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Dynamic Inspection of Wheel Profile Based on ROI-RSICP Algorithm

C e 1 . 1 . 1.2 sy 1
Yi Qian', Zhong Haoyu , Liu Long , Liu Wenlong '*, Yi Bing
'School of Traffic and Transportation Engineering , Central South University, Changsha, Hunan 410075, China ;

*School of Mechanical Engineering, Hanyang University, Seoul 04763, South Korea

Abstract As the line laser sensor can be only installed beside rails during dynamic inspection, it cannot ensure the
intersection line of line laser measurement plane and wheel surface to be through wheel center, which causes the
affine distortion of large number of wheel profiles and makes it difficult to use the traditional iterative closest point
(ICP) algorithm to register the measured profile and to ensure the accuracy and robustness of measurement. In this
paper, an algorithm of reweighted scaling iterative closest point based on region of interest ( ROI-RSICP) is
proposed to achieve accurate registration of worn wheel profiles with affine distortion. First, according to the wear
characteristics of wheel profiles and a large number of worn wheel profile data, the PointNet deep learning network
is adopted to divide the collected wheel profile point sets into two parts: wear region of interest (ROI) and non-wear
part. Then, the ROI-RSICP method is proposed by assigning different values of weight to ROI and non-wear part to
achieve accurate registration of the worn wheel profiles with affine distortion and the standard wheel profiles.
Finally, the Hausdorff distance algorithm is used to visualize the wheel profile wear. The results of ICP algorithm,
scaling ICP algorithm, ROI-RSICP algorithm and the 4th kind of inspector are compared in the experiment, which
verifies the superiority of the proposed algorithm for dynamic inspection of worn wheel profiles with affine
distortion.

Key words measurement; line laser; wheel profile; point cloud registration; PointNet

OCIS codes 120.6650; 150.3045; 150.1135

YR EH: 2020-06-04; 1&E HHI: 2020-06-27; FABH: 2020-07-06
ES£TB: BEARBREES W LIS (51975589) WIFA A REI =4 (2018]13663) . Vi R 2 iy go & A% S AR Bl
% PG Y 42 (201922t5550)

“ E-mail: bingyi@csu. edu. cn

1104006-1



L

1 51 7

R FEMN I ENSITEERERBENY
i), B 5 AL R I A A ) B, AR A% 2 e 1 B RE
TR 5 B R 9% T R 7 R ) ) ) G AT B ) 28 A
FasE e RETE MR . Uk, e 7 2 A T 2 e JE O ot
Bl BRI E BB X EANURIE T 51 %
BATHY 4 TR H R 4 s Bk % 48 &
EH.

B AR BEIE I & 4y o T S I o R Bh A I . RS
W+ 2R & AR R R CES DU Fh K 2 2% 58 A 3l
I 5 2 EA TN A A v . SR R AR U ARG A 2
(8 7 1 EL AT 50 R A O 8 S5 A 5, BRI ) 2 6
FH T 8K 6 42 50 00 1, (EL DU s R0OR A, H R R DU 5 40
TR ERIE JUAT S50, T 1 4K B 50 S50 0 56 4 1) 5 A
A . WA A SR A A 5 2O 2 15 2% S0 BN 2
B A A A 2 Aol X 3% AT B kG
JE R E R OBETE A B AT 0 i, L R TR AR
T G5 8 o5 I 51 25 JR B il D3 L RIOR IR,
B & AL AR R AL B R M kR, 3 A i
2l T HLA SC I BE ) ELAS 5 Ak B O RS AT
A3 7 AL AR B A D A 2 T iz R
Chen 45 SR T A~ 45 44 D6 00 96 15 IR 28 AR UG 2 Y
SMUERTE , I3 33 ICP 55526 P A 6 % §F 12 0 76 %
4 JE T A AR B4 0 %) 5 T B . BRI & 9% 5 Tk R X
NSRBI 4250 B TV W 28 1 A7 A 0E , DR I A T 45
FETE—E MR 2, Xing &5 R HIUAS — 48 806 1%
TR B A AR IUSE 3 A48 BRI DA vl 2 BCRR A% e /N
MR R AR KRS RGeS E S ERER. %
J7 1 BOIRORG B A v, (R AR R A% IR 1Y) 2 R RS
X S I 45 S R A . PR 68 P R O M
b A I % BB AT 2 — Pk

A0 BRIE R I ) AL R 2 — S R AR o A 5
JHIE RAG A E M B A TE . X — R S B
2 e o () B g B FH Y — o = TG R SRR 2 ICP B
2. e e /N b BE BT 5 22 R 3 AR DT PR AN A
Gt H L T S A R B A B A T
AR R IR AE B8 1CP 803 0 1 % 22 48 BRI R 47 K
WAL IE . AR, B X 47 5 A8 46 1 ] B, F 5% 34 2 1
TN 5 T &R B 1 A E 4K (Scaling ICP,
SICPYB LN SR . B A A7 4k FL o 5 1 4 0l
TR TR 1) A B KRS 43 R R R 40 5 b o 2 R
JEIEATECHE . PIIL, A SCHE T — PR I 1R A8 4242
JRIE 7 . 158 38 i 2 B AR B BLAMN 1 4 0O

EREER S B R WM E R I . SR )58 i PointNet 8
JIE 25 20 IO 208 K O A% e i 3 25 AR IR 2 48 B O a2
A3 B B R A« B RSB BR IX I (region of interest,
ROD 5 4R L 53 I K5 AU ok 5| A F] SICP 3.
b ST 05 5 AR B B RE 4 R BT S bR v A e
JE I ) e T

2 IpEHE A

2.1 EREBEARMERE

O 5 4R R A S i e i A
BRI P AR AR AN 1) L (b) FIT/R . 4 806 F
544 R AC R G 560 I 5 B T W A L A
1o (D FrzR o JoH AR F4 15§ B0 7 52 il i A vh AR
MEGRIIE L T 456 S0 (Y i A2 2 S B iR 22, T
WD R 22 T BRI — i RE AT RO IE 4 AR R TR
WAL (75 1%

RS R A Y e A8 4 AR B AR PR —
P o sby b ) H M p o ap AR
SIS BIARME AR I A 40 (g, vq,, 49, s

Hofag, g, q. AR BTAL 2 I A R
A LARIR
Qe ruo riz T Lo |S. b,
q,. oo rm o Ta L, S,
q-, B Ts1 T Ty L. s, .

1 0 0 0 1 1 1

(D
1 T2 13
X R R= |r. rn ro | PRBHE T=
3 T30 733
t,
byl e e e AN 2y a2 IR B
l.
AR R S = s, S s s, s, AR
xay sz BT T 4R LG B AR B AE A AR 4
S« BT LA 56 S TE IS 1 42 40 B R EA T AR IE .
2.2 EREHERET
HUIE B 7 5 B Y 3 B B I (tread) L 8 &
(flange) L K ¥ m M 4 Ml % £& Cinner/outer
baseline) 2 i » 4= 56 5 B9 9 422 fok 38 o0 Bk O 95 1 42 e
S T P £ B R R R T . B A AT
o BB FUAT AR I T N U s A it AT B Y

1104006-2



(a) moving direction
D

¥
line laser

moving direction
() —

line laser

BT RS BT B0 42 58 BB R =

standard
20+ - measuered

-80 -40 0 40 80
X /mm

standard
20+ . measuered

80 —40 0 40 80
& /mm

o (OWOLF 5 45 R W A LA g 50 5 (b) AL 425 I 5

(O WOLT 15 45 R 2 L ad 580 5 () Tam 78 45 B T2

Fig. 1 Measured wheel profiles under different situations. (a) Intersection line of laser plane and wheel surface not crossing

wheel axis; (b) wheel profile with distortion; (c¢) intersection line of laser plane and wheel surface crossing wheel

axis; (d) wheel profile without distortion
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Fig. 2 Wear evolution of wheel profile
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FIEFE I 6 A7 B (Position 1~ 6) 4b 1 s 1
BEFREME L 1 iR . ICP.SICP 5 ROI-RSICP 3 7%
IR IY I T S R 5 G DU P A A ARG T 4 S 1 22
A 12 frx. IWE 1 FE 12 a7 [, 4 1CP &3k
Y5 SICP 55k e o J5 5 35 B % 1 15 #E 8 5 56 U
oAy 2k A g R 2 E B OR . B A S AR Y
e 22 (A AL s PSR AT ICP 383k F SICP 83 1
Fc VA 1) 5 FE 2 0 8 T TG 1 ORI e B v
FEAH ; M 48 ROI-RSICP 5 2k e o J5 35 B iy B i s
FEAH 5 575 DU o A5 25 284G U (B 1) 226 7€ 0. 08 mm A
Ao R DU 25 SR 0 AN 32 A g R B O 5 I
T J2 2 % 56 Y 2h 25 R I 1 K

# 1 ICP.RSICP\ROI-RSICP 5 5 A T J5 i A 00 fey % 1 5% 4% B
Table 1 Tread wear detected by ICP, SICP, ROI-RSICP and artificial methods unit: mm

Method Data type Position 1 Position 2 Position 3 Position 4 Position 5 Position 6
1ICP 1. 60 1.74 1. 88 1.23 2.23 1.49
SICP 1.13 1.27 1. 14 1.25 1.56 1. 36

Slightly worn
ROI-RSICP 1.76 1.94 1.99 1.75 2.09 1. 84
Artificial method 1. 80 1. 90 1. 90 1. 80 2.00 1.70
1ICP 2.70 3. 11 2.55 2.96 1.04 2.43
RSICP 0.99 1.01 1. 81 2.21 2.14 1.78
badly worn

ROI-RSICP 4.19 4.11 4.15 4. 21 4.12 4.39
Artificial method 4.10 4.00 4.10 4. 30 4.10 4.50
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Fig. 11 Stability comparison of ICP, SICP and proposed methods under different included angles.

(a) 30°; (b) 35°%; (c) 40°%;

5.6 MEARHEEDHT
TR R G N T LT A BEFE , R, mT LA
HE T 1Y 42 50 B8 9 R 1 42 58 JE0 R %6 4 0 358 2
HEATHCHE Rl ARS8 B 0 AR AR B R L I 353 7
4 2 5 2 (flange height) . # 2 JE EF ({lange
thickness) DA K 5 Ifif 5 #E

(d) 45°%;

(e) 50%; (D) 55%; (g) 60°

T Ay BT AR SCT H R A T 4 SR O B A B
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TR A5 SR A AT AL S R A X B 1 Ry
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Fig. 12 Difference between tread wear calculated by each method and result measured by the 4th kind of inspector
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Table 2 Repeated detection results of badly worn wheel unit: mm
Number of Flange height Flange thickness Tread wear
measurements ROI-RSICP  Artificial method ROI-RSICP Artificial method ROI-RSICP Artificial method

1 31. 14 31.10 30. 11 30. 20 4.14 4.10

2 31.18 31.10 30.09 30. 10 4.18 4.10

3 31.12 31.00 30.12 30. 20 4.12 4. 00

4 31.13 31.00 30. 07 30. 10 4.13 4. 00

5 31.12 31.10 30.12 30. 20 4.12 4. 10

6 31. 20 31.10 30. 10 30. 10 4. 20 4. 10
Mean 31.15 31.07 30. 10 30.15 4.15 4.07
SD 0.033 0. 051 0.0194 0.054 0.033 0.051

5.7 BHERERNLASHHOKN LI

SR 56 UE AR SC 7 Bk A S ARG T R A R A O
HOR I 42 B FE R0 A 34 50 10 A 40 047 90 4 ik il 1) s 25
R AT AEL S0, S BB T 42 0 B RE X S0 IR A N
R H AR X, 31 B2 550 42 H AR 45 X I
AR AL o 3 0 2 A7 S g R U 2 A G i X 3
5 EAR XS E A, 2O A I DX R P S [ 4K i Ak
() 6 2 4248 BRIE i i ROT-RSICP %4 % it e Jm i+
X 6 L AR Y 0% S e R R I TS HE

[Fi) B SR 565 D0 e G A 2 A D323 PR P 6 o7 A 4
R IUT S HUE . TR R PN A G A 3R TS FE
BRI N R A Y 2R A B O LA 2 00 A 22
/N AT AR A 5 O A A A % 5 ROI-RSICP 8%
G0 £ 2 [7) — A B O o 52 3 i SR IBCECHE i3k 3 i
M 3 Al AL R g FE SRR 275 £0. 2 mm
Z NS BEAEIR 25E 0. 1 mm 2 P 5 2 42k 5 0t
TR R R B 5 R B LA R I TR RE (L 10 A RS B2
BK,

23 ERILM SN Sh A A 25
Table 3 Dynamic inspection results of wheel geometric parameters unit: mm
Measurement result Maximum
Parameter Method

1 2 3 4 5 6 error
) ROI-RSICP 32.11 32.08 32.11 32.07 32.08 32.04

Flange height =\ ifcial method 32,2 32.1 32.1 32.1 32.2 32.1 012
ROI-RSICP 31.08 31.12 31.13 31.12 31.14 31. 14

Flange thickness — x iiial method 31,2 31.2 31.2 31.1 31.2 31.2 012
ROI-RSICP 5.11 5.08 5.11 5.07 5.08 5.04

Tread wear Artificial method 5.1 5.1 5.1 5.0 5.1 5.0 0-07
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