
ABSTRACT

A new noniterative technique for all
pole modelling of noisy speech is proposed
We exploit the additive and high
resolution properties of a group delay
function to identify the high signal to
noise ratio (SNR) regions of the short
time spectrum and to separate out these
regions from the low SNR regions. A
modified spectrum is derived from the
group delay function in these regions.
The new spectrum is used to derive the
all pole model for the speech segment. The
main advantage of this method is that it
is not necessary to have prior knowledge
of the noise or speech characteristics as
in the other methods of processing noisy
speech.

I, INTRODUCTION

The objective of this paper is to
introduce a new method of determining an
all pole model for noisy speech. The
method exploits the properties of a group
delay function [iJ to identify the high
signal to noise (SNR) regions of the
spectrum. The spectrum is these regions
is used to determine the shape of the
spectrum in the low SNR regions. From the
modified spectrum, an all pole model is
derived using the frequency domain formu-
lation of linear prediction (IF) analysis
[2k

II. THEORY OF GROUP DELAY PROCESSING

in this section we summarize some of
the basic properties of group delay
functions. 1n this paper we will deal
mainly with the group delay function de-
rived from the magnitude spectrum which is
defined as the negative derivative of the
phase of the minimum phase equvalent of
the signal [1]. .iet V(') be the Fourier
transform of the minimum phase equivalent
of a signal.
Then _
in V() c(o) + c(n) exp(—jn)

where c(n)J are the cepstral coefficients
[3J.Writing V()= v(') exp
weget the real and imaginary parts of
in V() as °°
in V(cfl = L c(n) cos nc. (3)

n=o (real part)
and

+ 2(°))=-c(n) sin fl( (4)
n=l (imaginary part)

where A(()) is an integer. Therefore the
group delay from magnitude is given by

>n c(n) cos nc (5)
n=l

Properties of the group delay function
have been described inLl, In particular
there are two important properties which
are relevant to our present work. The
overall group delay function for a
cascade of several systems is a sum of the
group delay functions of the individual
systems (Additive property). The group
delay function corresponding to each
complex pole or zero pair is significant
only in the neighbourhood of the frequency
of the pole or zero (High resolution
property). As a result of these
properties the regions of positive group
delay can be used to approximate the pole
part of the spectrum and the regions of
negative group delay to approximate the
zero part of the spectrum L4,[5].

Speech can be considered as the
convolution of the vocal tract response
with the excitation function. In this
paper we are interested only in modelling
the vocal tract response. To isolate the
vocal tract information, we use the
smoothed group delay function derived from
the first few cepstral coefficients. The
cepstral window size was chosen to be
same as that of the order of the final
all pole model. This corresponds to the
group delay derived from the cepstrally
smoothed envelope of the spectrum, which
reflects the formant structure of speech.
Thus the positive regions of the smoothed
group delay approximate the formants and
the neative regions the spectral valleys.
Hence the smoothed group delay can be

(1) used to locate the high SNR Regions of
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the spectrum.

It has been shown that the entire
magnitude spectrum can be reconstructed
from the unamoothed group delay [5] But
before this reconstruction we now separate
out the high SNR regions of the spectrum.
It ±8 known that a pole or zero in the
a—domain affects the group delay function
mainly n the neighbourhood of the pole or
zero Lii. Hence to remove the effect of
the pole or zero, we need only to remove
the group delay in that region alone, by
setting it to the average value over that
region. The magnitude spectrum is then
reconstructed from the modified group
delay function. This modified spectrum is
subjected to normal LP analysis using the
autocorrelation coefficients derived from
the inverse Fourier transform of the modi-
fied spectrum. Since the envelope of the
modified speech usually has a greater
dynamic range (peak to valley ratio) than
the envelope of the original noisy spect-
rum, a better model of the signal is
obtained from the modified spectrum than
from the noisy spectrum.

III. INPLENENTAT1ON OF

GROUP DELAY PROCESSING

The block diagram for the various
steps involved in the group delay
processing is shown in Fig.l. The above
procedure was applied to natural and
synthetic speech segments. The speech
data was sampled at 10 kffz. In all our
examples we have chosen 20 nisec speech
segments for analysis. The synthetic
data was generated by exciting a sixth
order all pole filter with periodic
impulses at a frequency of 125 Hz.
Additive Gaussian noise was added to the
clean speech to generate speech at
different SNRs.

Fig .2 illustrate the stages in the
group delay processing of a segment of
synthetic speech. Fig.2a shows the short
time spectrum of the segment and Fig.2b
shows the corresponding group delay
function. The group delay function i
modified by setting the values of the
function in the spectral valley regions
to zero. The spectral valley regions are
determined from the smoothed group delay

function. The modified group delay funct-
ion and the resulting modified spectrum
are shown in Pig.2c and Fig.2a respectively.
The LP spectra derived from the original
spectrum and from the modified spectrum
are also shown in Fig.2a. The figures
show that group delay processing has
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little effect on the LP spectrum for
clean speech.

Fig.3 illustrates the result of group
delay processing for a segment of natural
voiced speech corrupted by additive noise
at an NR of 10 dBq, The figure shows the
standard LP spectrum, the 12 spectrum
for noisy speech and the 12 Spectrum
after group delay processing. The results
show that it is possible to derive an all
pole model for noisy speech through
group delay processing without using an
iterative procedure as in [61. The
results also suggest that it is not
necessary to 8eparately extract the
characteristics of noise to derive the
model. Result of group delay processing
of a segment of unvoiced speech
corrupted by additive noise is shown in
Fig,4. In both cases the 12 spectrum
derived after group delay processing
has larger dynamic range compared to the
LP spectrum derived directly from noisy
speech.

IV. CONCLUSIONS

The technique proposed in this
paper offers substantial improvement in
the all pole modelling of noisy speech
as compared to the conventional 12
analysis. The improvement is moat
noticeable at low signal to noise ratios.
Through group delay processing it is
possible to derive the spectral valley
regions from the information in the peak
(formant) regions and this helps in
retrieving to some extent the dynamic
range of the orig:inal spectrum from
noisy speech spectrum. Our ability to
manipulate different regions of the
spectrum independent of each other is a
major advantage, something that cannot
be done directly in the spectral domain.
Also, this method does not make use of
any statistical characteristics of noise
to reconstruct speech from noisy data.
We are presently working in the develop-
ment of a complete speech analysis/
synthesis system using group delay
processing.
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Pig.1 Block diagram showing the details of group delay processing of noisy speech

19.3.3

Authorized licensed use limited to: INTERNATIONAL INSTITUTE OF INFORMATION TECHNOLOGY. Downloaded on August 26, 2009 at 02:05 from IEEE Xplore.  Restrictions apply. 



-J
LU0
C-

0
0

>-

-J
LU0
C-

0
C-0

Pig.3 Group delay processing of noisy voiced
speech segment at SNR = 10 dB.

(i) Log spectrum of the clean voiced speech
segment .

LP spectrum of
(ii) clean speech segment
(iii) noisy segment after GD processing
(iv) noisy segment without GD processing
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Pig.2 Various stages of group delay
processing of speech.

(a)Log spectra of a short segment of
speech before and after group delay
processing.

(b)Group delay function corresponding
to short time spectrum of speech.

(c)l4odified group delay function.
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Pig,4 Group delay processing of noisy unvoiced
speech segment at SNR 10 dB

(i) Log spectrum of the clean unvoiced
speech seguent.

LP spectrum of
(ii) clean speech segment

(iii) noisy segment after GD processing
(iv) noisy segment without GD processing
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