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al., 2021; Almeida et al., 2021; Wei et al., 2022;

Liu et al., 2022; Huang et al., 2021). ©]<} o]
A Aol As thdet Huole & &-8-31
ATE T8 oM, IHelAE A BldlolH
FAFS HIESH] Thekgh Bokoll A mAlelyd
Azl Akl TRk AR
2022; AAo}l 5., 2017, °15E 5., 2020). 7]
Fr Eoke] walEyd 7k Al2RES <
go] W3 % 7hHetet ojnA] Ae
& AHgste] 2 &9 on A& A5}

e
SR 739 YL Astn e
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U mEZ o
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M olEA] Bell the AAF BAjo] B
Sale, Al B8] SReAE BARE 7}
Sle. A g Aol Age] 9%
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T A, 71E A7 diFde] ERAEr T
g geld olmA B4 WEs 854 &
Atk HA el ouAl 4 AFelAE
ViT(Vision Transformer), DINOv2 5 E3i
o 7IWe 7IWo 2 kel o ojmA] EAS

S ol“ 24dE 7Pt Dosovitskiy et
al., 2020; Oquab et al., 2023). °]= & & o]n]
2 A @R 9} 22 FAl] g8 71E A
T ¥ 14859 2ds vk F ds AL
7tk B A7 99 S Bl
eliA Edlzzm 7)gke] Hejd o]m]R] AL
deo]d 2dls st 1459 AE A
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Az olvA A "AE S% 1Y 7le AT

B A% A2 ASH5E U Qo] 994 4
2 PAS BE AT AT BiH 7
2 Q) A5 AF BAL olele IAME T
X

3171 Y184 == Th(Voronin et al., 2021).
A A dAA = E5 7R dol-FEE AL
S A2 A Ao 2 AG7] W =
&1 719k o]m| =] JHA daE|EE ARESH A
AelE FYsta, T HA dAlelA = AE A
2 AgsA  "AS] #sl CNN
(Convolutional Neural Network) 714t o}7]€)]
AL 7Rko® 3 AR 7530k o714
CNNoJ&t oJr]x]9] | AR E HE|2 FFe}
of EAS Shadhe Held dagss et
THLecun et al., 1998). Z& A3 A2 1%
£ getstr] ffsiA, sid A= AZE HE
HASVM)E AHE3t A AAIE 58S
= AMZL ®WAES /LTt FNR(False
He &8st 7jE
HEY AYEE /WS A9 79, CNN ©f
A& 7Hlo 2 A &9 A &R E A|=3)

Negative Reduction) 7]

THAlmeida et al., 2021). FNRo]2}= A2 2t
AdAe] F7HQ AEE 7Hska Held =Y
o] Al A& Ags A Fdh= L/E =

1 3%

For Fole WS gmgith o
FP(False Positive) 25, & A% o|n| A& 4

o g BRshe @77t S7KHAIRL ol Al
oA 2dzle] AER B 7Fsslthe 5
Zolty, AT AREHA, FP 771 IA Z718
Feoll = 507H4 F39 AE 95% ol
ARE2 g F Uik A= A te
5 FA oA MLMA-Net(Multi-Level Multi-
Attentional Network) 71'H-& €83t A5&= 2
o 229 HolEl 7} AAU, SAl HF

glol&o] EAlsh= 7499 ofges AH I
(Wei et al, 2022). o] s)A317] 93, 2o
719 Ags "Ash= olvA| 54 &3
(feature representations)= 7HA13tal, o2 2%
of thgh I d= EA WS &8t AT A
ol thgh o'l #lo]o](attention layer)®]
= Sk APEstE 18-S s A
S 2% E MLMA-Net2 7)ot =3 215
A3k ojr|A]of| th3t v 2pE A ©A] H|o
EJAl(DHU-ML1000)= T3] Albd =g
9 35& A5 22422 MLMA-Net7}
0% F53% oA §A4& FE3ta 24 b
ol Mol HA HAIHEY ¥ U Aee
e T
H44d 7 A=

TEAHY olvz] EF
A9k, AA| &AW o] A] Al 1ElE| 0] A (image
segmentation) 7|8k HIHS S837|% o
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S A3l A2 SPP(Spatial Pyramid
Pooling) 72& Agglor, 7|& dagF o
H mAPE 6% 7RASIth Held o]n|A] Al
gold zd 7at &5 A gAE A7 =
2 CNN 7|4 oz A% ol &7 2 Al
weo]d 2d-& 74t Huang et al., 2021).
Ao AHEH, S T S5 9 A2 5o
tloly 5o Ae SHoA HAl HE

H 953 A5S GAgTh
2.2 ou]|x] A|rdlgo]A

ojm A Al 1HlEo]Holgt <19 2>9} o]
o[RAE A oA BAst, ofr]A] Y€
Z A o] Ae3E FEE getete AAS 9
1| $CH(Minaee et al., 2021). ©] 2L A<
"FES A FEsh, ol F Bl A9
At B 715 4 Aok AlaRE o

< A F 7 fF8el deE, A MAE
AWHE] Al ZwilE] o] (Semantic Segmentation)
o8 BE A4S ERet 2 HFel &3t
= GAES 22 pE IS ATE A
TJee) e NE AAE TS A, 22
T AAES e Jdo= st
A 15 H| ©] A (Instance

il

Image Classification

Object Detection

Segmentation)> -2 WFol| &= |E A
AEE MR T2 J2v2g FEII, o]u)7]
Alaselo)lde] 75 Al Bdo] T4 ke g
FHAE dSF3] dE onA 27 2 A4
A &2 o] Bl AEd AA e FoS
SRS = Adnk. 714 o|w|A] ERE Fozl
oju|A|7} of WFo| &L3h=AE AAsH= A
< ofnletar, AA &R o]n|A] Wie] 7 A
AE Adsta, 1 AAE vk FEE FA8
= Z& USK(Lu et al., 2007; Zhao et al.,
2019).

Al olm|A] Al RE ol 2 A At
M FE ERXIN 7S VWMo glo]o]
£ 743K Chen et al., 2017; Xie et al., 2021;
Cheng et al., 2021; Oquab et al., 2023). EH
I 7]*Ho|gt NLP(Natural Language
Processing) £kl A& 7142 B o}7]
gx 2, ofglAd 7Y (attention mechanism)
< &8t Y AlH2Y e FEl 7k
AE 24 FHA 83 B4 JFg
Al FFH(Vaswani et al., 2017).

Deeplabv3 =T DCNN(Deep
Convolutional Neural Network)ol A ZE|Q] A]
oKfield-of-view) & HAIH 2 sl =4l

29 PSS Aofsks BUF =7 g

Image Segmentation

Result: Dog, Car

<32 2> o|o[X| &/, A& EX| o|ofX| M[ZHE|O0[M
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Az olvA A "AE S% 1Y 7le AT

7 E-FX(atrous convolution)oll Tall ATt
(Chen et al., 2017). ©] A7 AAE Tt
2 A Y (scale) ol Al Al 1HlE| o] s= EAIE T
7] flel HE FHY S dEFAES A

< Agsty HEY2AY 8 2~E(multi-scale
context)& Z&sh=d A3 o ATlA
A|F3t= DeepLabvd A|2El2 o]x W9
DeepLabe =A| 7§A3ta, PASCAL VOC
2012 Al ofm| =] A1l E o] Wl x| w0
Al e HAE mdEH Bud F e 4%
S 249} Segformer A= ERAE TS}
45 MLP(Multi-Layer Perceptron) T© 3T
(decoder) & AFT MZ2 ofn|22 £ =g
AL IE AAIZTKXie et al., 2021). 3T =g
deTZE F 7 F8 S VA Aok A
A, ZAAE 15 Y(positional encoding)©]
28 gle A=e ASH 720 Edaxy
Q15T (encoder)E AHE-3te] ThFst o|m]A] 2~
A EAS E93th ol& HZE olHA|
& =7} St olr]A] =t e o 24
Ad Z&9] HIES B Waow HF
At WAT ok F HA, AQkE MLP
tate 2d Bi4dS So)ar thefgh glolo]
2R AHEE At 27 ofelM(local
attention)2} == oJ&ld(global attention)E
25 A%t 743 vlole @< AlFgith
SegFormer= ADE20K, Cityscapes, COCO-
Stuffe} 22 F74 HlolElAloA 2d =27], 4
& Az A s SHAA Hold Ass

3t} Maskformer A7 71E2] JA &9
7 2o obd NEE viad 2R/ 8

FTHCheng et al., 2021). ©] A= ou]&

e

il

s

M ox

2

oA

2 &% (semantic segmentation)¥} 12
Sh(instance segmentation) 24-S F3sle] o
o md, &4 9, Skg HAE sk Alo]
7hsstttal FREn. weA
classification)= ©|H|A & n7ie] FHo= 1}
FaL Zh gol thef skt 22 S
olES A Fdh= Ao, EflAEH YA
E AHgste] nlle] AIME YW (segment
embedding)= A4, o]F F3l n7le] S
2 &g A5 ol vk2a Y (mask
embedding)= AAshk= #HoloZ2 FAHTh
MaskFormer= ADE20K H|o]EJAlel A 55.6

& H(mask

mloU(mean Intersection over Union), COCO
tlolE Al A 52.7 PQ(Panoptic Quality)e] 3
AL e A%, 7|Ee] HA B B B
dEG ¢ 2849 SHA

Dinov2 @7 Adole] AR gk 4ol
ojmAl = EHH 0w HEE F ee T
&, ol onAE tRe EE AlZENA
w9} opel| dHgle] A8 U= HE
oju|z] §A g5 =PRI Dinov2E AA T
(Oquab et al., 2023). 53], ThFeF ZA A A
2e FE3 HlolEdl ths) FdE w) 2] A
= o5 o] adbAd o dval S
Dinov2 ®&-& o|H|z]| ¢} Bl ~E ASGS 9
314 DINO(Distillation with NO labels)2}
iBOT(image BERT Pretraining with Online

Tokenizer) <=4 & ZAIPsIL SwAV

(Swapping Assignments between Views)2] &
A3 FUkke T WHOR onA| EAS
SEAth w3 54 A= Arstet
At WEdE S 9AE FUHI

Fog
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TR 2"AT, A324d A4, 20239 129
I, ol W=

3.1 dloJejAl

2 AFA Z83 Ho]EAS ZJU—Leaper
Dataset & & T3t A& Hlolg &% 9 A1
Weo]d HRE A|3-3THZhang et al., 2020).
g A9 A A= A5 A EAE 9
3 o5 9 2d 9 8837 <50 AxdlA
TE5 A 22 WA 0L vlolHAE AT
Z tlo|EAle 98,7771 0.2 <19 3>3} o]
21 5o] o|u]x| 9} #lo] &5 AHHI} EFE ] Q)
th A& F3e] A$ 570 1ECZ Stripe, Dot,
Plaid, Floral 52| t}aFst
01 29 ShEoA o] ks

71t Agke] Ao = Oé%, A=, 223
4] 5 thFet Felrt EAlstH, Alame o)A
9] A= vlolgAle] golEo] 9 S

2 FAE 9o, s 7IEH=E Al 1E ol
wdS A 98,7772 HolE & Agt
glolE& o] e HolHE F 26,0777 0.2 3|
F HolEAS HHd Bd S580= &85
o}, dloly 29 49 g, E2E 6
olEJAlloll 22,5207, 1,1867, 2,371 0.2 T4
st Hed e Sk gl Eﬂé.E_ A LS 9
k. ol AA o] A9 22 o5 o]y
2 4 gol& 9d-& mjAsta, #olE HlolE
< o)zl FY 28 npaAste] JEd 2d
dH T} =3 o|n|A e THE 448, Al
2 MRE T7)E g, go)E s 7R
128, AIE 128 7|2 Ak

A5,

3.2 2E¥

2 Q7o) Yoy mae] A v 24

213l Deeplabv3+MobileViT, SegformerBO,

rulo

13
=

ClO[Ef Of|Al
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SegformerB1, Dinov29| 47}A] 7|H-& &-8-3)
T}. Deeplabv3 2] 78-¢- CNN 715t Al =il g o]
7]H42fu’ Edxxr 7|0k 3714 Z7|HET} v
£ faiA A 24T BE 42 o
ggated g om,  FA ol
(Huggingface)ol Al A|lg3l= Ed &
(backbone)= I}O| EX|(Pytorch)E 53
st £4& FYPAT. =d & £ 74
Tz g AlTdE o)A =g dA
Oq:rL«] FU 2 AY ovA s, =9
= Ak stolwaeiny Ao
<X 1>AHE 2 A AFe ¢3
S| NP om, 74 wedlo] sk A 1
sto] AR FX& 2 Ak Epoche 100.E
ARt gejd 2do] S8 sgE A
%% Earlystop 272 %3]l Validation Loss”}
AL H3l=A FR13aL, Epoch 13] 859
285 = ARk 1123t Validation Step=
100022 43| Epoch Skl A5 2 2do]
ARE =5 HAAY Early Stop 71559 75
Validation Stepoll4] 31 ©]/ Loss7} 71X A]
TH=S A HF
How 7hsA HAsE 7S obd FEInkelA
(Adam Optimizer)Z, €4 4= o7 A&~
I E £3(Binary CrossEntropy)® A4t} &
& A3} <& 1>3} 20|, Epoch 103] 9] kol

%4

As

o

il
sl

ot o & 2 g
1 —o oft iz u

==

o

o] e
¥om T5e 27|

4% ojnlx A% ¥

i

<% 92d 7le AT

4] Validation Loss”7} 2 8}% o] Earlystop 7]
ol we} zo] THEINSH, SegformerBl
Fdo] vlw 24 v Validation Loss 3 #
M e g9 Shgo] TS ¢ T A
Atk
Deeplabv3+MobileViT EE-2 o] Zol| A 7]
25k MobileViT] =€ o] Deeplabv3 Al
arlgo)d Fl=g AAg Ao FA o)A
oA Abdsks 2 5l A WiE 725 3N
3kl ATHApple, 2021). MobileViT® ViT T
Zol| A makd 7)7]0l A o) AHE-S fl3] A3
o7 ﬁal:;&].%} El_t—ﬂi’ CNN9] ;(]O:lx—l _E_Aél :é
B A& A9H 02 AYsh=s WAe &8
CHMehta et al, 2021). =& W
MobileVIiT-SE <3 2>ol| A9} 7o), 640%F
9] 7FAE 7HA AL ). SegformerBO, Bl
Nvidia®l A 7]2e med-S BoolA B574A] W
al ‘?—..iié Agstar e Ao~ 3 B
2831 th(Nvidia, 2021). B0S] 7 <F 370
u& e 7VsAE 7L §lom, B1o] - oF
1,4005+ 719] 71EA1E 71K AL Ut} Dinov2&
wER A g o] A] BAE AdSE RE
=2, 317so] 20l A ﬂl* =% 2Y HEs &
S (Meta, 2023). = WAL VIT-S/14
distilled 2 2,100%F 7H4 7VSAE 7 AL Stk

o

rlo

=

<E 1> slo|H n2iole HAM 2 & TFH(Earystop) AE

sto|m m2fo|E TR DeeplLabv3 SegformerB0 SegformerB1 Dinov2
Batch_size 8 - - - -
Epoch 10 4 5 7 4

Validation Step 1000 13000 15000 20000 12000
Learning Rate 0.0001 - - - -
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* 2> Ay 28 ISR

2dy IhE3| (9l ek
Deeplabv3+MobileViT 6.4
SegformerB0 3.7
SegformerB1 14
Dinov2 21
3.3 é._]ﬁ‘j /éZ” [ Model Evaluating(Pixel F1, mIOU) ]«

H2E HolEAE 75
AL 47 2] Sedelel 9
T, HXE HolHE 7Mal #HA Fl
Score®} mIOUE Al4keh= W2 o2 o] A

o Bt o714 ZAY F1 Score® 2
()3} Zo] BE #olE HAof| tfg TP(True
Positive),  TN(True FP(False
Positive), FN(False Negative) 7492 & T
ato] A= 4SS Total, 29 23} 3

= ARrshks et 10U+ 4 (2)9} 2o
oju|A] AlZLHlH ool A oS Gt Al
Ao wHFo R ARk, HA A2 F=
g e mlouzka .

Negative),

2 X Precision X Recall
Precision + Recall

(1) F1Score =

__ predNtrue
predU true

(2) I0U Score =

f

SegformerB0 } [ SegformerB1

} [ Dinov2

i i

J
)
n ] (e ] (1}
]
J

Deeplabv3

t ‘ll‘ +

Data Preprocessing

i

Image Files ] {

Label Files

Y Y Y Ty

4.1 Pixel F1 Score #H= A}

Pixel F1 Score A% H7} A3 <& >3 2
o] YRt A3 02 SegformerBl ZE 0]
81.84%% 714 9543 ANS GAg L A
F1 Scoret™= 2= 2% 992 ASsk= A A4
o tht S8 =7} =7] v, SegformerB12]

A= 25 Al dial veA Stk
s & o ok =3 24 F1 Score 2%

7
TEskL, 2 B

F

NSZ

Y3t 1= Al
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oA 23} Bes TAE B
&, & A% 99 I DA A
HO7 dFo] Jhssithe ZoE siMech
SegformerB0 29| 7% 3705+ 7} 9] 714
E 7 e BEE 4% B2 A 2849
A7} YR oL, SegformerBlol BIS| A=
Tha 253 AERQl 77.71%= SH =AU
Deeplabvd B2 kA oz A awlH oA
EAo A &&3= CNN 7|9 ol7]8lx) 5 3}
o]H MobileViT ¥ &85 oL} 7154
7} 6405} 7N Fell A 3705F 7R SegformerBO
o ohd Az23 59 77.42%E VERSTE
Dinov2 R99| 7-9-ol= 2,100%F 79 7H &
VeAE 7L o, 7P v Al
62.63%2 A=A} o) mdo| 7 3ta}
A A& Ag 5] BAlo] EAoz <3,
ojm|7] E|2~E ARG WHAlo] A¥A o)z &

Aee AN,

o2t
o

% %9

_>|:

Ry

<E 3> Pixel F1 Score Ms "o}

L=l=0 Pixel F1 Score
Deeplabv3+MobileViT 0.7742
SegformerB0 0.7771
SegformerB1 0.8184
Dinov2 0.6263

4.2 mIOU A= A3}

mlOU A5 #H7} Ade <k 4> 2ok
Pixel Fl1  Scored] A¥e} FUA
SegformerB12] mIOU 4317} 83.61%% 713
A AFol YERRTE mloU| 4= A
A A FH7 o G YT B=E 9
maly] wEel, e BIdEe ndse

A% ofnlx) A%

o%
pi)
P
i
ot
rl
&
of.
N
iy
re
=

7 et & 4 Qi) dAdkdow nE
2] Pixel F1 Score T} =& X2 SHHA
A A7 YePARE, SegformerB12] Pixel
F1 Score7} tH& B9 thH] &L 73 Hlust
H mIOU% A= SegformerB19] 237} Thas
Gtk Zlo] ERIEH o] SegformerB19] 2
7t A& A Y99 il e AP mdE
o Rz dE5Pte As o F Utk
Dinov2®] 7% Pixel F1 Score®lA< ull-¢- A
Z3 Aol Yehgod, mlou AsolAs
70.83% 0.2 Z{H]—FGOI é?j 0:]0:] o.ﬂ_Z__(_l ]}‘HO]
B EAS Z Shadk Zlo g AHTh

<¥ 4 mlOU d& &7t

oy miOU
Deeplabv3+MobileViT 0.8035
SegformerBO 0.8058
SegformerB1 0.8361
Dinov2 0.7083

4.3 2% wA BEl FE 4

<9 5> £ A79 SegformerBl 229
theks A &2 oS AR5 Rl Zojth
#59] Real ©|F|AI7} A A& ow|A]o]a,
Pred ©|F]| A7} Held Edo] o3k A 1HE|
ol ol gt 1|3l Label o7 A=
AA dole e #ol&d AlaH ol F9&
Hepdth 3 WA o] oA E B SA 7
Aol & A=-E0] =0, SegformerBl &2
< A F9s B A5T Ae IS
T ATk T WA B A, g Y R

Az oju Aol F24 Ao = 9L A
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53 A3 2, v AE ddo] Btk A
A 2o)7) ol SegformerBl Z@o] o] &
2 dE3 AR et Al WA P2 A=
olm|z] sjctol gjE At RFo] Koy,
golE It o] & o3 Z1E &<l
g 4= 9k W WA e AE A ojuR|of|A

239A GUe FAdt 5 gl=d, vlHg 4

<12l 5> SegformerB1 28 A o= A1}

V. d &

£ A= ZIU-Leaper Hlo|HAlS -85}

g Edlaxw 7|8k oju]z] A 1dH o] A
ds gt =g A
Deeplabv3, SegformerBl,
Dinov2°l| aj@3dh= 47HA Held 7IHES 43
it} I A} SegformerBl E@o] Pixel Fl
Score 7] 81.84%, mIOU 7] 83.61%= 7}
e s 249 SegformerBl B2
< mIOU X2t} Pixel FI Score’} o+ 22 T

H & FFoE gRIHH, o] & ATolA
N3t SegformerBl E@o] A& A3 g9
A dESg 4 dvks Ao R siddn
SegformerBl Rdo] oju]z] &2 R Az}
=9 A=, 5345 "o A e] A=, o=, mA
g 2387 5 TR HEo A A5 5 9l

NS

SegformerB0,

ZJU-Leaper HoJE|Al& &-8-3t] Held 7]49t
ojm|z] AlaHlE| o]l £49 7HsdE HAEE
o}, ZJU-Leaper H©|EAlS TheFst o]m]=] 3
E*oﬂfﬂgl =Y A=, A5, 9=, 23

7V 7} 2705 7 Agols
Yo, SegformerB19] A50] 71 3
FUS & F UMk Al WA, & AT

SegformerBl E@-& 7|¥3le] A& BT

oo A=, HE =, vARE =24

4

5 40T AU IS sjetsy] ojele
250) Agel AT JHL HFHOE of
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<Abstract>

Deep Learning Models for Fabric Image Defect Detection:

Experiments with Transformer-based Image Segmentation
Models

Lee, Hyun Sang + Oh, Se Hwan - Ha, Sung Ho

Purpose

In the textile industry, fabric defects significantly impact product quality and consumer
satisfaction. This research seeks to enhance defect detection by developing a transformer-based deep
learning image segmentation model for learning high-dimensional image features, overcoming the

limitations of traditional image classification methods.

Design/methodology/approach

This study utilizes the ZJU-Leaper dataset to develop a model for detecting defects in fabrics.
The ZJU-Leaper dataset includes defects such as presses, stains, warps, and scratches across various
fabric patterns. The dataset was built using the defect labeling and image files from ZJU-Leaper,
and experiments were conducted with deep learning image segmentation models including

Deeplabv3, SegformerB0, SegformerB1, and Dinov2.

Findings

The experimental results of this study indicate that the SegformerB1 model achieved the highest
performance with an mIOU of 83.61% and a Pixel F1 Score of 81.84%. The SegformerB1 model
excelled in sensitivity for detecting fabric defect areas compared to other models. Detailed analysis
of its inferences showed accurate predictions of diverse defects, such as stains and fine scratches,

within intricated fabric designs.

Keyword: Fabric Defect Detection, Deep Learning, Image Segmentation, ZJU-Leaper, Transformer,

Segformer
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