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A method for detecting the wheel rail attack angle
based on laser line detection

Zengqiang Ma*, Zibin Song and Yongsheng Wang

College of Electrical and Electronic Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China

Abstract: Attack angle is a key index to evaluate the stability of snakelike motion in the train. Due to the complexity
of the running train and the small angle of attack, it is difficult to measure the angle between the wheel and rail. This
paper presents a method for attack angle detection based on the laser line and the direction of motion as collinear
wheel on the rail surface. The laser line and orbital edge line were obtained by image correction, Meanshift
smoothing, and Radon line detection, and then the angle was calculated in the image. Comparison between simula-
tion data and test results shows that the method can realize the detection of attack angle and it is simple and feasible
at the same time. Finally, the correction method of the detection error is given, which increases the stability of the
detection method. This method may lay the foundation for the evaluation of stability and safety of train operation.
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Fig. 1 The device system of detection.
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Fig. 2 The schematic diagram of system.
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Fig. 3 Schematic diagram of the attack angle at different time. (a)
Have no attack angle. (b) Have attack angle.
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Fig. 4 Flow chart of trapezoid calibration.
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Fig. 5 Comparison before and after trapezoidal calibration.
(a) Before calibration. (b) After calibration.
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Fig. 6 The flow chart of orbital image.
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Fig. 7 Schematic diagram of Meanshift clustering algorithm.
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Fig. 8 The comparison before and after Meanshift. (a)
Before Meanshift. (b) After Meanshift.
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(a) Min interpolation error. (b) Max interpolation error.
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Fig. 12 Flow chart of straight line extraction.
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Fig. 14 Simulation diagram of wheel rail attack angle. (a) Simulation of wheel rail attack angle of first axle. (b) Simulation

of wheel rail attack angle of third axle.

823

OEE | Advances



OEE | Advances 20174, 44% B 81

T wh A AR o BERE MR TESE R, RO AR IRAR /N, BTLL Aw, 1Y
5.3 MEREE S TR %%UEIEM%'#EXM =3, 4,5, 133

ASCH T HARNUR R 3 BE%h 2560x1280, 34t Av, TEEUG U XA A 1U\ T
VR AE AR AL A AL AR DR TIE SO 2R 0 TP S5 AR B (g, v,) TE ‘
*BME’\JEPADIXbﬁ(ui,vi) . BAPLEZ S ABCD Y XA Vtana , HARSGHAT 9 505, i
AN, I 17 PR LB I N Au, , Av, 53R B SEBR A RS FIAG I RS, 30 s B ds
fE R b KR SRR R A 18 R, o WR2FR.

(u,v) (GG SN, o WLk i fa, B 1T LIS SEBRIE B IR 25 (58 0.1 mm~1.1
N Au, 1 e mm, RIS — MR E AR SCPREE D 1.836
adpaRM, WA v ma I TG Y 2

mm, PFIGIZERZEC AR RGN, % A EE R 5
SESTHORE 2 AR, BERE S Ay, Av, 76 TIARVD, REFUGE R — IR EHRAGEI [ RZ) 500
REAS 5 RN E LA R Bt s (AR, TR ms, REBER DR, 76 TR I ARSI AN T55K o

vi tan a

0.9 = s )
08 UL e Ssm f oo e
0.7 \\/
g 06 /NS /
& 05 ,i
= 04
£ s
® 03y /
0.2 /
[ O
0
0 50 100 150 200 250 300 350 400
HE km/h
B 15 MAIRE T e94bt A 2t K16 ZLBHRERSD.
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Table 1 Test result and error analysis.
Group number Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
Fit-slope 1/k 0.0121 0.0092 0.0103 0.0084 0.0106 0.0073 0.0152 0.0062
Left lateral coordinate 165 156 264 182 167 187 159 153
Attack angle/ 0.693 0.749 0.527 0.481 0.607 0.418 0.871 0.355
Test table settings 0.72 0.84 0.55 0.45 0.65 0.40 0.85 0.40
Absolute errors 0.027 -0.091 -0.023 0.031 0.043 0.018 -0.021 -0.055
Average error -0.016
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Fig. 17 Area selection of image coordinate plane. Fig. 18 Image center area.
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Table 2 Nine group test and actual data.

No. (Au;, Av;) 1/tana Detect distance/mm Actual distance/mm
1 (3,265) 0.0113 102.4 103.00
2 (3,275) 0.0109 103.7 103.00
3 (3,269) 0.0111 102.7 103.00
4 (4,402) 0.0099 163.5 163.00
5 (4,396) 0.0101 162.8 163.00
6 (4,406) 0.0098 164.1 163.00
7 (5,466) 0.0107 195.9 196.00
8 (5,471) 0.0106 196.6 196.00
9 (5,475) 0.0105 197.1 196.00
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