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Background - STRATHcube

Figure 1: STRATHcube Render

Figure 2: Passive Bista�c Radar Figure 3: TOTEM SDR [1]

Primary Communica�ons
• Space rated module from Alén Space to be 

used for both communica�ons and PBR
• Zynq 7020 FPGA w. Analog Devices AD9364 

transceiver.
• 435-440MHz Amateur space band

• Student Led 2U CubeSat Project
• Part of European Space Agency (ESA) Fly Your 

Satellite! and Design Booster programs
• Primary payload implemen�ng Passive Bista�c 

Radar (PBR) for in-orbit debris detec�on
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Background - DVB-S2

• Modulated with 4 - 32 
posi�on Amplitude & Phase 
Shi� Keying (APSK)

• Coding Rates from 1/4 to 
9/10

• Both can be varied frame to 
frame for ACM

• Digital Video Broadcas�ng - Satellite Second Genera�on (DVB-S2) is a 
standard for efficient and reliable satellite data transmission

• Modular structure to allow adapta�on to applica�on
• Features for Adap�ve Coding and Modula�on (ACM); changing of 

modula�on and coding rate based on channel condi�ons allowing higher 
throughput, at the cost of increased complexity.

• Near Shannon Limit performance [2]  due to concatenated codes: Bose-
Chaudhuri-Hocquenghem (BCH) & Low Density Parity Check (LDPC) 

Figure 4: DVB-S2 Block Diagram [3]

• Inves�ga�on to determine if ACM 
throughput increase worth 
increased complexity 

• Reanalysed link budget, upda�ng 
assump�ons for ground sta�on 
and transmit chain.

• Orbit Simula�ons

• Calculated max achievable bitrate for both 
constant and adap�ve strategies under 
Addi�ve White Gaussian Noise (AWGN)

• Found a 69% upli� in throughput over the 
course of the mission when using ACM.

• Iden�fied interference as an issue requiring 
further inves�ga�on 
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System Design

Figure 9: Downlink System Diagram

• Packets received through mul�ple 
interfaces then parsed and grouped by 
priority

• ACM Router assigns by channel state 
and reliability needs

• Generic Stream Encapsula�on (GSE) 
protocol [5] used to handle variable 
frame sizes

• PL-PS Interface using Libiio library [6]

• Transceiver controller block to handle 
chip interface

• Engineering model designed for FPGA 
and Transceiver development boards 
for verifica�on.
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Implementa�on

Figure 10: MathWorks HDL Coder Implementa�on

• Hardware design using MathWorks HDL Coder [7] to 
reduce development �me.

• Built on MathWorks Reference DVB-S2 implementa�on 
[8] to reduce technical risk

• Added PS interface logic and integrated with target 
transceiver

Results

Figure 13: FPGA Resource Usage by Source

Figure 11: Output Spectrogram with ITU mask

Figure 14: Vivado  Block Diagram

• Output spectrum simulated using Simulink and tested against 
ITU spectrum mask  for the amateur space service [9] and 
found to be passing

• Design successfully exported, synthesised using Vivado, and 
found to meet �ming requirements at 61.44 MHz

• Resource usage analysed and found to meet limita�ons 
present on chip. Usage of most resource types below 50%, 
although the Block RAM (BRAM) usage was found to be high.

• Vivado Power Analysis showed es�mated power 
consump�on between 3.286 W and 4.009 W
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Summary
1. Analysed performance of ACM for STRATHcube 

mission and found significant performance benefits

2. Implemented design using MathWorks HDL Coder, 
building off a reference DVB-S2 transmi�er 
implementa�on  

3. Design found to be implementable in hardware, 
however requiring resource and power op�misa�on.
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Figure 12: Design Implementa�on on 
Chip

vAim
Design of the downlink communica�ons system for the 
STRATHcube satellite and crea�on of an engineering model 
using development boards.
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Link Analysis - Orbital Simula�on

• Analysing ACM performance for 
STRATHcube mission

• Orbital simula�on for dura�on of 
mission comparing fixed and 
adap�ve DVB-S2 system.

• ACM downlinked 6.01Gb
• Constant QPSK 1/3 downlinked 

1.88Gb
Figure 5: Eleva�on Time Over Ground Sta�on
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Figure 8: Eleva�on vs Op�mal MODCOD and Throughput
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Figure 6: Satellite Al�tude Over Mission
Mission Time (Days)
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Figure 7: Total Data by Strategy
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Link Analysis - Link Budget
• Analysis of Link budget to iden�fy 

sta�c and dynamic parameters
• Manufacturer values, ITU 

atmospheric models and 
es�ma�on for link parameters.

• Further inves�ga�on of noise 
power and interference at ground 
sta�on site required

• Required SNR from [4] for each 
DVB-S2 modula�on and coding.

• Final system may include pilot 
signals to improve recovery


