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Abstract: Wireless Sensor Networks (WSNs) are one of the most researched areas worldwide as the wide-scale 

networks possess low cost, are small in size, consume low power, and can be deployed in various environments. Among 

various applications of WSNs, target tracking is a highly demanding and broadly investigated application of wireless 

sensor networks. The parameter of accurate tracking is restricted because of the limited resources present in the wireless 

sensor networks, noise of the network, environmental factors, and faulty sensor nodes. Our work aims to enhance the 

accuracy of the tracking process as well as energy utilization by combing the mechanism of clustering with the 

prediction. Here, we present a hybrid energy-regulated constant gain Kalman filter-based target detection and tracking 

method, which is an algorithm to make the best use of energy and enhance precision in tracking. Our proposed 

algorithm is compared with the existing approaches where it is observed that the proposed technique possesses efficient 

energy utilization by decreasing the transference of unimportant data within the sensor network, achieving accurate 
results. 

 

Index Terms: Wireless Sensor Networks, Target Detection, Target Tracking, Kalman Filter. 

 

 

1.  Introduction  

In the recent research covering the areas of digital electronics, microelectronic devices, and wireless 

communications has authorized the deployment of substantial-scale sensor networks over a large remote area. Wireless 

sensor networks (WSN) are located using a vast number of sensor nodes that can accumulate data from remote 
surroundings and then further process that data to produce useful information [1]. These sensors are of divergent ranges 

like infrared, thermal, acoustic, vibration, force, etc., which monitor various environmental conditions such as light, 

temperature, noise, velocity, and load/weight, respectively [2,3]. Wireless sensor networks possess many applications in 

the field of surveillance as well as communication in the military, monitoring the forest environment or agricultural 

fields, detecting diseases in the medical domain, etc. 

From the wide range of applications in wireless sensor networks, target tracking is an important and widely used 

application, but at the same time is most challenging because of the limitations in the wireless sensor networks like the 

unpredictability of the environment, limited battery of the sensor nodes, and run-time failure of nodes or high-mobility 

possessed by the large [4]. The sensor nodes with limited energy should assist in sensor functioning, communication 

establishment with the neighbor nodes, and onboard signal processing [5]. Thus, it is significant to devise an energy-

efficient signal processing and communication protocol. The lifespan of a sensor network is determined by the energy 
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consumed by each sensor node. Therefore, there has to be efficient energy management that can issue an extensive 

lifetime of a network. 

Energy constraint is considered the most common issue in wireless sensor networks wherein the maximum energy 

is consumed during data communication. The duration of the network lifetime is dependent on the energy needed for 

the operations associated with the sensor nodes. Once these sensor nodes are deployed, it is unattainable to charge or 

restore the battery. Therefore, for the expansion of the network lifetime, it is essential to utilize sensor energy efficiently.  

In this paper, we propose a hybrid energy-regulated mechanism of target tracking algorithm with constant gain 

Kalman-filter [6] to identify and trace the mobile target in a sensor network region. This proposed technique depends on 

the clustering and prediction-dependent collaborative strategy. This technique efficiently regulates energy by decreasing 

the unwanted data transmission amidst the sensor nodes as well as the base station. Therefore, the algorithm proposed 
by us is inspected for a static base station model wherein the location of the base station is at a fixed position and, in the 

second case, when it moves in a dynamic manner within the sensor network region. It discovers the precise path of the 

target and decreases the error in the localization process. 

2.  Related Works 

Target tracking is considered widely known and utilized applications of wireless sensor networks. The target 

tracking schemes are majorly identified in fewer than four major categories: tree, prediction, cluster, and hybrid-based 

tracking methods [7]. In [8], the tracking mechanism has been designed to locate people, identify their current locations, 

keep a count of existing people, and also to track their mobility. With the novelty of using radio waves for surveillance 

to exploit the property of penetrating the buildings in [9] the authors proposed a motion tracking scheme. In [10] Din et 
al. discussed a cluster-oriented malting scheme that works for both direct and multi-hop routing mechanisms so as to 

amplify the lifetime of the network of Wireless sensor network.  

In [11], the authors form a well-organized liable-to-failure target observation-based algorithm which discovers as 

well as improves from the binary node failure. This technique expands the precision of the boundary prediction 

technique. 

In the overall approach, the localization of the target is performed by the local sensor nodes. In [12] authors 

presented a trilateration approach using RSSI to drive comparisons between the ISM868 and the use of the ZigBee 

approach, whereas the authors in [13] discussed the role of the path-loss model in order to map the RSSI to the distance 

calculated. The outcomes in these approaches did not show the desired figures when the localization technique was 

utilized.  

The target position was identified with the use of a range-based sensing method [14,15]. The implementation of 
prediction kinematics is unable to predict the accurate location of the target in an environment full of noise. Thus, 

because of the restricted battery energy store, the low-power operation of the wireless sensor networks should be 

embraced to expand the processing lifetime as well as to decrease the maintenance cost involved. In [16,17] authors 

discussed the enhancement of accuracy by drawing comparative results with different RSSI numbers, wherein [17] also 

presented the use of various frequencies to measure RSSI. In a similar approach used by [18], a location identification 

method was deployed using the learning techniques where a group of regression trees was used to detect the target 

position efficiently. 

Wireless sensor networks, in particular, depend on the collaborative signal and the processing of information to the 

dynamic management of sensor resources along with the efficient process of distributed information. In this direction, 

the role of an energy-efficient target-tracking approach in a wireless sensor network will be examined. 

The concept of the Kalman Filter is majorly used as the state predictor for mainly the linear systems as well as the 

Gaussian noise. The unpredictability while measuring instruments, as well as sensors' calculated noise, yields wide 
estimation error in the Kalman Filter, which ultimately reduces the performance of the predictor [19].  

In [20] authors proposed an Interactive Multiple Model (IMM), which is framed for utilizing more than one filter 

as well as sensors to discover. This mechanism focuses over the utilization of various filters as well as sensors so as to 

discover and track the target, thus, consuming high energy for target tracking. In [21], there is an implementation of a 

non-linear distance-oriented observation model, and the unscented Kalman filter is utilized because of the superiority in 

the performance for high-activity-based targets. 

It can be perceived that the gain values possess a higher influence over the filter prediction. Therefore, efficient 

tracking outcomes can be attained by making the most effective gain value. The constant gain Kalman filter [22], 

implements the genetic algorithm to calculate the most favorable gain value. The prevailing filter-associated algorithm 

extends the Kalman filter [23] and the constant gain Kalman filter on the cluster head or the sensor nodes. 

This leads to a substantial evaluation responsibility over the sensor nodes as they possess restricted batteries as 
well as the power supply. In Table 1., we can observe the summary demonstrating the relative analysis algorithms 

which perform target tracking present in the wireless sensor networks. It can be contemplated that the methods 

advanced in the related works are limited to the static base station model. 

In multiple applications of wireless sensor networks, there can be seen a requirement to gather data for the mobile 

base station model [24-26], wherein the military surveillance, this moving base station model is connected to an 

unmanned aerial vehicle, i.e., UAV so as to identify the enemy troops [27]. In the applications of forest area monitoring, 
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a robot is deployed to gather the data from the nodes present in the selected field so as to target the animals and keep 

them under surveillance [28,29].  

In the proposed algorithm, there is a need for data communication while the accuracy of the prediction exceeds the 

threshold. The analysis performed for the proposed algorithm is done for both static as well as the ambulant base station 

model. The estimation of the target position yields precision-based tracking outcomes. The proposed algorithm utilizes 

a constant gain Kalman filter [25] over the base station so as to estimate the position of the target and lower the 

complexity. It also predicts the more accurate location of the target to yield better outcomes. The boundary problem is 

also overcome because of the estimated future position. 

Table 1. Comparing the target tracking schemes 

Author and year Tracking mechanism Accuracy Energy consumption Mobility of BS 

Dr. Mugunthan, 2020 [10] Prediction Less Less No 

Zhang et. al 2019 [11] Clustering and Prediction Average Less No 

Leela et.al 2021 [12] Clustering and Prediction Average Excessive No 

Ahmadi et al., 2018 [13] Clustering and Prediction Average Average No 

Khalifeh et al., 2019 [14] Clustering and Prediction Excessive Average No 

Jondhale & Deshpande, 2019 [15] Clustering and Prediction Excessive Excessive No 

Balakrishnan et al., 2021 [16] Clustering Excessive Excessive No 

Klaina et al., 2018 [17] Prediction Excessive Excessive No 

Chu et al., 2020 [18] Clustering and Prediction Average Excessive No 

Karthika and Ramalakshmi, 2013 [26] Clustering and Prediction Average Excessive No 

3.  Methodology 

There are many target tracking techniques where much energy is consumed as there is a considerable amount of 

unnecessary active sensor nodes involved in the process, where many are not even a part of the tracking procedure. In 

the proposed tracking approach, this drawback is overcome, and the base station estimated the future target position 

with the implementation of a constant gain Kalman filter. The estimated target position (ETP) is shared with the cluster 

head (CH), which is nearby the target, followed by three sensor nodes which are located nearby the target and are 

activated by the cluster head for the process of tracking. 

The Trilateration algorithm [15] is implemented for localizing the target in our proposed algorithm. Of the selected 
three sensor nodes, two of them share their length with the chief sensor node, and this chief sensor node is chosen by 

the cluster head, which possesses a robust selection specification. The ratio of energy (E), as well as the distance (d), is 

the selection specification [17], where the chief sensor node implements the trilateration algorithm to discover the target 

and thus direct the present location (PL) of the located target with the cluster head. Therefore, the cluster head is aware 

of the estimated target position (ETP), which is obtained from the base station, as well as the present location, i.e., PL, 

which is obtained from the chief node.  

In case of variation between the values is obtained more than the threshold, then transfer from the cluster head to 

the base station is performed. Thus, in such instances, the cluster head transfers the PL of the discovered target with the 

base station so as to provide accurate as well as updated value of the position of the target. Moreover, if in case the 

variation obtained is within the threshold, then the base station reserves the ETP as the position of the target. Therefore, 

in the proposed technique, the energy utilized is reduced because of the decreased data transfer occurrences. 

3.1.  Presumptions of the Proposed Scheme 

• There is a random distribution of all nodes which are stationary in nature. 

• While the network is established, all the present sensor nodes are in their sleep state. 

• Nodes have a fixed position after the deployment of the network i.e. they cannot change their positions once 

the entire network is established. 

• The proposed technique uses single hop based communication. 

• Cluster head is not in the sleep state while the network deployment. Also, cluster heads possess a good 

amount of energy than other sensor nodes present in the network. 

• Base station consists of information about the position of all sensor nodes along with the initial residual 

energy (RE). 

3.2.  Pseudo Code for Proposed Tracking Technique 

• Let us consider Sd ={S1, S2, S3, S4,…,Sn}to be the set of deployed sensor nodes wherein n is the total sensor 
node count in the given network where the position of base station (BS) is at coordinates (70,70) in the given 

wireless sensor networks. 

• The instance of identifying the target within the bounds of the sensing range of these sensor nodes, the sensor 
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node which identifies the target shares the initial position with the base/control station (BS) via cluster head 

(CH). 

• Now the base station will estimate the immediate location i.e. loci+1 which the ETP of the identified target 

with the implementation of constant gain kalman filter, where: 

 

𝐶𝑜𝑠𝑡 (𝑖𝑖 , 𝑠) =
1

𝑁𝑟𝑒𝑓
∑ (𝑠𝑒𝑞𝑖 ∗ 𝑠 ∗ 𝑠𝑒𝑞𝑖

𝑇 + log|𝑠|)
𝑁𝑟𝑒𝑓

𝑖=1
                                        (1) 

 

𝑠𝑒𝑞𝑖 = 𝑚𝑖 − 𝑂𝑏𝑖 ∗ 𝑟𝑒𝑖                                                           (2) 

 

𝑟𝑒𝑖+1 = 𝑟𝑒𝑖 + 𝑖𝑖 ∗ 𝑠𝑒𝑞𝑖                                                           (3) 

 

Here in equations (1), (2) and (3), s is the randomly generated noise measurement; Nref is count of the reference 

locations, seqi is the innovative sequence defined as the linear variation of the computations and its predicted value.  

The value mi is the computation of the real state rei at time instance i. As soon as the most favorable gain i.e. the ii 

is measured with the use of genetic algorithm wherein the cost function is implemented in equation (1) and the CGKF 

algorithm is implemented for the estimation of the immediate future target position and then update it in the base station 

as given in equation (3). Here, the observation model is framed in a matrix Obi which is given as [

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

] 

 
• The estimated target position (ETP) by the base station is sent to the active cluster head which identifies three 

sensor nodes (St) nearby the ETP, where: 

 

St = {St1, St2, St3}, where St t ⊆Sd                                                              (4) 

 

• The cluster head determines the chief nodes Sc ∈ St, which possesses a higher value of selection ration (Rs) 

of the residue energy (ER) and the distance (dt) from the identified target, where: 
 

Rs =
ER

dt
                                                                                     (5) 

 

• The three selected nodes {∀St|St ∈ {St1, St2, St3}& St ≠ Sc} computes dt from the present position of target 

and then transmits further to Sc. The chief node i.e. Sc now computes the PL with the use of trilateration 

algorithm and utilizes the data obtained from two selected nodes and self-sensed information. The computed 

PL is transmitted to the CH. Now the active CH computes the variation between the ETP as well as the PL 

and then differentiates it with the defined threshold value i.e.(δ), where: 

 

If(ETP-PL) is more than δ 

then, CH transmits PL to the base station. 

Else, no data is sent by CH and base station saves the ETP. 
End. 

 

• Reiterate from Step 3 to Step 6 till the target is discovered inside the sensing area within the network at an 

interval of every 0.75 seconds. 

4.  Result and Discussion 

This pseudocode was implemented using the MATLAB for both fixed base station model as well a mobile base 

station model. For computing the energy so as to send and receive information, we utilized the radio hardware energy 

dissipation model. The network framework as shown in Table 2., demonstrates all the simulation parameters, and the 

assessment of this proposed technique is performed using the given parameters: 
 

• Tracking accuracy 

• Residual energy of the network 

• Lifetime of the network 
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Table 2. Simulation specifications 

Experimental parameters Values 

Field dimensions 100x100 m2 

Sensor node count {100,200,300,400} 

Base station position (static) (50,50) 

Initial energy (Ei) 0.5 J 

Threshold (δ) 1m 

Speed of target 0-10m/s 

Sensing range 15m 

Communication range 30m 

Base station mobility 2m/s 

 

 
Fig.1. Comparing actual path with other path estimations observed with existing as well as proposed techniques 

While analyzing the results for the instance of static base station model; we compute the proposed technique 

performance on the basis of the path prediction based accuracy, where in Fig.1, we can observe the comparison of the 

proposed algorithm with the existing target tracking techniques [15,26] wherein our proposed technique demonstrates 

most favorable position prediction.  

The performance of proposed algorithm is superior as the implementation of CGKF algorithm optimizes the noise 

by identifying the constant gain implementing the genetic algorithm. The root mean square error (RMSE) of the 

proposed algorithm is decreased in contrast to the trilateration algorithm as well as the kalman filter. The root means 

square error inspection of the proposed method, trilateration and the kalman filter can be seen in the Table 3.  

Table 3. Analyzing the estimation techniques along with the proposed techniques for Root Mean Square Error 

Techniques for estimation Root Mean Square Error (in %) 

Exisitng technqiue which uses trilateration 18.77 

Kalman Filter approach (existing) 13.02 

Proposed Energy saving constant gain kalman filter 1.01 

 

While the motion of the target in the network of 100 to 500 sensor nodes, we have performed the analysis of the 

behavior of the entire network with respect to the energy consumption. The implemented model of radio hardware 

energy dissipation in the propound method computes both the sent and received energy [28].  

In Fig. 2, we can observe the residual energy of the network for the interval of initial 60 seconds of the tracking 

inside the network of 500 sensor nodes. The obtained simulation outcomes show the decrement in the consumed energy 
and thus, the enhancement in the energy utilization is obtained because of the prediction mechanism of the CGKF that 

is run on the base station. This assists in decreasing the sending data from the cluster head towards the control station.  

The threshold value set here is 1m, for the proposed technique. It can be obtained from the graph in the Fig. 2, that 

there is more network residual energy in the proposed algorithm in contrast to the existing techniques. From the column 

graph in Fig. 3, we can observe that the network lifetime is lengthened while the implementation of the proposed 

technique in contrast to the existing techniques. Here, we have evaluated the lifetime of the network till the 5% of the 

total sensor nodes die [29]. 
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Fig.2. The residual energy for a 500-node network (static base station) 

 
Fig.3. Lifetime of a network (5% of the nodes die), in case of static base station 

 
Fig.4. The network residual energy for a 500-node network (mobile base station) 
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Fig.5. Lifetime of a network (5% of the total sensor nodes die) 

We even assessed the performance of the proposed method with the mobile control station model. Here, the 

tracking accuracy is observed to be unaffected as the position of the base station does not possess any impact over the 

proposed technique. The energy consumption is not extremely varied because of the moving base station. The 

comparative assessment of the residual energy in the network along with the lifetime of the network with 500 as the 

node count can be seen in Fig. 4 and 5, wherein the Fig. 4, demonstrates the residuary energy of the propound method is 

unaltered because of the motion of the base station.  

As per the observation, where the proposed algorithm performs expansion of the network lifetime more than the 

existing algorithms and also remains unaltered because of the motion of the base station in the proposed technique. 

5.  Conclusions  

This study proposes a new technique that implements target tracking by integrating the clustering mechanism as 

well as the prediction techniques so as to intensify the lifetime of the wireless sensor network. In this paper, the studies 

are associated only with the Kalman filters applied to the active and movable targets.  

The results obtained show the performance of the proposed technique and its correctness. The proposed techniques 

also provide precision in tracking the path by reducing the root mean square error, thus yielding more accurate 

outcomes. The measurement of the performance of the algorithm proposed while the base station is dynamically 

moving over a pre-identified path. Here, we observe zero effect over the tracking efficiency as the position of the base 

station does not have any significant role in the algorithm proposed.  
From the simulation outcomes, we discovered that the proposed technique upgrades the accuracy of the path 

prediction to 17.76% as well as 12.01% in contrast to the trilateration as well as the Kalman filter, respectively. It even 

yields an energy-efficient solution for both the static as well as the mobile base station model. The comparative analysis 

performed with respect to the network residual energy as well as the network lifetime for a node of 500 shows no effect 

over the network residual energy because of the mobile base station.  

The simulated outcomes are represented as graphs (Fig.4, Fig.5) to conclude that the proposed method shows 

better performance in comparison to the existing techniques concerning energy efficiency by decreasing the repetitive 

information sent as well as even expanding the network lifetime. 
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