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Abstract - Wireless sensor networks have popularly applied in many fields for environmental monitoring. Positioning the 
target is the critical issue in the monitoring application. Many positioning methods used for wireless communication use the 
Trilateration positioning technique to locate the target. Triangulation positioning is not suitable for the sensor nodes because 
the sensor nodes cannot get correct distance from received signal strength. Thus, this paper proposed a novel positioning 
method named Coverage Elimination Positioning System (CEPS). The CEPS locates the area of target without using the 
distance estimation but using the area elimination technique. Simulation results show that CEPS obtains higher positioning 
accuracy than TP when sensor nodes are deployed densely. Furthermore, the CEPS is also better than the Angle of Arrival 
(AoA) positioning method. The possible area is reducing more than 30%. 
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I. INTRODUCTION 
 
A wireless sensor network consists of a large number 
of sensor nodes. Each sensor node is a low-cost 
device that has multiple functions such as sensing, 
simple computing, and wireless communication. The 
applications of wireless sensor network are various. 
They are used to monitoring the environment, 
tracking the animals, military detection, building 
monitoring, and rescuing in the disaster. Overall the 
applications, target positioning is the critical factor. 
The positioning techniques in the wireless 
communication can be divided into two categories, 
the Range-Based positioning methods and the Range-
Free methods. The Received Signal Strength 
(RSSI)[1]、 Time of Arrival (ToA)[2], and Time 
Differential of Arrival (TDoA)[3] are well-known 
Range-Based methods. All of them need to estimate 
the distance between signal sender and the receiver. 
The Range-Free methods positioning the target based 
on the provided message of the sensor nodes. The 
well-known methods are the DV-Hop[4], Angle of 
Arrival(AoA)[5], and the Time of Charging (ToC)[6]. 
These methods ether use special hardware modules to 
estimate the location of the target or use hop count to 
roughly estimating the distance. For a low cost sensor 
node, installing the special hardware modules is not 
practical. Using the hop count to estimate the distance 
is too inaccurate to applying in real world. Thus, this 
paper proposed a novel Range-Free positioning 
method named Coverage Elimination Positioning 
System (CEPS). The sensor nodes use the common 
Omni-directional antenna. The possible location of 
the target is determined by the intersection area of a 
small set of sensor nodes. The proposed CEPS is easy 
and suitable for the sensor network which are usually 
deployed densely. 
The article is organized as following. Section 2 gives 
the well-known positioning methods. The section 3 is 
the main idea of the proposed CEPS method. The 

simulation results are given in section 4. Finally, the 
conclusion is given in section 5. 
 
II. RELATED WORKS 
 
For the Range-Based positioning technique, the 
common used technique in wireless networks is the 
triangulation positioning system. It needs three 
reference points and associates with the distance 
estimation methods like the RSSI, ToA, or TDoA. 
Due to the estimating distance is heavily influenced 
by the environmental factors such as the obstacles, 
humidity, temperature, and etc, the positioning 
accuracy cannot be guaranteed. The distance 
estimation methods of these methods are given as 
following.In the To A [2] method, sensor nodes send 
message to target and request the target to reply the 
acknowledge message. The message contains two 
time instants. One is the time that target receive the 
message and the other is the time that target replies 
the acknowledge message. By computing the time 
period P1 that a sensor node sends the message to the 
target and the time period P2 that target replies the 
message to sensor node, we can calculate the distance 
between sensor and target as c*(P1 + P2)/2, where c is 
the propagation speed of microwave. 
In the TDoA[3] method, a reference sensor node 
firstly sends a message to target. Let the propagation 
time be T1. After a time period, another reference 
sensor node sends the same message to target again. 
Let the propagation time be T2. TheΔT = |T2- T1|. 

Then we have c*ΔT which is the distance difference 
between target to the first reference node and target to 
the second reference node. 
The RSSI is also applied to estimate distance. The 
signal strength is directly transformed to 
corresponding distance value. However, the signal is 
not stable and usually influence by the environmental 
factors such as the obstacles, temperature, and etc. 
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Furthermore, if the target is close to the reference 
nodes, the signal will become too strong to 
distinguish the distance. 
The inaccuracies of these three methods come from 
the error of the distance estimation. Because the 
propagation speed of microwave is large, a small 
distance estimation error will generate great 
positioning inaccuracy. 
 
The first well-known positioning method without 
using distance estimation is distance vector-hop (DV-
Hop). In the DV-Hop method, all sensor nodes 
calculate the minimum number of hops to the target. 
Next, the average actual distance of each hop is 
calculated. Finally, the coordinates of the target is 
calculated according to the hop size. Sensor nodes 
broadcast the hop size message to network. When 
target obtains three or more distance to the sensor 
node, target can be located by trilateration. The 
estimate hop size is an average value. The deploying 
density heavily influences it. 
 
The second well-known Range-Free positioning 
method method is Angle of Arrival (AoA). Using the 
AoA technique needs the directional antenna to 
indicate direction of the target. As more than one 
sensor nodes detect the target, their intersection area 
is the possible location of the target. Installing the 
directional antenna will increase the cost of each 
sensor node. Furthermore, if the sensor nodes are 
clustered at the same side of the target, the 
positioning area cannot converge. The positioning 
results will become worse. 
 
The third one is Time of Charging (ToC). Two  
reference sensor nodes are used to locate the target, 
denoted as P and Q. We know that the distance will 
influence the efficiency of wireless charging speed. 
The sensor node P with faster charging speed has 
shorter distance to the target. By lining from P to Q, 
we have the line PQ . The vertical line of PQ , 
denoted L passing through the middle position of 
PQ  will divide the area into two sub areas. And we 
can also conclude that target is in the sub area closing 
to the location of sensor nodes P. by continuously 
dividing the areas we can converge location of the 
target. 
 
III. THE COVERAGE ELIMINATION 
POSITIONING SYSTEM 
 
The Coverage Elimination Positioning System 的 is a 
Range-Free positioning system. We assume that the 
incoming and out-coming signals are equal. That 
means if sensor node X can receive the signal of Y, Y 
can also receive the signal of X accurately. The 
sensor nodes are homogeneous with the same sensing 
radius R. The sensor nodes are supposed to be 

stationary after they are deployed and the target will 
issues the signal continuously. A positioning server is 
located outside the deploying area using for receiving 
the collecting messages of sensor nodes and 
computing the position of the target.After sensor 
nodes are deployed, all sensor nodes detect the signal 
of the target. If a sensor node can receive the signal of 
target, it reports its position to the position server. 
These sensor nodes are included in a set name Ω. 
Once the position server obtains the position of every 
sensor node v, which detect the signal of target, we 
can format the positioning problem as the finding the 
intersection area in the plane. Let the position of a 
sensor node v be the center of a circle and R be the 
radius. Every sensor node vi in the set Ω can 
represented as round equation Ci shown as (1). 

||,...,2,1| = )( + )(: 22 irY - vX - vC 2i
y

i
xi  (1) 

Next, we can find the intersection area of all Ci, and 
the result is the area where the target is, the equation 
show as (2). 

||21 ... CCC     (2) 
Although the procedure can help us find the possible 
area of the target, it spends too many useless 
computations. For example, a sensor node is very 
close to the target, its coverage area is completely 
covered by the others that are locating at boundary of 
circle. Therefore, the sensor node contributes nothing 
to positing the target.To reduce the useless 
computation, we have to find the sensor nodes in Ω 
which can contribute efficient area elimination ratio. 
The sensor nodes that far away the target can give 
large ration area elimination. In addition, these sensor 
nodes should be distributed evenly around the target 
instead of clustering at the same side. The above 
observations give us the idea to use the convex hull of 
the sensor nodes in the set Ω. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

 
(f) 

Fig.1 the example of CEPS 
Convex Hulls [7] is used to find the subset of sensor 
nodes which organize as a convex including all 

sensor nodes in Ω. The sensor nodes selected to 
organize the convex must be located in the outer side 
of sensor nodes in this set. Let Ω' be the set of 
vertices organized as the convex hull of vertices in Ω. 
We can rewrite the equation (1) and (2) as (3) and (4). 
By the way, we can reduce the computation overhead 
greatly. 

|'|,...,2,1| = )( + )(: 22 irY - vX - vC 2i
y

i
xi  (3) 

|'|21 ... CCC     (4) 
To reduce the size of possible area of the target for 
enhancing the positioning accuracy, the convex hull 
can be perform again but input set of the sensor nodes 
changes to Ω-Ω'. If the point set of the convex hull of 
the new input set Ω-Ω' cannot refine the positioning 
area, the procedure terminated. 
 

 
Algorithm 1. The algorithm of CEPS 

 
Figure 1 gives a small example to illustrate the 
operation of the proposed CEPS. Initially, sensor 
nodes are randomly deployed over the region of 
interesting shown as figure 1(a). In figure 1(a), the 
star point is the target. The gray dash circle is the 
signal area of the target. The points with net shading 
are the sensor nodes that can detect the signal of the 
target, and the points without the net shading are the 
sensor nodes that cannot receive the signal of the 
target shown as figure 1(b). 
The sensor nodes with net shading send their 
positioning information and identities to the 
positioning server. The positioning server uses the 
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convex hull algorithm to find the vertices, which can 
include all net shading sensor nodes. In this example, 
the sensor nodes u, v, w, x, y, and z are selected 
shown as figure 1(c). The intersection area of the 
circles of these sensor nodes are the positioning area 
of the target shown as figure 1(d). The area A in 
figure 1(d) is the possible area in which the target is 
included. The same procedure is performed 
continuously to refine the positioning area. The next 
round to compute the convex hull is shown as figure 
1(e). However, the size of positioning area is not 
reduced, the positioning terminated. The results of 
this example are shown as the figure 1(f). The 
algorithm is given in Algorithm 1. 
 
IV. Simulation Results 
 
A. Environment Setup 
The simulation setup is as following. Sensor nodes 
are deployed randomly in a 100m*100m area. The 
positioning server is at the right side outside the 
deploying area. All sensor nodes can connect the 
positioning server directly. 

 
The evaluated methods include the AoA, Trilateration, 
and the proposed CEPS. The positioning accuracy is 
evaluated according to the area size of the possible 
location of the target. The evaluation metrics include 
the impacts of the number of sensor nodes and the 
sensing range. The sensing radius of each sensor node 
is set to {15, 16, 17,…, 25}. The number of deployed 
sensor nodes are [30, 32, 34, 36, …, 50]. For the 
simulation parameters of the AoA, the signal beam of 
the directional antenna is set to 30。. Two reference 
points in AOA are used for positioning target. The 
simulation results are averaged from 1000 tries. 
 
B. Simulation Results 

 
Fig. 2. The impacts of deployed sensor nodes on positioning 

accuracy(AoA) 
Figure 2 gives the impacts of the number of deployed 
sensor nodes. The sensing radius in this experiment is 
set to 20m. The AoA method used two random 
reference sensor nodes to find their intersection area, 
which is the possible area of the target. Furthermore, 
the AoA method is supposed to have unlimited signal 
range. Therefore, the number of deployed sensor 

nodes does not influence the positioning accuracy of 
the AoA method. The influence factor is the distance 
between the sensor node and the target. When sensor 
node is close to the target, the generated area of the 
sector is small. On the other hand, the area is large if 
the distance between them is long. 
 

 
Fig. 3. The impacts of the sensing radius on positioning 

accuracy 
 
Under the limited sensing range, the proposed CEPS 
method has worse positioning accuracy when the 
deployed sensor nodes are sparse. In this case, the 
number of available referring sensor nodes is too less 
to eliminate the possible area of the target. As we 
increase the sensor nodes, more sensor nodes are 
included into eliminating the area. Thus, the 
positioning accuracy gradually increases. As the 
shown in figure 2, increasing the sensor nodes from 
30 to 50 can reduce the possible positioning area 
from 279 m2 to 142 m2. The area reduces about 49%. 
The positioning accuracy increases stably as the 
number of sensor nodes grows. The positioning 
accuracy of the CEPS can increase 31% when it 
compares with the AoA. 

 
Fig. 4. The impacts of deployed sensor nodes on positioning 

accuracy (Trilateration) 
Figure 3 shows the impacts of the radius of sensor 
nodes on the positioning accuracy. The number of 
deployed sensor nodes in this experiment is 50. For 
fairness comparison, the sensing range of AoA is 
limited. The positioning accuracy of the AoA method 
becomes worse as the sensing radius increases. Using 
small sensing radius can help AoA to generate small 
sector area when locating the target. 
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For the CEPS, increasing the radius range can 
efficiently increase the number of sensor nodes 
participating in positioning the target. More sensor 
nodes can help us to shrink the possible area of the 
target quickly. As shown in figure 3, increasing the 
sensing range from 15m to 25m can shrink the 
possible area of target from 170m2 to 97m2 that is 
about 43%. In the case of sensing range set to 25m, 
the positioning accuracy of CEPS is better than AoA 
about 68%. 
In the above simulation, the CEPS is compared with 
the Rang-Free method. In following, we give the 
comparison with the Range based methods. The 
Received Signal Strength (RSSI) with the 
Trilateration is compared. To perform the 
Trilateration, any point in the region of interesting 
must be covered by three sensor nodes. Let the 
sensing range be 20m. The lower bound of the 
number of sensor nodes to cover the 100m*100m 
area is about 10. Thus, we need at least 30 sensor 
nodes to perform the Trilateration. Thus, the number 
of deploying sensor nodes is starting from 30.The 
positioning area of the Trilateration reduces from 
161m2 to 128m2 when number of sensor nodes 
increases from 30 to 70. The improving ratio is 20%. 
The positioning area of the CEPS reduces from 
286m2 to 72m2. The improving ratio is 75%. 
The CEPS can have the same positioning accuracy 
when the number of sensor nodes is 50. This result 
implies that the CEPS can achieve the better 
positioning accuracy than Trilateration as the 
available reference points are doubled. The 
application scenario of sensor network usually 
deploys large number of sensor nodes. The proposed 
CEPS is suitable than the sensor network. 

 
Fig. 5.The impacts of the sensing radius on positioning 

accuracy(Trilateration) 
 

Similar to the figure 3, we also provide the impacts of 
the sensing radius in figure 5. The tested scenario 
deployed 50 sensor nodes in the region of interesting. 
As the sensing range increases, the positioning results 
of Trilateration gradually become worse. It results 
from that long distance generates high probability on 
time estimation error, which introduces more distance 

error. However, the CEPS uses the maximum sensing 
radius to be the radius of the circle no matter the 
sensor node is near or far away the target. The area 
elimination result is not influenced by the distance 
estimation error. 
 
CONCLUSIONS 
 
A novel range free positioning method is proposed in 
this paper. The proposed method uses the area 
elimination mechanism to shrink the positioning area 
of the target. The proposed method can perform well 
as the reference nodes are densely deployed. It is 
suitable for positioning target in the wireless sensor 
networks which are usually deployed sensor nodes 
densely. Simulation results show that the positioning 
accuracy of the CEPS can outperform the range free 
method AoA about 31% when there are 50 sensor 
nodes. It also outperforms the range based method 
when the number of deployed sensor nodes is 
doubled against the basic requirement for the 
Trilateration method to locate a target. 
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