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Abstract: In response to the complexities and poor real-time performance of the existing methods for detecting the
wear status of roller tank lugs, this study proposed a real-time detection technology of roller tank lug wear status
based on YOLOv5m. First, the YOLOv5m model was employed to identify and locate the roller tank lugs, and the
loss function of complete intersection over union (CloU) was replaced with efficient intersection over union (EloU)
to enhance the accuracy of the algorithm and the convergence speed of the aspect ratio of bounding boxes. Then, a
dimensional measurement scheme for roller tank lugs was proposed on the basis of the generated detection frames.
The scheme showed advantages in both measurement accuracy and eliminating perspective projection errors. Next,
based on the obtained dimensional information, the wear status of the roller tank lugs was determined. Finally. the
dimensional measurement module and the wear status detection module were integrated into the detection network of
YOLOv5m to realize the real-time detection of the wear status of the roller tank lugs. Experimental results show
that the detection accuracy of YOLOv5m on the roller tank lug dataset reaches 99. 14% and that the proposed
dimensional measurement scheme maintains an error within 3 mm during the measurement of roller tank lug

dimensions. With a detection accuracy of 99. 89% in wear status detection performance and an average detection
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time of only 2. 15 seconds per image. the proposed method can meet the demands of practical engineering applica-
tions.

Key words: vertical shaft hoisting system; roller tank lug; wear status detection; YOLOv5m
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Fig. 4 Improved YOLOv5m-based detection pipeline for wear state of roller tank lug
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Fig. 6 Improved YOLOv5m model detection results

3.3 FREEMR~STUE

RIS R A WE H A RST 98 373 mm & 370 mm, S B 11 5k 19 VR 40 O B RGO R AT RSH ) 4
IE 5 SCHRL7 ] SCHR[8 I S R B YOLOvEm BERVHE AT X b, I 25 SR an &l 7 o . Y A 8508l h A7 78 K
M S kS (R, SCHRE7 15 SCHRE8 T RANSAC Hk & S8 A 45 R A v, I & 158 22 18 K, P R
SPM R E AR 2. 64 A0 1. 84 mm, FEHBHEET YOLOvSm 551 A= Al ) 46 0 HE AS BE RS 0 A AR VR 48 REF IR
ARy R EOL M A D225 8] 2. 97 mm, FHLZ N, ARWFSE 82 G YOLOvEm Y () 5 35 I 5 158 22
ALK 0. 72 mm, B EFRT LR =Fh 5k,

A G A T PG Fh A [R] 7 v %5 20 2H A [w) 5 0 R 285 1) R 0 e - PRI AT RO I 4, 00 2 25 5 R N 181 8 i
/N. B8 W LI VR AR WE AL T IE RS SR GO R AR I D A R ) 05 2% 2 BEOAE X /0N L (E B
VAR BE 1 IR o G R 2 VR e T DR B R R AR T BURSHE — M B 7 1, T RANSAC 5532 iy 6 J A7)
W VR e T HL R AUy BDE SR RDE S R ERR S B SEBR 2 OB S . AHEEZ T A B 5% BT 44 J7 1 7 45 il 5 43
ARE T AR 22 R ZONT 3 mm ., HAT HE 55 A8 B A nl 54k



KR A T O YOLOvSm 1 3 50 W - J5 H0IR 25 92 ez il Jr v « 137 -

_ Width=372.24mm____| | BiD=34335TT i A ~D=369.66mm _ Width=376.25mm____| |
Height=370.68mm Height=372.68mm
08 = - Roller Tank Lug 0.9

(a) RBEF 7 (b) AR 7177 1% (c) LRSI & (d) B RTYOLOVS mik Bl

E7 RYIMNELZRTEE

Fig. 7 Schematic of dimensional measurement results

10 RIS 10 RIS 19 RSB
9r HHFTYOLOvSmis 7Y 9 HFEETYOLOvSmif £ 9r HHFTYOLOvSmis Y
8 ST 8 —— SRR " e SRR
—— SRR SRS ORISR
g7 g’ g’
E 6 E 6f E 6f
éﬁ 2 iﬁ 2 iﬁ ar \ A 9
5T PN AN
o " 2N Vel AV =
2f R A 2 20
1t \ )( /3\/ 1 1
......................... o L= ; Eee Ty ;
123456 7891011121314151617 1819 20 123456 7891011121314151617181920 1234567 891011121314151617 181920
L L L
() A RS (b) BB R K S (0 PEERREE

E8 FREBERTNERELERWEE
Fig. 8 Comparison of roller tank lug dimensional measurement errors

XoF i 225 AFAIL 3l (0 VR R H- L AR R Y R SE R T BR B LB R 25 5 AT RO = . 1 9 43 Sl R A B
SRR 725 SCER 7] SCHRCS TR #2057 1 LA K et il YOLOvom #5345 5 RO~F il B 45 51, 45 R W, 3¢
HRC7 15 1 A BB TH B 325 A48 52 el T - 350000 152 28 0K, P 415 22 13K 25, 94 mum s SCHR8 TR FHOL ik
FF 1 R A 0 R 32 LB (4 5 ) 328 T R IR A 52 22, P 3R 25 O 2. 18 mm; BE T YOLOvSm BB iy
KBGO A R AL E H R AR T A . S RO M B R 25 W K. 4015 mm., 5 IR =R R L ARSI
PET7 I BE A BB L 5 1R 2, b 35 4R R VR R R RS I A A o 1, P 3R 22K 0. 59 mm,

] D=397.44mm

Width=373.64mm— . v,-_;_

D=369.32mm | [ 1 l Width=379.48mm ‘l
I Height=371.82mm
| Q

|

!
——

f

(b) CHR[ 717 % (c) SCHR[STF & (d) B HERTYOLOv S mAk 7Y

9 EUREBEATRIMNELZRTEE

Fig. 9 Schematic of dimensional measurements under perspective projection



- 138 - L AHBEKXFFROARFAFZ RO 2025 4% 5

SR L 38 DU 5 35 XA TR B SOIR S R B 20 LR FE I H- PR BE AT I A L &5 R 18T 10 Brzs . AT RUAR L S0
BRL7 18T 32 07 06 oK RE VM B LB 1R 22 , 3 B30 4 I 0 55 T 0 e - ) 00 300 JRE 2, {4 RSP I i IR 22 K. A
W2 R ABIESE i 488 7 v RE 6 T bR B WL £ 52 U2 22 418 w8 VR 8 0 -7 b B PR 28R RS D0 i A v i o 531
S TR G R i B L AR, SCHERL7 5 SCRRLS J T 48 7 i 2 T RANSAC 530K 78 52 B 40L& A [ e
IR HEZ 1) 7 32 AN BE 250 WL S R 52 B 52 508 25, T A 3% 9 0 R 0

50 50 400

AU T AP T AU T
457 MBI YOLOVSmE 7Y 45+ MBI YOLOVSmE 7Y 901 MBI YOLOVSm B
40+ — SCER[TI 401 —— XER[ 715 sof —— XHR7TI
—— R8I —— X#R[B1 T —— CHRI8I T
g 35¢r g 35¢ g 701

£ 30} E30] £ 6o}
o ) AN A A
i 20} ’\ A\ //\/\/ 1 20 \ /\] w40

o e N

E1s Eist =301
10 10} 20f

A '#/A\/\\
S 5 r"/A/\\/\\J N 10t

0 0\ fan N sy g g Y g e v DTS G gy J : P v I
123456 78 91011121314151617181920 123456 7891011121314151617181920 01 23456 7891011121314151617181920

Hik Hik Hik
(a) EFRE (b) BB B (o) PHE BB

10 EREFBEATREREERTNERELERILL

Fig. 10 Comparison of roller tank lug measurement errors under perspective projection
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Table 3 Comparison of roller tank lug wear status detection results
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