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Abstract: -The efficient localization complementing the services 

of wireless sensor networks holds promises of diverse application 

domains each with competing requirements. The resource 

constraints of WSN necessitate the efficient localization 

algorithm which optimizes the resource utilization at various 

network operation levels like data link layer, routing etc. Energy 

is scarcest reserve of low power sensing devices in WSNs.  

The existing localization algorithms might perform 

efficiently in smaller networks comprising of one or two hop 

networks but its performance degrades in multihop sensor 

networks. Towards improving the performance of WSN the 

localization algorithm is integrated with media access control 

(MAC) protocol of data link control of network operation.  

In this paper the localization algorithm is seamlessly 

combined with MAC protocol to optimize the performance of 

WSNs. The MAC scheme is basically targeted towards achieving 

load balancing, throughput and energy optimization. A detailed 

analysis of performances of a ranged based localization 

algorithm with various MAC standards was performed on the 

simulator tool NS-2 with varying application scenarios. With the 

observed data this is concluded that localization algorithm 

combined with MAC protocol performs more efficiently in terms 

of energy usage and positioning accuracy in comparison to 

localization algorithm without MAC. Thus a MAC protocol is 

instrumental to improve localization along with conserving the 

energy usage. The observed data further adds that the MAC 

protocol may also be utilized to enhance coverage and scalability 

of WSN localization. 

General Terms: Algorithms, Performance. 

Keywords: WSN, Sensor networks, Anchors, MAC, Adhoc, 

SMAC, localization, mobile. 

I. INTRODUCTION 

n recent times localization is most important and integral 

service of a wireless sensor network which needs be 

efficiently processed and optimized. The vitality of large 

number of sensor applications along with some network 

operation such as tracking the significant events, intruders, 

estimating the coverage area of WSNs, position based 

network routing aiming at reducing energy consumption and 

geo-casting[1-2] is hinged on position estimation capacity.  

A sensor network is defined as an adhoc network 

of sensor nodes encompassing the transducer, 

microcomputer, transceiver and a power source all in a very 

small casing are randomly scattered over a region of interest 

to detect, identify and track targets in order to provide 

situation awareness, agility of network and predicts the 

survival of WSN. In most of the applications, sensors are 

deployed at static place whereas some applications like habitat 

monitoring as in the ZebraNet [3] sensors are basically 

connected to live zebras to collect information from their 

moving patterns and behaviour. In some cases, sensors are 

mounted on mobile phones to measure the quality of the 

signals [4] received. With rapid and easy deployment with 

increasingly low cost of embedded computing power the 

wireless sensor network has opened vast horizons of new 

applications. The endurance of sensor applications such as 

monitoring and surveillance mainly depend on efficient usage 

of unattended sensors. 

Efficiency of the functionality of sensor network is 

augmented by its localization capability which is used to 

identify, detect and record the occurring of events with their 

positional information, transferring packets using position 

based routing [5]. The manual calculation of location 

estimation is not workable for large-scale networks and 

mobile networks. Providing external module (hardware) for 

localization as GPS [6] is too costlier in terms of energy and 

cost.  

Coverage and life time are the two burgeoning issues of 

WSN. So developing an efficient localization algorithm is 

main focus of this work. Following optimization strategies are 

employed at various design levels of WSN‟s protocols. 

1. At architecture level, it determines appropriate 

topology by optimizing number of sensor nodes and 

its distribution over the deployed area and also the 

placement of base station. 

2. At component level tuning of voltage and frequency 

of processor, sensing frequency are adjusted to get 

optimized performance. 

3. Data Link level employs various strategies for load-

balancing, throughput management and controlling 

the usage of resources of sensor nodes mainly the 

energy resource. 

4. The network level adopts energy efficient routing, 

query dissemination and data aggregation by 

resource adaptive and dynamic network 

reprogramming. 

I 
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5. Operating system implements event driven and time 

driven task, dynamic power management and fault 

tolerance. 

This work is focused on the localization algorithm 

combined with MAC to improve the accuracy of positioning 

and the other performances as well. The applications of 

resource constrained WSN necessitates collaboration among 

algorithms implemented at different layers to conserve various 

resources. 

The basic idea behind this collaboration is as: 

 Localization – an inherent service module required 

mostly in all of WSN applications. 

 MAC – providing quality of service by effective and 

efficient utilization of accute constrained resources in 

WSN as directly utilizing the service of physical 

layer. 

 Localization Combined with MAC – A basis of 

localized algorithms which are currently inevitable 

for scalability, coverage and reliability of WSN 

application.  

Holding the above opinion of collaboration to 

optimize the wireless adhoc sensor network here a range-

based localization algorithm is integrated with a specific 

MAC protocol and analysed the scope for better positioning 

accuracy, enhanced scalability and reduced energy 

consumption. To study the effect of MAC protocol firstly, the 

proposed model of a range based localization algorithm 

without a MAC protocol is analysed and then its performance 

is compared by integrating the localization module with some 

standards of MAC protocol such as IEEE 802.11 and SMAC. 

This analysis concludes that energy utilization is conserved 

with enhancement in the positioning accuracy also and 

advocates for an efficient localization algorithm combined 

with optimized MAC protocol. 

The organization of paper is as follows. In section 2 

the relevant work on localization problem is reviewed to study 

the perspective view of localization in WSN. The section 3 

defines proposed model of localization algorithm and also 

discusses requirements of MAC schemes. The Section 4 

presents simulation of the proposed model with comparative 

analysis of performance of localization algorithm combined 

with and without MAC protocols. In final section 5, the work 

is concluded with mentioning relevant future scope. 

II. RELATED WORK 

The thorough study of the relevant articles available 

in literature reveals that most of the localization algorithm is 

for static sensor networks while very few aims at mobile 

sensor networks. Future researchers are advised to study [7-8] 

for a comprehensive literature review. The collection of 

localization algorithms available are broadly grouped into two 

groups as briefly discussed in following section. 

2.1 The Range Based Localization Schemes: 

This group of localization algorithm needs distance or range 

measurements between pair of nodes for estimating the 

positioning of an unknown node. To estimate range between 

the anchor and unknown sensor nodes, it requires additional 

hardware. Different techniques to measure the range 

measurements from the target node to anchor node are defined 

as Time of Arrival (ToA), Angle of Arrival (AoA), time 

difference of arrival (TDoA), Received Signal Strength 

Indicator (RSSI) of the received signal ranging techniques.. 

For example the techniques proposed by Bischoff et al. [9] 

and Bahlet al. [10] use received signal strength (RSSI) to 

estimate distance between two sensor nodes. In the proposal 

of Ward et al. [11] time of arrival of signals is used to 

measure the range while Niculescu and Nath [12] exploit 

angle of arrival of signals. 

 2.2 The Range-Free Localization Schemes: 

Under this category of localization the connectivity 

information such as number of hops between the nodes to 

localize the unknown nodes of wireless sensor network are 

used. In most basic localization algorithm APIT [13] every 

possible triangle of the anchors are formed surrounding the 

unknown node whose position needs to be estimated. The 

intersection or common region of all triangles is anticipated to 

be position of that unknown node. A gradient algorithm [14] 

similar to distance vector routing technique also estimates 

distance between a pair of nodes in number of hops. The DV-

Hop proposed by N. and Nath [15] is almost similar to 

Gradient methodology and this also measures the average 

distance of a hop. Similarly, Sextant [16] developed a 

distributed positioning technique using B`ezier curves to 

measure the possible positioning of the unknown nodes. 

Recently, the radio interferometric approach is a new addition 

to this range free category of localization. In the approach of 

range-free methods the distance between nodes are 

approximated by multiplying hop counts by the average 

distance of a hop. 

For most part and inclusive comparison, the 

positioning obtained of range-based localization are always 

more accurate than range-free methods. But none of the above 

mentioned algorithms were careful to bring down the energy 

losses caused in localization process. With in-depth analysis 

of relevant literature, it is worth mentioning here that a 

localization algorithm generally involves trade-offs between 

energy consumption and performance in terms of accuracy, 

coverage and life time of sensor network but this proposal 

tries to conserve energy along with improved positioning 

accuracy. A localization scheme integrated with a MAC 

scheme optimizes ad hoc sensor network as MAC is 

instrumental in controlling the resource usage in WSN. 

This proposal improves the performance in following 

ways. 
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 In the localization method the usage of radio channel 

is controlled by a MAC scheme and may be tuned 

with the specific requirement by adjusting various 

parameters such as duty cycle, dynamic contention 

window size or synchronization period. 

 Generally, existing localization schemes perform 

satisfactorily in smaller network of single hop or two 

hops but in multihop networks its performance 

increasingly goes down. With characterizing feature 

of MAC the scalability and coverage of sensor 

network within specified threshold is achieved by 

restricting anchors (on the basis of their remaining 

energy) contributing in estimating the positioning of 

an unknown node. 

This analysis illustrates the trade offs between 

achieved accuracy and localization time. In future, different 

MAC parameters and communication structures can be 

optimized to improve overall performance.  

2.3  Performance of Localization Techniques available in 

Literature  

The following table shown as Table 1 represents the collection 

of performance (in terms of positioning accuracy with 

coverage) proposed or available in literature and table 2 shows 

the average energy consumption by a sensor node in energy 

efficient localization of a wireless sensor network. 

Table 1 Performance of Localization Techniques available in 

Literature 

Sl.

no 

Size of Network(m2) / Radio  Range(R)/  

Ratio of Anchors to Node / Localization 

Algorithm  

Positioning 

Accuracy in 

Average Mean 

Error  ( in % of 

radio-range ) / 

Coverage 

1 

100m x100m  /10m /10% to 30%/                                   

Fine Grained and Dynamic Localization 
[17] 

From 2m to  4m 

/100% 

2 

6Rx6R  / R /10% to 25% /                                     

Structuring a Global Coordinate System 
using Local Information [18] 

0.2R to 0.4R /100% 

3 

9x9/ R /40 unknown sensor nodes and 4 

anchor nodes were deployed /                                                                   

Relative Location Estimation [19] 

1.23m in TOA and 

2.18m  in RSS case  

/ 100% 

4 

 Not defined/ R/ 200 node with fine grained 

deployment in such a way that at least 9 

neighbours are placed in radio range of a 
sensor node/ Distance Vector Based 

Positioning Algorithm [20] 

< 1- hop (in 
uniformly 

distributed 

deployment case) 
otherwise > 1-hop 

but not more than 

two hops /100% 

5 
20x20 /R/ the N cols. and N rows with N2 

sensor and 4 anchors/ With Cooperative 

localization [21] 

error Upto 3m that 
is Upper Bound on 

rms error  /100% 

6 

10mx10m / sensors of varying range of  
1.1m to 1.9m / 200 sensor nodes / 10% /   

Localization based on Simulated Annealing 

[22]  

Upto 1% error when 

radio range is 1.8m 

7 
100x100 /25m / 25/ Using Cooperative 
Range Based and Mobility Assisted 

Localization Technique [23] 

0.45R /  
Localization 

Coverage Upto 90% 

8 

 50x50/ 10m/ 5% to 30%/  With Improved 

DV-Hop Range Free Localization 
Algorithm [24] 

0.45R  to 0.75R 

/100% coverage 

9 

10x10/ Not defined/ 48 nodes and 5 to 25 

anchors/ Localization algorithms based on 
RSSI measurements in Indoor WSN[26] 

(In RSSI Based 

ranging) 
From 2.2 to 4.5 m 

10 

100mx100m/ 25m /  Upto 30% / 

Localization based on Cooperative 
Algorithms for Zigbee and 802.15.4a in 

PAN [26] 

0.4R in RSSI Based 

Ranging  and                           

0.2R in ToA Based 

11 

100mx100m / 20meter/  Upto 30% of 

sensors are anchors/ A localization 
algorithm using Cross Entropy Method [27] 

0.4R / 100% Nodes 
( if number rounds 

in localization 

process is increased) 

 

From the data of above table it is clearly observed that 

obtained positioning accuracy is different for different setup 

of wireless sensor network and lies in range from 0.2R to 

0.5R.  

Table 2 Average Energy Consumption by A Sensor Node in 

Localization of A WSN 

Sl. 

No. 

Energy Efficient 

Localization Algorithm 

(proposed or available in 
literature) 

Network 

Description 

Average Energy 

Consumed(in 

Joule) 

1. 

Anchor-guiding 

mechanism 
for beacon-assisted 

localization in wireless 

sensor networks[28] 

300x300 units2/ 

100 sensors 

deployed 
randomly in the 

grid/ transmission 

range of  10 meter  
 

                    12 

2. 

Energy-Efficient 

Opportunistic 
Localization with Indoor 

Wireless Sensor 

Networks[29] 

100x100units2 

/100 sensors 

deployed/ range of 
20 meters 

       1.5  to 2.0 

3. 

Range-free Localization 

Approach for M2M 

Communication System 
using Mobile Anchor 

Nodes[30] 

100x100 units2 / 
100 sensors 

deployed / range 

of 10 meters 

           0.2 to 0.3 

Our work also results in this localization accuracy range but 

with better performance in terms of energy usage (from .02J 

to .06J) and scalability and coverage. 

III. THE PROPOSED MODEL OF LOCALIZATION WITH 

MAC SCHEMES 

The issues of real-time environment are significantly 

varies from one domain to another. Moreover, the design and 

analysis processes involve certain assumptions which 
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constrain the achieved performance in real time sensor 

application. 

3.1 General Assumptions about the WSN 

1. Radio links or channels are stable over time and 

symmetric and follows a radial pattern. 

2. A radio transceiver is in one of the states of 

transmitting, receiving or powered off.  

3. It is very common assumption that the medium is 

free means no other node in the network tries to 

acquire the network. 

3.2 Optimization Model of a Range Based Localization in 

WSN 

Here a weighted graph as triple G (S,E,W) is used to simulate 

a wireless sensor network where S defines a set of vertices 

representing sensor nodes and E represents a set of edges 

connecting any two sensor nodes while W: E →R  where R 

denotes a set of real numbers used to represent the weight in 

terms of distance or energy residue of connecting nodes: 

 S = {S1, S2, S3,..............Sn}. 

 A set E of edges eij represents a link between node Si 

and Sj and eij   E iff communication range of Si and 

Sj overlaps. 

 Energy level of a link eij is expressed as a weight wij 

  W. 

Let a network is formed with n sensor nodes 

scattered over 2-D plane wherein m anchor nodes with known 

position are also deployed in such a fashion that at least three 

of them are neighbours. Certain sensor nodes (n-m) in 

network need their positions be estimated. Before developing 

analytical model of localization, the symbols and notations 

used in the work are defined. Symbols that are in bold upper 

case denote matrices and lowercase bold symbols are used for 

vectors. 

We use { }
0 

to represent the absolute value while its 

estimate is represented with { }. The In  R
n×n 

defines an 

identity matrix and 0m×n   R
m×n 

and 0n   R
n×n 

represent zero 

matrices. If two symmetric matrices A and B are such that A

B then it is expressed as A –B  0 and this represents a 

positive semi-definite matrix for which all the eigenvalues are 

positive. The 
-1 

and 
T 

represent matrix inverse and transpose 

operators respectively. The 2-norm of a vector   is 

represented through ||   ||2 which represents a point in 2-D 

space [x, y] in Euclidean  space R
2
, the length or magnitude 

of the vector     is evaluated by the formula √      
= (      

)
1/2

 gives the ordinary distance from the origin to the point as 

vector  , a consequence of the Pythagorean theorem. 

Let the true or actual positions of sensor nodes are 

defined using the notation   
  = [xi,yi]

T 
for i=1 to n in the 

wireless sensor network. So positions of m anchors are 

expressed by   
 ,   

 ,...   
  and     

 ,     
 ,...   

  are the 

positions of unknown sensors. The objective is to estimate    

a vector of true positions of sensor nodes   = [    
 , 

    
 ,...   

 ]   R2xk  
m<k   (n-m). 

Let symbol dij represents the distance between node 

(i) and node (j) where i, j = 1, 2, ・・・, n. Without range 

measurement error, this can be calculated with a mathematical 

relation 

   
 =    

  =  √       
         

   

                                                                (1) 

                     =   ||   
    

 ||2                       

where               i,j = 1, 2, . . . ,n    

But observed positions are erroneous due to path loss of 

signals propagating into medium so measured distance 

between i
th

 and j
th

 sensor node here are represented through dij  

where dji =    
 + ∊ij i j = 1, 2, . . . n. The errors in distance 

measurement ∊ij   R1xn   
can be equated to variances      

  and 

covariance matrices Ci   R2x2 
of a Gaussian processes. The 

energy of the link between i
th

 and j
th 

sensor at the time t, is 

represented by        R and that is the weight of edge eij at 

time t. This decreases with time and defines the life of sensor 

node. This is observed at the time t, the distance set {dij}t 

which is incomplete and varies with time due to limited 

communication range and exhausted energy level of some 

nodes .  

Let   be the variable matrix for    and defined as follows: 

   =[             ], m < k   (n-m). 

Expressing the error as Gaussian noise the MLE (maximum 

likelihood expectation) for   , first we use joint density 

function for all n observations and is equated to 

∏       

 

     

     

Here f(dij|  ) is pdf, a probability distribution function,   is 

unknown parameter that is to be estimated and observed. The 

dij is dependent upon signal strength wij. The maximum 

likelihood expectation for   is given by a function L(       ) 

and it can be achieved by maximizing the probability of 

function f ({          and  it is supposed as Pr. 

Pr = f ({          

Taking log of it as it always gives monotonically increasing 

value of the maximum likelihood function L(       ) and that 

is equated to    

Log ∏       
 
                                                                       

                                                                                 (2) 
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∑          

 

     

     

With the error ∊ij in estimation of dij, the probability Pr can be 

converted into nonlinear least square problem. 

 Thus localization problem is expressed as 

maximizing the (2) and that can be equated to an objective 

function as a non linear least square problem. 

Min  ∑ ∑                  
  

   
 
   

    

   
  

                                          s.t.          eth 

                                    dij     ri 

      is equated to 1 if is greater than eth that is minimum 

threshold value of energy, a sensor is required to have for any 

transmission and expresses that distance measurements are 

available otherwise it is kept at 0.  

For a scenario suppose i
th

 sensor has transmitted 

signal with a power Pti to j
th 

sensor that receives signal with 

strength of Prj or vice-versa then according to Friss equation 

[31] the following relation exists. 

Prj-Pti+Gti+Grj+20*log10(λ/4π) =20log10(dij)  

                                                                              (3) 

between node(i) and node(j) there is a minimum value of Prj 

that is dependent upon the power transmitted Pti by the sender 

and puts a constraint for reliable transmission. Gti and Grj 

represent the transmission and reception antenna gains 

respectively. The dij represents the measured distance for a 

pair of nodes (i,j).  

In this model of localization it is considered that the 

energy possessed by the node affects the performance of 

positioning. Our work is to conserve or reduce the loss of 

energy of a sensor node by adapting a MAC protocol in 

localization. 

3.3 Integrating MAC Performance with Localization of WSN 

For a WSN designing an efficient algorithm is really 

a critical task. The functional model of efficient localization 

scheme is simulated and analysed including constraints of 

energy, variance in delay (in reception of data) and the error 

associated with distance or range measurement data. Radio 

communication is major energy consumer of any sensor 

application. A wireless medium works on broadcast principle 

and shares radio with other transmission which is prone to 

have interferences. This is ground reasons for MAC to be 

optimized for localization. Basically, MAC coordinates and 

controls usage of channel amongst neighbouring nodes. The 

[32] explains that energy required in sleeping mode is almost 

negligible in comparison to the energy consumed in awakened 

mode.  

From design perspective, a MAC for WSN is 

different from the MAC of traditional ad hoc network. The 

sensor networks differ in operational environment also. In the 

sensor node‟s operating network protocol the upper layer are 

defined with abstract concept of real viable channels whereas 

MAC directly sitting over physical layer controls the traffic 

produced by the network layer. The patterns of 

communication differ in sensor network which monitors the 

specific environmental status eventually or periodically and 

send perceived data to a base station. Following section 

explains other features considered in designing a MAC for 

localization purpose. 

Firstly, the traffic pattern must be exclusively 

analysed as this is handled truly by a MAC algorithm. The 

individual node produces data of small payloads periodically 

and also shows high spatial correlation that increases the 

protocol overhead. Thus, number of sensor nodes and anchors 

are to be exclusively restricted for positioning using MAC. 

Secondly, the resource constrained sensor nodes also 

need an optimized MAC to control radio usage to conserve 

energy. 

Thirdly, achieving synchronization is also an issue of 

sensor networks which necessitates low-cost devices so MAC 

needing low synchronization is preferred.  

Generally, the sensor adhoc networks are deployed 

with many sensor nodes from hundreds to thousands (in 

number), so algorithms based on centralized approach do not 

perform efficiently due to incurred overhead in exchange of 

information. In contrast, the distributed algorithms, even not 

the optimal ones, their functionality conform to sensor 

networks need of efficient channel utilization. Other important 

design attributes adapt to changes in topology, node density 

and network size vary with application.  

3.3.1 A General MAC Overview 

Generally, variable performance of MAC is based on 

the network-size, capability of interconnecting devices, and 

requirements of algorithms running in upper layers of sensor 

network. Still, most of the MAC protocols share some 

common functions. The MAC regulates the access by defining 

variable status of sensor node as receiving, sending or 

sleeping. As radio, while transmitting or listening consumes 

relatively more power, MAC is efficient way to control usage 

of channel. Through MAC protocol controlling active and 

sleep state of WSN node can easily be optimized. Reducing 

radio consumption means reduction in energy wastages. One 

of major causes of energy losses is collisions where more than 

one node tries to access the radio at the same time. The idle 

listening also causes energy losses means watching channel 

for no traffic. The overhearing, capturing others‟ traffic 

reasons for energy waste. The other significant issue is control 

packet overhead (packets other than data to schedule and 

control the traffic) which involves extra consumption of 



International Journal of Latest Technology in Engineering, Management & Applied Science (IJLTEMAS) 

1st Special Issue on Engineering and Technology | Volume VI, Issue VS, May 2017 | ISSN 2278-2540 

www.ijltemas.in Page 6 

 

energy. More over variation in consumption of energy, where 

some nodes closer to sink (base station) need more energy 

than nodes far from the sink and die out earlier.  

3.3.2 Requirements on MAC Scheme for Localization 

The basic task of a ranged based localization 

algorithm comprises of three phases. In first phase, unknown 

nodes collect range data of their neighbouring anchors. In the 

second phase the unknown nodes, with the gathered data 

evaluate their position using some positioning method and 

finally the whole algorithm is iterated number of times to 

refine its positioning by neighbour learning process. The 

whole process involves data communication, data processing 

and then disseminating the data to base station.  

The major energy consumption lies in data 

communication process involving transmission and reception 

of range data. Data processing also consumes significant 

amount of energy in computation and fusion of data. As 

detailed in [33] the data communication consumes more 

energy than data processing. If major energy wastage is 

avoided and data processing is optimized with dynamic load 

balancing it helps achieve enhanced life of sensor network. 

Thus MAC adapted to localization is a strong basis to 

optimize wireless ad hoc sensor network. 

Our work is targeted to utilize the duty cycle controlled 

radio in localization process of WSNs. The localization 

process integrated with MAC scheme, additionally, requires 

two measures. Firstly, it needs broadcasting of ranging probes 

to the anchors to send their position information and secondly, 

it demands for data processing required to estimate position of 

the node. To implement the first, MAC should be able to 

perform even in cases where frequent topology changes occur 

due to mobility or death of sensor nodes. 

1. It requires scheduling of broadcast of ranging control 

packets in a fixed time period. To achieve, a level of 

synchronization is needed within a reasonable time 

(not beyond a value that also varies with application). 

This time limit should be controlled by the 

underlying MAC protocol. The loosely synchronized 

network may create large inaccuracy and lead to 

energy wastage. 

2. To achieve reliability, upon receiving the request 

packet the anchor nodes must unicast their position 

data to the requesting node and should be free from 

any acknowledgements. To implement this idea data 

exchanges are required to be collected from anchors 

in assigned duration. This duration must be learnt 

from the application scenario as it should be of long 

enough to collect data from neighbouring anchors.  

3. The estimation of positioning depends upon basic 

geometrical method as lateraion, bound box or min 

max. 

4. Allowable latency in positioning varies with size and 

density of the network and affects the size of location 

database required for positioning. 

The above requirements vary with application scenario 

and also to the extent of accuracy desired by application. To 

estimate positioning in real time, MAC integrated with upper 

layer also must reduce the delay caused to route through the 

sensor network and reach to the base station. For small sized 

networks centralized computation might be successful but 

larger networks need distributed computation schemes. 

3.3.3 Basic Standards of MAC Schemes Considered for 

localization 

To develop a localization algorithm to optimize a WSN is 

target of this study which analyses impact of MAC on the 

proposed energy constrained model for localization. From the 

literature, the rulings of MAC schemes caring for energy 

consumption are considered. It is very difficult to develop 

efficient schedules with high degree of channel reuse. The 

other issues of clock synchronization or the varying channel 

conditions also hamper the benefits realized of WSN.  

The carrier sense multiple access policy of MAC protocol 

is the basic requirement for distributed network topology and 

non periodic transmission. With large overheads due to 

increasing network size it becomes a negative factor. So, 

developing a localization algorithm for WSN approaches for a 

hybrid MAC scheme based on CSMA principle and also 

implements TDMA functionality. The MAC schemes 

conforming to these requirements are considered in this work. 

In direction to the development of MAC optimizing the 

localization we considered following MAC schemes: 

 IEEE 802.11 

The media access scheme IEEE 802.11 [34] is basically based 

on contention and employs carrier sensing and avoid 

collisions of the data packets using randomized back-offs 

periods. The power saving mode (PSM) defined in IEEE 

802.11 MAC protocol further saves energy by reducing the 

period of idle listening by going into the sleeping status. This 

PSM efficiently works in single-hop network as achieving 

synchronization among neighbours is easily processed. But it 

becomes quite complex process for multihop networks where 

problems of neighbour discovery, achieving clock 

synchronization and network partitioning exist. Despite the 

issues, this scheme puts efficient energy usage control on 

designing the architecture of communication, protocols, the 

topology and the operational environment of network. 

 Sensor MAC 

The sensor S-MAC [35], a modified form of IEEE 802.11 

protocol also uses contention to access the channel and was 

specifically, developed for wireless sensor network. The 

sensor nodes change the state of listening and sleeping 

periodically. The time period of SMAC frame is partitioned 
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into two states listening state (transceiver is made ON) and 

sleeping state (transceiver is made OFF). In a listen period, 

sensor nodes listen to other nodes using some control packets 

like Request to Send (RTS), SYNC, ACK 

(Acknowledgement), Clear to Send (CTS) and unicast DATA 

packets. The neighbouring nodes synchronize themselves 

using SYNC packets. The exchange of RTS/CTS between the 

two nodes facilitates for collision free communication. In this 

method, energy is conserved using low duty cycle, i.e., the 

ratio of listen time to a sleep time in a cycle. By putting 

sensors into sleep state, energy wastage can be controlled and 

which prolong the lifetime of a sensor network. But this 

policy also enhances the complexity on the design construct of 

the architecture of communication and protocols resulting into 

increased latency. 

3.3.4 Modified MAC Frames for Localization 

Some important frames are needed to avoid collision 

in channel access and they are RTS and CTS frames which 

need to be modified for localization combined with media 

access control protocols for WSNs. In this work the MAC 

protocols IEEE802.11 and S-MAC considered and integrated 

with proposed localization model. 

 

Figure 1 MAC Frame Header of IEEE802.11 and SMAC Protocol 

The Figure 1 (above) shows a MAC header for 

control packets. The control frames, the clear to send (CTS) 

and request to send (RTS) are modified which improve the 

performance of the CSMA/CA technique. Two different ways 

are proposed to implement the MAC‟s performance in 

collecting the location information from the anchors.  To 

support localization two types of modifications are made in 

MAC frames. There is added one more type in sub Type field 

of MAC frame and assigned a code 0001 (from reserved 

codes from 0000–1001 existing for this sub type field). Not 

changing the external frame so same RTS as shown in Figure 

2 shown below has been utilized. Similarly for CTS packet 

two fields Ax and Ay of 1 byte each which are optional fields 

to collect ranging data are proposed to be added. The Ax and 

Ay denote the x and y coordinate of anchor node A. The size 

of Ax and Ay depends upon the size of network which 

employs number of anchor nodes.  

 

Figure 2 RTS Packet for Localization 

Upon receiving the location requests the receiving 

anchor prepares the CTS packet  (CTS for localization 

purpose) as shown in Figure 3 (below) and by filing the Ax 

and Ay fields with its position it sends to node who has 

requested. 

 

Figure 3 CTS Packet for Localization 

Thus RTS and CTS packets are exclusively used to collect 

location information at the time location data is needed. In this 

implementation the existing RTS and CTS packets are slightly 

modified for localization. This consumes very little additional 

time and energy comparatively.  

The other way is to add one more flag in frame control as 

localization flag for the scenarios where continuous location 

information is needed for network specific application like 

routing and coverage. Upon receiving the RTS with 

localization flag set to „1‟ the location information is 

piggybacked to the data frame during data transmission. If 

time is a factor in real time localization application the 

exclusive CTS packets can be sent. In this implementation 

there is no requirement of ACK packet in any case. 

Restricting the number of anchors has been 

implemented in following way. Let the range of an arbitrary 

sensor is r and it is fact that the anchors nodes lying on the 

boundary may suffer from more environmental path loss and 

well as interferences from other nodes. But the nodes nearer to 

unknown nodes suffer lesser in comparison to anchors lying 

on the boundary and this also can be estimated about the loss 

of energy or equivalent distance of anchors from which 

location data is received. This way it puts a bound on numbers 

of anchors if unknown node is receiving location data from 

more than sufficient number of anchors to obtain optimum 

latency and accuracy desired by the application and this is 

also implemented at MAC layer checking. 

 For reducing losses of control packets and its 

retransmissions request and response packets of MAC frames 

are basically modified to collect localization data in efficient 

way. To achieve the MAC performance the neighboring nodes 

are synchronized using various timers for reducing collision 

from the other nodes communicating simultaneously. Rest of 

the S-MAC and IEEE802.11 are kept same. 

IV. PERFORMANCE ANALYSIS 
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The proposed localization model integrated with 

different standards of MAC protocols was simulated to 

analyse the performance of WSN over very popular NS-2 tool 

[36]. In addition to different modules of topography, radio 

channel and sensor node etc. available in simulator, some 

modules such as mobility and energy modules were added. 

Thus the performance of a defined wireless sensor network 

was analysed and presented using various graphical charts. 

The topographic area of 100*100 m
2 

was considered where in 

30 nodes to 80 sensor nodes were scaterred randomly . It was 

considered that area should not be densly populated as it 

requires energy in achieving synchronization. So, with ground 

reasons 30 nodes (as below this number anchors were not able 

to completely localize the whole area with random 

deployment) were initialy considered and increased in step of 

10 to minutely observe the performance of WSN. Increasing 

the number of nodes means more data and range probes 

exchanges i.e. needing more energy. Beyond 80 nodes 

performance was not improving appreciably but requiring 

more energy.  

4.1 The Localization Accuracy 

Here, localization accuracy is normalized with 

respect to its transmission range so that performance can be 

predicted for different sizes of networks and for varying 

transmission ranges of sensor nodes also. The average of 

mean errors is computed by averaging the errors occurred in 

positioning at different nodes of WSN application. This way 

average mean error was estimated and it was compared for 

localization without a MAC scheme and also with some 

standards MAC like IEEE802.11 and SMAC. Beyond certain 

density such as more than 80 nodes in above described 

scenario it was observed that sensor nodes were depleted early 

of their energy reserves with very little improvments in the 

positioning accuracy. Thus it was decided not to increase it 

further.  

In simulation anhor-to-node percentage was was kept 

at 25%. The increasing number of anchors betters the 

performance but to find optimum number of sensor nodes 

required to localize defined deployed area with acceptable 

positioning accuracy. In the analysis a threshold of node 

density is obtained which localize the network with acceptable 

positioning accuracy.  

From the Figure 4. it is concluded that the 

positioning accuracy obtained without a MAC protocol 

follows an uncertain path and is also not bounded by an upper 

limit which makes confidence interval undefined.This is 

important parameter for reliabilty of the localization of WSN. 

For localization with MAC schemes it is concluded that with 

increase in node density curve is approaching a deterministic 

path and upper bound is found at 0.35 R. With SMAC 

protocol the Figure 4. exhibits a path which is concave 

downwards. The localization algorithm combined with 

standards of SMAC protocol give better positioning accuracy 

by tuning various characterizing parameters of MAC protocol. 

 

Figure 4. Average Mean Error Versus Number of Nodes 

 

Figure 5. Average Mean Error Versus Number of Nodes with varied  
Duty_Cycle of SMAC. 

The Figure 5. shows that the positioning accuracy also 

changes with change in duty_cycle of SMAC. So duty cycle 

can be conformed to the application requirement.The above 

analysis considers the duty cycle from 1% to 20%. The 

average mean error is reduced significantly with a slight 

increase in the duty cycle of MAC protocol. So duty_cycle 

can be adjusted to give optimum positioning accuracy in a 

application. 

Conclusion: 

The above analysis shows that localization algorithm 

combined with MAC protocols, the obtained positioning 

accuracy may be achieved upto desired extent of the 

application by adjusting the various characterizing parameters 

of MAC. 

4.2 Scalability and Coverage: 

Enhancing the scalability of network owes to following 

reasons: 
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 To enhance the coverage of localization to 100% i.e. 

whole network (here 100% coverage means that all 

nodes whose positions are not known must be 

estimated by the proposed method). If it does not 

cover the whole network then number of sensors 

(anchor nodes) must be increased so that localization 

can cover or localize the whole network. 

 The second reason of enhancing the scalability is to 

enlarge the coverage of deployed network to cover 

more regions to capture or track the target data 

needed in monitoring and tracking applications. With 

the proposed localization module for a given specific 

deployed area the required node density can be 

calculated as shown in Figure 6. This also shows the 

average mean error (localization) which is estimated 

with required number of nodes in given specific area. 

Scalability is easily handled by clustering as explained in 

above section. The following Figure 6. shows the analysis 

which is carried out to determine the average node density of 

deployed area for achieving accuracy in acceptable range. The 

simulation was started with initial network size of 50x50 m
2 

and then the network size is increased in cluster of 25x25 

meter
2
. 

The accomodation of more number of sensors do not degrade 

the positioning accuracy in a specific given area by the 

proposed localization module as it is clear from Figure 6. 

(below). The reason behind this improvement is the control of 

MAC protocol which has put control on number of anchors 

(participating in position estimation) on the criterion of 

remaining energy level. This can also be improved with 

selecting nearest neighbouring sensors. In the following 

Figure 6. different areas of deployment were taken as 

50x50m
2
, 75x75m

2
 and 100x100m

2
 etc. and for each 

deployement area localization with and without MAC 

standards were implemented with varying node density from 

30 to 80. This is observed and concluded that localization with 

a MAC scheme improves the positioning accuracy with 

certain threshold of number of sensor nodes.  

 

Figure 6. Average Mean Error versus Number of Nodes in 2-D Area (XxX 

m2) 

Similarly, to anlyze the coverage of localization with and 

without MAC scheme, different area of deployment 

(clustered) were simulated and analysis is represented through 

following Figure 7. The result shows that clustered network 

with MAC scheme enhances the coverage area of localization 

within acceptable performance i.e. now larger area is localized 

with reduced error of positioning in comparison to without 

MAC scheme. 

 

Figure 7. Average Mean Error versus Network Size 

4.3 The Average Energy Consumption 

The Figure 8. shows average energy consumption by 

a sensor node in localization model integrated with a MAC 

scheme and without MAC protocol. From observed 

performance, it is obvious that using MAC scheme the energy 

consumption may be controlled significantly. With the needs 

and operational environment, the energy wastages can be 

controlled upto a significant extent. In the scenario same as 

above, the initial energy of a sensor node was assumed to be 5 

joule. The average energy consumed by a sensor node in 

localization is from 0.01 joule to 0.2 joule with node density 

from 30 nodes to 80 nodes respectively without MAC 

protocol. 

 

Figure 8. Average Energy Consumption (in joule) Versus Number of  Nodes 
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With the simulation carried with different MAC 

schemes, the observation shown in Figure 8. concludes that 

energy consumption may be reduced upto significant amount. 

The case of SMAC reduces the energy consumption from 0.20 

joule to 0.05 joule in case of 80 nodes in same network. The 

case of IEEE802.11 MAC protocol also reduces the 

consumption of energy for coarse network in comparison to 

without MAC protocol but for dense network it is not 

preferrable as more collisions results into more energy 

wastage.  

 

Figure 9. Average Energy Consumption Versus Duty Cycle of SMAC 

The above Figure 9. shows the analysis of consumption of 

energy by a sensor node which varies with varying duty cycle 

of sensor-MAC protocol. The analysis considered duty-cycle 

of SMAC from 1% to 20%. 

Conclusion: 

By optimizing senstivity of tansmitters and receivers 

energy consumption can be conserved. In the above analysis it 

is also observed that energy consumption is very sensitive to 

the parameters of MAC protocols. The values chosen for 

various interframe spaces such as difs, sifs, guard time also 

affects the energy consumption. So it must be adjusted to 

realize the optimum performamce. The duty-cycle of SMAC 

is very effective parameter to control the dissipation of energy 

in synchronization, idle listening etc.   

V. CONCLUSION AND FUTURE SCOPE 

In this work a range based localization model is enhanced for 

better positioning and performance of wireless sensor 

network. This proposed model of localization is basically 

integrated with a media access control algorithm which results 

into better performance of a sensor network. The simulation 

study shows that values of various characterizing parameters 

of the MAC protocol conforming to specific application 

improves the performance of WSN and also reduces energy 

dissipation in wireless sensor network which contribute 

significantly in enhancing the life of sensor network. This way 

a multi hop wireless sensor networks necessitates usage of a 

MAC as it is instrumental to optimize the resource utilization 

of a constrained resources of a sensor node. In future, an 

optimized media access control protocol must be designed for 

localization of a WSN to realize better positioning accuracy 

with optimization of resources of wireless sensor network. 
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