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Abstract: With the progress of research on Wireless Sensor Network, location in Wireless Sensor Networks has 
become a very important research topic. There must be unable location area that is called blind zone in this 
paper due to the randomness of the nodes deployment. In order to improve the localization accuracy of the blind 
node in blind zone, a new anchor nodes selection algorithm was proposed based on ant colony algorithm and 
location constraints. The length of the path and the number of the hop count are all the constraints of the 
evaluation function, then through the ant colony algorithm we can find the shortest and the fastest route, which 
is used to the blind node’s localization. The new algorithm is easy to achieve, the experimental results show that 
the algorithm can obviously improve the accuracy of the localization in blind zone. Copyright © 2014 IFSA 
Publishing, S. L. 
 
Keywords: Ant colony algorithm, Location constraint, Anchor node selection, Wireless localization. 
 
 
 
1. Introduction 
 

Wireless sensor network (WSN) consist of plenty 
of sensor nodes and partial anchor nodes [1]. These 
nodes have little volume, low power consumption 
and can be arranged in large scale. Anchor nodes’ 
coordinate can be located via GPS or artificially 
setting, the other nodes whose coordinate is 
unknown, blind nodes can be located through anchor 
nodes [2]. Localization technology is one of the 
supporting technologies in wireless sensor networks. 
It is not only used to report the incident location, but 
also can be used to assist routing, network 
management, network load balancing and target 
tracking [3] etc. 

To reduce the number of anchor nodes and the 
cost of wireless sensor networks, generally we 
transform the located blind nodes into potential 
anchor nodes for a new blind node’s location for lack 
of anchor nodes. This paper proposed a selection 
strategy for optimal anchor nodes based on ant 

colony algorithm. If the neighbor of the blind nodes 
includes three of more anchor nodes, it can be located 
directly, at the same time, we can select the nearest 
and the smallest number of blind hop nodes as the 
potential anchor nodes based on ant colony algorithm 
for the blind node’s location. Simulation results show 
that the algorithm can improve the localization 
accuracy, higher network coverage for self-
organizing wireless sensor network scenarios. The 
simulation results show that this algorithm can 
improve the localization accuracy and the network 
coverage for self-organizing wireless sensor network. 
 
 
2. Factors Affecting Positioning 
 

In WSN, the node localization mechanism is 
establishing the spatial relationships’ mechanism via 
the limited number of anchor nodes to determine the 
blind nodes’ position. In the received signal strength 
indication (RSSI) positioning mechanism, the 
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electromagnetic waves’ reflection and diffraction 
phenomenon in the actual process makes the RSSI 
values changed randomly and affecting the 
positioning accuracy. 
 
 
2.1. RSSI Ranging’s Impact on Positioning 
 

In the RSSI location, the received nodes can 
calculate the distance among its neighbors based on 
the RSSI value and then figure out its position. The 
RSSI ranging statistical model calculations are as 
follows. 
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where ( )P d  is the RSSI value at the distance of d ; 

pn  is the path loss factor ranging from 2 to 4; 0P  is 

the RSSI value at the distance of 0d  (dBm). Taken 

0 1d  , 0 40P   , the relationship between RSSI 

value and the distance is shown in Fig. 1. 
 
 

 
 

Fig.1. The relationship between RSSI value  
and the distance. 

 
 

It is obvious that the absolute value of the slope of 
the curve gradually decreases i.e. the RSSI resolution 
is gradually reduced as the distance increases. So the 
greater the distance, the more effect on the ranging 
taken by RSSI value. According to the formula (1), 

taken 0 1d  , the relationship of the distance and the 

RSSI value is as follows. 
 

 0

1010
d

p

P P

nd


 , 
(2) 

 

where dP  is the RSSI value on the distance of d . 

Then calculate the derivatives, where is given by 
Eq. 3 and Fig. 2. 
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Fig. 2. Relationship between RSSI value and ranging error. 
 
 

Through experimental tests, with the incensement 
of the distance, the ranging error is also became 
larger [6] as shown in Fig. 3. 
 
 

 
 

Fig. 3. Ranging error/m in different time and distance/m. 
 
 
2.2. The Impact of Location Taken by the 

Number of Anchor Nodes 
 

In WSN, the blind node can be located through 
three anchor nodes’ RSSI information at least. While 
within the blind node’s coverage, with the increase in 
the number of anchor nodes, the dependence of each 
node is reducing, which can improve the location 
accuracy [7]. 
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2.3. The Impact of Location Taken by 
Cumulative Position Error 

 

DV-Hop algorithm [8-9] is proposed by Dragos 
Niculescu at the United States Rutgers University, 
which is a no-ranging positioning algorithm using 
distance vector routing and GPS positioning 
principle. This positioning algorithm idea is to use 
the hop distance between nodes instead of the actual 
distance. When the unknown node gets three or more 
jump distance to the reference node, the coordinates 
of the unknown node can use trilateration or 
maximum likelihood estimation method calculate  
its position.  

DV-distance algorithm is similar with DV-Hop. 
The difference is that the distance between nodes is 
calculated through RSSI measurement, and then 
obtains the cumulative distance between blind node 
and anchor node. When three or more anchor nodes’ 
distance, the blind node’s coordinate can be 
calculated using trilateration positioning algorithm. 
However, DV-distance algorithm is only applicable 
to dense isotropic network. With the number of the 
hop times increasing, a sharp increase position error 
will occur. 
 
 

3. The Selection Strategy for Optimal 
Anchor Nodes Based on Ant Colony 
Optimization 

 

3.1. Ant Colony Algorithm Description 
 

Ant colony optimization (ACO) [4] is a natural 
algorithm produced through real ant foraging 
behavior studies. It is one of the most successful 
group intelligent systems [5, 6]. Ant can leave 
pheromones on path for information transmission. 
Meanwhile with time going over, the pheromone will 
gradually evaporate. So the length of the path and the 
number of ants will make an impact on the strength 
of pheromone. In turn, the strength of pheromone can 
also guide the other ants’ action. Thus, the more ants 
through the path, the greater probability the later will 
choose. It is the reason why ant can find the nearest 
food source through this exchange of information. 

ACO solves the TSP problem with a good 
performance. In order to reduce the impact on the 
positioning ranging error, this paper applies Ant 
colony algorithm on the selection strategy for optimal 
anchor nodes (SSAN). What we should consider is 
that it will trap into local optimal solution via basic 
ACO [7, 8]. Secondly, we should select the 
appropriate objective function and pheromone 
function based on the characteristics of WSN. 
 
 

3.2. Algorithm Modeling 
 

This paper improves the basic ACO for the using 
in WSN with new characteristics of ants.  

We use Ant-Net algorithm and divide ants into 
forward and backward ants. All the forward artificial 
ants have memory and can identify the path gone 
through to avoid multiple searches on the same path 
or cycle into an infinite loop. Meanwhile the forward 
ants also have limited life cycle T. If the ant find an 
anchor node, its life cycle will be directly ended and 
bring the message to the backward ant. On the 
contrary, if the ant doesn’t find an anchor node, the 
ant will randomly skip the next nodes until its life 
cycle ended. In the algorithm, forward ants gather 
adjacent nodes information, update pheromone 
density and bring message to backward ants. 
Backward ants will return to the blind node according 
to original path and change the characteristic of ants. 

We now describe the algorithm in detail. The 
number of ant is m, the number of nodes is n, and 
calculate the transition probability of ant k from node 
i to node j, which is given by Eq. 4. 
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(4) 
 
where ( )ij t  present the pheromone on the path from 

node i node j at the time t; ( )ij t  represent the 

heuristic information at the time t;   and   are the 

relative coefficient of pheromone and heuristic 
information respectively, which represent the relative 
importance between the past and the present data. 

( )( , 1,2,..., , 1,2,..., )k
ijh t i j n k m   represents 

the hop times of ant k from node i to node j at the 

time t; {1,2,..., }k kallowed m tabu   represent 

the set of nodes that ant k can select, in which ktabu  

is contraindicated table, which records the set of 
nodes that the ant has gone through.  

The amount of pheromone ij  will update when 

the entire ant complete one step, which is given by 
Eq. 5. 
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where 0 1   represent the passage rate of 

pheromone. 
1
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    means the 

sum of the amount of pheromone in the path from 
node i to node j. 

In WSN, we define heuristic factor ( )ij t  

according the characteristics and Eq. 3, which is 
given by Eq. 6.  
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where ( , 1,2,..., )ijd i j n  is the distance between 

node i and node j. 0 1ja   is the inspired 

proportion of node j, which is defined by Eq. 7 
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where minh  represents the minimum of hop time 
from node i to node j, which is updated by the 
backward ant. 

In order to measure the potential value of node j 
that can be used as an anchor node, this paper use 
Floyd algorithm to figure out the best nodes. The 
weight of path D is given by Eq. 8.  
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Then we can figure out the length L from the 

node i to the other nodes and the Transfer matrix 
using Floyd algorithm. And we define the reciprocal 
of L as the potential value, which is given by Eq. 9. 
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3.3. Algorithm Design 

 
In order to find the optimal potential anchor nodes 

quickly, this paper uses improved ant colony 
optimization for localization (IACO-L) searching 
path in parallel way. The major steps of the algorithm 
are as follows. 

1) Select the initial value.  
Initialize colony size m and put them all on the 

blind bode S. Assign all ants’ hop times  
 

( 1,2,..., ) 0kh k m  , (0) 0.1ij  , (0) 0ij  . 

 
2) Parallel search. 
Each forward ant searches the next hop node 

according to Eq. 4 and updates the taboo list and 
pheromone density on each path according to Eq. 5 

3) Determine the ant’s life cycle. 
Judge the next hop node whether it is anchor node 

or not. If yes, then end the forward ant’s life cycle 
and transfer the path information to the backward 
ants and go to step 4. If not, determine whether the 

life cycle is end, if yes, go to step 4, if no, continue 
step 2. 

4) Update information. 
Backward ants update each node neighbor state 

according to forward ants’ path and calculate each 
node’s potential value.  

5) Determine the termination condition. 
If there is no information updating or the loop 

iterations has been reached, then stop; otherwise, 
assign t=t+1 and go to step 2. 

 
 

4. Performance Analysis and Simulation 
 
4.1. Performance Analysis 
 

In this algorithm, each ant has a life cycle T, thus 
the complexity of the algorithm can be measured in 
the worst case search. We define the times each ant 
search is T. So the search time complexity for one 
cycle is (2 )O mT . We assign the max search times is 

CN , so the total time complexity of this algorithm is 

(2 )CO mTN . 

 
 
4.2. Simulation and Analysis 
 

To evaluate the performance of the improve ant 
colony algorithm in WSN location, we use Matlab to 
measure and compare localization error rates for  
DV-distance and SSAN-distance on accuracy.  

The simulation environment is as follows: With a 
transmission radius of 60 m, all sensor nodes are 
randomly placed in a 400 m×400 m topology.  
200 sensors are randomly placed in a rectangular 
sensing field, in which there are 40 anchor nodes 
remarked as red star. The nodes distribution can be 
seen form Fig. 4. 
 
 

 
 

Fig. 4. Nodes’ distribution. 
 
 

Because of both of the distance and hop times can 
affect the location accuracy; we can define the value 



Sensors & Transducers, Vol. 162 , Issue 1, January 2014, pp. 161-166 

 165

of   and   through experiments in different 

values. So take the node number 148 for example 
shown as Fig. 6. With the passage rate of pheromone 

1  , ant life cycle 10T   and total cycle times 

30CN  , the result can be seen from Fig. 7. 

The neighbor of the number 148 node can be seen 
from Fig. 6. Compared Fig. 5 and Fig. 6, we can find 
that number 85 node has the shortest distance but 
three hop times. So the potential value of number 85 
is low.  

 

 
 

 
Fig. 5. Simulation results. 

 

 

 
Fig. 6. Optional anchor nodes. 

 
Fig. 7. 20 % density simulation result. 
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In Fig. 5(a), we can see that number 36, 111, 120 
and 127 are the better potential anchor nodes, but 
number 111 with the shortest distance has the best 
potential value. In Fig. 5(b), we can see that number 
36, 111, 120 and 127 are the better potential anchor 
nodes and the original anchor node number 36 has 
the best potential value. In Fig. 5(c), only number 
111 and 127 are the better choice because the 
pheromone coefficient 2   represent the distance 
has a more significant effect. In Fig. 5(d), also 
number 111 and 127 are the better choice but 
potential value is not same. So in the case of 1   

and 2  , the algorithm has a better performance. 

This paper applies the algorithm in wireless 
localization. We have simulated two anchor nodes’ 
density. First, the anchor nodes’ density is 20 %, the 
result can be seen from Fig. 7. Where the blue line 
represents the result calculated via improved 
algorithm. Its mean is 9.7 and its standard deviation 
is 13.4. 

While the red line represents the result calculated 
via DV-distance. Its mean is 11.4 and its standard 
deviation is 14.7. Second, the anchor nodes’ density 
is 10 %, the result can be seen from Fig. 8. Where the 
blue line represents the result calculated via improved 
algorithm. Its mean is 37.1 and its standard deviation 
is 16.1. While the red line represents the result 
calculated via DV-distance. Its mean is 42.6 and its 
standard deviation is 17.8. Thus, the improved 
algorithm has a better performance in accuracy and 
stability. 
 
 

 
 

Fig. 8. 10 % density simulation result. 
 
 
 
 
 

5. Summary 
 

As a new evolutionary algorithm, ant colony 
optimization has characters of distributed computing, 
information positive feedback and heuristic search 
and so on. This paper improves the basic ant colony 
optimization and avoid falling into local optimal 
solution and resulting in premature convergence 
problem. This paper applies it into WSN for the 
Selection Strategy for Optimal Anchor Nodes, which 
has a good balance between distance and hop times. 
In this paper, this algorithm and the classic DV-
distance algorithm are compared. This algorithm is 
better than the classic DV-distance algorithm in the 
localization accuracy and stability. In practical 
applications, it can also reduce network traffic 
positioning data and has a high application value. 
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