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Development of elevator traction sheave wear detection

system based on monocular vision
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Abstract: In order to achieve non-contact accurate measurement of the mechanical wear of the elevator traction sheave rope groove, a

wear detection system for the elevator traction sheave rope grooves was developed based on monocular vision technology. The industrial

camera was fixed on the inner side of the steel wire rope through a special fixture, and the images were collected by aligning each rope

groove. OpenCV was used for image preprocessing and rope groove edge detection, least squares method was used for rope groove edge

numerical fitting, and then according to the physical model structure, the calculated value was compensated for the occlusion to achieve

real-time accurate measurement of the bottoming distance of the wire rope. The experimental results indicated that the RMSE of system

measurement is less than 0. 07 mm, the system has higher accuracy and simplicity than traditional manual measurement methods, and

can be used to accurately measure the amount of wear and sink of the sheave groove.

Keywords : traction sheave; monocular vision; edge numerical fitting; occlusion compensation

0 35l

il

W B EA T R ) 2 —Fh i, R
SR AR L B 5| ) Y FE B AR ) O AT R
JEXTHLBR R B T B HAT, A OB L5 4
e ) [ Y ELA T AR ME S GB/T 31821-2015¢ ML BR £
LRI H AR SE) FI TSG T7001-2009 ¢ Ho, B W B 46
5 R S 36 U —— 1,5 | 55 il SR sl R )

LRI AT T B 5 | ) e 1k A 22 4 5 0 A B 4 7 A
B, SRR S PR, B 2290 R AT DA BOC R R

Wk H 1. 2020-04-12 Received Date: 2020-04-12
w AT H LA R AR M E BRI H (2018AHQT26) % 1)

EIPANT i85 55 QUINTIRTER Y RV 1 G0 #a SO (R -
AT e R A 5 A DA (T 22 g B 4 RO 1 BB AN
Wide I, HAERE A BT DUEDE S 4 mm IF R HLS
R IE R B H A FH, X T BT 48 R 45
R BUAAS I , 38 LA E Wik 28 RO 32 DL AR B )8 s 28
PRI A F2 1 0y 0 A ARG AR EL R 1 5
PR R YT — R R R A 1 e i X v A R T
BB A N TRENLIR2E . FMBES e T A G AE Ty
TER B U I R AT TS, B A Sl bR B e E
A B sdid ROH PG . BRAE A 3T oL = Mk e
PR 1 AR A L5 A8 SR I A, >R 1 A0 e v AL



- 56 - LSRR R e o

o 34

TP SRR AR (07 B, (R R RE S JE B SN W5 5
P PRAP AN T MTTCIE 18 5E 1Y TR, O ELIZ T i 2 A0t
WA o DA AT o R AR 2 fh L 5 | 8 0 42 5 9k
frofat,

AR Ob M vk R A A AR AR
WO = MR AR ARG R A 2 AL
R FAAE TR A LB Iy SR A A
HLEE A AR R 2t , B4 R G4l b g o IR i e 4
FHEEZ FR G, G 1 20 1 P4 DAL 424 10 JC 125 P v ) 1)
AR, (RIS T AR B A9 AT 55 40 4R T T R GRS
RS T 5 L i B (BT AR AR BECA, AT T — b 2
T E L B R R BT A A A U I R 4 LAE AR
200 mm ZEA4E 10 mm TR D) 12 B A G 55 1 58 S A
AT G | SR B 22 4 5 4 R Y 0 ) B2 ) PR i g DL
TIC 3 5 AU B A5 e (B O T AR R R 32, 5
LT BT FE A 22 2 fih P I A IR Mk s, AR
e R T2 AR AS AR

1 REGNEEIE

UL HL G | R AR A B R R VO BURE A D)
B2 R T D) 1Y) VTR 4 R0 ASCLL B R AT
I 2[RI R RS B B 5 1 58 A B 5 0k 5 | JHC 20 A 4 o o 1%
1 iR,

BT B e b o

Fig. 1 Cross section of rope groove of traction sheave
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Table 1 Analysis of camera pixel side length

Wi R/ um
20 mm 30 mm
300 mm 3.571 5.556
400 mm 2.632 4.054
500 mm 2.083 3.191
600 mm 1.724 2.632
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Fig.2 Model of camera coordinate system

(pinhole camera model )
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Fig. 3 Hardware structure of the detection system
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Fig. 4 Principle of traction sheave detection system

W [ R 2 A R R AR AN I 5 BRI
K H OpenCV3 ( FFIEITHHEHLALGE P ) 5 T Visual Studio
2017 -5 I & B 5| F0 20 R B 4 0 AR R AT QT P2
TEERIN R GARVE R, A REAE AR 2 50 i RS R 4
Pl R GubRaE SR 8 5 DT I LA B i G A LA, I AE
{5 IR %o 2R ] RS2 SEE P 3 43 AN T T S T o
JEE S

mw || me [ B o | asmee
R || mukm | | smnshr | gk || MR

K5 WS ARl Fr e

Fig. 5 Measurement software flow
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Fig. 6  Fitting algorithm of rope groove edge
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Fig. 7 Fitting result of target rope groove gap
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Fig. 8 Occlusion analysis of the bottom of the rope groove
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Fig.9 Calculation values and compensation results of groove gap
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Table 2 Results of comparison measurement

of the detection system

. FRUE(E/ mm

2.00 2.20 2.40 2.60 2.80 3.00 4.00 5.00 6.00

1 1.99 2.22 2.42 2.63 2.82 3.07 4.08 4.96 5.96

2 2.05 2.22 2.36 2.57 2.76 3.07 4.02 4.96 5.97

3 2.05 2.22 2.36 2.57 2.76 3.07 4.02 5.02 5.97
4 2.06 2.28 2.49 2.63 2.89 3.07 4.02 4.90 5.97
5 1.94 2.28 2.49 2.63 2.83 3.01 3.96 4.96 5.97
6 2.00 2.09 2.36 2.57 2.83 3.01 4.02 4.96 5.97
7 2.00 2.22 2.42 2.57 2.83 3.01 4.02 4.96 5.91
8 2.00 2.22 2.42 2.57 2.76 2.89 3.96 4.97 5.97
9 2.06 2.15 2.36 2.57 2.83 2.89 3.96 4.97 5.92
10 2.00 2.15 2.36 2.57 2.76 3.01 4.03 5.03 5.98
YIriRiIRZ% 0.04 0.06 0.05 0.03 0.04 0.07 0.04 0.05 0.05
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