International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.3 (2014), pp.1-10
http://dx.doi.org/10.14257/ijmue.2014.9.3.01

Fuzzy Scratch Inspection of Sight-Corrective Spectacle Lenses

Kwang Baek Kim®, Doo Heon Song?® and Young Woon Woo®

!Department of Computer Engineering, Silla University, Korea
’Department of Computer Games, Yong-in SongDam University, Korea
Department of Multimedia Engineering, Dong-Eui University, Korea

gbkim@silla.ac.kr, dsong@ysc.ac.kr, ywwoo@deu.ac.kr x)’

Abstract E !

In this paper, we propose an automatic scratch ipspectien m detect small
scratches from eyeglasses using fuzzy logic. Inspectipgscratches o glasses largely
0 é

depends on the native eye exam of field optician th may léad providing possibly

harmful eyeglasses to customers at optician's s Usua small scratches are

often occurred in the process of transportation rather t at of production thus
ected

field opticians have burden of preventi elling lenses. Our method
computes the possibility of ill-effect by ch on gl with membership degree of
the scratch size and that of dist etw @e center and the scratch from

in e‘Qgre-processing phase. Two-phase

candidate scratched areas ext
preprocessing mechanism a;éiz per offe proves the sensitivity and accuracy
of detecting scratches from preVous studyCQur method is applied to CHEMI MID HL
HM sight-corrective dioptgic, lenses A iment and it is verified that the proposed
method is sufficiently e&e by re&a ician's evaluation.

Keywords: Dio%x len logic, Scratch extraction, Eyeglass inspection,
Eyeglass def 5\6

1. Introduction 6

Interest in desig % automatic visual defect inspection system in the manufacturing
industry keeps g g in recent decade. Those critical defect inspection systems were

usually base fuzzy logic or fuzzy neural network in various products manufacturing such
as wood [ ric [2], and TFT-LCD [3]. Usually those systems are at the final stage of

producti le for quality assurance
uch production industries sensitive to defect inspection, eyeglass production and

circu n system has a different type of problem in its quality control. Designing spectacle
lens involves multiple thin coating processes such as hard coating and UV coating. Thus, it is
important not to make any scratch to protect sight vision and reducing visual fatigue effect
[4]. In the production cycle, a rigorous defect test is performed with laser beam to make sure
that the product has no harmful scratches and the surface of lens is precisely coated [5].

However, in this industry, small scratches of completed products usually occur in the
process of transportation from factory to optician's shops unlike others. Although those
scratches are minute and still the glass has most functions of the production purposes, those
minute scratches may not be identifiable by optician's native eye test before retailing and
become the source of complaints from customers.
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In this paper, we try to provide an intelligent method to help solving such optician's
problem. If opticians are able to detect such small but harmful scratches before selling and
provide appropriate actions, the business will be more reliable.

Our proposed method is based on image processing techniques and fuzzy logic. Like
previous study [6], we first extract candidate scratched areas in the preprocessing phase and
then take into account the size of such areas and distances from the center of the lens to see if
those scratches have sufficiently bad effect to customers if sold by fuzzy logic. However, the
previous study [6] often failed to extract defects since the lens boundaries were more salient
than small scratches in pre-processing phase so that those scratches were not detectable.
Therefore, our focus in this paper is on the accurate handling of pre-processing ph byytvo-

phase handling of preprocessing thus subsequent image processing and fuzzy I emes
become more reliable. This experience will show us the fuzzy logic i telllgent
inspection software can solve a good deal of real world prob s like Ien sgratch inspection.

2. Extracting Lens Area with Image ProceSS| \

The overall process of detecting and analyzmg I tche wn in Figure 1.
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'@ure 1. Flow of lens scratch inspection [6]

(b | Finish
Applyin y logic to an industrial product defect inspection is not new. If the factors of
deciding t are well chosen, the power of fuzzy membership functions and inference rules
] %

ca e the uncertainty of defect identification as successfully applied to other areas [2,
7, 8].

Since our goal is to identify if the possible scratch has harmful effect to customer's eyes,
we provide two factors to make the decision - the size of scratch and the distance from the
center of the lens - that would be obtained from the image preprocessing phase.

The very first step of the preprocessing stage is to detect and extract lens boundary. In [6],
we used Sobel mask that is good to average salient values out to extract edges of scratches
and boundaries. However, that method tends to give too much saliency to boundaries so that
small scratches can be ignored thus falsely treat the defected lens as a normal lens. Thus, in
this paper, we label the lens area first and Sobel mask is applied only to the inside of the lens
after noise removal.
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As shown in Figure 2, a series of image processing techniques are applied to detect the

VOJ VO i

(a) Gray transform (b) Stretching
\)

Extracting inside of lens

O 12
Fi&. Process of extracting lens area

3. Extracting S es with Fuzzy Logic

Only after 0 taining lens area, Sobel Mask is again applied to detect edges inside the lens
area as sho gure 3.

e

Figure 3. Edge extraction in the lens area

Again, labeling technique is applied to obtain scratches after average binarization of the
result of Figure 3. However, reflected light might be extracted as scratches in this process.
Therefore, we setup a fuzzy technique to discard those false positives and only extract

scratches.
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We need two fuzzy membership functions to take features of the scratch as shown in
Figure 4.
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Figure 4. Fuzzy m |p fu s for scratch extraction

The membership degree o gure 4 (a) \ ided by formula (1) ~ (3) with respect to the
ote the size of the scratch.

interval B1 ~ B3 as X |n % ula be@p
then u(X)=1

<

QQ %(x > 25) then (X) =0 @
25— X
bg) Else u(X) = T

If (X <15) or(X >35) then u(X)=0
35— X

@ Else If (X > 25) then x(X) = @)
( Jthen (X)) =

8&' X ~15

Q Else p(X)=2o—2
Q) If (X > 35) then u(X) =1
Else If (X < 25) then u(X) =0 ©)
X —25

35-25

The membership degree is decided by formula (4) ~ (6) with respect to the interval Al ~
A3 of Figure 4 (b) as X in the formula below denote the distance between the scratch and the
center.

Else u(X) =
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If (X <40)then x(X)=1

Else If (X >60) then x(X) =0 (4)
60— X
Else u(X) =
#0= 0-a0
If (X <40) or(X >80)then x(X)=0
80— X (5)

Else If (X >60) then u(X)=——
(X 2 60) then 4(X) = ==
X —40

Else u(X) = 60_20 x)
If (X >80) then (X ) =1 6?’

Else If (X <60) then u(X)

X — 60
Else u(X) = @
#X) = 8060

As the size of the scratch is directly proportiona the digtance mversely proportional
to the harmful effect to the eyes [4], we need aset of fuzzy in ce rules to compute final
membership degree. Table 1 shows the infer@ules as |%en format and the MIN-MAX
inference is applied to make a decision.

Tabj(e éﬂzzy i e rules

Rule NumbeN . C‘RuTé Description

Rule#l if X i ﬁgvc})Y is B1 then W is BM
IfXI nd Y is B2 then W is B
S 1andY|s B3 then W is B
A2 and Y is B1 then W is SM

ule#5 X |s A2 and Y is B2then Wis M
Rul if xis A2 and Y is B3 then W is BM
R if xisA3and YisBlthenWis S
I 8 ifxisA3and YisB2thenWis S
&e#g if xis A3 and Y is B3 then W is SM

7

The effe \gratch to eyes is classified into five different intervals by real world expert's

sugg t|© , SM, M, ML, L as S, M, L denotes small, medium, and large in respectively.
g% ows the final decision making membership function and formula (7) shows the

centeret gravity defuzzification rule [11].
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Figure 5. Membership function for bad effect by the scratch
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*:z,u(Yi)Xi (7)
Z/U(Yi)

Experimental decision threshold 0.3 was chosen after consulting with real world opticians
in that object of having defuzzified value less than 0.3 has extremely low possibility to be a
scratch based on the morphological characteristic thus we remove it as noise. Figure 6 shows

the result scratches extracted.
)
(a) Average binarized (b) A f zzy&
inside lens area |c V

Figure 6. Extractlng scr es Wlt% logic

4. Experiment and Analysis
The proposed method was imple %wn 5k%)ft Visual Studio .NET 2008 on an

IBM-compatible PC with Intel e t| U and 1.5GB RAM. 10 Digital images
of CHEMI MID HL HM sight t|ve dao I nses were used in the experiments.

QQ\}”

(a) Original images (b) Scratches

Figure 7. Scratches from the original image by the proposed method
Figure 7 shows the result of extracting scratches from various lens images. In Figure 8, the

result demonstrates the case that previous study [6] was incomplete but the new method had
more accurate result.
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(b) Result from [6] (c) Result
Figure 8. Comparison with previous st

\ﬁp‘?opo d od
ection

For those three example cases, our fuzzy inf ngine determines the
membership degree of harmful effect to eyes as@le 2, wh% cepted by field opticians.

Table 2. De 3«9

earlens
Image Harmful
Number f Scratch Membership Degree
A
Image (1) .&“O 78%
0
Im‘slge @r 76%
A 2 72%

5. Conclusi<®Q \O

Spectacle lens may ha&expected scratches during the process of transportation. The
usual naked eye inspeci not sufficiently reliable to detect those minute scratches on lens.
Those small scra @are harmful to protect sight vision and/or increasing visual fatigue
effect thus frequently could be the source of customer’s complaints.

ply fuzzy logic to sight-corrective spectacle lens scratch inspection is to
roposed intelligent tool can help opticians in a real world problem solving.

of image processing techniques removes inappropriate parts from original lens

drawback of previous study [6] and the proposed method is proven to be more sensitive and
accurate in scratch extraction than the previous one by the experiment. Then two membership
functions for the size of the scratch and distance from the center with respect to the fuzzy
inference rules decides if the scratched lens is harmful.

Using 10 images provided by optician with different types of dioptric lenses, the proposed
method was successful to find scratches and computes the membership degree of such lenses
with respect to the harmful effect and the verdict of the result by field expert was acceptable.

However, we also found that the proposed method may not succeed to find scratches too
close to the boundary as Figure 9 demonstrates.
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Figure 9. Failed extraction of scratches too close to boundaryx)o
However, the purpose of such inspection is usually for sight-corrective@%zﬂd all we
bo

used in this paper also belongs to that class) thus small scratches c.lose to ary are not
that important or harmful in real world.

The resultant number represented as a membership of harfful
paper does not exactly mean that the lens is defect s, thetclini
opticians and eye doctors are necessary for the f‘\bure gsearch.
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