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ABSTRACT

In this paper, we propose a method for the improvement of EZW encoding algorithm. The EZW algorithm encodes wavelet coefficients using
4 symbols such as POS(POSitive), NEG(NEGative), IZ(Isolated Zero), and ZTR(ZeroTreeRoot) which are determined by the significance of
wavelet coefficients. In this paper, we applied threshold to wavelet coefficients to improve the EZW algorithm, The coefficients below the
threshold are adjusted to zero to generate more ZTR symbols in the encoding process. The overall EZW image compression system is con-
structed using run-length coding and arithmetic coding. The system shows remarkable results for various images. We finally present experi-

mentation results.
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subordinate_threshold = current_threshold/2 ;

for all elements on subordinate list do

{

if coefficient > subordinate_threshold then
{

output a one;

coefficient = coefficient ~ subordiante_threshold ;
}

else output a zero;

}

(3221 12) Subordinate EFAIS| 9fA} F=

3.2 Threshold-adjusted EZW

doluzl Wzt g Gl AFE ]88} threshold-
adjusted EZW 238 A2g2 WA g8 9G4S o4t 4 °]

Bl S sl N-#E2 239 &8 J94& dol 2 &
gE F4E A" dolgE F3sE Fygd (29 13)2
ojat Hlo|BR WES P Fo] AR JAoFA -4
2 Bd§ Lena 512+512 GAtelt},

(a) € 9% (b) HelBz &3 4
(3% 13) 3-2"=2 23S Lena 5124512 A

o

Threshold-adjusted EZW §%3} A|l2=& (29 13)3
2ol 99 d4E N-vdz Bagezs BE3E 53
317] $13F AA 7 3L v Threshold-adjusted EZW

Threshold-adjusted EZW Codec@l &AHI2F & 63

o B33 #4L EZW ¥-53F %A threshold =4 4
o] &8 A4 threshold NE& 2 &% Fo|rt 47|14 A&
B34 317] 93t ezw_Threshold$} coeff_Threshold2
5 719 threshold® dA3 7= &A}. Z, threshold-ad-
justed EZW+= EZW #3538} 3449 270} A7 =+ threshold
Z, ezw_ThresholdZ2 55 ol &R AlF 24 H 23 coeff
_Threshold& @3l o|gt& ©]&3te] &R AT #ES
0 #teg zAFoax FHAYJD EZW F-33 HH A
A WA dominant DAE FHs7] A 7] threshold
ezw_ThresholdE T3t} 28|12 o] ezw_Threshold kol
0.01914 0.097k41 9] gk& #H3tod dolER Al 2Ad Hash
coeff_Threshold #& T80} ch-gol dolE&d AFEL 4
Abste] A4 gkol coeff_Threshold #ETH ¥ ow ¢ol&3l
A #EE 022 AP o] #AH S AXH 27| threshold
ezw_Threshold?] 1%91A4 9% ©}3te] glo]&3l A4 FEL
0 o] 5+ otk 19 ths Y#f9) ezw_Threshold < 7}
A3 EZW 5353 #A& A&tett) o)H g W] A4 2
T2 o] &3 Al £ell 0 kol Bo| HEoXA HY A
Hog AREF7} wol AAHA vt AZEI} Hol A
A=H EZW 533 B A== symbol Tl ZTR
(ZeroTreeRoot)7} Bo] BAH EHEE HEAEYY 0
ol ol A4Eo Y4HEE o oA Arh BEH EZW *
3.3 A9l dominant @A A K538t o dt= o] &R Al
FE9 FE FoA Ho Faghel AQHE ARE o)A
He Aot dHY EZW $353 412FL dominant9}
subordinate®] 2 HAE FAIHA EE Age ot ezw
_Threshold& #&3}: Fashgtr). 18} o] 2 Q18] ghel
1‘3}1] A F2 dolEH AFEd dstdx 2dA #
S A&3A "ok o]RAL AH FHEEE Fof AHHO
z -riﬁ} FA AAY AN £EE AFA T B ¥
HEZEYS "‘aﬂﬁ}ﬂ] 5}‘:} °1E1§l' 4L Mdsta Y
E HdelA A
threshold°1 AV Threshold°ﬂ 0.01e1A 0.097}A419] &
gt o] gk o3t o] &3 AT %f“*‘" 0.2 THEo F2
2A AZETYE Ho| THEA Ho EZW B33l A8HE
A TEdtn B3 YPEHE HEZEHS 08 Bo]
EA §o2A 4EEE wole Aot} o] T AAHL E3F
o AA Fose A8FE A AFE WS Be] dEAZ
4 Qth 23 A¥A 0.01%H 0047}11-4 T s
o2 Fslg ot 1 o)Ak e E9l Gald B
S FE AL Q°] 9ot 12la £ EZW 138E
o] AAE HEZER S 4FES Fo|7] A3l run—length
B33le A& R332 ALEeEct. £3] run-length §3%
3 s 233t 288 Fuger] HEte AHgsted

rir

1.4

o

[&f
-



64 ZEMEIS2 =X B M9-BH K 1z=(2002.2)

HHEE= 0 BES aFsEta 1 AFAE ol &3t g 4t

B5358 435 HEAEZdS AUz ¢339

(29 14)%= threshold-adjusted EZW 533} A|A®le] 7

£ et 29l veh Qlko] #3538 AT 9o

gl W3 EZW 5327, run-length &7, 281 ey

3712 49t 18 I threshold-adjusted EZW ¢ ¥ 3}
R}

shold-adjusted EZW 9| £33} A|2d 72§ vehit)

4. 48 st 45 £4M

Threshold-adjusted EZW 2] Al digt 2o 48 3}
7] g "HAE J4L awolxAY 512+512 2U|E 2%
= Lena, Barbara, Goldenhill 8738 A3ttt 222 4
o] B8 -2 Daubechies Y012 RE AHESIH o™ £
We 3oz sgth 2Ela £33 o)A o itz Bs3e
5ot A" B 9409 94 F4E vy Hshd

PSNR(Peak Signal-to-Noise Ratio)?] +X& A stich

ol

Discrete Wavelet Transform

Output bitstream

(222! 14) Threshold-adjusted EZW £83+ A|AH] I=

Transformed
Image

(Ex: Haar, level-3 Composition)

(321 15) Threshold-adjusted EZW =353t A|AH| X

A (12 29 23lA A% PSNRe| tH F4ojt.
MSEE 9 9733 54 9439 A7 AF-24E et

2552

PSNR = 10 log 19| ———
0°g‘°(MSE

) dB (12

(29 16)2 29 Ay AFE-H Lena 512+512, Barbara
512512, Goldenhill 512%5122] 9/ vepAch

(28 112 (29 16)¢] 34 48 949 #58 ol 3
Y #A7|9 EZW R 53 A4 E& AX A4 7Y 27 &
threshold-adjusted EZW % %3 A4S Ax AAE Fd
£9 A7 E vud ol ARHR (I¥ 179 1

ATt

(a) Lena 512%512 9 94 (b) Barbara 512+512 9 <44

{c) Goldenhill 512%512 94 Q7

(8 16) MEo ALZE H 4

300000
-+~ 1ena512:512 = Barbara 512:512 == Goldenhil 512'512J
250000 N
g \\\
c% 200000
R
0]
T 150000
1]
0
<
g
S 100000
) won k
\?&%
0 Onginal | Shapiro's
imegesze| EDW 001 | 002 | 003 | 004 | 005 | 006 | 007 | 008 | 009
4 Lena 512512 262144 | 219301 | 52257 | 30432 | 23654 | 19164 | 16796 | 13929 | 12807 | 11513 | 106859
tol=Barbara 512512 | 262144 | 249316 | 69606 | 49313 | 41448 | 35162 | 31457 | 26604 | 24759 | 22434 | 20176
i Goidenh? 512512 | 262144 | 180189 | 75815 | 48495 | 37602 | 20162 | 24600 | 19082 | 16942 | 14852 | 12375

Original Image Size, Shapiro’s EZW and Proposed EZW

(23 17) ¥ e A=E dae o 37| Hjm



a3 (2 1892 949 =28 ] fskeq F3
3o dgos Agd o 9% 533 AL Tk B
¥ g4 PSNRS A& Aijo|r}

35 = * [ena5i251y
Barbara 512:512
2 Godenhil 512512

30

. N\

Peak Signal-to-Noise Ratio

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.03
—+—Lena 52512 4038 | 38.17 | 364 3538 | 2645 | 21.08 | 1249 | 1074 [ 1072
[E-Babaradi2612 | 38.24 | 3775 | 3586 | 3474 | 2644 | 1732 [ 16.16 | 1356 9.45
-+~ Goidenbnil 512612 37.91 | 37.45 | 3561 | 3402 | 2646 | 2168 | 1833 | 1283 9.42

new Threshold
(T8 18) ¥ Fam =2 Hake| PSNR H|m

olge] (1Y 19)% threshold-adjusted EZWE A}-4-3}o
A GA A 1% Fetes AF %S AN 2 B 538
I B335 BAS A B2YAZ] Faoj}

(b) -9 Barbara 512+512
(PSNR : 3825 dB)

(a) £9€ Lena 5124512
(PSNR : 40.34dB)

(¢} 594 Goldenhill 512+512
(PSNR : 37.92 dB)

(32 19) SaE I

58 &8

B =3ddMe EZW 43859 H%5< 7143 threshold

Threshold-adjusted EZW Codecel &AI2F &1 65

At Tt

Threshold-adjusted EZW #3538l EZW $3.3} 34
z7]0 A=+ threshold S 7|9to.2 3la] Jol&F A
FE ZAst EZW 5353 340 LaFHE AHE dF
GEAF o T3 EHES FEAFY HA Aadlozs
run-length #3539} 4ba $ 535 H4dlo] H|EAERY]
YEHES 4 NEE A2 A EZW g o
vluste] £x9 &EE Aol B2 F4E etk

Mad AR 28 984S 9 Gl viske &ao] gigith

&

K

|

[1] Raughuveer M. Rao and Ajit S. Bopardikar, Wavelets Tran-
sforms—Introduction to Theory and Applications, Addison
-Wesley, 1998.

[2] C. Sidney Burrus, Ramesh A. Gopinath and Haitao Guo,
Introduction to Wavelets and Wavelet Transforms @ A Pri-
mer, Prentice-Hall, 1998.

[3] Martin Vetterli and Jelena Kovacevic, Wavelets and Sub-
band Coding, Prentice-Hall, 1995.

[4] Stephan G. Mallat, “A Theory for Multi-resolution Signal
Decomposition : The Wavelet Representation,” IEEE Trans.
Pattern Anal. Machine Intell., Vol.11, pp.674-693, July, 1989.

[5] O. Rioul and Martin Vetterli, “Wavelets and Signal Proc-
essing,” IEEE Signal Processing Magazine, Vol.8, No4, pp.
14-38, October, 1991.

[6] Jerome M. Shapiro, “Embedded Image Coding Using Zero-
tree Of Wavelet Coefficients,” IEEE Trans. On Signal Proc-
essing, Vol4l, No.12, pp.3445-3462, December, 1993.

[7] A. Moffat, R. Neal and 1. H. Witten, “Arithmetic Coding Revis—
ited,” Proc. IEEE Data Compression Conference, March, 1995.

[8] Harley R. Myler and Arthur R. Weeks, Image Processing
Algorithms In C, Prentice-Hall.

[9] Rafael C. Gonzalez and Richard E. Woods, Digital Image
Processing, Addison-Wesley, 1992.

[10] Gregory A. Baxes, Digital Image Processing : Principles
and Application, John Wiley&Sons, 1994,

[11] N. Ahmed, T. Natrajan and K. R. Rao, “Discrete Cosine Tran-
sform,” IEEE Trans. On Computers, Vol.24, pp.88-93, 1974.

[12] A. Said, W. Pearlman, “A New, Fast and Efficient Image
Codec based on Set Partitioning in Hierarchical Trees,”
IEEE Trans. CSVT, Vol6, No.3, pp.243-250, June, 1996.

[13] D. Taubman, “High Performance Scalable Image Compres-
sion with EBCOT,” IEEE Trans. on Image Processing,
Vol.9, No.7, pp.1158-1170, July, 2000.

[14] Z. Xiong, K. Ramchandran, and M. Orchard, “Space-Fre—
quency Quantization for Wavelet Image Coding,” IEEE
Trans. on Image Processing, 1997.



66 IEXNCISBI=2AI B MI-BH HM1=(2002.2)

o=

e-mail : hjchae77@hotmail.com

1992~ 19999 TAHe}L 7 FE TR
b 2

1999~20013 SAthetn AFEZ
a2

B Eok: F4UE, ARS, Z2aHg Ao

_E)'{_:

H
-

o & M

hslee@office hoseo.ackr

1979~1983d Mgtista AAAL 383
A 24

1983~1985d A&iidtn HFH &3
Aar &4

1985~198091 @A 71543 27

1980~1993¥ Agdistn HFHTeH it 24

1994~&8A sAfsta AFEHIERE 2F

FAFol: GAUE, dAEss, G4AE, ol &&=

2% Ao



