REGION-BASED FRACTAL IMAGE COMPRESSION WITH
QUADTREE SEGMENTATION

Yung-Ching Chang, Bin-Kai Shyu and Jia-Shung Wang

Depatment of Conputer Science, Natonal Tsing Hua Unversity
Hsinchu, Taiwan 30043 ,jswarg@csnthu.edutw

ABSTRACT

Fractal image caling is a rovel techique br still
image compression. I n this paper, a low bit rate
region-basedfractal image canpressbn algorithm
is proposed, severa techmiques ae included as
follows. Frst, we improve the performance of
guadtee segrartation by adapive threshold.
Then, amerging s chemeis e mployedt ot he
resuking quadtee segneration t hat co mbines
several similar blocks into a smal number of
regions. We alo provide a quadteebased
segnerted chain code b efficiertly recad the
contours of the regions. The expelmental resuks
show that the pioposed scleme has the lowest bit
rate anong the exsting schemes atthe sane level
of image quality.

1. INTRODUCTION

Fractal image compression, which is based
onthe IFS (iterated function system) proposed by
Bamsley[1], is a rovel appioachto image caling.
Its peformance Elies on the preserce d sef-
similarity between the regions of an image. Since
most images proces a high degee of self-
smilarity, fractal compression contributes an
excelent tool for compressing then

Recetly, there ae sewra methods [2-5]
subsequenly proposed b improve the perform-
arce of fractal image canpresson. In the range

and domain block mapping, severa other func-
tions h ave beenpr oposed int he literatures.
Besdes,various appoactes were also proposed
to reduce the seaching within t he domain pool.
Among al fractal block coding sclemes, the
tecmique d variade-size blocking isincludedto
compromise the compresson ratio ard the level
of qualty.

Range block segmentationi si mportant to
coding image for saving bit rate. Quadtree
segmentation is a common method to partition
image, since its flexibility and less overhead.
Regpbn-based segnertation i sa m ore effecive
atternative then quadtee segrartation, howewer,
we have to ercode he shapes o6 all the regions
located. In this paper a low bit rate region-based
fractal image compressbn algorithm is presered.
It has low bit r ate because he rate-distortion
tradedf i scarefully considered,especaly, the
redurdart coefficiernts are removed by the region-
based technigue. First, we improve the perform-
arce of quadtee segnertation by adaping the
threshold values among eachevel of the quadtee.
Then an merging algorithmis desgnated to the
resuting quadtee segrartation that combines
several similar blocks into a small number of
regions. To cading the stapes 6 the regions, we
provide a quadtreebased segnerted chain code
to efficiertly recad the boundary of the regions.
The detils are in the following sectons.
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Figure 1: The mepping of region-based afine
transformations.

2. THE ADAPTIVE THRESHOLD
QUADTREE SEGMENTATION

The first step d the canpresson makes use
of quadtee ®gmertation to split image nto
variable-size blocks. Shusterman and Feder [6]
proposed a s chemeo f c ompressing imagevV ia
guadtee segnertation. They proved that if we
useadapive threshold on eachquadtee kvel, the
coding quality will be better than that with the
fixed threshold, at the same hit rate. Suppee that
the quadtee treshold is of the form

e =k@8.,.

When k = 1, the threshold is fixed; whenk =
2, it is the caseproposed ly Shustrman ard
Feder W e appledt he samet echique in
guadteebased factal coding. From the expeii-
mental resuts, the resut of k = 2 s always better
thanthe resuls of the other cases atvarious bit

rates. The cansequerte s not suiprising because

such thresholding has the cbse caredation with
the cading area o1 the sane qualty level.

3. THE REGION-BASED FRACTAL
IMAGE COM PRESSION

After the quadtee segrertation, a merging
scheme is enployed © the resulting quadtee
segmentation that will combine several analogous
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Chaincode: 3232110101003
Figure 2: Quadteebased clain code.

surrounding blocks into a region. The mapping
betweent he domain and range of each affine
transformation is illustrated in Figure 1.

The meaging procedure is as follows. Initially
eachblock is a region. For eachregion-pair (R;,
R), if R ard R; are adpcert, merge R ard R;
geametricaly, deroted the resut asRu = (R, R).
We thencalculatet he coefficiertso f i teration
function systemand the correspanding error for
Ru. The region-pair with the lowest error will be
truly merged. And the merging proces continues
until the eror is greaer than a seécted threshold
T. This threshold T can be used ¢ predct the
resulting qualty o ft he decoded i mage after
merging. In our experience, if we set T = N dB,
the qualty of decaled imageis usualy within the
range [N, N-1] dB.

4. THE REPRESENTATION OF
CONTOURS OF REGIONS

On common appoachto represen the shape
of a region is by udng the chain code. The
segmented chain code proposed by K aneko and
Okudars [7] is anefficiert ercoding scheme. It
cancompress he sardard chain code up 6 50%



Image | quadtee cale| QBSCC | coefficierts | total bits | bit rate (bit/pixel) PSNR
Lena 2220 7034 14246 23500 0.0896 2908
Peppes 2936 10306 20559 33801 0.128 2867

Table 1: Results of 512x 512 Lena ard Peppes.
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: The region-based gmertation ard the recanstructed image r the 51512 Lenaimage athit

rate = 0.09 with PSNR2908 dB

In tradtional 4-direcional chain code, a
rectargular grid is supermposed on the contour.
In this paper we u® quadtee lbock instead,see
the illustration in Figure 2. U nlike 4 -directional
stardard chain code, the length of a link is
varialde, depeling on the distarce betweentwo
erd pants on quadtee gmertation. To effi-
ciertly code te quadteebased segnerted
regions, the tracing method proposd in [8] is
thereupo applied t o traverse region contours.
Besdes, the resuking chain codes ae further
compressed g ertropy coding. This coding
method is deroted asquadteebased segmerted
chain code @BSCC). The nethod QBSCC is
more effecive, it cancompress te sardad chain

code up b 70%

5. EXPERIMENTAL RESULTS

We conducted several experiments on 8-hit
graylevel 512 x 512 mages HFrst, follows the
method in Section 2, the image is segmented into
several variable-size blocks. The threshold
parameter of quadtreek is setas 2.The largest
block sizeis limited to 32 x 32 ard the snallest
block size s atleast4 x 4. Then we regard every
resulting block asa region and appy the merging
procedue ont hese regions until t he r esuking
merged image with the predicted PSNR less than
295.



Name PSNR (dB) Bitrate Bibliography

(bit/pixel)
Thomas 277 0.29 [1]
Lu 287 0.29 [2]
Fisher 292 0.21 [3]
Charg 292 0.19 [4]
Ours 290 0.09

Table 2: The comparisons d various fractal image
coding schemes for Lenaimage.

The initial t hreshold of g uadtree e, is less
sersitive with the coding qualty, excepte; is set
too large suchthat the tota error of the initia
segmentation is great than the merging threshold.
The experimental resulks for Lena ard Peppers are
listed in Table 1.

Figure 3 illustrates the segmentation and
recanstruct image or Lena. Eachdashline in the
segmertation image nears a nerging region.
Since Peppess has nore complicated kackgiound
details, thus has more 300 resulting regions than
Lena, so the lt rate cannot declne oo much.
Table 2 summaries he resuks o exsting
methods and our proposed method. In the case of
PSNR = 29, our scheme has significart
improvement. In other cases, we always have the
lowest bit rate.

6. CONCLUSIONS

In this paper, a low hit rate region-based
fractal image compresson mehod is proposed,
several techiquesare included Aong with our
proposed quadteebased segmerted chain code
to record the contours of regions, thebitrateis
reduced © 0.09 ktsg/pixel at PSNR290 dB for
Lena. The expermental r esuks show t hatt he
proposed scheme has the lowest bit r ate among
the existing schemes at t he samelevel of image
qualty.
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