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Abstract In KACC'91 and '92 conference, we pro-
posed a method of automatically detecting the shape
of the faulty holes in a shadow mask by use of CCD
camera and image data processing technique. In this
method, two adjoining test arcas from onc image data
of the shadow mask are taken and comparing the shape
of holes in these two areas, we can detect the faults in
the shadow mask.

In this paper, a mcthod is described by use of spa-
tial filtering of effectively finding the faulty holes from
the difference image data between the two tested image
data. The main role of the filter is to remove sampling
errors occurring at the edge of the holes. And the sec-
ond role is not only to find the existence of faulty holes
but also exactly express the shape of faully holes.

Computer simulations and actual experiments with
shadow masks have shown that this method of fault de-

tection is very effective for practical use.

1 Introduction

A shadow mask used in a cathode-ray tube
of a color television is made from a thin iron
plate in which scveral hundred thousands of
small holes exist. These small holes are made
through a ploto etching process. In the pro-
cess of making such a shadow mask, there oc-
curs the case where some of those holes have
not correct size and shape, which causcs color
" blur on the screen of color TV. So it is an
important task to automatically detect and
eliminate those faulty shadow masks.

But even in these days, the detection and

climination of such faulty holes are done by

human eyes, causing much cost and heavy
labor.

This paper describes a method of automatic
detection of shape of the faulty holes by use of
CCD camera and image data processing. In
this mcthod, two image data are taken from
two adjoining test areas from one image data
of the shadow mask with CCD camera.

Comparing the shape of holes in these two
adjoining test arcas, we can find any fault in
the shape of holes.  Specifically, the outline

of this method is described as follows.

1. The two-dimensional crosscorrelation func-
tion between the data of two test arcas is

first calculated.

2. And then we move one of the image data
to the place where the crosscorrelatien func-

tion becomes maximum.

3. Then we subtract one of two image data

from another.

4. The subtracted image data include the in-
formation of faulty loles and sampling er-

ror occurring at the edge of the holes.

. The effect of spatial filtering is described

T

for finding the only faulty loles from the

subtracted image data.

From the results of the experiment, this

method of fault detection of a shadow inask
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is expected to be used widely in shadow mask

industries.

2 Observed image data

When the shape of holes of a shadow mask is
observed with a microscope, the shapes of the
holes are converted into the pattern of black
and- white.

This pattern is observed with the CCD cam-
era and converted to the image data, which
arc fed to a personal computer. The image

data is then converted into binary data.

When the shape of the hole of the shadow

mask is circular, the image data becomes as
shown in Fig. 1.

The image data are taken from two adjoin-
ing test areas of the shadow mask as shown
in Fig. 2 (a) and (b). Comparing the shape
of holes in these two test areas, we can find
any fault in the shape of holes.

Fig. 1 shows the data containing a faulty
hole. These image data are compared with
the data having only normal holes, then we
can find fault in the shape of holes.

Directly comparing the two independent im-
age data requires accurate positioning of the
shadow masks, whereas comparing two image
data as shown in Fig. 2 (a) and (b) has the
advantage that the shadow mask need not be
put in accurate position.

When the normal image data obtained from
normal holes are represented as z,(k,[) where
k and | are x and y variables on the screen,
and the faulty image data obtained from the
arca containing faulty holes are represented as

xp(k, 1), xp(k,1) arc written as follows.

ap(k 1) = an(k, 1)+ d(k,1) (1)
ki = 0,1,2,...,N—1

where d(k,1) represents fault.

3 Detection of fault by subtraction of

the two image data

We have developed a method of fault detec-
tion by use of corrclation function and sub-
traction.

The two-dimensional crosscorrelation func-
tion between image z,(k, 1) and x;(k,1) is as-

sumed to be R,(m,n). Then

N-1N-1

Rop(myn) = 3 3 zu(k,Dxg(k+m,l+n)
k=0 I=0

m,n = 0,1,2,...,N—-1 (2)

The phase that the maximum crosscorrela-
tion function is obtained is assumed to be m’
and n’. Then by moving the image z7(k,1).
to (m/,n') position, two images z,(k,!) and
zs(k,1) almost coincide.

That is, the two test areas arc overlapped
so that the two-dimensional crosscorrelation
function may become maximum. So the dif-

ference image D(k,1) is obtained as follows.

| zo(k, 1) = zp(k+m', 1+ n') |

D(k,1) = (if0<(k+m),(I+n")<N)
0 (otherwise)
k= 0,1,2,... . N—1 (3)

The subtracted image data are shown in Fig.
3.

A thick circle in the subtracted image data
shown in Fig. 3 is a fault, and dot circles in
Fig. 3 arc due to sampling error and arc not
faults. These sampling errors can be removed

by use of a smoothing filter.

4 Use of spatial filtering

In this method, it can be said that the shape
of a hole of shadow mask is tested by compar-
ing with those holes existing in the neighbor-

hood.  The image data obtained from the
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difference in two adjoining test areas include
images which include faults.

In WACC 92 conference, we proposed two
methods of smoothing filter by use of Me-
dian filtering and Contraction and Expansion
processing.2)  The spatial filtering methods
described in the following section are better
in computation time than the previous meth-
ods.

Faults arc defined here as those in which the

length of lioles deformed by more than 10%

from the standard values, that is, the dif-

ference image is considered to be fault when

the nmunbcer of pixels in the lateral direction

‘exceeds fr, and the number of pixels in lon-
gitudinal direction exceeds f,. Here we call
f: and f, as a judgement criteria,

We have tested two spatial filtering for ob-

taining the faulty image.

4.1 Spatial filtering 1

The first spatial filtering is as follows. Two
judgement image 1 and 2 are first made for
lateral and longitudinal directions, and then
these two judgement images are taken logical
AND.

The judgement image 1 is made according to
the judgement criteria f, in lateral direction,
and the judgement image 2 is made according
to the judgement criteria f, in longitudinal
direction.

The judgement image h{k,l) by the logical
AND of these judgement image 1 and 2 is
made by Equation (4).

1 (if D&Y =1
and D(k,01+ f,) =1

hk,1) =
and D(k + f,,1) =1)
0 (otherwise)
kIl = 0,1,2,...,N-1 (4)

where h(k, 1) = 1 represents fault.

An example of the judgement image pro-

cessed by this method is shown in Fig. 4.

In the judgement images shown in the
* marks show the remaining pixels as pixel=1,
and O mark show the pixels climinated as
pixel=0.

In this judgement image, O mark in one
ring form (left side of Fig. 4, normal hole)
showing the sampling error have been all elim-
inated.  The images in the ring form hav-
ing some width are the images that should be
judged as faults.

Fig. 6 (a) shows the difference image data

and Fig. 6 (b) shows the judgement image

being processed with the spatial filtering 1.

4.2 Spatial filtering 2

The judgement image with the spatial filter-
ing 1 shows only the presence of faults and not
the true shape of the fault. So the following
processing is carried out.

When faults exits according to the judge-
ment criteria f, in lateral direction, the im-
age data within f, arc left as they are.

Besides, when faults exits according to the
judgement criteria f, in logitudinal direction,
the image data within f; arc left as they are.

The judgement image (k1) by the logical
AND of above two images is made by Equa-
tion (7).

spective pixcls.

k, and I, represents position of re-

For I, <1<+ fo

D(k,1) (if D(k,1) =1 and
D(k,1 4 f;)=1) (5)

0 { otherwise )

u(k, 1) =
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For k, <k <k, + f, this method showed not only the presence of

Dk, ) (if D(k,0)=1and

faults in a certain criteria, but also that the

accurate shape of the holes.

v(k,l) = D+ f,,) =1 6
(kD ( . furl) ) © As the experimental results show, the method
0 (otherwise ) ) j
of detecting the faults in the holes of shadow
masks proposcd here scems to be useful for
From Equation (5) and (6), practical applications.
h(k, 1) = w(k,1) A v(k,1) (7) References
ki=1012...,N-1 1. M.Sakata and I1.Kashiwagi, "Fault detection of

The results of the processing by this method
are shown in Fig. 5. In this judgement image,

the images in the ring form having a certain
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5 Conclusion

5

In the proposed method of automatically test-
ing the faults in the shape of the holes of
shadow masks, two parallel test areas are ex-
tracted in the gbserved image by using a CCD
camera, and by usc of corrcalation technique,
the image data of the difference between them
arc made,

This image data of the difference include
the information on the faults of holes and the
sampling error arising at the edge part of the
holes.

Therefore, by applying the smoothing pro-
cessing, only the images showing the faults
are displayed.

The smoothing processing is better by spa-

tial filtering 2, and the results obtained hy
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Fig.2(a) Test arca 1 Fig.2(h) Test arca 2 Fig.3 Difference image
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normal hole faulty hole normal hole , fanlty hole

Fig.4 Judgement image Fig.5 Judgement image

by spatial filtering 1 by spatial filtering 2
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Fig.6(a) Diffcrence image

Fig.6 (1) Judgement image
by spatial filtering 1

Fig. 7 (a) Difference ithage

Fig.7(b) Judgement image

by spatial filtering 2
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