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Abstract

Based on Jacquin’s Iterated Function System, a new fractal coding matching
strategy is proposed in this paper. The coding time can be reduced greatly by the
new strategy. The disadvantage of present fractal coding technique can be over-
come effectively. Experimental results show that the coding time can be reduced
approximately by 80% by the new matching strategy. If combined with the 3-line
neighborhood searching algorithm, the new matching strategy can further reduce
the coding time approximately by 99.30%, with few dropping of PSNR. Experi-
mental results also show that the new matching strategy has obvious advantage in
increasing the coding speed and improving the quality of the reconstructed image,
and it has wide application prospect.

Key words: fractal image coding, pre-searching, variance, correlation coeffi-
cient, 3-line neighborhood
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§1. B8] -}

R 5E 853 T8 B R S A 2 0 F B R 1 B A BUE X B RS T R — R A S E . BEH
HipEMEEREE RS IFS (Tterated Function System) B FHiNs € (The Collage
Theorem). 2% T 424 R EDHE, Jacquin H5:2: /iR ¥ R 4 10 T o5 2 SUB R HIZE B
BRE—NFH L BARBEREHRSE LIFS), £ TET AN AN B EREB RS
L2 A Jacquin $HET YR RERIISREHELUK, EF4RERERLEBE
ZHRSNA. FERFRSEE = E: EEE RIS, Bty 2 Kk LR TR
HkHRTaY B4

RER TR EE N EE N B RITE S E A, N SHT HE SR AT
YLK — [a] B, ASCHE H — P 169 20 T SR FB DT L SR MG . 7ESRATAE — BB IC L, R B &3 E
HIFEARE, XA TR R R, X A IT LSS B4 T K B ISR &, Bl T
GRBSIN [, PR SR AT SmAS I [R] R 45 80% A4, T EME B K PSNR TRAK,
AR TR T 50T Gn D K B

LUF B B AR 53 51 5 | 3 95 1 8 B R P8 R R 45 T Gn D L F = 4T 4R BT IR P8 R
RFESTERBEIE, REAHAXEERS, BFRA XL

§2. RIRDFARIBEE

2.1. JIMEX
BIERER f HBAERERN Np M~EBMASR (Range)R;, ¢ = 1,2,...,Ng, Rt
AHk=nxn,f

Ng
RNRj=¢, i#j f=JR: (1)
=1
R EIRER f R ATTUHAEESK Np ~EGEHR (Domain) D;, R~k I =
2n X 2n, D; ﬂDj #¢,5=1,2,..., Np, FFG ¥ B8 .
THEAS HE - B2 [\ E R E R E XL
EX 1. X8 —Ek R, b 8RS HEMRILE ik D;, {4 - Sy [t
RRZEBERN (2) A, IHER (2) B/ e WEHETF L, SMHEEERET T, URK
BY¥#ET O,.
E(R;,D;) = |Ri — (L x T; x Dj + O:D)|]%, (2)

£ T 25 Ry FRe a5, T; Fomxd BURBGIAT i) \Fids b o —Fl, BRRERS 0°, 90°,
180°, 270° LA BB h £k S, AP g RIS 2 RS, — #7 D Sladssh (&
WRF N AP D Yl 43501 R Bk /MER).

(e S R T 220 s S T4

EX 2. BB R = {6} nxn, WHEBR R D = {bi ) }nxn, MMESE, SEHH
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FZar 51 A
var(R) = % Z Z ai; —7)% var(lA)) = % ZZ(bi,j —d)?, (3)

i=1 j=1 i=1 j=1

He
1 n n 1 n n
= TZZ @i —EZZ%-
i=1 j=1 i=1 j=1
ERAITR P ETES [ HE — BIRZ BHAHRRE

EX 3. B R = {aijInxn , WHEBF ML D = {bi;}nxn , WE — P2
AR SR AR B S

4)

p(R,ﬁ)= n on n o n '
JE S eaE £
i=1j=1 i=1j=1
A0, BATRF T A (= LV TR E A R BB R K A
EX 4. BERBHOREEGN A = f(i,5), EREGHK A = fG,7), B¥ i =
1,2,...,N,j7=1,2,..., M, MigfEFHLtAH

2552

PSNR = 10log (dB). (5)

N

ST 5 S5 = 6.9

2.2. TR S B AORIR S 4D 3%

FIRFE R RS T RIDE LR DL IFS RYONERE. 750 (T 3Rt FIH
PR i J7 2 R AR R 2 R AR K R B SR AT P UCBURR, BUHR K R B9 T AR
B, Wb A BB, SABIIEAAD A B 1.

7 Jacquin WiEA S HARIBE LS, HHk R itk D 2 AWKEREHR (2) iR
SR R = {ai }nxn, 48EBR 8 D = {b; j}m, i

T=2 ZZ“N) d=— ZZ%
i=1j=1 i=1 j=1
T, R (2) MAB—ETRTLKE % B
E,(R,D) = 2}:}:@U—cm3 . (6)

i=1 j=1

B, (6) AH—ILKICEEiRZE, K
n2(3 z aibif) — (3

i=1j=1 i=1j
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TRX (6) THE—HFEFRH

E,(R, D) = var(R) — c*var(D). (8)
% 2 =1 B, Ep(R, D) BB & /ME |
Epmin(R, D) = var(R) — var(D). 9)

BR (9) WETHEMLABRE.
TATHILE R T B RO 56 B0 10 LA 5 T

1 BRHBER f 2EAERESRN Nr 1 BEEH (Range)R;, i =1,2,...,Ng, R+
Hk=nxn,H

Ng
RiNRj=¢, i#j f=|JR:

i=1

2. BEHER [ WAHTUMHEESN Np AMEGHS (Domain)D;, R4 [ =
2n x 2n, D; N\ Dj # ¢, j = 1,2,..., Np, Fi# Ssi ssiderts.

3. ¥ FRB—ER R, EHIMHNER A, N LB THATHM, BREZBHETRKE
R D;. ERREES, BaxE—ik D; ¥/ S FH T R s A e
D;. MRFERKREH BTSRRI T:

(a) #5ik D1 WEAMBBATCRES, 3 Dy BT/ IR RSESR, HHEL
R (6) 3 R; 5/\Fa#5 19 D1 0IA—LICARIRSE, B A B MR/ R
HRICRR R, 2% ED.

(b) %tk Do, iz (9) 4 R; 5 Dy 2 FIMIET 5 EZHICAIRE Epmin(Ri, D2),
HATEWKBRER, R ER B #47HE.

o W5 Epmin(Ri, Da) > EY, st Dy, REFFTICH 5.

o BN, AR (4) 4 R 5 Dy ZIMXRY p(Ri, Do), BIFHE-RFBE.

o WE p(Ri, Da) < polpo RARIESCIRAETI 55 BUEWAKRETIR), sk
stk Dy, REHFTICEHE.

o T, %t Do #4T/\F AR HERE A, S BBEER (6) # 8 R 55/ \BAEHR
Da ty)H—{LISARIR S, BB MR R Y Ep(Rs, Dy).

o WE Ey(R;, Dy) > EY, stk D,

o BN ED i Ep(Ri, D) ¥, 36¥ Dy 3B % 2470 ity B AL 00 B sl k.

(c) I E—SHBBIb P MFTA R, FHRGMEHR R (BT ER

4. - MER R, BNEEHERGZICROER D;, AN BHESR w(X,, Y, L;, T;, 05),
R A, Ko X; MY, R D; RIOHLE.
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5. F—MEB R; #ARE R wi, BXSERLS RN PIFS(Partitioned It-
eration Function System), B} A BB R w = (w1,ws, - - - , WNg)-

6. WBFTH WM — BT LR, iLRITE NS, WS
RS S R BATP R, DN, MERRREGITE, 235N, B Ei
5.
§3. =ITMBARFHERRES HRGBEZ

WA BRI RIE NSk 5 =7 R B Ag4s, RITTHE—-MET9
B KBS R TR WD ERE, A LRATE S G SR ZAT R

BN 5. DIEH AR AL, T EAT K EC AR BUAT BT O AR AR A (SR B =AT
A, RFEL A 1 B,

B 1 RS2 A7

SHFARERERD Jacquin £BEEAEM, LR SRS ERREEALME, W2
764 (R R VTR ST, 4830 R B it T B 2E (TSR ) = AT 4B
ZATARE AR B R 4 T RBHE RS R T:

1. {EILER f SE N ERESN Np AE&ESR (Range)R;, i = 1,2,..., Ng, RoF
BHk=nxn,HE

Ng
RNR;=9¢, i#j f=R:
;=1

=

2. MEREE f WA ATUHREESKN Np 1 EEESR (Domain)D;, R¥HA I =
2n x 2n, D; N D;j # ¢, j = 1,2,..., Np, Frf I s,

3. W TFE—{EH R, FEAEH Ry =AT485R0, FUR A SCHE S DT AL L A2, BIPS KT
BR, 8% R WEBAELRER D;.

4. W AMES R, B S S ER S ZICRKRE D;, B w(X,, Y, Li, T, 03),
FLR A G, Kb Xi 1Y 2R D BOALE.

5. f—AMEY R; #XREHE MR wi, RIXERE R PIFS, Bl & E 565

R w=(w,w,...,WNg)

6. WEPTA KM — SHEITIER, WRITA KB, HHER.
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§4. XRERSHHF

23 T R A SCHR Y SRS O BRI RUR, BATA YT IR IR BB A 256 X 256(8bitpixel) ) Lena,
Oldhouse #1 Camera =i@brdEEMRIAT T PR BT, SREUERR T4 4 x 4,
BRRATH 8 x 8, BMERLKA 1, BIBEMR 10 K. EHEEEMHEBESLE CER, BI7H
¥. #3C WindowsXP, Pentium4 2.8GHz, RAM £ 256M.

4.1. FRMEERESRBEE

LRERBR 1 S, EEFALEFRARWENT, R LAHT Jacquin 2BERHEES
ASCHR P IX B R R B S T RIS ELE AR BB TR po 4351H 0.7, 0.75, 0.8, 0.85 [t
) PSNR Fi4mfi3mfial, BLA75r512 dB 1 s(8).

F 1 ARFRERESEARBEES Jacquin WEHTRER
Jacquin &#; MR RAE S ERBHEE
m& | PSNR | #H po = 0.7 po = 0.75 po = 0.8 o = 0.85
(dB) { (s) |PSNR| @ | PSNR | W@ | PSNR | At | PSNR | Wi
Lena 33.21 | 914.66 | 31.31 | 354.61 | 30.64 | 251.89 | 29.77 | 170.50 | 29.08 | 123.58
Olhouse | 33.33 | 911.76 | 35.24 | 298.26 | 34.62 | 252.28 | 33.83 | 127.52 | 33.37 90.06
Camera | 29.73 | 917.01 | 26.87 | 103.19 | 26.72 99.36 26.51 94.75 26.35 90.00

B 2, & 3, | 4 55X RS QP TSR K B E A

k7

(a) EshE®KE (b)Jacquin ¥  (c)po = 0.7 (d)po = 0.75 (e)po =0.8 (f)po = 0.85

B 2 % Lena EHHTHEK. K (b) B Jacquin HEEMEIG,(c)(d)(e)(f) RBEHHRENER

(a) EmE#H (b)Jacquin HiE:  (c)po =0.7  (d)po =0.75 (e)po =0.8 (f)po = 0.85

B 3 xt Oldhouse KBTI R. Hd (b) £ Jacquin FEkEHE R, (c)(d)(e)(f) RARHHZEEHER
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(e)po =0.8 (f)po =0.85

(d)po = 0.75

" (2) REEMR  (b)Jacquin % (Q)po = 0.7

B4 xf Camera MEHITHER. K (b) & Jacquin FEHER,(c)(d)(e)(f) REHEZEMES

£ 2 HHTRRBERRES B HRGEES Jacquin £ERBIROMR LR, B4 H
THREFEEMRREIE po 4+H(H 0.7, 0.75, 0.8, 0.85 W Jacquin HIL A EMERE
PSNR. )7} [ 0 K2 4 5 Bof 15 46 48 B9 77 23 L.

® 2 ARBEERENMEDEES Jacquin FEETERE LEEE

po =07 po =0.75 po =08 po =0.85
% PSNR et 1] PSNR et 1] PSNR e i) PSNR B 1R]
T s TR T TR % TR %
Lena 1.90 | 61.23% | 2.57 | 72.46% | 3.44 | 81.35% | 4.13 | 86.49%
Olhouse | -1.91 | 67.29% | -1.29 | 72.33% | -0.50 | 86.01% | -0.04 | 90.12%
Camera | 2.86 | 88.75% | 3.01 | 89.17% | 3.22 | 89.67% | 3.38 | 90.19%

ME 2 WTLAE B, ASCIRH AP 45 T RS SR AR X R ) REBCR RIME I, 4856 8]
ZEREAR, BRESRESEA, EEMEGKRE R HEZER T, RS0 AL
484 80%~90% 74 .Lena F1 Camera (I EME S K PSNR B T B&, fii Oldhouse &
R4 PSNR 8 H .

A TRIEARSCHZE MRS, BAVM T AR OBEALR BT 47, & 3 GHTAX
REH LY Jacquin £ REZEEWERGEK PSNR REFAH R T HILE LR

% 3 # PSNR REFEMHERTHAREERESHERHAZLS Jacquin HENTEER

Jacquin %% U YO 5 T R B
B PSNR(dB) | #%MmmM (s) | po | PSNR(dB) | MM (5) | HE%E
Lena 33.21 914.66 0.47 33.21 493.80 45.94%
Olhouse 33.33 911.76 0.87 33.33 80.06 91.22%
L Camera 29.73 917.01 0.41 29.73 216.78 76.36%

ME 3 TLIEH, EEWE KK PSNR RIFRBIREIT, ASCHREE LT 550
4550 46%~91% LA W R4k SR FEARR A BT, EME KK PSNR &R KiEH, HE
s

4.2. Z{TMERARBRERES RDEE

LBLERME 4 Fin. EEFERERRMHERLT, £ 4 Sl T Jacquin 2ERH
B ZATSEAE KRB R TE S RIS EEARRREITR po 4518 0.7, 0.75, 0.8 A
PSNR F4afi5mf 7], Hfr 43512 dB i s(#).
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4 ZTBEARHERREDEERBAENLTEER
Jacquin ¢k SATAB A K B R R T R
& | PSNR | wtH po = 0.7 po = 0.75 po =08
(dB) (s) | PSNR | #tf | PSNR | #j | PSNR |
Lena | 33.21 | 914.66 | 29.86 | 8.50 | 29.38 | 6.41 | 28.70 | 4.64
Olhouse | 33.33 | 911.76 | 32.16 | 9.09 | 31.61 | 8.41 | 31.31 | 7.76
Camera | 29.73 | 917.01 | 25.90 | 4.01 | 25.79 | 3.94 | 25.73 | 3.83

B 5, & 6, B 7 B RN SRR E G A TSR M E M E R

(a) BRI (b)Jacquin 7 (c)po = 0.7 (d)po = 0.75 (e)po = 0.8

5 xt Lena B&#HTHx%. He (b) & Jacquin HEEHER, (c)(d)(e) RESHEENRS

(a) BB (b)Jacquin K (c)po = 0.7 (d)po = 0.75 (e)po =0.8

E 6 %f Oldhouse F#K#tFTHIE. Kb (b) & Jacquin FEEMER,(c)(d)(e) REAHLENER

(a) EstE®  (b)Jacquin 4k ()po=0.7 - (d)po=0.75 " (e)po =08

B 7 %t Camera BE#HTHELE. Ko (b) £ Jacquin FHREHER,(c)(d)(e) BRESELEHER
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# 55T EATNRBKTRRRE S BREGHES Jacquin £EREIXMER O LE,
BT SATREH KT R AR X R B IR po 4518 0.7, 0.75, 0.8 W Jacquin &
BEEAEGE PSNR B I+ 00 K 45 i 18] 45 8 19 i 43 L.

W 5 TTLAE F, =47 4R R B 2 bR 4 T S Sk () SR i ] mT 454 99% LA b

%5 ZTHEERKEERNES Jacquin FiLMHEEE LK

i po = 0.7 po = 0.75 po = 0.8
m& | PSNR TR | efpgs | PSNR T | siE4is | PSNR Tl | w4
Lena 3.35 99.07% 3.83 99.30% 4.51 99.49%
Olhouse 1.17 99.00% 1.72 99.08% 2.02 99.15%
Camera 3.83 99.56% 3.94 99.57% 4.00 99.58%
§5. 45 it

AU B 10 B KRR R OB A T R A B HEAT GRS, WA E M E B AR R,
IR RS TR, R ERBGR R R, AR RETRAE AN RER
BB RANE, FTRC RS TR AR K L. SR AEgR AT I AN A R B BB (93
5T EATBEFROROR. B RYR, AR SCHR ) s SR 7 45 AR [ T R AR
. Fob, BERERE ENEGFTR D L AG RS, wEE Oldhouse, EAIRFREI]
B po = 0.85 I, ZwBmHEI4ERE 90.12%, EMEHR I PSNR RHF .

BEE S TSR REEAS A0, RGEREREYE— SRR, 50N E A4
99% Ll k. AT, ASCHRH E‘Jﬁ%ﬁ&ﬁlﬂ@ﬁﬁﬁ?’ﬁﬂ%ﬁf%ﬂﬁ%% BAAE A SCR O HE
HAEIZ N AT
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