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Abstract: Localization based on RSSI technology has been widely used because of low peripherals 
requirements, less cost and easy-to-use. With the rapid development of intelligent transportation, how to provide 
more efficient and safer driving environment has become the most important issue. The highway localization 
system is an important part of the entire intelligent traffic system. According to the characteristics of the high 
way environment localization, RSSI algorithm suits the best. However, the RSSI algorithm has some 
shortcomings inherently; therefore, in order to improve localization accuracy, this paper introduced the real-time 
environment factor and the distance-difference weighted centroid localization algorithm into the traditional 
weighted centroid algorithm. The simulation has proven that localization accuracy is enhanced by the distance-
difference weighted centroid localization algorithm. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the rapid development of wireless sensor 
networks (WSNs), it is getting popular with its 
unparalleled advantage and powerful function. 
Wireless sensor network not only has the advantage 
of simplicity, high efficiency, but also has the 
advantage of fast network build-up [1], high network 
expansion capacity and other special functions. 
What’s more, the network composed with wireless 
sensors is wireless. In other words, it doesn’t need 
any wire. 

Therefore; it can greatly reduce the cost. At the 
same time, wireless network has strong transmission 
capacity, which promises a robust network. These 
characteristics make wireless sensor networks a 
large-scale application in the field of intelligent 

transportation. As an indispensable part of the 
intelligent transportation system, the highway 
localization system provides an important guarantee 
for intelligent highway management and  
traffic safety. 

The existing WSN localization algorithms can be 
sort into two categories according to localization 
mechanism: one is distance-based localization 
algorithms and the other is distance-free [2-4]. The 
distance-based localization algorithms are mainly 
consisted of RSSI (Received Signal Strength 
Indicator), AOA (Angle of Arrival), TOA (Time of 
Arrival) and TDOA (Time Difference of Arrival). 
The distance-based localization algorithms have 
higher localization accuracy, meanwhile, it also have 
higher hardware requirements. Therefore, it is 
vulnerable to environmental change. Adversely, the 
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distance-free localization algorithms realize the 
localization function according to the information of 
both network connectivity and anchor node. Typical 
distance-free localization algorithms are mainly 
consisted of DV-Hop, PIT and centroid localization 
algorithm. Their network models are consisted of 
anchor nodes and unknown location nodes. 
Therefore, there is no need for network infrastructure 
(base station, GPS, satellite) support. The accuracy 
and convergence speed of distance-free localization 
algorithms is dependent on estimation accuracy of 
each hop distance. 

 
 

2. Localization Methods  
 
The function of highway RSSI localization 

system is to determinate vehicle position via wireless 
sensor network. The anchor nodes which serve as 
location beacon is arranged along the both sides of 
highway. These anchor nodes help with localization 
blind nodes on vehicle. Because the RSSI 
localization just only need to measure the received 
signal strength. Therefore, we can reduce the network 
connectivity to minimize the number of sensors in 
each localization unit for the cost considering. 

The principle of RSSI localization algorithm is 
measuring the received signal strength between two 
points, according to the signal strength to determine 
the distance between two points. And then, determine 
the mobile station location in reference to the 
location of known anchor nodes. The received signal 
strength is a formula of a transmission power and the 
distance of the transmitter and receiver: 

 

 dnARSSI 10log10 •−= , (1) 
 

In formula 1, A stands for the received signal 
strength at a distance of 1 m. away from the 
transmitter, it can be determined by the 
corresponding RSSI value. d stands for the distance 
between the transmitter and receiver. n stands for 
signal propagation constant. The constant is closely 
related to environment. 

 
 

2.1.  Environmental Factor Measurement 
Algorithm 

 

The environmental factor is a parameter which is 
closely related to the weather and natural 
environment. In common condition, the 
environmental factor is directly given by experience. 
In outdoor environment, the value usually fluctuates 
between 1.4 and 5.4. However, it can’t completely 
represent the current environment. In order to 
overcome this shortcoming, we use the mean value of 
several real-time environmental factors as the final 
environmental factor. 

The logarithmic distance-attenuation model is 
suitable for both outdoor and indoor environment. 
Expression of the model is [5]: 
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In formula 2, d stands for the distance between 
transmitting node and receiving node, the unit is m. 
d0 stands for reference distance (usually,  
d0 =1 m), the unit is m. PL(d) stands for the signal 
attenuation after travelling the distance of d. PL(d0) 
stands for the signal attenuation after travelling the 
reference distance (d0). n stands for path attenuation 
index, it is related to environment, namely, 
environment factor; δ stands for Gauss distribution 
which average is 0 and the standard deviation is in 
the range of 4 to 10. 

Define that: 
 

 ( ) dt -d PPP L = , (3) 
 

In formula 3, Pt stands for signal transmitting 
power, the unit is dB; Pd stands for signal receiving 
power at the distance of d meters away from the 
transmitter. 

Because the average value of Gauss distribution 
is δ=0, then: 
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In formula 4, 
idP stands for average receiving 

signal power of the with beacon node; dij stands for 
the distance between the with beacon node and the jth 

transmitter; 0P  stands for average receiving signal 

power at a distance of 1m away from the transmitter. 
Because of Pdi, dij, P0 can directly measured. Hence, 
we can measurement them for times and calculate the 
average value. This algorithm will significantly 
enhance the localization accuracy. 

When an unknown node needs localization, 
beacon nodes around the unknown node send the 
average value of environmental factor to the 
unknown node, by using the average value of 
environmental factor; it can reduce the localization 
deviation. 
 
 

2.2. Advanced Weighted Centroid Algorithm 
 

Centroid localization algorithm is simple and less 
computational complexity. But it doesn’t take the 
influence of beacon nodes that distribute in different 
places into consideration. Therefore, localization 
accuracy is not ideal. Traditional centroid algorithm 
means that the distance of all beacon nodes to the 
unknown node is the same within the range of single 
hop [6]. 

The principle of centroid localization algorithm 
is: In a fixed interval of time, the beacon nodes 
broadcast its coordinates and ID numbers to 
surrounding nodes. In a fixed interval of detection 
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time, when the unknown node receives the signals 
which comes from the surrounding beacon nodes 
exceeds a preset value, which means they are 
connected each other, the unknown node and 
surrounding beacon nodes form a polygon and its 
geometric centroid is the coordinate of the  
unknown node. 

In fact, some beacon nodes are much closer to the 
unknown node than the others. In other words, 
different beacon nodes have different weights. It can 
use the following weighted centroid algorithm to 
estimate the coordinate of the unknown node: 

 

 

( )







=

=

=

=

=
N

N

N

N
YX

YX

1i
i

1i
ii

1i
i

1i
ii

w

w

w

w

, (5) 

 

In formula 5, Wi stands for the weight of the with 
beacon. 

When carry out the traditional weighted centroid 
localization algorithm, the weight of beacon nodes 
usually equals to the reciprocal of distance. In order 
to improve localization accuracy, here we propose a 
distance-difference weighted centroid localization 
algorithm. This algorithm calculates the maximum 
and minimum distance between the beacon nodes and 
the unknown node; meanwhile, it weights different 
beacon nodes according to the distance. 

The principle of the distance-difference weighted 
centroid localization algorithm is to determine  
the weight of each beacon node N according to the 
distance between the beacon nodes and the  
unknown node. 

The closer the distance is, the greater weight of 
the beacon node will be, and vice versa. Further, the 
algorithm uses the maximum and minimum distance 
between the beacon nodes and the unknown node 
within the communication range as the criteria of 
weight. Distance between the farest effective beacon 
node and the unknown node is mark as dmax. The 
weight of this effective beacon node is the least 
significant. The same, distance between the nearest 
effective beacon node and the unknown node is mark 
as dmin. The weight of this effective beacon node is 
the most significant. The definition of weight is: 

 

 

min

i
i d-d

d-d
w

max

max= , (6) 

 

where di stands for the distance between the with 
beacon node and the unknown node. When di =dmax, 
Wi =0, the weigh is the least significant; when  
di <dmax, the less di is, the greater Wi will be; when  
di =dmin, Wi =1, the weight is the most significant. 

The detailed process of the distance-difference 
weighted centroid localization algorithm is as 
follows: 

Step 1: Make all the beacon nodes broadcast 
information about themselves (node ID, node 
coordinate (Xi, Yi)) periodically. 

Step 2: The unknown nodes receive information 
from beacon nodes and calculate connectivity 
between the with beacon node and the unknown node 
through formula 7. Meanwhile, check the RSSI 
average value of the ith beacon node and calculate the 
distance between the ith beacon node and the 
unknown node through formula 8. 
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In formula 7, Ns(i) stands for the number of 

messages sent by the with beacon. Nr(i) stands for the 
number of messages received by the unknown 
message. If CM i exceeds a preset connectivity 
threshold, that indicates the ith beacon node and the 
unknown node is connected. 

In formula 8, A stands for the received signal 
strength at a distance of 1 m away from the. 
transmitter. Ri stands for the received signal strength 
(whose signal comes from the ith beacon node). 

Step 3: The unknown node receives messages 
from beacon nodes and then builds up four 
information sets as followed:  
A set of beacon node IDs:  

B_ID_set = {k1, k2, …, kn}; 
A set of beacon coordinates  

C_set={(X1, Y1), (X2, Y2),…,(XN, YN)}; 
A set of RSSI values:  

R_set = {R1, R2, …, RN}; 
A set of beacon node distance:  

D_set = {d1, d2, …, di}; 
Step 4: Determine the weight of each beacon 

nodes. The corresponding weight can be determined 
through formula 6. 

Step 5: According to the weight, figure out the 
coordinate of the unknown node through formula 5.  
 
 

3.  Algorithms for Efficient Resource 
Allocation in ad hoc Grid  

 
The simulation condition of the distance-

difference weighted centroid localization algorithm 
(DisDif-WCL) simulation is to distribute 100 nodes 
randomly in a square area of 100×100 m2; the 
coordinate of left-bottom corner is (0,0) and the 
coordinate of right-top corner is (100,100); the  
PL(d0) =55 dBm (where d0=1 m) and network node 
communication radius is 50 m. The result of each 
data point is the average value of 100 simulation 
tests. In comparison with the centroid localization 
algorithm (CL) and the conventional weight centroid 
localization algorithm (Con-WCL), the distance-
difference weighted centroid localization algorithm 
(DisDif-WCL) performs more excellent in 
localization accuracy (shown in Fig. 1). 
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Fig. 1. The curve of accuracy affected by the number  
of beacon nodes. 

 
 

Given the path attenuation factor is 4 (η=4), the 
number of beacon nodes increase from 3 to 30 
gradually. In Fig. 1, the X-axis label is the number of 
beacon nodes, the Y-axis label is localization 
accuracy. As the number of beacon nodes increasing, 
localization accuracy is improving gradually; the 
maximum localization percentage error is up to  
0.8 %. When the number of beacon nodes is less  
(no more than 5 nodes), WCL performs the best. 
However, when the number of beacon nodes is more 
than 5 the DisDif-WCL performs more excellent than 
the rest. 

 
 

4. Conclusions  
 
It proven true that the localization accuracy is 

improved by introducing the environment factor into 
the distance-difference weighted centroid localization 
algorithm (DisDif-WCL). In further research, we will 
focus on the improvement of the DisDif-WCL in 
order to improve localization accuracy at a condition 
of less beacon nodes. 
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