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Semantic-Enhanced Cross—Camera Vehicle Tracking Method for Highway Scenarios
Weiting Guo
Yangtze University

[Abstract] Aiming at the problems of degraded vehicle re—identification (RelD) accuracy and low
cross—camera association efficiency caused by illumination changes, viewpoint variations, and target occlusions
in Multi—Target Multi—Camera Tracking (MTMCT) for highway scenarios, this paper proposes a cross—camera
vehicle tracking method based on semantic enhancement and vector retrieval. First, in the single—camera view,
the YOLOv11 object detection algorithm combined with the ByteTrack tracker is used to achieve
high—precision vehicle trajectory extraction. Second, to address the robustness of cross—camera feature matching,
this paper improves the CLIP—RelD framework by designing a Visual Context Prompt module to integrate
environmental prior information, and proposes a Semantic Alignment Loss to bridge the heterogeneous gap
between visual features and text semantic features, thereby extracting more discriminative vehicle appearance
features. Finally, targeting the computational bottleneck caused by massive vehicle feature matching across
cameras, the ClickHouse vector database is introduced for the storage and efficient retrieval of high—dimensional
features to complete the global association of cross—camera trajectories. Experiments on the public VeRi—776
dataset and a self~made highway vehicle dataset show that the proposed method significantly improves the
accuracy and robustness of cross—camera multi—target tracking while maintaining high real—time performance.
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