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Abstract

In this work, the author proposes a generalization of the acoustic pressure transmissibility to multiple
degrees-of-freedom (MDOF) systems. The main objective is to obtain simultaneously the pressure
at several unknown coordinates (unknown pressures) through a set of measured pressures in known
coordinates. This can be advantageous, e.g., if the unknown pressures are in locations of difficult
access. The proposed concept is used to develop a simple methodology to identify the location of
acoustic harmonic sources in steady-state conditions by relating measured pressures against estimated
pressures obtained from a numerical model and for a given frequency range. In this work a finite element
model is used with the approximations of inviscid and compressible acoustic fluid, no mean flow and
mean density and pressure uniform in all the domain. Some examples are presented to illustrate the
identification of punctual and line sources in one and two dimensional domains respectively. Finally,
the method was tested in a two-dimensional model of simplified aircraft interior. The obtained results
illustrate the potential and limitations of the proposed model-based acoustic source localization method.
Keywords: Acoustic Transmissibility, Acoustic Source Localization, Finite Element Method, Inverse
Problem

1. Introduction

The purpose of Acoustic Source Localization (ASL)
is to estimate the position of an acoustic source,
given certain knowledge of the sound field where it
is inserted. This knowledge can be measurements
such as sound pressure or particle velocity, which
are functions of time and space. Several methods of
ASL are based in time analysis. Techniques such as
the Time Delay Estimation (TDA) and similar are
reviewed in Ritu and Dhull [1]. TDA presents prob-
lems in the presence of reverberation effects and
background noise or in short observation interval.

For harmonic type sources and in interior acous-
tics, a frequency domain approach can be used.
The difficulty of localization in enclosed sound
fields with low damping, due to standing waves, is
stated in Kletschkowski [2]. He proposes an inverse
method to estimate pressures and velocities, and us-
ing a finite element (FE) model of an aircraft cabin
section, to successfully locate boundary sources. FE
modelling is largely used in acoustics engineering
and is addressed e.g. in Howard and Cazzolato [3]
and Howard [4]. Several examples with one, two
and three-dimensional elements and harmonic anal-
ysis with different boundary conditions are studied
there.

This thesis presents a FE model-based approach
to locate sources in the frequency domain and giv-

ing steady-state conditions. For that, the author
develops a generalization of the acoustic pressure
transmissibility in MDOF systems based on state-
of-the-art developments in structural dynamics.

The works of Lage et al. [5] where the concepts of
force and displacement transmissibility are related
both numerically and experimentally, allowed appli-
cations such as force identification and reconstruc-
tion in structural MDOF systems, as it is addressed
in Neves and Maia [6] and Lage et al. [7]. Moreover,
Maia et al. [8] also discusses the advantages and ap-
plications where this concept seems of great interest
e.g. in field service when it is impossible to measure
the response at some coordinates of the structure. If
the transmissibility could be evaluated in the lab-
oratory or theoretically (numerically) beforehand,
then by measuring in service some responses one
would be able to estimate the responses at the in-
accessible coordinates. Given these advantages, the
extension of the concept to ASL was considered to
be a natural although not straightforward develop-
ment.

Ideas of acoustic pressure transmissibility are not
new e.g., in Curlingf and Padoussis [9] where the au-
thors proposed a discrete method for the acoustic
transmissibility of a pressure transducer-in-capsule
used in experiments to measure wall pressure spec-
tra with application to the vibration of nuclear re-
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actor fuel rods and heat exchanger tubes.
Pioneer work on operational acoustic modal anal-

ysis (OAMA) using transmissibility measurements
was published by Devriendt et al. [10]. In their
work, they discuss the problem that available tech-
niques presented several difficulties to correctly
identify the acoustic parameters. For example,
the existing experimental acoustic modal analysis
techniques use volume acceleration sources while
the OAMA technique not. However, an important
disadvantage of existing OAMA, is that the non-
measured acoustic sources must be pure white noise
excitation [10], which in operation may not always
be the case. In order to solve this issue, they com-
bined transmissibility measurements under different
loading conditions and demonstrated that acoustic
parameters can be identified by that way for the
presented example of an acoustic cavity.

These transmissibility functions only recently
have made their arrival in the field of operational
modal analysis as opposed to the frequency re-
sponse functions (FRF) which are widely used in
the field of experimental modal analysis [10][11].

Considering this , the objectives of this work are:

• To study the available literature acoustic trans-
missibility concept between pressures ”mea-
sured” at two degrees of freedom in a MDOF
model. To develop a simple method to lo-
cate punctual sources through a computational
model of FE
• To develop a generalization of acoustic trans-

missibility concept between sets of n pres-
sures, based on the displacement transmissi-
bility of structural dynamics. To test the con-
cept in localization in one dimensional (punc-
tual sources) and two dimensions (line sources)
• To build a simplified two dimensional model of

aircraft cabin interior, using a commercial FE
software and to apply the localization method
in this domain, with different boundary condi-
tions

Note that this localization problem suffers in
common with other inverse problems from the ef-
fects of matrix ill-conditioning as well as the ill-
posedness of the inverse problem. Therefore, the
identification can return physically impossible so-
lutions if the measurements are affected by signif-
icant noise [12]. Another consequence is the non-
uniqueness of the solution. The so-called regular-
ization methods are used to address the two former
issues and are discussed e.g in Wind [12]. No tests
or measurements were conducted in real domains
and only the FE model is used which leaves these
methods out of the scope of this work.

It is important to emphasize that no literature
was found concerning ASL using acoustic transmis-
sibility. The author assumes that what was inves-
tigated in this thesis is, from the academic point of

view, completely exploratory. For this reason, the
approach taken throughout the work was a step-by-
step verification, with the main objectives to test
the method functionality for each simple case, in
one dimension and after two dimensions. For the
former, a Matlab R© code was developed to build the
FE model using the theory in Desmet and Vande-
pitte [13]. The same code was used to calculate
transmissibility and locate the sources. In the latter
the FE was integrated with Matlab R©, to build two-
dimensional model and provide solutions for har-
monic analysis in two-dimensional domain.

2. Transmissibilty Concept
Like any linear dynamic undamped structural (up-
per index s) mechanical systems can be modelled in
the frequency-domain by the following steady-state
equations: (

− ω2Ms + Ks
)
X(ω) = F(ω) (1)

where Ks is the structural stiffness matrix, Ms is
the structural mass matrix, X(ω) the amplitude
displacement vector, and F(ω) the amplitude force
vector; the same can be set for any linear dynamic
undamped fluid (upper index f) acoustic systems
that can be modelled in the frequency-domain by:(

− ω2Mf + Kf
)
P(ω) = Q(ω) (2)

where Kf is the global acoustic stiffness matrix,
Mf is the global acoustic mass matrix, P(ω) the
amplitude pressure vector, and Q(ω) the volume
acceleration vector. As stated in [10], one can also
conclude that similar FRF formula can be applied
using the respective modal analysis.

The transmissibility functions are the ratio be-
tween two signals like, e.g., the displacement trans-
missibility function that is the ratio of the motion
response (output) by the motion excitation (input);
or the force transmissibility function that is the ra-
tio of the force response or reactions (output) by the
force excitation (input). In [10], it is introduced the
pressure transmissibility function as the ratio of the
scalar pressure response (output) over the pressure
(input) and refer that transmissibility functions are
ratios of same type of signals as opposed to FRFs
which are defined by a ratio between conjugate vari-
ables (motions response/force input or pressure re-
sponse/volume acceleration input). One advantage
of the transmissibility functions is that they can
be measured without the knowledge of the specific
excitation forces or volume accelerations q of each
situation. Additionally they can be obtained from
the FRFs of the system model as well.

Assuming an one-point acoustic source in the de-
gree of freedom (DOF) u, the transmissibility func-
tion Tir(ω) is the ratio between the two pressures
pi(ω) and pr(ω), respectively measured at the DOFs
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i and r. Note that a careful consideration should
be taken to the choice of the reference DOF r [10].

Tir(ω) =
pi(ω)

pr(ω)
=
Hiuq̇u
Hruq̇u

(3)

where Hiu and Hru are FRFs. For multiple point
acoustic sources in the DOFs u = 1, 2, . . . , n the
transmissibility Tir(ω) becomes [11]:

Tir(ω) =
pi(ω)

pr(ω)
=

∑n
u=1Hiuq̇u∑n
u=1Hruq̇u

(4)

Note that the transmissibility for n sources via
FRF, depends on the source amplitudes (except in
the case where they have all equal amplitude).
The present work proposes two different techniques
to obtain the acoustic pressure transmissibility. The
first one uses a Dynamic Stiffness matrix formula-
tion, while the second uses a FRF formulation.

2.1. Transmissibility from Dynamic Stiffness
Matrix

As previously stated, linear dynamic acoustic sys-
tems can be modelled in the frequency domain by
the steady-state system in eq. 2. The system can
be presented in the following form:

[Z(ω)]{P(ω)} = {F(ω)} (5)

where Z is the dynamic stiffness matrix given by
K−ω2M+ jωC. The C matrix can be due to vis-
cosity or boundary conditions. In the present work
the former is zero, given the approximation of in-
viscid fluid. P is the vector of nodal pressures and
F is the vector of acoustic loads.
To obtain the pressure transmissibility, one can con-
sider the three sets of coordinates illustrated in fig.
1 and respective acoustic loads. The set U of coordi-

Figure 1: Schematics of the Acoustic Domain with Co-
ordinate Sets

nates where pressure amplitudes can be prescribed;
the set K of coordinates where pressure is known;
and the set C of the remaining coordinates. In set
U the letter choice can be justified by the fact that
these locations will be the unknown locations in the
localization of sources.
Grouping all the coordinates in the different sets
K,U and C it is possible to rewrite 5 through their
respective sub matrices; and in the case of null load

vector i.e. {F} = {FK , FU , FC}T = {0, 0, 0}, one
obtains: ZKK ZKU ZKC

ZUK ZUU ZUC

ZCK ZCU ZCC

PK

PU

PC

 =

0
0
0

 . (6)

Regrouping the sets K and C in a new set R, and
for a given imposed pressure amplitude P̄U yields:[

ZRR ZRU

ZUR ZUU

]{
PR

P̄U

}
=

{
0
0

}
. (7)

Expanding the first line of 7,and in the case P̄U is
known, leads to the direct problem :

ZRRPR = −ZRU P̄U ⇒ PR = −(ZRR)−1ZRU P̄U

(8)
and the transmissibility matrix of pressures between
the sets R and U ,TZ

RU , is introduced:

TZ
RU = −(ZRR)−1ZRU (9)

where the upper index ’Z’ indicates it was obtained
through dynamic stiffness matrix. Being nR the
number of coordinates of R and nU the number of
the coordinates of U , the transmissibility matrix
has dimension nR×nU . The interest of the present
work is to obtain the transmissibility between the
sets K, relative to the known pressure and U (the
unknown). Therefore, only nK lines of TZ

RU are
needed.
The transmissibility can also be obtained with sim-
ilar derivation for the second line of 7 resulting in:

TZ
RU = −(ZUR)+ZUU . (10)

However, for the pseudo-inverse nU has to be
greater than nR, which is not expected in practice.

2.2. Transmissibility from Frequency Response
Matrix

A natural alternative to the methodology presented
in subsection 2.1 is to use FRF’s H(ω). Starting
with the same coordinate layout of sets K,U and C
the problem in 5 takes the form:

{P(ω)} = [H]{F(ω)} ⇒


PK

PU

PC

 =

HKK HKU

HUK HUU

HCK HCU

{FK

FU

}
(11)

which assumes no loading in set C i.e. FC = 0. For
a given prescribed pressure P̄U and expanding the
first two lines of 11 yields:

PK = HKKFK + HKUFU (12a)

P̄U = HUKFK + HUUFU . (12b)

When solving for FU in eq. (12b) and substituting
in eq. (12a), one can express the known pressures
PK as function of P̄U :

PK = [HKK −HKU (HUU )−1HUK ]FK

+HKU (HUU )−1P̄U .
(13)
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In the particular case where FK = 0, the transmis-
sibility of pressures between sets K and U , TH

KU , is
given by:

PK = HKU (HUU )−1P̄U ⇒ TH
KU = HKU (HUU )−1

(14)
where the upper index ’H’ relates to the FRF’s,
here used in their matrix form.

Notice that the formulation of transmissibility in-
troduced here is independent of the pressure ampli-
tudes. If one considers an imposed harmonic pres-
sure in the set U ( e.g. PU = P̄Ue

jωt) as a source
then one can assume this formulation is indepen-
dent of source amplitudes for a single or multiple
sources.

3. Implementation
3.1. Localization of point sources in 1D
The objective of this source localization is to es-
timate the positions of n acoustic point sources,
knowing the pressure at some measured points (or
mesh nodes).

Figure 2: One-dimensional acoustic domain, discretized
in 15 coordinates, indicating the set U having one source
pressure pU (green triangle) and the set K having a
measured pressure PK (circle).

As presented in the work of [6] the basic idea
behind the proposed source localization is to look
for the possible set or sets of active sources that
minimize, over a predefined range of frequencies,
the error (difference) between the components of
the measured pressures and the estimated pressures
(upper index s). In the expression, nf is the num-
ber of points in which the range of frequencies is
discretized, and the estimated pressure is obtained
through transmissibility matrix (TH

KU or TK
RU ) us-

ing a model of the system.

εsP =

nf∑
i=1

[
P̃K(ωi)− P s

K(ωi)
]2
⇒

εsP =

nf∑
i=1

[
P̃K(ωi)− T s

KU (ωi)P̄U

]2 (15)

where P̄U is an arbitrated amplitude (here 1 Pa
was used). In this work, instead of the error , an
average correlation coefficient between nK known
and estimated pressure curves (which are functions
of frequency) is used:

σ̄ =
1

nK

nK∑
i=1

COV (P s
Ki
, ˜PKi)√

V AR(P s
Ki

).V AR( ˜PKi)
(16)

where (COV) and (VAR) relates to covariance and
variance respectively. The set s that produces
higher σ̄ (0 ≤ |σ| ≤ 1) is taken as the source coor-
dinate set. The use of this correlation assumes that
the pressure amplitude |P | is used and the source is
treated as imposed harmonic pressure in set U i.e.
PU = P̄Ue

jωt.

The method requires a numbered list of combi-
nations of nodes s where the sources can be applied
This list starts with the combinations or positions
number 1, 2, 3, 4, . . . , n corresponding to the n co-
ordinates (mesh nodes). It is followed by combi-
nations of possible locations of two sources, which
[1 2], [1 3], [1 4], . . . , [1 n]; [2 3], [2 4], [2 5], . . . , [2 n];...
;[n−1 n]. In this way the combination number n+1
is related with the positions [1 2], and the combi-
nation 2n is given by the positions [1 n], and so
on. The list finishes when the predefined maximum
allowed number of sources is treated.

In conclusion, this problem resumes to a search
for the transmissibility matrix that allows to iden-
tify the correct U set. As mentioned before, the
matrix may not be unique and have ill-conditioning
problems.

3.2. Localization of line sources in two-
dimensional domains

In the two-dimensional domain localization was
made in structured mesh grid e.g the one illustrated
in fig. 3. Therefore only straight line sources were
tested. The search process for all node combina-
tions is very intensive computationally if all the
combinations possible are to be scanned. For that
reason, the domain is divided into square zones that
are sequentially searched by a scan cell that includes
all the nodes inside that square. In each zone a
predefined set s of nodes are assumed to be source
nodes. This set can take various geometric patterns
like diagonal lines or cross lines (as in fig. 3).

Figure 3: 2D identification search process with scan cell
in mesh grid with 1 m by 1 m

Therefore , a ”zonal transmissibility” is computed
for each zone between the set s and the set K (usu-
ally a line or two of known pressures) and a subse-
quent correlation is calculated with a similar pro-
cess of the subsection 3.1. This process continues
until every zone is scanned and then is repeated
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with a higher refinement level i.e a smaller scan cell.
The zone with the higher correlation is taken as the
zone where the source is located. Increased refine-
ment levels implies a division of the domain in a
greater number of zones but can provide informa-
tion about the length of the line. These considera-
tions will be discussed in the results section.

The implementation of this process was built with
an integration of the FE software in a Matlab R©

code, that can be resumed in the fig.4. One of the
great advantages of this method is the possibility
to be used as a hybrid method if the solutions of
the known pressures (here extracted from the FE
software) are replaced by measurements performed
in the real acoustic domain.

Calculation of the 
estimated pressure 

P(ω𝑖)  with 
transmissibility T(ω𝑖) 

(for each zone)

Building of the FE 
mesh and assembly 

of FE matrices (in 
the frequency range 

ω𝑖)

Calculation of the 
FE solution in the 
frequency range 

ω𝑖

Amplitude and 
Phase of the 
Pressure in the 
known 
coordinates

Dynamic Stiffness 
Matrices Z (ω𝑖)

• Frequency Range ω𝑖

• Dimensions of FE mesh
• Mesh Refining Level 

(constant in all process)
• Boundary Conditions

• Coordinates  (x,y,z) of 
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• Coordinates (x,y,z) of 
source nodes

• Source pressure amplitude

Determination of 
the Correlation 

Coefficient σ (for 
each zone)

M
a
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a
b
™

FE
  S

o
ft

w
a
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Domain

( END)
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(x,y,z) of mesh 

nodes

• Dimension of 
search cell (for 
each refining 
level)

1 2

3

Refining 
Level has 
ended?

Yes

No

Increase refining 
level

Figure 4: 2D Identification Flowchart

4. Results and Discussion
4.1. FE model verification
A rectilinear tube with length is modelled consid-
ering a plane wave and different boundary condi-
tion at the ends. Fig. 5 illustrates a 3D repre-
sentation and its simplified 2D axisymmetric model
and 1D model. Here, we reproduce briefly the FE
study published in Cartaxo [14] on the numerical
behaviour of a sound wave propagation in a tube
with dimensions φ40mm× 500mm and a harmonic
pressure of amplitude P = 1 Pa at 1500 Hz fre-
quency applied on left end (first coordinate/node).
For the right end, two situations are studied: a) a
totally reflective top; and b) completely absorbing

top. The medium is at a reference pressure and

Figure 5: Simplification of the 3D acoustic domain to a
1D domain discretized in 15 coordinates

the amplitude is the fluctuation around this mean
value. While for the anechoic top the model does
not present difficulty to achieve the correct wave re-
sponse of the system, for the totally reflective top
one can see in fig. 6 that 45 elements were not
enough to achieve the analytical solution amplitude
with the 1D FE [13] used here, while in [14] Cartaxo
used 2D and 3D acoustic FE which required 36 ele-
ments per wavelength for the same problems. Both

Figure 6: FE model Sol. vs Analytical Sol. w/ reflective
end

absorbing and reflective analytical solutions (whose
formulation can be found in [14]) are plotted. Here
a sound speed of c = 344 m/s is used. Results
show that to obtain a solution with an error less
than ≈ 1%, it required a 1D mesh with practically
80 or more elements per wave length. It is well-
known as described, e.g., in [13][14] the difficulty
in achieving an adequate accuracy with a standard
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Figure 7: FE model Sol. vs Analytical Sol. w/ absorb-
ing end

FEM (h-FEM). Indeed, an insufficient number of
elements per wavelength result in a badly modelled
wave. It is also known as the Pollution Error that
has the form C1hk + C2k

3h2, where the constants
are independent of both h (characteristic length of
the element) and wave number k = 2πf/c. It is
clear that an increased number of finite elements in
a model do not guarantee the improvement in the
solution accuracy. One of the key issues is the con-
trol of the pollution error when higher frequencies
are involved [15]. A detailed discussion on this issue
for the h-version of the Galerkin FEM can be found
in [16], but is left out of the scope of this work.

4.2. Verification of the scalar pressure trans-
missibility

The purpose here is to obtain the transmissibility
functions for the same problem treated in [10]. The
one dimensional domain is modelled (as in the sec-
tion 4.1) with 60 1D finite elements and a total
length L = 1.24 m. Fig. 8). Both the acoustic
source and the reference node are located at x = 0.
Several transmissibility curves are plotted at fig. 9
for different measure points xi. There, one can ob-

Figure 8: Tube with the acoustic source and reference
node at one end and a reflective top at the other

serve curves that are similar to the ones obtained
by [10], where the pressure transmissibility presents
peaks at different frequencies from the resonance
frequencies (vertical dashed lines). These peaks oc-
cur at approximately the same frequencies as in [10].
The differences are due to the fact that, in this work
a one dimensional mesh is used to model the acous-
tic medium (cavity), as opposite to [10] where a 3D
mesh is used. Nevertheless, in both studies only
the centreline of the domain is analysed. Other

influence factors are the mesh refinement and/or
sound speed (c) value used in the calculations. Fig.

Figure 9: Transmissibility as obtained in [10] (eq.3)

10 shows transmissibility between the same nodes
only this time with an imposed pressure instead of
a source (at x = 0). It is clear that the curves in
both plots are very similar, as expected.

Figure 10: Transmissibility using proposed eq. 14

4.3. Verification of the proposed pressure
transmissibility matrix

From this point on, only the formulations proposed
at the subsections 2.1 and 2.2. Also, for simplicity,
the tube length used is L = 1 m. The concept in-
troduced in those sections, opens up the possibility
to calculate a transmissibility matrix that relates
a set K of pressures with another a set U of pres-
sures. This concept can be used to locate multiple
punctual sources, as e.g. illustrated in fig. 11 where
two U coordinates (extremes of the tube) and two
K coordinates at x = L/3 and x = 2L/3. At fig.12

Figure 11: Tube with two sources (triangle marks) and
two measure points (circle marks).

are presented the transmissibility TZ
RU as well as

TH
KU , and the deviation (for the T11 matrix entry),

which is very low. Several verifications at distinct
points were done, as e.g. between pressure values
obtained via the transmissibility matrix and ones
obtained from the standard FE solution (fig. 13).
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In all tested cases the error is associated with the
numerical representation round-off errors and float-
ing point operations.

Figure 12: Transmissibility matrix (T11 entry) between
sets K and U .Top: Amplitude. Bottom:Phase

Figure 13: Pressure, at x = 2L/3, obtained directly
from FE sol. vs obtained from TH

KU .Top: Amplitude.
Bottom:Phase

4.4. Source Localization in 1D
Here is presented an application of the proposed
transmissibility matrix. As illustrated in Fig. 14,
a punctual harmonic source with 3 Pa (amplitude)
is to be identified using the data from a measure-
ment performed at the right termination and the
proposed FE-based localization methodology (sub-
section 3.1). The range of frequencies used to cal-
culate the transmissibility is 200-1200 Hz. Figs. 15
and 16 present the correlation plots having in hor-
izontal axis the number of combination. In both
reflective and anechoic cases the identification was
successful i.e. the correct source location (in blue)
coincides with the combination that presents the
maximum correlation (red square). For the corre-
lation for anechoic cases, more tests are needed to
clarify why results are better using the real part of P
instead of the module. For the tube illustrated at

Figure 14: Schematics of 1D model of the source iden-
tification

Figure 15: Correlation vs combination number the re-
flective top

Figure 16: Correlation vs combination number for the
anechoic top

fig.11, consider a pressure (amplitude) of 3 Pa and
1 Pa at coordinates U1 and U2 , respectively. The
objective is to locate these two sources using the
data from a measurement performed at the coordi-
nates K1, or both K1 and K2. The correct combi-
nation of locations given by [1 61] is obtained using
one K coordinate (fig. 17), but there are several
peaks of high correlation in other node combina-
tion numbers that are close to sub-multiples of U
coordinates as e.g. the combination [1 21]. As ex-
pected, it does not happen when two K coordinates
are used (Fig. 18).

Figure 17: Correlation results using only coordinate K1

4.5. Verification of transmissibility matrix in
2D

A rectangular domain with 0.2 m× 1 m was mod-
elled with a structured mesh of 13 × 60 square el-
ements, using the FE software. The cases of plane
wave and non-plane wave were studied with mixed
boundary conditions (absorbing and reflective) to
verify the transmissibility in different conditions.
One of the examples is presented in fig. 19 were the
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Figure 18: Correlation results using both coordinates
K1 and K2

pressure amplitude solution (here extracted from
FE software) is plotted. The colour scale is in
Pa and the source amplitude is 1 Pa (black line).
The schematics in fig.20 shows the predefined co-

Figure 19: FE pressure solution (real part) in 2D do-
main . One line source (black) at f = 1500 Hz.
B.conditions: Absorbing in left and right wall and Re-
flective in top and bottom wall

ordinates of sets U and K as well as the specific
coordinates whose correspondent TH

KU matrix en-
tries (symbolized by the blue arrows) are going to
be plotted. Note that in, two-dimensional domain
transmissibility, the sets are lines of mesh nodes
(not single nodes as in 1D localization). In fig. 21

Figure 20: 2D domain schematics showing the coordi-
nates sets U and K

one can observe the transmissibility curves. Notice
that the phase has a different behaviour than the
examples in subsection 4.2. As expected, this is
due to the C matrix introduced in the system re-
lated to anechoic boundary conditions. Once more,
a comparison between pressure computed from FE
solution and computed via TH

KU matrix is made as
presented in fig.22. Again the difference between
them are very small with values around the order
of the precision floating point used.

4.6. Line Source Localization in 2D
In this subsection it is proposed to locate the zone of
a line source measuring three nodes (two elements)

Figure 21: Plots of Amplitude (Top) and Phase (bot-
tom) of transmissibility between example points of fig.
20

Figure 22: Top figs.: Pressure and Phase obtained with
FE software sol. vs obtained with transmissibility. Bot-
tom figs.: Error between the two solutions.

of length and having diagonal orientation. The am-
plitude of the source is 3 Pa. The domain and mesh
is identical to the used in the previous subsection
as shown in fig.23, but with different boundary con-
ditions layout. In that fig. the pressure solution is
plotted with the source in red. Starting by divid-

Figure 23: 2D domain FE pressure Solution (real part).
One line source (red) at f = 1500 Hz. B.conditions:
Absorbing in right and bottom wall and Reflective in
left and top wall

ing the domain in 18 zones (refinement level 1/ 6x6
element scan cell) and increasing the refinement in
more two levels, the correlation charts of fig. 24 are
obtained. The correlation coefficient was indexed
to a colour (see colour-bar of the figure). In the
first and second refining levels there are some false
positives i.e zones of maximum correlation which do
not correspond with the source zone. Only in the
third level which uses a scan cell of the same length
as the source a correct localization is made (with
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Figure 24: Correlation charts of the 2D domain w/ three
refinement levels (increasing from top to bottom). Cross
(x) pattern used for set s

high correlation σ ≈ 0.9).
The final objective is to localize two line sources.

Fig.25 presents the new pressure solution for that
case: Top source:vertical, 4 node length line with
3 Pa; bottom source: diagonal, 3 node length line
with 2 Pa. Fig.26 presents the first iteration process

Figure 25: 2D domain FE pressure Solution (real part).
Two line source (black) at f = 1500 Hz.

where the bigger source zone is located successfully.
The refining level with higher correlation is (4 × 4
cell) which is close to the source length. Adding
the identified set s1 of the refinement level that pro-
duced higher correlation (in second chart) to a new
set s1+s2, a new search was performed (fig.27). The
second iteration locates an adjacent zone to the one
of the smaller source (with σ = 0.97) and with scan
cell of the size of the source (2 elements).

4.7. Line Source Localization in Aircraft Inte-
rior

In this last section it is proposed to apply the lo-
calization method to a larger 2D domain (1.52 m×
2.28 m) with various absorbing coefficient α in the
boundaries. In the right and left walls α = 1, in
the floor α = 0.8, in the ceiling α = 0.35 and in the
seats α = 0.55. The model aims to replicate in a
very simplified way the interior of an aircraft cabin.
The localization process was equal to the one in pre-
vious section, although this time all the nodes inside
the scan cell were used as the set s. Fig.28 presents
the correlation chart obtained in the case the set K
is one line only (located in the right top in trian-
gles). In this case the scan cell has 16 cm× 16 cm

Figure 26: Correlation charts of the 2D domain w/ three
refinement levels (increasing from top to bottom)-1st
iteration. Cross (x) pattern used for set s

Figure 27: Correlation charts of the 2D domain w/ three
refinement levels (increasing from top to bottom)-2nd
iteration. Cross (x) pattern used for set s

size. The chart shows that no zone with higher
correlation emerges in the domain, but there are
several regions with high correlation(orange areas)
instead. The line source in the floor is correctly
located. When set K has two lines each one in op-
posite parts of the cabin, the correlation chart is
more defined and only the area around the source
has high correlation (fig. 29).

5. Conclusions
This work evidentiates that is possible to correctly
locate acoustic harmonic sources in interior do-
mains, using a simple method. However, one of the
main disadvantages is it can be very intensive com-
putationally when large models are involved (like
the cabin one). Although, this was mainly an eval-
uation on the viability and potentialities (as well
as limitations) of the pressure transmissibility con-
cept, it proved that there is interest in studying ex-
perimentally its applications in the industry. Fur-
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Figure 28: Cabin correlation chart w/ 16× 16 cm scan
cell. One line of known pressures used. source in the
floor (green triangles)

Figure 29: Cabin correlation chart w/ 16× 16 cm scan
cell. Two lines of known pressures used

ther developments can include testing the method
in three-dimensional domains and/or in cases with
fluid-structure interaction.
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