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Abstract: From the viewpoint of musical acoustics, sound is defined as a vibrating movement of 
material recognized by our sense of hearing. Musical acoustics concerns on generation, transfer and 
perception of the musical signal, which is in its natural form generated by the mechanical system of a 
classic musical instrument. Thus the analysis of the vibrating movement of the musical instrument and 
its individual parts is an essential component of musical instrument research. This paper describes some 
possibilities of Pulse ESPI (Electronic Speckle Pattern Interferometry) by the vizualisation and analysis 
of musical instruments and their parts’ oscillations. 

1. Introduction 
The Pulse ESPI (Electronic Speckle Pattern 
Interferometry) System is based on the principle of 
the pulsed holography, i.e. on the ruby laser 
illumination of a vibrating object and on the 
evaluation of changes between equivalent two 
fringe images. The object is illuminated by two 
pulses (width 30 nsec.) within a time range of 2 to 
800 µsec. The reflected light is recorded by a CCD 
camera and processed by an image processing 
computer. The reference beam is directly coupled 
in the camera. The quantitative analysis of the 
fringe images uses the phase cross correlation 
technique. The calculation produces a phase map – 
fringe pattern of the vibrating object deformation, 
for example of vibrating parts of musical 
instruments. For a 3D measurement of the object 
deformation (if the object vibrates in the x,y,z 
directions) the three cameras are used. 

  

2. Examples of musical instruments 
and their parts oscillations 

The most simply shaped vibrations between 
musical instruments can be found on homogenous 
membranes, percussion instruments, such as a 
small drum or tambourine. Upon acoustic driving 
by a plane wave, it is possible to build the basic 
circular resonance mode and to monitor, for 
example, non-uniform stress of the membrane or 
the influence of dampening of the membrane with 
the hand. 
 
For driving higher modes – circular and radial 
modes – it is necessary to use the directed acoustic 
driving which corresponds to the locations on the 

membrane, because the plane wave drives and 
dampens higher modes at the same time.  

Figure 1.  Measurement of the tambourine me
vibration - basic mode (01) - 100 Hz (a) 
dampening effect by the hand (b) 
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Upon mechanic driving by the drum-stick impact it 
is possible to monitor the propagation of the wave 
on the membrane for first 5, 10 and 15 msec. 

 

Figure 2. 3D Measurement of the beginning of the 
wave propagation on the tambourine membrane  

 

Next example is the basic mode  of the back violin 
plate (129 Hz). If the driving frequency is not 
exactly in the resonance with the mode of the plate, 
the form of the mode is obviously deformed. 

Wood, as opposed to a membrane made from 
artificial materials, is not homogenous and the 
thickness of the plate also changes. 

Figure 3. 1st resonance mode of the back violin plate 

Another example concerns identification of a 
problem in the top plate of a guitar. Upon changing 
the frequency of the basic resonance mode, 
influence of a flaw in manufacturing showed up, 
more specifically the influence of the bad adherent 
brace to the top plate in the designated location.  
Under 195 Hz and above 205 Hz the plate does not 
vibrate. 

Figure 4. Identification of the bad adherent brace on 
the quitar top plate (203 Hz) 

 

Next example shows the visualization possibilities 
of the air movement in front of the mouth and 



simultaneously inside the organ pipe. To drive the 
tone, instead of air, carbon dioxide was used, 
because of the different gas density. By this 
convincing method, it is possible to exactly 
visualize air vortex, and therefore also the 
movement of the air reed. The image displays the 
individual phase of expanding pressure wave when 
triggering a tone sounded from the pipe. The single 
images may sequence in animation of the air reed 
movement.  

Figure 6  The vocalist’s side face and face during the 
singing the vowel „A“ (aprox. 100 Hz) 

 

3. Conclusion 
The Pulse ESPI has shown its ability to be used for 
analysis of any kind of problems on musical 
instruments. The information provided ESPI 
enables very acurate analysis, even for oscillating 
parts or transient problems, where common 
scanning techniques cannot be used due to 
dynamic stability of measured object. This method 
offers many future applications of the analysis and 
vizualisation of musical instruments (and their 
parts) oscillations.  
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Figure 5. The air movement outside and inside the 
transparent organ pipe during the tone attack 

 

Last example does not represent oscillations of any 
musical instrument but the vocalist’s face and side 
face images during singing the vowel “A”. In this 
case there are possibilities by means of ESPI to 
display the oscillations of soft tissues and bones 
within the articulation and holding of vowels and 
consonants too. The similar method can be also 
used for wind (wood and brass) instrument players. 

[1] Jones, R., Wykes, C. (1989): Holographic and 
Speckle Interferometry, Cambridge University 
Press, ISBN 0 521 34878 1. 

[2] Syrovy, V. (2005): Using of Pulse Interferometry 
on Musical Instruments, Proceedings of the 12th 
International User Meeting, Dantec Dynamics, 
Ulm, chapter 7. 

[3] Wang, Z., Ettemeyer, A. (1997): Pulsed ESPI to 
Solve Dynamic Problems, Dr. Ettemeyer 
Application Report No. 04-97, www.ettemeyer.de. 

 
In Czech  
[4] Syrovy, V. (2006): Od Chladniho k 3D ESPI, 

Proceedings of the 2nd International Symposium 
“Material-Acoustics-Place 2006”, Zvolen. 


