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Abstract—This paper introduces a coherence analysis
method to generate synthetic aperture sonar (SAS) images
which is useful for the classification of buried underwater
objects. Motivated by the high-resolution achievable by
modern imaging sonars, a novel template matching technique
is developed that compares a target signature generated from
a simple acoustic model with the actual image of an object
being classified. The approach uses both the correlation with
target echoes and is tested on MATLAB experiments. The
effectiveness of these methods is demonstrated on simulated
databases comparing generated SAS method and by applying
a simple but effective classification framework.
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I. INTRODUCTION
Underwater imaging is important for safe navigation,
offshore installations, mine detections, underwater
communication, surveillance, maritime search and
investigation, Oil and gas exploration [1]. The propagation
of a signal the sea is a complex phenomenon and that
depends on temperature, depth, position, salinity, and
pressure. These factors give a time varying structure that is
inhomogeneous both vertically and horizontally. The
electromagnetic wave is more attenuated and greater
ranges can be obtained with either longer waves at the
expense of poor resolution or with huge energy storage at
the expense of cost and size. Optical signals penetrate
poorly into seawater and imaging of underwater scenes
using lights and cameras difficult. Both approaches are
impractical. In contrast, acoustic signal travel well in the
ocean. In addition, the attenuation of sound has strong
frequency dependence. Hence sound is still the main
means of exploration and communication in the sea. When
an acoustic pulse is generated in the water column it
expands spherically and ensonify that region. Sound is a
transient disturbance in a fluid medium that behaves as
acoustic waves governed by the differential equations of
fluid mechanics theory. Propagation and scattering
describe the behavior of acoustic wave fields. Synthetic
Aperture Sonar (SAS) imaging is conducted using
sequences of transmissions and receptions [2, 3]. It is
primarily driven by the desire for high resolution imagery
of the seafloor, with high mapping rates. The sonar
transmits and receives signals while moving along a line.
The signals received from various positions are combined
to form an image [4, 5]. The azimuth resolution can be
computed as the ratio between wavelength and length of
the array. For typical sonar, this ratio is of the order 1:601:400 (meaning a resolution of 1 m at 60 and 400 m range,

respectively). A longer array will increase this ratio, but
fitting such a array is not always possible or practical on
most underwater vehicles. Operation at a higher frequency
will increase the ratio, but will at the same time limit the
achievable range due to higher absorption [6]. The SAS
principle overcomes these limitations by utilizing data
from several consecutive pings to synthesize a longer
sonar array. A fundamental limitation of SAS systems is
that the platform cannot travel further than half the length
of the receive array per ping interval [7]. For SAS
systems, the maximum range is proportional to the receive
array length, and inversely proportional to the platform
speed. The theoretical azimuth resolution in SAS is half
the length of each element in the receive array, at all
ranges [8]. In general, this resolution is not practically
achievable, and the practical resolution will be 1.5 – 2
times lower. The range resolution is, as in regular sonars, a
function of the bandwidth and compression technique. The
azimuth resolution is related to the length of the synthetic
aperture (SA), not the physical aperture, removing the
tradeoff between physical array length and image
resolution [9]. As the tow fish moves, the system stores
pulse return information in memory until the pulses from
all elements in the array have been returned. Then the
processor integrates the information produce a fine
resolution image. The images consist of complex valued
pixels representing the magnitude and phase of the return.
The SAS transmits a series of acoustic pulses at a rate
denoted the PRF, as the tow fish moves along track with
velocity v as shown in Figure1. The along-track direction
of the sonar illumination pattern on the ground is referred
as azimuth and the across-track as range. SAS imaging
models are typically developed under the ‘stop-and start’
model, whereby it is assumed that the platform transmits a
signal, receives the echoes from targets, and then jumps to
the next along-track sampling location [10, 11].

Fig.1. Imaging Model

Copyright © 2012 IJECCE, All right reserved
601

International Journal of Electronics Communication and Computer Engineering
Volume 3, Issue 3, ISSN 2249 –071X
There are a number of problems that make the formation
of a SA more difficult in the ocean than in the air and
some of which are related to the propagation
characteristics of sound in the medium [12, 13, 14].
Initially, it is surmised that the phase coherence of the
medium over time would be a limiting factor to SAS
imaging. This could be a reason why SAS research began
significant development so much later than SAR research.
The SAS moves through the water in the y direction at an
altitude z off the sea floor. The signal is sent out along the
x, or ground range, axis. The data collection for a SAS
precedes in much the same fashion as for a Real Aperture
Sonar [15]. However, the time series from each ping are
stored for further processing, as opposed to being
immediately accumulated in an image. Consider the
behavior of the observed signal as the SAS passes by a
single ideal point reflector. The scattered signal first
appears at some range and then moves closer until the
sonar reaches the closest point of approach (CPA). Once
the sonar passes the CPA, the echo migrates back out in
range. The locus of points traced out by the reflected
signal is a hyperbola. The length of the hyperbola is
infinite, but it is nearly always considered to be equal to
the -3 dB (that is, the half power) beamwidth of the
transducer. A SAS image of the point scatterer is created
by integrating the signal along this single hyperbola.
Similarly, an entire SAS image is formed by integrating
over all the possible hyperbolae in the scene [16,17]. In
stripmap systems, the beam is held perpendicular to the
track as the platform traverses the aperture. The image
coordinate system is denoted (x,y), the data collection
coordinate system is denoted (t,u). Also Xs and Ys are the
swath widths in range and along-track, and H is the
platform altitude. In this configuration the sonar maintains
the same broadside radiation pattern throughout the data
collection period. It moves through the water in the y
direction at an altitude Z off the sea floor. The signal is
sent out along the x axis. Consider the behavior of the
observed signal as it passes by a single ideal point
reflector. With the imaging system traveling along a
straight path, a pulse is periodically transmitted
perpendicular to the direction of travel. This pulse is then
reflected back by targets of interest to the receiver and
recorded. Once the echo from the current pulse has been
received, a new pulse is transmitted. Each received echo is
demodulated, pulse compressed, and the magnitude
information extracted. This becomes one strip in the
overall image of the ocean. The LFM chirp signal for our
imaging is
t
S (t) = rect
exp(j(ω t + πK t ))
τ
where τ is the signal pulse duration, ω is the carrier radial
frequency, ω is the modulated range frequency variable, t
is the temporal ordinate and K is the signal chirp rate. The
principle of stationary phase given by
S (ω) ≈

j
ω−ω
rect
K
2πB

where B is the signal bandwidth.

exp (−j

(ω − ω )
)
4πK

II. THE FAST CHIRP LEVELING ALGORITHM
The computational burden of the seismic migration
algorithm is the interpolation step, which determines both
efficiency and accuracy [18]. The fast chirp leveling
algorithm eliminates the need for an interpolation step by
approximating the Stolt transformation [19, 20]. The
algorithm begins with the full signal data, before pulse
compression as shown in Figure 2.

Fig.2. Fast Chirp Level Algorithm

III. DESCRIPTION OF PROCESSING
In the simulations, the system parameters were chosen
to match the with the real system. The order of operations
for simulated data processing is shown in Figure 3. For
each signal transmitted, 16 signals are received and
demodulated. These are pulse-compressed and input into
the motion compensation algorithms. Then, the data is
rearranged into a two-dimensional imaging matrix and
interpolated so that the sample spacing is uniform. Image
focusing is carried out using efficient processing
algorithms and a reflectivity map is generated. The
processing is carried out using MATLAB software. Each
step in the process constituted a single MATLAB function,
and at each step, the data and all necessary parameters
were saved as a single data structure. To simulate a field
of targets, single point scatterer responses were emulated.
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Fig.4. Pulse compressed data return

Fig.3. Signal Processing Flow
The real return is from a strong scatterer surrounded by
several weaker scatterers. The terrain model is simulated
by ensuring that the reflectivity of each point-target was
drawn from a probability density function that is Rayleigh
distributed in magnitude and uniformly distributed in
phase. The real and imaginary parts were drawn from a
zero-mean Gaussian distribution, and the reflectivity of
each target is independent and uncorrelated. Since the
reflectivity of multiple targets averages into a single
reflectivity for each pixel, one randomly located target was
placed in each bin. The lateral error estimation procedures
were tested on simulated data sets. Due to the simulated
nature of the data, we could ensure that the estimates were
referenced correctly. That is, these algorithms rely upon
integrating the error function over the entire aperture, and
we could ensure that the initial value of this integration
was correct.

IV. SIMULATION RESULTS
We generate an ideal data and resampled to a 2D
uniformly spaced grid. Standoff Range is 150 m, Platform
altitude
m, Receiver width is 0.2172 m, Carrier
Frequency is 50kHz, Chirp Bandwidth is 10kHz, Chirp
Length is 25x10-3 sec, Baseband Sampling Frequency is
25000
Hz, Pulse Repetition Frequency is 1 Hz,
Propagation Velocity is 1500 m/s. This data is shown in
Figure 4. The data is then applied to the FCL algorithm
and a focused image is produced, which is shown in both
Figure 5 and Figure 6.

Fig.5. Focused Image

Fig.6. Focused Images (Magnitude)

V. CONCLUSION
We studied the feasibility of 2D mapping of Marine
environment via coherent system. A complete processing
is developed based on the current SAS system. Results
were verified by the simulated data. Classification of
underwater targets using SAS has been introduced. By
using this approach one is able to adaptively determine the
views of an object would be most beneficial for classifying
the target under consideration. The promise of the method
was demonstrated on a set of simulated data. This method
was shown to outperform other deliberative methods of
classifying the target, where the looks obtained are
prescribed in advance. In the near term, future work will
focus on implementing this method as a classification
behavior within a large autonomy control system
framework. Every attempt was made in this work to avoid
the use of training data, preferring instead to rely on
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models to create the observation space. This was possible
because the SAS data set was well suited for the template
matching method that was used. Exploring more general
ways of generating observations, ones that follow wellunderstood distributions are recommended for future
research. These methods may require some training data to
estimate the required parameters; however, a practical
system may indeed make use of training data not only for
designing a method to detect and classify objects, but also
to adapt for in situ environmental conditions by estimating
the parameters of the underlying statistical distributions as
well as the appropriate thresholds to use.
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