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ABSTRACT: The paper gives a detailed study of a well known energy efficient routing protocol called Hybrid Energy 
Efficient Distributed (HEED)[6], in the field of Wireless Sensor Networks. The protocol is based on the concept of 
clustering. First of all, the main technique of HEED protocol has been explained. Further, we have observed and 
analysed the effects of changes made on certain parameters like, number of sensor nodes in the network, the network 
area and the position of sink or the base station. Based on all these, graphs have been plotted to show the effect on the 
network lifetime and the number of cluster heads in the network. 
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I. INTRODUCTION 
 
A wireless sensor network comprises of a number of small devices called sensors, which are capable of detecting the 

environmental events, processing them and sending the data to the main location. The sensors are distributed or spread in 
the specific geographical area. The sensors are also known as nodes and the main location to which the data is sent is 
known as the sink or Base Station (BS).  Each such sensor network node has typically several parts: a radio transceiver, 
for transmitting and receiving data, a microcontroller, for processing of data and an energy source, usually a battery. The 
battery makes these nodes critical in terms of energy efficiency. Due to limited life span of battery; the major issue in 
sensor networks is to save the energy. [1] 

 
 
 
 
 
 
 
 
 

  
 

Figure1. Wireless Sensor Network 

II. RELATED WORK 
 
Routing means the way of selecting optimal paths in the networks. There are various routing protocols which are 

implemented for moving the data packets from source to destination in the wireless sensor networks. [2] 
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One of the major concepts used in routing in the networks is clustering. [3] The term clustering means grouping. The 
basic idea behind clustering is taking the data from various points and forwarding it further to its destination. The 
advantage of clustering is that it saves the data from travelling on long paths as well as only the useful data is sent 
forward, leaving the unimportant data. In wireless sensor networks, the node which collects data from different nodes is 
known as cluster head (CH). [4] 

 
A routing protocol states how nodes communicate with each other, proclaiming information that enables them to select 

routes or paths between any two nodes  in a wireless sensor network.[5]There are various routing protocols developed 
which focus on using the limited energy of sensor nodes in an efficient manner in a network. The main emphasis or goal 
is to use the energy of sensors in such a way that the whole network lifetime increases and the nodes die, due to lack of 
energy, as late as possible. One of such protocol is Hybrid Energy Efficient Distributed Clustering protocol [6]. As the 
name suggests, the word ‘hybrid’ means combination of two or more things or parameters and the protocol is based on 
the concept of clustering. Moreover, the concept is to distribute the energy consumption well in a network and producing 
well distributed cluster heads. 

III.   ABOUT HEED 
 
Hybrid Energy Efficient Distributed Clustering (HEED) protocol works in iterations. [6] In the very beginning, some 

cluster heads are chosen on the basis of residual energy. The residual energy of a node is the remaining energy a node 
has at a particular time. The residual energy is the first parameter. The nodes with maximum residual energy are chosen 
as CHs. These CHs are known as tentative CHs. The number of nodes to be selected is limited by the cluster head 
probability, which is decided before the iterations start, depending upon the total number of nodes in the network. Now, 
every CH broadcasts about its existence in its cluster range. It is possible that a particular node gets message from more 
than one CH to get it joined into the group or cluster. Here comes the use of second parameter called the communication 
cost. This cost is used to break the ties between cluster heads. On the basis of this parameter, a node can decide which 
CH it should join, if it has more than one option. The communication cost may be computed or referred on the basis of 
different criteria. Here the cost taken is associated with the node degree. The node degree of a node is the number of 
nodes attached to a particular node. The lesser the number, lesser is the node degree. So, if a node has to select among 
two or more tentative CHs, is goes to the node with lesser node degree. [6,7] This leads to formation of final cluster 
heads in the network. After this, the communication takes place. 

IV.  NETWORK AND ENERGY CONSUMPTION MODEL  

The network and energy model followed in the simulation of the above said routing protocol is shown below in the 
Figure 2. [8,9] The transmitter portion at each node is used for sending the data further and consumes the ETX as 
transmitting energy as well as some energy in amplification. The cluster head compresses the data and forwards it to 
the destination node or base station, which also involves aggregation energy. Similarly, at the receiving end, ERX as 
reception energy, is used in accepting the data. 

 

 
Figure2. Network and energy consumption model 
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V.  PERFORMANCE EVALUATION 
 
All simulations have been implemented using MATLAB. The simulation parameters are given in Table1. The 

performance of the HEED protocol by varying number of nodes, network area and the base station position have been 
noted. 

A. Simulation Parameters 
   The simulation tool used in implementing the HEED protocol is MATLAB i.e. Matrix Laboratory.[10] The various 

parameters taken in the protocol are given in the table below. 
 

S. No. Parameters Values 

1 Network Area 100x100 ,  200x200 

2 BS position (50,50) , (100,100) 

3 
 

Number of nodes 50,100,150,200,250 

4 Cluster head probability 0.05 

5 Initial Energy 0.5 J 

6 Transmission Energy 50*0.000000001 J/bit 

7 Reception Energy 50*0.000000001 J/bit 

8 Dissipation Energy 10*0.000000000001 J/bit 

9 Data Aggregation Energy 5*0.000000001 J/bit 

10 Fusion Rate 0.6 

11 Cluster range radius 50 m 

12 Control message 500 bits 

13 Data message 4000 bits 

14 Simulation rounds 1000 

Table1. Simulation Parameters 
 

B. Simulation Results 
The simulation results are taken on the basis of different parameters. The three major parameters taken are network 

area, base station position, number of nodes. We have studied the effect of changing these parameters on the network 
lifetime by analyzing the round number in which the first node of the network dies and the total number of nodes which 
die till the last round. Further, the maximum number of tentative cluster heads formed in the network in a particular 
simulation run has also been noted. 

 
1)  Changing the network area 
We have changed the network area as 100x100 and 200x200, keeping the number of nodes as 100 and BS at the centre 

of the network area.  
Simulation 
Run 

100x100 200x200 

FND TDN N_TCH FND TDN N_TCH 

1 728 56 13 402 95 11 

2 749 57 14 373 93 10 

3 732 55 11 374 99 11 

4 749 53 11 365 96 12 

5 789 64 10 361 99 13 

Table2. Changing the network area 
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  Figure3. Network area 100x100                                                          Figure4. Network area 200x200 

 

 
Figure5. Effect of variation in network area 

 
In the network area of 100x100, the first node dies later as the distance between the nodes is less than that of the nodes 

spread in the network area of 200x200. 
 Similarly, the total number of nodes dead at the end of simulations is more in the case of network 200x200. But, the 

maximum number of tentative cluster heads remains almost same in both the cases as it has no effect by variation in 
network area. 

 
2) Changing the number of nodes in the network 
The number of nodes deployed in the network area is varied from 50 to 250 by keeping the base station at centre 

i.e.BS (100,100) and network area as 200x200. 
The number of nodes deployed in the network area is changed as 50, 100, 150, 200 and 250.  
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Simulation 
Run 

No. of 
nodes 

FND TND T_CH 

1 

50 

380 49 7 
2 359 43 7 
3 357 48 8 
4 379 46 6 
5 395 47 7 
1 

100 

377 99 11 
2 403 99 10 
3 376 97 12 
4 382 95 10 
5 375 98 9 
1 

150 

386 148 15 
2 376 146 13 
3 364 144 13 
4 375 147 16 
5 407 146 15 
1 

200 

418 198 19 
2 441 193 20 
3 439 196 19 
4 431 193 19 
5 431 195 15 
1 

250 

398 247 22 
2 489 244 20 
3 443 243 19 
4 430 244 19 
5 488 240 20 

Table3. Changing the number of nodes in the network 

 

                 Figure6. Number of nodes = 50                                                            Figure7. Number of nodes = 100 
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       Figure8. Number of nodes = 150                                                                   Figure9. Number of nodes = 200 
 

 
Figure10. Number of nodes = 250 

The observations made say that the round number when the first node dies is almost same in all the cases but the total 
number of nodes which die after the completion of simulations increases with the number of nodes and same is with the 
case of number of tentative cluster heads. 

 

 
Figure11. Effect of variation in number of nodes 
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3) Changing the Base Station position 
The network area has been fixed at 200x200 as well as the number of nodes has been fixed to 100. The position of BS 

has been changed from centre of the network to the border of the network. 
 

Simulation 
Run 

BS at centre BS at border 

FND TDN N_TCH FND TDN N_TCH 

1 385 95 13 364 97 11 

2 342 97 11 379 99 10 

3 358 94 13 385 98 13 

4 331 99 12 382 99 10 

5 403 99 11 355 94 10 

Table 4. Changing the Base Station position 

 

        Figure12. Base Station at centre                                                                                  Figure13. Base Station at border 

  
As we changed the location of the base station from centre i.e. BS(100,100) to that at the border of the network i.e. 

BS(100,200), it has been observed that there is no major difference in the values computed. 
 

 
Figure14. Effect of variation in base station position 
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    Thus, the effect of changing the network area, number of nodes and the position of base station has been observed. 
Firstly in terms of the network lifetime by two parameters i.e. the round number when the first node dies and the total 
number of   dead nodes at the end of all the simulation rounds. Secondly, the maximum number of tentative cluster heads 
formed in the network in the given simulation rounds. 

VI.    CONCLUSION 
      The paper shows the effect of various variations done in the parameters in the HEED protocol implemented for 

energy efficient routing in wireless sensor networks. In varying the network area, the lifetime of the network decreases, 
with the increase in the area, keeping the number of nodes constant, as the nodes die early due to increased distances 
among them. If we increase the number of nodes, keeping the network area unchanged, same pattern is observed. Lastly, 
on changing the location of the base station, there is only a slight change as the position has been changed only on y axis 
and that too with not much difference. The other observation made is in the maximum number of tentative cluster head 
formed in the network in any of the simulation round. Obviously, the number will increase if we increase the number of 
nodes; otherwise, it has no effect on it. 
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