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using development boards.

Background - STRATHcube

eStudent Led 2U CubeSat Project

ePart of European Space Agency (ESA) Fly Your
Satellite! and Design Booster programs

ePrimary payload implementing Passive Bistatic

Radar (PBR) for in-orbit debris detection
Primary Communications

eSpace rated module from Alén Space to be
used for both communications and PBR

e7/ynq 7020 FPGA w. Analog Devices AD9364
transceiver.

¢435-440MHz Amateur space band

baseline

ILluminator, Tx STRATHcube, Rx

Figure 2: Passive Bistatic Radar

Background - DVB-S2

throughput, at the cost of increased complexity.

e Modulated with 4 - 32

e Modular structure to allow adaptation to application

Prof. Carmine Clemente - University of Strat

Design of the downlink communications system for the
STRATHcube satellite and creation of an engineering model

Figure 1: STRATHcube Render

Figure 3: TOTEM SDR [1]

eDigital Video Broadcasting - Satellite Second Generation (DVB-S2) is a
standard for efficient and reliable satellite data transmission

eFeatures for Adaptive Coding and Modulation (ACM); changing of
modulation and coding rate based on channel conditions allowing higher
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eNear Shannon Limit performance [2] due to concatenated codes: Bose-
Chaudhuri-Hocquenghem (BCH) & Low Density Parity Check (LDPC)

DVB-52 Block Diagram (Single Packetised Generic Stream)

position Amplitude & Phase
Shift Keying (APSK)
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eCoding Rates from 1/4 to
9/10

eBoth can be varied frame to
frame for ACM
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Figure 4: DVB-S2 Block Diagram [3]

Analysis and Implementation of DVB-S2 in the
UHF Band for STRATHcube Downlink Communications

- University of Strat

Dr Louise Crockett

Prof. Massimiliano Vasile - University of Strat

STRATHcube mission

mission comparing fixed and
adaptive DVB-S2 system.

e ACM downlinked 6.01Gb

1.88Gb

450

- University of Strat

e Analysing ACM performance for

e Orbital simulation for duration of

eConstant QPSK 1/3 downlinked
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e Packets received through multiple
interfaces then parsed and grouped by
priority

e ACM Router assigns by channel state
and reliability needs

e Generic Stream Encapsulation (GSE)
protocol [5] used to handle variable
frame sizes

e PL-PS Interface using Libiio library [6]

reduce development time.

e Built on MathWorks Reference DVB-S2 imple
[8] to reduce technical risk

e Added PS interface logic and integrated with
transceiver

found to be passing

found to meet timing requirements at 61.44

e Resource usage analysed and found to meet

FSPL = 201log,, (4 Cdf) [dB]
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Name Values Source
° ° Name Value Source
static and dynamic parameters
nnnnnnn d as pass, 40° System
max elevation found
through simulation Frequency (f) 437 MHz Centre of UHF Amateur
Satellite Service Alloca-
Altitude 170 km to 425 km Deployment  altitude Hion
e Manutacturer values, ITU
) altitude trigger Bandwidth | #) 25 kHz Commaonly allocated
Slant Range (SR) 260 km (40° @ 170km)| MATLAB function [8] handwidth
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° B Signal Pow —123.2 dBW | —107.7 dBW
eRequired SNR from [4] for eac
SNR 1.9 4B 17.4 dB
- Receive Antenna Gain 15.5 dBic STAC UHF Antenna [2]
Optimal Modulation and Coding Rate QPSK ~lt A2APSK % (O )
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DVB-S2 modulation and coding ot | v | umab | oo o Gy | 590 | b o
°
Margin 3.14 dB 3.12 dB Pointing Loss (Lp,_;,.) 1 dB Estimation
Spectral Efficiency 0.6408 4.0306 Preamplifie Gai 20 dB SP-7000 Datasheet [5]
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Figure 12: Design Implementation on
Chip

Summary

mission and found significant performance b

2.

building off a reference DVB-S2 transmitter
implementation

Downlink System Diagram
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e Hardware design using MathWorks HDL Coder [7] to

e OQutput spectrum simulated using Simulink and tested against
ITU spectrum mask for the amateur space service [9] and

e Design successfully exported, synthesised using Vivado, and

present on chip. Usage of most resource types below 50%,
although the Block RAM (BRAM) usage was found to be high.

e VVivado Power Analysis showed estimated power
consumption between 3.286 W and 4.009 W

mDVE-52 Transmitter m P5-PL Interface m AD9364 Transceiver m Other

1. Analysed performance of ACM for STRATHcube

Implemented design using MathWorks HDL Coder,

3. Design found to be implementable in hardware,
however requiring resource and power optimisation.
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Figure 11: Output Spectrogram with ITU mask
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Figure 13: FPGA Resource Usage by Source
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