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Abstract: Fabric defect detection is an important link in the quality management ‘of the textile industry. Accurate and fast
fabric defect detection on embedded devices can effectively reduce the detection cost, thus being of great value.
Considering the structural characteristics of colored fabric,defects in actual production, such as a complex background,
large differences in the quantity of defects, an extremely high aspect ratio, and a high proportion of small defects, a
colored fabric defect detection method based on a lightweight model is proposed and implemented on an embedded circuit
board Raspberry Pi 4B. The,‘lightwei'ght feature extraction network ShuffleNetV2 is first used to extract the features of
colored fabric defects on the basis of the one-stage target detection network, you only look once (YOLO), so as to reduce
the complexity of the network structure and the number of parameters and improve the detection speed. Then, the
detection head is decoupled to separate the classification and localization tasks so that the convergence speed of the model
can be improved. In addition, the complete intersection over union (CloU) is introduced as the loss function of defect
location regression to improve the accuracy of defect location. The experimental results show that the proposed algorithm
can achieve a detection speed of 8.6 FPS on Raspberry Pi 4B, which can meet the needs of the textile industry.

Key words: fabric defect detection; lightweight model; Raspberry Pi 4B; you only look once (YOLO); ShuffleNetV2

O T H: ERAREEIES (42164006); FE 45340 EI H (2021M700682); WIFHE B RRIEIE 4 (20221730474); WIFE S HE TN HED
H (21B0507); FE R F K24 ADLIIZRTRI (201910531053); 7 B KFRFAITE (Jdy21061)
AR IS TR]: 2022-09-20; F&EEE E]: 2022-10-19; SR AT A]: 2022-11-04; csa 7E4L H RIS [A]: 2023-01-06
CNKI W% & K I 1) 2023-01-06

System Construction &4 1% 161

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/9051.html
http://www.c-s-a.org.cn/1003-3254/9051.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.009051
http://www.c-s-a.org.cn

it E RGN A

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

2023 4F #5324 H 4

AL SR 02 9 0N 2 7 7 i B 31
R, A1 DG S 19T 7 56 S0 45 3L S5 AR i, S8
VL= S A e k). i, % B SO AT R P
NTHRREGI7 vk, %77 AP TE A B ORI 28
SRR, 325 YT AL SR 58 L
T B 7 v SCBUIRAE R U, (LA SEML a5 T
GAETE R IITRBE R — MR AR . AT
SRR I S, A Rl R R IR
AR B R A AT A 28 1 R B
UKL AEAL . R T 65 DL SR R 7 ik LA
IR L

AL GEHL VL5 77 VAR AT UC P (R SOR R 53y 3
Toit Ik, BFHIT L. T EAD L. it
275 P AL A A U B R M0, SRR AT 4
VAR, AT BT B GEER) AR e 0
PR RIEOE I A ) A KO VRIS T A A
IS 5 S BN I UG P13, A7 72 R A DL 0 2
SR LA HE R R B SR R AT UL (R0
PR A) T, SCHLIBAE S K, 77 VAT I L A )
AN A ) T Gabor S S5 S VR BUHE M GO
FEy A1 1 P 40 0 2 R, L DA 2 )b o B oz
ELEAT SO B T A UG PR A R ALY,
o 15 A\ S 30E4 DU G 40 5 BB BE A 8, 779
TR ) A /R R R LA R, %Ky v 2
TS0 3 — BRI ACR R E, 0 FA e 26 A
T SR (UK A7 7 R R, 45 L i, 464550 1
A5 DL B AR T — 85 S A0, (A7 AE T B 2

i WO NG L 2 B0 T TR A SIS P AR A5 k|

[FJIST, A6 258 77 R0 H RN 22 56 il 2SI B AR 77 ok 78
i L SEBLSEER R , AS h A2 lk Fi K T
N S

b A R 2 STROR (10 % 2, A UG SR A 0 1 19
A BREAL T 8] KR . R o ) B S AR
TN AT VLR A D0 R A DU R R, P SEILAE G805
M DLIA B RS I 8 SR T IR BE 5 ST B E A A
VA A I X A AR BT AR 73 RS B 1 2R
T region-convolutional neural networks (R-CNN) &
FUFEN T R B E BRI R 4. WL T Faster R-
CNNT (18 A D G G U 2% G B 5 A7 UG K004 4 2531
B AT B H bR/ ERE AL X region proposal
network (RPN) P2 AT Bui, BEAERAAR TR BRI i 1) A2

162 Z%i% % System Construction

B I BRI ) 2 BE A8 AT RO A FEEE L /NERCBER)
A VUG BEAT R, AR AEAS R B AN B AR 26 2 2K
#:F you only look once (YOLO) FFIHEN " iy
B B H A I P48 1 Ting 25000 R — R T
HEYOLOV3 15 I 1 e 5 1 2R BECHEAS I 7 v, HIK
SRR 245 BARSE & N H T A FRHE 2 47 AR T
MR I, %707k EOE T A R — IR S5 M
TS BIOM T4, Zheng 22 $2H T —FF2E T squeeze-
and-excitation (SE) #Hf{) SE-YOLOyS & A UL H it
BB, A DL A A DL RS U T, (P S e
BATE RN R B S .

R TR 0 7 A A LT E A A
TR IR AR, (IR TR R R R A TR
R, A AR AN R & SRl s e . & St
PESE R SR . AT AR, BEAE 7 8l S N T8 AR
)RR TR ORI R, TR B 24 45 0 1) H A g
W53 W FU G 22, & Fh A% a2 ke D DX 26 e 2 e,
MobileNet”'*?1, ShuffleNet!”**! & GhostNet £z
S bR B A W X 2% TTAE RN S & B SR e
A AT VT IR I, AL AR, ASCHE T — s
T ShuffleNetV?2 (1) %% 5 248 €4 A7 VT HBE A I 7
1%, BIEA RPEARG SO I oA, 7RI ik & b5k
DUHER . DR R A8 AT DLIBOREAT .

\

1 6 AT VU IS 4R A 5 20 1 s A 2
1t 5 D CTEOE SCHR A T K i Tl 8 s 9 K
FEL (0% 4354 WAV UG, 16457 NMBREFRTE, bRTE
A B 12K 5 K i SR . SN 2K B 92 B A
HOULHG 15 KHLRE, gk, HEAERI S A UC R
IR KN 4096x1800. A SCBEALIHEL 90% 1 Al
AR, 10% AMNREE, Il ZeEr 20% NIRIEE. %
54 LR AT L P15 PR o 2 T 1,
ANEEL 1R ET 4 B R A5 B (1) A RIS B 2
[ 5 22 5K (2) FRBE R T 22 5k, /INFRUIE o b
(3) K E k. K2 AR st A
FIEAE . S ARG AR 17D 2 T B0E 2 19 S0 5 2 S5 K 2
SR, A SCEE VI Gt A2 v, SREBEHLIN G . A5 T4
2t 7 5 S S AT S D S v g il R
S N SIOE BE, % BUR S 4i/Ny 416%416
153 T £ A5 D TRBE SSCHR 85 o 340 53 BE R A 4 ) 2.,

© TEREBIK R

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


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

2023 4F #5324 H 4 http://www.c-s-a.org.cn it BN R g N H

5000
4000
§ 3000 F
E
2000 r
1000
0
£ g
)
25 5 ,
(a) SR AT L o o Oe. @ s
2 - )
> B2 1 0 A DU B 4 355 4 B AR

2 TEEEAT T o ) 94 265 &5 74 & v
2.1 REAITESER
= " LGB R 17 SR B SRR S8
' A& L AT WM. R W] 7> G (depthwise
separable convolution, DepthSepConv) AJ K K ik /> ¥ 1
BREEESSHE. ZEHHIRESGR (33 Depth-
wiseConv) Fll i (1x1 PointwiseConv) ZH %, &5 7k
1 MobileNetV'112! e i , I SB0B o 104 8 4
32 47 B AL P00 46 B BT S 4. BRHME % A (standard
B RO L bR e convolution) R HHAYES 1L 3 R
AP -

Mapsx4 lypglt 3(RGB) c‘ﬁannel Filters>3
- /’1 |
-
t | ;
T H

I I
DepthwiseConv PointwiseConv

(a) bR (b) VREER] 73 BN

(b) FRVERE LA S ]

Mapsx4

Filtersx4

Mapsx3 Filtersx4

Input 3 (RGB) channel

K3 RIS IRE R 2 B

ME 3(a) ATLAE W, X958 AL £ 51 o N VR BB IE L, oA BRI SR, FriEB R
w. HRC Wi NE&, 133108 wxhxe FIRHIEE Hit 55 (FLOPs, F) A:

(feature map), PrifEE IS4 & (parameters, P) 5 Fga =Dy xDyxCxexWxH )
Pya = DX D x Cxe ) REET] 73 BAER P AN M ANRHERBEE R 5 —4

Horh, D x DI ERBIZ RN, COuRNRRIE B TE 4L, TR HATIZS, 53] WAL B S 5 F 8 BT

System Construction R4 % 163

© PEBSERRENTT  hupdiwww.e-s-a.org.en


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

it E RGN

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

2023 4F #5324 H 4

BUR A A BT FIRHIE B IR BE R 7 B BRI S5 E A
Pys =D XD xC+CXc 3)
REEW 43 BRI T 2
Fas =Dy XDy XCXWXH+CXxcxWxH 4)
AR BT 4y BB SRS S EATE
= Pdls S H
Fas _ Pas _l L
Fstd_Pstd_C+Dk2 ®)
MIREET] 7 S ER 5SS R S HEMTTEE
Z LT LA, 7E3R1S S5 AR AR T S0 AR A 28R N, T8
wesHiEr S EE ISR, IR
k> T B SRR S5 15 . ShuffleNetV2 FRFETE

I A LA basic block 1 FHIREE ] 73 B &A1, £ Rasp=

berry Pi 4B SR AT AR - SEIRAE €A VB HELIE A I
SRR R 2 — R AL S R D0, TR L W 23 B
L B 3 A 7 AR B e BT B AT
2.2 ShuffleNetV?2 L EE

N9 PR 19X 28 A TR - 557 4R v L T 8RR A
Ji, ShuffleNetV2 LA ShuffleNetV1 Jysfili, JARE T
ShuffleNetV 1 H B IE R BEMIERE AT 73 B &GS 4
T, 9> TR S AR 5T R RIS ShuffleNetV2
BE— 2D 7p v 1 RS ME AR HE B R, 7E B RN
75 W A (memory access cost, MAC) 5 M 4% 347
(degree of parallelism, DP) iX P4/ B ZL45F5, $&HH T
N AR BT (basic block), W1 4 Fis.

Channel split H

1x1 Conv ‘ 3x3 DWConv (stride:Z* 1x1 Conv

+ BN ReLU I|BN JBN ReLU
1x1 Conv ‘ x3 DWConv (strideZZ)l
BN ReLU

FX} DWConv (stridEZI)‘

BN ReLU
Concat

Channel shuffle

stride=2 block

Channel shuffle

stride=1 block

4 HAHIT

ShuffleNetV2 P24 5 f f11&l 5 .

MBS bl LUE H, ShuffleNetV2 [ 4% 45 4 h
Stage2. Stage3. Stage4 Fl Conv5 K% H EIEEL (output
channels) MK K, 7309 4 DA, 7050002 0.5%. 1%,

164 Z%i% % System Construction

1.5xF0 2%, BEAE RRAS K, FA RIS, 24+ Stage
5 R6) P i L T8 BRI VRIS . P 8% 1R () 45 o A5 A
BY BREAE SR B BE 7738 3 i, A RS 2 42 =, HBE 2 1
KA R ()7 S I8 & (FLOPs) A K /N3G K.
i T Raspberry Pi 4B ik A i 25 5 1 %64 A IR, AR
EAE 4 AT DT IBCBE A W 58 B AR DS, A S Bt
FE R SRR 0.5 RAE A SCHE LR T M
#% (Backbone).
2.3 ET&i# ShuffleNetV2 E@&@ﬁ@iﬁim & X 4%

ShuffleNetV2 0.5x 1) £ &5k il 5 fror. A
185> PE 3 KN K 3%224%224, %5t 24 KA K
3x3, R (stride) .2 FI A v 45 FRE AT R AE 32, 13
F) 24x 112 112 [ 1E (feature map). X J5 1 FH
MaxPool {5 Kt AL ALBEIR B KAL) H 1, 15 3] 24x
56x56 [FAFAEIE %82 3 A H ShuffleNetV2 J 2% 5 A
2044 stride=1 block F stride=2 block #4J il H Stage 45
¥, FEECH bR G AR Z 5 X5 S, Stage2 Stage3
I Staged 25 16 4 H RRAIE 130 30 25K /N 70 90 48
96 1192, ‘EAITH [ block2 1 block1 1 5 & Ik 43
N3y 17 A3, ZJEH 1024 A Ix1 BB R4
TP BRI, 3 — PP AT B A5 RIS EL. &5
4 JR it A 2 7R o w2 S 2., By b A G LA, A
F 482 )2 (fully connected layers, FC) i#47 H x5,

ASCAE LA ShuffleNetV2 0.5 AE oA IL IR
LSRRI (26, 27200 e B S RS2 8,
35 BT 450\ 2O e S BT €A DLIBRE R AR,
iRt 3 T ShuffleNetV2 17 (6 i ICTEBERY
SRR 2 S R B PE] 6 T

ST W) B9 R A ) 4% 68 ) D iy 1) ity — Y TR 8%
YOLO ZE#), 43 N N (input). =T M 4% (back-
bone). FHEMLE (neck) FIAG % HY (prediction). % A\
BN 416x416 1B &K K/, 3 il (RGB) FIFE AL K
1B FF W% XFRAFFIESEEUN 4, A3 H ShuffleNetV2
W) 24 (R TR0 2 8 R A e, 49 2 T A0 = B D Re 4R A
A5 E ik N A5 £ b SIEIR AR €8 A7 DG R S 0 s v .
00T [0 288 PR N R AE Fib G 9 4%, AR SCK IR JZ Stage4
J& FARFAE A T /N A DB (A DU #5082 Staged JG
FIRFE R4 ERFEJG 5 Stage3 BHE, 1 b Z4SE 51K
JERHE il -G BT H 85 DR /INAT VT IR R Rz 0. (=04 8%
Stage3 S5 MR IUAIFHIESS B 5 Stage2 HIRHIES BT
filE, IXFE A DUBE U Al &k B R B B SR E
T S BT 4 A5 2R B A I e

© TEREBIK R

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


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

2023 4F 55324 4

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

i H AR G N H

ShuffleNetV2
T’ stride=2 block
Input image ! 7
Output=3x224x224 K
: ShuffleNetV2
stride=1 block
Convl L I --------- --
24x112x112 3x3 Convl (ReLU) :
(stride=2, repeat=1) ' ShuffleNetV2
l stride=2 block
MaxPool 7
24x56%56 MaxPool ! ShuffleNetV2
(stride=2, repeat=1) stride=1 block
: ShuffleNetV?2 :
Stage2 i stride=2 block [ 1x1 Conv5 (ReLU)
28x28x48/116/176/244 I \
(stride=2 block, repeat=1 ! ; l
stride=1 block, repeat=3) . ShuffleNetV2 |
' stride=1 block k 7x7 GlobalPool

]

| Stage3
' 14x14x96/232/352/488
| (stride=2 block, repeat=1

%}

tride=1 block, repeat=7)

i Stage4

| TxT7x192/464/704/976

3 (stride=2 block, repeat=I
' stride=1 block, repeat=3)

Convs,
o 7x7x1024/2048
gostride=1, repeat=1

GlobalPool
Ix1

Output channels

\ FC 1000
\ ek
el 5 ShuffleNetV2 [ 454514 &
______
: 1. Input : 2. Backbone |
|
:Input image: I Convl MaxPool Stage2 Stage3 Stage4 |
13x416x4161 : 24x208%208 24x104x104 48x52x52 96x26%26 192x13x13 :
| "
Do L33 Conv | o o T [ShuffleNetV2] [ShuffleNetV2] | | [ShuffleNetV2] [ShuffleNetV2] | |[ShuffleNetV2] [ShuffleNetv2] | |
: Sk TTL(SILY) stride=2 block| |stride=1 block stride=2 block| [stride=1 block| stride=2 block| [stride=1 block] |
| s | | Repeat(x1 Repeat(x3 Repeat(x1 Repeat(x7 Repeat(x1 Repeat(x3 !
"
el j
r--r—-—-—"¥""T—"T"T"T"T"~T"—T"—T T T TYT™"™—™ " T T T T T T T T —T—T T T T T T T TT T T T T T T T T T T T T T T 1
| |
| UpSampling UpSampling |
| [Upsimpling |
! 3. Neck !
| 144x52x52 !
| . |
| g |
e e e pp—— % -
R Y SR NN 2 _:‘_-_\c_ ______________________ 1
| T<T Conv T Conv | | - 11 Conv \
: SiLU SiLU 4 SiLU |
- — |
: ¥ L] ¥ ) v‘ ¥ ¥ |
| 3x3 Conv 3x3 Conv 3x3 Conv 3x3 Conv 3x3 Conv 3x3 Conv !
(SiLU) (SiLU) ' (SiLU) (SiLU) (SiLU) (SiLU) I
! |
| 1 Y 1 1 1 |
: | 1x1 Conv | | 1x1 Conv | B . | 1x1 Conv | | 1x1 Conv 1x1 Conv | | 1x1 Conv | |
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! |
|
: 12x52x52 3x52x52 15%x52%52 12x26x26 3x26x26 15%x26%26 12x13x13 3x13x13 15x13x13 :
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75 H PR ESEHE (ground truth box) AL B AL AR5 &,
BEME 1A FAHES . ASCR H AR 5% YOLOV3—
vl I8 A [] — AN AE B 34T 20 2880 5E ALY coupled
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V2 5 L P S R . CloU B 4 TN AE b5 35 ST AlE 7
A TIAR e s BRI B L A5 5 M) FEOHE AL 1] U F 4]
RATHBEAEN, BERTT 116 AT VL IOE 1o DA% 1L,
4R e T BB [ V3 A o P,

3 SER 50
3.1 ZWIMESIUIZEIZ

ASCHI5256F 4 & Ubuntuid 8104 LTS 64 frteff 5
4:, CPU A Intel i9-10850K, 16 GB {7, i 79 NVIDIA
GeForce R_TX,.35.70, SRR A7 8 GB, WAFHIAE N
Anaconda. ﬁﬁﬁ Python 3.8, PyTorch 1.9.0. CUDA 11.1
P 2 1

AT & Raspberry Pi 4B 5% 1.5 GHz If)

64 £ PU% A 2% (Broadcom BCM2711, Cortex-A72
(ARM v8) 64-bit), 8 GB LPDDR4 W 1%, L& A4 N
Raspbian 64 A7 451F R 4t.

FERAIN Grad A b, S B RS 280 4 /N i
N 416x416 K/, 145 R A — 1 AL B g A P9 4%
BEAT I Sk W 4% 2 B0 2R A0 A0 K ] BE BLES B2 T B
(stochastic gradient descent, SGD) 1t {1t #% 317 = %
& Hh 2828 (momentum) W 0.95, B E I
(weight_decay) N 0.0005. JIIZxi%4R 300 K (epoch), #]
G5 213 0.001, YIZRAEIR (batch_size) K/NA 100.
3.2 FNIERR
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