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Background and Broad Introduction to Work

The science of production, transmission, reception, and utilization of sound in the sea is called
ocean acoustics. Underwater propagation is predominantly done by acoustic waves. The
attenuation and delay associated with the acoustic channel limits the range supported. It is
essential in military and rescue operations and several commercial activities like exploration
for minerals and oil, dredging, fisheries, and navigation.

The littoral zone or nearshore is the part of a sea, lake, or river that is close to the shore. In
coastal environments, the littoral zone extends from the high water mark, which is rarely
inundated, to shoreline areas that are permanently submerged [1].

The earliest attempts at modeling sound propagation in the sea were motivated by practical
problems in predicting sonar performance in support of anti-submarine warfare (ASW)
operations during World War II [2]. Earlier models used ray-tracing techniques which
remained predominant during World War II. The ray-tracing method is a computationally
heavy model. These paths could then be used to predict the corresponding sonar detection
zones. This approach was a forerunner to the family of techniques now referred to as ray
theoretical solutions. An alternative approach, referred to as wave-theoretical solutions, was
first reported by Pekeris (1948), who used the normal-mode solution of the wave equation to
explain the propagation of explosively generated sound in shallow water [3]. As modeling
technology matured over the intervening decades, the attendant sophistication has complicated
the simple categorization of ray versus wave models. The terminology is still useful in
distinguishing those models based principally on ray-tracing techniques from those using some
form of numerical integration of the wave equation [3]. Occasionally, a mixture of these two
approaches is used to capitalize on the strengths and merits of each and to minimize
weaknesses. Such combined techniques are referred to as hybrid approaches.



Specific Domain

Propagation of sound in the sea over long ranges is always by some form of ducted or guided
propagation in which maximum energy is confined within the boundaries of the duct. These
ducts are called sound channels, or waveguides in general. The deep sound channel, the surface
duct, and the shallow water channel are the critical types of waveguides that exist in the oceans.
The underwater channel can be characterized by the time dispersion phenomenon caused by
the complex interaction of the source field with the sea surface and bottom. The radiated signal
passes through a variable channel due to relative motion between the target vessel and the
receiver vessel and the time-varying characteristic of the ocean medium itself.

Some properties of the ocean medium vary as a function of range (r) and azimuth (8) from the
receiver, in addition to depth (z) dependence. Based on this, models are further classified into
the Range-Dependent model (3D) and the Range-Independent model (2D) [3]. The range
dependent models consist of the parabolic equation model and the ray model. Range-dependent
models are required to have a 3-dimensional aspect of the Transmission Loss.

The Parabolic Wave Equation (PE) is one of the most accurate and widely used modeling
technique for modeling range dependencies in environments. It approximates the Helmholtz
Equation (HE), assuming one-way propagation within an angular sector [4,5]. The PE method
is based on assuming that outgoing energy dominates backscattered energy and factoring the
operator in the frequency-domain wave equation to obtain an outgoing wave equation.
Depending on the nature of approximation encountered in the elliptical wave equation, there
exist infinite parabolic approximations and, therefore, infinite PE solutions. The split-step
Fourier technique and various Finite Difference (FD) and Finite Element (FE) techniques have
gained widespread use in the Underwater Acoustics community [5] for providing numerical
solutions to the PE. The split-step Fourier algorithm is computationally efficient for long-range,
narrow-angle propagation problems with negligible bottom interaction. For short-range,
deepwater problems and shallow water problems in general, the propagation is wider angled,
and bottom interacting paths become more important. This requires use of one of the wider
angled PEs which can only be solved by the FD and FE techniques [6][7]. The PE method
differs from the ray and FFP procedures in being a finite spatially evolutionary scheme.
Consequently, it does not suffer from many of the errors inherent in these methods [8][9][10].

Tropical Littoral Waters- IOR

The IOR, owing to its tropical location, demonstrates complex fluctuations in the propagation
characteristics due to random diurnal fluctuation in the surface parameters. The littoral waters
in the extended Indian coastline further add to deteriorated sonar performance in the IOR [11].
Unlike the temperate region (North Pacific and North Atlantic oceans) where most of the
advanced navies operate typically, the surface parameters of the tropical seas do fluctuate
randomly and even the depth of sound axis is far less (of the order of 200 m in tropical waters
compared to 1,500 m in temperate waters). Thus, a hypsometrically deep-water area behaves
like an acoustically shallow region in the IOR [12].



Challenges and Opportunities

Doppler Effect

The receiver is assumed to be stationary, and the vessel is moving over the duration of
observation, which causes the channel to be time-varying. In motion environments (such as
platform motion of the moving sea surface and scattering), the slow propagation speed of sound
introduces large Doppler spread or shifts, which causes severe interference among different
frequency components of the signal [13]. On the outset, large Doppler spread results in an
apparent increase in the rate of channel fluctuation.

Backscattering due to Polymetallic nodules

The parabolic equation model approximates the backscattering amounting to zero. However,
this is not a practical scenario. Polymetallic nodules (PMN) are found in large quantities in the
deep-sea regions of the major oceans of the world. This PMN consists of metals of high
commercial value such as manganese, nickel, cobalt, and copper. The occurrence of PMN
across these oceans has been well-studied [14]. Studies have reported that the distribution of
PMN on the deep-sea floor is not uniform [15][16][17]. The soundwaves are backscattered due
to the abundance of PMNs present in the Indian Ocean Region and pose a challenge to the
usage of the parabolic equation model.

Bathymetric Datasets

Bathymetry refers to the study of underwater depth of ocean floors or lake floors. The shallow-
water bathymetric data are usually collected and managed by regional organizations for
regional interests [18]. Hence, the shallow-water bathymetric datasets are often not as co-
ordinated internationally and not as standardized as Deepwater datasets. This leads to the use
of different sources of bathymetry data by ocean modelers.

The absence of a common dataset for shallow regions leads to bathymetry becoming a variable
in model simulations. Hence, there is a need for a common dataset for shallow waters in the
Indian Ocean. Tsunami simulations are critically dependent on the bathymetry used, as are the
source-region estimates based on backward ray tracing [19][20]. Therefore, there is a need to
generate reliable bathymetry on the continental shelf of the Indian Ocean to eliminate a
potential source of differences among various model studies.

South-East Indian Ocean — Case Study

The Navel Ocean Centre, California, has used the parabolic equation model to study acoustic
propagation over a wide variety of typical ocean environments. Bathymetric conditions
encountered were continental slopes, ocean basins, underwater ridges, and seamounts [21].
Also, the oceanographic conditions have varied from those typical of subtropical waters in the
north (South-East Indian Ocean) to Antarctic waters south of the Polar Front. These conditions



have presented a severe test of the capabilities of current acoustic modeling techniques. Despite
difficulties both in initializing and in running the parabolic equation model on the continental
slope, the general level of agreement between measurement and prediction is encouraging [22].
The Navel Ocean Centre has successfully used the parabolic equation model to simulate the
same [23]. The same could be tried for the northern Indian Ocean Region as well.

Broad Areas of Research

Implementation of Sensor Networks

Applications of sensor networks vary from the oil industry to aquaculture and include
instrument monitoring, pollution control, climate recording, prediction of natural disturbances,
search and survey missions, and study of marine life. Sensor networks that measure low-
frequency seismic activity from remote locations can provide tsunami warnings to coastal areas
[24] or study the effects of submarine earthquakes(seaquakes). Sensors can be used to identify
hazards on the seabed, locate dangerous rocks or shoals in shallow waters, mooring positions,
submerged wrecks, and to perform bathymetry profiling. As discussed earlier, the bathymetry
profile of shallow water regions are of immense importance.

Application of ML/AI Techniques

Artificial intelligence (Al), particularly machine learning (ML), is widely studied to enable a
system to learn of intelligence, predict and make an assessment instead of the needs of humans
[25]. Switching the traditional channel modeling to machine learning channel modeling still in
its early stage. One of the main issues in the current method is to accurately predict the channel
parameters, whereas using machine learning techniques could enhance the prediction and
reduce the complexity. Machine Learning can be used to predict and estimate the wireless
channel parameters and examine large and small-scale fading, including parameters such as
path loss, delay path loss exponent, carrier phase shifts, Doppler spread and random variable
that explains the largescale fading [26].
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