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Longitudinal Tear Detection Based on Improved YOLOV4 for Conveyor Belt

QIN Tong, LI Xiao-Ming
(College of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Longitudinal tear detection of conveyor belts is one of the important issues in coal mine safety production. In
the longitudinal tear detection of mining conveyor belts, insufficient detection accuracy, false detections, and missing
detections occur due to insufficient data, diversified damage patterns, and extreme aspect ratiosy In this study, an
improved YOLOvV4 longitudinal tear detection algorithm for conveyor belts is proposed. First, the existing data is
expanded by data enhancement to construct a longitudinal tear data set for eonveyor belts. Secondly, the variable
convolution is added to the backbone network to enhance the feature extraction ébility of the model for diverse damage
patterns. Finally, in the feature fusion stage, the cross-stage partial network (CSPNet) structure is introduced to improve
the longitudinal tear detection performance of the model for extreme aspect ratios, and further reduce missing detection
and false detection. The experimental.results show that the accuracy of the longitudinal tear detection for the conveyor
belt reaches 92.5%, and the F1 score reaches 93.1%, which basically meets the requirements of the longitudinal tear
detection for the conveyor belt. '

Key words: 10ngitu‘din‘al tear detection for conveyor belt; YOLOv4; data augmentation; deformable convolution; cross

stage partial network

AN T K is es, R Fskis AT BERT AL IR < A R R 1 3 B T 8 i
R Jui BT 5T A s SR, ik IR RIS, W ERANE SN R DL R AT AL BE, K2
HAE s AL R G i A, AR fnid fE b 2 52 2 SECEE I IE, FLEG RN R T B, Podi

O HEETH: BHEARRBEAIES (61373099)
WA ] 2022-07-16; A& B TA]: 2022-09-07; K FHIS [A]: 2022-10-19; csa 7E£8 Hi RIS [A]: 2023-01-06
CNKI %% & K I []: 2023-01-06

186 4 AR H 1% Software TechniquesAlgorithm

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9024.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.009024
http://www.c-s-a.org.cn

2023 4F 55324 3

http://www.c-s-a.org.cn

i H AR SN A

2 A A\ T AT R % 6 T B, AR,
S 0 AN P R LA A 2R 2,
s R L AT AR L R A ke
VR S R OT R RS FL 5 2 B KR TR, 3B
WK

ST 03254 20 60 305 2 7 2 LA i 75
SN E, AR A L EED. X FERIEY . ETH
SRLSE I J7 v 5 0 IR BE 5 21 100 %, %27
RS AR, AT 2 PR 3, S5 TR
VLS I T v B A . AR e 5 T4
S LT VR AE S ST 77 I BRI I . Bk
T S O O . TR, KR
A IR 160 5.

HLAT LA 00577 1 AT Sk [9] SR P Agh 4K
P 50 U005 5 ok VLB, LI s 17
Fih 5 S SRR 22 S, SRR STIR [10] R
FIET 22 R PO 0 U L 07 2 7 7,
(LR 4 T 4 S0 05 244 0 T U, 95 1
R TR, FEAHERE b L AR TR A, S 2T
LB L 177 VA A O B I C A T R
B PR, (K 25 BF 0 0BT S0 S0 B, 1 5B
AT ARAELER IR R . TR A 0

SIE 4R SR B TR 2 TR 2, R BE 5 ST
T RAT ol 15 Tolk R 7 T B e £
ATV 2 TR o B0 3 B4 T B
— W BT

PR B H AR 3, AR F 510 RCNNUY &47

Bhn: SR [12] 32 H—F o R B 6 T 35 R AR |

BB 19 4% P 0K B PG 58 R k. 1 L Bk
UL 0 22 A0 i (R e, Tk b
O s N

— W B H AR RIS, R 5y YOLO! Fil
SSDU) R, 7 {AE — 2 5 FEE 1 [ B LA e e sz i
P, BRI T b 5 5 Bk T £ — A B B e T 3 5
TR ARSI . AH SCHIF 5 32 A SCiik [15] KA YOLOv4-
tiny B3 B A S AT R, 7E T
T R BRI, 2 K BT A U A P B . S
R [16] 42 H — Bl £ 22 R FEE AR 1 T ol A A i
FELTRD T AT R R E R R AR 8 A T 0 2 1 B
BLIF. ST [17] 3 78 5 A 4 7455 0 2% v 3 ATk 22 B
He 5 B MU, SEILR LT e ) 52 5 SR A

SCHR (18] 83 et SSD H ARGl 535 4 45 2% bR £ LA
FAZCCHE A5, SEBL 1A S At o ) S A . 2 T
REE 2 S TREMB T G e (75 E R S
(IR IAE 2. SR AE LR i T REREA L
RS RA . WERTE m b, DY R R TR %
AR AR 3R g Y )

1 YOLOv4 M Zfifid

YOLOv4 WM& &5t el 1 figny EZHBAZ
- TM% (backbone) /2 neck /2 MR 4 444
A Fori N E R B (G T Mosaic SRR3R, K
NG ST A SR T 125

Backbone JZ % % fi CSPDarknets3 i 42 HH %%
538 0 ek sz 1 1R S 1) 4 B5 Ak (SPP) BEET i A\
GIEATRAE SR, Hega o AS [ R P RRAE 1.

Neck 2K HFHIE & 7 M4 (FPN) 5E&E R4
M 2% (PANet) FEAERLE 7 300 backbone B Bt 1A
[ ROEEREAE AT Rk G, R A BT 58 T bEr
gy, LU SRS I H b R ARk

Tt J2 2K FH L B H Al i A YOLO head
3 AN [ /N IR AR B, B 76%76, 38%38, 19%19
KANPIRHE L

o Jr BEAT AR [ 9, FEAREAE B BN H T 3 N
HEE St oAl H Aw 347 =14, B‘f‘i)’a‘i@ji\”:llimﬁﬁffﬂﬁﬁﬂﬁ
EREAT JE A3, %&%Thﬁ%ffﬁiﬂﬂ@ PR B A FRR I 5 .

AR =
2 HrlE S S
21 BRI SRE

H - 2% 7 N T 1 28 S A N T (R B 4, TRk
AR SCAE SR A W B AL N sy R A
SEEUG, B R 2048%2000, FEE AR EIE 2000
ik AT B AT I P It T S O 1 B R
££, KA Labelme AT FRE, britid FE a0 2 Fros.
2.2 HiEtEE

N T PR AR [z A R, 8 INRE A 2 R
Rl T s O\ ) AL e e o R e, JE ik
Mosaic. B SEEHLEE I SCOUAT B (2 R Xt
E P YRR DA [ Y B2 PR R IR R B 5
724 PG X DA [R B2 05 K B2 R B, EE I
BEAE, WIIZREA. B 3 AT RGBSR — L
FEAR.

Software TechniquesAlgorithm #1F4 AR 5%: 187

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

EN R S MNA http://www.c-s-a.org.cn 2023 4 55324 3
{ CSPDarknet53 \ / F TR
[ mpus (6(18, 608,3) | ‘ CBM |=o{ Conv ‘ BN ‘ Mish | l CBL ‘¢=‘ Conv | BN |]1iee?ik3
l CBM (608, 608, 32) | <=. CBM CBM Cadd D

‘ CSP1 (304, 304, 64) |

[ csPn || cBM

l CSP2 (152, 152, 128) |

.

CcBM P Res P cBM
n 4> Res PR Concat CBM
1_CBM

1 \
‘ CSP8 (76, 76, 256) |- I CBL+Concat+CBLx5 } -]J YOLO head
! [ CBL+Upsample | [ Downsample+CBL |
‘ CSP8 (38, 38, 512) I | CBL+Concat+CBLx5 Concat+CBLx5 —'-{ YOLO head ‘
] [ CBL+Upsample | | Downsample+CBL |
n‘ CSP4 (19, 19, 1 024) I/
‘ CBL3 | FPN-+PANet
§ !
| 5x5 | oxo || 13x13 |SPP
: | |
| Concat+CBLx3 [ \ u| Concat+CBLx5 |7—>| YOLO head
‘. ‘

K1

IR 244 \HH

ggggg

:::::

xxxxxx

B2 B >

1

(b) LA EEE

(a) (o) BB 2

(d) xFELRE

(o) Hrf
3 HdREse

188 #H A4 AR 51k Software TechniquesAlgorithm

YOLOV4 M 2% &5 &

2.3 HBEXS

HyEen 2 J5, H15 3 6 866 skfnk K%, Hb
R EHE 5 SRR LB 101, BEHLRIE 5488 7K K]
BAEN SRS 689 IKEIBIEIIES . 689 K EIGMEN
AR, YIZRE R LR 2 B I%'—ﬁi}ﬂ% MIEFES
254, mé@fﬂﬁ%uﬂﬂ G B UN =T

Yolow BP0 A O\ T 5 2
SR B 48 2

iﬁuﬁ?ﬁ’q&Wﬁﬁ%m%ﬁfﬁ%ﬁﬂﬁ%*¥4{, i 4
s, HIE SR &4 2, B TG R E SN
A Noh T SRR R 5 T 2R M M BE B . #E CSPDark-
net53 WX 2% 25 K 4 FH I35 AL Se 1) CNN B A, (ELA:
i 1r) CNN HRRAZAE A B e R~ [l g KA RS
RUZ, I 3i2e iy R FIRAG 2 A R LA AR e A Re
B FE. N T BRI T 2 2 FE A X B TR A A P ) 52
Wi, 7E 7T P 4% A s i ol A8 A G R, B PR AR T ) A A
FJ&

3.1

7 Jr L, BT EE A MR KA, HAE
TRV 5 ke BT ) ROT ZE 500K, JE i B2 (8 SR
SRV SPNIEE T¥ANE RSN A S R iDL SR (TR S DA K IBES
H e P G I L O S ARG T AR [R] K

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F #5324 H3 W http://www.c-s-a.org.cn HEN RS MNH

fitt B IN—wA2 AL 5, A8 BT B R R A . . .
M, W B e e A H AR T A5 224k, BE AR kg ‘

6 7. FEl 4 ?ﬁﬁ%%&%%ﬁé‘r&,

b, 7555 AL R 15 B B, Y500 85 B BUAE 73 0 4 e ik 1)
TR ZERE P DU SR AR G, ST I R T RE L it
JE R ) BEAR SR N ] 5 BT, HE ZRAE N B 9 ek )
i
32 ETHERERMHANETME

A AR TR (DON)! 3 B SE I 7E S5 B 56

Inputs (608, 608, 3)

-

|
CBM (608, 608, 32) ‘
|
|

|
|

'
‘ CSP1 (304, 304, 64)
|
|

!
CSP2 (152, 152, 128)

et iieininieintaiaiatuisitab it DAL Db L LA AL LY
CBL+Concat+CSPRes I 7
| CBL+Upsample | [ Downsample+CBL |

1
|
:
1
' CBL+Concat+CSPRes H Concat+CSPRes
:
1
1

YOLO head

CSP8 (76, 76, 256) |

YOLO head

[ CBL+Upsample | | Downsample+CBL |

[ 5xs | oxo ][ 13113 |

.
‘ Concat+CBLx3 I ‘J] Concat+CBLx5 —'{ YOLO head

) s =

s ffﬁﬂﬁ’ﬂ%ﬁ:éﬁiﬁs \

o H po N EA BEIAT BRI ST 0, p,th i

L E, HUR TR0 2R AL bR, DRI, pot pa s

BERIEALE, Y(po) T BRI 2 FAHEE L
fRIEA B o7 5.

TR To 3 FULE M3 25 L B, BB HOAN 1

i NAFAE B 5 — A3 3 A/ B B S B 5L,

5 JEURRAE PRI /N — B, B SO 2N AR P,

6 AR NANIE I 5 J5 N AN I8 45 913 a0 [ s & Sy ) 1)

TERLE 33 AU, 45/ OLE WAL AAE I T R i, SRRSO RS 3 g — AN /NS, TR 75

FESUAP = ((=1,-1),(=1,0),---,0, 1), (1, D}, S FHN  sobady [ 5y 5 i (s B b A7 X002 T 346 8, (0 M 8 B

RFAIE P B ML B po 19 : NI, DB RN, 5 AT (W F2 . foc 24 52 7T A2
Y (po) = ZW(Pn)'x(PO"'Pn) (1) R W &(Apin=1,2,---,|Pl}. WIFETHHEFH
pneP D% ApSE LG BURFE K 82, ST AT 2246 11 1 45

Software TechniquesAlgorithm #1F4 AR« 5%: 189

© TEREERIREGSTT  hiip:/iwww.c-s-a.org.cn


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2023 4F #5324 3

1. 5 SRS 7R ) ) AR A B 3 ARG T I A T 2 Y
AL, Z R

Y(po)= ) w(p) - x(po+patsp)  (2)
PpneP

WKl 4 Frow, Fikar i R e A8 2 R EOR, i H B E
Kb FE RN E T TR ER %, ZEEMZ G2
FIANTEH B B SCOSRRAE T PO AE SR I, AT B
W 28 far U PE e R B TP AR TR A AR, A 2 )
R FE RS, BT RLYsk/ o Jo FH X SR AE IR 3R HR, 1
SRS 2 2] SR H AR AN I BE 77, ST M 2% T AR 2
BERE 77, AT H2 A DS B2

A bk, A 3CAE YOLOvV4 [#) backbone Z 1% J5 ™

AN CSPn T RAFALER R AN AL TG, 1Y 9 T R 4%

FAITE AR TR ASLRE 7, M2 TH 19 46 o i 3 75 A8 [R] 45200 T
AR IIERE, BO% S ) CSPn 25K ANIE 7 5TR.

.
¥
[Res-d |=»~r% CBM [»DCnov[ BN | Mish p

3x3 1x1 1x1

[CSPn-d=[CBM | CBM B Res |*[Res-d|—{CBM
n—1 A Res HiH
CBM

1x1

B 7 CSPn-d £

3.3 ETEMREBMEKENRERR
BRI 2% AR AR AR B IR K U AR, A
[ 338 AR AL B AT R S AR LROAE 2, Rk, JE /s Ak 2

AR EIE R, BT PARUEE PERE AN AT SR T, ik

VIR, 024 A R A 15

BS I BUR HEII2% (CSPNe)Y i A2 ok 4081 6

A, 5B P A LS [ 2 R 1, 6D T R

I, S90S B B AL 4L 22 /6 298 1) DenseNet

£ R e ANHE R 2 A B 88+ 1A

I, Zid R A :

Xk = Wi [X0, X1, 5 Xg—1] 3)

Foo, TR BHUB L, 55 W RR k- U2 KR
Hi. SR 10 e 4 BT R T A

W = fowi, ho)x “

wj = f(wa,ho,h1) (%)

190 45 ARH 1% Software TechniquesAlgorithm

wi_y = fWi-1,ho, e+ i-2) (6)

wi = fOwi, hohyy -+ b2, hi—1) @)

Hor, wR R iR WIARE, fRRACE T H AR, 7E

R (6) 5 (7) H, B EAS BhA T 33 AR % 2

AR, B — JZ= 0 R B FE AR AT TR 5.

FEHER B 5] NFEH BRI 2, BEAR S5 R e 8

I, R b2 i AR AR B A 3E, X LR
PRI BOAR S, i HEN— A AR, B
A

X = Wik [, X1, Xt ] (3)
oo, x it A B 1
) % x? =Wa*[X6’,X1,--' X ] €
B x, 5 AT concat B, PR R N:
Xp = Wp * [ X, Xa] (10)
BAARCE SN AR R
wy = fwihy  hi ha, -+ hg_y) (11)
wy = fWa, by hihy, -+ hy) (12)
wy, = f(wp, hg, ha) (13)

Horhy, wi RO J2 03 S e A SR R, w2 A
J2 53 3K A UL, ) o) 43 SRR BEAR B, ho 7R
xy BN SO BB EEAE R i (12) 5 (13) AT, A
2 3 SRR I 5 PO 43 S B 2 RS, 4
AR TUA (B ST B 15 8, AT T B
RESHL A EE T i I 0.

\

Dense layer 1|~ Dense layer 2

' : 4 RN
: i O 3 X,
‘conv: ' conv L conv,

xgixg __.-concat‘-_ ./ concat’, concat ., X

] -« " a
S - Ll >
H:|copy.|:|]copy copy ‘conv X,

: concat

K8 Y BLR B M 4% Bk i DenseNet

AR EEE CSP 451 v i B 3 B B 4 ik 22 e, 1)
K 10 H ) CSPRes FEHR, SEHLXT FPN 5 PANet 4
TE R 38 50, =F 5 86 B A A 10 TR I 02> 2 B0 4
Bef AR A28 Ay 7K - 15 30 B 5 ) K /0 22 S50 A 0 12 R 1

AN

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F 55324 5531

http://www.c-s-a.org.cn

i H AR SN A

s A
‘ WxH*C/2 ‘ ‘ WxHxC/2 ‘

¥

Dense
block

B9 CSP4fHE

CBL (1x1xC)

CBL (1x1xC12)

it

Route

Kl 10 CSPRes bk 4 4 &

4 SEIGEER 550y
4.1 LEWIERBEKE

AW R85 N Intel(R) Core(TM) i9-. |

11900K CPU, NVIDIARTX 3090 i 7. 52 & Ak {1 34 15
J9: Ubuntu 20.04 LTS #ff R4t PyTorch ¥4/ % > H
R A 1.7.1, OpenCV-Python 25+ 5% T. B AU,

S 2 AW WA 2 156 0.01, B 0.937,
FE IR R ECN 0.000 5, SR AR 5218 K SR us, THGl 2k
BHON 3, HIIZRRIBEEESh & 0.8, TFRGUIZR i &
2213 0.1, 1%k epoch ¥ E N 300.

4.2 1FNIERR

SEIG R RS (precision, P). A% (recall,
R). “PYIREEYIE (mAP) 5 F1 $8br1E PR Ar vk
PPAL WX 25 i B AR e [R]I, SR FH R DV 18 B IR AL
(FLOPS). Z¥{ & (params) R HEA K1 H R E S
i, B KA FPS Fabr R PEAL AL S . ok

HiR. HERKHE AR 14). X 15) Fin:
TP

P=— (14)
TP+FP
TP
R= (15)
TP+FN

Hrh, TP, TN. FP. FN & LNTF:

TP FR BLE i 152500 A B 1E 2 R A 119 85

TN 377 BLIE F0 T 35RE AT 474 A 1 /8

FP FR U SRR FUMINESHEA 194,
BSR4 L3

FN 327 BUE HITE i U g 1 REAR i1 A2,
Bk -

WA (14). 38 (15) A7 LA, R B 2 e A
TR0 (A SR, 73 [ 3 8 72 L 1 TR AL, [
2% SRR R 5 0 T ke i R 352 15 U

FHRE . F1SRR 050 A Rt (16).
X (17) fioR:

mAP = (16)
N
Hor, N RS
Fl:w (17)
P+R _—
43 TWERSHHT | -

263 300, Nepoeh V| 25, MR FE . 7 Ia] % |
SIS S A TR T, Skt 2 I 11 R
SR 8 06T 4 45 2 B Bt 2%, BRI B, I 12
FR BRI 1 AR M2k A5k 1 2 5 %
SR IO (Ei=t

Total loss

0 50 10 150 200 250 300
Epoches

B Hkihsk i

Software TechniquesAlgorithm X fFHi A5 191

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

2023 4F #5324 31

0.12 F

0.10

0.08

Box

[

0.06

0.04 -

0.02

(=]

0.08

200
(a) Box

0.07 |
.. 0.06
— 005}

«

0.04 +

0.03 +

200
(e) val Box

»
|

%t SSD. YOLOV3. YOLOv4-tiny. YOLOv4 f

RIZR S MK, 2 LR U g R IR 1 PR, &
K25 RR Y], YOLOvVA Sk b 5k, B A 1
R e S, R AL % YOLOV4 fF 2 £: M

0.010 .\ 0.8 0.8
£ o008l 06} 06}
3 A ~
= 04} 0.4}
© 0.006
0.2 | 0.2}
0.004 0 0
0 200 0 200 0 200
(b) Objectness ()P (dR
1.0F
0.04 |
; 0.8 0 0.6
g 0.03 - %] | =
3 8@ 0.6 2 04l
g 002} i‘g 04t ® [
E T 02t
0.01 | 02F
, . Of , 0 l ,
0 200" ¢ 0 200 0 200
(f) val Objectness (g) mAP@0.5 (h) mAP@0.5:0.95
-
L E2 B IATIIRRR (BEALAR Y epoch)
K2 IHRESER 1
A7 P R mAP@0.5 FI1
Baseline 0.908 0.932 0.985 0.919
Baseline+CSPn-d 0.921 0.935 0.987 0.927
Baseline+CSPRes 0.921 0.924 0.982 0.922
Baseline+CSPn-d+CSPRes 0.925 0.938 0.989 0.931

25 AT Bk ASCRE AR T A, F1FR bR 4R
T T 1.2%-3.8%, ¥ 215 13 [0 ZMH 0 50 oy, ko ook i
K F 58.8 W/s, 1 A2 A F S0 s O 17 47 S 7 2 A 5k
JE B SR 3 B A ST VA AR SR I A R LA AR
TR IR A 2, B AT (A7 T A R PR T T A
RE, I T A SRR .

%3 B L RE W), FE N CSPp-d BB LR, 1
T B 52 U, FPS 45 HE W SR, BT, 3]
O\ B B R B RO B AR b, — @ AR bt
o) 245 A R0y T et 2 R I O B AT O
7 92T R W0 0 B4R, AR 34 24 i
BRI T 10%, ZHEIRD T 5%, WAE 7 %8

IDE(EER

£ 1 AFEEIEIE R
A7 P R mAP@0.5 F1 _ FPS(iibi/s)
SSD 0.920 0.680  0.861 0.782 240
YOLOV3 0.878 0.910 0.975 10.893 76.9
YOLOv4-tiny  0.811 0.713, 10953 0.758 256
YOLOv4 0.908, 0.932° 0985  0.919 71.4
HEIYOLOVA  0.925 0.938  0.989  0.931 58.8

N T BRIE AR SCRSEER G v, 0 AR SR )
BEHEAT T Al SE L0, SR 4E RNk 2. & 3 fioR, & 2
SLIG g TR, ASCEVE AT LSRR T TR
WMIPERE, B0 P TR S H el Hok F1fRbRik
£ 93.1%, FEFEIA R 92.5%, FHEL T4k 55 2% W 45 53731
Tt 1.2%, 1.7%. HeAH /2 TV A I 8 1 s 2 1) 0
SR L SR, UE W AR SC L A 5 R ASE R ot A G
FA B THE R, RS ZRR A 2 K.

192 4R 5% Software TechniquesAlgorithm

#3 HERSER 2
Rk FLOPS Params FPS (i/s)
Baseline 70.72 63.94 71.4
Baseline+CSPn-d 70.87 64.12 55.6
Baselinet+CSPRes 63.59 56.97 74.3
Baselinet+CSPn-d+CSPRes 63.739  57.16 58.8

B 13 G ELT 7 AIARAE B Fr, FHAS A S B0t
HEATREIN, oA B 13(a)- & 13(c) 4373 R om i B FRiE
YOLOv4 frill g s AR SCEIER IG5 . Seie 48 Rk
A S S AR LT YOLOvA, ELA SEAR (R IR AS 22 1%
for e, H B AS FE o lAE B 452 00 3 SEARVEAE, SR E
T ARSI R

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

2023 4F 55324 53

http://www.c-s-a.org.cn

i H AR SN A

.-..
....

(a) Ji bR (b) YOLOV4 &3 © A

13 gl 2 51
"

5 dnE5REYE
ASCHEH —FP3ET YOLOvV4 BEAT B8t (5
[ 4 2R A U v, e e I B AT R SR S R,
B THARE, 1T TR A R FIRT, 7R 3
L5 IR 5 S CSP B A 4 T PR T AR AR B il 4
I, PRI AL AR AE SR AL RE ) 5 LT A R 7). e,
TERFAERLA BT BE 51 NS B JR) 0 I 26, 38 SRR AE il
e 7). Seae gt R, Uk YOLOV4 K SV ETE Sk

HE AT B4 A DA 55 v iT DAAT 2 i AR 2 L B
IR AN RAG O RE AR, FLips AL SEIRH AN 2R, 2B T
VR REAE CRUEAG DR B2 26 0t B, Db 280 5 1HH &,
SEOLP AR R B A, DU T3 /N80 4% A R 3

SE Rk

1akze T, v, g NS LT P O3 i IR
Ko BORBLEROR, 2007, 35(12): 77-79. [doi: 10.3969/
j-1ssn.0253-2336.2007.12.023] \

2 Che J, Qiao TZ, Yang Y, et al. Lor&itﬁ@inal tear detection
method of conveyor belt based orf audio-visual fusion.
Measurement‘, 2'()21, 176: 109152. [doi: 10.1016/j.measure
m?nt 2021.109152]

3 R, Bk, RSO, B P A SRR L 1 G TV
7T, Mk THE, 2010, (2): 85-86, 89. [doi: 10.3969/j.issn.16
71-0959.2010.02.033]

4 FEJE, SR, WU T N R R 5 . BT L
%, 2005, 33(8): 73-75.

5 MR, sk, Wik, iy SRS LRI Y N 1) R R 3 2
BT B HLE, 2006, 27(7): 139-140. [doi: 10.3969/
j-1ssn.1003-0794.2006.07.059]

6 WA EE, Tk BT R IA T Ok R S I R G R SR
BHEEFOR, 2010, 38(8): 89-92, 96. [doi: 10.13199/j.cst.2010.
08.95.youchx.019]

7 B, R, 98 T, 55BN L e & T e
LR 7. B ML, 2013, 34(1(9 191-193. [do: 10.13
436/j.mkjx.2013.10.098]

8 RE, WKz, 1?1% é‘ﬁjﬂauiﬁ?x;‘c%%v I ASC R B A
6% R TR, 2011519(10): 2393-2401.

9 Yang RY, Qiao TZ, Pang YS, et al. Infrared spectrum
anaillysis method for detection and early warning of
longitudinal tear of mine conveyor belt. Measurement, 2020,
165: 107856. [doi: 10.1016/j.measurement.2020.107856]

10 TRKE, XIENES, VLR, 5. 5T 2 B ROE i UmiE il
A, T E 34k, 2021, 47(7): 37-44. [doi: 10.
13272/j.issn.1671-251x.17681]

11 Girshick R, Donahue J, Darrell T, et al. Rich feature
hierarchies for accurate object detection and semantic
segmentation. Proceedings of the IEEE Conference on
Computer Vision and Pattern Recognition. Columbus: IEEE,
2014. 580-587.

12 VFEETE, Bk, B, &5, JE T B0 4 X 46 1 40 I 2% 1
Joa E R . RN AL, 2022, 42(1): 265-272.

13 Redmon J, Divvala S, Girshick R, et al. You only look once:
Unified, real-time object detection. Proceedings of the IEEE

Conference on Computer Vision and Pattern Recognition.

Software TechniquesAlgorithm #1FHi AR 57%: 193

© TEREBIK R

http://www.c-s-a.org.cn


http://dx.doi.org/10.3969/j.issn.0253-2336.2007.12.023
http://dx.doi.org/10.3969/j.issn.0253-2336.2007.12.023
http://dx.doi.org/10.1016/j.measurement.2021.109152
http://dx.doi.org/10.1016/j.measurement.2021.109152
http://dx.doi.org/10.3969/j.issn.1671-0959.2010.02.033
http://dx.doi.org/10.3969/j.issn.1671-0959.2010.02.033
http://dx.doi.org/10.3969/j.issn.1003-0794.2006.07.059
http://dx.doi.org/10.3969/j.issn.1003-0794.2006.07.059
http://dx.doi.org/10.13199/j.cst.2010.08.95.youchx.019
http://dx.doi.org/10.13199/j.cst.2010.08.95.youchx.019
http://dx.doi.org/10.13436/j.mkjx.2013.10.098
http://dx.doi.org/10.13436/j.mkjx.2013.10.098
http://dx.doi.org/10.1016/j.measurement.2020.107856
http://dx.doi.org/10.13272/j.issn.1671-251x.17681
http://dx.doi.org/10.13272/j.issn.1671-251x.17681
http://dx.doi.org/10.3969/j.issn.0253-2336.2007.12.023
http://dx.doi.org/10.3969/j.issn.0253-2336.2007.12.023
http://dx.doi.org/10.1016/j.measurement.2021.109152
http://dx.doi.org/10.1016/j.measurement.2021.109152
http://dx.doi.org/10.3969/j.issn.1671-0959.2010.02.033
http://dx.doi.org/10.3969/j.issn.1671-0959.2010.02.033
http://dx.doi.org/10.3969/j.issn.1003-0794.2006.07.059
http://dx.doi.org/10.3969/j.issn.1003-0794.2006.07.059
http://dx.doi.org/10.13199/j.cst.2010.08.95.youchx.019
http://dx.doi.org/10.13199/j.cst.2010.08.95.youchx.019
http://dx.doi.org/10.13436/j.mkjx.2013.10.098
http://dx.doi.org/10.13436/j.mkjx.2013.10.098
http://dx.doi.org/10.1016/j.measurement.2020.107856
http://dx.doi.org/10.13272/j.issn.1671-251x.17681
http://dx.doi.org/10.13272/j.issn.1671-251x.17681
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2023 4F #5324 H3 W

Las Vegas: IEEE, 2016. 779-788.

14 Liu W, Anguelov D, Erhan D, er al. SSD: Single shot
multibox detector. Proceedings of the 14th European
Conference on Computer Vision. Amsterdam: Springer,
2016. 21-37.

15 FRASHE, WL, 5KI%, 55, 5 TIREE S 21 B0 F i i
ok 7. TH™ A3k, 2021, 47(6): 51-56. [doi: 10.13272/
j-issn.1671-251x.2021040010]

16 i ], SRANAS, K. Rl G 2 ROBERRAIE A Tl B B s )
PR, NIRRT R 4, 1-7. http:/kns.cnki.net/kems/
detail/21.1106.TP.20220227.1653.002.html. ~ (2022-02-28)
[2022-07-04].

17 JE, A S 5T 2 RGO A AR B R P A I SR, H
T F AR, 2022, 45(7): 125-130. [doi: 10.19651/j.cnki.
emt.2108625]

18 Wang YB, Wang YJ, Dang LF. Video detection of foreign
objects on the surface of belt conveyor, underground coal

¥
¥

194 4R 5% Software TechniquesAlgorithm

19

20

21

mine based on improved SSD. Journal of Ambient
Intelligence and Humanized Computing, 2020: 1-10. [doi:
10.1007/512652-020-02495-w]

Dai JF, Qi HZ, Xiong YW, et al. Deformable convolutional
networks. Proceedings of the IEEE International Conference
on Computer Vision. Venice: IEEE, 2017. 764—773.

Wang CY, Liao HYM, Wu YH, ef al. CSPNet: A new
backbone that can enhance learning capability of CNN.
Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition Wo!fksﬁops. Seattle: IEEE,
2020. 1571-1580. g

Huang G, Liu Z, van der.Maaten L, et al. Densely connected
copvoluti‘onaf networks. Proceedings of the IEEE Conference

on+#Computer Vision and Pattern Recognition. Honolulu:

IEEE, 2017. 2261-2269.

(B e 7R ki)

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.1007/s12652-020-02495-w
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.1007/s12652-020-02495-w
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://dx.doi.org/10.13272/j.issn.1671-251x.2021040010
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://kns.cnki.net/kcms/detail/21.1106.TP.20220227.1653.002.html
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.19651/j.cnki.emt.2108625
http://dx.doi.org/10.1007/s12652-020-02495-w
http://dx.doi.org/10.1007/s12652-020-02495-w
http://www.c-s-a.org.cn

	1 YOLOv4网络概述
	2 数据集构建与增强
	2.1 数据集的获取与标注
	2.2 数据增强
	2.3 数据集划分

	3 改进YOLOv4的输送带纵向撕裂检测
	3.1 模型的网络结构
	3.2 基于可变形卷积改进的主干网络
	3.3 基于跨阶段局部网络改进的残差模块

	4 实验结果与分析
	4.1 实验环境及参数设置
	4.2 评价指标
	4.3 实验结果与分析

	5 结论与展望
	参考文献

