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Abstract

Most commercial CCD/CMOS image sensors have CFA(Color Filter Array) where each pixel gathers light of a selective
color to reduce the sensor size and cost. There are many algorithms proposed to reconstruct the original clolr image by
adopting pettern recognition or regularization methods to name a few. However the resulting image still suffer from errors
such as false color, zipper effect. In this paper we propose an adaptive edge weight demosaicking algorithm that is based
on POCS(Projection Onto Convex Sets) not only to improve the entire image’s PSNR but also to reduce the edge region’s
errors that affect subjective image quality. As a result, the proposed algorithm reconstruct better quality images especially
at the edge region.

Keywords : demosaicking, interpolation, pocs, edge, wavelet

I.M B o z7)9) 7t Adel] a3 AN AAB A g
thAlell, (R/G/B) Al 4R A & 3 744 Agk 94

1o
i3
2,
03 1 O

2 &8 o7 ERATFY] 93 CFA(Color Filter Array)7F AF&
3]

CCD/CMOS 4% ME— o435l WAL Psa=g  HUch

)

i
)
=
_E
L
N
>,
Olb
0,

e,
>
ou
A
b
%0,
+
@
eS|
>
=
o,
e}

ol
4
5
ol
o
o

CCD/OMOS AA el 7t :@} £ Qo] Fyvre =
7] W], Mg Q4] st 74 sasig R, & 3
G, 282 B Age str] ghol H ]

AAe] zi7|9F AA B &S Fo

] A& BEYT 1, AdE ol B Ailiasing 4
4

3¢ shA Bk T wol AFEHE HEe AxFAoz o]l
171 98, A 44 Bayer Pattern’© 24 13 13 & AL 7=

Bayer Pattern< G Ajde] R/B Adrt} 2u) Wol X

"EAE Y T A Feun FEEEsy Z3) wlo] glon o] HVS(Human Visual System)™
(Dept. of Computer Eng., Kwangwoon Univ.) 2 Aoam ol7ke] Alzto ' A Eo
5 % %;F--E- }\-]-g-]\] A]—‘S’]—Oﬂ @Eﬂ}\]—%_q. ZOOGLZ]C -7 Oﬂ U:}'L. N 1-, L..L_'J ]‘:}] Luminance 01_. ]
ety wu ST x|go] o &) @;Qﬂg B GAEY ¥l o wizets §42 wrgst

H4dat: 2007912€13Y, A% Y: 2008414914

(230)

ARgste] HA Ze 9

3 87l fef o= 7HA HEEC] At HA



20084 5® HMAt=se

2 | Raz
s | Gss

Gos Ros
o —

Vo

| Ras |

agl 1,
Fig. 1.

Bayer T{Ed
Bayer Pattem.

g ol e ol

= B3] ) 7+ Apde
Color Interpolation

A& A olth CFA o) &g
e 34 A G4
A#E Hilste
Demosalckmg olg} 3y,
Hup £& gHde
Demosaicking ¥ &
=9 & o] &3l o
st Contents Adaptive Interpolation
AEE Atole] Aa@AL} ol F o] &3 ¢
T8kt v el Restoration ™ HH
ALt FHL = o
Hybrid Interpolation

doZ

rir —‘04.-5 tlo

o]
HH &

{3~5]

—

5=
[9~10]

2,

e sh4 7H"i A T
"‘7/‘14 CFANA et

T 7 Wi, ¢
False Color ¢ Zipper Effect ¢
sto] FHA stdAe] a9le] Hr)

7]&ol AAHAY Demosaicking ¥ 5 PSNR A
7+ duglsE 9 e
(Projection Onto Convex Sets)® @& Aa] A4d 7+

z_,—L]_ O:]Oﬂoﬂ/q_,] ALJ_}HO] -5—}@ oﬂ

d

il g2 AN md
fr oHe X

o

la;o] £ O

= 0]

s

ji
glo ofN mE o K
&L

ol
rlr

o

N
-
2,

% grEgor go| A
Kodak Lossless True Color Image Suite[282]""

==
o

=
Cul

3
—

=X H 45 # SP H

POCS

(231)

3= 47

2.

16712 A=
2. Test images.

Ofs
L

Job g L ol
ro 1o o

i

=2,
v

%Liﬂagj ;ﬂlﬂlff}%i
= 7H}d.9. 7]_5}':. 7]1:11

fire) H
, V Aol 2ES

zm?rhm,%m

(IR = 2
i)
2,
X

A =T
I
El
1 rir
o

KOS

P

=9
=2 =

o]-&-3}of °§”E}4 EAE -‘4‘3“1}3}‘3‘4
Contents Adaptive Interpolation,
dA EA4S o] &3t A2 F3 %

= TE
Restoration ® =

1] =
==

fir rlf ox oE

135

S T 7FHA]

HOL%] o

Hybnd Interpolatlon

7}. Contents Adaptive Interpolation

s 7]1/‘4?_ HRHOEN, o 3h HES
o] ®7hel= v ol Bilinear Interpolation 34 01
Bilinear Interpolat1on-— At o] A3 -3}
Aol YAEH o ]9} 22 ska el W3t 2
ANAE Gl di=sto] HAstE ©io] vt Freeman

o wEE= IS o7l 98 Bilinear
Interpolation 23] Median FilterZ AM-3le] J3r&
R

dbAd o] Hamilton? & 9349 EAL wtdstes uhi &



48 Edge 715X & 0|% HEX0Ql POCS Demosaicking ¥212|&

Gia
oo Gzs | Bas | Gzs |
Gz | Baa | Gzs Ga4
- Gaz | Bas | Gss +
Gsa '
Gas | Ba | Gas £ Gsz
| -1 -2 -1 o
Gss -0 0 0 :
2{ o2 1 } &

a8 3. Lu & Tan2! oix| ZE
Fig. 3. Lu & Tan's edge filter.

AREEIATE 2 Aol A o] gl Zhel 47 2 )
ol A71E 73 o3, A7|E vty A7)} 2
ko2 Hibete] @S E4

Lu & Tan”'& o] % HAE 7te] o)X EXL Hlods)
7] $13l, 47FR] Wkl A o] oA 7hERE ek o A
o] ZAxd we} 7tFXE 2 ik a8 3& GH
AR 7tsA(a3d)E T317] $3) AAEHE ALg3
Holtt.

— — — Pl

G = 1 epr G Lerr + Arr O rirr + ppGp + A powy' T pown ( 1)

Arprr Y Apicyr T Qup T Apowy

4 (D& 4hH B AEANE A8l G WA
A3tz otk Hxt Po] AFAE To A3
Arego] Wolde wgol gl whid, thard

A EQ 2edez A8 & 5 3

Lt. Restoration interpolation
o] -3k A E Ttoll= A E |3 A BES 1A
Al Fo) o]& A#dAo] Eda FEv xdzie A

A& ol &3l At HMS & 4 9ttt Coklfx: A

47t ¥=R/G, B/G)o] o|xAdE 7ho| AT g
e HE EAE ol&3le s BT v
Xin-Li"= #dzke] oIzt (R-G, B-G) 7te] 484
& ol8ste] 949 B & Frk £ Gunturk”
= POCS Wil& o]&3te e EAdHch POCS
E AEYE R goor s PHE ¥, 1F
o} G Aol £ BAL ol gatel 4 A
E 7 R4 Be) 94 Bk o

Ron Kimmel®& o]% spdE 7t =72 T3l

NA 7VEAE A, AE7HY Hl& FBAE ol &
# s BY e WS AHgatth Wang''s
Ron Kimmel®] AA|3F o] o x| 712 & 7]dto &
SHRAAIRE o2 AEE Y A7ZIE vaste WS
A48 5 ] Wako s BN AL WATOEH,
gae =d F Uy B =FoA Aeks W E o]9)
2 AT &3t Faa o)A B s 4P
2l POCS W& 7|dte 2 oA 7l5A& F7lsto 7%
sl Ao ME F2 S dH 5 JEF A5G H

2. Mot 22|52 EHEWH

3

=RolA AHed eRaE POCSIIA AR
geyzst $Use 7 9] BY ASE E 1

qrus geos wde 9eold, 4 F4e HPF
4.6

1]

B
44 el el NS A Bk (DE 59 %
o2 HPFE, 4 WaoZ [PFE ALFoEN, F
B OeY ASE A He, 289 (©F 54
A3ko 2 HPFE, 7% WHLE LPFE A &FoEHN
T Zeu3 Hy
Table 1. Filterbank Coefficient.

HighPassFilter | LowPassFilter
Analysis H1(z) HO(z)
FilterBank H(z) | = [1,-2,11/4 = [1,2,11/4
Synthesis Gl(z) GO(z)
FilterBank G(z) | = [1,2,-6,2,11/8 | =1-1,2,6,2,-11/8
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No Image Ch| Lu&Tan | POCS | Propose | No Image Ch| Lu&Tan | POCS | Propose
" R| 308 36.55 36.66 R 37.71 40.09 40.34
1 G 3771 41.14 4114 19 G| 412 4512 4512
B | 3064 36.57 36.99 B 36.99 40.45 41.14
R | 3512 35.70 35.82 R 32.44 33.31 33.35
2 G| 4335 43.35 43.3 | 10 G| 4034 38.58 38.03
B | 3699 4021 40.34 B 33.50 37.44 37.71
R | 3813 39.36 39.67 R 34.70 35.64 35.82
3 G| 412 43.35 4335 | 11 G| 4211 42.11 42.11
B | 3733 40.96 41.14 B 36.08 39.35 39.37
R | 3200 36.11 36.36 R 34.90 38.00 38.13
4 G| 3967 39.67 3967 | 12 G| 4211 45.12 45.12
B 3150 37.10 37.33 B 35.57 39.71 40.34
R | 3200 36.10 36.36 R 32.44 36.94 36.99
5 G| 3909 42.11 4211 | 13 G| 4034 42.11 42.11
B 3189 36.74 36.99 B 32.94 38.14 3858
R | 3813 39.57 39.67 R 30.82 37.29 37.33
6 G| 4212 43.35 4336 | 14 G| 4211 43.35 43.35
B | 3813 41.30 42.11 B 35.57 38.78 39.09
R | 2863 33.70 33.81 R 34.15 30.84 36.08
7 G| 3630 33.32 39.09 |15 G| 40.34 39.67 39.67
B| 283 34.39 3451 B 34.15 37.16 37.33
R | 333 36.75 36.99 R 39.67 39.78 40.34
8 G| 4034 43.35 433 |16 G| 4512 43.35 43.35
B | 3381 39.18 39.67 B 39.09 41.22 42.11
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