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Abstract 

Wireless Sensor Networks (WSNs) have turn out to be an integral part of our lives as 

they are used in every part of applications varying from disaster management to medical 

sciences. In such applications, network lifetime and energy efficiency have become the 

important requirements of WSNs. Hierarchical cluster based routing is mostly used to 

take care of these issues where sensor nodes are organized to form clusters and a 

particular sensor node is selected inside each cluster for inter and intra-cluster 

communication. In this paper, new hierarchical cluster based energy efficient routing 

protocol i.e. Energy Aware Cluster Based Multi-hop (EACBM) is proposed which uses 

new probabilistic equation along with the concept of clustering and multi-hoping. Here 

multi-hoping is used for inter-cluster communication for transferring information from 

Cluster Head (CH) and Base Station (BS) via number of hops if CH lies far away from 

BS. This results in reducing the number of transmission, due to which network lifetime 

and energy efficiency is increased. The concept of sub-clustering is also used here to 

cover those sensor nodes which are deployed far away during their random distribution 

phase as those far way sensor nodes may gather information which may be very crucial 

for applications such as military application. Simulation results shows that EACBM 

routing protocol performs better when compared with other cluster based energy efficient 

routing protocols (LEACH, SEP, CEEC and LEFCA) in terms of network lifetime, packets 

transmitted to BS, number of CHs, stability period and number of dead sensor nodes per 

round. 
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1. Introduction 

Wireless Sensor Networks (WSNs) are used for observing the physical world via 

various modest, cheap and smart sensor nodes which are scattered in specific 

territory of interest and are broadly utilized as a part of various applications, for 

example, natural surroundings and industry observing, medicinal determination, 

condition checking and agriculture [1]. Their sensor nodes are self-sufficiently used 

to detect, handle and remotely pass on environment conditions to a Base Station. 

They are comprised of three subsystems; a sensing unit to fetch the information 

from physical condition, a processing unit to process and handle the aggregated data 

and a transmitting unit to transmit the data [2]. These nodes are normally controlled 
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by the limited power supply or battery whose replacement is difficult in hostile 

situation [3]. Therefore, the major concern is that how to enhance the network 

lifetime of WSNs with these batteries operated sensor nodes so that they can 

observe the sensing area for longer time. Other related issues and challenges in 

WSNs are like energy efficiency, coverage, scalability, fault-tolerance, connectivity, 

robustness, security and so on [1].   

Routing in WSNs is one of the energy effective methods which are used to bring 

down the communication energy burden on sensor nodes [4]. Most common types of 

routing are flat-based, location-based and cluster-based routing (also called 

hierarchical routing) [5].  

The cluster-based routing is broadly utilized in WSNs for improving network 

lifetime due to its energy efficiency and load balancing feature. In cluster-based 

routing, all sensor nodes are well organized to form a group called cluster in which, 

a Cluster Head (CH) is selected which act as the leader to all other remaining sensor 

nodes. The main aim of this CH is to collect and aggregate all the information from 

its own cluster member sensor nodes and forward it to the Base Station (BS) [1,6-9]. 

This process of aggregating the information is useful in reducing the amount of 

information for transmission to BS. With this energy dissipation in communication 

is reduced and accomplishes the purpose of saving energy of sensor nodes and have 

enhanced network lifetime [10].  

Clustering in WSNs can be homogeneous or heterogeneous clustering. For having 

longer network lifetime in homogeneous sensor network, it  can be done by 

increasing the number of sensor nodes in specific application. This can increase the 

energy of sensor network however cost is also increased. Therefore, instead of 

increasing the number of sensor nodes having same energy, it is more suitable and 

efficient to deploy few sensor nodes having high energy. The network having such 

kind of qualities i.e., sensor nodes with different energy levels are called as 

heterogeneous sensor networks [2].  

Mostly, a cluster-based routing utilizes single hop routing between CH and BS. 

This single hop communication results in more energy consumption when the 

communication distance between CH and BS increases and turns to be less efficient 

method for conserving energy. For this reason multi-hop communication is proposed 

in cluster based routing to enhance the network lifetime by saving its transmission 

energy [11]. 

Some of the sensor nodes may not have joined any clusters during cluster 

formation phase or maybe they lie far away from CH range.  It’s important to cover 

those sensor nodes because may be those sensor nodes contains information which 

is of great importance in some particular type of application (like military 

application). The concept of Sub-clustering is used to cover those far away sensor 

nodes [12]. 

Energy saving in Cluster based routing is a challenging issue while designing a 

new energy efficient protocol for WSNs which provides less collision and 

interference in the network and helps in reducing the redundancy which results in 

the improvement of network lifetime [5,13]. 

In this paper, the proposed approach combines 3-level heterogeneous network 

with clustering, sub-clustering and multi-hop communication technique for 

improving the network lifetime of WSNs. 

Rest of the paper is arranged into following sections: Related work is described in 

Section II. The proposed algorithm is discussed in section III. In Section IV, 

simulation and performance comparison of EACBM with other cluster based routing 

protocols are done. Lastly, Section V concludes the paper. 
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2. Related Work 

Various cluster based routing protocols and approaches have been developed by 

researchers to improve energy and enhancing network lifetime and are summarized 

below.  

In 2000, the foremost accepted cluster based routing protocol called Low Energy 

Adaptive Clustering Hierarchy (LEACH) was proposed by Heinzelman et al., for 

enhancing the network lifetime in WSNs [14]. In this homogeneous sensor nodes are used 

which is divided into many groups called clusters and inside each cluster there is Cluster 

Head (CH) which is used to collect and aggregate the information from its cluster member 

sensor nodes and transfer that collected information to BS directly. Here, sensor nodes 

cannot send the information directly to BS rather they send it through CH, so that’s why it 

is called as hierarchical routing protocol. The whole process of LEACH is divided into 2 

phases: set-up phase and steady-state phase. In set up phase, clusters are created and a CH 

is elected in that cluster by using the probability equation. Each sensor node generates a 

random number between 0 and 1. If that generated number is less that threshold value 

then it will be CH for current round. The value of threshold is given by T(n) = P/ {1-P(r 

mod 1/P)} where P is desired percentage of CHs, r is the number of current round. And in 

steady state phase information transmission takes place between sensor nodes and CH & 

CH and BS [24]. Its drawback is that it cannot be used for large area network because it 

uses one hop communication for transferring information from CH to BS.  

In 2001, [15] Manjeshwar et al., introduces Threshold Sensitive Energy Efficient 

sensor Network (TEEN) protocol which is a hierarchical homogeneous clustering 

protocol. It is best suitable for time critical applications like intrusion detection, explosion 

detection etc., [24]. Here, CH does not send their information directly to the BS, instead it 

sends from lower level CH to one level above CH in hierarchy and so on until it reaches 

to the BS. After the process of clustering, the CH broadcast two threshold values to SN 

i.e., Hard threshold and Soft threshold. Hard threshold is used to reduce the amount of 

transmissions by allowing the SNs to send data only to those sensing element that are in 

their range of concern. However, Soft threshold is used to reduce the amount of 

transmission by overcoming all other transmissions which may have occurred when there 

is slight or no variation in the sense attribute. Here SNs will forward data in current round 

only, if, the existing value of sensed element is greater than hard threshold and if, the 

existing value of sensed element is different from previous sensed value by an amount 

equal to or greater than the soft threshold. It provides better improvement by reducing the 

number of redundant data transmission but at the cost of extra computational burden on 

SNs. Also it is not good for applications where the periodic information is generated. 

In 2002, [16] LEACH was customized by Lindsey and Raghavendra and called it as 

Power Efficient Gathering in Sensor Information Systems (PEGASIS) protocol. The key 

thought in PEGASIS is to frame a chain among all sensor nodes so that each sensor nodes 

receives information from its closest neighbors; fuses its own information and pass it to 

the next sensor node. This process continues until information reaches to the destined BS 

[24]. This results in the reduction of average energy spent by each sensor node per round. 

However, this protocol is not suitable for large area networks due to excessive delay. 

In 2004, Smaragdakis et al., introduces Stable Election Protocol (SEP) [17] which 

is an enhancement of LEACH in case of heterogeneity because LEACH protocol 

does not perform efficiently in case of sensor node heterogeneity. So, to overcome 

this, SEP was introduced which increases the network stability period and enhance 

the network lifetime. Here two types of heterogeneity are considered means two 

different types of sensor nodes are considered known as normal sensor nodes and 

advance sensor nodes. Advance nodes have more energy as compared to normal 

nodes and their quantity is also less due to its high cost. Here CH is selected on the 

basis of weighted election probability of sensor nodes [24]. So chances of advance 
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sensor nodes to act as CH are more. Its drawback is that it is only used for 2 level of 

heterogeneity. 

In 2006, Li et al., discussed Distributed Energy Efficient clustering (DEEC) [18] 

which is used for both 2-level and multi-level heterogeneity. Here CH is selected on 

the basis of probability equation which is the proportion of remaining energy of 

sensor node and average energy of network. So sensor nodes having more remaining 

energy have more chances to be CH. It enhanced network lifetime and have more 

efficient data transmission technique as compared to SEP, LEACH and HEED [24]. 

Its drawback is that while designing multi-level heterogeneity large number of 

different energy level sensor nodes have to be used which may be not possible. 

In 2007, Xiangning et al., introduces Multi-hop LEACH (MLEACH) [19] which 

tries to prevail over the scalability issue of LEACH along with multi -hop 

communication. But MLEACH fails when implemented in heterogeneous WSNs.  

In 2009, Aderohunmu et al., discussed Enhanced Stable Election Protocol (ESEP) 

[20] which is enhancement of LEACH and SEP and provides 3-level heterogeneity. 

A new sensor node called as medium sensor node is introduced in the network along 

with normal and advance sensor node. Due to its distributed nature, it fails to attain 

possible number of CHs in its operation.  

In 2012, Aslam et al., introduces a new routing protocols called Centralized 

Energy Efficient Clustering (CEEC) [21] which uses 3 level of heterogeneous 

network, where whole network area is partitioned into 3 equal regions and inside 

each region, sensor nodes with same energy level are deployed means different 

region have different sensor nodes energy.  This method enhances the network 

lifetime and throughput. 

In 2016, Khurana et al., introduces a new cluster based routing protocol called 

Multi-hop LEACH whose working operation is like that of LEACH [22]. But in 

Multi-hop LEACH, two major changes have been done i.e., multi-hoping concept is 

used for both communications that is in inter-cluster as well as intra-cluster. This 

improves the network lifetime as well as energy dissipation of whole network but it 

is implemented only in homogeneous WSNs.  

In 2016, Jerbi et al., introduces the concept of Orphan LEACH (O-LEACH) [23] 

which was used to cover those sensor nodes which does not join any cluster during 

cluster formation phase which may be due to its far away location where CH cannot 

concentrate or these sensor nodes cannot reach to CH. So this protocol increases the 

network connectivity and coverage but it is also implemented in homogeneous 

network. 

In 2016, Cengiz et al., discussed a new algorithm called Low Energy Fixed 

Clustering Algorithm (LEFCA) [3,9] in which sensor nodes who became the 

member of particular CH during their set-up phase will remain inside that cluster 

throughout their network lifetime. This improves the network lifetime and decreases 

the network energy dissipation. 

A state-of-art comparison of these existing cluster based routing protocols is 

presented in Table 1. Therefore, it can be concluded that WSNs is basically centered 

on technologies which are in light of homogeneous WSNs where all sensor nodes 

have same energy resources in previous works. However, heterogeneous WSNs are 

better known and a research indicates that it has prolonged the network lifetime as 

well as improves the reliability of network. Here sensor nodes have more intense 

and powerful microprocessor and memory as compared to normal homogeneous 

sensor nodes. They also have high bandwidth and can communicate to longer 

distance with BS.  

The proposed EACBM routing protocol covers all these features like 

heterogeneity, scalability, multi-hoping, inter-cluster communication, connectivity, 

tackle unattended area and are well used for large area applications. 
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Table 1. A State-Of-Art Comparison of Existing Cluster based Routing 
Protocols 

Features 

LEACH, 

APTEEN, 

PEGASIS 

MLEACH, 

Multi-hop 

LEACH 

SEP, 

DEEC, 

ESEP 

CEEC  O-LEACH LEFCA 

Heterogeneous No No Yes Yes No No 

Scalable No No Yes No No No 

Tackles 

unattended area 
No Yes No No Yes No 

Multi-hoping No Yes No No No No 

Inter-cluster 

Communication 
No Yes No No No No 

Connectivity/ 

Coverage 
No No No No Yes No 

Applicable for 

large area 

network 

No No No No No No 

 

3. Proposed Approach 

In this section, authors have proposed a new cluster based heterogeneous routing 

protocol EACBM, which aims is to provide enhanced lifetime, scalability and 

energy efficiency of WSNs. It uses the concept of  

 Clustering by grouping the sensor nodes into clusters and then elects a CH 

on the basis of new probabilistic equation which is responsible for 

aggregating and transmitting the sensed information to BS.  

 Connectivity of far away sensor nodes with CH is also the major concern, 

so sub-clustering has been used to overcome this because it may be 

possible that those sensor nodes have some information which is 

necessary for particular application to make a decision.  

 Multi-hopping is used for transmitting information if CH lies at far 

distance from BS.  

The pseudo code for the selection of CH and multi-hop communication among 

CHs and BS in EACBM is: 
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The working of EACBM heterogeneous cluster based routing protocol starts with 

the CH determination process performed by the BS. After the determination of CHs, 

the set-up phase of EACBM starts in which clusters are formed and then steady state 

phase in which data transmission takes place between CH and BS. At the end, the 

CH reselection phase starts if required. These phases of EACBM protocol are 

explained below in details. 

 

3.1. Set-Up phase 

After the random deployment of sensor nodes in the entire field, this routing 

protocol initiates its set-up phase. EACBM protocol considers 3 types of 

heterogeneous sensor nodes (i.e., Normal, Intermediate and Advance SNs) having 

different types of energy level. Advanced SNs of fraction ‘m’ have α times more 

energy than normal SNs, i.e.,  E0(1 + α). Whereas intermediate SNs of fraction ‘x’ 

have β times more energy than normal SNs, i.e., E0(1 + β). As ‘N’ is the total 

number of SNs in the network, then N.x.m, N.x.(1-m), N(1-x) are number of 

advance, intermediate and normal SNs in the network respectively. With the 

addition of different energy level of SNs, the new epoch of network will be 

    
1

𝑃𝑜𝑝𝑡
. (1 + α. m + x. β).              (1) 

The initial energy of advance, intermediate and normal SNs are: 

    Eadv = N.m.x.E0.(1 + α)   (2) 

Assumption: BS contains the information of CH i.e. 

information of CH and distance of all CH nodes from BS 

i. Phase 1: Deployment of Sensor Nodes 

ii. Phase 2: Selection of CH (I.e. SNs to CH) on the basis 

of Probabilistic equationl i.e 

P/1-P*mod [ r, round (1/P)] * [S(i)*E] 

iii. While true d0 [CH(i)=0] 

For i=0 to N-1 [where N=0,1,........ n/10] 

iv. type_EACBM CH=CH(i)  

Send a message to Sensor Nodes about CH selection 

v. Phase 3: Steady State phase showing multi-hop 

communication 

vi. if d(i) < dTH 

then forward information to Base Station 

vii. else 

viii. d(i) > dTH 

ix. find distance between CH (i+1) and CH (i) 

if dCH < dTH; where dTH = Threshold distance from BS 

transmit data to CH(i+1) 

x. Getting information distance of all CH nodes from BS 

xi. Forward information to CH which is nearer to Base 

Station and itself prior to their Probabilistic model 

xii. Declare CH= CH(n) where CH(n)=new CH 

xiii. Type EACBM CH(n)=CH(i) 

xiv. End if 

xv. End for 

xvi. Wait (event) 

xvii. End while. 

xviii.  
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Eint = N.x.(1 − m).E0.(1 + β)    (3) 

 

Enrm = N.(1 – x).E0    (4) 

So, the total initial energy of 3 level heterogeneous WSNs is given by:  

Etotal = Eadv + Eint + Enrm   (5) 

 

The set-up phase stages are shown in Figure 1. 

 

 
Figure 1. Set-up Phase of EACBM Routing Protocol 

3.1.1. CH Selection Phase: 

For selection of CH, each sensor node produces an irregular number which lies 

between 0 and 1 and if that arbitrarily produced number is less than EACBM 

threshold value then only at that point that particular sensor node will be chosen as 

CH for that specific round. The value of new threshold value of EACBM is given 

by: 

  T(nZ) = {

PZ

1−PZ(r∗ mod(1
PZ

⁄ ))

∗ [S(i). E]     if n ϵ GZ

  0                                                           otherwise

  (6) 

Where PZ is the probability of preferred number of SNs to be CHs, Z can be nrm, 

int, adv for Normal SNs, Intermediate SNs or Advance SNs individually, r implies 

the tally of current round, [S(i).E] is existing energy of SN and it recommends that 

high energy SN ought be CH as compared to low energy SNs, G is the arrangement 

of SNs that had not been chosen as CH in the last P rounds.  

The probability equation of every one of three sorts of sensor nodes should be 

different and is as per the following Pnrm, Pint and Padv for Normal, Intermediate and 

Advance SNs individually: 

                                                        Pnrm =
Popt

1+α.m+x.β
                                                        (7) 

                                                        Pint =
Popt(1+β)

1+α.m+x.β
                                                          (8) 

                                                        Padv =
Popt(1+α)

1+α.m+x.β
                                                         (9) 

Where, Popt is the optimal election probability of SN to be CH.  

 

3.1.2. Cluster Formation Phase:  

After the selection of CH, it notifies its status of being CH for current round to all 

other remaining sensor nodes in the network. For this, each CH generates an 

advertisement message (Adv) including CH-Id and Adv Header using non-persistent 

Carrier Sense Multiple Access (CSMA) MAC protocol. Then each non-CH sensor 

nodes choose to which cluster they want to belong based on the CH Adv received 

signal strength (RSS). As sensor nodes choose their cluster, they must tell their 

related CHs about their selection. Every sensor node of clusters must send a join 

request message (join-REQ) to its selected CH using CSMA MAC protocol. This 

requested message must contains member sensor node ID, associated CH-Id, and a 

Sub-Cluster formation phase CH selection phase 

Time 

Cluster formation phase 

CH selection Broadcast Adv 

message 

Join request 

messages 

TDMA schedule 

messages 

Broadcast Adv 

message 

Join request 

messages 

TDMA schedule 

messages 
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header. After the formation of clusters, every CH transmits a TDMA schedule inside 

its own cluster for the transmission of data by each sensor node. Inside this TDMA 

schedule, various time slots are allocated to each cluster member sensor nodes for 

transmitting its data. Also one extra slot is assigned for each CH to transmit its 

aggregated data to BS. The TDMA frame length depends upon the number of sensor 

nodes present inside each cluster + 1 frame for CH of each cluster. 

 

3.1.3. Sub-Cluster Formation Phase:  

However, it may be the case that, in every round, there might be some sensor 

nodes who may not join any cluster because of its far away location and where CH 

range cannot be reached. So, to cover those sensor nodes a sub-cluster is created 

because may be those far away sensor nodes provides some pertinent information 

which have some extraordinary significance in some particular application.  A sub-

CH is created in this sub-cluster which lies at halfway between cluster member 

sensor nodes and far away sub-clusters sensor nodes. The sub-cluster formation 

phase is same as that of cluster formation phase. 

 

3.2. Steady State Phase:  

The main goal of steady state phase is to forward the sensed information from 

sensor nodes to CH and to transfer the gathered and aggregated information from 

CH to the BS. This phase is little bit longer than setup phase. Also it has to decide 

whether a CH has to be changed or not for next round (Figure 2).  

 
Figure 2. Steady State Phase of EACBM Routing Protocol 

3.2.1. Information Transmission Phase: 

In this phase, sensor nodes have to transmit their sensed information to the CH in 

the assigned TDMA frame. This process occurs in both cluster as well as sub-

cluster. The information collected by sub-CH in sub-cluster must aggregated and 

transfer to the main CH of cluster. After the collection of information at CH from 

cluster member sensor nodes and as well as from sub-CH, the CH has to aggregate 

all the collected information and forward it to the BS. 

But before sending the aggregated information to the BS, CHs needs to verify 

whether BS is located near or it is far away. For this if the distance (di) between CH 

and BS is less than threshold distance (dTH), then it transmits the information 

directly to BS but if not then CH chooses the next CH which lies nearer to it and 

this process continues until aggregated information reaches the BS. The 

transmission of information in one cluster may cause affect in communication in the 

nearby cluster. So to reduce this interference inside clusters, a special CSMA 

Sub-Cluster member 

Sensor Nodes 
Cluster member Sensor Nodes 

CH reselection 

decision phase Information transmission phase 

Time 

Frame 1 Frame 2 Frame 3 Frame 4  Frame N 

Slot for 

node 1 

Slot for 

node 2 

Slot for 

node 3 
 Slot for 

node N 

Slot for outside sensor 

node  

Send it to BS CH-Id 
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spreading code has been sent. Every sensor node uses this spreading code during 

transmission of information so that no inter-cluster interference occurs. 

 

3.2.2. Decision for CH Reselection Phase: 

At the point when information transmission phase for a single round is finished, 

CH has to choose whether it will keep on acting as a CH for the following round or 

to pick another CH. This choice of being CH is made on the basis of CHs residual 

energy. If it is high as compared to other sensor nodes then it will continue to act as 

CH for the following round and must notify its cluster member sensor nodes with its 

CH-Id otherwise new CH has to be selected and it notify its new CH-Id to cluster 

member sensor nodes. This whole process of set-up phase and steady state phase 

proceeds until all sensor nodes are dead. 

 

4. Simulation and Performance Analysis of EACBM 

In this section, the performance of proposed EACBM routing protocol  is 

compared with LEACH, SEP, CEEC and LEFCA cluster based routing protocols 

using MATLAB simulator. Network Lifetime, Stability Period, Numbers of CHs, 

Throughput, Numbers of dead nodes per round are the parameters selected for its 

evaluation. 

The radio energy model is selected for heterogeneous WSNs to run the 

simulation. Transmitting sensor nodes consumes its energy for running the radio 

electronics and power amplifier whereas the receiving sensor nodes consumes its 

energy for running radio electronics [8]. Free space model and multi-path model are 

used for transmitting and receiving of information from CH to BS. The energy 

consumed by free space model is proportional to d2 (if d ≤ d0) and by multipath 

model is proportional to d4 (if d >  d0)  because the transmitting signal follows 

different paths to reach BS over the distance‘d’ is. 

                                 ETX(K, d) = {
K. Eelec +  K. εfs. d2   if d ≤ d0

K. Eelec +  K. εmp. d4  if d > d0
                    (10) 

Eelec is the energy required per bit to active the transmitter or the receiver circuit, 

Ɛfs and Ɛmp are energy required by free space or multipath model respectively which 

depends upon the distance to the receiver (BS). 

By equating both equations of ETX(K, d) at d = d0  

                                                               d0 = √
εfs

εmp
                                                    (11) 

Here, d0 is threshold distance which specifies the propagation transmission 

distance from direct path to multi-path model. If transmission distance is lesser than 

threshold distance (d0) then the free space model are used otherwise, multipath 

model are used. 

The amount of energy consumed for receiving K-bit of message is calculated by: 

                                                              ERX(K) = K. Eelec                                     (12) 

Table 2 listed the simulation parameters and its values adopted [24,25]. 
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Table 2. Parameter Settings 

Parameter Meaning Values 

Eelec Electronic energy 50 nJ / bit 

EDA Data aggregation energy 
5 nJ / bit / 

message 

E0 Initial energy 0.5 J 

k Size of the message 4000 bits 

Popt Probability 0.1 

Ɛfs Friss free space 10 pJ / bit / m2 

Ɛmp Friss multi-path 
0.0013 pJ / bit / 

m4 

α Energy level for Advance nodes 3 

β 
Energy level for Intermediate 

nodes 
1.5 

m,x 
% of nodes to be Advance and 

Intermediate 
0.2,0.3 

r Rounds 5000 

 

Two different network scenarios have been considered for performance 

evaluation. In first scenario, 100 sensor nodes are randomly deployed in an area of 

100m by 100m network area whereas in second scenario, 300 sensor nodes are 

randomly deployed in 500m by 500m network area.  

 

4.1. Performance Evaluation of EACBM with other Routing Protocols (LEACH, 

SEP, CEEC and LEFCA) with 100 Sensor Nodes Deployed in an Area of 100m by 

100m: 

Figure 3 shows comparison of the network lifetime/number of alive sensor nodes 

per round for all routing protocols. The performance of LEACH is far behind other 

routing protocols because it treats all sensor nodes equally without any energy 

discrimination. Whereas, SEP performs better than LEACH in terms of lifetime and 

stability because it deals with intial energy discrimation of all sensor nodes. Due  to 

intelligent selection of CH in LEFCA makes it perform better than LEACH and 

SEP. While centralized cluster formation and planned sensor nodes deployment 

males CEEC performs better than LEACH, SEP and LEFCA. But, EACBM is far 

better compared to LEACH, SEP, CEEC and LEFCA in terms of network lifetime 

because of its energy heterogeneity awareness and the concept of multi -hoping that 

is used. The stability period of EACBM is almost 18%, 19% and 52% better than 

LEFCA, SEP and LEACH respectively and the network lifetime of EACBM is about 

14%, 51%, 30% and 32% better than CEEC, LEFCA, SEP and LEACH respectively 

in this scenario. 
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Figure 3. The Network Lifetime or Alive Nodes for 100 SNs in 100m by 100m 

Figure 4 shows the number of CHs generated per rounds for all routing protocols. 

EACBM outperforms all other routing protocols (LEACH, SEP, LEFCA and CEEC) 

as it provides optimal number of CHs for every round. In some particular rounds; 

EACBM, CEEC, LEFCA, SEP, LEACH provides upto 23, 35, 55, 12 and 13 

respectively number of CHs. 

 

 

Figure 4. Number of CHs for 100 SNs in 100m by 100m 

More number of CHs formed, more energy of network consumed. Due to 

distributed nature of CH selection in them, they perform poorly and does not 

provide optimal number of CHs that are required for efficient working of any 

protocol. CEEC performs better than LEACH, SEP and LEFCA because it provides 

optimal number of CHs for each round upto some extent. Due to uneven generation 

of CHs per round, it shows negative impact on the handling of network traffic which 

then results in the loss of packets due to insufficient TDMA slots.  

In order to evaluate the features of any routing protocol, the successful data 

transmission of packets to BS is a crucial parameter. So, if BS is receiving high 

amount of data then that routing protocol is working properly. Figure 5 shows that 

EACBM outperforms other routing protocols in case of packets transmitted to BS.  
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Figure 5. Packets transmitted to BS for 100 SNs in 100m by 100m. 

Figure 6 illustrates the number of dead sensor nodes as the number of rounds 

increases. The increment of dead sensor nodes means higher the instability period of 

network. EACBM performs well and less number of sensor nodes is dead as 

compared to SEP, LEACH, CEEC and LEFCA with the passage of network 

operation. In EACBM, last sensor node dies after 4200 rounds whereas in SEP, 

LEACH, CEEC and LEFCA, approximately all SNs are dead much before that. So, 

it means the instability period of EACBM starts at later stage as compared to other 

routing protocols and it avoids the degradation of network performance as the 

network operation increases. 

 

 

Figure 6. Number of Dead SNs for 100 SNs in 100m by 100m 

Table 3 shows the statistical value comparison between EACBM, CEEC, LEFCA, 

SEP and LEACH routing protocol under the first scenario, which is from the 

simulation results. 

Table 3. Performance Comparison between EACBM, CEEC, LEFCA, SEP 
and LEACH 

Protocols 
Stability period 

round 

In-stability period 

round 
Network Lifetime round 

EACBM 1-1389 1390-4248 1-4248 

CEEC 1-1492 1493-3627 1-3627 

LEFCA 1-1129 1130-2059 1-2059 

SEP 1-1121 1122-2948 1-2947 

LEACH 1-654 655-2855 1-2855 
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4.2. Performance Evaluation of EACBM with other Routing Protocols (LEACH, 

SEP, CEEC and LEFCA) with 300 Sensor Nodes Deployed in an Area of 500m by 

500m: 

Simulation results specify that EACBM performs much better and shows 

considerable energy enhancement in terms of stability and network lifetime as 

compared to other routing protocols (LEACH, SEP, CEEC and LEFCA).  Figure 7 

indicates the network lifetime in this scenario. EACBM outperforms all other 

routing protocols due to better network management and provides improved stability 

period. All these are due to the use of mult-hoping concept and energy heterogeneity 

awareness of sensor nodes. The stability period of EACBM is approximately 62%, 

78%, 79% and 99% better than CEEC, LEFCA, SEP and LEACH respectively and 

the network lifetime of EACBM is about 16%, 51%, 53% and 56% better than 

CEEC, LEFCA, SEP and LEACH respectively in this scenario. 

 

 

Figure 7. The Network Lifetime or Alive Nodes for 300 SNs in 500m by 500m 

The number of CHs generated per round becomes more uneven due to increase in 

the network area because with increase in network area, makes the intial phase more  

challenging and complex. Figure 8 shows the fluctuation in the number of CH per 

round in LEACH, SEP, CEEC and LEFCA has increased and reaches up to 150 as 

compared to previous scenario which shows up to 55. Whereas, EACBM provides 

optimal number of CHs for more number of rounds and such inefficiency hardly 

appears. 

 

 

Figure 8. Number of CHs for 300 SNs in 500m by 500m 

Figure 9 indicates the number of packets transmitted to BS and in that EACBM 

routing protocol outperforms other routing protocols. This is due to the uneven 

generation of CHs per round.   
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Figure 9. Packets Transmitted to BS for 300 SNs in 500m by 500m 

Figure 10 shows that the number of dead sensor nodes/ instability period of 

EACBM is very less as compared to other routing protocols. 

 

 

Figure 10. Number of Dead SNs for 300 SNs in 500m by 500m. 

Here, approximately 150 sensor nodes are dead at around 2000 rounds in EACBM 

whereas in LEACH, SEP and LEFCA about 100 % nodes are dead and in CEEC 250 

sensor nodes are dead. Last sensor node in EACBM, dies after 4950 rounds. So 

EACBM, sends data to BS for more number of rounds. 

Table 4 shows the statistical value comparison between EACBM, CEEC, LEFCA, 

SEP and LEACH routing protocol under the second scenario, which is from the 

simulation results. 

Table 4. Performance Comparison between EACBM, CEEC, LEFCA, SEP 
and LEACH 

Protocols 
Stability period 

round 
In-stability period 

round 
Network Lifetime 

round 

EACBM 1-267 268-4998 1-4998 

CEEC 1-99 100-4199 1-4199 

LEFCA 1-58 59-2409 1-2409 

SEP 1-54 55-2348 1-2348 

LEACH 1-2 3-2136 1-2136 
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5. Conclusion 

This paper proposes Energy Aware Cluster Based Multi-hop (EACBM) routing 

protocol using three level heterogeneous networks by combining the concept of 

clustering connectivity and multi-hop routing along with new probabilistic equation 

which results in the efficient utilization of sensor nodes energy. Only that sensor 

node will be CH whose energy or remaining energy is high as compared to others 

instead of selecting a random cluster member to be the next CH. With this way, 

EACBM consumes the network energy in a conservative way and hence increases 

the lifetime of network. Results from simulation shows that, when EACBM is 

compared with traditional and novel cluster based routing protocols like LEACH, 

SEP, CEEC and LEFCA, significant improvement is achieved in case of network 

lifetime, stability, instability, throughput (packets transmitted to BS) and number of 

dead sensor nodes per rounds. Due to this, in future, we will see how our EACBM 

routing protocol works under the case of mobility. 
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