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A Fast Fractal Image Coding Based on Kick-Out and
Zero Contrast Conditions
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Abstract—A fast algorithm for fractal image coding based on is spent on finding the best matched domain block from a large
a single kick-out condition and the zero contrast prediction is domain pool to represent an input range block with respect
proposed in this paper. The single kick-out condition can avoid a , ¢ontrast and intensity offset, as well as the isometry trans-
large number of range-domain block matches when finding the . L "
best matched domain block. An efficient method for zero contrast formations. By minimizing the d'ff_erence between the range
prediction is also proposed, which can determine whether the block and the transformed domain block, the corresponding
contrast factor for a domain block is zero or not, and compute iterated contractive transformatior) can be found for the
the corresponding difference between the range block and the range block. The exhaustive search algorithm can obtain the

transformed domain block efficiently and exactly. The proposed o yima)| result by searching exhaustively all the blocks within
algorithm can achieve the same reconstructed image quality as

the exhaustive search, and can greatly reduce the required com- € domain pool, but this process requires a high computational
putation or runtime. In addition, this algorithm does not need any  cost, which limits its practical application. To solve this
pre-processing step or additional memory for its implementation, problem, extensive research on fast fractal image encoding
e e 2 e, algortms (1], (3, (61-{10], 12]{13], (15] has been carted
reduced by about 50% of that of the exhaustive search method. out. In part_lcular, _Bam-EqpaI [13] proposed a tree §earch
When combined with the DCT Inner Product algorithm, the ~Method, which devised an incremental procedure to bind the
required runtime for the algorithm can be further reduced by domain block pixels, and then arranged the domain blocks
about 50%. The proposed algorithm was also compared to two in a tree structure to direct the search. In [12], an adaptive
other fast fractal algorithms. Experimental results also show that - gaarch algorithm based on an adaptive necessary condition to
our algorithm achieves a better efficiency and requires a much . .
smaller amount of memory for implementation reduce the computational complexity was proposed. However,
. . . these techniques can reduce the required computation only
Index Terms—Fractal image coding, full search, image compres- . .
sion. zero contrast. at the expense of additional memory and degradation of the
' reconstructed image quality. So, some efficient algorithms [2],
[11], [14] have been developed to alleviate the computation
. INTRODUCTION burden, while the image quality can be maintained at the level

SIGNIFICANT amount of research work has recentb‘i’f that of the full search. However, these algorithms first need
A been done on fractal image compression. Fractal imagetransform the image blocks into the frequency domain. In
coding can provide a highly reconstructed image quality with@her words, pre-processing is required.
high compression ratio (CR), is independent of resolution, andIn this paper, we propose an efficient algorithm based on a
has a fast decoding process. Fractal theory was first presergigle kick-out condition and zero contrast prediction, which
by Barnsley, and is based on a mathematical theory calle@n greatly reduce the required computation as compared to
Iterated Function Systems (IFS). Jacquin [4] proposed the fitbe exhaustive search, while maintaining the same reconstructed
practical fractal image compression scheme, which relies tmage quality. Our proposed kick-out condition can determine
the assumption that image redundancy could be efficiengfficiently whether a domain block is a good representation of
exploited through self-transformability on a block-wise basis. range block, and so excessive computation can be avoided
Fractal image compression is based on the representatiorinothe early stage. With zero contrast prediction, the computa-
an image by a set of iterated contractive transformations fieon involved is further reduced. In addition, the algorithm does
which the reconstructed image is an approximate fixed poinot need any pre-processing and extra memory for its imple-
and close to the original image. mentation. Our proposed approach can also be combined with

The problem with fractal coding is the high computationadther fast encoding methods, such as the DCT Inner Product [2]
complexity in its encoding process. Most of the encoding tinteethod, to further speed up the encoding time. Experimental re-
sults show that the runtime can be reduced by about 75% when
Manuscript received April 3, 2002; revised April 30, 2003. The associate e@Ur @lgorithm is combined with the DCT Inner Product algo-
itor coordinating the review of this manuscript and approving it for publicationithm [2].
was Dr. Fernando M. B. Pereira. = o This paper is organized as follows. We briefly describe the
C-M. Lai and W-C. Siu are with the Centre for Multimedia Signaly 4» entals of the fractal coding algorithm and review the
Processing, Department of Electronic and Information Engineering, The Ho
Kong Polytechnic University, Hong Kong. DCT Inner Product approache in Section Il. The DCT approach
K.-M. Lam is with the Centre for Multimedia Signal Processing, Departmetan he combined with our proposed scheme to further reduce the
of Electronic and Information Engineering, The Hong Kong Polytechnic Uni- . . .
versity, Hong Kong (e-mail: enkmlam@polyu.edu.hk). computational complexity. Section Il presents our new fractal
Digital Object Identifier 10.1109/TIP.2003.817246 image compression algorithm based on a kick-out condition and
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zero contrast prediction. In Section IV, we compare the pemeaned, and the error function (2) between a range block and a
formance of our proposed fast algorithm with the full searckransformed domain block can be simplified as follows:

the adaptive search scheme [12], tree search scheme [13], DCT
Inner Product algorithm [2], and our algorithm combined with

. (R—7I,D—dI)
the DCT algorithm. Finally, conclusions are given in Section V. E(R,D) = ||k -TI||" -

|~ arl”

(4)

Il. REVIEW OF FRACTAL IMAGE COMPRESSION wherer and d are the means of the range block and domain

In the fractal image compression scheme, an im#ge,, of block, respectively. The most computational part of (4) is
sizer x r is partitioned into two basic block units: the rangdhe inner product(R —7l,D — dI>. To determine the best
blocks and the domain blocks. The range blofkare a set of matched domain block for a range block, the isometry transfor-
nonoverlapping image blocks of siZze = n x n, which are mation consisting of four orientations and four reflections of

denoted aS{Ri}fszl = {ri,riz,... 7Tik}z]‘\;Rl' The number of each domain block must be considered. In other words, the error
range blocks isNg = (r/n) x (r/n), and imagef,.;, is @ function has to be computed eight times; once for each of the
union of { R;} V% transformed domain blocks. Most of the computational cost of

this method comes from the overhead for calculating the inner

Nr product of the range block and the transformed domain block

forig = U R;. 1) in computing the error function. In order to reduce computation

i=1 involved, [2] proposed using Discrete Cosine Transform (DCT)

Overlapping image blocks of,..;, in a domain pool with size to convert the image block to the frequency domain, which can

larger than that of the range blocks are called domain blocl@.duce the number of cqmputatlons of the inner P“’P'“Ct from
These domain blocks can be obtained by sliding a window 8'fght to two. The other inner prqducts can be obtained by a
sizel = m x m, wherem > n, throughout the image to con-Proper arrangement of these two inner products.
struct the domain pool. The size of a domain block is usually
four times that of a range block, i.é.= 2n x 2n. To encode a
range blockR, each of the blocks in the domain pool is scaled The principle of our proposed algorithm is to bypass those
to the size of the range block, and is then compareR twith domain blocks that satisfy a kick-out condition, so they will
respect to intensity offset and contrast parameters, as well asibeonger be considered and no further computations will be
isometry transformations. The set of contracted domain blockseded. In our algorithm, we first convert the full search (2) from
is denoted aQDi}fV:Dl = {di,di>..., diz}f\fl, whereNp is  two parameters, i.e., the contrastnd the offseb, to a function
the number of domain blocks in the domain pool. The correrhich only contains the contrast Based on this formulation,
sponding parameters for the affine transformatiosre deter- we can successively eliminate the search space in the domain
mined by minimizing the following equation: pool and thus decrease the computation required to compare a
range block and a transformed domain block.

Ill. PROPOSEDALGORITHM

E(R,D;) = ||R = (s.D; + o[> whereo,seR  (2) A. Kick-Out Condition

] ) ] From (4), the error function can be further simplified as fol-
whereD; is the contracted domain block under isometry trangsys:

formation, denotes a unity vector of dimensiéhands ando
are the contrast and offset parameters, respectively. For a given

[ o1 R, D)=L (R, 1)(D,1)]?
range block and the corresponding domain block, these two gal %, D)= | [|E||" — + (R, I)
)

2} _[r.D)
[1DIP =4 (D.1)?]
} LB D)—F (R, 1) (D,1)]?

rameters are given as follows:

.
BV 2 DI gy L r ) - o [
T DIP- L1y ando =+ ((R,I) — s(D,I)). i

:
(101~ £ (0,17]’

()

The || || is the two-norm and:, -) is inner product. The con-
trast factor should be-1 < s < 1 to ensure the contractivity
of the transformation. The domain block which results in thds ~ [s = (R,D) — (1/k)(R,I)(D,I)]/
smallest difference from (2) is then chosen as the best matchig®||”> — (1/k) (D, I)?], the error functionE(R, D) can be
block, and the corresponding parameters for the transformatiowitten as follows:

{mili=1,2,...,Ngr} are encoded and stored. At the decoding

© < [ipip-1 (.1)

phase, the transformation parameters are recursively applied to E(R,D)=A—5s*B (6)
an arbitrary initial image, which will then converge to the fractal
image after fewer than 10 iterations. where A = ||R|)® — (1/k)(R,I)*> and B = ||D|” —

An efficient fractal image encoding algorithm was proposed /k) (D, I)>.
by Truong [2], which can produce the same image quality asThe coefficients is limited to the range-{1,1) to ensure con-
an exhaustive search. In this method, the image blocks are dergence in the decoding processAlfis greater tham3, the
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maximum error occurs whes = 0 while minimum error oc-
curs whens = 1. Therefore, we have:
If A— B > 0, then

TABLE |
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COMPARISON OF THECODING RESULTS USING DOMAIN GRID OF ONE-
AND-THREE LEVEL QUADTREE PARTITIONING (16 x 16, 8 8 AND 4 x 4)

1) The maximum error occurs whan= 0, Test Algorithms
Images Full Search Proposed Algorithm
_ _2n (Case 1 & 2)
Bnax=A—s"B=4 @ Lena Time (s) 5940 3242
2) The minimum error occurs when= +1, PSNR (dB) | 3491 34.91
o 2y CR 15.50 15.50
Lmin=A-s"B=A-B. ®) Boat Time(s) 8463 3666
This means that, in finding the best matched domain block, the PSNR (dB) | 3491 3491
search is performed only if the minimum errék,;, for the CR 9.71 9.71
domain block under consideration is less than the current min “Goldhill | Time(s) 8976 5755
imum errord,i,. Thus, we propose the kick-out condition as PSNR (dB) | 3336 33.36
follows: R o1l o1l
Emin =A-B > dmin- (9)
TABLE I

Based on (9), we propose a fast search algorithm which c@amparison oFCOMPUTATIONAL COMPLEXITY FOR THE FULL SEARCH AND
reject dissimilar domain blocks efficiently for a given range OUR PROPOSEDALGORITHM
block. In our algorithm, we select the domain blocks from left to
right and top to bottom. The matching errors of the first domain T serean T00% T00% T00%
block D; with each of the eight isometry operations are calcu- Kick-out 50% 54% 45%
lated. The one with the minimum error is considered to be the Zero Contrast 3% 3% 2%
initial best matched domain block. The current minimum dis-
tanced,,;, is then set to this minimum distortion, s&y R, D;),
and the search proceeds in a raster scan order. To deter
whether the next candidate domain bldek is closer toR than
the current best match, , we computeF,,;, (R, D2) and com-
pare it todmin. If Emin(R, D2) is larger than or equal t@,,,;,,,
it also means that the conditiofi(, D>) > dumin is always  In this case, the range-domain block matching error can be
guaranteed. The domain blodk, is therefore rejected. Other-obtained without performing any calculation, and their error can
wise, the actual distortio®'( R, D,) is calculated for the do- be represented by the constant vallie
main blockD, with the eight isometry operations, and is com-
pared tal,,;,. If allthe matching errors between the transforme@. Combining Other Approaches

domain blocks ofD, and R are larger than the current min- oyr proposed algorithm can combine with other fast fractal
imum errord,,in, Ds is rejected for the same reason mentioneglyorithms to further improve their speed. One example is the
above. Otherwiseli, is replaced bys(R, D,) and the current pcT |nner Product [2] approach, which allows the computation
best matched domain block is et/ with the corresponding of two inner products only for the eight isometry operations of
isometry operation. This process is repeated for all the domajRiomain block. However, the whole domain pool still has to be
blocksD; in the domain pool to find the best matched one for 8y nsidered in order to obtain the best matched domain block.
input range block. Based on this kick-out condition, the requireghis pcT approach can combine with our algorithm to further
computation for searching the best matched domain block "‘ﬂ%prove its speed. In encoding an image, the single kick-out
be greatly reduced. condition (9) will be checked to reject those dissimilar domain
blocks. Zero contrast prediction (11) is then used to determine
whether the contrast factor is zero or not, and the corresponding
In the implementation, the contrast factois encoded using error function can be computed without performing the range-
5 bits. Therefore, any value of the contrasfalling within  domain block matching. Therefore, the required runtime for the
(—0.03125, 0.03125) will be set to zero after quantizationalgorithm can be further reduced.
With (6), as|s| < 1, this means that the zero contrast condition
will happen only whed < B

Lena Boat Goldhill

¥¥i Pen s is set to zero, the corresponding error is given as
|

E(R,D) = A. 12)

B. Fast Error Calculation Using Zero Contrast Prediction

IV. EXPERIMENTAL RESULTS

In the experiments, we first compared the performance of our
proposed schemes with the full search scheme. A three-level
f guadtree partition scheme with range block sizes»#4 8 x 8
and 16x 16 pixels, and a search grid of one are used. Three
popular 512< 512 images, Lena, Boat and Goldhill, are used to
evaluate the performance of the proposed algorithm and other
algorithms. The computer used is a Pentium Il 500 MHz. The

[A
E(R,D)=A—-s*B>0 or- §z|5|. (10)

The contrast factos is quantized to O if the absolute value©
is less than 0.031 25, i.e.,

S

0.03125 > /= > |s]. (11
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TABLE Il
COMPARISON OF THECODING RESULTS USING DOMAIN GRID OF ONE AND 8 X 8 RANGE BLOCK

Test Algorithms
Images Baseline DCT DCT + Proposed DCT + Proposed
Algorithm case (1) | Algorithm cases (1) & (2)
Lena Time (s) 5340 2473 1540 1342
PSNR (dB) | 31.14 31.14 31.14 3114
Boat Time (s) 5340 2473 1571 1376
PSNR (dB) 29.21 29.21 29.21 29.21
Goldhill Time (s) 5340 2473 1625 1501
PSNR (dB) | 2968 29.68 29.68 29.68
runtimes (in seconds) for our proposed algorithm and the full TABLE IV

; ; ; \DAPTIVE SEARCH ALGORITHM [12]: THE ENCODING RESULTSUSING THE
search are listed in Table |. We measured the runtimes of our Eor IMAGE LENA OF SZE 2565 256 WITH RANGE BLOGK Szt 4 5 4 AND

gorithm based on (i) the single kick-out condition (i.e., case 1), DOMAIN GRID 4 X 4. THE CPU Is P11233 MHz
(ii) the zero contrast prediction (i.e., case 2), and (iii) the com-
bination of both conditions (i.e., cases 1 and 2). Experimen To Ti Encoding  [PSNR(dB) (Speedup  [PSNR Drop(dB)
results show that, considering both conditions, our proposed Time (sec)
gorithm can reduce the required computation by about 50% Full Search 65 31.01 1 0
compared to the exhaustive search method. In other words o std (R)2 |26 31.00 25 |oo1
large number of domain blocks are rejected for performing ti o std R4 |20 30.79 325 022
range-domain block matching by the kick-out condition, and std (RS |13 30.28 5 073
number of the error functions are obtained based on the z3 A ®E |7 3014 9728 087
contrast prediction. 3 sd R)16 |5 2936 13 175

The required computation of our algorithm is a function c3 Sd (R |8 2815 625 2386

the number of range-domain block matching removed by tl—=
kick-out condition, and the number of error functions computed

by zero contrast prediction. However, these numbers are image- TABLE V

dependent. Table Il tabulates the percentages of the kick-oufUrR PROPOSEDALGORITHM: THE ENCODING RESULTS USING THE TEST
condition and zero contrast prediction that were applied in en- IMAGE LENSSJA‘TLZE;SDGZETmg’*clsﬁ“'lgiﬁl"ggg ,\S,I'ZHEZ4X 4 AND
coding the three images. Experimental results show that about

50% of the domain blocks are rejected by the kick-out condi Encoding ~ |PSNR(dB)  [Speedup  [PSNR Drop(dB)
tion, while 6% of the remaining range-domain block matching Time (sec)

can use zero contrast prediction to compute the correspondit Full Search 38 31.70 1 0

error functions. In (6), the kick-out condition has not considere( A-B<du 20 31.70 1.9 0

the effect of quantizing the luminance offset, so we cannot gual 0<A-B<dn,  [|2.5 30.53 152 -117

antee that the optimal domain block will be obtained. Therefore 0<AB<0.4%dy;, |1.2 29.93 317 177

in order to obtain the best domain block for representing a range
block, we set a tolerance of 10% more of the current minimum
errord,;n, When considering whether a domain block to be reéhe range mean. In our algorithm, the corresponding numbers of
jected or not. With this setting, we found that the reconstructdits used for these two factors are 5 bits and 7 bits, respectively.
image quality will be equal to that of the exhaustive search. Experimental results show that the adaptive search scheme suf-
The performance of our algorithm combined with the DCTers from a significant drop in PSNR at a high speedup, although
Inner Product approach was also investigated. The size of tteecompression ratio is slightly higher due to a smaller number
range blocks is set to 8 8 only. We combined the DCT ap- of bits being used to represent the two factors. In our proposed
proach with the single kick-out condition and zero contrast pratgorithm, only those domain blocks satisfying the condition
diction. These combined algorithms were compared with the — B < d,;, will be considered as candidate blocks. From
baseline method and the DCT Inner Product method in terMable V, our proposed algorithm can achieve a speedup of 1.9
of the encoding time and PSNR. The experimental results avéhout any loss of image quality when compared to the con-
tabulated in Table Ill, which shows that the runtime of the conventional full search scheme. In addition, the encoding time re-
bined algorithm is about 25% of the baseline approach and 5@ired by our algorithm can be further reduced by limiting the
of the DCT approach. Furthermore, the PSNR based on our s¢arch range in the domain pool. If these domain blocks satis-
gorithm is the same as that of the baseline method. fying the conditiord < A — B < d,;, are considered as candi-
Our algorithm was also compared to the adaptive search dite blocks, the speedup of our algorithm will be significantly
gorithm [12] and the tree search algorithm [13]. In [12], 2 bitsxcreased. From Tables IV and V, we can see that our algorithm
and 6 bits were used to represent the contrast scaling factor aad achieve a speedup of 15.2 with a PSNR drop of 1.17 dB. At
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TABLE VI
TREE SEARCH ALGORITHM [13]: THE ENCODING RESULTSUSING THE TEST
IMAGE LENA OF SIZE 256 x 256 WITH RANGE BLOCK SIZE 4 X 4 AND
DOMAIN GRID 2 X 2. THE MACHINE IS SUN SPARCSTATION 10 MODEL 30

Inner Product, to further improve the speed. The combined al-
gorithm can reduce the required computation by about 75% as
compared to the baseline approach. In addition, our algorithm
was also compared with an adaptive search algorithm and a tree

Lena PSNR(dB) [Time(sec) |Speedup |PSNR Drop(dB) search algorithm

Full Serach 31.61 8750 1 0

Tree $=20 30.29 340 25 -1.32 REFERENCES

Tree p=100 29.34 150 58 =227 [1] Y. Fisher, Ed., Fractal Image Compression: Theory and Applica-
tion. Berlin, Germany: Springer-Verlag, 1995.

[2] T. K. Truong, J. H. Jeng, I. S. Reed, P. C. Lee, and A. Q. Li, “A
fast encoding algorithm for fractal image compression using the DCT
TABLE VI inner product,”IEEE Trans. Image Processingol. 9, pp. 529-535,

OUR PROPOSEDALGORITHM: THE ENCODING USING THE TEST IMAGE LENA
OF SIZE 256 x 256 WITH RANGE BLOCK SIZE 4 X 4 AND DOMAIN GRID 2 X 2.
THE CPU Is PIIl 500 MHz

(3]

Lena PSNR(dB) [Time(sec) |Speedup |PSNR Drop(dB) [4]
Full Serach 33.52 586 1 0 5]
A-B<d, 33.52 322 18 0

0< A-B<0.6*dpy  [32.17 23 25 135

0<A-B<0.1%dp, |[30.88 10 58 264 [6]

(71

a comparable speedup of 16.25, the PSNR drop based on [12]
is 1.75 dB. [8l
Tables VI and VIl illustrate the performances of the tree
search algorithm [13] and our algorithm. When the speedupg
is 25, the corresponding relative drops in PSNR are 4.2% and
4%. At a higher speedup of 58, the relative drops becom
7.18% and 7.88%, respectively. Apparently, the tree searc
algorithm shows a slightly better performance level at a veryi1]
high speedup. However, the additional memory requirement of
our algorithm is small, and it can achieve the same PSNR and.,
compression ratio (CR) as the full search with a speedup of 1.8.
According to [13, Table 6], the tree search algorithm has a large
memory requirement. To encode an image of size 22266, [13]
16 MB of memory space will be required to store the leave s

nodes of the tree for range block size of4 with eight
isometry operations and»®2 domain grid, and 1.5 MB will

be required if pixel average is considered. The experimentaﬁs]
results shown in Tables VI and VIl were obtained without
using the quadtree partitioning scheme, which is normally used
in fractal image coding. If quadtree partitioning scheme is
adopted, the memory requirement of the tree search algorithm
will be increased significantly.

10]

V. CONCLUSIONS

In this paper, we propose a single kick-out condition and the
use of zero contrast prediction to speed up the encoding procc~~
The efficiency of the kick-out condition depends on how quickl
the global minimum error is detected. Once this global error
found, most of the remaining domain blocks will be rejected ar
range-domain block matching will not be performed. Exper—
mental results show that the runtime of our algorithm is abo
50% of the exhaustive search. Our algorithm can also be co
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