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Data Enhancement Method for Ceramic Tile Surface Defect Detection
Based on Deep Learning

YANG Xuexian
(Keda Industrial Group Co., Ltd., Foshan 528313, China)

Abstract: Surface defects on ceramic tiles not only affect their appearance, but may also shorten their service life and pose
safety hazards to decoration. When using YOLOV8 deep model for tile surface defect detection, it is necessary to construct an effective
training dataset to ensure the robustness of the model. A deep learning based data augmentation method for tile surface defect detection
is proposed. Firstly, a high-resolution linear array camera is used to capture images of ceramic tiles, and combined with a public texture
ceramic tile dataset, a ceramic tile dataset is constructed; Then, the Copy Paste algorithm is used to segment, transform, and paste the
defect targets of the tile image into a new background image to improve the surface defect detection performance of the YOLOv8 depth
model. The experimental results show that the method constructed and enhanced the tile dataset can effectively improve the tile surface
defect detection ability of YOLOv8 depth model.

Keywords: ceramic tile surface defect detection; deep learning; data enhancement; Copy-Paste algorithm; YOLOvS deep

model

jilll3

0 5l FH RN G388 e 2 T S o A U 40T g 1

R A ERAE P B B T ATk, W KERIFI . SCRR[2]5E H —Fr T Ge vt i) B & RS
TR SRS, AT, fEhe et ke FIRRERIBB AR R IR RGN 2 AR R
Faek, IR Bl POT L B TR AT A S T BEATREUGI, AR HEIL 90%. SCHR[31FEH — b
SR SR I, I, B sk e 2R T SURERELT SRS RO %, T RRER
AT R B R TR THIGRPERT I, VERIZRIA S 94.46% . SCHR[41HEH —Fh

20246 HF4a5% ol BHUEEEIIE 59



SN A ARG 725, R ML e S I

PSSR AU RERE HOR IR FERHIE, 2R A A I FIE 2 96%

A bo AH FIR 7 IR RORI B AN TR0 (i Bk
RUGHHE, 2tz

B N TR RERARI Wl TR, TR M
REGFARI VLB R mREE . RIG5RE,
TE R 22 4t 7 FH TR BRI 55 o STHR[S 14 HE —
BET A ORI 2% (1 22 i B UG A R, R IR
FEB Iy PR B @2 A K RT . ke JE S e
L, DLORIUIE A B MG XU 1 — S5k . SCilik[e]3 th—
P T U B R AN B ARG I 77, 456
WIE R AL B ARG R, P2 T/ BRI
R AR, 2T YOLOVS HI/N H BB T,
BB E T M RHIE S IS SRR R RS, T
PERAL N H PRI R T o SCHR[SIFE H —Fh3t T
TR BT R (R 7 1%, 1 R A 23 v R
BEAFAE, SRIGRG RN T 20%. SCRR[O1FE H —Fh3E T
gud YOLOv6 RGNS, SINER NS T
TRPER R ORI VR S o SCHR[10]8 HH —Fei i T4 40
B 18 1 A 25 ) SO RE BRI 8 7V, B AEAN A
R L) mlr s s e EUR R, S B 1B
Rl SCERIR A JC B 22 B RS B I A A
Hminas, FIA R0 & A I SER G . SCER[12]
BT T RHESE RIS 88 TS5 A 28, LAIRAS ROI X
B, FERNIRE SRR TSRIERAE, R T BT
ERBFAE L. SCRR[13 ]t — RS T = /358 FU-
Net JoMEBREE - EI 715, T gl AR AE 1 fl
A, HEEFEMBEG T S ST SCER[14]
P — M B R IZ EHE N 4%, R R E R
(AR, FEVETE 28 (] Hp s — AN IE R IR A2
AR FH 4 SR R A AS RO A T e s B 2 - S I 5 oL

TR PEEABTR F RS I P i 5 )1 R B SR 1
FRBER VIR G . (HSZ IR T 2 R PR AR R AR
ey SREUEREER G RUR BN R XE H 2 2% 1), S80&
il 2R TG S50 R 0 AR 282 P 11 2 88005 45 R /NBE AR L9 A
R¥sy, BAR R R E . Nk, ARSI — R

60

TRPE 2 2 (R R R T SR A SR 1 9 5 v
1 ERBIREAIFIER AR

ARSI oy AR L AL PX-HC-8K04T-00-R
REEE G 540 T CEREZERL D, FiREIZIR
S8 600 mm x 600 mm, JFARSTHERA 8 192 x 8 192
B&R, WE 1R, WA, ASCEEEIREERS
T TRV I B K382 28 b (1 SO At 4 4
CERESSAL 2, 152000 18, F3HERTE 1022~2 178
BEZED , WNE 10w, ARG 1 SRERE &
BrHcE, SRR R 2 R R ERE, DAY
SRR AR 2 AL

(a) HREHI (b) EREHE 2

I s CiE AN ]

R BERETRUE SR U RHE RS, X UG T 2 R
FEAGI. AN BRI R R, i/ Nhia A1
TN, HEEEA, MERERAEEREE, B0
e BRI 3 BN e i 1 U, DA D B8 48
TS/ IR 2 o kA, 38T DUR T s ) B
RGP GO G IR ) 3 2 . A R V)]
AR, RIAFRER A B BRIk sk AT e 8+ K]
B, AT PR TC R 20 S X, ML ZR A,
RIS E. ad T RERSEEYIRE, W
TR SO EERE UG G B — BRI & o X8
SR BRI T 24 i A (angle) + A Cedge) -
A (fusion-hole) + #1fL (pin-hole) . FABE (black-
spot) & 5 M, Wl 2 Pos. Horb, i, oRHS
NP RS EER, DENNRSTHBR, ASCRHAE vk
WHVFZ—. MHARR SRR, kR, B3,
T EERD, RO EFF.



BFf: BETREFINERRARGENEIEELEGE

(a) Jifh (b) s

(c) T

(d) %L (e) HBE

2 REAEEE Kk 2 Y

2 Copy-Paste #iE1E55

Copy-Paste FAWEA—MEHRIG T2, 7Tk
FE— &S A H bR G 00 J5 86 BUE b 2 F H — A R
ST, PR RBIREING R 5 — iR s EUG
K 3

+. =
sl

Bl 3 Copy-Paste ¥ 1t i87s = &

Copy-Paste Z4fi s (1 2 A XA
[=1AG)+1,(1- AG)) (1)

b NG UGBS, L O E R STER]
KB, L NESEE, GHEFRNER, A(G) Xt Himx
FRATHIEMR AL, LFERENL OS2 e, e i) 55 .

BEHL 07 5 A2 3 (K A= 3 I H AR R U £
FENE, AR . AR BT iIaE . i AT
FFEFRIR, WIERHRE My 4RTBGE RS Ms FIBT D)
M;,:

[cosa —sina 0]
M,=|sina cosa 0 2)

0 0 1

€)

=

1]
o oL
oo
- o o

Q)

<
Il
oS -
o =
'—‘OOI

X a NIER MR, S NAEUA T, h NEIY)
H¥.
B EUR A& A, i e
A
A=M-A )

K A ROHHIR VR, MO0

DS A AR EA T AR B R B <P EE”
BN A4 f 1 B Bt @ A s B ] UL B IR
CHTIE”, B K IR T ERAT IR A
B B o SXAEAE SN FTEREERFIE R R, OREH Tk
BERFAE A FLSEME o JRTRRIE IR (7 S AN & 4 P

/ﬂ-

\_/

4 TR R I 077 5 A

AP R TR H AR B0 S AR AT T
A, RPRE AR RS A R R DUE S A B BEAT
IBCTE, e R SRS HARXT R A%
R, A A R PR E G S R

Copy-Paste SVAEBR R AR M L, JEIHNEAF
PR (IR P R BT 7 R A, AR B AT T
AL A . XA SR RABORIIRENLYE, BRI
FEREFEGR IR RAOBEALYE . S 5 EUR R BEALIE
SR G AT S AL e BT AL DL EE R I 7 B 1)

20245 H 45k Lo BFUEREEILIE 6l



BV, SXECRENLIECRAE T HTa e B B SR (1 2 4
Yo 548, Copy-Paste ZHa o SR 200 EUE i
VERAINIE, BV RT B H A ) — AN S BB AT 3
R, AT Bl TG S A AT A ) )i
Copy-Paste 2GR MR QA 5 .

B e bl | — — —

B fe B4 PR B 1
B fL

jiis it
ﬁ%f‘QEEgbigg

BR 1 ] [ ]
5t 2 e D75 A5

ey

|
R ] [ B P
|
|
|

RIS
K5 Copy-Paste ZU¥EHI 58 (1 AR

1) FEMLGERGE: Wi Sdadet, 52
ML 00 i F S AL VAR S Sl P 1 R e
BIGAE kb iiage, I A BEALGE R B35 R — 2k
B R RS PR AN HAR A R

2) HIWrkIEIRA: T A AR A
HIE R RL A E, HAREAIES. KL
FLEEERAIL . R HIRER LIS A e, SRR IXEERFAE
RGBSR Bk, AT AR, 2L
FIWrkFEIETY .

3) DR XA, B fEkEG, BEAT IR
VEOT AR, EEGATATIERAE: EOOETL. ERA
FRPLEEREE, BEATRENLOTI AR e

4) WG BENLES IR SRIE 20T 5t
KUR, EOOBIIL. Aok, eReBEnLRIL M hr Bt
IRl E: BOOERSL. IR R DA EREE, R REREALAY
hiE AL EREA TR

5) TR M P v TR R R S R BRI B
AGHAT TR A B

6) BEE AN, HEREWEL [rRGERER
R RERE SRR .

62

3 XIg

NIAEAR ST X SR YOLOVS IR R R
SRBERS RS FE A 2, #RFT Copy-Paste 1 55 1)
AR LB . SCIE CPU A AMD Ryzen 5 3600XT 6 1%,
GPU A NVIDIA GeForce RTX3080, PI774 64 GB (1)
N7, 7E Windows 10 R4: N % T Python 15 7
H1 PyTorch 5 27 S HEE SEH. o

HNTAETFSeit, ARSEH R 1) Copy-Paste i1
SR EHGISRA — NMRBEN R, WER 1 . Hd,
Base R/~ %H FlI ] Copy-Patse £l 5 () R AR 45 5
level 1~level 5 /A Copy-Patse #3458 /5, R4
SN EE B AR AR I B o ) 5 AR

w1 EWEHE
X7  EBfa E AR s BB ORIt el

Base 458 204 153 1359 2095 4269 0
level 1 100 100 100 200 200 700 14.09%
level2 150 150 150 250 250 950 18.20%
level 3 200 200 200 300 300 1200 21.94%
level4 250 250 250 350 350 1450 25.35%
level 5 300 300 300 400 400 1700 28.48%

HHZR 1 AT%0: BE% Copy-Paste a1 o5 Lu 451 384
B, YOLOVS 5 BEASE 7Y (14 2 [ ol e o 00 P - 25 5
(mean average precision, mAP) S I JEFHAE 5 T+
& (HEEAE Copy-Paste Z 3 i LA gk — 2838 i,
mAP FHE IR LIRSS, LRI 6 s .

mAPY%

0 5 100 15 20 25
CP_radio/%

6 Copy-Paste HHE 1 58 Lt 451 15 P

NIEEREEFREE M Copy-Paste £ 14 55 11 &
T SRIEEARIT, BRI T JERBCA HFTRAE, 350
THEHRAR A, T2 B YOLOVS IR
] mAP H FTB#(K. {EE%E Copy-Paste Zida1E o L1



BFd%: ETREFINERRERENBIRIERG X

(380, YOLOVS IRFERIAITE N ZRid R b 2] B
FHIEfS, mAP JFahAa b4, TMiBE#E Copy-Paste 1
PEHER LI —2038 0, R YOLOVS JREAALRE
B0 BARRHE C A AER AR, H Copy-Paste £##
SRR ERIA AR RS Z , FEUHIL mAP Fa
R IR

HE 6 FTLLE H, JALI Copy-Paste Zidi a6 Lk
B2 22%, B RERT DA SE HE I YOLOVS VR AR
TR THI BRIARE I ) mAP, th R 2 BERRE 5 & hk
Hlnde. B, B SRR T B 78% 1 ik
HAEA 22%[) Copy-Paste A5 i E Ak BB AE
Ak, BT 5469 B HE 9 512x512 B

4 Z5ip

RSP — Tl R 2 3 P e o T SR A
MBI SR T7vE. ZIRE G RYZN b, FER
1l IR AR AR, JFIRBURTISRFERFE, RIS
DR T BREE IS A EAR E, BE T AR s
o Copy-Paste £yt 5 Ak BEISIE LA K foe I LBl
5, BAIE T ASCINEN T YOLOVS IR EERAAGI
B THT B (AT R o

©The author(s) 2024. This is an open access article under the CC
BY-NC-ND 4.0 License (https://creativecommons.org/licenses/
by-nc-nd/4.0/)

SE 30k

[1T] CAO T L, SONG K C, XU L K, et al. Balanced multi-scale
target score network for ceramic tile surface defect detection[J].
Measurement, 2024,224:113914.

[2] AGARWAL S, SINGH D. An adaptive statistical approach for
non-destructive underline crack detection of ceramic tiles using
millimeter wave imaging radar for industrial application[J].
IEEE Sensors Journal, 2015,15(12):7036-7044.

[3] FHOR LA 5 Dol St UG SR a R 7T [D]. Ak
LR AE R F,2018.

(4] RRBH 5K, T, A S 2 SO RS At 2R TR G 57

(EAEME

WAL PEAE T R 544R,2022,40(2):414-421.

[5] LUJ,SHIM, LUY, et al. Multi-stage generation of tile images
based on generative adversarial network[J]. IEEE Access,
2022,10:127502-127513.

[6] ZHOU Y, GUO X. Small target segmentation method in
complex background based on attention mechanism[C]//2021
IEEE International Conference on Consumer Electronics and
Computer Engineering (ICCECE), 2021: 104-107.

[71 WANG Y, ZHANG K, WANG L, et al. An improved
YOLOVS algorithm for rail surface defect detection[J]. IEEE
Access, 2024,12:44984-44997.

[8] EMANE, T JE. K RO il 2 TR 200/ ISR SR P A DU 77 327
BTN K,2020,37(3):409-413.

[9] BAEERIET U YOLOVO (FIFLARFR A/ NI A I 72
5 R HD] R 6K H,2024.

[10] MEI S, YANG H, YIN Z. An unsupervised-learning-based

approach for automated defect inspection on textured surfaces
[J]. IEEE Transactions on Instrumentation and Measurement,
2018,67(6):1266-1277.

[11] YANG H, CHEN Y, SONG K, et al. Multiscale feature-
clustering-based fully convolutional autoencoder for fast
accurate visual inspection of texture surface defects[J]. IEEE
Transactions on Automation Science and Engineering, 2019,
16(3): 1450-1467.

[12] HE K, LIU X, LIU J, et al. A multitask learning-based neural
network for defect detection on textured surfaces under weak
supervision[J]. IEEE Transactions on Instrumentation and
Measurement, 2021,70:1-14.

[13] CAO X, CHEN B, HE W. Unsupervised defect segmentation
of magnetic tile based on attention enhanced flexible U-Net[J].
IEEE Transactions on Instrumentation and Measurement,
2022,71:1-10.

[14] YAOH, YU W, WANG X. A feature memory rearrangement
network for visual inspection of textured surface defects
toward edge intelligent manufacturing[J]. IEEE Transactions
on Automation Science and Engineering, 2023,20(4):2616-
2635.

[15] GHIASI G, CUT 'Y, SRINIVAS A, et al. Simple Copy-Paste is
a strong data augmentation method for instance segmentation
[C)//Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, 2021: 2918-2928.

e, B, 1969 A, 4, W LR, EEHFAHM: YK ESME. E-mail: yangxx@kedachina.com.cn

20246 Fa5% o BHUEEEIE 63





