HEE - A29 B R3GE U1 B 1520001/ 26

WA A §FA HSAE o] 8§ I Byt
Image Interpolation using directional edge weight
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Abstract
We proposed a new directional edge based interpolation, DEBI, by combining two weighted directional information
to reduce blurred edges and annoying artifacts. Four isotropic gradient masks are employed in defining edge
directions and they are proven to hold a first order derivative relation with respect to a rotating coordinate. Two
minimum gradients among four absolute directional results are shown to be sufficient to describe slant edges
efficiently. Compared with widely used bilinear and bicubic interpolation methods, the proposed algorithm results in

a noticeable improvement along edge area.
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Wt T 4] aHUdE H& JRO wEMd Fosje
B WEs RSy, 452 gold T gk Fante
o] &% S AAYT olE AW FMF Bzio] HZ
oz HAM W JAg ot AYY viste A
Fol FHE BPoR JAE RESE 95 U A

Y nue AAE A8 ndsHA ¥u 8y 9N Fa
Az Al we AFAW nedd By AA} F
=27 gdelN Sud FHol oFAAN V1erlE e
A 2she @Re AYE Aeloh

aGAE gl W Aggel 2ANE v A
oo $4 Tt ALY AL S £, 2 v, 0
74 B3 BANEL fu,? oW AAE AFAE
e WAL e 2ol Aot

:x:yx}diag
Cledmgﬂ-szGzy
Guiny & Gy © xy 3 sw Foj4 advdES] Ao
gol A& wgoz ¥AHY, G GE o Hax
hZha wak B A 59 B A3 T Wg A
t} o & S99 <~1vg >AY |G| |G, |G l<|Ghw
Giing = |G|} 2 =|G,| 7 8
For® Funge B2 03@.4 4 449 57
& eusin dUR PHe ANY A fxy-a—
G,, 9 w#A ARAY. & G, =|Glo® f, = x &
2 ge HE e Ean, Gdi,,g-lasl A faiag
s% Wgoz AP wRe dugd. $4 029
Ave Bges A7 AsA oy F 74
stel MY BE AARE o) BAMY Yol o)A zto)
ANAL 012 o183 f,, B fue,® FoHE Rolth 7}
23 G,,% Gu,® (G,G) % (G,G,) F AuRe
Hazk ol HAogte AW ERE FeAIA Dok
A% To <1y Dol AHoR aa-rm dgoz o
b EA@TE, Auzge AT A G,E |Gt 81
Gy |G\7F Bk 288 A7 A9 x & $3o)
#9oz Fo Y A5 ARG 2 |G| A
ol B Aol ojaAY x = e B Y48 A
7l AAYAY. FAW oje] Hage AEA2 Adsw
G,,=G, =00 H1 f,= (4 D44 A x5 B
o) mzbe] AA WL}
<ad 3>¢ mmolA 0< (Az,Ay) <1932 dojd
A (n+Az,m+ APIA HHe 2AE dol x F
o) B f,' mD@ el 223 (n,m+ Ay)
st (ntlm+Ay)el AR 94 3} ojgdc U
wyom y W nugd f, = (nt+Azm) 3
(n+ Az,m+1)9] B23te |83 Fuus BZHA B
o) e AAY g, x Dy B ANA] £
g Aoz BAZ YD Wl AN B8 G4 B=
T 13559 Waez oA Huh fdng flyg} A

> qXGdiangmy+GAX

flz,y)= (4)




29 /¥R AA &%

A AFAS o4 9% 0D

(n+1,m+1)«] u stae) Fitgtel et

wep o) o) Wy aFdAdES A T 247 3
A BUgel G,9 Gl G e |G ol Gy |G,
A Rolth. WA f, = x HF v = f, 7 5
FiiagE 55 W3] MAZOZ (m (nrlmrDe Ha

£ 089 f, 7t 9ot

fl(n, m+1) f4(n+1,m+1)

£3(n+1,m)
Oy 3 HEAg Bzl A 49
Fig. 3. Nllustration of Directional

Interpolation
x1A 9 stagte (nm)P (nm+1)E <43 BFgo] 5
2, x20ME (ntlm)3 (n+tlm+1)& o] &3 32gko] =
o x84 f,= x1 % x2e) BHzke] Hul, o= & )
H4g ol IRl % fus omF (n+l,m+1)
o] A wEke EHikE onsiy x37F T4l $IAEA

o2 5 A 728 F3 Fo 22 UE gl "t o4
g F71 A8t (A DN G =G =1°3, (nm+l),
(nm), (n+1,m), (n+1,m+1) o $A& 3A28E f1, f, fi fa

Z 3 x3o A9 xj7)uk BEe Al e 7
o} (Az=Ay=10.5).
G, (f, ;fn ‘G, fi+fs :fs +f,
+Az,m+ Ay) =
f(n o y) Gu/ + Glmg
ol E B HAHH G, =G, 2 FLW HFT nge
Fln+ Az,m+ Ay) = 3(f2+f4);(f]+f3) 2 sHolA w2zt

Aol A7 stagte] A$H B7ke] "Lk olE <Y 3>
oA aBYAE H4 Adizh Bl x @ w = Wate]y]
Z

mEel Wdel A$-AE dete Be] AAEE ¢ &

1.
23 Bt 949 AF
<Y 4>olA 299 R AAS M RIS
AT Wo) AAIE B XS] olwel 29
FAFEE 99 KRG #HgYd NF LE 3X3 F49
(ZYYAE nl2aE HLEE dd)g o Zo] o 9
23 g og BEFI
DOE{En—1,m—1g,én+1,m—1§,}
n+1m+1),(n—1,m+1
D.e{ln,m—1),(n+2m—1),(n+2,m+1),(n,m+1)}
D,={(n,m),(n+2,m),(n+2,m+2),(n,m+2)}
Dse {tn—1,m),(n+1,m),(n+1, m+2),(n—1,m+2)}
2999 A7 B AAE7] $1g e o A 3
o FolA b HE83 349 e 23 A7 M FE
Aoz qadls 498 HAAdSd. & D,1=0,1,2,3 F
oA 28} 7HA TAME A& AHET

meo—

ey
3
ot

a9 4 Q A9 BHE AANE Fu
Fig. 4. Neighboring Area of &

Q9§24 dee 2 e 49U w A E oo
Sl ARt 45 So 0 £9A D, 999 wg
e Bed 2ol FAs, Q9% fAME AAEG
o

(f(nym)+ fn,m~+2))/2— f(n,m+ 1))
(flnym+2)+ f(n+2,m+2))/2— f(n+1,m+2))*
(f(

(

fln+2,m+2)+f(n+2,m))/2— fln+2,m+1))*
(f n,m)+f(n+ 2,m))/2—f(n+ 1,m))?

=
=
(
(

&5 = ((f(n, m+2)+ fn+2,m+2)+ fln,m)+

fln+2,m))/4— fln+1,m+1)) )

99 HZ dHE D,E AAstE U HEXEY (nm),
(n+2,m), (n+2,m+2) (nmt2)o.2 A8 RS A

B
of AW Fddl HAAT AA Az AolE o



AR e -

Azl B8e JHWEE 11 4 1 3 2010.1/ 30

ek 28R Dol w4 I = Ye; 7+ Bk F4

@

dHer 020 v Gl Wt [),7=0,1,2,38 7
et Hagks Ze D B AR A 4 9de
2 AT 29 FAE 99 Ao dqiEte) B =R
Me & dE AT HAeln, 2F s U FE I99&
AAste L 29 M fAEtn BeEHE 998
FE gHez FAE F UAvh 29 FIFFH} KA
39S AANAU, A AFE o&3td FARAE A
g 7= 9ok

>

R—Q:f_u

1% 6. 9% Lena'®) 2¥AH}
(a) : ¥AE B
(b) : Bicubic B.3}
c) © A|¢+g DEBI
Fig. 6. Magnified Lena Images by (a) Bilinear
Scheme (b) Bicubic Method (c) Proposed DEBI

Aerd e FE A e A4S Fsa g3 2o
i) B3E 8= ste 2 99 o 49 #A4E (4
5 ojsto] A v HAagE e D;E AP
ii) 3x328 ofFfx Do distd (4] 2)8} (4 )& 3
43 M B agYdE G, G, G, G,& 78
ii) if |G|<|G} then G, =|G,|. Otherwise G, =|G)

if |GJ< |G| then G, =|G)|. Otherwise G, =|G,)|
iv) Gy Giigy < Threshold | 2 99<& S48 ¥ 94
& ol &8 B BRTE AN G
v) 2 R e AAS A (m+ Ax,n+ Ay)olA

-~

ey fang® T2 if |GJ< |G then fw=f,. Otherwise
foy =1y
if |Gl=< |G, l
vi) (4 4

then [, = }s. Otherwise [y, = }w
o este] flm+ Az,n+ Ay) & Fgch

. A8 3 #3

Akl By A 7w AFAE o] &F YU E A
&ate] dnEE A% BUsy] A5t 64x649 4E 9%
S AHESAR VIR AZ 3ges que Hug Y5
th 94 gue A#FHA F7 71EY FAHA 4880
A F8A FRATL, AAH Gt

(Objectlve evaluation)¥

£ 93t BE " A4S AT e
4 @eld G =42 zdn G=1 & ALagch
C,C 7VENE 43 59 B33 gy Wi B2y A

Foly () =009 uidd HHeu

G, =09 vt xy B 27l
o7 7 }%4 "Jﬁi"é Be 438 "
@3} Threshold= 802 A}
3. B =Fd4 xﬂ?}v& DEBIE <19 5>9 ¥ 9
’b""ﬂ Hgstqi, NEY FAY 23 Bicubic BZF 34
S A7l Y3t Matlab 769 interp2() & ol &3tHt

(a) (b)
a9 5. 64x649] (a) B4 Tena” (b) ¥ 'Mit’
Fig. 5. Sample Images in 64 x 64 pixels (a) Lena
(b) Mit

<2y 6> <2y el 443 B, Bicubic B3 ¥
A3 At DEBIE wasr] $)8td —FZ}( 42 o B
HE AAE F 82 PR AEY dFES AE ¥4
ot <a2¥ 653 <a9g 7>9 I3 ZAvle TYsA }AT
=5 A6 ol A 2AYY Hol gk <29 6>
o 9 2EF% &% Foy A AAUAA A B
ZJ:L} Bicubicx DEBI®| #}3tY ringing &7 F=33A
€ 4 ¢ AUk 53 B AAMdE Ao a3t
DEBI::: o} 854S dof Falof A &IV g,
<3 7 e>olAe AEY dgdd £F0] AHoE FF
ol B =&oA A Bviye a3E 4 4 A%
=8

O

i



31 /3 oA &2D 7t5AE o4 4% B3t

¥ 7. 9 ‘Mit'e) 4845
(a) : Y B
(b) : Bicubic B.7+
{c) : Agte DEBI
Fig. 7. Magnified Mit Images by (a) Bilinear
Scheme (b) Bicubic Method (c¢) Proposed DEBI

v 22

e
i
g
2
2
rir
=
Hu
Ho
2
R
N
iz
o
f
S
N
in
o
b
X
ol
38
2

% FEdr Zuh dede o 5 Adth AdE S
¢ e Weag gegezsd o B¢ avlst
34 HE BAE AT 9 2D, A% AR T
e Aeshe] HAS NHAL ol oA wyo]
g HANE RS T 5 Ak B daA Gk de
hAdoR HusA ¥n g FAS A2 d9e 49
sto] Wbe AASHE WHol ALHAh AE wye

G4 e ofyzl CCD wE CMOS AlAM 9] Bayer
RGB # 4 B7te H83 4 ot 53] G HAS 7)
Fota] At oA J)W WS AE3e] GE BIEIT,
93 18fdE HHE Ry Bol HEFoEH gAES
BESE dy Btd 3 &0 71538

Z'-I
kJ
Mo
ret

L%, AAZ, HEHE, “Local Scaled 3}l 3t &}o)
= F5o 2oy 34 AAAE 54 ERAEAY
A& =772 / v.2, nol, pp.53-62, 2001

(2lo] ¢, 7L, “AAzF HYe tFe 24 33
AT A2 oW BE A dugFo 33 9477382
FIABM LA =F X / v5 nol, pp.126-131, 2004
[831 XLi and M.T. Orchard, "New Edge-Directed
Interpolaton”, in IEEE Trans. on Image Processing, Vol.

KN
=
Al

p N

10, No. 10, pp. 1571-1527, Oct. 2001

[4] Y. Chan and S. Kim, * The Error-Amended Sharp
Edge scheme for Image Zooming”, in IEEE Trans. on
Image Processing, Vol. 16, No. 6, pp 1496 - 1505, June
2007

[5] W. Frei and C. Chen, “Fast Boundary Detection: A
Generalization and a New Algorithm”, in IEEE Trans. on
Computers, Vo. 26, No. 10, pp.988-998, Oct. 1977

o] 9 4(Ou-seb Lee)

1985 W 29 A7 tiEn o] &A}
1989 ¥ 6¥9 w8 Wity ofg
Electrical Engineering & 8414

M

199496¥ w4 E99 distw

Electrical Engineering & SHuFA}

19943 129 ~ 1996 79 (F)E2HolY JledTa
1996 7€ ~ 20054 69 @AdEtw
ARFAE Y Fag

2001 7€ T 2008 129 (F)HAF 2 F1go)AL
2009 ()] AIQF o ® o)A

A E ok © Video analysis, Image processing

7 3 ¥ (Hyeong-Kyo Kim)
1978 2¢¥ A& digtw Hr]sea
. EeIUNS

L 19809 29 M¢ wstm Az
Fa)

ok
=

1}
' W

1993\334Y Georgia Institute Technology,

School of Electrical Eng. Ph.D.

19933 7€ T 19959 2€ S AAFTAATE A

SRR

19959 3€ ~ 199793 3¢ A4l

A9 A}

1997 39 T AR FAEw R EAGH n

x P4 ok DSP, VLSI Signal

System Identification

£
&l

4 1.3} &) 3t

Processing,




