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Image Coding Using Bit-planes of Wavelet Coefficients
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ABSTRACT

This paper proposes an image compression method using the wavelet transform and bit-plane coding of wavelet

coefficients. The hierarchical application of wavelet transform to an image produces one low resolution(the
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subband with lowest frequency) image and several high frequency subbands. In the proposed method, the low resolution

image is compressed by a lossless method at 8 bits per each coefficient. However, the high frequency subbands are

decomposed into 8 bit planes. With an adaptive block coding method, the decomposed bit planes are effectively

compressed using localized edge information in each bit plane. In addition, the proposed method can control bit

rates by selectively eliminating less important subbands of low significant bit planes.

Experimental results show that the proposed scheme has better performance in the peak signal to noise ratio

(PSNR) and compression rate than conventional image coding methods using the wavelet transform and vector

quantization.
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Fig 1. A three-scale wavelet decomposition



B/ Aol Bl e Ao nE Eddg o] g P4y s

a9 194 FAE LL, LH, HL, HH+ 72} o} s
AEE B8 99L& Ve AWUA dEAE #
W oo g WEHdte Y FUA dERe F
Z efo 2 W Hste WS Auigi) o F Eof
(LL)3E 3 dolEdl HMPd d4od 3 Ygo
2 A9 E3(low pass) WEHHH T FUgogw
M E3 degdE A g oulg. old AAEE 9
ol gl WMt Hite] 3Age KF 24 (floating-point)
HE 7 BZ &9 BE&E wol7l sl 24 29
ol Aslely AFstd A4S A HE HE
(sign bi)9} N7 &) W] E do]E{ & y}=u}

NHE djo]H 081,000, Byet

T2l 2 slolgal Mg gtel 32 v gy

Fig. 2. Binary representation of wavelet coefficients

EEPRIRS
($F24H)

x{n)

R33N EE dolgd F& AFrE 0 oldd #E
7hA ™ 00]3 el d 1o HY g & 1 40
2 ¥F¥E & U

0if x(») =0,

= 7
#n) 1ifx(n) <0 )

Q714 xme dolgd WeE Fae 5o
SOl T 2 WP E FdoA 44E FEvE
zrol o,

NSl B E Eaeloz
Fdah e 2o

ed
il

ek WS 4405

A
i

x| =ay-) 28 " tay_, 28 2+ .+ a, 2 +a, 2° (8)

471 ay & N~ 1HA v E Zdl9] 3p4ys v
ebd o}

a2y 32 N=8¢ 94& 30 dojal wsly
A g Aol 4L e ME Fadt |
Mo RE BE ZEgelog Bste AL RodFh
o714, bit 7 H49 ¥ E F3Almost significant

bit plane)S 2] v] %o},

/m

425 o
(Mg Falel
BgelA A9)

J2 3 sel B HE G v E F4d Y
Fig. 3. Bit-plane representation of a wavelet transformed
image

AAH doldal ¥ g9 o, a1g 4
256 2#o] & ZHe 512X 512 279} Lenag S
3 el B Mt e AL RAAFT 9t}

2% 4. Lena(512 X 512) 744 2] thal = a9
Fig. 4. A multiresolution decomposition of the Lena(512 X
512)

mn7



B erdR ik "97 -4 Vol.22 No4

(g) (h) i)

220 5. Lena Aol 4 yigl 2 4ol ) el
Fig. 5. Bit-plane images of wavelel transformed “Lena”
@ 70 W) E el (b oy ) g
() SRl M E Eel o) () avisg u)rs el
()3 W I Fal ol (D2l il g
(@) 1A ML el (o uje 3 g9l
()3 vl g ol
(a) Tth bit-plane (b) 6th bit-plane
{c) Sth bit-plane (d) 4th bit-plane

r

=3

(¢) 3rd bit-plane (f) 2nd hit-plane
() 1st bit-plane (kY 0th bit-plane
{11 Sizn bit-plane

718



B/Aolged WE A5 HE FHUL o4 ¥ IR EH

a9 Se 29 49 WE dAelA A dogg
A 23ty 8o HIE FHUo s B o)A 4ie
& B gl

UnkH oz gojEy HEH YL WE FY
o8 Fa3d 19 59 @~(NM BdFE A3
Zol, A9 HE EddeMe 94 FR7 A9 ¢
o] F53le] ash R Fo| ¢ ke EHE
HoFoh E3 19 59 (d)~(e)ol] EAIE FY HE
FY AL A5 VE £ o YuiFos gL o
4 BRE 2T 3ot 4l oA Fret ¥4
A AL 2 Ao A AR X7} A
dHoz 2dgle] ol e EAE o] 43 k& ¥
33t E8E /U & Aot 39 HE SHAe
ZrE RS AL 93 AR dE 573
F7tete BEAE BoFEy. kA o] R Rag
Fol AAM a3 4o FEE AAsA Aok 2
gt 8k 9] HIE FalQle AR dud oz 49
HE EQEtt B Ao nA s J3o] Fom
2 Y88 A5, vE EYAEE HH3 gL A
Asted 253 oM A= VESEE 223G 5
adth.

2. Zt HIE Eajld #3535} Wy

714 & 256 2ol F(N=8)& zhe 2¥x2k =
719l 994& 19 59} 2ol 3¢ dojEy Wy
F A4d e HlE F49E A7 54 gt
F23} gt Y€ AA s gt

DAF oy

Y 40A gt Zho] 3 el Bl M AT g
o, LD3E 9949 d4HA AR g ¥ 9
ong HE U £8L A ¥ 2 F&4
AEdoh A5 99 E Faststed SHES €7
st 353 oz of o] Wag F H53)
Y] E, By ThE-3 o] A4dd

By=2K"3x2k"3x 8 )]

)44 v E E8 <1(bit7T~bits)

28 HE ZdddMe 29 59 @)~ %
Zto] A4 FRE e A9 £ S FHis B
Aol &4}, wWetA o] HE EH U vehue

StaE 2 A9 FEZ F 33t 2ol ARFHo)
. #E F33e a7=HE HE, BE &7 2ol
F¥d}

Bi=2Xmxk (10)

o714 me 49 HE Fg<de SAste 00] ofd
% B st4 9 s Fol.

37 4 39 v E F) 2A(bitd~bit0)

Z7F vl E Z¢ 2 (bitd~bit3)-& 27 59 (d)~(e)ll
Ao} 7ol A9 HIE Ed QA vlste HzA g
HXo] ARE XFsl2 Ao 1 EHL Ydite
oA FRE X Uk £ 4 FRE e
A5 YAV viRH AdH oz vo e &
T HoF T ik meiA o] HlE EAEL o)
3B A F& 239 B2 R 53H2-dime-
nsional adaptive block coding) ¥ & o] &35t &4
flo) *33} g}

319 B E E¢9&(bit2~bit0) 2§ 59 (f)~(h)
A el Re] S48 HE S B} 435§
& A ARt EojA Yepdoh a2y &y v
E £9 Qo vehde ol g2 vE Egoew
Falslr] Ao Jae FAsE 2 saghe st v
E9 wojow FA9] HE SRl vl &t A3
o8 g4 g v FoE7 BolAt) uatA
H39) vE EFQ, bit0RE g Moz A
AozM ¥z HESS AL = U} &Y
HE FQ% 2209 BE 253 gL AL s

HRZ N E ZYl

F3HE EJL Y vE Edoez 24
= 7} stagtol did 13 ARE AL U o2t
A o] BiEe] e 4810l ¥ 53} = ojof gir}.

Y5 HES R3sl Wy gy e 544 n}

& £ o]FojZt} 8] MER FAEHE EF
st 9 gho] 0oleld 1 3l Wigdle RIE ME
€ A3 0olmZ sHagho] 0 S P ¥
I HEs 2538 gart gl & 8909 2E v
E Fe oA o] 09 3o it ARE L3 Q)
g Hag 10] g o] EAste 3ol o) $-3
3 WESS 35w @k 28] ofv] 879
29 Ragong, B4 e vE

719



WELE3 SRR 974 Vol.22 No.4

Hol@s
Qg —mz | WOHEY e 9 5o U
ag) *& 447

N HE dojg l%zu]g

sl gy | 0°Hd HA AR - -
Mgsl [T > e
7
\[, NSl e gl
e § HE §&lgd
Aoy *i"
L3-8 2o
el ol g

T2 6. Aloldd W ME EAAL 04T FEIY
¥Ew
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(a) (b)

18l 8. Lena
Fig. 8. Lena
{a) 2lg A
(b) 42141 % 4H0.71 bpp, PSNR = 36.38 dB)
(a) An original image
(b) Reconstructed image(0.71 bpp, PSNR = 36.38 dB)

(a) (b)

1% 9. Pepper
Fig. 9. Pepper
(a) ¢
{(by 42l < AH0.59 bpp, PSNR = 35.40 dB)
(a) An original image
(b) Reconstructed image(0.59 bpp, PSNR = 3540 dB)
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(a) An original image
(b) Reconstructed image(0.83 bpp, PSNR = 36.85 dB)

(a)

8] 1. Tiffany
Fig. 11. Tiffany
(@) 994
(b) -9 ¥ 940.53 bpp, PSNR = 36.26 dB)
(a) An original image
(b) Reconstructed image(0.53 bpp, PSNR = 36.26 dB)
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