =  0.2 𝑚 =  20 𝑐𝑚 (13-19) 

13.9.6.4 Propellant Stay Time in the Combustion Chamber 

The propellant stay time ts in the combustion chamber is a crucial parameter for ensuring 

proper combustion. It is determined by the relationship: 

𝑡𝑠  =  
𝑉𝐶

ṁ × 𝑣
 (13-20) 

Where: 
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𝑣 is the specific volume of the propellant, calculated using combustion chamber pressure, 

chamber temperature, and molecular weight obtained from NASA CEA. 

The specific volume 𝑣 is derived from the ideal gas law: 

𝑣 =
𝑅𝑇

𝑃𝐶
 (13-21) 

Where: 

⚫ R is the specific gas constant, calculated using the universal gas constant 

Ru=8314 J/(kmol.K) and the molecular weight MW=21.121 kg/kmol from NASA CEA: 

𝑅 =  
𝑅𝑢
𝑀𝑊

 =  
8314

21.121
 =  393.64 𝐽/𝑘𝑔. 𝐾 (13-22) 

⚫ T=3384.02 K is the chamber temperature from NASA CEA. 

⚫ PC=300 psia=2.068×106 Pa is the chamber pressure. 

Now, substituting values into the specific volume equation: 

𝑣 =
393.64 × 3384.02

2.068 × 106
 =  0.644 𝑚3/𝑘𝑔 (13-23) 
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substituting values into the propellant stay time ts equation: 

𝑡𝑠  =  
9.7966 × 10−4

1.39 × 0.644
 =  1.09 × 10−3𝑠 =  1.09 𝑚𝑠 (13-24) 

This value demonstrates that the propellant remains in the chamber for an adequate 

amount of time to allow for complete mixing and combustion. 

13.9.7 RPA Results Interpretation 

To confirm the validity of the design parameters obtained from NASA CEA, we used the 

Rocket Propulsion Analysis (RPA) software. The RPA provided additional design 

parameters and confirmed the consistency of the key performance metrics, such as thrust, 

specific impulse, mass flow rates, and chamber geometry. The results from RPA align 

closely with those calculated using NASA CEA, providing confidence in the accuracy and 

reliability of the design. 

 

Figure 13.18 Design parameters by RPA tool 

Thrust and mass flow rates 

Chamber thrust (vac) 5 kN 

Specific impulse (vac) 362.46736 s 

Chamber thrust (opt) 4.79335 N 

Specific impulse (opt) 347.48677 s 

Total mass flow rate 1.40663 kg/s 

Oxidizer mass flow rate 1.08102 kg/s 

Fuel mass flow rate 0.32561 kg/s 

Geometry of thrust chamber with parabolic nozzle 

Dc 78.77  mm Le 474.39  mm 

b 30 deg Te 10.52 deg 

R2 58.73  mm De 393.87  mm 

R1 29.54  mm Ae/At 100 
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L* 800  mm Le/Dt 12.04 

Lc 221.62  mm 

Le/c15 relative to 

length of cone 

nozzle with Te=15 

deg 

71.61 % 

Lcyl 163.86  mm Mass 9.06  kg 

Dt 39.39  mm 
Divergence 

efficiency 
0.98417 

Rn 7.52  mm Drag efficiency 0.99157 

Tn 38.84 deg Thrust coefficient 2.00888  (vac) 

Table 13-2 Geometry of Thrust Chamber with Parabolic Nozzle by RPA tool 

These geometric parameters from RPA closely match those calculated through NASA CEA, 

further verifying the consistency and correctness of the design. 

The data obtained from RPA thus confirms the performance predictions and supports the 

validity of the parameters used for the LOX/LCH₄ thruster engine design. This alignment 

enhances the confidence in our engine’s expected behavior and performance during orbital 

transfer missions. 
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Table 13-3 Thermodynamics properties by RPA tool 
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Table 13-4 performance parameters by RPA tool 

13.9.8 Thrust chamber Design using FreeCAD 
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Figure 13.19 Thrust Chamber Design using FreeCAD 

13.10 Fuel Requirements for Orbit Change 

This chapter outlines the calculations required to determine the propellant mass and 

volumes for a spacecraft transferring from Low Earth Orbit (LEO) to Geostationary Earth 

Orbit (GEO). The analysis leverages the Tsiolkovsky rocket equation, using key parameters 

such as the required velocity change (Δv), specific impulse (Isp), and spacecraft masses. 

The chapter also includes calculations of the oxidizer and fuel mass proportions based on 

the mixture ratio and their respective volumes using density values. Finally, the burn time 

(tb) is computed to evaluate the operational feasibility of the LOX/LCH₄ thruster engine for 

this mission 

13.10.1 Project Requirements 

⚫ Δv (velocity change required): 4000 m/s 

⚫ Payload mass: 50 kg 

13.10.2 Key Parameters 

⚫ Specific Impulse (Isp): 366.69 seconds (according to design in chapter 3) 

⚫ Dry mass (structure + tanks + engine): 60 kg (estimation based on design in chapter 3) 

⚫ Total mass without propellant (dry mass + payload mass): 110 kg 

⚫ Oxidizer/Fuel Mixture Ratio: MR = 3.32 (mass ratio of LOX to LCH4) 
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⚫ Densities:  

⚫ Liquid Oxygen (LOX): ρLO2  =  1.141 kg/ℓ  

⚫ Liquid Methane (LCH4): ρLCH4  =  0.422 kg/ℓ 

13.10.3 Tsiolkovsky Equation 

The rocket equation, also known as the Tsiolkovsky rocket equation, is used to relate the 

change in velocity (Δv) to the ratio of the initial mass (mi) and final mass (mf) of the 

spacecraft. The equation is as follows: 
 

𝛥𝑣 = 𝐼𝑠𝑝  ×  𝑔0  ×  𝑙𝑛 (
𝑚𝑖

𝑚𝑓
) 

 

(13-25) 

Where: 

 g0 = 9.81 m/s² (standard gravitational acceleration) 

mi= initial mass (spacecraft mass including fuel) 

mf = final mass (spacecraft mass without fuel, i.e., dry mass + payload mass) 

13.10.4 Propellant mass Calculations 

Rearranging the rocket equation to solve for the initial mass mi: 
 

𝑚𝑖  =  𝑚𝑓   ×  ℯ
𝛥𝑣

𝐼𝑠𝑝 × 𝑔0 

 

(13-26) 

  



Design of a LOX/LCH4 Thruster Engine for Satellite Transfer from LEO to GEO (Master 

Thesis 2024) 

 

723 

Substituting the known values: 
 

𝑚𝑖  =  110  ×  ℯ
 

4000
366.69 × 9.81   ≈  334.44 𝑘𝑔 

 

(13-27) 

The total propellant mass is the difference between the initial mass and the final mass: 
 

Propellant Mass =  MP = 𝑚𝑖 - 𝑚𝑓 = 334.44 kg - 110 kg = 224.44 kg 

 

(13-28) 

Since the oxidizer-to-fuel mixture ratio is 3.32, the masses of liquid oxygen (LOX) and liquid 

methane (LCH4) can be calculated as follows: 
 

𝑂𝑥𝑖𝑑𝑖𝑧𝑒𝑟 𝑀𝑎𝑠𝑠 =  
𝑀𝑃  ×  𝑀𝑅

1 +  𝑀𝑅
 

 

(13-29) 

Oxidizer Mass = MLO2  =  
224.44 ×  3.32

1 +  3.32
 =  172.48 kg 

 

𝐹𝑢𝑒𝑙 𝑀𝑎𝑠𝑠 =  
𝑀𝑃

1 +  𝑀𝑅
 

 

(13-30) 

Fuel Mass = MLCH4  =  
224.44

1 +  3.32
 =  51.95 kg 

13.10.5 Propellant Volume Calculations 

To convert the propellant masses to volume, we use their respective densities: 

⚫ Liquid Oxygen (LOX) Volume: 
 

𝑉𝐿𝑂2  =
𝑀𝐿𝑂2

𝜌𝐿𝑂2
 =  

172.48 𝑘𝑔

1.141 𝑘𝑔/ℓ
 ≈ 151.17ℓ 

 

(13-31) 

 

⚫ Liquid Methane (LCH4) Volume: 
 

𝑉𝐿𝐶𝐻4  =
𝑀𝐿𝐶𝐻4

𝜌𝐿𝐶𝐻4
 =  

51.95 𝑘𝑔

0.422 𝑘𝑔/ℓ
 ≈ 123.11 ℓ 

(13-32) 

13.10.6 Burn Time 

The burn time tb is a critical parameter in evaluating the feasibility of the orbit transfer 

mission that connects mission requirements and engine performance. It reflects the 

duration the thruster must operate to achieve the required Δv for the transfer from LEO-

to-GEO while ensuring efficient use of propellants. 

The burn time is calculated using the relation: 
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𝑡𝑏  =  
𝑀𝑃

ṁ
 =  

224.44 𝑘𝑔

1.39 𝑘𝑔/𝑠
 =  161.47 𝑠 =  2 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 41.47𝑠 (13-33) 

13.10.6.1 Mission-Level Analysis 

From a mission perspective: 

⚫ The burn time aligns with the Δv requirement, confirming that the engine can sustain 

operation for the duration needed to complete the orbit transfer maneuver. 

⚫ The calculated tb ensures sufficient propellant is available, eliminating the risk of fuel 

depletion. 

⚫ This duration allows precise and controlled execution of the orbit transfer, meeting the 

mission's overall objectives. 

13.10.6.2 Engine Performance Analysis 

From an engine performance perspective: 

⚫ The burn time validates the thruster’s ability to maintain the required thrust and mass 

flow over the specified duration. 

⚫ Combustion stability is confirmed by the propellant stay time (ts) (1.09 ms), which is 

significantly shorter than tb. This indicates that the combustion chamber design 

ensures complete mixing and combustion within the chamber before expulsion 

through the nozzle. 

⚫ The chamber pressure of 300 psia and the designed mass flow rate align with the 

calculated burn time, verifying the engine’s efficiency in utilizing the propellants. 

13.10.7 Conclusion 

The calculations presented in this chapter validate the feasibility of the LEO-to-GEO orbit 

transfer using the LOX/LCH₄ thruster engine. The propellant mass of 224.44 kg meets the 

mission's Δv requirement, with oxidizer and fuel volumes well within practical storage 

limits. A burn time of approximately 161.47 seconds confirms that the engine can sustain 

the required operation to execute the maneuver, while maintaining efficiency and stability 

in combustion. These results demonstrate the engine’s capability to fulfill mission 

objectives and provide a solid foundation for subsequent design and operational 

considerations. 
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13.11 Thermal Analysis of LOX/LCH4 Thrust Chamber with Regenerative 

Cooling 

This section details the thermal analysis of the LOX/LCH4 thruster engine's thrust chamber, 

focusing on the implementation of a regenerative cooling system. The design was analyzed 

using RPA software, incorporating various critical parameters such as wall material, 

coolant properties, and channel geometry to evaluate the thermal performance and ensure 

the structural integrity of the thrust chamber under operational conditions. 

13.11.1 Methodology and Inputs 

Regenerative cooling is the most widely used method of cooling a thrust chamber and is 

accomplished by flowing high-velocity coolant over the back side of the chamber hot gas 

wall to convectively cool the hot liner. The coolant with the heat input from cooling the 

liner is then usually discharged into the injector and utilized as a propellant.  

The regenerative cooling system employs liquid methane (LCH₄) as the coolant due to its 

favorable thermodynamic properties. 

Configuration of the regenerative cooling segment includes the following parameters: 
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The regenerative cooling approach ensures efficient heat transfer between the chamber wall 

and the coolant, leveraging the high thermal conductivity of copper to maintain structural 

and thermal integrity. 

The selection of initial pressure and temperature for the cooling system is based on 

operational requirements and thermodynamic considerations: 

⚫ Initial Pressure (26 bar): 

The combustion chamber pressure is set at 300 psia (approximately 20.68 bar). To ensure 

sufficient pressure for liquid methane at the injector inlet, the pressure of the coolant at the 

cooling pipe outlet is set at 22 bar. Assuming a pressure drop of 2 bar in the injector, this 

configuration ensures proper flow into the combustion chamber. 

A pressure drop of approximately 4 bar is expected across the cooling pipes. Consequently, 

the initial pressure of liquid methane at the cooling pipe inlet is set at 26 bar. 

Since the methane is stored at atmospheric pressure (1 bar) in the fuel tank, it must be 

pressurized to 26 bar using helium before entering the cooling pipes. 

⚫ Initial Temperature (100 K): 

Using the methane phase diagram (Figure 5.1), the boiling point of methane at 26 bar is 

approximately 173 K, and the freezing point is approximately 91 K. To avoid phase change 

within the cooling pipes, the initial temperature of the liquid methane at the inlet is chosen 

to be higher than the freezing point. The selected temperature of 100 K ensures that the 

coolant remains in liquid form throughout the cooling process. 

As the coolant absorbs heat in the cooling pipes, its temperature will increase to above the 

boiling point (173 K) before entering the combustion chamber, ensuring efficient heat 

absorption and proper injection as a gaseous propellant. 

This careful selection of pressure and temperature parameters ensures the stability, 

efficiency, and reliability of the regenerative cooling system under the specified operational 

conditions. 
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Figure 13.20 Methane phase diagram 

13.11.2 Results and Observations 

The results of the RPA thermal analysis include critical thermal and flow parameters 

distributed along the thrust chamber. Key metrics are summarized in Table 5-1, providing 

insights into the chamber's thermal performance and the efficiency of the regenerative 

cooling system. 

13.11.2.1 Key Parameters 

⚫ Location (mm): The axial distance along the cooling channel. 

⚫ Radius (mm): The radial position of the point of analysis. 

⚫ Convective Heat Transfer Coefficient (W/m²-K): Indicates the efficiency of heat transfer 

between the coolant and the wall. 

⚫ Convective Heat Flux (kW/m²): Heat flux attributed to convection from the gas-side wall 

to the coolant. 

⚫ Radiative Heat Flux (kW/m²): Heat flux due to radiation from the combustion gases to 

the chamber wall. 

⚫ Total Heat Flux (kW/m²): Combined heat flux from convection and radiation. 

⚫ Twg, (K): the temperature of chamber wall on its hot gas side. 

⚫ Twi, (K): the temperature between the thermal barrier coating layer and chamber wall (if 

coating is available). 

⚫ Twc, (K): the temperature of chamber wall on its cooler side. 

⚫ pc (MPa), Tc , (K), wc (m/s), ρ (kg/m³): the pressure, temperature, velocity, and density of 

the coolant correspondingly (if applicable). 
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Table 13-5 Thermal Analysis Results from RPA for Regenerative Cooling with Direct Flow 

13.11.2.2 Observations and Design Implications 

The results presented in Table 5-1 highlight several significant trends and design 

implications for the engine's thermal management: 

Interpretation of Heat Transfer Coefficient and Heat Flux 

In thruster engine thermal analysis, the heat transfer coefficient (h) and heat flux (q) are 

critical parameters that characterize the cooling and heat dissipation performance: 

⚫ Heat Transfer Coefficient (h): 

Represents the efficiency of heat exchange between the hot gases inside the combustion 

chamber and the chamber wall. 

Higher values indicate more effective heat transfer, which may require robust cooling 

mechanisms to prevent material failure. 

In the presented results in table 5-1, h remains relatively constant along the regenerative 

cooling flow path, with slight variations indicating the influence of flow properties and 

chamber geometry. 

⚫ Convective Heat Flux (qconv): 

Quantifies the heat transferred per unit area from the hot gases to the wall via convection. 

Calculated as:  

𝑞𝐶𝑜𝑛𝑣  =  ℎ . (𝑇𝑔𝑎𝑠  −  𝑇𝑤𝑎𝑙𝑙) (13-34) 
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where Tgas is the combustion gas temperature, and Twall is the inner wall temperature. 

High qconv values near the throat region highlight the need for enhanced cooling as gas 

velocity and temperature peak in this area. 

⚫ Radiative Heat Flux (qrad): 

Results from thermal radiation emitted by the hot gases, described by: 

𝑞𝑟𝑎𝑑  =  𝜀 . 𝜎 . 𝑇𝑔𝑎𝑠
4  (13-35) 

 

where ϵ is the emissivity, and σ is the Stefan-Boltzmann constant. 

Comparatively smaller than qconv but still contributes to the overall heat load. 

⚫ Total Heat Flux (qtotal): 

Summation of convective and radiative components:  

qtotal=qconv+qrad (13-36) 

Represents the overall thermal stress on the cooling system and chamber walls. Regions 

with high qtotal require sufficient cooling capacity to maintain structural integrity. 

Observations 

The heat transfer coefficient decreases slightly along the flow direction, corresponding to 

reduced gas temperatures and changing flow characteristics. (Figure 5.2) 

Convective heat flux values are highest near the throat (17,115 kW/m²) due to the 

combination of high temperatures and gas velocities. 

Radiative heat flux becomes significant where gas temperatures remain elevated, 

particularly in the combustion zone. 

The total heat flux peaks in the throat area and gradually diminishes downstream, 

corresponding to decreasing temperatures and expanding flow in the nozzle. 

These results underline the importance of an optimized regenerative cooling design, 

especially near the throat and combustion chamber regions, where thermal loads are most 

severe. 
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Figure 13.21 RPA-Generated Variation of Convective, Radiation, and Total Heat Flux with Axial Location and Radius, 
Emphasizing the Significant Flux at the Throat 

Coolant Temperature 

In the coolant system design for the thruster, it is observed that the coolant reaches its 

boiling point before entering the combustion chamber. As shown in Figure 5-3 and detailed 

in Table 5-1, the coolant temperature (Tc) increases within the coolant pipes, ultimately 

achieving its boiling point. This phenomenon is particularly advantageous as it ensures 

that the coolant undergoes a phase change to gas prior to entering the combustion chamber. 

The transition to gas enhances heat transfer efficiency, as the latent heat of vaporization 

facilitates effective cooling. This thermal behavior is beneficial for maintaining optimal 

operating conditions for the thruster and preventing overheating of critical components. 
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Figure 13.22 RPA-Generated Variation of Twg, Twi, Twc and TC with Radius and Axial Location in the Thrust Chamber 

Wall Temperatures: 

⚫ The gas-side wall temperature (Twg) is highest near the throat, reaching a peak of 

approximately 1,294 K. This observation reflects the intense thermal loading at this 

location due to high flow velocities and reduced cross-sectional area. 

⚫ The coolant-side wall temperature (Twc) is significantly lower than gas-side wall 

temperature, reflecting the effectiveness of the cooling mechanism. Figure 5-3 depicts 

the temperature distribution across the radius and length, highlighting the critical 

thermal gradient at the throat region. 

Structural Integrity and Material Selection 

The structural integrity of the wall materials must accommodate elevated temperatures 

observed in the combustion chamber and nozzle. This necessitates the selection of materials 

with high melting points, excellent thermal conductivity, and robust mechanical properties 

under extreme conditions. In this context, copper and its alloys are commonly preferred 

due to their favorable properties, including high thermal conductivity and adequate 

melting points. 

Melting Point of Copper at Elevated Pressure 

The melting point of copper (Cu) increases slightly under elevated pressures, such as the 

300 psia (approximately 20.7 bar) operational conditions in the combustion chamber. This 

behavior can be analyzed using the Clausius-Clapeyron relation, which estimates the shift 

in melting point with pressure: 

𝑑𝑇

𝑑𝑃
 =  

𝑇𝑚 . ∆𝑣

∆𝐻𝑓
 (13-37) 
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Where: 

Tm: Melting temperature in kelvin at standard pressure (1357.77 K). 

∆𝑣: Change in specific volume during melting (𝑣𝑙𝑖𝑞𝑢𝑖𝑑  − 𝑣𝑠𝑜𝑙𝑖𝑑  =  1.31 × 10
−5m3/kg). 

ΔHf: Latent heat of fusion (13.05kJ/mol, equivalent to 205 kJ/kg for copper). 

dT/dP: Rate of change of melting temperature with pressure. 

⚫ Standard Melting Point: 

At 1 atm pressure, the melting point of copper is 1357.77 K (1084.62°C). 

⚫ Effect of Pressure: 

For the given conditions: 

𝑑𝑇

𝑑𝑃
 =  

1357.77 ×  1.31 × 10−5

205 × 103
 =  8.7 × 10−8  𝐾 𝑃𝑎⁄  (13-38) 

 

With a pressure increase of ΔP=19.7bar = 197x 104 Pa. 

ΔTm ≈ 0.171k 

⚫ Resulting Melting Point: 

The new melting point under 300 psia pressure becomes: 

𝑇𝑚
 ′  =  0.171 +  1357.77 =  1357.94 𝐾 (13-39) 

Comparison with Wall Temperatures 

The calculated melting point of copper under 300 psia, approximately 1357.94 K, is 

significantly higher than the highest observed inner wall temperature near the throat region 

(1294.96 K). This confirms that copper-based materials can maintain their structural 

integrity under the operating conditions. 

Implications for Design 

Material Suitability: Copper and its alloys are suitable for the combustion chamber and 

nozzle due to their ability to withstand extreme thermal conditions without reaching their 

melting point. 

Thermal Management: High thermal conductivity of copper facilitates efficient heat 

dissipation, reducing thermal gradients and stress across the wall. 

Safety Margin: The melting point margin ensures operational reliability and durability, 

even in the most thermally critical regions. 

In conclusion, the selection of copper or its high-temperature alloys, potentially enhanced 

with thermal barrier coatings, provides a robust solution to manage the thermal and 

structural demands of the thruster engine. 
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These observations underscore the importance of detailed thermal analysis in guiding the 

design and optimization of the thruster's regenerative cooling system. The data provides a 

foundation for selecting materials, optimizing cooling channel geometry, and ensuring the 

overall thermal reliability of the propulsion system. 

13.12 Prototype and Test Stand Realization 

This chapter presents the process of prototyping and test stand realization for the 

LOX/LCH₄ thruster engine. It includes visual documentation of the combustion chamber 

and nozzle manufacturing stages, the integration into the orbit change test stand, examples 

of commercially available components, and considerations for regenerative cooling. 

13.12.1 Plastic Model of Combustion Chamber and Nozzle from 3D Printer 

The initial stage involved fabricating a plastic model of the combustion chamber and nozzle 

using a 3D printer. This model served as the basis for creating a sand mold to be used in 

the copper casting process (Figures 6.1). 

               

Figure 13.23 Plastic Model of the Combustion Chamber and Nozzle Fabricated at AECENAR 

13.12.2 Combustion Chamber and Nozzle After Melting and Forming Copper 

Following the sand mold preparation, the combustion chamber and nozzle were cast in 

copper. This process ensured the high thermal conductivity required for effective heat 

dissipation during operation.(Figures 6.2) 



Design of a LOX/LCH4 Thruster Engine for Satellite Transfer from LEO to GEO (Master 

Thesis 2024) 

 

734 

               

Figure 13.24 Copper-Formed Combustion Chamber and Nozzle Fabricated at AECENAR 

13.12.3  Integration into Orbit Change Test Stand 

The copper combustion chamber and nozzle were subsequently integrated into the orbit 

change test stand. This setup forms the foundation for testing the thruster engine under 

controlled conditions (Figure 6.3). 

 

Figure 13.25 Integration of the Copper Thrust Chamber into the Orbit Change Test Stand at AECENAR 

13.12.3.1 Examples of Commercially Available Components 

In the context of designing and realizing the test stand, understanding commercially 

available hardware helps to evaluate practical implementation possibilities. One such 



Design of a LOX/LCH4 Thruster Engine for Satellite Transfer from LEO to GEO (Master 

Thesis 2024) 

 

735 

example is an oxidizer tank designed for 45 liters of LOX, photographed in Germany 

(Figure 6.4).  

While this tank does not meet the specific requirements of our design, it provides insight 

into critical parameters for component selection, including: 

⚫ Capacity: 45 liters of LOX, equivalent to approximately 90 kg. 

⚫ Wall Thickness: Approximately 10 cm, designed to insulate -193°C storage conditions. 

⚫ Cost: 

⚫ Empty tank: 6000 EUR 

⚫ Filling cost: 670 EUR 

⚫ Manufacturer: Linde, commonly used for medical applications. 

Including real-world examples such as this strengthens our understanding of available 

solutions and provides a foundation for future improvements to our design. 

 
Figure 13.26 Oxidizer Tank Designed for 45 Liters of LOX, Photographed in Germany 

13.12.4 Regenerative Cooling 

13.12.4.1 Structure of Regenerative Cooling System 

The regenerative cooling system is essential for managing the intense thermal environment 

within the combustion chamber and nozzle. It is typically structured as a three-layer 

"sandwich" arrangement, each layer playing a distinct role in heat management. 

⚫ Innermost Layer – Hot Gas Wall: 

The innermost layer is the hot gas wall, which is directly exposed to the combustion 

gases. This wall absorbs the extreme heat generated by the combustion process and is 
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subjected to high thermal stresses. The material selected for this layer must possess 

high thermal conductivity to transfer heat effectively while withstanding the harsh 

conditions of the combustion chamber (Figure 6.2) 

⚫ Middle Layer – Cooling Channels: 

Surrounding the hot gas wall is the cooling channel layer, which is discussed in Section 

6.4.2. This layer contains the channels through which the coolant (typically the 

propellants) flows. The coolant absorbs heat from the hot gas wall as it passes through 

these channels, ensuring that the combustion chamber and nozzle remain within safe 

temperature limits. The design of these channels is critical for efficient heat transfer 

and for preventing hot spots that could damage the chamber (Fgures 6.5). 

⚫ Outermost Layer – Closeout Wall: 

The outermost layer is the closeout wall, which seals the cooling system and keeps the 

coolant within the channels. This layer also protects the structural integrity of the 

engine by providing an outer casing that prevents coolant leakage and maintains 

pressure within the cooling system. The closeout wall is designed to withstand external 

stresses and environmental conditions while supporting the efficient operation of the 

cooling system. 

13.12.4.2 Realization of pipes layout 

The design and layout of the regenerative cooling pipes are critical to ensuring the 

structural integrity and thermal efficiency of the combustion chamber and nozzle. This 

section highlights the integration of cooling pipes, including the incorporation of inlets and 

outlets for the propellants—fuel and oxidizer—designed to pass through the cooling 

system. The proper arrangement of these pipes allows for optimal heat dissipation, 

preventing excessive thermal stress on the engine components. 
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Figure 13.27 Realization of Pipes Layout for Regenerative Cooling 

 

   

Figure 13.28 Thrust Chamber After Integration of Propellant Inlets and Outlets for Regenerative Cooling 

13.12.4.3 Outermost Layer – Closeout Wall 

The closeout wall is the outermost layer of the regenerative cooling system, serving to seal 

the cooling channels and contain the coolant. It is designed to withstand external stresses, 

pressure buildup, and environmental factors, ensuring the integrity of the cooling system. 

Made from high-strength, thermally resistant materials, the closeout wall prevents coolant 

leakage and protects the system from mechanical vibrations and temperature extremes. 

Figures in this section illustrate the integration of the closeout wall. 
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Figure 13.29 Integration of the Closeout Wall into the Regenerative Cooling System at AECENAR
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13.13 Conclusion 

In conclusion, this thesis has made significant contributions to the design, analysis, and 

realization of a LOX/LCH₄ thruster engine for spacecraft propulsion, with a focus on the 

transfer from Low Earth Orbit (LEO) to Geostationary Earth Orbit (GEO). Through the use 

of advanced simulation tools such as NASA CEA and RPA, we optimized critical design 

parameters, including the stoichiometric and optimal mixture ratios, nozzle geometry, 

combustion chamber dimensions, and fuel requirements, ensuring the propulsion system 

meets mission objectives. 

The successful design of the combustion chamber and nozzle, coupled with the integration 

of regenerative cooling, demonstrated the feasibility of the system under expected thermal 

and structural conditions. The comprehensive calculations for thrust, mass flow rates, and 

burn time, supported by a prototype test stand, underscore the practical potential for real-

world implementation. 

This work not only advances our understanding of LOX/LCH₄ propulsion systems but also 

contributes to the broader field of space propulsion technology. The results presented 

provide a solid foundation for further optimization and experimental validation of the 

design. Future research should focus on the experimental testing of the propulsion system 

to confirm its performance and address any challenges encountered during 

implementation. 

Moreover, the insights gained from this study have broader implications for space 

exploration, where efficient propulsion systems are critical for reducing mission costs and 

improving the reliability of space travel. As the space industry continues to evolve, the 

findings of this thesis align with efforts to enhance propulsion systems, making space 

missions more sustainable and cost-effective. 

In summary, this thesis provides a comprehensive approach to the design and optimization 

of LOX/LCH₄ thruster engines, contributing valuable knowledge to the field of space 

propulsion and laying the groundwork for future advancements in spacecraft propulsion 

systems.
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14 2.5 GHz Transceiver Development 

See Satellite Development 2023, Section TT&C 
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15 Antenna Testbed 
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15.1 Summary 
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15.2 Basics: Antenna testing labs 

 

From: Antenna measurement - Wikipedia 

Antenna measurement techniques refers to the testing of antennas to ensure that the antenna meets 

specifications or simply to characterize it. Typical parameters of antennas 

are gain, bandwidth, radiation pattern, beamwidth, polarization, and impedance. 

The antenna pattern is the response of the antenna to a plane wave incident from a given direction 

or the relative power density of the wave transmitted by the antenna in a given direction. For a 

reciprocal antenna, these two patterns are identical. A multitude of antenna pattern measurement 

techniques have been developed. The first technique developed was the far-field range, where the 

antenna under test (AUT) is placed in the far-field of a range antenna. Due to the size required to 

create a far-field range for large antennas, near-field techniques were developed, which allow the 

measurement of the field on a distance close to the antenna (typically 3 to 10 times its wavelength). 

This measurement is then predicted to be the same at infinity. A third common method is the 

compact range, which uses a reflector to create a field near the AUT that looks approximately like a 

plane-wave. 

15.2.1 Typical setup for characterizing the RF properties of microwave materials. 

Step 1: Sample Preparation 

• The material to be characterized is prepared in a suitable form, such as a thin sheet or a 

cylindrical rod. 

• The sample dimensions and properties (thickness, dielectric constant, etc.) are recorded. 

https://en.wikipedia.org/wiki/Antenna_measurement
https://en.wikipedia.org/wiki/Antenna_(radio)
https://en.wikipedia.org/wiki/Antenna_gain
https://en.wikipedia.org/wiki/Antenna_bandwidth
https://en.wikipedia.org/wiki/Radiation_pattern
https://en.wikipedia.org/wiki/Beamwidth
https://en.wikipedia.org/wiki/Polarization_(waves)
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Antenna_pattern
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Infinity
https://en.wikipedia.org/wiki/Reflector_(antenna)
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Step 2: Fixture Setup 

• The appropriate fixture is selected based on the sample type and measurement frequency. 

• The sample is placed accurately within the fixture, ensuring proper contact and alignment. 

Step 3: Calibration 

• The measurement system is calibrated using known standards to establish a reference point. 

• This step corrects for system errors and ensures accurate measurements. 

Step 4: Data Acquisition 

• The measurement instrument (likely a network analyzer) is used to collect data about the 

sample's interaction with the RF signal. 

• This data includes parameters like reflection coefficient, transmission coefficient, and phase 

information. 

Step 5: Data Processing 

• The collected data is processed using specialized software to extract the desired material 

properties. 

• These properties typically include complex permittivity and permeability. 

Step 6: Analysis and Interpretation 

• The calculated material properties are analyzed to understand the material's behavior at 

different frequencies. 

• The results are compared to theoretical models or previous data for validation. 

Note: The specific steps and equipment used can vary depending on the material, measurement 

frequency, and desired accuracy. 

15.2.2 System Design (Block Diagram)  
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15.2.3 Sending Device in Testing Lab 

 Network Analyzer: This is the primary instrument used for data acquisition in this context. It 

generates a known RF signal, transmits it through the material sample, and measures the resulting 

wave. 

15.2.4 Receiver Device in Testing Lab 

• The network analyzer sweeps through a range of frequencies, measuring the amplitude and 

phase of the transmitted and reflected waves at each frequency point. 

• This data is typically represented in complex numbers, capturing both magnitude and phase 

information. 

• Measurement Techniques: Various techniques can be employed, including: 

o Transmission measurements: Measuring the signal that passes through the material. 

o Reflection measurements: Measuring the signal reflected from the material's surface. 

o Scattering parameters (S-parameters): Characterizing the wave scattering properties 

of the material. 
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15.3 For receiving bits 

15.3.1 Test 21.3.24, 1 p.m.: 

TT&C GUI: Click VALVE ON -> TT&C Transceiver -> TT&C GroundStation Antenna ----------> 360°C 

Antenna -> HackRF -> GnuRadio on ubuntu  
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15.4 For receiving continous audio signal (radio station on 94.3 MHz): 

 

  

Demonstration Film: Send and Receive a Text File with Gnuradio and HackRF 

how to open gunuradio in ubuntu: 1. open terminal 2. type gnuradio-companion 

https://aecenar.com/index.php/downloads/summary/13-temo-space-communication/1648-hackrf-send-receive-text-file
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15.5 2 PCS, on each is ubuntu and gnuradio 

2.4.24, 1 p.m. +  22.5.24 (Halima, Abdullah Munla, Ahmad Ali) 

15.5.1 Sender 
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15.5.1.1 Sender Results: 

 

15.5.2 Receiver 
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15.5.2.1 Receiver Results: 
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15.6 Graphical User Interface in Receiver Device in AS-COMSAT Antenna Testing 
Lab with GNU Radio 

15.6.1 Sending and Receiving with HackRF and gnuradio 

Simple circuit for sender and receiver 

 

• Sending a sinusoidal wave through patch antenna 

• soapy being the Tx  

• source being Rx 

• IF gain is the intermediate frequency which increases signal strength 

• VGA gain is Variable Gain Amplifier. Always increase VGA to the maximum for increased radiation. 

Note: These results are when both antennas are facing each other (angle 0) 
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15.7 AS-COMSAT Antenna Teststand - Test Specification and Tests 

 

15.7.1 Test Specification 

Test 

Nr. 
Test angle Steps Expected result Result 

1  0 Degrees 

set the antennas facing each other 

Set VGA to max and IF to 12th 

slide. 

 Gain must be at 

maximum 
  

2 0 with iron plate 

set the antennas facing each other 

Set VGA to max and IF to 12th 

slide. Place the iron plate very 

close to the antenna 

Gain must 

decrease 
  

3 45 

Set the antennas at 45 degrees 

keep VGA and IF like before. 

remove iron plate 

Gain must 

decrease slightly. 
  

4 90 

Set the antennas perpendicular to 

each other 

keep VGA and IF like before. 

Gain must 

decrease more 
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5 180 

Set the antennas facing opposite 

to each other 

keep VGA and IF like before. 

Gain must 

decrease 

drastically 

  

15.7.2 Tests 

15.7.2.1 Test 23/08/2024 

Test Nr. 
Test 

variable 
Steps Expected result Real result 

1  0 Degrees 

set the antennas facing each 

other 

Set VGA to max and IF to 12th 

slide. 

  

 Gain must be at 

maximum 

gain is -9.8 

dB 

(Maximum 

Gain) 

2 
0 with iron 

plate 

set the antennas facing each 

other 

Set VGA to max and IF to 12th 

slide. Place the iron plate very 

close to the antenna 

Gain must decrease 

No signal 

recieved 

Gain is -42 

dB 

3 45 

Set the antennas at 45 degrees 

keep VGA and IF like before. 

remove iron plate 

Gain must decrease 

slightly. 

 Gain 

remained 

the same at 

-9.8 dB 

4 90 

Set the antennas perpendicular 

to each other 

keep VGA and IF like before. 

Gain must decrease 

more 

-15 dB 

decreased 

slightly 

5 180 

Set the antennas facing opposite 

to each other 

keep VGA and IF like before. 

Gain must decrease 

drastically 

 Gain is at -

30 dB 

Decreased 

so much 

15.7.2.2 Test1 23/08/2024 - Without placing iron plate 

Gain was -19.8 dB 
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15.7.2.3 Test1 23/08/2024 - After placing iron plate 

Gain got down to -42 dB 

 

15.7.2.4 At 90 degrees: 

Gain at -12 dB 
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15.7.2.5 At 180 degrees: 

Gain at -30 dB 
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15.8 Literature 

https://en.wikipedia.org/wiki/Antenna_measurement 
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16 City Network Ambulance (CNA), Baseline 31.12.23 
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16.1 Introduction 

This document aims to explain the development process of the City Network Ambulance system 

designed by AS-COMSAT. 

16.2 System Overview 

The CNA system is divided into 2 categories: 

1. Gateway Ground Station system: which is a Graphical User Interface (GUI) that acts like a 

central communication device between the users and the destination nodes. It receives and 

displays the messages from the users and redirect them to the destination intended. It also 

sends messages via the nodes. 

2. System Design: CNA system consists of five transceiver nodes. Users will connect to the 

nodes via the user device (GUI). If the user wants to send a message to a certain node, the 

transceiver connected to the user’s device (including user GUI) will transmit the packet to 

the nearest node. The process will be repeated until the packet reaches the transceiver of the 

Gateway Ground Station which is connected to it serially. The GUI will then process the 

packet, display the message, and redirect the packet to the node the user intended to send 

the packet to. 

Figure 2-1 illustrates the process of sending a packet from the user’s device to the GUI. 

 

Figure 2-1- Message Sending Process 

The poster shown in Figure 2-2 summarizes the overview of the system. 
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Figure 2-2- CNA System Overview 

 



City Network Ambulance (CNA), Baseline 31.12.23 

 

771 

16.3 System Design and Configuration 

The following flowchart is used to design the transceiver software on the STM32 for each node, 

device, satellite or GUI. 

 

16.3.1 Introduction 

Chapter 3 tackles the design part of the system. 

16.3.2 Mechanical Realization 

This section shows where the nodes where placed. 
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16.3.3 CNA Transceiver 
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16.3.4 Antenna 

 

16.3.5 Software Design (STM32 Low Level SW Architecture) 

This section shows how the transceivers will work and how the communication between 

nodes will occur until it reaches the user. The following figure will show how the Transceiver 

nodes will work. 
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STM32 code (version 802) 

https://drive.google.com/drive/folders/1FW6pGfZCofv_EuiDp9o6juZRKiaZba55?hl=en 

STM32 code (version 803) 

https://aecenar.com/index.php/downloads/send/16-ics/1487-cna-transceiver-sw803  

 

Figure 3.5 - 1 

 

First, all the transceivers will act as a “Receiver” node (RX communication mode) and wait to 

receive data. The transceiver will wait in a “StandBy” state waiting for any actions. Second, the 

transceiver checks if it received any packets or not. If it received a packet, it then checks if the format 

of the packet is correct and is not missing any information. If the packet format is not correct, then 

the packet is denied and the transceiver returns to the StandBy state. If the packet format is correct, 

the packet is accepted and the communication mode is changed to “Transmitter mode” (TX 

communication mode). Lastly, it checks for the destination address of the packet if it is found in the 

Address Table of the transceiver, it sends the packet to the connected STM via SPI protocol to be 

redirected to the corresponding device address. If the address is not found in the Address table, the 

packet is then transferred to connected transceivers via USART protocol to be transferred to other 

nodes via Antenna. 

 

https://drive.google.com/drive/folders/1FW6pGfZCofv_EuiDp9o6juZRKiaZba55?hl=en
https://aecenar.com/index.php/downloads/send/16-ics/1487-cna-transceiver-sw803
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The next figure, will show how the user will react with the message. 

 

Figure 3.5 - 2 

 

        The user transceiver communication mode is also set to “Receiver mode” (RX mode) and it also 

waits in a “StandBy” state waiting for any actions. If the packet is received, it displays the message 

to the user. The user can also trigger an event where he can send a packet to other users. The packet 

fills the TX_buffer with the message. It then set the communication mode to Transfer Mode “TX 

mode”. Lastly, it sends the data to the STM to be forwarded to the network via Antenna. 
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16.4 Gateway Ground Station 

16.4.1 Introduction 

This chapter will introduce the steps of developing the graphical user interface (GUI) and explain 

how the classes in the GUI interact with each other. A sequence diagram will be used to show how 

the data is being transferred between the forms and the use case diagram will illustrate the actions 

that can be done by the user. Moreover, each function in the code will be explained. 
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16.4.2 System Architecture and Functionality 

 

Figure 4-1- CNA System Architecture and Functionality 
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16.4.3 GUI Overview 

 

Figure 4-2- CNA GUI Overview 

16.4.4 Customer Software Requirements 

Table 4-1- Customer Software Requirements Table 

ID Title Description 
Safety 

Level 
Verification Criteria 

Req.0001 Software App Visual Studio IDE. - - 
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Req.0002 
Coding 

language 
C# Language. - - 

Req.0003 Extension 

Should include Windows 

Form App(.NET Framework 

extension). 

- - 

Req.0004 Extension  Should include GMAP API. ASIL-D 

Open a new C# Windows Form 

application on visual studio > On the 

right side of the screen, in the 

solution explorer tab, press right 

click on the project name > Manage 

NuGet Packages > Installed > You 

can find "GMap" APIs. 

Req.0005 Compatibility 

Should include a compatible 

software with the operating 

system on which it will be 

running, preferably 

Windows. 

ASIL-D - 

Req.0006 Hardware 

Should connect an STM32 to 

the device for the GUI to 

work 

ASIL-D 

STM node Transceiver should be 

connected to your device via Serial 

Cable. 

Req.0007 User Interface 

Should include a map to 

display the coordinates of 

the node transceivers. 

ASIL-D 
Coordinates should be displayed on 

the map 

Req.0008 User Interface 

Should include a Label to 

display if the required 

transceiver is connected. 

ASIL-D 

When the specified transceiver port 

is connected, the label will display 

that the transceiver is connected and 

display it's information. 

Req.0009 User Interface 
Should display the frames 

received.  
ASIL-D 

Data received should all appear in 

text boxes and on the map. 

Req.0010 User Interface 
Should send frames to node 

transceivers. 
ASIL-D 

Check if the frame reached the node 

by writing a "Console" statement to 

display the frame. 

 

16.4.5 GUI Sequence Diagram 

Figure 4-3 below shows the time sequence of the GUI behavior. 



City Network Ambulance (CNA), Baseline 31.12.23 

 

780 

 

Figure 4-3- System Sequence Diagram 

The user chooses a port from the combo box and clicks the start button. The port will be opened 

and the GUI will request headers from the STM. In turn, the STM will send the frames to be received 

by the GUI and stored in variables and send them to the StateMachine. When the user clicks the 

marker they will be redirected to the “Details" form. The form contains the coordinates and messages 

sent to this node. The user can also send messages to the other nodes from this form. If the start 

button was not clicked, the Details form will not contain any information as the port was not opened.  

16.4.6 GUI Use Cases 

In Figure 4-4, all the actions that can be performed by the user in the GUI are represented. 
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Figure 4-4- System Use Case Diagram 

16.4.7 Gateway Ground Station/Transceiver Interface 

The transceiver of the Gateway Ground Station is similar to the TT&C Transceiver. Gateway 

Ground Station (GS) Transceiver is used to transmit messages from the GUI to the chosen node and 

to deliver received messages from TT&C transceiver of the nodes to be displayed on the GUI Form. 

The data received by the GS transceiver consists of frames with the structure as shown in Table 

4-2 below. 

 

Table 4-2- Schedule Table 

Frame Name ID Length Content 

      Byte 2 Byte 3 Byte 4 till end 

ID_FRAME 0x1A 2 Device Address - - 

Message 

Frame 
0x60 32 Source Device Destination Device Message 

Command 

Frame 
0x70 32 Source Device Destination Device Message 
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Debug Frame 0x80 3 trx_status battery_voltage - 

 

Frame Name ID Length Content 

   Byte 2 to 5 Byte 6 to 9 

Coordinates 

Frame 
0x50 9 Latitude Longitude 

The Command frame is the one sent from the GUI to Destination Device. 

16.4.8 GUI Design 

16.4.8.1 System Requirements 

Transceiver Nodes to Gateway: 

1. Node ID 

2. Node Latitude 

3. Node Longitude 

4. Source Node ID 

5. Source Device ID 

6. Destination Node ID 

7. Destination Device ID 

8. Gateway Address 

9. Message Packet 

Gateway to Nodes: 

1. Message 

2. Destination Node 

3. Destination Device 

16.4.8.2 Building the Interfaces (Developers Manual) 

Form 1: Main Form: 

 This form will allow the user to choose a port to start receiving data from the 

nodes and shows the position of the nodes on the map. 

To do that: 

1. To insert the Google Map API, a library should be installed: 

a. Go to Manage NuGet Packages. 

b. In the search box of the browse tab type gmap. 

c. Select the file “Gmap.Net.Windows” 

d. A gmap control will be added to the toolbox 

e. Drag and drop the control to insert the map inside the slicer. 

f. Place the anchor property on both the map so it adjusts to the changes of the 

interface (expand, reduce). 

g. Anchor the map from the four directions (top, right, bottom, left). 
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Figure 4-5- GMap.Net.Windows Library 

2. Click the map to change its name to “map” in the properties. 

3. Add a combo box and change its name to “AvailablePorts”. 

4. Add a button and set its name and Text to “Start”. 

5. Add a button and set its name and Text to “Stop”. 

The form should look like Figure 4-6 below. 
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Figure 4-6- Main Form 

 

Figure 4-7- Main Form 

If the distance between the markers is less than 1 Kilometer, then a line will be drawn between them. 

The “Device” marker is in green and the “Satellite” marker is yellow. 

Form 2: Details 

 This form contains more details about each node. It displays the messages 

received by this node and contains a section to send data to other nodes. 

1. Place a text box to display the values of each of the variables mentioned in the 

requirements section. 

2. Place 2 text boxes 

a. Set Enabled = False. 

b. Set Multiline = True. 
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c. Set Scrollbars = Vertical. 

3. Place a third text box with multiline = true. 

4. Place a “Send” button, and set its name to msgSendBtn. 

The interface should look like Figure 4-8 below. 

 

Figure 4-8- Details Interface 

  

16.4.9 GS Transceiver Functions 

‐ CDC_Receive_FS: when the STM receives the headers requested by the GUI, it fills 

the data in the buffer according to the request and calls the “CDC_Transmit_FS” 

function. 

‐  CDC_Transmit_FS: this function transmits the data back to the GUI. 

16.4.10 GUI Functions 

The code consists of 2 forms and a StateMachine class. 

The role and behavior of each form will be explained below. 

CNA_Main_Form: 

‐ Enum Frames_ID_t: variable containing the frames IDs matching with the transceiver 

IDs. 
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‐ Main_Form: initialize the components of the Form and calls an instance of the 

StateMachine class. 

‐ Main_Form_Load: the first function that gets activated when the app starts. 

‐ Calls “InitializePortWatcher” function. 

‐ Calls “PopulateAvailablePorts” function. 

‐ Disables all the “Stop” button. 

‐ Map_Load: identify the path of the file containing the coordinates. It then displays a 

marker on the map to represent each coordinate with some details above it. 

‐ Port Connectivity Check Region: the functions found in this region are to 

automatically gather COM ports connected to the GUI.  

‐ InitializePortWatcher: it monitors the serial port of the PC to check when a new 

device is connected. 

‐ PortWatcher_EventArrived: when a port is connected it adds it to the 

comboBox by calling the “PopulateAvailablePorts” function. 

‐ PopulateAvailablePorts: Collects all the COM ports and adds them to the 

comboBox. 

‐ Serial Data Region: this region is to receive and organize the data sent by the STM. 

‐ serialPort_DataReceived: generates an array of bytes to hold the received data 

and calls ProcessReceivedData function. 

‐ ProcessReceivedData: this function separates the data according to each frame 

ID. It stores each value in a variable and sends them to the StateMachine. 

‐ It generates a file that holds the messages for each node according to the node 

name. 

‐ Stop/Start_Buttons:  

‐ Start_Click: this function gets triggered when the Start button is clicked. 

▪ It takes the selected port in the comboBox. 

▪ Enables all the stop button and disables itself. 

▪ It opens the serial port according to the comboBox selection. 

▪ Calls serialPort_DataReceived function to start receiving data. 

‐ Stop_Click: this function gets triggered when the Stop button is clicked. 

▪ Enables the Start button. 

▪ Stops the data_request_timer 
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▪ Disconnects the serial port. 

‐ Data_request_timer_Tick: gets triggered on each time the timer interval elapses and 

send the header requests to the STM. 

‐ ShowErrorMessageAsync and error_Handler functions are responsible for the error 

messages that appear when an error occurs.  

‐ Map_Region: the functions in this region control the map markers and open the details 

form. 

‐ map_OnMarkerClick: gets triggered when a Marker is clicked. It opens the 

Details form and sends the selected node ID with the constructor of the form. 

Main Form Code: 

enum Frames_ID_t 

{ 

    ID_FRAME = 0x1A, 

    COORDINATES_FRAME = 0X50, 

    MESSAGE_FRAME = 0x60, 

    CMD_FRAME = 0x70, 

    DEBUG_FRAME = 0x80 

} 

namespace CNA_GUI 

{ 

    public partial class Main_Form : Form 

    { 

        private ManagementEventWatcher portWatcher; 

        StateMachine sm; 

        GMapOverlay markers = new GMapOverlay("markers"); 

        public Main_Form(StateMachine sm) 

        { 

            InitializeComponent(); 

            map.DragButton = MouseButtons.Left; 

            map.MapProvider = GMapProviders.GoogleMap; 

            this.sm = sm; 

        } 

        #region Main Form/Map Region 

        private void Main_Form_Load(object sender, EventArgs e) 

        { 

            // Initialize the ManagementEventWatcher 

            InitializePortWatcher(); 
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            PopulateAvailablePorts(); 

            Stop.Enabled = false; 

        } 

        int SatAddress = 1; 

        int deviceCount = 2; 

        int nodeCount = 1; 

 

        private void map_Load(object sender, EventArgs e) 

        { 

            map.ShowCenter = false; 

            map.MinZoom = 0;    // Minimum zoom level 

            map.MaxZoom = 18;   // Maximum zoom level 

            map.Zoom = 5;    // Current zoom level             

            string relativePath = @"..\..\..\mapCoordinates.txt"; 

            string filePath = Path.GetFullPath(relativePath); 

            //Lists to hold the file contents 

            List<string> lines = new List<string>(); 

            //Reading from the file       

            lines = File.ReadAllLines(filePath).ToList(); 

            //Array to hold list content 

            string[] items; 

            //loop to extract the list content 

            foreach (string line in lines) 

            { 

                items = line.Split(','); 

                location l = new location(items[1], items[2]); 

                if (items[0] == "S") 

                { 

                    sm.addCoordinatesItem("S"); 

                } 

                else if (items[0] == "D") 

                { 

                    sm.addCoordinatesItem("D"); 

                } 

                else if (items[0] == "N") 

                { 

                    sm.addCoordinatesItem("N"); 

                } 

                sm.addLatitudeItem(double.Parse(l.latitude)); 
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                sm.addLongitudeItem(double.Parse(l.longitude)); 

            } 

            //Loop to insert locations on the map 

            for (int i = 0; i < sm.getLatitudes().Count; i++) 

            { 

                //mapping positions 

                map.Position = new PointLatLng(sm.latitudes[i], sm.longitudes[i]); 

                //Markers 

                PointLatLng point = new PointLatLng(sm.latitudes[i], 
sm.longitudes[i]); 

                //Cover map with Overlay 

                map.Overlays.Add(markers); 

                if (sm.getCoordinatesType()[i] == "S") 

                { 

                    GMapMarker marker = new GMarkerGoogle(point, 
GMarkerGoogleType.yellow_dot); 

                    marker.Tag = SatAddress + ";" + sm.getCoordinatesType()[i]; 

                    //sm.nodes.Add("Node " + nodeCount); 

                    marker.ToolTipText = $"Latitude: {sm.latitudes[i]} , 
\nLongitude:  {sm.longitudes[i]}, \nSatellite: {SatAddress}"; 

                    var toolTip = new GMapToolTip(marker); 

                    toolTip.Fill = new SolidBrush(Color.DarkBlue); 

                    toolTip.Foreground = new SolidBrush(Color.White); 

                    toolTip.Offset = new System.Drawing.Point(10, -50); 

                    toolTip.Stroke = new Pen(new SolidBrush(Color.PaleGoldenrod)); 

                    marker.ToolTip = toolTip; 

                    markers.Markers.Add(marker); 

                    SatAddress++; 

                } 

                else if (sm.getCoordinatesType()[i] == "D") 

                { 

                    GMapMarker marker = new GMarkerGoogle(point, 
GMarkerGoogleType.green_dot);//GMarkerGoogleType.green_dot 

                    marker.Tag = deviceCount + ";" + sm.getCoordinatesType()[i]; 

                    marker.ToolTipText = $"Latitude: {sm.latitudes[i]} , 
\nLongitude:  {sm.longitudes[i]}, \nDevice: {deviceCount}"; 

                    var toolTip = new GMapToolTip(marker); 

                    toolTip.Fill = new SolidBrush(Color.DarkBlue); 

                    toolTip.Foreground = new SolidBrush(Color.White); 

                    toolTip.Offset = new System.Drawing.Point(10, -50); 

                    toolTip.Stroke = new Pen(new SolidBrush(Color.PaleGoldenrod)); 



City Network Ambulance (CNA), Baseline 31.12.23 

 

790 

                    marker.ToolTip = toolTip; 

                    markers.Markers.Add(marker); 

                    deviceCount++; 

                } 

                else if (sm.getCoordinatesType()[i] == "N") 

                { 

                    GMapMarker marker = new GMarkerGoogle(point, 
GMarkerGoogleType.red_dot); 

                    marker.Tag = SatAddress + ";" + sm.getCoordinatesType()[i]; 

 

                    marker.ToolTipText = $"Latitude: {sm.latitudes[i]} , 
\nLongitude:  {sm.longitudes[i]}, \nNode: {nodeCount}"; 

                    var toolTip = new GMapToolTip(marker); 

                    toolTip.Fill = new SolidBrush(Color.DarkBlue); 

                    toolTip.Foreground = new SolidBrush(Color.White); 

                    toolTip.Offset = new System.Drawing.Point(10, -50); 

                    toolTip.Stroke = new Pen(new SolidBrush(Color.PaleGoldenrod)); 

                    marker.ToolTip = toolTip; 

                    markers.Markers.Add(marker); 

                    nodeCount++; 

                } 

            } 

        } 

        private void DrawPolyline(int startIndex, int endIndex) 

        { 

            PointLatLng startPoint = new PointLatLng(sm.latitudes[startIndex], 
sm.longitudes[startIndex]); 

            PointLatLng endPoint = new PointLatLng(sm.latitudes[endIndex], 
sm.longitudes[endIndex]); 

 

            List<PointLatLng> points = new List<PointLatLng>(); 

            points.Add(startPoint); 

            points.Add(endPoint); 

            GMapRoute route = new GMapRoute(points, "Route"); 

            route.Stroke = new Pen(Color.Red, 2); // Adjust the color and width as 
needed 

            GMapOverlay polylineOverlay = new GMapOverlay("polyline"); 

            polylineOverlay.Routes.Add(route); 

            map.Overlays.Add(polylineOverlay); 

        } 

        private int FindNearestNIndex(int deviceIndex) 

        { 
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            int nearestNIndex = -1; 

            double minDistance = double.MaxValue; 

 

            for (int j = 0; j < sm.getLatitudes().Count; j++) 

            { 

                if (sm.getCoordinatesType()[j] == "N") 

                { 

                    double deltaX = (sm.getLatitudes()[deviceIndex] - 
sm.getLatitudes()[j]) * 111000; 

                    double deltaY = (sm.getLongitudes()[deviceIndex] - 
sm.getLongitudes()[j]) * 111000; 

                    // Calculate distance between points using the provided formula 

                    double distance = Math.Sqrt(deltaX * deltaX + deltaY * 
deltaY); 

                    // Check if distance is less than the current minimum distance 

                    if (distance < minDistance) 

                    { 

                        minDistance = distance; 

                        nearestNIndex = j; 

                    } 

                } 

            } 

            return nearestNIndex; 

        } 

 

        private void DrawPolyline(PointLatLng startPoint, PointLatLng endPoint) 

        { 

            List<PointLatLng> points = new List<PointLatLng>(); 

            points.Add(startPoint); 

            points.Add(endPoint); 

 

            GMapRoute route = new GMapRoute(points, "Route"); 

            route.Stroke = new Pen(Color.Red, 2); // Adjust the color and width as 
needed 

            GMapOverlay polylineOverlay = new GMapOverlay("polyline"); 

            polylineOverlay.Routes.Add(route); 

            map.Overlays.Add(polylineOverlay); 

        } 

        #endregion 

        #region Port Connectivity Check 

        private void InitializePortWatcher() 
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            { 

            // Create a WMI query to monitor for changes in Win32_SerialPort 

            WqlEventQuery query = new WqlEventQuery("SELECT * FROM 
Win32_DeviceChangeEvent WHERE EventType = 2 OR EventType = 3"); 

            // Initialize the ManagementEventWatcher with the query 

            portWatcher = new ManagementEventWatcher(query); 

            // Set up an event handler for when a new device is connected 

            portWatcher.EventArrived += PortWatcher_EventArrived; 

            // Start monitoring 

            portWatcher.Start(); 

        } 

        private void PortWatcher_EventArrived(object sender, EventArrivedEventArgs 
e) 

        { 

            int eventType = Convert.ToInt32(e.NewEvent["EventType"]); 

            // Check if it's a device arrival (2) or removal (3) event 

            if (eventType == 2 || eventType == 3) 

            { 

                // You can refresh the ComboBox here 

                this.Invoke((MethodInvoker)delegate 

                { 

                    PopulateAvailablePorts(); 

                }); 

            } 

        } 

        private void PopulateAvailablePorts() 

        { 

            // Clear the existing items in the ComboBox 

            AvailablePorts.Items.Clear(); 

            // Create a ManagementObjectSearcher to query the Win32_SerialPort class 

            ManagementObjectSearcher searcher = new 
ManagementObjectSearcher("SELECT * FROM Win32_SerialPort"); 

            try 

            { 

                // Execute the query and get the collection of COM ports 

                ManagementObjectCollection portCollection = searcher.Get(); 

                // Loop through each COM port and display its properties 

                foreach (ManagementObject obj in portCollection) 

                { 

                    string description = obj["Description"] as string; 

                    if (description.Contains("USB Serial Device")) 
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                    { 

                        if (obj["PnPDeviceID"].ToString().Contains("PID_0000")) 

                        { 

                            AvailablePorts.Items.Add(obj["DeviceID"]);  

                        } 

                    } 

                } 

            } 

            catch (ManagementException ex) 

            { 

                Console.WriteLine("WMI Query Error: " + ex.Message); 

            } 

            catch (Exception ex) 

            { 

                Console.WriteLine("Error: " + ex.Message); 

            } 

 

            AvailablePorts.Text = ""; 

            AvailablePorts.ValueMember = null;  

        } 

        #endregion 

        #region Serial Data Region 

        private void serialPort_DataReceived(object sender, 
SerialDataReceivedEventArgs e) 

        { 

            byte[] rx_buffer = new byte[32]; 

            try 

            { 

                sm.serialPort.Read(rx_buffer, 0, rx_buffer.Length);  

                Console.WriteLine("RX Buff: "); 

                for (int i = 0; i < rx_buffer.Length; i++) 

                { 

                    Console.Write(rx_buffer[i].ToString("X2") + " ");  

                } 

                Console.WriteLine(); 

                try 

                { 

                    ProcessReceivedData(rx_buffer); 

                } 

                catch (System.IndexOutOfRangeException) 

                { 
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                    // Reset rx_buffer to an array of 32 bytes with empty data 

                    Array.Clear(rx_buffer, 0, rx_buffer.Length); 

                } 

            } 

            catch (IOException ex) 

            { 

                Console.WriteLine(ex.ToString()); 

            } 

        } 

         

        private void ProcessReceivedData(byte[] rx_buff) 

        { 

            byte frameID = rx_buff[0]; //Packet Type 

            switch ((Frames_ID_t)frameID) 

            { 

                case Frames_ID_t.ID_FRAME: 

                    sm.setIDFrame(rx_buff[1]); 

                    break; 

                case Frames_ID_t.COORDINATES_FRAME: 

                    float lati1 = (float)(rx_buff[1] << 24 | rx_buff[2] << 16 | 
rx_buff[3] << 8 | rx_buff[4]); 

                    float longi1 = (float)(rx_buff[5] << 24 | rx_buff[6] << 16 | 
rx_buff[7] << 8 | rx_buff[8]); 

                    double lat1 = lati1 / 1000000; 

                    double long1 = longi1 / 1000000; 

                    sm.addLongitudeItem(long1); 

                    sm.addLatitudeItem(lat1); 

                    break; 

                case Frames_ID_t.MESSAGE_FRAME: 

                    float midDevice = (float)(rx_buff[1]); 

                    float destinationDevice = (float)(rx_buff[2]); 

                    float sourceDevice = (float)(rx_buff[3]); 

                    int messageStartIndex = 4; 

                    string message = Encoding.UTF8.GetString(rx_buff, 
messageStartIndex, rx_buff.Length - messageStartIndex);                    

                    string relativePath = @"..\..\..\messages\Received\"; 

 

                    string fileName = $"Chat {sm.getIDFrame()}_{sourceDevice}.txt"; 

                    //string fileName = $"Destination Device {sm.getIDFrame()}.txt"; 

                    string filePath = Path.GetFullPath(relativePath + fileName); 

                    StreamWriter txt = new StreamWriter(filePath, true); 
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                    string content = 
$"{DateTime.Now.ToString("yyyy/MM/dd_HH:mm:ss")} : {message}\n"; 

                    txt.WriteLine(content);     

                    txt.Close(); 

                    string[] fileContents = File.ReadAllLines(filePath); 

 

                    string concatenatedContents = string.Join(Environment.NewLine, 
fileContents); // Join the lines into a single string 

                    sm.addNodeMessageItem(concatenatedContents);                   

                    sm.latitudes.Clear(); 

                    sm.longitudes.Clear(); 

                    break; 

                case Frames_ID_t.CMD_FRAME: 

                    break; 

                case Frames_ID_t.DEBUG_FRAME: 

                    Console.WriteLine("RX Buff 1: " + rx_buff[1]); 

                    Console.WriteLine("RX Buff 2: " + rx_buff[2]); 

                    break; 

            }                 

        } 

        #endregion 

        #region Map Functions 

        private void map_OnMarkerClick(GMapMarker item, MouseEventArgs e) 

        { 

            if (!sm.getIsDetailsOpened()) 

            { 

                if (sm.getStartClicked() && sm.getIsConnected()) 

                {                     

                    string[] tagSplit = item.Tag.ToString().Split(';'); 

                    string nodeID = tagSplit[0]; 

                    double lat = item.Position.Lat; 

                    double lng = item.Position.Lng; 

                    // Check if the coordinateType is "D" 

                    if (tagSplit[1] == "D" && ((byte)sm.getIDFrame()) != 
byte.Parse(nodeID)) 

                    { 

                        sm.setIsDetailsOpened(true); 

                        Details dt = new Details(sm, int.Parse(nodeID), lat, lng); 

                        dt.Show(); 

                    } 
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                } 

            } 

        } 

        private void map_OnMarkerEnter(GMapMarker item) 

        { 

            Cursor.Current = Cursors.Hand; 

        } 

        private void map_OnMarkerLeave(GMapMarker item) 

        { 

            Cursor.Current = Cursors.Default; 

        } 

        #endregion 

        #region Error_Region 

        private async Task ShowErrorMessageAsync(string message) 

        { 

            await Task.Yield(); 

            MessageBox.Show(message, "Error", MessageBoxButtons.OK, 
MessageBoxIcon.Error); 

        } 

        private bool isErrorDisplayed = false; 

        public void error_Handler(string message) 

        { 

            if (!isErrorDisplayed == true) 

            { 

                MessageBox.Show("Port Disconnected", message, 
MessageBoxButtons.OK, MessageBoxIcon.Error); 

                sm.setIsConnected(false); 

                sm.serialPort.Close(); 

                this.Refresh(); 

                isErrorDisplayed = false; 

            } 

            else 

            { 

                sm.setIsConnected(false); 

                sm.serialPort.Close(); 

                isErrorDisplayed = false; 

 

                this.Refresh(); 

            } 

        } 

        #endregion 
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        #region Start/Stop Buttons 

        private async void Start_Click(object sender, EventArgs e) 

        { 

            sm.setStartClicked(true); 

            sm.setIsConnected(true); 

            string sp = AvailablePorts.SelectedItem as string; 

            Start.Enabled = false; 

            Stop.Enabled = true; 

            if (sm.serialPort != null && sm.serialPort.IsOpen == true) 

            { 

                sm.serialPort.DataReceived -= serialPort_DataReceived; 

                sm.setContinueReading(false); 

                sm.serialPort.Close(); 

                sm.setIsConnected(false); 

            } 

            try 

            { 

                sm.serialPort = new SerialPort(sp, 115200); 

                // Set the data received event handler 

                sm.serialPort.DataReceived += serialPort_DataReceived; 

                sm.serialPort.Open(); 

                sm.setIsConnected(true); 

                sm.setTimerState(true); 

                byte[] request_header = new byte[1]; 

                request_header[0] = (byte)Frames_ID_t.ID_FRAME; 

                sm.serialPort.Write(request_header, 0, 1); 

            } 

            catch (Exception ex) 

            { 

                await ShowErrorMessageAsync(ex.Message); 

                Start.Enabled = true; 

                Stop.Enabled = false; 

                AvailablePorts.Enabled = true; 

                AvailablePorts.Text = ""; 

            } 

        } 

        private void Stop_Click(object sender, EventArgs e) 

        { 

            if (sm.getStartClicked() == true) 

            { 
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                Start.Enabled = true; 

                Stop.Enabled = false; 

            } 

            if (sm.getIsConnected() == true) 

            { 

                sm.setIsConnected(false); 

                sm.setContinueReading(false); 

                sm.serialPort.DiscardInBuffer(); 

                data_request_timer.Stop(); 

                sm.setTimerState(false); 

                AvailablePorts.Enabled = true; 

            } 

        } 

        #endregion 

    } 

} 

 

Details Form: 

‐ Details: initializes the components of the form and gets the attributes in the 

constructor. 

‐ Details_Load: this function fill each of the components with the corresponding data. 

‐ Details_FormClosed: raises a flag that the form was closed so another form could be 

opened. 

‐ msgSendBtn_Click: gets triggered when the send button is clicked. 

‐ It calls “ControllingData” function. 

‐ Displays the content of the files in the directory in the message box. 

- ControllingData: This function is responsible for sending data from GUI to STM. It 

creates a frame to be filled with all the data required to be send. 

  The frame contains: 

  - The Message Frame ID. 

  - Packet Length. 

  - GUI ID. 

  - Source Device ID. 

  - Destination Node ID. 
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  - Destination Device ID. 

  - Payload Length (got from the elected item from the comoBox called 

"contentBox"). 

  - The Message. 

It then sends this frame through the serial port and adds the message to the created 

text file of the node. 

- refreshSentMessageBox: This function automatically refreshes the content of the text 

boxes "display" by retrieving the corresponding text files from the "sent" folder according 

to the nodes that were changed. 

- refreshReceivedMessageBox: This function automatically refreshes the content of the 

text boxes "messagesTxt" by retrieving the corresponding text files from the "Received" 

folder according to the nodes that were changed. 

Details Code: 

namespace CNA_GUI 

{ 

    public partial class Details : Form 

    { 

        StateMachine sm; 

        public Details(StateMachine sm) 

        { 

            InitializeComponent(); 

            this.sm = sm; 

        } 

        public Details(StateMachine sm, int nodeID, double latitude, double longitude) 

        { 

            InitializeComponent(); 

            Details_Load(sm, nodeID, latitude, longitude); 

        } 

        #region Details Load Region 

        int ndID; 

        private void Details_Load(StateMachine sm, int nodeID, double latitude, double 
longitude) 

        { 

            if (sm.getIsDetailsOpened() == true) 
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            { 

                try 

                { 

                    this.sm = sm; 

                    ndID = nodeID; 

                    this.nodeIDTxt.Text = nodeID.ToString(); 

                    this.latitudeTxt.Text = latitude.ToString(); 

                    this.longitudeTxt.Text = longitude.ToString(); 

                    received_message_timer.Start();                     

                    string relativePath = @"..\..\..\messages\Received\"; 

                    string fileName = $"Destination Device {nodeID}.txt"; 

                    string filePath = Path.GetFullPath(relativePath + fileName); 

                    string[] fileContents = File.ReadAllLines(filePath); 

                    string concatenatedContents = string.Join(Environment.NewLine, 
fileContents); // Join the lines into a single string 

                    messageTxt.Text = concatenatedContents; 

//////////////////////////////////////////////////////////////////////////////////// 

                    string relativePath1 = @"..\..\..\messages\Sent\"; 

                    string fileName1 = $"Source Device {ndID}.txt"; 

                    string filePath1 = Path.GetFullPath(relativePath1 + fileName1); 

                    string[] fileContents1 = File.ReadAllLines(filePath1); 

                    List<string> selectedNodeMessages = new List<string>(); 

                    foreach (string line in fileContents1) 

                    { 

                        if (line.StartsWith($"To: {ndID}")) 

                        { 

                            int commaIndex = line.IndexOf(","); 

                            if (commaIndex != -1 && commaIndex + 2 < line.Length) 

                            { 

                                string messagePart = line.Substring(commaIndex + 2); 

                                selectedNodeMessages.Add(messagePart); 

                            } 

                        } 

                    } 

                    string concatenatedContents1 = string.Join(Environment.NewLine, 
selectedNodeMessages); 

                    display.Text = concatenatedContents1; 

                } 

                catch (System.IO.FileNotFoundException) 

                { 

                    this.sm = sm; 
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                    ndID = nodeID; 

                    this.nodeIDTxt.Text = nodeID.ToString(); 

                    this.latitudeTxt.Text = latitude.ToString(); 

                    this.longitudeTxt.Text = longitude.ToString(); 

                    string relativePath1 = @"..\..\..\messages\Sent\"; 

                    string fileName1 = $"Source Device {ndID}.txt"; 

                    string filePath1 = Path.GetFullPath(relativePath1 + fileName1); 

                    StreamWriter txt = new StreamWriter(filePath1, true); 

                    txt.Close(); 

                } 

            } 

        } 

        private void Details_FormClosed(object sender, FormClosedEventArgs e) 

        { 

            if (sm.getIsDetailsOpened() == true) 

            { 

                sm.setIsDetailsOpened(false); 

                received_message_timer.Stop(); 

            } 

        } 

        #endregion 

        #region Message Control Region 

        private void msgSendBtn_Click(object sender, EventArgs e) 

        { 

            sm.setUserMessage(contentBox.SelectedItem.ToString()); 

 

            Invalidate(); 

            Refresh(); 

            ControllingData(); 

            refreshSentMessageBox(); 

            Thread.Sleep(100); 

            //refreshReceivedMessageBox(); 

        } 

        public void ControllingData() 

        { 

            try 

            { 

                string message = sm.getUserMessage(); 

                byte[] ControlFrame = new byte[32]; 

                ControlFrame[0] = (byte)sm.GetMESSAGE_FRAME(); 

                //ControlFrame[1] = sm.getIDFrame(); //Source ID 
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                ControlFrame[1] = sm.getIDFrame(); //Source ID 

                ControlFrame[2] = (byte)ndID; //Destination Device 

                // Convert the string to bytes and copy them to ControlFrame 

                byte[] messageBytes = Encoding.UTF8.GetBytes(message); 

                Array.Copy(messageBytes, 0, ControlFrame, 3, messageBytes.Length); 

                sm.serialPort.Write(ControlFrame, 0, ControlFrame.Length); 

                contentBox.SelectedIndex = -1; // Clears the selected item 

///////////////////////////////////////////////////////////////////////////////////// 

                string relativePath = @"..\..\..\messages\Sent\"; 

                string fileName = $"Source Device {ndID}.txt"; 

                string filePath = Path.GetFullPath(relativePath + fileName); 

                StreamWriter txt = new StreamWriter(filePath, true); 

                string content = $"To: {ndID}, Message: {sm.getUserMessage()}"; 

                txt.WriteLine(content); 

                txt.Close(); 

                string[] fileContents = File.ReadAllLines(filePath); 

 

                string concatenatedContents = string.Join(Environment.NewLine, 
fileContents); // Join the lines into a single string 

                sm.addNodeMessageItem(concatenatedContents); 

                this.Invalidate(); 

                this.Refresh(); 

            } 

            catch (System.NullReferenceException) 

            { 

                sm.setInvalidOperationExceptionCatched(true); 

                this.Close(); 

            } 

            catch (System.InvalidOperationException) 

            { 

                sm.setInvalidOperationExceptionCatched(true); 

                this.Close(); 

            } 

        } 

        public void refreshSentMessageBox() 

        { 

            try 

            { 

                string relativePath1 = @"..\..\..\messages\Sent\"; 

                string fileName1 = $"Source Device {ndID}.txt"; 

                string filePath1 = Path.GetFullPath(relativePath1 + fileName1); 
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                string[] fileContents1 = File.ReadAllLines(filePath1); 

                List<string> selectedNodeMessages = new List<string>(); 

                foreach (string line in fileContents1) 

                { 

                    if (line.StartsWith($"To: {ndID}")) 

                    { 

                        int commaIndex = line.IndexOf(","); 

                        if (commaIndex != -1 && commaIndex + 2 < line.Length) 

                        { 

                            string messagePart = line.Substring(commaIndex + 2); 

                            selectedNodeMessages.Add(messagePart); 

                        } 

                    } 

                } 

                string concatenatedContents1 = string.Join(Environment.NewLine, 
selectedNodeMessages); 

                display.Text = concatenatedContents1; 

                Invalidate(); 

                Refresh(); 

            } 

            catch (System.IO.FileNotFoundException) 

            { 

                string relativePath1 = @"..\..\..\messages\Sent\"; 

                string fileName1 = $"Source Device {ndID}.txt"; 

                string filePath1 = Path.GetFullPath(relativePath1 + fileName1); 

                StreamWriter txt = new StreamWriter(filePath1, true); 

                txt.Close(); 

            } 

        } 

        private long lastReadPosition = 0; // Add this variable at the class level 

        public void refreshReceivedMessageBox() 

        { 

            try 

            { 

                string relativePath = @"..\..\..\messages\Received\"; 

                //string fileName = $"Destination Device {ndID}.txt"; 

                string fileName = $"Destination Device {sm.getIDFrame()}.txt"; 

                string filePath = Path.GetFullPath(relativePath + fileName); 

                string[] fileContents = File.ReadAllLines(filePath); 

                /* 
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                                using (FileStream fs = new FileStream(filePath, 
FileMode.Open, FileAccess.Read, FileShare.ReadWrite)) 

                                { 

                                    fs.Seek(lastReadPosition, SeekOrigin.Begin); 

                                    using (StreamReader sr = new StreamReader(fs)) 

                                    { 

                                        while (!sr.EndOfStream) 

                                        { 

                                            string line = sr.ReadLine();                             

                                            messageTxt.AppendText(line + 
Environment.NewLine); 

                                        } 

                                        lastReadPosition = fs.Position;                         

                                    } 

                                } 

                */ 

                using (FileStream fs = new FileStream(filePath, FileMode.Open, 
FileAccess.Read, FileShare.ReadWrite)) 

                { 

                    fs.Seek(lastReadPosition, SeekOrigin.Begin); 

                    using (StreamReader sr = new StreamReader(fs)) 

                    { 

                        bool isFirstMessage = true; 

                        while (!sr.EndOfStream) 

                        { 

                            string line = sr.ReadLine(); 

                            if (!isFirstMessage) 

                            { 

                                messageTxt.AppendText(Environment.NewLine); 

                            } 

                            messageTxt.AppendText(line + "\n"); 

                            isFirstMessage = false; 

                        } 

                        lastReadPosition = fs.Position; 

                    } 

                } 

                Invalidate(); 

                Refresh(); 

            } 

            catch (System.IO.FileNotFoundException) 

            { 

                string relativePath1 = @"..\..\..\messages\Received\"; 
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                string fileName1 = $"Destination Device {ndID}.txt"; 

                string filePath1 = Path.GetFullPath(relativePath1 + fileName1); 

                StreamWriter txt = new StreamWriter(filePath1, true);                 

                txt.Close(); 

            } 

        } 

        #endregion 

        private void received_message_timer_Tick(object sender, EventArgs e) 

        { 

            refreshReceivedMessageBox(); 

        } 

    } 

}  

StateMachine Class: 

This class contains all the getters and setters in the application, and it is used to 

store the data to easily transfer it from one form to the other. 

namespace CNA_GUI 

{ 

    public class StateMachine 

    { 

        #region Variables 

 

        public StateMachine() { } 

 

        public SerialPort serialPort; 

 

        public static bool IsDetailsOpened = false; 

        public static bool isConnected = false; 

        public double latitude, longitude; 

        public byte[] coordinatesFrame; 

        public List<double> latitudes = new List<double>(); 

        public List<double> longitudes = new List<double>(); 

        public List<string> coordinatesType = new List<string>(); 

        public List<int> nodeIDs = new List<int>(); 

        public List<string> fileMessage = new List<string>(); 

        public List<string> nodes = new List<string>(); 

        public List<string> tempNodes = new List<string>(); 

        public double dstNodesLength; 
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        public string userMsg; 

        public byte IDFrame; 

        //public int FRAME_LEN = 1024; 

        public int FRAME_LEN = 1024; 

 

        public double sourceNode, sourceDevice, destinationNode, destinationDevice, 
gatewayAddress, payloadLength, pktType; 

        byte[] packet; 

        public double message; 

 

        private static bool continueReading = true; 

 

        public bool timerState; 

        public static bool StartClicked = false; 

        public static bool invalidOperationExceptionCatched = false; 

        public enum Frames_ID_t 

        { 

            COORDINATES_FRAME = 0X50, 

            MESSAGE_FRAME = 0x60, 

            CMD_FRAME = 0x70, 

            DEBUG_FRAME = 0X80 

        } 

        #endregion 

 

        #region Getters 

 

        public string getUserMessage() 

        { 

            return userMsg; 

        } 

 

        public bool getIsDetailsOpened() 

        { 

            return IsDetailsOpened; 

        } 

 

        public bool getIsConnected() 

        { 

            return isConnected; 

        } 
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        public List<double> getLatitudes() 

        { 

            return latitudes; 

        } 

 

        public List<double> getLongitudes() 

        { 

            return longitudes; 

        } 

 

        public byte getIDFrame() 

        { 

            return IDFrame; 

        } 

 

        public bool getStartClicked() 

        { 

            return StartClicked; 

        } 

 

        public List<int> getNodeID() 

        { 

            return nodeIDs; 

        } 

 

        public List<string> getCoordinatesType() 

        { 

            return coordinatesType; 

        } 

 

        public Frames_ID_t GetMESSAGE_FRAME() 

        { 

            return Frames_ID_t.MESSAGE_FRAME; 

        } 

 

        #endregion 

 

        //##################################### Setters 
################################ 

 

        #region Setters 
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        public void setUserMessage(string message) 

        { 

            userMsg = message; 

        } 

        public void setDstNodesLength(double dnl) 

        { 

            dstNodesLength = dnl; 

        } 

        public void setIsDetailsOpened(bool isDO) 

        { 

            IsDetailsOpened = isDO; 

        } 

 

        public void setIsConnected(bool isC) 

        { 

            isConnected = isC; 

        } 

 

        public void setSourceDevice(double sourceDevice) 

        { 

            this.sourceDevice = sourceDevice; 

        } 

 

        public void setDestinationDevice(double destinationDevice) 

        { 

            this.destinationDevice = destinationDevice; 

        } 

 

        public void setPayloadLength(double payloadLength) 

        { 

            this.payloadLength = payloadLength; 

        } 

 

        public void setTimerState(bool state) 

        { 

            timerState = state; 

        } 

 

        public void setStartClicked(bool state) 

        { 
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            StartClicked = state; 

        } 

 

        public void setInvalidOperationExceptionCatched(bool iOEC) 

        { 

            invalidOperationExceptionCatched = iOEC; 

        } 

 

        public void setContinueReading(bool con) 

        { 

            continueReading = con; 

        } 

 

        #endregion 

 

        #region Additional Functions 

 

        public void addLatitudeItem(double item) 

        { 

            latitudes.Add(item); 

        } 

 

        public void addLongitudeItem(double item) 

        { 

            longitudes.Add(item); 

        } 

 

        public void addCoordinatesItem(string item) 

        { 

            coordinatesType.Add(item); 

        } 

 

        public void setIDFrame(byte id) 

        { 

            IDFrame = id; 

        } 

 

        public void addNodeIDItem(int item) 

        { 

            nodeIDs.Add(item); 

        } 
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        public void addNodeMessageItem(string item) 

        { 

            fileMessage.Add(item); 

        } 

 

        #endregion 

    } 

} 

16.4.11 GUI Code 

Link to download GUI: https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-

010124-fully-functional  

https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-010124-fully-functional
https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-010124-fully-functional
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16.5 Names and Approxiations 

Gateway Ground Station: Gateway, where all messages of the system are displayed 
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16.6 User Manual 

16.6.1 GUI Manual: 

The programmer in charge of coding the GUI employed the Visual Studio installer and utilized the 

C# language. To download the program, visit this link: 

https://visualstudio.microsoft.com/downloads/ .  

After writing the code, run the application by clicking the "Start" button. Before doing so, ensure 

that the solution configuration is set to "Release." Upon running the application, the main window 

displayed is depicted in Figure 6-1 below. 

  

Figure 6-1- Main MAP  

we choose the port that is connected to the PC (the combo box will filter and only show the 

Transceiver ports connected) as shown in the figure 6-2 below. 

https://visualstudio.microsoft.com/downloads/
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Figure 6-2- Main MAP with Port  

When we press start, we will be able to click on the markers that are of type “Device”. When we 

hover over the marker, the marker description will pop up as shown in the figure 6-3.  

 

Figure 6-3- Marker Description 

When we click on the marker, the details form will open and we can send messages as shown in 

the figure 6-4 below. 
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Figure 6-4- Details form and messages  

After we send the message, it will be displayed in the “Send a Message” section as shown in the 

figure below. 
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Figure 6-5- Details Sending Message 

 

- STM32 Manual:  

If we want to change the code configuration for each device type (GUI, NODE, SAT, or DEV), 

it can be done using the STM32cubeIDE. All we need to do is to change the definition of the device 

from the “configuration.h” class. We can see in the figure below where we can find the 

configuration class. We open the project then open the folder “Core”, after that we open the “Inc” 

folder and open the “configuration.h” class. 
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Figure 6-6- configuration.h class 

 

After opening the “configuration.h” class, we only change the define type of the transceiver. We can 

see in the figure below where we should change the type and we can see in the comment next to it 

what are the different transceiver types we can name (DEV, NODE, GUI or SAT) where it is marked 

by the red arrow. If the transceiver type is “DEV”, we should change the variable 

“THIS_DEVICE_ADDRESS” based also on the comment written next to the code line where it is 

marked by the blue arrow. 

P.S: The device name should be CAPITAL case or else it would not work. 
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Figure 6-7- Device Type and DEV address 

16.7 STM32 IDE configuration and Code Upload 

First, we create a new STM32 Project 

 

Figure 7-1- Create new STM32 Project 

Next, we choose our STM model and click next button 
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Figure 7-2- Choose STM model 
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Lastly, we give our project a name and click Finish 

 

Figure 7-3- Project Name and Creation 
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When we reach this page, first we need to configure the RCC configuration as shown in the figure 

below. 

 

Figure 7-4- RCC configuration 

Next, we need to configure the USB configuration as shown in figure 7-5 and 7-6 below 

 

Figure 7-5- USB Configuration 
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Figure 7-6- USB Configuration 

Lastly, we need to change the clock configuration and put it to 72 MHz as shown in the figure below 

 

Figure 7-7- Clock Configuration 

After finishing with the configuration, we need to “release” the code. 
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Figure 7-8- Code Release 

After releasing the code, we open “STM32CubeProgrammer” and then we need to choose the file 

that we have released. 

 

Figure 7-9- Choosing file from Programmer 

Then we choose the code elf file from where we saved it in the “Release” folder. Here is a sample 

directory path of where the file is saved: Test\Release\fileName.elf 
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Figure 7-10- Choosing elf file for Programmer 

 

  



 

 

825 

We need to make sure to connect the “ST-Link” USB programmer to the PC without connecting a 

USB serial port. 

 

 Figure 7-11- Connecting ST-Link programmer USB 
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Next, we click connect and then we download the file to the STM32. 

 

Figure 7-12- Downloading the code on the STM32 

  



 

 

827 

Lastly, we need to click the reset button found on the STM32 to refresh the code and we can plug a 

USB serial port after finishing all the steps. 

 

Figure 7-13- Resetting the STM 

16.8 Testing 

16.8.1 Test Configuration 2 Jan 2024 (circular antennas instead of steered antennas for fist testing, 
no TT&C) 

As previously discussed, our primary focus during testing is to elucidate and evaluate the 

development process of the City Network Ambulance system meticulously designed by AS-

COMSAT. In this section, we aim to demonstrate the testing of the communication device between 

users and destination nodes. 
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During testing, we simulate scenarios such as an ambulance user in Lebanon sending a message to 

a user device in Turkey. This process involves routing the message through the local gateway in 

Lebanon, transmitting it via the satellite in Lebanon, forwarding it to the satellite in Turkey, and 

ultimately delivering the message to the user device in Turkey so the Table 8-1 below show the 

connection between the transceiver. This comprehensive testing ensures the seamless 

communication between users and destination nodes in the City Network Ambulance system 

designed by AS-COMSAT. 

Table 8-1- Connection between Transceiver  

Transceiver Connected to [0] Connected to [1] 

Ambulance user Lebanon Gateway node - 

Gateway Node Ambulance user Satellite Lebanon 

Satellite Lebanon Gateway Node Satellite Turkey 

Satellite Turkey Satellite Lebanon Device User Turkey 

Device User Turkey Satellite Turkey - 

 

As we show in the figure 8-1  below, to relay a message from an ambulance user in Lebanon to a 

recipient in Turkey, the process begins by opening the graphical user interface (GUI). Connecting to 

the serial port is the next step, followed by clicking "Start" to initiate communication. By selecting 

the marker labeled "Device 3" within the GUI, representing the user in Turkey, we designate the 

communication target. Subsequently, a concise message is composed and sent through the GUI, 

ensuring successful delivery.  
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Figure 8-1- Lebanon User  

 

Here in this figure 8-2, we show the message send such as “Go South, and Go East”. 

 

Figure 8-2- Message Send by Lebanon User  

The message first passed through a gateway located in Lebanon. 

 

Figure 8-3- Gateway in Lebanon 
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Figure 8-4- Satellite Lebanon 

In this scenario, the message sent by the ambulance user in Lebanon was initially received by the 

"Satellite Turkey." However, before reaching its destination, the message first passed through a 

gateway located in Lebanon. The gateway in Lebanon processed the message and subsequently 

forwarded it to the "Satellite Lebanon."  
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Figure 8-5- Satellite Turkey 

From there, the message was relayed to the destination, the "Satellite Turkey," completing the 

communication flow. 

 

Figure 8-6- Message Send to Satellite Turkey 

In this figure 8-6 above, we show that the message that was send in received to the “Satellite 

Turkey “. 
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Figure 8-7- Turkey User 

 

Finally, the message arrived at the user in Turkey as show in the figure 8-8, and it was successfully 

received, as depicted in the graphical user interface (GUI) on the "User Turkey" display. 

 

Figure 8-8- Turkey User GUI 
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16.8.2 Test Configuration 8 Jan 2024 

See Testing CNA 8 Jan 2024 (aecenar.com) (https://aecenar.com/index.php/companies/as-

comsat/cna-leo-sat-testbed/testing-cna-8-jan-2024) 

 

 

https://aecenar.com/index.php/companies/as-comsat/cna-leo-sat-testbed/testing-cna-8-jan-2024
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17 CNA (Baseline 31.12.23 Version) with different configurations 

17.1 CNA with mobile 2 users 

 

AS-COMSAT CNA 2 mobile users (GUI Code and STM Code for each of the two transceiver cards) 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1793-as-comsat-cna-2-mobile-users-gui-code-and-stm-code-for-each-of-the-two-transceiver-cards
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17.2 CNA with 2 nodes and 2 mobile users 

 

C# GUI Code + STM32 C Code for all of the four transceivers (zip file 98 MB) 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1794-as-comsat-cna-2-nodes-and-2-mobile-users-gui-code-and-stm-code-for-each-of-the-two-transceiver-cards
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18 (CNA Version Sep 24, obsolete version!!!!!) CNA with 1 Gateway, 3 
nodes, and n fixed users 
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ECS_CNA_Trip_24 Testbed Poster (pptx) 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1603-ecs-cna-trip-24-testbed-poster-pptx
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Poster CNA Trip Requirements (pptx) 

Remark: The STM32 SW used here is the version CNA_STM32 (C) Ver. 260924 (fixed users full 

functional) 

18.1 Gateway (Markaz) 

 The gateway has a CNA GUI. All communication between mobile users is logged at the gateway to 

be supervised in case of trouble. This gateway can be considered as the center of operations(all nodes 

forward their incoming data to this gateway).  

18.1.1 Gateway Hardware (Transceiver Board with STM32 + PC (with GUI)) 

 + PC (with GUI) 

The STM is programmed in C language using STM32CubeIDE to send and receive data to the STM 

at the next node. It is set at receiving state (rx_mode)as a default state, checking incoming data at a 

fixed time interval. Once the GUI forwards data to be sent, the STM mode gets set to transmitting 

state (tx_mode). 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1786-system-design-of-cna-communication-node
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
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18.2 Gateway GUI 

 

The STM code: CNA_Test_Node_V1_020924 (zip folder) 

18.3 SW on STM32 (Transceiver Board embedded SW) 

The STM has 2 types of communications (protocols): A USB connection that receives data packets 

from the GUI through the USB connection, then stores it in rx_buffer. And a SPI protocol that 

establishes the connection within the STM board to receive data packets by air, storing them in a 

buffer, then forwarding them to the USB buffer. 

 

At the beginning of the "main.c" file, we state our includes as the header files (main.h, configuration.h, 
usbd_cdc_if.h, ...) and the necessary libraries. 

https://aecenar.com/index.php/downloads/summary/16-ics/1750-cna-test-node-v1-020924
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Whatever is written outside of the USER snippets is auto-generated by the software. The first field 

we changed was the "USER PV", as we added private variables such as "rx_pld" and "tx_pld", 2 

arrays of type int where we'll store the upcoming and to_be_forwarded data respectively. A variable 

of boolean type "new_rx_data" that serves as a flag set as false by default, meaning there is no 

incoming data yet. As well as 2 int variables, one for the transmitting address, and the other for 

receiving.  

 

 The STM uses the "nrf24l01p" to sent and receive packets by air(radio channel) using its own buffers. 

So to display the data on the user's GUI, we created functions that handle moving the content of the 
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buffers to the STM's own buffers then send them over USB. This operation isn't as straightforward 

as it sounds, and it should be treated carefully step by step. First we initiate the communication 

between the STM and nrf24l01p using the SPI protocol, through the function "nrf24l01p_begin()", 

set it to receiving mode using "nrf24l01p_rx_init()" that takes the radio channel and frequency as 

inputs. The "HAL_GPIO_WritePin()" and "HAL_Delay()" functions are simply to turn on the STM's 

LED to make it easier to detect if the STM started to work or not. And finally the last 2 functions are 

to set the Tx_address as well the Rx_address. But the difference is that the STM has 6 channels so it 

can listen up to 6 connected devices, each on its own channel and Rx_address, that's why it takes 2 

inputs: channel_number and rx_address. 

 

 We start a while loop that's always true, this is to ensure that the STM is always functioning and 

ready to transceive data. In this loop we define two different cases: "GUI"(what's written in ifdef 

section) and "SAT"(what's written in else section). The GUI section, when data are incoming by radio 

(indicated by the first byte of the package), we switch the mode of the STM to Tx mode using the 

function "nrf24l01p_ptx_mode()", clear the  

For further information on STM SW, see: index.php?option=com_content&view=article&id=698 

18.4 Communication Node (Transceiver Node Box) 

Each communication node has an antenna and two microstrip patch antennas for transferring the 

data, and a STM32F103C8T6 to process them. The antenna receives signals from users within a 

radius (<1000m) then the node forwards those signals to their appropriate receivers, whether them 

being users within the same node or users in another node by projecting the signals to the next node 

using the microstrip patch antennas.  

https://aecenar.com/index.php/companies/as-comsat/as-comsat-platforms-devices/as-comsat-tripoli-ecs/transceiver-node-stm-esw
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By giving each node a transmitting address (Tx address) over 5 bytes, this node can listen up to 6 

different connected devices through 6 different receiving addresses (Rx address 0...6) whereas those 

connected devices can be mobile users and nodes. 

18.5 Mobile User (Ambulance Vehicle) 

Each mobile user has a CNA GUI, actually running on laptop (same program as Gateway). There 

shall be developed an application running with Android mobile phone which is connected to the 

AS-COMSAT transceiver board. 

18.5.1 3.2 Mobile user's GUI 

Link to download the VS GUI code: CNA_GUI(zip)  The GUI has two forms and a state machine that 

handles the getters and setters: 

 

The 1st form, called "CNA", displays a map locating the connected users (indicated by green 

markers) and the nodes (indicated by yellow markers). The user selects the port first from the drop 

list (com27 for example), then presses the "start" button to establish the connection. Once the 

connection starts, the user can choose one of the green markers (other users) which will open the 

second form "Details.cs". 

https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-010124-fully-functional
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 We call the "StateMachine.cs" as "sm", which contains getters and setters allowing the first frame to 

get the longitude and latitude coordinates of the destined device then forwarding them to the second 

form. Initializing markers on the map to store the coordinates of the nodes and display them on the 

map. The main_form shall take the stateMachine as an input and display a map provided by 

GoogleMaps. 

When this form is loaded in the beginning, the "stop" button is disabled, the "InitializePortWatcher()" 

and "PopulateAvailablePorts()" functions called. Variables as "SatAddress", "deviceCount", and 

"nodeCount" are declared outside of the main_form to be used by multiple functions later. 
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 Adding the map comes with several properties to adjust, such as the minimum value as well as the 

maximum value of zooming. The markers previously mentioned, have fixed coordinates which are 

saved in a text file "mapCoordinates.txt". This file is read, then had its content saved in an array of 

list content "items". Each line in the text file is written as "X, xx.xxx, xx.xxx" where X is either "S" or 

"D" (user or node), and xx.xxx are the coordinates, latitude and longitude of the device. These 

contents are then displayed properly on the map as markers, as written below. 
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The 2nd form, called "Details", displays the received messages of this user in the "Received Message" 

box, while also displaying the device ID as well as the coordination in which the device is located. 

It also allows this user send specific messages (command messages) from the drop list then pressing 

send to forward this message to the near node. This message is displayed in the "Send a Message" 

box for more visualization 
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18.6 (CNA Version Sep 24, obsolete version!!!!!) Users Guide - CNA with 1 
Gateway, 3 nodes, and n fixed users 

18.6.1 Installation and first steps 

18.6.1.1 Overview 
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18.6.1.2 Gateway PC 

Needed HW 

1 Windows PC, 1 AS-COMSAT Transceiver Board (with installed STM32 SW: CNA_STM32 (C) Ver. 

260924 (fixed users full functional)), 1 router antenna (360 degrees), 1 small USB Cable (as for old 

Android mobile phones) 

HW Configuration 

 

Connect the two left pins with a cable or a dumper (as shown in above picture for "Gateway") 

Needed SW 

CNA GUI SW: CNA GUI C# Ver. 010124 (Fully Functional) 

Starting the CNA GUI SW 

1. Configure the locations of node (N) and communication partners (gateway and users) (D) by 

putting the coordinates into the .txt file 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
https://aecenar.com/index.php/downloads/send/16-ics/1492-cna-gui-v19-010124-fully-functional
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For this example the location file is here: https://aecenar.com/index.php/downloads/send/13-temo-

space-communication/1772-250924cna-1gateway-3nodes-nusers-mapcoordinates-example1  

2. Start the CNA GUI application file from the release folder. You will see the window below: 

 

3. Choose a COM port. As you only plugged in one transceiver card, there will only one possibility.  

4. Click on one of the above locations, with which you want to communicate. (You are automatically 

Device 1). Then the below picture appears. You can send a message by choosing a message from the 

scroll bar (at bottom right side). The message you send will appear in the right window. The 

messages of you communication partner will appear in the left window. 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1772-250924cna-1gateway-3nodes-nusers-mapcoordinates-example1
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1772-250924cna-1gateway-3nodes-nusers-mapcoordinates-example1
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18.6.1.3 User 1 

Needed HW 

A laptop or PC, rest same as Gateway 

HW Configuration 

 

Do not connect any pins. 

Needed SW 

Same as Gateway  

Put for this example the location file 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1772-250924cna-
1gateway-3nodes-nusers-mapcoordinates-example1  

into the folder  

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1772-250924cna-1gateway-3nodes-nusers-mapcoordinates-example1
https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1772-250924cna-1gateway-3nodes-nusers-mapcoordinates-example1
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18.6.1.4 Remark 1.10.24 

Actually the STM32 SW CNA_STM32 (C) Ver. 260924 (fixed users full functional))) is only functional 

if two user (no jumper connected as shown in the following picture 

 

https://aecenar.com/index.php/downloads/send/13-temo-space-communication/1774-cna-stm32-c-code-v2-260924
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18.7 (CNA Version Sep 24, obsolete version!!!!!) Developers Guide - CNA with 1 
Gateway, 3 nodes, and n fixed users 

18.7.1 System Overview 
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18.7.2 Actual (Sep 26) main features 

- only for fixed user locations 

- Gateway and user has an identical GUI 

18.7.3 GUI C# program 

This program is the same for the Gateway and for the User, except the configuration file, which 
determines if it is for Gateway or for user. 

18.7.3.1 Configuration File 

 

In this file there is specified: which is a user/gateway (D) and which is a node (N) 

18.7.4 STM32 C program, Update of 18/09/2024 

Version name: CNA_Test_Node_V1 

The code is written so that another developers can easily modify and add features to the CNA 

system. The core parts of the code are "app.h" and "app.c" files.  

18.7.4.1 app.h 

/* 

https://aecenar.com/index.php/downloads/send/16-ics/1769-cna-stm-code-180924
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 * app.h 

 * 

 *  Created on: Sep 10, 2024 

 *      Author: Raja 

 */ 

 

#ifndef INC_APP_H_ 

#define INC_APP_H_ 

 

#include "usbd_cdc_if.h" 

#include "string.h" 

#include "stdbool.h" 

#include "trx_interface.h" 

#include "board_type.h" 

 

#define NRF24L01P_PAYLOAD_LENGTH 32 

 

enum { 
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 _ID_FRAME = 0x1A, 

 _COORDINATES_FRAME = 0x50, 

 _CNA_MESSAGE_FRAME = 0x60, 

 _CMD_FRAME = 0x70, 

 _DEBUG_FRAME = 0x80, 

 

 _SW_VER = 100, 

}; 

 

// Function that manages the application 

void AppHandler(board_type_t board_mode); 

 

// Declare the callback function to process received data 

void AppProcessReceivedUSBData(uint8_t *data, uint16_t length); 

 

// Function to process the IRQ interrupt of nrf24l01 

void processIRQ_Callback(void); 

#endif /* INC_APP_H_ */ 
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This header file is the only header that should be modified by the developers. It has 3 main functions: 

AppHandler, AppProcessReceivedUSBData, and processORQ_Callback.  

* void AppHandler(board_type_t board_mode): This is the main loop of the software. It navigates 

between all the states of the system. The states are defined in a "typedef enum app_states". 3 different 

board types can be configured (GATEWAY, NODE, or USER) using the header pins located on the 

board (see figure below). If the orange header pins are connected together, the board is configured 

as GATEWAY. And if  the yellow headers are connected together, the board behaves as NODE. If 

both headers are not connected, the board behaves as a USER board. The system keeps looping 

between its states according to some external conditions (such as: new usb data received, RF data 

received, errors in reading, and so on..). 

 

typedef enum app_states { 

 _RF_RECEIVE, 

 _TRANSMIT, 

 _ERROR, 

 _IDLE, 

 _SET_ADDRESSES, 



(CNA Version Sep 24, obsolete version!!!!!) CNA with 1 Gateway, 3 nodes, and n fixed users 

 

860 

 _HANDLE_ID, 

 _HANDLE_COORDINATES, 

 _HANDLE_USB_MESSAGE, 

 _HANDLE_CMD, 

 _HANDLE_SW_VER, 

 _HANDLE__DEBUG 

} app_state; 

 

// The main loop of the application. 

void AppHandler(board_type_t board_mode) { 

 

 if (!addresses_set) 

  current_state = _SET_ADDRESSES; 

 

 if (nrf24l01p_get_comm_mode() != _RX) { 

  nrf24l01p_prx_mode(); // switch back to RX mode 

 } 
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 switch (current_state) { 

 case _HANDLE_ID: 

  read_multiple_bytes(NRF24L01P_REG_TX_ADDR, addresses, 

    sizeof(addresses)); 

 

  CDC_Transmit_FS(addresses, sizeof(addresses)); 

 

  current_state = _IDLE; 

  break; 

 

 case _SET_ADDRESSES: 

 

  unique_id[0] = HAL_GetUIDw0(); 

  unique_id[1] = HAL_GetUIDw1(); 

  unique_id[2] = HAL_GetUIDw2(); 

 

  // Copy the first 5 bytes of the unique ID into uid[5] 

  uid[0] = (uint8_t) (unique_id[0] >> 24) & 0xFF; // Most significant 

byte of the first 32-bit word 
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  uid[1] = (uint8_t) (unique_id[0] >> 16) & 0xFF; // Next byte 

  uid[2] = (uint8_t) (unique_id[0] >> 8) & 0xFF;  // Next byte 

  uid[3] = unique_id[0] & 0xFF; // Least significant byte of the first 

32-bit word 

  uid[4] = (uint8_t) (unique_id[1] >> 24) & 0xFF; // Most significant 

byte of the second 32-bit word 

 

  addresses_set = true; 

  current_state = _IDLE; 

  break; 

 

 case _HANDLE_USB_MESSAGE: 

  memset(rf_tx_pld, 0, sizeof(rf_tx_pld)); 

 

  memcpy(rf_tx_pld, usb_rx_buffer, sizeof(rf_tx_pld)); 

  CDC_Transmit_FS(rf_tx_pld, sizeof(rf_tx_pld)); 

 

  nrf24l01p_ptx_mode(); // switch to TX mode 
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  nrf24l01p_write_tx_fifo(rf_tx_pld); 

 

  current_state = _IDLE; 

  break; 

 

 case _RF_RECEIVE: 

  CDC_Transmit_FS(rf_rx_pld, sizeof(rf_rx_pld)); 

  memset(rf_rx_pld, 0, sizeof(rf_rx_pld)); 

 

  current_state = _IDLE; 

  break; 

 

 case _HANDLE__DEBUG: 

  memset(debug, 0x30, sizeof(debug)); 

 

  debug[0] = board_mode + 0x30; 

  debug[1] = _SW_VER; 

  debug[2] = nrf24l01p_get_fifo_status() + 0x30; 
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  CDC_Transmit_FS(debug, sizeof(debug)); 

 

  nrf24l01p_flush_tx_fifo(); 

  current_state = _IDLE; 

  break; 

 

 case _IDLE: 

  break; 

 } 

} 

  

* void AppProcessReceivedUSBData(uint8_t *data, uint16_t length): This function will be automatically 
called once new USB data are recieved. The function will save the incoming usb data in "usb_rx_buffer" 
and the received data length in "usb_data_len". The first byte received from the USB determines the 
desired function, thus, the "current_state" is updated accordingly. The frames can be seen in app.h.  

uint8_t usb_rx_buffer[APP_TX_DATA_SIZE]; 

uint16_t usb_data_len; 

 

void AppProcessReceivedUSBData(uint8_t *data, uint16_t length) { 

 memset(usb_rx_buffer, 0, sizeof(usb_rx_buffer)); 
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 memset(usb_tx_buffer, 0, sizeof(usb_tx_buffer)); 

 

 usb_data_len = length; 

 memcpy(usb_rx_buffer, data, length); 

 

 if (usb_rx_buffer[0] == _ID_FRAME) 

  current_state = _HANDLE_ID; 

 else if (usb_rx_buffer[0] == _COORDINATES_FRAME) 

  current_state = _HANDLE_COORDINATES; 

 else if (usb_rx_buffer[0] == _CNA_MESSAGE_FRAME) 

  current_state = _HANDLE_USB_MESSAGE; 

 else if (usb_rx_buffer[0] == _CMD_FRAME) 

  current_state = _HANDLE_CMD; 

 else if (usb_rx_buffer[0] == _DEBUG_FRAME) 

  current_state = _HANDLE__DEBUG; 

 else if (usb_rx_buffer[0] == _SW_VER) 

  current_state = _HANDLE_SW_VER; 

} 
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 * void processIRQ_Callback(void): This function is called automatically once a new packet is received 
via RF. The received packet will be saved in "rf_rx_pld" and can be accessed from the AppHandler. 
Once a new RF message is received, the current state is updated to RF receive which is handled in 
AppHandler cases.  

uint8_t rf_rx_pld[NRF24L01P_PAYLOAD_LENGTH]; 

uint8_t rf_tx_pld[NRF24L01P_PAYLOAD_LENGTH]; 

 

void processIRQ_Callback() { 

 

 uint8_t fifo_status = nrf24l01p_get_fifo_status(); 

 

 // if new message has arrived 

 if ((fifo_status & 0x02) == 1 || (fifo_status & 0x01) == 0) { 

  // read incoming message 

  nrf24l01p_read_rx_fifo(rf_rx_pld); 

 

  // clear rx fifo 

  nrf24l01p_flush_rx_fifo(); 

 

  // update the application status 

  current_state = _RF_RECEIVE; 
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 } 

 

 HAL_GPIO_TogglePin(LED_GPIO_Port, LED_Pin); 

 

 // clear interrupt flags 

 nrf24l01p_clear_rx_dr(); 

 nrf24l01p_clear_tx_ds(); 

 nrf24l01p_clear_max_rt(); 

} 
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19 28.8 MHz Transceiver Development 

We are working on a 28.8 MHz transceiver, and instead of directly using a 7.2 MHz crystal oscillator, I 

designed a circuit where R1, L1, and C1 work together to generate the 7.2 MHz signal. This signal is then 

processed through multiple stages to achieve the desired output frequency of 28.8 MHz. 

 

19.1 Oscillator Stage (R1, L1, C1 - Replacing Crystal Oscillator) 

• In a traditional oscillator, a 7.2 MHz crystal would set a precise frequency, but I designed a tuned 

circuit instead. 

• R1, L1, and C1 create an LC tank circuit, which resonates at 7.2 MHz and sustains oscillations. 

• L1 (10mH) and C1 (4.GpF) determine the oscillation frequency based on the formula: f = 1 2π 

rad(lc) 

• C0G and C10 (20pF capacitors) help stabilize the frequency by reducing noise and unwanted 

harmonics. 

19.2 Frequency Multiplier Stage (C0S, C10, R303): 

• The output from the oscillator stage needs to be multiplied by 4 to reach 

• 28.8 MHz. 

• C09 and C10 help filter and amplify the fundamental 7.2 MHz signal while allowing higher 

harmonics to pass through. 

• R303 is 0Ω, meaning it acts as a direct wire rather than a resistor. This ensures the signal is 

transferred without any voltage drop. 

• Q1 (2N2222 Transistor) acts as an amplifier, boosting the signal strength so that it can drive the 

next stage effectively. 

19.3 Amplification and Filtering Stage (L301, L302, C301): 

• The transistor Q1 amplifies the signal, but it also introduces unwanted harmonics. 

• L301 (22μH) and L302 (22μH) help in filtering out undesired frequencies and ensuring that the 28.8 MHz 

harmonic is dominant. 

• C301 (100nF) and C302 (20pF) act as bypass capacitors, removing high- frequency noise from the power 

supply. 
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• R302 (0Ω) acts as another direct connection, ensuring maximum signal transfer. 

19.4 Impedance Matching Network (C307, C308, L303, L304): 

• Before sending the signal to the next stage, it needs to be properly 

• matched to the circuit’s impedance. 

• C307 and C308 (47pF each), along with L303 and L304 (220nH each), form a Pi-network to adjust 

the impedance and improve power transfer. 

• This ensures that the signal is not distorted when it reaches the next stage. 

•  odulation and  utput Stage (Ǫ2, Ǫ3, C315):Q2 (NPN Transistor) is used to process the modulated 

signal, amplifying it before transmission. 

• C315 (100nF) helps block DC components, allowing only AC signals to pass. 

• R311 (10kΩ) and Q3 (NPN Transistor) act as a final signal processor before sending the output 

signal. 

• The final RF signal is sent through RF_Out, which is the transmission point of the transceiver. 

 

We have not conducted the simulation for this circuit at this time. However, once we complete the 

simulation, we will analyze the results and share them accordingly. 

 

18.4.25: 

   circuit  وشفنا  الخميس  بالمركز  محمود  الأستاذ   مع  لتقينا  نحنا :    معنا  صار  شو  عن  شوي   خبرك   عم  بس  دكتور

 رح   هوي    شوي  عليها  عدلت  ما  بعد  محمود   للأستاذ  circuit  ال  عطينا  output  بال  غلط  في  يطلع  عط
 المشاكل  باقي وين يشوف

 

 


