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Abstract

The paperintroducesa newmehod bagd on de¢rminis-
tic seachto fractal image compressia. In order to find a
good kegion-bagd partitioning, we propos a detemi-
nigtic search mehod for finding the blocksto be memed.
For eachrange, a it of bes N domans is mantained.
When wo rangesare © be meged and heir common
edgedisappeas, for the newr ange the bed N domains
are selected only from thex® doman extenson of the
two ranges At each gep the edgewith minimumcollage
error i ncreag i sdeterministically selected and the two
corresponding rangesare meged. The proces garts with
atomic blocksas rangesand endswhen the desred num-
berof rangess achieved. In ader to reduce the encoding
time, a siboptimal initialization method isalso consd-
ered. Expeimentl results prove hat our mehod yeldsa
beter r ate-distortion curve than the classic quad-tree
partitioning scheme.

1. Deter ministic sear ch method

A major problem that researcérs in fractal inage
conpressionface, beside redcing the erncoding time, is
image martitioning. Because bthe huge searhing space,
the qtimal partitioning problemf or a d esired bit-rate,
cannd be practically solved. Until now, deterninistically
hierarchical partitioning (quadtree sheme [1], HV parti-
tioning [2 ], p olygonal p artitioning [3]) and split-and-
mergemethods ([4], Delaunay triangulaions [b][6], quad-
rilateral [7], reuristic search[8], ewolutionary [9]) have
emerged as soltions for the problem

In order to comply with the spatial contractian of the
fractal transform we corsider the donains twice as larg
as tle correspoding range. The spatialtransform applied
to a d omain fo r matching the r angesizeis the usua
method of shiinking by pixel averaging. We dso take in
consideratian all the 8isometries (4rotations and 4 flips)
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that canbe applied to a block, which have the effect of
enarging the donain pool that has to be sarcted in order
to find the kest nmetch.

For a range R and a domain D w e determinate the
scale ad offset coefficierts s ard o by minimizing the
collageerror as a function having s ard o as paraneters
The value obtaired for s is then clarped to the [-1,1] in-
terval in order to assure the contractian in lum inance
space as ®&l. T he collage error becones, after applying
an unibrm g uantization to the p araneters s ard o ard
yielding Sard O,

E(R D) =|R-(sD+o1)[’ )
where 1 is a wiform image blockwith eachpixel having
unit intensity T he bit stream transnitted to the decaler
cortains t he codebooki ndexof the beg correponding
domain and the quartized values Sard 0. Even if the
fractal encoding method previously described is not new,
being almost a stardard ore, we propose a new method
for block merging.

Our method starts with an initialization phase cosst-
ing in:

« sditting the image in small square image blocks
called atomic bl ocksof the same size (e.g 8 by 8
pixels).

« building, for eachatormic block, a list of best N cor-
responding domains, regarding the collage error, by
anexpersive full-search of the dormain pool

The initialization p hase is followed by a merging
phasein which ranges, initially id entical to the atomic
blocks, are merged in order to f ind a g ood partitioning
which has less ranges. W e consider r anges as fr ontier-
comecied sets of atomic bl ocks, and define “edge” the
ertire common border oftwo adjacen ranges. In orderto
form anedgg, the two adjacer ranges must share at least
one atomic block border. For eachedge we conpute the
collage error increase ifthis edge would disappearWhen
an edee disappears, th two correspording ranges are re-
moved ard replaced bytheir union as a ew rarge. To
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Figure 1. An example of range merging,
obtained for N=2 on Lena image when two
of the 3182 remaining ranges are merged

deternine the edge's collage error in crease ve need to
find the bes domain for the unionrange. To awvoid full-

searchfor getting the new best N donains, we follow [9]

and restrictthe searchonly to the 2xN dormains obtained

by correspodingly erarging eachof the N domains of

both initial ranges, as shm in Figure 1(smadl figure - the
two ranges which merge; large dark figures -the corre-
spording domains f rom both lists, N dom ains for each
range large light figures - the corresponding extensions
of each domain). T he best N=2 dom ainsf romth ese
2xN=4 are naintainedin list for the mergedrange.

At eachstep ofthe merging process, tk collage error
increasebeing alreadyknown for all the edges in the par-
titioning, we can deterministically select tle edg with
the minimum collage error in crease. Nowth e merging
phas canbe desribed adollows:

* conpute, for eachedgg, the collage error increase in

case ofedge disappearate.

» selectthe edge whose disappearare would give a
minimal increase ofhe collag error.

» merge the wo correponding rarges.

« conpute the collage error increase incase of edge
disappearare for all the ed@s ofthe rew rarge.

* repeat the pevious 3steps until the desired nurrber
of rangesor the maximum value for the cdlage erra
is achieved

During the nerging phase, at eactstep, vhen the
number of ranges is ecrenented the bit-rate also de-
creases Wile th e collage error increases,the rate-

Table 1. PSNR (dB) performance of the
deterministic search method.

No. of | Compr. Parameter N
rarges | ratio 2 5 10 20 50
4000| 18.06{31.32/31.32/31.32(31.32/31.32
3500, 20.44}31.30{31.31{31.3131.31|31.31
3000 23.54]31.26/31.27/31.28)31.28/31.28
2500 27.74]31.16/31.1931.20/31.21]31.22
2000 33.7730.96/31.01{31.03|31.05| 31.06
1500] 43.16]30.52|30.59|30.62| 30.66| 30.67
1000 59.76]29.44|29.59|29.71|29.75|29.79
500 97.16]27.1227.47|27.70|27.81|27.87

Table 2. Computation times needed to reach
different number of ranges in partition

No. of| Init. Merging phase
ranges | phase (sec)
(sec) | N=2 | N=5 | N=10| N=20| N=50
4000] 3778 3 6 10 17 44
3500] 3778 16/ 19 25 40 85
3000 3778 28| 34 43 69| 140]
2500 3778 41| 51 67| 108| 214
2000 3778 54| 68 91| 150] 303
1500, 3778] 68| 87| 122| 201] 423
1000 3778] 84| 111] 165/ 284| 595
500 3778 104/ 147| 231] 400 904

distortion cu rve bei ng, approx imately, con tinuously
parsed.

An interestingfeatureof our deterministic merging al-
gorithm is its sim plicity, both in d escrigtion andin p &
rameters: beside the stop-condition it has o nly one pa-
rameter: the nurber N of the kest domains naintainedfor
eachrarge.

2. Results

All the tests hereintdr presentedare gerformed on the
stardard 512x512 grey-scale L enai mage. Considering
atomic blocks of 8x8 pixels, producesa 63x63x8 code-
bookthat will be full-searcted in the initialization pha<e.
During the quantization step a 5 -bit and 7 -bit unif orm
quantization is usedfor s ard o respectiely. For the par-
tition coding we use the sinple method of descriking, by
using two bits, the stats of an atorric bloc: comectedor
not with its right andower neightours.

In a first exgriment we compare our deterministic
searchalgorithm to the quad4ree method [10]. For a nore
correct corparisonwe use the quadiree method without
ary classification(i.e. full-search and vary the tolerarce
flag in the [1-20] area. The maximum recursion depthis
chosenso that minimum block size is 8x8 pixels. T he



Figure 2. Partitioning with 2000 ranges
(N=2, compression ratio 33.77, PSNR=30.96 dB)

Figure 3. Partitioning with 500 ranges
(N=2, compression ratio 97.16, PSNR=27.12 dB)

Lena image canpressedwith our method andtheresulting
partitioning is shown in Figure 2 and Figure 3 while the
rate-distortion curves obtained for both methodsare pre-
sentedin Figure 4. Obviously, the d eterministic search
method gives alvays better results, egzially at high
compressian ratios.

We further test the effectof the paraneter N on both
theimagequality (Tale 1) andthe encaling time (Tabe
2). The comparisonof the ratio of the ewlution phase

2

=

O

x r

Z28

n

o F

26+
— Deeministic sserch == Quadtee paitioning

24 b
10 20 30 40 50 60 70 80 90 100

Figure 4. Rate-distortion curves for determi-
nistic search method vs. quad-tree parti-
tioning method (512x512 Lena image, N=2).

time to the initialization phase time (the only thing that
can be compared when running o different machines) to
the results pesentedn [9 ]p roves that deterministic
searchmethod is a faster way to find a good partitioring
of the imace.

Studying the influenceof the parameter N on the im-
age quality proves us that, regartess d its value in the
[2-50] interval, the inage gquality doesn't significantly de-
creasewith N, evenfor high compressionratios. There-
fore, time corsuming values geater tlan 10 reed rot to be
corsidered.

All our tests desribed h this paper are peofmed by
running air test compressian program (maybe nat best
optimized) on anIntel Pertium 166 MMX based PC ma-
chine. An advantage of our method, as conparedto the
quadtree nethod, is that the time-expensiveinitialization
phase is tle sane and needs ot to be started oer for dif-
ferernt desred conpression ratios

Becawsemost ofthe ercoding time is speton the full-
search initializatia phase, we study the performance of
the deterministic search rathod with a sutoptimal initiali-
zaton. We choos the suboptimal method of redicing the
size of the domain pool (proposed by Saupe in [11]) by
keepng in the donmain pool only the ypera fraction of
domains variancewise. In Table 3we present thanitiali-
zation phasetime ard the PSNR for the decoded imge
(having 4096 ranges) asfunction of paraneter a.. We no-
tice that, vhile the image quality slightly decreasesthe
ercoding time decreases lgarly with a.

In Table 4 and Table 5 we presert the resilts obtained
by the deterministic search nethod after such a sulopti-
mal initializatio n p hase (caresmpnding to a=0.25 awl
a=0.10, respectisty).

The efect ofparaneter a on decaded image aality is
preseted in Figure 5 (the casea=1.00 corepords to the
optimal full-search initializatio phase). In Figure @hese



Table 3. Suboptimal initialization effect on initialization phase

a 1.00| 0.90| 0.80| 0.70| 0.60| 0.50| 0.45

0.40| 0.35| 0.30| 0.25| 0.20| 0.15| 0.10| 0.05

Time (sec)] 3778 3426| 3069 2706| 2339 1964| 1776| 1583| 1392| 1200{ 1003] 804| 605| 406| 206

PR (dB)]31.32/31.32/31.32]31.32[ 31.32] 31.32/ 31.30| 31.28| 31.26/ 31.23| 31.20| 31.09| 30.96] 30.75/ 30.34]

Table 4. PSNR (dB) for deterministic search
with suboptimal initialization (a=0.25)

No. of | Compr. Parameter N
rarges | ratio 2 5 10 | 20 | 50
4000 18.06]31.20]|31.20]31.2031.20[31.20
3500, 20.44131.18/31.19{31.19/31.19/31.19
3000 23.54]31.15/31.16/31.16/31.16/31.17
2500] 27.74]31.06]31.08/31.09/31.10/31.10)
2000] 33.77130.88/30.91|30.94|30.95/30.95
1500| 43.16]30.46|30.51|30.55/30.57| 30.60
1000 59.76]29.47|29.60| 29.64(29.71|29.77|
500 97.16]27.21|27.53|27.68|27.78|27.90

Table 5. PSNR (dB) for deterministic search
with suboptimal initialization (a=0.10)

No. of | Compr. Parameter N

ramges | raftio 2 5 10 | 20 | 50
4000/ 18.06]30.75| 30.75| 30.75| 30.75| 30.75
3500 20.44]30.75|30.75|30.75| 30.75/30.75
3000] 23.54]30.72/30.7330.73/30.73/30.73
2500] 27.74]30.65|30.66] 30.67/30.67| 30.68
2000 33.77]30.50|30.51|30.54| 30.55| 30.56
1500 43.16]30.14/30.21|30.23|30.25|30.26
1000| 59.76]29.29/29.44|29.51|29.54|29.58

500| 97.16127.24|27.55|27.74/27.76|27.86

results are gesented(for comparisan) togetherwith the

quadtree partitioning method results. Sane cases d de-

compressed_ena image (anccorrespnding partitionings)

are also preséed inFigure 7 aml Figure 8.

Experimental results p rove that im age quality de-
screasealue to suboptimal initialization is snmall and even
with suloptimal initialization, the d eterminsistic search
method gves much better reslis than the classicalquad-
tree @rtitioning method.

3. Conclusion

The resuts preserted in the paper pros that the de-
terministic search nethod, despte its simplicity, is, even
in the suboptimal initialization case, a god solution for a
very im portart problem in  fractal image conpression
finding a good image partitionng.

To completely exdore the ptential d the deterninis-
tic searchmethod, future work has to be done regardng
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Figure 5. Rate-distortion curves for determinis-
tic search with suboptimal initialization (N=2)
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Figure 6. Rate-distortion curves for determinis-
tic search (D.S.) method with suboptimal ini-
tialization vs. quad-tree partitioning (N=2)

the following, yet, “openproblens’:
Becawse nost of the ercoding time is spen on the
full-search initialisatio phase, the infuence é other
speedig up fractal image conpressionmethods,both
lossless 12] andsuloptimal, need tobe assessed

e In order to obtain a snmoother partitioning of the im-
age it might be pronising to choos the abmic block
of 4 x4 pixels. Preliminary work showvs that in this
case, orthe sane macline, the full-searchphasein
the 127x127x8 donain pool requiresa prohibitive
9h15'10” computing time. P revious speeding up
methods becorg, orce a@in, very importan.

¢ Classifying the blocks in predefined classes, difer-
ently written in the compressedstream can increase



Figure 7. Decoded 512x512 Lenaimage w ith
500 ranges (compr. ratio 97.16), a=0.25, N=2,
PSNR=27.21 dB, total encoding time 1107 sec.

the compressionratio. For exanple, classifing the
blocks as stade (8=0) ard nonshade bbcks (S!=0)
and n ot tran smitting th e codebookin dicesof the
shacak blocks will increase the 8.16 compressia ra-
tio to 97.59 with no decrease in imge gality.

The conmpression ratio can be f urther i mproved by
using derivetive chain codes [9] to describe ¢image
partitioning.

Entropy coding and other lossless compression meth-
odscan be used, both for range de<ribing bits ard
for transformation de<ribing bits, in order b rediwce
the bt streamwithout decreasing the iage aality.
Finally, the most interesting poblem if taking, at
eachstep, the optimal decision is the final soluion
the gtimumone, i.e. if the gldbal ratherthana local
minimum of the cdlage erra is achieved
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