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A Fast Fractal Image Compression Using The Normalized Variance
Jong Koo Kim'- Do Yong Hamn'- Young-Cheul Wee' - Ha-Jine Kimn™"

ABSTRACT

Fractal image coding suffers from the long search time of domain pool although it provides many promising properties including the high
compression ratio. We find that the nonmalized varignce of a block is independent of contrast, brightness. Using this observation, we introduce
a sell similar block searching method employing the d-dimensional nearest nelghbor searching. This method takes (O(logN) time for searching
the self similar domain blocks for each range block where N is the number of domain blocks. PSNR (Peak Signal Noise Ratio) of this method
is similar to that of the full search method that requires O(N) time for each range block. Moreover, the image quality of this method is
independent of the number of edges in the image.

7|4 - EtEM(Normalized Variance), E447|(Serach Key), E2&EEM(Nearest Neighbor Search)

1. 2 235teh
& A9 22 r¥ @ A9 £F D7t MARYE A
ZAG oju]z] YFE YEF oWAE AG BEER ¥ S DE BT 59 ] 02 HHE De—s- Dt ot BT
3 oy 7 AHEEL §AE BE o|HA(HYY BF) RVSEZF Hrpe Ze on@th & A9 B2 gt o A
9], ™ (contrast), ‘é“ﬂ(bnghtness)% A7ete] ol o B= po SANE R D7 bmst ofJm Rt
1§ 9EHE PHHES D T EF A=waa)  pag wus gerss D us ok oo BB
1) o

B={(b) by, ", b)3F8] A& RMSE(Root Mean Squ-

dEe] £eH BATEE WV AaAr Aoy BE
5 = Al e z 3] Fog=

are EITOI‘)Q?'— %,7515']# d(,(A,B)=\/"’1_ Z{ (ai_bl)Zi‘_g_ 9‘] —V/Ej'_ %/1—‘_:‘.3 Z[';zz_l?l key /‘}'g'e ™ %’12“‘7 S‘g} a

_ 2 o SR key HEe] BRFA B0
ERAT F N SF0h RMSE H27} 9% 449 2 wRIAE AT 8 24 ol s o) SYAY
23 27 A5 AADAEE B9 BHE DS o wamy o sz Aese] dAUGE ST
% A Add EE £71 B7] W&l d.(4,B) At Huyg 2o 24 g SARES 7 UBE o
= g £REH g oF AUstS o8 7 P OClogN)AZrel Aeld E2 Bass P8¢ Adwh
“Tlgel AdHR U shEEEE AHds] B Jdde] I B oowe BEEz ou 34 274 7] e 9Es] 9
P ——— 2ol A AP 98 7] @ Asske 19 3¢ v

A 8 Qo= eT Ug ARE

174 3 4 oFgHa du 2 AEHFE Ens o 12 PSNRE 7FA 5 oluiA]e] fd #A gl AAE

tt 4 2 9 oldqea As 3 AFHTRE 3t

SRR 001 28 212, AATSE 20004 119 22 7 A+ PSNRE 7FA A Hrh

1=



500 BEMe[S=eXl A HEAT H4z=(2001.12)

R
s S 5
RHA
s-Dio
Range G Domain
(3% 1) AH=Ede HWE 95 HMold 22 HEt
THE ojnx] ¢E2/ZdeM GEAFe (2F DI 72
o] HA oux] ¢E BAA %t XY (non-overlapping
range) EFEE BT 7+ X9 2Erit {A1E Ao
o EZ9 A, "WE, ¥ ARE AFstn BHnHe
dole] ojuAREE YZFHAdM AFd F A, ¥E,
g0 wE W@ gtEdor feild dfy] olmA|
frAkeE olm A S A Ao g XY EE po] g A4
EZ po FAEIgE A2 pE HE 9 8] o E I

3
‘\’
~
L
>
~
N
i,
rlr
i
Il
2
i,
L
1K
=
.
o,
o
A,
g

%' “1% & L
A4 %% B P E N
o)A AAFAL & A% 0(K-N)Sl RMSE A4tel
2757 By

[lAE 2 222 shtd #6E 3 714 Hess
WH Be Adse s oo SUAG key RES
Be HIY HT 94 s FAERIE TAHE W
e Aekstath 7R B wa gHe SR Bl

4o

I
oo ope B

=

¢

437 fEldE R D=s-D+o% H 7% 3 58 o=
waol7] Wi sef oo SRAY 7] ABE TEo}
a0l 7] gE9 FAMCl R3 D o fAMH Sl d IX
sojob gtk (119 WL HTH FE w48 =989
O(K- logN)2 #2 X7l fALES &AL XsAT
oW A&} {3 717 HEEe] A€o w2} HH o|n)ZA
o) 2ol ARAE VHE A% B9 IR} gL ol
Ag & AAHA ok A7 B (3,49 B4L o
&8 R A4S A AR A A9
&3] A5l A A9 22 Ppe DAY
o Fold 97 Axsl $AE vIse I
qgez A4 B4 249 NLad] Aa9e A

==

22 g
2 qto] EASHE AE $REL = Pold, B =R
e AFHE ¥ gol U ATY LT AL o) §
ABES BAS O(K- logN) ATl Azishe $EE AL
sol, 2as)E o7 1Y dHoz A48 A ne
B4 ge] 28 B9dE xgHos fAE Ao ¥

-;‘\11_‘
2
-
=)
r;\L
18
o

{d
{L

o,
A
-
o
il
¢l

TEE Ave
2 (bi—
1=i=m

—Ave(B)?7} 9t § ALY BE p=(d,dp,dn)7}

o
1I.

A ? B= (bl bz m)oﬂ E _"_—Ll}ﬂ%‘c‘q Bz:)]

(B) = 712- ST b0 HI BEAGL Var(B) =

l==m

HHAE D=s-D+o 9 T o

i

Var(D)= 12 ($- di+o=Ave (D)) 7F B, (1
7] 4,
Ave( D)=L 2 (s dto)
=s-Ave(D)+o YO 2 V3]
Var(D)— E (s+d+o— Ave(D))
= 21 (s- d—s Ave(D)?

l=i=m

=s%. E (di— Ave (D))'= s+ Var(D) (3)

7} Bk B Var(D)=s?-
2ol gho] ¥}
@ W99 BE DY VRS pDY Uk ATE

Var (P(D)
Var (D)

FEEE p(D)9] FAE Slsp FAFL ol
=5’ Var(P(D)7} E}, weEhA, BREZ
& g Bake

Var (D)= W ool 58

B4E PD)= ol dat.

2 Var( (D))
P(D)S A

Var ( ;’TB)) _ 52 Var(P(D)) __Var(P(D)) n
Var (D) 52+ Var(D) Var (D)
o ©0] ¥ 5% ool SYAA ol I Rk AN
R 22e e N 48R 4 U0
3 LugE
% 49 82 Ro| ¢ 44 BF D9 4A5E A3
9 RS §ASA A0 3o, od 98 ggsd @o
= 248 349 Atg ® ol R3 DY FAAYE
BaslA] Egth werd, A2 B2 24 knearest
neighbor B4e] HastA 24 =9 dngEL o



Fracta] Compression
L RYY ES5e A H 24 7 gES Ad
)

!“
—
2

3 A9 £37 38 Hmdc
12 § 252 RMSE #ol7t de 42 398},
2. AH H 24 7 geE Hzyg 22 gAFRE 7HED
3. % AGEEe) date) A7 @ 24 7] Tof 9E A
SRE LA Ao 255 Fedh
4. 718 8% 3 RMSEY} 7H & 254 Rech

End Fractal Compression

B BEE RRa% A2 ) a—
WHghe] g 7

BHE7] dEe] WH
A% 2ot o e
ZAgel AATHA F
& ‘»1:;!:-)._}'1 alyg]l &
o

™

[8,9] 5 O%E% 7}21 & o o)Ee ¢
1A FEL 7 range £F F 0(logN)AN 7}, N= domain &
29 o] Aoy 22 vz B oPyge Ad 22
$7h KD B 0K logN)9 A7 AR galE Hg
spA € ot

4, MY A HE

Aotst uA-g 256x256 =719 § hit Gray Scale Lena,
Mandrill o]¥]#je] A&atAct Xg £ AV|E 4x4%
dx A9 EFo FA7|E §X8ZE stk A¥-S 700M
Hz Pentium CPU, 128M hyte main memory®] PColA &
AT B =RAAE A2 B 24 W] = W
AAw= oln] AFol HAZ] wEe] o[vAg PSNR #tel
g nuidE F2 U= Ho.

(a) AAEA (b) AM<FEE

(32! 2) &xekdap dHokst whel ofojx| H]m(Lena)

(Z 1) HAEMT} Hoketh Wiol MEH T (Lena)

(© AA 2A

(d) Ak g

(02 3) Mdetant Hokst uhdel o|0|X| H|w(Mandrill)

Qe

(E 2y FAEMD x| okst whgol ASIZE I Mandrill)

s 79 % FUAT PSNR

Full Search 168.98 28.76
631 23.02

A wpe 10.73 2492
12 16.18 26.38

16 22.58 2872

oy | keyel AT PSNR
Full Scarch 17823 31.03
4 775 5,07

Aot 1168 97.43
| 1812 28,00

16 2432 30.90

(& 3 712 2 28AZE

ES I,
40 Ry’ (NP 2% ’ NS
' U?t‘ H§ y $zm4w,§ Wl epiid x Hg Pon «Hw
30
: 23] —e—Lena
50 ! £yl —m— Mangrill
10 .
Q
F3MNR
AQ
30 oL
L —+—Lena
071 | —m— Mandril)
20 ;
10
Q

4 g 12 16 key2| =

o] AnE HW B47)9 £y Sk utgt PSNR
of FUEM FeAzte] BAUHTICE 3>, <E 4> 4FZEH
277} 1671 € o) Lena®] 7% PSNRe] 30.90, Mand-
rll?] HY PSNRe] 28722 zZizt A A|gd2] PSNR¥ A
o d&=Re & 4 9gn (T 2), (27 3) I Zo] ¥
olmz] g AZHoz HWE AoVt fEE ¢ T Ut
T Alzd @A wet MesEe Wslg & U

% 7
AL AANA Aolel 25 N4} HugeRA ¥uT

fuA
H
=



502 HEXeEE=EX A M8-AT H4=(2001.12)

& 47 Fo 4EAze] BEAUD. AFFoE ]9
o weh PSNRe] @4EH 717 1671 L W AR
A ¢ PSNRE A% o & mr oA71A, SN

Fod ¥z g4 ¢uddd 444 o o8 4 9
F 9o
5.4 B

£ eRdNE A7 @ 24 g 0w 424 32
% 9 0K log) ARl A3

222 B 294
g =7 9 o]

A9 F39 BAU AARA £ PNRE 747

gz Bae .
Adte] estoz BATRE wEY) A9 AAY Aol
e

{1] J. Signes, “Geornetrical interpretation of IFS based image
coding,” Fractals, 5 (Supplementary Issue) : pp.133-143, July,
1997.

[2] Behnam Bani-Equbal, “Enhancing the Speed of Fractal
Image,” Optical Engineering, Vol.34, No.6, June, 199.

[3] C. K Lee, W. K. Lee, “Fast Fractal Image Block Coding
Based on Local Variance,” 01057-714/98, IEEE, 1998.

[4] 5. M. Lee, S. W. Ra, “Fast fractal encoding algorithms using
variance of image blocks,” Electronics Letters, Vol.34, No.
10, 14th. May. 1993,

[5) R. Hamzaoui, “Codebook Clustering by sclf organizing maps
For Fractal Image compression,” Fractals, Vol.2, No.10,
1994,

[6] A. E. Jacquin, “Image Coding Based on a fractal Theory
of Iterated Contractive Image Transformation,” IREE Tran-
saction Image Processing, Vol.l, No., Jan, 1992,

[7] Gordon Paynter, “Fractal Image Compression,” Report on
course (657420, University of Waikato Oct. 1995.

[8] J. Signes, “Reducing the code-hook size in fractal image
compression by geometrical analysis,” SPIE., Vol.2727, 1996.

[9] J. H. Friedman, J. L. Bentley, R. A. Finkel, “An algorithm
for finding best matches in logarithmic expected time,”
ACM Trans. Math Software 3,3, pp.209-226, 1977.

[10] S. Arya, D. M. Mount, N. 8. Netanvahu, R. Silverman, A.

Wu, “An algorithm for approximated ncarest neighbor sea-
rching,” Proc. 5th Annual ACM Symp. on Discrete Algori-
thms, pp.573-b82, 1994

43T

e~mnail : kjk@mail jangan.ac kr

1983 AT g el MISAS
(4D

1908\ ofF ol WatEy 8

19883 ~ @A) AR ZFE-EEAE
RaE

Aokt AFE AL, dlo]EfH| o]

B = 2

/. [
e-mail : detex@korea.com
1980 Zodjstw 3t 2
19859 Z4ART oA F
1996 ofFdigtn whAlA A +E
A Rof - FFE s, FX]F Y

o o

e-mail ! yewee@madangl.auou.ac.kr

19823 State University of New York at
Albany(B.5.)

19854 State University of New York at
Albany, Computer Science(M.S.)

198941 State University of New York at
Albany, Computer Graphics,
Computational Geometry(Ph.D.)

. A opFgn ARFAMYE Fu

FA R ok : Computer Graphics, Computational Geometry Al-

gorithm

st &l
e~mall . hikim@madang ajon.acke
19624 A&t £ f& £gn
(o]
1978 Grenoble 1 oi&ral tsrg 344

&3 DEA.(o]8A}
1984 ~1985 =&~ INRIA 22
1989y ~1992d e=A B gt Ry 2 g%
19939 1995 ofF et n Fo e
19743 ~ & A oo
FA Bl AFE] 1



