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Abstract: To address the challenge posed by significant environmental noise that disrupts the parameters
of binocular vision systems in pantograph anomaly detection-thereby compromising the accuracy of dispari-
ty maps and detection precision-an improved stereo matching method was developed and integrated with
anomaly feature detection for this application. This study employs an expanded neighborhood cost calcula-
tion and weighted cost aggregation to mitigate the inaccuracies associated with binocular epipolar geometry
induced by environmental noise or structural alterations. The local binary pattern method was utilized to
compute the cost distribution function, rendering the algorithm applicable for fixed scene detection. Addi-

tionally, the disparity search space was constrained to enhance efficiency for real-time trackside detection.
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Subsequently, abnormal feature detection was conducted on the reconstructed 3D point cloud to derive

measurement outcomes. The efficacy of this approach was validated within a pantograph anomaly detec-

tion system at railway stations. Experimental results indicate that the proposed algorithm enhances time ef-

ficiency by over 30% and measurement accuracy by more than 60% when compared to conventional algo-

rithms, thus effectively addressing the issues of low efficiency and insufficient accuracy in rail transit on-

site detection equipment.

Key words: pantograph inspection; stereo matching; anomaly detection; disparity optimization; 3D re-

construction
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Fig.1 Framework of binocular vision-based pantograph abnormality detection system
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Tab.1 Algorithm accuracy evaluation in ideal environmental conditions

. Avg ICP Minimum residual
Algorithm Sample
RMSE/mm Measured value/mm True value/mm Avg MRE/mm
SGM 0.24 24.05/24.82/24.78/25. 29 0.25
CostFilter 0.22 23.82/24.47/24.71/25. 39 0.21
PatchMatch 0.20 23.44/25.04/25.27/24.82 0.31
11/12/13/14 23.6/24.6/24.9/25.1
DLNR 0.16 23.83/24.18/24.46/24. 89 0.28
Selective-IGEV 0.18 23.79/24.81/24.74/24.99 0.17
Ours 0.20 23.36/23.87/24.69/25. 22 0.21
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Influence of X-axis translation noise

Influence of Y-axis translation noise
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Fig. 8 Simulation experiment results of laboratory environment noise
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Tab.2 Accuracy test data of laboratory environment disturbance simulation experiment

MRE/mm
T,/mm T./mm R./(")
SGM CostFilter PatchMatch DLNR  Seclective-IGEV Ours
0.9 / / 0. 37 0.29 0.36 0.37 —0.16 —0.13
1.8 / / 0.77 0.45 0.69 —0.27 —0.22 —0.20
2.7 / / 1.21 0.99 1.19 0.76 0.31 0.27
3.6 / / 1.53 1.44 1.47 0.83 0. 69 0.21
/ 0.9 / —0.24 —0.21 —0.27 0.27 —0.22 —0.17
/ 1.8 / —0.45 —0.44 —0.55 —0.38 —0.42 0.47
/ 2.7 / —0.75 —0.78 —0.69 0.46 —0.40 —0.11
/ 3.6 / —1.17 —1.01 —0.99 0.33 —0.68 0.22
/ / 0.2 0.45 0.34 0.41 0.43 0.33 0.14
/ / 0.4 0.83 0.76 0.75 —0.29 0. 59 —0.12
/ / 0.6 1.35 1.28 1.20 0.54 0.66 0.16
/ / 0.8 1.65 1.54 1.35 0.99 0.64 0.11
1.4 1.4 0.4 1.77 1.52 1.66 0.68 0.43 0.46
/ / / 0. 56 0.47 0.51 0.36 0.12 0.10
/ / / 0.93 0.85 0.85 0.42 0. 46 0.22
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(a) Conventional stereo matching method(SGM) (b) Deep learning algorithm(Selective-IGEV) (c) Ours
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Fig.9 Comparison of disparity map
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Tab.3 Algorithm accuracy and efficiency evaluation at worksite

MRE/mm
Sample True value/mm
SGM CostFilter PatchMatch DLNR  Selective-IGEV Ours
A 29.40 0.71 0.67 —0.35 0. 26 —0.19 —0.12
B 38.90 —0.65 0.79 0.94 0.62 0.43 0.18
C 40. 10 0.89 0.74 0.67 0.81 0.63 0.20
D 36. 60 —1.31 —0.67 0.95 0.49 —0.33 0.38
E 40. 20 0.07 —0.12 0.21 —0.17 0.10 —0.17
F 34. 20 —1.14 —0.99 —1.23 —0.46 —0.44 —0.35
G 34. 80 —0.41 —0.37 —0.96 —0.37 —0.64 0. 34
H 38. 20 0. 40 0.67 0.37 0.32 0.24 —0.19
Average — 0.70 0.63 0.71 0.44 0.38 0.24
ICP RMSE/mm
Sample True value/mm
SGM CostFilter PatchMatch DLNR  Selective-IGEV Ours
A 29.40 1.21 1.77 0.94 0.25 0.13 0.19
B 38.90 0.97 1.45 0.39 0.14 0.27 0.22
C 40. 10 1. 80 0.39 0.29 0.25 0.47 0.17
D 36. 60 0.74 1.88 1.61 0.30 0.65 0.12
E 40. 20 0.92 1.32 0.62 0.39 0.24 0.31
F 34.20 1.46 0.34 1.13 0.18 0.04 0.22
G 34. 80 1.43 0.03 0.23 0.43 0.08 0.16
H 38. 20 1.65 0.95 0.96 0.35 0.62 0.22
Average — 1.27 1.02 0.77 0.29 0.31 0.20
Time consume/ms
Sample True value/mm
SGM CostFilter PatchMatch DLNR  Selective-IGEV Ours
A 29.40 112 159 216 2140 2515 79
B 38.90 131 164 222 2266 2529 91
C 40. 10 122 163 234 2245 2542 83
D 36. 60 127 154 231 2258 2547 90
E 40. 20 118 152 214 2226 2498 86
F 34. 20 111 155 214 2234 2493 81
G 34. 80 124 166 223 2241 2458 86
H 38. 20 143 151 233 2247 2504 93

Average — 124 158 223 2232 2511 86
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