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j:%ﬂ‘ i%:é, !EE\ Xy_[[ ?ZI}_!IJ ﬁ% jj ( C a p a C i ‘t y ) The amount of data generated by a single satellite per day can vary widely depending on its

purpose, design, and the technology used.

b

Forexample, remote sensmg satelmes such as those used for weather monitoring and earth
e S s

I_bservanon can generate large amounts of data. The European Space Agency's Sentinel-2 l ~7 /EE
;{ J
| satellite, which captures multispectral images of Earth’s surface, generates about 1.6 TB of |
PB 174
. data per day. é& TE
180,00 B Tandem-L L o e e e e e e e e e e = 1. 6TB
160,00 B EnMAP Communication satellites, on the other hand, don't generate much data themselves, but
. rather they transmit and receive data between different points on Earth.

140,00 Sentinel 5p
120,00 Sentinel 3 Satellites used for scientific research, like the Hubble Space Telescope, can also generate
100,00 significant amounts of data. The Hubble Space Telescope generates about 120 GB of data

8000 W Sentinel 2 per week, which translates to roughly 17 GB per day.

- PN I I S S S S S S S S S S S S S S - .- N
= Sentinel 1 1 PEIEA
80,00 | It's also important to note that not all data generated by a satellite is transmitted back to | —[/
40,00 B TanDEM-X | Earth. Many satellites have onboard processing systems that compress the data before Hjj ﬂ:‘ IB':F‘ ’TEE /fg
transmission to save bandwidth.
i § TerraSAR-X e gemea e R
0,00 ¥ - . ;
= é é é é é é é é é é é é rlr‘a é é é ‘_r': FIQ é g MW METOP GOME-2 Please note that these are just general examples and actual data generation can vary.
RRRRRARRRRERRRERRERRERRRER Advances in technology may also increase the capacity for data generation and

transmission for newer satellites.

German Satellite Data Archive (D-SDA)
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GCR & trapped proton SEUs detected & corrected by Error Detection And Correction
(EDAC) firmware in ISS computer system Dynamic Random Access Memory (DRAM).
EDAC operation is part of the nominal system design.

[1] ISS SPACE RADIATION EFFECTS AND EXPERIENCE: UTILIZATION FOR CURRENT AND FUTURE EXPLORATION PROGRAMS, 2012

[2] Influence of Orbital Parameters on SEU Rate of Low-Energy Proton in Nano-SRAM Device
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- M. SpaceX; HPE Supercomputer on ISS

Linux is used for everything at SpaceX. The Falcon, Dragon, and Grasshopper vehicles use it for flight
developers' desktops. SpaceX is "Linux, Linux, Linux", he said.

Rose went on to briefly describe the Dragon flight system, though he said he couldn't give too many de
requirements for when it gets close to the ISS. There are rules about how many faults a craft needs to b
station. It uses triply redundant computers to achieve the required level of fault tolerance. The Byzantii
computers do not agree. That situation could come about because of a radiation event changing memor

Robert Rose (SpaceX ¥ITEAERIMTEE) 12013
fF Embedded Linux Conference HH &5 &k SpaceX HPE Spaceborne Computer, 20174E% &t
K2 Linux M A2 i E ZXEEM. RfitteraflopK&E S, SHMA
[1] https://lwn.net/Articles/540368/ RZZR0.03%, CRABHMGEESLL

[2] https://www.nasa.gov/sites/default/files/atoms/files/benefits-for-humanity_third.pdf
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Satellite operating system

Security and reliability
Commercial Tians;z::;:rf:'l‘ltaﬁon Res rch H a rd wa re te Sti n g
institute institute
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m https://github.com/TiansuanConstellation/TiansuanOpencodePlatform

O GitHub - TiansuanConstellatioc X + - @ Tansuan Opencode Pt X [ v - 0 X
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= README.md
research-application model.

Tiansuan OpenCode Platform is a step forward to unit the forces of open source
communities. We welcome creative members to join and together with us contribute novel
solutions to satellite computing.

Advantages

At present, Tiansuan Constellation has several satellites in orbit. We have established
cooperative relations with numerous universities including Tsinghua, Peking, Beihang
University and so on, and successfully carried many scientific research projects to the space.

We provide unified hardware equipment, common access methods and strong technical
support for the thoroughly customized in-orbit research and experimental needs.

How to contribute

If you would like to be one of us, please follow this link. Tiansuan OpenCode Platform
welcomes any organization or individual to contribute codes and build the Tiansuan
Constellation together.

At the same time, Tiansuan Constellation also welcomes individuals, organizations and

insitutions dedicated to sateliite research to use our platform for aerospace computing,
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Fig. 3. Processed frames per Joule (an indicator of TpE) on the deep learning

% inference experiments. FP32: 32-bit floating point; I8: 8-bit integer.
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Throughput per Energy (TpE) Throughput per Volume (TpV) Throughput per Weight (TpW)
Power | GFLOPs per | GINOPs per | Volume | GFLOPs per | GINOPs per | Weight | GFLOPs per | GINOPs per
(watt) watt (FP32) watt (INTS) ) U (FP32) U (INTS) (kg) kg (FP32) kg (INTS)
Xeon 40-core
CPU Server 276.3 0.8 0.5 1 208.3 130.4 18.8 11.1 6.9
NVIDIA A40 2,000.0 149.6 1,197.2 4 74,800 598,600 579 5,165.8 41,339.8
GPU Server
PowerEdge R350 95.0 0.5 0.9 1 49.3 85.4 13.6 3.6 6.3
PowerEdge R550 330.0 0.5 0.9 2 83.0 151.3 20.4 8.1 14.8
PowerEdge R750xs 370.0 0.6 1.0 2 104.6 182.5 219 9.5 16.6
SoC-Cluster
(Kryo CPU) 672.0 1.3 0.2 2 437.4 76.5 27.0 324 5.7
SoC-Cluster
(Adreno GPU) 387.0 193.8 X 2 37,500 X 27.0 2,777.8 X
SoC-Cluster
(Hexagon DSP) 345.5 X 2,604.9 2 X 450,000 27.0 X 33,333.3
TABLE 1

THEORETICAL COMPARISON BETWEEN SOC-CLUSTER AND CONVENTIONAL COTS EDGE SERVERS. “X” MEANS THAT THIS NUMERICAL OPERATION IS
NOT SUPPORTED BY THE HARDWARE.

» S GIARS AL, SoCREAI AR 55 s A AL IR/ B/ ThFE
Al USRI 2 15
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« PRI Gm SN,

o Earth imagery pre-processing

o Software: Ffmpeg & LiTr[1].

o Datasets: 6 videos randomly picked from vbench
« REF R

o Object detection, segmentation, etc..

o Software: TVM@Intel CPU; TensorRT@NVIDIA GPU; TFLite@SoC

o Models: ResNet-50, ResNeti52, YOLOvgx, BERT

 Alternative hardware
o 40-core Intel Xeon Gold 5218R
o NVIDIA A4o GPU.
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« PRI Gm SN,

[ SoC-CPU =1 SoC-HW  [EE Intel-CPU  EZZ1 GPU-A40

150 A

100 e Our SoC servers can transcode

100 -

SO-H N 26—154 frames per Joule, which

| B [H= = s 5./ X—I/.1 X higher than Intel
CPU and 5.0X—~13.0X higher

=
o
o

Frames/Joule

]

N jz 20 than NVIDIA A40 GPU
o N 101 * Brings benefit even without
o ﬂpt,_m L1 o=l (U110 = e using Its hardware codec

Fig. 4. Processed frames of per Joule (an indicator of TpE) on the video
processing experiments. The 6 videos are randomly selected from a popular
video benchmark [29].
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- WEFHEH

[ SoC-CPU  [Z3 SoC-GPU 13 SoC-DSP [ Intel-CPU  [ZZA GPU-A40

o

se] [ 24 * Running prediction with ResNet-50
7 E 7 model (FP32), SoC GPU can process
o mE |”, ﬂesNet-155p3z | 8.2 samples per Joule, which is 7 X
g0t 7 2 -~ and |.8 X higher than Intel CPU and
Tox 7 i Z NVIDIA GPU, respectively.
oo |_|Y0|_o</5xu:-P32) K ST * The energy efficiency of SoC DSP s
g % even more significant, l.e., 2.3 X higher
] | ~ than NVIDIA A40 GPU (with batch
: 7 7 .

ResNet.50 (18) ° RENTTSZ () S1Z€ 64)

Fig. 3. Processed frames per Joule (an indicator of TpE) on the deep learning
inference experiments. FP32: 32-bit floating point; I8: 8-bit integer.
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Name Launched Hardware Platform Proce | General- DSA capacity Other specs
Time ss purpose cores
HPE Spaceborn 2021.02 2x HPE Converged EL4000 14nm 64*2 cores + - 21U, 2*14KG, 2*800W;
Computer-2 (ISS) Edge system 28*2 cores 2*1U, 217KG, 2*800W
2x HPE ProLiant DL360
server
EdR—= 2023.01 2x RPI-4B 28nm, | 8 cores + 10 26GFLOPS + Small enough, ~3KG, 13
2x Atlas 200DK cores 16TFLOPS/32TINO | W+ 16 W
PS
RE—S <27KG
BNARFK
RUAG Space XXXX Lynx Single Board 4 cores for - 25W
Computer ARM processor single Board
with > 30000 DMIPS
Exo-Space 2023 Quad Cortex-A53 CPU ~10n 4 cores 4 TOPS
FeatherEdge m
Our SoC Server 2023 50x SoC (Snapdragon 865 5nm - | 400 cores 300TOPS (QS865: 2U, 27KG, ~560W peak
& Rockchip RK3588) 8nm 62.5TFLOPS + power

750TINOPS)
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Image credits to: DALL-E of OpenAl
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