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ABSTRACT

Since three-dimensional (3-D) subband coding has
been introduced, most researches on 3-D subband cod-
ing perform temporal filtering first. In this paper, how-
ever, we investigate the best permutation strategy for
temporal, vertical, and horizontal filtering to minimize

the requirement of delay elements and find that the ‘

results are opposite to our expectation.

1. INTRODUCTION

Recently, there has been rapid progress in the area
of multirate digital signal processing. Applications of
multirate systems include subband coding of video and
audio signals, fast transforms using digital filter banks,
wavelet analysis, and many others [1]-[3]. One of the
most important applications of multirate systems is
subband coding (SBC). Since it was introduced by Cro-
chiere et al. [4] in 1976, subband coding has been an
effective coding approach for video and audio appli-
cations [5]-[7). Subband coding employs a filter bank
for splitting the input signal, so the filter banks are es-
sential to subband coding. Because filter banks usually
deal with a large number of data, high speed computing
hardware is indispensable for subband coding systems.

Subband coding was first extended to three dimen-
sional (temporal, vertical, and horizontal) filtering, i.e.,
3-D subband coding, by Karlsson and Vetterli [8]. S-
ince then, most researches which deal with 3-D sub-
band coding perform temporal filtering first, e.g., [8]-
[13]. Since 3-D subband coding requires a large number
of delay elements to store the intermediate data, delay
elements dominate the hardware cost in this coding
scheme. Therefore, the most important task remains
how to minimize the requirement of delay elements. In
this paper, we investigate the best permutation strat-
egy for temporal, vertical, and horizontal filtering in
different conditions in order to minimize the required
number of delay elements.
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2. DESIGN STRATEGY

Let us assume the video format is M lines x N pixels
x P frames/sec, and the numbers of filter taps for tem-
poral, vertical, and horizontal filtering are x+1, y +1,
and z + 1, respectively. Thus, the required numbers
of delay elements for temporal, vertical, and horizontal
filtering are MNx, Ny, and z, respectively. In sub-
band coding, we usually employ the FIR direct form
filter. The advantage of employing the FIR direct for-
m is that the lowpass filter and the highpass filter can
share the same delay elements.

2.1. Eight-Full Bands

We will first consider 3-D subband coding with eight-
full bands as shown in Fig. 1. From Fig. 1, we find

. that by employing the FIR direct form filters, stage

1 requires one set of delay elements; stage 2 requires
two sets of delay elements; stage 3 requires four sets
of delay elements. The required numbers of delay ele-
ments for different permutations of temporal, vertical,
and horizontal filtering are listed in Table 1. Note that
the filtering results are identical even though the fil-
tering permutations are different. From Table 1, we
find that for eight-full-band splitting, the cascade s-
trategy, which requires the minimum number of delay
elements, is horizontal, vertical, followed by temporal
filtering, i.e., (H, V, T).

2.2. Four-Reduced Bands

In order to achieve a high compression ratio in 3-D sub-
band coding, we often discard the four higher bands as
shown in Fig. 2. Thus, from Fig. 2, we find that stage
1 requires one set of delay elements; stage 2 requires
two sets of delay elements; stage 3 requires three sets
of delay elements. The required numbers of delay ele-
ments for different permutations are listed in Table 2.
From Table 2, we find that for four-reduced-band split-
ting, the cascade strategy which minimizes the delay
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Figure 1: 3-D subband coding with eight-full bands.

| Permutations || Stage 1 (x1) | Stage 2 (x2) | Stage 3 (x4) |

Total |
T|V|I H MNz Ny z MNz+2Ny+4z
TIH] V MNz z Ny/2 MNz+2Ny+ 2z
VIT| H Ny MNz/[2 z MNz+ Ny-+ 4z
VIiH| T Ny z MNz/4 MNz+ Ny+ 2z
H|T| V 2z MNz/2 Ny/2 MNz+2Ny+ 2
H|{V| T P Ny/2 MNz/i | MNx + Ny + z

Table 1: Comparison of the required delay elements for different filtering permutations in 3-D subband coding with

eight-full bands.

elements is horizontal, vertical, followed by temporal
filtering, i.e., (H, V, T).

2.3. Finite Wordlength Effect

Finally, if we further consider the finite wordlength ef-
fect to enhance the accuracy of subband coding, we
assume that the wordlengths of delay elements in stage
1, stage 2, and stage 3 are a, b, and ¢ bits, respec-
tively. The relation between a, b, and ¢ is usually
a <-b < c. Now, we still look at 3-D subband coding
with four-reduced bands. The required numbers of de-
lay elements for different permutations are listed in Ta-
ble 3. From Table 3, we are unable to distinguish which
permutation strategy is the best choice. Therefore, we
make the following assumptions:- the video format is
M = 512 lines and N = 1024 pixels; the temporal
filter has x + 1 = 2 taps (in order to minimize the de-
lay time); the vertical filter has y + 1 = 8 taps; the
horizontal filter has z + 1.= 16 taps; the wordlengths
of delay elements in stage 1, stage 2, and stage 3 are
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a=28,b =09, and c = 10 bits, respectively. After care-
ful calculation, we find that if we consider the finite
wordlength effect in the above conditions, the cascade
strategy which minimizes the delay elements is vertical,
horizontal, followed by temporal filtering, i.e., (V, H,
T).

3. CONCLUSIONS

From above discussion, we find that the results are op-
posite to our expectation. Performing the temporal
filtering first is not the best strategy. On the contrary,
placing the temporal filter at final stage will save the
delay elements. We also find that the best permutation
strategy for temporal, vertical, and horizontal filtering,
depends on different conditions. Finally, for the syn-
thesis filter banks or a higher number of filtering stages
in 3-D subband coding, by employing the same scheme,
we can also derive the best permutation strategy which
minimizes the requirement of delay elements.
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Figure 2: 3-D subband coding with four-reduced bands.

[ Permutations || Stage 1 (x1) | Stage 2 (x2) | Stage 3 (x3) | Total ]
TIV] H MNz Ny z MNz+2Ny+ 3z
TIH| V MNz 2z Ny/2 MNz+3Ny/2+ 22
V|T| H Ny MNz/2 z MNz+ Ny+ 3z
VIiH| T Ny z MNz/4 3MNz/4+ Ny + 2z
H|T| V z MNz/2 Ny/2 MNz+3Ny/2+z
H{V]| T z Ny/2 MNz/4 3MNx/4 + Ny + =z

Table 2: Comparison of the required delay elements for different filtering permutations in 3-D subband coding with

four-reduced bands.
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