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ABSTRACT:  
Computer science had effectively deployed the sensor network on earth and on human body 

but still the underwater is intact area and our 2/3rd part of earth is covered with water. Underwater 

sensor networks (UWSN) are the emerging and promising communiqué framework which enables a 

wide range of imperative applications. The characteristics of partially available bandwidth, large 

propagation delay and high bit error rate (BER) have posed many fundamental challenges. 

Unmanned and Autonomous Underwater Vehicles (UUVs, AUVs) equipped with underwater 

sensors, are also envisioned to find application in exploration of natural under sea resources and 

gathering of scientific data in collaborative monitoring missions. These potential applications will be 

made viable by enabling communications among underwater devices. Underwater Acoustic Sensor 

Networks (UW_ASNs) will consist of sensors and vehicles deployed underwater and network via 

acoustic links to perform collaborative monitoring tasks. 

Underwater acoustic sensor networks enable a broad range of applications, including: Ocean 

Sampling Network, Environmental Monitoring, Undersea Exploration, Disaster Prevention, Seismic 

Monitoring, Equipment Monitoring, Assisted Navigation, Distributed Tactical Surveillance and Mine 

Reconnaissance. The present paper contributes towards the sensor networks, design challenges, 

various energy harvesting techniques and benefits of them under the preview of UWSN. 
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STRUCTURAL DESIGN OF SENSOR NETWORKS 
The hierarchy of UWSN is typically consists of multiple pervasive sensor nodes, floating sink 

satellite and the user or base station. Many tiny, smart and inexpensive sensor nodes are scattered in 

the target sensor field to collect data and route the useful information back to the base station or user. 

These sensor nodes cooperate with each other via wireless communication to form a network and 

collect, disseminate and analyze data coming from the environment. After sensed the data they will 

send that data through any energy efficient topology like hop to hop connectivity or cluster based 

scheme to the floating sink. 

Then that floating sink is essentially a coordinator between the deployed sensors and the user 

and it can be treated like a gateway node. The gateway node is equipped with better processor and 

sufficient memory space because the node can provide the need for extra information processing 

before data is transferred to final destination. From this floating sink the data will be transfer to the 

user with the help of satellite. Sensor node consists of sensing unit, processing unit, communication 

unit and battery 4, 7. 

UWSN DESIGN AND CHALLENGES 
Many applications of WSN have several restrictions but focuses on Underwater Wireless 

Sensor Network constraints such as limited energy resource, limited computing power and limited 

bandwidth of the wireless links connecting sensor nodes5.  

 

ENERGY HARVESTING 
A sensor network is a network of collaborating embedded devices (sensor nodes) with 

capabilities of sensing, computation and communication, is used to sense and collect data for 

application specific analysis. Untethered sensor nodes used in these deployments facilitate mobility 

and deployment in hard-to-reach locations. A major limitation of untethered nodes is finite battery 

capacity-nodes will operate for a finite duration, only as long as the battery lasts.  Finite node 

lifetime implies finite lifetime of the applications or additional cost and complexity to regularly 

change batteries10. 

Several solution techniques have been proposed to maximize the lifetime of battery-powered 

sensor nodes.  Some of these include energy –aware MAC protocols (SMAC14 BMAC13 XMAC15 

power aware storage, routing and data dissemination protocols11, 12, 16 duty-cycling strategies17, 18 

adaptive sensing rate19 tiered system architectures20, 21, 22 and redundant placement of nodes23, 24.  

While all the above techniques optimize and adapt energy usages to maximize the lifetime of a 

sensor node, the lifetime remains bounded and finite.  The above techniques help prolong the 
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application lifetime and /or the time interval between battery replacements but do not preclude 

energy-related inhibitions.   

An alternative technique that has been applied to address the problem of finite node lifetime 

is the use of energy harvesting.  Energy harvesting refers to harnessing energy from the environment 

or other energy sources (body heat, foot strike, finger strokes) and converting it to electrical energy. 

The harnessed electrical energy powers the sensor nodes.  If the harvested energy source is large and 

periodically / continuously available, a sensor node can be powered perpetually.   

As a result, energy harvesting techniques have the potential to address the tradeoff between 

performance parameters and lifetime of sensor nodes. The challenge lies in estimating the periodicity 

and magnitude of the harvestable source and deciding which parameters to tune and simultaneously 

avoid premature energy depletion before the next recharge cycle. 

 

ENERGY HARVESTING SENSOR NODES 
Energy harvesting refers to scavenging energy or converting energy from one form to the 

other. Applied to sensor nodes, energy from external sources can be harvested to power the nodes 

and in turn, increase their lifetime and capability.  Given the energy-usage profile of a node, energy 

harvesting techniques could meet partial or all of its energy needs.  A widespread and popular 

technique of energy harvesting is converting solar energy to electrical energy.  Solar energy is 

uncontrollable—the intensity of direct sunlight cannot be controlled—but it is a predictable energy 

source with daily and seasonal patterns.   

A typical energy harvesting system has three components, the Energy source, the Harvesting 

architecture and the Load. 

Energy harvesting architecture 
(i) Harvest-Use; Energy is harvested just-in-time for use and  

(ii)      Harvest–Store-Use. Energy is harvested whenever possible and stored for future use25.  

 

Harvest-use architecture: In this case, the harvesting system directly powers the sensor node 

and as a result, for the node to be operational, the power output of the harvesting system has to be 

continuously above the minimum operating point. If sufficient energy is not available, the node will 

be disabled. 27, 28, 29 

Harvest-store-use architecture: The architecture consists of a storage component that stores 

harvested energy and also powers the sensor node.  Energy storage is useful when the harvested 

energy available is more than its current usage.  Alternatively, energy can also be hoarded in storage 
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unit enough has been collected for system operation.  Energy is stored to be used later when either 

harvesting opportunity does not exist or energy usage of the sensor node has to be increased to 

improve capability and performance parameters. 30,31,32,33 

SOURCES FOR HARVESTABLE ENERGY 
A vital component of any energy harvesting architecture is the energy source--it dictates the 

amount and rate of energy available for use.  Energy sources have different characteristics along the 

axes of controllability, predictability and magnitude.25   A controllable energy source can provide 

harvestable energy whenever required; energy availability need not be predicted before harvesting. 

With non-controllable energy sources, energy must be simply harvested whenever available.  In this 

case, if the energy source is predictable then a prediction model which forecasts its availability can 

be used to indicate the time of next recharge cycle. 

Further, energy sources can be broadly classified into the following two categories: 

(i) Ambient energy source: Source of energy from the surrounding environment, e.g., solar 

energy, wind energy and RF energy. 

(ii) Human power: Energy harvested from body movements of humans. Passive human power 

sources are those which are not user controllable. Some examples are blood pressure, 

body heat and breathe.26,27,28,29 

BENEFITS OF ENERGY HARVESTING 
Energy harvesting provides numerous benefits to the end user and some of the major benefits 

about EH suitable for WSN are stated and elaborated in the following list.  Energy harvesting 

solutions can: Reduce the dependency on battery power, installation cost, maintenance cost and 

Provide long-term solutions.  

VARIOUS ENERGY HARVESTING TECHNIQUES 
In both academic research works and industry applications, there are many research and 

development works being carried out on harnessing large-scale energy from various renewable 

energy sources such as solar, wind and water / hydro NREL (2010).  The energy types are thermal 

energy, radiant energy and mechanical energy. 

Solar energy  
Solar energy is abundant outdoors during the daytime. In direct sunlight at midday, the power 

density of solar cells are mature technologies with efficiencies of single crystal silicon cells ranging 
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from 12% to 25%. Thin film polycrystalline, and amorphous silicon solar cells are also commercially 

available and cost less than single crystal silicon, but also have low efficiency. 

Temperature variations  
Naturally occurring temperature variations can also provide a means by which energy can be 

scavenged from the environment. Stordeur and Stark have demonstrated a thermoelectric micro-

device capable of converting 15 µW/cm3 situations in which there is a static 10 °C temperature 

difference within 1cm3 are very rare. Alternatively, the natural temperature variation over a 24 hour 

period might be used to generate electricity. It can be shown with fairly simple calculations, 

assuming an average variation of 7 °C, that an enclosed volume containing an ideal gas could 

generate electricity. It can be shown with fairly simple calculations, assuming an average variation of 

7 °C, which an enclosed volume containing an ideal gas could generate an average of 10 µW/cm3. 

This, however, assumes no losses in the conversion of the power to electricity. 

Acoustic noise 
There is far too little power available from acoustic noise to be of use in the scenario being 

investigated, except for very rare environments with extremely high noise levels. This source has 

been included in the table however because if often comes up in discussions. 

Temperature variations  
Naturally occurring temperature variations can also provide a means by which energy can be 

scavenged from the environment. Stordeur and Stark have demonstrated a thermoelectric micro-

device capable of converting 15 µW/cm3 situations in which there is a static 10 °C temperature 

difference within 1cm3 are very rare. Alternatively, the natural temperature variation over a 24 hour 

period might be used to generate electricity. It can be shown with fairly simple calculations, 

assuming an average variation of 7 °C, that an enclosed volume containing an ideal gas could 

generate electricity.  

Active human power  
The type of human powered systems investigated at MIT could be referred to as passive 

human powered systems in that the power is scavenged during common activities rather than 

requiring the user to perform a specific activity to generate power. Human powered systems of this 

second type, which require the user to perform a specific power generating motion, are common and 

may be referred to separately as active human powered systems.  
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CONCLUSIONS REGARDING POWER SCAVENGING SOURCES  
Both solar power and vibration based energy scavenging look promising as methods to 

scavenge power from the environment. In many cases, perhaps most cases, they are not overlapping 

solutions because if solar energy is present, it is likely that vibrations are not, and vice versa. 

SUMMERY 
The design of sustainable wireless sensor networks (WSNs) is a very challenging issue. On 

the one hand, energy-constrained sensors are expected to run autonomously for long periods. 

However, it may be cost-prohibitive to replace exhausted batteries or even impossible in hostile 

environments. 
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