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Abstract. In conventional fractal image coding (FIC) schemes, domain
blocks are constrained to be twice as large as range blocks to ensure the
convergence of their iterative decoding stage. However, this constraint
has limited the fractal encoder to exploit the self-similarity at the same
resolution scale of natural images. To overcome the shortcoming, a
novel scheme using same-sized range and domain blocks is proposed.
Further, a recursive scheme feeding the coding results back to the input
during the encoding procedure is used to improve the decoded image
quality. Experimental results show our method gives significant improve-
ment over Fisher’'s FIC. © 2002 Society of Photo-Optical Instrumentation Engineers.
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1 Introduction blocks at the same resolution scale in the original image.

The concept of fractal image coding was proposed by Instead, they search for the similar blocks in the down-
Barnsley in 1987,and the first automatic FIC scheme that sampled image. T.h's means .thf”‘t _the co.nventlonal FIC
compressed arbitrary monochrome images was proposed b);cheme only exploits the self-similarity of different scales.
Jacquin in 1996.1t modeled a natural image as a fractal . HOWeVer, in real natural images, there exist not only the
picture and made use of the block-wise self-similarity of similarity of a different scale but also similarity at the same
the image to obtain the parameters of fractal transform. The scale. For example, the left eye of a person 1s very S|m|Iar
scheme was a milestone paper and it was followed by many© the right, and they are of the same size instead of differ-
publications varying and improving on Jacquin's basic ent sizes. Conventional FIC schemes cannot exploit such

idea®~1> Some papers improve the image quality by adopt- Kind of self-similarity. . .

ing different pa?tit?oné.‘6 Spome Combingd gIC W)i/th%ransf) To overcome the drawbacks, using domain blocks of the

form coding method&-° And others tried to use nonlinear S&Me Size as range blocks is an intuitive way. Bedford et al.

approximation in gray level'! Fisher modified Jacquin's ISt proposed this ide& However, if we simply adopt their

partition strategy and proposed a practical scheme that®yP€ Of domains without condition, the decoding procedure

achieves better bitrate/image quality performahce. cannot converge properly. Figure 1 illustrates such an ex-
In Jacquin’s schem&the original image is first parti- @mple. In the image, same-sized blo&sandB, are simi-

tioned into two types of blocks called range and domain. lar to each other. In the encoding procedure, the two bIocI_<s

The range blocks tile the whole image, and the arbitrarily &€ mapped from each other. In such a case, the decoding

located domain blocks are twice as large as range blocks.c@nnot converge since the pixels’ gray levels in the area of

For every range block, a suitable domain block and affine

transform are sought so that the transformed domain block

is similar to the range block. The parameters of the affine

transformation are quantized, thus the range blocks are en-

coded. The decoding procedure is comparatively simple.

All the affine transforms are decoded and are iteratively 31
applied on an arbitrary initial image. The fixed point and

collage theorem guarantee the convergéiddle consider T1 Tg
two problems to improve conventional fractal coders,

namely: how to exploit similarity at the same resolution Bg

scale, and an extension to a collage theorem.

1.1 How to Exploit Similarity at the Same Resolution
Scale

In all conventional FIC schemes, domain blocks are always

constrained to be largéusually twice the sizethan range

blocks to ensure the convergence of the lterative dec_:O(_j'ngFig. 1 A special case when adopting same-sized domain blocks in
procedure. Therefore, range blocks do not find similar FIC.
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Fig. 2 (a) The white areas are encoded with same-sized mapping, others are encoded with twice
larger domain blocks; and (b) the reconstructed image.

B, and B, are unchanged during the decoding iterations. ventional FIC, and then the domain pool is updated for the
Bedford et al® also mentioned the problem, but claimed next iteration with the decoded image. The procedure is
they never met such cases. Unfortunately, such cases dshown in Fig. 4.

occur frequently. Figure 2 illustrates a practical example  From Fig. 4, in every iteration, conventional fractal im-
using same-sized and twice larger domain blocks. Figure age coding and decoding are needed, and the iteration num-
2(a) shows which parts of the standard test image “Lena” ber is unknown in advance. Therefore, the main drawback
are encoded with same-sized domain blocks and which of these schemes is their heavy computation burden.

parts are encoded with twice larger domains. Figuii® 2 To improve the performance without significantly in-
shows the reconstructed image. Clearly the reconstructedcreasing the computation burden, a novel coding method is
image quality is very poor. proposed.

From this illustration, we can conclude that directly us-  Section 2 describes the principle of multiple same-sized

ing same-sized domain blocks will cause the convergenceblock mapping to exploit the similarity at the same scale.

problem. In Sec. 2, we propose a practical scheme adaptingSection 3 proposes a recursive scheme to improve the im-

same-sized domain blocks and twice larger domain blocks. age quality. Section 4 presents the implementation diagram
combining these two ideas. Section 5 presents some experi-

) mental results, and conclusions are given in Sec. 6.
1.2 Extension to Collage Theorem

The mathematical foundation of FIC is based on the fixed 2 Multiple Same-Sized Block Mapping and Its
point theorem and collage theoréfiThe collage theorem Convergence
means that if the difference error between the original im-
age and its collage is small enough, then the difference
error between the decoded image and the original is also
small. That is to say, the condition is a sufficient condition.
However, it is not a necessary condition, since the differ- RN i
ence between the original and the decoded image is notconvergence prqblems. Our solution is illustrated in Fig. 5.
directly influenced by the difference between the image and ' N€ Pasic idea is to construct compound transforms to be
its coliage. So in the encoding procedure, minimizing the eventually contractive, i.e., if a range blo& is mapped
difference between the original image and its collage usu- With & same-sized blocB,, then another range block con-
ally does not result in the minimizing of the difference taining pixels ofB, must be mapped with a twice larger
between the decoded image and the original image. Figuredomain blockBs. In this case, the compound transform
3 illustrates the collage images and decoded images of twoinvolved is contractive. The contractivity of such a case can
FICs. Comparing the two FICs, we know that the quality of be proved theoretically.
the collage image of FIC A is better than that of FIC B, In FIC, every transform for a range block can be written
however, the decoded image of FIC A is worse than FIC B. as an affine transfordt® In common sense, when two
Several researchers have noticed this problem and haveblocks are similar to each other, they are usually in the
proposed alternative solutiohs.}* In these papers, the same direction. So in the same-sized mapping proposed
common idea is using an iterative coding scheme, i.e., thehere, the transform involved is only a position translation
original image is encoded and decoded for several times. Inwithout rotation or flipping. In Fig. 5, if a range block is
each iteration, fractal transforms are achieved using con-encoded with a same-sized domain block, the relation be-

As discussed in Sec. 1, similarity at the same resolution
most commonly exists in natural images, so it is desirable
to use same-sized domain blocks in FIC. However, using
such types of domain blocks without constraints will cause
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Fig. 5 A compound transform that is eventually contractive.

In the case shown in Fig. 5, we know that the pixel
(X1,Y1,21) is mapped from another point by a contractive

transform:
X, a, b, O X, e
yi|=|C, dy O [|ys|+]|f1], 2
z z 0
© @ ! 0 0 & 2 2
Fig. 3 (a) The collage image of FIC A, PSNR=33.38dB; (b) the where the parameters,, b,, c,, d,, e,, f, make the
decoded image of FIC A, PSNR=28.92 dB; (c) the collage image of affine transform contractive in the X-Y planey, (|,

FIC B, PSNR=32.15dB; and (d) the decoded image of FIC B,

- ) T .
PSNR =31 51 dB. 1) makes it contractive in the gray level, anglis a gray

level offset.
From Egs.(1) and(2), we get:

tween a point(X,Y,2 in block B; and another correspon-

dent point §&;,y;,2;) in block B, can be expressed as an X 100 3 b, 0 X2 €2
affine transform: Yi={0 1 O C; dp O ||y2|+]|f2
Zl 10 0 o 0 0 ayjlZ] Lo
X 1 0 O X, e, _
Y[=|0 1 O]|yy|+]f1], (1) € a; b, 0 X2 €, t+e;
Z 0 0 a;llZa 0 +|fi|=]c, dy 0 Yo|+| fitfa|. (3
0 0 0 ajayllZ 0, |

where, &;,y1) is a pixel position,z; is the pixel gray _
value,(X,Y) is the transformed pixel positiod,is the trans- That is
formed pixel valueg,, f, are the parameters of the trans-

form denoting the position shift, and; is the scale factor X a, b, 0 X5 e;+e,
of gray level, 6<a;=<1. The affine transformonly makesa |Y|=|c, d, O [|y,|+]| fi+f,], (4)
block shift in position without shrinking in size. Z 0 0 asllz 0,

3

where a;= a4 - @y, Which satisfiedag|<1.

Original image va‘x

n=1,D1) = X,,

For iteration number n

Domain pool D(n)

Encoding X e using D(n)

Decoded image X, (n)

@) ®)

Fig. 6 (a) MSSBM that is eventually contractive and (b) typical cy-
Fig. 4 The core principle of some iteration coding schemes. clic transforms.
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| Original image Partitioning into range blocks|—> For every range block, seeking transform|—y| Saving or transmitting
T,. in the updated domain pool the transform T,
7'y
Copying it as the initial domain image Domain image [—»] Updating domain pool
Iteratively transforming domain |

image using transforms obtained

Fig. 7 The recursive coding method proposed.

This transform is obviously a contractive transform. It last, B, is encoded with a twice larger domain bloBk .
means that even thougdh, is not a contractive transform,  From the previous analysis, the compound transform is still
the compound transform=T°T, is contractive. contractive.

In compound transfornrT=T,°T,, T, is a same-sized Another case in MSSSM is shown in Fig(bg. In this
mapping, andT, is a twice-sized mapping. Since there is case, the same-sized block mappifigs T,, Tz, andT,
only one same-sized block mapping in the compound trans-form a cycle, i.e., block3; is mapped with a same-sized
form, we call this case single same-sized block mapping block B,, blockB, is mapped from a same-sized bldgk,
(SSSBM. SSSBM can exploit the same scale similarity to B; is mapped with a same-sized blo&,, and B, is
a degree, however, we can extend the idea to fully exploit mapped withB; . In this case, the compound transform is
the similarity at the same scale. We can construct a com-not contractive like the case shown in Fig. 2. If a same-
pound transform as T=TjeTye..oTy,  Where sized block mapping forms a cycle with other same-sized
T1,T2,...,Tk—1 are all same-sized block mappings, and block mappings, we call it a cyclic transform.
only T is a contractive transform. It is easy to show that In the practical application of MSSBM, when a same-
is also contractive. We call such a case multiple same-sizedsize block mapping is found, we check if the mapping is
block mapping(MSSBM). In applying MSSBM, we can cyclic to decide the usage.
encounter two cases illustrated in Fig. 6. The maximum number of possible same-sized block

In Fig. 6(a), a block is encoded with a same-sized block mapping=number of range blocks-1. On the average, the
B,, part of B, is encoded with another same-sized block range blocks encoded with same-sized block mapping oc-
B3, andB; is encoded with a same-sized bloBl, and cupy 40% of all the range blocks. Only the position infor-

l The original 1mag§5{m_g

Copy Xm»g asinitial X 5 | ] Quadtree partition Xan,g into range®, , i=1,...N 1

T X Constructing new same-sized domain
o0 D, ¥ o x SAME _SCALE

v

Tteratively transforming X gom for NUM _ITER
times with the transforms obtained
vt
¥
— i) . Finding the most similar
Y domain in same-sized domain pool
: T : e
Stoting or transmitting le For the same-sized domain, RMS<SAME_RMS? &8 Is the
the transform parameters Sam_Code Mum[iij+=1 transform not a circle transform?

¥y
Constructing new twice larger Encoding the range with twice
domain pool L like Fisher's larger pool like Fisher’s scheme
¥
RMS<TOL?
v ¥

Partitioning into four quadrants
and encode each quadrant
T

Fig. 8 The coding diagram of our method.
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Fig. 9 lllustration of the value changes of array Same_Code_Num Bitrate (bpp)
[k,1]: (a) the values of all points of Same_Code_Num [k,/] are 0.2 0.4 0.6 0.8 1 1.2
initialized as 0; and (b) the array values change as MSSBM pro- . . . .
ceeds. Fig. 10 PSNRs of the five methods versus different bitrates.

mation of a same-sized domain needs storing. So, usingSec. 2, @ MSSBM can be considered as a compound trans-

MSSBM can significantly decrease the bitrate. Of course, form T=T;eTye...oTy, where Ty, T,,..., Tx—, are all

an overhead of 1 bit is needed to distinguish the domain same-sized block mappings, only is a contractive trans-

block types, resulting in a slightly decreased performance. form. In our implementation diagram, CODEUM de-
notes the preselected maximum number of same-sized

3 Recursive Coding Scheme block mappings in a compound transform, il€5 1. Ac-

As discussed in Sec. 1, in common FIC encoding only the cordingly, SameCode Num[k,I] is a data array to denote
error between the image and its collage is minimized. How- the coding number of MSSBM in positiork(), the array
ever, the difference minimization between the image and its is same-sized as the original image and initialized as 0.
collage usually does not mean the minimization of the dif- When a blockB, is transformed with a same-sized block
ference between the image and the decoded image. B,, the value of SameCode Num[k,l] in the area 0B,

In fact, in the encoding, we should minimize the differ- change to 1. When a blodg, is transformed with a same-
ence between the decoded image and the original. How-sjzed blockB;, the value of SameCode Num[k,!] in the
ever, th_|s is impossible by definition, since pnly after the zrea ofB5 changes to 2, shown in Fig. 9.
image is encoded are the t_ransforms obtained, a_md only The termX .,y means the original image to be encoded,
after the transforms are obtained can the decoded image b%ndxdom is the domain image that is updated in the encod-

reconstructed. ing and used to construct domain pools. In the beginning,

But, in the FIC scheme, the original image is encoded . .
one range block after another, so in the encoding procedure,xdom. IS a copy 0fXgrig - SAME—.SCALE IS a prf-:tselected .
multiplication scale for constructing the same-sized domain

we obtain affine mappings for each range block in succes- ; ;
sion, therefore we can achieve an approximate decoded imP20!, and it can be in the rand®, 1]. The root-mean-

age(we call it domain image latgby iteratively transform- ~ Sduare(RMS) error is between the range and its collage.

ing the original image using the transforms received. As the SAME_RMS is a preselected threshold for RMS in same-

encoding procedure proceeds, the domain image is closerSiZ€d block mapping, such as 8, TOL is a preselected

and closer to the decoded image. So we can use the domaifreshold fo_r RMS in twice _Iarge.r domain coding.

image, which gradually reaches the decoded image, to con-VUM_ITER is times, which we iteratively transform the

struct the domain blocks pool and therefore gradually mini- 90main image for.

mizes the error between the original image and the decode

image. The recursive coding method is shown in Fig. 7.
In this diagram, we partition the original image into In the following experiments, 256256x 8 “Lena” is used

range blocks and copy it as an initial domain image. For a as the test image.

range block, we construct its domain pool from the domain

image, and search for an affine transform and a similar 5.1 Experiment 1

domain block in the domain pool. After that, we save or g exneriment is conducted to compare the performance
transmit its parameters. At the same time, we feed back theof the method proposed with some other well-known meth-

information and iteratively transform the old domain image 4s including Fisher’s quadtree schem#PEGL® EZW16
using all the transforms obtained. Therefore we get a new 4 SPIHﬁg The curves of the peak-t(’)-pe:ak sigﬁal to

domain image, which can be used for encoding the next . : ; ; ; Al
range b_Iock. The range blocks are encoded one by onegzéi(;a;{?ns,l(gz\ilg ;’ﬁésrlézlﬁltgétdbpp’ bits per pixelin
along with the domain image changing. Analyzing the curves in Fig. 10, we know that at the

: same bitrate, the PSNR of our method is about 2 dB higher
4 Implementation of Our Scheme than that of Fisher’s, and the performance is also better than
The coding steps of our scheme combining MSSBM and JPEG and EZW at a lower bitrate. Comparatively SPIHT is
the recursive coding are shown in Fig. 8. As discussed in still the best scheme.

d5 Experimental Results

332 Optical Engineering, Vol. 41 No. 2, February 2002



Zhao, Wang, and Yuan: Multiple same-sized block mapping . . .
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Fig. 11 The bitrate and PSNR versus (SAME_RMS).
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Fig. 12 Bitrate and PSNR versus (SAME_SCALE).
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Fig. 13 Bitrate and PSNR versus (ITER_NUM).
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Fig. 14 Bitrate and PSNR versus (CODE_NUM).
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5.2 Experiment 2 6. L. Thomas and F. Deravi, “Region-based fractal image compression
. . . using heuristic search,JEEE Trans. Image Procesd(6), 832—838
The experiment is used to test the performance with the  (1995. . _
variation of parameters. Figure 11 shows the curves of 7. G. MIIEE\I/EIS'IL ‘A W?Velet-k;)ased %?glyifloflgﬂggémage compres-
. - sion,” rans. Image Proces3(2), — .
bitrate and PSNR versus SAMRMS encoded with TOL 8. Y. Zhao and B. Yuan, “Image compression using fractals and discrete
=8, CODE_NUM=5, and ITER. NUM=6. SAME_RMS cosine transform, Electron. Lett.30(6), 474—475(1994.

. . . 9. K. Kim and R.-H. Park, “Still image coding based on vector quanti-
is the error threshold for same-sized block mapping. As zation and fractal approximation/EEE Trans. Image Proces5(4),

SAME_RMS increases, the bitrate decreases fast while  587-597(1996.
PSNR decreases little. 10. D. M. Monro and F. Dudbridge, “Fractal block coding of images,”
; ; Electron. Lett.28(11), 1053—10551992.
Figure 12 shows the Cur,ves of bitrate and PSNR versus 11. Y. Zhao and B. Yuan, “A new affine transformation: Its theory and
SAME_SCALE encoded with TOE8, CODE_NUM=5, application to image coding,/EEE Trans. Circuits Sys8(3), 269—
_ _ : 174(1998.
ITER_NUM=6, and SAME RMS=8. From Fig. 12, we 12. N. Lu, Fractal Imaging Academic Press, New Yori997).

know that SAME_SCALE=0.8 to 1.0 can achieve good 13. R. Hamzaoui, H. Hartenstein, and D. Saupe, “Local iterative im-
provement of fractal image codedrhage Vis. Computl8, 565—-568

performance. (2000.
Figure 13 shows the curves of bitrate and PSNR versus14. H.-S. Kang and J.-W. Chuang, “Suboptimal fractal coding scheme
; — — using iterative transformation Opt. Eng.40(5), 703—712(2002.
ITER_NUM encoded with TOL=8, CODE‘NUM 5, 15. T. Bedford, F. M. Dekking, M. Breeuwer, M. S. Keane, and D. van
SAME_RMS=8, and SAME_SCALE=1.0. From Fig. 13, Schooneveld, “Fractal coding of monochrome imageSignal Pro-

cess. Image Commuf, 405—-419(1994).

we can easily conclude that the decoded image qualiw with 16. See http://www-it.et.tudelft.nt/inald/vcdemo/index.htm.

ITER_NUM=1 is much better than ITERNUM =0, even
though bpp increases a little. However, when ITBRJM
increases from 1, the performance almost remains un-
changed.

Figure 14 shows the curves of bitrate and PSNR versus
CODE_NUM encoded with TOE=8, ITER_NUM=5,

SAME_RMS=10, and SAME SCALE=1. As
CODE_NUM increases, the bitrate decreases fast.
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