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Conveyor belt damage detection for belt conveyor based on improved YOLOvV7

LI Jie', ZHUANG Ziyue', MIAO Changyun', LI Xianguo', LIU Yi?
(1. School of Electronics and Information Engineering, Tiangong University, Tianjin 300387, China; 2. Engineering

Teaching Practice Training Center, Tiangong University, Tianjin 300387, China)

Abstract: A conveyor belt damage detection method for belt conveyor based on improved YOLOv7 is proposed to address
the issues of poor accuracy and reliability in current belt damage detection of belt conveyor. The YOLOv7 network
structure is improved by introducing channel— and space—based convolutional attention mechanism (CBAM)
between Backbone and Head to suppress irrelevant details and reduce the miss detection rate. The CoordConv is
introduced in the Head section to improve understanding of spatial relationships and enhance the ability to extract
small target features. The switchable dilated convolution (SAConv) is introduced in the E-ELAN of the Head
to enrich the receptive field and improve the ability to handle damages of different sizes. A belt conveyor belt
damage detection system is designed and the trained improved YOLOv7 model is deployed to Jetson Nano. The
detection performance of the system is verified by experiments. The results show that the improved YOLOv7 model
has a mean detection recall rate of 88.7%, a mean precision of 92.8%, and a mean average precision of 93.8%.
Compared with the original model, it has improved by 3.4, 1.4, and 1.8 percentage points, respectively. The re-
call rates for detecting four types of faults: cracks, wear, bubbles, and holes are 94.0%, 84.1%, 82.2%, and
94.5% , respectively, which are improved by 1.0, 5.4, 1.7, and 5.5 percentage points compared with the origi-
nal model. The belt conveyor belt damage detection system has a recognition speed of about 15 frames/s for four
types of damages, which can effectively detect belt damage.

Key words: belt conveyor; detection of conveyor belt damage ; improved YOLOv7 network model; switchable atrous con-

volution ; Jetson Nano embedded system
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Tab.3 Detection results before and after network
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Tab.4 Analysis of results from different models

i BRI Y% AETRIIE % FIETRIE %

SSD 68.1 84.9 76.8
Faster R—-CNN 62.5 80.1 70.1
YOLOv4 80.1 91.2 88.8
YOLOv4-tiny 79.0 86.1 86.2
YOLOVS 84.8 91.3 91.2
YOLOvSs 84.6 92.7 91.6
YOLOv7 85.3 91.4 92.0
CEAM-YOLOv7 85.1 922 923
CST-YOLO 86.0 935 93.7
AT AE 88.7 92.8 93.8

H 3R 4 AL ), AR U, 5 L Ath I 28 A5 784 Xof
Lt A SCER I RICHE YOLOVT AR ARG IS0 SR T -
25 WEHHRENLEERREOH

A3 HVIZRIF 1) YOLOvSs M543 YOLOVT ¥
2R 5 A SCPCHE Y YOLOVT W 2845 8 7 A ] 2 8
FEREE T X DU B AILBE H 1% P R A A, 745 )
AT AL SR AN 8 R .

-

ll
o e—

(a) YOLOvS (b) YOLOv7 (c) Bty YOLOVT
B8 FEERITAER
Fig.8 Recognition results of different models
HITE 8 AT LA, BU#E YOLOvT 45 458 U B B 4y
AR H % BN T AT ) K AT A L O ER TR ARG

3 FEEENEE F RN R It

31 AR

W A SC AR 7 FH T XAk ML AR 6 1
PRI, 7 A SO 6 LRl 15 a8y 2k H LA s
WA R S50 RS, RGELEF A 9 s,

[am s> ]
[FEESSX

iR DA
o
a LED
i

B9 HRXHEEVAEFRIRQN S RG AN SN
Fig.9 Structure of experimental system for detecting conveyor

belt damage in belt conveyors

I 9 AT UL, 124 2R 40 5 7 ph ik oty I ARG T 25 |
U B ML & 2R Tl AL AR 2 S5
MR 2501 FHT 5> MV C2048DLM-GE19 f4 T-JK %
LRI CCD FHAILACAR AR F 12645 3 AR 4 T RS o 1 LB [ER
A DA DR 11 A 8 ek ey A R DU 2 2 sl
KT B YOLOvT MER LRI T HARTEN , — H IR



- 76 —

P N A N

45 4

SR, NS SR T DR & 3% 2 AL, ]
I fih A e A R
3.2 ENETHERA ISR RE AT

S 5 T A R I 2 48 R %6 P T NVIDIA A & (1)
Jetson Nano #x A A AAE N A5, Jetson
Nano k A X FF &M GPU % H Maxwell 128 #% CUDA
ZEHy ,CPU & FH PU#% Cortex—AS57, WTEEH 4 GB
LPDDR, V% 504 1 B¢ i35 472 GFLOPS, £ & A S0 o4
TESEBRIE A LRSI ZEK . Rl gs 45t an il 10
Fim o

GPIO

g [ HDMI o
Jeson [ gy [ LA
f ] USB sl Nano HEL it
BECTHLEE || Feabmess
----------------- HL PPN v
f o Ml & g of L

E 10 HET A 28 rRE A R
Fig.10 Hardware structure of conveyor belt damage detector

for belt conveyors

10 A, Tl ARBL G SRS 1 PR, ad i LA
KM 1 LB AL 4 3] Jetson Nano FACFHASHLEK ; 4L
FREFIFHAE AU CPU 1 GPU #EATRIMGAL S, AT
P E AR BRI 5 USB 4 1 g% 3% 42 Bk B 45 45 Ah
i, BHRAE N A B B A, S AN H ; GPIO
$¢ 101 LI o K L I R B A, 21 AR G T B A A
P P 2 P 8 i A 41 S e 7 A AR 15 HDMIL 3% 111 R
ST S N, B 7S A ARG H A A0 ) [ P A 7 A
(EESSNPNESIZ2 BTy 7= Wap S L (SN RY | ) W E B
R R M1 AL, ARt 5 B LA E A7 Bk — 2
Y USEIESTIRE
3.3 WEEBRRE SRR R R

Sk BRI AR L AR R AT 11 B o

IHh

EERea

| T |

v
| s g |

2
[0 ADIZEEF A YOLOVT U4 SR

AT R AR

=
| 1L I B L s |

B 11 HEENAEFERREN R AR GRE
Fig.11 Software flowchart of conveyor belt damage detection

system for belt conveyors

34 MRERRSH

SR BRAIEAR S 2 W ARG T 28 8 1) RE ARV BE e
HUHE YOLOVT [0 28 A5 A 1) i 306 17 B 400 4 I 5 0 8 2
% Jetson Nano X AT KA, $5 daly U a6 AL i 16
ARG I 2R G S50 5, X AR SCRT FH I s
BTN S o 255 S i e A SR AN S AR
R BCE LM T AP i A WL 2 2.0 m/s
AR FEA TR B , 290 - R N 12 P dlad
A X 0 AL 06 ol O AR W) 2R 5 % S B 2 PSR T A
UL 2 B AR AT AN L ZR G Y S8 B T AL D REIN
BanE 13 frs.

= Jetson Nano

H12 SREENHEERRENREIRTS
Fig.12 Experimental platform for conveyor belt damage
detection system of belt conveyor

| FmE SRR NS o

/B EFEe WETARRTHT

WERWA R
abrasion Detected -

dence 0.90

2024-05-06 12:20:50 4
wRERR BEs |
B 13 HEENEESBR RS REAK

Fig.13 Functional testing for conveyor belt damage system of

belt conveyor

SEEGEE I B YOLOVT 28461 ) 1%
YRR AS I B2 38 2 Jetson Nano I J& , B HRURGN fiY)
A3 RS A P HER 2R 5 B e R E S b
AEAIURE I 22 5 AN, AGr) S AR AR, 9 15 Wi/s o, 3X 15
BHZR SCT TR 22 G0 At M R T S8 e v, ARG
FAT TR K AEAT i 2 SRS I K

itk — 2P B UE A SCIRTTH I R G AE S PR T LA
PREE b iy PR SR T L P SRl U ik AL AR



5511 25N AR AT UGIE YOLOVT B = 164 L s i B A

-77 -

R A8 o M A O, FEAEA TR A Y mT R AL 25
WK 14 P, mE 14 ATLCR 1 RGeS RERSAS I
e A bR & 50, H B R R

(a) KrZE A=) 1

(b) KEMZERR B 2
B 14 B IHHEEEVEEFRRULER

Fig.14 Test results of conveyor belt damage on coal mine site

4 & it
WS 5 A = W B3| 1B S R & R soR R R (e iR e
AR ASCHR T 5T eleiE YOLOvT iy =X
MU & B ARSI Jr v o it et iE YOLOvT %5, 7E
Backbone 1 ELAN 5| AL T3 18 Fl 55 0] it & FHL
B APLH (CBAM) , I HIRFI 40T, BRI AR 5 7E
Head #5351 A A Hr £ F1 (CoordConv ) , B ¥ 45 [A] &
R, e/ BRI EEEGRE ST 7F Head 1Y
E-ELAN 15 A AT YJ4 1 23 I 4 AL (SAConv ) , F 5 I
Z WY i R AL BN [ RT R A A BE ) 5 it T 3 ek
#E YOLOv7 18y 2 526 AL 26 4 A Ao i 3R 98 01 4%
ST B TIIE, S5H%H:

(1) Bt YOLOvVT W45 RS RN 4450 B4t | i
FLA 4 o ke B A 0 79 A3 171 53 5310 R 94.0% . 84.1%
82.2%.94.5%, HIEBIRIAR LA AT T 1.0.5.4.1.7
555 NEGRGHEREE R 92.8% 27 T 1.4 4
O Y MER RN 93.8% 42T T 1.8 N E 4
S ARSI 8k 27.2 /s .

(2) EF it YOLOvT By =X i 26 ML 225 2 i
TR 22 255 1 B 1 R T R v, A R R 2
15 Mii/s, AT PEATSEIHGI . BLIZ IR s 5 2 Sy
BASEESY WM 0.93 5 0.81, REHERAASIN H & 5 i
TR, URBH AR SO T (4 2 8 AL 08 o B A
R HA T,

S 3k

[1] ANDREJIOVA M, GRINCOVA A, MARASOVA D. Measure-
ment and simulation of impact wear damage to industrial con-
veyor belts[]J]. Wear, 2016, 368/369 . 400-407.

(2] XUFE. LA GE B4 0k e 2 1] 0 SRS RGN AR 1 5 R AR
FAGBIFED]. K. K TR, 2016.

LIU Y. Research on signal collector for longitudinal tear fault
detection system of conveyor belt based on machine vision[D].
Tianjin; Tianjin Polytechnic University, 2016(in Chinese).

3] Exi, . B Sk U st R e T 5 0

WL BEVR S ER4E, 2021, 43(10): 276-281.
WANG Y, WANG W D. Design and application research of
intelligent control system for coal mine belt conveyor[J]. Energy
and Environmental Protection, 2021, 43(10): 276-281(in Chi-
nese).

[4] YAN C, HE X. Model and dynamic simulation of belt convey-
or[C]//2010 Intelligent System Design and Engineering Appli-
cation. Changsha, Hunan, China; IEEE, 2010, 949-951.

[S] QURESHIM R J, HUSSAIN S A. A reusable software compo-
nent-based development process model[J]. Advances in Engi-
neering Software, 2008, 39(2) . 88-94.

(6] JAXE, ER, FATE, 5. B R e HL AR 4L

ARFFELER). AT R, 2023, 44(12):1-21.
ZHOU P, MA G Q, ZHOU G B, et al. A review of research on
health monitoring technology for intelligent belt conveyors[]].
Journal of Instruments and Meters, 2023, 44(12): 1-21(in
Chinese).

[7] BORTNOWSKI P, KAWALEC W, KROL R, et al. Types and
causes of damage to the conveyor belt: Review, classification
and mutual relations[J]. Engineering Failure Analysis, 2022,
140, 106520.

[8] S Ay U6 ML IS o B igp e SRS R[], P P PR
TR, 2024, 36(2): 110-112.

GUO Q. Discussion on faults and solutions of coal mine belt
conveyors[J]. West—China Exploration, 2024, 36(2).: 110-
112(in Chinese).

(9] i, EAE, AU, BT Zigbee M AL M
MARGBEHI WARKESRHY, 2016(7): 174-176, 181,
WU Q S, WANG N, YU S M. Design of pressure monitoring
system for belt conveyor based on Zighee[]]. Shandong Coal
Technology, 2016(7):174-176, 181(in Chinese).

[10] ARAAMR, BRFHE, 2, 5. HET FPGA A%k e misnl
JTIERTFE)] BT HLHL, 2014(6) : 45-48.

ZHU D G, YINY H, DI S, et al. Research on conveyor belt
surface detection method based on FPGA[J]. Coal Mine Ma-
chinery, 2014(6); 45-48(in Chinese).

[11] APubdE, R, T 3CHE. Je T8 5 B A ik afy gh A 1
KRS T4 A sk, 2023, 49(4): 120-127.

HAO H'T, WANG K, DING W J. Dynamic coal quantity de-



~78 —

K oHE T W ok % % W 945 %

—

—

tection system of conveyor belt based on ultrasonic array[J]. In-
dustrial & Mine Automation, 2023, 49(4). 120-127(in Chi-
nese).

Bz, L T FPGA A 2248 Bk Y e X Ol
BRIERI]. REE T REA2A4, 2020, 39(2): 49-53.

MIAO C'Y, GUAN S Y. High-speed X-ray detector for steel
cord conveyor belts based on FPGA[J]. Journal of Tiangong
University, 2020, 39(2); 49-53(in Chinese).

ZHANG M C, SHI H, ZHANG Y, et al. Deep learning—based
damage detection of mining conveyor belt[]J]. Measurement,
2021, 175; 109130.

MARASOVA D, ANDREJIOVA M, GRINCOVA A. Experi-
mental study of the influence of the interaction of a conveyor
belt support system on belt damage using video analysis [J].
Applied Sciences, 2023, 13(13). 7935.

WANG G X, YANG Z K, SUN H, et al. AC-SNGAN: Multi-
class data augmentation for damage detection of conveyor belt
surface using improved ACGAN]J]. Measurement, 2024, 224.
113814.

MOk, R, S, AR BT RW-YOLOV3 [kl R i
Pz ] BTG T/, 2023(2): 92-98.

ZENG F, ZHOU J, ZHANG S, et al. Real time detection of
surface damage on conveyor belts based on RW-YOLOv3[J].
Modern Manufacturing, 2023(2);: 92-98(in Chinese).

FE MR, FIRE, % LT Yolox-BTFPN 4% (1)
ity R AR MG TN 7 EA (D). Y D, 2023(6) : 46-49.
ZENG B F, PANZ W, QIN J G, et al. Surface damage detec-
tion method for conveyor belts based on Yolox -BTFPN net-
work[J]. Port Loading and Unloading, 2023(6) : 46—49 (in Chi-

nese).

[18] 5K&F, MG, iz, Blodk YOLOvS BB FH Sk 4 461 405 46

JrE RIS, 2024(2) :31-36.
ZHANG S, YE T, CHEN Y. Improving YOLOv5' s mining
conveyor belt damage detection method[J]. Hoisting and Con-

veying, 2024(2): 31-36(in Chinese).

[19] 8%, EALEL, Sk, B kiR m L A SR

WEFEN B BB, 2010, 31(2): 211-213.
WEI T, WANG Z B, JIN Y. Research on automatic detection
technology for surface cracks on coal conveyor belts [J]. Coal
Mining Machinery, 2010, 31(2): 211-213(in Chinese).
FAER, FeaRAE. A SR AU O ) 20 H L T2k
I ARG TS B h AR, 2018, 44(4) 5.
WANG Z X, QIAO T Z. Research and design of a binocular
vision online detection system for longitudinal tearing of belt

conveyors[J]. China Coal, 2018, 44(4): 5(in Chinese).

[21] FRERAE. Fk i e 7 20T WO 5 200U H 58 7 e il

RGUAFED]. KIE . RIFHT R, 2016.
QIAO T Z. Research on visible light and infrared binocular vi-

sion online detection system for longitudinal tearing of convey-
or belts[D]. Taiyuan: Taiyuan University of Technology, 2016
(in Chinese).

[22] HF5HE, Kz, EA, &5 6 F A R i A
KR IE)]. BB, 2016, 41(S1) : 259-265.

MEI X Z, MIAO CY, YANG Y L, et al. Automatic detection
method for surface damage of mining conveyor belts[J]. China
Coal Society, 2016, 41(S1): 259-265(in Chinese).

[23] FHERZE, WXHIH, HEE, 55 0 224005k 2 ge ot

RO AR GERFIE(D). SEme T2, 2023, 55(12); 198-202.

TANGJJ, ZHAO T T, TIAN K, et .al. Research on intelligent

non destructive testing monitoring system for mining steel wire

rope core conveyor belt[J]. Coal Engineering, 2023, 55(12):

198-202(in Chinese).

VESHT, 5Tk, PME, 45, BT EIR AIEN3E5E YOLOVS

1 i 21 A o 4 RGN (). AR R 5 A A, 2023,

(12):69-74.

SHEN J X, WANG G X, SUN H, et al. Longitudinal tear de-

tection of conveyor belt based on image adaptive enhancement

YOLOVS5[J]. Instrument Technique and Sensor, 2023(12) ;69—

74(in Chinese).

[25] WANG C Y, BOCHKOVSKIY A, LIAO H M. YOLOv7;
Trainable bag—of—freebies sets new state—of—the—art for real -
time object detectors[C]//2023 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition (CVPR). Vancouver, BC,
Canada:IEEE, 2023, 7464-7475.

[26] WOO S, PARKJ, LEE ] Y, et al. CBAM: Convolutional block
attention module[C]//Computer Vision-ECCV 2018. Cham;:
Springer, 2018: 3-19.

[27) WARZE, BBEIS, AUt 2 TR0 YOLOVS (944 H ix
FEBEFI]. PR 4 (AR BHE R , 2022, 59(5)
79-87.
ZHANG C J, HU X B, NIU H C. Research on vehicle target
detection based on improved YOLOvS5[J]. Journal of Sichuan
University (Natural Science Edition), 2022, 59(5):. 79-87
(in Chinese).

[28] GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich fea-

ture hierarchies for accurate object detection and semantic

[24] ¥

—

segmentation[C]//2014 IEEE Conference on Computer Vision
and Pattern Recognition. Columbus, USA . IEEE, 2014, 580-
587.

[29] #a%F, sRESL, EE BT RAGEE A LT SR H
PRERERFLIL[I]. AU MR R 22741, 2022, 48(7):
1222-1232.

BAI L, ZHANG H L, WANG C. Target tracking algorithm
based on efficient attention and context awareness|J]. Journal of

Beijing University of Aeronautics and Astronautics, 2022, 48
(7): 1222-1232(in Chinese).

(T#% 84 W)



