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ABSTRACT

We propose a novel algorithm for fractal video sequence
coding, based on the circular prediction mapping (CPM), in
which each range block is approximated by a domain block
in the circularly previous frame. In our approach, the size
of the domain block is set to be same as that of the range
block for exploiting the high temporal correlation beiween
the edjacent frames, while most other fractal coders use the
domain block larger than the range block. Therefore the
domain-range mapping in the CPM is similar to the block
metching algorithm in the motion compensation techniques,
end the advantages of this similarity are discussed. Also we
show that the CPM can be combined with non-contractive
inter-frame mapping (NCIM), improving the performance
of the fractal sequence coder further. The computer simu-
lation results on real image sequences demonstrate that the
proposed algozithm provides very promising performance at
low bit-rate, ranging from 40 Kbps to 250 Kbps.

1. INTRODUCTION

Fractal compression, which is based on the IFS (iterated
function system) proposed by Barnsley{l), is a new ap-
proach to image coding recently. The basic notion of the
fractal image compression is to find a contraction mapping
whose unique attractor approximates the source image. In
the decoder, the mapping is applied iteratively to an arbi-
trary image to reconmstruct the attractor. If the mapping
can be represented with less bitg than the source image, a
coding gain is obtained.

After Jacquin{2] proposed the first automatic algorithm
for fractal coding of still images, much effort[3] has been
made to the fractal still image coding techniques. How-
ever, little work has been reporied on the fractal video
sequence coding techniques. Lazar[5] and Li[6), respec-
tively, extended the still image coding techniques straight-
forwardly to the video sequence coding, by employing 3-D
domain blocks and range blocks. But these algorithms are
very complicated to implement, and severe 3-D blocking
artifacts are observed in the reconstructed images in many
cases. Alternative approach, which encodes each frame us-
ing the previous {rame as a domain pool, was proposed by
Fisher[7]. The main advantage of [7] is that fast decoding is
possible, since it does not require iteration at the decoder.
But, the temporal correlation between the frames may not
be effectively exploited, since the size of the domain block
is larger than that of the range block.

In this paper, a novel approach, called the Circular
Prediction Mapping {CPM), is proposed to combine the
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Figure 1: The structure of the CPM

fractal sequence coder with the well-known motion estima-
tion/motion compensation (ME/MC) techniques, so that
we can exploit high temporal correlation between the frames,
In the CPM, n frames are encoded as a group, and each
range block is motion-compensated by a domain block in
the n-circularly previous frames, which is of the same size as
the range block. By selecting appropriate parameters in the
domain-range meappings, the CPM becomes a contraction
mapping. In the decoder, the CPM is applied iteratively to
arbitrary n frames to reconstruet the attractor frames, In
addition to presenting the performance of the CPM fractal
coder, we shall show that the CPM can be combined with
Non-Contractive Inter-frame Mapping (NCIM) to further
exploit the temporal correlation between the frames, with-
out affecting the convergence of the decoding process. The
computer simulation results on various real image sequences
demonstrate that the hybrid coder of CPM and NCIM pro-
vides very promising performance at low bit-rate, ranging
from 40 Kbps to 250 Kbps.

2. CIRCULAR PREDICTION MAPPING
(CPM)

The CPM is 2 suitable contraction mapping for encoding
and decoding of moving image sequences{4], in which each
frame is predicted blockwise from the n-circularly previous
frame, as shown in Figure 1. The k-th frame Fi is parti-
tioned into the range blocks, and each range block in Fi is
predicted or approximated by a domain block in Fix-q),,
where (k] denotes (k modulo n).

To the end of this section, we assume without loss of
generality that 4 frames are encoded as & group, i.e., the
length of a coding group = is 4. Then the CPM is composed
of 4 inter-frame mappings, and each inter-frame mapping is
sum of domain-range mappings.



2.1. Domain-Range Mapping in the CPM

Each range block R; in the k-th frame Fi is approximated
by a domain block Dy in the 4-circularly previous frame
Fli_1y,, which is of the same size as the range block. The
approximation of R, is given by
Ri = Ri =38 O(Daiy) +0:- C, (1
where a(i) denotes the location of the optimal domain block,
and #;, 0; are real coefficients, regpectively, The C is a con-
stant block whose all pixel values are I, and @ is the or-
thogonalization operator, proposed by Qien[8) for fractal
still image coder. Notice that the s; coefficient determines
the contrast scaling in the mapping, and the o, coefficient
represents the DC component of the range block R;. By
constraining the contrasi scaling coefficients s; to be quan-
tized between -1 &nd 1, the CPM becomes a contraction
mapping. In the decoder, the CPM is applied iteratively to
arbitrary 4 frames to reconstruct the attractor frames.
Since the size of the domain block is set to be same as
that of the range block, the proposed domain-range map-
ping can be interpreted as a kind of motion compensation
techniques. Then, the a(i) describes the translational mo-
tion of block, i.e., the a(i) is the motion vector, Besides the
translational motion, the changes in contrast and overall
brightness of block are compensated by the &; and o; coef-
ficients, respectively. In this context, the main advantage
of the proposed domain-range mapping can be discussed as
follows. In real moving image sequences, small motion vec-
tor 15 more probable than large motion vector., Therefore,
the search region for the motion vector a(i) can be localized
to the ares near the location of the range block, yielding a
significant saving in the computational burden of the en-
coder. Notice that most other fractal coders search over
much larger region to find a good domain-range mapping.
In addition, the a{{) can be coded with less bits.

2.2. Decoding Algorithm

The attractor sequence can be reconstructed by iteratively
applying the CPM to an initial arbitrary sequence. In gen-
eral, the convergence speed is dependent on the ratio of the
size of the domein block and the size of the range block.
The larger is the domain block as compared to the range
block, the faster the decoded sequences converge. Thus, the
convergence speed is relatively slow in the CPM, since the
size of the domain block is set to be same as that of the
range block o exploit the temporal correlation.

But, this disadvantage is fully compensated by the ad-
vantage of the CPM that one iteration of the CPM is equiv-
alent to 4 (= the length of a coding group) iterations in
other fractal coders. This merit stems from the fact that
the search region for the domain block is confined to 4-
circelarly previous frame. Let F} denote the k-th decoded
frame at the i-th iteration. At the first iterstion, F3 is de-
coded by applying (Lo, To) to an arbitrary frame, and Fj
(1 € k < 4) is subsequentially decoded by applying (L, Ts)
to the previously decoded frame Fi_,, respectively. Note
that Fy is more closer to the attractor sequence than F§,
since Fy is actually the result of 4 iterations. At the second
iteration, F? is decoded using Fi of the first iteration, and
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Figure 2: The hybrid structure of CPM and NCIM

so on. This process is repeated until the difference between
the outputs from successive iterations becomes sufficiently
small.

2.3. CPM with Non-Contractive Inter-frame Map-
ping (NCIM)

The CPM is composed of 4 inter-frame mappings and each
inter-frame mapping should be contractive for the decoder
to reconstruct the attractor sequence. Therefore, the con-
trast scaling coefficients #; in (1) are constrained to be
between -1 and 1. Thus, the CPM cannot effectively ex-
ploit the temporal correlation between the frames. In other
words, the increased contrast between the frames cannot be
depicted by the CPM.

Thas, instead of encoding all the input frames with the
CPM, the hybrid structure of CPM and NCIM can be em-
ployed in the encoder, as shown in Figure 2. The firat four
frames F) (0 < k < 4) are encoded by employing the CPM,
and the following frames F (k > 4) are encoded by employ-
ing the NCIM’s, respectively. The NCIM’s are same as the ¢
inter-frame mappings which compose the CPM, except that
there is no constraint on the contrast scaling coefficients s;,
i.e., the absolute value of s; could be larger than 1, There-
fore, we can exploit the temporal correlation further with
the NCIM's, obtaining more coding gain. But if a scene
change occurs, then the CPM should be employed again in
order to encode the first four frames, without depending
on the frames before the scene change. And the following
frames are subsequentially encoded with the NCIM’s, till
the next scene change oceurs.

In the decoder, the fisst four frames Fi (0 < k < 4) are
reconstructed by applying the CPM iteratively. Then, Fi
can be reconstructed by applying the NCIM to the recon-
structed Fy without requiring iteration, even if the NCIM
which predicts Fy; from Fy is not a contractive mapping.
Similarly, Fy (k > 5) can be sequentially reconstructed by
applying the NCIM to the reconstructed F;_;.

3. DESIGN OF CODER

In this paper, we implement two different fractal coders.
The first one is the CPM fractal coder, in which all the in-
put frames are encoded with the CPM. And the second one
is the hybrid fractal coder of CPM and NCIM, in which the
first four frames are encoded with the CPM and the follow-
ing frames are encoded with the NCIM’s, respectively. This
section describes several issucs relating to the implementa-
tion of these two coders in more detail.



3.1. CPM Fractal Coder

8.1.1. Image Partitioning

Since moving image sequences are unbounded in temporal
direction, they should be temporally partitioned before en-
coding. In our approach, each 4 frames of input sequences
is encoded as & coding group (n = 4). If the length of a
coding group n is large, the backward prediction error of
F, from F, ... will become larger and there will be a signif-
icant time-delay between the encoder and the decoder. On
the contrary, if the n is small, the overall bit-rate will be-
come higher, which we shell discuss in 4.1.2 in more detail,
and the decoding speed will become slower. Therefore, in
this paper, the n is selected to be 4 as & tradeoff.

After the temporal partitioning, each frame is spatially
partitioned into the range blocks of maximum size 32 x 32
and minimum size 4x 4, using the quadtree structure. First,
32 x 32 range block is approximated by a domain block in
the 4-cireularly previous frame, and if the approximation
error is larger than the pre-specified threshold, then it is
decomposed further into four smaller 16 x 16 range blocks.
This process is repeated until the approximation error be-
comes smaller than the threshold or 4 x 4 range block is
generated.

8.1.8. Parameter Quantization and Bit Allocation

For efficient transmission or storage, it is necessary io quan-
tize the coefficients. Let us describe the issue relating to the
quantization in more detail.

The compressed data for each range block are composed
of the address a{i) and s;, 0; coefficients. First, the & co-
efficients representing the contrast-scaling in the domain-
range mappings are fixed to 0.9, since the cocflicients are
distributed compactly at the center of 1 and should be quan-
tized between -1 and 1 to ensure the contractivity of the
CPM. Therefore, no bit is zllocated to the s; coefficients.
Secondly, the o; coeflicient represents the DC component
of the range block R;, and is highly correlated with the
DC component of the optimal domain block D). Thus,
the o; in Fy {1 € k < 4) is predicted from the o0:'s in
Fy.1, and the prediction error is encoded with the Huff-
man coder. But the o; in F is uniformly quantized with 8
bits between 0 ~ 255 for the causality of the system, so the
bit-rate for Fy is usually higher than the bit-rates for the
other frames in the same coding group. Lastly, the search
region for the optimal domain block D,;) is the square cen-
tered at the location of the range block, and we express the
address a(i) with respect to the location of the range block.
The possible coordinates of the a(i) in the forward and
backward domain-range mappings are constrained to be in
{~18, -14,...,12,14} and {-15,-13,...,13,15}, respec-
tively. The possible address of the optimal domain block in
the forward domain-range mappings are intentionally sep-
arated from that in the backward domain-range mappings,
in order to eliminate the self-mapping effect[4]. Eight bits
ate needed for representing each a{4) with fixed-length code-
words. But the probability distribution of the a(4) is not
uniform, since the a({) is the counterpart of the motion vec-
tor in ME/MC. More specifically, the small motion vector
is more probable than the large motion vector. This non-
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Figure 3: The bit-rate and PSNR performances for the var-
ious CIF sequences

uniformity is exploited by the Huffman coder, using the
probability distribution function obtained from many test
seqiences.

3.2. Hybrid Coder of CPM and NCIM

The hybrid coder of CPM and NCIM is implemented as
shown in Figure 2. The NCIM is implemented in the same
way as the CPM, excepi that the coefficients s; are uni-
formly quantized, instead of being fixed to 0.9. As the size
of the guadtree-partitioned range blocks gets larger, the op-
timal #; coefficients become more compactly distributed at
the center of 1, since it is more probable that the domain-
range mapping describes true motion between the frames.
Thetefore, different uniform-quantizers are employed, ac-
cording to the size of the range block. It is clear that the
uniformly quantized coefficients do not have uniform dis-
tribution. Therefore, the Huffman coder is employed to
further compress these coefficients.

4. SIMULATION RESULTS

4,1. CPM Fractal Coder

The proposed CPM fractal coding algorithm is tested on
real moving image sequences. Figure 3 shows the bit-rate
and PSNR performances for various CIF (352 x 288) gray-
level image sequences, whose frame 1ates are 25 frames/s.
For the “Miss America” and “Claire” sequences, the average
bit-rates are 0.124 and 0.116 bpp, yielding 64.5 and 68.9 of



Figure 4: The samples of the reconstructed frames (top:
“Miss America” 1st frame, bottom: “Car Phone” 1st frame)

the compression ratios, respectively. In other words, § ~ 6
frames can be transmitted in a second at the bandwidth of
64 Kbps. The bit-rates for the “Foreman” and “Car Phone”
sequence are higher than those of the “Miss America” and
“Claire” sequences. This is inevitable since these sequences
are finely-detailed and contain large inter-frame motions.
Figure 4 presents samples of the reconstructed frames.
It is seen that the proposed algorithm reconstructs the “Miss
America” sequence with good subjeciive quality. We be-
lieve that the subjective quality is sufficient for video con-
ferencing applications, since it does not yield severe block-
ing artifacts, which are the main defects of the 3-D block
approaches[5, 6]. It is also observed that the trees outside
the window in the “Car Phone” sequence are reconstructed
very faithfully, though they move very fast. This is due
to the fact that the domain-range mapping of the CPM is
very similar to the ME/MC techniques. In the 3.D block
approaches, the domain-range mapping often fails, and the
quality of the reconstructed frames is poor in such finely-
detailed and fast moving regions. These simulation resulis
indicate that the CPM fractal coder provides much better
performance than the conventional 3-D block approaches.

4.2. Hybrid Fractal Coder of CPM and NCIM

In this experiment, the hybrid fractal coder of CPM and
NCIM is tested on real moving image sequences. The tested
sequences are the CIF (352x288) gray-level image sequences,
whose frame rates are originally 25 frames/s. But the frame
rates are reduced to 8.33 frames/s to verify the perfor-
mances at Jow bit-rate, below 256 Kbps. In other words,
every third frame is encoded and the other two frames are
skipped. _

Figure 5 shows the bit-rate and PSNR performances of
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Figure 5: The bit-rate and PSNR performances of the hy-
brid fractal coder on the “Foreman” and “Claire” sequences

a w 0

the hybrid fractal coder on the “Foremar” and “Claire” ge-
quences. Since both sequences contain no scene change in
the Ist ~ 80th frames (originally, 1st ~ 238th frames), the
first four frames are encoded with the CPM and the follow-
ing frames are encoded with the NCIM’s, respectively. It is
seen that the performances for the NCIM-coded frames are
better than those for the CPM-coded frames. This is due to
that the NCIM's can exploit the temporel correlation more
effectively than the CPM, since there is no constraint on
the contrast scaling coefficients s; in the NCIM’s. However,
the CPM should be employed at the start of a sequence or
after scene changes, in order to encode the first four frames
without depending on the previous frames. In addition, the
CPM.-coded frames provide access points to the coded se-
quence, where the decoding process can begin. Therefore
the CPM-coded framee should be inserted to the coded se-
quence in some frequency, according to the requirement of
random access.

In Figure 6, we present the rate-distortion performances
of the hybrid fractal coder on the “Foreman”, “Car Phone”
and “Claire” sequences. The provided PSNR and bit-rate
are averaged over all the frames. Figure 7 shows samples
of the reconstructed “Foreman” and “Claire” sequences. It
is observed ithat the proposed algorithm reconstruct “Fore-
man® and “Claire” sequences with good subjective quality.
The bit-rate for the “Foreman” sequence {=92.1 Kbps) is
higher than that for the “Claire” sequence {=48.1 Kbps),
since there is fast camera panning in the “Foreman” se-
quence. The “Claire” is a typical image sequence for video-
phone or video-conference applications. In such head-snd-
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Figure 6: The rate-distortion curves for the “Foreman”,
“Car Phone” and “Claire” sequences

shoulder image sequences, the hybrid {ractal coder provides
a good image quality at very low bit-rate, below 64 Kbps.
This indicates that the proposed hybrid fractal coder is a
promising technique for the image sequence coding at very
low bit-rate.

5. CONCLUSION

In this paper, we proposed a novel algorithm for fractal
video sequence coding, based on the Circular Prediction
Mapping (CPM). In cur approach, each range block was
approximated by a domain block in 4-circularly previous
frame, and the size of the domain block was set to be same
88 that of the range block, in order to exploit the high
temporal correlation in real moving image sequences.

We implemented two CPM-based fractal coders: 1) The
first one is the CPM fractal coder, in which all the frames
are encoded by employing the CPM. It was demonstrated
by the computer simulation on the “Miss America” and
“Claire” sequences that the CPM fractal coder provides the
average compression ratios ranging from 60 t{o 70, without
observing severe blocking artifacts, which are the main de-
fects of the 3-D block approaches. 2) The second one is the
hybrid fractal coder of CPM and Non-Contractive Inter-
frame Mapping (NCIM). It was demonstrated that the hy-
brid fractal coder provides sufficient image quality for the
video conferencing image sequence at very low bit-rate, be-
low 64 Kbps. We believe that the CPM-based fractal coder
will be a strong candidate for the very low bit-rate video
coding techniques.
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