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Abstract: Real-time and precise passenger trajectory tracking is a key technology for achieving intelligent
safety management in subway stations. However, subway stations commonly suffer from low-light conditions
and frequent passenger occlusions, which often compromise the tracking accuracy of existing mainstream
multi-object tracking (MOT) techniques of computer vision in practical applications of subway management.
To address this issue, this paper proposes a passenger trajectory tracking method based on low-light image
enhancement, aiming to improve tracking performance in low-light subway station environments and frequent
passenger occlusions. First, an advanced Retinexformer technique is introduced to restore details and enhance
image quality in low-light surveillance videos. Subsequently, two MOT algorithms, i.e., the observation-centric
SORT (OC-SORT) and the feature-sparse SparseTrack, are employed for passenger trajectory tracking.
Experimental results demonstrate that after image enhancement, the OC-SORT model achieves 73% HOTA and
96% MOTA in low-light conditions, while the SparseTrack model achieves 76% HOTA and 98% MOTA.

Keywords: Traffic safety; multi-object tracking; computer vision; low-light image enhancement
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Fig.1 Tracking of Movement Trajectories of Subway Passengers Under Low-Light Conditions
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Fig.2 Image Enhancement Results
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Tab. 1 Model Training Performance Comparison

PRSI

R gL PRER A i FET X PRI B AN % JET Retinexformer
AP[ IoU=0.50:0.95 | OC-SORT 0.806 0.809 0.808 0.809
area= all ] SparseTrack 0.85973 0.83410 0.83734 0.86332



AP[ IoU=0.50 | OC-SORT 0.990 0.990 0.990 0.990

area=all | SparseTrack 0.99007 0.99007 0.99008 0.99009
AP[ 1oU=0.750 | OC-SORT 0.943 0.953 0.953 0.953
area=all | SparseTrack 0.97725 0.96592 0.96600 0.97745
AP[ IoU=0.50:0.95 | OC-SORT 0.593 0.594 0.589 0.595
area= small | SparseTrack 0.65852 0.65250 0.66301 0.64565
AP[ IoU=0.50:0.95 | OC-SORT 0.790 0.791 0.790 0.792
area= medium ] SparseTrack 0.85008 0.82170 0.82285 0.85242
AP[ IoU=0.50:0.95 | OC-SORT 0.839 0.838 0.840 0.842
area= large ] SparseTrack 0.87748 0.86306 0.86515 0.88076
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Tab. 2 Model Prediction Performance Comparison

PRI bR PRI e I 3 HT XL IER BTN BT Retinexformer

OC-SORT 0.96213 0.95082 0.95807 0.96326
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SparseTrack 0.98416 0.97215 0.98143 0.98589
OC-SORT 0.72042 0.69692 0.71745 0.73387
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SparseTrack 0.75228 0.72452 0.74553 0.75657
OC-SORT 0.89761 0.86936 0.88343 0.89791
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SparseTrack 0.90744 0.88480 0.90079 0.90822
OC-SORT 0.96605 0.95474 0.96189 0.96686
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SparseTrack 0.98838 0.97680 0.98582 0.98811
IDEL OC-SORT 0.74629 0.75352 0.76130 0.76259
SparseTrack 0.76519 0.75643 0.76491 0.76950
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Fig.3 Tracking Example of the OC-SORT Model Based on Retinexformer
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Fig.4 Tracking Effect of the OC-SORT Model With/Without Image Quality Enhancement
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Fig.5 Tracking Example of the SparseTrack Model Based on Retinexformer
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Fig.6 Tracking Effect of the SparseTrack Model with/without image quality enhancement
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