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Abstract—Energy conservation of sensor nodes for increasing 

the network life is the most crucial design goal while developing 

efficient routing protocol for wireless sensor networks. Recent 

technological advances help in the development of wide variety of 

sensor nodes. Heterogeneity takes the advantage of different 

types of sensor nodes and improves the energy efficiency and 

network life. Generally sensors are deployed randomly and 

densely in a sensing region so short distance multihop 

communication reduces the long distance transmission in the 

sensor network. In this research paper MMEP (multihop energy 

efficient protocol for heterogeneous sensor network) is proposed. 

The proposed protocol combines the idea of clustering and 

multihop communication. Heterogeneity is created in the 

network by using some nodes of high energy. Low energy nodes 

use a residual energy based scheme to become a cluster head. 

High energy nodes act as the relay nodes for low energy cluster 

head when they are not performing the duty of a cluster head to 

save their energy further. Protocol also suggests a sleep state for 

nodes in the cluster formation process for saving energy and 

increasing the life of sensor network. Simulation result shows 

that the proposed scheme is better than other two level 

heterogeneous sensor network protocol like SEP in energy 

efficiency and network life. 

 

Index Terms— Cluster, Energy-Efficiency Multihop, Network 

Lifetime, Residual Energy and Wireless Sensor Network  

 

I. INTRODUCTION 

ECENT advances of microelectronics and wireless 

communication make WSNs a promising technology for 

wide variety of civil and military applications. Wireless sensor 

network consists of a large number of tiny sensors which are 

deployed densely and randomly without any preplanning in a 

region [1], [2], [3], [4], [5]. Sensor nodes are limited in storage 

space, computing power and energy. Battery of the nodes 

cannot be changed or recharged due to their large number and 

harsh environment deployment. Thus energy saving is an 

important design goal for wireless sensor network.  

Clusters based routing helps in solving the sensors energy 

constraints by reducing the cost of data transmission and 

aggregation of sensed data before transmitting data to base 

station [4]. Clustering divides the sensing region in a 

hierarchical way to create clusters and communication 

between nodes are controlled by cluster heads. Cluster head is 

either randomly selected from nodes by using a probability 

scheme or a centralized control algorithm is used for this 

purpose so that the energy load can be evenly distributed in 

sensor network [5]. Thus clustering using a two layer 

approach in the sensor network where first layer is used for 

selecting the cluster head and the second layer for routing [4]. 

With the introduction of heterogeneity in sensor network 

energy can be further saved without sacrificing performance. 

There are three common types of resource heterogeneity in 

sensor nodes: computational heterogeneity, link heterogeneity 

and energy heterogeneity [5]. Nodes in a wireless sensor 

network are deployed densely therefore multihop 

communication is desirable for achieving the energy 

efficiency. A node joins a cluster which is near to it depending 

upon join message signal strength however in some cases this 

choice is not energy efficient. To get rid of this problem a 

sleep state has been introduced during the cluster formation 

process which further increases the network life and energy 

efficiency.  

In this research paper a multihop and clustering scheme are 

combined together and suggests a new multihop energy 

efficient protocol to improve sensor network life and energy 

saving. Rest of this paper is organized in to the sections as 

follows. Section 2 describes the related work of cluster based 

protocols, section 3 explains the wireless sensor network 

model and section 4 describes the radio energy model which 

has been selected for this paper, section 5 describes the 

proposed MEEP protocol, section 6 explores the simulation 

results and finally the paper is concluded in section 7.  

II. RELEATED WORK 

Clustering schemes are of two types. In homogeneous 

network all the nodes are of same type and if some of the 

nodes are of different type then the network is known as 

heterogeneous. In recent years a number of cluster based 

routing protocols have been proposed for sensor network. 

LEACH (Low energy adaptive clustering hierarchy) [7] is the 
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one of the important cluster based protocol which uses an 

adaptive approach for the cluster head election. Every node 

generates a random number between 0 and 1 and when this 

number is less than a particular threshold value T (n) (as 

shown in Equation 1) then the node becomes a cluster head for 

the current round. After becoming a cluster head node 

advertise about its status in the network and non cluster head 

nodes join a nearby cluster head. Cluster head further creates a 

TDMA/CSMA schedule for its members to avoid intracluster 

and intercluster collision. In LEACH there is no guarantee 

about number and placement of cluster heads in a round. 

LEACH-C (LEACH Centralized) [7] is a protocol which uses 

base station control algorithm for the cluster head elections 

and disperse the cluster heads in the entire sensing region. 

Initially each sensor node sends the information about their 

location and energy by using a GPS to base station. On the 

basis of this information base station finds the average energy 

of the network and the nodes having energy below this cannot 

become a cluster head during a round. LEACH-C is more 

efficient than LEACH and delivers 40 % more data per unit 

energy.  

                                                    

      

     

 

                       
 

 
  
                 

                                                     
                     (1)                                              

 

Here G denotes the set of nodes that are not selected as a 

cluster head in last 
 

 
 rounds and r is the current round. 

One of the disadvantages of the LEACH is that the cluster 

heads rotations do not take into account the remaining energy 

of sensor nodes. A node may not have sufficient energy to 

complete a round and may be selected as a CH.                      

In [8] a new approach for cluster head selection is proposed. 

When the remaining energy of a node is larger than 50% of 

initial energy then for cluster head election LEACH algorithm 

is used as in Equation (1). Otherwise a new scheme which 

considers the remaining energy of each node is applied for 

cluster head selection according to Equation (2). 
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Here p is the percentage of nodes that can become cluster 

head,            is the remaining energy and        is the initial 

energy of a node and G is the set of nodes that have not 

become cluster head in the last  
 

 
 rounds and r is the current 

round. 

PEGASIS [9] is a greedy chain based algorithm for data 

gathering in wireless sensor network. In PEGASIS each node 

forms a chain structure through which the data is forwarded to 

base station. PEGASIS achieves energy efficiency by 

transmitting data to only one of its neighbor node where the 

collected data is fused and further forwarded to next one hop 

neighbor. There is no rapid depletion of the energy of the base 

station nearer nodes because all the nodes are doing the data 

fusion at its place.  

HEED [10] is another popular distributed energy efficient 

clustering algorithm which probabilistically elects cluster 

heads based on their residual energy and nodes join cluster 

heads which have the minimum communication One of the 

key features of HEED is that it exploits the multiple 

transmission power levels of sensor nodes. TEEN [11] is a 

cluster based protocol for time critical applications and uses 

two threshold values hard and soft for the election of cluster 

heads. Hard and soft threshold determines the minimum value 

and changes that are of interest in s sensing region. As a result 

number of transmissions to base station is reduced 

considerably. 

SEP [12] is a cluster based protocol for two level 

heterogeneous network. In SEP there are two types of nodes: 

normal and advanced. Advanced nodes have more energy than 

the normal nodes and it is the source of heterogeneity in the 

network. Weighted probabilities of normal and advanced 

nodes are used to determine the thresholds for the election of 

cluster head in a round. 

DEEC [13] is a distributed energy efficient clustering 

protocol for heterogeneous network in which nodes become 

the cluster head based on the residual and the average energy 

of the network. Energy expenditure of nodes is controlled by 

means of an adaptive approach and for this average energy is 

used as the reference energy. 

EEHC [14] purposes an energy efficient scheme for 

heterogeneous wireless sensor network. EEHC increases the 

life of the network by 10 % as compared to LEACH in the 

presence of powerful node setting. EDEEC [15] is a clustering 

algorithm with three types of nodes and uses residual and 

average energy of the network for the selection of cluster 

heads in a round.  

EECDA [16] is another cluster based protocol for three level 

heterogeneous networks. Some percentage of the nodes of 

network has more energy than normal nodes which are known 

as advanced nodes. Further in advanced nodes some fractions 

of the nodes have even more energy than the normal nodes 

which are known as super nodes. Novel cluster head election 

and a path of maximum sum of energy residues for data 

transmission is used in EECDA for increasing network 

lifetime and stable region. Final Stage 

DBCP [17] is an energy efficient clustered protocol for 

heterogeneous wireless sensor network which selects the 

cluster heads according to initial energy and average distance  

III. HETEROGENEOUS NETWORK MODEL 

This section describes the wireless sensor network model of 

the proposed protocol. Model contains n sensor nodes which 

are randomly deployed in a 100 × 100 square meters region as 

shown in Figure 1. Various assumptions of the network model 

and sensor nodes are as follows: 

 Nodes are deployed randomly and uniformly in the 

sensing region. 
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 Base station and nodes become stationary after 

deployment and base station is located in the middle of 

sensing region. 

 Nodes are location unaware i.e., they do not have any 

information about their location. 

 Nodes continuously sense the region and they always 

have the data to send the base station. 

 Battery of the nodes cannot be changed or recharged due 

to harsh environment deployment. 

 

 
 

Fig. 1:  Sensing Region (o - Normal, + - Advanced Node, x – Base Station) 

 

Sensing region has two types of sensor nodes i.e. advanced 

and normal nodes. Let initial energy of normal nodes is E0 and 

m be the fraction of advanced nodes having initial energy     

E0    1 +α , where α means that advanced node have α times 

more energy than normal node. Heterogeneous network total 

initial energy is given by  

 

          1      +       1 +     
                  1 +                                                   (3) 

 

In the analysis radio energy model similar to [7]. Free space 

(d
2
 power loss) and the multipath fading (d

4
 power loss) 

channel model both are used depending upon the distance 

between the transmitter and receiver. When distance is less 

than specific a threshold value then free space model are used 

otherwise multipath loss model is used. The amount of energy 

required to transmit L bit packet over a distance, d is given by 

Equation (4). 

 

     ,         

                                                                  
         +                         

        +                        
  (4)                

 

       is the electricity dissipated to run the transmitter or 

receiver. The parameters     and     is the amount of energy 

dissipated per bit in the radio frequency amplifier according to 

the distance d0 which is given by the Equation (5). 

        
   

   
                                                        (5)   

For receiving an L bit message the energy expends by radio 

is given by:  

 

                                                                      (6) 

IV. MEEP 

MEEP (Multihop Energy Efficient Protocol for 

Heterogeneous Wireless Sensor Networks) is a clustering 

protocol for two level heterogeneous sensor networks. MEEP 

consists of n sensors and base station is located in the middle f 

the sensing region. The distance of any node to its cluster head 

or sink is ≤ d0. The energy dissipated in the cluster head 

during a single round is given by Equation (7). 

 

         
 

 
  1          +  

 

 
       +                

              +              
                                                       (7)   

 

Where L is the no of bits of the data message, dtoBS is the 

average distance between base station and cluster head and 

EDA is the energy required for data aggregation in a round. 

Since cluster members transmit data to its cluster head 

therefore energy dissipated in a non cluster head follows the 

free space path and it is given by Equation (8): 

 

                  +           
                                     (8)                                                 

                                                                                                                       

Where dtoCH is the average distance between node and cluster 

head and the energy depleted in a round is given by:  

 

                 +   
 

 
  1           +   

 

 
          (9)                                                  

 

The total energy dissipated in the network is given by 

Equations (10). 

 

              +     +            
 +          

     (10) 

                                            

The optimal number of clusters can be found by finding the 

derivative of ETotal with respect to k and equating it to zero.  

 

     
  

   
  

   

   
 

 

     
                                     (11)                                                        

                                                                            

The average distance from cluster head to the sink can be 

calculated in the following way [12]. 

 

           
 

 
                               (12)                                                                                     

 

Node’s optimal probability to become cluster head in round 

is given by Equation (13). 

 

        
    

 
                        (13)                                 
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Epoch of the network increases in proportion of the energy 

increment. Heterogeneous nodes increases the system energy 

by     times hence for optimizing the stable region, new 

epoch must become equal to 
 

    
  1 +       [10]. 

Let     ,     denotes the weighted election probability for 

normal and advanced nodes respectively. The average number 

of cluster heads per round per epoch is equal to    
 1 +            . Normal and advanced nodes weighted 

probability can be calculated by using the equation 14 and 15 

respectively. 

                            

      
    

      
                            (14)                                                                                         

 

      
    

      
  1 +                            (15)                                                                         

 

In a homogenous network, to guarantee that there is average     
       cluster-heads in every round, each node    becomes a 

cluster-head once every     
 

    
 rounds. When the network 

operates for some time then the nodes cannot have the same 

residual energy. Thus energy is not well distributed if the 

rotating epoch    is equal for all nodes. Hence low-energy 

nodes will die quickly than high-energy nodes of the network. 

To get rid of this problem MEEP protocol chooses different 

   for normal nodes on the basis of residual energy       of 

node    in a round r.   

Let     
 

  
 be average probability to become a cluster-head 

during    rounds. When nodes have the same energy at each 

epoch, choosing the average probability    to be       can 

ensure that there are       cluster-heads in each round and 

all nodes die approximately at the same time. If nodes have 

different energy,    of the nodes with more energy should be 

larger than     . Let       denotes the initial energy and        

represents residual energy of a normal node    at round r, 

using       to be the reference energy, for normal nodes we 

have: 

 

            
     

      
                                                                (16)                                                                                

 

     is the reference value of average probability and 

determines the threshold        of node   . In two-level 

heterogeneous networks, MEEP replace the reference value 

     with the weighted probabilities given in Equation (13) for 

normal nodes however for advanced nodes the weighted 

probabilities remain the same as for SEP. Thus    is changed 

into. 

                 

     

 
 
 

 
 

  

            

                  
                                 

  
 

              

             
                                   

             
 
 

 
 

   (17)                   

 

The probability threshold       which node    uses to 

determine whether it can become a cluster-head in a round can 

be calculated by using the Equation 18. 

 

 

          
  

             
  

    
 
                                                   (18)                                                                     

                                                                                                                                   

   

Depending upon whether    is a normal or advanced node,  

    represents the set of either normal or advanced nodes that 

are not elected as cluster heads within the last 
 

    
 or 

 

    
  

rounds. Further to reduce the energy consumption of wireless 

sensor network MEEP introduces three tier architectures 

concept for normal sensor nodes. In a round if a normal sensor 

node becomes a cluster head then after collecting the data 

from its members it aggregates the data and instead of sending 

the data directly to sink it will try to find out an advanced node 

such that: 

 That is not a cluster head in this particular round. 

 Distance between normal cluster head and advanced node 

is less than the distance between normal cluster head and 

base station. 

 

If the normal cluster head find such advanced node that is 

not a cluster head in this round r and also its distance is less 

than distance between normal cluster head and base station 

then normal cluster head instead of sending the data directly to 

the base station it sends its data to this advanced node which 

further send it to the base station. If normal cluster head does 

not find any such advanced node who fulfils the above 

mentioned two conditions then it will send the aggregated data 

of its members directly to the base station itself. Thus by 

introducing a gateway concept or three tier architectures for 

normal cluster head, MEEP has reduced the energy consumed 

in transmission to prolong the network lifetime and stability 

period.  Moreover, when the cluster-heads are selected, each 

node joins to the closest (considering the transmission power) 

cluster-head. However in some cases this is not the optimal 

choice because, if exists a sensor node in the base station 

direction whose distance from the base station is less than all 

the nearby cluster-head distance (Figure 2).  

Let us consider the Figure 2, where the node n1 has to 

transmit L-bits message to the base station. The closest 

cluster-head to n1 is CH1. And, if the node belongs to this 

cluster, it spends energy (19). 

 

 1         +          
                                              (19)  

                                                                   

 

Where         ,     1  pj / bit / m
2
,
                       

 

 

                ,         1  pj / bit / m
4
,
               

 

But if the node n1 chooses to transfer data to the base 

station directly, this energy will be: 
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Fig. 2: Cluster Formation Process 

 

          +          
 
                                               (20)   

                                                               

 

Where         ,     1  pj / bit / m
2
,
                      

                ,         1  pj / bit / m
4
,
            

 

 

Here positive coefficients           represent the energy 

dissipation radio model used. Clearly E2 < E1 but in this case 

lot of uncompressed data is collected at the base station. To 

get rid of this problem we have introduced a sleep state in         

MEEP in the following manner. When E1 > E2 clearly it is 

not an optimal choice for saving energy and transmit data. 

Thus in this case instead of sending the data to the cluster head 

CH1, sensor node n1 enters into a sleep state and waits for the 

next round in which it either itself becomes a cluster head or 

find a nearby cluster such that E1 < E2.  Sensor node n1 

remains in the sleep state for the maximum 4 rounds, if in 

these next 4 rounds it either becomes a cluster head or finds a 

nearby cluster such that E1 < E2  then it wakes up and 

performs their respective duty either of a cluster head or the 

member of a cluster head. If sensor node n1 is neither able to 

become the members of a cluster such that E1 < E2   nor  

become a cluster head in the next 4 rounds, then sensor node 

wakes up and transmit the data directly to the base station. 

V. SIMULATION AND RESULTS 

The performance of MEEP is compared with SEP. For 

simulation 100 x 100 square meters region with 100 sensor 

nodes is used in which base station is located in middle of the 

region as shown in Figure 1 The normal nodes are represented 

by  the symbol (o), advanced nodes (Gateway) with (+) and 

the base Station by (x). The radio parameters used for the 

simulations are given in TABLE 1.The following metrics is 

used to evaluate the performance of the proposed algorithm. 

(i) Stability Period: This is the time interval between 

network start until the death of the first node 

(ii)  Network lifetime: This is the time interval between 

network start until the death of the last node 

(iii) Number of cluster heads per round: This will reflect 

the number of cluster heads formed in each round. 

(iv) Number of Alive nodes per round: This will measure 

the total number of live nodes per round. 

(v) Throughput: This will measure the total number of 

packets which are sent to base station.  

 
Table 1: Radio Parameters of MEEP 

 

Parameter Value 

Eelec 5 nJ/bit 

εfs 10 pJ/bit/m2 

εmp 0.0013 pJ/bit/m4 

E0 0.5 J 

EDA 5 nJ/bit/message 

Message Size 4000 bits 

popt 0.1 

d0 70m 

 

 

The proposed protocol is tested by introducing various 

parameters of heterogeneity in the system and the following 

cases are considered for heterogeneity. 

Case 1: m = 0.1, a = 5 

Case 2: m = 0.2, a = 3 

 

Case 1: m = 0.1, a =5 

 

In this case 10 advanced nodes are deployed with 5 times 

more energy than normal nodes and there are 90 normal 

nodes. Figure 3 shows that network lifetime of MEEP is more 

than SEP as last node dies later in it. First node dies earlier in 

SEP than MEEP therefore stability period of SEP is less than 

MEEP. Figure 4 shows that no of alive nodes per round are 

more in MEEP than SEP. Figure 5 show that throughput i.e. 

total number of messages send to base station is more in 

MEEP. Figure 6 plots the total remaining energy in joules per 

round and remaining energy per round of MEEP is also more 

than SEP. Thus MEEP is more robust than SEP. 

 

Case 2: m = 0.2, a = 3 

In this case 20 advanced nodes are deployed with 3 times 

more energy than normal nodes and there are 80 normal 

nodes. Figure 7 shows that network lifetime of MEEP is more 

than SEP as last node dies earlier in SEP. Stability period of 

MEEP is also more than SEP because first node dies later in it. 

Figure 8 show that no of alive nodes per round are more in 

MEEP than SEP. Figure 9 shows that throughput i.e. total 

number of packets send to base station is also more in MEEP. 

Figure 10 plots the total remaining energy in joules per round 

and this is also more in MEEP as compared to SEP. 
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Fig. 3: Rounds for1st, half and Last node death in MEEP & SEP 

 

 

 
 

Fig. 4: Comparison of Alive nodes in MEEP & SEP 

 

  
 

Fig. 5: Comparison of Throughput in MEEP & SEP 
 

 
 

Fig. 6: Comparison of Total remaining energy in MEEP & SEP 

 

 

 
 

Fig. 7:  Rounds for 1st, half and Last node death in MEEP & SEP 

 

 
Fig. 8: Comparison of Alive nodes in MEEP & SEP 
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Fig. 9: Comparison of Throughput in MEEP & SEP 

 

 
 

Fig. 10: Comparison of Total remaining energy in MEEP & SEP 

 

VI. CONCLUSION 

MEEP is a multihop energy efficient clustering algorithm 

for heterogeneous sensor network. The proposed protocol is an 

extension of SEP and it takes the full advantage of 

heterogeneity. It improves the network lifetime, stable region 

and throughput of the network. For taking the full advantage 

of heterogeneity MEEP introduces a multihop architecture for 

normal cluster heads. Advanced nodes further takes over the 

data transmission load of normal cluster head to save network 

energy, prolong the stable region, network lifetime and 

throughput of the system. When MEEP is compared with SEP 

it increases the sensor network stable region, throughput, and 

network lifetime approximately by   22 %, 35% and 39 % 

respectively. 
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