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Young Kyu Kim*, Jong Sik Kim**, Im Geun Lee*, Hyun Meen Jung*, Kyu Tae Park* Regular Members

B ¥

€ wioMe dolung HA o &d AF HlES o2& A4 Y G wa wan FEH) g4 ReE
g 5 e FEH7VE ALEAT. doluy HAIY YolHY NAE BE, L’ T W@ g FF JwrAEg
E@ste 1A 9 efolHeloln] o] 71A Y ZolHH2RE oI MES UM RE3} T g HuU HA e
AR ANAE AR Ao Hust sbedtch. MGy dnEe foluy ARE ol g sz dolma A B
7L 4 Gl FRA FI dd £ PAE HEse AAYE Adsden, G4 F4P P9 2R
el $4E dE 2Y0h ¥ =8dAMe Lagrange Cost& 3 #7 9 dojud s 71N & 2&n, o FAHd|
A 2t el hE Gish-Pierce 3 HEL &¢-& #2402 nda) gozn Bas 7|AE & + Sl e A
Algtat

ABSTRACT

In this paper we proposed a fast adaptive image coder exploiting the wavelet packet theory and the rate distortion theory.
Wavelet packet theory is a generalization of the method of multiresolution decomposition, and provides a library of orthonormal
bases of a L2 space. from which the best basis can be chosen. Using this property, it is possible to overcome the rigidity of time-
frequency decomposition pattern of the established octave wavelet. The decision of superiority of one basis to others is made from
a standpoint of both rate and distortion by introducing Lagrange cost. Then adaptation of the Gish-Pierce Rate Distortion lower
bound to the pdf(probability density function) of each wavelet coefficients enables a fast estimation of the Lagrange cost of the
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specific subband. Through this technique, the experimentat result showed good performance, especially for a complex image, and

the time required to compare coding efficiencies of subbands which lie in the same time-frequency domain could be reduced dra-

matically.without much degradation of the reconstructed images.
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R 1 sojEd Ay A 3aEA 4

Table 1. Autocovariance matrix of wavelet coefficients

gy 1 g Autocovariance Matrix
0.8484 0.7944 0.7368
3 1 0.5904 1.0000 0.5904
0.7368 0.7944 0.8485
-0.1861 0.1454 -0.1021
3 2 -0.2479 1.0000 -0.2479
-0.1021 0.1454 -0.1861
-0.0283 -0.5806 -0.5097
2 4 -0.2562 1.0000 -0.2562
-0.5097 -0.5806 -0.0283
-0.1150 -0.1162 -0.1359
2 4 -0.2346 1.0000 -0.2346
-0.1259 -0.1162 -0.1150
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Fig. 4. R-D approximation with iterative computation.
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BE3g dfME A3E Lagrange multiplier& %
ofof dted, # dagFdAde tDHR)E Fis% A%
g dagozi wExNE 23 HEF Lagrange
multiplier & 3@},

SN MEE A n=022 XV\¥stm, 4 F4
# 1=MaxLevel 742 dol2g AR HFde &
E U 8L 7% ¥ A ddd dig 4% §F
DR nE 780, 4 dge R-D SAYFE 24
2 4o ety golud E¥d AP AZHsE F
A& o] %71 R-D A ¥ tD;(R)E Ferh

o4k HjEE R,elAel R-D 24 #49 71€7], F
Lagrange multiplier A,=-3tD;(R)/R|p-m& T
3, A -aD" )/ IR g py=A"22HE 2zt el i
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o] 71&7)d #B3te VEEN AF (R}, Di,e
T 2% 4 d99] Lagrange cost Ci =D
+ARYwE 78 5 U

ndA v A Az /1A BE 7] 48 oS
o % A B¢ ARG 4 H4d (MaxLevel-1)
BE AzteA o AdE geppdd, Z4 gy wE
opzf el vl sHel # ddEF Lagrange costE
vimgch A g9 cost7t AL wWe WAS o ¥
¢% gert o2 Don't SplitE Mol 7153
3, wdiQl A o B8sof costo] FAEE Split
E 71290, o g vz dd =158 AR
2ol #HEz WasteA, M, Don’t Split® &
g Ax 714 Bo] Tgreln, Splitold ¥3tst
| eet)

@214 Bro] 58 dWYEZRE AA WER R
€ T8z, o @el Ryl AT A% {Ruw. Diuw.
B'lel HA e {(HEE, i FHu 7AI7} =y, ¥
A %e A% n=n+l2 ¥z 3 42 ¥+
tDy(R)=tDy' (R-(R™-R")) & 733 & ¥ oAl 99 3
A& wrE g}

>

W

2) 4% 253

Ao A g (R™Y, D (1.b)eB)a 4(23)e2
RE 7} oo FAH ARAllz 4,8 FHD BE
e ) 7Y &R A% A7) A3 o olgA
7% B, dyE ol88A 7 gode 7Y FAea,
e 25 @b

oy feld T@ HAH gl dAy AdArNE B
X 2F@ Aol WRo] AA Rast Aus} F2t ol
& 42 9ok o] A AA) 253} Azl gat Fars
292718 AZFsok B}, oA wer 23 A3
el vES Yor AT 29 V1§ o)A 7|9
1.1 M2 27H7)2, BHHE o8g RAEE AT A
9 a8 0.9 22 de BYL B

V. 48 22 § 1%

B RN ANy dndyd A5 41 98
Ao AL FAL 256 ARXEE ZHe BEEIY
Lena, Baboonel®, #rle BE$ 512x512 otk

Lenat vimd @&g Hels, Baboond ol H3st

1024

i

del¥d YHEE Antonini 9-7 tap %¥&x ¥H
& AEer, Hd B4 gde A ARE Fol7)
A3 42 FAHA. B4 o] 49 AS, SR
olHy i ¥¥e d4E 1349 ddor FEEs,
Aty dnEFe Hoa 256702 ddez RIY &
AT FIBe] A AeRIdrle HE RIS A}
&3, 271882 7Y HES A4

1. 2dol My

Gish-Pierce® R-D 389 &34 & AZ57] 938
Lenag/del 2 dige s} AAZ Fdd¥#s sx
NzRs53E A ade MEEIN} mseE Gish-
Pierce®! R-D %3 vlugict 23 59 o[F ¢ 7}
A g el &4 AE By

ageA 2 #de] AALE 2HE msest A
@ A7t AXe A& £ 4 ded olv mseel HE
o AqUAE AN 7HFAE L7 Qo) =%
Gish-Pierced] R-D 3l3to] AAZ £& HESEE A
M2 Fg& Aol7] o] aYPA Helke] B HE
golMe oAbt Az, zeh AviAos 2T g
o] AAet AA o] e AL HAY 5 U}

a8 golle At dmFol o ZAIFFZHE
¢ FAs 28 379 we} dA 233 §& g9
HESS 209 ofdt v Es vlmgtt 9A & ¥E
FME FoA g4 vEE HOF AEdle AL &
A F slon, Ge HESAME vy o vEd
T AEHQ HE ¥Fo] o] R AT HAY
4 Sle}.

2 Metst ¢uz|gn dlolEAigE 7hel H|R

29 73 a8 8o SEE dolEdl ¥ H4H A
g dolBal M ARy Nl AFHE vzfhs. |
q BT ol wE vnE AN TR k& ¢
1EE ZF FUdSA TY SRS e F33
g EE ol gt

A7E 29 o) 0.5bpp ol e AL F33
719l %ol 0.5dBAE PSNRel ¥A JehAw 2
olglel e & Aol o ATt 237 %ol el
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1% 5. Gish-Pierce R-D 3%} 44 R-D $<.
Fig. 5. Gish-Pierce R-D lower bound and actual R-D function
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Fig. 6. Budget rate and result rate.
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# 291% Lena®/del dis] At ¥32719 DCT
€ o8¢ JPEG H33 ZH7 vt ginh. B 29
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Fig. 7. Comparison with Wavelet(Lena 512x512)

E 2. Lena 973 oigh 33 A3 vla
Table. 4. Result of the proposed algorithm and

JPEG(Lena)
Lena(512x512 size, 256gray level)
HEE(bpp) | AlSHer £331(dR) | JPEG ¥32871(dR)
0.25 32.149 30.78
0.5 35.023 34.72
0.75 36.753 36.55
1.0 38.264 37.93
1.25 39.124 39.00
1.5 40.700 39.88
1.7 41.102 40.88

A F53l7lols Lena 94°l JPEG #Esr1e]
Ao A ddelsl "ot F JPEGeIA
DCT+ 4A#4 4 (correlation coefficient)7t %
0.954 oA HA9 HE Holv] Lenadde 4@
ALe 0.968%o|n2 JPEGY A%el F4 e
ok AL F3drle A4 dgel FAH 540 9Y
F Basln A9g g4 (detailed image)ol digh A
SA2 9 Aozl W) AY el dubAQd A4
JPEG %3 37)q vl 59 ol5o] AA ¢t}

34 . .
NHLH: Baboon i
30¢- .
528 e W
& 26 : b BERE, RO 23
% .7 H
o 24} 1
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rate(bpp)

O8 8 AltE REsrle dolpdl HHEY 1Y 53 A
¥ i (Baboon)
Fig. 8. Comparison with Wavelet(Baboon 512x512)
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Fig. 9. Comparison with JPEG(Lena 512x512)
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%o} 1.75bppelA JPEGel wls] 2dBelds A%
7hAol glon), 1 olde| MEGHME AF Aojle d
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E:3

3. Baboon ¥4 d@ ¥33 Ao} ulg

Table 5. Result of the proposed algorithm and

JPEG(Baboon)

Baboon (612X 512 size. 256gray level)
HE&(bpp) | AILE F52871(dB) | JPEG %E217](dB)
0.25 21.012 21.45
0.5 23.250 23.80
0.75 25.003 25.28
1.0 27.433 26.52
1.25 28.986 27.68
1.5 30.081 28.71
1.75 31.936 29.90
34
32} -
a0t q
g2 HE 5]
& 26
..l _
2} .
20}
180 0?5 1 1“5 2 25
rate(bpp)
a3 10 A YEgse JPEG $3re 23 via

(Baboon)

Fig. 10. Comparison with JPEG(Baboon 512x512)
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s &

x‘% =EAA AL Fagrle Addor SEu 4
olB 3ol JPEGe] ®l8] PSNR &WelAd 0.5~2dB
A% %ol *4st, 58 Baboon® T AUH o
el s APY Aoz Jeigrh. a2y ¢ 0.5bpp
olste] W HIEF sl mdel FHFH o 4
T A3t Arle 2ol JEigt. ol & A3 A3
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£ 9 Adser & oz e,

v.d8 &

2 =RdAe 7HE/tF HES ShdA ®2a 38
A G4 FEHE A5 solBy AR o] HF
HEgE ol&82 HEg HgH dig 8% £33 Wye
Ayt dojral EAd o8 dXe A4t g
hAl BEE Ztetde S o838 7 dige 4
= ¥ ES ¥4 BAE Gish-Pierced R-D 3geg
Ak ) o] B ofF w2 HELE Adane
v AAd st A §9¥ F AT

A #3227l d9g9 R-D Rd3IE 5T &
A AHg dig £8d FHE E Hol7] Wi dFy
AZA 4ALE ol 8T dFot dAqe EPE F §

owa A%l rﬂsﬂ A8 & gt Be P olgs
| gtk 0o oA SHES ol§VHE, 1o m
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AL 44 4 Ut ol2XE HEAH A ¥£¥
AL 8AY & UATG.

£ sRoA Agd gnFe gl wil ue 2
ol ¥ HES #olMe 47 Hszgte EAHE #x
At} o] EAE Gish-Pierce R-D & @420 g
HEgS M FHelA FuHr] GE Ze 2EAY
EAZA o] g FEEV] AfMe R HESAME
ot A4% R-D Rdyo] Yot =§ Hul #HLH
9l REE AAME doluyd A ASH HE &
 dgRte 7188 fAR ol ddye wEY T
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FAE FHY + Ao B =89 ¢nES A&
o B AE&AQ FE3 7hsd Ao,

goz Bt AEAQ HE HolHy I FuHNE
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