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ABSTRACT

The significant effort to provide region-based compres-
sion and functionality within the MPEG-4 standard is
not paralleled in the still-image compression domain.
In this paper, we propose an approach to fractal cod-
ing of still images that is truly region-based. Unlike
previous fractal compression methods the proposed ap-
proach compresses an image region-by-region based on
a prior segmentation, very much like in MPEG-4; in-
dividual regions can be decoded without full image de-
coding. The method performs the domain/range block
matching in frequency domain using a shape-adaptive
discrete cosine transform. Experimental results evalu-
ating the performance of the approach are shown.

1. INTRODUCTION

Region-based image coding has two advantages over
standard block-based coding: it allows manipulation
of image objects without complete decoding of the bit
stream and it often improves the quality of coded im-
ages. In a region-based coding scheme, a segmenta-
tion of the image into regions (alpha planes in MPEG-4
[1]) is known before encoding and is transmitted along
with the object texture. This segmentation is exploited
during encoding to insure that an independent decod-
ing /manipulation of individual objects can be performed
at the receiver. It is this type of functionality that we
seek to achieve with a fractal-based still image coder.
It has been known for quite some time that a fractal
image coder performs better, in terms of compression
ratio and/or image quality, for variable-size than for
fixed-size blocks [2]. One possibility is to use a quadtree
image partitioning [3] where initially large blocks are
progressively sub-divided by thresholding the coding
error; range and domain blocks remain rectangular.
This approach is outperformed by methods allowing
non-rectangular range and domain blocks [4, 5]. For
example, block merging can be applied to the initial
rectangular blocks to arrive at an arbitrarily-shaped
(AS) partitioning of the image into AS range blocks

[6]. This method outperforms quadtree-based fractal
coding [3] at the cost of significantly increased compu-
tational complexity. Note that both methods create an
image partitioning during the encoding and thus can-
not handle a prior image partitioning (alpha planes)
as is done in MPEG-4. In this sense, the methods are
texture-adaptive rather than region-based.

In order to further improve the coding performance,
hybrid schemes using fractal coding of discrete cosine
transform (DCT) coefficients [7, 8] or wavelet coeffi-
cients [9] have been proposed. In the former case,
first all range and codebook (domain) blocks are trans-
formed using DCT. Then, for each range block the cor-
responding codebook block is found in the DCT coefhi-
cient domain by scaling and adding an offset. To reduce
the total number of transformations and to adapt block
size to texture variance, hierarchical coding schemes
using variable size of range blocks in the DCT domain
have been proposed [8].

In this paper, we propose a true region-based fractal
coding scheme; objects can be defined by a prior seg-
mentation (alpha planes) and coded independently of
each other by fractals applied to DCT coefficients. In
the proposed method, the range blocks remain rect-
angular. Since some of them are located at object
boundaries, thus encompassing pixels from two or more
objects, in order not to mix such pixels we propose
to use the shape-adaptive DCT (SA-DCT) algorithm
[10] instead of the standard DCT. For example, for
a two-object boundary block two separate SA-DCT
transforms are performed, while for a non-boundary
block (fully enclosed in an object), standard DCT is
used. The same procedure is applied to the domain
blocks. Certain modifications to reduce computational
complexity are proposed as well.

2. CURRENT FRACTAL/DCT CODING

Let I be the image to be coded, R = {ry,... ,rn} be
the set of N non-overlapping range blocks partitioning
I, and D = {di,... ,dum} be the collection of M over-



lapping domain blocks forming another partition of I.
For each r; we have to find a domain block d; and a
transformation w; that jointly minimize the distance
e(ri,w;(d;)), where g(.,.) is a measure of distortion or
dissimilarity and w; is a local affine transformation.
First, all range and codebook blocks are transformed

via DCT to arrive at R; = DCT(r;) and D; = DCT(d;).

Let (u,v) be 2-D frequency of a DCT coefficient and let
¢ be a contractivity operator that maps a 16x16 do-
main block D;(u,v) onto an 8x8 range block R;(u,v),
while retaining only the low-frequency part of the spec-
trum of D; [7]. The local affine transformation w; is
usually expressed using the difference in range/domain
block positions (¢ and j), the contractivity operator ¢,
a scaling factor s;, one of isometries {I?}%_, and an
offset o0;, all applied in the frequency domain. Then,
w;(D;(u,v)) can be also written as s; ({7(¢(D; (u,v))))+
0;. The eight isometries {I?}3_, are similar to the ones
used typically in the spatial case (mirror reflections, 90°
rotations, etc.) but adapted to the DCT coefficient do-
main [11].

The domain block index j, the scaling factor s; and
the isometry [} are found by minimizing the mean-
squared error between R; and w;(D;). However, in
order to precisely represent the mean local intensity,
we do not apply the offset 0; to w;(D;) but instead we
directly transmit the DC value of the range block r;:
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where R donotes the range block information to be
transmitted.

To encode the block r;, an exhaustive search for
index j (codebook block d;) and for an isometry I is
performed in the frequency domain that, jointly with
si, minimize &(r;,w;(d;)). For each combination of j
and [?, the scaling factor is computed as follows:

5 = Lo (D5, 0))) Ri(u, v) @)
Xl e,

3. NEW FRACTAL/SA-DCT CODING

In the fractal/DCT scheme described above the bound-
ary range blocks contain pixels from an object and a
background (or another object). Thus, independent de-
coding of objects is not possible and the coding qual-
ity may suffer since pixels in a boundary block may
have very different characteristics if located on different
sides of the boundary. By applying the standard DCT
to such a block, spectral properties of these pixels are
mixed up making the search for a good range-domain
correspondence unreliable.

To alleviate both difficulties, we propose to apply
the shape-adaptive DCT [10] to each segment S of the
boundary range and domain blocks. As shown in Fig. 1,
the basic concept of the SA-DCT is to perform verti-
cal DCTs of the active pixels! followed by horizontal
DCTs of the vertical DCT coefficients with the same
frequency index. The final coefficients are located in
the upper-left corner of each block. The number of the
SA-DCT coefficients is identical to the number of active
pixels. Since the segment shape is transmitted, the de-
coder can perform the inverse SA-DCT. In simulations,
we used a slightly modified SA-DCT [12].

The non-boundary blocks are treated as described
in Section 2. However, to assure object-based func-
tionalities, we limit the search for domain blocks to the
object from which the processed range blocks come.
The approach is illustrated schematically in Fig. 2.
Since the boundary blocks, both range and domain,
consist of two or more segments, we process each seg-
ment independently. First, we apply the SA-DCT to
each segment (Fig. 3) and then we find all parame-
ters of the transformation w; for each segment of the
block. In principle, each segment of a boundary range
block should be matched against all domain blocks
(boundary and non-boundary) of an object. However,
note that the basis functions and the corresponding
coefficients of a segment S (Fig. 1) undergoing SA-
DCT are strongly dependent on segment shape. Thus,
they are, in general, quite different from basis functions
(coefficients) of a full domain block. Consequently,
even if same-index coeflicients are similar (R;(u,v) =
D;(u,v)), their corresponding basis need not. Since lit-
tle performance gain can be expected from a full-object
search (confirmed experimentally to be around 0.1dB),
we propose to match each boundary (non-boundary)
range block only against boundary (non-boundary) do-
main blocks with the additional benefit of reduced com-
putational complexity.

1 Active pixels are those that belong to the segment of interest
(8) and passive (undefined) are those that do not (are in U).
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Figure 1: Illustration of SA-DCT: (a) arbitrarily-
shaped region; (b) vertical alignment followed by ver-
tical 1-D DCTs; (c) horizontal alignment followed by
horizontal 1-D DCTs.
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Figure 2: Schematic illustration of the proposed
fractal /SA-DCT coding scheme.

To find the best domain block d; for a given range
block r;, we used the following distortion measure:

e= > (BF(u,v) - si(I7(6(D;(u,v)))))?,

(u,v)EPy

Py, (Fig. 3) is an SA-DCT-transformed segment S (k-
th segment of boundary range block r;) and R¥(u,v)
is an SA-DCT coefficient in P,. The domain coeffi-
cients outside each domain-block segment are set zero.
Clearly, contributions to € are only made at indices
within range-block segment Py. If at (u,v) a coefli-
cient in P}, exists while it does not exist in the seg-
ment of the domain block under consideration, then a
significant contribution to ¢ is made. In consequence,
smaller distortions will result if either range and do-
main block segments have similar shape or if coeffi-
cients are small. Thus, good matches are found be-
tween similarly-shaped segments or segments with little
spectral content, either an acceptable solution. In case
a domain-block segment fully englobes Py, it is likely to
be rejected if it significantly differs in shape/size from
Pr. since the same-index coefficients should be quite
different.

Although initially we had implemented a search for
j and [? independently for each segment of a block,
extensive testing has demonstrated only minimal per-
formance gain at high computational complexity com-
pared to forcing the same j and I} for all segments of
a range block. We opted for the latter solution in the
final experiments.

4. EXPERIMENTAL RESULTS

We compared the performance of the proposed hybrid
fractal/SA-DCT scheme with standard fractal coding
in the spatial domain and with the hybrid fractal/DCT
scheme (Section 2). We used identical coding param-

Vertical 1-D DCTs

Horizontal 1-D DCTs

Figure 3: Example of application of the SA-DCT to a
boundary block with two segments.

eters in all experiments, including the same quantizer
and Huffman coding of the transformation parameters.

As the test images we used frames from MPEG-
4 test sequences Children (CIF) and Cyclamen (SIF)
with the associated segmentations. To perform the al-
gorithm comparison in a likely situation of region ma-
nipulation by a user, in addition to encoding the origi-
nal images we also encoded images with the background
replaced by zero intensity (black). This scenario em-
ulates a “cut-and-paste” operation permitted by this
coding approach.

Table 1 shows the performance and the CPU time
(166MHz Ultra-1 Sparc station) for the three schemes
in the case of encoding the main object against black
background. The reconstructed images are shown in
Fig. 4. All boundary and non-boundary blocks were
used to calculate the bit rate and PSNR of the lumi-
nance component. The coding cost for shape infor-
mation was not included in the rate calculation but
it has marginal impact on the performance [10]. For
both images, the hybrid fractal/SA-DCT scheme out-
performs the other schemes and that with the lowest
computational effort. The performance gain for Cycla-
men is larger due to the complex (long) boundary of the
coded object where the SA-DCT excels. The improve-
ment is also subjective as can be seen in Fig. 4. The
zero-background case is handled well by the fractal /SA-
DCT scheme since all segments of a block are processed
independently, unlike in the other two approaches.

Table 2 and Fig. 5 show the results when encoding



(a) Fractal/DCT (34.08 dB at 0.47 bpp)
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(c) Fractal/DCT (28.00 dB at 0.31 bpp)

(b) Fractal/SA-DCT (35.25 dB at 0.49 bpp)

(d) Fractal/SA-DCT (32.75 dB at 0.29 bpp)

Figure 4: Tteratively reconstructed foreground objects with background set to zero (black).

Table 1: Coding results for zero background (black)

Children
Fractal/Spatial 33.90 dB 0.45bpp 213s
Fractal/DCT 34.08dB 047 bpp 2255
Fractal/SA-DCT 35.25dB 049bpp 1145
Cyclamen
Fractal/Spatial  28.12dB 0.27bpp 2725
Fractal/DCT 28.00dB 0.31bpp 298s
Fractal/SA-DCT 32.75dB  0.29 bpp 1405

the full images. Note the slightly worse performance
of the fractal/SA-DCT scheme (about 0.5dB PSNR
penalty with respect to the other approaches), how-
ever again a significant gain in the computational effi-
ciency. In the case of encoding full images, the pro-
posed scheme suffers as the search for the best do-
main block is limited to an object unlike in the stan-
dard schemes that perform a full-image search. This,
however, is counterbalanced by the computational ef-

Table 2: Coding results for full image

Children
Fractal/Spatial 27.08dB 0.52 bpp 11855
Fractal/DCT 27.16 dB  0.55 bpp 1214 s
Fractal/SA-DCT  26.58 dB  0.56 bpp 957 s
Cyclamen
Fractal/Spatial 31.40dB 0.53 bpp 8215
Fractal/DCT 31.561dB 0.53bpp 9205
Fractal/SA-DCT 30.95dB 0.62bpp 4115

ficiency and the ability to independently transmit and
decode each object of an image.
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