
 
Abstract: This study documents the possibility of 
using laser interferometry (ESPI) to monitor face 
surface oscillation based on measurements on one 
subject (M, 41 y. o.). The measurement was
performed in three states of mutual position of the
first formant and fundamental frequency. 
Synchronous measurements of facial vibrations 
employing an accelerometer confirmed the 
dominance of the harmonic component closest to 
the position of the first formant in the entire area of 
the head and neck. In addition to the amplitude 
ratios of facial surface oscillations, ESPI also 
distinguished the phase differences. Standing waves 
dominate in the oscillations of the face. The area 
around the corners of the mouth always oscillated 
most strongly and coincided with the oscillation of 
the upper forehead and neck. The areas around the 
eyes, chin, and ear vibrated in antiphase. Above the 
lower jaws, there was a running wave that 
progressed from the chin towards the angle of the 
mandible. 
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I. INTRODUCTION 

 
So far, vibrations of the head and neck surface have 

been measured only by means of accelerometers, laser 
vibrometers [1], or high-speed cameras [2]. Different 
oscillation regions on the face were described 
regarding the pitch, the vowels, and the voice register 
[1, 3]. Studies dealt with the energy of oscillations or 
their spectral representation [4]. However, the phase 
relations between the vibrational regions have not been 
thoroughly investigated. 

Our previous study [5] showed the importance of the 
phase differences between the glottal oscillations 
(assessed by electroglottography [EGG]) and the 
vibrations of the larynx surface when resonance tubes 
are employed. 

This study presents the amplitude and phase 
relations of facial vibrations. The measurements were 
based on electronic speckle pattern interferometry 
(ESPI).   

II. METHODS 
 

Preliminary measurements included singing scales 
using all Czech vowels in the forte dynamics of one 
male subject (41 y. o., amateur singer). A synchronized 
measurement of the EGG and the accelerometric 
signals (larynx, the center of the cheek) was analyzed 
employing wavegrams [6]. The singing of different 
vowels using accelerometers showed the dependence 
of the phase vibration of the larynx and cheek on the 
pitch and the type of vowel. 

Based on preliminary experiments, we chose two 
different pitches and two vowels, at which we assumed 
the occurrence of phenomena interesting for a pilot 
ESPI measurement (see in Fig. 1): 

- The vowel /u/ and the pitch F4 (347 Hz) [H1 
mode] was chosen as a tone where the conjunction of 
the first formant and first harmonic could be observed.  

- The vowel /a/ and the pitch F4 was in M1 [H2 
mode], where the second harmonic was the dominant 
frequency of the larynx and cheek tissue vibrations, 
and it lies in the vicinity of the first formant. 

- The vowel /a/ and the pitch A3 (220 Hz) in M1 
mechanism [H3 mode], where the third harmonic was 
the dominant frequency of the larynx and cheek tissue 
vibrations.  

The DANTEC DYNAMICS PulseESPI Sytem  Q-
600 interferometer was used for the ESPI 
measurements [7] (noncontact full field analysis of 
dynamic phenomena). The subject had to be fixed in a 
stable position relative to the camera (1.2 m) and 0.3 m 
from the microphone (see in Fig. 2). The measurement 
plane was at a 45° lateral angle relative to the cranial 
sagittal plane. The zero-crossing of the EGG signal 
served as a reference for the triggering the signal 
governing the laser pulses. 

The period of oscillation was divided into 18 
phases (for pitch F4 steps 159 μs, interferometric pulse 
interval 100 μs, for A3 253 and 158 μs respectively). 
Each phase was measured ten times, and the mean 
values were used for the subsequent data treatment. 

The measured data were processed employing the 
Istra software. The relative displacements for the time 
between the laser pulses were calculated. 
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