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Abstract 

Target tracking is one of the primary applications of wireless sensor networks. This paper deals with imparting mobility to the 
wireless sensor nodes in order to perform target tracking in an optimum manner. An initial estimate about the target is made 
using the static sensor nodes and further the position estimates are refined using mobility of the wireless sensor nodes. Interval 
analysis together with waltz algorithm estimates the initial target trajectory. This estimate is further refined using mobile nodes 
based on Ant colony optimization technique. 
 
 
Keywords: Ant Colony Optimization, Waltz Algorithm, Wireless Sensor Nodes. 

1. Introduction  

Advancements in the fields of wireless networking technology, micro-electro-mechanical systems (MEMS) etc 
have resulted in new generations of massive scale low cost low power sensor networks with computational, 
communication and sensing capabilities. The proposed work specifically deals with target tracking application of 
wireless sensor network and the ways to optimize the same. In mobile sensor networks, it is important to manage the 
mobility of the nodes in order to improve the performances of the network. A wireless sensor network consists of 
spatially distributed autonomous sensors to monitor physical or environmental conditions, such as temperature, 
sound, pressure, etc. and to cooperatively pass their data through the network to a main location. The development 
of wireless sensor networks was motivated by military applications such as battlefield surveillance; today such 
networks are used in many industrial and consumer applications, such as industrial process monitoring and control, 
machine health monitoring, and so on. This paper deals with quantifying the target trajectory using static sensor 
nodes alone using waltz algorithm and further reducing the estimate by utilizing mobility of sensor nodes through 
ant colony optimizing strategy. The ant colony optimized mobile sensor nodes along with static sensors are called 
hybrid sensor nodes. 
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2. Tracking in sensor networks 

In mobile sensor networks, it is important to manage the mobility of the nodes in order to improve the 
performances of the network. This paper addresses the problem of single target tracking in controlled mobility 
sensor networks. The method consists of estimating the current position of a single target. Estimated positions are 
then used to predict the following location of the target. Once an area of interest is defined, the proposed approach 
consists of moving the mobile nodes in order to cover it in an optimal way. It thus defines a strategy for choosing the 
set of new sensors locations. Each node is then assigned one position within the set in the way to minimize the total 
travelled distance by the nodes. While the estimation and the prediction phases are performed using the interval 
theory, relocating nodes employs the ant colony optimization algorithm.  

2.1 Connectivity Model 

A connectivity model has been developed in order to obtain connectivity measurements for estimating the target 
position. It is assumed that the target and the sensors to be situated in a two dimensional space. Let the total number 
of sensor nodes be Ns. Then the target is defined in two dimensional space by x(t)=(x1(t),x2(t)) and the  ith sensor 
coordinates by si(t)=(si,1(t),si,2(t)). The target position is unknown but each sensor has knowledge about its positions. 
Let zi(t) be the one bit connectivity measurement information associated with ith sensor at time t, It is expressed as in 
(1) 

Zi(t)= {1, if sensor i det ects t arg et x ( t ),
0, otherwise.  (1) 

From the Okumura Hata path loss determination model  

ρr(t) = ρ0(t) – 10.np.log10. di(x(t))/d0.   (2) 

where ρ0(t) initial power of the signal, np the path loss exponent, d0 the ideal distance where signal power is ρ0(t) and 
di(x(t)) the distance between target x(t) and the ith sensor node. It could be inferred that the signal power decreases 
with increase in the distance travelled by that signal. Target keeps on communicating with the sensor nodes but the 
power at which signals are received by them depends on their distance from the target that is, ρi(t) would be the 
power of signal as received by ith sensor. With an aim to keep far across sensors idle to conserve their battery power 
and chance of error from creeping in, only those sensors whose received power ρi(t)  is greater than a threshold ρt(t)  
is to be activated. All such sensor nodes which detect target with a signal power greater than or equal to ρt(t) are 
included in the set I. For each sensor ‘i’ , with sensing range radius ‘r’, the following constraint equation would be 
satisfied as in (3) 

(x1(t) − si,1(t))
2 + (x2(t) − si,2(t))

2 ≤ r2, i € I  (3) 

       The problem is formulated such that a sensor is activated if target falls within its sensing range radius and has 
a signal power greater than or equal to ρt(t). 

2.2 Estimation Phase 

     Estimation on the target position at any instant is done using interval analysis. Interval Analysis is applied on a 
set theoretic algorithm called as Combinatorial Algorithm/Waltz Algorithm. 

        In Interval Analysis, a real   interval is a non empty closed subset of real numbers is given in (4) 

[x]= [ x  ,x] = {x € IR, x  ≤ x ≤  x  (4) 

wherex  is the lower limit and x is the upper limit. All set of intervals over real number R is denoted by IR.  

           The objective of the Combinatorial Algorithm (Waltz Algorithm) [4] is to find a minimal two dimensional 
box which includes all solution to the problem, 
         ( [x1](t) – [si,1](t) )

2 + ( [x2](t) – [si,2](t) )
2⊆  [0 , r2 ] , I € I (5) 

The algorithm shown above behaves like a forward backward algorithm with the whole domain space as its initial 
input. The algorithm proceeds such a way that  it contacts the initial domain space to a  minimal box[x]  , which  
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covers all locations of the  target x(t)=( x1(t),x2(t) ) thereby satisfying  the following constraint equation based on 
equation (6) 

si,j(t) – bi,j(t) ≤ x j ≤ si,j(t) + bi,j(t) , j=1,2 , I € I(6) 

Where [bi,1] equals 2 2
1 ,1[[ ]( ) ( )]ir x t s t− − , and [bi,2] equals 2 2

1 ,1[[ ]( ) ( )]ir x t s t− − .These equations undergo 

repeated iterations until no further contraction of variables is possible. 

 

ALGORITHM 1:WALTZ ALGORITHM 

Input:   Indices of sensors observing the target I; 
Output:  Target coordinates: [x1](t) and [x2](t). 
Initialization:  [x1](t)=[X 1], [x2](t)=[X 2] 
  A ([x]) =W [x1] *W [x 2] and Aold=A+1. 
While (A<Aold) do 

Aold=A; 
For i € I do 
[bi,1] = square root (r2- [[x2](t)- si,2(t)]

2) 
[x1](t)= [x1](t)  ∩    [si,1(t) – bi,1 ,  si,1(t) +bi,1] 
[bi,2] = square root (  r2- [[x1](t)- si,1(t)]

2) 
[x2](t) = [x2](t)  ∩    [si,2(t) – bi,2 ,  si,2(t) +bi,2]] 

End 
A ([x])=W [x 1] *W [x 2] 
End 

2.3 Predicting the next place of Target 

Let x(1),…..x(t)  be all available estimated positions of the target. Then, a kth order prediction model is 
given as follows: 
 
 ŷ(t+1)=f( x(t),….,x(t-k)  (7) 
 
where f is the prediction function and ŷ(t+1) is the predicted position of the target regarding time t+1. All available 
information about the target motion could be used to refine the prediction model. In this report, we propose a second 
order prediction model as follows: 
 
 ŷ(t+1)=x(t)+∆t*v(t)+  (∆t2*γ(t))/2  (8) 
 
where ∆t  is the time period falling between two following time-steps and v(t) and γ(t) are the respective estimate 
vectors of the instant velocity and the instant acceleration at time t given by 
 
 v(t)=x(t)-x(t-1) / ∆t 
 
 γ(t)=v(t)-v(t-1) / ∆t     (9) 
 
In the interval framework, the prediction model is formulated as follows: 
 
 [ŷ](t+1)=[x](t)+∆t*[v](t)+  ( ∆t2*[ γ](t))/2    (10) 

Where [ŷ](t+1) is the predicted position box of the target, Using intervals, the prediction phase yields a box including 
the next-step position of the target. 
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2.4 Sensor Relocation using ACO 

 The relocation problem consists of minimizing the total distance traveled by the nodes while moving to 
their new positions. The fitness function is thus equal to the sum of the distances traveled by the moving nodes, 
whereas the decision variables are the sensors coordinates. These variables take their values within the set of the 
positions already defined. Let s1(t),s2(t)…s km(t) be the sensor coordinates at time t. Then s1(t+1),s2(t+1)…s km(t+1) 
are their new coordinates. The fitness function is thus computed as (11) 
 

f(s1,s2…s km) = 
Km

i 1
Si(t)Si(t 1)

=
+∑   (11)                        

 

where∥∗,∗∥ denotes Euclidian distance operator. Let a1. . . aKm be the set of positions. Then, the number of all 
possible solutions is equal to Km!. 
 
The visibility is thus defined according to the traveled distance by the nodes as in (12) 
 

 �	��	
,�,� =
�

∥����
,��∥�∥������
,��∥
 (12)                                      

  

where			�	��	
,�,�  is the ant visibility to set Si+1(t+1)=al after setting Si(t+1)=aj. The visibility thus increases when 

the traveled distance decreases. While the visibility varies from a state to the other, the initial value of pheromone is 

chosen constant for all the states and ∆� is set to 1/fmin. where fmin is the minimal total distance corresponding to the 
best solution. 

After all iterations are performed, the sensors are assigned the Km-permutation of positions corresponding 
to the minimal value of the fitness function over all iterations. Thus initially randomly assigned mobile sensors takes 
on these positions defined by ant colony optimization technique. The relocation method for a given time step t is 
illustrated in algorithm2 where Vk is the vector of indices of the positions assigned to the sensors by ant k, \ is the set 
difference operator, random(A) yields a uniformly distributed random number of the set A and random P*(A) yields 
a random number of A computed according to the specific distribution P*. Thus the relocation consists of 
minimizing the total distance traveled by the nodes while moving to their new positions. The waltz algorithm is 
further applied to the mobiles nodes which were relocated based on ant colony strategy. This yields a further 
reduction in the estimated box area as discussed in results session. 

 
ALGORITHM 2: 
Input : Sensors coordinates s1(t),s2(t)…s km(t) and available positions a1, . ,aKm. 
Output : Sensors new coordinates s1(t+1),s2(t+1)…s km(t+1) 
Initialization: 
for 1 ≤ i ≤ Km do 
 for 1 ≤  j ≤ Km do 
  for 1 ≤ l ≤ Km do 

  ���	
,�,� =
�

∥����
,��∥�∥������
,��∥
 

  �(i),j,l =�0 

 end 
  end 
 end 
while iter ≤ MaxIter, do 

q=random ([0,1]) 
for i ≤ k ≤ ka do 
  Vk(1) = random({1,2,…Km}) 

 Jk(1) = {1,2,…Km} \ V k(1) 
               for 1 ≤  i ≤ Km-1 do 
         if q<q0 then 

   Vk(i+1) = { }u Jk (i) (i), j,u (i), j,uarg max α βτ η∈  



Ajith S Kumar, IJRIT  546 
 

   Jk(i+1) = Jk(i) \ Vk(i+1) 

   �(i),Vk(i) ,Vk(i+1) =  (1- � )*�(i),j,l +  �	. �0  

                                end 

                  if q > q0 then 
              for u € do Jk(i) do 

                   P*(u)   =  
(i), j,u (i), j,u

(i), j,u (i), j,u
v jk (i)

α β

α β

τ η

τ η
∈
∑

 

end 

for u ∉Jk(i) do 
                 P* (u) = 0 
    Vk(i+1) = randomP*({1,2,…Km}) 
    Jk(i+1) = Jk(i) \ Vk(i+1) 

    τ(i),Vk(i) ,Vk(i+1) =  (1- � )*�(i),j,l +  �	. �0 

end 
end 

 end 
for i ≤ k ≤ ka do 

Ob(k) =
k

Km

i v (i)
i 1

s (t)a
=
∑  

end 

     K*= 
a1 k karg min Ob≤ ≤  

     Citer = VK* 

MinOb(iter)= Ob(k*) 

     ∆� = 1

Ob(k*)
 

     for 1 ≤  i ≤ Km-1 do 
 
 �(i),j,l= (1- � )*�(i),j,l +  �	. �� 
     end 
end 

Iter*= 1 iter MaxIterarg min Ob≤ ≤ MinOb 

   for 1 ≤  i ≤ Km do 
 Si(t+1) = Citer*(i) 
   end 

3. Results and Discussion 

  We assume a target traversing a sensor field of [0,100m] × [0,100m] .For the simulation purpose 
we have taken 64 static sensor nodes and 36 mobile sensor nodes. The radius of the static sensor is chosen as 10m. 
All simulations are performed using MATLAB R2009b 7.9 on an Intel(R) Core i5-2.66GHz Processor. 

The connectivity model used here is the Okumura Hata model. The parameters used are discussed in the 
Table1 given below. 

TABLE 1 
 

Parameters Values 

Initial Threshold Power  ρ0(t) 100dBm 
Threshold Power ρi(t) 60dBm 
Path Loss Exponent npl 3 
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Number of Static Sensors 400 
Optimum Distance  ideal 1m 

 
The Figure 1 shows that only those static nodes closer to the target instant are activated thus making the 

rest of the sensor nodes idle and conserving their energy stored in battery. 
 

 
Fig.1 Illustration of activation of the static nodes closer to the target at each instants using Okumura-Hata 

connectivity model. 
 
3.1   Estimation Phase Result 
 

 Shown in Figure 2 is the estimation phase result along 12 instants of a moving target using static 
sensors activated using Okumura Hata Model. The Estimation was performed using 64 uniformly distributed static 
sensors with static sensor threshold activation power of 65dBm. The estimation phase involved the application of 
Waltz algorithm using interval analysis. The Table 2 summarizes that the application of Waltz algorithm had 
reduced the initial box area to those in the range as shown in the Figure. 2. 

 

 
Fig. 2 Illustration of estimation boxes obtained across the target on application 

of Waltz Algorithm  using 64 sensors 
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TABLE 2 

Parameters Value 

Number of Static Nodes 64 
Sensing Range 10m 
Initial Area of Estimation Box 10000m2 
Average Area of Estimation Box 400m2 

 
 

Parameters Used in Estimation Phase 
 

3.3 Sensor Relocation 
 

 Here the results obtained after prediction phase to define locations to be taken up by the mobile 
nodes. The initially randomly deployed mobile nodes have to be relocated to positions defined by triangulation 
technique. This could be done in two ways. Either a guarantee based approach or accuracy based approach could be 
followed. In guarantee based approach the guarantee of being tracked is greater than accuracy based approach but its 
accuracy is inferior to accuracy based approach. Shown in red coloured in Figure 3 is the positions  to be taken up 
by the mobile nodes after applying triangulation technique using accuracy based method where σs equals √3.r.The 
randomly deployed mobile nodes would be moved on to positions highlighted in the Figure 3.The sensor radius used 
here is r=10m. 

 

 
Fig.3 Illustration of mobile sensor node relocation positions defined by Accuracy Based Method. 

  
Shown in red colored in Figure 3 is the positions  to be taken up by the mobile nodes after applying 

triangulation technique using accuracy based method where σs equals √3.r.The randomly deployed mobile nodes 
would be moved on to positions highlighted in the Figure. 3. The sensor radius used here is r=10m. 

 

3.4 Ant Colony Optimization  

 In this section target tracking using both static and ant colony optimized mobile sensor nodes is performed. 
Initially 64 static sensor nodes are uniformly distributed in the sensing field in order to estimate the target position 
using combinatorial algorithm involving interval analysis. 
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Fig. 4 An Illustration showing accuracy of the mobility optimized target tracking      

 
 
 The white boxes in the Figure 4 correspond to the estimated box resulting from the application of 
combinatorial algorithm. Mobile nodes are initially randomly deployed in the sensing field which optimizes its 
movement in order to optimally cover the target by the application of ant colony optimization.36 mobile nodes were 
used in the illustration shown in Figure  4  and all the mobile nodes were used in each of the time instants of the 
target trajectory. The colored boxes in Figure 4 correspond to the estimation boxes optimized by ACO. The 
uncolored box shows the mobility optimized target tracking using static sensors only. Table 3 and 4 summarizes the 
parameters used in Ant colony method and clearly shows the reduction in the estimated area using proposed 
strategy. The estimated box area was reduced by around 53% by utilizing the mobility of mobile nodes. 
 

TABLE 3 
 

Parameters Value 

Number of Static Nodes 64 
Sensing Range 10m 
Average Area of Estimation Box 212m2 

 
 

TABLE 4 
 

Parameters Value 

Mobile node radius 10m 

Number of mobile nodes 36 

Threshold power for node movement 18dB 

α(pheromone parameter) 0.7 

β(visibility parameter) 0.3 

τo(initial pheromone level) 
10 

ρ(evaporation rate) 0.6 

Average Area of Estimation Box 212m2 
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3.5 Comparison of the Proposed Method against Static Sensor Network Method 
 This section involves the comparison of simulation results in terms of estimated area as well as estimated 
error for the proposed method against static sensor networks involving interval analysis. The analysis is done for 
duration of 100 target instants. Area ratio is the ratio of estimated area using mobile sensor network using ant colony 
optimization against the estimated area of static sensor network involving interval analysis. From Figure 5 it is 
evident that the ratio is always less than one indicating reduction due to the mobility of the sensor nodes against 
static sensor networks. 
 Error in this paper refers to the difference between the target position and the centre of the estimation box 
obtained. The error ratio is the ratio of the error of the proposed method against that of the static sensor network. 
The error ratio depends thus on the difference from target to the centre of the estimated box as shown in Fig.5 and 
the error is generally less for the hybrid sensor network approach. 
 
 

 
Fig. 5 Relative Error (top) and Area (bottom) comparison of proposed method against static sensor network 
method 
 
 
4. Conclusions 
 

This paper deals with the implementation of target tracking in wireless sensor network using a hybrid 
approach. Having a moving target at each time step, the method consist of estimating the current position of the 
target and then predicting its following step using a second order prediction model. This was done with the help of 
uniformly deployed static sensors using interval analysis technique. The estimated positions were further optimized 
with the help of mobile nodes deployed randomly in the sensor network using the optimization algorithm. 
Simulation results illustrate that while the uniformly deployed static nodes ensure total coverage of the network and 
guarantees the target tracking, mobile nodes further refines the target position estimate by 53%. 
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