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A New Method for Epoch Detection Based on the
Cohen’s Class of Time Frequency Representations

Juan. L. Navarro-Mesdember, IEEEE. Lleida-SolanpMember, IEEEand A. Moreno-BilbapMember, IEEE

Abstract—This paper presents a new method for detecting the Il. DETECTION FUNCTION
instants of glottal closure (IGC), or epochs, in noisy environments . , .
based on the Cohen’s class time—frequency representations (TFR). 1he expression for the Cohen's class of time-fre-
We define a detection function inspired in a time—frequency for- quency (¢, w) representations [3] isC(¢, w) =
mulation for optimum detection and apply a morphologic closing  (1/27) f fr(t—uw, 7) f(u+7/2) f*(u—7/2)e™ " dudr, where

over it to determine the epochs. It compares favorably with other  ¢(3) js the signal, and(z, 7) is the kernel of the representation
methods (e.g., the SIFT-based and the Frobenius Norm [FN] func- in the time-lag domain.

tion) in different levels of Gaussian noise. Experiments are carried ; . . .
over a data base compossed of ten speakers. Our detection function arises from the time—frequency for-

, L mulation for optimum detection in white Gaussian noise [4]. Let
Index Terms—Epoch detection, speech analysis, time—frequency #(t) be an observation anf(?) a reference signal on an obser-

representations. S . .
vation intervall’. Consider the general class of receivers

I. INTRODUCTION Alt) = / / O, (t: ¢ w: TI(2, w))Wf(t;t’,w)dt’g—: B
ODERN speech applications (e.g., coding) tend to —eo (M
model the signal period-by-period. This requires perioghere
boundary determination, which can be done by detecting? given instant;
the instants of glottal closure (IGC). Within two epochs, dt’ integration in the observation intervat
the production process can be approximately modeled by aVy(t,w) Wigner TFR of f(¢);
time-invariant all-pole system that imposes linear relations onC..(t,w)  different TFR ofr(t);
the speech samples when no excitation is present. The modt(t,=)  smoothing function (the kernel).
successful epoch determination methods rely on the detectidte interpretation of (1) is to compare the time—frequency struc-
of deviations from linearity since this fact is assumed to dare of the observation to a smoothed time-frequency structure
associated with the excitation at the IGC. For instance, @ the reference signal along the timeln the frequency-do-
[1], the epochs are determined from the LPC residual ener@in, this comparison is computed over the whole frequency
calculated from short frames. In [2], the authors develop k@nd.
method that calculates the Frobenius Norm of signal matricesOur method [5] treats the speech signal as a succession of
to detect deviations from linearity. Unfortunately, the linedime-varying spectra where there is not any known reference
model only holds approximately, and these methods fail vegjgnal. In order to adapt (1) for epoch detection, we consider
often. that the reference and observation signals are obtained from
Our method relies in the time—frequency structure of tHBe speech signal in adjacent intervals. Instead of applying (1)
speech during a period. When no excitation is present the ch@ifectly, our experiments show that the best detection scores
acteristics of speech are assumed to be stationary. At the 18@ obtained whemV;(¢,w) is replaced byC (¢, w;Il). The
an abrupt glottal air flow comes outside the glottis “breakinganalysis is performed sample—by—sample over a sliding window
the time—frequency structure and producing a nonstationar{§maller than a period) and two consecutive windows are con-
shown as a wideband encrease of energy. This is a situationgisiered to obtail; (¢ — 1, w; I1) andC/ (¢, w; L1), respectively.
which the Cohen’s class of time—frequency representationsligen, our detection function becomes

suitable. oo
A(t):/ Ot — 1w I1(t, w))Cr(t £ w3 LL(E w) ).

)

, _ _ _ __This particular formulation takes the form of a spectral density
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Fig. 2. Block diagram of our ICG detection scheme.
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Fig. 1. (a) Speech signal and corresponding ICG marks, (b) dilation, and e
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closing overA(t).
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sirable properties. Our studies and experiments show that 2000
best performance is achieved with Born—Jordan representat

(BJ-TFR) among many others (e.g., cone-shaped kernel). 10001

0+

lIl. IGC EXTRACTION BY MEANS OF MORPHOLOGICAL 0 10 % Clean

CLOSING Fig. 3. Number of omissions per method (reliability).

The morphological closing [6] is a filter based on dilation
(maxima) and erosion (minima) operations over a set of sai®*°
ples, the structurant element. The closing filter keeps unalter
the positive peaks in(t), whereas it flattens the rest of the func- .,
tion thus allowing the detection of the IGC [Fig. 1(c)]. The siz
of the structurant element must be smaller than a period in or¢
to filter small peaks between IGC maxima [Fig. 1(b)]. Maximi 15000
detection is automatically performed using a difference filte
plus a zero-crossing to detect positive/negative alternances
Fig. 1, there is an example of ICG extracted [Fig. 1(a)] afte
morpholigical closing.
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IV. DESCRIPTION OF THEALGORITHM

In our study, we assume that voiced/unvoiced detectiona ¢4
pitch estimation have been done by any of the classical methc ... 0 10 20 Clean
prior to the experiments. In Fig. 2, we have the block diagram
of our method. The analysis window and the structurant element
sizes, and the detection function are adjusted with regard to the
pitch period. We must remark that a rough estimation to the pitchAt & given instant, for both the TFR-based and the FN-based
value is enough for a proper performance. At any instant, tAgctions, the analysis window length is a 40% of the pitch pe-

ana|ysis is made Samp'e by Samp'e and epoch marks are g|veﬁ For the .S”:T'based detection funCtion, a 12-coeffcients
as soon as they appear. LPC analysis is performed over frames of 30 ms long. The struc-

turant element size is a 50% of the period.
For evaluation criteria, the accuracy is defined from detec-
tions as follows. Correct (error less than a 6% of the period),
We have used a speech database with their corresponding (less than a 25%), and gross if it is higher. The criterion for
laryngogram of five men and five women (about 40 s longjeliability is based on the amount of omissions, that is, the ICG
The sampling frequency is 20 kHz. Prior to the expriments, vikat have not been detected.
have used the laryngogram signals to extract correct IGC (29292Z'he number of omissions are presented in Fig. 3. It can be
were obtained), voiced/unvoiced intervals and pitch. The noiseen that the reliability is dependent on the SNR. The best scores
is zero-mean white Gaussian and the SNRs during the voideall cases are obtained with the BJ-TFR, which is also less sen-
intervals vary from clean speech to 0 dB. sitive to the noise conditions. In Fig. 4, we present the amount of

Fig. 4. Amount of correct plus fine detections (accuracy).

V. EXPERIMENTS AND RESULTS
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correct plus fine detections. Again, the BJ-TFR shows the bésé speech data base. They would also like to thank the reviewers
performance. for their useful comments.
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