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Abstract - underwater monitoring systems have become a popular topic amongst those who share the same great interest in 

the health and the well-being of the sea and the things in it. Living here in the Pacific, the sea is of great importance is it is one 

of the main sources of livelihood. Therefore, in recent times, much research, time and resources have been invested in 

preserving the sea and its life forms for the generations to come. In this paper, we discuss the design and implementation an  

underwater monitoring device that is traceable with easy access and retrieval to and from the sea water.  

 

Index Terms - Oceanographic data collection, sensor networks, underwater acoustic communication.  

  

I. INTRODUCTION 

 

Underwater sensor networking in recent years has 

become a very promising revolutionary in many areas 

of science, industry and even with the government 

enabling further advancements in monitor the ocean 

activities. Many industrial applications like oil mining 

and its production lines use extensive instrumentation 

like SCADA systems, now more increasingly with 

rapidly deployed systems. Since these device can 

communicate with each other means that they are able 

to cooperate and relay data to remote users. These 

devices are also known to b energy efficient proving 

that they can last long periods of time unattended thus 

allowing them to observe their subjects and 

surroundings for long- term trends. 

Sensor nodes at the bottom of the ocean have been 

deemed to enable applications for oceanographic data 

collection, for monitoring the pollution of the ocean, 

for offshore exploration, for disaster prevention 

measures, for surveillance and even for navigational 

applications [2]. Acoustic communications are the 

typical physical layer technology in underwater 

networks. 

 

For long distance propagation, radio waves are 

preferable. However, they require a large antenna and 

high power transmission. On the other hand, optical 

waves do not suffer from high attenuation but suffers 

from scattering[3]. Optical signal transmission 

requires high precision for line of transmission. 

Therefore, links in underwater networks are based on 

acoustic wireless communications. 

Acoustic communication waves enable long-range 

communication links because they suffer from fairly 

low absorption. That is why they are the most logical 

and efficient technology to develop reliable 

underwater   networks [6], [7]. In this project, the 

characteristics of underwater acoustic communication 

and the difficulties of transmitting data underwater 

was identified. The findings were analyzed and thus 

have been discussed in this paper. In the next section 

we present a brief literature review. 

 

II. BACKGROUND 

 

Underwater sensor networks have both static and 

mobile sensor nodes which have high potential for 

monitoring the wellbeing and health of the underwater 

environment. Unlike on the surface, where radio 

waves are being used, underwater communication 

requires a more complex type of transmitted and 

received data [8]. Radio waves are able to 

communicate underwater but can only travel up to a 

few meters. Optical signals an also be used for 

underwater communication [4]. However it suffers 

from attenuation and does not propagate well beyond a 

few hundred meters. Therefore, the best wave for 

underwater information transmission is sound or 

acoustic waves. Sound propagates a pressure wave, 

thus allowing it to travel over hundreds of meters. If it 

is needed to travel further, lower frequencies will be 

needed. Underwater acoustic modems come in 

different versions depending on the type of operation 

(Horizontal and Vertical transmission). Horizontal 

transmissions are normally used with 

omni-directional transducers, lower data rates and it is 

used in shallow waters. Whereas vertical transducers 

use directional transducers with high data rates and 

are more suitable in deep waters [10].  

Communication in deep waters can be challenging 

due to the fluctuations of sound speed due to variations 

in temperature, hydrostatic pressure and chemical 

content which changes the propagation of sound. This 

is a phenomenon known as sound refraction. This 

often results in no transmission between two modems 
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even though they are in range. Either enhanced 

transducers need to be used or the number of modems 

used need to be increased and to reduce the distance 

between the each modem. These are usually called 

shadow zones; shallow waters are less likely to 

encounter shadow zones but the received signals are 

usually much distorted and require specific signal 

processing. 

Some challenges that the transmission may encounter 

are: 

• Doppler spread (surface activity) – this limits the 

data rate and reliability 

• Doppler shift (platform dynamics) – limits the 

acoustic modem performance when excessive 

The current methods that have been utilized are very 

costly and difficult to implement. Apart from just 

focusing on the health of the underwater environment, 

this system will also be able to monitor other 

underwater aspects like turbidity, temperature, 

pollution, wave movements and other movements in 

water. These systems still have lingering issues 

associated with it. Some of these issues include power 

efficiency, deployment of sensors to and from the 

seabed, repair work on damages to the hydrophone.  

Acoustic signal propagation is characterized by three 

factors: 

1. Attenuation that is dependent on the frequency of 

the signal 

2. Multipath propagation 

3. Low speed of sound 

 

Even though acoustic communication is only able to 

transmit small amounts of data at a time, it has a 

long-distance range over which the data can be sent. 

Since the depth at which the data needed is to be 

collected is reasonably deep, it was identified that 

acoustic signal transmission would be the best solution 

for this system and thus was implemented in this 

project. In the Pacific, surrounded completely by the 

ocean, livelihood is greatly dependent on the 

wellbeing of the sea and thus the system devised 

focused on the measures needed to protect and 

preserve the ocean. From observations only that were 

carried out, it was clear to see that in recent times, the 

sea has been intensely polluted and people in general 

have been ignorant towards the effect that this poses. 

In addition, due to the recent changes in the weather 

patterns and conditions caused by climate change, an 

increased abnormality in tidal activity was noticed. 

Therefore, a need arises to monitor the sea and its 

wave patterns in order to set up a warning system in 

the future to warn people in the case of abnormal tidal 

activities. The proposed system is described next.       

 

III. PROPOSED SYSTEM  

 

The main aim of the proposed work is to develop and 

implement a remote release system for underwater 

monitoring device. This system should allow the 

release of a deployed hydrophone from the sea-bed, 

back to the surface of the ocean for retrieval. Therefore 

data recorded by the sensors embedded in the 

hydrophone could be easily retrieved for analysis. This 

is possible by using acoustic transmitter capable of 

transmitting coded data and thus to activate the 

release mechanism. The proposed system objectives 

can be summarized as follows: 

  

1) The hydrophone is expected to be deployed at a 

distance from the surface of the water, instead of 

having someone going into the sea to retrieve the 

hydrophone, acoustic communication is to be 

used to release the recording device. 

2) The hydrophone will be recording different types 

of data using various sensors. Obtained data is 

filtered to separate useful information from added 

noise signals. 

3) Generated acoustic coded signal is transmitted 

over the water channel to the hydrophone. The 

receiver would authenticate the received signal. It 

should then activate the release mechanism to 

disengage the hydrophone from the weighted 

block attached at the sea- bed and so to float back 

to the surface of the sea. 

The system architectural design of the hydrophone is 

shown in figure 1 below. The hydrophone device 

embeds acoustic and other types of sensors. 

 
Fig. 1 System architecture 

 

Figure 2 shows a bloc diagram of the proposed 

hydrophone release mechanism system. 

 

 
Fig. 2 The release mechanism  
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On the transmitting side, we have the generated coded 

signal that it amplified and sent wirelessly over a 

channel (water). Signal is received and decoded by the 

receiver module that is also checked for accuracy and 

then the system relays are activated to turn ON the 

release mechanism. 

Acoustic transducers are used to transmit data 

underwater. One is used at the transmitting side and 

the other at the receiving side. A transducer at the 

transmitting end converts digital data into acoustic 

pulse waves where it is transmitted and received by 

another transducer attached to the hydrophone where 

it converts the acoustic waves into digital data. 

The release link is a mechanical clip where the 

received signal from the transducers can be converted 

into electrical energy and then use that electrical 

energy into mechanical energy for it to able to release 

the hydrophone. The driving circuit is activated once 

the signal transmitted by the transducer is received 

and verified for accuracy. 

One of the limitations is caused by the bandwidth of 

the transmitted signal in acoustic communication 

since it needs to be transmitted at a low frequency so 

that less attenuation is experienced and therefore 

causing the limited bandwidth. Signal strength 

attenuation is another constraint that was identified. 

Depending on the salinity and the depth of the sea 

water, and the signal transmission frequency, signal 

strength attenuation varies. Therefore, if the water is 

very saline and deep, the attenuation of the signal 

increases and thus causing the signal to take a longer 

time to be transmitted to the receiver that is attached to 

the hydrophone. In the next section we present the 

system model. 

 

IV. SYSTEM MODEL 

 

Use The overall system model consists of a modulator, 

an underwater acoustic communication channel, and a 

demodulator. The model is shown below in figure 3. 

 

 
Fig. 3 System model 

 

Function s(t) is the amplitude of the transmitted signal 

at time t (sec) and the function r(t) represents the 

amplitude of the received signal as a function of time. 

All attenuation, delays and noise are considered in the 

model. In this case, the transmitting and receiving 

ends are assumed to be stationary. The 

communication channel is the vital part of this model 

since it deals with all attenuation encountered by the 

signals. The channel consists of a fading model c(t) 

and an ambient noise model n(t). Multipath signal 

propagation is applied and ambient noise added to the 

signal. The equation below models the 

communication channel. 

       (1) 

 

Figure 4 represents the underwater communication 

channel block diagram. 

 

 
Fig. 4 Communication channel 

 

where 

s(t): amplitude of transmitted signal 

r(t): amplitude of received signal 

c(t): fading model  

n(t): ambient noise 

 

The fading signal model is represented by  

       (2) 

Constant L represents the number of multipath 

components and variable ak is the attenuation factor of 

the kth component. τk represents the time delay of the 

kth component. The Dirac delta function δ(t) is the unit 

impulse function. Since the convolution equation is 

defined as 

    (3) 

then the output of the fading model  comes to 

be 

        (4) 

 

The signals are assumed to be band-pass filtered; 

therefore the low-pass equivalent model of a signal 

can be represented as 

 

        (5) 

 

Where sl(t) is the low-pass equivalent of the 

transmitted signal as a function of time t and fc is the 
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signal center frequency. Which is equivalent to 

(6) 

Using the low-pass equivalent model of a signal 

equation, we get the communication channel r l(t) 

model with added random ambient noise n(t) as 

(7) 

In the next section we present the experimental 

results. 

V. EXPERIMENTAL RESULTS 

 

Computer Simulations was done in Matlab that 

provides a uniform, menu-based user interface for 

analyzing system models and plotting the results. It 

can also evaluate different models and compare results 

using multiple frequencies. Matlab is also used to 

manipulate collected data from the hydrophone to 

identify all activities going on at the deployment 

location.  

 

The program is able to filter out wanted and unwanted 

frequencies to determine useful recorded data.We 

have also conducted outdoor experiments in 10 meters 

long, 3 meters wide, and 1 to 3 meters deep pool filled 

with sea water and a temperature varying between 15° 

and 31° Celsius. The transmitting transducer is 

submerged in 0.25 meters depth from the water 

surface. The receiving transducer attached to the 

release mechanism of hydrophone via using an 

Arduino microcontroller board, is set at about 0.50 

meters from bottom. 

 

Figure 5 shows the output voltage in mVolts peak to 

peak of the receiving transducer as a function of the 

communication channel distance in meters between 

the transmitting and the receiving transducers in 

meters for an input signal voltage of 1 Volts peak to 

peak. Computer simulation data and experimental 

results are used to validate our proposed acoustic 

communication approach. Since we have conducted 

our experiments in an artificial pool with a flat 

bottom, obviously in a natural environment results 

may vary due to complex shape structure of the ocean 

and different transmission loss mathematical model. 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
Fig. 5 Receiving transducer output voltage (Vin = 1 volts) 

 

Figure 6 and 7 show the output voltage in mVolts peak 

to peak of the receiving transducer as a function of the 

communication channel distance in meters between 

the transmitting and the receiving transducers in 

meters for an input signal voltage of 2 Volts and 4 

Volts peak to peak, respectively. 

 
Fig. 6 Receiving transducer output voltage (Vin = 2 volts)  

 

 
Fig. 7 Receiving transducer output voltage (Vin = 4 volts)  

 

For the performance evaluation of the proposed 

underwater acoustic communication system, the 

output voltages of the receiving transducer is recorded 

by varying the distance between the transmitting and 

receiving transducer and the input voltage of the 

http://iraj.in/


International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-3, Mar.-2019, http://iraj.in 

Underwater Modular System for Monitoring the Ocean, Traffic and Life Forms 

 

18 

transmitting transducer. It is noticed that with the 

computer simulation results match experimental data 

with some exceptions. A summary of the paper is 

presented next. 

 

CONCLUSION 

 

In this paper, we have designed and implemented an 

underwater acoustic communication system for 

monitoring purposes. The proposed system was 

validated by comparing the computer simulation 

results with experimental data. The system’s 

performance was verified outdoor in an artificial pool 

filled in with sea water. An Arduino microcontroller 

board was programmed to activate the release 

mechanism of the hydrophone recording device. In 

general, experimental data matched computer 

simulation results with small deviations between 

them. Transmitting transducer was able to wirelessly 

communicate error-free with the receiving transducer 

for up to 10 meters at low frequency. 
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