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Abstract

Railway traffic safety has attracted much attention with the rapid development of railway tech-
nology. An automatic abnormal railway underbody detection technology based 3D cloud point is
proposed to solve the contradiction between the rapidly increasing throughput and the increasing
maintenance pressure. Firstly, establishe the train standard point cloud template. Then, the parts
to be inspected are intercepted and matched with the corresponding template parts for global ICP
point cloud registration, and the abnormal areas are filtered out by using the difference points.
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Finally, remove the false detection areas by the part local detection algorithm, and the final results
are obtained. This method is tested on the dataset collected from a subway depot as a test set. The
results show that the algorithm has high detection accuracy, wide coverage of detection items, and
good industrial application value.
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Figure 1. Abnormal components of train bottom. (a) Nameplate loss; (b) technology plug
loss; (c) oil plug misalignment; (d) oil leakage
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Figure 2. Maintenance worker inspects key components of train bottom
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Figure 3. Abnormal data scanning system
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Figure 4. Simulated abnormal components data. (a) Simulated item loss 2D figure; (b) simulated item loss point cloud fig-
ure; (c) simulated foreign object 2D figure; (d) simulated foreign object point cloud figure
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Figure 5. Globaldetectionalgorithm of train bottom component based on ICPregistration

E 5. BT ICPELEMTR M BINE L
e, RN TARVE B S AR S BRI AR A B B SR, R4 6 4R

DOI: 10.12677/airr.2023.124030 271 PNER ST IR YN


https://doi.org/10.12677/airr.2023.124030

XEHTT

AL BRI B 2 AR X TR], P P A [ 1 2 (B B X TR) 0 B3 AR S e R b s 25 B 0] B4
01 58 30 A E 41 25 A R s AR L R B IX ) A [y, Voo 2o, AX, Ay, AZ] 5 DU S 2 A6 A 6 A 48 R X 1] Ay
[xo = X5 Yo = Yy 2o — 2, AX+ AXy, Ay + Ay, A7 +Az¢] o HeH 1, (X0 Yoo 2o ) FRREUAL B R A SRR, AX, Ay, Az
XY, 2 TTFEIBIE L, X,.Y,.2,, A%, Ay, Az, AT FESH ReA RO G UG 22 5 SR AR B 1A
AN I

TR RN R MG S s T %, BRI R T Fen, HAZ RS RET LM S s 7
H R ML 22 2 P2 AR TR A e S R, R EUS SR PR R E S B AR m O BRI B R A, PRI AR
Mz Ja X B AR S s SR R g AT AL BB . @I SR R RS s S AT TR, RS
JE S S HAR IR R T ESRITAR, AR EE 2 ORI, BT B A BE R ST A, 1R T AR
TREEE R Z AR AR R A R R S S, KBS 2 R S E AR e s B AT
it 74 o

AR A EAR I A (Iterative Closest Point, ICP) VAT i i e, HA 23T i/ ok i s,
SRAGRIAAR e 25, AR ¥ B CFE T FE B AT A2 1) o 45 78 /N IR B4R P (RS 2)F1 Q (H AR B )
FEHAT M ECHERT, R B AR = AR RAENE E S R, W SR PRI AT 32 A8 4

ICP Sk FAR D IR

R L W PRI Q HR A RR IGEE B pi — oi i /NMFT AL, PRI Q BEATHIHE OGHG, i e X R AR

IR 2 AR T E [P0 RL s 0 5¢ R0 FH A 535 7 f#% (Singular Value Decomposition, SVD)#E AT i1
B, RORfg AL R AN T:

RT =argy, mnE(R,T)
=argy, min%iﬁ:‘"qi —Rp, - T| @

Hor, $77R% EAE N EARREL N RS2 H N < Np, N <Ng, Hd Np MERZMRE
i, Ng NHFRS =SS5

IR 3. PSR PR T Bl ks P ARG E, SR HBE Rk, & HIERA
1L ER, TR/ AR At BB/ A B BRI E . W REAYSL, WEHHAT SR 13,

WIS ICP IR AR S Rk A AT O HE, WoE G R, # &R R TG, Bl
PRERE, XA FERE RN X3, ICP B n = B an s 6 fios:

@ (b)

Figure 6. ICP registration diagram. (a) Before point cloud registration;
(b) after point cloud registration
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Figure 7. Edge difference point clustering results. (a) ICP registration
result; (b) edge region misreport
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Figure 8. Normal direction discrimination method
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Figure 9. Misreport of small components caused by air cylinder registration deviation. (a) ICP
registration results; (b) differences points
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Figure 10. Misreport caused by registration deviation of the air cylinder cover plate. (a) ICP
registration results; (b) differences points
B 10. NELEWREERE SBRIRREE. (a) ICP ELELER; (b) ERS

P 9. 10 FioR, BT ORERAE AT E T BUREL- RIS HES AR, B S5 A5 AR A 22 57 a3
B2, fEfil RS R AL iR X RN O AEANEE K IR A, SRR AL 5 s A e
F DA BN (U0 R SR R IR I BAR L, RN EARAR il = S5 I H AR B, 2T fefE &
B NERAE R IR, G AR AE SN T A R 5, I RRE R RS TSR, ERGCFONEM R, R
NERAFEEAS XA I ARG R ERREIZIX O 8 X, B, % X

/’_‘/_—.—i—'——"ﬁ
e -
= \

B -
[ & ';."F

#
-

(a (b)

Figure 11. Misreport caused by snap ring direction of the air cylinder. (a) ICP registration results; (b) differences points
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Figure 12. Registration of air cylinder snap ring. (a) Problem of Snap ring inversion; (b) registration after rotating snap
ring; (c) histogram of Y-direction distribution of snap ring
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Figure 13. Registration of air cylinder cover plate. (a) Registration deviation of cover plate region; (b) plane registration
after bottom surface filtration
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Figure 14. Results of global detection algorithm for abnormal components. (a) Item loss detection results; (b) Foreign

object detection results
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Table 1. Global detection algorithm accuracy and error rate
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1 1558 46 35 76.09 54 3.47
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4 1558 8 5 62.5 8 0.51
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Table 2. Edge region misreport elimination results
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