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ABSTRACT

A new wavelet video compression scheme using adaptive
fractal codi ngi spr esentedi nt hispaper .  Through
pyramidal w avelett ransform,eachvi deof ramei s
decomposed into multiresolution subbands and then
organized into a set of wavelet subtreesto represent motion
activities. After mu Itiresolution mo tion d etection, th ese
wavelet subtrees are classified into motion and non-motion
subtress. Thecodi ngof non-mot ions ubtreesi s
straightforward and simple, while the motion subtress are
adaptively separated and then encoded using variabletree
size fractal coding. Experimental r esultsshowt hat t he
proposed scheme provides a superior performancein terms
of PANR as well as the subjective quality at low bit-rates.

. INTRODUCTION

Recettly, the wavelet and fractal codiig has arosed a lot of
attentian in both still image caling andvideo compressia,
ard hence becone two importart branches of image/video
coding methods. T he wavelet representatia provides a
multiresdution and m ulti-frequencyexp ression  of
nonstaticnary image signals vith lo calizatian in b oth time
ard frequency domain. S uchproperty i sdesirable for
image and video codirg becatse multiresolution subbards
becone relativ ely m ore stationary an d can be coded
separatelyaccordirg to local statistical properties [1]. In
commonly usal wavelet transform video coding stheme [2],
the multiresdution frequencysubbands are alsoprocessed
independently so that a high canpressia ratio is relatively
difficult to obtain.

Fractal coding is an alternative new tool to com press the
image andvideo signals. Te first autonatic blockwise
fractal image conpression algorithm was preseted by
Jacqun [3] an d has beenextersively studied due to its
potertial  highcom pressionrat ioan df ast decodi ng
performance[4 5]. All these existing schees utilize affine
trarsformation which maps ore part ofanimage to another
part of the same image in spatial domain. However, the
spatia domain basd fractl coding scheme suffersf rom
amoying blocking effects especiallat low bit-rateswhich
hinders its practical applications.

Nonetheless, ho to combine waveletwith fractalcoding in
one compressiam scheneis still a new research tgic till

now. T he initial w ork of generalizingthe fractal coding
from spatial domain to the wavelet domain was done by G.
Davis [6] and H . K rupnik et. al. [7] independently. By
corstructing wavelet sibtree corposed othe coeficierts at
different resdution and orientation but with same spatial
location Davis denonstrated tkat corventional fractal block
codec is a drmof Haarw avelet subtree quartization
scheme. If smooth wavelet bagsis enployed, the blocking
artifacts are dramatically reduced In addition, this new
approachof w avelet f ramework leads to dewlop an
uncanditionally convergent factal bock coder with a f ast
decoding algorithm.

In this paper, a new variae wavelet sultree size bsed
fractal coding is d eveloped in section Il f or stillim age
conpressionw hich can obtaina good tradeoff betwveen
image aality and compressio ratio, and then this method
is exterded in sectionlll to erncode video signals which
exploits the temporal redundarcy anong adjacen frames
and has achieved good simulation results.

Il. VARIABLE WAVELET SUBTREE SIZE
BASED FRACTAL CODING

Suppog animage is transformed to the wavelet domain by
a 4stage yramidal decanposition as shavn in Fig. 1, the
three coeficierts fromeach of the three high frequency
stbbard at the coarsest scale, hich have the sane spatial
location, together vith their childen and grandhildren,
2x2, 4x4 ard 8x8 coeficierts at swcessie finer scales, are
highly correlated ath canbe brmed to a Ferarclical data
structure O wavelet subtree. The three coedficierts at tre
highest treelayer are called root ndes, ad the coeficiens
at the lowest tree layer are called leaf nodes The two
differert sizewavelet subtrees vith root at scale legl 4 and
3 depcted in Fig. 1 are called domain and rarge subtree,
respectively. Itiso  bservedthat such w avelet suliree
possesses a structuré self-similarity which can pedct the
coeficiens of arange subtree fromth ose of a dom ain
sibtree [6, 7]. Thus, the main idea ofwavelet-basedfractal
coding i st o approximate the range s ubtree by t he beg-
matched domain suliree through proper affine
transformation. In general, the propo®d new hybrid coding
scheme can be summarized as follows.

To give the initial codition for multiresdution wavelet
sibtree based prediction the coefficierts of th e f our



Fig. 1. Congruction of wavelet subtrees by a four-stage
pyramidd w avelet de compostion. T he domain and
range subtree conssts of the triangular and square pixels,
respectively.

stbbards at the coarsest scale lelof wavelet pyramd are
scalar gartized within eachsubbard indepemertly. The
rest coeficierts are gouped io non-overlapped rage
sibtrees. Meanwhile, th e domain subtree with root at
coarsestscale level are also constructedto f ormth e
searching pool (See Hg. 1). Owing to the special structure
of w avelet subtree, the af fine transformation used for
wavelet subtree mapping isdi fferent f romt hatof t he
conventianal spatial domain fractal cading (refer to [6, 7]
for details). For a gven rarge sibtree, tle bestmatched
domain with the minimum distartion € is found after full
search To determne whether such approxmationis good
enough,the d istation ¢ is conpared to a predafed
threshold T. If €is below T, in this case, the range srde
can be “fractal quartized” by th e domain subtree within
given dstartion andfurther spitting is not neeced On the
contrary, if the distartion € exceedsT, the rarge subtree is
further segnented into children subtrees ad then coded
separately to reduce the reconstruction error.

Asthe coefficierts at coarser scaleusualy possessmore
erergy than those at finer scale, the three root nodes are
removed fromthe tree ard thenscalar quartized for less
coding errar. T he prunedrange suliree is sgit into four
quadran childrensubtrees with 3 root nodesat next finer

scale level 2 T his adaptive partition processis shown in

Fig. 1 where the shaded sqgare pixels represehone of the
four children sibtrees. © code tlese clidren sibtrees the
correponding searching pool i s constructed corsisting of
domain subtrees with root nodes at scale lexel 3.  Then

eachchildren subtree is coded as Wat has beencarried on
its parent. In the end, every children suliree will find a
domain s ubtree which h ast he minimum approxmation
distortion T his variable tree size factal codirg algorithm
can be repeatedlyapplied on th e children subtrees wntil

every range suliree has foundits b est matched d omain
sultree within given d istartion, or the allo wed minimum
dimension of rarge sibtree las beerreacted which mears it

can nabef urther splitand will find the best-matched
domain subtree regardless of the distortion.

1. WAVELET SUBTREE BASED
FRACTAL VIDEO CODING

Assuning that a vido frame is transfrmed to wavelet
domain by a 4 stage pranmidal decamposition, the motion
activities at dfferent layers of the wavelet pyramd are
different but highly co rrelatedsince they actually
characterizethe sane motion structure. Thus, the wavelet
coeficients at diferent scales ad different frequency bards
also can be grouped together tof orm the wavelet suliree
which gives anew way to represent the motion structure.
As the proposed \Jdeo codng scheme is to exploit the
redwundarcy among adj acert f rames not the redundarcy
within the frame itself the rarge subtrees aredrmed bythe
coeficients from the curent ercodedfrane, but the domain
sibtrees are constructed by th e coefficierts f rom the
prevous frame instead ofthe curent frame. Moreover, the
lowest frequency sibbard is considered inthe range and
domain subtree corstruction such that the highest layer of
sultree c ontains only single r oot no de w hich has three
children nades from the three high frequency sutband at the
sane scale. The rarge and domain subtrees row have the
sane total nunber of tree nades which is more convenient
for matching comparison.

For better coding performance, not all range subtreesare
coded vith same ef fort, it is becau se that sonme rarge
sultrees may have no motion info rmation which can be
predcted by the correponding domain subtree with same
spatial location in previous frame. Thus a range supee is
first judged by a p roper multiresdution motion detection
algorithm as described in the next section.

1. Multiresolution motion detection (MRMD)

The proposd MRMD is bagd onthe meansquared error
(MSE) betveena ran ge su btree and its corresponding
domain subtree with same sp atial lo cation in p revious
frame. If the MSE betwenthem is belowa preddhed
threstold, th e range su btree isa non-motion subtree.
Otherwise, it is am otionsu btree. T he en coding
requremert for a ron-motion rarge sibtree is redoed to
the ninimum that only a terminal flag is assignedto the
whole subtree which is sufficiert f or reconstruction when
the previousframe is given. On the cortrary, if a rarge
subtree cortains more motion informationand cannot be
simply approxmated byits predecessor, aefficiert coding
algorithm must be followed.

2. Variabletree size fractal coding of motion subtrees

The motion suliree is first segnentedinto two parts. The
one part only contains the root node and will b e scalar
guantizedwithin its own sutband; the ather part consists @
the rest tree ndes which is taken as a newavelet sultree.



All theinitial domain sultrees in pevious frame alsominus
the root node to f orm t he corregording searchng pool.
Now the main task of the propo®d fracial motion coder is
to find the bestmatched donain subtree to approxnate tre
given motion sultree through proper affine transformation.
Then, the matching distartion € is conpared to atarget
distortion T,. If €is na larger thanT, the rarge subtree is

coded using “fractal quantization” and f urther sglitting is
not necessary Onthe cortrary, if € exceedsT, therange

sibtree will be seg mented into several parts becatse the
current error is too large to allow a good approximation.

Similarly, the three root nodes are renoved fromthe tree
ard each of themis coded u sing pix el-based scalar
quantization within its o wn subband. T he rest nodes are
sdit into four quadrant children sulirees with the root at
next finer scale leel 3. The donain sibtrees are
corstructed such th at their root n odes at the sane scale
level. Each chilten sultree is encded asits parent. This
adaptive fractal caling for motion sultreeswill be repeated
until everychild ren subtree has foundits b est matched
domain subtree within predefned distortion threshold, or it
has reacted the minimum size ofrarge sbtree ad hence
further splitting is no t allowed. In this case,the best-
matched domain subtree with minimum distortion is found
even such approximation is poor.

3. Overall structure

The propogd new w avelet t ransform based fractal video
compression schemecan be di videdintot wo part s

intraframe and interframe coding as illustratedn Fig. 2.
The input seqience is frst transbrmed into wavelet comain
ard followed by choice ofintra or inter frame coding. The
first frame of video sequerce is alw aysen coded in

intraframe mode by using the varialte wavelet suliree size
basd fractl coding asdesribed n secton Il. To code he
swccessie f rames, the first frame is reconstructed in the
wavelet domain by fractal decodig algorithm and then put
in the frame memory as reference.

In our simulation, the renaining frames in the video
sequerce are al coded n interframe mode. Itbegnsfrom
MRMD, in which all rarge subtrees othe curert frame are
classifed into two categories, motion and no n-motion
sibtrees. T he encoding of n on-mation subtree is very
simple, while the notion sulirees are aded by varialde tree
size factalbased codirg alg orithm as described above.
Because the domain subtrees are etracted from previous
frame (frame memory) not from currert frame itself only
one st fractal decodingis e noughto o btain the

approxmation of original frame. T he frame memory is

refreshed periodically with the rewly decodedrane bebre
coding the nextf rame. T he encoding, decodingand
refreshing processis repeatedfor eachof the let frames.
The original video fame canbe obained from applying
inversewavelet transform on the coeficierts which are pu

in the fame memory. T he whole video sequence will be
recovered sequentially.

IV. EXPERIMENTAL RESULTS

Commputer simulations are carried out on stardard QCIF
image seqerces wth 176x144 pixels in eachframe. Only
the lumnance parto fp ixelsis co nsidered in the
implementation. However, it can ke easily extened for
color video seqeerce. The two test seqierces are “Miss
America” and “ Salesnan” w ith 150 frames each The
biorthogonal waveletswith less dssimilar lengths d filters
“9-7", referred as B7, are emloyed in wavelet trarsform
[1]. Eachvideo fame is transformed to wavelet domain by
a 4scale pyramdal decamposition producing a total of 13
subbands. |n intraframe mode, the minimum size of range
sultree is 15 which means aoly one stagesqlitting is used
In interframe coding mode, the sarchregonis redrictedto
-3~+3in both horizontal ard vertical directionto redwce tre
ercoding complexity. T he minimum size of rarge sibtree
is alsol5, thus 3 stage sgitting f or a m otion suliree is
enployed. A tthe end of the video ercoder, adaptie
arithmetic coding is ap plied to generate the o utput b it
streamas the coding results. T he most conmonly used
measwe PSNR is given as anindication of the image
quality of reconstructed rame. Itis d efinedas PSNR =
10log,o(255/MSE), where the MSE is th e mean squared
error between the original and decoded frame.

The proposed video codec has obtained t he bit-rates of
0.056bpp ad 0.110bpp with the averaged PSNR 33.51dB
ard 31.14dB for th e test sequerce “Miss America” and
“Salesnan”, respectiely. In general, the “Salesnan” has
more notion activities than the “Miss America” ard the
baclground of the former is more conplicated than that of
the later. These are tle reasos that “Miss America” has
more aweraged ron-motion sibtrees ad hence obtaina
higher compressionratio thanthe “Salesnan”’. The PSNR
for eachrecorstructed frame is slown in Fig. 3. We cansee
that the PSNR of th e two test sequerces are relatively
constant die toless popagation errar incurredin the coding
scheme. T wo r econstucted fr ames fr om different vid eo
seqeerce are shown in Fig. 4. A sitm ay be seen, no
blocking effects canbe obgrved which is a big problem of
block-basd fractl videocoding scheme. However, we can
detect somartif acts and smearirg ef fects duetoth e
quantization error.

V. CONCLUSIONS

A new wavelet trarsform based fracial video conpression
scheme is propo®d in this paper. Itexploits the correktion
between wavelet sultrees nd only within the video frames
but also among th e adjacen f rames. One of the most
advantages using \avelet suliree regesentatiao of motion
structureis that it can @scribe large dject notion activities



instead of piecewise motion activities [2]. Therefore, it
requires fewer computation since segrate @arts d wavelet
sultreeareprocessedogether iftheir own motion activities
coincide with the global motion information. T his is also
the reasorthat it canobtainlower bit-ratesbecaseseparate
piecesof a wavelet subtree are now coded as a w hole.
Moreovwer, becase th e block ing artif acts are redu ced
significantly, the visual quality of the recanstructed rames
is better as copared to ttose wsing fractal video codirg in
spatial domain.
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