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1 Requirements Database (RDD) 

1.1 System Requirements 

1.1.1 Orbit Specification, Number of required satellites1 

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° 

1.1.1.1 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 

 

1 [5] 
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Faraday effect which causes the signal's polarization plane to rotate subject to the elevation 

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.  
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63.4°  Critical inclination, zero apogee drift in elliptical 
orbits.  

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.  



Requirements Database (RDD) 

8 

Below, is a graph with five periods of the calculated orbital elements 

 

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 

 



Analysis with MATLAB AddOn “sat-lab”: 

 



 
 

 

 

1.1.2 Mission purpose and Payload 

1.1.2.1 X-Ray sensor 

[SRQ 20] There shall be an astronomical x-ray sensor on board. 
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1.1.2.2 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. 

 

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° 

-  

1.1.3 ACS 

[SRQ60] Shall be low cost. For this reason only magnetorquer and sun-sensor is shall be used. 

1.1.4 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 

 

 



2 System Design Document (SDD) 

2.1 On-Board Telemetry, Tracking & Control (TT&C) 

2.1.1 Overview - Bottum-Up Approach 

[SRQ10] TT&C shall be realized with LimeSDR Mini.  

 

2.1.2 Transceiver Card 

[SRQ50] The Transceiver Card has to be maximum 10 cm x 10 cm x 1 cm. 

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

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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2.2.2 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE 
GROUNDSTATION FOR USE BY WMO MEMBERS [4]) 
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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 
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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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2.2.4 Graphical User Interface 
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3 Hardware in the loop (HIL) Test System 

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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3.2 HackRF – RTL-SDR – GNU RADIO Setup2 

3.2.1 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. 

3.2.2 HackRF Library 

In console mode, update your system: 

sudo apt-get update 

 

2 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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sudo apt-get upgrade 

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. 

3.2.3 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 

3.2.4 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 
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sudo git clone https://github.com/osmocom/rtl-sdr.git 

Go to the folder rtl-sdr:   

cd rtl-sdr 

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 

3.2.5 Osmocom source module installation 

sudo apt-get install gr-osmosdr 

3.2.6 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. 

3.2.7 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 
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First of all, check that the terminal is installed on your machine. Otherwise installed it with: 

sudo apt install lxterminal 

3.2.8 Osmocom module 

To enter data from HackRF One or RTL-SDR, use the Osmocom source module in GNU-Radio. 

 

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. 

3.2.8.1 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) 
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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. 

3.2.8.2 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. 

3.2.9 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: 
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rtl=00000002 

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. 

3.2.10 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) 

3.2.11 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 

 

3.3 Other Gnuradio/HackRF instructions 

3.3.1 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 

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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• 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 

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 

•  

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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• # To update the firmware on a working HackRF One, use the hackrf_spiflash 

program: 

• hackrf_spiflash -w hackrf_one_usb.bin 

•  

• # Press the reset button on the HackRF. 

• hackrf_info 

•  

# The new firmware version should now displayed. 

3.3.2 Installing gnuradio on raspberry: 

apt-get install -y gnuradio 

3.3.3 running gnuradio: 

gnuradio-companion 
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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 

3.1 HIL 2021 

3.1.1 Space Segment: 

- Raspberry (Linux, Gnuradio, NASA coreFlightSystem) 

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

http://aecenar.com/index.php/downloads/send/10-iap/444-021215iap-sat-projectreport3-2015149
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- HackRF 

- Antenna 

- Structure 

Gnuradio program and HackRF drivers successfully installed on raspberry pi 

 

 

3.1.1.1 Ground Segment: 

- Laptop (Windows or Linux, GnuRadio/PothosSDR) 

- Antenna 

- HackRF 

Also possible with  

Programm CubicSDR, PothosFlow (instead of gnuradio) 

 

3.1.1.2 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 

 



4 Hardware Design Document (HDD) & Hardware Realization Document 
(HRD) 

 

4.1 TT&C Tranceiver 

4.1.1 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. 

4.1.1.1 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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4.1.2 Lime SDR mini 

 

 

4.1 TT&C Antenna 

 

 



5 Software Design Document (SWDD) & Software Implementation 
Document (SWID) 

 

 



5.1 Organizational chart (current and future) 

 

 

 

Director R&D

Samir M.

System Integration/

System Test

Abdurrahman M.

Power Supply Subsystem 
(Battries, ...)

Supplier

Antenna 
Subsystem

Supplier

Attitude Control 
Subsystem

Raja M.

Propulsion 
Subsystem

Plasma Thruster

Testing Electrical 
Propulsion Unit

Telemetry and 
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Ground Station 
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Communications 
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Payload Camera 
Subsystem

Supplier

Technical 
Assistant
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6 AS-COMSAT-1 System (Hardware&SW) 

6.1 System Concept for Attitude Determination and Control System (ADS, 
ACS) 

 

 

6.2 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). 
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6.2.1 Physical System Overview  

 

Figure 1: physical overview 

 

6.2.2 How communication  is done  

 

Figure 2: Communication and TT&C 
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6.2.3 OBC System 

 

As payload also the AIS system shall be implemented (Rozan Mustafa as master thesis at Marmara 

Univ.) 
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6.2.4 AIS system on the OBC 

 

6.3 HackRF Card (Responsible: Abdurrahman) 

Establishing digital communication between HackRF and On-Board Computer 

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

Sensors: Sun sensor, IMU (see FCS of TEMOLeb-Mintad 2018 in TEMOLeb-Mintad Final Report3) 

Actuators: Magnetorquer 

6.5 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 3 

below shows the overall process of converting input charges from a detector into digital readable 

signal proportional to input charges. 

 

3 See [2] 

http://aecenar.com/index.php/downloads/send/16-ics/666-temoleb-mintad-final-report-1999-2020
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Figure 3. 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. 

6.5.1 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 

6.5.2 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. 

6.5.3 Experiments  

6.5.3.1 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.   
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6.5.3.2 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).  

 

 

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) 

6.5.3.3 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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6.5.3.4 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. 

 

6.5.4 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. 

6.5.5 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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6.6 Telemetry, Tracking & Control (TT&C) Ground Station 

6.6.1 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE 
GROUNDSTATION FOR USE BY WMO MEMBERS [4]) 
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6.6.2 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 
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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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6.6.3 Graphical User Interface 
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6.1 Research plan to improve SDR communication system 
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6.2 Electrical Propulsion Unit 

Electrical Propulsion Unit for 
Orbit Control

1/23/2022 AS-COMSAT, Jan-Feb 2021                   142
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6.1 CAD Model 

 

6.1 Simulation platform 

 

6.2 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. 

6.2.1 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. 

6.2.1.1 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 

mailto:scholarsmine@mst.edu
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nonvolatile 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]. 

6.2.1.2 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].  

6.2.1.3 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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6.2.2 THERMAL DESIGN PROCESS 
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AS-COMSAT-1 System (Hardware&SW) 

104 

 

 

6.2.2.1 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.  

 

6.2.3 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.  
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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.  

6.2.4 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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7 Launch issues 

7.1 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 

7.2 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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7.3 Companies launch satellite 

From 
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7.3.1 GK laucnh (Russian)4 

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. 

7.3.2 Swarm company (U.S)5 

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] 

 

4 http://gklaunch.ru/en/  

5 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] 

7.3.3 Exolaunch company (Germany)6 

The protocol of launching is: 

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 

 

6 https://exolaunch.com/  

https://exolaunch.com/
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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 

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. 

7.3.4 Gunter’s space page7 

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. 

 

7 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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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 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. 

7.3.5 Antrix corporation8 

I contact this company and the emails is below: 

7.3.6 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? 

  

 

8 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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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 

  

  

  

  

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. 



Launch issues 

116 

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 

  

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. 



Launch issues 

117 

7- altitude: 650 km  

8- elliptic semimajor axis a = 7027.748 km 

9- orbit heigh: 500- 600 km 

 

Regards, 

Siham 

  

 

 

7.3.7 Procedure to launch a satellite in India910 

 

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. 

 

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

announced  

10 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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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. 

 

 

7.3.7.1 India’s Space Policy11 

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.  

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. 

 

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

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

▪ 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: 
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▪ 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. 

 

I contact spaceflight: 

 

7.3.8 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, 
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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  

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? 

mailto:KNasu@spaceflight.com
mailto:siham.aisha@temo-group.com
mailto:knasu@spaceflight.com
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->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
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8 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 

For 6: Rozan 

 

ADCS_TechnicalReport.pdf
S-AIS.pdf
MasterThesis_X-RayDetector.docx
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8.1.1 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. 

8.1.2 Status of Hardware 

 

8.1 Project Documents & Databases for AS-COMSAT-1 (1 Satellite 
10cmx10cmx10cm) (Last update: 8.4.21) 

8.1.1 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
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8.1.2 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/AS-COMSAT-1_3DModel/integration_%20110221%20-%20Colored.FCStd
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9 Suppliers 

9.1 Satellite Parts 

www.cubesatshop.com  

http://www.cubesatshop.com/


10 Parts from Suppliers 

10.1 2U Sommunication Satellite System 
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10.2 SAT – Power Supply System 
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10.3 SAT -Attitude Control System 



Parts from Suppliers 
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10.4 Command&Data Handling (On-Board Computer) 
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10.5 COM Elements: TT&C and payload COM 

 

10.6 SAT – TT&C System 
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10.6.1 TT&C GCS 
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10.6.2 TT&C On-board part 
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10.6.2.1 Antenna system 

Antenna System

1/23/2022 AS-COMSAT, Jan-Feb 2021                   139

 

 
  23 2022 AS C  SA    an  eb 202    0
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10.7 SAT – Payload Communications Subsystem 



Parts from Suppliers 
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10.8 Electrical Propulsion Unit 
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10.9 CubeSAT Structure 
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10.10 Ground Support Equipment 

TT&C Subystem – Ground Support Equipment

1/23/2022 AS-COMSAT, Jan-Feb 2021                   150

 

10.11 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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10.12 Minimal System 



Parts from Suppliers 
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