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Surface Defect Detection Algorithm for Flexible Hygiene Products with
Complex Shading
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ABSTRACT: Uneven material surface, likeliness to deform and other features of the flexible hygiene products bring great
problems to the positioning and segmentation of key areas of the image in machine vision, thus affecting the detection
results. In order to solve the problem of detecting dirty spots on complex shading flexible hygiene products, the work aims
to propose a new detection algorithm to realize the rapid and accurate detection of complex shading flexible hygiene
products. Firstly, the proposed detection algorithm pre-processed the collected template images and sample images, cre-
ated a proper feature template from template images, matched and located sample images according to feature templates.
Then, the key areas of the accurately located sample images were segmented. Finally, the difference shadow method was
used to find out the defects in the key region of the sample. The proposed algorithm was implemented by halcon operator
of MVtec company in Germany. Experimental result showed that the proposed algorithm could identify dirty spots greater
than 0.04 mm? on the surface of the cotton core. The average time cost was 100 ms, and the detection accuracy was 100%.
Compared with traditional methods, the proposed method is robust, fast and able to meet the needs of industrial
high-speed production.
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Fig.1 Basic flow of the algorithm
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Fig.2 Standard template image
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Fig.7 Effect of difference shadow method

FH 22520 % MR HEAT SR B ARSI I, A7 125 PL B
A B, i EL S B R WA Y A Sy . Wt R, T2
SRR LM R SO BAL AT AL BRAY , DRI T UAG I i
B — MR E IR ER IR RS R SR 225, SR
Hitfr 7 —vaikiz 5, Fr DAL B AR, n] LA
P |74 a0
3.2

TE A2 b B R B S 4 T HAE
EHG A R 5 A EHR rR SR O Ok , FH AR R X35
BRI R . BFIE SRR IE S E WS EE T
MRS, HIEAZE A 4 Fp: K. 8 TFEAE R
FRAEUO) G S B ARE T R AT, SN P R A X
PG AT AGE I i A Ak B, P 2 X 38 32 30 R %o s o 1%
RiFAThRic . PR WREE e ik s il i 78, 7
Halcon Hi# #5342 closing circle & ¥, tytn] LA
FeEMG AN /N2, B BRI A #is AL
HRCR LA 8.

EHCFIR RS L, W20 5 Y A fal i T A7
B Rm ARz R, AR B AN ek Y i

i, AT LU BN A g 2 i . HReA R UK
(5 )O
X@S={x|S[x]Nx=@},x#s (5)

KGR R R OCR S 5O s # 3 3)
FIARPE R AR R AL (e ) AL, IEZIK R4 ROl — (5
BAEK1E.,

TERC AR b e — BRI A, il
P F i R Y A . HReE R R UL (6 ).

X0s ={x[s[x]c x}.xes (6)

Ao X O EFREBIE S S NEETTER ; Sx]
HEMR S BEFRE x MERIF SR . B2 R AR
A3 —(E B/ 1R

i —
—

b
K8 HlizH AR

Fig.8 Closed operation renderings
3.3

BEEE, A THIRREPME R, i ikt
AhER, DMERG BARES RGN HAME R i Al

P38 X bR e v X T E MG B bR g E S
AThRIE , LhAEA B 38 Y DX EOE B AR TR A BOIR IX
B, TR AT LIS )3 Se Ok X8 A 488G L o0 Fl 4%
FORE B, O iy fE AL BEANARIC . 7 Halcon
connection - FRAT, WE 9,

E 9 3% X

Fig.9 Connected area



. 136 - fu %% TR

2018 4F 12 A

4

4.1

N T UL S B S R R RS T ROR , I T IR
BRI, Wk 2,

AT M SR RE AR RCR , BRI A—TF 34
SHOAT IR . HIER P, BAUCR N AER R M, H
TESUR

N = Ny x100% (8)
F+ T
B P +N;,
B P +N.+B +N,
[ POMIERRR DI BFa BRI IER 3, N
TEAR TR TC 0 B PG ) TE B 5% 5 MR IE A 1RO 7= 2%
THI BB AR B A 38 . ELIE R P ELA7UR N FIUE
TR M, BEIR Iy S8R

x 100% 9)

4.2
Pe—T1 L100% (7
B +N; T I S R A R L 7E T K I
2
Tab.2 Confusion matrix
; o
e — —
A B 1 8 TG b P B
- A Bl b PR B R BRI B R R R Py R A b RO N,
' T Bt b PR SRR I T B PR 550 Py TR 3 6 B P 15 880 N
BEHLRAE T 200 47 S REAFIXE R (1 200 07 43 B8 =

2048x2450 1 BMP FEAS B Ho b B 115 50 17,
TCHRFE RS 150 i), FSCHR 225236 %F 200 TRAEAR
EURHE TR, TRl , A& S N 5 et 200 4
AP AR o A 45 5 WL 3,

3

Tab.3 Confusion matrix obtained from
experimental results

s LRI N LA
ARG JCEE ARG JCBRE
SEBRA Bk 49 1 27 23
SRR TC B 2 148 21 129

3 4 0T, SESEMNKEIN AL, 256
TR FE B T RGN A BLOE R . ELOCRANERR, 4
I T 44%, 12.6%F1 20.5%. [RINFAT1, 7E4 ke
DY Aff 2 B TR s, ARG — e P % 118 ST XA it KK
U, FEH ARG B30 - 2 A i I BB R 98 ms,
AT LA L K 2R L AL A SR o B A 45 B 5
& ILIE 10,

4

Tab.4 True positive rate, true negative rate, accuracy and
average time of detection obtained by different detection
methods

1% 1% 1% .

98 98.6 98.5 0.098
54 86 78 1.3

& 10 ik eI 4
Fig.10 Defect detection result

%M TIAE R 2 T Al o A6 0 B39 1) B AR RO
98%. MEGEN 98.6%, UEMIKA 98.5%M}, 1y
K 1 g PG BB R4 ko 98 ms, 5 & 48 BRI s
DoAHLL, HEIER | BOCRANES RS TS, [



539 % 4523

PRI S . 5 RIS M T A Tt 3 T e o A 00 B3 R AT 5 <137 -

IDR NN i/ A ol L1 PSR R S G v = A
BRI E—E TR IE L2 BRI, [N s 7 i —
A AZAG DN 53 , A G o R SR T A T A )
AR

EEPEE

(1]

[9]

JEBH, FIEZR, #ih, %. 2T HACLON YK
AR B ot B AG I (7). b Tl R 2, 2016,
31(4): 14—16.

ZHOU Yang, WANG Zheng-jia, XU Wei, et al. Quality
Inspection of Large-format Flexible Prints Based on
HACLONTJJ]. Journal of Hubei University of Technol-
ogy, 2016, 31(4): 14—16.

SAJAD K, SAEID M. Potential Application of Ma-
chine Vision Technology to Saffron ( Crocus Sativus
L.) Quality Characterization[J]. Elsevier Journal, 2016,
212:392—394.

JURGEN B, MICHAEL H, THOMAS L. Machine Vi-
sion in Automation Technology[J]. De Gruyter Journal,
2017, 65(6): 367—368.

RN, S, R, S BT P ) bk
FATELRRRIN R BE[T]. 28124k, 2018, 39(1): 139—145.
MU Xin-gang, CAI Yi-chao, ZHOU Xiao, et al. In-line
Inspection System for Cheese Yarn Defects Based on
Machine Vision[J]. Journal of Textile Research, 2018,
39(1): 139—145.

B/ BT LA LSS Y BRI R gt [I].
W 5B Bz, 2018, 17(2): 38—39.

FU Xiao-rong. Design of Quality Inspection System
Based on Machine Vision[J]. Industry and Technology
Forum, 2018, 17(2): 38—39.

RO Wig, R, %. BT HACLON 1R
0 BRI it EHR BT A U O], il sk R A= (H SRR
2£40), 2011, 26(2): 63—68.

ZHANG Qiong, SHEN Hai-hong, SHEN Ming-feng, et
al. HACLON Based Image Quality Detection of Mar-
kless Prints[J]. Journal of Shantou University(Natural
Science Edition), 2011, 26(2): 63—68.

BEIR. ARV ERECMET IS D]. RHAR:
PR 2SI KA, 2012,

LI Yan-hu.
Sub-pixel Noise Image[D]. Chengdu: Southwest Jiao-

Research on Registration Method of

tong University, 2012.

KIM J. Template-Based Defect Detection of a Brazed
Heat Exchanger Using an X-Ray Image[J].
2013, 52(3): 501.

WREE, XIEH. 4580 KIGTEM WKFCM B3k
MRI E{§ 53 FI[I]. oL 5D 5 AR 22 R (A AR A7

Optice,

[11]

[12]

[13]

[14]

[15]

[16]

#), 2011, 25(6): 516—521.

CHEN Kun, LIU Jin-qing. MRI Segmentation Com-
bining Watershed Algorithm and WKFCM Algorithm
[J]. Journal of Electronic Measurement and Instru-
mentation, 2011, 25(6): 516—521.

B T 220k SR B HUE bR R B 42 R E L
WEFE[D]. 2t sCIUH T K%, 2005.

LUO lJia-jia. Research on License Plate Location Based
on Difference Shadow Method and Camera Calibration
Technology[D]. Wuhan: Wuhan University of Tech-
nology, 2005.

VAL, HEUIE, IhERIL BT HCEIE S TR
BREERIN T A BT ]. A Bk, 2013, 35(3): 99—
101.

XU Zu-xin, BI Ming-de, SUN Zhi-gang. Design of
Mobile Phone Screen Defect Detection Algorithm
Based on Mathematical Morphology[J]. Electric Au-
tomation, 2013, 35(3): 99—101.

DR, TR SFER A%, BT
HAR 55 T2, 2016(6): 80—81.

LUO Qiu-tang. Image Processing Algorithm Based on
Mathematical Morphology[J]. Electronic Technology
and Software Engineering, 2016(6): 80—S81.
ISABELLE B, ALAIN B, AERELIE L. Robust Simi-
larity between Hypergraphs Based on Valuations and
Mathematical Morphology Operators[J]. Discrete Ap-
plied Mathematics, 2015, 183: 2—19.

CHEN L C, KUO C C. Automatic TFT-LCD Mura
Defect Inspection Using Discrete Cosine Transform-
Based Background Filtering and 'Just Noticeable Dif-
ference' Quantification Strategies[J]. Measurement
Science and Technology, 2007, 19(1): 507—516.
AGUSTINA B, PEDRO A, JUAN I P. Fuzzy Mathe-
matical Morphology for Color Images Defined by
Fuzzy Preference Relations[J]. Elsevier Journal, 2006,
60: 720—733.

brakdk, A, XX, BETHCAE S B 4
S AE A U s )R TR S R
2%, 2016, 38(3): 562—568.

RUAN Zhi-yi, SHEN You-jian, LIU Feng-ling. Appli-
cation of Fuzzy Set Theory Based on Mathematical
Morphology in License Plate Character Recognition[J].
Computer Engineering and Science, 2016, 38(3):
562—568.

JUNGHWA B, JINWOO P. An Efficient Algorithm for
Band-pass Sampling of Multiple RF Signals[J]. IEEE
Signal Processing Letters, 2006, 13(4): 193—196.



