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Abstract
This paper aims at analyzing the effect of edge diffraction on the in situ impedance measurement with an array of
microphones. An analytical solution for the problem is presented, based on a two-dimensional Fourier transform
of the sound field above a rectangular sample. A simplified Boundary Element Method (BEM) is used to emulate
the measurement of finite samples with a microphone array, and the wave-number spectrum is estimated by a
regularized solution of the inverse problem. The properties of the observed wave-number spectrum are associated
either with the specular reflection or with the diffracted components, caused by the interaction of the sound wave
with the finite absorber. The absorption coefficient is retrieved from the regularized solution and the influence of
the size and shape of the samples is also investigated.
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1. INTRODUCTION

The absorption coefficient is an important pro-
perty in many noise and reverberation control ap-
plications. Under normal incidence, ISO 10534-
2 [1] regulates the measurement procedures, valid
only for a plane wave at an elevation angle of
0◦. Under diffuse incidence, the standard ISO
354 [2] regulates the measurement of an avera-
ged absorption coefficient across all angles of in-
cidence. In each noise or reverberation control
application, the applied sample may vary in size
and shape, and so will vary the diffraction created
by the sample. On the other hand, for any given
measurement method, it can be advantageous to
characterize the impedance/absorption properties
with minimal influence of the size and shape of
the sample under test.

One of the main concerns when measuring the
absorption coefficient in situ or under diffuse fi-
eld conditions is the analysis of the influence of
the finite dimensions of the sample. At the in-
terface between the sample and its surroundings,
the abrupt change in the boundary conditions will

cause the sound wave to diffract, which is known
as the edge diffraction effect. It is well known
that it plays an important role in measurements
of sound absorption under diffuse incidence, for
which it can exceed unity [3–5].

Concerning the free-field or in situ measurement
conditions, there are several methods that can
be used [6], and the edge diffraction effect has
always been of interest in such context. Kimura
and Yamamoto [7] investigated tried to determine
the minimum required size of a specimen for the
accurate measurement of the absorption coeffi-
cient under oblique incidence. In Refs. [8, 9],
the edge diffraction effect was investigated nume-
rically and experimentally. The Boundary Ele-
ment Method (BEM) was used to demonstrate the
effect of the finiteness of porous absorbers me-
asured under free-field conditions. Both works
used single point measurement techniques (i.e. a
pressure-particle velocity probe) and identified
that the edge diffraction causes the resulting ab-
sorption coefficient to oscillate around the true
absorption of an infinite sample. Thus, such mea-
surement techniques are sample size dependent.
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The use of microphone arrays to measure the
sound absorption in situ has gained some attention
in recent years, following past work of Tamura
[10, 11]. This is an ill-posed inverse problem and
many types of arrays can be used such as spheri-
cal, double-layered, and randomized arrays [12–
14]. The sound field model has been formulated
using different bases such as propagating plane
waves [12, 13], propagating and evanescent plane
waves [15, 16], and by distributed monopoles with
sparse processing [14]. The absorption coeffi-
cient can be estimated either by reconstructing
the surface impedance [12, 14, 15] or by using
the acoustic power of the estimated wave-number
spectrum [13]. Investigations of the finite size
effect on the estimated absorption coefficient was
exploited in Refs. [15–17].

This study is a follow-up to a recent paper pu-
blished in the Journal of the Acoustical Society
of America [18] to analyze the edge diffraction
effect near finite porous absorbers in the wave-
number domain. Sections 2 and 3 re-introduce
the theoretical analysis of the wave-number spec-
trum and the inverse problem used to estimate it
from data of an array of pressure sensors. The
Boundary Element Model used to simulate the
sound field above finite is summarized in Sec. 4.
The main differences of this paper w.r.t. Ref. [18]
is the analysis of samples with different flow re-
sistivity and the inclusion of the wave-number
spectrum of circular samples. The results and dis-
cussion for these scenarios are provided in Sec. 5,
followed by conclusions in Sec. 6.

2. THEORETICAL ANALYSIS OF THE
WAVE-NUMBER SPECTRUM

The derivation of the analytical solution for the
wave-number spectrum is based on the problem
studied by Refs. [3, 16, 19]. The total acoustic
field above a finite absorber will consist of one
plane incident wave, one plane geometrically re-
flected wave and the scattered field, as in the fol-
lowing equation

p(r) = p̃i e− jki·r+p̃i e− jkr·r− 2j p̃ik
Zs(θ)+Zr(θ ,φ)

×
∫

S
G(r,rs)e− j (k

′
xxs+k

′
yys) dS ,

(1)

where r = (xr,yr,zr) is the coordinate vector
of a receiver and rs is a coordinate vector on
the surface of the finite absorber (see Fig. 1 for
reference), S is the surface area of the absorber,
k = ω/c is the wave-number of the air, and p̃i
is the complex amplitude of the incident plane
wave. G(r,rs) =

e− jkr

2πr is the half space Green’s
function, with r =

√
(xr − xs)2 +(yr − ys)2 + z2

r .
θ and φ are the elevation and azimuth angle
of incidence of the impinging plane wave.
ki = (k

′
x,k

′
y,−k

′
z) and kr = (k

′
x,k

′
y,k

′
z) are the

wave-numbers of the incident and reflec-
ted plane waves, with k

′
x = k sin(θ)cos(φ),

k
′
y = k sin(θ)sin(φ), and k

′
z = k cos(θ) [5].

Zs(θ) is the normalized surface impedance
of the sample, and Zr(θ ,φ) is the normalized
radiation impedance of the finite absorber. For
a rectangular sample, the radiation impedance
is given in Ref. [19] and can be integrated
numerically [5, 16]. Note that Eq. (1)is valid for
non-locally reacting samples.

The derivation of the wave-number spectrum
is acomplished by taking the 2D spatial Fou-
rier transform of Eq. (1) at an infinite plane
zr above the sample. The steps are detai-
led in Ref. [18], and only rectangular samples
are accounted for in this analytical derivation.
For the first term on the right-hand side of
Eq. (1), the incident wave-number spectrum is
Pi(kx,ky) = p̃i4π2 e− jk

′
zzr δ (kx − k

′
x,ky − k

′
y), an

impulse associated with the direction of travel
of the incoming plane wave. Similarly, for the
second and third terms on the right-hand side of
Eq. (1), the reflected wave-number spectrum is

Pr(kx,ky) = p̃i4π
2 ejk

′
zzr δ (kx − k

′
x,ky − k

′
y)

+
2kp̃i LxLy

Zs(θ)+Zr(θ ,φ)

e− jkzzr

kz
S(kx,ky) ,

(2)

S(kx,ky) = sinc

[
(kx − k

′
x)Lx

2

]
sinc

[
(ky − k

′
y)Ly

2

]
,

(3)

with k
′
z = (k2 − k

′2
x − k

′2
y )

1/2 and
kz = (k2 − k2

x − k2
y)

1/2.
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This result provides insight into the edge diffrac-
tion phenomenon. As with the incident field, the
first term on the right-hand side of Eq. (2) repre-
sents an impulse associated with the direction of
travel of the specular reflection. In the case of an
infinite absorber, this would be the only compo-
nent in the wave-number spectrum (scaled by the
reflection coefficient). The second term shows
the influence of the finiteness of the absorber th-
rough a two-dimensional sinc function, scaled by
Zs(θ) and Zr(θ ,φ). The main lobe of this func-
tion is associated with a plane wave traveling in
the direction of the specular reflection. The other
lobes result from the effects of the finiteness of
the absorber. The lobes can be either associated
with propagating or evanescent plane waves, tra-
veling in directions other than the direction of the
specular reflection. Particularly, the lobes associ-
ated with evanescent waves are associated with
plane wave components traveling in directions
parallel to the surface of the sample. The magni-
tudes of the side lobes tend to decay as the spatial
frequency increases. Such effects will be further
discussed in Sec. 5.

3. WAVE-NUMBER SPECTRUM ESTIMA-
TION FROM ARRAY DATA

The wave-number spectrum is estimated from
data collected by an array of sensors, by solving
the inverse problem. Herein, the estimation is
based on the Near-Field Acoustical Holography
(NAH) [20]. Consider a set of M receiver points,
representing an array with each receiver at coor-
dinate rm. The measured data at the microphone
positions can be projected into a basis of L pro-
pagating and evanescent plane waves. A matrix
equation representing this problem is given by

p̃ = H x+n , (4)

where p̃ ∈ CM represents the sound pressure
captured by the M microphones at a given fre-
quency. x ∈ CL are the unknown complex am-
plitudes of the L plane waves and n represents
the effects of noise and model inconsistencies
[13, 14, 21]. Each ℓ− th plane wave has wave-
number kℓ = (kx,ky,kz), with kz given by

kz =


√

k2 − (k2
x + k2

y) , if k2
x + k2

y ≤ k2

− j
√

(k2
x + k2

y)− k2 , if k2
x + k2

y > k2
,

(5)

where the components with k2
x +k2

y ≤ k2 represent
propagating plane waves, radiated to the far-field,
and the components with k2

x + k2
y > k2 represent

evanescent plane waves, with power flowing paral-
lel to the (x,y) plane, but decaying exponentially
in the ẑ direction [20]. In order to capture informa-
tion of the incident and reflected/scattered sound
fields, H = [Hinc Href] ∈ CM×L is the sensing
matrix composed of a dictionary of incident, Hinc,
and reflected, Href, plane waves. For a given re-
ceiver at rm = (x,y,z) and a wave-number kℓ, the
matrices’ elements are

ψ inc
ℓ (rm) = e− j (kxx+kyy+kz(z−z+))

ψ ref
ℓ (rm) = e− j (kxx+kyy−kz(z−z−)) , (6)

with z+ and z− being the locations of the inci-
dent and reflected virtual source planes, which
serves as a balance between regularizing the in-
verse problem and including the information of
the evanescent waves [21, 22].

Usually L≫M and Eq. (4) becomes an under-
determined ill-posed inverse problem. Herein, it
is solved with Tikhonov regularization [12, 23],
which is expressed by

x̃ = argmin
x

(
∥Hx− p̃∥2

2 +λ
2 ∥x∥2

2

)
, (7)

where x̃ is the estimation of the complex ampli-
tudes of the L plane waves and λ > 0 is the re-
gularization parameter, which is estimated herein
by the L-curve criterion [24]. Once x̃ is estima-
ted, one has a representation of the wave-number
spectrum to analyze the direction of travel of the
incident and the scattered components due to spe-
cular reflection and edge diffraction. Furthermore,
one can reconstruct the sound field elsewhere in
the vicinity of the absorbing sample. The re-
constructed sound pressure and particle velocity
is expressed in matrix form as p̃re = Hre x̃ and
ũre =

−1
jkρc ∇Hre x̃, respectively [23]. Note that
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p̃re and ũre are reconstructed at a set of K positi-
ons, and that Hre ∈ CK×L is the reconstruction
matrix containing the plane wave functions evalu-
ated at the reconstruction points.

For in situ measurements it is interesting to re-
construct the sound pressure and the normal com-
ponent of the particle velocity at a set of points at
the surface of the sample. Thus, the reconstructed
surface impedance and the absorption coefficient
can be estimated as

Z̃s(rs) =− 1
ρc

p̃(rs)

ũn(rs)
, (8)

α = 1 −
∣∣∣∣ Z̄s cos(θ)−1
Z̄s cos(θ)+1

∣∣∣∣2 , (9)

where θ is the incidence angle and Z̄s is the spatial
average of several reconstructed surface impedan-
ces on a grid of K points. This is done to alleviate
the effect of errors present in the reconstruction
process [14] and to obtain a single value for Zs.
Typically, the grid is small enough to ensure not
too large spatial variations of Zs in the frequency
range of interest [14].

4. SIMULATION FRAMEWORK

Numerical simulations are performed to analyze
the sound field caused by a monopole above finite
samples located at the plane z = 0. To keep the
analysis constrained to the edge diffraction effect,
we consider only locally-reacting samples. For
the following, the scheme in Fig. 1a depicts a
monopole source at rq = (xq,yq,zq), the mirrored
monopole at rq = (xq,yq,−zq), and a receiver at
r = (xr,yr,zr). Spherical waves traveling from
the source to sample/baffle structure will suffer
diffraction shown schematically in the figure.

For a finite and locally-reacting sample,
flush-mounted on an infinite hard baffle at
z = 0, the sound field can be calculated by the
Helmholtz/Huygens integral equation [8, 9]. A
simplified Boundary Element Method (BEM) is
used to compute the sound pressure at the surface
of the sample (stage 1) and the sound pressure
at a given receiver at r (stage 2). To do so, the
surface of the sample is discretized in a mesh of
N triangular elements, with at least 6 elements

rq = (xq , yq , zq)

x

z

r = (xr , yr , zr)

rs
+kx x̂ -kx x̂

rq = (xq , yq , -zq)

(a) Schematics

(b) BEM scene

Figura 1: Sound field simulation schematics and BEM
scene. The sample is finite and embedded on a infinite

hard baffle. (a) - The circular dotted lines represent
spherical waves emanating from the sound source and

due to diffraction at sample/baffle structure. The arrows
and dashed lines in blue represent the incident and
specular reflected propagating plane waves and the

evanescent components traveling parallel to the x-axis.
(b) - The mesh of the sample is represented in yellow, the
blue dots represent the array of microphones, and the red

dot represents the sound source.

per wavelength for 2000 Hz. The sound pressure
at each element in the mesh is assumed to be
constant across the surface of the element. The
discretized integral equation is given by

ϑ(r)p(r) = A

[
e− jk|r1|

|r1|
+

e− jk|r2|

|r2|
− jk

Z̃s

×
N

∑
n=1

p(rsn)
∫

Sn

e− jk|r−rs|

4π |r− rs|
dSn

]
,

(10)

with A is the source strength of 1 kg/s2, assumed
for all further analyses, and rs being the integra-
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tion variable for each element of the absorber;
ϑ(r) is 0.5 for r located on the absorptive surface
and 1.0 for r at z > 0. The surface impedance
prescribed to the model varies with frequency, but
is the same for all the elements in the mesh. The
collocation method and Gaussian quadrature are
used to compute the complex amplitude of the
sound pressure at the n-th element, p(rsn), as in
Ref. [9], and then, one can compute the sound
pressure at any receiver point at z > 0.

5. RESULTS AND DISCUSSION

In this study, the tested scenarios consist of fi-
nite squared samples with dimensions L×L m2

or circular samples with radius a [m]. Miki’s
model [25] is used to compute the characteristic
impedance and complex sound speed of a mate-
rial with flow resistivity of σ = 20000 Nsm−4.
We assume a locally-reacting and hard-backed
porous layer of thickness d, for which the surface
impedance can be calculated from a well-known
Transfer Matrix Method (TMM) [26]. This sur-
face impedance is prescribed as a boundary con-
dition to the model in Sec. 4. Samples with
d = 25 mm and d = 100 mm emulate a low and
high absorbent samples, respectively. In all ca-
ses investigated, the sound source is at a distance
of 1.5 m from the center of the sample. The in-
cidence angle, θ (elevation), is varied and the
azimuth angle is φ = 0◦. The coordinates of the
sound source are such that xq ≥ 0, yq = 0 and
zq > 0, so that the main incident waves travel in
the −|kx| direction.

The microphones are arranged in a double layer
planar array with 0.57 × 0.65 m2 and 11 × 12
sensors in each layer (Fig. 1b). The separation
between the layers is 2.9 cm and the distance
between the surface of the sample and the closest
layer is 1.3 cm. The use of a regularized inversion
and the automatic calculation of λ by the L-curve
criterion makes it possible to have reliable estima-
tes of the wave-number spectrum, circumventing
wrap-around errors associated with discrete Fou-
rier transformations [21, 22].

Gaussian noise was added to all the simulations
with a signal-to-noise ratio (SNR) of 35 dB.
Regarding the estimation of the wave-number
spectrum, the wave components are the propaga-
ting waves grid, equiangular over half a sphere

and the evanescent components as a regular
grid spanning kx from −π/∆x to +π/∆x and ky
from −π/∆y to +π/∆y (outside the radiation
circle), with ∆x and ∆y being the separation
between the microphones in the array in x̂
and ŷ directions, respectively. Then, Eq. (5)
is used to compute kz and Eq. (6) is used to
construct the matrix H. The virtual source
planes are located at z− = −1.5∆ m and
z+ = 0.013 + 0.029 + 1.5∆ m, with
∆ = max(∆x,∆y), as suggested in Refs. [21, 22].

5.1 Wave-number spectra

The figures in this section show the color maps
of the normalized magnitude of the wave-number
spectrum (k-space). The normalization is done
relative to the maximum value of the magnitude
in each map. The color maps are plotted as a
function of the trace wave-numbers kx and ky (the
directions of travel of the wave components [23]).
Thus, a negative value of kx is associated with
a plane wave traveling on the −x̂ direction (see
the schematics in Fig. 1a). The radiation circle is
plotted as a grey line in each figure, and allows the
distinction between propagating ([k2

x +k2
y ]

1/2 ≤ k)
and evanescent plane waves ([k2

x +k2
y ]

1/2 > k). All
samples analyzed in this section had a thickness
of 25 mm.

5.1.1 Theoretical wave-number spectra

First, one can analyze the theoretical and noiseless
wave-number spectrum according to the results
of Sec. 2 (rectangular samples). To render a plot
of Eq. (2), some considerations have to be made.
The last term on the right-hand side of the equa-
tion will be analyzed. The reason is that for an
infinite aperture, the first term, δ (kx −k

′
x,ky−k

′
y),

is dominant. In practice, however, a finite aperture
will be used, and the impulse term will become
a two-dimensional sinc function (instead of a Di-
rac delta) due to the convolution with the finite
aperture’s response in the wave-number domain.
The last of Eq. (2) has a singularity for kz → 0
(exactly at the radiation circle), related to the zero
normal velocity of grazing waves. To reduce the
influence of this physical singularity, the wave-
number spectrum was smoothed as described in
Refs. [27, 28].
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Fig. 2 displays the magnitude of the last term of
Eq. (2) for squared samples of L = 40, 60 and
80 cm and for θ = 0◦, 30◦ and 45◦ at the plane
zr = 0.013 m. As discussed in Sec. 2, the main
lobe of the two-dimensional sinc function is as-
sociated with a plane wave traveling in the direc-
tion of the specular reflection. The other lobes
result from the effects of the finiteness of the ab-
sorber and can be either associated with propaga-
ting or evanescent plane waves. Their magnitude
tends to decrease as the spatial frequency incre-
ases, which is an effect of the two-dimensional
sinc function and due to the kz in the denominator
of Eq. (2). As the angle of incidence changes,
the two-dimensional sinc function is shifted in
k-space. In other words, the specular reflection
associated with the main lobe shifts its location
and so do the side lobes. On a continuous k-space,
the width of the main lobe is larger for smaller
samples. For higher angles of incidence, part of
the main lobe is inside the radiation circle and
part is outside. The evanescent components are
more prominent for the samples with L = 40 cm
and L = 60 cm and tend to decrease in magnitude
as the sample size and/or kx and ky increase. As
discussed earlier, the evanescent components are
associated with waves with a direction of propa-
gation parallel to the (x,y) plane. The locations
of the side lobes in the color maps are given by
the two-dimensional sinc function in Eq. (2).

5.1.2 Estimated wave-number spectra

In practice, the wave-number spectrum is esti-
mated from data collected by an array of mi-
crophones via regularized inversion (Sec. 3). The
case of infinite absorbers is studied in Ref. [18].
It is noteworthy that there are no significant
side-lobe components on the reflected k-space in
such cases. For the wave-number spectra of finite
absorbers, the incident k-spaces are very similar
for all investigated samples, containing the main
lobe associated with the prescribed direction of
incidence and side lobes of low magnitude. These
results are omitted here for the sake of brevity.
From now on, we investigate the reflected part
of the wave-number spectrum for rectangular and
circular finite samples, and most of the significant
side-lobe components can be associated with the
diffraction at the edges of the finite absorbers.

Fig. 3 displays the magnitude of the reflected
wave-number spectra for squared samples of
L = 40, 60 and 80 cm and for θ = 0◦, 30◦ and
45◦. In all cases, it can be noticed that the specu-
lar component is the strongest and lies inside the
radiation circle. There are several side-lobe wave
components, which tend to decrease in magnitude
as the sample size and/or kx and ky increase. As
opposed to the wave-number spectra of the infi-
nite samples [18], these side lobes have significant
magnitude and can be attributed to the diffraction
of the sound waves on the finite absorber. In
comparison to Fig. 2, the specular and side-lobe
components are shifted in k-space, as predicted by
the theoretical results. Also, the locations of the
specular and most of the side-lobe components
match what is predicted by Eq. (2). There are
also differences to be accounted for. For instance,
for the sample with L = 40 cm at θ = 45◦, the
main specular lobe of the theoretical prediction is
wide and spans through the inside and outside of
the radiation circle. For the regularized solution,
the specular lobe is narrower and the side-lobe
components are more noticeable (w.r.t. the theo-
retical wave-number spectra). These differences
can be attributed to the discretization of the wave-
number spectrum in the regularized solution and
to the fact that in the simulated sound field, the
incident wavefront is spherical, which renders a
more complex sound field in k-space.

The connection between the side-lobe compo-
nents with significant amplitude with the dif-
fraction effects on finite porous absorbers in
the spatial domain can be analyzed. First, let
us consider the normal incidence case (left co-
lumn of Fig. 3), for which the sound source is at
rq = (0.0,0.0,1.5). In such cases, the main re-
flected plane wave component lies in the center of
the color maps. Some of the significant side-lobe
components are evanescent plane waves located
mainly at (−kx,0) or at (+kx,0). The former in-
dicates a plane wave traveling from +x to −x,
linked with diffraction occurring due to the dis-
continuity of admittances between the sample and
the baffle. The latter is associated with wave com-
ponents traveling in the opposite direction and
the same rationale can be applied to the (0,±ky)
components. Also note that the evanescent com-
ponents are symmetric with respect to kx = 0 or
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Figura 2: Theoretical wave-number spectra of the last term on right-hand side of Eq. (2). Evaluation at 1 kHz for samples
with L = 40, 60 and 80 cm (rows) and incidence angles: θ = 0◦, 30◦ and 45◦(columns).

ky = 0, as θ = 0◦ and xq = yq = 0 m. The ar-
ray used has a slightly smaller dimension in the
x̂ direction, which creates the differences on the
k-space for the kx and ky axis.

Let us consider the oblique incidence cases. The
center column of Fig. 3 shows the k-space mag-
nitude for an incidence angle of θ = 30◦, with
the sound source at rq = (0.75,0.00,1.30). Thus,
the main reflected plane wave component is
kr = (−9.16,0.00,15.86). The propagating and
evanescent components are shifted towards −|kx|,
as predicted by the theoretical k-space in Fig. 2.
For the L = 60 cm sample, there is one evanescent
component at ≈ (−25,0) rad/m, associated with

waves traveling from +x to −x, and two other eva-
nescent components at ≈ (−8,±25) rad/m asso-
ciated to waves traveling in a direction somewhat
shifted towards the diagonal of the sample. As the
sound source is closer to the edge at +L/2, the
sound field is stronger at locations near this edge,
originating such diffracted wave components. The
same rationale applies to the right most column
of Fig. 3, valid for θ = 45◦.

Now, we consider a circular sample of radius
a= 20 cm. Fig. 4 displays the magnitude of the re-
flected wave-number spectra for θ = 0◦, 30◦ and
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Figura 3: Reflected wave-number spectra at 1000 Hz for samples of sizes: L = 40, 60 and 100 cm (rows) and at incidence
angles: θ = 0◦, 30◦ and 45◦ (columns).

45◦. It is noteworthy that the specular component
is similar in magnitude and location to the rectan-
gular sample cases (see the first row of Fig. 3). On
the other hand, the side-lobe components seem to
be less localized in k-space for the circular sam-
ples. Note the ring outside of the radiation circle
in Fig. 4(a). At this point, the hypothesis is that
in the case of circular samples, a Bessel function
would replace the sinc functions in Eq. (2) (valid
for rectangular samples) - a formal derivation is
to be done. Interestingly, the shape of the sample
influences the wave-number spectrum, which indi-
cates the potential of the technique to investigate
the edge diffraction phenomenon more deeply in
the future.

5.2 Absorption and surface impedance

Once the wave-number spectrum is computed, its
information can be used to reconstruct the surface
impedance with Eq. (8). We follow the approach
in Refs. [12, 14, 18] and reconstruct the surface
impedance at a small patch area of 10×10 cm2

centered at the surface of the sample. The area
contains 21×21 point-wise impedances and the
spatial average is computed and taken as the sam-
ple’s surface impedance, from which the absorp-
tion coefficient is calculated with Eq. (9).

Fig. 5 displays the absorption coefficient as a func-
tion of the sample shape and size for the 25 mm
and the 100 mm thick samples at θ = 0◦. The cur-
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Figura 4: Reflected wave-number spectra at 1000 Hz for circular samples of radius: a = 20 cm at incidence angles:
θ = 0◦, 30◦ and 45◦.

ves labeled as “True” correspond to the ground
truth, i.e. the boundary condition prescribed to the
BEM mesh. The remaining curves follow from
the deduction algorithm using numerical experi-
ments with the BEM. The ones labeled as “sq:
L = (·) cm” are obtained from sound fields above
squared samples with varying sizes. The one la-
beled as “circ: a = 20 cm” follow from the sound
field above the circular sample.

It is noteworthy that the estimated absorption co-
efficient hardly changes with the sample size and
shape, and it is very close to the True absorption
coefficient above 400 Hz. Thus, the estimated
surface impedance of the finite absorbers depends
just slightly on the sample size and shape and is
an accurate representation of an infinite absorber.
This is attributed to the inclusion of the evanescent
waves in the sound field model, which is a precise
representation in the near field of the sample. In
contrast, one can think that a single receiver is sub-
jected to all the main and side lobes of the actual
k-space. Thus, to estimate the surface impedance
from single-point measurements, choosing the
sensor’s position might be critical since the sound
field can contain high spatial frequency compo-
nents. On the other hand, the spatial measurement
of the sound field and the reconstruction of the
surface impedance seem to represent the pheno-
menon well. Furthermore, we note that for less
absorbing samples, the actual value of the particle
velocity tends to be small in the low-frequency
range, as the samples are reflective. In such cases,
deviations arise when trying to reconstruct the
particle velocity from pressure data [28], leading
to the larger deviations for Fig. 5a.
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Figura 5: Absorption coefficient of samples with
different sizes at incidence angles of 0◦ and thickness

d = 25 mm and d = 100 mm.

6. CONCLUSIONS

This study investigated the diffraction effects on
the in situ measurement of finite porous absor-
bers with spatial analysis and the resulting wave-
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number spectrum. The theoretical wave-number
spectrum agrees with the regularized solution
from array data. The wave-number spectrum is
a practical approach to analyzing the main com-
ponents related to edge diffraction and can cap-
ture features related to the size and shape of the
sample. The k-space displays the main propa-
gating components associated with the incident
and specularly reflected sound field. It contains
significant side-lobe components associated with
the sound source localization relative to the ed-
ges of the samples. The strength of such side-
lobe components tends to diminish as the sample
size and spatial frequency increase. Some of the
significant side-lobe components are evanescent
plane waves traveling in directions parallel to the
sample’s surface. For the circular sample, the
side-lobe components tend to be less localized
in the k-space domain than for the rectangular
ones. The surface impedance was reconstructed
at a small patch area at the center of the absorber.
Estimating the absorption coefficient is difficult
for low absorbent samples due to the innate im-
precisions in reconstructing the particle velocity
from pressure data. The use of both propagating
and evanescent waves in the sound field model
led to an estimation of the absorption coefficient
just slightly influenced by the size and shape of
the sample.
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