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Abstract: The SBC (subband coding) using the multirate
filter bank was proposed in 1980, this coding method splits
full audio spectrum into subbands, and assigns more bits to
each subband with higher energy. If the power spectral
density (PSD) of any subbands is approximately zero, then
those subbands need not be assigned any bits at all. While
reconstruction, the subband signals are synthesized to the
original signal. The most important advantage of SBC is
data reduction. The multirate filter bank (MFB) must obtain
requirement of perfect reconstruction and requirement of
maximal decimation. This paper proposed two new
methods to find out sets of decimation ratios, and an
optimal set is chosen for designing MFB, satisfying above
requirements. Because the optimal set is suitable with PSD
distribution of signal, the achieved result does not help only
to decrease data rate but also to reduce total error on the
reconstructed output signal. An example where an audio
signal is the input signal is included.

1. Introduction

Generally, the PSD distribution of any signal
concentrates in low frequecies and decreases to higher
frequencies. The bandwidth of signal is finite from 0 to
Fiax- To have higher rate of data reduction, SBC using
multirate filter bank must have unequal subbands and the
lower frequency domain, the more narrow bandwidth of
subbands (decimation ratios decrease along frequency axis).
The number of subbands is as many as possible, but more
complicated and more costly.
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Figure 1: Summation in subband coding for audio signal

The SBC using Wavelet decomposition was applied in
audio signal processing: precision adaptive subband coding
(PASC) and adaptive transform acoustic coding (ATRAC).

In PASC, the 32 subbands are equal. But in the ATRAC, 2
out of 3 subbands are equal [1]. Because PSD distribution
of any signal varies as frequency, the widthbands of
subbands must be unequal so that highly data reduced rate
is obtained. This paper proposed the ways to overcome the
above problems. Two new methods are proposed to find out
sets of decimation ratios. They are more general than
Wavelet decomposition. The summation in subband coding
for audio signal is shown in figure 1.

1. 1 Introduction in multirate filter bank

The block scheme of SBC is shown in figure 2. The
MFB with M channels consists of the analysis filter bank
and synthesis filter bank.
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Figure 2: The SBC scheme using MFB with M channels

Where Hj and Gy are a lowpass filters (LPF), from H; to
Hyo and Gy to Gy, are a bandpass filters (BPF), Hy and
Gy are highpass filters (HPF). The multirate filter bank
must obtain 2 requirements as follows [2], [3]:

(i) The requirement of perfect reconstruction.

(i1) The requirement of maximal decimation, that is Eq.(1).
M-1
Yy =1 (1)
i=o 1

Where n; are integer and positive number. If
ne=n;=n=...=ny.;.=M, the filter bank 1is uniform
decomposition, its decimation ratios always obtain the
requirement of maximal decimation. The others is
nonuniform decomposition.

The signal processing consists of quantization Q, coding
with the number of bits b; for i channel, transmission (or
storage), and then decoding to reconstruct original signal.
The subband signals are quantized using different number
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of bits. The importance of SBC is the process of bit
allocaton. The success of SBC is highly dependent on the
way the bit allocation is performed. An intuitive way to
accomplish this task is to assign more bits to the channel
with higher energies. In the extreme case, some of the
channels are identically zero, then those channels need not
be assigned any bits at all. The bit allocation will not be
shown in this paper.

To estimate quality of SBC, that is a distortion between
the input x(n) and the reconstructed output x’(n), we use the
mean-squared error [4] as follows:

e=[ x()x'(0)] @)

With b; and n; are number of bits and decimation ratio of

i" channel, the average bit rate of SBC with M channels is

as follows:
M-I )
b=> —- ©)
i=0 1;
For SBC using unifrom decomposition with M channels,
the average bit rate is as follows:

M-1 )
b=y 4)
2
Hence an optimal subband coder is the one that
minimizes the error as the Eq. (2) for fixed average bit rate

b bits/sample as Eq. (3) and the Eq. (4). Optimal subband
coding involves both designing the filter bank and doing the

allocation of bits in an optimal fashion. If Gi is variance of

the subband signal in i™ channel and the coefficient ¢
depends on the statistical property of signal resource and
the quantizers operate at high bit rates, then the mean-
squared error is as the Eq. (5) [5]:

M-1 ni‘
£ = c.22b(H o ] (5)
i=0

1. 2 Two methods to define decimation ratios

Two methods are proposed in this paper to find out the
different sets of decimation ratios. They are more general
than the Wavelet decomposition.

a- The multistage method

The first method is called a multistage method as shown
in figure 3, at first the original point is divided into some
branchs and a coefficient on each branch equals the number
of branchs. Do also like that for each branch and so on.
When stopping, each ratio is multiplication of all
coefficients on their branchs. This method offers sets of
decimation ratios obtaining requirement of maximal
decimation.

The ratios in every branch must be integer, positive
number and at least 2. The Wavelet decomposition is the
individual case of multistage method with the ratio 2 of all
branchs.

b- The method of consecutive plus the end

The second method is consecutive plus the end. This
method uses below the Eq. (6):
1 1 1 1
+ + + ..

1 2 2 3 T M-1

Where M is a positive integer and at least 2. Therefore,
the set [2, 6, 12, ...(M-1).M, M] also obtains requirement of
maximal decimation. The Wavelet decomposition is also
the individual case of this method with M=2.

ratio=a.b...
ratio=a.b.e...
ratio=a.b.e...
ratio=a.b.e...
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ratio=a.c...
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Figure 3: The scheme of the multistage method

Assume that k is the number of ratios in the set, there are
k! available sets by permutation. As the method of
consecutive plus the end, three ratios are (2, 6, 3), there are
31=1.2.3=6 sets of decimation ratios, they are [2, 3, 6], [3,
2, 6], [2, 6, 3], [6, 3, 2], [6, 2, 3] and [3, 6, 2]. An optimal
set is chosen and designing SBC by MFB with the optimal
choosed set of decimation ratios is implemented.

2. The subband coding with the set [6, 3, 2]
2. 1 The reason of choosing the set [6, 3, 2]

At first, one specific audio file is recorded in computer.
As (1.2) section, all nine found sets for SBC 3 subbands are
[3,3.2]; [2.44]; [44.2]; [6,3,2]; [6,2,3]; [3,6,2]; [2,3,6];
[2,6,3]; [3,2,6]. They are shown in table 1. By calculating
the reconstruction errors for all the 9 sets with the same
audio file, we will choose the optimal set. If reconstruction
error as Eq. (2) is minimum, the set is optimal. For given b
bit rate and without loss of generality ignoring the
coefficient ¢.2™, as the Eq. (5) the scaled reconstruction
error (SRE) is as following Eq. (7).

1

M-1 rT‘
SRE = (H o, ] (7)
i=0

The SRE depending on the sets are shown in the figure
4. We do same operation for many different audio files, the
results are just the same. So the set [6, 3, 2] is optimal.
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Because the PSD distribution of any signal (audio or video)
concentrates in low frequecies and it is decreased to high
frequencies, for optimal coding we split lower frequecy
band into more narrow subbands, so the bigger decimation
ratios is in lower frequency band. Thus the set [6, 3, 2] is
optimal for SBC with M=3 channels.

Table 1: The available decimation sets with M=3.

Sets of
N® | decimation ratios | Decompo- | Method decimation
ny n n, sition
1 3 3 3 Unifrom Multistage
2 2 4 4 Nonunifrom | Wavelet (as multistage)
3 4 4 2 Nonunifrom | Wavelet (as multistage)
4 6 3 2 Nonunifrom | Consecutive plus the end
5 6 2 3 Nonunifrom | Consecutive plus the end
6 3 6 2 Nonunifrom | Consecutive plus the end
7 2 3 6 Nonunifrom | Consecutive plus the end
8 2 6 3 Nonunifrom | Consecutive plus the end
9 3 2 6 Nonunifrom | Consecutive plus the end
0.026
0.024
SRE "

0.022

0.02 / ‘.
0.018

\ o/
0.014 \ /
0.012 \ /

0.01

0.008
0 [333][244][442][632] [623] [362] [236] [263] [326]
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Figure 4: Variation of SRE depending on the sets
2. 2 The signal processing in SBC with the set [6, 3, 2]

The block scheme of the SBC using multirate filter bank
with nonunifrom decomposition M=3 channels is shown in
figure 5. Where H filters out 1/6 of bandwidth of input
signal in lowest frequency domain, H, filters out 1/3 of
bandwidth of input signal in intermediate frequency
domain, H, filters out 1/2 of bandwidth of input signal in
highest frequency domain. The filters Hy and G, are low
pass filters with cutoff frequency 1/6. The filters H, and G,
are the band pass filters with cutoff frequecies 1/6 and 1/2.
The filters H, and G, are the high pass filters with cutoff
frequency 1/2. Note that, this whole paper uses the scaled
frequency axis Fn, that is as follows the Eq. (8):

2.f(Hz) w(rad/s) (8)

Fn = =
Fs n.Fs

For anti-aliasing, we change ratios of decimation blocks
and interpolation blocks from [6, 3, 2] into [6, 2, 2]. That is
very effective way to obtain both the requirement of
maximal decimation and the requirement of perfect
reconstruction. Assume that the input signal x(n) is sampled
from analog signal with sampling frequency Fs=Fnyq. , Fnyq.
is Nyquist frequency, Fnyq=2.Fnax (Fmax is the highest

frequency of the input signal). Thus, the spectrum of the
signal x(n) is shown in figure 6a. All signal processing in
frequency domain is shown in figure 6 [1], [6].

At first, the Hp, H; and H, split full spectrum of input
signal x(n) into 3 subbands, the bandwidths of them are
respectively equal 1/6, 1/3, and 1/2 the full spectrum of
input signal. The spectrums of them are shown respectively
in figure 6b. When passing decimation block, the spectrum
of signal is extended by the decimation ratio times. Their
spectrums are shown in figure 6¢. And then, the signals of
subbands are quantized Q and coded with different number
of bits by, by, b,. Finally the digital signals are stored or
transmited.

9;@)

Figure 5: The block scheme of multirate filter,
nonunifrom decomposition, 3 channel

The signal reconstruction contraries to the signal
analysis. The signals of subbands pass the interpolation
blocks and the synthesis filter bank. In frequency domain,
the spectrum of signal passing the interpolation block is
shortened by the interpolation ratio times [1]. The
spectrums of 3 signals passing 3 interpolation blocks with 3
ratios 6, 2, 2 are shown in figure 6d.

Then, the signals pass the filters to eliminate all images
after interpolation, the outputs only take out the useful
spectrum components. They are shown in figure 6e. Finally,
the useful spectrum components are synthesized to
reconstruct full spectrum of original signal. The spectrum
of the reconstructed signal x’(n) is shown in figure 6f. The
spectrum of reconstructed signal x’(n) is identical to the
spectrum of original signal x(n).

The SBC with set of [6,3,2] is designed and apply in
audio signal coding. It obtains the requirement of perfect
reconstruction and requirement of maximal decimation.

2. 3 Simulation with programme MATLAB 7.0

audio Signal From Time scope :l
\Workspace
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> A %}—’TB
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DF FIR DF FIR
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Figure 7: The simulated scheme of SBC using multirate
filter bank with decimation set [6, 3, 2] for audio signal
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Figure 6: The spectrums of signals in processing

The MATLAB 7.0 scheme simulating results is shown
in figure 7. The audio file is recorded from micro and saved
in computer. The time scope is used to indicate the input
signal and the reconstructed signal, they are shown in figure
8a and 8b, respectively. They are the almost identical
waveforms.

f

Figure 8: The waveform of original input signal (a)
and of reconstructed output signal (b)

3. Conclusions

The two proposed new methods can find out many other
sets of decimation ratios. Moreover, on the results offered
in this paper we can code signal by SBC with increasing
number of subbands. More subbands achieve higher data
reduction with acceptable reconstruction error. The above
methods are combined with the threshold of hearing and
masking effect of human ears, audio coding is more
effective. On this results, we can design SBC using
multirate filter bank more channels. The two important
results are obtained in this paper as follows:

(i) The methods of finding decimation sets for multirate
bank and the method of choosing the only one optimal
decimation set of them, it is suitable with specific input
signal.

(ii)) The method of signal processing, that changes the
decimation set [6, 3, 2] into the decimation set [6, 2, 2].
When this method obtains not only the requirement of
maximum decimation but also the requirement of and
pecfert reconstruction. This method is more general than
the Wavelet decomposition.
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