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AN IMAGE SEQUENCE CODING USING MOTION-COMPENSATED TRANSFORM
TECHNIQUE BASED ON THE SUB-BAND DECOMPOSITION
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ABSTRACT

In this paper, by combining the motion compensated transform coding with the sub-band decomposition technique, we present
a motion compensated sub-band coding technique(MCSBC) for image sequence coding. Several problems related to the
MCSBC, such as a scheme for motion compensation in each sub-band and the efficient VWL coding of the DCT coefficients in
each sub-band are discussed. For an efficient coding, the motion estimation and compensation is performed only on the LL sub-
band, but the discrete cosine transform(DCT) is employed to encode all sub-bands in our approach. Then, the transform coeffi-
cients in each sub-band are scanned in a different manner depending on the energy distributions in the DCT domain, and coded by
using separate 2-D Huffman code tables, which are optimized to the probability distributions of each sub-band. The performance
of the proposed MCSBC technique is intensively examined by computer simulations on the HDTV image sequences. The simula-
tion results reveal that the proposed MCSBC technique outperforms other coding techniques, especially the well-known motion
compensated transform coding technique by about 1.5 dB, in terms of the average peak signal to noise ratio.
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[ . Introduction

The motion compensated transform cod-
ing(MCTC)(1)-(6]) is one of the most effective
and popular techniques currently used for
encoding the moving image sequence. since it
can exploit both the temporal and spatial
redundancies. The MCTC technique has been
chosen for commercial application, such as a
full digital high-definition television(HDTV}(3)
and several moving image coding stan-
dards(5.6). However. one of problems with
the MCTC is that the visually annoying
blocking effect is observed in the reconstruct-
ed image, especially when the bit rate is rela-
Lively low{2 3].

In order to alleviate the blocking effect,
various efforts have been made so far. These
efforts include the post-processing of the
reconstructed image(7], the use of lapped
orthogonal transform(8]), instead of the com-
monly used discrete cosine transform(DCT){2],
and incorporation of the sub-band
coding(SBC)(9,10,11) with the motion com-
pensation{12,13,14}, etc. Among them, the
SBC incorporating the motion compensation,
ie., the motion compensated sub-band cod-
ing(MCSBC). seems to be very effective
technique since it takes advantage of both
the SBC and motion compensation tech-
niques.

The MCSBC consists of the motion compen-
sation, the sub-band decomposition, and the
quantization module for encoding the sub-
bands. In designing the MCSBC. however,
there are several problems to be considered,
such as a method to combine the motion com-
pensation with the sub-band decomposition.
an efficient coding technique to exploit the
characteristics of each sub-band, and the bit

rate allocation scheme to each sub-band, etc.

2

Irie and Kishimoto(12) compared various
MCSBC techniques and reported that an
adaptive DCT coding technique for the lowest
sub-band and the DPCM or PCM with dead
zone for other sub-bands could provide an
adequate performance. Gharavi(13) considered
two different schemes on how to combine the
motion compensation with the sub-band
decomposition for the MCSBC technique, and
proposed an efficient coding technique for the
higher
Kishimoto(12), and Gharavi(13) did not take

account of an optimal bit rate allocation for

sub~bands. But, Irie and

each sub-band. In other words. the main dis-
advantage of both coding techniques is that it
would be difficult to allocate the bit rate for
each sub-band optimally, since the coding
scheme for each sub-band is quite different.
Hang et. al(14) described the MCSBC tech-
nique, emphasizing a real-time implementa-
tion of the coder based on parallel processing.
In [14), the bit rate allocation for each sub-
band is provided by the dynamic channel alio-
cation algorithm. However, the dynamic
channel allocation algorithm may not provide
the optimal bit rates to each sub-band(14].
Moreover. the coding technique proposed by
Hang et. al{14) is believed to be inappropri-
ate and complex, since the motion estimation
and compensation is performed on all sub-
bands.

In this paper. we present the MCSBC tech-
nique for image sequence coding. Also. sever-
al issues relating to the MCSBC, such as a
scheme for motion compensation in each sub-
band and the efficient variable word
length(VWI1.) coding of the DCT coefficients
in each sub-band are discussed. The coding
scheme considered in this paper to encode
each sub-band is based upon the DCT.
Although it is known that the sub-band
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decomposition of the input image partially
removes the statistical redundancy existing in
the input image, we have found that there
still exists a significant spatial redundancy in
each sub-band. Thus, it is argued that the
DCT is still capable of providing the neces-
sary energy compaction in each sub-band. In
addition. we shall show that the VWL coding
in the DCT domain is more efficient than in
the spatial domain, since the energy distribu-
tion in the DCT domain differs from sub-
band to sub-band. In our approach. depend-
ing on the energy distributions in the DCT
domain, the DCT coefficients in each sub-
band are scanned in a different manner and
coded by separate 2-D Huffman code tables,
which are optimized to the statistics of each
sub~band. The performance of the proposed
MCSBC technique is examined on the several
HDTV image sequences and compare with the
MCTC technique(4.5]. The specific MCTC
technique considered in this paper is described
in section I for the sake of completeness. In
section I, two different MCSBC techniques
are compared and discussed. Also, the bit
rate allocation strategy suitable for the
MCSBC is described. Section N discusses the
problems related to the improvement of the

efficiency of the motion compensation and

VWL coding of the DCT coefficients in each
sub-band. Section V provides the computer
simulation results on the several image
sequences and discussions. Finally, section VI

gives our conclusions.

I. Motion compensated transform
coding

There are many different MCTC techniques
in the literature(1,3,4,5,6). However, the
MCTC technique chosen in this paper is simi-
lar to the ITU/TS H.261 standard(4,5). As
shown in Fig. 1, the basic block diagram for
the MCTC technique consists of the motion
compensation, the DCT, and the quantizer
including the VWL coding. In the MCTC
coder, the chrominance is subsampled by hor-
izontally 4:1 and vertically 2:1, resulting in
1/8 of the luminance in size. Then, the input
frame is formatted into the macro
blocks(MB), which consist of 32x16 lumi-
nance and their chrominance counterpart,
namely two 8X8 C, and C,. Then the MB is
further divided into ten 8 x8 blocks.

The MCTC technique performs first the
motion estimation on the luminance MB by
using the full search block matching algo-

rithm with the search area of horizontally +

-
quantization level | &
__________________ E g
input ' ® tput
outpu
+
2= DCT Q VWL g
motion vector | s
o
motion IDCT -t
compensation
¥ +
\motion vector ';:
motion I frame
estimation memory

Fig. 1. A block diagram for the MCTC.
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15 pels and vertically *7 lines. Then, the
motion compensated prediction error, which is
called the displaced frame difference(DFD), is
transformed by 8x8 DCT. The DCT coeffi-
cients are quantized using the uniform quan-
tizer with dead zone and scanned in a zig-zag
manner to make the quantized coefficients
serialized. In our approach. we use the same
quantizer proposed in the ITU/TS H.261 stan-
dard(4,5). Then, the non-zero quantized coef-
ficients together with zero runs before non-
zero values are coded with the 2-D Huffman
code table(4,5], which is also provided in the
ITU/TS H.261 standards(4,5). The VWL coded
transform coefficients are transmitted to the
decoder, together with the motion vector
which is represented by 9 bits/MB. With the
conditional replenishment(3). only the MB's
that change significantly from frame to
frame are sent to the decoder.

The overall transmission rate is controlled
by employing the rate buffer and smoothed
by adjusting the quantizer step size, accord-
ing to the buffer state by the unit of the
MB. also as in the ITU/TS H.261 stan-
dards(4,5].

. Motion compensation in the sub-
bands

In this section, we shall describe two dif-
ferent MCSBC techniques considered in this
paper. The two techniques are differentiated
by configuration of the motion compensation
and the sub-band decomposition.

The first technique, which is called the
MCSBC-1, decomposes the input image into
sub-bands before the motion compensation.
On the other hand, the second technique
called the MCSBC-II, performs first the

motion compensation and then sub-band

4

decomposition next. In our approach, the
input image is decomposed into 4 sub-bands,
ie., LL, LH, HL, HH sub-band) employing
the well-known Johnston 32-order filter(10].
In fact, two different filters. ie., Johnston
32-order filter(10) and the perfect reconstruc-
tion 64-order filter(11], are tested in our
approach. However., we found that two filters
yield the similar performance, if the quantiz-
er is included in the analysis/synthesis filter-
ing process. Let us describe the two tech-

niques in more detail.

A. Configurations

In the MCSBC-I, as shown in Fig. 2, the
input 1mage is decomposed into 4 sub-bands
first, then the motion compensation is applied
on the sub-bands. However, the motion com-
pensation scheme, which shall be discussed in
more detail later, could be implemented dif-
ferently in the MCSBC-I. In the first
approach, the motion estimation is performed
only on the LI sub-band of block size 16x8
with the search area of horizontally +15 pels
and vertically +7 lines. but the motion com-
pensation is performed on all sub-bands with
the motion vector obtained from the LL sub-
band in the same spatial location.
Subsequently, the 8 X8 DCT is applied on the
DFD’s of each sub-band. Note that. in our
approach. the same quantization and trans-
mission codeword allocation schemes proposed
by the ITU/TS H.261 standard(4.5) are used
for each sub-band of the MCSBC-I for the
sake of convenience.

On the other hand, the MCSBC-[ . as
shown in Fig. 3, performs first the motion
estimation and compensation on the 32x16
luminance blocks with the search area of hor-
izontally +31 pels and vertically +15 lines.
Note that the search area in the MCSBC-1 is
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Fig. 3. A block diagram for the MCSBC-1.
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determined so as to make the ratios of search
area to image size in both cases of MCSBC-I
and MCSBC-II equal. because the MCSBC-II
performs the motion estimation on the full-
band image. while the MCSBC-I performs the
motion estimation on the LL sub-band, which
is, in fact, sub-sampled by 4 : 1, compared
to the full-band image. Then. the DFD’s are
decomposed into 4 sub-bands. The DCT is
applied on each sub-band and the transform
coefficients are quantized and coded using the
same method employed in the MCSBC-I.

In both MCSBC techniques, the chromi-
nance is coded by the similar techniques used
for the luminance. More specifically, without
the sub-band decomposition, the chrominance
is motion-compensated by using the motion
vector obtained from the luminance in the
same spatial location. Then, the DCT is per-
formed on the DFD’s, and the transform
coefficients are quantized and coded by using

the same techniques for the luminance.

B. Issues in the rate allocation

In designing the MCSBC’s, an optimal bit
rate allocation to each sub-band is one of the
most important problems. Conventionally, the
bit rate is allocated by the optimal bit rate
allocation schemes(9,17). However, note that
the conventional bit rate allocation scheme is
only applicable to the fixed word-
length(FWL) coding. but not to the VWL cod-
ing, which is known to provide better perfor-
mance than the FWL coding(15). Thus, we
need to pay a careful attention to the bit
rate allocation to each sub-band for the VWL
coding. For VWL coding, Hang et. al(l4]
attempted to allocate the bit rates for each
sub-band by using the dynamic channel allo-
cation algorithm. In the dynamic channel

allocation algorithm, the bit rate for each

6

sub-band is allocated based on the statistics
obtained from the previous frame. However.
the ITU/TS 1.261 standard coder(4.5). which
is used separately for encoding each sub-
band(14). may not operate adequately at
extremely low or high rate. Hence. the
dynamic channel allocation algorithm may not
provide a satisfactory performance. especially
when the bit rates deviate greatly from sub-
band to sub-band(14]. Thus, we shall briefly
discuss about the different bit rate allocation
scheme. which is suitable for our purpose.

[t is noted that the bit rate allocation pro-
cedure indicates that the quantizers used for
encoding of the DCT coefficients in all sub-
bands have the same step size for optimal
quantization(15,16,17), yielding an equal
average distortion in each sub-band. Based on
above notion, first, each sub-band is divided
into 16 %8 blocks. Then, we construct the MB
by grouping four 16%8 blocks each of which
belongs to the different sub-bands and two
different 8x8 chrominance blocks, in the
same spatial location. Thus, the MB consists
of ten 8x8 blocks, which is identical to the
one for the MCTC described in section . The
quantizers with the same step size are used to
encode all the DCT coefficients in the MB,
which consists of eight Y blocks, one Cr
block, and one Cb block, so that the bit rate
for each sub-band is allocated optimally in
the sense described previously. In both the
MCSBC techniques, the VWL coded transform
coefficients and the motion vector encoded
with 9 bits/MB are sent to the decoder., and
the buffer control strategies are the same as
the MCTC described in section I.

C. Comparisons
Now, let us compare two MCSBC techniques
with the viewpoint of the position of sub-
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band decomposition. In order to evaluate the
performance of both techniques, computer
simulations on the real image sequences are
conducted. In the simulation, three test
image sequences. namely “ MODEL" ,
“FRUITS" and "CATHEDRAL", are used as
shown in Fig. 4. In Fig. 4, it can be seen
that “CATHEDRAL" sequence has a scene
change at 10-th frame. The size of all test
images is 1280x720. In the rest of the paper,
in the simulation, the overall bit rate is cho-
sen to be about 0.27 bits/pel, yielding a total
bit rate of 9.45 Mbps. As a measure of the
reconstructed image quality. the conventional
peak signal to noise ratio(PSNR) in dB is
used.

In order to examine the energy packing

efficiency of two different sub-band decompo-

sition techniques, we compare the energy of
each sub-band. Notice that in this paper
energy means mean square value. In terms of
coding gain, the energy packing efficiency is
of importance consideration, since more ener-
gy compaction in the LL sub-band improves
the coding efficiency., as in the DCT cod-
ing(2). Fig. 5 shows the average energies of
all sub-bands and the energies of the LL sub-
band image by two MCSBC techniques on the
40 frames of the "MODEL’ sequence. From
Fig. 5. it is seen that although the average
energy of all sub-band of the MCSBC-I is
similar to that of the MCSBC-1, the MCSBC-
I is better than the MCSBC-[, in terms of
the energy packing in the LL sub-band. In
addition, since the sub-band decomposition is
performed on the DFD image, the MCSBC-1I

(a)

(b)

(c)

(@

Fig. 4. Original images: {(a) MODEL: (b) FRUITS: (¢} 10-th frame of CATHEDRAL: (d) 11-th

frame of CATHEDRAL.
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Fig. 5. Comparison of the average of all sub-bands and
the energies of the LL sub-band on the
“MODEL" sequence by the MCSBC's.

yields more high frequency components than
the MCSBC-I. Therefore. a better perfor-
mance of the MCSBC-I over the MCSBC-1 is
expected, since the MCSBC-I fully utilizes the
advantage of sub-band decomposition on the
input image for more energy compaction in
the LL sub-band.

The performance comparison of the MCSBC-
I and MCSBC-1 on the “"MODEL" sequence is
shown in Fig. 6. In Fig. 6, it is observed
that the MCSBC-1 shows better performance
than the MCSBC-T by about 0.6 dB. in terms
of average PSNR. Thus, since the MCSBC- 1
yields better performance than the MCSBC-1 ,
in terms of the energy packing efficiency and
the PSNR evaluation, we restrict our atten-
tion to the MCSBC-I in the rest of the paper.
In the next section, we shall describe the
schemes to improve the performance of the
MCSBC-I further.

V. Motion compensated sub-band
coding

In the MCSBC-I. since each sub-band

Fig. 6. Performance comparion between the MSSBC-I
and MCSBC-1I on the "MODEL" sequence.

exhibits quite different statistics. the motion
compensation and the DCT may not work ade-
quately for encoding each sub-band. Thus, in
this section, we shall compare the various
motion compensation schemes in the sub-
bands first. Then, we shall propose adaptive
scanning methods for VWL coding of the DCT
coefficients of each sub-band efficiently.

A. Comparison of the motion
compensation schemes

In the MCSBC-1. we can consider three dif-
ferent motion compensation schemes. The
first scheme(TYPE-1), similar to Hang, et.
al(14), is to perform the motion estimation
and compensation separately on each sub-
band. In the second scheme(TYPE-1), the
motion information is extracted from the LL
sub-band only, but the motion compensation
is performed on all the sub-bands using the
motion vector obtained from the LL sub-band
in the same spatial location, which is similar
to the technique of Gharavi(13). While the
motion compensation is performed on all sub-

bands in the previous two schemes, the third
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scheme(TYPE-I) employs the motion estima-
tion and compensation only on the LL sub-
band, which is similar to Irie and
Kishimoto(12). However, notice that, in the
TYPE-N, the higher sub-bands, i.e.. LH, HL
and HH sub-band, are intra-frame encoded.

To evaluate the efficiency of the use of the
LL motion vector on higher sub-bands in the
TYPE-I. we compare, for example. the ener-
gies of the HL bands according to three cod-
ing schemes in Fig. 7. In Fig. 7. it can be
seen that the energies of higher sub-bands by
the TYPE-1 increase as the frame progresses,
while the TYPE-I and TYPE-I show almost
similar energy levels for all frames. In fact,
the performance of the TYPE-I is similar to
the TYPE-Il in the beginning. However, as
the frame progresses, each sub-band image is
degraded due to the quantization error. Thus,
it seems that since the motion vector extract-
ed from the LL sub-band would not be ade-
quate for the compensation of the higher sub-
bands, the efficiency of the motion compensa-
tion on the higher sub-bands is significantly
degraded in the TYPE-I. Therefore, we con-
clude that the TYPE-I, which is similar to
the technique of Gharavi(13]). is inadequate
for image sequence coding.

In comparison of the TYPE-I and TYPE-I.
as shown in Fig. 7, the TYPE-I looks better
choice than the TYPE-I as far as the energy
is concerned. However, the situation is
reversed if we consider the overheads for
encoding the motion vectors in the TYPE-I.
Table I shows the average entropies of the
higher sub-bands for both techniques, which
are, in fact. obtained from three different
moving image sequences, namely, “MODEL",
“FRUITS" and "CATHEDRAL". Advantage of
employing the motion compensation on the
higher sub-bands in the TYPE-I, especially

for LH and HL sub-bands, is clearly
observed. Notice that the motion compensa-
tion is performed on the higher sub-bands in
the TYPE-I, while the higher sub-bands are
intra-coded in the TYPE-NI. But, let us
define a gain, in terms of average bits per 16
x 8 macro block, which is obtained from the
motion compensation on the higher sub-bands
in the TYPE-I. The gain can be calculated
from multiplying the number of pixels in the
16 X8 macro block by difference of the
entropies of two techniques, which are also
presented in the Table I. However, it is noted
that three additional motion vectors should be
transmitted in the TYPE-I. In our approach,
it is assumed that a motion vector in each
sub-band is encoded with 9 bits if the motion
vector is not zero. The result shown in the
Table 1 indicate that the overhead to encode
three motion vectors in the TYPE-I complete-
ly wipes out the gain obtained from the
motion compensation on the higher sub-
bands, indicating the TYPE-I is a better
choice than the TYPE-I.

35

» oy
M{vv

P, DTGRP
TR N aaa ™

10 W

mean square value
4

0 s 10 15 20 25 30 35 40
frame number
+ MCSBC-I based on the TYPE-1
° MCSBC-I based on the TYPE-TI
MCSBC-I based on the TYPE-III

Fig. 7. Comparison of the energies of the HL sub-band
according to motion estimation and compensation
schemes on the “MODEL’ sequence.
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In Fig 8. we compare the PSNR perfor-
mance of three different motion compensation
schemes discussed so far on the three image
sequences. Note that the average bit rate’s
are equal for three cases. As is expected from
1*ig. 7. the TYPE-I yields the worst perfor-
mance. We also abserve that the performance
of the TYPE-T is always better than that of
the TYPE-I for all three image sequences.
Also notice that the TYPE-Il is considerably
simpler to implement than the TYPE-I. Thus,

10

we restrict our attention to the TYPE-1I in
the rest of the paper, which we shall call the

MCSBC- for convenience.

B. Adaptive scanning method

In the MCTC techniques described in section
. the 8x8 quantized DCT coefficients are
scanned by a zig-zag [ashion. and coded into
the VWL codes using single 2-D Huffman
code table. The notion behind the serializa-
tion of the DCT coefficients by the zig-zag
scan is to improve the efficiency of the VWL
coding. More specifically, in the case of full-
band image, since more energy is concentrat-
ed to the lower sequency components in the
DCT domain, the zig-zag scan from low
sequency to high sequency makes the proba-
bility of occurring the consecutive zeros high.
As a result, the VWL coding. in which the
non-zero coefficients together with zero runs
preceding non-zero values are coded by 2-D
Huffman code table. becomes very efficient.
However. in the case of the sub-band. the
VWL coding by the zig-zag scanning of the
DCT coefficients may not be an efficient one,
since cach sub-band exhibits a different ener-

gy distribution. Hence, in our approach, we

www.dbpia.co.kr
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employ an adaptive scheme that can efficient-
ly encode the DCT coefficients in each sub-
band. The adaptivity is accomplished by
employing different scanning methods and
separate 2-D Huffman code tables for each
sub-band. Let us describe the adaptive
scheme in more detail.

In order to gain an insight into the scan-
ning method for the DCT coefficients suitable

for each sub-band, we examine the energy

7914 4670 312.0 1504 110.1 825 57.1 419
354.0 245.0 160.3 106.7 71.0 58.5 411 329
229.8 170.0 107.1 809 61.1 44.5 355 259
159.6 110.6 81.8 534 44.8 289 263 154
132.8 87.7 51.1 365 291 21.7 173 134
882 59.3 408 258 193 151 11.0 94
60.0 368 274 182 135 93 76 6.1
459 277 180 129 85 7.0 55 48

(a)

16 26 27 3.1 3.7 91 187 280
15 20 20 23 31 62 122 24
14 18 19 21 28 57 108 (838
13 16 1.7 20 23 47 87 149
13 15 16 18 23 39 71 98
12 14 15 1.7 19 31 53 77
11 13 16 16 L8 25 44 55
12 13 14 14 L7 24 35 43

(¢)

distributions in the DCT domain for each sub-
band on the “MODEL" sequence as shown in
Fig. 9. From Fig. 9. we can see that the
energy distributions in the DCT domain differ
from sub-band to sub-band. The LL sub-band
shows more energies in the low sequency com-
ponents in the DCT domain, which is similar
to the full-band image. On the other hand.
the energies are concentrated to the bottom-

left corner, top-right corner, and the right

82 70 65 62 60 61 58 60
78 76 68 66 63 63 &7 62
83 80 74 68 64 63 67 62
102 90 78 68 63 63 60 59
13.7 108 86 83 71 70 65 58
183 133 113 87 84 73 63 62
23.0 162 13.1 108 86 76 73 58
335 205 179 132 104 89 76 6.4

(b)

13 15 L7 L7 18 3.0 44 43
13 14 14 15 18 26 3.7 42
12 14 14 15 17 24 37 39
Ll 13 14 14 17 25 32 37
12 13 13 14 17 22 31 35
11 13 14 14 16 22 28 35
11 13 14 15 16 23 32 1317
11 1.3 13 14 16 21 31 38

(d)

Fig. 9. An example of the energy distibutions in the DCT domain for the sub-bands on the

"MODEL" sequence:

(a) LL band: (b) LH band: (c) HL band: (d) HH band.

0 0 0 0
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Fig. 10. The proposed scanning methods for the DCT coefficients in the
(a) LL band: (b) LH band: (¢) HL band: (d) HH band.

www.dbpia.co.kr



12

WEEE S 43R "95-1 Vol. 21 No.l

corner in the DCT domain for the LH. HIL.
and HH sub-bands. respectively. By carefully
examining the energy distributions in each
sub-band, we propose efficient scanning
methods for the DCT coefficients in each sub~
band as shown in Fig. 10. Note that the pro-
posed scanning methods yield the consecutive
zeros more probable than the zig-zag scan-
ning, especially for the higher sub-bands.

In order to improve the efficiency of the
VWL coding further. we design separate 2-D
Huffman code tables for each sub-band I'ig.
11 shows the histogram of the quantized DCT
coefficients in each sub-band on the
“MODEL" sequence. Note that the quantizer
step size is set to 8. It is observed in Fig. 11
that the DCT coefficients of all sub-bands
show sharply peaked distributions rapidly
falling off as the quantized value increases.
implying that the VWL coding would be very
efficient to these signals. However, the dis-
tributions in each sub-band are observed to
be quite different. For example, the distribu-
tions of the higher sub-bands are even more
highly peaked than that of the LL sub-band.

10
16"
a
& 10
é.m‘-
10° {
10* +—r
¢ 1. 2 3 4 5 6 7 18 9[0“11“141‘51‘17];1’?0
quantizer level

w fillband + LLband o LHband A HL band . HH band

Fig. 11. An example of the histogram of the quantized
DCT coefficients in each sub-band on the
"MODEL" sequence.

For this reason, we have chosen to use sepa-
rate 2-D Huffman code tables for each sub-
band. Each 2-D Huffman code table is
designed according to the probability distribu-
tions of the DCT coefficients of each sub-
band of the "MODEL" sequence.

IFig. 12 shows the performance evaluation
of the adaptive scanning method described so
far. In Fig. 12, it is observed that the
MCSBC-T with adaptive scanning technique
provides a coding gain of about 0.3 dB over
the MCSBC-II with the zig-zag scanning in
all sub-bands. Moreover, by employing the
separate Huffman code tables optimized to
the statistics of each sub-band. the perfor-
mance of the MCSBC-R is further improved
by about 0.5 dB. From the simulation results
presented so far. it seems that the adaptive
scanning methods. together with separate
Huffman code tables for each sub-band.
indeed improve the performance of the
MCSBC-1.

C. The proposed coding technique

Now, let us summarize the proposed coding

345

0 s 10 15 20 25 30 35 40

» MCSBC-II. MCSBC-I with different scanning methods
o MCSBC-IN with different scanning methods and different
Huffinan code tables

Fig. 12. Performance of the adaptive DCT coding tech-
nique for the MCSBC- on the “MODEL"
sequence.
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technique described so far. In the proposed
coding technique, after the sub-band decom-
position, the motion estimation and compen-
sation is performed only on the LI sub-band.
But, the motion compensation is not employed
on the rest of sub-bands. Then, after apply-
ing the DCT to all sub-bands. the DCT coeffi-
cients are scanned differently in each sub-
band as shown in Fig. 10, and coded into the
VWL codes using separately prepared 2-D
Huffman code tables for each sub-band. Note
that in the MCSBC-I, the DCT coefficients
are scanned in a zig-zag manner and coded
into the VWL codes using a single 2-D
Huffman code table.

In the next section, we shall present the
computer simulation results to compare the
performance of various coding techniques dis-

cussed so far.
V. Simulations
The results of computer simulation is pro-

vided to demonstrate the performance of the
MCSBC-I over the MCTC on the "MODEL’,

O\
s
RN
A\
8 Nt -
B e —
383 -
s \\ e
S .
L) 3 10 15 m”m” 30 33 40

= MCSBCIO » MCTC o MCSBCII with BCM

Fig. 13. Performance of the MCSBC-I technique on the
“MODEL’ sequence.

‘FRUITS" and “CATHEDRAL" sequences.
However it should be noted that in the com-
puter simulation, the adaptive schemes in
each sub-band obtained from the “MODEL’
sequence are used to encode the "“FRUITS’
and ‘CATHEDRAL" sequences without any
modification. For a fair comparison, we also
include a coding technique, in which the PCM
is employed to encode the higher sub-bands,
to demonstrate the employment of the DCT to
encode each sub-band. In the case of using
PCM. the coding strategy for the LL sub-
band is the same as the MCSBC-1I, but a dif-
ferent strategy is employed for the higher
sub-bands. Similar to the technique of
Gharavi(13)., the 8x8 blocks in the higher
sub-bands. on which neither the motion com-
pensation nor the DCT is performed. are
scanned in the horizontal, vertical, or zig-zag
direction, according to the characteristics of
each sub-band. Then, those are quantized by
uniform quantizer with dead zone, and coded
by using separate 2-D Huffman code tables
optimized to the statistics of each sub-band.
Here. it is worth to note that the MCSBC-H

4

}(’

s MCSBCII + MCTC o MCSBCIN with POM

Fig. 14. Performance of the proposed MCSBC-H tech-
nique on the “FRUITS" sequence.
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differs from the techniques by Irie and
Kishimoto(12) and Gharavi(13) in that the
coding technique for the higher sub-bands in
this paper is based on the DCT. while others
are based on the PCM or DPCM.

The performance of the proposed MCSBC-1
is compared with those of the MCTC and the
MCSBC-I with PCM for the higher sub-
bands. in terms of the PSNR. as shown in
Fig. 13, Fig. 14 and Fig. 15, respectively.

37

36

==y
| d—
N J

31

PSNR

[} ? 10 15 20 25 30
frame number

® MCTC  + MCSBC-HIwithPCM & MCSBC-II

Fig. 15. Performance of the proposed MCSBC-1l tech-
nique on the "CATHEDRAL™ sequence

From Fig. 13. it is observed that the pro-
posed MCSBC-NI yields about 1.5 dB improve-
ment over the MCTC and about 0.5 dB
improvement over the MCSBC-I with PCM
on the “MODEL" sequence. In the case of the
"FRUITS” sequence. as shown in Fig. 14, it is
also observed that the proposed MCSBC-1I
provides about 0.8 dB improvement over the
MCSBC-1T with PCM, while the MCSBC-1i
with PCM provides only slightly better per-
formance than the MCTC. Also, in the case
of the ‘CATHEDRAL" sequence which has a
scene change in 10-th frame, the proposed
MCSBC-1I yields the better performance than
the MCTC by about 2 dB and MCSBC- with
PCM by about 0.6 dB, as shown in Fig. 15.
Moreover, in the subjective quality. it is
shown that the proposed MCSBC-Hl outper-
forms the MCTC and the MCSBC-lI with
PCM. For an easy comparison of the subjec-
tive quality, we also present, in Fig. 16, the
enlarged photographs for the 20-th frame of
the "MODEL" sequence reconstructed by the
proposed MCSBC-I and the MCTC. Fig. 16
reveals that the visually objectionable block-
ing effect, which is prominent by the MCTC,

is significantly alleviated in the reconstructed

Fig. 16. The enlarged photographs of the reconstruted "MODEL" sequence by

fa} MCSBC-T" (b) MCTC.
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image by the proposed MCSBC-II. Hence, it is
believed that the proposed MCSBC-I outper-
forms the MCTC and the techniques in
(12.13,14), in terms of both the PSNR and
the subjective quality.

VI. Conclusions

In this paper. we described the MCSBC
techniques by combining the SBC with the
motion compensation in order to alleviate the
blocking effect, which is prominent in the
reconstructed image by the MCTC at low bit
rate. The performances, according to the
position of the band splitting, were compared,
and it was found that the MCSBC-I provides
better performance than the MCSBC-I, in
terms of the motion compensation and energy
packing efficiency.

In addition, we proposed an efficient
MCSBC technique called the MCSBC-1I. in
which after sub-band decomposition, the
motion estimation and compensation were per-
formed only on the LL sub-band, and after
applying the DCT to all sub-bands, the adap-
tive scanning methods together with separate
2-D Huffman code tables were employed for
encoding each sub-band. The performance of
the proposed MCSBC-II was examined inten~
sively by computer simulations on the HDTV
image sequences. It was found that the
MCSBC-l proposed in this paper outper-
formed the MCTC by about 1.5 dB. in terms
of the average PSNR. Moreover, the visually
objectionable blocking effect was significantly
alleviated by the MCSBC-1I. providing a good
subjective quality. Hence, it is believed that
the MCSBC-T is a good candidate for the
HDTV image data compression.

In this paper. we only dealed with the
MCSBC technique based on the DCT coding

technique. However, it is worth while to note
that by employing the lapped orthogonal
transform(8) or the vector quantization(2),
further performance improvements would be
possible. But these problems need a further
study.
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