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Closed phase speech signal model

Speech signal in the closed phase is the free re-
sponse of a linear system.

Let s(n), n = 0,...,N — 1 be speech signal in
closed phase. Then

K
s(n) = Y Aje” %" cos(win + ¢;) + e(n).
i=1

The formant frequencies are

Hz,i=1,...,K.

Fs is the sampling frequency in Hz.

The formant bandwidths are

Hz,:=1,..., K.

The energy of each formant mode in the closed
phase is

(1 — |z 2N=1))| 2]
1— |22

where z; = e~ %1TI% and ¢; = A;e9%.

,1=1,..., K.



Solution Procedure

e Two step solution procedure. (Parthasarathy and
Tufts, IEEE ASSP—35, Sep. 1987).

e First step:
Solve backward linear prediction equations:
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Solution Procedure (contd.)

e Second step:

Find roots of B(z) = zL 4+ by2zl=14 ... 4+b;. The
formants are a subset of these roots, and this
gives the formant frequencies and bandwidths.

Use the roots to obtain the amplitudes, phases
and energies of the formants.

e Retain K highest energy modes as the formants.



Modifications to Parthasarathy & Tufts
procedure

e Use the electroglottograph signal to lo-
cate the closed glottal phase.

e Use total least squares in solving Yb =

e Use data from multiple consecutive closed

phases (typically 3). Yib = —y;3, Yob =
—y2 and Y3b = —y3 are combined to yield
Y, Y1
Yo | b= — Y2
Y3 Y3



Example Results

Normal, male speaker.
Analyzed steady vowel portion from “bach’.
16 bit A/D, sampling frequency 10 KHz.

Simultaneously recorded speech and elec-
troglottograph signals.



Speech, EGG and derivative of EGG
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Formant contour, no noise
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Comparison of original and synthesized
speech

NO noise.

Only 3 highest energy formants used in syn-
thesis.
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Comparison of original and synthesized

speech

20 dB SNR.

Only 3 highest energy formants used in syn-

thesis.
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10 dB SNR: 3 closed phase analysis
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Comparison df original and synthesized
speech

10 dB SNR.

Only 3 highest energy formants used in syn-
thesis.
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Conclusions

e Very effective method of formant estima-
tion for clean speech signal.

e | hree formants appear to account for
most (90 %) of the energy in the closed
phase for vowels.

e Performance is good with noisy speech
signals upto 20 dB SNR.
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