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Abstract: Traffic surveillance systems are essential for ensuring public safety and optimizing urban traffic flow by accurately
detecting, classifying, and monitoring traffic law violations such as illegal parking and jaywalking. However, detecting such
violations in dynamic urban environments poses significant challenges due to unpredictable conditions. Traditional camera-based
systems excel in capturing visual details but suffer performance degradation under low light, occlusion, or complex intersection
scenarios, leading to false positives and missed detections. Therefore, we propose a camera-LiDAR fusion-based traffic violation
detection system. LiDAR's independence from lighting conditions complements camera capabilities, especially in night scenarios or
occluded environments. Experimental results in a real-world urban environment demonstrate the system’s effectiveness in reducing
false positives and missed detections compared to traditional camera-only approaches. This study underscores the potential of
sensor fusion to improve traffic management systems and points out future research opportunities in challenging conditions.
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(b) Illegal parking detection results.
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Fig. 1. Detection results of traffic law violations.
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Fig. 2. System module structure: A traffic law violation detection system based on camera and LiDAR sensors. The main stages consist of the

data pre-processing module, detection and tracking module, detection zone setting module, and traffic law violation detection module.
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Fig. 3. Results of LiDAR calibration using the ICP algorithm.
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Fig. 4. Calibration process for fusion of camera and LiDAR data.

(a) Before calibration. (b) After calibration.

(c) Synchronization and calibration results
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Fig. 5. Results of performing camera, LiDAR synchronization

and calibration.
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Fig. 6. Object detection and tracking module.
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Fig. 7. Object tracking process in the tracking management
module, including track creation, update, and camera-
detected object tracking using camera detection results and
LiDAR data.
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(b) A case of false jaywalking detection.
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Fig. 12. Visualization of detection zone settings in the experimental
environment: shoulder (red), crosswalk (green).
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Table 1. Comparison of performance and reliability between camera
and camera-LiDAR fusion systems (P: Precision, R: Recall,
F1: F1-Score).

AA T4 P(%) R(%) F1(%)
Fh| 2k AL5] 0.95 0.73 0.75
ZhH e}, gholth 8% 0.94 0.83 0.84
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Fig. 13. Jaywalking detection results in occlusion scenarios.
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Fig. 14. Jaywalking detection results in nighttime and occlusion

scenarios.
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Table 2. Performance comparison of traffic law violation detection
across different environmental conditions (P: Precision, R:
Recall, F1: F1-Score).
S 7hl e}, gholth
P(%) | R(%) | F1(%) | P(%) | R(%) | F1(%)
is 094 | 092 | 093 | 093 | 094 | 093
ozt 096 | 081 | 0.88 | 094 | 088 | 091
HA 3 | 10 | 025 | 025 | 095 | 092 | 093
ks 0.95 0.1 0.18 | 094 | 0.11 | 0.20
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Table 3. Performance comparison of detection by traffic laws
violation types (P: Precision, R: Recall, F1: F1-Score).
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P(%) | R(%) |F1(%) | P(%) | R(%) | F1(%)

s 095 | 071 | 0.81 | 092 | 0.82 | 0.87

EHFAA | 099 | 092 | 095 | 098 | 0.92 | 0.95

A HES | 097 | 082 | 0.88 | 0.96 | 0.87 | 091
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Fig. 15. Detection results in adverse weather condition.
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Fig. 16. Illegal parking detection results in nighttime.
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Table 4. Performance evaluation by dataset training scale (P:
Precision, R: Recall, F1: F1-Score).
e 7het, etoltk
P(%) | R(%) |F1(%) | P(%) | R(%) | F1(%)
Hlo]E] 20% Sh5 | 0.94 | 0.74 | 0.83 | 0.92 | 0.84 | 0.86
HlolE] 70% S5 | 0.98 | 0.89 | 0.94 | 0.99 | 0.97 | 0.97
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