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Quality and Spatial Scalabilities Implemented
by Using Wavelet Image Coding

Yoshito Abef, Hisakazu Kikuchift and Shigenobu Sasakift

Abstract A scalable image coding method is presented. Spatial scalability is implemented by using a

multiresolution representation produced by a wavelet expansion. Quality scalability is implemented by using

a multiprecision representation produced by multistage zero run-length coding after nonlinear quantization.

The data rate is controlled by threshold values and/or spatial resolution in the wavelet expansion. The

coding method owes its fine scalability and higher compression to multiresolution decomposition, nonlinear

quantization, multistage zero run-length coding and arithmetic coding. In addition to the simplicity in cod-

ing, edges and outlines are well preserved without blocking noise at low bit rates. A few examples are also

given.
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Count Number of Runs
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Zero Run-length
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Distribution of zero run-length.
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34,13,10,8,7,22,15,2} (6)
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65{86|34 13 13
17(15{10 8 1711510 8
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31 0]15 2 31 015 2

(b) Unsigned Value (d) Pels to be discarded
5 frsbfl

Coding example.
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R4S
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Encoder block diagram.
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(15)

DIETHATHIE L .

B TR O S RGREESRIL E y M FIOWIHAR
FACHAETE 2, REFGEEREZEET 2720121,
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Wl TEBREEE T2 2 LR E R D .
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4.1 TFS1bisE

AT — 7 TNFF T 2 A7 —F 7 LFFS1L
DEEEHEMIZT B2, T TEEATr—F 7))V

# O XOVz—7Ly rESRFSLICL2RE - ZEHRAT—FE) T«

R2 Fs{EET

Coding specifications.

: 10) o1 7.
o Cafeteria (N2A.TIF)'® X v Rk L 72
5 R TR
[HES 1536 x 1920 pels, 8 bit/pel
Wavelet BB | SSKF-9/7 ¥ v 7, 6 BEfE, 49 Hi5
DC {## 8 &y MEEE T
AC %5 ERFRER DR AME TCILREDE, 0.5 %F
" BT 8 By b IHRA R,
55 B IR ACTREA T v 7 R % % ERRRIEALEE
ZEES VR
8 B
1k _ _ _
HEY A X, BT UEEE, S VRS E
VT TN | ERME, L KGBEMEE~y 5 iEe, &
£} 324 /x4 b
x£3 740N8Yy TR
Tap coefficients.
Tap No. | High-pass Low-pass
0 (0.78848561508 | 0.85269867758
+1 -0.41809227252 | 0.37740285498
+2 -0.04068941754 | -0.11062440423
+3 0.06453888252 | -0.02384946498
+4 0.03782845544

x4 LERES VRESLOBIET]
Threshold values for multi-stage zero run-length
coding.

stage | 1 | 23| 4|5 |6 |7
value || 56 | 48 | 40 | 32 |24 | 16| 8| 0

HEAL AR IR —F TNz _—R 54 > JPEG /3
AT U SMRERHT T % . EEHESR R R -
LTwa7:01FEE LT lbpp LLE 4bpp KiGFEE D
e by — b THRA 35dB 2w L 45dB 5 E 2JH 5
bOET 5. FFHALOERFETER 2 1TRT. Vx—
7'vy bR IZEMMAER Y 2 E LS RBOR
THENS SSKF-9/7 % v 72wz, & 3 1204
D7 4NV Yy TREERT . BRERIIERRED A
T 3R ETRREN -T2, BGEEBOE
HEZF-E 57012, 2ZTR6MEEBEL, &%T
49 B ELTwb . BT ESETER, ASEED
IRIE O AHMEE % 1w EHL U 72 % AR C &
FLEITS . ZEEI VRFS L 2HERIL8 &
9%,

RO /R SRR R T 2701, MHEH
% FRIC LB CHN T 2 /52T o 7. BB
B VREHSILORBICBI AMEEZR 4 1CRT. #)

*T. Lane, et al, Independent JPEG Group,
ftp://ftp.uu.net/graphics/packages/jpeg/jpegsrc.vb.tar.gz
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Coding performance.

BoOEMEEt~y ¥ (&Y RVOFRERER) &
SRO~Ny TER (FVT VTN KDL, H2
EDIRE D BRI S b~y S Z T Oy MOk
AR ECE T 5 .

R et JPEG A e o %X 9 12nL, i’
BN 2R 10 1R, K9 TRAEASTAT
BB D EHBERSZF 5 - LBEOF Y 7ay b L
TED, B JPEG R—2 7 1 v RO 5T
Thsd. KAERTE, PUERE»E DD, WHA 7 —
B T 4 BERER AT 253 b ITIZFERRO Rt 201
LTWwaZEhbnd.

2 TR UBIETNG, ot 21T IS
EHINC LoD TH L. 7 v BRFSEREC & BIE
DA LD FERLBFTEAMT 5GP HDL %
FELTEL. BEDLOE - OMBELEA{T-> TFF
27— T TNEESL & L BE O SURRE & BER
TR, ZO¥EICIE 1.5bpp 225 4.0 bpp OFPFH TH5
FHaEOm ESRoN LM, KEBEFZL. KA
THEAT —F TN T5H I LIk > THEZ 51ER
i, &R OEMT SNy VL, HORALDOET
VEBERTHL. EIAHH, ENOMEEIZ ERET
NE YV URLVOBENE - TL B oic, H—0FkE
THELT 2E IR T, BifFs{bOzhHEs EAL
BeREIc e 2IE YR 25 (IBHRIEORD 3 & b BHFE I
nat-w) JEsHETE LS. FlziE, 2EEOTN
Fh 128 FEME (TE v b)) OFEHRIEZIEE T 256 FMH
BEw R ELTEXETLZORERT, Ho0LCH5%)
mexTcshE, FhFRTEY P TEETELLD
EETRILT/8 kb, ZOEIBHMBCLIVFSE
OEIEHZ LI D EEZSND.

X 11 51y — + 49 0.60 bpp RO FAERLEI 5 O

1896 (106)

10 JEihf& Cafeteria
Original image “Cafeteria”.

— ¥Rt A H A TR O R I Y R
ENTWDEHO0, MIFORRIFHELIZEUNH O
% . -}, JPEG FR T FHETT7Tuy 7 /4 X
BT ORENRD SN D H DD, HEFHOFHEME
BOTRBEAAFRIVEALTVWS., 2O Ky —©F
S OFFEEMRE R LT 2 &, AJxUs JPEG 77
I HEAREET I REDI S » T WA A, JPEG AR Tldv-
fe ATAE L BB OMEP TS TR o IehE, HE
L0 FFEfby — b OEWEREFRICHESLL &
YEANTERW. L, KA TIEEANMN
BINAFS TH - 185, IBEREES 257100 0%
SERO A E2BIML TESET TV, 7= N —
R T A0S BT HEBOMNE, BHRE DR
EEFNFNERL TBLLENRZVDT, REAL—
ADQETCEMTH L. £ERLIZEIIC, AT —
SEYF 4 AL L L ARFSROMIMNED T
WThHbI-H, 7as vy sy TMEEETIHOEORS
BENDIE LAY L, BRO T — 8 RN — ARELH
FIH 2B T) 2 ED3AJREIC e B .

*Fus Ly 7 JPEG LSRRG H DA, I I TikEr
fiti LTz, =27 A R L RS EEREI
LZboOrBEbhs.
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Original

Proposed method: 0.60 bpp/21.56 dB

JPEG :0.66 bpp/23.56 dB
X 11 FHERE&RO-— (Cafeteria)

A part of reconstruction image “Cafeteria”.
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Bitrate in bpp
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Comparison of quality scalability implemented by
truncated amplitude scaling and spatial scaling.
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