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ABSTRACT

In this paper, an active source control scheme for manipulation of

the acoustic field in ocean environment is presented. This active

field control is formulated as an inverse source problem, where the

target is to maximize the radiated power in several far directions

while keeping a low radiated power in one or more other far field re-

gions. Hence, the controlled source enables acoustic beamforming,

i.e., enhancing the acoustic wave-based underwater wireless com-

munication. Numerical simulations are performed to demonstrate

the good performance of the proposed method.
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1 INTRODUCTION

Active field control is an emerging area in modern acoustics. The

current literature has significantly addressed the idea of the active

control of the Helmholtz scalar fields in broad applications, includ-

ing active noise control, active acoustic cloaking and remote sensing

[1, 4]. Active acoustic field control in underwater environments is

more spread and necessary, especially in underwater acoustic com-

munications (UWA). We propose to utilize the active field control

for UWA, which focuses beams to increase the signal-to-noise ratio

(SNR) and keeps null regions to mitigate the interference.

In this paper, we consider multiple hydrophones carried by light-

weight and soft robotic fish swarm [2]. The active field control

problem is formulated as an inverse source-type problem. Our goal

is to characterize the inputs required at the hydrophones so that

the radiated fields satisfy a series of constraints. For example, ra-

diated power is maximized in several given directions while it is

suppressed in some other prescribed directions. The focused beams
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Figure 1: Active source control in ocean environments.

can transmit messages to the underwater sensors or the surface sta-

tion, as shown in Fig. 1. On the other hand, the power is suppressed

in the areas for marine habitat and fauna protection and interfer-

ence cancellation. We consider a shallow water environment with

a constant depth. The controlled source is also able to maintain the

power assumption within a realistic budget.

2 METHOD

In this section, the numerical approach is elaborated. We consider

the discrete sources that can be realized by robotic fish swarm in

practice, as an antenna array. We focus on a shallow water homo-

geneous ocean model based on the rigorous theoretical analysis.

In the shallow water environment, the depth is a constant h, the
air-water interface (z = 0) is pressure release boundary, and the

sea floor (z = −h) is sound-hard boundary. The sketch of the active

field control geometry is shown in Fig. 2, where three prescribed

far-field directions are displayed, including Cd , CN , and Cu . The
subscript d , N , and u denote the down-link, null, and up-link, re-

spectively. The acoustic beams are focused onCd andCu , while the
radiated field in CN is canceled out. The simplified geometry is in

cylindrical coordinate, i.e., Rh
3 = {(x, z)|x = (r ,θ )} with r ∈ [0,∞),

θ ∈ [0, 2π ), and z ∈ [−h, 0]. Then for a point source located at

(x′, z′) = (r ′,θ ′, z′), the Green’s function G satisfied the Helmholtz

equation,

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

∇2G + k2G = −δ (z − z′)
δ (|x − x

′|)

2π |x − x′|

G = 0, at z = 0
∂G

∂z
= 0, at z = −h

. (1)

The outgoing waves subject to a radiation condition is calculated

by normal mode representation of G. Through asymptotic analysis

for |x| → ∞ and algebraic manipulations of G, we can obtain the

propagating far field pattern F at a direction (θ , z) due to the point



WUWNet’21, November 22–24, 2021, Shenzhen, Guangdong, China Chaoxian and Chenpei, et al.

0z =

Figure 2: A sketch of the active field control geometry.

source at (r ′,θ ′, z′) as

F (θ , z, r ′,θ ′, z′) =

√
2

π

∞∑
n=0

∞∑
m=0

e−i(m+
1
2 )

π

2 αmn (θ , z, r
′,θ ′, z′),

(2)

where αmn is a Bessel-type function and more details are available

in [3, 5]. L point sources (fish swarm in practice) are located at

(r ′i ,θ
′
i , z

′
i ), i = 1,L with amplitudes given by the vector of coeffi-

cients A = (A1, ...,AL). The far field pattern generated by these

point sources on a far field sector C = Cd ∪Cu ∪CN can be calcu-

lated using the forward operator K : CL → L2(C),

KA(θ , z) =
L∑
i=1

AiF (θ , z, r ′i ,θ
′
i , z

′
i ), (3)

where A = (A1, ...,AL) is the discrete unknown coefficient vector

to be characterized. In general, once the forward propagator K is

obtained we can formulate our objective function as,

Ad = argmax
λ

[
‖KA‖2

L2(Cd )
+ λ2‖KA‖2

L2(Cu )

]
,

s.t. ‖KA‖2
L2(CN )

≈ 0, (4)

where the λ is a weighting parameter. Ad is the optimal input

amplitudes of the elements in the antenna array.

3 NUMERICAL RESULTS AND DISCUSSION

In this section, simulations are presented to backup the proposed

method in Sec. 2. We assume two receivers located in the far field

sectors in Fig. 2. The far field sectors are defined asCd = {(θ , z),θ ∈

[179.5°, 180.5°], z ∈ [−60,−40]}, Cu = {(θ , z),θ ∈ [44.5°, 45.5°], z ∈

[−12,−10]}, and CN = {(θ , z),θ ∈ [−0.5°, 0.5°], z ∈ [−52,−48]}. In

the simulation, the wavenumber k is 40 radm−1. Two swarms of 20

point sources each (L = 40) are used to achieve the desired effects

on the sectors Cd ,Cu and CN defined above. We also assume that

the density of water is ρ = 1020 kg/m3 and the sound speed in

the water is c = 1515 kgm−1. We obtain the solution Ad that gives

the desired effect in controlled regions. The source power and the

pressure due to each source at a point 1 m away is shown in Fig. 3.

The reference power level is 1 pW and the reference pressure level

is 1 µPa. The maximum power used on a single source is about 60.89

dB while the average power in the swarm is 38.75 dB. The projected

power levels on these sectors are shown in Fig. 4. We notice that the

swarm of sources projects good power levels at the sectors Cd and

Cu and a low amplitude at CN . These power levels are calculated

at each point on the sectors considering the cylindrical spreading

associated with the model as 10 log10

(
|F |2

Rρc ·10−12

)
, where R is the

distance between the sources and the receivers, here R = 1000 m.

Note that in the receiving area, Cd and Cu , ‖KA‖2
L2(Cd )

= 0.0280

Figure 3: Characterization of the source distribution: (a)

Source power. (b) Radiated pressure (1m away).

Figure 4: Projected power by the swarm on the sectors: (a)

Cd . (b) Cu . (c) CN .

and ‖KA‖2
L2(Cu )

= 1.74 × 10−5, which are respectively about 1718

and 529 times what a unit point source will produce. The pointwise

projected power ranges between 5 and 50 dB in Cd , −15 and 25 dB

in Cu while it is below −27.91 dB all throughout CN .

4 CONCLUSION

In this paper, the active manipulation of acoustic fields in underwa-

ter environment is addressed. We develop a theoretical analysis to

characterize acoustic sources with optimal power assumption for

desired control effects. The simulation results indicate controlled

sources can project significant power level in the desired far-field

directions while maintaining null field in some undesired directions.
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