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Abstract: In this paper, we propose a 3-level heterogeneous network model for WSNs to enhance the 
network lifetime, which is characterized by a single parameter. Depending upon the value of the model 
parameter, it can describe 1-level, 2-level, and 3-level heterogeneity. Our heterogeneous network 
model also helps to select effective active sensor nodes for scheduling. We compute the network 
lifetime by implementing two protocols for our network model, which include ALBP and ADEEPS. The 
ALBP implementation for the existing 1-level, 2-level, and 3-level heterogeneous network models are 
denoted as ALBP-1, ALBP-2, and ALBP-3, respectively, and for our proposed 3-level heterogeneous 
network model, the ALBP implementations are denoted as het ALBP-1, het ALBP-2, and het ALBP-3, 
respectively. The naming convention for ADEEPS is done in the same way. The hetALBP-3 provides 
maximum network lifetime 11.96% for linear energy model and 11.86% for quadratic energy model, 
than that of the ALBP-3, without any increase in the network energy for 60M sensing range and 25 
number of targets.  The hetADEEPS-3 increases the network lifetime by 20.0% for linear energy 
model and 15.55% for quadratic energy model, with respect to ADEEPS-3 protocol, without any 
increase in the network energy for 60M sensing range and 25 number of targets. 
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I. Introduction 

The wireless sensor networks (WSNs) contain 
hundreds or thousands of sensor nodes equipped 
with sensing, computing and communication 
abilities. Each node has the ability to sense the 
environment for an activity or object and can 
perform simple computations. A sensor node 
either communicates among its peers to collect 
the sensed data or sends (receives) the data 
to(from) a base station. A base station connects 
the sensor networks to another network. 
Designing protocols for sensor networks has to 

be energy aware in order to prolong the network 
lifetime, because the replacement of the 
embedded batteries in sensors is a very difficult 
process, once these have been installed. The 
WSNs should utilize their network energy in an 
efficient way so that they can monitor the 
environment for longer time. 

A sensor node is basically made of four 
components namely: sensing unit, processing 
unit, transceiver unit, and power unit. It may also 
have additional application-dependent 
components such as a location finding system, 
power generator, and mobilizer. The sensing 
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units are usually composed of two sub-units as 
sensors and analog-to-digital converters (ADCs). 
The analog signals produced by a sensor based 
on the observed phenomenon are converted into 
digital signals by the ADC, and then fed into the 
processing unit. The processing unit, which is 
generally associated with a small storage unit, 
manages the events that make the sensor node 
collaborate with other nodes to carry out the 
assigned sensing tasks. A transceiver unit 
connects a node to network. One of the most 
important components of a sensor node is power 
unit, which may be supported by power 
scavenging units. Most of the sensor network 
routing techniques and sensing tasks require the 
knowledge of location with high accuracy. Thus, it 
is common that a sensor node has a location 
finding system. A mobilizer may sometimes be 
needed to move sensor nodes when required to 
carry out the assigned tasks [1]. 

The nodes in wireless networks can be deployed 
deterministically or randomly. The deterministic 
deployments are more preferable in applications 
where the deployment area is physically 
accessible. The examples include the line in sand 
for target tracking, city sense for urban 
monitoring, soil monitoring, etc., where the sensor 
nodes are placed manually at the selected 
locations. On the other hand, random deployment 
of sensor nodes are used when the deployment 
area is physically inaccessible, e.g., bird 
observation on Great Duck Island, Mines, etc. In 
such environments, the sensor nodes are 
dropped from an aircraft.  

Each sensor senses/collects the data from the 
sensing field for an activity and routes the data to 
the base station directly or through the 
intermediate nodes. The base station may 
communicate with the task manager node 
through internet and satellite and it provides a 
connection to the server where the data can be 
collected, processed, and analyzed [2]. Routing 
the data by a node to the base station directly is 
called single hop communication and through 
intermediate nodes it is called multi hop 
communication. In case of single hop 
communication, the farthest nodes tend to 
deplete their battery faster than other nodes in a 
network and these nodes die out faster. In case 
of multi hop communication, the farthest nodes 

send data to their neighbours, which in turn 
transfer to their neighbours and eventually to the 
base station. The nodes near to the base station 
spend their energy faster while collecting the data 
from the neighbouring nodes. For small scale 
network, when the sensor nodes are close to 
base station, it is energy efficient to use single 
hop communication. While for large scale network 
or when the sensor nodes are far away from the 
base station, it is desirable to use multi hop 
communication [2]. 

The most important issue in WSNs is related to 
longevity of the network, which is directly or 
indirectly influenced by the network energy. The 
efficient utilization of the network energy may be 
done by organizing the sensors into groups, 
called clusters. Each cluster has a master node, 
which is also called the cluster head and several 
sensor nodes as members of it. The cluster head 
usually performs the fusion and aggregation. This 
concept has resulted into the development of 
different protocols that helps in efficient utilization 
of the energy. Another option for efficient energy 
utilization may be deployment strategies in which 
the sensors are deployed in such a way that they 
can cover maximum area with minimum number 
of sensors. In order to have longer lifetime, the 
network should have good amount of energy [3]. 
The network energy can be increased by 
increasing the number of sensors in the 
monitoring area. Increasing the number of sensor 
nodes does increase the network energy, but the 
cost is quite high because deploying an extra 
sensor incurs the cost of the sensor, which is ten 
times more than the cost of the batteries. 
Therefore, it is more appropriate and economical 
to increase the network lifetime by deploying 
some sensors with high battery. The sensor 
networks with such characteristics, i.e., sensor 
node with different energy levels are termed as 
heterogeneous wireless sensor networks [2].  

Energy saving is a prime key concern in wireless 
sensor networks because the batteries of sensor 
nodes cannot be changed or recharged in hostile 
environments, for example, forest and building 
fire, volcanic mountain, underwater, etc. The 
network energy should be used efficiently in order 
to increase the network lifetime. There have been 
several protocols, which use the network energy 
efficiently like low energy adaptive clustering 
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hierarchy (LEACH) [3], power efficient gathering 
in sensor information systems (PEGASIS) [4], 
stable election protocol (SEP) [5], distributed 
energy efficient clustering (DEEC) [6], hybrid 
energy efficient distributed (HEED) [7], load 
balancing protocol with adjustable sensing range 
(ALBP) [8] and deterministic energy efficient 
protocol for adjustable sensing range (ADEEPS) 
[9], etc. The network lifetime can be increased by 
increasing the network energy, which can be 
increased either by deploying some extra sensors 
or by increasing energies of some of the sensors 
without increasing their numbers. The former 
case refers to a homogeneous network and the 
latter case a heterogeneous network. It is to 
mention that employing one extra sensor incurres 
ten times more cost than that of increasing the 
same amount of energy in some node. Paper [5] 
has introduced the first 2-level heterogeneous 
network model; the higher energy nodes are 
called advanced nodes and others normal nodes. 
Paper [5] has discussed the 2-level and multilevel 
heterogeneity. Its 2-level heterogeneity network 
model is exactly same as in [5] and in multilevel 
heterogeneity, the nodes’ energies are randomly 
allocated from a given energy interval. This 
multilevel heterogeneity is hardly of any use 
because designing each node of different energy 
level is not practically feasible. Papers [10-30] 
have introduced 3-level heterogeneous network 
model, which contains three types of nodes: 
normal, advanced, and super nodes. The super 
node has maximum energy and the normal node 
has minimum energy. Many protocols have used 
3-level heterogeneous network model for 
increasing the network lifetime which includes 
SEP, DEEC [6] and HEED [7] protocols. In this 
paper, we propose a heterogeneous network 
model, which include 3-level heterogeneous 
network model. The 3-level heterogeneous 
network model is characterized by a single model 
parameter that helps the model describe 1-level, 
2-level, and 3-level heterogeneity depending on 
the value of the model parameter. This proposed 
heterogeneous network model helps to increase 
the network lifetime.   

The rest of the paper is organized as follows. 
Section II discusses the literature review. Section 
III discusses the proposed 3-level heterogeneity 
network model. Section IV discusses two 

scheduling algorithms and their results and finally 
in section V, the paper is concluded. 

 

2. Literature Review 

There are a few works in literature that consider 
the heterogeneity model for WSNs in order to 
increase the network lifetime. The papers [5, 6] 
have discussed 2-level heterogeneity and the 
papers [10-30] have introduced 3-level 
heterogeneity. In [5], multilevel heterogeneity has 
also been introduced, but this multilevel 
heterogeneity has hardly any significance as the 
randomly generated energy levels are assigned 
to the nodes. In other words, all sensors have 
different energy levels, which is practically not 
feasible to design. 

The WSNs have attracted several researchers 
because of their potential applications and related 
challenges. They have several applications like 
military applications, environmental applications, 
health applications, scientific exploration, area 
monitoring and structural health monitoring, etc.  
At the same time, they have numerous 
challenges like simplicity, coverage, connectivity, 
scalability, robustness, fault-tolerance, security, 
efficient use of energy, deployment strategies, 
etc. One of the most important challenges is 
related to the enhancement of network lifetime so 
that it can observe the monitoring area for long 
time for the activities of objects. The network 
lifetime is essentially related to the efficient use of 
network energy. Accordingly, several approaches 
have been developed including various protocols. 
The very first protocol for increasing the lifetime in 
WSNs was discussed by Heinzelman et al. in 
2000, which is known as low energy adaptive 
clustering hierarchy (LEACH) protocol [3]. It is 
one of the most accepted protocol based on 
clustering. In clustering, the sensors are divided 
into groups, each group is called as cluster. 
There is a master node in each cluster, called 
cluster head, that collects the data from its cluster 
members and sends that data directly or via 
some intermediate nodes to the base station. All 
sensors don’t send the data directly to the base 
station rather they send their data through cluster 
heads that is why it is called hierarchical protocol.  
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In LEACH, the cluster heads may not be 
dispersed uniformly in the entire region as they 
are selected randomly. Another problem in 
LEACH is that the number of cluster head nodes 
is not fixed due to stochastic selection. These 
problems have been addressed in LEACH-C and 
fixed LEACH [5], by dispersing the cluster heads 
all over the network so that it can produce better 
performance. In LEACH-C, the base station (BS) 
organizes the nodes and controls the network. In 
each round of LEACH-C, a node needs to send 
its residual energy and location information to BS. 
Based on the received information, the BS can 
uniformly distribute the cluster heads throughout 
the topology and adjusts the size of each cluster. 
The BS also adjusts the probability of selecting 
the cluster heads according to the nodes’ residual 
energy because the BS carries out energy 
intensive tasks like cluster formation and cluster 
head selection.  In fixed-LEACH, the number of 
cluster heads is fixed. The sensor nodes choose 
their nearest node as cluster head where the 
number of supported nodes may be different for 
each cluster head. This leads to the uneven 
energy dissipation among the nodes. The LEACH 
has been modified by Lindsey and Raghavendra 
[4] and named as power efficient gathering in 
sensor information systems (PEGASIS) protocol. 
The PAGASIS protocol is nearly optimal in terms 
of energy cost for data gathering applications. 
The key idea in PEGASIS is to form a chain 
among the sensor nodes so that each node 
receives from and transmit to a closest neighbour 
node. The gathered data moves from node to 
node, gets fused, and, eventually, a designated 
node transmits it to the base station (BS). The 
nodes take turns in transmitting to the BS so that 
the average energy spent by each node per 
round is reduced. It has better network lifetime as 
compared to the LEACH because it uses only 
one node in a chain to transmit the data to the BS 
instead of multiple nodes. It, however, due to 
excessive delay, is not suitable for large 
networks.  

The PEGASIS has been extended by forming the 
chain using binary structure so that the length 
traversed by a packet is reduced (balance the 
energy and delay cost) and this extended version 
is called as Hierarchical-PEGASIS [4]. Ye et al. 
discus the energy efficient clustering scheme 

(EECS) protocol [31] that is used for periodical 
data gathering applications in WSNs. This 
protocol elects the nodes as cluster heads which 
have more residual energy through local radio 
communication while achieving good cluster head 
distribution. It however increases the requirement 
of the global knowledge about the distances 
between the cluster heads and the base station. 
Eshghi and Haghighat [32] discuss a technique 
which forms smaller clusters near the base 
station because the nodes nearer to the base 
station require to spend more energy than the 
farther nodes as the neighboring nodes of the 
base station have extra burden. Junping et al. 
discuss a time-based cluster-head selection 
algorithm for LEACH (TB-LEACH) [3], an 
improvement of the LEACH. In this algorithm, the 
competition for cluster heads does not depend on 
the random number as in the LEACH, but on the 
time interval. The sensor nodes which have the 
shortest time interval for each node win the 
competition and become the cluster heads while 
ensuring cluster partition balanced and uniform. 
Otgonchimeg et al. discuss energy efficient 
clustering algorithm for event-driven (EECED) 
[33] for wireless sensor networks. It uses elector 
nodes for collecting the energy information of the 
nearest nodes, which helps in selecting the 
cluster heads. The nodes having more residual 
energy are more likeable to be the cluster heads. 
This algorithm mainly focuses on prolonging the 
network lifetime by balancing the energy usage of 
the nodes.  

Younis et al. discuss hybrid energy efficient 
distributed (HEED) clustering protocol [7], an 
extension of the LEACH protocol, which uses two 
parameters for selecting the cluster heads. The 
primary parameter for cluster heads selection is 
the residual energy and the secondary parameter 
as degree of the node. The degree of a node and 
the number of nodes in its range, help in 
distributing the load among the cluster heads for 
load balancing. In this protocol, the clustering 
process is carried out in terms of iterations. In 
each iteration, the nodes not covered by any 
cluster head double their probabilities of 
becoming cluster head. It has low overhead in 
terms of processing cycles and message 
exchanged. This protocol does not assume any 
distribution of the nodes or location awareness. It 
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also achieves fairly uniform cluster head 
distribution across the network and prolongs the 
network lifetime besides supporting the data 
aggregation. A variant of the HEED protocol, 
called integrated HEED (iHEED) by Younis et al. 
[34], discusses the integration of the data 
aggregation in multihop routing by considering 
the data aggregation operators such as AVG or 
MAX. The iHEED uses an energy consumption 
model to keep track of the battery consumption of 
the cluster heads and regular nodes. Another 
variant of HEED by Huang and Wu [35] discusses 
a constant time clustering mechanism that may 
be termed as an extended probabilistic algorithm 
for HEED protocol.  In this algorithm, the nodes 
having high energy participate in cluster head 
election and the remaining large quantities of 
nodes are eliminated; thus, it requires fewer 
rounds for selecting the cluster heads.  

Slijepcevic et al. [36] discuss an energy 
conservation technique that works by selecting 
and successively activating mutually exclusive 
sets of sensors, where every set completely 
covers the entire monitored area. It uses same 
intervals of activity for all sets and only one set is 
active at any time. It achieves energy savings by 
increasing the number of disjoint covers (a sensor 
can be active in more than one sensor set). 
Cardei et al. [37] discuss the solution of this 
problem with an efficient node organization 
scheme by grouping the sensors in disjoint 
dominating sets, with every set successively 
responsible for area monitoring. Tian et al. [38] 
discuss energy efficient node scheduling based 
coverage mechanism that works in round with a 
scheduling phase followed by a sensing phase. It 
gives power saving mechanism by scheduling the 
sensor nodes’ activity. It does not specify 
synchronization mechanisms and is implemented 
as an extension of the data gathering LEACH 
protocol [3].  Berman et al. [9] discuss the 
centralized and distributed algorithms for 
increasing the network lifetime for homogeneous 
WSNs. These algorithms solve the area coverage 
problem and sensor network lifetime problem. 
They use scheduling approach of the sensor 
nodes and a method for solving the fixed range 
maximum lifetime problem.  Wu et al. [8] discuss 
how to keep a small number of active sensors to 
monitor the desired area and a small amount of 

energy consumption by using the non-uniform 
sensing ranges for different sensors. Cardei et al. 
[39] discuss energy efficient coverage problems 
as area, target, and breach coverage. Many 
existing networks assume that the sensing range 
of a sensor is fixed, but the papers [8] show the 
possibility of adjustable sensing range. Dhawan 
et al. [8] discuss a target coverage problem 
where the sensor nodes can adjust their sensing 
range. It enables the sensors to determine their 
sleep-sense cycles based on specific coverage 
goals. In this work, a greedy algorithm is 
discussed for the minimum cost sensor cover 
problem. In [9], Brinza and Zelikovsky discuss 
two distributed target monitoring protocols: Load-
Balancing Protocol (LBP) and DEEPS Protocol 
for the lifetime problem. These protocols solve 
the target coverage problem by scheduling and 
fixed sensing range approach. In these protocols, 
a target can be sensed by two or more sensor 
nodes. The sensor node that has maximum effect 
on the target in terms of energy assumes active 
state and others go to sleep state with respect to 
that target. Thus, only one sensor node is active 
for a given target. This work has been extended 
in [9].  

The LBP and DEEPS assume all sensor nodes to 
be of homogeneous nature, i.e. all nodes have 
same amount of energy. The DEEPS provides 
longer network lifetime than the LBP protocol. 
Dhawan et al. improve the network lifetime using 
both scheduling and adjusting sensing ranges by 
discussing two completely localized and 
distributed scheduling algorithms such as ALBP 
and ADEEPS with adjustable sensing range for 
the coverage problem [9]. In ALBP and ADEEPS, 
the sensors can freely change active, idle, or 
deciding states. In order to find the sensor cover 
schedule, each sensor initially broadcasts its 
battery level and the targets covered to all 
neighbours and then it stays in the deciding state 
with its maximum sensing range. The main idea 
of the ALBP is that the maximum number of 
sensors are kept alive as long as possible by 
means of load balancing. When a sensor is in the 
deciding state with range r, it may stay in the 
same state or change to active or idle state. If an 
active sensor nearly exhausts its energy, it 
broadcasts this information to its neighbours. A 
minimal subset of the neighbours in idle state 

http://www.sciencedirect.com/science/article/pii/S014036640500037X#bib8
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change their states into active and replace the 
exhausted sensors. In ADEEPS, there must be at 
least one sensor in-charge for each target. When 
a sensor is in the deciding state with range r,  it 
changes its current state to either active or idle 
state. Whenever a sensor is not in-charge of any 
target, it switches to idle state. An active sensor 
stays in that state for a certain period of time, 
called shuffle time. In order to find its cover 
schedule, each sensor initially broadcasts its 
current energy level and the covered targets to all 
neighbors, and then changes its current state to 
the deciding state with its maximum sensing 
range. During the shuffle time, the active sensors 
update their energy levels. Finally, when there is 
a target which cannot be covered by any sensors, 
the network fails. Cardei et al. [40] address the 
target coverage problem with scheduling model 
and adjustable sensing range. The adjustable 
range set covers (AR-SC) problem is solved by 
finding a maximum number of set covers and the 
ranges associated with each sensor in such a 
way that each sensor set covers all targets. A 
sensor can participate in multiple sensor cover 
sets. The sensors in a set can cover all targets in 
the monitoring area.   

Wang et al. [41] discuss a dynamic configuration 
of the network to achieve guaranteed degree of 
coverage and connectivity. They provide a 
coverage configuration protocol (CCP) for 
different degree of coverage and geometric 
analysis of the relationship between the coverage 
and connectivity. Zhang et al. discuss an optimal 
geographical density control (OGDC) [42] for 
large scale sensor networks. This algorithm is 
fully localized and can maintain coverage as well 
as connectivity in spite of the relationship 
between the radio and the sensing range. The 
main drawback of the OGDC is that each node 
needs to know its location. Dhawan et al. discuss 
the distributed algorithms for scheduling sensors 
to enhance the lifetime based on the minimal 
cover sets [8]. Cerulli et al. discuss a delayed 
column generation technique and a greedy 
heuristic to maximize the network lifetime with 
adjustable sensing range [9]. It selects subsets of 
the sensors, which cover an entire set of targets 
in a sensor field and also assigns the activation 
times to the covering sets. Vu et al. [43] discuss a 
distributed energy efficient scheduling for the k-

coverage (DESK) problem such that the energy 
consumption among all sensors is balanced while 
assuring the k-coverage requirement. In the 
DESK, the network is capable to automatically 
adjust the coverage level till the number of alive 
sensors is not enough to k-cover the whole area. 
Lu et al. [44] discuss a probabilistic model of 
network coverage by considering the data 
correlation among neighboring sensors, which is 
generally known as sensing denomination (SD). 
A sensor’s SD is regarded as the measurement 
of its contribution to the network coverage. The 
sensors periodically calculate their SD values and 
probabilistically schedule their active and 
hibernating states according to their SD values. 
The sensors having higher SD values have more 
chance to stay active.  

There have been some works that discuss 
heterogeneous network models. Smaragdakis et 
al. discuss stable election protocol (SEP) [5], an 
extension of LEACH, that uses heterogeneity. It is 
the very first protocol, which talks about 
heterogeneity. In this protocol, a node becomes 
cluster head on the basis of weighted election 
probability, which uses a function of the 
remaining energy of the nodes to ensure uniform 
usage of node energy. The underlying network of 
the SEP considers two levels of heterogeneity, 
consisting two types of nodes, known as normal 
and advance nodes. The energy of the advanced 
node is higher than the normal nodes and their 
number is less than that of the normal nodes due 
to the increased cost factor. Let N be number of 
sensor nodes deployed in a monitoring area. 

Suppose, E0 is the initial energy of a normal node 
and m is the fraction of the advanced nodes, 

which has α times more energy than a normal 
node. Then there are m ∗  N advanced nodes 

equipped with initial energy of E0 ∗ (1 + α), and 
(1 − m) ∗  N are normal nodes. This network 
model provides longer lifetime due to the 
increased network energy brought by more 
powerful nodes. The total energy of the 2-level 

heterogeneous network [12], denoted by Etotal, is 
given by 

            Etotal = N ∗  E0 ∗ (1 + α ∗ m)                  (1) 

 

The network energy is increased by a factor 
of1 + αm. Each normal node becomes a cluster 

http://www.sciencedirect.com/science/article/pii/S0377221712000847
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head once in every 
1

 popt
∗ (1 + αm) rounds; each 

advanced node becomes a cluster head exactly 

(1 + α) times in every 
1

 popt
∗ (1 + αm) rounds; and 

the average number of cluster heads per round is 
equal to N ∗ popt. Here popt is a predetermined 

percentage of cluster heads (e.g.,  popt = 0.05, 

 popt is 5% of the total number of nodes are 

selected as cluster heads initially).  Thus, an 
advanced node becomes cluster head (1 + α) 
times more at the end of each round than the 
normal node. The average number of cluster 
heads that are advanced nodes per round is 
equal to N ∗ m ∗ padv. Thus, the average total 
number of cluster heads per round is given by 

 N ∗ (1 − m) ∗ pnrm + N ∗ m ∗ padv = N ∗ popt   (2) 

Li et al. discuss the distributed energy efficient 
clustering (DEEC) [6] protocol by considering 2-
level and multilevel heterogeneous WSNs. The 2-
level heterogeneity model is exactly same as 
discussed in [5]. In multilevel heterogeneous 
network model, the energy of each sensor node 
is randomly allocated from a given energy 
interval. The total energy of the network with 
multilevel heterogeneity [6], denoted by Etotal, is 
given by 

    Etotal =  ∑ E0(1 +  αi)
N
i=1 =  E0(N +  ∑ αi

N
i=1 )  (3) 

 

In multilevel heterogeneity, the energy of a 
sensor node is randomly allocated from the given 
energy interval [E0 , E0 ∗ (1 + αmax)], where E0 is 
lower bound of energy interval and αmax 
determines upper bound of the energy interval. 
Initially, the ith node is equipped with initial 
energy of E0 ∗ (1 + αi), which is αitimes more 
energy than the lower bound E0 of the energy 
interval. In this network, all nodes are having 
different levels of energy due to random 
allocation. This multilevel heterogeneous network 
model is hardly of any use because each node 
has different energy level and designing sensor 
nodes of large number energy levels may not be 
practically feasible. Mao et al. discuss an 
effective data gathering algorithm (EDGA) for 
heterogeneous WSNs [16]. It considers three 
levels of heterogeneity by introducing three types 
of nodes: normal, advanced, and super nodes. 

The energy of an advanced node is higher than a 
normal node and the energy of a super node is 
higher than an advanced node. The total energy 
for 3-level heterogeneous network model [16], 

denoted by Etotal, is given by 

  Etotal = N ∗ E0(1 + m(α(1 − m0) + m0 ∗ β))    (4) 

 

where, m fraction of N as advanced nodes and 
m0 fraction of the advanced nodes as super 
nodes. E0 is initial energy of a normal node. The 
energies of the advanced and super nodes are, 
respectively, α and β times more than that of a 
normal node. Thus the energies of each super 
and advanced nodes are E0 ∗  (1 +  β) and   

E0  ∗ (1 + α) respectively. The weighted election 
probability of each node is used in cluster heads 
selection so that the heterogeneous energy 
capacities are efficiently utilized.  

Kumar et al. discuss the energy efficient 
heterogeneous clustered schemes for WSNs [21]. 
They consider a heterogeneous network model 
having three types of nodes similar to that as 
discussed in [14]. Elbhiri at el. discuss the 
developed distributed energy efficient clustering 
(DDEEC) scheme for heterogeneous WSNs [7]. It 
considers the same 2-level heterogeneous 
network model as discussed for the SEP [5] and 
DEEC [6].  The DDEEC uses the same method 
as the DEEC for cluster heads selection based on 
the residual and average energy. It provides a 
balanced and dynamic way to distribute the 
energy more equitably between the nodes by the 
threshold residual energy. The DDEEC performs 
30% and 15% better than the SEP and DEEC, 
respectively, in terms of the network lifetime. 
Rehman et al. discuss an energy consumption 
rate based stable election protocol (ECRSEP) for 
the same 2-level heterogeneous network model 
as discussed for SEP [5]. It uses energy 
consumption rate for the cluster head selection 
depending upon the initial energy, residual 
energy of each node, and the number of rounds. 
A node which had less energy consumption rate 
in previous round is selected as cluster head in 
next round. Brahim et al. discuss the stochastic 
distributed energy-efficient clustering (SDEEC) 
protocol for the same 2-level heterogeneous 
network model as discussed for SEP [5] and 
DEEC [6]. It selects the cluster heads based on 
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the dynamic probability calculated by distributing 
the energy consumption uniformly in the entire 
network. It however suffers from the cluster head 
selection problem for next round, if non-cluster 
head nodes turn off to the sleep mode and the 
cluster head is performing aggregation. Lee et al. 
[45] discuss an energy efficient protocol for event 
detection heterogeneous network that has two 
types of nodes: type-1 and type-0 nodes. The 
type-1 nodes have more chance to be elected as 
the cluster heads, because they start with higher 
battery power as compared to the type-0 nodes. 
Said et al. discuss the Improved and Balanced 
LEACH (IB-LEACH) [46], which is a 
heterogeneous energy efficient hierarchical 
clustering protocol. It considers the same 2-level 
heterogeneous network as discussed for SEP [5]. 
It modifies the weighted election probabilities and 
threshold functions for cluster head selection by 
using some additional parameters. It decreases 
probability of failure of the nodes and prolongs 
the time interval before the death of the first node. 
In the next section, we will discuss the proposed 
heterogeneous model. 

 

3. Proposed Heterogeneity 

Network Model 

In this section, we discuss our proposed 3-
level heterogeneous network model. The basic 
assumptions made for the network in our model 
are as follows: 

 All sensor nodes and base station are 
stationary after deployment; each is identified 
by a unique ID. 

 Nodes are location unaware, i.e. they are not 
equipped with GPS-capable antennae.  

 All nodes have similar capabilities 
(processing/communication), but are different 
in terms of energies in case of heterogeneity.  

 Nodes are left unattended after deployment, 
meaning thereby the battery recharge is not 
possible.  

 There is only one BS located at the center in 
network, which has a constant power supply; 
thus, there is no energy, memory, and 
computation constraints. 

 The distance among the nodes can be 

computed based on the received signal 
strength. 

 Nodes have the capability of controlling the 
transmission power, according to the distance 
of receiving nodes and the node failure is only 
considered due to energy depletion. 

 The radio link is symmetric such that energy 
consumption of data transmission from node 
A to node B is the same as that of from node 
B to node A. 

This model describes a wireless sensor network 
that consists of three types of sensor nodes 
based on their energy levels. The nodes having 
more energy are supposed to be costlier than 
those having less energy. Because of the high 
cost, the nodes having maximum energy are 
assumed to be minimum in numbers. The nodes 
having a minimum energy level are the cheapest 
ones and hence they can be deployed 
abundantly. We assume that the WSN has N 

number of nodes out of which Ɵ*N nodes have 
minimum energy, where 0 < Ɵ < 1. We may call 
them as the normal nodes and the energy of a 

node of these types is denoted as E0. The Ɵ2*N 
nodes have more energy than the normal nodes. 
We may call these nodes as the advance nodes 
and denote the energy of such a node by E1. The 

remaining (N − (Ɵ ∗ N + Ɵ2 ∗ N)) nodes have 
maximum energy, denoting the energy of a node 
by E2. These nodes may be called as super 
nodes. Thus, we have the inequalities for the 
number of nodes and their energy levels as given 
below.  

 Ɵ ∗ N > Ɵ2 ∗ N > (𝑁 − (Ɵ ∗ N + Ɵ2 ∗ N)) and,  

                           E0 < E1 < E2                       (5) 

The total network, energy, Tenergy, is given by 

Tenergy = Ɵ ∗ N ∗ E0 + Ɵ2 ∗ NE1 + (1 − Ɵ − Ɵ2)N ∗

E2                                                                                         (6)           

We will show that this model (6) can describe 
1-level, 2-level, and 3-level heterogeneity 
depending on the value of Ɵ, which is the model 
parameter. The bounds of Ɵ are 0 and 1 initially.  
When Ɵ = 0, we have only one term in (6) as the 
first two terms in (6) become zero. For Ɵ = 0, 
Tenergy in (6) contains super nodes only, which 

signifies 1-level heterogeneity. We may also call it 
as homogeneous network because the network 
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contains only a single type of nodes. In this case, 
a node in the network has E2 energy. We impose 
suitable constraints so that the model contains 
normal nodes rather the super nodes in case of 
1-level heterogeneity. This can be obtained by 
defining the following relation: 

                  Ɵ =
E2−E0

n∗f(E1, E2)
                                    (7) 

where n is a positive integer greater than 1 and f  
is a function of E1 and E2. In a very simple form, 
we can have 𝑓 either (E2 + E1) or (E2 − E1). The 
value of Ɵ in (7) should be in the consonant with 
the constraint: E0 < E1 < E2.  

We will now show that this model can 
describe 2-level heterogeneity, i.e., the network 
contains only two types of nodes. For this, we find 
the value of Ɵ, which is given by the solution of 
the following equation:  

             1 − Ɵ − Ɵ2 = 0                           (8) 

Eqn. (8) is not an arbitrary; it basically diminishes 
the third term in (6), thus making the model of 2-
level heterogeneous.  Using (8), the model (6) 
contains two types of nodes: normal and 
advanced nodes. Eqn. (3.31) has two solutions: 

((√5) − 1)/2 and ((√5) + 1)/2. Since Ɵ is upper-

bounded by 1 and ((√5) + 1)/2 > 1, the valid 

solution of (8) is ((√5) − 1)/2. For Ɵ = ((√5) −

1)/2, the model (6) contains two types of nodes 
that have energies E0 and E1.  For 3-level 
heterogeneity, we need to determine the range of 

Ɵ. The upper bound of its range is ((√5) − 1)/2. 

Let the lower bound of Ɵ be ƟL that is to be 
determined. The range of Ɵ for 3-level 

heterogeneity is ƟL < Ɵ < ((√5) − 1)/2.  Taking f 

as (E2 − E1) and Ɵ from (3.30), we have 

           ƟL <
E2−E0

n∗( E2−E1)
< ((√5) − 1)/2                (9) 

Let E1 = α1+E0 and E2 = α2+E1. From (9), we 
have  

                          ƟL <
α2+α1

n∗α2
    

It can be written as  

                         
α2

α1
<

1

n∗ƟL−1
       

Or 

                   −
α2

α1
≥

1

1−n∗ƟL
                         (10) 

Since L.H.S. of inequality (10) is negative, we 
should have 

1 − n ∗ ƟL < 0 

This gives 

                           
1

n
< ƟL                              (11) 

 

Relation (9) can be written as  

           (E2 − E0) ≤
n∗((√5)−1)

2
∗ ( E2−E1)                   

(12) 

This inequality may be written as 

n ∗ ((√5) − 1) ∗ E1 − 2 ∗ E0 ≤ (n ∗ ((√5) − 1) −

2) ∗ E2                                                              (13) 

In this way, we have shown that the energy model 
(6) can describe 1-level, 2-level and 3-level 
heterogeneity in a WSN. In next section, we 
discuss the simulation results for the proposed 3-
level heterogeneous network model. 

IV. Proposed Methods and 

Simulation Results 

In this section, we discuss the implementations of 
ALBP [8] and ADEEPS [9] protocols for 
evaluating the network lifetime using our 
heterogeneity network model and compare with 
that of the existing models discussed in Section 
III. In our simulations, we consider random 
deployment of 100 number of sensor nodes in a 
square field of dimension 100M X100M. The 
initial energy of a normal node is set as E0 = 0.5 
Joule. Though this value is arbitrarily taken for 
simulation purpose, yet this does not affect the 
behavior of our simulation results. We have 
incorporated 1-level heterogeneity (homogeneous 
network), 2-level heterogeneity, and 3-level 
heterogeneity in these protocols and compared 
their performances. The 1-level and 2-level 
heterogeneity of our proposed and existing 
heterogeneous models are exactly same because 
both the model (proposed and existing) describe 
an equal number of nodes each having same 
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amount of their energies. The results of the 
existing and proposed 3-level heterogeneous 
network models are compared in terms of rounds, 
the network lifetime. In our simulations, we vary 
the parametric values while maintaining the same 
amount of total network energy in both existing 
and proposed 3-level heterogeneous models.  

A. HETALBP: HETEROGENEOUS LOAD 

BALANCING PROTOCOL WITH ADJUSTABLE 

SENSING RANGE  

The load balancing protocol with adjustable 
sensing range (ALBP) is one of the important 
protocol, which was initially discussed for 
homogeneous networks.  We discuss this 
protocol by considering our heterogeneous 
network model. This protocol focuses on 
improving the network lifetime using both 
scheduling and adjusting sensing ranges. It 
maximizes the time required by sensors to 
monitor all targets. When there is an uncovered 
target, the network fails. Because it is useless to 
have any sensors alive after the network fails, an 
intuition behind ALBP is to keep as many sensors 
alive as possible by means of load balancing and 
try to let them die simultaneously. In this protocol, 
a sensor at any given point of time can be in any 
one of the three states. 

 Active state: A sensor in active state 
monitors the targets. 

 Idle state: In this state, a sensor listens to 
other sensors, but does not monitor targets. 

 Deciding state: In this state, a sensor 
monitors targets, but will alter its state to 
either active or idle state soon. 

 

Initially, each sensor disseminates its battery 
level to cover the targets of neighbors and then 
stays in the deciding state with its maximum 
sensing range for finding the sensors cover 
schedules. Each sensor will change its state by 
adopting the transition rules as given below. A 
sensor in the deciding state with range r shall 
change its state to active, deciding, and idle state 
as follows: 

 If there is a target at range r, which is not 
covered by any other active or deciding 

sensors, it will go to active state with sensing 
range r.  

 If all covered targets at range r are covered 
by either active or deciding sensors with a 
more prominent monitoring time, then its 
sensing range will be decreased in such a 
way that it covers the next farthest target (it 
will remain in deciding state). 

 If a sensor decreases its range to zero, it will 
go to idle state. 

In ALBP, a sensor will stay in a state for a 
specified period of time, called shuffle time, or up 
to that time when the active sensor consumes its 
energy and becomes dead. A network will fail if 
there is a target which is not covered by any 
sensor. 

 

RESULTS: Here we discuss the performance of 

the ALPB in terms of network lifetime for our 

proposed heterogeneous network model and 

compare with that of the existing model. The 

naming convention is same as used in above 

discussed protocols. The performance of ALBP-1 

and ALBP-2 are exactly same as that of the 

hetALBP-1 and hetALBP-2 because they use 

exactly same network configurations.  The energy 

models considered in our simulations are linear 

and quadratic, which are commonly used in 

literature [8,9]. The linear model is defined as 

𝑒𝑖 = 𝑐1 ∗ 𝑟𝑖, where 𝑐1 is constant whose value is 

given by  𝑐1 =
𝑇𝑒𝑛𝑒𝑟𝑔𝑦

( ∑ 𝑟𝑖
𝑖
𝑟=1 )

 and 𝑒𝑖 denotes energy 

needed to cover a target at a distance 𝑟𝑖. The 

quadratic model is defined as 𝑒𝑖 = 𝑐2 ∗ 𝑟𝑖
2, where 

𝑐2 a constant, is given by  c2 =
Tenergy

( ∑ ri
2i

r=1 )
. It may be 

mentioned that a sensor node can monitor targets 

using different sensing ranges if it supports 

multiple adjustable sensing range, e.g., its 

sensing range can be set to one of the values of 

𝑟1 or 𝑟2 if, it supports these ranges. We take 

monitoring area of size 100M x 100M. The 

number of sensor nodes varies from 40 to 200 

with two sensing ranges as 30M and 60M, and 
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the number of targets are taken as 25 & 50. The 

sensors and targets have been randomly 

deployed using the uniform distribution. The input 

parameters used in our simulations are given in 

Table I. 

Table I: Simulation Parameters for ALBP and its 
variants. 

Parameters Symbols Values 

Number of Sensors S 40 ~ 200 

Number of Targets T 25 & 50 

Sensor initial energy  𝐸𝑖 2 J 

Adjustable Sensing 
Ranges 

r1 and  
r2 

30M and 60M 

Communication Range 𝑟 
2 * Sensing 
Range 

1- level heterogeneity 𝐸0 2 

2- level heterogeneity 
Case I & II 

𝐸0, 𝐸1 2, 2.5 & 2,4 

3- level heterogeneity 
Case I & II 

𝐸0, 𝐸1, 

𝐸2,Ɵ, n 

2, 2.3, 2.74, 0.56, 
3 & 2, 2.7, 2.84, 
0.60, 10 

 

In 1-level heterogeneity, all sensor nodes are 

equipped with the same amount of energy (a 

node equipped with 𝐸0 = 2J initial energy). For 2-

level heterogeneity, we consider two cases for 

our proposed heterogeneity network model and 

the existing model considering two cases. In 

case-I and case-II, the same number of nodes 

have been deployed, which include 80 as normal 

nodes & 20 as advanced nodes with their initial 

energies as 2J & 2.3J and 2J & 2.7J, 

respectively. To analyse the behaviour of ALBP-

2, we should have shown simulation results for 

more number of cases. We indeed carried out 

simulations for a large number of cases and in all 

cases similar kinds of results were obtained. 

Because of the repetitive nature of results, we 

have shown the simulation results for only two 

cases. For 3-level heterogeneity, we have also 

considered two cases for our proposed 

heterogeneity network model and the existing 

model by varying the parameter values. For case-

I, in our model, we have taken model parameter 

θ = 0.56, which gives 13 super, 31 advanced, and 

56 normal nodes. We have taken the energy of a 

normal node 2J, which will be same in existing 

models. Using θ = 0.56 and 𝐸0 = 2J in (9) and 

(12), we get 𝐸1 = 2.30J, and 𝐸2 = 2.74J. We have 

taken the same number of nodes of each type in 

the existing model that correspond to α =

3.65, β = 4.36, m = 0.44,  and m0 = 0.29 with their 

respective energies as 2.325J and 2.68J. For 

case-II, in our model, we have taken model 

parameter θ = 0.60, which give 4 super, 36 

advanced, and 60 normal nodes. Using θ = 0.60 

and 𝐸0 = 2J in (9) and (12), we get 𝐸1 = 2.7J, and 

𝐸2 = 2.84J. We have taken the same number of 

nodes of each type in the existing model that 

correspond to α = 4.41, β = 4.58, m =

0.40, and m0 = 0.10 with their respective energies 

as 2.705J and 2.79J. In 3-level heterogeneity 

also, we have carried out simulations for large 

number of input parameters and in all cases we 

got similar kinds of results. Because of the 

repetitive nature of results, we have shown the 

results only for two cases. The categorization of 

normal, advanced, and super nodes in our 

proposed 3-level heterogeneous network model 

varying from 20 to 200 nodes given in Table II. 

These values have been obtained by (6). 

 

The network lifetime with respect to the 

number of sensors and 25 targets using linear 

and quadratic energy models, respectively, for 

ALBP-1, ALBP-2, ALBP-3 and hetALBP-3 

protocols are shown in Figs. 1 & 2 for sensing 

range 30M and in Figs. 3 & 4 for sensing range 

60M. It is evident from these figures that the 

hetALBP-3 protocol provides longer network 

lifetime than the ALBP-3 protocol. Furthermore, 

as the level of heterogeneity increases, the 

lifetime further increases. We also observe from 

these figures that as the number of sensors 

increases, the network lifetime also increases. 

The increase in the network lifetime with respect 

to the number of sensors is logically justified 

because increasing the number of sensors 

increases the network energy, which leads to 

longer lifetime.  In case I, the ALBP-2, ALBP-3, 

and hetALBP-3 increase the network lifetime by 
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10%, 36%, & 48% for linear energy model and 

11%, 37%, & 49% for quadratic energy model, by 

increasing the network energy  as 3%, 10%, & 

10%, respectively, as compared to the ALBP-1 as 

shown in Figs. 1 and 2.  

Table II: Categorization of the sensor nodes varying 20 
to 200 for 1-level, 2-level and 3-level heterogeneity. 

 
Heterogeneity level Number of Sensor Nodes 

1-
Leve1  

Normal 20 40 60 80 
10
0 

12
0 

140 160 180 200 

2-
Level 

Normal  12 24 36 44 60 72 84 96 108 120 

Advanced 8 16 24 32 40 48 56 64 72 80 

3-
Level 

Normal 3 5 8 10 13 15 18 20 23 26 

Advanced 6 13 18 25 31 38 44 50 56 62 

Super 11 22 34 45 56 67 78 90 101 112 

 
In case II, the ALBP-2, ALBP-3 and hetALBP-

3 increase the network lifetime by 38%, 63%, & 

78% for linear energy model and 39%, 62%, & 

85% for quadratic energy model, by increasing 

the network energy as 7%, 14%, & 14%, 

respectively, as compared to ALBP-1 as shown in 

Figs. 1 and 2. The network lifetime of the 

hetALBP-3 increases by 11.88% & 12.51% for 

linear energy model and 14.45% & 24.52 % for 

quadratic energy model as compared to the 

ALBP-3 without any increment in the network 

energy in case I and case II, respectively.  

The network lifetime with respect to the 

number of sensors for sensing range 60M and 25 

targets using linear and quadratic energy models, 

respectively, for ALBP-1, ALBP-2, ALBP-3 and 

hetALBP-3 protocols are shown in Figs. 3 & 4. In 

Figs. 3 & 4 have similar nature as that of the Figs. 

1 & 2. Here we observe one important point that 

increasing the sensing range increases the 

network lifetime (cf. Figs. 1&3, Figs. 2&4). The 

increase in network lifetime for increasing the 

sensing range is emphatically justified because 

increasing the sensing range of a sensor covers 

more number of targets. It helps more number of 

sensors to turn in sleeping state. 

 

Fig. 1: Network lifetime vs. number of sensors with 
sensing range 30M for 25 Targets using linear energy 

model. 

 

Fig. 2: Network lifetime vs. number of sensors with 
sensing range 30M for 25 Targets using quadratic 

energy model. 

As evident from Figs. 3 & 4, the heterogeneity 

of sensor nodes has an impact on the network 

lifetime because when we increase the level of 

heterogeneity, the network lifetime increases. In 

case I, the ALBP-2, ALBP-3 and hetALBP-3 

increase the network lifetime by 10%, 36.66%, & 

48.63% and 10.60%, 37.28%, & 49.15%, by 

increasing the network energy as 3%, 10%, & 

10%, respectively, for linear and quadratic energy 

models as compared to ALBP-1 as shown in 

Figs. 3 & 4. In case II, the ALBP-2, ALBP-3, and 

hetALBP-3 increase network lifetime by 38%, 

60%, & 81% and 40.67%, 62.71%, & 94.91%, by 

increasing the network energy as 7%, 14%, & 

14%, respectively, for linear and quadratic energy 
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models as compared to ALBP-1 as shown in 

Figs. 3 & 4. The network lifetime of hetALBP-3 

increases 11.96% & 11.86% and 21.36% & 32.20 

% as compared to the ALBP-3 without any 

increment in the network energy for linear & 

quadratic energy models in case I and case II, 

respectively.  

  

Fig. 3:  Network lifetime vs. number of sensors with 
sensing range 60M for 25 targets using linear energy 

model. 

        

Fig. 4: Network lifetime vs. number of sensors with 
sensing range 60M for 25 targets using quadratic 

energy model. 

 

Figs. 5 & 6 show the network lifetime with 

respect to the number of sensors for sensing 

range 30M and 50 targets using linear and 

quadratic models, respectively, for ALBP-1, 

ALBP-2, ALBP-3 and hetALBP-3 protocols.   

 
Fig. 5:  Network lifetime vs. number of sensors with 

sensing range 30M for 50 targets using linear energy 
model. 

 
Fig. 6: Network lifetime vs. number of sensors with 

sensing range 30M for 50 targets using the quadratic 
energy model. 

 

We observe from Figs. 5 & 6 that as the 

number of targets increases, the network lifetime 

decreases. This finding is logically acceptable 

because increasing number of targets, more 

sensors will be in active state to monitor them 

and hence more energy will be utilised. In case I, 

the ALBP-2, ALBP-3, and hetALBP-3 increase 

the network lifetime by 9.09%, 47.32%, & 53.74% 

for linear energy model and 10.71%, 39.28%, & 

50% for quadratic energy model, in increasing the 

network energy by 3%, 10%, & 10%, respectively, 

as compared to ALBP-1 as shown in Figs. 5 & 6. 

In case II, the ALBP-2, ALBP-3, and hetALBP-3 

increase the network lifetime by 38.77%, 65.50% 

for linear energy model & 97.59% and 42.85%, 
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62.28%, & 89.28% for quadratic energy model, in 

increasing the network energy as 7%, 14%, & 

14%, respectively, as compared to ALBP-1 as 

shown in Figs. 5 & 6. The network lifetime of  

hetALBP-3 increases by 8.53% & 10.71% for 

linear and 32.08% & 25.25 % for quadratic 

energy model, as compared to the ALBP-3 

without any increase in the network energy in 

case I and case II, respectively. 

 
Fig. 7:  Network lifetime vs. number of sensors with 

sensing range 60M for 50 targets using linear energy 
model.

 
Fig. 8: Network lifetime vs. number of sensors with 
sensing range 60M for 50 targets using quadratic 

energy model. 

 

The network lifetime with respect to the 

number of sensors for the sensing range 60M 

and 50 targets using the linear and quadratic 

models, respectively, for ALBP-1, ALBP-2, ALBP-

3 and hetALBP-3 protocols as shown in Figs. 7 

and 8.  We observe from Figs. 7 and 8 that as the 

number of targets increases, the network lifetime 

decreases. This finding is logically acceptable 

because increasing the number of targets, more 

sensors will be in an active state to monitor them 

and hence more energy will be utilised. The basic 

nature of the graphs shown in Figs. 7 & 8 is 

similar to that of Figs. 1 & 2, Figs. 3 & 4, and 

Figs. 5 & 6. 

 

Fig. 9(a): Network lifetime vs. theta using linear energy 
model. 

 

Fig. 9(b): Network lifetime vs. Theta using quadratic 
energy model. 

 
Fig. 9: Lifetime vs. theta for 200 sensors with sensing 

range 30M and 50 targets (a) using linear energy 
model, (b) using quadratic energy model. 

In case I, the ALBP-2, ALBP-3, and hetALBP-

3 increase the network lifetime by 9.79%, 

36.59%, & 48.48% for linear energy model and 

8.57%, 85.71%, & 100% for quadratic energy 
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model, in increasing the network energy  3%, 

10%, & 10%, respectively, as compared to ALBP-

1 as shown in Figs. 7 and 8.  In case II, the 

ALBP-2, ALBP-3, and hetALBP-3 increase the 

network lifetime by 38.46%, 60.37%, & 77.15% 

for linear energy model and 74.28%, 117.28%, & 

148.57% for quadratic energy model, in 

increasing the network energy as 7%, 14%, & 

14%, respectively, as compared to ALBP-1 as 

shown in Figs. 7 and 8. The network lifetime of 

hetALBP-3 increases by 11.89% & 14.28% for 

linear energy model and 16.78% & 31.42 % for 

quadratic energy model, as compared to the 

ALBP-3 without any increment in the network 

energy in case I and case II, respectively. 

The parameter Ɵ plays a very important role in 
our proposed heterogeneity model. Its  maximum 
value is given by the real positive solution of (7), 
which should be less than 1; thus, it is upper-

bounded by (√5 − 1)/2. The network lifetime for 

various values of Ɵ for 3-level heterogeneity is 
shown in Figs. 9(a) and 9(b) for linear and 
quadratic energy models, respectively. The other 
input parameters, which are fixed  in our 
computations, are number of sensors 200, 
sensing range 30M, targets 50, E1=2J and 
E2=2.3J. The values of E3 have been obtained 
from (7) by varying the values of Ɵ.  

 
We observe from these figures that as the 

value of Ɵ increases, the network lifetime 
decreases. It is logically justified because 

increasing the value of Ɵ increases the 
contribution of type-3 nodes in the network. 

B. HETADEEPS: HETEROGENEOUS 

DETERMINISTIC ENERGY EFFICIENT PROTOCOL 

FOR ADJUSTABLE SENSING RANGE 

The deterministic energy efficient protocol for 
adjustable sensing range (ADEEPS) is also an 
important protocol for enhancing the network 
lifetime, which was originally discussed for the 
homogeneous networks. In this section, we 
discuss hetADEEPS protocol by considering the 
underlying network of heterogeneous nature. The 
main intuition behind the ADEEPS is that it tries 
to minimize the energy consumption rate for low 

energy targets while allowing high energy 
consumption for the sensors with higher total 
supply. In ADEEPS, at a time, each sensor cab 
be in one of three states:  

 Active state: Active sensor monitors 
targets.  

 Idle state: Sensor listens to other sensors, 
but does not monitor targets. 

 Deciding state: Sensor monitors targets, 
but will change its state to either active or 
idle state soon. 

In this protocol, one of the targets is selected 
as hill, which is monitored by the maximum 
energy of the nearby sensors and the remaining 
targets are referred to as sink. Each target has at 
least one sensor node as its in-charge. Denoting 

the battery of 𝑖𝑡ℎ sensor as 𝑏i, 𝑟𝑖 as its sensing 

range, and 𝑒 as an energy dissipation model, the 
maximum lifetime of the network is given by the 
sum of the lifetime of all sensors, i.e., 

𝐿𝑡 (𝑏1, 𝑟1, 𝑒) + 𝐿𝑡 (𝑏2, 𝑟2, 𝑒) + 𝐿𝑡 (𝑏3, 𝑟3, 𝑒) + ⋯ +
𝐿𝑡 (𝑏𝑘, 𝑟𝑘 , 𝑒), 

where 𝐿𝑡 (𝑏𝑖, 𝑟𝑖, 𝑒), signifies duration for which a 
particular target is monitored, assuming that the 
target is monitored by the sensors 𝑠1, 𝑠2, … , 𝑠𝑘. 
Once the hill and sink nodes are decided, they 
select their in-charge nodes as given below: 

 If the target is sink, one of the sensors other 
than the monitoring sensor covering that 
target, which has the least energy with 
respect to the target is in-charge of that 
target. 

 If the target is a hill, then one of the sensors 
other than the monitoring sensor whose 
energy effect with respect to the hill is 
maximum is in-charge of that target.  
When a sensor is in the deciding state with 

range r, its state changes into active or idle state 
as follows: 

 if there is a farthest target at range less than 
or equal to r, which is not covered by any 
other active or deciding sensor, the sensor 
goes into active state with sensing range r. 

 whenever a sensor is not an in-charge of any 
target except those already covered by active 
sensors, it goes to idle state. 
In ADEEPS, the decision of all the states is 

decided by the sensors and each sensor will stay 
in that state for a specified period of time, called 
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shuffle time, or till the time the active sensor 
consumes its energy and becomes dead. A 
network will fail if there is a target which is not 
covered by any sensor. 

RESULTS: Here we the network performance by 
implementing the ADEEPS protocol for our 
proposed heterogeneous network model and 
existing heterogeneous network model. The 1-
level and 2-level heterogeneity for our proposed 
and existing heterogeneous network models are 
exactly same and hence their performance. The 
naming convention has been used for SEP 
protocol. We use linear and quadratic energy 
models. We have taken the monitoring area of 
size 100Mx100M that hosts 25 and 50 targets. 
The number of sensor nodes varies from 40 to 
200 with their maximum sensing ranges as 30M 
and 60M. The input parameters used in our 
simulations are summarized in Table III. 

Table III: Simulation Parameters for ADEEPS and 
its variants. 

Parameters Symbols Values 

Number of sensors S 40 ~ 200 

Number of targets T 25 and 50 

Sensor initial energy 𝐸𝑖 2J 

Adjustable sensing 
ranges 

𝑟1 30M and 60M 

Communication range 𝑟 
2* sensing 

range 

1- level heterogeneity 𝐸0 2 

2- level heterogeneity 𝐸0, 𝐸1 2, 2.3 

3- level heterogeneity 
𝐸0, 𝐸1, 

𝐸2,Ɵ, n 
2, 2.3, 2.7, 

0.56, 3 

 
In 1-level heterogeneity, all sensor nodes are 

equipped with the same amount of energy (a 

node equipped with E0 = 2J initial energy). For 2-
level heterogeneity, the network includes 80 as 
normal nodes with their initial energies as 2J & 20 
as advanced nodes with their initial energies as 
2.3J. In our proposed model for 3-level 
heterogeneity, we have taken the model 
parameter θ = 0.56, which gives 13 super, 31 
advanced, and 56 normal nodes. We have taken 
the energy of a normal node 2J, which will be 
same in the existing model. Using θ = 0.56 and 

E0 = 2J in (9) and (12), we get E1 = 2.30J, and 
E2 = 2.74J. We have taken the same number of 
nodes of each type in the existing model that 
correspond to α = 3.65, β = 4.36, m =
0.44,  and m0 = 0.29 with their respective energies 

as 2.325J and 2.68J. In 2-level and 3-level 
heterogeneity, we carried out simulations for 
large number of input parameters and in all cases 
we got similar kinds of results. Because of the 
repetitive nature of the results, we have shown 
the results only for a single instance.  

 

 
Fig. 10:  Network lifetime vs. number of sensors with 
sensing range 30M for 25 targets using linear energy 

model. 

 
Fig. 11: Network lifetime vs. number of sensors with 
sensing range 30M for 25 targets using quadratic 

energy model.  
 

The results for the ADEEPS-1, ADEEPS-2, 
ADEEPS-3 and hetADEEPS-3 are shown in Figs. 
10 and 11, for linear and quadratic energy 
models, respectively. These figures show the 
network lifetime with respect to the number of 
sensor nodes for the sensing range 30M and 25 
targets using linear and quadratic energy models, 
respectively, for ADEEPS-1, ADEEPS-2, 
ADEEPS-3 and hetADEEPS-3 protocols. It is 
evident from these figures that the ADEEPS-2 
protocol provides longer lifetime than the 
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ADEEPS-1 protocol and the hetADEEPS-3 
protocol provides longer lifetime than the 
ADEEPS-2 protocol.  

 
The hetADEEPS-3 also performs better than 

the ADEEPS-3. We also observe from these 
figures that increasing the number of sensors 
increases the network lifetime. It is logically 
justified because increasing the number of nodes 
increases the network energy and hence the 
network lifetime. The ADEEPS-2, ADEEPS-3, 
and hetADEEPS-3 increase network lifetime by 
8.32%, 39.77%, & 58.89% and 9.80%, 47.05%, & 
66.66%, by increasing the network energy as 3%, 
10%, & 10%, respectively, for linear and 
quadratic energy models, as compared to the 
ADEEPS-1. The network lifetime of the 
hetADEEPS-3 increases by 19.12% and 19.60% 
as compared to the ADEEPS-3 without any 
increase in the network energy for the linear and 
quadratic energy models, respectively.  

The network lifetime with respect to the number 
of sensors for the sensing range of 30M and 50 
targets using linear and quadratic energy models, 
respectively, for ADEEPS-1, ADEEPS-2, 
ADEEPS-3 and hetDEEPS-3 is shown in Figs. 12 
& 13. It is evident from these figures that the 
hetADEEPS-3 provides longer network lifetime 
than the ADEEPS-1, ADEEPS-2, and ADEEPS-3. 
Further, as the level of heterogeneity increases, 
the lifetime further increases. We also observe 
from these figures that as the number of sensors 
increases, the network lifetime also increases. 
The increase in lifetime with respect to the 
number of sensors is logically justified because 
increasing the number of sensors increases the 
network energy, which leads to longer lifetime. 
The ADEEPS-2, ADEEPS-3, and hetADEEPS-3 
increase the network lifetime by 8.04%, 40.77%, 
& 61.09% and 12.5%, 35.71%, & 69.64%, by 
increasing the network energy as 3%, 10%, & 
10%, respectively, for linear and quadratic energy 
models, as compared to ADEEPS-1. The network 
lifetime of the hetADEEPS-3 increases by 
20.31% and 16.07% as compared to the 
ADEEPS-3 without any increase in network 
energy for linear and quadratic energy models, 
respectively.  

 
Fig. 12:  Network lifetime vs. number of sensors with 
sensing range 30M for 50 targets using linear energy 

model. 

 
Fig. 13: Network lifetime vs. number of sensors with 

sensing range 30M for 50 targets using quadratic 
energy model.  

 
The network lifetime with respect to the number 

of sensors for the sensing range of 60M and 25 
targets using linear and quadratic energy models, 
respectively, for ADEEPS-1, ADEEPS-2, 
ADEEPS-3 and hetDEEPS-3 as shown in Figs. 
3.27 and 3.28. The ADEEPS-2, ADEEPS-3, and 
hetADEEPS-3 increase network lifetime by 
8.75%, 39.50%, & 59.50% and 17.77%, 40.05%, 
& 55.55%, in increasing the network energy as 
3%, 10%, & 10%, respectively, for linear and 
quadratic energy models as compared to 
ADEEPS-1. The network lifetime of hetADEEPS-
3 increases 20.0% and 15.55% as compared to 
the ADEEPS-3 without any increment in the 
network energy for linear and quadratic energy 
models, respectively.  
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The network lifetime with respect to the number 
of sensors for the sensing range of 60M and 50 
targets using linear and quadratic energy models, 
respectively, for ADEEPS-1, ADEEPS-2, 
ADEEPS-3 and hetDEEPS-3 are shown in Figs. 
16 & 17. The basic nature of the graphs shown in 
Figs. 16 & 17 is similar to that of Figs. 10 & 11, 
Figs. 12 & 13, and Figs. 14 & 15. The ADEEPS-2, 
ADEEPS-3, and hetADEEPS-3 increase the 
network lifetime by 7.63%, 37.22%, & 35.95% 
and 15.55%, 53.33%, & 71.11%, by increasing 
the network energy as 3%, 10%, & 10%, 
respectively, for linear and quadratic energy 
models, as compared to the ADEEPS-1. The 
network lifetime of the hetADEEPS-3 increases 
by 18.91% and 17.77% as compared to the 
ADEEPS-3 without any increase in the network 
energy for linear and quadratic energy models, 
respectively.  

Fig. 14:  Network lifetime vs. number of sensors with 
sensing range 60M for 25 targets using linear energy 

model. 

 
Fig. 15: Network lifetime vs. number of sensors with 

sensing range 60M for 25 targets using quadratic 
energy model.  

 
Fig. 16:  Network lifetime vs. number of sensors with 
sensing range 60M for 50 targets using linear energy 

model. 

We have already seen in Figs. 10-17 that the 
hetADEEPS-3 provides the longest network 
lifetime for both linear and quadratic energy 
models. We now study the effect of the model 
parameter θ on the network lifetime for the 
hetADEEPS-3 protocol. Figs. 18 and 19 show the 
network lifetime for the hetADEEPS-3 protocol by 
taking θ = 0.10, 0.20, 0.30, 0.40, 0.50 using linear 
and quadratic models, respectively, with respect 
to the number of sensor nodes. The values of θ = 
0.10, 0.20, 0.30, 0.40, 0.50 correspond to the 
values of n = 12, 6, 4, 3, 2, respectively, for 

E1 = 2J,   E2 = 2.30J,    E3 = 2.74J. As the value of θ 
decreases, the network lifetime increases. It is 
logically justified because as the value of θ 
decreases, the contribution of type-3 nodes, 
which have maximum energy, increases and 
hence the network lifetime.  

 
Fig. 17: Network lifetime vs. number of sensors with 
sensing range 60M for 50 targets using the quadratic 

energy model.  
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Fig. 18: Network lifetime vs. number of sensors for θ = 

0.10, 0.20, 0.30, 0.40, 0.50 in hetADEEPS-3 using 
linear energy model

 
Fig. 19: Network lifetime vs. number of sensors for θ = 
0.10, 0.20, 0.30, 0.40, 0.50 in hetADEEPS-3 using the 

quadratic energy model 

 
Fig. 20: Network lifetime vs. model parameter θ using 

linear energy model 

 
We have compared the results of the 

hetADEEPS-3 with that of the hetALBP-3 
protocol. The hetALBP-3 protocol is nothing but 

the implementation of ALBP protocol using our 
heterogeneity model of the network. The 
homogeneous ADEEPS and homogeneous ALBP 
are simply the ADEEPS and ALBP protocols. For 
comparative performance of the ADEEPS and 
ALBP, one may refer [8, 9]. As far as the 
hetADEEPS-3 is concerned, it gives longer 
lifetime than that of the hetALBP-3 protocol as is 
evident from Figs. 20 and 21 for linear as well as 
quadratic energy models. 

 

 
Fig. 21: Network lifetime vs. model parameter θ using 

quadratic energy model. 

IV. Conclusions 

In this paper, we have proposed a 3-level 
heterogeneous network model characterized by a 
single model parameter and can describe 1-level, 
2-level and 3-level energy heterogeneity in a 
network. The energy heterogeneity helps 
increasing the network energy and utilizing the 
network energy efficiently increases the network 
lifetime. For utilizing network energy efficiently, 
many protocols have been discussed in literature. 
We have evaluated the network lifetime by using 
two protocols for our heterogeneous network 
model, which include ALBP and ADEEPS. For 
these protocols, our model helps prolonging the 
network lifetime. The hetALBP-3 provides 
maximum network lifetime 11.96% for linear 
energy model and 11.86% for quadratic energy 
model, than that of the ALBP-3, without any 
increase in the network energy for 60M sensing 
range and 25 number of targets.  The 
hetADEEPS-3 increases the network lifetime by 
20.0% for linear energy model and 15.55% for 
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quadratic energy model, with respect to 
ADEEPS-3 protocol, without any increase in the 
network energy for 60M sensing range and 25 
number of targets. The reason for considering 
these protocols is that they use fundamental 
approaches and most of the newly developed 
protocols are their invariants. Thus, we have 
shown that our heterogeneous network model 
uses network energy in effective manner for 
enhancing the network lifetime.  
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