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Abstract— In Fractal image coding(FIC)，a parti- 
tioning of the original im age into ranges and domains is 

required，which greatly affects the coding performance． 

Usually,the m ore adaptive to the image content the parti． 

tion is，the higher performance it can achieve．Nowadays， 

some alleged Regi0n_based fractal coders fRBFc)using 
split-and-m erge strategy can achieve better adaptivity and 

perform ance com pared with traditional rectangular block 

partitions．However，the regions are still with linear con． 

tour． In this paper，we present a Freely-shaped Region- 

based fractal coder rFs．RBFC)using a two-step partition． 
ing， i．e． coarse partitioning bas ed on fractal dim ension 

and fine partitioning based on region growth，which brings 

freely-shaped regions． Our highly im age-adaptive scheme 

can achieve better rate．distortion curve than conventional 

schem e，even m ore visually pleas ing results at the same 

perform ance． 

Key words —— Fr actal im age coding， Region-bas ed， 

Fr eely-shaped partition 

I．Introduction 

In FIc an image is modeled as the unique fixed point 

of a contractive operator on the space of images．This type 

of im age reDresentation was first introduced by Barnsley and 

Sloan[ 
．
Afterwards，Jacquin[2 J devised the first practical frac． 

tal coder with block-based transformations． Fractal coding 

has since attracted many interests because it has opened up a 

refreshing new view to image compression，which lcads to visu- 

ally pleasing results at high compression ratios，and provides 

resolution independent image description． 

As the original image is partitioned into so-called ranges， 

each range is coded by a reference to some other part of the 

image and by some transformation parameters．These param- 

eters describe how the referenced image part has to be ad- 

justed with respect to contrast and brightness in order to give 

a good approximation to the range to be encoded．W hen fixed 

length codes are used for these parameters，the size of com- 

pressed data is basically proportional to number of ranges in 

partition．Thus the principal and widely studied problem in 

fractal coding is how to get an efficient segmentation，with 

a small number of ranges most similar to other image parts 

under certain transform atjons 

So far many fractal coders have been devised，among 

which Fisher’s conventional quadtree[。]is the most well- 

known and successful approach． As the details are distin— 

guished with smooth parts to some extent using variable range- 

block size，it can adapt to the original image and improve 

the decoded image quality． To further exploit the image- 

adaptivity of fractal coders，some schemes with Horizontal— 

vertical(HV)partition[4,51，triangular partition[6--9]，polygo- 
nal partition[10,1 1]

，

irregular partition[ 。一 ]are proposed SUC
—  

cessively，taking on higher image-adaptivity and performance 

than before．However，their contours are still linear，includ— 

ing those with irregular partition namely region—based fractal 

coders 

In this paper we investigate highly image·-adaptive freely．- 

shaped partitions in order to improve the rate．distortion per— 

formance of fractaI coding．In our proposed region-based frac． 

tal coder．the partitions are not derived from the split—and— 

merge approach as usual，but from a two-step partitioning， 

coarse partitioning based on fractal dimension and fine parti— 

tioning based on region growth．Compared with the quadtree 

scheme，a higher rate is required for encoding region contour． 

However，we will show that this expense is greatly reduced 

due to an elaborate growing process． Better rate—distortion 

performance，a gain of 1．0_I1．5dB for compression ratio larger 

than 10：1，can be seen in the reported result． 

II．Basics of Fractal Image Coding 

The fundamentaI concept of fractaI coding is based on the 

theory of contractive transformation．Let f ，d1 denote a com- 

plete metric space of digital images，where d is a given distor— 

tion measure．An original image x g is one element of the 

space．The inverse problem of contractive transformation the- 

ory(i．e．the fractal coding procedure of 。rg)is to construct 

a transformation f： _÷ ．which satisfies the following 
conditions： 

(a)For any z，Y∈ ，there exists a real number 0 s<1 

(b) 

d(，(z)，，( )) s·d(x，Y) 

f(X。 )= 。 

(1) 

From condition(n)，we know that f is a contractive transfor- 

mation．The fixed—point theorem ensures that f has a unique 
fixed point and the fixed point can be found by iteration of 

f．Condition(b)tells us 。 g is the fixed point of f．So 。 g 
can be reconstructed by applying f on any initial image X0 
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iteratively．That is 

X。 9= lim ， (X0) (3) 
ln —÷∞  

In practical use，it is difficult to construct such f directly and 

exactly．It is usually approximated by the union of a series of 

contractive affine transformations： 

f(Xo~g)=Xor9 。 U<ⅣRt 。 U<Ⅳ̂ (Di) f'(Xo~g) (4) 

where non—overlapping R named ranges construct a partition 

of the original image，while so—called domains D selected from 

a large domain pool may overlap each other．f ( 。rg)is so— 

called collage image．Generally{ consists of four parameters． 
They are the scale factor 。，the brightness offset oi，the sym— 

m etry operation sym i and the position of domain．The encod— 

ing of a range R。consists of finding a“best pair”(Di，fi)such 

that the range R。is most similar to the transformed domain 

^(D。)and the distortion is minimized．That is： 

(Dt，fd arg。in 
．

f， 一symi[ t(s。D。)+。t ]11 (5) 

where S denotes the operation of contractive average in the 

2k× 2k domain D into the same image size as j。× k range 

， 』is the flat block with intensity l at every pixe1．As is 

implied in Eq．f4)： 

X'
o 。 。rg (6) 

where X 'o 
g is the fixed point of f (i．e．the decoded image)． 

Fortunately，the collage theorem states that： 

d(X。 ，， ( 。 )) E d(X。 ， ： ) c／(1一s) (7) 

So we can assure the fidelity of decoded image via minimiz— 

ing the difference between the original image and its collage． 

Based on the analysis above，how to partition original image 

efficiently is of great importance．So far many image—adaptive 

partitioning methods have been proposed to facilitate finding 

“best range—domain pairs”．In the next section．we will give a 

simple survey of the principal partitioning methods for fractal 

compression． 

III．Previous、v0rk 

For FIC，the uniform partition is the most basic one[see 
Fig．1(Ⅱ)1，by which we denote a partition consisting of square 
atomic blocks of size k×k pixels．After the block size spec— 

ified，the uniform partition is completely image—independent， 

so it is rarely used for fractal image coding．In the following 

we will focus on image—adaptive partitioning schem es． 

1．Regularly-shaped category 

This category includes those fractal coders with regularly— 

shaped ranges，that is，the rough shape of ranges can be 

known beforehand，e．g．，squares，rectangles，or triangles，al— 

ways convex—shaped． 

In the classical quadtree—based fractal coders proposed in 

Refs．[3，18．19]，original image is partitioned in a top-down 
fashion．One starts with selecting an initial level in the tree， 

corresponding to maximum range size，and then ranges are 

split into their four quadrants when the splitting criterion on 

collage error or intensity variance is satisfied．The alternative 

bottom．up fashionI。。J begins with a uniform partition using 

minimum range size，and then proceeds to merge those neigh— 

boring blocks for which a more efficient reDresentation is pro— 

vided by the resulting larger block one level up the quadtree， 

see Fig．1(b)．Fractal coding with Horizontal—vertical(HV)par— 

titions has been presented in Ref．[4，5]，see Fig．1(c)．If no do- 
main match with acceptable collage error is found for a given 

rectangular range，the block is split into two rectangles along 

the most significant horizontal or vertical edge．A number of 

different triangular partitions[see Fig．1(d)]have been investi— 
gated．A Delaunay triangulation is constructed on an initial 

set of“seed points”and is adapted to the image by adding ex— 

tra seed points in ranges of high variance[。，71
． Two substitutes 

are three-side split[ ]and one—side splitI 
． 

A step further in adaptivity is polygonal partition[see 
Fig．1(e)]that is applied for fractal coding by Reusens[ ．It 
is similar to HV partition．but it also includes 45。and 135。 

cutting directions． Davoine[ ]also gives an alternative by 

merging Delaunay triangulation． 

) 
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Fig．1(a)Uniform partition；(b)Quadtree partition；(c)H—V par— 
tition；(d)Triangular partition；(e)Pob gonal partition； 

(f)Irregular partition 

2．Irregularly-shaped category 

This category consists of so—·called region·-based ffactal 

coders．For high image—adaptivity and better rate—distortion 

performance，all published RBFC take the split—and—merge ap- 

proach，which brings on lots of unpredictable concave-shaped 

regions，see Fig．1(，)． 

In The region—based fractal coder using heuristic search 

of Thomas and Deravi[ 
． one starts by choosing one of the 

ranges in uniform partition as a seed，and attempts to search 

for suitable domain—to—range block transformation．In a recur— 

sive manner，the algorithm extends the region(from the seed) 

in all four principal directions of the newly extended range 

using the same coefficients as the original seed range transfor— 

mation．The extension of the dom ain region is simply under 

the same direction corresponding to that of range extension to 

reduce the computational complexity．The region—based frac— 

tal image coding with quadtree segm entation is discussed in 

Ref．[14]by Chang，Shyu and Wang．After the quadtree seg— 
mentation，the region—pair with the lowest collage error will be 

merged in each step．The merging process continues until the 

error is greater than a selected threshold． 

Some other RBFCs are introduced in Refs．[13．15——lr]．Re— 
fer to th n1 for the detai1s． 

As the results of previous coders have indicated frac— 

tal coding can profit from highly flexible and image-adaptive 

partitioning schemes． Generallbr，image—adaptive coders ex— 

cel image—nonadaptive ones，and more image—adaptive coders 

achieve better coding performance． However，all published 

RBFCs have only linear region contours，which greatly Iimit 
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their adaptivity． The reason lies in two aspects． Firstly，it 

is impossible to bring truly freely—·shaped regions with previ—· 

OUS split，merged or combined partitioning schemes．Secondly， 

the big problem for lack of efficient representation remains un— 

solved since existing contour coding techniques take on rather 

low efficiency in the case of freely—shaped regions．In the next 

section．we’ll introduce a novel scheme namely FS—RBFC to 

overcome such shortcom ing．W hile formed in region growth， 

freely—shaped ranges can keep more details precisely，leading 

to better vis1】al1 efFect． 

IV．Freely—Shaped Region—Based Fractal 

Image Coding 

In our FS—．RBFC the highly image—·adaptive partition is 

derived from two steps，coarse partitioning based on fractal 

dimension and fine partitioning based on region growth．Frac— 

tal dimension is first used to meas ure image content and pro— 

duce approximate locations in coarse partitioning；then fine 

partitioning refines them with growing seeds，leading to final 

freely—shaped regions． Contour coding is realized by storing 

only areas of regions，which is the main contribution of our 

scheme．Meanwhile，region content(transformation parame— 
ters1 is quantized and stored into the compressed image． 

Fig．2．The framework model of FS-RBFC 

In the decoder，freely—shaped region contours are precisely 

recovered up to known areas，on the bas is of which arbitrary 

im age is iterated using transform ation parameters to restore 

region content．Besides．a linear predictor is often applied to a 

small quantity of remaining pixels，which haven’t been grown 

in original image． 

Fig．2 shows a framework m odel of our coder．in which each 

part will be explained specifically aLS follows． 

1．Freely-shaped region partitioning 

(1)Coarse partitioning based on fractal dimension 
As quantitative description of image complexity to some 

extent，fractal dimension around each seed is computed first 

in the original image or its contractive image．The coarse par— 

titioning is constructed by seed-pMrs with sim ilar dimensions 

between these two images．That is： 

④ Distribute range seeds at intervals of RSTEP in original im— 
age X0r口and domain seeds at intervals of DSTEP in contractive 

image con，which is acquired by down一2 sampling or 4一pixels av- 

eraging．All seeds are simplified into one pixel size，see Fig．3． 

② Analyze the growth environment for each seed．That is，to 

calculate fractal dimension DirnR(i)for each range seed Ri or calcu— 
late DimD(J)for each domain seed Dj，within k×k square around 

③ Select a certain number(DOM—NUM)of domain seeds Dj for 

each range seed Ri as its similar region ngn(i)．These seeds should 

have the most similar growth environment(fractal dimension)to 

Rgn(i) {U Dj：min DoM—NUM ∑ [DimR( )一DirnD(j)1)(8) 
J= 1 

R‘ TEP 

1 
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Fig．3．Sketch map of range seeds and domain seeds 

As the distance between range seeds．RSTEP is chosen ac— 

cording to the requirement for bitrate and SNR．W hile RSTEP 

increases．SNR aLS well aLS bitrate decreases greatly，which de_ 

teriorates the quality of decoded image．Therefore it ought to 

be set between 1 and 10． 

As the distance between domain seeds．an increas e in 

DSTEP doesn’t airect bitrate and encoding speed obviously， 

while SNR decreases slightly，so our proposed value is 1． 

As the number of domain seeds in every similar region， 

D0M —NUM is chosen according to the requirement for encod— 

ing speed． A smaller DOM  UM  leads to faster coder but 

lower SNR．Therefore it should be larger than 10． 

For our convenience of calculating fractal dimension，the 

size of square around a seed iS integral power of 2．Generally 

= 4 or 8．W e com pute box dimension in this scheme．which 

is widely used in m any fields for its simplicity．and defined aLS： 

． 1ogN(r) 
0 1o r r-+ 一 g 

(9) 

Concretely．for a × image block B．b is one of its × 

sub-blocks with variable size r have 

n( ) fl。。r(—maxPi -minPi)+ (1O) 
where denotes gray level of every pixel in b，n(r)is the 
number of × × cubes to contain fluctuant part ofb．ifgray 

image is conceived aLS fractal surface in 3-dimensional space． 

After all sub—blocks in B are discussed 

Ⅳ(r)=∑n(r) (11) 
Because box dim ension D im of B satisfies 

N(r)．rD =C， where C is a constant 

logN(r1=一Dim·logr+logC 

(12) 

(13) 

When r varies，(1ogⅣ(r)，一log r)pairs are formed succes— 
sively to approximate a line using linear regression method； 

thus the slope is box dimension of B． 

(2)Fine partitioning based on region growth 
The result of coarse partitioning is inaccurate and unsuit— 

able for image compression，so further segmentation is needed． 

Given a range seed 兄 and a domain seed D，in its simi— 

lar region．a seed—pair is established for region growth． 8- 

neighborhood pixels of current contour are added continuously 
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into growing region．Assum ing that R is growing range seed 

in X。 9 and D is growing domain seed in Xc。n．The fine par— 

titioning isn’t complete until the collage error rms 

rms=llR一( ．D+ ．，)ll。 

is too large or no 8-neighborhood pixels are available，where 

． 
are the quantized values of luminance parameters s，o，』is 

a uniform image block with each pixel having unit intensity． 

That is： 

④ rake out a range seed兄 in original image X。 9 and validate 

it．If R is valid(i．e．it has not been grown during the growth of 

previous range seeds)，go to step⑤，or discard it and process the 
next range seed． 

⑤Take out a domain seed Dj from the similar region Rgn(i)of 
current range seed ，and then a seed—pair Ri÷÷Dj is established 

to grow jointly．Use a candidate list to store all pixels waiting to be 
grown，and initialize it as valid 8-neighborhood pixels of Ri． 

According to the output of pseudo-random number generator， 

next pixel to be grown is picked continuously from the candidate 

list．Add this pixel into R and its valid 8-neighborhood pixels into 

the candidate list，if only they have not been grown by current range 

seed．Grow D in contractive image Xc0n at the same time． 

In order to assure the cover rate(total area of all regions after 

encoding vs．the area of original image)and avoid too many re— 
maining pixels，which degrade the decoded image，a minimum cover 

area MINA is prescribed and reached by R and D．After that the 

seed—pair won’t quit growing until the collage error rms(Eq．(14)) 
is above Dre-selected threshold RMS—TOL or the candidate list is 

empty．Record rms and all pixels in R． 

⑥ If there still exist domain seeds in the similar region of current 

range seed，repeat step⑤；otherwise go to step⑦． 

⑦ Select the seed—pair with the largest cover area after region 
growth．or that with the smallest collage error rms at the same 

cover area． The corresponding R is a part of final freely—shaped 

partition． 

⑧ If there still exist range seeds in original image，go to step 

④．Otherwise，go to contour coding and content coding．when all 

transformation parameters are quantized and stored，the encoding 

procedure is finished． 

The complete flowchart of our FS—RBFC scheme is given 

in Fig．4． 

The choice of minimum region area MINA has a direct in- 

fluence on performance and speed．As MINA increases．bitrate 

decreases out of a quicker encoder，while the quality of decoded 

image lowers obviously．On the other hand，too small M INA 

leads to many remaining pixels，which means poor SNR．Con- 

sequently．an appropriate M INA between 20 and 50 is pro— 

posed． 

Once other parameters are fixed，the rate—distortion curve 

can be drawn with variable threshold RMS—T0L．Larger col— 

lage error corresponds to lower bitrate，lower SNR and quicker 

encoder，which should be also carefully selected． 

2．Contour coding 

、~ now further discuss efhcient encoding of region contour 

generated by the freely—shaped region—based fractal coder，an 

extremely important part in our scheme．So far there exists 

some mature techniques in published RBFCs．such as： 

(1)Track region contour with segmented chain code pro— 

posed by Kaneko and Okudaris ；(2)Track region contour 
with derivative chain code given by Dietmar Saupe ；(3)De— 

pict region contour with region edge m aps via context model- 

ing devised by Tate[22】
． 

Adaptive arithmetic coding or LZW  coding is often applied 

on result symbol string to further decrease the bit rate． 

However，in the case of freely—shaped region contour rather 

than linear one、experiment shows that the aforementioned 

methods lcad to high redundancy and very lo,ev com pression 

ratio(CR<6)．So an elaborate growing process is designed 

to make a tradeoff between image—adaptivity and efficiency in 

our scheme．As implied in previous section，on the one hand． 

it expands the region to each direction quasi—freely，and only 

area of grown region(number of pixels)is in need of storage， 
increasing the compression efficiency greatly at few expense of 

adaptivity．On the other hand，it is also directive，as more p．Ⅸ一 

els n some direction are grown，more pixels of that direction 

are in the candidate list，meaning a higher possibility to be 

picked．Furthermore，the growing process can recur in the de— 

coder until a given region area is reached，restoring the region 

contour precisely． 

To further compact region contour information．the at- 

eas of grown regions can be pruned as an arithmetical se— 

quence and compressed with any entropy coder like Huffman— 

Shannon—Fino’s．For a grown region with n pixels，the contour 

codes are 

·=fl⋯[ ]j HSF[C1]6 
where floor[x]is the closet 
is the HSF code length of x 

pixels． 

integer smaller than x，HSF[x] 
Then valid area s M INA C1 

Fig．4．Flowchart of our FS-RBFC scheme 

3．Content coding 

Content coding can be deemed as the construction of 

shape—adaptive fractal transformations based on region par·· 

titioning．Similar to most RBFCs，several important parame- 

ters including scale factor s，brightness offset o and the posi— 

tion of domain seed in ordinal number seq．computed during 
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the partitioning process，are in need of quantization and stor— 

age，except that no symmetry operation is concerned．For an 

M  x N original image，the content codes of a grown region are 

C2 + + seq． 

s s+。-肿s⋯ log2 ]bitS 
where S——BITS and O——BITS are the number of bits used to 

store the quantized values ．6 of lum inance parameters s，o． 

ceiling[x]is the closet integer bigger than x． 
Except all grown regions，there still exists a small amount 

of remaining pixels R accounting for less than 5％of the whole 

image，which need careful attention．Experiments show that 

they can be omitted at the case of small RSTEP(compact 

seeds)，but filled with linear predictor of non—remaining 4一 
neighborhood pixels after each iteration in the decoder．Once 

RsT E P> 5 large blocks of remaining pixels often invalidate 

the predictor，so the mean gray level M EAM of remaining 

pixels in each non—overlapping 8 x 8 block Bi is stored for 

better result．That is 

f E[Q ， 】 
Pm， ：2 【

M EAN1 

where Qm，n∈{只 I，佗，只 ，n+1，只 +l 

只 ， 一1)and Q， ， 应， RSTEP 5 

where只1 ．n∈ B RSTEP > 5 

(17) 

where E[x]is the expectation operator，each remaining pixe1 
m  
is processed in the raster scanning order． 

V．Results 

In this section，we test the compression ratios and the fi- 

delity of compressed images using our FS—RBFC scheme and 

conventional quadtree schem e． 

Ⅵ，e choose the following parameter setting for our experi— 

ments．The interva1 of range seeds RSTEP and domain seeds 

DSTEP are 2 and 1：the size of square to com pute fractal 

dimension k is 8：the number of domain seeds in every sim— 

ilar region DOM—NUM is i0；the minimum area after region 

growth are confined to M I N A = 20；the default threshold of 

collage error RMS—TOL is 8．O：the quantization for the lumi— 

nance parameters is preformed as it is done in conventional 

quadtree scheme with S—BITS = 5 for the scale factor and 

0一B S= 7 for the brightness offset． 

Fig．5(a)and 5(b)shows the original Lenna 256 x 256 im— 
age encoded with our FS—I BFC scheme and the corresponding 

partition．The freely—shaped regions，which are com pletely dif- 

ferent from the ones with linear region contours in published 

RBFCs．result in less visible blocking artifacts in the decoded 

image compared to quadtree—based fractal coder．Fig．5(c)and 
5fd)show the decoded Lenna using these two methods．At 

similar reconstruction quality it can be seen that our FS— 

RBFC scheme achieves more visually pleasing image than 

quadtree scheme，say nothing of the higher com pression ra- 

tios．From Fig．5fb1，some characteristics need further atten— 

tion．In the resulting partition，there are usually larger regions 

in smooth areas than those in the details，and small regions oc— 

cur frequently around the contour．because it is di伍cult to find 

another region to approximate them where gray values change 

acutely． Generally speaking，a region is unlikely to traverse 

several sem antic ob ects，but more than one region are needed 

to encode an ob ect due to the LIFS theory of FIC．So our 

freely．-shaped RBFC is not designed as a complete content·- 

based coder． 

Fig．5．(f1)The originM Lenna 256 X256 image；(b)Partition corre- 
sponding to FS—RBFC(1110 regions)；(c)Decoded Lenna 
using FS—RBFC scheme at CR = 15．14 and PSNR = 

29．88dB；(d)Decoded Lenna using quadtree scheme at 
CR = 12．30 and PSN R = 29．91dB 

As the threshold of collage error RMS—TOL varies，CR vs． 

PSNR curves for the Lenna 256 x 256 image in Fig．6 are ob- 

tained with our FS—RBFC scheme and conventional quadtree 

scheme． The FS—RBFC 

yields a bet— 

ter rate·-distortion perfor-· 

m ance com pared to the 

quadtree coder， 

which can achieve coding 

gains of l_0 1．5 dB for 

compression ratios larger 

than 10：1． It demon- 

strates that our highly 

im age-·adaptive partition-· 

ing method leads to sig— 

nificant gains over rigid 

quadtree—based approach． 

— — l s—I{Bl C 
_ - Quadtrcc 

～、  

＼ 
、

|＼ 

、 
、＼l 

＼  

Fig．6．Comparison of our FS—RBFC 

scheme and quadtree scheme 

Table 1．The coding results of three standard test im ages 

FS—RBFC Quadtree 

Region Region Number CR at Number 
content co11tour Cover PSNR 

Image rate CR 
information iiiform ation 

regions PS R ranges 

Bits ％ Bits ％ ％ dB 

Ledna 3219O 93．O 2434 7．O 96．2 29 88 15．14 1110 12．3O 1711 

Girl 3O653 92 3 2555 7 7 96．7 32 33 15．79 1O57 13．3O 1585 

Boat 477O5 94 7 2647 5 3 94．2 28．48 10 41 1645 9．48 22O9 

Finally．the coding results of three standard test im ages 

256 x 256 Lenna．girl and boat are analyzed to interpret the 

advantage of FS—RBFC scheme over quadtree scheme．Refer to 

Table 1 for statistics．Freely—shaped partitioning decrease the 

number of regions in the same fidelity，which are mainly region 

content information．Region contour information．accounting 

for less than i0％ of the total，brings little memorv cost in 

favor of compression efficiency．Furthermore，high cover rates 

weaken the disturbance of rem aining pixels and as sure the us— 

ability of linear predictor．High adaptivity to image content 
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improvesthequalityofdecodedimage；alsoreduceslossof

detailandblockingartifact．Soourcodercanoutperform the

conventionalonewithrespecttorate—distortionperformance

andvisualassessmentinthenatureofthings．

VI．Conclusionand Outlook

Inthispaper．wehavepresented ahighly image—adaptive

fractalcoderwithfreely．shapedregions．whichisderivedfrom

coarsepartitioningbasedonfractaldimensionandfineparti—

tioningbas ed onregiongrowth．Theexperim entresultsprove

thatourFS—RBFCisabettersolutionforfractalimagecoding

thantheconventionalone．Referencesshow ithasparalleled

orevenovertakenmanyexistingfractalcoders．

TocompletelyexploitthepotentialoftheFS—RBFC，new

anisotropicgrowingstrategiesneed tobeconsideredtofitthe

directionofedges，thatis，wetrytoupdateourregion—based

fractalcoder(RBFC)tocontent—basedfractalcoderfCBFC)．
ToexcelcurrentRBFCscompletely，m ergingregionscan also

beappliedtoourFS—RBFC afterthetwo—step partitioning
，

followingtheleadofpublications[。。一。”
． Thesefurtherim—

provementsarecurrentlybeinginvestigated．

ComparedwithsomeSuccessfultechniquesfe．g． DCT．

wavelet，Run—LengthCoding，AdaptiveArithmeticCoding)
whichareintegratedintostillimagecodingstandardsJPEG

．

JBIG，JPEG2000，FIC isstillfarawayfrom industrialappli—

cationduetosomelimitations．Disambiguationofbased—on

theoryanddesignofreal—timealgorithm(esp．forRBFC)are
currenttaskstobeaccomplishedforresearchersinthisfield

．

R eferences

[1]M．F．BarnsleyandA．D．Sloan，“Abetterwaytocompressim．
ages”，Byte，PP．215—223，Jan．1988．

[2】A．E．Jacquin，“Imagecodingbasedonaffactaltheoryofiter．
ated contractiveimagetransformations”，IEEE Trans

． Image

Processing，V01．1，PP．18—30，1992．

[3]Y．Fisher，Ed．，FractalImageCoding—TheoryandApplication，
New York：Springer，1994．

【4lY．FisherandS．Menlove，“FractalencodingwithHvparti—
tions”，in FractalImage Coding—Theory and Application

， Y

Fisher，Ed．New York：Springer，1994．

[5]D．Saupe，M．Ruhleta1．，“Optimalhierarchicalpartitionsfor
fractalimagecoding”，in Proc．ICIP一98IEEE Int

． Conf．Im—

ageProcessing，Chicago，IL，Oct．1998．

[6】F．Davoine，M．Antoninieta1．，“Fractalimagecodingbasedon
Delaunaytriangulationandvectorquantization”

． IEEE Trans．

ImageProcessing，V01．5，PP．338—346
， Feb．1996．

[7】F．DavoineandJ．M．Chassery,“Adaptivedelaunaytriangu—
lationforattractorimagecoding。，in Proc． 12thInt

． C0nf．
Pattern Recognition，Jerusalem ，Israel

，
PP．801—803，Oct．1994．

[8】H．O．Peitgen，H．Jurgenseta1．，ChaosandFractals：NewA∞n—
tiersofScience，Berlin，Germany：Springer—Verlag，1992．

[9】M．Novak，“Attractorcodingofimages”，inProc．Int．Picture
CodingSyrup．，Lausanne，Switzerland

， P．156，M ar．1993．

[10】E．Reusens，“Partitioningcomplexityissueforiteratedfunctio“
systemsbasedimagecoding”，in Proc．vIIm E瑚，

． SignalPro—

cessingCo以，Vbl．1，Edinburgh，U．K．，PP．171174，1994．

[11】F．Davoine，J．SvenssonandJ．M．Chassery，“Amixedtrian—
gularand quadrilateralpartitionforfractalimagecoding”

． in

Proc．IEEEInt．cb町 ImageProcessing，Washington，D．C．，
V01．3，PP．284—287，Oct．1995．

[12】L．ThomasandF．Deravi，“Region—basedfractalimagecoding
using heuristicsearch”，IEEE Trans．Im agePro cessing

，
V01．4，

PP．832—838，June 1995．

J131M．Tanimoto，H．OhyamaandT．Kimoto，“Anev~fractalimage

codingschemeemploying blocksofvariableshapes”．in Proc．

IEEE Int． Conj．ImageProcessing，Lausanne，Switzerland．
Vbl．1．PP．137 140．Sept．1996．

[14]Y．C．Chang，B．K．ShyuandJ．S．Wang，“Region-basedfractal
imagecodingwithquadtreesegmentation”．in Proc．IEEE Int．

Co町 Acoustics，SpeechandSignalProcessing，Munich，Ger—
many，Vbll4．PP．3125—3128．Apr．1997．

[15】D．SaupeandM．Ruhl，“Evolutionaryfractalimagecoding”，in
Proc．IEEE Int．Conf．ImageProcessing，Lausanne，Switzer—
land，V01．1，PP．129—132．Sept．1996．

[16]M．Ruhl，H．HartensteinandD．Saupe，“Adaptivepartitionings
forfractalimagecoding。fin Proc． IEEE Int

． Conf．Image
Processing，SantaBarbara，CA，V01．2，PP．310—313，0ct．1997．

[17]M．Breazu，G．Toderean，“Region-basedfractalimagecoding
using deterministicsearch”．in Proc．IEEE Int

． Conf．Image

Processing，Chicago，V101．1，pp．742 746，Oct．1998．

[18]Y．Fisher，E．w．JacobsandR．D．Boss，“Fractalimagecoding
usingiteratedtransforms”，inImageandTextCompression

，
J．

Storer，Ed．Norwell，MA，Kluwer，1992．

[19]D．SaupeandS．Jacob，“Variance—basedquadtreesinfractal
im agecoding”，Electron．Lett．，V01．33，No．1

， pp．46 48，1997．

f20】D．J．Jackson，W．Mahmoud，W．A．Stapleton and P．T．
Gaughan，“Fasterfractalimagecodingusingquadtreerecom-

position”，Image’危s．Comput．，V101．15，pp．759—767
， Oct．1997．

[21]T．KanekoandM．Okudaira，“Encodingofarbitrarycurves
based on the chain code representation”

， 』EEE nunsactions

on Communications，V01．COM一33．NO．7．Julv 1985
．

[22】s．R．Tate，LosslessCompressionofRegionEdgeMaps，Dept．
Comput．Sci．，DukeUniv．，Durham，NC，Tech Rep

． CS一1992．

9，1992．

SUN Yunda wasborninShandong

Province．China in 1979 He received his

B．E．degree from the SchoolofMechan．

icsand Electrics，BeijingJiaotongUni—
versity in 2000． Sincethen he has been

workingtowardsthePh．D．degreeinsignal

and information processing in Computer

Vision Lab，Institute ofInformation Sci—

ence，BeijingJiaotongUniversity，Beijing．
Hiscurrent research interestsincludevi—

slon surveillance，computervision and 3D reconstruction
． (Emaih

sam y．sun◎163CON l

ZH AO Yao wasborn in Jiangsu Province
， in 1967．Here_

ceivedB．E．degreefrom FuzhouUniversityin1989andM
．E．degree

from SoutheastUniversityin 1992
， both inRadioEngineeringDe_

partment Hereceivedthe Ph．D．degreein theInstituteofInfor—

mationScience，BeijingJiaotongUniversityin1996．Hebecamea
professorin2001．Hisresearchinterestincludesimagecoding

． frac—

tals，digitalwaterm arking and content—based im ageretrieval
． He

has published morethan40papersininternationaljournalsand
conferences．

YU A N B aozong wasborninJiangsu Province
， in 1932．He

received thePh．D．degreeinelectricalengineeringfrom Leningrad

InstituteofRailway Engineering，USSR，in 1960
． Hehas ioined

theBeringJiaotongUniversitysince1953．HewasavisitingDro-
lessorattheUniversityofPittsburgh，USA

， andtheUniversitvof

Wales，UK in 1982，1983，and1988respectively
． HeisChairmanof

ComputerChapterofIEEEBeijingSection，FellowofBritishRoval

Society，lEEFellow，ViceChairmanoflEEBeijingCenterDevelop-

ment．Hisresearchinterestsincludecomputervision
， virtualrealit~，．

imageprocessing,computergraphics，speechsignalprocessing，mul-

timediainformationprocessinganddatacommunication
．

维普资讯 http://www.cqvip.com 

http://www.cqvip.com

