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Track gauge measurement based on wheel-rail
lateral relative displacement
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Abstract: Aiming at the complexity of the traditional gauge detection method, high requirements for the installation
and large amount of data analysis, a gauge measurement method based on the relative transverse movement of
wheel and rail is designed in this paper. Two sets of laser source and camera combinations are used to dynamically
collect the image of the inner straight line part of the rail head in the method. According to the rail parameters, the
Hough detection and perspective transformation are used to rectify the image from the same acquisition distance.
Compared to datum moment, the variation of vertical displacement of the center point of the laser is computed. And
through the geometrical relation of the variation previously described and the lateral relative displacements of the
two wheels, the relative transverse displacement of the two wheels is calculated. The relative initial time gauge
change is gained by the difference, which realizes the indirect measurement of the track gauge. The experimental
results show that the method has the characteristics of simple hardware structure, small data calculation, high
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measurement precision, and can realize hon-contact dynamic measurement of gauge parameters.
Keywords: gauge measurement; vertical displacement of spot; wheel-rail lateral relative displacement; perspective

correction; indirect measurement
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Fig. 2 Inspection principle of track gauge Fig. 3 Calculation of wheel and rail traverse
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Fig. 5 Image preprocessing. (a) Before treatment; (b) After filtering; (c) After enhancement
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Fig. 6 Fluoroscopic correction of detected image.
(a) Reference image; (b) Hough line detection; (c) Feature line extraction; (d) Detected image after correction
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Fig. 7 Laser spot center. (a) Spot center of detected image;
(b) Spot center of reference image
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Fig. 8 The relative sliding between wheel and rail. (a) Detection schematic diagram; (b) Equipment installation diagram
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Fig. 9 The relative error of traverse rail diagram. (a) Traverse data diagram; (b) Error analysis diagram
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Table 1 Data analysis of standard gauge cross movement error analysis mm
A ( )
0.06617 0.00345 0.05878 0.01226
0.062917 0.00378 0.06147 0.01282
0.057417 0.00285 0.05336 0.01113
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Fig. 10 Inspection equipment installation drawing Fig. 11 Data processing interface of gauge measuring system
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Table 2 Gauge inspection data analysis mm
(p=0.95)""
10 474 474.47 0.47 0.16 0.54~0.86
10 477 477.62 0.62 0.15 0.47~0.77
10 480 480.67 0.67 0.18 0.49~0.95
10 483 483.65 0.65 0.14 0.51~0.79
10 486 486.68 0.68 0.17 0.51~0.95

190252-6



https://doi.org/10.12086/0ee.2020.190252

1 mm

mm\-2 mm

5

[7-9]

2 ®

Hough

S22 3Rk

[1]

[2]

3]

[4]

[5]

[6]

[7

8l

China Railway Corporation. Regulations on railway technical
management[R]. Beijing: China Railway Corporation, 2014:
12-13.

¥ E S NG BRI ARE EAAR[R]. e PR AF],
2014: 12-13.

Feng Q S, Lei X Y, Lian S L. Vibration analysis of high-speed
railway tracks with geometric irregularities[J]. Journal of Vibra-
tion Engineering, 2008, 21(6): 559-564.

LA, FERA, SR, RPFIREM T Fik 488 I 5) 0 fEAT
B [J]. #3) TA2F4R, 2008, 21(6): 559-564.

Lei Y, Tian X Y, Qi F L, et al. Vertical track irregularity influence
on the wheel high-frequency vibration in wheel-rail system[J].
Mathematical Problems in Engineering, 2016, 2016: 5082319.
Luo S H. Study on the influence of the track gauge on vehicle
yaw stability[J]. China Railway Science, 2010, 31(2): 56-60.

T A, SIEATALE E AL T M H e AT R[] T B &E A
2010, 31(2): 56-60.

Perrin G, Duhamel D, Soize C, et al. Quantification of the influ-
ence of the track geometry variability on the train dynamics[J].
Mechanical Systems and Signal Processing, 2015, 60-61:
945-957.

Shah M. Automated visual inspection/detection of railroad
track[R]. Orlando: University of Central Florida, 2010.

Shi H M, Zhang J K. Study on track gauge measurement system
based on laser triangulation principle[J]. Chinese Journal of
Scientific Instrument, 2013, 34(9): 1934-1940.

ke, ker A AT HOL= AN BRI IES N A LATR[I].
ALK F AR, 2013, 34(9): 1934-1940.

Min Y Z, Wang H X, Kang F, et al. Study on rail gauge detection
systems based on image sensors[J]. Laser Technology, 2015,
39(3): 344-348.

El

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

(19]

[20]

190252-7

RAZ, B, B, F. A TERXAEA R QRAIIELD £
SAFT[I]. MOEHEOR, 2015, 39(3): 344-348.
Wei S B, Liu L P, Zhao Y F, et al. GJ-6 type track inspection
system[J]. Railway Engineering, 2011(11): 98-101.
AR, XA, RIBE, F GI-6 A PE AN A L[] BN,
2011(11): 98-101.
Dai Q, Wang Y J, Han G L. Perspective image rectification
based on improved hough transformation and perspective
transformation[J]. Chinese Journal of Liquid Crystals and Dis-
plays, 2012, 27(4): 552-556.
R¥y, TiEXR, ) R, ATt Hough % fe A% #495A0
BEHIE[D]. el 7, 2012, 27(4): 552-556.
Chao Z C, Fu S H, Jiang G W, et al. Mono camera and laser
rangefinding sensor position-pose measurement system[J]. Acta
Optica Sinica, 2011, 31(3): 0312001.
RER, KRB, £, F. 28 BEA-HOLN B R B
MEF FR L[] K FIR, 2011, 31(3): 0312001.
Chai D M, Xu XY, Liu L P, et al. Detection system of GJ-4 type
track inspection vehicle (Part 1)[J]. Railway Engineering,
2000(2): 36-38.
SR, T, 3ATE, F. G4 R E el A 4 (ERZ
—)[J]. 4k 34, 2000(2): 36-38.
Zhang Z F, Feng Q B, Gao Z, et al. A new laser displacement
sensor based on triangulation for gauge real-time measure-
ment[J]. Optics & Laser Technology, 2008, 40(2): 252—-255.
Xu H, Wang P, Chen R, et al. Impact of line condition on trans-
verse dynamic offset of high-speed train[J]. Journal of Railway
Science and Engineering, 2013, 10(5): 12-17.
ik, R, Bk, F RREMPTHRINEHQSSRBENY
Ad]. kA S5 T4254R, 2013, 10(5): 12-17.
Yuan X C, Wu L S, Chen H W. Improved image preprocessing
algorithm for rail surface defects detection[J]. Journal of Com-
puter-Aided Design & Computer Graphics, 2014, 26(5):
800-805.
FONER, ZARE, HRAAR. RSE T B AR 64 B AR TR 2 pt B
*[3). ARt 5 B F 43Rk, 2014, 26(5): 800-805.
Wang C Y, Wang W J, Guo J, et al. Effects of travers and yaw
angel on rolling contact of wheel/rail[J]. Machinery Design &
Manufacture, 2012(12): 31-33.
EHE, TXME, IHR, F. BB E. Bk AT HIR S ERAT A 6
FrAF R[] ARkt 5 41, 2012(12): 31-33.
Ma Z Q, Song Z B, Wang Y S. A method for detecting the wheel
rail attack angle based on laser line detection[J]. Opto-Electronic
Engineering, 2017, 44(8): 818-825.
L3k, RTM, TR A THOLA GBI AR X[
i, TA42, 2017, 44(8): 818-825.
Xia J, Sun J G. Forward-looking infrared image segmentation
based on region growing[J]. Laser & Infrared, 2011, 41(1):
107-111.
BSh, a4k, AT RRA KA N B R F 5 ik[d]. kS
4rsh, 2011, 41(1): 107-111.
Tang G Q. Analysis and comparison of several calculation me-
thods of beam spot center[J]. Journal of Beijing Institute of Ma-
chinery, 2009, 24(1): 61-64.

TRE, JUAP MO BE T AL Bk 0 s [J]. AL RALR T k3
%% 4R, 2009, 24(1): 61-64.
Zang M W. Evaluation and expression of uncertainty for chemi-
cal analysis and measurement (I)[J]. Chinese Journal of Analy-
sis Laboratory, 2005, 24(11): 74-79.
AT, TR LIRS KT ()J]. 247K E, 2005,
24(11): 74-79.



https://doi.org/10.12086/0ee.2020.190252

Track gauge measurement based on wheel-rail
lateral relative displacement

Zhang Guangyuel, Ma Zenggiang!*, Yuan Jiajing!, Kang Del, Yan Deli?, Li Junfeng?

'School of Electrical and Electronics Engineering, Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China;
?School of Mechanical and Electric Engineering, Handan University, Handan, Hebei 056000, China

Reference time m - £~ \‘:I:§; 77777 Acquisition time N
Acquisition time n™ " [ o Locomotive moving 3 f ;
q o 1 sideways to the right 1 L:Li o Reference time M
[P - . |l2'

Inspection principle of track gauge

Overview: With the rapid development of urban rail transit, the detection of track infrastructure is an important
guarantee for ensuring the safe operation of trains. Gauge is one of the most important parameters in the track infra-
structure. The change of the gauge distance will cause various vibrations of the train to change the wheel-rail force. It is
the control factor that affects the safety and stability of the train operation, and is also an important reason for the dam-
age and failure of the track structural components. With the increase of the operation speed of high-speed railways and
the expansion of operation scale, it is an important task in rail transit safety work to master the information of gauge
status and ensure the safety of rail transit transportation. However, most of the current gauge detection methods have
problems such as high installation difficulty, large amount of data calculation, and expensive detection, and is difficult
to achieve ideal effect in complicated dynamic environments. Therefore, this paper proposes a gauge detection method
based on the relative movement of wheel and rail. This method uses the lateral variation of the left and right wheel pairs
relative to the reference point to measure the gauge distance indirectly during the locomotive operation. Firstly, two
laser cameras are used to respectively collect the laser spot image projected by the laser source into the left and right
gauge detection area, and then the perspective correction transformation matrix is obtained through coordinate trans-
formation according to the positional relationship of the corresponding feature points in the reference time image and
the detection time image and through the transformation matrix. The detection time image is corrected to obtain a front
view image which is unified with the acquisition time at the reference time. The horizontal swing during the locomotive
operation is much larger than the vertical vibration. Therefore, we accurately extract and locate the center point position
of the laser spot. The mathematical transformation is established by the vertical displacement change of the laser spot
center point in the two-track gauge detection area. The change of the relative movement between the wheel and rail on
both sides of the reference time is obtained by calculation, and the gauge detection is finally realized. We verified and
evaluated the gauge detection method proposed in this paper through multiple sets of dynamic experiments and using a
variety of evaluation indicators. The experimental results show that the maximum error of the gauge detection method
is less than 1 mm, which can meet the requirements of high-speed track detection as stipulated by China Railway Cor-
poration. The detection device composed of simple structures is easy to install. In addition, the device has high robust-
ness to a complex environment, and has certain practicability.
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