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 

Abstract: Node localization is an important problem considered 

among the researchers in the area of Wireless Sensor Networks 

(WSN). The WSN is formed by a group of sensor nodes having 

limited energy and other resources that transfers data among each 

other or to a base station in an ad-hoc fashion. The estimation of 

the geo location (co-ordinates in the two-dimensional space) of 

the sensor nodes is essential for ensuring the QoS within the 

network. The different applications of WSN require varied level of 

accuracy in the estimation of the location of the sensor nodes. 

Different localization schemes are adopted in the literature for 

better estimation of the node location and each of them has both 

merits and demerits. This paper focuses on analyzing the different 

node localization mechanism used in the WSN and to identify 

various issues and challenges in the estimation of the node 

location. This paper also proposes an optimal approach with less 

computational effort and high accuracy in prediction based on 

trilateration algorithm and the RSSI (Received Signal Strength 

Indicator) values extracted from the target nodes antennas. The 

network is segmented in to different blocks of unequal size and the 

block number in which the node is present will be identified using 

the naive bayes classifier. 

Keywords: RSSI, naive bayes classifier, trilateration, node 

localization, wireless sensor network 

I. INTRODUCTION 

In the future applications of wireless communication 

network, the accurate and less computational, and reliable 

real time estimation of the location of sensor node and 

location-based services are essential [1, 2]. At present the 

WSN are employed for variety of applications including 

monitoring of natural resources and environment, object 

tracking, and others. In all the applications the role of sensor 

nodes is to sense the respective environment, collect the 

required data, and forward it to the base or control station 

respectively. In geographic routing protocols and some of the 

hierarchical clustering approach the estimation of the sensor 

nodes location is very essential [3, 4]. The problem of node 

localization has been studied exhaustively in the recent years 

and majority of the literature  
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follows an anchor node-based approach by which the position 

of those nodes are estimated using sophisticated  

GPS device or mathematical estimation [5-7]. The normal 

sensor nodes calculate their position based on their distance 

with respect to the anchor nodes using triangulation or 

multi-lateration schemes. A small proportion of anchor nodes 

in the network are used to estimate the position of the other 

neighboring nodes with satisfactory level of accuracy [8-9].  

The localization methods proposed in the literature can be 

broadly categorized in to range-free and range-based 

approaches. The categorization is done based on whether the 

distance between the nodes has to be measured before 

estimating the location of the nodes. The range based 

approach includes trilateral, multilateral, DEP, and other 

algorithms. The multilateral algorithm gives more accurate 

estimation of location of the nodes and it is most widely used 

range based estimation algorithm [10]. Based on the distance 

between the anchor and unknown nodes and the least square 

method the position is estimated. The selection of anchor 

node will have a great impact on the accuracy of the estimated 

position. The range-free approach includes centroid 

localization, distance vector hop, and approximate point-in 

triangulation test algorithms. The centroid algorithm [11] 

depends on the topology of the network which is influenced 

by the communication range of the nodes present in the 

network. In practice various factors disturb the range of the 

nodes in the network and eventually the accuracy of the 

estimation will become poor.  The APIT algorithm [12] 

iteratively explores the unknown area and determines the 

relationship between the sensor nodes and the neighboring 

anchor node. When the network is sparsely connected the 

APIT algorithm cannot be employed to detect the location of 

the nodes. The information of each anchor node is collected 

through distance vector routing protocol in another popular 

localization algorithm called as DV-Hop algorithm [13].  The 

work in [14] compares the results of the APIT and the 

DV-HOP algorithm based on various parameters and the 

results showed that the DV-HOP algorithm is performing 

better when compared to its counterpart irrespective of the 

count of the anchor nodes. When the hop count between the 

anchor node and the sensor nodes are increased then the 

accuracy of the estimated location starts declining. 

 The architecture of WSN can be considered as a weighted 

undirected graph where the distance between the adjacent 

nodes is considered as the weights of the edge connecting the 

nodes. The MDS algorithm accepts this distance matrix as an 

input and utilizes Floyd algorithm to estimate the shortest path 

between any two given nodes.  

The accuracy of the algorithm 
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is linearly proportional to the hop count between the nodes. 

The location estimation accuracy will be poor when the hop 

count is larger. The range-based location estimation 

approaches requires sophisticated hardware and exhibits high 

accuracy. Majority of real time applications employs 

range-based algorithms. 

This paper focuses on estimating the location of the target 

nodes in two levels. Initially the network is segmented in to 

blocks and the nodes are labeled according to their blocks. A 

naive bayes classifier is trained with the labeled data to 

identify the block number of the target nodes based on the 

RSSI values extracted from the antennas and based on the 

measured distance from the RSSI values the exact location of 

the nodes are determined using the trilateral algorithm. 

II. LITERATURE REVIEW 

Some of the literatures have combined the range based and 

the range free approaches along with the heuristic 

optimization algorithm for estimating the location of the 

nodes in the network. The objective of these combined 

approaches is to build an optimal location estimation model 

using the hop count and distance information between the 

nodes. Then using the optimization algorithm (heuristic) an 

optimal solution will be calculated by iteratively redefining 

the parameters of the location estimation model. Few of the 

optimization algorithms used in such literatures includes 

Artificial Fish Swarm Optimization (AFSA) [12], Particle 

Swarm Optimization (PSO) [14] and Flower Pollination 

Algorithm [13]. For a real time application these heuristic 

algorithms are not suitable since they are computationally 

expensive and consume more time in a centralized location 

estimation scenario. The heuristic algorithms greatly rely on 

the initial parameters and they may adversely affect the 

performance of the algorithm. 

Ultra-wide Band (UWB) is a technology for transferring the 

data between transmitter and receiver through an extremely 

short nanosecond pulses and does not uses any carrier signal. 

UWB is characterized by low transmission power, and 

resistance to antifading. The ranging techniques can be of 

following types Time of Arrival (TOA), Time Difference of 

Arrival (TDOA), Received Signal Strength Indication 

(RSSI), and Angle of Arrival (AOA). The TOA based 

approach requires the clock signals to be synchronized and 

the hardware requirements are expensive. TDOA works on 

the principle of using transmission speed difference for 

measuring the distance between the sensors. The ranging 

accuracy is higher and requires an ultrasonic launcher. AOA 

works based on the angle information extracted from the 

antennas. RSSI measures the distance between the nodes 

based on the loss of power of wireless signal during 

transmission. RSSI approach does not require any additional 

hardware equipment’s but rather the embedded chip in the 

sensor has the potential to estimate and transmit the signals. 

Also, when compared to the range-free algorithms the RSSI 

based estimation has merits. 

Consider a large-scale network with anchor nodes distributed 

and lying on the edges and there is limitation in the 

transmission range. The location of all unknown nodes cannot 

be estimated by 1-D multilateral algorithm. Due to this the 

nodes must be re-arranged in a hierarchical order and then the 

multilateral algorithms can be used to estimate the position of 

the nodes. When the position of the node is estimated then 

they can be considered as another anchor node. Until all the 

geographical position of the nodes is estimated, the 

multilateral algorithm works in an iterative procedure and 

generates a cumulative error. When the level of the nodes is 

higher, then the cumulative error magnitude will also be 

higher.  

III. PROBLEM STATEMENT 

Let there are N nodes in a WSN and they are labeled as 

1,2,….,Nin a 2-D space and the location of M nodes out of N 

total sensor nodes is known where (M<<N). Then the location 

of N-M nodes has to be estimated. Using the RSSI signal the 

distance between a node and its neighboring nodes can be 

estimated. The distance between the nodes is termed as . 

Let denotes the real 

coordinates of all the sensor nodes. denote the set 

of anchor nodes. The position of the anchor nodes will be in 

the edge of the network area. The average localization error is 

measured using the mathematical equation given below where 

R is the transmission range of the node in the network. The 

aim is to reduce the average location error and estimate the 

position of the individual nodes more accurately. 

 

EQ. 1 

One of the most important characteristics of wireless 

transmission is that when the transmission distance is 

increased then the signal starts attenuating. The log-normal 

shadowing model is used to generate RSSI sample as a 

function of distance measured in RF channels [15].  

 

EQ. 2 

Where PR  -received signal power 

PT – transmission Power 

PL(d0) – Path Loss  

d0 – reference distance 

 – Path loss exponent 

 - Gaussian noise whose mean is zero and standard 

deviation is . 

IV. METHODOLOGY 

The location estimation problem is solved using a 

probabilistic approach based on naïve bayes classifier.  

The trained naïve bayes classifier classifies the RSSI 

measurements in to certain block of the network area. The aim 

is to locate the position of the node within the network area 

instead of finding the two-dimensional coordinate.  

The block information for each corresponding RSSI vectors 

was saved earlier during offline phase. The classifier maps the 

given RSSI vector input to a block number in the network 

area. The block number is treated as class and the RSSI vector 

forms the input to the classifier. 

 

EQ. 3 

The posterior 

probabilityP(R|v)is estimated 
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based on the P(R) the prior probability, P(v|R) the likelihood 

function which determines the observing the pattern v in case 

of node being in block R, and the P(V) termed as the evidence 

which follows a normal distribution with mean  and the 

standard deviation . The naïve bayes classifier requires less 

computational efforts and accepts input that has conditional 

independent features. The probability of a node being in a 

block of network can be estimated based on the estimated 

RSSI values as follows: 

 

EQ. 4 

The naïve bayes does calculates the probability of node being 

in each of the block and the required output is the block 

number whose the probability is higher. 

 

EQ. 5 

The mathematical relationship between the RSSI expressed in 

dBm and the distance between the anchor and the sensor 

nodes. The power of the received signal PR, can be estimated 

using the power of transmitted signal PT, the gain of antenna 

in the receiver GR, the gain of antenna in the transmission end, 

the wavelength of transmitted signal , the distance d  in 

meters and the signal propagation constant nbased on the 

mathematical formula given below. 

 

EQ. 6 

By converting the terms in watts to dBm then the equation 

above is rewritten as  

 EQ. 7 

Based on the above form of the equation the case of a 1-meter 

reference distance the relationship among the distance 

between the nodes and the received power can be expressed 

as  

 
where A denotes the power of the received signal in dBm with 

two antennas separated apart in 1m distant and n denoting the 

loss parameter. The distance d can be calculated easily as  

 
The parameter A depends upon the physical properties of the 

communication device and the value of n is constant and fixed 

to be equal to 2. For outdoor environment the value of A and 

nneed to be found empirically where the channel may suffer 

due to fading and path-loss. The value of A and nare estimated 

by collecting the RSSI values between the two nodes 

separated at different distance. The plot shown in Fig. 1 below 

presents logarithmic interpolation of RSSI values estimated 

as per the above equation.  

 
Fig. 1 Plot of logarithmic Interpolation of RSSI values 

V. V. EXPERIMENTS & RESULTS 

The sensor nodes are Based on the RSSI values the distance di 

is estimated and as per the Trilateration algorithm circles 

centered around the anchoring nodes are computed. The 

radius  is assumed to be equivalent to . The target nodes 

lies exactly at the intersection of the circles as presented in 

Fig. . 

 
After estimating the centre of the circles and its respective 

radius then the equation of the circle is mathematically 

represented as in Eq. 

 
Fig. 2 Distribution of Anchor node and sensor node 

The intersection of the three circles can be calculated by 

solving  

 
If the radius riis not estimated accurately instead of an 

intersection point an area will be extracted or they may not 

intersect at all. Then two more circles are drawn centered 

around the anchor nodes, radius are increased till the circles 

intersect. For accurate estimation of the sensor nodes 

location, multiple antennas are used on the target nodes. The 

antennas are separated by the 10cm and the RSSI values are 

read from the antennas alternatively.  

The average of the two RSSI measurements is given as input 

to the localization.  
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VI. CONCLUSION 

This study reviewed different ranging algorithms and 

proposed a localization scheme using probabilistic approach 

and trilateral algorithm. The RSSI values are accurately 

measured by using multiple antennas in the sensor nodes. The 

RSSI values are later used to compute the distance between 

the anchor nodes and the target nodes. For measuring the 

exact location of the target nodes trilateral algorithm is 

adopted and whose accuracy greatly relies on the accuracy of 

the estimated radius of the circles around the anchor nodes. 

The naïve bayes classifier predicts the block number with less 

error and the training the classifier does not require much 

labeled data i.e. with less number of training samples model 

learns to classify the location of the target nodes in the 

network area. In overall the accuracy of the results are found 

to be accurate when compared to the results in the literature. 
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