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ABSTRACT 
Wireless Sensor Network (WSN) is one of the emerging 

technological fields due to recent advancements and area of 

research. The WSN is collection of small sensor nodes, which 

run on battery and have very less power. WSN requires 

various protocols to transmit information from one node to 

other. This paper focuses on dynamic Cluster Head (CH) 

selection process in Low Energy Adaptive Cluster Hierarchy 

(LEAH) protocol. This paper also discusses problems in 

LEACH protocol and giving a possible solution for it.   
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1. INTRODUCTION 

WSN [1] comprises of small nodes to monitor physical or 

environmental conditions in the surroundings. These 

monitoring nodes are called as sensor nodes. Sensor nodes are 

very small in size and cheap in cost. They are placed in such 

terrains where it is difficult for human to reach and do 

observations. This peculiar property of sensor nodes make 

these an ideal candidate for doing monitoring for industrial, 

environmental, military and various other applications.  

 

            Fig.1 Wireless Sensor Network 

In WSN, sensor nodes work together to information that is 

observed by individual sensor nodes. Sensor nodes observe 

various features in the surroundings and send them to the base 

station (BS). To send data to a BS requires a proper protocol. 

Protocol ensures the transfer of data in an optimized manner 

from sensor nodes to BS. The structure of WSN is shown in 

Fig 1. 

There are various factors that affect the protocol and decide 

whether a protocol is good or bad. These factors are energy 

consumption, bandwidth requirement, packet loss, end to end 

delay, scalability etc. There are various types of protocols 

used in WSN. Mainly protocols in WSN are divided into three 

broad categories, Hierarchical protocols, Location Based 

protocols and Data Centric protocols [2]. 

Hierarchical protocols [3] support multi-tier architecture of 

the sensor network instead of single-tier architecture. This 

type of architecture reduce load over the network. Main 

properties of these protocols are that they reduce flooding of 

packets in the network. These protocols also allow for data 

aggregation. It reduces the amount of data thus causing fewer 

loads on the network. 

Location Based protocols [4] dealt with the specific location 

of sensor nodes in a network. Location of a sensor node is 

mainly taken from Global Positioning System (GPS) data. On 

the basis of these locations in these protocols sensor nodes are 

divided into clusters. Location Based protocols also reduce 

the flooding of packets in network to a great extent. 

Data Centric protocols [5] are totally data oriented in nature. 

These protocols are designed to reduce the amount of data 

flow in a network. This will eventually reduce the energy 

consumption of the network. Main techniques which are 

followed in these protocols is data negotiation and data 

integration. These techniques reduce the data at each node 

thus overall reducing the data in the network by a lot.  

Section 2 deals with LEACH protocol and in section 3 some 

gaps of LEACH protocol are identified. Section 4 introduces 

some of the methodologies for removing those gaps while 

section 5 introduces results and analysis. Section 6 deals with 

conclusion of paper. 

2. LEACH PROTOCOL 
Low Adaptive Energy Cluster Hierarchy (LEACH) [6] is one 

of the very first protocols to be introduced in the area of  

WSN. The main work of LEACH protocol is to reduce the 

energy consumption of the network. This is achieved by 

equally distributing the energy load on the sensor nodes 

through randomized rotation of local base stations. LEACH is 

one of the fundamental protocols for WSN based on the 

clustering technique. Various other modifications of LEACH 

are proposed over the years.  

In LEACH, nodes organize themselves into clusters and one 

odd the nodes is chosen as cluster Head (CH) [6]. If CHs are 

chosen at random then one chosen will soon dies out so they 

are chosen using a randomized rotation of high energy CH 

position in order to not drain one of them out but to keep on 

going while utilizing less energy. At a point all sensor nodes 

choose themselves to be CH with a certain probability. All 

nodes then broadcast their status to every other node. The 

have CH must have minimum energy because only CH needs 

to keep their radio communication on. All the other nodes can 

keep their radio communication off and keep it on only at the 

time of communication with CH. In this way they are not 

drained out of their battery.  

All the other nodes transfer their data to the CH, which 

aggregates collected data at regular intervals and then transfer 

it to the Base Station (BS) [6]. BS will transfer the data 

further to other stations placed above it in hierarchy. Since 

this is a high energy operation and few CHs are involved, only 

few nodes are affected instead of all the nodes which will be 

affected if they all have to transmit the message to the BS. 
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With few CHs there are few nodes actually transmitting to the 

BS. This also reduces the chance of packet loss and increases 

the throughput in the network thus increasing the efficiency of 

the network. The basic architecture of LEACH is shown in 

Fig 2.  

 

                        Fig. 2: LEACH protocol working 

In LEACH protocol, the CHs are not permanent and they keep 

on changing with time. As soon as one CH has less energy in 

it than other node with more energy take its place and all 

those decisions are taken place on the basis of the energy left 

in the nodes. In addition to low energy dissipation in case of 

LEACH all the nodes almost dies at the same rate instead of 

some nodes dying first and other dying at a later stage thus the 

network continue to perform with same efficiency as long as it 

lasts. 

The whole algorithm can be broken into following stages: 

1) Advertisement phase: Initially CHs is chosen from 

all the sensor nodes present. It is based on the number of CHs 

required by the network and the amount of time that node has 

been the CH so far in the network. This decision is made by 

the node. Every node say n chooses a random number on a 

scale from 0 to 1 and if the number is less than a threshold say 

T(n) then that node becomes CH. Once the CH is chosen it 

broadcast the message to all the nodes and they get to know 

about the CH at that time.  

2) Cluster Set-Up phase: Nodes which are not CH will 

then decide about the CH to which they will transmit. This 

decision is entirely based on the energy required for 

transmission. Sensor node will go under that CH which 

requires minimum energy for transmission. After each node 

decides which cluster that node will belong to then they will 

transmit that information to the CH. During this phase all 

nodes will keep their receivers on.  

3) Schedule Creation: After CH knows about all the 

nodes in the cluster it will then form a Time Division Multiple 

Access (TDMA) scheduling telling each node when to 

transmit.  

        4)    Data Transmission: Once the cluster is formed and 

all the nodes are set then they start transmitting the data. 

Nodes can only transmit in the TDMA time frame allotted to 

them by the CH. The CH always keeps its receiver on while 

other nodes get it on only at the time of transmission. This 

allows all other nodes can save their power. While only one 

node uses its power. 

3. GAPS OBSERVED 
In LEACH protocol the selection of cluster heads is based on 

a random algorithm. This methodology of selection of cluster 

heads is efficient as comparison to the traditional protocols 

but it is not that efficient. The main problem observed is that 

in a LEACH protocol due to the randomized selection of 

cluster heads, CHs are not distributed among the nodes in 

proper manner. It is seen a lot while simulating the LEACH 

protocol that two cluster heads are often selected close to each 

other. The required percentages of cluster heads are fixed 

prior to the algorithm. Thus when set of cluster heads are so 

close to each other it definitely show that there must be the 

case under which some cluster heads are far from each other. 

Thus there is no proper distribution of cluster heads in the 

whole topology. 

This has adverse effect on the sensor nodes since at one place 

due to the absence of cluster heads near them they have to 

transmit there message to long distances. This will not be the 

case if there were efficient distribution of cluster heads. When 

cluster heads are too close to each other there is always the 

case that the area which can be covered by them efficiently is 

overlapped. On the other hand since there are nodes far away 

from each other so there is always the possibility of finding 

such areas which cannot be covered efficiently by cluster 

heads. 

If by implementing any methodology the distribution of CHs 

can be optimized then it is highly possible that the sensor 

nodes will not have to spend too much energy just to reach the 

CHs. This will reduce high energy consumption is the sensor 

nodes. This will result in high lifetime of the sensor nodes 

which in turn increase the lifetime of WSN. 

4. SOLUTION PROPOSED 
The main problem observed is associated with the randomized 

distribution of the CHs. If by any methodology the 

randomized distribution can be minimized then the problem 

can be solved. This will give a more uniform distribution of 

CHs in the WSN thus putting less pressure on sensor nodes. 

The solution to the given problem is in following algorithmic 

steps:- 

1. Increase the number of CHs to be formed in WSN prior 

to distribution of CHs. 

2. Using the same technique sensor nodes decides whether 

they want to be CH or not. 

3. After selecting themselves as CHs those nodes send their 

positions and other data to the BS. 

4. BS calculate the distance between CHs and on the basis 

of threshold decides which nodes are close to each other 

more than the acceptable limit or not. 

5. Those nodes which are close to each other are of interest 

for BS. On the basis of other parameters received BS 

drops certain nodes from their position of CH. Thus a 

more optimal distribution of CH is achieved. 

6. Then the nodes which are selected as CHs are broadcast 

in the entire network. 

7. Sensor nodes receive the position of CHs and they 

communicate with the CH closest to them. 

8. Sensor nodes then form clusters and start sending their 

observations to their CH. 

On the basis of this algorithm only the CH selection process is 

altered. This will reduce the energy requirement in the CH 

selection phase. This will also introduce a more uniformly 

distributed architecture of the WSN.  

Such an approach not only reduces the energy requirement of 

the CH selection phase but also reduces the energy 
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consumption in sensor nodes while communicating with the 

CH. This results in considerable prolongation in the lifetime 

of the WSN. 

5. RESULTS AND ANALYSIS 
The simulation of LEACH protocol in this paper is perform 

on MATLAB software. A 400m x 400m area is chosen as the 

test bed for simulation. 100 nodes are taken and the BS is kept 

at the center at the coordinates of (200m, 200m). Initial 

energy 0.5J is taken in the sensor nodes. In Fig 3 the topology 

used is shown. 

                   Fig. 3: WSN Topology  

On this topology the whole protocol is simulated and on the 

basis of the simulation various results are obtained. These 

results are obtained by tweaking various parameters and 

looking at how the protocol is behaving.  

As a result of simulation, graphs are plotted between number 

of rounds and dead nodes as well as between number of 

rounds and CHs. These graphs are mainly drawn by tweaking 

two main factors in WSN. First one is the probability (p) of 

the selection of a node as CH. Second is energy (E) of a 

common node. 

On the basis of changing value of 'p' graphs are presented in 

Figure 4 to Figure 7 and on the basis of changing value of E 

graphs are presented in Figure 8 to Figure 11. 

                   Fig 4: Graph at p=0.1 

As shown in Fig 4 when p=0.1 then the number of dead nodes 

reach its maximum value around 1200 rounds. Here p is the 

probability of any node to be selected as CH. This shows that 

the whole network seems to be dead after about 1200 rounds.

        Fig 5: Graph at p=0.1 

As shown in Fig 5 when the number of cluster head declines 

when value of p=0.1. This shows that as the number of nodes 

starts increasing the number of dead nodes starts to increase 

and the number of CH starts to reduce. 

               Fig 6: Graph at p=0.2 

Fig 6 shows how the graph between dead nodes and number 

of rounds changes for p=0.2. As the probability of a node to 

become CH is increased, As a result the number of rounds up 

to which network can live increases. This shows that if the 

probability of a node to become CH is increased then the 

number of dead nodes increases slowly than the network with 

lower probability. This proves beneficial as the network lives 

longer thus supporting for long term.  
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          Fig 7: Graph at p=0.2 

As shown in Fig 7 how the number of cluster heads behaves 

when the value of p=0.2. This shows that the number of CH 

tend to last for longer than the usual case for p=0.1. Thus the 

network tends to last for longer in service than usual. 

                  Fig 8: Graph at E=0.5J 

Fig 8 shows the same relation between dead nodes and the 

number of rounds. The parameter on which above graph is 

based is the energy of the sensor nodes. It is one of the most 

important parameters for the sensor nodes. Energy is what is 

needed by sensor nodes to continue working. If one can 

provide sensor nodes with more initial energy then they can 

perform better and the whole network can sustain itself for 

longer time. 

Fig 8 shows that all nodes in the network become dead at 

around 1200 rounds. 

                Fig 9: Graph at E=0.5J 

Fig 9 shows a relation between the number of cluster heads 

and the round in sensor network. It shows that for E=0.5J the 

sensor network work for around 1200 rounds and all the CHs 

cease to exist at around 1200 rounds. 

  Fig 10: Graph at E=1.0J 

Fig 10 shows how the number of dead nodes change when the 

energy of the sensor nodes is increased from E=0.5J to 

E=1.0J. It shows a drastic change in the performance of the 

sensor nodes. Since energy is very important for sensor nodes 

and such small change in energy change their performance by 

so much. So if sensor nodes in real world can be supplied with 

good batteries then they can work for long time without going 

for damage. 

Fig 11 shows the relation between number of CH and the 

number of rounds in the sensor network for E=1.0J. This 

shows that the number of CH remain for a long time before 

they all vanishes. This shows if somehow sensor nodes are 

supplied with good batteries they can work for long amount of 

time without going down. Thus the network uses to work for 

long amount of time. 
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          Fig 11: Graph at E=1.0J 

Above figures show that in case of LEACH protocol 

probability of a node to be CH and the energy of the nodes are 

two most important factors. In WSN by changing these factors 

by even a small quantity drastically change the outcome of the 

protocol. If the energy is more than the nodes use to run 

longer than usual. It we increase the probability to be CH by a 

small fraction then also the lifetime of the WSN is increasing 

drastically.  

Although there are other factors too which use to effect the 

lifetime of the network. These factors are like what would be 

the optimum number of sensor nodes for a given area, what 

should be the fraction of sensor nodes which went on to be 

CH. These factors do effect the lifetime of WSN but they 

never do it so drastically as by these two factors. 

6. CONCLUSIONS AND FUTURE 

WORK 
WSN is a growing field and a lot of research is going on in 

this field. Increasing the lifetime of the WSN is the ultimate 

goal of every researcher. This can be achieved by various 

ways and all ultimately leads to saving energy. This paper 

discusses problem associated with CH selection in LEACH 

protocol. The problem is solved by involving the BS in the 

process of selection of CHs as it will reduce the energy 

required during the CH selection process. In this way the CH 

will not have to focus too much energy during its selection 

process and due to optimal distribution achieved it even gives 

a better cluster distribution thus producing better results. 

There are a lot of ideas which can be applied in the problem 

observed by this paper. One can look for some kind of inter-

node communication approach so as to have optimal 

distribution of nodes. The above methodology proposed is 

only applicable in that case when the nodes are static in 

nature. If they are mobile in nature then the above solution 

might face problems. So, one can also propose a methodology 

for mobile networks. 
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