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Improved Wavelet Image Compression Using
Correlation of VQ index

Jae Ho Hwang'- Choong Seon Hong''- Dae Young Lee™!

ABSTRACT

In thiz paper, a wavelet image cocing scheme exploibing the comelation of noghbonng VQ indices 1 the wavelet domain
15 proposed, The codewords m each sub-codebool are re—ordered n terms of (herr energies m order 1o increase the corrclation
of the mdices, Then, the generated indices afler VQ can be further encoded by non-adapbve DPCM/Hufiman method LBG
algonithm and a fast-PNN algoriihm usmg k-d trees are used [or gencraung a muliresolution codebook Experimental resulty

show that our scheme ontperforms the ordinarv wavelet VQ and JPEG al low Dbil rates

1. Introduction

Discrete wavelet transform (DWT) has been oflen
used for dala compression. because of thew close rola—
tonship with subband coding. Images can be easily
decomposed mmte  multiresolution 1mages using a
simple guadrature muror [ilter (QMF) bank which
consists ol analysis and synthesis fillers [1, 21 DWT-

bascd coding schemes provide two main advaniages
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compared Lo the DCT-hased ones such as jFEG. One
is the progressive transnussion m which significant
bits in low scales (high Fequencics) are senl Lo a
receiver prior o msigmlicant bits in gh scalestlow
frequencies) so that an approximated wunege can be
reconshucled m a very short time penod The other is
the coding efficiency [rom which the different amount
of bils can be allocated onto each subband so that a
fractional il rate can be accomplished.

Vector quantization (V@) [3] has been preferred by
many researchers compared Lo the scalar quanftization

(5Q). According to Shannens distortion theory, VQ



overwhelms SQ in coding efficiency, even if the
dependency between data doesnt exist. In VQ-based
coding schemes, each inpul block is mapped to the
index of the closest codeword in a codehook in terms
of a mmmum distorbion criterion {mainly MSE) in an
encading process The VO mdices instead of Image
veclars Lhemselves are (ransmulled lo a decoder in
which 1mages can be reconstrucled by looking up the
codebook, the same as n an encoder.

VO can be divided inlo two calegories, or mem-
orvless VQ and memory VQ. In case of memoryless
VQ, tree-structure VQ (TSVQ) [4] and classified VQ
(CVQ) [4] has been researched in order 1o reduce the
search complexily possibly au lhe expense ol image
quality. Memory VQ schemes gencrally require more
computational complexuly and memory size than
memorvless ones, even though the hil rate can be
more or less reduced. Varions memory VQ schemes
[4] such as prediciive VQ (PVQ), mullistage VQ
(MVQ). adaptive VQ. and Onite-state VQ (FSVQ)
have Dbeen developed Lo [urther increase coding
ellicicncy.

Since W-VQ [3] has heen presented. a number of
mage coders [6] using hoth VQ and wavelet
decomposition have been emerged in order 1o [urther
mprove coding efficiency. In W-VQ, 2-D hiortho-
normal wavelet [ilters are used for image decom-
position and the ordinary V@ is applied to the wavelel
coellicients.

In this paper, we propose a wavelet image coding
scheme wluch exploits Lthe redundancy of VQ indices
generated from W-VQ Insiead of increasing vector
dimension: or codebook sizes, this scheme can in-
crease ihe coding efficiency by usng DPCM  and
crittopy  coding to exploit the correlation among VQ
indices 11 a subband This requires that the values of
the neighboring indices be close each other, It as-
sumes that the neighboring vectors of wavelel co-
ellicients in a subband would have simular energies
Therefore, the indices in a rodehbook need to be re-
arramged according to the amount of the energy of

their codewords so that the values of the neighboring
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mdices can be close each other.

In Chapter 2. we illuslrate the wavelel transform
and multiresclution analysis, Codebool: re—ordering is
discussed 1 Chapter 3 And the mroposed coding
scheme is described in Chapteor <.

Chapter o depicts experimental environmenrs and

results. Finally, a conclusion is given i Chapter 6.

2. Wavelet transform and multivesolution analysis

Wavelets are functions generated from one single

function ¥ by dilations and translancns,
i . -1/ f;b
Wl =lal Py (0 {1
The mother wavelel, ¥ has lo satis[y
ri'}f (D=0 {2

and have at {east some oscillations.High [lrequency
wavclets comrespond to @< 1 or narrow width, whle
low frequency wavelels have a» 1 or wider width.
The bagic idea of the wavelet transform is (o
represent any arbifrary funclion f as a superposition of
wavelets. The wavelet translorm decomposes f into
different scale levels. where each level 15 then [urther
decomposed] with a resclution adapted to the level
The signal / can be depicted as an swmmation over
a and b of ¥%* wilh appropriale welghting co-

efficients by lhe lollowng equalionl nd
=20 (@

where the coefficients ¢, , can he delined as
CanllY= [ W (DAL (D

The wavelet iransform can alse he viewed as a
special case of multi-rate filter bank wilh dyadic tree
decomposilion It can be implemented by gquadrature
mirror filler (QMF) hanks using wavelet [ilters. When
wavelet filters are used for unage application, the
perfect reconstruction of decomposed umages is

needed An exact reconstruction condition corresponds
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with the arthonormal wavelet basis, since a number of
porlions of 1mages are smooth except for small edge
area [2]. Linear phase is also needed to aveid border
distortion and a short lengith of a Nlier requred [or
fasl computation. Unfortunately, there mre ne FIR
filters satisfving the orthonormality and linear phasc
so thal biorthonormal wavelet fllers are often used lor
guadrature mbror filter (QMF) banks. A QMF bank
which consists of an analysis and a synthesis [iller is

shown m (Figure 1)
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{Figure 1) A QMF bank {a) analysis filters,
{h) synthesis filters.

In (Figure 1{a)) , x(rn) denoles an inpur image. H
(@) a low-pass filter, Glw) a high-pass filter, and
denctes down-—sampling bv a [actor of two. The signal
xfn) sphts mfo a smooth and a detail image by
applymg H(w?} and G{w) lo the rows of Lhe image.
respectively. The low-pass [filtored image 13 down—
sampled by a lactor of two keeping one cobumn oul of
two. The subsequent filters and down-sampling are
then applied 1o the resulting columns In thus way we
can obtain four subband wmages LL, LH, HL, and HH
according 1o whether the rows and columns of the
image is low— or high—pass filtered

Exactly the opposie process is done in recon-

struction phase shown in (Figure 1) where g (o) and

E(m) indicale a low-pass and a high- pass filter,

respectively, T upsampling, and and x (») indicates a

reconslructed mmage # (@) and G (@) must be spe-
clally adapted to the analysis Hlters H{w) and ()
o sabisly a perfect reconsiruction.

3. Codeword reordering

‘We use the 5-scale wavelet decomposition shown in
(Figure 2) where LL> denoles the lowest frequency
band and LH(). BHL(), and HH{} denoctes level—;
horizontal directional band, vertical directional band,
and diagonal donectional hand, respectively The
dimensions of the subbands are Ixl (scale-B), 1x1
(scale-d), 232 (scale-3), x4 (scale-2), and 8x3 (scale—
1). The subbands of scale-5 and -4 are scalar~
quantized because it has very significant information.
The other bands are vector-quantized according to
how Imporlant informabion they have, This means that
in case of lower [requency (or higher scale} band more
hiis arc assigned and higher veetor dimensions are
used, and in case of higher frequency (or lower scale)
band the opposite rule is applied to.

Il vl 2x2 Al 813
%{‘f L4
LH3
ST LIRS
L2
HL3 HHI
LH1
He2 1 HH2
|
|
|
HL1 H41

(Figure 2) 5-scale wavelet decompesition

The real PDF of wavelet coefficienls in any
directional band {(horizontal. vertical, or diagenal band}
can be approximated by a generalized Gaussian law

(5], And the blocks of the coefficients also have the



high redundancy so that the correlation of the inrer-
block in a subband needs (o he exploited However,
the arbitrary order of the codebock generated [rom
LBG (Linde-Buzo-Gray) algorihm may result in
lowermg the mterblock correlation. Subsequently, the
entropy increases so lhat the correlation is not
elficiently exploited.

Palriwal and Ramasubramaman [7] have studied Lhe
cffect of ordering the codeveclors on lhe compu-
tational complexity of an encoder. Explicit ordering of
codevectors allows the mmimum possible values Lo be
[ound as early as possible so that premalure exil
condition can be satisfied to reduce computalional
lime In their paper codevectors has been sorled
according to the sizes of thewr corresponding cluslers
They concluded thal an explicit ordering of the
cadevectors is advantageous for deriving more com-
putational savings from ilhe parual distance method.

In this paper codeveclors, or codewords in each
subband are sorted m an ascending order in terms of
ther energies Energy £, In an #th codevector is

defined,

R
E, = El ek, {5)
=

where ¢, denoles a wavelel coefllicienl in code-
vectars, k is the dimension of {he codevectors and the
reordering scheme 15 based on the fact that neigh-
horing mdices in a subband have similar encropy values,
It proswdes two main advantages @ 1) fast codeboolc
search algorithms can be used, 2) entropy coding can
be applied for the VQ indices to explore the interblock
correlation.

(Figure 3) shows the hislograms of the sccurrence
[requency againsl the diflerence between the current
index and iis lefi-side mdex in decomposition scale—2
{LH2, HL2, and HH? in (Figure 2) for each directional
orientation In all three bhands, the occurrence
Irequency of the dillerence near O is very high so that
enlropy coding for the difference of neighboring VQ

indices can be used to fiuther reduce the bit rates.
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(Fgure 3) The histograms of the oocurrence fraouency
of the difference hetween the current index
and 11s left-side index for decompasition level-
2, Md vector dimengion, and 258 oodewords ¢
{a) LHZ band, (b} HL? hand, and (c) HHZ
band

4, The proposed coding scheme

41 Multresolution Codebock design

Eachi codchook in accordance with each subband
shown in (Figure 21 should be designed The code-
hooks called a mulli-resolution codebook are designed
by LGB [8] except lor scale 5 and -4. The scalar
codehoolss of scale=b and -4 band arc desigped by

Lloyd and Max algorithm [4] which uses two con-
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diions . the nearest neighbor condition and the cen-
trond condition The best encoder for a given decoder
satisfies the nearest neighbor condition which requires
that the ith region of the partinon cells should consist
of values closer to the ith codeword, », than to any
other output level.

For a given set of output alphalets, the partilion

cells satisfy
R Clx. dlx, v )< dx, 3,0 all 71} ()]

Inversely, the best decoder for a given encoder
satisfies the centroid condition. Given a partition cell.
R, , the optimal codebook for a random vanable X is

given by
»=E[X|XeR,1] (7)

The algorithm operates in the iterative manner and
stops when the average distortion error in the process
of codebook generation is less than the predefined
thresheld value.

LBG algorithm allows an ileralive and converging
capahility so that local minimum can be accomplizshed.
The problem resides in the fact thal ils perflormance is
highly dependent on the initial codebook. In order to
oblamn the good codebool using this algorithm, it is
required to optain good initial codeboolc before LBG 18
applied. To generate initial value for LBG we use a
fast PNN algorithm [9, 10] using k-d trees.

42 Encoder and decoder design

The encoder and the decoder in the proposed coding
scheme have the same sct of the reordered codebooks
corresponded to each wavelet subhand. The [unctional
block diagram of the encoder 18 shown m (Figure 4)
The input image 15 decomposed mnto the 5S-scale
wavelet subband by using DWT, or QMF bhanks, The
subbands in the scale-5 and -4 are scalar—quantized
The rest of the bands called are vecltor-quantized by

reordered codebooks,

The architecture of the proposed decoder i= an

opposite process of the encoder, as shown in (Figure
5), The wavelel coeflficients in scale-b and -4 are
oblamed by loolang up the scalar codehook from the
imput indices, The bil sreams om an input bit
stream are Huffman decoded. Then V@ indices are
obtained by DPCM and an inverse scan. The wavelet
coelficients in the rest of scales emerge by scarching
the reordered vector codebools [rom the VQ indices to
emerge the difference of the indices. The wavelet
coelficients from which thelr prayv level values are
obtained by mverse DWT are summed io resull the

reconstructed image.
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{Figure 4) The funchional block diagram for the
proposed encoder.
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{Figure 5) The functicnal block diagram for the
nropased decoder

The scamcd V@ indices are (urther encoded by
DPCM and Hulfiman method This means thal the
relative address of the cadebook is transmitled 1o the
receiver instead of the absolule address, The
generated VG ndices are scanned n lerms of Lhe

orientation of s band shown n (Figure 6),



(a) (h) {c)

(Figure 6) The scanning pattern corresponding to
ea ch directional orientation : {a) LH-
band, (h} HL-band. and (¢} HH-band,

5. Experimental Results

All simulations have been performed with Pentium
I (450 MHz) by C++ language. We generated a multi-
resolution codebook by using L0 test images (512x512,
256 gray levels) as the traimng sel. In order lo prove
the rcoding efliciency of the proposed scheme, the
PSNRs have been compared with given bit rates (bt
per mxel} for Lena (outside training set}, Barbara
(outside oammng set), and Goldhill {(inside the traming
set) image. The 9/7-tab wavelel filler bank [5] shown
m <Table 1> 1s uscd lor the decomposition of tesl
images and a refleclion exlension method used lor
mimmuzing their border distortion.

Mean souare error (MISE) and peak signal-to-noise
ratie(PSNRY 15 delined by

MSE = —A}—ZEEH — x50 (&)
25°
PSNR = Ing 1 (ﬁ) dB, &

where x, and ¥, denote the gray levels of the

onginal and reconstructed images. respectively.

{Table 17 The coefficlents of the wavelet filter used
for our proposed scheme.

Ifilter Symmelrcal [iiter coclficients
H, 0860 0377 -0110 -n023 0037
GD 0E8 0418 -00d6 0064 -

IS
i
Y]
[

Given several low bil rates, PSINRs for Lena, Goldhill,
and Barbara image are shown n <Table 2> <Table
3>, and <Table 4>, respectively. As shown 1 the
lahles, JPEG and the proposed scheme show a similar
image quality in 0.25 bpp (Bil per pixcl). But 1L goes
lo lower Bil rates, our scheme outperlorms JPEG. I
the same PSNRs, our coder requures less bits than

Ww-va.

{Tahle 2> The companson of bit rate and PSNR for
the proposed coding scheme with IPEG
and W-VQ for Lena tmage

JPEG W-vQ Proposcd
dB b de bpp diB hpp
2890 0.247 2932 U320 29.32 0.256
2822 0233 2918 0306 29,18 229
2773 0217 28.75 0239 28 (203
2173 0185 2861 0212 JHEL 179
1300 0.155 2803 0189 2803 0163

{Table 3> The comparison of bit rawe and PSNR for
the proposed coding scheme with JPEG
and W-VQ for Goldhill 1mage

PEG W-vQ Proposed
dB bpp dB hpp dB bpp
27.95 0255 27.99 0274 270 0.250
27.36 0237 2765 0259 2760 (.231
26.56 0217 27568 (.236 70 0217
2562 0197 257 0212 2757 0.197
432 0180 12 0,139 2712 0178

{Table 4> The comparison of bit rate and PSNR for
the proposed coding scheme with JPEG
and W-V() for Barbara imags

l JPES W-VQ Proposed |

dB Bpp dB hpp B op
23,19 0.24% 2352 0274 2852 0246
2217 0218 2335 0359 2335 0.223
21.72 0383 2328 0212 28.23 0192
2022 0173 2301 0.189 2301 0172
1697 0,153 2271 0142 2271 0134

(Figure 7) shows the origmal image (a) and the

reconslructed 1mages {rom JPEG (b} and [rom the
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proposed scheme (¢). In casc of JPEGs result of
{Figure 7h), the well-known blocking artifact appears,
The experimental vesulls [or Lena unage show more
or less better image quality than those of Barbara and
Goldhill image. It aurbules to the fact that
DPCM/Huffman melhod used in our scheme is well

adapted fo smooth images.

{Figure 7) The result of Lena image (a) Ongnal
image, () Reconstructed image (24.73 dB)
with JPEG at 0.185 bpp, (c) Reconstructed
image{28.61 dB) with W-VQ and Proposed
sgheme at 0212 bpp and 0.179 bpp, re-
spectively.

6. Conclusion

In this paper, a wavelet image coding scheme using
vecter quantization and DPCM/Huffman methed in
wavelet domam is proposed. In order to cxploil the
correlation of neighboring VQ incices. the codewords
in the multiresolution codebool: are serted i as-
cending order according to ther energies. Afler Lhe

codebook re—ordering, the dependency of the indices

increase so Lhat we could reduce the required hils by
applying DPCM/Hutlfman method 1o the indices.
Trom the cxperiments, the proposed coding scheme
is much superior than JPEG at low hit rates And our
scheme requures less bits than W-VQ at the same hit
rale The distribution of the gray levels in ongmal
image is highly correlated with wavelet cocllictents so
that it influences on lhe coding efficiency. The re-
search ol fast codcbook search algonthms in wavelel

domamn remains lor fultre study
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