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The Design of Optimal Filters in Vector-Quantized Subband Codecs
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ABSTRACT

Subband coding is to divide the signal frequency band into a set of uncorrelated frequency bands by filtering and then
to encode each of these subbands using a bit allocation rationale matched to the signal energy in that subband. The actual
coding of the subband signal can be done using waveform encoding techniques such as PCM, DPCM and vector
quantizer(VQ) in order to obtain higher data compression. Most researchers have focused on the error in the quantizer, but
oot on the overall reconstruction error and its dependence on the filter bank. This paper provides a thorough analysis of
subband codecs and further development of optimum filter bank design using vector quantizer. We compute the mean
squared reconstruction error(MSE) which depends on N the number of entries in each code book, k the length of each
code word, and on the filter bank coefficients. We form this MSE measure in terms of the equivalent quantization model and
find the optimum FIR fikter coefficients for each channel in the M-band structure for a given bit rate, given filier length,
and given input signal correlation model. Specific design examples are worked out for 4-tap filter in 2-band paraunitary
filter bank structure. These optimum paraunitary filter coefficients ate obtained by using Monte Carlo simulation. We expect that
the results of this work could be contributed to study on the optimum design of subband codecs using vector quantizer.
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Fig. 1. M-band filter bank structures with vector quantizer.
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Table 1. Optimal bit allocation and MSEfsim} and SNR(DB).
Inside training sequence n=500,000 and test sequence

n=64,000 samples.

R RO R1 MSE SNR(decibel)
0.50 1 8.7279-E2 10.8
0.625 1 6.2967-E2 12.2
0.75 11 1 4.5413-E2 13.6
L0 11 5 3.7889-E2 14.4

T 2. Paravnitary 4-tap 2-tide] FeiYa s i e ge
o] AsE
Table 2. Optimal filter coefficients for paraunitary d4-tap
2-band filter bank.

R hO(0) ho(1) ho(2) ho(3)
0.50 0.4884628 | 0.8322148 | 0.2262477 | -0.1327946
0.625 0.4884853 | 0.8322187 | 0.2261987 | -0.1327713
0.75 0.4884849 | 0.8322188 | 0.2261991 | -0.1327713

1.0 0.4884770 | 0.8322222 | 0.2262039 | -0.1327716
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