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Abstract- More than 70% of the earth surface is covered by water and still remains 95% unexplored. Underwater world 
holds a lot of information for researchers, engineers, defence and marine organizations. In the underwater, radio and optical 
waves cannot broadcast over a long distances. Instead of that acoustic waves can be used. Before deployment of the acoustic 
sensor nodes in an underwater, how they will be performed in an underwater is characterized by underwater acoustic 
channel. Hence, it is essential to understand the performance of underwater acoustic channel for system design. But acoustic 
waves in an underwater acoustic channel (UWA) largely affected by noise, transmission loss, multipath propagation, channel 
variation and Doppler spread. This paper includes a statistical acoustic underwater channel that contains multipath due to 
bottom and surface reflections. The multipath propagation with single transmitter and receiver is existed. In this multipath 
with multi transceivers is proposed. 
 
 
I. INTRODUCTION 
 
The earth surface is occupied by water in more than 
70% that is the three forth area of the planet. 
Underwater world contains a lot of information which 
will help to researchers, engineers, defence and 
marine organizations. Underwater sensors are exist 
but there is difficulty in underwater operation due to 
lack of availability for collect and monitor data.  For 
this, one way is to transmit the data in underwater 
wirelessly. Wireless transmission of information can 
be used for various applications such as gathering 
scientific data, pollution control, climate monitoring, 
detection of objects on the ocean floor, transmission 
of images to remote sites on land, etc. Wireless 
information transmission is also useful for 
surveillance and other military applications, as well 
as Autonomous Underwater Vehicles (AUVs) which 
could provide as mobile nodes in Underwater 
Wireless Sensor Networks (UWSNs) [1]. 
 
Generally radio waves are favoured choice in a 
terrestrial wireless communication system. But radio 
waves with low frequency are not able to travel 
longer distance in underwater. Radio and optical 
signals can be travel in underwater for short range 
applications. At extra low frequency that is varying in 
between 30 Hz to 300 Hz will be the operating 
frequency of radio waves to propagate in underwater. 
But radio waves have a drawback that it has very high 
attenuation, low SNR, and requires extremely large 
antennas and tremendously high transmission power. 
The range of radio signal is up to 10 meter. Optical 
signals do not have a problem of attenuation like 
radio signals. But they are having a problem of 
scattering of signal. The range of optical signal is 
from 10 to 100 meter. Acoustic signals operated in 
frequency range between 8 to 11 kHz. The range of 
acoustic signal is up to few kilo meters. Hence mostly 

acoustic signals are used for underwater 
communication [2].  
 
This paper proposes a statistical underwater acoustic 
channel with multipath multi transceivers. The paper 
is organised as follows.  Section II describes about 
underwater acoustic communication. The detailed 
analysis for multipath   
Modelling is given in section III. The result is in 
section IV that shows path length values for direct 
path and multipath.  
 
II. UNDERWATER ACOUSTIC 
COMMUNICATION 

 
The speed of sound in underwater is only 1500 m/s be 
a significant limitation for underwater wireless 
acoustic sensor networks compared with radio waves 
that have a speed of around  m/s. It is not 
achievable with acoustic waves to send out the same 
amount of information in underwater communication 
as it will be achievable with radio waves in terrestrial 
communication. Other difficulty is huge amount of 
loss in long distance communications with battery 
powered application that have limited energy 
available.  
 
The underwater acoustic communication (UWA) 
channel is quite challenging to communicate than 
terrestrial radio channel in many aspects. This is due 
to the UWA channel is affected by noise, 
transmission loss, multipath propagation, channel 
variation and Doppler spread.  
 
The reverberation effect is a reason for receiver to 
perceive multipath signals which are due to signals 
reflections from surface and bottom. This causes 
much larger delay spreads of tens or hundreds of 
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milliseconds in UWA channels. This paper focuses 
on effect of multipath on acoustic channel.  
 
III. MULTIPATH MODELLING 

 
Acoustic waves take multiple paths to pass through 
transmitter to receiver which is the main reason for 
occurrence of the multipath. Multiple travel paths 
between transmitter and receiver arrive due to the 
acoustic waves gets reflected at the surface and 
bottom boundaries of the acoustic channel. Multipath 
emerges because of acoustic wave reflections from 
surface, bottom or any obstacle as well as acoustic 
wave refractions. In this paper, consider channel 
geometry as shown in figure1. 
 

 
Figure1. Channel Geometry for Multipath Reflections of 

Underwater Signal 
 
The transmitter can transmit acoustic signals which 
will take different paths to reach the receiver. There is 
signal delayed in accordance with the channel 
geometry. The channel has uniform depth  and 
constant sound speed c. Height of the transmitter and 
receiver is represented by , and  respectively. [3]. 
In between transmitter and receiver, three 
transceivers are present. The height of these 
transceivers is represented by ,  and   
respectively. 
 
The transmitted signal from transmitter may be 
followed either the direct path  or multipath as 
shown in the Figure1. According to their first and last 
boundary reflection, multipath signals are classified 
into four types. These types are of boundary 
reflections from sea surface and sea surface 
represented as ; sea surface and sea bottom 
represented as ; sea bottom and sea surface 
represented as ; and sea bottom and sea bottom 
represented as . In all following formulae, assume 
that receiver height, , is larger than transmitter 
height, . Though, the role of transmitter and 
receiver is exchangeable. Here 

are measured as multipaths 
signal reflections.  Using the channel geometry, the 

path lengths can be calculated. The path length for the 
direct path signal and multipath signal using the 
binomial expansion is given in following equations 
[4]: 
 
The direct path and multipath between the transmitter 
and transceiver 1 is given by equation 1. 
Direct path denoted by   and multipath denoted 
by , , ,  
              

 

 

 
   (1) 

The direct path and multipath between the transceiver 
1 and transceiver 2 is given by equation 2. Direct path 
denoted by   and multipath denoted by 

, , ,  
 

 

 

 

 
 (2) 

 
The direct path and multipath between the transceiver 
2 and transceiver 3 is given by equation 3. Direct path 
denoted by   and multipath denoted 
by , , ,  
 

 

 

 

 
 (3) 

The direct path and multipath between the transceiver 
3 and receiver is given by equation 4. Direct path 
denoted by   and multipath denoted 
by , , ,   
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 (4) 

The direct path between transmitter and receiver is 
given in following equation 5. 

     (5) 
By combining multipath length from transmitter to 
receiver gives path length for sea surface to sea 
surface, sea surface to sea bottom, sea bottom to sea 
surface and sea bottom to sea bottom. This is 
calculated by using equation 6,7,8,9. 

    (6) 
    (7) 
    (8) 

 (9) 
There is one more path  which will travel from 
transmitter to receiver via a different path as per 
following way:  

a. From transmitter to transceiver 1 through sea 
surface to sea surface reflection i.e. path 

 . 
b. From transceiver 1 to transceiver 2 through 

sea surface to sea bottom reflection i.e. path 
  

c. From transceiver 2 to transceiver 3 through 
sea bottom to sea surface reflection i.e. path 

  
d. From transceiver 3 to receiver through sea 

bottom to sea bottom reflection i.e. 
path . 

The combined length of multipath from transmitter to 
receiver calculates the total path length of multipath 
which is given by equation 10. 

  (10) 
The arrival time difference between direct path and 
the multipath signals can be calculated by using 
following equations: 

 =  

 =  

 =  

 =  

 =                  (10) 
Surface loss due to unevenness of surface is 
calculated approximately. The surface reflection 
coefficient is calculated using Bechmann-Spezzichino 
model [5].Therefore, the magnitude of the sea surface 
reflection coefficient is given by:  

    =                  (11) 

where,   = and  =     

In above equation (11),  is the carrier frequency in 
kHz and  is the wind speed in knots [6]. 
When there is π phase shift due to the reflection from 
the sea surface, the complex surface reflection 
coefficient is given by [4]. 

                                        (12) 
Rayleigh model [7] or the NUSC model [8] estimated 
the bottom reflection coefficient . 

                     (13) 
where  is the magnitude of bottom reflection 
coefficient and ø is the phase shift. 
Due to repeated surface and/or bottom reflections for 
each type of multipath causes the attenuation which is 
given by [4]. 
 

 

 

 
                (14) 

The amplitudes of each of the four types of multipath 
signals can be calculated as per following equations 
[3]. 

=  

=  

=  

=     (15) 

 
IV. RESULTS 
 
Channel parameter values taken are as per following 
table1. Here analysis is performed under various 
conditions to examine the performance of a sample 
system using the parameters as given in Table1. 
Assume that receiver height must be larger than 
transmitter height. The height of transceivers may be 
or may not be higher than transmitter height. 

 
Table1. Channel Parameter Values 

 
The path length values for direct path and multipath 
are calculated using values mentioned in table1. 
These path lengths values are given in table2 and 
table3. 
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Table2. Path Length of Multipath 

 
This table shows that path length for multipath , 

, , . From these values it is clear that path 
length value of  and  have smaller path length 
than that of . 
 
Table3 shows direct path length values.  

 represents direct path between transmitter and 
transceiver1.  represents direct path between 
transceiver1 and transceiver2.  represents direct 
path between transceiver2 and transceiver3.  
represents direct path between transceiver3 and 
receiver.  represents direct path between 
transmitter and receiver.  

 
Table3.Values of Direct path Signals 

 

 
 
Amplitude, arrival time difference, attenuation and 
path length for path from transmitter to receiver 
including all the multipaths are calculated which is 
present in table4. The path length for  is 
648.9700 m and arrival time difference between it 
and direct path is 1.8298 sec.   
 

Table4. Amplitude, Arrival Time Difference, 
Attenuation and path length for Multipath Signal 

 

 
 
CONCLUSION 

 
In this paper analysis of statistical underwater 
acoustic channel model is done. This model consists 
of multiple transceivers which is not present in 
existing system. The analysis of this channel model is 
done with the help of Matlab 2013a. The parametric 
values obtained in this analysis shows that the path 
length for reflections from sea surface to sea surface 
and sea bottom to sea bottom have smaller path 
length compared to reflections from sea surface to sea 
bottom and sea bottom to sea surface. Arrival time 
difference is also of lesser value for  and  than 

 . 
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