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Abstract 

The Impact Planar Nearfield Acoustic Holography implements the inverse method NAH on the basis of the acoustic impulse response field. It is well adapted to modal 
analysis and can be used in non anechoic environment. Compared to classical modal analysis methods, IPNAH has some interesting advantages, especially in case of 
fragile structures like ancient musical instruments or for parametric studies. It is indeed a non intrusive method that permits, thanks to an important number of simultaneous 
measurement points, an analysis with shorter time and lower number of impulse shocks. Inconvenient of the method are due to the inverse calculation process and 
hypothesis that induce a lack of precision in the vibration field reconstruction in edges areas, especially when edges boundary conditions are free. Those inconvenient are 
minor compared to advantages. 
The principle of this method is presented on the first part of the present paper. A short presentation of some recent applications follows. 
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Résumé 

L'IPNAH est une variante de la méthode inverse d'holography acoustique de champ proche, adaptée aux champs acoustiques de réponse impulsionnelle. Cette méthode est 
particulièrement adaptée à l'analyse modale et ne nécessite pas un environnement anéchoïque. Comparativement aux méthodes expérimentales classiques d'analyse 
modale, l'IPNAH présente des avantages intéressants, en particulier dans le cas d'instrument de musique anciens ou d'études paramétriques conséquentes. C'est en effet une 
méthode sans contact, qui permet, grâce à un nombre important de points de mesure simultanés, une analyse avec un nombre d'impacts et un temps de mesure limités. Les 
inconvénients de ce type de méthodes sont dus aux hypothèses du calcul inverse qui induit une perte de précision du champ vibratoire reconstruit aux limites de la source, 
en particulier dans le cas de bords libres.  
La première partie de cet article présente le principe de la méthode IPNAH, une courte présentation de quelques applications récente est ensuite proposée. 

Mots clef  

Holographie acoustique, analyse modale, rayonnement acoustique, tables d'harmonie, sondes pression-vitesse. 
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1 Introduction 

The Impact Planar Nearfield Acoustic Holography, 
is a non intrusive experimental method, developed 
by the authors ([1]). It implements the well known 
inverse method NAH on the basis of the acoustic 
impulse response field and is well adapted to modal 
analysis. The NAH process of planar harmonic 
pressure fields is summerized in the first paragraph. 
The impulse response of the vibrating source is 
measured in term of radiating acoustic field with an 
array of microphones. The impulse response is 
obtained by a point shock excitation of the structure.  
The vibration behaviour of the source is then 
deducted, in term of normal vibration velocity, with 
the help of an inverse calculation method based on 
spatial 2D Fourier transforms.  
This technique is used here in the aim of achieving 
structural modal analysis. 
Compared to more classical experimental modal 
analysis methods (laser vibrometry, piezoelectric 
accelerometers) that measure directly the vibration 
behaviour of the structure, one must keep in mind 
the inverse calculation hypothesis used: 
the vibration source is supposed to be planar 
the vibration source is reconstructed on a virtual 
planar rectangle of the same size as the microphone 
array. The source distribution is supposed to be 
continuous.  
Moreover measurement is performed in the near 
acoustic field, evanescent components are partially 
covered by noise and the information they contain is 
then lost in the low pass noise filtering operation in 
the NAH process. 
The major consequence of the last two last points is 
a lack of precision in the vibration field 
reconstruction in edges areas, especially when edges 
boundary conditions are free. These defaults were in 
fact shown to be minor. 
Compared to classical methods, IPNAH has some 
interesting advantages, especially in case of fragile 
structures like ancient musical instruments or for 
parametric studies: 
 - except for the excitation system, it is a 
non contact method 
 - as an important number of 
measurement points (120) can be recorded at the 
same time, the number of shocks on the structure is 
much lower. 
 - the measurement time is very short 
(about 15mn for 1920 measurement points), 
allowing the measurement of numerous prototypes 
or boundary condition cases. 
Some recent applications of this method will be 
presented in the paper. 
 

2 Impulse Nearfield Acoustical Holography. 
Principle 

The NAH process of planar harmonic pressure 
fields is exhaustively described in [2]. The steps 
implemented for the treatment of the previously 
measured fields follow this description (figure 1).  
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Figure 1: Sketch of the different NAH processes 
involved in the study 
 
Following the measurement stage, a classical 
frequency analysis provides a set Ph(ω,x,y,zh) of 
harmonic hologram pressure fields over the desired 
frequency band. 
 

The first step consists then, by means of a 2D spatial 
Fourier transform, of converting the measured harmonic 
pressure field Ph(ω,x,y,zh) from the real space domain 
into its k-space representation Ph(ω,kx,ky,zh). 
The second step consists of conditioning the obtained 
spatial spectrum in order to eliminate the high spatial 
frequency noise brought by the measurement process. 
This is done applying a low-pass Veronesi filter, with a 
cutoff wave number of kc. The filtered k-spectrum is 
denoted Ph

f(ω, kx,ky,zh). 
In our case, the objective is to reconstruct the normal 
velocity of the structure Vs. Therefore the following 
operation, called the back propagation process, is 
modeled with an operator GPV = EPV(ω,kx,ky ).H(ω, kx,ky, 
zh-zs).  
H stands for the exponential propagator exp(jkz(zh-zs)), 
where kz

 = (k2-(kx
2+ky

2))1/2 is purely imaginary for 
evanescent components of the field, and real for the 
propagating components.  
The operator EPV = kz/ρck is independent of the source-
hologram distance and directly derives from Euler’s 
equation. Its effect is to transform pressure into normal 
velocity. 
After the back propagation process of the spatial spectra 
onto the source plane, the ultimate step brings back to the 
real space, consisting of an inverse 2D spatial Fourier 
transform.  
 

3 Experimental setup  

The structure under study is supposed to be planar. A 
harmonic acoustic nearfield is to be measured in order to 
be used in an NAH reconstruction process. This field is 
to be derived from an impulse response, which allows 
performing measurements in an ill conditioned acoustic 
environment. A point impulse excitation of the plate is 
provided by an automated hammer driven by an 
electromagnet that produces a reproducible shock. The 
position of the impact is chosen so as to mobilize 
significant flexural vibration modes of the structure 
under study. The resulting acoustic impulse response 
field is measured over a parallel plane at a distance zh. 
This plane is hereafter referred to as the hologram plane. 
A 12 by 10 electret microphones array, with a 50 mm 
step, is used to collect the pressure field here denoted 
Ph(x,y,zh,t). So as to refine the measurement grid, the 
array is moved according to 16 interleaved positions. The 
field is finally sampled according to a thin grid with a 
12.5 mm step and limited to a 0.6 x 0.5 m rectangle. The 
operation can be repeated to enlarge the measurement 
grid as for the harpsichord application presented later. 
The 120 impulse pressure responses for each position of 
the array are collected using a home made 128 channels 
synchronous digital recorder. Each measurement 
associated to one shock on the soundboard has to be 
phase referenced. Therefore an accelerometer (or a 
microphone) is positioned on the structure (or in the 
nearfield) and its constant impulse response is 
systematically recorded along with the acoustic signals. 
The NAH process associated to this setup is fully 
described in a previous paper [2]. 
 

4 Harpsichord soundboard vibroacoustics 
behaviour 

The Music Museum in Paris recently acquired a 
harpsichord made by Ioannes Couchet in 1652 in Anvers. 
As a masterpiece this instrument is considered as a 
"National Treasure". In the objectives of increasing our 
understanding of the harpsichord ageing, improve a 
numerical model currently in process and develop a 
diagnostic method for conservation, an experimental 
modal analysis of the soundboard was performed by 
processing its sound field.  
IPNAH is performed here in unusual conditions 
compared to literature, as they are far from the ideal: 
unbaffled source, low sound pressure level, unusually 
large measurement distance, preponderance of 
evanescent waves. 

The impulse response of the harpsichord soundboard 
is measured in the semi-anechoic room of the Musée 
de la musique (figure 2). In such a room, noise level is 
seriously diminished. This condition allows to 
minimize the soundboard excitation level and also to 
optimise the signal to noise ratio for evanescent 
waves. As strings should not be removed nor 
slackened, they are muffled in order to eliminate the 
string sound production. In the double objective of 
accessibility and painting conservation, the excitation 
position is chosen on the underside of the soundboard. 
The keyboard is therefore removed. The position of 
the impact is chosen so as to mobilize significant 
flexural vibration modes of the soundboard. So as to 
obtain a sufficiently large measurement grid (it must 
cover the entire soundboard surface), the array is 
moved according to 8 positions. For each of these 
positions the array is also moved according to 16 
interleaved positions so as to refine the measurement 
step grid to 12.5 mm. The resulting acoustic impulse 
response field is measured over a parallel plane at a 
distance zh = 72 mm, the smaller possible here for 
technical reasons of accessibility. It remains however 
an unusually large distance for NAH 
The field is finally sampled according to a thin grid 
with a 12.5 mm step and limited to a 1162.5x1762.5 
mm rectangle. The different sets of measurement 
finally count 13348 point acoustic impulse responses. 
 

 
Figure 2. Experimental setup 

 
However experimental conditions are far from ideal 
for NAH, a very satisfying modal decomposition for 
[30-1200Hz] bandwidth is obtained. In this bandwidth 
21 eigenmodes were found. The velocity distribution 
is obtained by NAH inverse calculation on a virtual 
rectangular plane that contains the soundboard and has 
the same dimensions as the measurement plane. The 
pressure field measured in the [0 2000Hz] bandwidth 
(figure 3a) shows the surface area more solicitated. On 
figure 3b and 3c two steps of the IPNAH process are 
shown for the 485Hz eigenmode. Comparing the 
radiated pressure field measured in the hologram 
plane and the source velocity field reconstructed, one 
can appreciate the interest of the reconstruction.  
 

 
Figure 3. Hologram pressure field distribution in the 

[0 2000Hz] bandwidth 
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Figure 4. hologram pressure field at 485 Hz 

 

 
Figure 5. Source velocity reconstructed by IPNAH 

at 485 Hz 
 
Frequency and mode shape of four eigen modes are 
presented on figure 4. Mode shapes are presented in 
term of normal vibration velocity distribution. 
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Figure 6. Modal shape reconstructed for four eigen 
modes. 

 

5 Comparison of PU Microflown probes and 
microphone array used in IPNAH  

The aim of this work was to evaluate the gain of 
information provided by pressure-velocity probes as 
compared to microphones in IPNAH. The 
vibroacoustic behaviour under study is the impulse 
response of a thin plate (0.4m x 0.5m x 4mm) 
submitted to a shock. Each of the four corners of the 
plate is attached to a rubber silent block. Both a 4 
PU probes array (fig 7) and a 120 microphones 
array (fig 8) are used to sweep the acoustic near 
field of interest at a 25mm distance. Nearfield 

acoustic holography is thereafter performed with the 
three measured quantities. Along these processes, the 
fields and their transformations (K-space spectra and 
reconstructed vibration source fields) are compared. The 
normal velocity source distribution is also directly 
measured with a laser vibrometer. This distribution is 
considered as a reference for the evaluation of the 
different NAH processes. 
 

 
Figure 7. aluminium plate and  microphone array 

 

 
Figure 8. PU probe array 

 
Figure 9 presents the results obtained for the resonance at 
545Hz. This frequency as been chosen as it is well 
representative. 
One can observe that the three NAH reconstructed fields 
seem well correlated. They are also quite similar to the 
vibrometer measured field, except at the limits 
corresponding to the free edges of the plate. This bias is 
due to the NAH treatment itself, which is not well fitted 
to discontinuities in the source velocity field. 
One can observe on wave number space (kx,ky) 
distributions that the NAH processes over estimate the 
low wavenumber components. This is particularly due to 
both the k-filtering and back-propagation operations. 
Parallely, as Euler operator EPV = kz / ρck is zero on the 
radiation circle (k2

 = kx
2+ky

2), the velocity fields 
calculated from pressure distribution (KVsP, KVsA) 
present a very low value for planar wave numbers close 
to the radiation circle. This systematic under estimation 
is avoided when the source velocity is calculated from 
the particle velocity hologram Uh. 

 
Vib - Mag

x 

 

-20 0 20

-20

0

20 0

0.5

1
VsU - Mag

 

 
y

-20 0 20

-10
0

10
0.5

1
-

 
KVib

 

 

-100 0 100

-100

0

100
0.2
0.4
0.6
0.8

KVsUky

 

 

-100 0 100

-100

0

100 0

0.5

1-10

10kx

 
 

5

VsP - Mag

 

 

-20 0 20

-10
0

10
0.5

1
VsA - Mag

 

 

-20 0 20

-10
0

10
0.5

1

 

5

KVsP

 

 

-100 0 100

-100

0

100 0

0.5

1
KVsA

 

 

-100 0 100

-100

0

100 0

0.5

1

 
 

Figure 9: Results for the 545 Hz resonant frequency.  
Laser vibrometer measured vibration of the plate 

(Vib) and 3 different NAH source velocity 
reconstructions: from acoustic velocity PU probes 

(VsU), from acoustic pressure PU probes (VsP) and 
from acoustic pressure microphones array (VsA) 

 

6 Effect of prestresses on natural frequencies 
of a buckled wooden plate  

Piano soundboards are subjected to initial stresses 
coming from the instrument maker know-how. The 
aim of this work was to study the effects of these 
prestresses for a wooden plate loaded in two 
directions: in its plane and transversally. A bridge and 
string are also added in order to simulate the vertical 
prestress effect of strings. The structure under study 
(figure 10) is a 470 x 218 mm red cedar plate of 4 mm 
thickness, with its two larger sides on free boundary 
conditions and its two other sides clamped. Prestress 
field is applied in translation and rotation by acting on 
the clamped extremities. The evolution of the linear 
modes with these two static loads were investigated 
experimentally and compared to numerical results.  
 

 
Figure 10. Experimental setup 

 
Experimentaly, the choice of the IPNAH method 
allows to have no intrusion in the system and gives 
fast results of modal shapes and frequencies. The 
acoustic impulse response field of the plate is 
measured over a parallel plane at 25mm distance. The 
field is sampled according to a thin grid with a 
12.5mm step and limited to a 0.6x0.5m rectangle 
centred on the plate. The different sets of 
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measurement finally count 1920 point acoustic 
impulse response. 
 

 
Figure 11. Microphones array at a 25 mm distance 

of the plate
 
The average experimental spectrum shown on figure 
12 shows an important number of resonant modes in 
the [0 1000Hz] bandwidth. The IPNAH 
reconstruction permitted a quite good identification 
of mode shapes as can been seen on figure 13.  
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Figure 12. Average experimental spectrum 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Two examples of eigen shapes 
reconstruted by IPNAH. 

 
This good identification allows to study the 
evolution of frequency of each mode according to 
prestress . In case of in-plane load (figure 14) one 
can observe two phases for the load dependence of 
frequencies. For low vertical displacements of the 
center of the plate, frequencies decrease when load 
increase. For higher displacement (over 0.6mm) 
frequencies of antisymmetric modes are constant, 
when frequencies of other modes decrease. 
 

 
Figure 14. evolution of eigenfrequencies with the in-

plane load on the plate. Experimental results. 
 

Numerically, the finite element method is used with both 
linear and nonlinear prestresses approaches. 
Experimental/numerical comparison permitted to 
evaluate the accuracy of the different modelling. 
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