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CS630: Speech Technology
LAB-3: Nature of Speech Signal

OBJECTIVE:

To obtain the pitch and formant frequencies from the nature of the speech
signal in the time and frequency domains respectively.

Tasks

(a) Record speech for three vowels in the context of heed (for vowel /i/),
head (for vowel /e/) and hod (for vowel /a/).

(b) Note the average pitch using time domain representation.

(c) Note average formant frequencies (F1, F2 and F3) from 10th order LPC
spectrum.

(d) Repeat for one more set of vowels.

(e) Compare the readings from the two sets (variability within a given speaker).

(f) Compare the average pitch and formant frequency values of one speaker
with values from other speakers (variability among speakers).

(g) Write a brief note on the observations.



1 PROCEDURE

1. Recording Speech Signal

• Record a speech signal for heed, head, hod using ’brec’ command
as

brec -s 8000 -b 16 -t 2 -w samplefile.wav

where ”brec” is the linux command

”s” is the sampling frequency in Hz

”b” is the number of bits/sample used for quantization

”t” is the time interval used to record the speech signal

”w” format (wav) in which the speech signal to be represented

• Play the signal back using ’bplay’ command
bplay -s 8000 -b 16 -w samplefile.wav

2. To obtain Average Pitch

• Display the recorded speech waveform using the utility ”wavesurfer”.

wavesurfer filename.wav

File: m11.wav   Page: 1 of 1   Printed: Fri Sep 10 17:04:26

32767

-26780

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
time

Figure 1: Speech waveform for the utterance ”heed- head - hod”



• Zoom the vowel segment using ’zoom in’ command from menu
options ’view’. Asegment of the vowel /i/ is shown in the Figure
2.

File: /home/stereo/kswamy/labhandouts/hod.wav   Page: 1 of 1   Printed: Sat Sep 11 11:03:52

25255
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0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065 0.070
time

Figure 2: A part of the vowel /a/ in the speech segment of ’hod’ obtained using
’zoom in’ command in menu options

• Note the time in msec of the period for three or four cycles (say)
and measure the average pitch period, preferably in the steady
portion as illustrated in the Figure 3.

• As pitch period is not constant over the entire vowel segment,
make four or five pitch period measurements.

• Mean of these values gives average pitch.

3. To obtain Average Formant Frequencies

• Display voiced segment of the recorded speech segment /hod/ us-
ing wavesurfer.

• Select the spectrum section in the menu popped up by right click
of the mouse. Choose LPC section and set order to 10 and pre-
emphasis to 1.0.This will display LPC spectrum as shown in the
Figure 4. The peaks in the spectrum represents formant frequen-
cies and are noted down in the Table ??.



File: /home/stereo/kswamy/labhandouts/hod_a.wav   Page: 1 of 1   Printed: Sat Sep 11 11:11:15
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time

Figure 3: A part of the vowel /a/ in the speech segment of ’hod’. As shown in
the Figure 3, pitch is measured as the interval between any two peaks

• The mean of each formants is calculated to obtain corresponding
average values.

• Repeat the previous step for two or three short segments of the
voiced region.

• Repeat the above step for recorded speech of /heed/ and /head/.

• Repeat the above procedure for recorded speech of different speak-
ers.

4. OBSERVATIONS:

5. Conclusions

• The pitch for the same speaker varies with respect to time as well
as varies across speakers. This clearly illustrates the variability of
speech signal.

• For given sound-unit, the formant frequency values varies slightly
for the same speaker and also across speakers. This again illus-
trates the variability of the speech in frequency domain for the
same speaker.



Table 1:

Speaker Vowel Formants (Hz) Pitch(msec)
F1 F2 F3

/i/

/e/

/a/



Figure 4: LPC spectrum of a short segment of vowel /a/ in the utterance of
’hod’. The spectrum is obtained using 10th order LP analysis. As shown in the
figure, the peaks of the LP spectrum represent the formant frequencies.



CS630: Speech Technology
LAB-4: Basics of DSP

OBJECTIVES:
To study quantization and aliasing effects.
To synthesize vowels /a/, /i/ and /e/

Tasks

(a) Record a short utterance of speech for 2 to 3 sec (8 kHz, 16 bits).

(b) Listen to speech at different bit rates (16 bits/sample, 8 bits/sample and
1 bit/sample).

(c) Listen to speech at different sampling rates (8 kHz, 4 kHz and 2 kHz).

(d) Synthesize vowels /i/, /e/ and /a/ for the actual pitch period, half the
pitch period and twice the pitch period.

(e) Write a brief note on the observations.



1 PROCEDURE:

1. Recording Speech Signal

• Record a short sentence of speech using ’brec’ command brec -s
8000 -b 16 -t 2 -w samplefile.wav

brec -s 8000 -b 16 -t 2 -w samplefile.wav

where ”brec” is the linux command

”s” is the Sampling frequency in Hz

”b” is the number of bits/sample used for quantization

”t” is the time interval used to record the speech signal

”w” format (wav) in which the speech signal to be represented

2. Study of Quantization Effect

• The short segment of speech recorded is at a sampling frequency
of 8kHz and resolution of 16 bits/sample.

• Load this segment of speech into MATLAB workspace using
− >> p = wavread(filename1.wav);
where wavread is MATLAB function which reads contents of a file
in wave format into a array.

• Change resolution from 16 bits/sample to 8 bits/sample
− >> wavwrite(p,8000,8,filename2.wav);
− >> p1 = wavread(filename2.wav);

• Change resolution from 16 bits/sample to 1bit/sample − >> p2 =
[p1 > 0];

• Now p, p1, p2 respectively contains same speech at different reso-
lutions 16 bits/sample, 8bits/sample and 1 bit/sample, but all at
the same sampling frequency 8 kHz.

• Play these sequences and note the observations:
− >> sound(p,8000); − >> sound(p1,8000); − >> sound(p2,8000);

3. Study of Aliasing Effect



• The short segment of speech recorded is at a sampling frequency
of 8 kHz and 16 bits/sample resolution.

• Load this segment into MATLAB workspace using
− >> q1 = wavread(filename1.wav);

• Choose every alternate sample from q1
− >> i = [1 : 2 : length(q1)];
− >> q2 = q1(i);

• Choose every alternate sample from q2
− >> j = [2 : 2 : length(q2)];
− >> q3 = q2(j);

• Now q1, q2 and q3 respectively contains 8000, 4000, 2000 samples/sec.
These are equivalent to sampling the speech respectively at 8 kHz,
4 kHz and 2 kHz ( Low pass filtering is not done for studying the
aliasing effect).

• Play these sequences and note the observations:
− >> sound(p,8000);
− >> sound(p1,8000);
− >> sound(p2,8000);

4. Synthesizing vowels /a/, /i/and/e/

• Given formant frequencies F1, F2 and F3 of the vowel, pitch period
T0 and sampling frequency Fs at which a vowel is to be synthe-
sized.

• The system used in the production of vowels is an all pole filter.
Compute the parameters of the filter using formant frequencies
and sampling frequency. The parameters are the coefficients of
the numerator and denominator polynomials (bk s andak s) of the
system transfer function.

• The source used for excitation is a periodic unit sample sequence.Generate
unit sample sequence of required length, depending on the length
of the speech segment to be generated.



• Obtain response of the system with excitation generated using
− >> y = filter( b, a, x ) ;
− >> sound(y);

Illustration of Synthesizing Vowel /a/:

• Given,
-Formant frequencies F1 = 560 Hz, F2= 1180 Hz, and F3= 2480
Hz
-Pitch period, T0 = 7.5 msec
-Sampling frequency, Fs = 10000Hz

• The system H(z), shown in Figure 1 is an all-pole filter. When
input excitation x(n) is unit sample sequence, then its response
y(n) will be damped sinusoids as shown in Figure 2.

y(n)x(n)    H(z)

Figure 1: All-pole filter.

• The Transfer function H(z) is given by,

H(z) =

∑M−1
k=0 bk.z

−k

∑N−1
k=0 1 + ak.z−k

=
1

1 +
∑6

k=1 1 + [akz−k]
(1)

• For a given formant frequency Fi, let its bandwidth be Bi = 0.1∗Fi

• For each (Fi, Bi), system parameters are computed using



Hi(z) =
1

1 − 2.exp(−pi.Bi.T ).cos(2.pi.Fi.T ).z−1 + exp(−2.pi.Bi.T ).z−2

(2)
where T is sampling rate = 1

Fs
= 100*10−6 sec

• Substituting F1 = 560 Hz, B1 = 56Hz in Equation 1 and simpli-
fying we get

H1(z) =
1

1 − 1.8447 ∗ z−1 + 0.9654 ∗ z−2
(3)

• Substituting F2 = 1180 Hz, B2 = 118 Hz in equation 1 and sim-
plifying we get

H2(z) =
1

1 − 1.4213 ∗ z−1 + 0.9285 ∗ z−2
(4)

• substituting F3 = 2480 Hz, B3 = 248 Hz in Equation 1 and sim-
plifying we get

H3(z) =
1

1 − 0.0232 ∗ z−1 + 0.8557 ∗ z−2
(5)

• The system transfer function H(z) is given by, H(z) = H1(z).H2(z).H3(z)

• Substituting for H1(z), H2(z), H3(z) and simplifying we get

H(z) =
1

1 − a1z−1 + a2z−2 − a3z−3 + a4z−4 − a5z−5 + a6z−6
(6)

where a = [1, a1, a2, a3, a4, a5, a6] is shown below:

• From Equation 6 we have b= [1];
a= [1,−3.2892, 5.4471, 4.8318,−2.6604, 0.7669];

• We can also compute values of ak s from H1(z), H2(z)andH3(z)
by convolution
− >> t = conv([1,-1.8447,0.9654], [1, -1.4213, 0.9285]);
− >> a = conv(t,[1, -0.0232, 0.8557]);

• The values obtained by convolution are ,
a = [1,−3.2892, 5.472,−5.9844, 4.8321,−2.6606, 0.7670];
This gives the system parameters.



• Generate the unit sample sequence to be used as the excitation at
the actual pitch period (7.5 msec i.e., around 60samples at 8 kHz)
as
− >>x1 = zeros(1, 4000);
− >>for i =1:60:length(x1)
x1(i) = 1;
end;

• Similarly, excitation sequences at half the pitch period and twice
the pitch period are generated as follows :
− >>x2 = zeros(1, 4000);
− >>for i =1:30:length(x1)
x1(i) = 1;
end;
− >>x3 = zeros(1, 4000);
− >>for i =1:120:length(x1)
x1(i) = 1;
end;

• Now using the excitation sequence, the output sequence is gener-
ated using − >>y1 = filter(b,a,x1);
Figure 3 shows the excitation sequence and the signal synthesized
for the half pitch period case. − >>y2 = filter(b,a,x2);
Figure 4 shows the excitation sequence and the signal synthesized
for the pitch period case.

− >>y3 = filter(b,a,x3);

Figure 5 shows the excitation sequence and the signal synthesized
for twice the pitch period case.

• Play the output sequence using sound command − >>sound(y1);
− >>sound(y2);
− >>sound(y3);
Figure 6,7,8 shows the synthesized signal for the sound unit /a/
and the corresponding spectrograms for excitation with a period
of half the pitch, pitch, twice the pitch respectively.
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Figure 2: The excitation and the response of the all-pole filter for impulse
sequence excitation with a period of 3.75ms, 7.5ms and 15ms respectively.

2 CONCLUSIONS

• The quality of speech is directly proportional to the number of
quantization levels ( that is, number of bits used for quantiza-
tion).Though quantization results in loss of information the hu-
man perception mechanism can still get the information present
in the speech signal.

• It is interesting to note that even with 1 bit/sample, most of the
speech is intelligible. Hence we can conclude that information lies
in the sequence and not in the set of numbers.

• The aliasing effect is perceived as distortions in the output signal.
This is due to the effect of overlapping of frequency components.



• The synthesized vowel sounds as that of vowel except at the cost
of naturalness. The formants are clearly defined and there is no
variability in the signal as it is a synthetic siganl.
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Figure 3: Waveform of the the synthesized vowel /a/ and its spectrogram for
excitation at half the pitch period.
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Figure 4: Waveform of the the synthesized vowel /a/ and its spectrogram for
excitation at the pitch period.
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Figure 5: Waveform of the the synthesized vowel /a/ and its spectrogram for
excitation at twice the pitch period.



CS630: Speech Technology
LAB-5: Short-Time Spectrum Analysis

OBJECTIVE:

To study issues in short-time spectrum analysis of speech.

SEQUENCE OF STEPS:

(a) Record (about 2 sec) of vowel /a/ and fricative /s/.

(b) Study the effects of convolution and correlation.

Consider x(n), 128 samples of /a/ and h(n), 5 samples of unit values
Perform

• Linear convolution of x(n) and h(n)

• Circular convolution of x(n) and h(n) with (N=128)

• Linear correlation of x(n) and h(n)

• Linear autocorrelation of x(n)

• Linear autocorrelation of h(n)

(c) Short-time spectrum - Effects of size and shape of window.

• Consider x(n), 160 samples of /a/.

• Use 512 point DFT to get X(k).

• Plot log spectrum log—X(k)—2.

• Study the effect of size of window - 5 msec, 20 msec, 50 msec.

• Study the effect of shape of window on 20 msec data namely, Rect-
angular, Hamming and Hanning windows.

(d) Short-time spectrum of voiced and unvoiced speech.

• 20 msec of x(n), Hamming window and 512 pt DFT

• Plot log spectrum for voiced and unvoiced segments

(e) Spectrograms.



• Record a short utterance

• Observe features of WB and NB spectrograms

(f) Write a brief note on the observations.

1 Procedure

(1) Recording of required speech utterances

• Record the sound units vowel /a/ and fricative /s/ using command
brec -s 8000 -b 16 -t 2 -w filename1.wav
where s is the sampling rate, b is the number of bits/sample,
t is the duration of speech utterance and w is the fileformat.

• Take a segment of duration 200 msec of vowel /a/ and a segment
of duration 200 msec of fricative /s/.
Using Matlab, read the speech signal in filename1.wav into an
array.
a=wavread(’filename1.wav’);
plot(a);
a200=a(10501:10660);
s=wavread(’filename2.wav’);
plot(s);
s200=s(6501:6660);

(2) Effect of Convolution and Correlation
The convolution of two sequences x(n) and h(n) is defined as

y(n) =
∑

kx(k)h(n − k) (1)

The convolution sum is used in filtering a signal where h(n) is a filter.
The filter suppresses some frequency components of x(n).
Consider x(n) as 128 samples of /a/ given by
a128 = a(10501:10628); and h(n) as 5 samples of unit values given by
h5 = [1; 1; 1; 1; 1];

• Linear convolution of x(n) and h(n)
The convolution of two vectors can be obtained by using the func-
tion conv as



linconv = conv(a128,h5);
plot(linconv);
The resulting vector is of length equal to[length(x(n))+length(h(n))-
1] and is shown in Figure 1.
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Figure 1: The linear convolution of x(n) and h(n).

• Circular convolution of x(n) and h(n) by considering N=128
The circular convolution of two vectors are done by finding, the FFT
of two vectors x(n) and h(n),
followed by multiplying the two resulting vectors and finally finding
the IFFT as given below.
fftx=fft(a128,128);
ffth=fft(h5,128);
fftprod=fftx.*ffth;
circonv=real(ifft(fftprod));
plot(circonv);
The result of circular convolution is shown in Figure 2.

Observation: It is evident from figures 1 and 2 that the length of
resulting vector in linear convoltion is 132 ( length(x(n)) + length(h(n))
-1 ), where as the length of resulting vector in circular convolution is
only 128 (max(length(x(n)),length(h(n)) if N is not specified). Cir-
cular convolution of x(n) and h(n) is the aliased version of the linear
convolution if the sequence lengths are not properly extended.
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Figure 2: The circular convolution of x(n) and h(n).

• Linear correlation of x(n) and h(n) The correlation basically
finds the relationship among two sequences. The correlation of two
sequences x(n) and h(n) is given by
r(n) =

∑
kx(k)h(n + k)

If there exists no relationship among the sequences then r(0), r(1),
r(2),......, are all will be zero. The correlation function is used for
cross-correlation function estimation. The linear autocorrelatrion
of x(n) and h(n), where x(n) is a vector of length 128 and h(n) is
a vector of length 5 is obtained by using ’xcorr’ matlab builtin
function. This function returns the length 255 cross-correlation se-
quence. Since h(n) is of length 5, it is zero padded to make its
length equal to the length of x(n) which is 128. Thus in general, if
largest length of either vectors is M then autocorrelation function
returns a cross-correlation sequence of length 2 ∗M − 1. The linear
autocorrelation of x(n) and h(n) is computed as follows:
lcrxnhn=xcorr(a128,h5);
plot(lcrxnhn);
The result of linear correlation is shown in Figure 3.

• Linear autocorrelation of x(n)
The autocorrelation of x(n) is computed as
lautocorrxn=xcorr(a128);
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Figure 3: The cross-correlation of x(n) and h(n).

plot(lautocorrxn);
The result of linear autocorrelation of x(n) is shown in figure 4.
The autocorrelation of x(n) at n=0 gives energy of the signal.

• Linear autocorrelation of h(n)
The autocorrelation of h(n) is computed using
lautocorrhn=xcorr(h5);
plot(lautocorrhn); The result of linear autocorrelation of x(n) is
shown in figure 4.

(3) Study the effect of size and shape of the window

• Effect of size of window a) 5 msec b) 20 msec c) 50 msec -
The effect of rectangular window of size 5 msec(assuming 512-point
DFT) is illustrated by computing the short-time spectrum of the
windowed signal as follows:
a40 = a(10501:10540);
X(k) = fft(a40,512);
plot(10∗log10(abs(X(k).∗X(k))));
The resulting log spectrum is shown in Figure 6. Since the spectrum
of real valued signal is even symmetric, spectrum is plotted for only



0 50 100 150 200 250 300
−10

−5

0

5

10

15

Autocorrelation 

Linear autocorrelation index

Lin
ea

r a
uo

tco
rre

lati
on

 va
lue

Figure 4: The autocorrelation of x(n).

half of the index values(k). This convention is followed in plotting
the subsequent log spectrums. - The effect of rectangular window of
size 20 msec(assuming 512-point DFT) is illustrated by computing
the short-time spectrum of the windowed signal as follows:
a160 = a(10501:10660);
X(k) = fft(a160,512);
plot(10∗log10(abs(X(k).∗X(k))));
The resulting log spectrum is shown in Figure 7.

- The effect of rectangular window of size 50 msec(assuming 512-
point DFT) is illustrated by computing the short-time spectrum of
the windowed signal as follows:
a400 == a(10501:10900);
X(k) = fft(a400,512);
plot(10∗log10(abs(X(k).∗X(k))));
The resulting log spectrum is shown in Figure 8.

OBSERVATION:
The size of the window (rectangular in this case) determines the
temporal resolution. Increase in size of the window decreases the
temporal resolution as evident from the Figures 6, 7 and 8.

(4) Effect of shape of the window
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Figure 5: The autocorrelation of h(n).

Consider x(n) as 160 samples of /a/( 20 msec).
a160 = a(10501:10660);
- rectangular window
The effect of rectangular window of 20 msec on the short-time spectrum
is obtained as follows:
rectwindow = boxcar(160);
a160rectwindow= a160.*rectwindow;
X1= fft(a160rectwindow,512);
X=X1(1:256);
plot(10.∗log10(abs(X).*(X)));

The effect of rectangular window is shown in the Figure 9. Hamming
window
The effect of hamming window on the short-time spectrum is obtained
as follows:
hammingwindow = hamming(160);
a160hammingwindow = a160.*hammingwindow;
X2=fft(a160hammingwindow,512);
X=X2(1:256);
plot(10.*log10(abs(X.*X)));
The effect of hamming window on the log spectrum of a segment of
speech signal is shown in Figure 10.
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Figure 6: The Log spectrum of x(n), using rectangular window of size 5 msec.

Hanning window
The effect of hanning window on the short-time spectrum is obtained as
follows:
hanningwindow = hanning(160);
a160hanningwindow = a160.*hanningwindow;
X2=fft(a160hanningwindow,512);
X=X2(1:256);
plot(10.*log10(abs(X.*X)));
The effect of hanning window on the log spectrum of a segment of speech
siganl is shown in Figure 11.

OBSERVATION :
Sidelobe effect is dominant in the rectangular window.
Pitch harmonics can be clearly seen when Hamming or Hanning window
is used.
Sidelobe attenuation is more with Hamming and Hanning windows and
also the main lobe width increases.

(5) Short-time spectra of voiced and unvoiced speech
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Figure 7: The Log spectrum of x(n), using rectangular window of size 20 msec.

The short-time spectra of 20 msec data of voiced speech segment of /a/,
using Hamming window and 512-point DFT is computed as shown be-
low.
hammingwindow = hamming(160);
a160hammingwindow = a160.* hammingwindow;
X=fft(a160hammingwindow,512);
X1 = X(1:256);
plot(10.*log10(abs(X1.*X1)));
The resulting log spectrum is shown in the Figure 12 (a).

The log spectrum of 20 msec data of unvoiced speech segment of /s/,
using Hamming window and 512-point DFT is computed as follows.
s = wavread(’s.wav’);
s160 = s(6501:6660);
hammingwindow = hamming(160);
s160hamming = s160 .* hammingwindow;
X = fft(s160hamming, 512);
X1 = X(1:256);
plot(10.*log10(abs(X1.*X1))) ;
The resulting log spectrum is shown in the Figure 12(b).
OBSERVATION :
Voiced speech log spectrum shows clearly the harmonic ( source feature)
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Figure 8: The Log spectrum of x(n), using rectangular window of size 50 msec.

and the formant structure (system feature) whereas there is no defined
structure in the log spectrum of Unvoiced speech segment.

(6) Spectrograms Record a short utterance that contains both voiced and
unvoiced components using the command :
brec -s 10000 -b 16 -t 2 -w filename.wav
where ’s’ is the sampling rate (Hz), ’b’ is the number of bits/sample, ’t’
is the duration and w is the wave format.
The wideband and narrowband spectrograms for a given speech utter-
ance is obtained by using the wavesurfer utility.
In wideband spectrogram a small time window ( typically of duration 5
msec ) is used. In Narrowband spectrogram
realtively larger time window (typically of duration 50 msec) is used.
The wideband spectrogram is characterized by the vertical lines and the
narrowband spectrogram by the horizontal lines.The resulting spectro-
grams are shown in Figure 13.

OBSERVATION Wideband spectrogram provides a better temporal
resolution (vertical striations) and narrowband spectrogram provides a
better spectral resolution (horizontal striations).



0 50 100 150 200 250 300
−40

−30

−20

−10

0

10

20

30

Log spectrum of 20 msec (160 samples) of /a/
using 512−point DFT and rectangular window

Frequency index (k)

10l
og|

X(k
)|2

Figure 9: The Log spectrum of x(n), using rectangular window of size 20 msec.
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Figure 10: The Log spectrum of x(n), using hamming window of size 20 msec.
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Figure 11: The Log spectrum of x(n), using hanning window of size 20 msec.
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Figure 12: The Log spectrum of a) voiced speech segment b)Unvoiced speech
segment.
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Figure 13: a. Wideband Spectrogram b. Narrowband spectrogram c. Segment
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