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m Design and implementation of radio wave (Hydrogen linel)
detector and analyser (SRWDA)

a Integration SRWDA with IAP Mockup model
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Background -\\J(IT
a What Radio Astronomy

m Radio astronomy studies celestial objects at radio frequencies

a The discovery of the cosmic microwave background radiation

a Observation of new classes of objects(quasars, pulsars)
m Astronomical radio source

» The Sun

m Supernovaremnants

» Pulsars

» Primordial black holes
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Hydrogen line 1 (HL1)

Electromagnetic radiation spectral line (1420 MHz, 21 cm)
HL1 is created by a change in the energy state of neutral
hydrogen atoms.

m The HL1 provides the best way to map the structure of
the Galaxy

m Calculate the mass of galaxies
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Software Defined Radio(SDR) for Detection HL

m ldea of SDR: hardware components (e.g. mixers, filters
etc.) are implemented by means of software

m Radio telescope for HL can be designed using SDR

m The challenge for detection HL is a weakness of signal

< ADC || cPu (sw SDR)

HW SDR platform

Ideal SDR receiver
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Basic SDR heterodyne receiver architecture

m The most used radio receivers use the architecture of
super heterodyne receiver

m Received signal has been converted to a fixed intermediate
frequency

a which can be more processed than the original radio
carrier frequency.

LNA é

Local Oscillator

Filter IF Amplifier BC

. ‘ E 5| ADC DSP SW
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Telescope design

LMNA

—_— Low noise
amplifier

BPFF 1420
Band Pass Fiter

AMP
Arnglifier

Hardware assembly box

Y

ADC boc Tuner
Analog digital Digital D?wn 24-1700 Mhz
converter Conversion
DWT-RTL 820t + ATL 2832u

Antenna

Real system

Analog signal filkering

Digital signal processing
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GMLU-Radia

Dasplay signals
m Signalprocessing
Synchronization

P

Software based signal proessing
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Antenna + Feeder =
= ||

m Parabolic reflector antenna
m Ratio F/D =0.5

a F : Focal distance. f= 55 cm

a D : Antenna diameter ie. d= 110 cm
m Feed: dipole or crossdipole
m Feed horn D=15cm, L= 20 cm
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A Display signals
T m m “"' mvm ( usb20o .pfv z
‘ or Synchronization
Software based sgnal proessing

Hardware assembly box OVT-RTL 820t + RTL 2832u
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Analog hardware

oo [ s e | e s [ oo 1, e, I,
NG Amplifier & s P 24-1700 Mhz L\ b 2.0

Low noise amplifier (LNA)

Band pass filter
IF main amplifier & Attenuator
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Low noise amplifier (LNA)

m Low noise amplifier (LNA)
= Noise figure 12 dB
a Gain 12 dB at1420 MHz
s IP1dB, 22.3dBm @2 GHz
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Low noise amplifier (LNA)

m Test setup for LNA

BE20C Sweep Oscillator Altenuator 2068
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S02Z28 RF Flug In

m Freguency response

13 18.02.2019 cand.el. [Suheeb Kassar] — [SRWDA]

@) e~ GNU-Radio
0 NA BPF 1420 ADC 00C ignals
‘g »f | townoise [Waand pass Fit er A,::f:m 5| Anatog aigial [ Oigratoown ] ‘v‘“";’ml b ﬁf{: 3;:1“";"01‘*”
v amplfier converter Conversion | 241700MRx I Usb20 ) et iy
\ — assembly box OVI-RTL 820t + RTL 2832u 3
Aoenrn Analog signal fikering Digital signal processing Software based signal proessing
Spectrum Analyzer
LNA 1420MHz Anritsu MS 710 E

Power Supply 12v=

Poa-16a
2waer R o 1008/
T “~
J |
o X
7 — t
| — b 1420wz
| ! __| Gain 1208
/ i o
f T ] GanPGA1
|
T
I
|
!
T
|
|
T
|
|
T
|
1
Po: e 20 P 185 /0 aco

Institut fir Technik der Informationsverarbeitung (ITIV)



14

Hydrogen filter 1420 MHz

Interdigital 4 Pole Filter

Insertion Loss: 1 dB typ.
Input / Output impedance: 50 Ohms

frequency domain (3 dB): 1405 to 1437 MHz
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Hydrogen filter 1420 MHz
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Digital Hardware (SDR Platform)

GNU-Radio

xxxxxx

Criteria for selecting a suitable platform:

mThe frequency range up to 1.70 GHz.

aSuitable for low-cost experimentation
mReprogramability

aFully open source platform (hardware, software)
mHigh resolution

aSufficient bandwidth
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Overview of SDR platform

30 MHz — 6 GHz
20 MHz

8 bit

20 Msps

Frequency range
Bandwidth

Simple size (Abc-DAC)
Simple rate (Abc-DAC)

Transmit? Yes

Interface speed USB 2 (480Mbit)

Open source Everything (SW+HW)

Gnu radio
$300

Supported software

Price

18.02.2019  cand.el. [NAME] — [DASA - TITEL]

300 MHz — 3.8 GHz
28 MHz

12 hit

40 Msps

Yes

USB 3(5 gigabit)

HDL + Code Schematics

Gnu radio
$420

SKIT
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SDR Platform BladeRF USRP(B100) Rtl_SDR(E4000)

50 MHz —2.2 GHz 52 — 2200 MHz
16 MHz 3.57TMHz

12 bit/14 bit 8 bit

64 Msps/128 Msps 3.2Msps

Yes No

USB 2 (480Mbit) USB (480Mbit)
HDL &5 Code] | Open source
Schematics

Gnu-radio/ Matlab Gnu radio
$675 $20
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SDR (RTL2832U-E4000)

0 20 NA BPF 1420 AP
= Lownoise || Band Pass Fiter 2
amoer Amplifier

Hardware assembly box

Filtered signal is down sampled

|

m Frequency selecting done by The E4000 tunerchip
m Analog to digital converter (RTL2832U)
|
|

Downconversion from IF to BF

Output is sent to the computer by USB2.0

. :;‘[m 11 ji’_'ﬂﬁ:ub P
i = agll -

E4000 RTL2832u
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SDR (RTL2832U-E4000)

SKIT

Karlsruher Institut fur Technologie
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Software Design
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m GNU radio is an open source, Python-based architecture
for building SDR projects

a C++ written signal processing blocks and python written
connectors

m Available on Linux, Mac OS and Windows

GUI control

Graphic display

GUI commands

Signal

Generator
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Filter
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Modulation
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GNU Radio Companion
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m A graphical tool that Create signal flow graphs & Generate
flow-graph source code

Source

Signal processinghblocks

] | L
| | i

| sink

Files
Radiohardware
Ctherprograms
Mikrophone
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Software Implementation

RTL USB Source

Y

FFT(Pass band filter)

Y

Cal signal power

Y

Signal processing

v

Y

Shifted signal

Conversion to time
domain

\

A

Display

results

Y
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Save signal
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Software Implementation
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Scan(movement of the antenna) of area of
Time transmission takes 2 sec between each 2 nodes
Scanning starts from sun position(Easy Sky) and ends there

Center of the matrix is tested 3 times

Coord_Elevation
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Position of the
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3

Coord_Azimuth
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Measurement
m First scenario

FFT Plot -
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Mock-up model of IAP-satellite (future work)

m Mock-up is prototype model of IAP satellite
a Linux embedded Board computer
a Sensor card (temperature, camera,...)
s Transceiver card
= RTL SDR
= Antenna

Board Computer

The Air-Ship

Transciver
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Communication system on Mock-up model

Base
Station
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PC in th base
station which
contains the User
Interface Program
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Connect to the
Serial Port 2 of
the Embeded
ALTERNATIVE - Lotte System

Microcontroller

Connect to the
Serial Port 1 of
the Embeded
System

STD-402 Transceiver

Connect to the CIRCUIT DESIGN
Serial Port of
the PC in the

ase station
STD-402 Transceiver
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Integration receiver model on Mock-up &(IT

a Import GnuRadio Model on embedded board
a Operating system: Linux

s Generated python_code(GnuRadio) is compiled to C code by
compiler

am C-code will be sent by transceiver to ground station
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