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Abstract—It is often useful to know the location of nodes in 
wireless sensor network, but GPS enabled sensor nodes can be 
expensive. In this paper, we studied and analyzed Senelex 
(Sensor Network Localization Explorer). We have explored the 
self-localization performance for arbitrary sensor network 
based on Cramer-Rao bound. This Paper presents the analysis 
of range based schemes on the basis of few network parameters 
(Network Size, Anchor node Density, Array node density) with 
the metric Standard Deviation of localization error. Lesser the 
deviation greater the accuracy, thus all the network parameters 
show their own characteristics. 
 
Keywords- Localization, Range based schemes, Wireless Sensor 
Networks, Network Parameters. 

I.  INTRODUCTION 
Wireless sensor networks (WSNs) have shown a 

remarkable growth with the advancements in Micro-Electro-
Mechanical Systems (MEMs) technology [1]. The   
deployment   of   small, inexpensive, low-power, distributed 
sensor nodes which are capable of local processing and 
wireless communication has found many applications in the 
field of military, agriculture, disaster management etc [2]. 
Each node consists of processing capability (one or more 
micro controllers, CPUs or DSP chips), may contains multiple 
types of memory  (program, data and flash memories), have a 
RF transceiver (usually with a single omni- directional 
antenna), have a power source (e.g., batteries and solar cells), 
and accommodate various sensors and actuators. These nodes 
have the ability to measure a given physical environment i.e. 
pressure, temperature, moister etc in great detail. These nodes 
communicate wirelessly and often self-organize after being 
deployed in an ad hoc fashion. 

In sensor networks, nodes are deployed into an unplanned 
infrastructure where there is no a priori knowledge of 
location. The problem of estimating spatial-coordinates of the 
sensor node is referred as localization. It is the process of 
assigning or computing the location of the sensor nodes in a 
sensor network. Localization methods usually follow a three-
phase localization model [3]. 

1. Distances between unknowns and anchor nodes are 
calculated. 

2. For each node derive a position from its anchor distances. 

3. Refine the estimated node positions using information 
about the range (distance) to, and positions of, 
neighboring nodes. 

In the first phase, each sensor node first uses its 
communication capability to obtain some measurements such 
as Time of Arrival (TOA) to its neighbors to estimate the 
single-hop distances and then estimates multiple-hop 
distances to anchor nodes using methods such as a distributed 
shortest-path distance algorithm. In the second phase, each 
sensor node uses methods like triangulation to estimate its 
location using distances to three or more anchor nodes. In the 
third phase, each sensor node fine-tunes its location according 
to the constraints on the distances to its neighbors. 

Another way of considering sensor networks is taking the 
network to be organized as a hierarchy with the nodes in the 
upper level being more complex and already knowing their 
location through some technique (say, through GPS).  These 
nodes then act as beacons or Anchors, by transmitting their 
position periodically. The nodes, which have not yet inferred 
their position, listen to broadcasts from these beacons and use 
the information from beacons to calculate its own position. 

II. RELATED WORK 
Localization is a well established problem in sensor 

networks, and many approaches have been developed in the 
literature. Eren [4] provide a theoretical foundation for 
network localization in terms of graph rigidity theory. They 
show that a network has a unique localization if and only if its 
underlying graph is generically globally rigid. In addition, it 
supports a certain subclass of globally rigid graphs, 
trilateration graphs that can be constructed and localized in 
linear time. Most of the proposed localization techniques 
today, depend on recursive trilateration/multilateration 
techniques. Trilateration is a geometric principle which allows 
us to find a location if its distance from other already-known 
locations are known. 

 
Savvides derive the Cramer-Rao lower bound (CRLB) for 

network localization, expressing the expected error 
characteristics for an ideal algorithm, and compare it to the 
actual error in an algorithm based on multilateration [5] 
which  draws the important conclusion that error introduced 
by the algorithm is just as important as measurement error in 
assessing end-to-end localization accuracy. 

 

Niculescu and Nath also applied the CRLB to a few 
general classes of localization algorithms and their 
“Euclidean" method depends on the trilateration primitive 
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[6]. An another study was done by Patwari using one-hop 
multilateration from reference nodes in a physical experiment 
using both received signal strength (RSS) and time of arrival 
(ToA) [7]. 

Quantized received signal strength indicator along with 
the Cramer-Rao lower bound is used for analyzing 
localization problem [8]. The effect of quantization level and 
network configuration parameters on the lower bound of 
localization error variance is described in this paper and the 
relationship between network configuration and localization 
accuracy is explained. 

In this paper we have attempted to analyze three 
algorithms i.e Time Algorithm, Angle Algorithm, and RSS 
Algorithm These are three principles of range-based we have 
tried to show the relationship between them and statistically 
evaluated based on Standard deviation. 

 

III. LOCALIZATION SCHEMES 
 Broadly localization techniques can be classified in two 

main categories i.e. Fine-grained (range-based) and Coarse-
grained (range-free). They differ in the information used for 
localization. Range-based methods use range measurements, 
while range-free techniques only use the content of the 
messages. 

In range-based localization, the location of a node is 
computed respective to other nodes in its vicinity. Range-
based schemes use various techniques to first determine 
distances between nodes (range) to (a number of) their 
neighbors and then compute location using geometric 
principles. They require more sophisticated hardware to 
measure range metrics such as Time of Arrival (TOA), Time 
Difference of Arrival (TDOA), Angle of Arrival (AOA) and 
Received Signal Strength Indicator (RSSI).  The accuracy of 
such estimation, however, is subject to the transmission 
medium and surrounding environment. 

Range-free localization never tries to estimate the absolute 
point-to-point distance based on received signal strength or 
other features of the received communication signal like 
time, angle, etc. Instead of that only proximity (connectivity) 
information is available. A node is in the position to detect its 
neighboring nodes, but it does not possess any information 
regarding its distance to them, except perhaps an upper 
bound of it implied by its detection capability range.  This 
simplifies the hardware requirement. 

A. Time of Arrival (TOA) 
The distance between the receiver node and a reference 

point is determined by the time of flight of the communication 
signal. In the Time of Arrival (ToA) approach, all sensors 
transmit a signal to their neighbors of a given, predefined 
velocity V that is the same for all sensors.  They, in turn, each 
send a signal back to them.  A node i estimates its distance to 
a neighbor j using the following formula:[9] 

 dij = 2-1 [( Ti
rec – Ti

tra) – (Tj
rec – Tj

tra)  (1)  

where Ti
rec and Ti

tra are the time of transmission and reception 
respectively, of the signal at node i and Tj

rec and Tj
tra 

accordingly for node j. 

 
Fig.1 Range Estimation - Time of arrival method [9] 

After measuring the distance the usual method of trilateration 
is used for finding the position of the sensor. 

B.  Angle of arrival (AOA) 
The Angle of Arrival (AoA) technique is also referred as 

Direction of Arrival (DoA). It estimates relative or absolute 
angles between neighbors. AOA is defined as the angle 
between the propagation direction of an incident wave and 
some reference direction, which is known as orientation. We 
can define Orientation as a fixed direction against which the 
AOAs are measured, is represented in degrees in a clockwise 
direction from the North. When the orientation is 00 or 
pointing to the North, the AOA is absolute, otherwise it is 
relative. One common approach to obtain AOA 
measurements is to use an antenna array on each sensor node. 
Techniques to detect the angles between nodes are discussed 
in [8].  

 
Fig.2. Angle of Arrival [8] 

 

The idea behind this is to use antenna array to measure 
direction of neighbors. Special landmarks have compass plus 
GPS, these landmarks broadcast location and bearing. Flood 
beacons, update bearing along the way. Once bearing of three 
landmarks is known, position is calculated. This method 
requires additional hardware and is expensive to deploy in 
large sensor networks. 

C. Received Signal Strength Indicator (RSSI) 
The energy of the radio signal, viewed as an 

electromagnetic wave, decreases as it propagates in space.  
This means the signal strength decreases as the wave moves 
forward, this decrease in signal strength is reverse 
proportional to the square of the distance travelled. It is given 
by the formulae  

 Signal Strength 2
1

d
∝  (2) 
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The Characteristics of RSSI Measurement is its Lower 
configuration cost than other methods and Larger error 
because of the variation of RSSI by the environment (Radio 
interference, Obstacles (persons, walls), Individual 
differences of transmitters and receivers (antenna type, 
transmission power) etc). Multi-path fading, background 
interference, irregular signal propagation makes estimates 
inaccurate. 

IV. PROBLEM STATEMENT 
On the basis of three network parameters (Network Size, 

Anchor node Density, and Array node density) we gave tried 
to analyze the three methods of range-based localization 
(TOA, AOA and RSSI) on the metric of standard deviation. 
We have also tried to find out from the analysis, the 
algorithm, which gives good performance and having less 
standard deviation from the mean localization error. This 
MATLAB based tool uses CRB as a benchmark to analyze 
different localization algorithms.  

V. SIMULATION & EVALUATION 
The simulation is done in Senelex i.e. The Sensor 

Network Localization Explorer, which can be run in 
MATLAB environment. The Localization GUI requires 
MATLAB version 7.x and greater and the Optimization 
Toolbox to run properly. This tool is provided by OHIO 
STATE. The sensor network self-localization GUI allows the 
user to explore self-localization performance for arbitrary 
sensor networks as predicted theoretically by the Cramer-Rao 
bound and through simulation.   

As it is shown in the figures the GUI used for creating the 
network. After creating network the particular range 
determination algorithm is selected and the localization is 
done. An example is shown in the figure 3 and 4. 

 
Fig.3. Sensor Network before Localization 

Fig. 3 shows a network of sensor node in which 4 anchor 
nodes are placed at the corner and rest other array nodes are 
placed within the area 200m x 200m. 

Fig. 4 shows the localized result of the same network after 
applying range-based RSS scheme.  

 
Fig.4. Sensor Network after Localization 

The simulations of each range-based scheme are done on 
each network parameters. The output of each simulation is 
stored into a MATLAB .m file. Then on each .m file the 
performance metrics is applied and the result is calculated. 

The criterion by which we evaluate the performance of 
the algorithm is how the computed localization differs from 
known true value. This Localization error (LE) is expressed 
as  

 
 ( )estXXXLE −=)(   (3) 
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Where N is the number of nodes, X  and Y  composes 

the true position of node.  estX  & estY   compose the 
estimated position of node. Equation 5 & 6 gives the mean of 
the localization error. Equation 11 shows the variance error 
and is defined as the “average of squared difference from 
the mean”.  
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Let 2
kXσ and 2

kYσ be the error variance of estimating 

kX and kY , respectively. We have computed the root-mean 
squared location error variance or Standard Deviation of each 
network, SD (σ), by formulae:  

 2)( XYSD σσ =   (12) 

The value SD(σ) gives the average lower-bound variance in 
errors of estimated sensor node locations. The smaller SD(σ) 
the higher confidence we have on the localization result 
generated by a localization algorithm.  

VI. RESULTS & ANALYSIS 
Several network parameters affect the localization error 

variance. Studying the effects of those parameters can give 
us insights on setting up sensor networks to achieve best 
localization accuracy. In this section, we will discuss the 
effects of network size, network density, anchor node 
density, on localization error variance using simulation. 

A.  Network Size 
We have investigated how the localization error variance 

changes as the network scales in overall size. We evaluate 
SD(σ) for a number of networks with a fixed density and a 
fixed percentage of anchor nodes but with varying sizes. Such 
networks can be generated by increasing the area the network 
occupies while increasing the number of sensor nodes one has 
to keep the node density constant.  

For this experiment the network size is increased from 
50x50 m2 to 200x200 m2 in area. The anchor nodes and the 
array nodes are also increased in the same ratio to keep the 
node density constant. For example in the area of 50x50 m2  
the nodes are in the ratio of 4 anchor node and 8 array node, 
this means the ratio is 1:2 and the density (nodes per unit 
area= (12 nodes)/(50m*50m)) is 0.0048. When the area is 
increased to 75x75 m2 the anchor nodes and array nodes are 
also increased to 9 and 18 respectively. Thus the ratio of 
anchor and array is same i.e. 1:2 and the density is also 
0.0048( (27 nodes)/(75m*75m) ).  The total numbers of nodes 
are increased from (12 nodes)/(50m*50m)  to (192 
nodes)/(200m*200m) keeping the node density constant as 
0.0048. 

Now the above result varies when we change the position 
of sensor nodes. This means the same number of anchor node 
and array node gives different result if placed differently. To 
reduce the positional effect the same network is created many 
times by placing the nodes in different fashion, and the mean 
standard deviation is considered as standard deviation for that 
network. 

 Ideally the SD (σ) increases with the increase of network 
size, which indicates that network size is a negative factor in 
localization accuracy. But the results in Fig. 5(a) & 5(b) shows 
that SD(σ) increases when the network size increases till a 
certain point after that it starts decreasing if we are keeping the 
density constant. As the Angle algorithm is hiding the details 
of Time and RSS schemes, Fig. 5(b) is drawn for showing the 
details of Time and RSS only. 

 
Fig. 5a Effect of network size 

 
Fig. 5b Effect of network size 

If we compare all the three schemes of range-based it is found 
that the time algorithm gives less deviation from localization 
error, means it provides better accuracy. 

B. Array node Density 
Network density or node density, dn, is characterized as 

the number of nodes per square meter. To generate a network 
of a density, dn, we generate a ∗ dn nodes placed in the grid 
network of area a i.e. we placed 14 nodes in the area of 100m 
ҳ 100m at the beginning. We generate 5 networks for each 
density value and compute the average of SD (σ)’s for those 
networks as the value of SD (σ) for that network density. 

Starting with 10 array nodes and four source nodes placed 
at the corner of boundary, we moved to 40 array nodes with 
the same 4 source nodes. This means that only array nodes are 
increased keeping the source or beacon node constant. The 
four source nodes are always kept at the corner of the 
boundary and the rest of 10 arrays are placed at random 
within the boundary. This scenario is changes 5 times and the 
mean SD is calculated. This mean SD is used for the 
preparation of the graph. 

Ideally the SD (σ) should decrease when density is 
increasing. This means higher the node density lowers the 
deviation from the localization error. This means to maintain 
a lower SD(σ), a large number of nodes are needed to 
counteract the effect of increasing network size. 

The simulation also shows that SD (σ) decreases when 
density increases. As shown in fig 6a the angle algorithm is 
showing little fluctuation. Sometime it is increasing and 
sometime it is decreasing. But fig 6b shows that in the case of 
Time and RSS both the SD (σ) decreases when density 
increases. The fig 6b also explains that Time algorithm is the 
best suited to lower the SD (σ). 

ISBN 978-89-5519-154-7 193 Feb. 13~16, 2011 ICACT2011



 
Fig. 6a Effect of array node density 

 

 
Fig. 6b Effect of array node density 

Here also if we compare all the three schemes it is found that 
the time algorithm gives less deviation from localization 
error, means it provides better accuracy. 

C. Anchor node Density 
What will happen if number of anchor nodes in a 

particular area is increased, this has been investigated by 
generating 5 networks for each density value and computing 
the average of SD (σ)’s for those networks as the value of SD 
(σ) for that network density. Starting with 35 array nodes and 
two source nodes placed at random on fixed area of 100m ҳ 100m, we moved to 10 source nodes while keeping the array 
node constant. This means for all the networks the number of 
arrays are 35 and the number of source nodes are increased 
gradually as 2, 3, 5, 7 and at last it is 10 in the same 
geographical area of 100m x 100m. 

 Ideally SD (σ) decreases significantly as the density 
of anchors increases before a saturation point, and it remains 
constants after the saturation point. The result of simulation 
shows that SD (σ) is very much fluctuating in the case of 
Angle algorithm as it is shown in the Graph 7a. But in the 
case of RSS and Time it follows the ideal behavior. It is 
shown in Graph 7b.  The standard deviation decreases with 
the increase of anchor nodes. This means if the number of 
aware beacon nodes are increased it decreases the deviation 
and increases the accuracy. 

 
Fig. 7a Effect of Anchor node density 

 

 
Fig. 7b Effect of Anchor node density 

In the case of anchor node density also it is found that the 
time algorithm gives less deviation from localization error. 
This can be seen by analyzing Graph 7a and 7b. 

VII. CONCLUSION   
Sensor networks are a collection of large number of low-

cost, low-power, multifunctional, and small sensors and 
Localization is a fundamental problem of deploying wireless 
sensor networks for many applications. The localization can 
be mainly range-based or range-free according to the 
mechanism used for determination of location. 
 Although many algorithms have been developed to 
solve the localization problem, the fundamental 
characterization of localization error behaviors still needs to 
be studied. In this paper, we have analyzed variance of 
localization errors of the range-based algorithm and have 
studied the effects of network parameters on localization 
accuracy, which provides us insights on how to set the 
controllable parameters of a sensor network for the best 
possible localization accuracy.  

Simulations and experiments show the relationship 
between standard deviation and network parameters of a 
network to localize itself. At last we would like to conclude 
that for most of the network parameters (network size, node 
density and source node density) the range based Time 
Algorithm provides the lowest deviation from the mean 
localization error.  This means lower the SD (σ) better the 
accuracy. So in comparison to RSS and angle one should use 
Time Algorithm for localization purpose. 
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