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Self-Reference PCSR-G Method for Detecting
Defect of Flat Panel Display

Jin-Hyung Kim*, Tae-Young Lee“,

ABSTRACT

Yun-Ho Ko*H

In this paper a new defect detection method for flat panel display that does not require any separately
prepared reference images and shows robustness against problems with regard to pixel tolerance and
nonuniform illumination condition is proposed. In order to perform defect detection under any magnification
value of camera, the proposed method automatically obtains the value of pattern interval through an image
analysis. Using the information for pattern interval, an advanced PCSR-G method presented in this paper
utilizes neighboring patterns as its reference images instead of utilizing any separately prepared reference
images. Also this paper proposes a scheme to improve the performance of the conventional PCSR-G
method by extracting and applying additional information for pixel tolerance and intensity distribution
considering the value of pattern interval. Simulation results show that the performance of the proposed
method utilizing pixel tolerance and intensity distribution is superior to that of the conventional method.
Also, it is proved that the proposed method that is implemented using parallel technique based on GPGPU

can be applied to real system.
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(R, (2,y) — Ia,y) > threshold)
lD(:E,y) =1
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i (L(z,y) — R, (x,y) > threshold)
D(z,y)=1
else
D(z,y)=0

0
) <L, (@,y)
I

Fig. 1. Pseudo code of PCSR—-G algorithm,
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Fig. 2. Flow chart of Self-reference PCSR—G method.
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Fig. 5. Estimation of pixel tolerance using linearization
of intensity.

= max(px‘awy’py-ﬂ’l'y) (13)

EFYe 2HANA DA S0 ¥l A TS
A de FE FAh9 gr|ge Aolrp HAT 5
23 g7] Aol & BAFY] 3l & =
Ae Y 2 FARE neo 2 Izt 8 o5
T3ta o] & A Aol o] &gtk o] & 3 25
y3E WFo e W) WatE ¥ () Iy E
o] &3] 47 AT T,(x) e o HE Ao A
stavt 3 Yoz 3 7] oS sas X =
PHHFA vr) W2 BT Fig. 69 JARES}
2] (14)°0 28] do1Z ) Fig. 62 A==
tHAEE 7 BE shhol tiste] £33 Wgo = gt
F7] o shaoke] Bk Aol & FA g whef
T A Foll Aol EASe AS 2Hd oS o
7] WAgrt ohd & Apolgho] M AR FAE
T Atk At" 7 AAME Fig. 69 JALZ ol A
o o] 7IEA T, olWe] staEel e AR ¥l
k2ol wAsteE Aol st J TS uiA s}
FHE W] Aol S.(x)= 4 14 NA e} Zol
FH FE AT 0, 2 HFAA ()7t 2ol
o 5Y% A S FA Bgow B 7,()F
T3},

Tyla)= (14)

3.4 X}7| =X PCSR-G

7] A2 PCSR-G 7ML ¥x9 Ix gis
AHEEHA A 4 Gl M AAEt A s A
of sl e HATE oA gl FH 4 W
e 9oL Fx Aoz AL3stA Do wakA
Fz Gk dF 2, Ho) 4 98 G F

2, A 9io] F2E 7]1E PCSR-G €1y &EHdE=
2] 27] 2 PCSR-G €agl&dAE 4 (15)9
(16)0ll A &} o] A& Fadol| thak Ha Hh FAT

0;y < height ; y++ )
z,y) — Hz,y+d,)|< Ty)

)= 8p(x) + I(z,y) — I,y +d,)
+1

Tepp = Mgy

Fig. 6. Pseudo code of estimating brightness difference,



BE O

I, (x +p {,, ax{l(x py— - (x,y)} (15)
(a

) =1(z,y)
I, (z.y) = I(z,y) +p[ I ,y)—pnquens{l(z—pvy—q)}} (16)

Fig. 72 2 E% W39 d 995 Iz 42
2 Ag3t= A7) Fx PCSR-G ¢ael&d tg
AR EES Holx Qo) Aerd Fig. 79 A7) F=x
PCSR-G ¢18]&2 Fig. 19| 71&€ PCSR-G ¢8|
3 FA BEEE 7HA T O Aol S ot
2tk mA 2] F= PCSR-G € FdAe F=
FHoz o] dE WY JIgE AgInz JE
PCSR-G €& Fx % Ry 2L&
Wk Y ¥4 1(:c+dl,y)i A Ect. o]
Aol G ol EAIsHA &

o2 2 9" 1HARE ¥
AHg-&T THE S & Fig.
AR 7 48 I
o QoA Ty(z)E Bk
UE ZH o7 ¥
% 71%%% Ao

71& PCSR-G 7]

Ao
& EE A 9 J% YA oo

o)
=
R
L

=
o
T

0;

o
ot
o
i=)
2 rm
Q2 ot ru K or

o o
It _1
3

oo
g &
o5

r 2
o
HU°'

o oz
o
BN

1o

3
o
—r
2
)
Og{:,"
2
_>|:oR
© o
m\‘

o
£

B

o
ox
o
o
I
rln
=
T

o
=2
"3
ox
et
é‘l)‘

o
Ry
mi
o
fu
2

o W
%‘%
;‘é‘.
o
i“

E ool B S oW
2 foog
X

U (Lo (2 + dppy) = Ly (2 + dipy) < Ly(@,y) = Ly (2,9))
1 (I(w,y) < Iy (@ + dyy) + Ty(z))
H ((Zyin (2 + dpy) + Ty(2)) — I(x,y) > threshold)

D(z,y) =2
else
D(z, ):
elseif (1 (z y) > I (x+d,y)+ Ty(z))
if(I(z,y) — (I (z+ dyy) + Ty(z)) > threshold)
ZD( y)=2
. D(z,y)Zl
D(z,y) =0

else
if(I(x+d,y)+ Tylz) < Ly, (z,y))
if (L (z,y) — (I(x + dyyy) + Ty(z)) > threshold)
D(x, y) 2
else
D(z,y) =
elseif (1 (92+d y)+ Ty(z) > I (2,y))
if((I(x+d,y)+ Ty(z)) = L(2,y) > threshold)

D(z,y)=2
else
D(z,y)=1
else
D(Ly) =0

Fig. 7. Pseudo code of Self—Reference PCSR—G algorithm,

Z20| Z2& HE2 I8t A X PCSR-G JI¥ 317

Holues Aol Age FAEH] A <+ Dlx,y)
£ 12 dAsta 2% 2 4§ 002 A4
g At 7 AlME Ha me HY 94 2HA
174 Hojus A3 2] B Day)E 28 273
shal Ha e Ho] S BloluAT ZEA o)
glojua ¢ A% Dy s 12 2AH
olFg AL L BH JHEj Gl oo A&,
% off & WE FFE Fx dFeR ol &3] A
E%li FHET 2 AAANA Do Dlzy)= FatH
AL ke gre] Z1EA 7, o1del A HF Age

[

= BYEt oA 4 3B Y GYE BT F=
GO o g3t BUFE WPL AHETOZA
=4 %u e el Agtel makEo] gl A5

2,
b
o ok
o
r°"

4% B3¢ £9% 5 k.

719 A5 HI7IE H3 Fig. 89 Hole
£ 1024x10002] HHEE 7HA= F 714 B
FT-LCD 3¢l <

o M
o &
m [

3742 ol &ttt At 7

Fig. 8. Test images. (a) A—Type pattern image, (b) B—
Type pattern image.



318 HEIOICIOES ==X M18& XI3=(2015. 3)

Hol e 7€ gRTdA Agst e F
o] o] HwE o] &3 VI = I
o] 83 7] PCSR-G 717} Ml w= T}, A
H IR W] HmE )83 71l s A
Hgoz FItgk(median) TE P Fe|st 2
(morphology erosion) ZE|H-& At} o] & £
A AFS dTsty] s ARl Foi X -
F7] AR ue} 4 ] o]t HEW Y FY
stao] i B B1EE FekaL ol & AAstazt
3t shA9t HlmstE Wolth 3 Fx YS
o] 83H= PCSR-G 71 < fsllAe F7] ARl o
& & Frlol dgete 9SS dE Yo ERE

HAste =z oz o83t

N e ®

R
El
ot
N
ol
i)
N
fo
gg{
12}
> [
ol
24
it
oo
o
fu
N

< vlwEAh Fig. 99 (& Aol

o] FEiE HofF7] 913 F7dela (b= 2ol
H g7deltt Fig. 99 (o= 42 33k pE 082
Aol e 23 AE Adola (D= At
A T2 24 WHS AHER Aol o 29
ojth. o] wj FAH pat- 04161°]H . Fig.
HE AtE A A 4 e ARgste
G 93 el e Ade E¥sko] dubzl
ol Bot AgsiA HEHe 49U :
Table 12 AHEALR sto| 5 93 A<
Qo sty sta g E A3 AAE EAT
A F e 28 A A
[e]

nﬁloﬁﬁﬁrﬂmflﬂé-{omlo
'J_\EL‘H

nﬁ -

:;I,

+
0
kv

o
i
X O
to to o= & mo ¢ hu

A FA A g oldos HRHE A5 FH
A7k & s, A Ggol WAL, ool AY
FESHE WANE Ba oo WY Ho} AF
B4 geos waste o sAg

(d)

Fig. 9. Defect detecting performance comparison ac—
cording to pixel tolerance, (a) No defect image,
(b) Defect image, (c) Defect detection result us—
ing randomly chosen pixel tolerance, (d) Defect
detection result using the proposed pixel toler—
ance estimation method,

Table 1, Comparison of defect area according to pixel
tolerance setting method

Pixel tolerance Defect area Detection
setting method (2708 pixels) rate
Fixed number . o
setting method 2220 pixels 81.98%
Proposed setting . o
method 2656 pixels 98.08%
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Fig. 11. Performance evaluation for A—type pattern image.
(a) Conventional neighboring brightness com—
parison method, (b) Conventional PCSR—G method,
(c) Proposed self-reference PCSR—G method,
(d) False alarm area of the conventional nei—
ghboring brightness comparison method, (e)
False alarm area of the conventional PCSR-G
method.
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Fig. 12. Performance evaluation for B—type pattern image,
(a) Conventional neighboring brightness com—
parison method, (b) Conventional PCSR—G me—
thod, (c) Proposed self—reference PCSR-G
method,

Table 2, Comparison of defect area for B—type pattern
image

Defect area | Detection

Defect detection method (2708 pixels) rate

A AAE Y duEy A AE 4Ry
otiel 2 Hel&=rt AA WAl W] A8
JE FFoz 283 Folof ) A 71He] A

T+ 4 A 9 A g Wt 34 59 FUh A4
o] e FHE=R AYEr AsE AT T glrh ol
a3y Jl=9] GPU(Graphic Processing Unit)E
CPU% Z-& & A4t ZAZ AHE7Hs8H she
GPGPU(General-Purpose computing on Graphics
Processing Units) 7]1€& &-&35to] AtE 749
A& =g MAsAT A2 o2 NVIDIA AR
CUDA(Compute Unified Device Architecture) 71&
< & i 7Nk A4 G E 2EE
(thread) 2 @33t 7153 GPUW S AH H=E
25 o] 83tA & FH RS EFHHOE o]
& g AEE EF(block) S EF3AT =3 A 4
4 HlolE7} GPUY A wmeo] mEA 52
4 JAEE CUDAS #HxX = =& (pinned memory)
7€ 5 &&3tri2 13l
Table 3& A A&=1 & 7€ FH A7
o Wyl Mg ol &3 ZWF AL A7 F=
PCSR-G 71 ¢l Ag&HEE Blud Aot A3
£ U= ALe] E8400 3.0GHz CPU, 4G HIo|E Q] 2
51271 ] CUDA Z=2AA7F W8 GTX580 12
7=zt &9 AAE HAFE 7 o] &= AT Table
3o 25E Atd 7o) 7|E A EHA U= 71H
o wla] CPUNIA = oF 3ue] A4 AE F71=2
LskAN GPUE T8l 78HEUS B¢ 71E 714
o Hlsl of 7ul wkE A 2)7} 7hsste] AQkE 7ol

S|

Table 3. Comparative evaluation for processing time

Conventional neighboring

pattern intensity 2083 pixels 76.92%
comparison method
Conventional PCSR-G 9990 pixels 31.98%
method
Proposed self-reference 2656 pixels 98.08%

PCSR-G method

Processor | Defect detection method | Do o8
time
Conventional neighboring
pattern intensity 527 ms/fp
CPU comparison method
Proposed self-reference
PCSR-G method 1553 ms/fp
Proposed self-reference
GPU PCSR-G method | /10 Mo/
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