W3 97-22-6-16

LMSE 314 2 382 B4 2A% 2% =g 253}
AR & W &, & W "

Fast Fractal Coding Based on LMSE Analysis and Subblock Feature

Sang Hyun Kim?* Nam Chul Kim* Regular Members

W oM e LMSE sj4 W R E& A0 A% 1% ZYG Fa3ste & AL Ake
HolM e Zde 2Ab3te] LMSE 4] A8t 2A 4 selulel 3 AMsts 7 Q859 gHqRE
AAse, ¥ 85 5Ad A8t F3 ¥ Blisometry) HEHvHE FEITE AQT W) AL FAIE)
Fste] A Y2 71E Jacquin B2 F2 Ae R FE ANF B R EHAG. AP AR 2ZRE A
QHEh o] PSNR FRIA 7] 2 Jacquin ¥ 53 viwal A sHd o] A5 glo] a3} AL o 1/72 74
e L 5 AArh

ABSTRACT

In this paper, we propose a fast fractal coding method based on LMSE analysis and subblock feature. In the
proposed method, scaling parameter is calculated and whether search for each domain block should be done or not
is determined based on the LMSE analysis of fractal approximation, and isometry parameter is chosen based on
subblock feature. To investigate the efficiency of the proposed method, we compared it with Jacquin’s method on
image quality and encoding time. Experimental results show the proposed method yields nearly the same perform-

ance as that of Jacquin method in PSNR, and its encoding time is reduced by about 1/7 times.
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Fig. 1 Construction of range blocks and search for domain
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Fig. 2 Search for domain blocks in fractal encoding.
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procedure domain block search(T'H : threshold value)
MMSE:=0
forji=1toJ
if COST(; 7, a)<TH
block search()
if MMSE >THyse
TH:=2TH
forji=1toJ
if COST(: j, a)<TH
block search()
{The output is 7;}

procedure block search()
it MMSE> MSE(; 7, as)
MMSE:=MSE(#; 7, as)
1 =1(D))
'~ {end of block search}

714, J& FAE e e FASEZ F A
Folr}. 22|, v §3Hpol N BEIk THE (7-b)4
oA ZAY AR LMSEZL QBB B4 g%
of v @t Abdel 2AMAM the 7o) HA s}
Aot

1283



BRBESER X% '97-6 Vol.22 No.6

TH=C * o%, (12)

A7M, CE M Folth o BHGE A RSe)
B4 2700 whet 2 gro) WatEE AQu s 54
o wet HeHoz xAYE A 22 Atk A
ot 2AYY AMPEH GAAY AR PAE
£ 2 33 7,

Stant

| STEP =0, TH=C xo.?

Get a domain block D‘

k=0

\ Choose a scaling parameter
(Xk

‘

; Calculation of
| cosTii:j k=agPu? ap?

N N
k> K ..O_J‘ K= ket }

!
l Yes
Decision of scaling a_,,
& COST(i ; ), sel)
for j th domain biock E

R

o _ No | Domain block search
COSTG ). seh) >TH > with subblock
R isometry transform

Yes oI
e e
Yes | [ TH=2xTH sTEP=1 |

No . No
MSEG ) <THye ——» STEP=GC
Yes
Yes

End

O8 3 Aietd =AY AN 2 Hegu s
IR

Fig. 3 Proposed method of scaling calculation and decision

oy 4

of domain block search.

71 & Fishert Jacquin®] 4 o] S 85 Gyl
= 5RO g2 A9EES FY F R &8 4
ALZ 5T GAFTH ZAE vl ojatw Q8

Lo

1284

23} gg LFIME HejdBEgo 49 Ao
2 AdEE 2oz ekt Age Badae 3
olduge) AL 2o BE WE ADEA @
gouM 28 Y& Aug AVFL ga 27}
stiets A% gad o8 A A} oa wa
s st

3. SXps mteja|E{e) At

Jacquing] ZAY R 3lo| A B E| K53
SAHEEL 0|83t QB dig FHHe Ao
AEEL gAd. A4, el fefugE
7] el BE YA EEES 3 Te bl W
AA AGBEEH waste 9 ZTdyg L334
e Alzkol Wast ol B AFo M ol
s e g g F&3ed 983 g 4
4G Fo)7] At 19 49} o] XY B A oo

E5& e #8522 Uk ¥ 4 FESE9 ¥
& o] RESe] YHo 2 2x2 BEE +43
A, 2x2 55578 vashke Y-S AR Edth 2

HoAM F-B5 o i me thg3t 7ho] Alatsich

=N (”)ZGS‘ Sflx, v (13)

N/2

S, IS, t,’,"j"‘:J
Subblock's Mean

1 ’ 1]

Mo |

! Block
|

Sy 1 Se

Range or Domain
Block
T8 4 P RSO YR o8 2x2 BE 74
Fig. 4 Construction of 2X2 block by subblock means.

Ate YoM e 1y 49 o] HeogEEe i
EE HPoR TAH 2x2 BSE AQBEs 2B
5 Hdor 7Y 2X2 BEd HHog JAsty
=5 st 5RUE devigE 23, rE 5
gel AevlEE ALg-te defo] YRl X9



BY/LMSE 84 9 R8& &) ZA¢ 1% 2 Rag

B2o tisiy HH9) FAQEES P 28
3, FrtH o Ao B Fe FAA MSEE AANY
W 7R FAE 237t olMnA Y thE By
22 g ANE Hi0 MSERG & 3502 &
FA g Z2AEE Fol HYLFH ALE E4

Jacquing®] g R33N TR e
e g 7] 98 e JAIEEES A £
A M A NGBS LA, Fisher?] E¥
g RsoHe LEE9 HF Y FAg o83 B
g EF AAc w3 ARE AL UM FY
wWake] EE2EHE v ok wA ARME e F
B2 gYgoz FAR Ndx FAAEF Ato]9
MSEE =ZAlsle] S4B E e T2E FEEY
wakAgte 2 WS AA s Fishere] Wi B
o i A EE FAUEE AdE AT

4. Atk Bl

Agtd W 71F Jacquin Hgol] i ANF
ZHoM 5848 2AB) At F Y £F
HE A Ao vaY F o

WA, Jacquin Y R 3 3te] A AFE FEH o
&3 2t Jacquing] Al 7HA FR(IAEE, FHE
2, 3¢ 85)F 3w 94ag ¥ /e dAS
FEE BolEZ o] ¥ 7t BF FH WA
BN 48 AL 714, 2 EF vid
g AN B B ARFE A7) vl whe} o 1/4%
%o AlMbgo] Fasithky sHgEA BHulA S
of A2 o3 2

M
%Z_" Cm= 4P,,R,('? )2 242% P,,,D,

1 2M
4= Pur( S0 )2525P,
44 R,(R)2 D,

M
oA :Ce= 8PeR,(_R')22424PeD,

1 2M
+.Z SP,R‘(T 22528 Py
1}7“ :Cy=Cm +C,
= (P&, Pmp, +4Pmr. Prp, +2(Per, Pep, +4Pep Pep,)

l’l_zlo
(R)2 (14)

A7V M, Ppr,, Pmre 22 93 UM S0EE0R
BERE 2ue 24 AQEEEY] HFEO|L, Pe,
Pt 47 B2z BHE 59 24 29
BE259 ggolth thg, Pup,, Puo.%t Pep,, P, 7t
7} Z7RE, JAEECZ BHE HAABEEY
olty. 2, 4 SLEENA HH 9 A3t
AY 27 & Yo vl o, 82 o
A FAEE gvlHE 27 s Bag
D3 ol Re HE AYEE A7), Me 49 2
7yelt}. 18] 3L, Jacquin WH A HAEHE FodE
2o 9x VS Y] Yot RRBEE S
7t wgfo g quEY BYsa 2N EEe] FHS- 7
Wgoz SHEY ¥FHER gAY e FoFgES
9 E JiFE RRESL X247 AYESL 2°X
25707+ 9k

oS, AghE Wy o] B8 T e ot P

o
[l

I

4

Ju

N M
7 :Crn:PmR,(_R—)ZZ‘tz“Pinm,

.+
4

2M
P"'R‘(? )22525Pinm

M
oA} :C, = 1.5P,R,(—E)22“2“Pw,

1 2M
P. 29525 p,
+43 R‘(R)ZZPM

Cp=Cm*+C,

=(PmR,Pinm, +4PmR,Pinm +(l-5PeR,Pine, +3‘4Pe&Pine,))
Moo
(&2 (15

&7V A Pinm,r Pinm = 22} AIQTE WR 2] FHEF O
2 EFE R A QEZo] §AE YA
EEVRE ¥ 58 GEZ vepd @olil, P,
Pine 2t A BE 07 BHE AGBE 20 ESH
2E @ #Fgolvt 287, 1.5 4 3& AAEEE 2X
28808 2o viste A PR L ANES
9] 31 % whdo] "Wasgh A4tso|t. (14)9) (154
o 23E Aoty Wyt Jacquin WHE ] B2 3
9] vl & F&d chgat ok

1285



SRR X 976 Vol.22 No.6

C; 4(PmR,PmD, +4Pm&PmD, +2(PeR,PeD, +4PHLPeD,))

Cr (Pur,Pinm, +4Pmr Pinm +(1.5Pon, Pine, F12Pep, Pine))
(16)

(16N o4 F7HEEs] W go] oA B2ur} %7
U u) &gt Aol WA AN o A E o] A4
Fol 2 ML A3 oo FNRL U@ A
Aerg RASY Tt o] 1hashe 4 3ok

& - 8(PeR, PeD, +4PeR( PeD,)
Cp - 1.5P3R,Pine, +]2P9R,Pinef

an

V. @ g@ot o a3

B Aol ekt W el 88498 AR H8t
o] Alorst AT EH 71F Jacquin 2 F HEL
AYgHoz st PR Yo 2= U E 256X
256 Lena ¥ Girl g74-& AHE-3tUvh 285l A¥l
AHEE 71715 IBM-PC 586 60MHz 3.5+7] Eo| v}

A, 1y 55 A AFEE B B Jacquinthy
o o3 EEEH AAE AL vk 21y dlA (a),
(O A3l AH8E A P2dol, (b), (d)= Jacquin
o] AbE-E EH U] Eo o8 BiE HAiolv} o
NN we RRe Hegd, By R e
o, 7b o] B HEE oz 49 g 7hzh YEpLh
agoziyY Ay AFHEE Lena G4 dAESE
o] 7} ol U, FHBEH P Fo| ujssiy
Hxste ybdel Girl 42 FHEE0] wol i,
2T oA B Fo] Sled HEEES Ao e 9
FEYE & Uk mEkA, BRA dded ALg
H T g9 EJOoZE Lena AL ¥y wEs)
Ag dadoln, Girl 942 & W) ¥ie A
G A ghvrst WIS s3] FAelgy
28 4 ok

g, olE g EAL 7R FAE dE At
WHH st Jacquin G2 59 AMG W E o]EHoR
Hwatdch B 12 (16)4]& o] 88t 7 Wy e] A
Ate Mg o Wad g g ES vepd o
23 UL AHEEl (16)H o2 5wy dist 85
vl Bee] vlE 7t Agk W o] Jacquin W
o vjs} AsbEFo] Lenag/doll A 0.15, Girl g4l

1286

A 0I5E FAES o & Avk 28, Abe Wy
22 S3e A4 A%LS PSNRIFY 235
3t AIZF HW M viRstAed Aste ® 29 2t
oluf AbE¥) W A4E C=0.288 syt ¥ 29
A ZRE A g whylol 9ls] PSNRAQ Zw oA
Lenagd Aol A 2] 83 2 3} 0.11dBo| 32, Girlg Aol
el 314 Al 0.22dBEM F FAd dis) 313
Hale g A-5g o F Aok B ope}, 34
st M = st o] Aatrt Ae] wAstA] e A
o vhebteh 2w, K38k Az FHA Lena
A Girl G4 250l gs] 0.15 A2 A2 Al 7H
o] Zka9g o & Arh

Al sk el sk *ﬂ°¥ W ol zh WebE 9 7]

4} Jacquin®t

oA BEAEr] 98t zh et dAHoE HE
stal 58 A g Z"}"" d3b= 3 33 Ak 53
oA e 18 712 Jacquin®] Wil A tE A

o shebvlE] A gere 485 ol Y 2

Ol s AY 93 E olE FAdel dig BE 2F A
Lena 94, (b)Lena F4o BE8H% 434, (©)Girl
4, (DGirl Fde BEEHF A3
Fig. 5 Test images and block classified results for test images
“(a)Original Lena, (b)Block classified result for Lena,
(c)Original Girl, (d)Block classified result for Girl.
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Table 1. Values of various parameters in (16) and theoretical
comparison of the ratio of computational loads.

Images Lena Girl
Parameters Jacquin | Proposed J;;;xin Propo;;cg
e s | o
P O
:;iors:[p':oig;:i]ligley[%l 027 049
Childrrrr;i;irange 0.07 0.08 o

block probability[%)]

Parent edge block
search region[%]

Child edge block
search region|%]|

0.71 0.37 0.72 0.44

0.53 0.25 0.46 0.21

. o .

0.23 0.19 0.36 0.23

Parent midrange
block search region[%]

Child midrange

block search region|%] 0.27 0.19 030 0.18

The ratio of

computational loads 0.15 0.15

B 2 A gk w3} Jacquin®] Wy ¥-E3 % ¥=
Table 2. Performance comparison of the proposed method
and Jacquin’s method.

Images Lena Girl
Performance Methods Jacquin | Proposed | Jacquin | Proposed
PSNRIdB] 28.67 28.56 31.62 31.40
CPU timelsec} 964 137 658 97
Time ratio 0.14 0.15
Bit-ratelbpp) 0.83 0.70

B3 AR o] HEs ASE Y
Table 3. Analysis of encoding time in the proposed method.

Images Lena Girl
Time ';une ;atio to Time Timt? ratio to
Method Jacquin method Jacquin method
Jacquin method | 964]sec| 1.00 658]sec] 1.00
Method 1| 787|sec] 0.82 515[sec] 0.78
Method 2 | 386]sec] 0.40 263[secl 0.40
Method 3 | 137{sec] 0.14 97tsec] 0.15

Method 1: proposed scaling
Method 2: proposed scaling +domain search
Method 3: proposed scaling +domain search +subblock isometry
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