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B B BF/INRE 4, 6 Faster RONN B e ) RPN 45 HEATE50E. 7 4, AR T8 A0 IT K — 25k 25 4345 DL IR 1 )
R G5, F B A AR 5 L A A UG SBOE 288 59 25 Bt AT MUK T 45 B, [ AR At b POE A7 B SR S 4 SRt L,
AL 77 IR DAER 22 )9 79.3%, AHEL Fast RCNN 278 1 5.75%.
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Fabric Defect Recognition System Based on Faster RCNN

CAI Zhao-Xin, LI Rui-Xin, DAI Yi-Dan, PAN Jia-Hui
(School of Software, South China Normal University, Foshan 528225, China)

Abstract: The textile industry is a pillar of China’s economy. In the supply chain of fabrics, fabric defects largely affect
their quality. At present, textile production enterprises mainly rely on people’s eyes to check the quality of fabrics. This
method has high cost of employment, low efficiency, and a high rate of missed and false detections, failing to meet the
requirement for high-speed industrial development. This study enhances the data te address the uneven number of
categories in the data set. Categories of fabric defects are identified by the Fastef;RCNN model, and the RPN network in
the Faster RCNN model is improved regarding the small concentrated defect targets in the dataset. In addition, this study
develops a fabric defect recognition system to display categories of fabric defects and precisely locate the defects.
Through the comparison of experimental results, the average detection rate of this method is 79.3%, which is 5.75%
higher than that of Fast RCNN. N -

Key words: fabric defects; Faster RCNN; RPN; fabric defect recognition system
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BRERHLOIHT K, #3097 83 TAAT IR 5, 1
S G5 43 T AT ) R 75 SRATD SR AT 3 i i s
1.2 WRIK

W Ah 53 TR W VF 2 A0 DT 3RO A I 505, G
Kandaswarmy 558/ 708 (. S0 B AEAN DG IR BRR
TES AT AR, I B A 8 R AE X H AT SO A AU EHR
K™, Shukla 2548 H 3T DSP MR SEAG I R 88 )77,
S P

AT H AR B 3 B0y 3 A (1) T IX
U H bR A I 5 R 5%, 40 RCNN, Fast RCNN

F1 Faster RCNN; (2) 22T [H A H Al 5 i1 8 H ks o

41 YOLO F1 SSD; (3) 45 Y H A A -5 5%,
WFEEF AL TE B AttentionNet, 3E - 3102 3] (1) 50925,
Horb F i FI I B AT G4 Faster RCNN, YOLO
Fil SSD'. YOLO Al SSD 43 4 B4kt KAk, Hidk e
J5 AR EE Faster RCNN B, {HXF /N 1A H A5 il
HEI G A KA,
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ik 10002 %\ S ek
ZH(M) 140. . ~100 380
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L LaMER 1.1 ML 40 ML
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3 A DL A I 5 R
3.1 BN SRR EE

AW FE I B S, SR X AR o ELAE] 1% )
ATVLAEA KL T 82% , PRI FRATT e A M0 2o o2 5 i L
Xt /NI A U Y] Faster RCNN 4% (Of LI 4] 1),

60
B Overall mAP
B mAP[large]
50 B mAP[medium]
mAP[smal]
40 +
2 30
g

20
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0
Faster RCNN SSD

VGG
Kl 1 Faster RCNN HI SSD 7E VGG16 8 b %}
AINYIAR BRI mAP X EE

Faster RCNN /2 2016 432 H ff]—Fhgr A i 451,
7& M RCNN. Fast RCNN #F— 5 il iy ok, HAhsr 7
Selective Search!” {32 B #2 F ] RPN £% Sk 1+ 54 i i
HE, {575 B Ao i B KR B 42 .

AL, BAVER X AT UTHCEE B A5/ B4R 5, 4% RPN
WX 25 1¥) anchor K/NFIECER, DA 2E I RESH 1A T
N ) TR 2.

3.2 Faster RCNN R
Faster RCNN 3= 22 i X 355 2F i X 4% (RPN) 1 Fast
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RCNN #1& (K 2), TEL I FERE GBI 48 (AR SE
55K H VGG16) WP IRHURHME(E 5, o RPN F2H T
A T BEAFAE H AR R IE X 35 (proposal), Fast RCNN
F 0 igde DX 30N 1) H AR AT IR 95028, [R)I E47 30
R[] OV P e f i [X 3 HE P /N AT AT LA L A v
HubR IR H bR, Faster RCNN AHELETAR A RCNN Al
Fast RCNN #5 K ) Buidh 2 K 5 AR 45 AL = 5 RPN Al
Fast RCNN [P, 7542 i vHERf 2 10 [ I 3 7 A g

PxQ MN

maps
Is object or not
_— Reshape » Softmax » Reshape

i /'1 x1 .
333740 = _Eovosal ROIPooling
1x1 i
' regression I‘m\in fo l
Region proposal network B -

. / ——*{bbox_pred

a 0 ‘}‘J

Conv Pooling T ——{ Softmax
| }
ReLU Full connection ‘ cls_prob

Classification and regression

& 2 Faster RCNN [ 2% 45 14 [&]

RPN W 2% & — A2 BRI LS, R —A nxn (1937
B DA b — LSRN 28 0 4 tH RR Ak B Bk AT
HLEFE, KR — AN SR 0 & AN 8Pk A8 (anchor)
IR aR 5% X3 X — 5K KNy wxh B BURFAE &,
TRTA5 3] wxhx ke A BB FAEAS R 3] —MIC4E
) B, A J5 22 T AE 2 SR AN HE [ 9. S AE 72K,
Wit Softmax 432 anchor 75 2% M. (I Hi 5% (foreground)
A5 5 (background), Fx A4 HLH foreground anchors

D B A a2k DX 3. T S22 A 1] 01 0 P 3 [ U468 A s

K14 FAE, FRASREHH R proposals. Etg?ﬁﬁﬁﬁ%%ulﬁ]
VA A 7 B0 RPN 1 464 1 2 B A5 0 T 7 ) [
U 712 RPN (37 R 303 (end to end) i
773X, 4519k B O T DR 04 45 A A A4
FREE A IR 5 1 RPN 19 2 {5 %k X 38, 1575 )5 2¢
Fast RCNN Pt — 2 il A2y 1E.

Fast RCNN 2%k ROT AL Ji5, % Hi 45 SR M [
SE K HRFE 1) 2. B RRE R B A %R IS
i N E| Softmax 7 & FIAHE R H M 4 (bounding box
regression) 73l FR A3 L HE [X 35k A %sf 2 10 28 9500 A2 HE A
o, (R 15 25 MRS R A B PRI AE.
3.3 A% RPN M4

RPN WA BRZ 5 IFFEBUS (feature maps),

B AERFAE B A iz A anchor AL A box regression, H.
) T 0 2 A7 FEE AT B ) I 46 Anchor BAAE— /M A5
O O ANAS RNk ANKE, 3507 T8 B ARxd R
IAEFEANHE .

Gt oR, AT FE I B A B HEOE G e DX 3 AR
AN E] 1% WA ICREASEEE T 82%, Rk, &Fxt/NH
FRF ) 8, FRATTi T % Faster RCNN ) RPN % 4%
[ fig B AEE (1 K /N RN = Sk iRl 2. DLIET 3. K 4
{51, JRARI) RPN W23 4 i 9“%@%, A 3
TR, K5 L RZ N 0.5, 1.0 F1 2.0; scale 1 8, 16, 32.
(e Yoo, S A=36, B4 AT 36 4 anchor,
BT D F A S 2, scale 0 4, 8, 16, T f7

CIERERIK BEEE N 0.1, 0.5, 1, 2, 5, scale N 4, 8, 16. i#id
#£3)) anchor, FH Softmax BR Z0H Wi 75 A HE X 35,
R %€ positive 5 negative, SEEL /33K, WP IR T
W E bRk X5 box. 413 2 positive B X I /5, XJH
G 20 AE AT A o 5] U1 B8, 3% BB X 38 B A o4 )
proposals, [7] I 51 (5 K /N FHiEE H1 3 7 proposals.

- % ‘ e
) N P 3 A

4 (MRS

3.4 [XIHEEMLE (RPN) 155k iF 3
RPN 2% 22 47 T 536 B 11 (1943 280 [a] )9, A< Sz
PRN ¥R 2% f145 2 bR BN 43 2858 S 3 2 51 9 Smooth
Ly RN, 52 LR
1 . 1 ¥ .
Nots ZLcls(Pi,Pi )+ /lNreg ZP,‘ Lreg(ti,ti)
(1)

L{{pi}{t:}) =
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3.4.1  ArRAE XK
I3 R U s 2 SUN:

! .
MMZ&M%%) @)

RPN [ ) 73 R 28I HE 4 T 5t (foreground)
I 5t (background), 43 BIk5A 1 A1 0, JFE I kit 72
R 256 MEIRHE. 2 (2) 1, N RRIFIEMEL R,
7% I8 P GIERE SR A 256. p AHE P BN B AR A %,
piSERR BRI, E SCA:

Negative label

« [0,
pi :{ 1, Positive label
Leis(pi, p}) ARG pi i pr IR B R, 7€ SO
Las(pi» py) = —log[pip; +(1—pj)(1 - p))] C))
3.42 [A]J4 Smooth L, %k
[71 )9 Smooth L, 235 SUN:

1 * *
Nreg Zpi Lreg(ti,1;) %)

S, 19 R AR T 63 B 22 0 0S4 1 9000 ) B
M8, o GG EATGS T A 2 1A SR £ S B 14 i
P, e SR

)

A

tp =ty + by + i +Ipi (6)
1=+ 0 (M
/\¢9
X—Xq Y—Ya
Iy = sy = 8
T e 3
w h
tw=log(w7), tp =10g(h—) ©)
a a
o X'=Xg . Y-y
£ = W” f= haa (10)
w* h* \
[* :1 —, [21 - 11
o=tor( ). r=1og (i

Leeg WIEVAH2K, R 79, Simooth Lj BRI, P I5E L
A g
Lieg(t,17) = R(t; - 1}) (12)

0.5x2, if |2l < 1

Rt —tH=S thp(ti—17) =
(t; — 1) = Smoothy(t; - t7) {||x||_0.5,else (13)

4 SIS S5EER

A S5 A% F A7 VT HHs SR B E 2018 42 K 5 Ik
ER B R B A 247012018 TR HliE AL Bhl Rk
FE. LI 43 Sl AT HCHE e A A BT 1 S 4, R
F9:1 (177 AABEATL e 338 I SR B8 S Al A5 A 45, N 2k
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FLIEAR 45000 K.
4.1 ZLWIMESRGLH

ARSI FIE MAC &4 L#17, R PyCharm JF
KT EAT MySQL 48 22, [R)i R IR FE 2% I HESE Tensor-
flow 1.14.0 F1 Keras 2.2.4 RFE 2 I I G 7, A7 VLI
SERS I 22 G817 v A S 15 FF 43 1K ] Bootstrap 1 Flask
HEZE, A UCHOBEAT I 2R St n s TR N W 4% (EFE Chrome
F Firefox W% #%) b, RGHThRE = 22 i A VLI 7
SR HECHE B4 23 A 2HL R E%E?‘i{ﬁﬁi%t, BATH]
J1] Google Colab KX A HEAT 2R~
a2 R ¢ L0
42.1 Mg -

e P AR TD RO S 35 37 MR, (B
PR AR A S, W 5, EEAN I
P 50 BR, W AR A 12 5kIE R, T2 R
29K, BRI G I A S FE L H R 28 1 Ak
T 10: 13X J5 BRI 2R TAE 77 KA K AME, 5% S5 A
HACHE K I RS I e P HE A 2R L O B/ K,
LA AR Y T AN R B R ISR, N 2.

meE 48
P& 48
kit 22
LU 21
£ 15
it 9
i 7
AL 6
HAtk 39

ells 50 AL R S 37 R DL R 54

W F0 B S0t R PG B 1A T 3 58, R BV Bl
o SRR IMNRERS . BT LK LE G A R e i
25 (K 6), AR IE R 5 2 O/ (R 280 A, 32 e 218 011 4
HIMRE. BRE G, A 4668 FRATILIE Fr HdE.
422 RGN EESHRE

WEFTXT JF A ) Faster RCNN [ 2% 3H4T R4, % RPN
W 265 (SR AE (BRORR ) HEAT . RIS FR 20 5 2

(1) 358 J5 AT UL EUHRE 2 4668 Tk B Fr, SLie i ok
R 4668 7K B 34k VOC2007 Hdl 4% 3%, SR )5
F I8 20:1 1 ELAIRI 23 DI SRS AN I A

(2) KR EIE SN VGG 16 B ({49125 2 B P
BARHIEAE, 122 RIS FUZ (Conv). BUEE (ReLU)
A= (Pooling) #4) i, P& HE & A IAFAE B ST, F T

SRR
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JG£EI¥ RPN EHI1 ROI 2, ;

(3) FHVIZRUTF I RPN 9 £ A= Rl {2 A M AE , 0 55t
#& proposal;

(4) Wt VGG 16 W45 i i O RFAE WL AT RPN A
2% %1 i 1) proposals, 45 & i kit — P2 EUH proposal
feature maps, %N\ J5 224582 1 5 H AR5,

(5) FeJa AT 5325, FIH Softmax 73J5#% 1 proposal
feature maps 3K 2 Wr H RS I AEE P (1) A7 DESECIE 2001, FF 7
i —/MENH (regression) K155 A R M HEAL &

R R 7 frs. EESHORELT:

(1) SIEARECN 4.5 TR,

(2) %134 0.001;

(3) —IRINZR P U AE AL (batch size) 4 256; .8 -

* -

(4) TILHER RN 4, 8, 16;

(5) WRILHENT K HEHE (ratios %0.1,0.2,05, 1,2, 5.
423 SHLEREAH 8

St 4 FRSIIIE (I 2 ) AT L, 4 B
J71553 A Fast RCNN (JR 45 M 25+ 5 4750 ¥5)+ Faster
RCNN (546 /M 25+ R 4525 48) . Faster RCNN (45
4+ 38R E PR ). Faster RCNN (1 5 X 5% 22 0+ 4 5 0
W), Hod f J5 — M7V R AR 5K F B 7 1.

(b) FE

-

(c) finngk

(d) #3
A UG MG B 1 53

K 6

VGG

AT SR SRR AR

data 'VGG16 pPconv5_3 pconv(3,3,512,1,1)

conv(1,1,36,1,1)

rpn_conv/3x3
conv(1,1,18,1,1)
im_info —»[Proposal Tayer H

rpn_bbox_pred _

||

rpn_cls_score

t

Reshape_layer

rpn_cls_score_reshape —
rpn_cls_prob

\ ROI

rois ——— | roi_pool

convS_3

SRR T A X 35 ot T HEAT T

pool 5 7 cls_score cls_prob

S T [

bbox_pred

K7

Xt Le 43T 4 RS 7 5 A0 45 5, Faster RCNN 13
Y5} 1A S AR EL Fast RCNN 4K, 78 1/ % k] 4% 114 5
Kl J5 T oy hnth, FEEH T A s EIEHE (anchor)
BB AN ZR 4R 1) B ds 2 0 K 3 35, AH B 41 S5 e
B 20 25 4R T, S35 RF Tk B A R RS D00 el 1 A A i
WA BERZE FLZ A, DRI R 7 22 T AT 1.

A1 DCEEBE RS A7 P

AR TN BRI A, EL7E SE B R A
DIAGE A, 5 R FE BERI 146, 5K B (RS T
FE it — 3Tt HEmR 2 By .

XTI AR SR AT A5 21 10 7 45 R U P 8 B
7. A P R 2T ks D HE DX AR AT VL O A7 AE (1 B,
75 R TS B X 3k H A 14 70 2350 LK % 2531
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B Rdias Rk 8 fros, LAE 8(d) Jufil, L
AT LA RV AE — 5K BRI 3 ARTERORE, 20 SR IR 0T
L ) BAR . AR HER N 79.3%.

K2 ARSI ES R
W BYIZGR PR

Ll ©%) O TSR
Fast RCNN (JFIa M4+ R a6 404E)  69.55 6.93 13.26
Faster RCNN (JR4G M 25+ JFE46%008) 7032 11.57 9.12
Faster RCNN (JE 45 M 25HE R EE)  72.6 12.97 9.23
Faster RCNN (#4585 5045)  79.3 14.36 9.79

(@ 4L (b) ¥ A
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I8 AL HE A S5 R

5 W5 Egs
KTl T A T S 4 o 4% S B 1 $0
AR5 53 A SCHELE LK /N PR 5, 4 0 B M 0 47
T HEE, FEE XN B bR B 9 BUK ) Faster RONN
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e SRR EEUE R B (0 v R DRI A A A B L
A SRR QR 5 B B 2 AT
KRR A SR AN, %%Eﬁ%%‘? Faster RCNN
BRI R T — 5 F Webﬁ?kl?’ﬂ‘ﬁllﬁﬁif*"ﬂ% %,
AU A AT 55 5 T LA A, 2
TR R 7 L A R ARG A D 2 S . IR 4%
R Y B H RTBO JEHE BT IT R HoR, 15 RS
B 28 TSN R AL, SR B, R
AO899 I (9 $CHRHON Faster RCNN A2 o i
TFINGE, BT 4.5 75 UGB G, 16 Rl B 46 P e PR 1
5 2 45 B AR DT (R e T A58 10 s DA,
RHER N 79.3%.
JUE A EE T HoAth R Faster RCNN A6 il 473 UG 3556
FETIF 92 Hht 0% AL v Bt 211, % S v f 8 LL A,

-
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