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Calibration and error correction method for a line laser
train wheel measurement system

Li Xinfei, Yan Ran,Xia Lei,Zhao Qing,Zhang Kaifei

(College of Mechanical Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: To address the challenges of complex sensor calibration procedures and workpiece placement eccentricity in online 3D
geometric parameter measurement of train wheels, this study proposes a high-precision measurement system based on multiple line laser
sensors, along with an error correction method. A multi-layer dynamic coordinate transformation model is developed to accurately map
sensor data to the wheel’s 3D geometric information without being constrained by placement eccentricity. A stepwise calibration strategy
is employed, using cube, cylinder, and profiled rotary calibration blocks to sequentially calibrate the installation pose and position
parameters of the sensors. A pose fine-tuning mechanism is further implemented to achieve coplanar calibration of multiple sensors,
overcoming coplanarity challenge caused by assembly errors in large-scale scanning systems. To address wheel placement eccentricity, an
eccentricity error compensation method based on dynamic polar coordinate correction is introduced. By computing the axis offset in real-
time and tracking the workpiece axis trajectory, radial dimension measurement errors are significantly reduced, overcoming the
limitations of traditional mechanical centering under special operating conditions. Experimental results show that the system achieves an
absolute measurement error is less than +=0.069 mm, a repeatability standard deviation below 0. 049 mm, and a fluctuation range of
radial dimension errors after correction reduced to within 0. 170 mm, meeting industrial-grade precision measurement requirements. In
practical engineering applications, the maximum relative error between the system’s measurement results for complex geometric features
of a 915KKD-type wheel and reference values obtained by a laser tracker is less than 0. 135% , confirming the system’s reliability and

engineering applicability. Beyond train wheels, the system can be extended to other rotary workpieces for 3D precision measurements,
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providing a universal calibration and error correction solution for multi-line-laser-sensor rotational scanning measurement systems.

Keywords : line laser sensor; pose calibration; error correction; train wheel measurement; 3D measurement
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Fig. 1 Installation diagram of the 3D train wheel

measuring system
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Fig.2 Model diagram of the 3D train wheel

measuring system
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Fig.3 Schematic diagram of the line laser sensor

scanning model
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Fig. 4 Calibration diagram of the a yaw angle
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Fig. 7 Calibration diagram of the offset distance
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Fig.8 XOY planar projection view of the offset distance calibration
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Fig.9 Position and posture adjustment mechanism
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Fig. 11 XOY plan view of placing eccentricity measurements
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Fig. 14  Photograph diagram of the standard rotary body (mm)
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Table 3 Measuring machine measurement results of the standard rotary body (mm)
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Table 5 Measurement results under different placement eccentricity conditions (mm)
IS R4 A
5 RGF 0. 82 1.23 3.26 4.89 7.88 9.34 10. 86 13.26 15.05 16.77 18.43 20.59
1 D, 800.051 800.028 800.062 800.039 799.994 799.977 799.937 800.073 800.034 800.062 800.068 799.977
2 D, 700. 111 700. 088 700.077 700.105 700.145 700.122 699.986 700.077 700.111 700.139 700.031 700. 156
3 Dy 500.022 500.017 499.988 500.005 500.073 500.056 499.971 500.056 500.073 499.994 500.039 500.011
4 H, 300. 031 300.043 300.026 300.048 300.054 300.065 300.009 300.043 300.020 300.060 300.037 300.026
5 H, 199.969 199.935 199.957 199.980 199.986 200.003 199.952 199.997 199.969 199.974 199.957 199.952
HCER LS R BRSSP L B R L w0 e ——
B, TR AT D30 30 5 R, e 6 . g PN BN
£ N/ £,V VY
*6 FAEMEROETUENBESHT B1999 27000
Table 6 Statistical data of measurements under various 799.8 699.9 ‘
YA PO HAN S )
eccentricity values (mm) SRERARR TR SREARHRHE1RR
J8UE fLy/mm T8 f-Lr/mm
W ) - I5N (a) D, B EAL (b) D, B A
75 RAf JHCE AR FHIE W2 Az s (a) D, méasurements (b) D, measurements
" W
001 T as
1 D, 800.0252 0.136 0.044 0.113 e
P e WA
2 D, 700.0957 0.170 0.049  0.136 3000 e VoV
3 Dy 0.82~20.59 500.0254 0.102 0.034 0.113
4 H 300.038 5 0.056 0.017  0.045 490 6 YR 2999 56 PCYCY Ny
| SRS TR
5 H, 199.969 3 0.068 0.020 —0.045 B L/mm WO 4R y/mm
(¢) D, A (d) H, B0 & A
(c) D, measurements (d) H, measurements
BL D, R, 25 LB 0. 82 mm 34 ZE 20. 59 mm i, ——umu
S B . < N 200.1+
HEETE 699. 986 ~ 700. 156 mm 3t Bl 4 A8 4k, Bz 2% 3k .
0. 170 mm ; 1717 &5 BEARFAE (9 0 22 A 0% sy B B/, n H #E ézooo
300. 009 ~300. 065 mm AL, ## 224Ky 0. 056 mm, X I \/”/\\/\ e
3 R R 522 U P 5 T S, 530 o

AR 2E BN — 3, kB 16 Frs py il i
BT AT 25 8 R O (B I B DR 22 ) G R  XTF
ELART I 158 2 Bl o 34 0 22 30T (2R PR BG K (H 5 I 38
I IR ZERE R AR 2 X TR BRI, I 25 5 O
E TG WM G R (AR HE 2208 AT LT, R R0 7] B
R GRS A T e AR E M, A O
XU e A I BIAEAE 52 ), i A 000 1 1 48 o) 158 25 34 42 o
TE20. 136 mm AN, 5t AILAE 00 O 152 2548 TE Je 15 %
IR B ) R
2.2 SERRRZFISIE

BRI B R G AR S R, an & 17 B R
915KKD PR s &% o H 4N A AR AR50 HEAT T A

SEBR ] ATA03 WHOGER ER AN (25 [8] Ak AR ) 22 4 i
RIAEEE A 15 um R EHZ2 1 m KEEHIEN 6 wm) FRHL
TR AT AR, (A L A AT T 5 IR
S A ISR R 7 TR

V» 0609 ¢aX 00 H AN DO
SRR RSRRERS

J8UE A /mm
(e) H, B BAR
(e) H, measurements
K16 e i O i R ST 15
Fig. 16 Trend analysis of radial measurement error due
to placement eccentricity

17 915KKD H%: 4%
.17  915KKD-type train wheel
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Table 7 Measurement results of the wheel (mm)
4577 57
s 4 R Uk (E
1 2 3 4 5
1 W EAR 917. 268 917.331 917.334 917. 231 917. 334 917. 307
2 A SN AR 778. 342 778. 385 778.379 778. 367 778.371 778. 324
3 SMNEE AR 775.720 775.733 775.756 775.782 775.764 775.728
4 PG MR 277. 624 277. 642 277.589 277.592 277. 587 277. 631
5 HMNEE B AME 277.730 277.678 277. 661 277. 663 277.748 277.711
6 it JER 971. 150 971.195 971.123 971. 207 971. 182 971. 169
7 R 137. 185 137. 156 137.162 137.187 137. 149 137. 186
8 B 178. 481 178. 479 178. 463 178. 477 178. 453 178. 458
9 Ae M AR R 22.031 21.979 21.982 22. 046 22.083 21.976
10 e [v] A A S 8 30. 962 30. 942 30.975 31. 005 31. 007 31.018
11 KRR R 26.052 26. 053 26. 093 26. 115 26. 108 26. 067
12 PN 2 i 69. 024 68.977 69.017 69. 002 68. 994 68. 981
13 S 27.784 27.750 27.727 27.741 27.753 27.798
14 PR A i 51.592 51.582 51.542 51.557 51.528 51.536
15 M A 111.135 111.097 111. 115 111. 109 111. 101 111.128

XPI B AT AT TR T R I (e A xR 2E R VR bR FARS R R 8 TR,

*8 WENNEHERIT

Table 8 Statistical analysis of wheel measurement data

75 HUES YN FEE(E/ mm SEHE/ mm Y5t 1% 22/ mm AR 22/ % W2/ mm FrifE 2%/ mm
1 KT H A 917. 268 917.307 4 0.039 4 0. 004 0. 103 0. 044
2 PSS N AR 778. 342 778.365 2 0.023 2 0. 003 0. 061 0.024
3 SMNFETE A A 775.720 775.752 6 0.0326 0. 004 0. 054 0.022
4 ES AR 277. 624 277. 608 2 -0.0158 -0. 006 0. 055 0. 026
5 MGG AME 277.730 277.692 2 -0.037 8 -0.014 0. 087 0. 037
6 Litee SERE 971. 150 971. 175 2 0.025 2 0. 003 0.084 0.032
7 i 137. 185 137.168 0 -0.017 0 -0.012 0.038 0.018
8 Lig=31: 3 178. 481 178. 466 0 -0.015 0 -0. 008 0. 026 0.012
9 HE N 8 Al S 22.031 22.013 2 -0.017 8 -0. 081 0. 107 0. 049
10 r [R) 4 A R 30. 962 30.989 4 0.027 4 0. 088 0.076 0.031
11 B ARUE 26. 052 26.087 2 0.0352 0.135 0. 062 0.027
12 P 2 69. 024 68.994 2 -0.029 8 -0. 043 0. 040 0.016
13 HMI B 27.784 27.753 8 -0.030 2 -0. 109 0.071 0.027
14 PR e A 51.592 51.549 0 -0.043 0 -0.083 0.054 0.021
15 S B 111.135 111. 110 0 -0.0250 -0.022 0.031 0.012

SR I R G Z A UATRF AR R B IR R 2E <0, 135% , Tk i AR £ 0K 5 4% I 4 30T f)
B R E BT AT D B T 2 X 1R 22 1 < £0. 069 mm, e EAEIEAR R4F 2R KAE N 0. 107 mm, b5 1 22 B K {H
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XA ) JUART R AR 55 Ry 52 2% JT 3850, L0 5k 5 SR AT 42 o)
FESCVFTE IR P 5 I (5 FE A A X L AT R, R 48
D5t 235 5 5 O BR R AR W (B EL A R A 1 —B0hE | IR
T RS T AR

ZE AT i R G SR AR R B R
B (1 0 R B A M R T 5 2 L AR AR AR 1 0
TR, R e A AR T SR AR SRR

3 & i

RAET K450 = 4 w408, I it T —F= 4L
T 2L BOCL AR K E LR =4 R, Wy
2 )2 NABR Bl AS W R R | 7R AN 37 4250 CE IO 2 BT 3
ST BOGAR RS e BRI B A4 — 2 LA {5 B RS o
WS R il A A BRI 4328 b SR WS, ff ke TR
TN 518 25 P AR B A 20 28 A 5 0 1 1 5 0 e ME R
AR T AL B UM R i —SehE X T4 W
AL 4R T BT A R O 3 B AR R 3 i B A
SO S EAE E AR 1) RO 158 2% | 5236 3R BA A6 AN [+ i
OE T RSB RE IR B R B I R F T Tl R e
BREME, SSIRIUE, 20 R G AR B RN AR e 1 T TR
FEI W A2 Tl O %5 I 2 B SR SE PR AR d il i rp &R
FYN R 2E<£0. 069 mm, B PR <0. 049 mm, £F
SR Ry -t R B R G TR M e R R e = 4k
ST Ty A EOR SRR IRl 42 th i K is
ZAEIE B O R i R g 2 — 5 38 H
P, L 2 A bR AR A T 23 20 o R W S g o0 18 IE 32
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