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Abstract:- The Underwater Wireless Sensor Network (UWSN) has 

wide range of application in various fields. The energy 

consumption by the wireless sensor nodes are to be reduced to 

prolong the network life time. Hence various network topologies 

with various algorithms are developed to meet the challenges faced 

by UWSN. The 3D topology provides better communication 

establishment which is evident from simulation results. 

 

I.INTRODUCTION: 

 

In recent years the underwater communication is at the peak 

necessitate under various categories. Scientific applications to 

observe temperature, salinity, oxygen levels, bacterial and other 

pollutant content, dissolved matter, etc.Industrial applications 

involves control and actuation components. Military 

applications involve securingor monitoring port facilities or 

ships in foreign harbours, de-mining and communication with 

submarines and divers. This paper shows a challenges in 

Underwater Wireless Sensor network, network performance 

metrics, and a novel 3D network topology for establishing the 

network. 

  

II. MARINE BASED WSN ARCHITECTURAL 

STRUCTURE AND CHALLENGES 

 

A.MARINE BASED WSN GENERAL ARCHITECTURE 

 

The general architecture of wireless sensor networks in marine 

environmental monitoring is illustrated in Figure 1 illustrated.  

1) Wireless Underwater Acoustic Networking: The underwater 

sensor nodes and autonomous underwater vehicles, which are 

deployed to carry out cooperative surveillance in a given area. 

The architectures of underwater acoustic sensor networks can 

be classified depending on the network topology used.  

a) Static Underwater Sensor Networks: 

 A group of sensor nodes are deployed to the bottom of the 

water area with a deep water anchor.  The surface sinks receive 

data from wireless acoustic link interconnections are used 

between underwater sensor nodes and underwater sinks via 

direct links or through multi-hop pathways. 

 b) Moving Underwater Sensor Networks: Underwater sensor 

nodes are attached to a surface anchor to the bottom 

 of the water area, with flexibility of movement in a certain 

area. 

c) Underwater Sensor Networks with autonomous underwater 

vehicles: Autonomous Underwater Vehicles (AUVs) are used 

to enhance the capabilities of underwater sensor networks in 

terms of self-configuration of sensor nodes, Global position 

satellite (GPS) technology are used to track the location of the 

vehicles on or near the sea surface. 

 

B. DIFFICULTIES AND CHALLENGES 

 

In the marine environment, the following are the issues to be 

considered. 

 1) Movement:  

The sea water breaks the buoy nodes and sometimes the WSN 

may need reconfiguring.  

2) Management of energy consumption: 

 Batteries are used in marine WSNs.  Wireless communication 

mechanisms have been applied to save energy aimed to 

minimize radio activity.  

3) Software Design of the Network: 

The program code enables the connectivity and data delivery 

between the nodes, base station and the end-users. 

4) Data Transmission and Security:  

Environmental conditions and network design affects the sensor 

nodes. The radio signal strength of the data transmission is 

affected by the water environment can result in an unstable line-

of-signal between wireless nodes[2].  

 

III. PERFORMANCE METRICS 

 

The overall performance of a data network can be measured by 

evaluating different communication parameters. The most 

important are: received signal strength indication (RSSI), 

throughput (TP), round trip time (RTT) and efficiency (Ef). 

RSSI estimates the link quality between two adjacent nodes. 

Generally, the scale is expressed in negative values and 

measured in decibels (-dBm); the more negative the value, more 

loss of signal strength. This value is obtained directly from the 

XBee radio communication module through an explicit 

programed device. Each time a packet is generated, the device 

activates the program to extract the RSSI included in the 

packet; however, if the package is not sent because of a media 

access failure, the program assigns a RSSI value equal to 0 

dBm. This should be taking into consideration when calculating 

the average of RSSI values obtained on each experiment. The 

IEEE standard specifies that a radio receiver may only accept 

signals that at least have a signal strength of -89 dBm or better 

as described in the standard[3] 

Throughput is defined as the amount of data received during a 

given period of time (also known as measurement window), 

refer to equation (1). The TP of a system is given in bits per 

second and depends on attributes such as the transfer rate used 

and the packet size among others. Thus, having registered the 

beginning and 

end of each test and the number of bytes received at the 

receiving node, the throughput can be calculated [4], [5]. 
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𝑇𝑃 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 𝑊𝑖𝑛𝑑𝑜𝑤
…………(1) 

Round Trip time is defined as the time it takes for a packet to 

travel from the source to the destination node and return to the 

source node. The main types of delays include: sending node 

processing delay, signal propagation delay and receiving node 

processing delay. Equation (2) is used to determine the RT of a 

package, simply calculate the difference in time between the 

arrival and departure times of a packet [4], [5]. 

RTT = Arrival Time - Departure time……(2) 

Efficiency (Ef) of each test is defined as the number of packets 

received at the receiver station, represented in proportion to the 

total of packets sent. To calculate E, the number of packets 

received is divided by the number of packets sent during each 

test, as shown in equation (3). 

𝑅𝑓 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑠𝑒𝑛𝑑
∗ 100….(3) 

IV. ENERGY HARVESTING SYSTEM DESIGN 

 

The energy supply of a wireless sensor network is generally 

provided by batteries which have limited energy [6]. Wireless 

sensor nodes are often deployed in sea surface areas, and they 

are planned for long-time operation, therefore, it is not 

convenient to replace the sensor batteries. Marine sensor nodes 

(sink nodes) consumes high energy due to the use of long-range 

wireless communication protocol (GPRS). In order to reduce 

the energy consumption it is needed to design an energy 

harvesting system which uses renewable energies source such 

as solar [4], tidal power [7], or wind energy [9,10] 

The following three aspects are considered for designing marine 

environment monitoring: energy harvesting devices, power 

management system, and energy storage devices. 

• Energy harvesting devices:  

An energy harvesting devices are  responsible for 

harvesting energy from the environment. According to 

the characteristics of available ambient energies, we 

should choose appropriate energy harvesting devices 

and should consider how to install the energy 

harvesting devices.. 

• Energy storage devices: Energy storage devices 

normally adopt the rechargeable batteries. [11]. 

 

 

V. 3D NETWORK TOPOLOGIES 

 

V.1. IMPLEMENTATION 

To add 3D network topologies to the simulation environment, 

we needed to modify how it generates the topologies and the 

connectivity matrices. The initial simulator placed  nodes in a 

linear fashion along the xz-plane based on a pre-existing 

topology or in a pseudo-random fashion according to user 

specified parameters. minimum and maximum Euclidean y 

distance for a node. The simulator then randomly generates 

nodes with y coordinates within those ranges (along with x and 

z as originally generated).  

 

V.2. ANALYSIS 

. 

The simulator correctly generates 3D topologies, we examine 

the node positions generated. Figure 2(a) shows a typical 2D 

topology and Figure 2(b) shows a typical 3D topology. In the 

2D topology, the node positions are all in a plane where the y 

position is 0. In the3D topology, the node positions vary 

between 30 and 60 meters along the y-axis, correctly generating 

a 3D topology Figure 3 shows the total average energy 

consumption for all decentralized communication algorithms in 

3D topologies.  
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VI. CONCLUSION 

 

UWSN technology has reached a stage where it is being used in 

many underwater projects such as sea Sampling Networks, 

environmental monitoring, undersea exploration, disaster 

prevention, assisted navigation, surveillance and tidal waves 

energy harvesting. The 3Dnetwork topology gives best result 

with reduced energy consumption.  
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