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A Fractal Decoding Algorithm for Fast convergence
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ABSTRACT

A fractal coding have been concentrated on releasing excessive computation burden and improving image quality in encoding.
It is a reason that the solutions for them are not enough to apply to a coding system. But we don’t have to ignore works for decod-
ing. As the well-known fractal coding scheme is based on IFS(Iterated Function System), we cannot avoid the iterated transforma-
tion. Such transformation has difficulty in parallel processing and hence a fast decoding algorithm is necessary. This paper
describes an algorithm to speed up decoding procedure. The analysis and the simulational results for the proposed method inform
that our-algorithm speeds up about 2 times in decoding.
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dz g o o 5L o] 8T Arx] WU
ol AM<etddrt. Barnsley''e g9 27l fAME
o] &% [FS(Iterated Function System)& 7|gte =
g A& AYsPR, 21 o|FEE Jacquin™
Fisher”, Monro™, Novak™ %3 2& & A
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(decoder)] g A7 AT}, oige & F
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sto] 7+ g Aushe 71A(basis)®2 FAsA 749
%24 (redundancy) & #MA&z old wat WEGE
B39 AL A5 S of dnEEe 7
Ao £F wol oA W FId(transform
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g 33t glolA + *7—‘101 gtZglojo} & =
#44 (contractivity)olth, ZHaAdel o w&
18he nAE shvo 44 “}201‘4“4 1 el A

axt s G4 dehd ikl 2de 23
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Q ZHaAe il dmEat
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WEk WX oX7h g W g #AE #5E 4+ ol
=3
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e
% rlo lkl
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d(W(x), W(y)) <sd(x.y) (1)

o714 0<s(1 o8, WY WS Z24(contractiv-

ity)& 7Hacdn 2gd, Hawst 448 79 &
el 184 x5 7AA |
W(X[) = Xr (2)

g ojd xeXd daad limW" = x A8 712
. a2dA el dozre We W wRdss
e nRgdez AZHG. IFSE o &4 ‘?‘;3}
(contractive transform)E9 o o]FolA
htel 24 By WE o203 Al o4 Tr7]51x‘%
WS F4 F7Himage space) (I(X) h)olA B9
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WB)= _L_ﬁl Wi(B), for all Be (X) (3)

o] Mg 94 e mHH A€IX)E 7HA L °1&
attractor &1 ¥2t},

A=W(A)= lim W™ (B) (4)

N durAel HAWE WE Rohfie o] AL
Al opmi maleke] A&AQ g4 thi Hof
Uelyt Collage theoreme] AF&®c}

h(B.A) < (1-s) 'h(B, W(B)) {5)

A5)y FolA dAH(B)® attractor(A)9) AuE
Fole 2AHE Fola 447 collage W(B) Atole 7
UE Foli= FAE 7t HEE Fe FAE

dutx o g W, & affine trans-

www.dbpia.co.kr



HX/ME £Y F£EE M Zdw Hi dnsE 193
o] & . [ N
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X x
X 4 ) - I . )
Yy X, N
x Y 9714, B=UP(B), B'=B (7)
abl x & =1
N RN ARG 4714 B B5uge @dE 494 2e 94

A7 I(-, ), J(-, e AGEESR HIHEE
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AA GAddA zZH ABE Fohle Y A
We 9L AAR 4A FHY ZANY EF5LE YE
g, o]2 Ag8&o7 std Collage theoremol w}eh
A4 A Held FeldEES Adohdle ol & &
2o 8 Fold zZt HPEG ol &3 oo IXE
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= Holld dFHe ‘BEI o WHE L 2e oz
AR

o AollA AME 4(3)& o7k Hge ez
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+4% o ALSHE 94 BE oln) Wfte] 48 ¥
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WEAFI T o] Pl diEh & BEe HEs HEH
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Hes —T—“ﬂﬁh‘f Rol ohz F3H3
7}’2 ol J9s = 9

B3 Aold. oe

#E o °l“l Mol =99 B¢

: > ¥ole AFE 7Rt

ol ¥ Ay THEEE F
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o
T
- o
o R
o
£
e
}imﬁ
1o °p
r{mﬂﬂ’w
i kY
o

Eg = slch ole thd HoA Aoz FHY
ohoE oAkE we A 27t /|AY 9zt
TR FESEE 24 Ax 34 Ad £ AL FA
sof @t Atd wW(Ez3}) dndgd sEES}
Obtain the distribution of
spatial translational term
(&x.3y)

A

Obtain the sum of the distributions
in arange block and
Perform this for all range block

|

Sorting the sums and
Make a queue from the result

|

Obtain the range block with the

¥ 30l

T4 Wl FAAY (Ox.0y)el EEE zAIPCH

ol &3 22 APor dojdr.

1. 994 2719 WA (buffer) ‘dist' o %€ =5 0

28 z7)3%c}
2. FNNYY (Oxdy)e

Bolg 829 @ 9% AR

¥o HBolr2 L5 HAEZd HFHe

P Ox(x(Ox+dx. Sy(y8y+dy)d WHARE 1

ol

w

3 /AT, 2N Ox.dy)E FeduEe a

/* INITIALIZATION */
for(y=0;y<height;y++)
for(x=0;x<width:x++) dist(y][x] = 0;

/* THE DISTRIBUTION */
/* where (dx.dy) is domain block size */
while(all (3x . 8y))(
for(y=0,y<dy;y++)
for(x=0;x<dx:x++) dist{y+3y)(x+dx}++
)

/* THE SUM OF DISTRIBUTIONS IN */
7* A RANGE BLOCK */
/* where (rx.ry) is range block sizeend */
o generally dx = 2rx, dy=2ry */
for(y=0;y<height;y+=ry) for(x=0;x<widthyx+=rx){
count = 0;
for(i=0;i<ry.i++) for(j=0:j<rx;j++)
count += dist[y+i][x+{];
TotalCountinR angeB lock{y/ry}[x/x] = count;
}

Sorting(TotalCountInR angeB lock);
while(for all range block) FractalTransform();

largest value by transformation and
Remove it in queve

h 4

Write to initial image the range
block to be obtained
by transformation

For all range block

A

1 ITERATION END

I8 3 Atd B3 ¢uelEY 3%
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Edd. i deletn g, ol AHEE F(x)e
f(x)9 #&%4 ¥+ (cumulative density func-
tion)el et

- dgel 19 dole A%
P(n=1la) = P{X,> da) = fa/’(x)dx

=F()-Fa)
- o] 29 dold AL

P(n=2la}) = P(X,<a, X X;la)

a pl i
== L fxzj(xg,x3)dxga’x2 = ffxzﬂxg)ﬂxg)&gﬂg
= [foepan- [ [“Rxofxdana,

- gl 3 Yoig A
P{n=3la} = P{Xya, XX, X,»X5la) an
- o] k¥ Yoid A9
Pin=kla) = PIXya, XX,
= KLH"'LI‘f(xZ.xL...'
- fL f,‘,.f(xz)f(ﬁ«fg)'"f(x‘,+1)afx,,,kId,;,’...d,c2
- fL Lm/(xz)f(n)'--ﬂx.)dx,dx,_l...dxz

. Xk.1>Xk|a}

xlul)dxkﬂdxk'"de

._£ J; 2"'Lx.ﬂxZ)f(IB)'“ﬂxk+l)dxk+]dxk“'dx2
12

- AP Y7
E(rla)= X k- P(n= Ha)

=gx {5 1; ) Rxg)

Rxddudey yodiy = [ [ [ Redfix)

“Sotre)deindegdef =1+ [“Radan,

+ [ a4 [0

57 Koo Ay Rx sty 4+
=1+1~7(a)+——F—;§£‘l+1;%2l

13

k(
+... + Fk!gl +.‘.

=M= exp[ ff(y)dy}

AYE AdelM HEol Bxgl A7t aY o Hy7
MBS E 2N a=09 W) HaG 1€ /KR a=]
4 B eZA HARE A art F7bgel ge Bs
3t B8] FelNn ANH O R a9 FoHHEo| o
vl BE3#HAE 7tEAe] AER HRRNSFI e
g 7RG 4(13)° ddnlsle £ Ye Fa¢ U
& FoAGEEe BE $Xo oZste wEESI) W
BEE ¢ 5 U & HESHYS Fx)7 BaA 1
oF Hagteax HEAYRNSE 270 U} ¢
v B¥/ 4F%02 go BHUL AL sHIsimz
FAHEE0Z Po| HUE HX9 HERE B53e
FHFezA Bt o BE FUSEE 2L S dee
TR 2Y58 7Y BEE R ALe) A4 pug
71 B4 g S vlmAMeth 7N x& e
NG EEL labeling® Ao 64719 NGBE02 o
gol FAE Utk o] N B 4 %o FY ¥
EHoe ¢%d $37 230 de A5 237 $37
£k WelA 44 FTE BEFY F AT AA 94
o A% w@d ¥E(non-uniform distribution)&
AN EE o] EXE olBd & ¢ ME FYPEEE o
€ F AEE v,

oA g4 Aol Y WF AEARSFE °£°}Eﬂi
2k 4(13)2 AGER0] a9 HAY W AL 4
B2 E oudtn A G4 WP FF APRLEE
7] AHAME o AHY AN 73 HF L Aok 3
o},

Eln) = E(E(nla) = E(¢"%) = 1 I;Ie”")da 14

Aol HolE 93 FHEZ2 98X} FY B
¥ (uniform distribution)&tz 713PL @ 2 A7
& 53 2}

E{n)= L -Lda e—1=1.72 19

BedEEe X BX = 2(6)9 A WYy
Ox.0y)e] E¥7} 79 E£XE sA 73% AAA Ay
A 1.72v1e] H@ AE AL 4 YLE G 4 9
o 2Y R¥E ALY LS Hoe Foojmz
NEY XY AL o 2 WY ANE A& & U
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3.2.1. Z7|gAoztEol Tag HE log { n(3)} = fﬂx)dﬁc.c:gar
27194l M o ARHLE B3 Qe )

A% g3 ge WAk Uk n() = C exp| [ Axd) 0

n(x,y)={l+"(x)' Wx

1. Yy x (19

a(N=En(x, ) = [ n(x, AAdr

= 7 e AN
S et )

AN ye B Bistanx de 24 & 3
oA Uehd acl siFHZ, xev ylAMe w8 Ar F
Fzkd W & yo] AT AGESH @ P4
ol 9AE ovgh, A(16)& A HA yolA &
238 o FoddEEe HA x7t oln] H33 HF &
Fa 9x, yoxd xolro] HEA[ZFHT} yof
Ao irEagAest 19E F sloln oW g &
82 +ye AU 9uidun #E HWF(random
variable) x. yol Z2@og @9 Utk 4 (17)NA
fixly)e y7t Foiz& o xo #EU=3+(proba-
bility density function)24l EZststauzl &t A
du59 93 ye FAGEZe] A4 2Xde Y3
o o&FHelx) gornz Yoz AU 9714
L2971 BAHE e RE A BE Ayt Fo
e W HF AP A nly)olr. o #4282 B¥
atd oga 2o

n()=[_nlx M
= [ +nnsa+ [ Roren

=1+ fn(x)ﬂx)dx
)

2(18)% yoll el PlEgo 2 thEdt e ¥HE

uppto] & = g},

1) _ u()A),

dy and n(0)=1 19

—%%,X)- = Ry)dy,

41(20)9 Z3st 4(19)9 Z271¥E o] 859 tiE
4 7 o

n(y) = exp { _Lyf(x)dx} = f¥ @y

4eDe yo hE B wEy
yoll e B e oes 2o

FE 9ujgoz A

Etn(n =7 j; exp{ L /(x)a’x} 2

2(22)2 & HolM ALY H(14)9% 2& FHF &
5 ¢ 7 U oA HHd 94 v @ A
g ohgeR UEe FYY Ay W9 &8 2 3
€A v A AMEat
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WA y(x ASe B HEAFe oEH Po
Qi

—

no(y) = ——l— f n,(x)dx 23

A7 ny(x)e ol WM Aol WEHAHZS,
ol: ny(y)e F3t [y, [NAM nyix)e HE @A +E
A EA AEBee) 27 gloe AREG. dE €9
FHA ey A 4(23)& v Eoh

n,(y)= E{ n,(x y)]y( x)

4(23)& 27 woz e WaNsY BANE e
3 2o,

@)
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n(x.y)-—{l Nyl v )
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(250 ol 48t y7b FolAE W nlx y)dl H
AT n(y)e &3 2ol A

n() = [ nlx N Radde= [ _n(x DAx)dx
= [/ (et J;I(l+n,,(x))/(x)dx

= F(y) - F(0) + foyn(x)f(x)dx+F(l)
~ PO ny () = [ w1
+2,(3)(1 —-F(»)) 9

4714, Fo)= [ _Ana

Asrel #Holg Y8 FWA HPeln FY FXE )
Ao sl A(26)F AAtal HAab o] AL 2 (23)

a3 2o,

n(3) = E{ny{x, »iy{x)

1 4 "f e—e v @n
= l_yfye dx = 1=

2 (25)8 ol &3t HE n(y)E 4E + drh

nﬁ

rlo

n(y)= fjo n(x, »Axdy)dx

*—L(1+n(9.))dx+ 11 f(l+

// )dx

= —ll- Lyn(x)dx—ey“w‘-l +e

1 o<x{/

q714,  Rady)=

0, otherwise

o] 4]& FEHaA ¥P(Laplace transform)E ©
Soto] B g e AE derh
n(y)=e V=L et @9
9ol Azte yo| WE HF WHAFE ojuiFo R
A yol NP F@Ee b2 P
i
E(n(y))=—1/— 1; n(y)dy
- Ll(eloy//~)_'ey/r)_l_d‘
€D

o] Astelre At Fmel o] ot 2¢ HE
PAHeg 3.67AE B A 22 AFHE AHE

(80

1948

el Zch A9 AP S oot AtE nIAEe) w3
W oABEE Fet fex5 51 Wel wEAY mos
742,

n(x, y)={{+"(X)' f;’; {31

o] Hozny RE HoldBRe AN el BFE
Haw o B2 AAE de
.
Elnz, l)=n(3) = 2. nlx, )PX = 1)

yol /—
= Xgo(l +n(x)) « P{X = a3} + Agl_l - P{X = A3}

y-1
= Eun(x)P(X= a}+1
(32)

gurdloz HodEEo XL X(distribution of
translational terms)e AHEE59 Az e 4AY
cmg HAd& gF AL x yv AR EHelatn 7HA
g},

n(y) = :Z;:n(x)P(sz)Jrl {33)
233y 2Rd n(y-1)& o239 o] XA

a(y=D= £ nP(X =1 +] 30
2(33)3 4 (34)2RH F&& d& + Uk

n(y)=(1+P{X=y-1) n(y-1) (35)
A(35)8 29 ugd 2e Ang derh

n(3y) = n(0) - ﬁ;(1+P{X=x)) (36)

aem. WA A NE BE WRATE G832
7.

N
En(»)) =L 3 u(y)
N y ]
1 (37

'ﬂﬁ)EVIVHHP = x})

y=1x=0
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27194 e2nE AdA W8S $9E AT n0)-]
1z, Aeldese 97 Just 2UY EEE HAE
Ae PiX=x)= oltkplg 435 WY b

o

n{y)=(1+1/N)’ {38)

A(38)o1 y=N-12 83 Ng 78 798 ¥
34 ne eo] FIFHEZ ¢ AoA ThRo]A AHAHQ
Aes 22 A%E US4 o Ak A G o
3 HE A @3N o8 ok g

Ef{n(y)) = (1+1/N)"-1 (39)
o71A N-ooo|® (1+1/N)VE eol HEEHR2 No|
Aol ol A%z #E WEE F DG o},
4. 44 dot

Ao ALEE P 512x512 lenaolx
dg 233l 4SS Jacquinol AU L A}
&89t Jacquing ¢rnEL NGEESL €942
o] uwigle] FEstAl ¥ AGEEA e 2

AHgd T

¥Eg 4 7H°l e 502 ol ol5E 42 AY
B0z hrdte b Yy U AFE Rohle 2
oA A% &1 TE2 FAS Ao 2y £ =EelA

v BE 24 ste AYE ) d8 AH TxE
B2 g1 19AT SYIEE A, AHRE N9E
29 A7le 8x8, HAHESLE 16x16E& A&
512x512 2718l 424 el 2AGESo] 409642 F¥

H1g oln) 329 ZAY HYEL AEdte B33
3 Adjeolth At WYl FUNAY £XEF 1Y
B2 & HAolm ALY WYP2w $EE ol g HY
B3E& AN daoltt, HE3Y o 2] IA42 RE
34 ghol 1282 YAIEE AT 4Y I94E =Y
g 2ag AP2A dod AHESY HANFR
(translational term)®l ¥X& ZI¥6°|ct. o] 2@
A HEol EXxe HA 94 g4 A dA2 n=
A XA Y FEd FFH Qe T BF
|}, ol g FERE BazEe Aol 4(21)9 @
Hu7t Hxg v olE 3 Wo] AYE REFE
el 29T 2L EIE Mg ol AdHE ®
HRe] B33E FHH2 Y3y ol H3E ¥
E(AGER)E 2d2 o8¢ A7t HlAM 71E9
Wz vl E o] AFM Bl Atd Wyl ¥
A BE FHEEE PS¢ 5 doh V1EL WYe
229 HagE w oA AEe EFEUA U AULE
wyog 18 HWafde o 232 o & PSNRE o
T & ol F ouf o|Ne YL E VAL gE

I8 1¥9e H1E =4Hoz Jepd Roltt.
]7]M ' proposed method not using distribu-
tion' ol @ 4 Q3o dis] G LB olYFH
o2 dZRdM eEFog AFESe FUHNUYY X

£ 48Ye] £x4¥es 498 A4 = 1 X
7b #dsivtn st dta AQte iE 38R E Ao
Azteltt, o] Wy GA] oln] AFRY AHEES ol &3}
o2 XA ¥XE o] 4T ALETHE 4Fol Eol
A Ak 017‘4?'51 7189 HEG g4 ME FHERE

3 @ol EAZNEE AT AL + LS @ F U AAELE AlLde AL
E 1. PSNR# EZ¥AH(standard deviation) 2 & W58 ol o3 FH&E
LR 1 2 3 4 5 6 7 8
71&9] ¥ (PSNR) 18.77 22.99 | 26.90 | 29.62 30.62 | 30.75 | 30.76 30.77
Aotd ¥H1(PSNR) | 20.36 26.86 ] 30.18 | 30.72 30.77 | 30.77 { 30.77 30.77
Aotd WH2(PSNR) | 23.34 | 28.81| 30.57 | 30.77 | 30.77 | 30.77 | 30.77 | 30.77
71&Ee] W (REHA)| 29.38 18.08 | 11.52 8.43 7.51 7.40 7.39 7.38
71Z29 WY 1(EEHA)| 24.45 11.58 7.90 7.42 7.38 7.38 7.38 7.38
J&e WA EFHA)| 17.37 9.25 7.55 7.39 7.38 7.38 7.38 7.38
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77 6. B2 WY Ox.0y)9 HE

Standard deviation
30 v

T T
Convential method
Proposed method not
conslidering distribution
ar \ o _ Proposed method 7

considering distribution

20F N 1

(LN S \ .

. \\
N \
10 b R )
e R 7_“.\:f:‘\‘xt
5 , . N \ , ,
1 2 3 4 5 8 7 8

Number of iteration

3 8 yhEWgA ¥ Fual W vl
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PENR
32 L
mmme—mrPErresce--—c-c=oz
30 i E.
28 i
26 i
’
24 b/ |
/
Convantial method
a r -
______ Proposed mathod not
considering distribution
2/  eeees Proposed method N
congidering distribution
18 L s P L
1 2 KJ 4 5 8 7 8

Number of iteration

a8 9. WMEHEA PSNR g v

dE 2 $EEY =7l met FLake Bl o Ao
He e ANEEE AEHA FE AT FERY
YagAe 1 4% Ba dolAe edE hlch 2
Y10¢ WBURA PSNR A% EFdxel 48 24
Hoz vehd Aoz ALY Wyl M pis
FUEE 258 ¢ 4 U

2911 29128 7129 PES AdE Yol 9
3 sdel wEsge AL 24 Gyelrh aylle
obd AQEEE AAt FA b} o g W
Buge Bage & 4+ dn, Wdd aYlze ¥
Moz saglel @ el AN BE Lol
gyl 7ol £UREE T 4 Uk

A 2Y9EIs} o 8A7} ol FE ol & Mol
g AvEs] N8 49 FHIN Lol £EE ol &3
o 4(36)0 Hgaad o] E8AE ANeUT. 1 A7
29130tk AGESS FIY AAZ AR e
24 ABE4 14 B 38 ¢ 4 Ao X
of et FUAY REE e AR 49 JAA
golzl FYsA B AT & o ME FYSEE g

F A& & § Uk ol& M™E sheAel e FE

f

e

£ $44ez H8E & ¥R BE FYSEE

€ & Slth. 2¥13& &7 G g HEs
FY& of 71E) AFHFRT 2 o} AAE AL
F ATE HEL. T AYeH ERo] A 9
oA ol Azte ol2AY AAET A4 HEA
AHE I3tk ole AP 4 ¢£HE £F @92
AR ey HEolct ol 2H< e A4EEY 7|8
el stz P& ARl A HdYPdAe a¥A
280 AHEEe] A7) gy Jg9 EXEE §3lo
A ¢ E BFEHonE 2o Hgol Yol
=3

a22)m Ak B AE FHA 4 B gig
B34t g 4+ UG ole 4 £3E 54 o 1
& & A€ quErlE @4, a8y ole A7 H
A gherh tAE 94 dolete] B dE 8W Fxe
Hgold Aol diEE A onpaA He § o
oy gL Rojuisig, og AW, F24 sv 0
3 12telel @& FHAER HEHez 0.59 g3 /A
ctha At zela Heto] A Fysor ¥ @R 27
#ake] 27 2550ick, of of pylel WEHFA Loix

1951
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E
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3-2 4-3 S-4 6-5 7-6 8-7
(n+1)th iteration - (n)th iteration
Difference of PSNR
7 T T ey T T
Convential mathod
€I Proporad method not T
considering distribution
Y Proposed method
SrFs congidering distribution 7
\\
———y
4 TR 1
~
\\
N ~.
\\a
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' ~
N
2 -
]
1
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1 KR, 4-3 7-6 8-7

(ntljth iteration ~ (pith iteration

N

3 10, HH Al PANRY HE A S vigke) vlg
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Iteration
2.8 v T v u T T v v
e mmm kd
- e
26 b
24 -
22} 1
2r J
18 ¢ .
For uniform distribution
18 ¢ (mesan of iteration=1,72) ﬁ
______ Por translational
distribution of lena image
14 (mean of iteration=1.71) R
------ For sorted translational
12 F distribution of lena imige |
" (mean of iteration=2.16)
1 /‘ 1 L L. A A 1 - - 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Number of range block

33 13 lena Yol @ wtEu s

€ 24 AEL 0.5"x2550|th, o] W p=8o|¢ o] ¢
2 AAE2 10187t HEE O ol4el M@ ouy 9
ot oAy dAFEY AS oht2age 98 ofF g

LR 8734 Yev. 2dAM ALE WEe A
Zol WG o 209 FREEE AER 4) AR

of W e e B5Fe] nHYe olzmz
% 2o WERSe F7Yel A% A2 Aok qo
B¢ & A,

m{xx

}:

6& £

B ERodAde zdg A8 fEEEE 2ANA &
o WE BE33E 4“—3@ 4 e Uehg A EALt
Zeie WA ojn] dojxl Axiel WA ASe B¥E
o] &% ZHjolrt, Xﬂ‘\’l"ﬂ e 8E 2dg MY By
gta ol & AFEAT. & EolA Holkol Ao Wig
TdE Qg FHP&rE AR A9EE] £4
A(contractivity) soll &&= HEA] WP F3H
WG (8x dy)ell ZEHUL F 4 v} o BEE &
gl ZTdY R3sia 5Ws ol Mag ol &
AHREE o o we S5z £52 98 F USE

1954

9| o]gA A3t

&+ AU

EY Add ¢nsd 7EL FIBAP] XA
He HEY E58e] ©AE Fdhe FEol Hrislojo}
ez desoles & o B sAg 2 9

=]

§ we

FUSEE A8 & Qo olEF ¥R B

cojole} AHrte] FtE gl A FEAY L YF
8t AR R AFE UG o] ALY Wyleln
A8 d3e ‘proposed method not using distrib-
ution’ ©lth. o] ZAFeM HRo] A ME FASEE
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