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Abstract— Commonly UnderAqua Sensor Networks (UWSNs) 

comprise of sensor hubs that utilization acoustic flag for 

information transmission. Because of the idea of the earth where 

these systems are conveyed, there is a need to execute a 

dependable, vitality productive, and proliferation defer mindful 

MAC convention. In this paper, the normal components 

influencing the execution of three dispute based MAC 

conventions for submerged condition, RMAC, UWALOHA and 

UWANMAC, for example, normal start to finish deferral, 

throughput, and generally speaking vitality utilization, are 

thought about and assessed. These conventions are actualized in a 

NS-2 based test system, Aqua-Sim. In the reenactment, the 

measurements to be specific piece rate, number of hubs and 

topology are fluctuated so as to assess the general MAC 

convention execution. For ideal execution, UWANMAC gives 

greatest attractive quality. At the point when there is a 

requirement for more information to be sent yet vitality utilization 

is of lesser significance, UWALOHA can be utilized. 

Keywords— MAC protocols; RMAC; Underwater Sensor 

Networks; UWSN. 

I. INTRODUCTION 

Late approach marine biodiversity revelation methods, 

natural checking projects and fiasco strength motivation 

interest for advances and looks into on submerged observing. 

In this light, UnderAqua Aqua Sensor Networks (UWSN) has 

been one dynamic territory in the field of remote sensor 

arrange (WSN). In any case, because of the idea of this sort of 

system, challenges have been experienced, revealing the 

conduct and attributes of submerged system.  

UWSNs have sensor hubs abusing acoustic flag for 

information transmission [1]. The critical attributes of these 

acoustic signs are restricted transmission capacity, low 

information rate, and high piece blunder rate achieved by 

commotion and impedance. With this kind of condition, 

steering conventions must be appropriately picked to 

empower proficient correspondence between bits.  

In any correspondence organize, Medium Access Control 

(MAC) layer convention is critical. It is in the MAC layer 

 
 

Manuscript published on 30 August 2019. 
*Correspondence Author(s) 

Jetty Bangaru Siddhartha, Research Scholar, Department of ECE, 
VISTAS, India 

Dr. T Jaya, Assistant Professor, Department of ECE, VISTAS, India 

Dr. P. Swaminathan, Vice Chanceller, VISTAS, India 
 

© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the 

CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 

 
 

convention that hubs get to the transmission connect at the 

same time and in this way part of its errand is to determine 

any impact between hubs. With such job, MAC layer 

conventions empower the tremendous number of sensor hubs 

to proficiently share the restricted channel asset while 

expanding its lifetime and beating channel difficulties. 

Conventions related with shared medium access are arranged 

into conflict based, dispute free and mixture MAC 

conventions [2]. The conflict based conventions use 

randomization for shared access while the dispute free 

conventions have plans, directing which hub may utilize 

certain asset at given time. The mix of both the benefits of 

dispute based and conflict free were considered in the Hybrid 

MAC conventions. Albeit numerous effective earthbound 

MAC conventions were received in the WSN, yet in UWSN 

these conventions must be rebuilt so as to oblige the intense 

physical highlights of the submerged condition. Likewise, the 

subtleties of how the engendering delay, information rate, 

and topology changes influence vitality effectiveness, 

inertness, and throughput on existing conventions ought to be 

researched before new methodologies can be produced [3]. 

Tolerating the physical idea of the UWSN, conflict based 

conventions are then mainstream around there since dispute 

free methods are increasingly inclined to multi-way and 

blurring, influencing more the engendering deferral of the 

system.  

Execution assessment contemplates have been improved the 

situation some UWSN MAC conventions [3, 5, 11], however 

these investigations did not contrast the MAC conventions as 

per diverse system topologies, for example, hand weight, 

unified and various leveled, which is a factor to upgrade 

end-to - end postpone transmission. Additionally, in every 

measurement considered in our examination, an expected 

model condition is gotten from the information investigation, 

along these lines enabling fashioners to achieve the ideal 

qualities.  

In this paper, dispute based conventions are thought about 

and assessed since existing UWSNs have been incorporating 

such sort. RMAC conventions are researched and contrasted 

agreeing with the accompanying measurements: vitality 

utilization, throughput, and start to finish delay, by changing 

the bit rate, number of hubs and system topology. 

Consequently in this investigation, MAC convention 

execution is characterized as vitality utilization, throughput, 

and start to finish delay.  
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This examination gives the general comprehension on the 

nature and physical confinement of submerged systems, 

which is essential in the plan of UWSN. Fitting conflict based 

MAC convention must be coordinated so as to accomplish 

higher information rate and enhanced throughput. In 

particular, the commitments of this paper are: (1) grouping of 

RMAC as UWSN conventions, as far as start to finish 

postponement, throughput and vitality proficiency, (2) ideal 

execution model of the UWSN MAC conventions, which is 

advantageous for the structure and set-up of submerged 

systems, and (3) the utilization of Latin Hypercube technique 

for Space filling plan for PC reproduction information 

investigation. The rest of this paper is organized as pursues: 

Section II gives portrayal of submerged MAC conventions: 

RMAC. Segment III exhibits the UWSN factors, reenactment 

parameters, investigation of information, and measurements 

of premium. Area IV gives the examination and assessment 

of execution. Finally, Section V expresses the finish of the 

examination.  

II. DESCRIPTION OF THE PROTOCOLS 

This segment gives a short depiction of the dispute based 

MAC conventions for UWSN that are looked at and assessed 

in the examination. RMAC. Reservation Medium Access 

Control convention (RMAC) is a convention that professes to 

determine information parcel crash and bolster decency in a 

vitality productive way. It does this by having plans both for 

the transmission of control and information bundles on both 

transmitter and collector to stay away from impacts. It 

executes three stages: Latency Detection (LD), Period 

Announcement (PA), and Periodic Operation (PO). In the LD 

stage, all hubs identify and decide the diverse proliferation 

dormancy to all its neighbor hubs. Then again, hubs in PA 

stage arbitrarily select their tune in/rest plan. The hubs at that 

point communicate this timetable. Real information move 

occurs in the PO stage trading REV, ACK-REV, DATA and 

ACK-DATA. Anyway there can even now be impact on the 

grounds that in the wake of detecting the channel, two hubs 

can at present transmit in the meantime [4].  

III. UWSN FACTORS AND SIMULATION 

PARAMETERS 

As explained in segment II, the UWSN MAC conventions 

canvassed in this investigation is RMAC.Every one of these 

conventions is mimicked utilizing Aqua-Sim [8], NS2-based 

test system, acknowledged with fluctuated bit rate, number of 

hubs and system topology.  

A. Elements for MAC Protocol Performance Evaluation  

The bit rate, number of hubs and system topology are the 

regular impacts in all system structures, including UWSN. 

Bit rate. In this investigation bit rate portrays the data transfer 

capacity on which the UWSN works. At ultra low recurrence 

(ULF), The bit rate is differed equally from 0.3 to 3 Kbps to 

permit situations for low, medium and high traffic [7] and 

rehashed each for multiple times. Steady piece rate (CBR) 

traffic is utilized since the data to be assembled is in a type of 

video and necessities a static measure of transmission 

capacity for correspondence.  

Number of Nodes. It is imperative to consider the quantity of 

hubs of the system since it straightforwardly influences the 

system execution regarding time deferral and power 

utilization. Consider a limited acoustic area with moving and 

static nodes upto 10-15 nodes.  This is a decent premise of 

MAC convention examination. In thinking about the quantity 

of hubs, model of the measurements are determined in this 

way gives the degree it influences the reaction parameters. 

For the reproduction, the quantity of hubs is changed from 2 

to 9, to streamline the system associations related for the 

recognized topologies, which is likewise a factor to 

consider.First assume there are 10 nodes in the acoustic area, 

such that 1 node is a moving node and the other 9 nodes are 

static nodes. Repeat the same process. After finding out all 

the parameters of the acoustic area,find which channel model 

have better parameters in all the considerations. Now in the 

acoustic area, consider 2 nodes as moving nodes and the other 

8 nodes as static nodes and finding out the parameters in the 

three models.Similarly increasing the moving nodes up to 5 

nodes in the acoustic area.Aqua Sim, a NS2 based test 

system, is utilized after the reenactment parameters in Table 

I. The default estimation of sound engendering in the 

physical submerged acoustic channel is given as 1500 m/sec 

in Aqua-Sim. The portability and remote usefulness are given 

autonomously by Aqua-Sim, which works in parallel with 

CMU-remote bundle of NS2. Any changes that are made to 

Aqua-Sim are restricted to in this way making it an 

autonomous test system that is planned totally like NS2 in 

C++. For layer 3 directing plan, Vector Based Forwarding 

(VBF) steering convention was utilized. VBF is a vitality 

proficient, strong and versatile steering convention. It is a 

geographic steering approach where no state data is 

fundamental on the sensor hubs. It likewise includes just a 

little piece of the hubs in steering [8]. In the system 

arrangement, we picked low traffic situations. Run the NS2 – 

AquaSim, for each submerged MAC with following the 

parameters in Table I. Space-Filling Design of Experiment 

from JMP Software haphazardly picked the blends of 

Number of Nodes and Data Rates for each kind of topology. 

Also, every topology is built relying upon the quantity of 

hubs from the blends distinguished. Thirty runs were created 

for every convention and coming about information were 

recovered as follow documents utilizing GAWK.  

B. Structure of Experiment and Analysis of Data  

Investigations are done so as to have a dependable outcome 

from a framework and a suitable Design of Experiment 

(DoE) helps analysts in controlling the estimations of the 

elements (for example Bit Rate, Number of Nodes and 

Network Topology) that influence the perceptions. For 

effective utilization of gathered information, DoE 

characterizes the principles, techniques and structures of the 

analyses [9]. There are diverse kinds of DoE, contingent upon 

the targets and the idea of the examinations.  

PC arrange reenactment makes reproduction show because of 

running trials in a system. Its fundamental intention is to 

recreate the conduct of a framework in a deterministic or 

close deterministic way in which the outcomes rely upon the 

information conditions. To dependably display the 

framework, spread out qualities from the scopes of the 

distinguished variables is essential. With such unmistakable 

issue, Space Filling Design is suited in arbitrarily choosing 

the components' structure focuses all through the space sum 

[10]. The quantity of runs proposed by Space Filling Design 

is multiple times the quantity of elements, for this situation 

30 runs.  
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Among the Space Filling Design techniques accessible in 

JMP Software, the Latin Hypercube strategy was picked for 

ideal plan focuses dispersing. The subsequent blends of 

information rates and number of hubs for every convention 

are utilized so as to have AquaSim recreation results basing 

on the execution measurements.  

A fit model apparatus is utilized to break down the 

information basing on examination of change (ANOVA), 

parameter evaluations and forecast profiler. Thusly, factors 

that influence every execution metric, the most extreme 

attractive quality and the measurement models can be drawn. 

This strategy gives better understanding and boosts the 

utilization of the accessible information.  

C. Measurements of Interest  

The normal end - to-end deferral, throughput, and generally 

speaking vitality utilization are the parameters of the 

conventions that are being considered and examined in the 

reproduction. These measurements were picked so as to 

check the confinement in transfer speed, information rate and 

bit blunder rate of the UWSN condition because of clamor 

and impedance. The nodes are shown in figure.1  

 
Fig 1 . 10 nodes display 

Start to finish delay is characterized as the time distinction 

between source bundle age and sink parcel gathering. The 

lower the estimation of the start to finish delay, the better the 

execution of the convention. Throughput is the quantity of 

effectively gotten parcels in a unit time and is spoken to in 

kilobits every second (Kbps).  

Vitality dimension of the hubs is spoken to with vitality 

model and its underlying worth characterized for the 

reproduction is 10,000 units. A hub would lose a specific 

measure of vitality for each bundle transmitted, making the 

underlying vitality of a hub diminishing in esteem. The 

vitality utilization dimension of a hub whenever inside the 

recreation is dictated by getting the distinction between the 

present vitality esteem and beginning vitality esteem. The 

vitality dimension of the system is along these lines estimated 

by including the whole hub's vitality level in the system.  

IV. EXECUTION EVALUATION 

Correlations of RMAC, as far as start to finish deferral, 

throughput and vitality utilization are assessed by shifting the 

accompanying elements: bit rate, number of hubs and system 

topology. A sum of 90 runs were created, that is every 30 

keeps running for each submerged MAC convention.  

A. End to End Delay  

For a noteworthiness dimension of 0.05, the JMP results 

demonstrate that the sort of convention, number of hubs and 

topology are critical elements for the end - to-end delay. The 

delay values are calculated for 3 nodes and are shown in 

figure.2 

 
 

The fit model technique additionally results to parameter 

gauge for ideal properties. For End-to-End Delay, the models 

are given as:  

The defer reaction of RMAC convention will in general be 

spread-out. Its normal end-to - end delay fluctuates and 

increments as the bit rate increments not at all like in 

UWANMAC and UWALOHA, where the normal start to 

finish delay is fairly consistent even with differing bit rates. 

This perception is worthy since UWANMAC and 

UWALOHA decrease impacts between information bundles 

by detecting first the channel and utilizing RTS/CTS control 

parcels causing lower delays. Be that as it may, in RMAC, 

there is a plausibility that two hubs would have a similar 

transmission time. RMAC have the most noteworthy start to 

finish delay. Throughput values for 3 sample nodes are 

calculated and shown in figure.3 

 
Fig.3  Throughput for 3 nodes 

 

B. Energy  Consumption 

As far as energy utilization, arrange topology does not 

fundamentally influence the model dissimilar to the kind of 

convention, bit rate and number of hubs, as appeared Table 

IV. Besides, the Energy Consumption parameter gauge 

models are:  
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The energy utilization of RMAC are less contrasted with 

UWALOHA because of the way that hubs out of gear state 

may swing to rest mode. UWALOHA likewise tunes in 

before talking, which is a decent component, yet experiences 

sender not comprehending what is happening at beneficiary 

that may crush parcels.  

C. Ideal Values of MAC Protocol  

For RMAC convention its vitality utilization is very adequate 

at 24.69J and throughput at 10.05kbps however the start to 

finish delay is as high as 100238.5ms.  

V. CONCLUSION 

In the execution assessment of the MAC conventions for 

submerged sensor arranges, the examination of the impacts of 

bit rate, topology and number of hubs on the general vitality 

utilization, end-to - end deferral and throughput is 

considered. It was discovered that, the quantity of hubs and 

topology are critical elements for the conclusion to -end delay 

while the rate, number of hubs, their association and sort of 

convention influence the throughput. Finally the rate and 

number of hubs connection and additionally the convention 

are essential components influencing the general vitality 

utilization . 

Later on, it is prescribed to reenact utilizing higher piece rates 

to analyze the MAC conventions in a high traffic organize 

situation. Likewise it is recommended to make situations 

with portable hubs so the adjustment of the conventions to 

topology changes can be examined and considered. 
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