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Abstract - wireless sensor nodes are inherent limited energy 
resource. Besides maximizing the lifetime of the sensor node, it is 
preferable to distribute the energy dissipated throughout the 
wireless sensor network in order to minimize maintenance and 
maximize overall system performance. Any communication 
protocol that involves synchronization of peer nodes incurs some 
overhead for setting up the communication. In this paper 
improved efficient energy efficient routing protocol  is proposed 
for the WSN. The probability of cluster head selection in Multi-
Hop Distributed Energy Efficient Clustering(MH-DEEC) is kept 
lower to optimize the lifetime of the  sensor network. The 
proposed methodology gives better lifetime as well as throughput. 
The lifetime is increased to 3129 transmission rounds and 
throughput is about 7.55x104. 
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I. INTRODUCTION 

Wireless sensor networks[1] consists of a thousands of 
sensor nodes which are deployed randomly environment or 
space. In sensor network there is a BS (base station) which 
is located far away from the sensor field. Sensor nodes send 
the sensed data to the BS. For sending the sensed data to BS 
directly a lot of energy is consumed.  

So it is desirable to develop some protocols to minimize this 
communication cost. Energy conservation and 
maximization of network lifetime are the key challenges in 
the design and implementation of WSNs. Each sensor node 
has different parts such as a radio transceiver with an 
internal antenna, a micro controller, an electronic circuit for 
interfacing with the sensors and energy source which is 
usually a battery or an embedded form of energy harvesting. 

There are two types of WSN; structured and unstructured. 
An unstructured WSN contains a dense of sensor nodes 
which they connect to each other using an ad-hoc manner 
(sensor nodes randomly placed into the field.) For 
structured WSN, most of the sensors are located in a pre-
planned manner. 

WSN architecture 

The most common architecture of WSN is based on OSI 
Layer Model. OSI Layer Model is a creation defined by 
international organization for standards. OSI stands for 
Open System Interconnection. This model divides 
communication to seven layers. Which in WSN we need to 
analyze five layers: application layer, transport layer, data 
link layer and physical layer. 

 
Figure 1.1: Wireless Sensor Network 

 
Figure 1.2: WSN Layers 

Architecture of Sensor Node: 

Every sensor node mainly consists of four components. 
They are sensing unit, transceiver, processing unit and 
power source. Some sensor nodes also consist of optional 
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components like location finding system, power generator 
and mobilizer.  The sensing unit generally consist of sensor 
and ADC(Analogue and digital converter). 

The ADC converts the analogue data to digital data so that 
node can process it before transmitting the data. Transceiver 
connects the node to the network. The processing unit 
consists of processor and memory. This unit is responsible 
for managing the task of sensor unit. Mobilizer is used to 
enable node movement. 

II. ROUTING PROTOCOLS IN WSN 

In WSN all the nodes have power source which provide 
energy to participate in the network. In the basic WSN the 
power source is batteries. As we know, the amount of 
energy that can be stored by battery is limited and cannot be 
recharge. So we should try to not waste this energy and use 
it in an optimized way. The aim of routing protocols is to 
use the battery energy in an efficient way to increase the 
network lifetime. Therefore target of the propose routing 
algorithm should be energy consumption minimization and 
network lifetime maximization. 

As we described before one of the duty of network layer is 
the routing. This layer defines the most optimum path that 
packet should take from source to the destination. 

Routing algorithm is a logic used to decide for each 
incoming packet that which output link should be chosen to 
transmit the data. Routing algorithms can be classify in to 
two groups: 

• Static: Routing decisions are fixed and nothing can 
affect on that like traffic load or network topology. 

• Dynamic: Routing decision depends on network 
topology and traffic load. 

In WSN one of the challenge is the energy consumption 
problem, since it is not feasible to recharge the limited 
battery after depletion. So when we want to choose routing 
algorithm for our network, we should take into account to 
choose the energy-efficient one. 

There are several routing algorithms which support the idea 
of energy-efficiency. 

Energy Harvesting: 

This section is explaining the meaning of Energy 
Harvesting Wireless Sensor Network (EH-WSN) and in 
which point is different from a normal WSN. It also discuss 

about the component of this network and how EH-WSN 
routing protocols works. 

Energy Harvesting wireless sensor network(EH-WSN) is a 
kind of WSN that uses rechargeable power supply instead 
of using traditional battery. 

In traditional WSN, the energy sources is limited. When the 
power source of node finish, it cannot continue to work 
unless it is recharged again. So the effort was to design 
energy-efficient network protocols to maximize the lifetime 
of WSN by minimizing energy usage. 

DEEC (Distributed Energy Efficient Clustering):  

In DEEC [3] protocol all nodes use the initial and residual 
energy level to define the cluster heads. DEEC estimate the 
ideal value of network lifetime to compute the reference 
energy that each node should expend during each round.  In 
a two-level heterogeneous network, where we have two 
categories of nodes, m.N advanced nodes with initial energy 
equal to 𝐸𝐸𝐸𝐸. (1 + 𝑎𝑎) and (1 −𝑚𝑚).N normal nodes, where 
the initial energy is equal to Eo. Where a and m are two 
variable which control the nodes percentage types 
(advanced or normal) and the total initial energy in the 
network 𝐸𝐸𝑡𝑡𝐸𝐸𝑡𝑡𝑎𝑎𝑡𝑡 . 

The value of Total Energy is given as  

 𝐸𝐸𝑡𝑡𝐸𝐸𝑡𝑡𝑎𝑎𝑡𝑡  =  𝑁𝑁. (1 −𝑚𝑚).𝐸𝐸𝐸𝐸 + 𝑁𝑁.𝑚𝑚.𝐸𝐸𝐸𝐸 . (1 + 𝑎𝑎)        (1) 

•The average energy of 𝑟𝑟𝑡𝑡ℎ  round is set as follows  

𝐸𝐸(𝑟𝑟)  = 1
𝑁𝑁

 𝐸𝐸𝑡𝑡𝐸𝐸𝑡𝑡𝑎𝑎𝑡𝑡 (1 − 𝑅𝑅)                            (2) 

 R represent the total rounds of the network lifetime and is 
defined as  

   𝑅𝑅 =
𝐸𝐸𝑡𝑡𝐸𝐸𝑡𝑡𝑎𝑎𝑡𝑡
𝐸𝐸𝑅𝑅𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅

                                        (3) 

• 𝐸𝐸𝑅𝑅𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅  is the total energy dissipated in the network during 
a round, is equal to:  𝐸𝐸𝑅𝑅𝐸𝐸𝑅𝑅𝑅𝑅𝑅𝑅  = L(2NEelec +NEDA +  
𝑘𝑘𝐸𝐸𝑚𝑚𝑘𝑘𝑅𝑅4toBS+NEfsd2toCH) (4)  

 k: number of clusters  

EDA: data aggregation cost expended in the cluster heads  

dtoBS : average distance between the cluster head and the 
base station  

dtoCH: average distance between the cluster members and 
the cluster head.  
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• Because it has been assumed that the nodes are uniformly 
distributed then get:  

𝑅𝑅𝑡𝑡𝐸𝐸𝑑𝑑𝑑𝑑 =
𝑀𝑀

√2𝑘𝑘𝑘𝑘
   

 𝑅𝑅𝑡𝑡𝐸𝐸𝑑𝑑𝑑𝑑 =
0.765 𝑀𝑀

2
   

III. PROPOSED METHODOLOGY 

Wireless Sensor Network has been designed to monitor 
physical or environmental condition and many research 
works has been done on this topic. But power supply in this 
model of network makes problem. Because of using battery 
as a power ,the probability that network die will increase. 
Therefore should try to not waste energy, in the aim of 
increasing network's life time. 

The idea of EH-WSN is proposed for solving the problem 
of power in WSN. 

In this theory, network harvest power from environment and 
use this power instead of battery. The aim in EH-WSN 
network is not keeping network alive longer, but because 
there are enough energy in this theory the goal changes to 
maximizing the workload. 

 
Fig. 3.1 Network Diagram of Proposed Methodology with 

MH-DEEC  

The purpose of this thesis is following in some steps: _rst of 
all review literature about the group of energy-aware 
routing algorithms in WSN and more deeper be involved in 
the algorithms that are specified to support energy 
harvesting technology. In the next step should choose some 
candidate routing algorithms from the category of EH-WSN 
routing algorithms base on their evidence in literature. After 
selecting the candidate we have to design and implement a 
simulator to simulate the given algorithms in different 
scenario. With the help of some analysis metrics, at the end, 

we should highlight the behavior of our candidate in 
different simulation condition. 

Here we are making changes in one of the routing protocol 
i.e. distributed energy efficient routing (DEEC), where 
changes are being made in the information aggregation 
energy. The proposed approach is to have the lower data 
aggregation energy and the energy can be conserve for such 
frequent changes in the network. The proposed diagram of 
network is presented in Fig. 3.1. 

Radio Energy Dissipation Model 

Radio Energy Model based on [10, 39] Energy model for 
the radio hardware energy dissipation where the transmitter 
dissipates energy to run the radio electronics and the power 
amplifier, and the receiver dissipates energy to run the radio 
electronics is shown in Figure 3.2 
 
d is the distance between the transmitter and receiver. K is 
the length of the packet transformed from transmitter and 
receiver. The free space (fs) is used when the distance d is 
less than threshold d0, and the multipath (mp) is used when 
the distance d is more than threshold d0. 

 
Fig 3.2 Energy dissipation diagram 

 
To transmit a K-bit message, the radio expends 
 
ETX = (Eelec * k) + (Efs*k*d2) if d≤d0                                                                          

(1) 

ETX = (Eelec * k) + (Emp*k*d4) if d≤d0                                                                        

(2) 

Eelec is Energy  dissipated per bit to run the transmitter or 
receiver circuit 

Efs energy consumed in the amplifier when d≤d0 

Emp energy consumed in the amplifier when d≤d0 
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Where the threshold d0  = �
Efs

Emp
R                                                                              

(3) 

To receive K-bit message, the radio expends [39]: 

ERX=Eelec*K    (4)                                                                                

DEEC  is a protocol for Multi-level heterogenous 
environment. The cluster head  selection in DEEC depends 
upon a probability which is based on  ratio between residual 
energy of every node and average energy of the whole 
network. So nodes with high residual and initial energy 
have great chances to become CH than nodes with low 
energy. Thus DEEC can increase the stability period by 
heterogeneous aware clustering algorithm. 
The total initial energy of multi level heterogeneous 
network is : 

𝐸𝐸𝑡𝑡𝐸𝐸𝑡𝑡𝑎𝑎𝑡𝑡 = �𝑖𝑖 = 1𝑁𝑁�𝐸𝐸0(1+𝑎𝑎𝑖𝑖)=𝐸𝐸0�𝑁𝑁+∑ 𝑎𝑎𝑖𝑖
𝑁𝑁
𝑖𝑖=1 �� 

Where 𝐸𝐸0 is initial energy of the network, m is fraction of 
advance node which has a times more energy than normal 
node, mN is advance node having initial energy 

𝐸𝐸0(1 +  𝑎𝑎) 𝑎𝑎𝑅𝑅𝑅𝑅 (1 −𝑚𝑚)𝑁𝑁 

is normal node having initial energy𝐸𝐸0. 

Let 𝐸𝐸(𝑟𝑟)������ is the average energy at round r of the network, 
that is: 

𝐸𝐸(𝑟𝑟)������=   1   
𝑁𝑁  

 ∑ 𝐸𝐸𝑖𝑖(𝑟𝑟) 𝑁𝑁
𝑖𝑖=1 . 

Where Ei (r) is the residual energy of the remaining node at 
round r. 
 
Average probability to be a cluster head during ni  round is: 
  
                𝑘𝑘(𝑖𝑖) = 𝑃𝑃 ∗ 𝑅𝑅 ∗ 𝑑𝑑(𝑖𝑖).𝐸𝐸 ∗ 𝐸𝐸(𝑖𝑖)/(𝐸𝐸𝑡𝑡 ∗ 𝐸𝐸𝑎𝑎)  =
 𝑃𝑃 𝐸𝐸𝑖𝑖(𝑟𝑟)

𝐸𝐸�(𝑟𝑟)
                                     (5) 

 
where S(i) is number of nodes, n is the packet size, 𝐸𝐸(𝑟𝑟)������is 
the average energy at round r, and p is the desired 
percentage of cluster head(10%,20%,30%,40% assumed). 
 
The average probability ensure that there are NP cluster 
head every round. That is: 
 
∑ 𝑘𝑘(𝑖𝑖)∑ 𝑃𝑃𝑁𝑁

𝑖𝑖=1
𝑁𝑁
𝑖𝑖=1

𝐸𝐸𝑖𝑖(𝑟𝑟)
𝐸𝐸�(𝑟𝑟)

= 𝑃𝑃∑ 𝐸𝐸𝑖𝑖(𝑟𝑟)
𝐸𝐸�(𝑟𝑟)

= 𝑁𝑁𝑃𝑃𝑁𝑁
𝑖𝑖=1       (6) 

 

The above mentioned proposed routing strategy is 
implemented and its step by step execution is shown in 
below steps which are as follows: 

a) Start the program. 
b) Initialization environmental variables (with Different 

CH Selection Probability) 
c) Generation of wireless sensor network model 
d) Set loop for the number of rounds 
e) Set number of alive nodes at the beginning of 

network 
f) Check number of dead nodes 
g) Select the cluster heads. 
h) Calculate energy consumptions to transfer data 

between cluster head (CH) to Base station(BS) and 
nodes(N) to cluster head(CH) 

i) Check alive nodes after data transfer 
j) If alive nodes are > 0 then Go back to Next Round 

(step c) 
k) If alive nodes are = 0 then calculate Throughput of 

the network 
l) Compare and display results 
m) End of program 

 
Table I: Network Simulation Parameters 

Parameter Value 
Network field (100,100) 

Number of nodes 100 
E0(Initial energy of normal 
nodes) 

0.5 

Transmit amplifier (if d to 
BS < d0) 

Efs = 10pJ/bit/4m2 

Transmit amplifier (if d to 
BS > d0) 

Emp = 0.0013pJ/bit/m4 

Data packet size 4000 

EDA 5 * 1e-009 

Transmitter energy 50×10-9 

Receiver energy 50×10-9 

 

IV. SIMULATION RESULTS 

Wireless Sensor Network(WSN) is having lots of research 
areas to work on and here we have chosen routing protocol 
to make network lifetime more than the previous work. The 
simulation performed on distributed energy efficient 
clustering (DEEC) which is based on reducing the data 
aggregation energy.  
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The simulated outcomes are in terms of number of alive 
nodes and number of dead nodes versus number of 
transmission rounds and throughput curve. In the previous 
work lifetime of the network with low energy adaptive 
clustering hierarchy(LEACH) is calculated up to 2490 
transmission rounds.  

If the network sustain for more number of rounds means 
lifetime of the network is going better. In proposed 
approach the lifetime of the network increased up to 3099 
rounds in 100x100 network, 2826 rounds in 134x134 
network, 2521 rounds in 150x150 network and 2867 rounds 
in 200x200 network which is greater than the previous 
work. Table II shows comparison of the network lifetime 
with existing work. 
 

 
Fig. 4.1 Network lifetime in terms of dead nodes versus no. 

of rounds 

 
Fig. 4.2 Network lifetime in terms of alive nodes versus no. 

of rounds 

 
 Fig. 4.3 Throughput versus no. of rounds 

 
Fig. 4.4 Number of Cluster Head versus no. of rounds 

The alive nodes versus no. of transmission rounds graph is 
shown in the Fig. 4.1 and dead node versus no. of 
transmission rounds graph is shown in Fig. 4.2 the 
Throughput is also shown in the Fig. 4.3 and number of 
cluster head selection in Fig. 4.4.   

V. CONCLUSION AND FUTURE SCOPE 

In Wireless Sensor Networks(WSNs), energy consumption 
and delay guarantee issues are of major consideration in 
developing efficient routing schemes and from the proposed 
methodology and simulation results analysis it is clear  that 
with the lower cluster head selection probability in the 
multi-hop distributed energy efficient clustering (MH-
DEEC) routing will have longer network lifetime which is 
higher than the existing methodologies. During simulation 
of proposed methodology number of dead nodes vs 
transmission rounds are analysed and the same for alive 
nodes and throughput i.e. packets send to base station also 
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calculated for lower cluster head selection probability and 
found longer network lifetime(the sensor nodes survived to 
more number of transmission rounds) with better 
throughput. In the upcoming era of technology researcher 
will work out by adopting hybrid routing methodologies 
with proposed work of this paper will definitely lower 
energy consumption and increases network lifetime. 
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