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An Efficient Image Interpolation Algorithm using
Edges Extracted Edges From Binary Image

Sang-Hoon Lee*, Sung-Geun Kim**, Dong-Ho Lee*** Regular Members

of
>
=
rv\l
flo
N
ol
=
>
2
al
oﬁ:

ZdellA A= e e wheR dubdgal QAo A AL HAE Al
glelxe] 2l W3hse] ofg] S-8EofellA] ARSEIrk olefdt dAARAMA] date] FAo] Hejrle AL & 4 9
gl WA ollA] Ftellxe] st A Aol Hrh 2 =tellAe dAEAA] o
s FHaspsla AAWEE E9E o ole QRAr daelEE A’kEich Alsksle g

=2 2] AeE Fpshe A AES flsk oRlskEl e TR CAE AEs 3849 A
=5 S7MIFeH, e l 2helell wiste] Wme] HgH]l LSS H8ate] oll#| delAe] spdsE Ha
sp7] f13l vhedrh ddell el e 2ol ARE siola, o e 7] QR o

Vl delMel Adeel ik 2alsisit

o3

Key Words : image; interpolation; edge; binary image; format conversion
ABSTRACT

Image interpolation addresses the problem of generating a high-resolution image from its low-resolution
version. Classical linear interpolation algorithms are simple and popular, but they produce interpolated image with
blurred edges and annoying artifacts, Thus, many edge-based interpolation algorithms have been proposed to
improve the subjective quality of the interpolated image, especially around edges on the image. In this paper, we
propose a new interpolation algorithm which uses edges extracted from binary image. The proposed algorithm is
applied to the image after interpolating using 6-Tap FIR filter. The values of interpolation pixels on edges
extracted from binary image are modified using neighborhood pixels on the same edge. Experimental results for

various images show that the proposed method provides better performance than existing methods.

o
A

LM E st flolgE AlsE Halsht 2 AlsEe
F& Eeled AMgE
X 7HKInterpolation)©]3t Je]e] A% disfix 5 AE ogAtellAe] Bilo|t 3kAghs Hiksh=
el AlEE o AR glAel T ARl AL SEh, Asde Qdellx] asitE A
Wore ABE 5ol vl e Wehol, ks Q] 3 AL oleld Puzre Awpde)
* A2 DMZ2 DM T-4x(shlee @sec.com), ** LGAA MCAFIH- 714 (skkim79 @lge.com)
el ?l"’ok:]j Y HASE - 420541 9741 (dhlee @image.hanyang.ac.kr),

: KICS2008-05-229, A<z} 120084 59 229, FHE=t4dxl 120094 349 5¢

¢

363

www.dbpia.co.kr



221813 = %] °09-04 Vol. 34 No. 4

dAElel e Al A" Al 2
5ol ofz] SgoklA ARgHr} 53 %l
o] sl ARSEE 3] °H*b—7} “H
e s ehe diR wEe] = :t")i
ot A <de] =S Fof dlo ]H—J o %;u
b ohAl dEe] SR sEle ddsSEE 2
< S8tofellA el 8w glrh

dubdoR AMEE oeriA] QAtEZRS A7t
o] el A28k 7]* g (Basis Function)ell 2|3}
E3h AT R 7P (Nearest  Neighbor), 413
7P (Bilinear interpolation), % B-2~ZEkel X
7P (Cubic B-spline interpolation), ©]AF 3F2]efH
FHOFNE AHge WE5se® 7% + ek
|9} 72 dubdom AMET iy o] X
7S wed] Qe s sl e A
o2 gk} wmEpA olegk B WES vlaA
e AR a5 s oAlEle] Qs

s S ExEHA e TR el
Al EZ(ringing) A 5S HHAIAZILE 53] 9dAke]
o7 HEo] Fo m$ w7kt REOlo|E EBELF
3zl oigE vt Hol odAl edot kA shA
vl spRldsyl 3A AR A ok

olglgh o7 <dellxel EAdS A Sl
o edge-maps o83k JAHZE whelu POC
(Projections Onto Convex Sets), Wienero| &2 %
43 ARzt daelEEe] AljE R gick 22l
canny SAHALE o]83le] CAE HESlAL HE

oAl ule} FHIFEE BAFsH= whgo] AqkE 9l
ol ol®] bS] AR dwElEES T
3.‘{] shdn]atellA] AgA <l ddEE dare] el
3H bl *é‘gé E°4ﬁz‘1]‘ji gt 71719
== ]_‘E_ %i‘su

H‘/] ‘_*&X}— iﬂ?} 71%9] =7 A

% o] ot Bk dqellxle] efx]d el
3] Fshe s 7 el
L e 2 R = B P B LS B A=t =
] o cdake] olzIsEl dAkE ke R o]
Wkt 718715 AAEste] Bkl olgslsion, A
=% oA wRelE wet kS HAgReRH] ek
eIk WERS THAle ollAlel wiste] e
S48 BES Ak BYlEE sjodck

B iFe] THS 2geE Ashs ox BE
W gAh dhuelEel djsle] A 3%
3l 7180 st
Alksh= 0‘31'5’—31%:‘7’]’3] /‘o‘gé H|aL A Eh 4%

2

0.u4
>
O

rﬂ o,

o

rxi v rbl r1r

_E

o N
2 oL
rE -

1n

o

oA AEe Bk

. Niglsl= gz gnalE

ol—7

Al ¥eh= T2 7€ oA HE daElE
ARSA] A ol ] Wk g 71E7]e wE A
= 0FE Haslely 2E 718719 <R o
Al eAle] BAS BEshe s R gl ue)
Al olRled Ak 7]Hk£ o 1% A=3elen A
= oXe Eels wepr] daks
ZkA] whshE blockmg, ringing, blurring®} %
st dsls #assloick

I8 104 B ule) o] Algtele daEEE
AL gs oRlssle] oA E AEShaL olv|A]¢]
7 Ale|zel wHA] CAE AR RIS
6-tap HE|E AME3te] WA R zbs FaE §
HE2E Cdx] ez x| =le] 71e7]9k ¢
el whe} HEe] Jakuzt dwe]ES A4t

Agkshe daz]Ee gk olxlslel| gloiA] Hr}
tjekgk odedelxe] olzlEkE glsle] B2 whe|(5x5)
Z GAE ozl siglen, BE w9]e] kol= A

e oskl A0 A g

& A2 Agselleh Bt o e o

e el el A e 2 e
T

flo

%%‘Hﬂ r*&%ki 7l—£_£ °1XJ§1—E— 7?”%‘9—
24 oAlZ AE Aol e kol Avs
AAZEE EARkl 2gh AR AdHoR oA
AEe A} rol=E wedle] 5= At

Input Ilmage

!

’ Image Binarization ‘

|

‘ Boundary Extraction

Interpolation using 6-Tap
Filter

Yes

[ Edge Based Interpolation ‘

A J

www.dbpia.co.kr



A=)
=

Ao RAE oA FEE

Input Image

Mask Window(5X5)

Pixel Value(x{ij)]
»

Average of

Window{5X5)

No

Variance aof
Window(5X5)

=
Thrashold

Biijj= 255 | l BlLj}= 0 |
» [
Binary Image
03 2. #ER8) GelAlst Bew

dog ol=et oflx| HE A =T
degellxe] ellxl= 03} 2557 2] Aol
Aok daelgela oSkl ege] 0’3t 255
o] AAlA A AANE FEskedck A+
Lo 2x2 Ale]=e] AAA ZE vt
23% /‘}*g‘:}dr. A AE i3 9, 4
il gkl diste] & 127H9] rkazmE 7tk
A AHE viamE ol8sl FEE BAMS
3ol H7E Ale]zol A EefE|ojzIc) A A4S
e 23 39 22 A AE vkeaE AN
s o, A, oAl bRkl w29 49 2
o] Fujigich :1% 4= oxldke] 002l ZANA
o) A7 2lE vheplie, 255°9] AASIAE
L upe Agsltl AEE AAAFE 02 AA
A A% A4S Boundary2, 255°<] Z3AelA]
AXE AL Boundary4 2 gkt
Boundary2$]- Boundary4= 2x2 Alo]=¢] ZAAA
% nlaog Algale] R Aol Teby
ULEH S A Sl S, S, A
wape] ool el At Shele B4
Amk 21 elele] 71E71E Tl oA daiAl=
718718 aeskA] ol AAA Al el#] zfel
o pEsl ek Asagel dAE Gep
deell ] olAle] 2

N
NN
o
™

= 73AlAdel tisle] boundary smoothingE <=3}
t}. Boundary smoothing 342 v} 2},

H (/i EHE B~
EE EER N [(/Em

<'0'2| HHo|se] cfZ2td Boundary & ol23>

N Wm0 0Od 4O
o o O g

<'255'2] HM A2 o 2t Boundary & & Ot2=3>

HEE (/] EH [N
OO mE md 0On

<0, '255'2| A2 8 £3 Boundary & E Of&3>.

02 3. AAA AES 91 22 ez

HE
N

=

|
|
EN
N

Rl SR RS HJ*J’-% 7}@‘4"& boundary smoothing

S, A% sﬂr Atole] Fwidthy Faick o]
W, Fo] S48 G 71871E A dFlele)

AR, Zof sl FE width2 A F
L8 o] a§ 53 zlo] Apdxwe AAAS
A= A

3 5914 boundary smoothing -8 A, =&
= wlsabnl AAAe] 718716l wel Al sz
e = AL FdF 5 ek ol WRleR &

365

www.dbpia.co.kr



) : Boundary SmoothingS 2/3f Z&E ozt wato 2 S &l pixel
<Boundary Smoothing &-& #>
[ gy -

Width/2
Width/2

<Boundary Smoothing & %>

32 5. o]zl 0e] AACNAL] AAA el

, 4], 24 wkekellA boundary smoothingE-

olxledare] 0’ 255°9] AN =7 2709
73A14 Boundary2, Boundary4ell4ut dAbw7ES- 4=
sY3far, AN A el s ClA)7E 3
2] F=rhd BAF odake] o]x] dellA] staircase
artifacts®} ZH AlZgE 3Pde] dskE 7P A =
t}. u}2} Boundary2, Boundary4E 7|5oF 370
2] 73A4 Boundaryl, Boundary3, Boundary5E& 3
713k} Boundary3-& Boundary2$} Boundary4S- 7|
Fow a7 69} o] el RIRkE Fksich
Boundary129} Boundary5+ Bound ary2$} Boundary4
= 71 a8 79k 3ol shie] Blvtg it

23 O:IAl— E?].

Alokgt dre]Ee 13422 6-tap FIR ZEES
AREEl] B QrkE Wzlgl)l ALeE= dE9
At gipell ulel Brke] Age] AAEA =He
o Akl daE]Felid= ISO  14496-10(H.264
Video Specification)ol|4] 3= 6-tap LEIE A}

. Boundary 2
=1 BoundaryE SH42| LinePHa &5

LITTTTT
[ Boundary 4

Boundary 2
Boundary 3
Boundary 4

72| 6. Boundary32| 24

366

Boundary& st-t2 LineBta &

Boundary 2
Boundary 3
Boundary 4

-l L

Boundary3 st-tel Linethd &&

Boundary 1
Boundary 2
Boundary 3
Boundary 4
Boundary 5

72! 7. Boundary19} Boundary5<] 2%

B.g}.oﬂp]r

olef3t 413 %H% *}%‘PE BZE 2 oA
94' EL J—-T é ’8‘
0:13;;]_7], Hl—xlol?sp]. n:,}_
ollxf ellx]e] 2t}
oll#]ell 1] spddst=
BESES sk 2 Adubesl
SRR B DEL Y
o AHe Falsx
ool dahH wzkx 3
A Adelshs o] ohel e oA zielel] )5t
£ Shag AUsEs s

6-tap LEIE A8slo] mAbEl dadolxie] ellx]
Fi olxlddelM AEF 7] AL ol
R B R b K A P 6H")fﬁ}~ Shaghe HA
7] A% A= Fae A Sas sk A
e w2t AEsAl "ok :1% 82 olxle] AAA
4 3 PE HAE o 32 Fad AEse 3
e melFth 2 HaE AFSE WHE U8
3 7).

W : Original Pixel

[[]: Interpolation Pixel
A~F : 22k Pixel Pl &7 Pixel

Reference_A Reference_B

Reference_A[0] =D Distance_A[0] = 4
Reference_A[1] =C Distance_A[1] = 6
Reference A[2] =B Distance A[2] = 12
Reference_A[3] = A Distance_A[3] = 14

Reference_B[0] = £ Distance_B[0] = 4
Reference_B[1] = F Distance_B[1] =6
Reference_B[2] =G Distance_B[2] =8
Reference_B[3] =H  Distance_B[3] =10

J2l 8. B7sk: P MMA Hxsks AE o

www.dbpia.co.kr



oft

A, 2% 89} o] 4 sk @)
shael six)ansl s polel Aeighe Ak
Reference_A[0] ~ Reference_A[3]¢ll== Reference_A
Wkl a] ZEE Hx sk S)AFke] A=,
Distance_A[0] ~ Distance_A[3]li= Reference_A H}gF
o) AZ A Skt w2k sk pAlle] Aeln
7} Akl wldede 2 3k poll 7k =
Sagte] wjde] xE A’} Reference B
nkskol| disir = 2k whg o AAsiech

A 2F 344 Reference_A, Reference B
el dlaid] 4 He) slE AEakel g
St 7 Wl Histe] 2002 ARSIl wk 3

i He] "ozl shaghks Ahxshe s

By o N

o

slo] olx|o] alel= w7k
sha A s7he) Bz sael gAdws) A2y
nE AR} ol@Al 27k Sl e

Tl
L
flo
i
o
of

N el JAFHAS S8t
FARIEE ol o] AAMA 3pame] 9ol u}

2} 3712 WP R o] Selgicl 19 9= 3
ax0] 9)Ael| ule} ciEA AHLEs G
= Awghl A (D) ®7E shke)] 2709 3z 3}
27 A sl = A5l 93l Distance_A[0]
} Distance_B[0]2] Zto] 18] 7$-ol A&}

AL @ 47le] #x skt JdAEl ole AR
4] Distance_A[0]¢} Distance_B[0]&] Zto] 1o]a
Distance_A[1]¢} Distance_B[1]9] %o] 35 7HA|&
735l allggich A (2)elA] 7FEA| 13} 9= 4-tap
el 3t bicubic interpolations A-g-5}o] AA
g 3k Eolrh A )2 M MR xR e
A7t 1Ec}d Z 73924 Distance_A[0]Z}
Distance_B[0]¢] 1Xt} & 73 sidsich =23t
3}4: Poll o3+ Methodl, Method2, Method3 <34t
BZF abe opga} 2

o

3

p=(reference_A[O]+reference_B[0])/2 1)

- 27eta7t AL #x0| Sle EF : Method! 2 XHE
- E7istaTt gel #lxjoll 2lE AT Method2 U HE
- 2227t c2l fixlof Rl= HS: Method3 2 XS

T2 9. 3o $iAel| W AR

T2 10. Method3e] H4== BAkslAolMe] Aol o}
2 7FA

p=(-1*reference_A[1]+9%reference_A[0]+ (2)
9*reference_B[0]-1%*reference_B[1])/16

p=(1-x)*reference_A+x*reference_B 3)

Al 3)ellA]  reference_ A+ reference_A[O]~reference
_A[31°14 min, max3tS Allgr R 3k Het
Zro]m, reference_ B reference_B[0]~reference_B[3]
oA min, max3ts A€l vA] ko] Htgkolch
oluf x= 17 10049} o] BAH = 3ol
FH stz e] AdiEel A=lE aeldk 1w

o 2 A E v,

2 =i Algkge] AderE $15ke] o
Jatell ] 3, pAmkeke] disle] 22} E5E)al
Ao R A 1/2x1/29] Ale|=R the- A dE]
As AAsIg e, o]E Aljkel da=|Ee]
Hodyo 2 ARl 2o Age 9 H=E
ogAfe Car(1024x544), Lena(512x512), Plane
(512x512) A2 ARE-sloic)

oo it o rfz

A

4.1 Ofx] ¥ H|W

AR oX] HAE L5 A A
$lalA] dubgd o2 wWo| A8-E|i= Roberts, Prewitt,
Sobel ¢I4Ex}e} Canny of|x] dAAE o]-83le] A
=5 oA E vlaslslch

a3 119 AzE 29 AlgkE o]xdAkE o4
gk o7 HE dwElE 7|9 Roberts, Prewitt,
Sobel Sd4kAlel] wls|x] EA tlokgt 718719 oA
£ FE3ke A& Flskeick Canny A4kzte} w]
AR o B oA S AEIHAT o]z
o] AiHom W Zle Elalgick

SHA|RE Canny <14HAle} Zro] ~F-H(smoothing)
el 5 243 75 dielAe] xolz= AR of
AE A AR AEE Cx]} AA| o
A7} ekzre] ztel7t WhAsh= 79t ARIh ol
gk A CR= dat BRZEA] 3P dsle] gl

367

www.dbpia.co.kr



24153 =52 °09-04 Vol. 34 No. 4

32 12, CarcdAell Wigt 74 v ¢ (@99,
(e) ) (b)Bilinear, (c)Bicubic, (d)Canny edge based, (e)A|3tsh=

ol =
22 11, Lemdde] oA W Wl @ e
(b)Roberts SIAEAL, (c)Prewitt 3AEA}, (d)Sobel <F4EAL (e)
Canny AR}, (DAIQKE Yae]s

Hug Akt daelFelrs kol= AR s

S5 MEs] AEE 44314 ik

interpolation, bicubic interpolationS A1&3}siar, ol
A 7¥Ee] dAIRIE UTE]ZEOSE= canny edge
based image expansions AlEls}o] of|x] < ofA]<]
S vlasielt. BlaE Aol A3 wlas}
71 f1ste] SR e mF sl Ae] we
2] dF oz ool gk e glo] s M7
3l 73 A sRds) sk Felth

a3 12 o 2F 154fe]e] Rzt AE

BRl AR Qo] ubHel Azt el @ ©
29l bilinear, bicubic interpolation®t} I 4= 32 13, CardAel digt b4 Anw ¢ @994,
- P (b)Bilinear, (c)Bicubic, (d)Canny edge based, (e)A|3}sh=

& APeE Hele 2 Hd & lsieh 53 o

=

daelE
368

www.dbpia.co.kr



=0l

Aegrderye o7 328 T &4 SR daF

(@)
(b) ©
@ ©
21 14, Lena%dAitell wigh F3b4 sAm|al o (a)d9A),

(b)¥°34), (c)Bilinear, (d)Bicubic, (e)Canny edge based,
(HNew edge directed, (g)AI}sh= G2l

@ (e)

38 15. Plane®ddell gt 3k PR ¢ (a)UdA,
(b)Bilinear, (c)Bicubic, (d)Canny edge based, (e)A|3}sh=

daElE

Aed el A vehbs E2|®)(blurring), = %)(ringing)
Azl e s} dxsAl ARasisinl oA
7Hke]  odAFHZE dae]EQl canny edge based
interpolation®} H]:3| Holw of|x|eddela] R
e Adxele 2ele dAsta FAGsE
# 23} ik ol Zb elaE dAfellx] 2] (1)ell
o Bt ¥ Ak S A ool sdsls 3
2 oA ok 23 %, 26 %, 36 %= AA|sIom,
AL @l o8l B2k 739 <F 13 %, 18 %, 39
%E AR, A Gyl B A= of 4 %,
7 %, 2%5 AT

7Rk} dAdmzl dae]Es Aljtelalch £E5Ee]
2 ARE AHE7E olde Este] o <
Holup ¥k Joelxe] nFu AES olxlE} 3t
of & 9 AR e AT ¢ U=F e
o, whekgt 71e719] olAlel Haiie 2SS B
<& 5 =S ik = 2 eixe AAA

}\0 Oﬂ

f
a1

[e

Aslws sigiel. molAld Ax) el odalel|]
o7 7uke] otmE]Znc) pedrEe oA
glsloly Awbg e 3

2
d|
]
rae

(1] TM. Lehmann C. Gonner; K. Spitzer,
“Survey: Inrterpolation methods in medical
image processing,” IEEE Trans. Med.
Imag., vol. 18, no. 11, pp. 1049-1075,
Nov, 1999.

(2] X. Li; M. T. Orchard, “New Edge-directed
prediction for lossless compression of natural
images,” IEEE Trans. Image Processing.,
vol. 10, pp. 813-817, June, 2001.

(3] X. Li; M. T. Orchard, “New Edge-directed
interpolation,” IEEE Trans. Image Processing.,
vol. 10, no. 10, pp. 1521-1527, Oct, 2001.

(4] Hongjian Shi; Rabab Ward, “Canny edge

based image expansion,” IEEE International

369

www.dbpia.co.kr



Al8F3| =52 09-04 Vol. 34 No. 4

(6]

(7]

(8]

(9]

(10)

(11]

(12]

310

Symposium. Circuit and System., vol. 1, pp.
785-788, May, 2002.
Wen-Ming Zhang; Sun-An “An

efficient connectivity-number-based edge

Wang,

detection method for binary images,” IEEE
International Conference, Machine Learning
and Cybernetics., vol. 9, pp. 5324-5329,
Aug, 2005.

Lei Zhang; Xiaolin Wu, “An Edge-Guided
Image Interpolation Algorithm via Directional
Filtering and Data Fusion,” IEEE Trans.
Image Processing., vol. 15, pp. 2226-2238,
Aug, 2006.
Sergio Carrato; Livio Tenze, “A High
Quality 2xImage Interpolator,” IEEE Signal
Processing Letters., vol. 7, pp. 132-134,
June, 2000.

D.D Muresan, “Fast edge directed polynomial
interpolation,” IEEE International Conference,
Image processing,. Vol. 2, pp. 990-993,
Sept, 2005.

K.Jensen; D. Anastassiou, “Subpixel edge
localization and the interpolation of still
images,” IEEE Trans. Image Process., vol
4, no. 3, pp. 285-295, Mar. 1995.

e, “olxl <dAdelldel wshd a2t
F= W) I AaEPRsE] =,
vol. 4, pp. 34-39, Dec, 1999.

Rafael C. Gonzalez; Richard E. woods,
“Digital Image Processing”, 2ed.Addition
Wesley

Joint Video Team of ITU-T and ISO/IEC
JTC 1, “Draft ITU-T Recommendation and
Final Draft international Standard of Joint
Video SpecificationITU-T Rec. H.264[ISO/
IEC 14496-10 AVC),” Joint Video Team
(JVT) of ISO/IEC MEPG and ITU-T

VCEG, JVT-G050, Mar. 2003.

0| A & (Sang-Hoon Lee)

7| A A EZE =
20081 249~&A] AAdAAF DM

=2 DMATA A7
<FlRel A" <dakAE,
H.264, 373sk5 2 AL 7/

Z M 2 (Sung-Keun Kim) 2159

20054 29 grluistw A=A
I =

20079 24 FekdlEtw AxpA
PRl AZ B3t AR

20074 249~z LGAHAF MC
Ard- A A7

ol

<A Hol TAE  JakAle,
H.264, 374315 2 Az 74
0] & & (Dong-Ho Lee) k|

19861 29 ghofdigtn A=}
o
= 1988 129 Texas thst A
& 71&E) AAL

= 19911 549 Texas g #7|

19919 6%€~19943 2¢ LG

A7 JAriTeledTa AT
190419 39~ QeFehsta AAAFEI T 35
<ol TAE e, BAY TV, 9 g

% 2 A 7

-

www.dbpia.co.kr



	이진영상으로부터 에지 추출을 통한 효율적인 영상보간 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 제안하는 영상보간 알고리즘
	Ⅳ. 모의 실험 결과
	Ⅴ. 결론
	참고문헌


