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Table 2 Validation of model accuracy metrics

it P R mAP50 mAP50-95
YOLOV5 0.999 0.998 0.995 0.895
PE-YOLO 0.997 0.998 0.994 0.897
SCINet 0.997 0.998 0.995 0.904
IAT 0.997 0.998 0.995 0.908
Retinexformer 0.997 0.998 0.995 0911

®3 REMRENLE

Table3 Comparison of model performance

st 10U FPS

YOLOv5 0.929 1 67.36
PE-YOLO 0.9302 18.494
SCINet 0.9340 55.670
Retinexformer 0.9395 27.123
IAT 0.9392 49.908

SRR, 51 NI s B S i o
RIEIOUTE AR B3 Frde I, B00F 7 3RAT B A 2%
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BERIEHER P B AR B SRR 45 R 5, RS )E
Aib P S S BEAT AR ORAE A (Non-Maximum Supp-
ression, NMS) , K5 Sk WHEMIBR 515 2 i 4 0k
MR, X TTEBON NS, B 7850 R Al 45
A E S EE B, IR A “TOP-K + WBF” 1) 5%,
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Table 4 Ablation study of numbers of boxes

K 10U FPS K 10U FPS

1 0.940 3 41.275 50 0.940 4 18.308
2 0.940 5 41.683 100 0.940 4 9.529
3 0.940 4 40.180 200 0.940 4 3.496
5 0.940 4 40.957 300 0.940 4 2.003
10 0.9399 38.457 400 0.940 4 1.264

ATLAVEH, ERRKHIMER, K= 28 TOURS &
KAE, e RK, 10U RN, (HFPSE S
TFE. BT, AN SR A R SO AN R AE B B
FEAEFEEEE, BEEBRARAR ST 2
REAHER, SXTRE SR/ A nmwm, misER
FE 5 IR DUAE B 15 B2 R0, INBLEA Xt H R4 B A5
BB TR, FIOUEK = 50/5 AN kA2, Hit
HESAWE, HUIFPSE 2RI NiF. FrEERIE,
SNCOVT & 5 HAr i 45, [FIhEK = 280 A 43 21 5 £
BEBOR, AR H AR 5, R XK EUE
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Table 5 Ablation study of numbers of models

[EBEE e 10U FPS
2 0.9337 18.268
3 0.936 8 16.209
4 0.9392 14.378
5 0.940 5 10.958

BE A ALAC R R N, IOUH ARWIRTE, FPSIiZ
T B o AT DL D ASE A A R i R A 2 A
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FRCIE EOURS DN PE A 1R 4 LT FE A B E 1T WBF, R
B FE DRAIEAS 28028 1 2% A S B R S A

N B IRIEWBF SR IE 7E 2 H AR = 1035 & 1,
PAVCFC K BH 2 121 BRARl o vl BEAFAE 2 B AR L1739 =

IS_asteroid (.94

S_asteroid
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(FPS: 125.33)
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Table 6 Comparison of basic detection performance of
different models on ExDark dataset

B mAP50-95
YOLOVS5s 28.7
Retinexformer 33.1
PE-YOLO 30.0
IAT 354
SCINet 35.5
Ensemble (A&30) 39.7

S_osteroid 0.96!
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Fig. 6 Comparison of visualization results
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Fig. 7 Overall architecture of software system
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Design of an Intelligent Information Processing System for

Solar System Boundary Exploration

DING Yunlai', SUN Zhenyang', HE Zhangyu"’, DU Yi',
WANG Shiliang', ZHANG Tianzhu"’

(1. Deep Space Exploration Laboratory, Hefei 230031, China;
2. School of Information Science and Technology, University of Science and Technology of China, Hefei 230026, China)

Abstract: The solar system boundary exploration mission faces challenges such as long communication delays, complex
environments, and long mission durations, which impose higher requirements on the detector’s onboard autonomous data processing
and scientific target recognition capabilities. To address these issues, this paper designed and implemented an intelligent information
processing system. The system used the domestic high-reliability aecrospace-grade Al chip Yulong810A, combined with a dual-FPGA
architecture, and possessed core functions including multi-source information fusion processing, image preprocessing and target
detection. To tackle the challenge of target perception in weak-light complex environments, the system integrated a lightweight target
detection algorithm incorporating a low-light enhancement module and introduced a weighted boxes fusion strategy, significantly
improving detection accuracy and robustness. The software system employed a layered architecture design, supporting uplink
updates, fault-tolerant control and multi-task cooperative processing. Test results demonstrate that the system performs excellently in
terms of target detection accuracy, stability in downlinking engineering parameters, and interruption handling efficiency, providing
key technical support for the solar system boundary exploration mission.

Keywords: solar system boundary exploration; intelligent information processing; object detection; software architecture
design

Highlights:

e For the solar system boundary exploration mission, a lightweight space intelligent information processing system based on dual

FPGAs and the domestic Yulong810A Al chip was designed and implemented.

e A lightweight object detection algorithm was developed, integrating multiple low-light enhancement models, which significantly

improved target recognition in low-illumination conditions.

o The software system designed possesses multi-task management, fault-tolerant control, and on-orbit update capabilities,

significantly enhancing the system’s reliability and task autonomy.
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