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Research on fault detection of belt conveyor roller based on thermal infrared image
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Abstract: Currently, the inspection robot for belt conveyors equipped with infrared acquisition devices is
limited in movement. There are problems such as inability to collect data, process data, upload data to monitoring
terminals in real-time and complete remote fault detection, insufficient endurance and so on. A fault detection
method of belt conveyor roller based on thermal infrared images has been proposed. The belt conveyor inspection
robot is equipped with a roller fault detector and an infrared thermal imager. The infrared thermal imager
transmits the collected roller thermal infrared image sequence and temperature data to the roller fault detector for
roller fault detection. The WH-L101 wireless transmission module in the roller fault detector is used to send the
detection results to the upper computer. A belt conveyor roller fault detection algorithm is proposed. The

algorithm uses the YOLOVSs object detection algorithm to extract the region of interest (ROI) of the roller thermal
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infrared image. The image of the ROI is filtered using Wiener filtering and adaptive median filtering algorithms.

The filtered ROI image is enhanced by using adaptive histogram equalization and image sharpening algorithms.

The Otsu image segmentation algorithm based on morphology is used to segment the enhanced ROI image,

obtaining the roller image to be detected. The Harris corner detection algorithm is used to extract the features of

the roller image, and obtain the position information of the roller. The temperature information of the

corresponding position is extracted, and a roller fault detection algorithm based on the relative temperature

difference method is used to determine the idler fault. The experimental results show: (1) The average accuracy of
object detection in the roller ROI extracted by YOLOVSs network model is 99.12%. (2 The proposed roller fault
detection algorithm has an average accuracy of 97.625% and a frame rate of 16 frames per second for detecting

roller faults (no faults, bearing rust, roller jamming, and cylinder wear). (3 The detection results are transmitted to

the upper computer through a wireless transmission module, which can display the fault type and key area

temperature, and provide an alarm.

Key words: belt conveyor; roller fault detection; thermal infrared image; YOLOvSs network model;

inspection robot for belt conveyor
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Fig. 1 Fault detection system of belt conveyor roller based on

thermal infrared image
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Fig. 2 Process of the roller fault detection algorithm
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Fig. 7 Image processing results by morphology-based Otsu image

segmentation algorithm
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Fig. 9 Hardware composition of fault detector for

belt conveyor roller

FERR B I A5 PR AR AN 10 B . BEEAL
HMBAL I BOR SR, anfEEE . MRS | (AR st £
S, B DR G SRR AL AP PG R T R . X
TR AL N, B & AE Jetson Nano |-
R AL A 0 3 S DR R A A A R, O Ay ]

FCRE, RIS R SR B R AT . AR AR
IRTE LB o
Il
RS
HAZH

RAEFCARMLLS RS

U CAR AN
S TR

A

AL HLI R
M, A S

10 FEARBORA I 4% AR A
Fig. 10 Flow of idler fault detector software

4 LREHERHN

41 FEBRFEHE

R T g E B T AR LT AMMEG 7 2 6 AL FE R
W e I 5 1) R R AT R A T Al Sk AL
FEARB A DN S 50T 5, WAl 11 FR
42 YOLOVSs B Axtei] F ik 2 R o 47

1 H YOLOVSs H n A I 55 32 $2 B 21 41 B4R
1) ROL, il /£ 52 IF U R W 28, XoF I b 1y IO 8% g

Friise 28 I ZRATIF 5 BC LR 1.

s -
s Bl -

1 A AT 51 -
Fig. 11  Experimental platform for belt conveyor idler

fault detection

1 FEYNAM T S RCE

Table 1 Network training and test platform configuration

WA ZH

CPU Intel(R) Xeon(R) CPU E5-2678

GPU Nvidia Geforce GTX1080Ti

WA 64 GiB DDR4
BERSE 64437 Ubuntu 18.04LTS

TRBE 2 S HESR Pytorch

RIS B AEE T, a7 i 6 ML A P2 A\ 45 3
ZLAM RARA [ 32 Bl # 2y, X 2 A 2 ik pL ik
TR RE . 43 B AOCTEEL ) . B1, C1, D1 4 #
AR B AT BSCHE R A7 UM AR B, AR A5 1032 5K EIR,
Y BT 8 256 TR EIMR, H I 7:3 (1 L A5 ALK
SN ZREE (5 780 7O F A 4E (2 476 5K . YIZREAR
WHCH 100, {f T F 6 ECE 82 78 U1 2747 19 YOLOVSs
R rp AT IR, 25 S AN R 12 R, 15 505 2 E
FHN 99.12%.

Roller 0.55

(a) BUHAIEIZ
B 12 YOLOvSs HARKgs
Fig. 12 YOLOVS5s target detection results
43 BESME T RS
AR O W p S VI e i R 3| B M g N
T 6F TE R R AT B KR R — o R PR, 15

(b) ROI #£HL

(¢) ROT #H



¢ 58 ¢ Iy 8

#|B1. C1. D1 3 FPpHEARE R, fnl&l 13 k.

B, ~—

(a) Rhi7EEim B1 (b) HlRR%% C1

13 FCRs
Fig. 13 The roller fault

STU PRBE 0 AE 2 IR N 15.6 °C, 7E ] — 4 ki
ML FCAR 4L b, SR FH 20 A R A 4 ) R 4 A0,
Bl. C1. D1 4 RS T FE 4R #h 20 Hh KR S B 8K
Wi BEFE S min FEAT— B ORAE, 1T 25 UCRAR,
HAFH] 100 MEA , ¥R ERBR LT ROLIEHL, &
GAL R | FEER /- BIRRRIE SR BUS , 15 B RHIE A T 72 X
BB S, MRS TA X BA X8 4 17 & 15 B
XoF A RN ASE P R S A T B I

Xof i B HE UEA T AR, SRAS 100 DM EEASH TA X
BN BA DX fe R BE S SR EE , o TA X
e K T B R b B % W 5 A6 4R B Al T IR R (T AR
TTA), BA X 35 (1) °F 35 i B2 AE S b 7Kl B (R R
TBA) ., 4 FIRZET TA X5 K BA IX 38 4 i B i 4%
wE 14 R o Al & W AE TA X B AT 10 min 4
TTA R FF 5, 76 100 min #1755 25 CRAERT ¥4 T
S A, C1FI DI AA2 AT B2 43901 2 31 °C F 53 “C, B
X AT B, X AR T C1 sk D1 HCEE, TTA &2 F
R H 8 A5, H C1. D1 3k 3158 248 I 14 T 8 i v
R i H . /F BA X AT 10 min P TBA i3 7}
=5, B1 1Y TBA AR TR, HaARFSHEE N 27 <C,
5 A0 MRATF AR TR s WX L, CL AT D1 AR
TR E LA P . 7E 50 min J5, Bl ) TBA &
R R, DA S H B BA B, W R R A A Tk
BE HITIRE, H TBA J& B1 AR 5F6 R .
44 FERBTEAEN 2R 5T

XoF K B DXl AR A1 A T R R AT R IS A B T
SR AF T U 22 , 15 B HE AR R R E bR v, IR 20 Y
TTA<2.84 °C H TBA<2.34 °C I}, H & R ICHkbE .

Sy SO EE S8 7 & P AR 1 RFE AR 2 7 A0,
Bl. C1. D1 4 RN FEARLLIMS, 53501 X FE48
ZLANR AR AT OIS B FE AR LT AP BB F 51, OF A
2 N SIS HR AR B FRAT AR B G A il 100 5K IEHSUTF
A1, 44 200 5K 32 PG B A FE GRS A 0 25 v, R
FOAR ARG T 35 40 BT 4 FioDR 25 /9 G 5 51 gk £
SEFR, G5 R IR 3,

FH 2% 3 ATt R 0 A e A T B 3k R A T
B K, 159 5 JC MR A0 Al KBS bk BLL AR R
Cl. fE AR 28 D1 4 Ff bR 2 04 K6 00 IE 4 25 & 49 1)

% 49 %
60
50
40 |
2
30
pc)
20 |
10 —o— Bl
—— C1
R ol
0 20 40 60 80 100 120 140

i} 6] /min

(a) TA IR A £k

0 20 40 60 80 100 120 140
[} [A] /min

(b) BA XBRF-EJf 4 i 2k
Bl 14 4 FRET TA XiRIGRE & BA X0
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2 FCHRBOENE brifE
Table 2 Roller fault judgment criteria
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Fig. 15 Roller fault detection results
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