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Delay compensation between the speech signal and the corresponding

electroglottograph signal

Hartmut R. Pfitzinger and Uwe D. Reichel, LMU Munich

A typical close-talk microphone has a distance of approx. 20 cm from the glottis.

This leads to a delay between the recorded speech signal and the electroglottograph
signal of approx. 0.6 ms which is 28 samples at 48 kHz sampling rate. This delay

poses a problem for glottal epoch detection reference databases because the exact

delay depends on the position of the microphone capsule and on the air temperature
in the recording room.

To precisely estimate and compensate the delay we use the following procedure:

An autocorrelation-based LPC of the pre-emphasized speech signal yields the co-
efficients for inverse filtering. This is performed applying energy normalization and

followed by second differentiation of the resulting signal leading to the third deriva-

tive of the quasi-glottal flow. This signal has the particular property that each glottal
epoch is reflected by a small number of positive and subsequent negative samples.

The same property can be found at the second derivative of the electroglottograph

signal. This similarity is large enough to guide a normalized cross-correlation with
a window size of 200 ms to very reliably yield a maximum value at the local delay

between the two signals.
A short analysis of the delay data of several speakers shows that the delay varies

within half a second by 0.1 ms which means that a global compensation of the delay

leads to a typical alignment error of approx. 0.05 ms.
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Introduction

• Multi-channel speech recordings have channel-individual delays.

• A speech database providing glottal excitation positions

needs compensation for the delays.

• The delay of the electroglottograph (EGG) signal

is difficult to estimate.

• This paper presents a solution for the delay estimation.
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Details of the Problem

• The speed of sound in air is quite slow: 340 m/s.

• Voiced sounds are produced by the glottis.

• The sound travels through the vocal tract (length: approx. 17 cm).

• A microphone cannot be positioned closer than 20–25 cm to the glottis.

• Speech recordings with an additional electroglottograph (EGG) show a

minimum delay of 0.20 m — 0.25 m
340 m/s

= 0.59 ms — 0.74 ms.

• Two microphones produce sufficiently similar signals for cross-correlation

to estimate the delay.

• But the EGG signal is too different and cross-correlation fails.

• A new method to reliably estimate the delay is needed.
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Two Possible Solutions

I. Use a two-dimensional cross-correlation between the sonagrams of the

speech signal and the EGG signal:
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II. Use inverse filtering of the speech signal to estimate the quasi-glottal flow

and cross-correlate it with the EGG signal, which is similar to the glottal flow.
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Method Step I: Transform the Speech Signal

• Pre-emphasis of the speech signal (+6dB/Oct.)

• Autocorrelation-based LPC (every 10 ms, 50 coefficients for 48 kHz)

• Inverse filtering with amplitude normalization

• Differentiation

The result is the 3rd derivative of the quasi glottal flow
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Method Step II: Transform the EGG Signal

• Estimate 2nd derivative of the EGG signal

The result is a signal similar to the 3rd derivative of the quasi glottal flow
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Method Step III: Cross-Correlation

• Apply normalized cross-correlation:

nccl =
∑

n xnyn+l∑
n x2

n +
∑

y2
n+l

• Practical parameters are:

step size of 10 ms,

rectangular window

with 200 ms duration

• Pick the maximum of the normalized cross-correlation function

(its the delay!).

• Estimate the modal value of those frames of one utterance,

which are voiced.

This leads to the global delay value!
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Example
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Explanation: Relation between Glottal Flow and EGG Signal
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(After Colton&Conture 1990)

The glottal flow and the EGG signal have one crucial common feature:

The discontinuity at the excitation impulse

(which is emphasized by differentiation)
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Conclusion

• The proposed procedure is fast and reliable

• The best method to find the correct global delay value

is a continuity criterion in the time-domain

(and not an extensive analysis of minima and maxima in the correlation

functions).

• The data of several speakers reveal that:

the local delay varies by ±0.05 ms within half a second of speech.

Thus global compensation of the delay

applied individually to each utterance

leads to a typical alignment error of approx. ±0.05 ms.
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