
Express exterior and interior coefficients as a sparse set of monopoles and plane waves

• Exterior field: grid of G omnidirectional sources (translated monopoles): 
𝛽!" 𝑘 ≈ ∑#$%& 𝑐',' 𝑘 4𝜋 𝑗!(𝑘𝑟#))𝑌"!∗ 𝜃#) , 𝜙#′

• Interior field: distribution of L plane waves : 
𝛼!" 𝑘 ≈ ∑+$%, 4𝜋 −𝑖 !𝑌"!∗ 𝜃+ , 𝜙+

Signal model:
𝒂 = 𝑬𝑷𝑬𝑩𝒚 + 𝑬𝑷𝑰𝑾𝒖,

𝑩 ∈ ℂ /𝑬0𝟏 𝟐×𝑮 ,𝑾 ∈ ℂ /𝑰0𝟏 𝟐×𝑳 are the dictionaries of monopoles and plane waves, respectively.
• The weights vectors 𝐲 ∈ ℂ𝑮×𝟏 and 𝐮 ∈ ℂ𝑳×𝟏 are found solving the sparse optimization

argmin𝒚,𝒖 𝒚 % + 𝛾 𝒖 %, s. t. 𝒂 = 𝑬𝑷𝑬𝑩𝒚 + 𝑬𝑷𝑰𝑾𝒖,

• Similarly to [1], optimal solution 𝒚∗,𝒖∗ is found using ADMM
Estimate of global coefficients:

Q𝜷 = 𝑩𝒚∗, S𝜶 = 𝑾𝒖∗
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Abstract

Sound field analysis and reconstruction has been a topic of intense research in the last decades for its multiple applications in spatial audio processing tasks. In this context, the identification of the direct and reverberant sound field components is a
problem of great interest, where several solutions exploiting spherical harmonics representations have already been proposed. However, the available techniques demand a large number of high-order microphones (HOMs) and high computational
power in order to fulfill the necessary spatial sampling requirements, which can only be reduced by prior information obtained through acoustic measurements. Inspired by compressed sensing approaches, this paper proposes an alternative sparse
formulation for estimating the exterior and interior sound field components in the spherical harmonics domain that allows to reduce hardware requirements without the need for additional acoustic measurements. The results show that a
considerable reduction in the number of HOMs can be achieved while improving the estimation of the sound field components.

1. Data Model and Problem Formulation 2. Proposed Sparsity-based Spherical Harmonics model (S-SH)

3.   Simulation Results
Setup and metrics

• 5m×8m×3m simulated room with 1st order HOM (V=1)
• ROI of radius 𝑅 = 1m, 𝐺 = 100 grid points and 𝐿 = 360 plane wave 

directions
• Results compared with:
• (SS): Sparsity-based sound field reconstruction technique in [1]
• (VL): Spherical-harmonics-based sound field separation method in [2]

• Normalized mean square error evaluated on time-domain signal 𝑝 at 
test points 𝒙𝒕 inside the ROI:

NMSE 𝒙𝒕 = 10 log"#
1
Τ
∑$%"& 7𝑝 𝒙' , 𝜏 − 𝑝 𝒙' , 𝜏

(

∑$%"& 𝑝 𝒙' , 𝜏 ( ;

• Direct-to-reverberant ratio of the estimated direct sound field 7𝑝)

DRR 𝒙𝒕 = 10 log"#
1
Τ
∑$%$!
$!*+ 7𝑝) 𝒙' , 𝜏 𝟐

∑$%$!*+
& 7𝑝) 𝒙' , 𝜏 ( .
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Fig. 1. Reference setup for the proposed method.

ing the sound field. Conversely, the reverberant component is
modelled as a sparse distribution of plane waves with an addi-
tional low-rank term. Recently, in [8], this sound field model
has been extended by including near-field early reflections. In
particular, the authors in [8] model the early reflections in the
reverberant component through image sources that augment
the sparse dictionary of Green’s functions. The computation
of the image source terms requires prior information on the
room geometry, in fact, they are modelled reflecting the grid
of sources on the walls of the room.

In this paper, we propose a solution for the estimation
of the exterior (direct sound) and interior (reverberation and
interferences) sound field components. In particular, we ex-
ploit a sparse representation of the sound field in order to es-
timate the spherical harmonics sound field coefficients. In-
spired by [9], we redefine the exterior sound field coefficients
as a sparse dictionary of translated monopoles in the spherical
harmonics domain. At the same time, the interior field is mod-
elled through the spherical harmonics expansion of sparse
plane waves. The use of sparse representations allows us
to reduce the hardware requirements with respect to typical
spherical-harmonics-based sound field decomposition tech-
niques [1, 17]. In addition, differently from previous solu-
tions [10,11], the proposed approach does not require any ad-
ditional information for the estimation of the sound field co-
efficients. The results show that the proposed solution is able
to estimate the sound field coefficients using a reduced num-
ber of HOMs while providing more accuracy with respect to
previous approaches.

2. DATA MODEL AND PROBLEM FORMULATION
Let us consider a set of Q distributed V th order HOMs defin-
ing a region of interest ROI of radius R as depicted in Fig. 1.
The HOMs surround J acoustic sources located inside a
spherical region with radius Rs. Each qth HOM is composed
of Q0 sensors whose signals can be encoded in the spherical
domain as

a(q)⌫,µ =
1

b⌫(krM )

Q0X

q0=1

P (k,xq0)Y
⇤
⌫µ(✓q0 ,�q0) (1)

where k = 2⇡f/c is the wave number at frequency f and
speed of sound c, P (k,xq0) is the sound pressure at the sensor
located in xq0 = [rM , ✓q0 ,�q0 ]

T (expressed with respect to
the local origin of the HOM) and Y⌫µ(·) defines the spherical
harmonic of order ⌫ and degree µ with ⌫ = 0, . . . , V and
µ = �⌫, . . . , ⌫. The term b⌫(·) in (1) is defined accordingly
to the array type as [18]

bv (krHOM) =

(
jv (krM ) for open array
jv (krM )� j0v(krM )

h0
v(krM )hv (krM ) for rigid array,

(2)
where h⌫(·) and j⌫(·) are the ⌫th order spherical Hankel and
Bessel functions of the first kind, respectively.

The sound pressure at the HOM sensors and, in general,
at any point x = [r, ✓,�]T inside the ROI can be expressed as
the superposition of the exterior and interior field

P (x, k) = PE(x, k) + PI(x, k), (3)

where PE(x, k) is the exterior field generated from the source
region and PI(x, k) is the interior field entering the ROI and
produced by reflections or other interfering sources outside
the ROI. The two sound field components in (3) can be ex-
pressed through their spherical harmonics expansion as [18]

PE(x, k) =
NEX

n=0

nX

m=�n

�nm(k)hn(kr)Ynm(✓,�), (4)

PI(x, k) =
NIX

n=0

nX

m=�n

↵nm(k)jn(kr)Ynm(✓,�), (5)

where �nm(k) and ↵nm(k) are the exterior and interior sound
field coefficients, respectively. The order of the spherical har-
monics expansion is given by the limits NE = dkeRs/2e and
NI = dkeR/2e [20]. The coefficients � in (4) and ↵ in (5)
are known as “global”, in fact, by knowing their value we can
completely characterize the sound field inside the ROI.

Let us collect the “local” spherical harmonics coefficients
(1) of the Q HOMs in the vector a 2 CQ(V+1)2⇥1. We ex-
press the local coefficients as the superposition of the exterior
and interior fields

a = EPE� +EPI↵, (6)

where � 2 C(NE+1)2⇥1 and ↵ 2 C(NI+1)2⇥1 represent
the vector containing the exterior and interior coefficients, re-
spectively, PE 2 CQ(V+1)2⇥(NE+1)2 is the matrix defining
the propagation of the exterior coefficients to the sensors (4),
while PI 2 CQ(V+1)2⇥(NI+1)2 defines the propagation of
the interior coefficients (5). The term E in (6) defines a com-
plex Q(V + 1)

2 ⇥Q(V + 1)
2 block matrix that performs the

local spherical harmonics encoding of the HOMs signals ac-
cordingly to (1). Note that dependency on the wave number
k in (6) is omitted for simplicity. Our goal is the estimation
of the global coefficients � and ↵ from the HOMs in order to
perform the separation of the sound field.
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Fig. 2. Average values of NMSE at the test points as a func-
tion of the T60 for the exterior field only (a) and the full sound
field (exterior and interior) (b).
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Fig. 3. Average values of NMSE at the test points as a func-
tion of the HOM number Q for the exterior field only (a) and
the full sound field (exterior and interior) (b).

4.1. Metrics
In order to determine the performance of the sound field re-
construction at the test points, we adopt the NMSE defined
as

NMSE(xt) = 10 log10

 
1

T

PT
⌧=1 (p̂ (xt, ⌧)� p (xt, ⌧))

2

PT
⌧=1 p (xt, ⌧)

2

!
,

(14)
where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.

As far as the sound field separation is concerned, we
evaluate the amount of energy associated to the reverberation
leaking in the exteior field estimation using the direct-to-
reverberant ratio

DRR(xt) = 10 log10
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P⌧0+C
⌧=⌧0�C p̂E (xt, ⌧)
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⌧=⌧0+C p̂E (xt, ⌧)
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where ⌧0 is the time of arrival of the direct signal, and C =

2.5ms [10, 25]. Note that a higher value of DRR relates to a
better exterior field estimate.

4.2. Discussion
As a first evaluation, we varied the T60 of the simulated room
in the range from 0.5 s to 1.2 s. We considered a fixed num-
ber of HOMs Q = 16 that corresponds to a total number of 64
channels. The main objective is to test the robustness of the
sound field components estimation at different levels of rever-
beration. In Fig. 2, NMSE averaged for all the test points is
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Fig. 4. Average values of DRR at the test points as a function
of the T60 (a) and number of HOMs Q (b).

reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.
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4.1. Metrics
In order to determine the performance of the sound field re-
construction at the test points, we adopt the NMSE defined
as

NMSE(xt) = 10 log10
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where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.

As far as the sound field separation is concerned, we
evaluate the amount of energy associated to the reverberation
leaking in the exteior field estimation using the direct-to-
reverberant ratio

DRR(xt) = 10 log10
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where ⌧0 is the time of arrival of the direct signal, and C =

2.5ms [10, 25]. Note that a higher value of DRR relates to a
better exterior field estimate.

4.2. Discussion
As a first evaluation, we varied the T60 of the simulated room
in the range from 0.5 s to 1.2 s. We considered a fixed num-
ber of HOMs Q = 16 that corresponds to a total number of 64
channels. The main objective is to test the robustness of the
sound field components estimation at different levels of rever-
beration. In Fig. 2, NMSE averaged for all the test points is
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Fig. 4. Average values of DRR at the test points as a function
of the T60 (a) and number of HOMs Q (b).

reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.
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4.1. Metrics
In order to determine the performance of the sound field re-
construction at the test points, we adopt the NMSE defined
as
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where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.

As far as the sound field separation is concerned, we
evaluate the amount of energy associated to the reverberation
leaking in the exteior field estimation using the direct-to-
reverberant ratio

DRR(xt) = 10 log10
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where ⌧0 is the time of arrival of the direct signal, and C =

2.5ms [10, 25]. Note that a higher value of DRR relates to a
better exterior field estimate.

4.2. Discussion
As a first evaluation, we varied the T60 of the simulated room
in the range from 0.5 s to 1.2 s. We considered a fixed num-
ber of HOMs Q = 16 that corresponds to a total number of 64
channels. The main objective is to test the robustness of the
sound field components estimation at different levels of rever-
beration. In Fig. 2, NMSE averaged for all the test points is
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reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.

Full sound field (exterior + interior)

The sound field inside a region of interest ROI of radius R is expressed in the spherical harmonics
as the sum of the exterior and interior components

𝑃8 𝒙, 𝑘 = ∑!$'
/$ ∑"$9!! 𝛽!" 𝑘 ℎ! 𝑘𝑟 𝑌!" 𝜃, 𝜙 ,

𝑃: 𝒙, 𝑘 = ∑!$'
/% ∑"$9!! 𝛼!" 𝑘 𝑗! 𝑘𝑟 𝑌!" 𝜃, 𝜙 ,

• 𝛽 and 𝛼 are the ‘’global’’ exterior and interior coefficients. Their values completely define the
sound field inside the ROI.

Given Q Vth order HOMs their spherical harmonics signal is then given in matrix form as

𝒂 = 𝑬𝑷𝑬𝜷 + 𝑬𝑷𝑰𝜶
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4.1. Metrics
In order to determine the performance of the sound field re-
construction at the test points, we adopt the NMSE defined
as
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where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.

As far as the sound field separation is concerned, we
evaluate the amount of energy associated to the reverberation
leaking in the exteior field estimation using the direct-to-
reverberant ratio
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where ⌧0 is the time of arrival of the direct signal, and C =

2.5ms [10, 25]. Note that a higher value of DRR relates to a
better exterior field estimate.

4.2. Discussion
As a first evaluation, we varied the T60 of the simulated room
in the range from 0.5 s to 1.2 s. We considered a fixed num-
ber of HOMs Q = 16 that corresponds to a total number of 64
channels. The main objective is to test the robustness of the
sound field components estimation at different levels of rever-
beration. In Fig. 2, NMSE averaged for all the test points is
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reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.
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where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.
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reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.
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where T is the signal duration time, p (xt, ⌧) is the actual
sound field at point xt in time domain (discrete-time ⌧ ) and
p̂ (xt, ⌧) represents its estimate.

As far as the sound field separation is concerned, we
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better exterior field estimate.

4.2. Discussion
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ber of HOMs Q = 16 that corresponds to a total number of 64
channels. The main objective is to test the robustness of the
sound field components estimation at different levels of rever-
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reported for both the exterior field estimation and the com-
plete field (exterior + interior components). Inspecting Fig. 2,
we can observe that S-SH outperformed the estimation of VL.
In addition, the proposed S-SH consistently provides more
accurate results with respect to SS (see Fig. 2(b)). The sound
field separation performance is evaluated through the DRR in
Fig. 4(a). Similarly to the NMSE results, the proposed S-SH

provides the highest average DRR. As expected, the DRR

decreases at high T60, in fact, for higher reverberation times,
the energy of the interior field component increases making
the separation more challenging.

As a second evaluation, we analyze the sound field vary-
ing the number of HOMs from Q = 8 (32 capsules) up to
Q = 256 (512 capsules), while the T60 is fixed at 0.6 s. In
Fig. 3, NMSE averaged for all the M test points is reported
for both the exterior field (Fig. 3(a)) and the full sound field
(Fig. 3(b)). Inspecting Fig. 3, we can note that the proposed
technique consistently provides a more accurate estimation
with respect to both SS and VL. In particular, S-SH shows
an accurate estimation of the interior field, leading to lower
NMSE in Fig. 3(b). This result can be also noted inspecting
the DRR in Fig. 4(b) in which for Q = [128, 256] SS per-
forms comparably to VL. However, when more HOMs are
available, the accuracy of exterior field estimation increases
leading to higher DRR. Hence, for example, we can improve
the separation in highly reverberant environments increasing
the number of HOMs.

5. CONCLUSION

In this paper we presented a sparsity-based sound field model
in the spherical harmonics domain that targets the separation
of the acoustic field. Differently from previous approaches to
sound field separation and reconstruction in the spherical har-
monics domain, the proposed technique is able to work with
a reduced number of HOMs without the need for prior mea-
surement, showing, in addition, a greater accuracy. Moreover,
the results suggest that working in the spherical harmonics
domain increases the performance of the sparse model with
respect to its counterpart that directly work on sensor signals.
In the future, we foresee the extension of the proposed ap-
proach considering real measurements and different applica-
tions such as the separation of acoustic sources.

Exterior Field only

𝑷𝑬 ∈ ℂ; 𝑽0𝟏 𝟐× 𝑵𝑬0𝟏 𝟐
, 𝑷𝑰 ∈ ℂ; 𝑽0𝟏 𝟐× 𝑵𝑰0𝟏 𝟐

model the propagation of the exterior 𝜷 ∈ ℂ /$0% &×% and interior 𝜶 ∈
ℂ /%0% &×% coefficients, while 𝑬 ∈ ℂ; >0% &×; >0% &

encodes the HOMs signals in the ‘’local’’ spherical harmonics 𝒂

GOAL:
Estimate the global coefficients 𝜷 and 𝜶 from the HOMs to perform sound field separation


