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Abstract— Underwater Wireless Sensor Network (UWSN) 

is one of the most intimate methods used for high data rate 

transmission with higher fidelity. UWSN network contains a 

various number of sensors and vehicles that are distributed 

to perform tasks over a given area. Radio waves or high 

frequency waves strongly vitiated in water, the available 

radio modules such as Bluetooth, which operates in GHz, 

cannot work well in underwater. To overcome this problem, 

acoustic waves used in place of radio waves. Frequencies 

connected with underwater acoustics are between 10 Hz to 1 

MHz Acoustic waves consume more energy than radio 

waves, so energy saving in UWSN is vital. Designing 

energy efficient routing protocol that amplifies throughput 

and minimizes power consumption is the most common 

issue in UWSN.  The two dimensional architecture and 

various algorithms such as VBF, DUCS, GSA, REBAR for 

underwater sensor networks are discussed in this paper. The 

objective of this paper is to survey the existing network 

technology for underwater acoustic channel and essentially 

concentrate on increasing the energy efficiency of the 

network. 
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I. INTRODUCTION 

Underwater wireless sensor network (UWSN) can empower 

numerous scientific, environmental, commercial, 

oceanographic and armed forces of a country. To make 

underwater applications feasible, various communication 

protocols must be enabled among underwater devices. 

Underwater wireless acoustic systems are the empowering 

innovation for these applications. Underwater acoustic 

sensor network includes variable number of sensors and 

vehicle that conveys to perform community oriented 

observing errands over a given volume of mater [11]. To 

attain this goal sensors and vehicles self compose in a self-

ruling system, which can adjust to the qualities of the sea 

environment. In underwater communication, 

electromagnetic waves used to cover the shorter distances, 

these does not used for higher distances. Radio frequencies 

require large antenna and high transmission power, so radio 

frequencies are not suitable for underwater communication. 

To accomplish this task acoustic waves are used for easy 

transmission of data. Due to absence of sunlight as well as 

severe circumstances of atmosphere, it is difficult to 

maintain power supply. Underwater communications 

requires more power than terrestrial radio communication, 

because of higher distances [9]. Underwater  

Sensor hubs and vehicles must have self-setup 

capacities i.e. they should ready to facilitate their operation 

by trading configuration, location and development data, 

and to transfer monitored information to a coastal station.    

Underwater wireless sensor networks and physical wireless 

sensor networks offer normal properties however they have 

numerous distinctions as well. These distinctions require 

concentrated new conventions for underwater. Expense of 

the sensors is one of the distinctions, as underwater sensors 

are costly mostly on account of their more perplexing 

handsets. Another distinction identifies with the sending 

costs. Arrangement of underwater sensors, particularly in 

profound waters [3], can be troublesome and costly. In this 

way, a UWSN has to be precisely concentrated on and 

planned (regarding execution assessments, recreations and 

tests) before its arrangement. Force is another vital 

distinction since underwater requires higher force than the 

terrestrial system. UWSNs are altogether different from 

ground based existing system because of following intrinsic 

properties [16]:- 

 Cost: - Underwater sensor networks requires more 

complex network, so the devices are more costly 

than the terrestrials networks. 

 Spatial correlation: While the readings from 

terrestrial sensors frequently correlate, this is all the 

more unrealistic to happen in underwater systems 

because of higher separation among sensors. 

 Limited battery power: In underwater it is very 

difficult to recharge the batteries, so it requires 

more power due to large distances. 

 High delay and delay variance: The propagation 

delay is too large because the speed of UWSN is 

just 1500m/s. 

 Multipath: The system of multipath arrangement in 

the  sea is distinctive in deep and shallow water 

[12], and additionally relies upon the recurrence 

and scope of transmission. 

 Doppler spread: The performance of digital 

communication degrades because of Doppler 

spread. 

A. Applications For Underwater Sensor Networks [8] 

 Disaster prevention: UWSN provides tsunami warnings 

to coastal areas. 

 Mine reconnoiter: The operation of various AUVs with 

acoustic sensors can be utilizes to perform fast natural 

assessment and distinguish mine like items. 

 Noise: Hydrophones used to measure the noise. There 

are  Two types of noise: 

 Manmade noise: It brought out by hardware noise. 

 Ambient noise: Shipping noise is the primary giver 

to the ambient noise level at frequencies 

underneath 500 Hz. 

 Hards of underwater robots: Supporting gatherings of 

underwater autonomous robots are additionally the 

application. It incorporates planning versatile detecting 

of synthetic breaks or natural wonders. 

 Sea inspecting systems: Systems of sensors are helpful 

in examining the sea environment. 

 Subsea pipeline monitoring: Various sensors have been 

deployed to monitor pipelines. Pipelines are integral 
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part to transporting the hydrocarbons to downstream 

processes. 

 Subsea telemetry control: Subsea wireless telemetry 

control is useful in the oil and gas industry. In oil and 

gas industry, valves and actuators controlled by using 

cables. 

B. Limitations 

 UWSN has some challenges like propagation 

delay, high power [7], temporary losses that 

degrades the underwater communication channel. 

 Path loss: In underwater sensor network, 

attenuation and spreading are two main sources for 

path losses. 

 Localization: Localization means to find the 

location of sensors. It becomes a major problem 

when some critical applications required data or 

information immediately. 

 Bandwidth: Bandwidth is another major problem in 

UWSN because frequencies connected with 

acoustics are between 10 Hz to 1 MHz 

 No failure detection: If failure occurs, it may not be 

possible to detect the failure easily [19]. 

 Temporary losses: During the connectivity and 

transmission time, some packets are lost. 

 High error probability: Due to the extreme 

characteristics of UWSN high bit error rates can be 

experienced.   

 More power consumption: Acoustic waves 

consume more   energy than the radio waves. 

C. Underwater Communication Architecture 

The architecture for underwater sensor network is 

provisional and it has four sorts of nodes [14]. The 

architecture of underwater sensor network is shown in fig. 1. 

The lowest layer contains expensive number of nodes that 

gathers information through appended sensors. 

 
Fig. 1: Underwater Communication Architecture 

It communicates with other nodes through acoustic 

sensor modems. It works on batteries.  

Control nodes will correspond with sensor nodes 

directly, by At the top layer, there are one or more control 

nodes with interfacing with a submerged acoustic modem 

with wires associations with the network. This node might 

be situated on a seaward platform.  

The third kind of nodes called as super nodes that 

can be sent over the area. Super nodes have admittance to 

rapid systems and can hand-off information to the base 

station productively. 

Internal architecture of sensor node: In this section, 

we describe the internal architecture of underwater sensor 

node. Internal architecture of an underwater Sensor node is 

shown in fig 2. It compromises of a concept operator, which 

is interfaced with an oceanographic device or indicator 

through an indicator interface circuits [6]. The controller 

gets information from the sensor and it can store it in the 

locally available memory, process it, and send it to other 

system gadgets by controlling the acoustic modems. The 

electronics generally mounted on an edge, which is ensuring 

by PVC housing. Sometimes all sensor parts have secured 

by base mounted instrument outlines that are configuration 

to allow azimuthally omnidirectional acoustic 

communications, and modems from potential effect of 

trawling gear, especially in regions subjected to angling 

exercises. 

 
Fig. 2: Internal architecture of sensor node 

II. RELATED WORK 

In this section, we review some energy conservation 

techniques in terrestrial network and underwater sensor 

network. Energy efficient routing algorithms for terrestrial 

sensor networks are: 

 Lower Energy Adaptive Clustering 

Hierarchy(LEACH) Protocol 

 Hybrid Energy Efficient Distributed 

Clustering(HEED) Protocol 

A. Leach 

The first bunching steering protocol proposed for WSNs 

incorporates Low Energy Adaptive Clustering Hierarchy 

(LEACH). In leach protocol, set of sensor nodes selects 

randomly as cluster head. Cluster setup and steady are two 

phases of LEACH protocol. In cluster setup phase, cluster 
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head selects and then the cluster heads compress data that 

gathers from other nodes [10]. 

B. Heed 

Hybrid energy-efficient distributed clustering protocol 

intermittently chooses heads according to their lingering 

energy and its parameters, for example node degree. The 

main parameter is their recurring power of each sensor node 

and the secondary parameter is the intra-group interaction 

cost [5]. 

These protocols are not suitable for underwater 

sensor network in light of the fact that they accept the sensor 

system is stationary and underwater sensor networks 

utilizations acoustic waves.     

1) Underwater Acoustic Sensor Network Routing Protocol 

To overcome the problems of LEACH and HEED protocols, 

some protocols have been designed for underwater sensor 

networks. VBFP, DUCS, MCCP, DBR, REBAR, GSR have 

been designed to address the challenging problem in 

underwater sensor network. 

 VBF: Vector based forwarding protocol (VBF) 

addresses the node versatility issue in adaptable and 

vitality effective way. In VBF, each packet conveys 

positions of the sender, the target and the forwarder in 

three fields, respected by SP, TP and FP respectively. In 

handle to node mobility, each bundle contains a reach 

field. The vector from the sender to the objective 

characterizes the steering funnel and sweep of the 

channel characterizes in the span field [15]. 

 DUCS: Distributed underwater Clustering Scheme 

(DUCS) is intended for long haul noontime basic 

applications where the sensor nodes are gathered into 

clusters utilizing a circulated algorithm. The protocol 

works in two stages: the first stage containing the 

cluster arrangement and the determination of the group 

head in light of the remaining energy. In the second 

stage the information transmitted to the sink utilizing 

multihop directing through other cluster heads [18]. 

 MCCP: Minimum Cost Clustering Protocol (MCCP) 

depends upon expense metric. The cost metric is 

figured on the premise of three imperative parameters: 

(1) all out energy utilization of the cluster individuals 

for sending information to the cluster head. (2) residual 

energy of the cluster head and its cluster members. (3) 

relative area between the cluster head and the uw-sink 

[17].  

 DBR: Depth Based Routing (DBR) Protocol does not 

require full dimensional area data of sensor nodes. It 

utilizes an avaricious way to deal with deliver packets 

to the sink at the water surface. It requires just nearby 

depth information, which can be effectively gotten with 

an inexpensive depth sensor that can be prepared in 

each underwater sensor node [4]. 

 REBAR: Reliable and energy balanced routing 

algorithm increases the reliability and effectiveness of 

data routing in the network. The source list figures a 

directional vector v from itself to sink, which is the 

steering course data. The Euclidean distance from 

source to sink d and the vector v are put away in the 

packet. The packet relegates with a one of a unique ID, 

which makes out of the source ID and a sequence 

number. Every recipient keeps up a buffer to record the 

id of recently received packets. Duplicates can be 

inspected by the history and will be disposed of [20]. 

 GSA: Rashedi proposed gravitational Search 

Algorithm(GSA) in 2009. Newton’s law of gravity and 

motion  Propelled it. GSA is a Swarn-based algorithm,   

which is missing of storage capability. GSAs are among  

the  most lately presented methods that are not yet 

intensely explored [21]. 

 MAC:  Medium Access control protocol can be used for 

delay tolerant applications. This protocol works for 

unknown propagation delays of the underwater acoustic 

medium. MAC protocol wastes only 4% of the transmit 

energy and 1.5% of the receive energy due to collisions 

[13]. 

 DSR: Dynamic Source Routing is a reactive protocol. It 

requires source-initiated flooding of control packets. 

Reactive protocols are not suitable for underwater 

networks, because of slow propagation delay [2].  

 FDTS: Fair data transmission strategy provides fair 

delivery of packets. In this strategy, the sink node 

receives equal number of locally generated packets 

from other nodes. To transmit data, each node access to 

the acoustic modem. Underwater fairness transmission 

refers to data packet based on TDR fairly contend 

channel and achieve the same channel bandwidth 

resources [1]. 
Protocol Characteristics 

VBF 
Energy efficient, better end to end delay, not good for 

dense network 

DUCS 

Minimizes data loss, achieves very high packet delivery 

ration in small and large networks, energy efficient and 

increases throughput, scalable 

MCCP 

MCCP is its ability of adapting geographical cluster 

head distribution to the traffic pattern. It avoids the 

formation of hotspots around the sink nodes. 

DBR 

Better end-to-end delay, requires more memory, it does 

not need full dimensional location information of 

sensor nodes. It consumes half energy than VBF. 

REBAR 

Less energy consumption of the nodes, REBAR tries to 

explore the tradeoff between data delivery reliability 

and energy consumption. 

GSA 

More robust than genetic algorithm (GA).GSA is a 

swarrn-based algorithm, which is missing of storage 

capability. 

FDTS 

FDTS reduces collisions. It improves 

the fairness of data transmission. FDTS 

has average energy consumption and 

time distance ratio (TDR). 

 

 

 

 

MAC 

Distributed, Scalable, Energy-Efficient media access 

control protocol (MAC). MAC works for unknown 

propagation delays of the underwater acoustic medium 

and used for delay –tolerant applications. 

DSR 

DSR is a Reactive protocol. It is not suitable for 

underwater networks because they cause a high latency 

in the establishment of paths. 

Table 1: Characteristics of Underwater Routing Protocols 

III. CONCLUSION 

This review paper has summarized the on-going exploration 

in underwater sensor network, including research challenges 

toward energy utilization. In this paper, we conclude the 

issue of energy efficiency in underwater. Designing energy 

efficient routing protocols and power consumption is the 
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most important issue in underwater sensor network. The 

objective of this paper is to design routing protocol for 

underwater sensor network that will increase the energy 

efficiency of overall network.   

REFERENCES 

[1] Cheng Yuan, Xiaodong Wang “A Fair Data 

Transmission Strategy in Underwater Acoustic Sensor   

Networks” Journal of networks, Vol. 9, No. 10, October 

2014. 

[2] Dario Pompili, Rutgers “Overview of Networking 

Protocols for Underwater Wireless   Communications” 

IEEE Communications Magazine • January 2009. 

[3] E. Sozer, M. Stojanovic, and J. Proakis, "Underwater 

acoustic networks", IEEE Journal of  Oceanic 

Engineering, pp. 72-83, 2000. 

[4] Hai Yan, Zhijie Jerry Shi, and Jun-Hong Cui “Depth-

Based Routing for Underwater Sensor Networks” 

Department of Computer Science and Engineering 

University of Connecticut, Storrs, CT 06269-2155. 

[5] Harneet kaur, Ajay K. Sharma “Hybrid Energy 

Efficient Distributed Protocol for Heterogeneous 

Wireless Sensor Network” International Journal of 

Computer Applications (0975 – 8887) Volume 4 – 

No.6, July 2010. 

[6] Ian F. Akyildiz , Dario Pompili “Underwater acoustic 

sensor networks” School of Electrical and Computer 

Engineering, Georgia Institute of Technology, Atlanta, 

GA 30332 ,USA, 2005. 

[7] Jekishan K. Parmar M. Tech Student, Department of 

Computer Engineering,” A Cross Layered Approach to 

Improve Energy   Efficiency of Underwater Wireless 

Sensor Network” IEEE International Conference on 

Computational Intelligence and Computing Research, 

2014. 

[8] John Heidemann, Wei Ye, Jack Wills, Affan Syed, 

Yuan Li Information Sciences Institute, University of 

Southern California “Research Challenges and 

Applications for Underwater Sensor Networking”. 

[9] K. Ovaliadis, N. Savage and V. Kanakaris “Energy 

Efficiency in Underwater Sensor Networks: a Research 

Review” Journal of Engineering Science and 

Technology Vol .151-156 , june 2010. 

[10] Lalita Yadav et al, “Low Energy Adaptive Clustering 

Hierarchy in Wireless Sensor Network (LEACH)” 

(IJCSIT) International Journal of Computer Science and 

Information Technologies, Vol. 5 (3) ,4661-4664,2014. 

[11] Manijeh Keshtgary,  Reza Mohammadi”  Energy 

Consumption Estimation in Cluster based Underwater 

Wireless Sensor Networks Using M/M/1 Queuing 

Model   ” International Journal of Computer 

Applications (0975 – 8887) Volume 43– No.24, April 

2012 

[12] Manpreet Singh, Loveleen Kaur” New Energy Efficient 

Approach for Underwater Acoustic Networks” 

International Journal of Soft Computing and 

Engineering (IJSCE) ISSN: 2231-2307, Volume-3, 

Issue-2, May 2013 

[13] Min Kyong Park,Member,IEEE,and Volkan Rodoplu 

“An Energy Efficient MAC Protocol for Underwater 

Acoustic Wireless Sensor Network”IEEE Journal of 

Ocean Engineering,Vol.32, No 3 july 2007. 

[14] Ms. Kalpana .S, Mr. Arutchelvan G “An Accoustic 

Sensor for Transmission in Underwater Environment  ” 

International Research Journal of Engineering and 

Technology (IRJET) ,Vol-2,Aug-2015 

[15] Rekha Kumari , Reena Rani “Energy Efficient Routing 

Protocol in Underwater Acoustic Sensor Networks” 

SSRG International Journal of Electronics and 

Communication Engineering (SSRG-IJECE) – EFES 

April 2015 

[16] Reza Mohammadi, Reza Javidan, Ahmad Jalili” Fuzzy 

Depth Based Routing Protocol for Underwater Acoustic 

Wireless Sensor Networks” ISSN: 2180 - 1843 Vol. 7 

No. 1 January - June 2015 

[17] Sihem Souiki1, Mourad Hadjila1 and Mohammed 

Feham1”Fuzzzy Based Clustering And Energy Efficient 

Routing For Underwater Wireless Sensor Networks” 

International Journal of Computer Networks & 

Communications (IJCNC) Vol.7, No.2, March 2015 

[18] Syed Abdul Basit , Manoj Kumar “A Review of 

Routing Protocols for Underwater Wireless Sensor 

Networks” IJARCCE, Vol. 4, Issue 12, December 2015 

[19] S.Beeno Ancy, S.Shahul Hammed” Energy Efficient 

and Reliable Communication in Underwater Acoustic 

Sensor Networks” ISSN: 2278 – 1323 International 

Journal of Advanced Research in Computer 

Engineering & Technology (IJARCET) Volume 2, 

Issue 1, and January 2013. 

[20] Xiaobing Wu , Guihai Chen “ A reliable and energy 

balanced routing algorithm for  UWSNs” State Key 

Laboratory for Novel Software Technology Nanjing 

University ,Nov 2008. 

[21] Yugal kumar et.al “ A Review on Gravitational Search 

Algorithm and its Applications to Data Clustering & 

Classification”  I.J. Intelligent Systems and 

Applications,  06, 79-93,2014. 


