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Abstract
Wireless sensor networks find its application in areas such as 
target detection and tracking, environmental monitoring, industrial 
process monitoring, and tactical systems. Energy efficiency is one 
of the important research issues in WSNs, since it determines 
the lifetime of the sensor network deployed for the intended 
applications. Target tracking is one of the killer applications of 
wireless sensor networks and energy-efficient target tracking 
algorithms are used for accurate tracking. In this paper, the focus 
is mainly driven over the survey of the energy-efficient target 
tracking routing algorithms for Wireless Sensor Network.

Keywords
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I. Introduction
Wireless sensor networks are made up of many inexpensive 
wireless sensor nodes; each capable of collecting, processing 
and storing environmental information, and communicating with 
neighboring nodes. One of the most important areas where the 
advantages of WSNs can be exploited is tracking mobile targets. 
Examples include establishing survival military surveillance 
systems, environmental and industrial monitoring, personnel and 
wildlife monitoring systems requiring tracking schemes. On the 
other hand, the energy source of the sensor nodes in WSNs is 
usually powered by batteries, which is undesirable even impossible 
to be recharged or replaced. Therefore, improving energy 
efficiency and maximizing the network lifetime by decreasing 
energy consumption of the individual nodes and balancing energy 
consumption of all nodes are the major challenges in the research 
of the routing protocols in WSNs [1]. Energy efficiency is an 
important issue in the applications of wireless sensor networks 
(WSNs). Sensor nodes are constrained in energy supply and 
bandwidth. Therefore, it is necessary to optimize the energy usage 
and prolong the network lifetime by energy-efficient strategies. 
Achieving energy efficiency requires two operations. The first 
operation is to activate and deactivate the sensors as required. Only 
a small number of sensors need to be active in order to provide 
continuous coverage so that energy is not wasted. The second 
operation is to move the active information about a known physical 
entity to other sensors before that entity arrives in their vicinity, 
by waking up sleeping sensors at the appropriate time for better 
monitoring and action. Many protocols are available for energy 
saving in sensor networks such as energy aware routing [2], rumor 
routing [3] and directed diffusion [4]. In order to obtain an energy-
efficient, robust and highly scalable distributed sensor network, 
clustering can be used [5]. Target tracking in WSN is a well-
established research area. As one of the fundamental problems 
with target tracking, energy efficiency has been researched from 
different aspects. In a target tracking system, a moving target such 
as a vehicle or a person which passes through the wireless sensor 

network can be tracked using multiple modalities, acoustic, light, 
seismic, etc. of the sensors. During the tracking, a large number 
of sensors are involved in cooperation. Such object tracking in 
the sensor network provides significant research opportunities 
in terms of energy management. To satisfy the requirements of 
saving power and improving overall efficiency at the same time, 
large-scale coordination and other management operations are 
needed.

II. Challenges in Target tracking WSNs 
A target tracking system through WSNs can have several 
advantages as follows.

Qualitative and fidelity observations1. 
Accurate signal processing2. 
Increased system robustness and tracking accuracy [6].3. 

However, the use of sensor networks for target tracking presents 
numerous challenges. These challenges include limited energy 
supply and communication bandwidth, distributed algorithms 
and control, and handling the performance limits of sensor nodes, 
especially when the size of the network becomes large. Unlike 
traditional networks, a WSN has its own design and resource 
constraints. Resource constraints include a limited amount of 
energy, lower bandwidth, short communication range, and limited 
processing and storage capability in each node. Design constraints 
depend upon specific application and are based on the monitored 
environment. The environment plays a very important role in 
determining the size of the network, the deployment approach, and 
the network topology. Power consumption is the most important 
design factor for WSNs. Numerous researches are dedicated to the 
design of power efficient schemes for target tracking, which try to 
explore good trade-off between power consumption and tracking 
accuracy [7]. In short, the target tracking algorithm considering 
the trade-off between the tracking accuracy and network resources 
such as bandwidth, energy and communication/computation is 
challenging.

III. Overview of Target Tracking in WSNs
Target tracking approaches can be classified into Tree-based, 
Cluster-based, Prediction-based methods and Mobicast based 
methods [8]. In trees, the nodes that detect the target communicate 
with each other and select a root node that collects information 
from the nodes via a distributed spanning tree. Besides these, 
when the root node is far away from the target, the tree will be 
reconfigured. Although the spanning tree based approaches track 
the moving object more accurately, tree organizations result in 
high-energy consumptions. Some tracking algorithms are based 
on clustering. Clustering is an important approach to manage the 
scarce resources in sensor networks. By clustering the network, 
nodes are classified as either cluster heads or members. In a cluster-
based tracking algorithm, the member nodes of the cluster detect 
the object and send information to the clusterhead (CH). The 
clusterhead collects all information from its members; it calculates 
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the location of the target and sends this information to the sink 
node. One of the most important advantages of the cluster based 
approaches is preserving energy consumption to prolong the 
network lifetime. In the prediction based tracking algorithms, 
the next position of the target is predicted based on the current 
moving speed and the direction of the target. These algorithms 
make use of sleep modes thereby reducing energy consumption 
and prolong the network lifetime. Mobicast routing protocols 
provide reliable and just-in-time message delivery for mobile sink 
nodes. It also provides a powerful communication abstraction for 
local coordination and data aggregation in sensor networks. When 
an interesting entity is detected, a group is initiated; a group leader 
then sends a mobicast message (including the estimated location 
and time of the discovery of the object) to a delivery zone that 
moves according to the estimated velocity of the object.

Fig 1: Methods in Energy-efficient target tracking

A. Tree-Based Tracking methods.
Tree-based tracking methods organize the network as a hierarchical 
tree. Examples of tree-based methods include STUN (Scalable 
Tracking Using Networked Sensors), DCTC (Dynamic Convoy 
Tree-based Collaboration), OCO (Optimized Communication & 
Organization) and DAT (Deviation Avoidance Tree).

1. Scalable Tracking Using Networked Sensors (STUN)
In STUN a cost is assigned to each link of the network graph, which 
is computed from the Euclidean distance between the two nodes 
[9]. Construction of the tree is based on the costs. The leaf nodes 
are used for tracking the moving target and then sending collected 
data to the sink through intermediate nodes. The intermediate nodes 
keep a record of the detected objects and whenever there is a change 
in that record, and then they send updated information to the sink. 
However, STUN has two disadvantages. First, drain and balance 
tree does not replicate physical sensor network as it is a logical 
tree, hence an edge may consist of multiple communication hops 
and may raise the communication cost. Second, the construction 
of DAB tree does not consider the query cost. The performance 
of STUN is determined by using the structure of message-pruning 
hierarchy, and the tracked objects’ mobility pattern. Using this, the 
communication cost and the average delay incurred by messages 
is computed.

Fig 2: Example of a message-pruning hierarchy

Fig. 2, shows the detection messages from sensors that detect the 
arrival of the car [9]. Sensor 1’s message will update the detected 
sets of all its ancestors. The messages from sensors 2 and 4 do not 
update the detected sets of their parents and thus will be pruned 
there. The message from sensor 3 updates only its parent Z and 
thus will be pruned at X.

2. Dynamic Convoy Tree-based Collaboration (DCTC)
The Dynamic Convoy Tree-based Collaboration contains a 
spanning tree rooted at the sensor node close to a target which 
is used for target tracking, with the target position estimated by 
the location of the root sensor [10]. The tree structure of DCTC 
is called as “convoy tree” which includes sensor nodes around 
the moving target. This tree is dynamically configured to add 
and prune nodes when the target moves. Fig. 3, shows the basic 
structure of DCTC as in [10].

Fig. 3: Structure of DCTC    

3. Optimized Communication & Organization (OCO)
Optimized Communication & Organization is a tree-based method 
for target tracking that provides self-organizing and routing 
capabilities with low computation overhead on sensor nodes. OCO 
has four phases: position-collecting, processing, tracking, and 
maintenance [11]. The position-collecting phase involves the base 
sensor node collecting positions of all the nodes in the network. 
The processing phase involves the base cleaning up the redundant 
nodes, detecting the border nodes, and routing. The tracking phase 
detects all objects coming from outside the perimeter of the sensor 
network. Normally, only the sensor modules of the border nodes 
are ON. When a border node detects an object, it periodically 
sends its position information to the base sensor node by using its 
father’s ID. When it has lost the object, it sends a message to turn 
on the sensor modules of all its neighbors. If a neighbor detects 
the object, it will continue sending its position to the base sensor 
and, right after it has lost the object, it turns the  sensor modules 
of all its neighbors to ON, and so on. If activated neighbors detect 
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nothing, they automatically turn the sensor module OFF after 
a short interval. This way, the objects are tracked as long as it 
remains within the perimeter of the network. The maintenance 
phase is started when the network has a dead node (for example, 
the node has run out of its energy). In this case, the base just deletes 
the dead node from the list, and then re-organizes the network by 
starting the four-step procedure again. 

4. Deviation Avoidance Tree (DAT)
DAT is a two-stage approach where the first-stage aims at 
reducing the update cost, while the second-stage aims at further 
reducing the query cost [12]. Based on the network aggregation 
model, updates will be initiated when an object moves from one 
sensor to another.  For the first-stage, several principles, namely 
deviation-avoidance and highest-weight-first ones are pointed out 
to construct an object tracking tree to reduce the communication 
cost of location updates.

B. Cluster based tracking methods
Cluster-based methods in target tracking applications, divide the 
network into clusters to support collaborative data processing. 
A cluster consists of a cluster head (CH) and member sensor 
nodes. Formation of a cluster is triggered by certain events of 
interest (e.g., Detection of an approaching target with acoustic 
sounds). When a sensor with sufficient battery and computational 
power detects signals of interest, it volunteers to act as a CH. No 
explicit leader (CH) election is required and, hence, no excessive 
message exchanges are incurred. As more than one “powerful” 
sensor may detect the signal, multiple volunteers may exist. A 
judicious, decentralized approach has to be applied to ensure that 
only one CH is active in the vicinity of a target to be tracked with 
high probability.

1. Dynamic clustering algorithm
A dynamic clustering algorithm for acoustic target tracking in 
WSNs constructs a Voronoi diagram for CHs and nearest CH to 
target in each interval time is the CH that the target is placed in 
its cell [13]. This CH is selected as active CH. Then that active 
CH broadcasts a packet and nodes that receive this packet reply 
and send the information that has sensed from target for it. The 
active CH computes the current target’s location and sends it to 
the sink.

2. RARE-Area and RARE-Node algorithms
An energy-efficient target tracking protocol based on two 
algorithms, RARE-Area (Reduced Area Reporting) and RARE-
Node (Reduction of Active node Redundancy) via static clustering 
is proposed [14]. RARE-Area reduces the number of nodes 
participating in tracking by inhibiting far away nodes from taking 
part in tracking. RARE-Node reduces redundant information by 
identifying overlapping sensors. Cluster is formed dynamically 
by prediction during target tracking, thus reducing the number 
of nodes involved in tracking. Although the method consumes 
low energy, the missing target recovery procedure is not well 
defined.

3. Low Energy Adaptive Clustering Hierarchy (LEACH)
LEACH is one of the most popular clustering algorithms for WSNs 
[15]. It forms clusters based on the received signal strength and 
uses the CH nodes as routers to the base-station. All the data 
processing functions such as data fusion and aggregation are 
local to the cluster. LEACH forms clusters by using a distributed 

algorithm, where nodes make autonomous decisions without 
any centralized control. Initially, a node decides to be a CH with 
some probability and broadcasts its decision. Each non- CH node 
determines its cluster by choosing the CH that can be reached 
using the least communication energy. The role of being a CH 
is rotated periodically among the nodes of the cluster in order to 
balance the load.
A sensor n becomes a CH for the current round, where T (n) is a 
threshold given by

T (n) = 

Where P is the desired percentage of cluster heads, r is the current 
round, and G is the set of nodes that have been cluster- heads 
(CHs) in the last 1/P rounds. The sensor nodes that are CHs in 
round 0 cannot be a CH for the next 1/P–1 rounds.

C. Prediction based tracking methods
Prediction-based methods are used to predict the next location 
of moving targets using a prediction mechanism. These methods 
after predicting the next location of target selects some nodes that 
are near to this location for tracking and other nodes remain in 
sleep mode for energy saving. Examples of the prediction-based 
algorithm include PES (Prediction based Energy Saving), DPT 
(Distributed Predicted Tracking) and DPR (Dual Prediction-based 
Reporting).

1. Prediction-based Energy Saving (PES)
Based on the fact that the movements of the tracked objects are 
sometimes predictable, Prediction-based Energy Saving schemes 
called PES, to reduce the energy consumption for object tracking 
under acceptable conditions was proposed [16]. It minimizes the 
number of nodes participating in the tracking activities, while 
inactivating other nodes into sleeping mode.

2. Distributed Predicted Tracking (DPT)
The DPT adopts a clustering based approach for scalability, and 
a prediction based tracking mechanism to provide a distributed 
and energy- efficient solution [17]. The protocol is proven to be 
robust against node or prediction failures, which may result in 
temporary loss of the target and recovers from such scenarios 
hastily and with very little additional energy use.

3. Dual Prediction-based Reporting (DPR)
A dual prediction reporting mechanism reduces the energy 
consumption of radio components by minimizing the number of 
long distance transmissions between the base station and sensor 
nodes with some reasonable overhead [18]. In DPR, both the 
base station and sensor nodes make identical predictions about 
the future movements of mobile objects based on their moving 
history. While monitoring the mobile objects, the sensor nodes 
can decide whether or not the predictions affect the real states of 
object movements. If the prediction is consistent with monitored 
states, no update needs to be sent to the base station, since it has 
correctly predicted the current object movements. Otherwise, 
the sensor nodes are responsible for correcting the inaccurate 
predictions performed at the base station. 
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4. Prediction based tracking technique using sequential 
patterns (PTSP)
A prediction based tracking technique using sequential patterns 
(PTSPs) is designed to achieve significant reductions in the energy 
dissipated by the OTSNs (Object-tracking sensor network) while 
maintaining acceptable missing rate levels [19]. PTSP is based 
on two stages: sequential pattern generation and object tracking 
& monitoring. In the sequential pattern generation stage, the 
prediction model is built based on a huge log of data collected 
from the sensor network and aggregated at the sink in a database, 
producing the inherited behavioral patterns of object movement 
in the monitored area. Based on these data, the sink will be able 
to generate the sequential patterns that will be deployed by the 
sink to the sensor nodes in the network. This will allow the sensor 
nodes to predict the future movements of a moving object in their 
detection area. The actual tracking of moving objects starts on 
the second stage. This stage has two parts: activation mechanism, 
which entails the use of the sequential patterns to predict which 
nodes should be activated to keep track of the moving object 
continually, and  missing object recovery mechanism, which will 
be used to find missing objects in case the activated node is not 
able to locate an object in its detection area. 

5. Exponential distributed predictive tracking (EDPT)
An exponential distributed predictive tracking (EDPT) is proposed 
to reduce energy waste and response time [20]. It uses an improved 
predictive algorithm–exponential smoothing predictive algorithm 
(ESPA) for reducing energy consumption. With the aid of an 
additive proportion and differential (PD) controller, ESPA 
decreases the system predictive delay effectively. 

6. Prediction-based energy-efficient target tracking 
protocol (PET)
A prediction-based energy-efficient target tracking protocol (PET) 
was proposed for deriving the target moving path and utilizing 
the target moving patterns for energy-saving [21]. The prominent 
characteristics of the cooperative tracking protocol were that it 
achieved better resolution than that with a lot of sensors being 
used in tracking and provided an earlier estimation of the target’s 
position, direction and velocity. It uses a linear predictor to predict 
the target’s next location. However, not all sensors or partial sensors 
may have useful information; hence, a well-versed selection of 
sensors with the best data for cooperation can conserve power. 
The PET uses a primary sensor that is in the active state, and 
the secondary sensors are in the awakened state. The protocol 
significantly simplified the beacon’s computation and minimized 
the volume of messages exchanged between beacons as well as 
sensors and trackers. Fig. 4, shows the face neighbors of sensor 
networks in FAR [21].

Fig. 4: An example of planarized network showing faces

D. Mobicast methods
A new multicast communication paradigm called a “spatiotemporal 
multicast” or “Mobicast” was recently investigated in which 
supports spatiotemporal coordination in applications over wireless 
sensor networks [22]. The distinctive feature of this new form of 
multicast is the delivery of information to all nodes that happen 
to be in a prescribed region of space at a particular point in time. 
This prescribed region is a geographic zone and is denoted as 
the forwarding zone in this study. The set of multicast message 
recipients is specified by a forwarding zone which continuously 
moves and evolves over time. When continuously monitoring a 
mobile entity, forwarding zones at different time intervals greatly 
differ. This provides a mechanism for application developers 
to express their needs for spatial and temporal information 
dissemination directly to the multicast communication layer. It 
also offers a new just-in-time multicast delivery paradigm. In this 
paper, the predictive accuracy of the forwarding zone is the key 
performance metric for designing an energy-efficient mobicast 
routing protocol. The predictive accuracy is used to reflect the 
status of determining the right shape, size, and location of the 
forwarding zone at the appropriate time. The more accurate the 
predictive accuracy is, the more power that will be saved.

1. Face-aware routing (FAR)
A quite-new mobicast routing protocol, called face-aware routing 
(FAR) is proposed for tracking [23]. The FAR protocol is a geometric 
routing protocol which provides reliable routing results. To obtain 
the reliability, the FAR protocol must periodically maintain a 
spatiotemporal neighbor list and thus has a heavy communication 
overhead. They considered the routing problems in ad hoc wireless 
networks modeled as unit graphs (faces) in which nodes are points 
in the plane, and two nodes can communicate if the distance 
between them is less than some fixed unit.

2. Variant-Egg (VE)-based Mobicast routing protocol
A variant-egg (VE) -based mobicast routing protocol in sensornets 
can adaptively and efficiently determine the location and shape 
of the message forwarding zone in order to maintain the same 
number of waken-up sensor nodes [24]. According to the factors 
of the moving speed and direction of movement, the VE-Mobicast 
protocol can improve the prediction accuracy of the forwarding 
zone. However, the message delivery method of a VE-Mobicast 
is node oriented. This method is not sufficiently efficient and 
wastes unnecessary energy.

3. HVE-Mobicast routing protocol
The HVE-mobicast routing protocol is a cluster-based VE-
mobicast routing protocol [25]. The message delivery of nodes 
in the forwarding zone of the HVE-Mobicast routing protocol is 
transmitted in two phases: cluster-to-cluster and cluster-to-node 
phases. In the cluster-to-cluster phase, the cluster-head and relay 
nodes are notified in a distributive to wake them up. In the cluster-
to-node phase, all member nodes are then notified to wake up by 
cluster-head nodes according to the estimated arrival time of the 
delivery zone. The key contribution of the HVE-Mobicast routing 
protocol is that it is more power efficient. This effect is mainly 
achieved by improving the predicted accuracy, by considering 
different moving speeds and directions.
The constructions of trees in tree-based tracking methods are 
complex thereby increasing the cost of tracking. LEACH 
outperforms the other cluster based tracking algorithms in both 
energy consumption and message transmission. The main focus 
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of prediction algorithms is to reduce the energy consumption by 
keeping the sensors in sleeping mode thus extending the network 
lifetime. Mobicast routing methods with the prediction algorithm 
yields higher prediction accuracy, prolong the network lifetime 
and effective target tracking [21].

IV. Conclusions
Wireless sensor networks (WSNs) have attracted significant 
attention over the past few years. A growing list of civil and military 
applications can employ WSNs for increased effectiveness; 
especially in hostile and remote areas. The massive researches 
in these areas have inspired us to present the literature survey 
on tracking. In this paper, we have explored categories of tree 
based methods, cluster based methods, prediction and Mobicast 
based methods.
Due to the scarce energy resources of sensor nodes, energy 
efficiency is becoming one of the main challenges in the design 
of target tracking protocols for WSNs. The ultimate objective 
behind the protocol design is to keep the sensors operating for 
as long as possible, thus prolonging the network lifetime. In this 
paper, we have surveyed and summarized recent research works 
focused mainly on the energy-efficient target tracking routing 
protocols for WSNs. As this is a broad area, this paper has covered 
only a few samples of tracking routing protocols. The protocols 
discussed in this paper have individual advantages and pitfalls. 
For realization of sensor networks, it is needed to satisfy the 
constraints introduced by factors such as fault tolerance, coverage, 
scalability, network cost, environmental, and power consumption. 
Since these constraints are highly stringent and specific for sensor 
networks, new wireless sensor networking techniques are required 
to be explored more. Though the performance of the protocols 
discussed in this paper is promising in terms of energy efficiency, 
further research would be needed to address issues related to 
tracking accuracy and Quality of Service (QoS).
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