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Abstract

In this paper, we present an efficient demosaicking method using the difference between color channels in the wavelet

domain. In our method, the low frequency wavelet coefficients are obtained by an edge-directive interpolation using the
observed high frequency coefficients. The missing high frequency coefficients are obtained by the estimated low frequency
coefficients. In order to reduce artifacts in high frequency domain and to improve visual quality, we update the high
frequency coefficient using the color difference rule in the wavelet domain. We simulate our demosaicking method in the
wavelet domain and compare our algorithm to the existing demosaicking schemes. Experimental results illustrate that the

proposed method can generate enhanced demosaicking results.

Keywords :

I.M &

tA" 249 slvgte dge] Bdae £9 ZA)9
S84 Z2 A oE AA V&Y LE JHE A
e dAStEA FE5EE AR gt ol#3 fAE
4 A5 FAEL v&T AR FAE Az
A Mslte]l CCD(Charged-Coupled Device) ALt
CMOS(Complementary Metal Oxide Semiconductor)
AME ARGt sbddt de 44e A7 daiMe

T, T AR E-a AR, RAgER A=A
F e
(School of Electrical Engineering, Pusan National
University)

T A, Bt vlo] @ vt F ek

(Department of Biomedical Engineering,
Pusan National University)
HedA: 2010314959, #3959 201084€923Y

(412)

demosaicking, wavelet, color filter array, color difference

A 7EA Y A7 QAT HlE e A Wzl
durd o7 shte] AAwe ARRET) mhEld dhte
CCDY CMOS AlMo] Bdg FA7F Badty), o]A&
CFA(Color Filter Array)gt 2tk I8 194 Ho
Ae Aol 7F E3hA AREEHE #lelo] CFA H

=H

1. Holo CFA
Fig. 1.

uf &
Bayer CFA pattern.



42

(Bayer cfa pattern)’” o]tk 2% 1014 2 wule} o]
CFA ZE<= Al 7HA9 & ugE @o} EolA H
i, 3 A3 Ze JRE VIR e FaEe EA%
A dch CFA HE$ Zh Ad W2 2o g g
BEE 7HAA ¥E it EAEA B ol 2
2 ABE /HAA & X "y FHE FolM ¢
e ey QAo vime AAFE grAo|elgtn
g},
AR $Re $4Y dEeln )&l Aty
olgth. A Ade] AHE ol g3t W 5
4zt ARg olgatel T wwoz ey 5
Atk 2371 AHEE Rz} wWhgo] Adule A
HuhS o] &84 QoA H ARE usE Wy
O|FFE olFAULh o] WHEL UusEA WA F
ol 7hsdithe Aol v whde, 9449 oz ¢}
Zo] & FRE I E dAME ZED A color
error), A% &I zipper effect), THX] ZIHfringe
effect) ¢ 22 e AL FusiA @k
Adzrel FRE ol43: R0 HYPEL
H 993 Fag oz o A& A 4 Jo
e HHHE By o U 3EE BdFEY. T o
Ao tEHQA tiEAle] Yoz ox| g Wk
S P Ao wyg Azhe o4 wE
9] gink. AAe) A= AA A A7) (indicator)E A}
§35te] oxo W& (9 = FH)E 2 F 9
Ag Fshe W dE e Yyoich Fxbof u
W2 G A oA Adzte & 484l s
T AME bgeg Fde FRke] o] groly vl g
& olBHA Hogle dB] YRE Fo}Fe Hholn)
Foe JgoM gEHY yrzloly HHY
Gunturk!50] AAIE We] gl o] WPe F
oA e HHE o] &M dolvd Fge 7 3
Fo5 JgoA d=9) £F side] 5y 4E
A FZZ(constraint sets)o] HE E w7}z HHEz
Z A9 (projection)dt dhgolt}, &3] o] AR S
A}%9(Alternating projection)olgtx F-&t}. o]} e
R Q] We] F& A45g HolXu AL 58
‘do] "ojxjA €t
Gunturk®] =&& HA8ld A2 Fig
g olFES A B A7 A
gt B5A ¥in Lie 229 42 JUE Zo]Y
3 37 A$A< AA 715 (stopping criterion)2 Al

Il
N

to 12 H oH

& rfo

fjn
£ (o o ol

42

=3

il

39

LSRN

R S

AOEH FHOA MALE 0[88 CIRXf0[Y Y

413

g2 9

At Li chene ¥8E wdd "z 4L 9o
23 2od(subband) gl HEaE e AN
g% olgg wEEL dHE X RE4AM ZEE
ARE 7MATE gdo] gtk

B =RoME U g dolBa AFE 7l &
& Agael stk 7S AAZ e Mz e UR
o]7 whie Akt A WA nFEF A%
RS AT HiA TE dAle 2FFHAS
AzxHcolor difference)S ©] &3t 48 Ad+ FH
Aol By ARHQ HE LA g grAo|P
FHERT $548THE AL BoFETh

=R AL ted 2k 03 o8
goAe] tRAeld WS dustn, MAIA
o dalEe A VAN E Agke
g3t B7E 9A¢ FUF|T ARFY W BF
A 71&e WHEte A%S nEta, VA 2

&2
—
[e] T
29 W=

=)

4

)
o

A

o]

go

0. floj== HolAe| tj=xioid

DE 949 M QA(color component)z 3IHE,
DER,G,B oIt} 24748 A a4+ 19 29 2ol 4
N e AE(down sampled)® F4oz prold
Aot GEAEFH G2 Ea] ¥ o] Z(polyphase) H &l
os) el aE2 DE oL Zo XY

L

D= D, +D,+D,+ D),

ey

a9 2004 Bl R Hig go] tRAAE #F
# {R,GnGuB}EO

€ L 25

=44t

W
gy
4{s

: oz i)
2 3 FRARS
Y BEl « ¢
z|{z1s | KR

Down sample images

Bayer pattern

R,G,B channels

I8 2 cl2MEE g4
Fig. 2. Downsampled (DS) images.



20108 78 HxB8E =2X M 47 HSPEH M 4 =2

{Ry Ry, R, Gy, Gy, B, , By, B,}E E & T3 HI

o BHoz B 4 itk

TN GGINE 22 & 9= FAH 54 do|
23 Wg G dE A 228 & A0 74 Fes
e ABBAE o129 dAolH EHHoR 0§
 Sinh wekd € eRdAE Bet 2ol 9ug 4
OB WHse PrAAe 4B} F

O | W, W, Wi, Wi %)

NV Wi AFS A%, WL W Wi 24
T, 44, 02 U el 250 ASeln. 4
o2y gelolnel nzAolge BRE Aous A
Hwgrmmmn) o gy g Ax &

WL LHHLER) o 2 31= Ao] g},

¥

—

II. Rkl CI=Xpo|1Z &
1. O|X] derg Ol8E MFut Aleel FH(G AY)

4 FEE Hol28 HBYE 0 oA fRES

AT FzdA 7R3 gich B3 AFs Fulse
2 o:Mlo] zﬁﬂ/&—gg :L,p]_pﬂr;} ;\
HA B wRAE AFS ASE
<A E{Pﬂé A}%tﬂ

U}

a8 3 oA XAZIE Faks 2y

Fig. 3. The method for calculating edge indicators.

414

43

AE oA HeH HEE AT AR AAIE
fistel nF o A5E AHEetaal @

WA 1Y 3elM B uksh o] dojo] HHL
{’;322)94 o2 7 gtk R, ¢ Aol A 4
olEY 4N G A AFH AFEE FH87] 4
gt oju] &I YE Ry, Gy, Gioll U o]EH 2
F3 ASE ARk 9K (i,5)008 WES #e F
A7) A F9EF 2 £ATEY oA AA7IE F4

7t DHy (i,j) B DV (i,5) 83 349,

3to]

DH, (irj) = | W& G D+ W= 1)+ (W01, (3)

DV, (in) = |WE G DI+ IWEHL 5 — DI+IWE(6,4)].(4)

H (i,5) & 73171 9
o] glo] &8l A
T3 fdME G

al
=

23, Wg T8 77 °ﬂ>’<l AAINE o] &3t
g3 2ol ¢ 8 AFd ALE FAY + gk WA
wgre] A7t B A$ &, DH )
d e G, E RE AN tE 2ol £3 W
o2 ¥ks P

5%

WG, )+ WEHi,5—1)

2 WEHi,g)— WEHGi,j—1)— WEHG.j+1)
+
4
ez 3 W gy oAt F Ay S
DH,, (i,j) < DHg (i,5) 2 wele 4 B3] 83
£ thge 2o St
- WEH i)+ WEHi—1,5)
Wi )= ———s
2 Wik, g)— Wiki—1,5)— WgHi+1,5) ©)
+
4
DHy (i,j) = DHg (i,5)9 Z%€ W73 942 2

F¥ 4+ ok med uy
A% 7an. %,

< 4 O% 09 FTFs



44 AOIEH PHOIM MALE 0|88 Cl2Xto[Y Y

Wi, j)=
WEHG,f)+ WEHG, )+ WE G, 5 — 1)+ WEKG— 1,5)
4

. 2 WiHi,g)— WEHi—1,5)— WgHi+1,5)

8
2 Wik, j)— Wiki,j—1)— Wgka,j+1)

+

8

)

0oz B9 A X do]E3 FFlA

G, 8 AFT AFEE FR37] A8A Holo Hyo

2REH 4R G, Gy, B,ol U@ dolEy uF A

F& AEET AR (i,5)0N WEY g FAE)

A& #9UE R FAFF A A7) DH (,5)
R DV, (6,)8 242 o3 Zo| 78 & gtk

DH,, )= | W G )|+ I WEE G+ 1, )+ W52 (i1, (8)

DV (i) = |WE G )| +IWEHG, j+ DI+HWEE 6,11 (9)

G,o qF dolB AT A Wiki,j) & +H%
& A7t A& BS =, DH, i,5) > DH (i,5) &
¥ Zol 3 5 o
_ Wer(i, )+ WEHG,j+1)

Wi, )= — 2 o
. 2 WiHGi,g)— WEHG,5— 1)~ WG, +1)
4

(10)

52 W] At & 73S F, DH,(i,5) < DH, (i)
9 dele 54 B we gt g
_ Wi, )+ Weki+1,5)
Wi g)= 5
2 WgHi,g)— WiHi—1,5)— WgHi+1,5)
+
4

1n

F3 ¥y ggez  wEY 3
DHg (i,j)= DHg (i,5) 4 & G,o d@ o83
AZFT A% 83 Lol £ 4 +3 g U@ 3
Fgez I

32 9

WEi,j)
WEH, )+ Wk, i)+ Wk(i+1,)+ Wgk(i,j+1)
h 4
2 WEHG, )~ WEHi—1,5)— Wi +1,5)
e 8
2 Wik, g)— Wik, —1)— Wik, j+1)
_.|_.
8

(12)

2. Mzt W Z 0|88t MFOt A% &3
(R, B #'g)
Azl Wy Foix 94 4 AA WA A
o|7} A dA3thE 7MAe 2A% L Ut F,

D—D' = constant, (13)

g7 D 2 D& Ay Adg yehdrt $is 2
BAE 1§38t dolEY AFH dge B Ad ¥
B Ade & F4F 5 gk o] e g2 vEAR
o}7 Wgold Yutyoz AgHI glom E =
e Az R o] &3 Ags FHE AIER A
Fo e A&kl ot

WA RAS Ade oy AFug AFE T
7l Q8 ¢ AdY 3B 41 Jde R AdY #
(R)S MAE &3 o] Fdt

M
2

WDE, (ir5) = WEKi,5) — WEHG.5), (14)

4 (149 A% olgstel A e R AdaE
et gol 2g 4 Ak

Wik(i,5)
= W69+ 5 WDEG i)+ 5 WD 6 (6,j+1) 15
ﬁ/u(‘i, j)

. (16)

a1 a1 s
= Wi, )+ 3 WDk (i) + 5 WD (i+1,5)

Wi, )
ALl 1 LL (- - 1 17 A
= W§ (3,3)+Z WD, (z,j)+z WDzl (i +1)  (17)

1 N | s :
+ZWD,§fq(z+1,J)+Zngfq(zﬂ,gﬂ)

B AdalNe wike 4 ) W G, Ad



20108 78 HXB&3 =2X M 47 W SPH A 4 =

a3 %3 Q= B, Ade gl
2ol Ao},

4348 e

WDE  (i,) = WEHi,5) — WEKi,j), (18)

B A Auaks (WELwE wHE R A4e 3
& 34 PEoE T3t go] ¥ & 3tk

WEA,)
= WL‘"(z P+ 1 W05 (i ,3)+ WDz (i.5—-1) (19)
Z WDE (z'—1,j)+Z WDgE e, (i—1,j—1)

W)

= WkGi.j)+ -;' WD, ('i,,j)+é— WDEF (i~ 1,5) @)

"LL( ,])

—WLL(z,j)—i- 5 WD5,6, (,J)+1 WD (i,5—1) @)

3 1Fnobe Ao 3

AW o2 DS YAl A .L*rj]r Aol &R AsE
ol darol AFs AFE B ofF A JEd
c}m 2 oleg wAE 01 £3ke] slol28l 49

2ol 17 ASGE 37

3t7] A3t ‘replace

rule T ‘max ruleS AE3Y ‘replace rule & &
I e 22U X Ee Bl ‘max rulee G
s 239 ALY R BE B AdE FolAM &
e AdEste Wit £ =RdMe uF:9 A5
< #4387 st ‘replace rule & AHE3tATh

2 =8AME ‘replace ruleel &M FHE nF
3 ALTE B} % JJ-OM] A7) st 153 F
Heo i Aa FHE Addtt &, oy Fd
o 138 Age Z QEHM} He dolEd ZE Y

Adutd o2 FIR(Finite Impulse Response) ZE
%SHH TaZIth 4 (13)9] Az AAE Hegho] FIR
22 AAdE adz #1380 og #Ag
o]-&3t7] S1dte] £ =&AME 1949 AT

=d AFEE Tt 2 T W o dolBY EE £
3.
W(‘[),L ->[W£L2, sz’ Wng, Wgﬂ?] (22)

{416)

45

A7V whRek W, WER W 17 2uAle) AR
A 275k AGE Jehan, o ALE 018319
G A2e) 27 AFE et 2o) o AueHA v
o= 2 % nt

WH i, j)= WEP(ig)+( Wil - Wi(i.))  (23)

Wi, g)= W)+ (Wilid)— Wikii)  (24)

A7\N NG B = HH FAce] gF e Al
Qe FA 7] Wie] LA gech A A
JER oo} fARE W& AEste] 1FY 7%1 ey
el AAET o] W &Y WHE &
Hol@H F& ARE BoFm Y} 6], g2 e
e REN e an—ze

v. &8 23

B =RdMEe YrRAgeAE FAs] At Le
Gall®] el A v o] E¥ (undecimated) JPEG2000 5/3 €
ol £ HEIE AMEEHTh o] TEE dolEd WIS
o] &3 tyRAtolF] e ol AMEEUY] Wil v}
Wate] HwE 9ot B =EAA A&
Le Gall¥l ZH® AF3 FHEAN by =[1 2 1]/4%}

=

L

g=[-1262—-1]/8& A&3tx, 137 JH=
hy=1[1—-21]/4% g,=[12 -6 21]/8& A&
gt

B =RdAE 28 44 BHo Ax A Zo

Kodak Photo CD Photo Sampler
(GAle| HES = 156 24, &AM
2% 2olM ofef Z)

24 images from Kodak Photo CD Photo
Sampler, 1991, Images are numbered from 1 to
24, in order of left-to-right, top—to-bottom.

of 2470 WA
eAzolA 2



46 fo|E83 Ao MRLE Of
a8 5 Clzxjojzl

(@) & AAH#15), (b) Gunturk's 2™

(© Jung's 2™ (q) ot i
Fig. 5. The demosaicking results, (a) original image

#15), () Gunturks method™ (0} Jung's
method® (d) the proposed method.512x7682]
A7|2 71K|= 243ke| Kodak Photo CD ¥ate

ZENS w»oz Argsigct, okt gmal
HAESH| isto] Apsol Wy

SEE olsict #AL
T o8I SAste] Huxel
PSNR(Peak Signal to

o2 uolEd % WA At BE A5E
< EE=A(bold font)E AHESISITE HF-#<]
AL MY $5Re T B W 2
olE E9 AAH :L%}—g— H}F/Poi *l]?} e
@A ABH ZUANE &

# ek,

79 5@ HZ(rafting)3te
MAZH RPRES HaE
¥ 5(),(c)e 71&9 A o
*53'6]— Og/\]-o]u:] g 5(d)E
olt}. WHITEWA'#HE dl2ES 1

[e]
A &

o] &3 tjRA}o]H]
AtE W] o

BH 7|Ee Wy
< H2ERT ohe F49 wANME Adzd
BEE /AR ZHA 38 4L Hol: whd
ot A E olg e NS A9 Foprs} 3
o E3 38 62 Fudr] JHH0)e2 HAE”)

o 2 2w mlo

417)

gt fzxold gy

Y21 ¢

1, clkst cjextolzl wiHol cfst PSNR 24
Table 1. PSNR values for various demosaicking methods.
Image Proposed
Fog 17 111 271 8

1 39747 40171 40019  40.638 40.405
2 3634 3RV3B 37168 38738 38205
3 40.321 40286 40337 41563 42.285
4 37003 36308 3692 37847 38.387
5 41302 41850 41344 42216 42711
6 RIS7T  RB2W6 38010 383% 39.547
7 39282 39900 39100 40121 40.961
8 37805 3894 3813 40159 30.847
9 0793 4075 40647 41602 42617
10 B4 B 3HB428 36408 35977
11 096 41483 40912 42273 42.641
12 RBP4 39227 39061 39911 39.941
13 41271 240 41338 43105 43.499
14 U348 B35 3484 35613 34759
15 B504 34818 35206 35916 37
16 37400 3828 3727 3BT 39.44
17 40310 40432 40591  43.815 43551
18 40601 41191 40821  42.182 41.969
19 %6685 %851 36T 37.330 37.168
20 30263 39217 39298 40665 40.771
21 38680 39231 3B 39.788 39.364
2 RB02 3784 37928 3807 38.365
23 47719 40151 41614 40165 40.914
24 728 35059 U84 3517 38.892

A‘gl‘;ge 3853 38849 38604 39600  39.800

g 6.

Fig. 6.

Ci2xto|2 Zut

(a) 2 HAHH0), (o) Gunturk's !

(© Jung's L (o) ® o

The demosaicking results, (a) original image
@0), () Gunturks method” (0 Jung's
method®, (d) the proposed method.



20108 78 MXEE

T2 Hubgel RREe) 7] PHE By 5%
& Rozr
V.2 E
B JE..E,..Q Aol &R d o)A CFA tjm=jo]7) Hhy

(1]
(2

(3

(4]

(5]

6]

(7]

(8]

{9l

—“%3}]3}0:3 old "AdA AR Y A=

o
&L gol2al rlutel gmaloldM F7 A&
Fx

.2t A3 Ad-& Polyphase®
I AFEe G A x| BEES
7F% GG AFT go

FaA the

EEE
s @

o3

Bag HEAjolA

Fasge. Aokd 2
198 ALgakd 7] o] ARYe 284e
gov 7l Wt vaste] Awgel 2
4e FRN $5F A5S BelFo)

ML

P

roe

=
(L8

i

B. Bayer, Color imaging array, U. S. Patent No.
3971065 (1976).

D. Cok, Signal processing method and apparatus
for sampled color signal, U. S. Patent 4,642,678,
(1987).

J. Adams, K. Parulski, and K. Spaulding, “Color
processing in digital cameras,” IEEE Micro, vol.
18, no. 6, pp.20-30, Nov.-Dec. 1988

Keys, RobertG. etal, “Cubic Convolution
Interpol ation for Digital Image Processing IEEE
Transactions on Acoustic, . Speech and Signal
Processing, vol.29, pp.1153-1160, 1981.

J. E. Adams Jr, Interactions between color plane
interpolation and other image processing
functions in electronic photography, proc, SPIE,
(2416), 144-151 (1995).
http://www.site.uottawa.ca/~edubois
/demosaicking/

24 images from KODAK Photo CD Photo
Sampler, 1991.

R. Kimmel, Demosaicking: Image reconstruction
from color CCD samples, IEEE Transaction,
Image Processing, 8, 1221-1228, (1999).

W. Lu and Y-P Tan, Color filter array
demosaicking: New method and performance
measures, IEEE Transaction on Image Process,
12(10), 1194-1210 (2003).

S. C. Pei and I K Tam, effective color
interpolation in ced color filter arrays using

=FX M 47 H Sp H

(418

H4z 47

signal correlation, IEEE Transactions on Circuits
and Systems for Video Technology, 12(6),
503-513 (2003).

[10] J. W. Glotzbach, R. W. Schafer, and K. Iligner,
A method of color filter array interpolation with
alias cancellation properties, IEEE international
conference, Image Processing, 1, 141-144 (2001).

{11]1 X. Li, Demosaicking by successive approximatio
n, IEEE Transaction on Image Processing, 14(3),
370~-379 (2005).

{12] Claude. A. Laroche and Mark. A. Prescott,
Apparatus and method for  adaptively
interpolating a full color image utilizing
chrominance gradients, U. S.Patent 5373322,
(1994).

{131 J. ¥. Hamiltion and JE. Adams, Adaptive color
plan interpolation in single sensor color
electronic a camera, U. S. Patent 5625734
(1997).

[14R. Kakarala and 7. Baharav, Adaptive
demosaicing with the principal vector method,
IEEE  Transaction  Consumer  Electronics,
48(6), 932-937 (2002).

[15]Li Chen, Kim-Hui Yap, Yu He, Color Filter
Array  Demosaicking Using Wavelet-Based
Subband Synthesis, IEEE International
Conference on Image Processing, 2, 1002-1005
(2005).

[16) J. Driesen, P. Scheunders, Wavelet-based Color
Filter Array demosaicking, IEEE International
Conference on Image Processing, 5, 3311-3314
(2004).

[171B. K Guntuk, Y. Altubasak, and R. M.
Mersereau, Color Plane interpolation using
alternating projection, IEEE Transactions on
image Processing, 11(9), 2002.

[18] X Wu, WK Choi, and P. Bao, Color restoration
from digital camera data by pattern matching,
Proc. SPIE, 3018, 12-17 (1997).

[19]1E. Chang, S. Cheung, and D. Pan, Color filter
array recovery using a threshold-based variable
number of gradients, Pro. SPIE, 3630, 1999,
36-43.

[201X. Li and M. Orchard, New edge directed
interpolation, in Proc. IEEE  International
Conference, Image Processing, 2, 2000, 311-314.

[21] SMallat, “Multifrequency channel decompositions
of images and  wavelet models”. IEEE Trans,
Acous. Speech Sig. Proc., vol. 37, 12, 1989, pp
2091-2110

[22] “Recommendations on Uniform Color Space,



48

Color Difference Equation, Psychometric Color
Terms,” CILE, Supplement no2 to CIE
publication no. 15(E-131) 1971/(TC-1.3), 1978

[23]1C. Y.Tsai, and K. T. Song, “Heterogeneity-
Projection Hard-Decision Color Interpolation
Using  Spectral-Spatial  Correlation,” IEEE
Transactions on Image Processing, vol.l6, no.l,
pp.78-91, 2007.

[24]1X. Wu, and N. Zhang,“ Primary-Consistent
Soft-Decisoin  Color Demosaicking for Digital
Cameras,” IEEE Transactions on Image
Processing, vol.13, no.9, pp.1263-1274, 2004.

[25]1D. Menon, S. Andrani, and G. Calvagno,
“Demisaicing with Directional Filtering and a
Posteriori Decision,” IEEE Transactions on
Image Processing, vol.16, no.l, pp.132-141, 2007.

¥ 2 R
2006 ¥4 L 271583}
A 4.

PR AR T8
3} HA &9,
PARSE AR
23 WAL,
<FUAROL © AL, R,
WE A5 >

2009

2009

Al &8

Z Y HHIY
19943 Fgois
A&

Adoistw
AL &4
g g
gAL £
o vlelo Wt ¥ Rug
FAFAAN2Y, o) g-F8>

W23 83}
199614 AA gt

1999 ARE et}

OB AWM MAE 0| HZXi0lF YH

AN XA TH

(419

2 9

261K, H Chung, and Y. H Chan, “Color
Demosaicing UsingVariance of Color Difference,”
IEEE Transactions on Image Processing, vol.15,
no.10, pp.2944-2955, 2006.

[271Li Chen, Kim-Hui Yap, Yu He, “Subband
Synthesis for Color Filter Array Demosaicking,”
IEEE Trans. Systems, Man and Cybernetics,
Part A, Vol.38, Issue2, pp. 485-492, March 2008

[28]1 Bo Gyu Jeong, Sueng Hwa Hyun, I Kyu Eom,
“Edge adaptive demosaicking in  wavelet
domain,” 9th International Conference on Signal
Processing 26-29 Oct. 2008 Page(s):836 - 839 1.

M o el(sEe)
2008 Selthstm AAF
A 2.

2010 Aot A7)
o7 44 24,
 <FBAR A, HRAo|
7>

o o T Y)-nAAA

199008 F-Aropgtn AAE e

A E4.

Fodigta

HAp £4.

Eage
WAL E4.

A FAOEGE AAL]THE 2

<F @A FANETAE, 94, Aol

HE Asxg, AP ET>

1992+ AA-E 83

1998 A 83

X

4]



