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Abstract: The Wireless Sensor Network (WSN) is composed 
of a collection of sensor nodes, which are small and energy 
constrained device. The efficient use of energy source in a 
sensor node is most desirable criteria for prolong the life 
time of wireless sensor network. So designing efficient 
routing for reducing energy consumption is the important 
factor. In this paper, we propose an effective version of 
LEACH routing protocol, ILEACH which will extend the 
performance of the system by extending the network lifetime 
by modifying the threshold equation for selecting the cluster 
head (CH) for every round of clustering. We experimentally 
showed that our proposed mechanism give better network 
performance in terms of lifetime and less amount of power 
consumption in the network. We also showed a situation of 
critical packet delivery and able to get less delay for critical 
packet delivery to the base station (BS) directly with a 
differential routing approach. We stated our future work 
forextending our research work.   
Keywords: Wireless Sensor Network, LEACH, ILEACH, 
energy efficiency, network delay 

I. INTRODUCTION
In the advancement of Micro-Electro-Mechanical System 
(MEMS) has highly influenced the development of 
miniaturized sensor nodes [12]. These tiny nodes 
collaborate with each other via RF communication in ISM 
(Industrial, Scientific and Medical) band to form Wireless 
Sensor Network (WSN) [12].WSN consist of tiny sensor 
nodes, these sensor nodes are consist of sensors, 
microprocessor, memory, transceiver, and power supply 
[7]. These smart sensor nodes are deployed in a physical 
area and networked through internet and wireless links, 
which provide unprecedented opportunities for a variety 
of civilian and military applications, for example, 
environmental monitoring, battle field surveillance, and 
industry process control [2]. Multi-hopping in the WSNs 
can cause a sensor node to communicate with a node 
which is far away from it. This allows the sensor nodes in 
the network to expand the monitored area and hence 
proves its scalability and flexibility property [8]. 
In this paper, the rest of the sections are organized in the 
following way. In section 2, we described about energy 
model for LEACH protocol. In section 3, we described 
about existing LEACH protocol with some advantages 
and disadvantages. In section 4, we proposed our own 
mechanism for increasing the performance of the network 
along with a mechanism for dealing with emergency 
packets. In section 5, we showed our simulation result and 
in section 6 we concluded our paper with our probable 
future enhancement. 

II. ENERGY RADIO CHANNEL DISSIPATION
MODEL FOR LEACH 

In LEACH radio hardware energy dissipation model 
transmitter evanesce energy for the process of running the 
radio electronics and the power amplifier, and the receiver 
evanesce energy for the process running the radio 
electronics. We used both the free space and the multipath 
fading channel models based on the distance between the 
transmitter and receiver. We will calculatethreshold value 
and based on this value only the two models has been 
choose. If the distance is less than the threshold then we 
use free space model or else the multipath model has been 
used [13]. 
For the experiment that is been described in this paper, we 
have been assumed a simple radio hardware energy 
dissipation model where transmitter evanesce energy for 
the process of running the radio electronics and the power 
amplifier, and the receiver evanesce energy for the 
process running the radio electronics and this is been 
showed in the Figure 1. The radio channel model that has 
been used here is modeled by free space model (d2 power 
loss) and the multi path fading model (d4 power loss) 
based on the distance between the transreceiver. If the 
distance between the transceivers is less than a previously 
defined threshold than free space model is used or else the 
multipath model is been used [13]. 

Fig. 1 A Simple Radio Channel Dispersion Model 

In our simulation work it is been assumed that all nodes 
have enough power to reach the BS if it is required. This 
algorithm also assumes that node would send data 
periodic manner. In the simulation process, in each 
election round of CH all the nodes have the same amount 
of energy capacity which is based on the assumption of 
the algorithm and CH is been choose efficiently. 

III. LOW-ENERGY ADAPTIVE CLUSTERING
HIERARCHY PROTOCOL 

Low-Energy Adaptive Clustering Hierarchy (LEACH) is 
a clustering based protocol that uses a randomized 
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rotation of local cluster BS [8]. LEACH is one of the most 
popular distributed cluster-based routing protocols in 
WSNs [11]. LEACH is the first and most popular energy 
efficient hierarchical clustering protocol for WSNs that 
was proposed for reducing power consumption and also 
to increase the lifetime of the network [2, 7]. 
In order to extend the lifetime of the whole sensor 
network, energy load must be evenly distributed among 
all sensor nodes, so that energy at a single sensor node or 
a small set of sensor nodes will not be drained out very 
soon [11]. In every cluster one of the sensor node acts as 
CH and remaining sensor nodes as member nodes of that 
cluster. Only CH can directly communicate to sink and 
member nodes use CH as intermediate router in case of 
communication to sink [10]. CH collects the data from all 
the nodes, aggregate the data and route compressed 
information to sink. Because of these additional 
responsibilities CH dissipates more energy and if it 
remains CH permanently it will die quickly as happened 
in case of static clustering. LEACH tackles this problem 
by randomized rotation of CH to save the battery of 
individual node. In this way LEACH maximizes life time 
of network and also reduces the energy dissipation by 
compressing the data before transmitting to CH [7]. Leach 
is completely distributed which requires the global 
knowledge about the network.  
The Leach operation is classified into different rounds and 
each of these rounds having mainly two phases and these 
are called [2, 7, 9], 
a) Setup phase 
• For the process of organizing the whole network into 

different clusters 
• Advertisements of the CHs to its different individual 

cluster members 
• Transmission of the schedule that has been created 

during the setup phase 
b) Steady state phase 
• The process of data aggregation within the different 

clusters of the network 
• Compression of the sensed information that is being 

sensed by the sensor node into its different CH within 
the cluster only 

• Transmission of the compressed data to the sink via 
different CHs 

During the process of setup, each sensor node would 
choose a constant number between 0 and 1. After this, a 
threshold value for each node is been calculated with the 
help of equation (5). After this, a comparison is been 
carried out between threshold and the constant and if the 
constant is less than the threshold T (n), the sensor node 
is a CH. T (n) is been calculated as follows,   

𝑇(𝑛) =
𝑃

1 − 𝑃 × *𝑟	𝑚𝑜𝑑 !
"
0
𝑖𝑓	𝑛 ∈ 𝐺																					(5) 

												𝑇(𝑛) = 0								𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒																																					 
Where, P is the aspired percentage to become a CH, r is 
the current round, and G is the set of nodes that have not 
being preferred as a CH in the last 1/P rounds. 
 

IV. PROPOSED IMPROVEMENT OF LEACH 
In this section we discussed about the changes we had 
done to our proposed work so that we able to getbetter 
performance results compared to existing system. We 
added some extra features in the LEACH routing protocol 
for comparing our proposed model with the existing 
model in an efficient way. We have considered an added 
factor called delay in propagating information in the 
network for the emergency packets. In LEACH routing 
protocol due to aggregation process, packet which has to 
transmit to the BS immediately after the sensing process 
has to wait until the fusion process completed and due to 
this fusion process in CH, a serious damage in the network 
may happen which have been deployed for very sensitive 
work like battle-field and patient monitoring area. In 
ILEACH we have added delay aware routing scenario for 
propagating emergency information directly to the BS 
without aggregation process in the CH. We differentiated 
normal packet with emergency packets as PRIORITIZED 
and NON PRIORITIZED packets. We have made the 
routing scenario i.e. from sensor nodes to their respective 
CHs as per TDMA mechanism that has been used within 
the clustersfor sending information from sensor nodes to 
CHs in both LEACH and ILEACH. We have added a 
radio model in both LEACH and ILEACH for calculating 
and updating with the energy dissipationvalue for the 
nodes in the network with respect to sending and receiving 
of information by the nodes. 
The changes done in LEACH routing protocol for making 
compatible with ILEACH are as follows, 
a. PRIORITY ALGORITHMS:Additional algorithm for 

sending PRIORITIZED packet (emergency packets) 
form sensor nodes to the BS through CH without 
aggregation process. 
• For this we have made a packet PRIORITIZED by 

the process of choosing a packet with a value 
which should return ZERO (0) when a MOD 
operation is done on the value of the packet by 10. 

• After this packet is being sent to the BS without 
aggregation. 

• For aggregation process in LEACH we made a 
condition that two normal packet (NON-
PRIORITIZED) packet should be received in the 
CH, if not wait for receiving other packet in the 
CH.   

b. TDMA ALGORITHM:Additional algorithm for 
making the routing within the clusters, based on 
TDMA slots allocated by the CHs. 

c. RANDOM FUNCTION:For calculating the energy 
dissipation of normal sensor nodes and CH nodes for 
transmission and reception of sensed information, we 
have used a random function. For normal sensor nodes 
we have found a random number between 1 and 3 and 
this is been deducted from the energy of the node it 
having before sending the sensed information to its 
destination. The same have been applied for CH nodes 
also but random number has been choose between 3 
and 6. 

d. ENERGY MODEL: We have added a radio energy 
model for the Tx (transmitter) and Rx (receiver) of 
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the sensor nodes for calculating the energy 
dissipation for the node while sending of 
information to other nodes and receiving 
information from the other nodes, it will be helpful 
for calculating the remaining energy of the node and 
also calculating the remaining energy of the network 
after the simulation process got over. This energy 
model has been described in above section very 
clearly. It is been added in ILEACH also for better 
performance. The equation used for energy model 
for both Tx and Rx are as follows, 

		𝐸#$(k, d)

= 														

⎩
⎨

⎧𝐸%&' × 	k	 +	𝐸( × 	k	 × 𝑑)if	d ≥ 𝑑*
𝐸%&' × 	k	 +	𝐸( × 	k	 × 𝑑+if	d < 𝑑*

(2) 

𝑑* = I
𝐸(
𝐸,

																																																									(3) 

Where, Eelc is the energy dissipates in transmitting and 
receiving data for a sensor nodes and Ef and Em are the 
energy dissipates in amplifying process. Ef for free space 
radio model and Em is multipath fading model. These are 
chosen based on the distance between nodes, d is the 
distance factor and d0 is the threshold value calculated by 
the node based on equation 3. Erx is calculated by the 
following equation,           
Erx(k) = 𝐸%&' × 	k																																											(4) 
 
We have added RANDOM FUNCTION and ENERGY 
MODEL algorithms alternatively and check the results of 
using both in an alternative manner. The results of this 
have been shown in further section. 
 
4.1 Integrated Low Energy Adaptive Clustering 
Hierarchy protocol (ILEACH) 
From previous study that had been done on LEACH 
protocol we are able to conclude that, it rotatesCH in each 
round in a random fashion based on a threshold value and 
by doing this it would able to improve the performance of 
the network and hence life time of the network get 
increased and also able to save the energy of the sensor 
nodes which had been deployed in the network, but we 
also got to know that in LEACH, a problem occurs when 
we unable to select a CH due to low energy of the sensor 
nodes. This is because of randomized selection of CHs 
without taking the account of energy value of the choose 
CH nodes. This situation may lead to effect the sensor 
network scenario, because sensor network having a major 
concern about energy efficiency of the network.  
In the proposed ILEACH protocol, the sensor nodes 
would organize themselves into different clusters and 
each cluster would have a local BS which would work as 
a CH in the cluster and which would be only responsible 
for the routing of aggregated information to the BS or any 
other nodes in the network. The proposed mechanism uses 
same processes to choose cluster members and data 
transmission as the conventional LEACH protocol in the 
wireless sensor network environment. 

We have calculated a new Threshold Equation [T(n)v] for 
each node so that the problem occurs in LEACH routing 
can be minimized in a better way. This can be done in the 
following way, 

	𝑇(.)01	
𝑃0

1 − 𝑃0 ×𝑚𝑜𝑑(𝑟	𝑚𝑜𝑑	
!
3!
)
																														(5) 

 
The value of Pv can be calculated in the following way, 

𝑃0 =
𝑃' × 𝑛 × (𝑖.45% × 𝐸.)

𝐸6 × 𝐸0
																																		(6) 

Where, Pc is the initial chosen probability, n representsto 
the no of nodes, i represents to the individual node, Enis 
the energy of the network, Ei is the initial energy of the 
node and Ev is the new calculated initial energy level of 
every node for each round which has been calculated with 
the help of initial energy level of the nodes instead of 
using remaining energy level of the nodes as an energy 
level ofnodes for each round. This can be calculated as 
follows, 
 

𝐸0 = 𝐸6	 × M
1 − ##"#$%&

7'
𝑛 N																																									(7) 

 
Where, Ei is the initial energy of the node, ttround is current 
combination of setup phase and steady state phase, Rm is 
the maximum no of round comprised of data sensing and 
transmission to the sink node. 
After all these calculation for finding the new threshold 
equation [T(n)v] for each node for finding the CHs for 
each round of setup and steady phase, the rest of the 
procedure i.e. sending of information from the sensor 
nodes to their respective CHs at their allocated TDMA 
slots, aggregation process at the CHs and sending of 
aggregated information to the BS with the help of CSMA 
algorithm for avoiding collision in the network are same 
as the LEACH routing protocol. 
The changes done in ILEACH routing protocol along with 
above alternation in the threshold equation for better CH 
choosing in the clustering process  for making compatible 
with LEACH are as follows, 
a. PRIORITY ALGORITHM is same as described before 

in LEACH modification. 
b. TDMA ALGORITHM is same as described before in 

LEACH modification. 
We have added the random algorithm (RANDOM 
FUNCTION)for calculating energy dissipation of normal 
sensor nodes and CH nodes that had been described before 
in this section. We have also added a radio energy model 
(ENERGY MODEL) for the Tx (transmitter) and Rx 
(receiver) of the sensor nodes for calculating the energy 
dissipation of the node while sending of information to 
other nodes and receiving information from the other 
nodes so that it will be helpful for calculate the remaining 
energy of the node and also calculate the remaining 
energy of the network when the simulation process ends. 
The equations been used for this is been explained before 
in this section. We are also checking the result if we add 
these two methods for calculating the dissipated energy of 
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the nodes in an alternative way. The result has been shown 
in further section. 
 

V. SIMULATION RESULTS 
In this section, we want to present how our new protocol 
performance goes increased compared to conventional 
LEACH routing protocol under some system simulation 
parameters and how we are able to get higher life time 
compared to the original LEACH protocol. We did our 
simulation in NS2 simulation tool for showing our 
simulation result.  
We have created a homogeneous wireless sensor network 
scenario and we randomly deployed 80 sensor nodes in 
the simulation area. We have took the dimension of the 
topology area is 900 X 900 m2. We have set range for 
every node is to 40 m. we have set max_queue for every 
node to 40. We did our simulation for 100 mSec.  We have 
set initial energy for every node to 20 KJ. The BS position 
is also set to random i.e. we did not set any fixed 
dimension to the BS. The BS color is set to black. In every 
round the colors for every   cluster would get change, for 
this we had defined 7 colors. The system parameters we 
have used in our simulation are summarized in Table 1 
and the simulation results are shown in the Figure 2, 
Figure 3, 
 

 
Table1. System parameters used in simulation 

experiment 
 
In this section, we also evaluate the performance the 
proposed routing protocol with the conventional LEACH 
routing protocol. We are evaluating the lifetime of the 
network by considering two terms that are FND (first node 
die) and HND (half of nodes die). We have successfully 
implemented our proposed protocol and it is showing 
better performance compared to conventional LEACH 
protocol in terms of better lifetime of the network. The 
result of this simulation is shown in the Figure 2 and 
Figure 3 by plotting no of round values (no of rounds) in 
Y-axis and in the Y-axis we have shown LEACH and 
ILEACH as bar graph. We got these two graphs by 
applying RANDOM FUNCTION algorithm as an energy 
dissipation process for the sensor nodes and CH nodes in 
the network.  

 
Fig. 2 Lifetime Comparison in terms of FND 

 

 
Fig. 3 Lifetime Comparison in terms of HND 

 
In this section, we have also evaluate the performance the 
proposed routing protocol with the conventional LEACH 
routing protocol by taking ENERGY MODEL into the 
account for calculating the energy dissipation of the 
sensor nodes and CH nodes. We have also considered 
FND and HND for this evaluation. We have successfully 
got our expected results in this evaluation i.e. better 
performance in ILEACH protocol compared to 
conventional LEACH protocol in terms of better lifetime 
of the network. The result of this simulation is shown in 
the Figure 4 and Figure 5 by plotting no of round values 
(no of rounds) in Y-axis and in the Y-axis we have shown 
LEACH and ILEACH as bar graph. 
 

 
Fig. 4 Lifetime Comparison in terms of FND 

 

 
Fig. 5 Lifetime Comparison in terms of HND 
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From the above figures 2,3 and figures 4,5 we have 
successfully shown that we got our better performance 
evaluation in ILAECH protocol in compared to 
conventional routing protocol. We have also seen that if 
we go for ENERGY MODEL, we able to get more no of 
rounds in LEACH and ILEACH routing protocol as 
compared to if we go for RANDOM FUNCTION. It is 
clearly shown that if we go for ENERGY MODEL we 
able to get rounds in the range of 30 to 50 but, if we go for 
RANDOM FUNCTION we able get rounds in the range 
of4 to 12. 
In this section we have also evaluated the propagation 
delay i.e. receiving of emergency (PROITARIZED) 
packets to the BS with respect to normal (NON 
PROITARIZED) packets, so that we can say that with this 
additional feature in the algorithm we can able to get less 
propagation delay in sending emergency packets. We 
have added these additional features in both LEACH 
routing protocol and ILEACH routing protocol and 
therefore we are showing delay graph for both LEACH 
and ILEACH routing protocol with respect to NON 
PRIORITIZED packets and PROITARIZED packets in 
the Figure 6 and Figure 7.. We have calculated the delay 
in mSec (Millisecond). We have plotted two graphs for 
showing this result and for this we have taken delay values 
(delay) into Y-axis and no of rounds values in X-axis. 
 

 
Fig. 6 NON PRIORITIZED Packet Delay in LEACH 

and ILEACH routing protocol 
 

 
Fig. 7 PRIORITIZED Packet Delay in LEACH and 

ILEACH routing protocol 
 
In this section, we also have evaluated total remaining 
energy of the network for both LEACH and ILEACH 
routing protocol. We are getting greater remaining energy 
in ILEACHin compared to LEACH routing protocol. We 
expressed the total remaining of the network in Joules (J). 
We have plotted a graph for showing this result in the 
Figure 8. 
 

 
Fig. 8 Total Remaining Energy of network for LEACH 

and ILEACH routing protocol 
 

VI. CONCLUSION AND FUTURE ENHANCEMENT 
In Wireless Sensor Network the purpose of developing 
energy efficient routing protocol is for only getting the 
highest performance from the network. Among many of 
the energy efficient routing protocols clustered routing is 
one of the best suited for this type of network for 
prolonging life time of the network. As though LEACH 
routing protocol is one of the best routing protocol in this 
clustering section, but in this protocol the problem would 
arise when the battery power of the CH goes very low as 
it could not able to send information to the BS. In this 
paper, we proposed a new version of LEACH routing 
protocol called ILEACH and we compared this with the 
conventional LEACH. By doing this comparison we 
found ILEACH having greater performance (network 
lifetime) with respect to two factorsFND and HND 
respectively. We also showed a comparison between two 
models that are ENERGY MODEL and RANDOM 
FUNCTION and we got a greater performance if we add 
ENERGY MODEL as an energy dissipation model. We 
also showed that we able to get maximum number of 
remaining energy of the network at the end of simulation 
process in ILEACH compared to LEACH 
We also work on network delay factor i.e. on delivery of 
message to BS as quickly as possible. We are specifying 
this work for time critical packet of information. We 
showed that as compared to NON PRIORITIZED packets 
we got less delay in case of PRIORITIZED 
packetcompared to NON PRIORITIZED packet. As a 
future enhancement we would like to change the CH 
selection function so that we able to get much better 
performance in the battery life time of the sensor nodes. 
We also would like to work on better routing of 
emergency packets in case of critical situation of the 
sensor network which is been deployed for most of the 
critical scenario. 
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