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Abstract: Space satellite target detection is the core supporting technology for major national aerospace
projects such as on-orbit autonomous spacecraft service and space situational awareness (SSA) , and di-
rectly determines the execution safety and reliability of space missions. This study addressed the key chal-
lenges in space satellite target detection, including weak texture, asymmetric targets, multi-scale distribu-

tion and complex illumination interference, as well as the limitations of existing methods such as insuffi-
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cient detection accuracy and weak background interference suppression capability. We took the You Only
Look Once version 11 nano (YOLOv11n) as the baseline, and constructed a novel Sat-YOLO model with
three customized improved modules: first, we introduced Shifted Windmill Convolution (SPConv) to re-
place traditional downsampling convolution, which enhanced the feature capture of asymmetric satellite tar-
gets and sparse feature aggregation; second, we integrated the ASTSA attention mechanism into the na-
tive C3K2 module of YOLOv11, and proposed a C3K2_ASTSA feature-enhanced detection head to sup-
press space background noise and improve target feature discriminability; third, we designed a Multi-Scale
Large-Kernel Decomposition Attention (MLKDA) module to achieve full-scale target feature coverage,
further improving detection accuracy. Meanwhile, we built an on-orbit simulated spacecraft observation
system and constructed a dedicated space satellite dataset containing 8000 samples, covering three types of
targets including satellites, solar panels and irregular spherical antennas under complex illumination
scenes, and systematically evaluated the performance of the detection algorithm through ablation experi-
ments, comparative experiments and cross-dataset validation. Experimental results show that on the self-
built space satellite dataset, Sat-YOLO achieves 88.4% precision, 85.5% recall, 93.7% mean Average
Precision (mAP)@0.5, and 57. 8% mAP@O0. 5:0. 95, with improvements of 3.7%, 1.3%, 3.2% and
2.9% respectively over the YOLOv11n baseline; on the ExDark low-light dataset, Sat-YOLO outper-
forms mainstream comparative schemes including RT-DETR-I, YOLO series models, MHSA-YO-
LOv5s and YKSB in comprehensive performance. The proposed Sat-YOLO effectively alleviates the core
challenges of space satellite target detection, achieves significant improvement in detection accuracy, and
has excellent environmental adaptability and cross-scene generalization ability, which can provide reliable
technical support for satellite target detection in complex space scenes.
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Tab.1 Ablation experimental results on the self-built space satellite dataset

SPConv C3K2_ASTSA MLKDA P% R% mAP@0.5 mAP@0.5:0.95 FLOPS/G Params/M
0. 847 0.842 0.905 0. 549 6.3 2.58
N 0.851 0. 846 0.916 0.562 5.8 2.34
N/ 0.855 0.844 0.918 0.559 6.7 3.03
N 0. 859 0.847 0.914 0.561 6.5 2.41
NG NG 0.858 0.851 0.921 0.569 6.2 2.98
NG NG 0.861 0.848 0.929 0.565 6.0 2.39
N/ N . 869 0. 849 0.931 0.568 6.9 3.24
NG NG NG 0.884 0.855 0.937 0.578 7.2 3.42
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Fig.7 Heat Map Comparison on the Space Satellite Dataset
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Tab.2 Comparative experiments on SPConv cyclic shift

SPConv module P% R% mAP@0.5 mAP@O0.5:0.95 FLOPs/G Params/M
No cyclic shift 0. 845 0.844 0.908 0.551 5.7 2.32
With cyclic shift 0. 851 0. 846 0.562 5.8 2.34
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Fig. 8 Ablation experiment comparison on the space satellite dataset
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Tab.3 Comparison experimental results of different convolution modules
Convolution P% R% mAP@0. 5 mAP@0. 5:0. 95 FLOPs/G Params/M
Conv 0.847 0.842 0.905 0.549 6.3 2.58
DWConv 0.842 0.838 0.897 0.541 5.5 2.21
DConv 0.845 0. 840 0.901 0.545 5.7 2.38
LSKConv 0. 849 0.843 0.908 0.543 6.5 2.72
SPConv 0.851 0. 846 0.916 0.562 5.8 2.34
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Tab.4 Comparison experimental results of different attention modules

Attention P% RY% mAP@0. 5 mAP@0. 5:0. 95 FLOPs/G Params/M
/ 0.847 0.842 0.905 0.549 6.3 2.58
CBAM 0.849 0. 844 0.909 0.553 7.9 3.51
CA 0.852 0.845 0.906 0.556 7.4 3.43
ECA 0.850 0.843 0.910 0.554 7.6 3.41
SKNet 0.855 0.846 0.911 0.552 6.9 2.98
MLKDA 0.859 0.847 0.914 0.561 6.5 2.41
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Tab.5 Comparison experimental results on the spatial celestial object dataset

Model P% R% mAP@0.5 mAP@O0.5:0.95 FPS FLOPs/G  Params/M
SSD 0. 870 0.839 0. 899 0.533 40. 3 115 26. 35
DINO 0. 877 0.844 0.901 0.541 15 190 32.57
RT-DETR-I 0. 879 0.851 0.927 0. 568 80 108 32.97
YOLOvVSn 0.835 0.831 0. 898 0.542 82 8.1 3.08
YOLOvl11n 0. 847 0.842 0.905 0. 549 95 6.3 2.58
YOLO26n 0. 878 0.848 0.919 0.561 108 5.8 2.39
YSKB 0.871 0. 839 0.906 0. 545 73 17.2 14.8
MHSA-YOLOv5s 0. 869 0. 836 0.912 0. 551 70 18.51 15.9

Sat-YOLO 0. 884 0. 855 0.937 0.578 97 7.2 3.42
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Fig. 10 Image detection results on the exdark dataset
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Tab.6 Comparison experimental results on the ExDark dataset

Model P% R% mAP@0.5 mAP@O.5:0.95 FPS FLOPs/G Params/M
SSD 86. 2 78.5 82.3 48.6 40. 3 115 26. 35
DINO 82.7 76.3 79.5 45.2 15 190 32.57
RT-DETR-I 84.1 80.2 83.6 50. 1 80 108 32.97
YOLOv8n 85.3 81.5 85.2 51.7 82 8.1 3.08
YOLOvI11n 85.7 82.1 86.4 52.3 95 6.3 2.58
YOLOv26n 86.5 82.8 87.2 53.1 108 5.8 2.39
YSKB 86.3 83.0 87.0 52.8 73 17.2 14.8
MHSA-YOLOv5 86.5 83.2 86.9 52.6 70 18. 51 15.9
Sat-YOLO 88.1 84.3 89.5 55.2 97 7.2 3.42
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Fig. 11 Some visual experiment results on the space object dataset.
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