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Moving Picture Coding by Lapped Transform and Edge Adaptive
Deblocking Filter with Zero Pruning SPIHT

Nasharuddin ZAINAL™®, Nonmember, Toshihisa TANAKA T, and Yukihiko YAMASHITA ', Members

SUMMARY  We propose a moving picture coding by lapped transform
and an edge adaptive deblocking filter to reduce the blocking distortion. We
apply subband coding (SBC) with lapped transform (LT) and zero pruning
set partitioning in hierarchical trees (zpSPIHT) to encode the difference
picture. Effective coding using zpSPIHT was achieved by quantizing and
pruning the quantized zeros. The blocking distortion caused by block mo-
tion compensated prediction is reduced by an edge adaptive deblocking
filter. Since the original edges can be detected precisely at the reference
picture, an edge adaptive deblocking filter on the predicted picture is very
effective. Experimental results show that blocking distortion has been visu-
ally reduced at very low bit rate coding and better PSNRs of about 1.0dB
was achieved.

key words: lapped transform (LT), adaptive deblocking filter, zero prun-
ing set partitioning in hierarchical trees (zpSPIHT), motion compensated
prediction

1. Introduction

The necessity of coding moving picture at low bit rate has
become significant since the demand for applications such
as mobile communications, video applications, and mul-
timedia distance learning has increased rapidly. The lim-
ited infrastructure (wired or wireless communications) and
high cost are the main reasons why many researchers con-
centrate on developments in effective video communication.
For still picture compression, the Joint Photographic Ex-
perts Group (JPEG) standard has been established by Inter-
national Organization for Standardization (ISO) and Inter-
national Electro-Technical Commission (IEC). The perfor-
mance of JPEG generally degrades at low bit rates mainly
because of the underlying block-based discrete cosine trans-
form (DCT) scheme [1].

Recently, the wavelet transform has emerged as an
excellent technology within the field of picture compres-
sion. Wavelet-based coding provides substantial improve-
ments in picture quality at low bit rates. An example of
the wavelet-based still picture coding is the JPEG2000 stan-
dard [2]. The disadvantage of JPEG2000 is the increase in
computational complexity of the coding scheme that is not
justified the wide replacement of the DCT-based JPEG [3]-
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[5]. On the other hand, wavelet-based coders improve the
picture quality at low bit rates because of overlapping basis
functions and better energy compaction property of wavelet
transform [6]. Wavelet coding can effectively eliminate the
blocking distortion since basis in adjacent blocks overlap
one another.

The fundamental concept behind subband coding
(SBC) is to split up the frequency band of a signal and
then code each subband using a coder. The bit rate must be
matched accurately to the statistics of the band [7]. The SBC
has been widely used in speech coding and later in picture
coding because of its inherent advantages, namely variable
bit assignment among the subbands as well as coding error
confinement within the subbands [8]. Methods very similar
and closely related to SBC have been proposed by many re-
searchers as in [9]-[12] using filters. The filters are specifi-
cally designed to improve the filter banks and subband tech-
niques. Orthogonality is another useful requirement since
orthogonal filters, in addition to preservation of energy, im-
plement a unitary transform between the input and the sub-
bands [13] as in lapped orthogonal transform (LOT). In most
cases, however, some residual artifacts are still visible [14]
because the basis functions do not decay exactly to zero at
their boundaries. One way to force the basis functions to
decay to zero is by using biorthogonal transforms. Malvar
suggested the lapped biorthogonal transform (LBT) by in-
troducing a V2 scaling of the first antisymmetric basis func-
tion of the DCT as shown in [15].

For moving picture compression, Overlapped Block
Motion Compensation (OBMC) is employed in almost all
wavelet and subband moving picture coding to alleviate
discontinuity between the motion compensated blocks [16].
Another basic approach to reduce the blocking distortion is
by introducing an efficient deblocking filter. Various post-
filtering schemes for reducing the blocking distortions have
already been proposed to improve the visual quality of the
block-based coded pictures either from the transform coding
or the motion compensated prediction in the decoder [17].
We deploy an edge adaptive deblocking filter as the loop fil-
ters because post filter does not have any effect on the coding
efficiency of the difference picture for SBC. The algorithm
is simple and easy to use in existing methods compared to
OBMC that increased the computational complexity [18]. In
moving pictures, generally, the blocking distortions of the
previous picture are propagated to the current picture and
are located at any position in a block due to motion com-
pensated prediction. In this paper, approaches to reducing
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the blocking distortions are justified for moving picture cod-
ing. We apply an edge adaptive deblocking filter to the pre-
dicted picture. Precise detection of edges is essential for
effective application of the adaptive deblocking filter. Since
the lapped transform (LT) and the DWT have no blocking
distortion, they allow precise edge detection by using not
predicted picture but reference picture which is free from
blocking distortion. However, precise edge detection is dif-
ficult for the DCT since there are many edges due to the
blocking distortion produced by the transform.

Embedded Zerotree Wavelet (EZW) coding introduced
by Shapiro is known as a very effective and computationally
simple technique for image compression [19]. EZW real-
ized the coding using the character of tree structure of the
wavelets coefficients [20]. Thereafter, Said et al. introduced
Set Partitioning in Hierarchical Trees (SPIHT), which uses
the special structure of the wavelet coefficients but has bet-
ter efficiency than EZW. The quantity of coding by SPIHT
is easy to control since the output is embedded completely.
The SPIHT is, however, more efficient than the EZW be-
cause it is necessary to code the output bit stream of the
EZW with arithmetic coding but not to the output bit stream
of the SPIHT [21]. Coefficients of the difference picture are
mostly small values. Efficient coding and low computational
complexity could be achieved if we pruned the zero nodes
after quantization. We proposed this method and called it
zero pruning SPIHT (zpSPIHT).

In Sect. 2, we explain the detail of the proposed meth-
ods. In Sect. 3, we show its advantages by experimental re-
sults. In Sect. 4, we provide conclusions and future works.

2. Proposed Method

We adopt the similar scheme with MPEG-2 coding [22] but
with addition of several refinements. Figure 1 shows the
proposed method. The main part of the proposal is the com-
bination of LT which is LBT and SPIHT for I-picture or zp-
SPIHT for P-picture replacing DCT, and Huffman and run
length codings as usually used in MPEG-2. Most of works
for moving picture coding on LT deployed LOT such as in
[16] but none on LBT. In order to improve the picture qual-
ity, an edge adaptive deblocking filter [23] for the predicted
picture is also introduced to the scheme as shown in Fig. 1.
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First of all, the picture of the beginning of a video or
the picture used as a starting point is coded into an I-picture,
as also a basic procedure of MPEG-2. I-picture is reversely
converted by the local decoder, and temporarily memorized
by the picture memory as the reference picture. Simultane-
ously, the motion vectors and the difference picture between
the target picture and the predicted picture obtained from
the reference pictures and the motion vectors are coded.
This method reduces temporal redundancy and increases the
compression performance. After block matching and pre-
diction by motion vector, a deblocking filter is introduced
to reduce the blocking distortion from the difference pic-
tures. We do not have to deblock the DCT blocking distor-
tion and only concentrate on the blocking distortion from
block matching at the motion compensate prediction [24],
[25].

2.1 Lapped Transform

LT is adopted in the proposed method instead of DCT to
gain better performance with an acceptable complexity of
computation. The LT is used for compression coding in the
case of mainly inclining information for every frequency
band. The coding is considered efficient when energy in-
clines toward the low frequency. Subband transform divided
a nonstationary signal into a 8 X 8 subband coefficients. Re-
arrangement of the frequencies into wavelet-like structure
for the next process is performed. As the result, in the next
stage of coding process, the coding is carried out easily.

2.2 zpSPIHT

We propose zpSPIHT to encode P-pictures. We introduce an
arithmetic coder to both SPIHT and zpSPIHT. The pruning
of quantized zeros is carried out in order to obtain efficient
coding since there are many zeros in quantized coefficients
of the difference picture. The fundamental of the SPIHT
is a tree structure called spatial orientation tree as shown
in Fig.2. Each node of the tree corresponds to a pixel and
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Fig.2  Spatial orientation tree.
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is identified by the pixel coordinate. The tree structure of
the proposed method is as the same as the SPIHT. The fol-
lowing sets of coordinates are used to present the coding
method:

e O(i, j): set of coordinates of all offspring of the node

()5
e D(i, j): set of coordinates of all descendants of the
node (i, j);

e H: set of coordinates of all spatial orientation tree
roots (nodes in the highest pyramid level).

The parameters that are used for calculations are as the fol-
lowing:

fi,j+ transform coeflicient,

v;,j: quantized transform coefficient,

q: quantization coefficient,

z: threshold which is set to zero level,
n: binary digit of bit planes in process,

and flags (27! is set to 0):

e aliveN, j:
. true U,"j > 2”
aliveN; j =
’ false else,
e aliveD, j:
. true vy = 2" for Ak, ) € D, j)
aliveD; ; = ’
’ false else,
e pAliveN; ;:
t ;> Zn—l
pAliveN,;j = rue Ui
false else,
o pAliveD, j:
AliveD true vy > 2" for A(k, ) € DG, j)
iveD; ; =
P M false else,
e nzN;;:
t TEAY
nzNi’l- _ ruc Uz,]
' false else,
e nzD, ;.
true vy # 0 for A(k, ) € DG, j)
I’ZZD,’,]’ =
false else,

e youAlive; ;: True if we can know aliveN;; = true or
aliveD; ; = true at its parent node and false if else,

o youAliveD, ;: True if we can know there is an offspring
node (k, [) such that aliveN;; = true or aliveDy; = true
at node (i, j) and false if else (That is aliveDy,; = true
and for only one of offspring (k, [), pAliveNy; = true or
pAliveDy; = true).

Several simulations during coder refinements were
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done and the proposed algorithm of zpSPIHT are:
1. Calculate |f; ;/g| for each node:

. {0 \fildl <z
Y Uf /gl + 0.5 else,
where | x| is the floor function of x,
2. n=0,
3. Execute NodeEnc(i, j, 0) for all (i, j) € H,
4. Stop encoding if aliveN; ; = false and aliveD; ; = false
for all (i, j) € H,
5. n=n+1,
6. Go to Step 3,

where the algorithm of NodeEnc(i, j, youAlive; ;) is as fol-
lows:

1. Return if pAliveN; ; = false and pAliveD; ; = false,
(Processes to cut value of node (i, j))
2. When pAliveN; ; = true and aliveN; ; = true,

a. Output 1 if not youAlive; ; = true and pAliveD; ; =

false,
b. and
. - ~0
Output Slgfl Jii 1 e "
residual of v; ;/2""" divided by 2 n>1,

3. Output 0 if pAliveN, ; = true and aliveN; ; = false,
(Processes to cut the descendants of node (i, j))

4. Output 1 if pAliveD; ; = true and aliveD; ; = true; and
not youAlive; ; = true and aliveN; ; = false,
5. Output 0 if pAliveN; ; = true and aliveD; ; = false,

(Processes to transfer the offspring of node (i, j) as the object
to execute NodeEnc)

6. If the number of nodes in O(i, j) such that pAliveN;; =
true or pAliveDy; = true is one, youAliveD; ; is true,
else false,

7. Execute NodeEnc(k, [, youAliveD; ;) for all (k,I) €
oG, j),

8. Return.

Figure 3 (a) and (b) illustrate the examples of pruning
of quantized zeros and number (0, 1, 2, 4) in the figures rep-
resent their transform coefficients. In Fig. 3 (a), the descen-
dants of the leftest and the second leftest nodes at the second
layer are pruned at the stage n = 0 since all of them are ze-
ros. The other zeros are also pruned individually. Since at
the stage n = O three children of the rightest node at the
second layer have been pruned, we can know the remained
child is alive at the stage n = 1 from the information that a
descendant of the node at the second layer is alive at the
stage n = 1. Then, we can omit to output the informa-
tion whether the remained child is alive or not. The flag
youAlive; j or youAliveD, ; is used for the purpose.
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Fig.3  Pruning of quantized zeros.

boundary of the macroblock
Fig.4  Concept of deblocking filter.

We tried to prune L(i, j) = D(, j) — O(, j) that corre-
sponds to type B node of list of insignificant sets (LIS) in
SPIHT in Fig. 3 (b) and to prune (i, j) and D(i, j) simultane-
ously. However, they did not improve the coding efficiency.
The computational complexity of zpSPIHT and SPIHT are
similar since the scanned node are not changed.

2.3 Edge Adaptive Deblocking Filter

We deploy the edge adaptive deblocking filter to the pre-
dicted picture which is after the motion compensated predic-
tions, and not after the inverse transform as has been widely
used in many studies [26], [27] since LT does not produce
blocking distortion. The concept of the edge adaptive de-
blocking filter is shown in Fig. 4. In the figure, we assume
a vertical boundary of the macroblock on the center. There-
fore, the area is divided into a smooth area in the upper
and the lower parts and an inclined edge in the center area.
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The deblocking filter could detect the area which has edges
around the macroblock boundaries. In such case, at first, de-
blocking filter works in a smooth area. Then, the deblock-
ing filter detects the direction of the edges and the pixels
near the edges are filtered by only the orthogonal direction
to the edges. The filter can detect horizontal, vertical, and
inclined (45° or —45°) edges at the macroblock boundaries.
The algorithm and details of the edge adaptive deblocking
filter is in [23]. In contrast, if we deploy OBMC instead
of the edge adaptive deblocking filter, the area of blocks
for motion compensation will be increased four times that
also increased the computational complexity. Furthermore,
it is possible to apply many advanced motion compensation
techniques to this proposed method easily.

We evaluated the computational complexity of the pro-
posed edge adaptive deblocking filter compared to the H.264
deblocking filter [28]. The calculations for each deblocking
filter are:

WH
e Edge adaptive deblocking filter: (T -W- H)x(4
times bit shift, 40 times addition & subtraction and 2
times clipping process)

WH
e The H.264 deblocking filter (bS = 1): (T -W-

H )x(6 times bit shift, 12 times addition & subtraction
and 5 times clipping process)

, WH
e The H.264 deblocking filter (bS = 4): (T -W-

H)x(lé times bit shift, 32 times addition & subtrac-
tion)

where W = 720 and H = 480 are the width and height for
the SDTYV, respectively. We found that the proposed method
has slightly higher computational cost than the H.264 de-
blocking filter (bS = 1). However, since it is comparable
to the H.264 deblocking filter (bS = 4), it can be realized
practically.

3. Experimental Results

We conducted some coding experiments to verify the per-
formance of the LT. We used three ITE standard pictures in
video sequences as test samples. The characteristic of each
standard picture is presented in Table 1. Figure 5 shows
the first original picture out of 10 pictures in sequences for
respective standard picture. Only luminance component in
the standard picture was used. The first picture was encoded
as I-picture and the other nine pictures were encoded as P-
pictures. The quality-of-picture degradation of a decoding

Table 1  Characteristic of the standard pictures.
Standard Characteristics
pictures
Intersection Vehicles moving at the junction
Whale show Jumping whale and audience during show
Rotating disk | Rotating disk with still picture attached to it
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Fig.5 Standard pictures.

picture was evaluated numerically. Peak-to-peak Signal-
to-Noise Ratio (PSNR) is used for numerical assessment.
PSNR is given by the following formulas:

PSNR(dB) = 20log, v% (M
and
1 W H 2
MSE = o 03" [ - £ o) @)

x=1 y=1
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Fig.6  Rate-distortion curves (P-picture) with zpSPIHT and SPIHT.

where f(x,y) and f’(x, y) are the pixel values of the original
and the decoded pictures. In this experiments the size of the
standard pictures is W = 720 and H = 480.

3.1 Comparison between zpSPIHT and SPIHT

Coding and decoding of the difference pictures were per-
formed by zpSPIHT and SPIHT. Figure 6 shows the PSNR
for the decoded P-picture against bit rate (bpp) to compare
the performance of zpSPIHT and SPIHT for coding. The
value of bitrate of zpSPIHT was lower than SPIHT when
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(a) Original

(b) Proposed method deblocking filter

(c) H.264 deblocking filter

Fig.7  Comparison of deblocking filters.

PSNR values were fixed. It means that zpSPIHT performs
better than SPIHT for all standard pictures. Especially for
Intersection, the zpSPIHT achieved efficient coding since
the difference picture contains many quantized zeros.

3.2 Comparison between Edge Adaptive Deblocking Fil-
ter and H.264 Deblocking Filter

We compared the proposed edge adaptive deblocking filter
to the H.264 deblocking filter [28]. Since H.264 deals with
block based transform, a higher degree of deblocking filter is
necessary. In this experiments, we apply the weakest H.264
deblocking filter (bS = 1) when the two motion vectors are
different between adjacent macroblocks. First, we carried
out experiments on a picture of 45° perpendicular line with
both deblocking filters. Figure 7 (a) shows the original pic-
ture of 45° perpendicular line. Figure 7 (b) and (c) show its
pictures filtered by the proposed edge adaptive deblocking
filter and by the H.264 deblocking filter, respectively. From
the results, we clearly can conclude that the perpendicular
edges can be preserved nicely by the proposed edge adap-
tive deblocking filter.

Figure 8 shows the PSNRs of the P-pictures decoded
with the proposed edge adaptive deblocking filter or the
H.264 deblocking filter using standard SPIHT coder. The
PSNRs of the proposed method are slightly higher than
those of the H.264 deblocking filter for all standard pictures.
The proposed edge adaptive deblocking filter could produce
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Fig.8 Rate-distortion curves (P-picture) with different deblocking fil-
ters.

better quality pictures compared to H.264. This is because
the H.264 deblocking filter (bS = 1) is still strong for this

purpose.

3.3 Objective Performance

Figure 9 shows the PSNR for the decoded I-pictures against
bit rate (bpp) to compare the performance of proposed
method, DWT, and MPEG-2. DWT deployed the same cod-
ing scheme as LT and used the Daubechies 9/7 filter pair.
The PSNR results of proposed method were the highest for
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Fig.9  Rate-distortion curves (I-picture) with different coders.

all standard pictures. The difference of around 1.0 dB in av-
erage from those of MPEG-2 was achieved. It was possible
that in coding of I-picture, the proposed method did not pro-
duce the blocking distortions as usually occur in MPEG-2.
Figure 10 shows the PSNRs of decoded P-picture of pro-
posed method, DWT and MPEG-2. Again, the proposed
method gained the best PSNRs compared to the MPEG-2
and the DWT for all standard pictures. In all conditions, the
PSNR of proposed method was higher than those of DWT
and MPEG-2. Thus, better picture quality could be expected
from proposed method compared to DWT and MPEG-2.
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Fig.10  Rate-distortion curves (P-picture) with different coders.

3.4 Subjective Performance

We qualitatively investigated the presence of the block-
ing distortion. All of the standard pictures were decoded
by their respective methods, and the quality of the pic-
tures was compared. Figure 11 shows the fifth picture in
time sequence of decoded P-picture of Intersection. The
pictures at the bit rate of 0.012bpp were magnified four
times. Figure 11 (a) shows the original picture. By pro-
posed method, the edges of the zebra crossing were pre-
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(a) Original (a) Original

(b) Proposed method (b) Proposed method

(c) DWT (c) DWT

(d) MPEG-2 (d) MPEG-2
Fig.11  Intersection (P-picture). Fig. 12 Whale show (P-picture).
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served and the blocking distortions were less as shown in
Fig. 11 (b). Though the blocking distortions are less in
Fig. 11 (c), the edges of the zebra crossing lines are not as
sharp as in Fig. 11 (b). There are many blocking distortions
could be noticed in Fig. 11 (d) coded by MPEG-2. The road
lane in picture decoded by proposed method can be seen
more clearly compared to the picture decoded by DWT and
MPEG-2.

Figure 12 shows the fifth picture in time sequence of
the decoded pictures of Whale show which was zoomed by
four times. The bit rate was 0.063 bpp. Figure 12 (a) shows
the original picture. The faces of the audience in Fig. 12 (c)
could not be seen as clearly as Fig. 12 (b). The audience
could be seen clearly without blocking distortions in pic-
ture decoded by proposed method as shown in Fig. 12 (b)
compared to those by MPEG-2 in Fig. 12 (d). The details of
the picture encoded by proposed method are clearly shown
compared to those encoded by DWT and MPEG-2.

Figure 13 shows the fifth picture in time sequence of
the decoded pictures of Rotating disk which was enlarged by
four times at 0.060 bpp bit rate. Figure 13 (a) shows the orig-
inal picture. In Fig. 13 (b), the edges of the photo frame and
the kanji characters could be seen clearly and sharply with-
out any blocking distortion. The blocking distortions were
noticeable in Fig. 13 (c) and the edges of the photo frame
were not sharp in Fig. 13 (d).

Overall, the P-picture decoded by the proposed method
was less distorted than those decoded by the MPEG-2 and
the DWT. The deblocking filter reduced the unnecessary
high frequency elements included in the difference picture.
In the picture decoded by MPEG-2, distortion was produced
during coding of the I-picture and the distortion possibly
propagated to P-picture. The better quality of P-pictures
was produced by the proposed method and supported by the
good results of the objective performance (PSNR value).

4. Conclusions

In this paper, a moving picture coding using the lapped
transform with zpSPIHT and edge adaptive deblocking fil-
ter was proposed. The computer simulations using three
standard pictures were conducted. zpSPIHT showed bet-
ter performance than the conventional SPIHT. The proposed
method exhibited the highest PSNR results in about 1.0 dB
compared to the DWT and MPEG-2 especially in the low bit
rate condition. The pleasant picture of a better quality was
produced from coding by using the proposed method com-
pared to DWT and MPEG-2. Thus, the proposed method is a
reliable and a promising method for coding moving picture,
especially at low bit rates.
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