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Abstract: In order to reduce the influence of measurement errors on the received signal strength of node 
localization of wireless sensor network, this paper presents a difference correction RSSI location algorithm  
of double reference nodes (DRN-RSSI). Firstly, DRN-RSSI selects two nearest beacon nodes away from  
the unknown node as differential reference node. Then, it measures the coordinate of reference nodes and 
unknown nodes through three edge positioning method. The calculated coordinates were corrected by  
a weighted coefficient. According to the error value between the actual differential reference node value and its 
measured value, the coordinates of the unknown nodes are corrected. These measures eliminate the problem  
of large positioning error. The simulation results show that the localization precision of DRN-RSSI is greatly 
improved in various conditions. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the development of technology, application 
of wireless sensor network (WSN) is more and more 
widely. At present, there are many studies about 
WSN. Node localization technology is the focus  
of research on Sensor Networks. Node localization  
in WSN, in addition to report the incident location, 
can also be used for target tracking, aided routing and 
network management. 

Jagoba Arias, Aitzol Zulo, etc. describes  
an algorithm, which computes the location of a node 
using noisy distance estimations. The restriction  
on distance exactitude can be relaxed and RF signal 
based distance estimations may be used to estimate 
the node location [1]. Radim Zemek, Daisuke Anzai 
describes a RSSI-based Localization algorithm. Each 
stage of the algorithm can be implemented using 
different estimation methods, such as maximum 

likelihood (ML) and least square (LS) estimation 
which provides four different combinations [2].  
Fu Qing, Retscher, Guenther describes an algorithm 
that in the positioning phase these measurements are 
used together with the current measurements  
to obtain the current location of the user [3]. To some 
extent, these literatures consider the influence  
of environment on the RSSI value. However, only 
average or weighted method, reduce the transient 
disturbance, can't offset these effects. 

Aiming at these problems, based on the analysis 
of the radio propagation path loss model, this paper 
proposes a double reference node differential RSSI 
positioning algorithm [4]. Firstly, the algorithm 
determines the minimum area of unknown node 
location. Then the distance is calculated between  
the unknown nodes and beacon nodes by the path 
loss model. Two beacon nodes are selected to use as 
the reference node and correct the coordinates  
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of the unknown node. Finally, the coordinates  
of the unknown node is obtained. The algorithm does 
not need additional hardware. Simulation results 
show that the algorithm performance is better, node 
localization is more accurate, and the location error  
is small. 

 
 

2. The Algorithm Model 
 
According to the signal intensity of the trans-

mitting node and receiving node received signal 
strength, the RSSI Location algorithm can calculate 
the propagation loss. Then transmission loss can be 
transformed into the distance using theory and 
empirical model. Finally, calculate the position with 
three sided measurement [5-8]. Finally, the position 
is calculated by three sided measurement.  

 
 

2.1. Wireless Signal Attenuation Model 
 

With the increase of distance, wireless signal will 
be regularly attenuated. This attenuation has great 
influence on the positioning accuracy of RSSI. So we 
should choose a suitable attenuation model  
of wireless signal. The commonly used wireless 
channel propagation attenuation model includes  
Free Space Propagation Model (Free-Space Model) 
and Log-distance Distribution Model [9-10]. 

The Free-Space model is shown in formula (1): 
 

032.44 10 lg( ) 10 lg( )Loss k d k f= + + , (1) 
 

where Loss represents the channel attenuation (unit: 
dB), d said the distance between the test point and 
source distance (unit: km), f represents the signal 
frequency (unit: MHz), k said attenuation factor. 

Because of the signal interference and  
the obstacle factors, the Log-distance Distribution 
model is often used to determine the relationship 
between signal strength and distance. The Log-
distance Distribution model is shown in formula (2): 

 

0
0

( ) ( ) 10 lg( )
d

PL d PL d k X
d σ= + ⋅ +  (2) 

 
In formula (2), d represents the distance between 

the current node and the source node. PL(d)  
is the path loss at the receiving node. Xσ said Gauss 
distributed random variables, which average  
value is 0. The range of it is 4~10. k represents  
the attenuation factor, in different circumstances, its 
value is different, which range is 2~5. 

Generally, known transmit node's signal strength, 
the receiving node's signal strength; the gain  
of the antenna, using formula (3) can get the channel 
attenuation value. 

 

RSSI P G-PL (d) = +  (3) 

In formula (3), P represents transmit power,  
G said antenna gain. By formula (3), PL (d) can be 
obtained. d0 is the reference distance, usually is taken 
as 1 m. Putting it into formula (1), PL (d0) can be 
obtained. Putting PL(d) and PL(d0) into  
the formula (2) can get the required distance d. 
 
 
2.2. Three Edge Measurement Location 

Method 
 

Three beacon nodes A(xa, ya), B(xb, yb), C(xc, yc) 
are known. da, db, dc said the distance between them 
and the unknown node M(x, y). The coordinates of 
unknown nodes of M can be obtained by formula (4). 
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Through formula (4), the results are calculated as 

shown in equation (5): 
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In the formula, x, y are the value  

of the coordinates of unknown node M. 
 
 

3. Algorithm Design 
 
3.1. The Traditional Differential Correction 

Algorithm 
 

The distance that based on RSSI Measurement 
will produce error. The error should be appropriately 
modified, and the modified value calculated by 
formulas. The difference correction algorithm is 
often used to solve this kind of problem [11-12]. 

Firstly, the algorithm selects three beacon nodes 
A(x1, y1), B(x2, y2), C(x3, y3) to measure the positions 
of the unknown nodes M(x, y). Then selects a beacon 
node D(x4, y4) which is closest to the M. Using three 
points, the measurement coordinates of D(x’4, y’4) is 
obtained by three edge measurement method. 
Comparing with the actual coordinates D, the offset 
(△ △x, y) can be drawn. Locating the point M  
in the same way, the coordinates of point M(x’m, y’m) 
can be got. Finally, the offset of point  
D is approximated to the offset of unknown node M, 
and the coordinates of M is calculated by the offset. 
Coordinate as shown in formula (6): 
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There are some problems in this difference 

divided correction. How to choose the three 
measurements of beacon nodes? Because of the node 
deployment, D point may be far distance from  
M point. These factors will affect the accuracy  
of M point positioning [13-15].  

This paper presents the DRN-RSSI algorithm that 
uses two beacon nodes respectively as a point  
of reference for differential correction. To a certain 
extent, the algorithm can avoid such problems. 

 
 

3.2. DRN-RSSI Algorithm 
 

Firstly, according to the received RSSI value, 
three beacon nodes A, B and C are determined which 
have nearest distance with the unknown node M.  
The three beacon nodes determine a triangle.  
The centroid of the triangle can be calculated through 
the centroid algorithm. We can obtain the fourth 
beacon node D which has shortest distance from it. 

Then, the two beacon nodes are chose which have 
shorter distance from unknown node M. These two 
points are indicated by A and B. Taking node A as 
the differential correction reference point and B, C, D 
as the beacon node, node M coordinates is calculated 
by formula (6), expressed as (xma, yma). In the same 
way, taking node B as difference correction reference 
point to locate the M(x, y) position, the difference 
correction coordinate (xmb, ymb) is got. 

In the traditional differential correction algorithm, 
because of ignoring the influence of other beacon 
node to node position, the positioning accuracy error 
is large. In DRN-RSSI Algorithm, the beacon node 
reflects to node location decision rights through  
the weighted factor. According to the difference  
of the reference point from the unknown node,  
the coordinate is weighted correction. Finally,  
the coordinates of unknown node M is calculated 
which is shown in the formula (7). 
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In the formula (7), dA and dB said the distance 

between the beacon nodes and the unknown node;  
k is the natural number, represents the weighted 

coefficient. Factor 1 k
Ad  and 1 k

Bd  reflect  

the distance of unknown nodes and beacon  

nodes is closer; the position of influence is greater. 
This interrelationship can improve the  
positioning accuracy.  

 
 

3.3. DRN-RSSI Algorithm Steps 
 

According to the above description, algorithm 
implementation steps are as follows: 

Step 1: Beacon nodes periodically send its 
information to other node within the communication 
scope. This information includes ID number, 
Coordinate position information and so on. Each 
node spreads in turn. 

Step 2: According to different beacon nodes,  
the unknown nodes classifies the received 
information. When the received signal exceeds  
a certain threshold, the average value of same beacon 
node RSSI is calculated. 

Step 3: According to RSSI from strong to weak 
order, the mapping of RSSI value and the distance 
between unknown node and the beacon node is 
established. Establish the following three sets:  

The beacon node set: B_set={a1, a2, …, am}; 
The distance set between beacon nodes and  

the unknown nodes:  
D_set={d1, d2,…, dm}, d1<d2<…<dm; 
The beacon node location set:  

P_set={(x1, y1), (x2, y2),…, (xm,ym)}; 
Step 4: Four beacon nodes are selected which 

match condition. The two reference beacon node are 
Located by DRN-RSSI Algorithm. According  
to the positioning error, the position of unknown 
node is modified. Finally, the coordinates  
of the unknown node is obtained by the formula. 

Step 5: Calculate the location error: 
2 2( ) ( )r rER x x y y= − + − . (xr, yr) is the true 

location of the unknown node. 
 
 

4. The Simulation Results and Analysis 
 
MATLAB 2008 is used to simulate  

the DRN-RSSI algorithm and RSSI algorithm,  
and each influence factors on positioning precision 
are compared. 

 
 

4.1. Parameter Settings 
 

Starting parameters are set as follow: 
1) The range of measured region: the square area 

of 100 m × 100 m 
2) Communication radius: Communication radius 

of node is 10-100 m; the starting value is set 50 m. 
3) The total number of nodes is 200. Among them, 

the beacon nodes are respectively 15, 20, 25, 30, 35, 
40, 45 and 50. The positions of the unknown nodes 
are randomly generated by MATLAB 2008. The 
simulation runs 200 times. 

4) The weighted coefficient is initially set to 1. 
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All the simulation data are average values, 
obtained through many simulations. 

 
 

4.2. Influencing Factors 
 

We observe the performance of two algorithms 
on the location error through different weighted 
correction coefficient, number of beacon nodes  
and communication radius. In order to improve  
the simulation accuracy, this paper uses statistical 
methods. The following are 200 measurement  
results [16-18]. 

1) Effects of weight coefficient  
on positioning precision 

By changing the weighting coefficient, two 
algorithms simulation results are shown in Fig. 1. 
Because the RSSI algorithm has not the weighted 
coefficient, so no matter how the coefficients change, 
there are not any changes in location error.  
DRN-RSSI algorithm changes along with  
the increase of weighted correction coefficient.  
When the weighted correction coefficient is 1,  
the location error is max. When its value is 4,  
the location error is min. The min error is 2.8 m.  
At this point, the algorithm's accuracy is the best.  
It can be seen that no matter how the weighted 
coefficient change, the positioning error  
of DRN-RSSI Algorithm is less than RSSI Algorithm. 
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Fig. 1. Effects of weight coefficient  
on positioning precision. 

 
 

2) Effects of beacon node number on positioning 
precision 

Parameter settings are as follows: the 
communication radius: 50 m, the path loss coefficient: 
4, the weighted coefficient k: 2. With different 
number of beacon nodes, we observe the effect of 
two kinds of algorithms for positioning error. The 
results are shown in Fig. 2. 

With unchanging the total number of nodes in the 
network, both RSSI algorithm and DRN-RSSI 
algorithm, are increased with the number of anchor 
nodes, and the positioning precision is higher. Thus, 
in a certain range, by increasing the number  

of beacon nodes can improve the positioning 
precision, reduce positioning errors. But beyond  
a certain range, this change does not have too  
big effect.  
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Fig. 2. Effects of beacon node number  
on positioning precision. 

 
 

3) Effects of communication radius on 
positioning precision 

Changing the communication radius of node, the 
performance of two different algorithms is compared. 
The number of beacon nodes is set to 30; the 
weighted coefficient k is set to 2. Communication 
radius change in the range of 25 m-60 m, and the 
amplitude is 5 m. The simulation results are shown in 
Fig. 3. With increasing communication radius, it can 
be seen that the average positioning error are 
presented a decreasing trend, and gradually tends to 
be steady. When the node communication radius is 
small, the trend is very obvious. Under the same 
conditions, the average position error of DRN-RSSI 
algorithm is less than RSSI algorithm, its positioning 
accuracy is significantly improved. 
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Fig. 3. Effects of communication radius on positioning 
precision. 
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In summary, in the change process of 3 factors, 
the performance of DRN-RSSI algorithm is better 
than RSSI algorithm. 

 
 

5. Conclusions 
 
Combined with the analysis of radio propagation 

path loss model, this paper has proposed a difference 
correction RSSI location algorithm of double 
reference nodes. The algorithm firstly selects two 
beacon nodes as differential reference node, and then 
calculates the location of the unknown node. Taken 
distance between reference node and unknown node 
as the weight, it better reflects the decision of each 
differential reference node of unknown node 
position. Through large-scale simulation, this paper 
has analyzed various different situations such as  
the weighted coefficient, beacon node number, radius 
of communication. The results have proved that  
the DRN-RSSI algorithm can improve the 
positioning precision than RSSI algorithm, reduces 
the positioning error, worthy of promotion. 
 
 

References 
 
[1]. Jagoba Arias, Aitzol Zuloaga, etc., Malguki: an RSSI 

based ad hoc location algorithm, Microprocessors 
and Microsystems, 28, 8, 2004, pp. 403-409. 

[2]. Radim Zemek, Daisuke Anzai, etc., RSSI-based 
Localization without a Prior Knowledge of Channel 
Model Parameters, International Journal of Wireless 
Information Networks, 15, 3, 2008, pp. 128-136. 

[3]. Fu Qing, Retscher, Guenther, Active RFID 
Trilateration and Location Fingerprinting Based on 
RSSI for Pedestrian Navigation, The Journal of 
Navigation, 62, 2, 2009, pp. 323-340. 

[4]. Joseph H., Robert P., Design and implementation of 
wireless sensor networks for data monitoring, Master 
Thesis, 13, 4, 2003, pp. 4-12. 

[5]. Wu Ronghou, Lee Yanghan, etc., Study of 
characteristics of RSSI signal, IEEE Computer 
Society, 6, 5, 2008, pp. 2-5. 

[6]. Candes E., Romberg J., Sparsity and incoherence in 
compressive sampling, Inverse Problems, 23, 3, 2007, 
pp. 969-985. 

[7]. Candes E., Tao T., Decoding by linear programming, 
IEEE Trans on Information Theory, 51, 12, 2005, 
pp. 4203-4215. 

[8]. Tropp J., Gilbert A., Signal recovery from random 
measurements via orthogonal matching pursuit, IEEE 
Trans on Information Theory, 53, 12, 2007,  
pp. 4655-4666. 

[9]. Jagoba Arias, Aitzol Zuloaga, etc., Malguki: an RSSI 
based ad hoc location algorithm, Microprocessors 
and Microsystems, 28, 8, 2004, pp. 403-409. 

[10]. Bulusu N., Heidemann J., Estrin D., GPS-less low 
cost outdoor localization for very small device, IEEE 
Personal Communications, 7, 5, 2000, pp. 28-34. 

[11]. Karaboga D., Basturk B., On the Performance of 
Artifical Bee colony (ABC) Algorithm, Applied Soft 
Computing, 8, 1, 2008, pp. 687-697. 

[12]. Akyildiz If, Weilian Su, Sankaraubramaniam Y., etc., 
A Survey on Sensor Networks, IEEE 
Communications Magazine, 40, 8, 2002, pp. 102-114. 

[13]. Yi Ping, Zhong Jun, Shi Jia-Jun, Optimization of 
MDS-based iterative localization algorithm for 
wireless sensor networks, Sensors and Microsystems, 
12, 2010, pp. 35-37. 

[14]. Agrafiotis D. K., Stochastic proximity embedding, 
Journal of Computational Chemistry, 24, 10, 2003, 
pp. 1215-1221. 

[15]. Deepak Ganesan, Alberto Cerpa, Wei Ye, 
Networking Issues in Wireless Sensor Networks, 
Journal Parallel and Distributed Computing, 64, 7, 
2004, pp. 799-814. 

[16]. Dimitrios Koutsonikolas, Saumitra M. Das, Y. 
Charlie Hu, Path planning of mobile landmarks for 
localization in wireless sensor networks, Computer 
Communications, 30, 13, 2007, pp. 2577-2592. 

[17]. K.-F. Ss, C.-H. Ou, H. C. Jiau, Location with Mobile 
Anchor Points in Wireless Sensor Networks, IEEE 
Transaction on Vehicular Technology, 54, 3, 2005, 
pp. 1187-1197. 

[18]. Xiancun Zhou, Yan Xiong, Mingxi Li, Detection 
System of Clone Attacks based on RSSI in Wireless 
Sensor Networks, Journal of Networks, 8, 1, 2013, 
pp. 221-228.  

___________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 

 


