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LI Qian, WANG Shangguang
(State Key Laboratory of Networking and Switching Technology, Beijing University of Posts and Telecommunications,
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Abstract:  With the rapid development of space-air-ground integrated systems, intelligent on-board satellite
computing has become an important technical foundation for supporting remote sensing perception, situation analysis, and
emergency decision making. However, it faces several challenges, including limited on-board computing power and storage,
complex noise in multimodal heterogeneous data, and dynamic changes in task semantics. Existing multimodal fusion
methods mainly emphasize vision-text alignment or large-model-driven reasoning, while knowledge graph methods focus
on structured semantic modeling. Most of these methods are designed for ground-side high-performance computing
environments and lack a unified deployment mechanism for satellite edge computing scenarios. To address these problems,
this paper proposes a knowledge-guided multi-modal modular satellite network (KM?® -SatNet) for space-air-ground
integrated systems. Different from existing methods that directly introduce a global knowledge graph or adopt a fixed fusion
structure, this paper develops an integrated design around “task-related knowledge pruning, knowledge-constrained robust
fusion, budget-aware dynamic reasoning, and edge-cloud collaborative adaptive deployment”. First, a satellite task
knowledge graph is constructed, and dynamic knowledge subgraph extraction is achieved through semantic matching,
relation-aware expansion, and personalized PageRank. Second, a knowledge-constrained gated fusion mechanism is

designed to establish interpretable dynamic interaction constraints among vision, text, and knowledge. Furthermore, a
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modular and prunable inference structure and a computing-power-aware controller are proposed to realize adaptive module
selection under on-board budget constraints. Finally, an edge-cloud collaborative optimization strategy considering link
fluctuation and interruption fallback is presented. Experimental results on multimodal remote sensing task datasets show
that, compared with typical multimodal fusion models, the proposed method improves accuracy by 6.3% on the object
recognition task and by 5.8% on the disaster scene recognition task. Meanwhile, compared with the lightweight remote
sensing multimodal large language model lite (RS-MLLM-Lite), the number of model parameters is reduced by 50.0%;
compared with Swin-L, the number of parameters is reduced by 98.7%, and inference latency is reduced by 67.7%. The

results demonstrate that KM?-SatNet can maintain high accuracy while balancing model scale, latency, energy consumption,

and robustness, making it suitable for multimodal intelligent computing deployment in satellite edge environments.
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Table 1  Details of the experimental datasets
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Table 2 Statistics of the self-built disaster scene recognition dataset
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Figure 4  Construction and quality control process of the self-built disaster scene dataset
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Table 3 Examples of knowledge-domain expansion for typical remote sensing scenarios
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Table 4  Statistics of SRS-KG entity types
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Table 5 Statistics of SRS-KG relation types
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Table 6 Experimental hardware platform parameters
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Table 7 Comparison results on multimodal remote sensing object recognition

T mAP@0.5/% ZHiat FLOPs E T L /ms BRI REAE/)
DeepLabV3+(MobileNetV2) 78.5 2.2 % 10° 5%10° 5.1 0.026
YOLOv8-nano 82.4 3.6 % 10° 8 x 10° 6.8 0.034
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Table 8 Comparison results on disaster scene recognition
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Figure 6 Robustness comparison of models under different interference conditions
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