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Abstract 

In this paper, we propose a frame synchronization method for underwater acoustic 
communication on mobile platform. When a source signal transmitting at arbitrary 
depth in shallow water and deep water then the influence on the acoustics signal 
processing is analysed. The acoustic signal propagation is different in shallow water 
and deep water due to variation of different factors such as sound speed profile (SSP), 
depth of the ocean, range, Multipath effect and Doppler effect. When a target is 
moving towards an acoustic receiver in underwater, the time-frequency representation 
of the received signal exhibits a striation pattern that can be useful in numerous 
applications such as ship localization. This new method involves transmitting signal 
based on hyperbolic frequency modulated (HFM) signal as a preamble of the frame, 
while the receiver uses a correlator which is matched to the transmitted signal. This 
method can provide us with good signal detection ability which is very important in 
Underwater Acoustic (UWA) channels, and can provide Doppler scale estimation for 
accurate synchronization. It can also provide multiple access capability for 
Underwater Acoustic communication network. We analyze and simulate the 
performance of the HFM signal. A contrast is made with the Linearly-Frequency 
Modulated (LFM) signal compared to the LFM based method. The proposed method 
works with a robust correlation output of the Doppler effect and is suited to handle the 
presence of dense multi-path channels. Measured sound speed profiles off Indian 
coasts were used in ray based Bellhop model to mimic the environment with 
Multipath and Doppler effect. The model was developed and implemented in 
MATLAB® software. 
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1. Introduction  

Surface waves are among several 
environmental parameters that can have 
significant influence on the propagation of 
high frequency underwater acoustic waves. 
Quantifying the impact of sea surface 
roughness on the acoustic wave propagation 
is an important step in both determining 
performance levels of underwater acoustic 
instrumentation and developing techniques 

for using acoustic waves to measure sea 
surface roughness. This research involves a 
combined approach based on experimental 
observation and modeling of both surface 
waves and acoustic waves in order to assess 
the detail of acoustic signal interaction with 
the sea surface. During the experimental 
research, acoustic signals were transmitted 
between source-receiver tripods deployed 
on the acoustic tank, while highly calibrated 
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environmental data was collected 
simultaneously from a nearby 
oceanographic observation platform. 
Source-receiver tripods were carefully 
spaced in range so rays with a single surface 
interaction were easily distinguished in 
received signals. Extensive analysis of the 
single surface reflected portion of received 
signals shows correlation between signal 
fluctuations and wind speed. In order to 
further understand the interaction of 
acoustic waves with the rough air sea 
boundary, a combined acoustic-ocean 
surface model has been employed to 
simulate the time-angle fluctuations 
observed in shallow water acoustic 
transmissions. The model combines the 
BELLHOP[10] ray-based acoustic model 
and an empirical wind driven sea surface 
model.  
 

2. Acoustical signals used in 

underwater communications 

2.1 Continues Wave signal 

 

    CW signals are pure sine waves with 
constant frequency transmitted during with 
limited time usually with constant 
amplitude. A CW pulse (narrow band 
pulses) is the most commonly used the 
underwater acoustics signal since it is well 
suited to narrow band transducers [Lurton] 
[1]. The major limiting factor of CW signal 
is its very poor spectral content; this limits 
the usage of the same for advanced 
processing to characterize targets. 
Furthermore, it requires relatively high input 
SNRs[Lurton]. 

Sinusoidal data can be defined 
mathematically by a time-varying function 
of  ��P� 		= Q��R�2T,�P�									�1� 
Where Q is amplitude, P	is time, ,�	is cyclic 
frequency in cycles per unit time. 

 

 

 
 
Fig.1 - Continuous Wave (CW) time domain signal 

and FFT signal & its spectrogram. 

 
2.2 LFM signal 

      LFM signal is also called chirp signal 
which is widely used in radar, sonar and 
underwater communications. LFM is a type 
of frequency modulation where the signal 
sweeps linearly from a one frequency to 
another frequency. LFM signal created by 
concatenating small sequences each with a 
frequency higher than the last. LFM signal 
created by concatenating small sequences 
each with a frequency higher than the last. 
LFM signal can be expressed as: 
 ��P� = Q��R�2T,�P�P + ø�						(2) 

Where,			,�P� = U)H + ,V�W							(3)                       

	�	is signal slope: � = �,V�� − ,V�W�/�. 
,V�W	is the starting frequency, 
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,V��	is the end frequency, 

�	is pulse length. 

 

 

 

Fig.2 - LFM signal time domain signal and FFT 

signal & its spectrogram. 

LFM signal can be created from original 
equation for sinusoid given by��P� =Q��R�2T,�P�P + ø. Here Instantaneous 
phase given by (2T,�P�P + ø�, changes 
linearly with time. If we make the phase as 
quadratic then the sinusoid equation is no 
longer. This equation's frequency changes 
linearly with time[2]. Time domain 
representation of LFM signal with its 
spectrogram & FFT is shown at (Fig.2 (a) & 
(b)). 
 

2.3 HFM signal  

HFM is a type of frequency modulation 
where the signal sweeps hyperbolically from 

a one frequency to another frequency. We 
can create an HFM signal by concatenating 
small sequences each with a frequency 
higher than the last. HFM signal is a 
logarithmic representation of LFM signal. It 
is used in active acoustic systems. The 
following example illustrates the difference 
between a sinusoidal signal and an HFM 
signal. HFM signal can be expressed as[3] 

 

��P� = �� R Z2T �W [�P + 1,V�W\� ]														�4� 
Where � is the signal slope 

� = �,V�W − ,V���/�� ∗ ,V�W ∗ ,V���, 
,V�W is starting frequency, 

,V��	is end frequency.  

If ,V�W < ,V�� then HFM signal sweeps 
up. 

If ,V�W > ,V�� then HFM signal sweeps 
down. 

The signal instantaneous frequency is 

,*�P� = 1�P + [ 1,b*+\																		�5� 
Instantaneous frequency is in the interval 
[,V�W ,V��] over time to change in the 
hyperbolic form. 
 
HFM signal with its time-frequency 
representation is shown (Fig.3). 
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Fig.3 - HFM time domain signal and FFT signal & 

its spectrogram 

3. Acoustic communication chanel 

modeling 

  As the performance of a chosen 
waveform depends on the impulse response 
function of a channel, it needs to be modeled 
for evaluating system performance.  
Although there are several theories to model 
the channel, the most popular ones are Ray-
tracing[10] and Normal Mode theories.  
However, as the aim of the paper is to 
characterize various waveforms in high 
frequency range (> 20 kHz) a ray theoretical 
model is best suited for this application. 
However, Gaussian-beam based methods 
provide a substantial improvement over ray 
methods but they are not sufficiently accurate 
at low frequencies[10]. A thumb rule adopted 
for this low frequency cutoff is when the 
water depth is less than 20 wavelengths the 
model cannot be used. In the current study 
the frequency of interest is >20 kHz which 
transpires to a wave length of ~75mm  which 
is very small compared to the water depths of 
interest.  Therefore, a Gaussian – beam based 
model Bellhop developed by Michael B. 
Porter can used in the current studies and is 
part of Acoustic Toolbox[19] 

(http://oalib.hlsresearch.com/modes/ 
acoustictoolbox/at.zip).  

Two different sound speed profiles 
measured in Indian waters one in deep 
water(Fig.4A) and the other in 
shallow(Fig.4B) waters along with their 
sediment properties listed at Table - I are 
used in estimating the impulse response 
function. 
 

 

Fig.4 - Sound Speed profile measured of Indian 

Oceans in deep and shallow water profile 

Table - 1.Geo-acoustic parameters of the 

bottom type used in the simulations. 

Geo-Acoustic 

Parameters 

Deep Shallo

w 

Sediment type Sand Silt 
Compression sound 
speed 

1650m/s 1575 
m/s 

Ratio of sand density to 
seawater density ��� 1.9 1.7 

Compression 
attenuation (d� 0.8 dB/e 1.0 

dB/e 
 
4. LFM and HFM signals under various 

Acoustic channel characteristics  
Since the aim of the paper is to characterize 
the signal performance under various 
environmental conditions like low SNRs, 
influence of Multi-path and the effect of 
Doppler in both shallow and deep waters off 
Indian coast.  Signals were simulated using 
the equations 1-5 of CW, LFM, HFM signals 
and the same were convolved with the 
impulse response function estimated for both 
shallow and deep waters as explained at 
section above to arrive at resultant time 
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series. This time series was used to estimate 
the self-correlation peaks (Matched Filter 
output). This information was used to deduce 
the performance results.  
 
4.1 Effect of low SNRs on Matched Filter  

  It is known that the amplitude and 
the width of central pulse in Matched Filer 
(MF) output depends on the bandwidth and 
the pulse width of the signal.  The higher the 
signal bandwidth, the sharper the central 
pulse will be and also the higher the 
amplitude.  Therefore, in case of very low 
SNRs both LFM and HFM with larger pulse 
width and higher bandwidth will yield 
desirable results. 
 
4.2 Bellhop Model 

   These factors include variation of sound 
speed with depth causing changes in 
refractive index, presence of ocean boundaries 
causing multipath and scattering effects, high 
temporal and spatial variability of ocean 
environment causing fading of signal, 
presence of different types of sediments at the 
bottom boundary causing different 
attenuations etc., In addition the movement 
vessel causes Doppler14. In an effort to study 
the impact of noise on marine mammals, a 
simulation model (VirTEX) based on ray 
theory was developed by John C. Peterson 
and Michael B. Porter. 
The model generates a time-series of 
transmitted signals as heard by a marine 
mammal and it is capable of simulating both 
multipath and Doppler imposed by 
source/receiver motion. The algorithm uses 
the outputs of BELLHOP10 ray tracing model 
for predicting the receiver output time series. 
Therefore, authors have adopted this model to 
simulate the effect of environment, multipath 
due to boundaries and the Doppler due to 
ship’s motion. 
As VirTEX uses ray based theory, the authors 
are fully aware of the limitations of ray theory 
based models. In the absence of a unified 
theory which is applicable in both low and 
high frequency regimes the authors have 
resorted to using BELLHOP model. 

4.3 Multipath Fffect 

        The transmitted signal gets effected by 
multipath and Doppler effect which is 
challenge to simulate the Target movement. 
The analysis of acoustic signal effected by 
these factors is difficult. The sea is a 
bounded medium in which the sea bottom 
boundary is very different from surface 
boundary. The surface consists of waves, 
wind action, currents whereas the bottom 
consists of mud, sand, hard coral and 
volcanic rock. 
The sound transmitted from a source in 
underwater undergoes multiple reflections, 
refractions by the moving sea surface, the 
bottom surface boundaries and also by other 
reflectors (fish, whales, snapping shrimp, air 
bubbles, etc.,) and reaches the receiver in 
several distinct paths in various time 
durations during its propagation in 
underwater. This phenomenon is known as 
“Multipath effect”. For a large range 
between the transmitter and receiver, the 
transmitted signal propagates to the receiver 
via various paths. The delay associated with 
each path depends on its geometry and 
prevailing ocean conditions and the sound 
speed profile in the region. In passive sonar 
due to multipath effect the detection ability 
reduces. So the target recognition and 
function ranging becomes difficult. The 
transmitted signal frequency from the 
source gets distorted due to transient 
Doppler effects caused by expansion and 
contractions of the sea surface reflected 
transmission paths or the Doppler shift 
caused due to the movement of either 
transmitter or receiver or both. The Doppler 
Effect corresponds to a shift of the apparent 
signal frequency after propagation, due to a 
change in the duration of the source –
receiver paths during transmission time, 
caused by the relative displacement of the 
source and the receiver, or the source and 
the target. Multipath propagation of signal 
occurs due to sound reflections from sea 
surface, bottom and any objects. This signal 
received by hydrophone is a pressure field 
data. This data can be represented as sum of 
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Marrival amplitudesAh�ω
corresponding delays	τh	�ω�. 
 

P�ω� = S�ω� k Ahelωτm											
n
hO� �

Where S (ω) is spectrum of the source, 
arrival amplitude. 

Convolution theorem is product of two 
signals resulting in a third signal. This third 
signal is the area of overlap of 
signals. If two signals are convolved in time 
domain, then the Fourier transform of the 
convolution is just the product of two 
original Fourier transforms8. 
To convolve, we need time domain 
representation of the above data. Thus, the 
time domain representation is  
 

	o�P� 					= k Qbp�P − qb�r
bO� 							

Where p�P� is the source waveform, 
real time data consisting of complex 
numbers. Thus, proper representation of this 
data can be where convolution with respect 
to real and imaginary data has to be taken 
into account to observe the phase shifts 
associated with the samples. 
 

o�P� = k s�tQbup�P − qb� − vVtr
bO�

Where pN = w�p� is the Hilbert transform of p�P�. Hilbert transform of any signal is the 90� phase shifted signal. From real part of 
pressure data we can obtain the arrival 
amplitudes and from the imaginary part we 
can obtain the delays of the arrival 
amplitudes. 
 

4.4 Multipath effect in Deep water profile

  A measured sound speed profile 

shown at (Fig.4A) along with the measured 
sediment type is used for estimating the 
impulse response function. The sediment 
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.  

�7� 
) is spectrum of the source, Ah	is 

Convolution theorem is product of two 
signals resulting in a third signal. This third 
signal is the area of overlap of the other two 
signals. If two signals are convolved in time 
domain, then the Fourier transform of the 
convolution is just the product of two 

we need time domain 
representation of the above data. Thus, the 

 

											�8� 
is the source waveform, Qbis a 

real time data consisting of complex 
numbers. Thus, proper representation of this 
data can be where convolution with respect 

and imaginary data has to be taken 
into account to observe the phase shifts 

tQbupN �P − Pb�	�9� 
is the Hilbert transform of 

. Hilbert transform of any signal is the 
phase shifted signal. From real part of 

pressure data we can obtain the arrival 
amplitudes and from the imaginary part we 
can obtain the delays of the arrival 

Multipath effect in Deep water profile 

A measured sound speed profile 

shown at (Fig.4A) along with the measured 
sediment type is used for estimating the 
impulse response function. The sediment 

type found at the measurement site is silt. 
Therefore, the geo-acoustic parameters used 
in the channel modeling are density (
1.7g/�V{, compressional wave speed(c) is 
1575 m/sec and the compressional wave 
attenuation (∝) is 1.0 dB/
was simulated as brought out in the 

preceding section 

 
Fig.5 - Eigenray (a) and impulse response (b) of deep 

water for a source depth of 40m, Receiver depth of 

50m and receiver range of 1000m

 

Performance of CW, LFM and HFM were 
evaluated using the different source receiver 
combinations. One such response function is 
shown at (Fig.5 (a) & (b)) for a source 
receiver combination of so
at 40m and receiver position being 50m 
depth at distance of 1000m. It is evident from 
Eigen ray plot that very few rays are 
connecting source and receiver and the 
delays are of the order of 0.2 seconds 
between the direct path (red color li
the bottom reflected paths. Further, the 
bottom reflected paths got attenuated more 
than the surface reflected path

 

type found at the measurement site is silt. 
acoustic parameters used 

in the channel modeling are density (�) is 
, compressional wave speed(c) is 

1575 m/sec and the compressional wave 
) is 1.0 dB/λ. Multipath signal 

as brought out in the 

Eigenray (a) and impulse response (b) of deep 

epth of 40m, Receiver depth of 

50m and receiver range of 1000m 

Performance of CW, LFM and HFM were 
evaluated using the different source receiver 
combinations. One such response function is 
shown at (Fig.5 (a) & (b)) for a source 
receiver combination of source depth being 
at 40m and receiver position being 50m 
depth at distance of 1000m. It is evident from 
Eigen ray plot that very few rays are 
connecting source and receiver and the 
delays are of the order of 0.2 seconds 
between the direct path (red color line) and 
the bottom reflected paths. Further, the 
bottom reflected paths got attenuated more 
than the surface reflected path 
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Fig.6 - The LFM signal influence of multipath on 

self-correlation peak for deep water profile

Fig.7 - The HFM signal influence of multipath on self

correlation peak for deep water profile.

As far as the performance of LFM and HFM 
in deep waters is concerned, it is apparent 
from (Fig.6 (a) & (b)), both have shown very 
good resistance to multipath. Therefore, 
these signals can be very good candidate 
signals for the applications in multipath 
prone deepwater environments.
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The LFM signal influence of multipath on 

correlation peak for deep water profile 

 

of multipath on self-

correlation peak for deep water profile. 

As far as the performance of LFM and HFM 
in deep waters is concerned, it is apparent 
from (Fig.6 (a) & (b)), both have shown very 
good resistance to multipath. Therefore, 

ry good candidate 
signals for the applications in multipath 
prone deepwater environments. 

5.5 Multipath effect in Shallow 

water profile 
  In shallow waters, mesured sediment 
type is found to be sand.  Accordingly, the 
geo-acostic parameters used in computioan 
are density (�) is 1.9 kg/m
wave speed(c) is 1650m/s and compressional 
wave attenuation (∝) is 0.8 dB/
 
Usually, the shallow waters are more prone 
to multi-path and degrade the system 
performance. (Fig.8 (A)) shows the Eigen 
rays which represents the underwater 
acoustic signal reflections in shallow water 
and (Fig.8(B)) shows the impulse response of 
multipath simulation in shallow water. 
Acoustic signal transmitting through such 
shallow waters will be badly be effected by 
multipath as the received signal impulse 
response shows more surface and bottom 
reflected paths of source signal with different 
less time delays. (Fig.9(A) & Fig.10(B)) 
shows that the matched filter output of LFM 
and HFM signals reveals that  both gave 
good anti-multipath capability in shallow 
water. However, CW’s performance is worse 
than both LFM and HFM signal
 

Fig.8 - Eigenray (a) and impulse re

water for a source depth of 40 m, Receiver depth of 40 

m and receiver range of 1000m.

 

 

Multipath effect in Shallow  

In shallow waters, mesured sediment 
type is found to be sand.  Accordingly, the 

acostic parameters used in computioan 
) is 1.9 kg/m3, compressional 

wave speed(c) is 1650m/s and compressional 
) is 0.8 dB/λ. 

the shallow waters are more prone 
path and degrade the system 

performance. (Fig.8 (A)) shows the Eigen 
rays which represents the underwater 
acoustic signal reflections in shallow water 
and (Fig.8(B)) shows the impulse response of 

ion in shallow water. 
Acoustic signal transmitting through such 
shallow waters will be badly be effected by 
multipath as the received signal impulse 
response shows more surface and bottom 
reflected paths of source signal with different 

ig.9(A) & Fig.10(B)) 
shows that the matched filter output of LFM 
and HFM signals reveals that  both gave 

multipath capability in shallow 
water. However, CW’s performance is worse 
than both LFM and HFM signal 

 
Eigenray (a) and impulse response (b) of deep 

water for a source depth of 40 m, Receiver depth of 40 

m and receiver range of 1000m.  
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Figure.9 The LFM signal influence of multipath on 

self-correlation peak for shallow water profile

 

Fig.10 - The HFM signal influence of multipath

self-correlation peak for shallow water profile

 
6. Doppler Effect 

  In addition to the performance 
degradation caused by the changes in 
environmental parameters, motion of 
transmitter or receiver causes either time 
compression or spreading of the signal which 
is known as Doppler Effect.  The magnitude 
of the Doppler Effect is proportional to the 
ratio � = }/�	of the relative transmitter
receiver velocity to the speed of 
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Figure.9 The LFM signal influence of multipath on 

correlation peak for shallow water profile 

 
The HFM signal influence of multipath on 

correlation peak for shallow water profile 

In addition to the performance 
degradation caused by the changes in 
environmental parameters, motion of 
transmitter or receiver causes either time 
compression or spreading of the signal which 
is known as Doppler Effect.  The magnitude 

is proportional to the 
of the relative transmitter-

receiver velocity to the speed of sound[20]. 

5.1 Generating Time-Series

Motion 

Due to the effect of the Doppler shift the 
time series data has been shifted to t amount 
where P = ~/}, d=distance travelled by the 
ship and v= velocity with which ship 
travelled. 
 

��P� = ks�tQ+�P�u�
+O� 	R�P − q

− vVtQ+�P�
The position (��P�) of the receiver (
varies with respect to time delays and 
amplitudes where Q��� = 1/� is amplitude and 
time delay. 
 ��P� = Q���R�P − q���� = 1�
Substituting � = }P 
��P� = 1}P 	R �P �1 − }���		
For a sinusoidal source function,sin	��P�, the received time series is
 

��P� = 1}P sin ��P �1 − }�
This time series shows the Doppler 
frequency shift of	 = �
For the surface path arriving at angle θ, 	Q��� = ��R�/�  and 

received time series in the case of 
transmitted sine wave is 
 

��P� = ���R�}P � R �P �1 − �
 

It is well known that a Doppler sensitive 
waveform such as CW burst is used for 
estimating the target velocity. However, as 

 

Series Data with 

Due to the effect of the Doppler shift the 
time series data has been shifted to t amount 

d=distance travelled by the 
ship and v= velocity with which ship 

q+�P��
� �uRNI−q+�P�M							�10� 

) of the receiver (� = }P) 
varies with respect to time delays and 

is amplitude and q = �/� is the 

� 1� 	R �P − ���			�	11� 

�� 					�	12� 
For a sinusoidal source function,	R�P� =

, the received time series is 

}���													�13� 
This time series shows the Doppler 

��1 − �
�.  
For the surface path arriving at angle θ, 

and = 3
 ��R� , the 

received time series in the case of 

}�	��R���									�14� 
It is well known that a Doppler sensitive 
waveform such as CW burst is used for 
estimating the target velocity. However, as 
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shown in preceding sections CW is 
susceptible to multipath, reverberation and 
additive noise.  Therefore, one needs to 
look for alternative waveforms which can 
resolve Doppler reasonably well with fairly 
good reverberation resistant capabilities 
 

 
Fig.11-The influence of the Direct path on self-

correlation peak of LFM and HFM signal 

 
In an effort to study the impact of noise on 
marine mammals, a simulation algorithm 
based on ray and normal mode theories was 
developed by Martin Siderius and Michael 
B. Porter[10]. In a similar effort, effect of 
time varying sea surface on broadband 
acoustic transmissions was studied by the 
same group[10]. Basing on the formulations 
developed vide the two reference given 
above, a model called Virtual Time series 
Experiment (VirTEX) [19] was developed 
to predict the receiver’s response when a 
known time series (waveform) is 
transmitted from a hypothetical source in an 
underwater acoustic channel.The algorithm 
computes the time series that would be 
observed at a hypothetical receiver, taking 
into account the effects of multipath and 
also Doppler introduced by motion of 
source/receiver. The algorithms utilize the 
outputs produced by the BELLHOP ray 
tracing model[18] for predicting the 
receiver output time series. 

In the current study the authors have 
used VirTEX model for evaluating the 
performance of CW, LFM and HFM in both 
shallow and deep waters off Indian coast. In 
a set of numerical experiments, CW signal 
of required Frequency and LFM / HFM 
signals with required frequency of 

bandwidth at a central frequency of 
required frequency and pulse length of 
30msec were transmitted and the signals 
were received at various speeds ranging 
from 0 to 30m/s in steps of  5m/s.  In these 
numerical experiments, the source depth 
and receiver range were kept constant at 
30m and 1km respectively. The receiver 
depth varied from 10m in shallow to 200m 
in deep to study the depth dependent 
performance of different waveforms. 

Similar to the studies carried out in 
the preceding section, MF output was 
estimated for each case and MF peak was 
normalized with zero velocity’s MF peak 
value. This process will bring out the 
waveform’s ability to resist Doppler very 
clearly. The process was carried out for 
various speeds for both shallow and deep 
water cases. LFM and HFM have behaved 
entirely differently in the presence of 
Doppler.  LFM has shown moderately 
strong resistance to Doppler whereas HFM 
has exhibited very strong resistance to 
Doppler. However, in shallow water case 
although, the performance of CW remained 
same, LFM and HFM has shown similar 
degree of resistance to Doppler with HFM 
being slightly more resistant than LFM.  

In an effort understand the depth 
dependence; the receivers were numerically 
placed at 10m, 30m and 50m depths in 
shallow waters and 10m, 50m and 200m 
depths in deep waters. Although the results 
did not show considerable depth 
dependence in deep waters LFM and HFM 
have shown greater resistance to Doppler 
when the receiver is close to the surface.  

 
7. Conclusion  

     In this paper, the CW, LFM and HFM 
signal propagation characteristics are 
compared in deep water & shallow water 
profile underwater acoustic simulation 
channels. It is observed that CW signal is 
greatly influenced by multipath effect so it is 
not effectively used in shallow water 
acoustic propagation channels as in shallow 
water the multipath effect is more due to less 
depth of the sea. Whereas, the HFM and 
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LFM signals are very slightly effected by 
multipath effect. But the observation of 
Doppler effect on signals propagating in 
shallow water is complex compared to deep 
water communication. From the simulation 
results it is observed that the acoustic signal 
propagation in deep water is mostly 
influenced by Doppler effect so HFM signal 
is suitable for communication in deep water 
as it has anti-Doppler capability. So the 
simulation results shows that CW has good 
Doppler resolution, but poor range 
resolution. CW signal is greatly influenced 
by reverberation. LFM signal has good anti-
multipath capability but influenced by 
Doppler shift. Whereas HFM signal has 
strong resist towards the influence of 
Doppler so used for communication. And 
HFM signal has excellent anti-multipath 
capability same as LFM signal. 
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