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Introduction

The environment is constantly changing in case of
mobile systems and often there is lack of preliminary
information about the environment and objects. This
complicates the use of adaptation techniques because
initial values of system parameters are unclear. In this case
additional information must be acquired in real time about
the environment. This implies the use of cognitive signal
processing [1]. Cognitivity allows the data acquisition
system to adapt to particular objects and environment,
therefore increasing object detection probability and
measurement accuracy (distance to objects and resolution).

A cognitive signal processing algorithm in data
acquisition system can be divided into the following tasks:
intelligent signal processing; taking into account the
information gained about the environment to choose the
parameters of a sounding signal to be radiated; continuous
acquisition and storage of information about the
environment for basic adaptation of the sounding
system [1].

Cognitive radar is an actual research topic in radar

system engineering. Nevertheless, the cognition concepts
could be applied for sonars. To apply the cognitive
principle to the data acquisition systems three main stages
should be implemented:
the transmitter should adjust the necessary parameters
in an intelligent manner, taking into account size of
the target, range and target velocity based on the
received information
the system should include the feedback from the
receiver to the transmitter
intelligent signal processing should be implemented
to gather all necessary information for the transmitter
adjustment.
Moreover, other relevant information on the
environment could be gathered by other sensors working
cooperatively with the acquisition system. The cognitive
system decision is based on signals gathered on the outside
environment on the fly as opposed to knowledge-based
(KB) systems [1] where the signal-processing is based on
prior information.

101

According to the location of transmitters and

receivers, cognitive monostatic and bistatic sonars can be
divided into following  categories:  monostatic,
bistatic/multistatic, hybrid multistatic [2]. Every sonar
application has  different optimum  performance
characteristics. For one system, it could be range
resolution, for the other Doppler tolerance or even a digital
beam steering. Rather than optimizing waveforms for a
single design criterion, the intelligent system should be
able to synthesize waveforms that provide a smooth
tradeoff between competing design criteria [3].
Firstly, this paper discusses possible criterions for some
sonar applications and proposes general solution.
Secondly, the structure of the flexible MATLAB model
will be presented. This model allows us include the
intelligent module for the future system development.
Finally, modeling of the Doppler effect and estimated
resolution of the real system with given sounding
waveforms would provide the input for the intelligent
signal processing in the prototype.

Sonar applications and possible solutions

Next, we take a closer look at the specific
applications and possible feedback solution concerning the
digital system, which could change the digital waveform
and appropriate reception. The performance should be
improved by other adjustments as the frequency and
bandwidth of the real system are difficult to change.

The goal of the hydrographic application is to
measure the bottom profile with maximum resolution and
accuracy within a given range. The environmental effects
and feedback values will be:
in the case of the decreased signal-to-noise ratio
(SNR) the output power of the system could be
increased by the wvariable gain control at the
transmitter or by the use of phase-manipulated signals
[4]. Moreover, this leaves the range resolution value
unchanged
in the case of limited detectability due to the
unwanted reflections from fish, other biologic objects,
air bubbles, dust and dirt, target reflection registration



could be improved by multiple reflection registration,
filtering and tracking or beam steering

in the case of decreased bottom scattering strength it
would be necessary to choose different algorithm for
received signal processing; to select different
waveform; to use digital beam steering, and to change
frequency.

Imaging applications like Sidescan or Forward
Looking Sonars (FLS), used for large area efficient sea
floor imaging, require higher SNR values at the reception.
In this case adaptation could be accomplished as follows:
increase in SNR by using variable output power or by
changing signal length or type

fading, reverberation and the Doppler effect could be
eliminated by proper waveform selection

sensitivity to the ship motion could be in some extent
decreased by beamforming.

In general, the efficient SNR increase and resolution
are achievable through appropriate waveform design.
However, selected waveforms have different Doppler
tolerance at the same range resolution. To study the
Doppler tolerance and range resolution of the specific
waveforms the MATLAB model was created.
Furthermore, this allows us implement additional signal
processing algorithms, beamforming and possible feedback
values of the cognitive system. The flexible model of the
cognition system and later the prototype should include
digital signal generation, reception with digital
beamforming and optimal filtering. Future development
will include the intelligent feedback decision making based
on tracking and processing information.

The research showed that previously studied binary
phase coded waveforms [4] (Barker and nested Barker
codes [5]) are efficient for hydrographic applications, but
at the same time Doppler tolerance of those signals is
limited. Desirable SNR increase would decrease the
Doppler tolerance significantly. Fig. 1 illustrates the
maximum target velocities for phase manipulated signals
Barker and nested Barker codes. Here, element length
corresponds to 4, 8, 16 and 32 carrier signal periods per
element and sonar frequency is 250 kHz.
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Fig. 1. The maximum target velocities for Barker code signals
with 5 and 25 elements

In spite of the fact that phase manipulated codes are
more Doppler intolerant, they allow for increasing the
system resolution and application distance range could be
increased significantly at the same transmitted power level.
Thus, for Doppler tolerant cognitive applications further
waveform research would be needed [3, 6, 7].
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Digital beamforming is the most suitable approach to
phased array antenna pattern control. Therefore, it is
necessary to model signal reception at the critical target or
vessel velocities to determine the properties of the specific
waveforms. At the same time we can simulate real system
performance in the presence of the Doppler effect.

Wideband beamforming in sonar systems

The beam pattern of the sensor array is typically
calculated using harmonic vibrations of infinite duration at
a constant magnitude in the case of an electrical scanning,
but it is possible to use digital signal processing technology
and spread spectrum scanning signals. Derived from the
characteristics of this type of signal, the sensor array is not
able to use classical phase compensation for the purpose of
beam steering. Wideband beamforming algorithm should
be used to achieve a high resolution in all partial
directions.

The choice of wideband beamforming algorithm in
sonar system depends on exact situation, type and length of
the probe signal and available hardware. We observed that
the general behavioral model is the same and still related to
the duration of the shortest element of the signal regarding
the dynamics of the scanning signals in the sensor array
studied in the previous work [4]. Some differences
appeared when using very long nested codes (the average
amplitude of the output signal of the sensor array remained
somewhat higher for large angles than when using
traditional signals), but the choice of scanning signals is
not an essential factor with respect to the dynamics. The
choice of scanning signal is rather determined by the
operating range of sonar and the correlation features of the
signal (included the Doppler shift). Comparison of
theoretical results suggests that both FDFIB (Frequency-
Domain Frequency-Invariant Beamformer) and Block-
phase algorithms are realizable and provide very good
results. It is also essential that in the case of FDFIB
algorithm the amplitude weights only determine the shape
of the beam pattern. The level of the side lobes and the
beam patterns of any shape can be constructed independent
of the frequency. In principle, this method is an alternative
to the adaptive methods of forming beam patterns and can
be considered the most accurate variant. FDFIB algorithm
is based on the properties of the Fourier transform. When
switching to a complex envelope, we can find the output
signal M from sensor n at time | using the equation
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For time delay compensation in frequency domain we will
27q

use the weight
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where g — sampled frequency; L — signal length [4].

By taking the inverse Fourier transform with respect
to frequency g, the output electrical signals in each channel
are now synchronous. These formulas are modeled in
MATLAB environment and sensor output signal and
corresponding ambiguity function in case of 5-element
Barker code and 5-element sensor array are shown in Fig.
2 and Fig. 3.
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Fig. 2. Sensor output after FDFIB compensation
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Fig. 3. Vertical cut of the ambiguity function of the optimal filter
after FDFIB compensation

As mentioned before, the Barker codes are very
intolerant to the Doppler shift. Fig. 4 and Fig. 5 illustrate
the matched filter output when objects move towards the
sonar system (9 km/h and 20 km/h).
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Fig. 4. Receiver output with Barker code waveform affected by
the Doppler shift (9 km/h)
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Fig. 5. Vertical cut of the ambiguity function affected by the
Doppler shift (20 km/h)
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Here vertical cut of the ambiguity function depends only
on code and the Doppler shift and modeling results reveal
that the Doppler shift can be disregarded when the speed of
the object is below 9 km/h. Then vertical cut of the
ambiguity function is quite similar to its original. In
practice we can obtain sufficient results with speed up to
4.5 km/h as shown in Fig. 6.
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Fig. 6. Receiver output with Barker code waveform affected by
the Doppler shift (4.5 km/h)

Obviously, these results are valid for a certain
situation. Here we used carrier frequency 250 kHz and 16
signal periods inside one Barker code element. The
situation is different when we use longer codes, for
example nested code with 5x5 elements. Corresponding
ambiguity functions with and without the Doppler shift
equal to speed 9 km/h are shown in Fig. 7 and Fig. 8.
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Fig. 7. Optimal filter output of nested Barker without the Doppler
shift

As it can be seen from Fig. 8, speed 9 km/h is too high
for 5x5 nested codes. Here the Doppler shift can be
disregarded if the speed of the object is below 1.7 km/h

(Fig. 9).
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Fig. 8. Optimal filter output of nested Barker affected by the
Doppler shift (9 km/h)
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Fig. 9. Receiver output with Barker code waveform affected by
the Doppler shift (1.7 km/h)



The question arises: how the Doppler shift will affect  speed target applications are suitable because the binary
the FDFIB beamforming algorithm? It is clear that it has  phase coded waveforms are relatively sensitive to the
no effect when the signal arrives at the array from the  Doppler effect. Future research should include waveform
normal direction. In this case the vertical cut of the  design, intelligent signal processing, and feedback modeling
ambiguity function depends only from code and from the  and implementing.

Doppler shift as mentioned before. In the opposite case we

can see additional distortions at the output of the matched  References
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