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[Abstract] To address the challenges of redundant perceptual information, insufficient scene semantic
understanding, and weak generalization capability of rule-based decision-making for unmanned ground vehicles
(UGVs) in complex terrestrial environments, this paper constructs a cognitive decision-making framework that
integrates multi-source perception, vision-language large models, and safety-constrained decision-making. The
system employs ROS Noetic as the communication and scheduling backbone, utilizing onboard cameras,
LiDAR, and an IMU to acquire environmental and motion state information. Visual input quality is enhanced
through image denoising, brightness equalization, edge enhancement, and size normalization. At the cognitive
layer, a multimodal large model is introduced; structured prompts are designed to output scene descriptions,
target states, risk levels, and suggested actions as parseable JSON semantic results. At the decision-making layer,
motion control, target tracking, parking obstacle avoidance, or warning commands are generated by combining
target states, mission rules, and safety constraints. Experimental results from 180 test runs across three typical
UGV mission scenarios—normal traversal, obstacle detouring, and target tracking—show that the overall
recognition accuracy is 96.7%, the target-state determination accuracy is 99.4%, and the structured-output
qualification rate is 100%, thereby verifying the feasibility of empowering UGV cognitive decision-making with
multimodal large models.

[Key words] unmanned ground vehicle; multimodal large model; ROS; cognitive decision-making; dynamic

window approach; safety constraints
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