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Vehicular ad hoc networks (VANET) are networks that interconnect road and vehicles.
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prospect. Few of them are covered that helps in knowing the best protocol to be used
in particular work. Initially, renewable energy is considered to be those sources that
are derived either directly or indirectly from solar energy. Due to emission of harmful
gases, in VANET, use of renewable resources come in existence. In another section
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Wireless sensor networks (WSNs) consist of several sensor nodes (SNs) that are
powered by battery, so their lifetime is limited, which ultimately affects the lifespan
and hence performance of the overall networks. Till now many techniques have been
developed to solve this problem of WSN. Clustering is among the effective technique
used for increasing the network lifespan. In this chapter, analysis of multi-hop routing
protocol based on grid clustering with different selection criteria is presented. For
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to a cluster and is assigned with a grid head (GH) responsible for collecting data
from each SN belonging to respective grid and transferring it to the base station
(BS) using multi-hop routing. The performance of the network has been analyzed
for different position of BS, different number of grids, and different number of SNs.
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Preface

OBJECTIVE OF THE BOOK

Nature-inspired computing based meta-heuristic algorithms have become
progressively more popular in solving the multi-objective optimization problems
of different research fields. Practical applications of Nature-inspired computing
techniques in solving various optimization problems of the advanced communication
networks such as Wireless Sensor Networks, Vehicular AdHoc Networks, Internet
of Things, Data Center network, are very challenging issues. The main aim of
this book is to provide a unique collection of research works as well as review
of research works in the area of application of nature-inspired computing in the
optimization problems of advanced communication networks. There are various
NP-hard problems in the field of Advanced Communication Networks that can be
solve efficiently using nature-inspired intelligence such as localizations, routing,
clustering, etc. This book provides basic understanding of nature-inspired computing
and its applications in solving various multi-objective optimization problems of the
advanced communication networks.

ORGANIZATION OF THE BOOK

This book contains nine chapters that mainly outline the application of nature-inspired
computing in solving the different optimization problems such as localization,
routing, node clustering in WSN, scheduling, energy optimization etc.

Chapter 1 covers application of nature-inspired computing and its impact in
determining the node localization in WSNs. In this chapter, a brief overview of
nature-inspired algorithms such as PSO, Cuckoo Search, Genetic Algorithm, and
Grey Wolf Optimization (GWO) are discussed in detail. This chapter studied impact
of nature-inspired computing in enhancing accuracy of range free algorithms.



Preface

Chapter 2 presents a detail study of spider monkeys optimization scheme and
its application in two sided assembly line balancing problem. In this chapter, a new
mathematical model of two-sided assembly line balancing problem is applied to
solve benchmark problem P(16) with the objective of minimize idle time and the
number of mated station.

Chapter 3 presents application of Salp meta-heuristic technique for selection of
cluster Heads in Wireless Sensor networks and for unequal clustering. This chapter
discusses a brief overview of Salp swarm optimization and a detail discussion in
clustering problem. Performance of the proposed scheme is evaluated and compared
with three schemes such as hybrid dolphin echolocation and crow search optimization
(DECSA), GA and LEACH.

In Chapter 4, descent heuristics, such as, IPTS, RS-PTS, and GD-PTS were
compared with meta-heuristics-based PTS techniques. Simulated annealing was
selected as single solution meta-heuristics method and Particle Swarm Optimization
(PSO), Artificial Bee Colony (ABC), were selected as a nature inspired meta-
heuristics methods. Results showed that, PTS based on nature Inspired methods is
better than PTS that based on descent heuristics and PTS based on single solution
meta-heuristics method (i.e. SA).

Chapter 5 focuses on Optimization of Energy Efficiency in Wireless Sensor
Networks and Internet of Things. This chapter presents a review of related works
on energy efficiency in WSNs and IoT. The network layer routing protocols are our
main concerns in this chapter. Our interest is focused on the issue of designing data
routing techniques in WSNs and IoT.

Chapter 6 portrays the structure of wireless sensor network and its analysis
and study of different research works identified with Energy Efficient Routing in
Wireless Sensor Networks. This chapter discusses different Biological-based routing
algorithms such as Swarm Intelligence based strategies; Ant Colony Optimization
based routing protocols for WSNs.

Chapter 7 reviews on various energy efficient routing algorithms, classifying
them based on methodology applied. The classification is based on design approach
used to solve the basic problem arising in construction of transmission path between
source and base station with minimum energy consumption. The pros and cons of
routing algorithm for WSN is stated architectures are analyzed.

In Chapter 8, a various energy issues in VANET have been highlighted and
added the concept of VANET-CLOUD. This chapter studied application of cloud
computing technologies to improve the travelling experience and safety of roads by
giving provision of various solutions like traffic lights synchronization, alternative
routes, etc.
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Chapter 9 presents multi-hop routing protocol based on grid clustering with
different selection criteria. For analysis, the network is divided into equal-sized
grids where each grid corresponds to a cluster and is assigned with a Grid Head
(GH) which is responsible for collecting data from each sensor node belonging to
respective grid and transferring it to the Base Station (BS) using multi-hop routing.
The performance of the network has been analyzed for different position of BS,
different number of grids and different numbers of sensor nodes.

Govind P. Gupta
National Institute of Technology, Raipur, India
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Chapter 1

Impact of Nature-Inspired
Algorithms on Localization
Algorithms in Wireless
Sensor Networks

Amanpreet Kaur
Jaypee Institute of Information Technology, India

Govind P. Gupta
National Institute of Technology, Raipur, India

Sangeeta Mittal
Jaypee Institute of Information Technology, India

ABSTRACT

In wireless sensor networks, localization is one of the essential requirements. Most
applications are of no use, if location information is not available. Based on cost,
localization algorithms can be divided into two categories, namely range-based and
range-free. Range-free are cost-effective, but they lack accuracy. In this chapter,
the role of nature-inspired algorithms in enhancing the accuracy of range-free
algorithms has been investigated. Inferences drawn from exhaustive literature survey
of recent research in this area establishes the importance of these algorithms in
sensor localization.
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Impact of Nature-Inspired Algorithms on Localization Algorithms
INTRODUCTION

Wireless Sensor Networks (WSN5s) is hot research area nowadays (Rawat, Singh,
Chaouchi, & J.M.Bonnin, 2014). It is collection of sensitive and dedicated sensor
nodes that sense some critical event such as heat, moisture, light, pressure, etc and
processes this information and sends it to base station via multiple hops (Kaur,
Kumar & Gupta, 2019). WSN can be used for many critical applications such as
military, forest surveillance, and intrusion detection, civilian applications because
of its rapid deployment, self organizing behavior and fault tolerant nature. In all
these kinds of applications, main role of WSN is to detect an event and send it to
base station for immediate action (Han, Xu, Duong, Jiang & Hara, 2013). But for
immediate response, location of event is also required. This identification of location
of event i.e. location of sensor that detected that vent is called Localization. This is
most challenging problems in field of WSN. The technique makes use of few sensor
nodes that are usually deployed uniformly in whole WSN and have knowledge of
their locality. With the aid of these anchor nodes, remaining unknown nodes try
to find their location. Localization contains two phases: Distance estimation and
Position estimation as depicted in Figure 1 (Faroog-i-Azam & Ayyaz, 2016).

In localization process, firstly unknown nodes predict their distance from anchor
nodes and then predict their location. Distance/Angle estimation process can be of
two types depending upon measurement technique and are range-based or range-
free (Zhao, Xi, He, Liu, Li & Yang, 2013). Range based attains distance/angle data
among neighbour nodes and usually uses specialized equipment, whereas Range free
applies connectivity data between neighbouring nodes without using any specialized
equipment. Examples of range based include Received Signal Strength Indicator
(RSSI) (Girod, Bychobvskiy, Elson & Estrin, 2002), Time of Arrival (TOA) (Harter,
Hopper, Steggles, Ward & Webster, 2002), Time Difference of Arrival (TDOA)
(Cheng, Thaeler, Xue & Chen, 2004) [8], Angle of Arrival (AOA) (Niculescu &
Nath, 2003), etc. Examples of Range free are Centroid (Bulusu, Heidemann & Estrin,
2000), Distance Vector-Hop (DV-Hop) (Niculescu & Nath, 2001), Amorphous

Figure 1. Localization process

Input: Distance/Angle Position Output:
Estimation: Estimation:
Packet Position
from Estimate Estimate of
anchors distance of position of unknown
unknown node unknown node nodes
from each
anchor
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(Nagpal, Shrobe & Bachrach, 1999), Approximate Point in Triangle (APIT) (He,
Huang, Blum, Stankovic & Abdelzaher, 2003), Multi Dimensional Scaling (MDS)
(Ruml & Shang, 2004), etc. Range free is more popular due to its cost effectiveness
as they do not require any expensive hardware unlike range based techniques. But
range free has low accuracy. There have been so many proposals to improve its
accuracy in last two decades. This paper surveys all these proposals that uses nature
inspired algorithms for improvement.

NATURE INSPIRED ALGORITHMS

Nature could be a wealthy supply of ideas for optimization. Nature inspired algorithms
that have been inspired from nature have become so popular now—a-days due to
its accuracy and simplicity. They do not rely on any problem and can be used for
extensive range of problems. They are generally preferred as they apply easy and
simple concepts and can avoid local optima and gives results quite closer to global
optima (Talbi, 2009)[15]. There are a range of nature inspired algorithm such as
Particle Swarm Optimization (PSO) algorithm (Shi, 2001), Firefly Algorithm (FA)
(Yang,2010), Flower Pollination Algorithm (FPA) (Nabil, 2016)[ 18], Cuckoo Search
(CS) (Yang & Deb, 2009), Ant Colony Optimization (ACO) algorithm (Dorigo &
Birattari, 2006), Butterfly Optimization Algorithm (BOA) (Arora & Singh, 2017),
Genetic Algorithm (GA) (Dasgupta, & Michalewicz, 1997), Grey Wolf Optimization
(GWO) (Mirjalili, Mirjalili, & Lewis, 2014) which we will discussed as follows:

Particle Swarm Optimization

PSO is rooted on behavior of group of birds. This is based on following scenario
where flock of birds is aimlessly exploring for the food in some particular area.
The question is that if there is single piece of food in specific place, then how all
birds will find the location of food. The best approach is to track that bird which
is adjacent to foodstuff. PSO algorithm uses same strategy to find solution and is
used for extensive variety of optimization problems. For PSO, each bird is called
particle or single solution in the exploration space. All these particles compute
their fitness value by using fitness function and have velocities to control speed
and direction of flying.

PSO works in multiple iterations. Initially, there are group of random units. For
each round, every unit updates itself by using two preeminent values. The former
one called as pbest is the best solution it has achieved so far. Next one is called gbest
that is global best acquired by any unit in the population.
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After getting these two preeminent values, all units update its velocities and
position according to following Equations (1) and (2) for iteration i+1 for unit u.
i+1

viT =wx Viu +c X mndi1 X (pbesti1 — XL) +c, ¥ mnd?2 X (gbesti — XE) (D)

u

Xi+1 — X; + Vij’l (2)

u

where v ' is velocity vector of unit u, x ' is position vector of unit u, pbest ' is
individual preeminent value of unit u and gbest ' is global preeminent value of all
particles in entire search space, ¢, and c, are learning factors and rand ' and rand,’
are both arbitrary values amid[0,1].

Cuckoo Search Algorithm

Cuckoos are birds that are famous for their lovely sounds and strange reproductive
strategy. Some of classes of Cuckoo leave their eggs in other host bird’s nest by
replacing with host bird’s egg in the nest. These cuckoo species have evolved in
this way that their egg resembles host bird’s egg. Thus host bird is not able to
differentiate between her and cuckoo’s eggs. If somehow, host bird finds about this
thing, in that case either it heave unfamiliar eggs or abandon her nest and build its
own nest in some other place.

For simplicity, CS algorithm follows three assumptions: First one is that each
cuckoo produces single egg at an instance, and places it in randomly chosen nest.
Second assumption is that next generations hold top nests with high superiority of
eggs. Thirdly, the count of accessible host nests is set, and event that egg replaced by
cuckoo is identified by host bird with likelihood (pa) whose value lies in the range
of [0, 1]. In last assumption, the fraction likelihood (pa) of the n nests is replaced by
new nests (with new arbitrary solutions). The pseudo code is described in Figure 2.

To generate new solution for cuckoo u, a Lévy flight is carried out as depicted
in Equation (3):

i =x +(x®Lévy(i) )

u

where a >0 is the step size. Usually the value of a is 1. The above equation is
fundamentally the stochastic equation for arbitrary walk. In common, an arbitrary
walk is a Markov chain whose subsequent position only relies on existing position
(initial term in equation (3)) and the transition likelihood (next term).



Impact of Nature-Inspired Algorithms on Localization Algorithms

Figure 2. Psuedo code of CS algorithm

Cuckoo Search via Lévy Flights

begin

Objective function f(x), x =(x1,....xd)T

Generate initial population of host nests with size n, xi (1 =1,2,...,n)
while (t < Max Generation) or (stop criterion)

Get a cuckoo randomly by Lévy flights

Evaluate its quality/fitness Fi

Choose a nest among n (say, j) randomly

if (Fi <Fj),

replace j by the new solution;

end

A fraction probability (pa) of worse nests are abandoned and new nest
(solution) is built;

Keep the best solutions (or nests with quality solutions);

Rank the solutions and find the current best nest;

end

Post process results and visualization

end

The Lévy flight basically assigns an arbitrary walk by drawing random step
length from a Lévy distribution according to Equation (4).

Lévy ~u=1"(1<\X<3) 4)

that has an unbounded variance with an unbounded mean. New solutions can
be formed by Lévy walk around the preeminent solution generated so far to speed
up the local search.

Genetic Algorithm

This is an optimization approach obtained from concepts of evolutionary theory.
It is based on following concepts:

1. All individuals in population contend for resources and mate.
Two fittest individuals then mate to produce more offspring compared with
others.

3. Better and fit genes transmit from parent to offsprings, and in most cases
offsprings are better than parents.

4.  In this way, next generation is more suitable than previous generation.
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Figure 3. Crosover operation
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Figure 4. Mutation Operation

Major operations are selection, crossover and mutation.

a.  Selection Operator: The idea is select individuals with good fitness score
which will be used for next operator and their genes are used.

b.  Crossover Operator: In this operation, two individuals that are selected from
previous operation are allowed to mate. Then the genes at this crossover are
exchanged thus creating a completely new individual (offspring). For example

3. Mutation Operator: In this, some random genes are inserted in offspring to
maintain the variety in population to avoid the premature convergence. For
example —

The whole algorithm can be briefed as revealed in Figure 5.
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Figure 5. Psuedo Code of GA

1) Randomly initialize populations p

2) Determine fitness of population

3) Untill convergence repeat:
a) Select parents from population
b) Crossover and generate new population
c) Perform mutation on new population

d) Calculate fitness for new population

Grey Wolf Algorithm

Grey Wolf optimization (GWO) is most popular meta-heuristic optimization technique
proposed by S. Mijalali et al. GWO is motivated by social chain of command and
hunting method of grey wolves. This optimization technique is quite flexible, simple
and tries to search entire search space instead of local optima solution. It has been
proved in this paper that GWO when tested with 28 standard functions and contrasted
with other well recognized meta-heuristic algorithms, then it gives best results.
According to social hierarchy, grey wolves can be classified into four categories.
Alphas belong to top most category that act as decision makers of chasing, rest
place and many more decisions. Second category is of betas that acts as assistant
to alphas. Last one in this category is omegas and deltas.

In GWO, alpha (o) is best solution, then subsequently top solutions are beta (3)
and delta (" ). Other candidate solutions are omega ( E) .The wolves surround prey
during hunting technique that can be described using mathematical model given
below:

D=CX (i)-X(i) (5)

X(i+1)=X,(i)-BD (6)

where i is iteration number, B and C are coefficient vectors, Xp is location of
prey and X is location vector of grey wolf. The vectors B and C are obtained as
given below:

B=2a,r,—a (7
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C=2r ®)

where a is a vector which decrements linearly from 2 to 0 and r ,r, are random
vectors that lies in range from O to 1.

In GWO, location of prey is estimated by considering locations estimated by all
alpha, beta and delta.

Assuming role of each type of wolf in determining location of prey, following
formulas are considered to obtain location of prey:

DOO=C1.XOO—X;DI3=C2.Xﬁ—X;D8=C3.X8—X 9)

X, =X,-B.D;X, =X, -B,D,; X;,=X -B;D. (10)
X X +X

X(iteration+1) = L—Fg (11)

The pseudo code of GWO is given in Figure 6.

Figure 6. Psuedo Code of GWO

Algorithm: Psuedo Code of Grey Wolf Optimization algorithm

1: Initialize the population of grey wolf and value of the coefficients a, B,C, max_iteration
// max_iteration representa maximum number of iteration

2: Determine fitness function for each solution vector of population.

3: Let X,= best solution, Xs= second best solution and X; = third best solution

4: while (iteration < max_iteration){

5:  for each solution particle {

6:  Update position of particle by applying Equation (11)

7:

8

}
Update values of coefficients a, B,C
9:  Again, determine fitness value for each particle of population
10:  Update X,, Xp and X;according to fitness function
11: iteration=iteration+1
12:}
13: return centroid of X,, Xz and X;.
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NATURE INSPIRED ALGORITHMS FOR WSN LOCALIZATION

3D DV-hop Localisation Scheme Based on
Particle Swarm Optimisation in Wireless
Sensor Networks (Chen & Zhang, 2014)

To get better localization accuracy of most popular algorithm (DV-Hop), an
improvement is proposed by B.Zhang et al. in 2014 that mainly targets 3D WSN
area and uses PSO algorithm with inertia weight. The algorithm works as following:

Initialize population- Each particle in population is coordinate of every unknown
node. To improve accuracy, first initial candidate solutions of particles are randomly
generated for node u by following equation (12).

(—1)[”]0) XTX0,

[rx10)

+

X

X, =]y, +(-1)
z +(—1)[mo)><r><6Z

u

XTx0, (12)

where (x,y . z,) are estimated coordinates of node u obtained from previous

X z
proposal DV-Hop([11], 0, = ?" , 8}7 = % .0, = ?“ andris arandom number from
[0,1].
Compute the fitness value of each particle. The fitness is intended using following
Equation (13).

fitness (X' ) = i:i? x(d, =], - Mj‘)2 (13)
=1

where MJ. is location of anchor node j, i is iteration number and « is value that
contrariwise relative to number of hops involving unknown node u and anchor node j.

For every particle u, its fitness value is compared with pbest value and current
position value (pbest) is updated with smaller value.

For every particle u, its fitness value is compared with gbest value and current
global position value(gbest) is updated with smaller value.

Revise each particle’s velocity and location by using following equation (14).

i
u u

Vi = (Exv! ) + ¢, x (pbest, — X! ) + c, x rand’, x pbest! — X' | (14)
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X=X v (15)

u

where v is velocity vector, X is current location vector, rand is arbitrary number
amid 0 and 1,  is inertia weight to maintain balance between gbest and pbest values
and is obtained using Equation (16).

’
E — E . Enmx — min
T “max .

max

x i (16)

where ® .. are initial and final inertia weights, imax is maximum amount of
iterations and i is existing iteration number.

Repeat Steps (b) to (e) till maximum number of iterations are reached.

It is proved that application of PSO and inertia weight improves localization
precision of proposed one when contrasted with DV Hop without increasing any
additional hardware.

Improved DV-Hop Node Localization Algorithm in Wireless
Sensor Networks using PSO (Chen, & Zhang, 2012)

This proposal is an improvement of DV-Hop. Initially, all anchor nodes are placed
at boundary in WSN network. Secondly, average hop distance that is approximate
distance in one hop is adapted and this modified average hop distance is used to
compute approximate location of unknown node using 2D Hyperbolic method. Lastly,
PSO is applied to correct position of unknown node obtained from previous step.
This last step makes result closer than previous value. Simulation results confirm
that proposed algorithm gives higher performance in terms of localization accuracy
when contrasted with DV-Hop and some existing improved variants.

Wireless Sensor Network Localization Based on
Cuckoo Search Algorithm (Goyal & Patterh, 2014)

S. Goyal et al., 2014 (Goyal & Patterh, 2014) proposed a novel approach based on
cuckoo search algorithm to estimate sensor node location. Proposed algorithm is then
compared with PSO and a variety of biogeography based optimization approaches
(BBO) and gives superior results in terms of localization correctness. The approach
works in following way:

Assuming, there are n unknown nodes and m anchor nodes in WSN area and
every node has predetermined communication range(r) and nodes that are in

10
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communication range of three or more nodes can be localized. Each unknown node
that can be localized estimates its distance from each one of its neighbouring anchors

i using following Equation (17).

d=d+n, (17

where di is actual remoteness of unknown node from anchor i obtained by using
Equation (18).

d = lx-x) +r-v) (8)

and distance estimation are affected with Gaussian noise ni due to surroundings
consideration.

After this, each node executes CS algorithm to localize itself. The objective
function is to reduce following function:

m

fxy)=—5(d —d) (19)

m <=

Where m >=3 is total count of anchors within transmission range of given node.

An Improved Localization Algorithm Based on Genetic
Algorithm in Wireless Sensor Networks (Peng & Li, 2015)

This algorithm is an enhanced variation of DV-Hop that applies GA mainly to get
better localization accuracy. The algorithm works in following steps:

Step 1: Computation of least hop-count value from every node to every
anchor.

Step 2: Computation of average hop size by each anchor.

Step 3: Computation of distance of each unknown node from each anchor
by multiplying minimum hop-count value with average hop size.

Step 4: Find population possible area of each unknown node and Initialize
population.

Step 5: Assess fitness of each particle.

Step 6: Genetic operations (crossover, mutation, and selection) are applied

to produce the next population. This process is recurring until the top criterion is
fulfilled.

11
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A Hybrid Algorithm of GA + Simplex Method in WSN
Localization (Wang, Wang, Wang & Zhang, 2015)

In order to improve localization accuracy, in this proposal, F.Wang et al., 2015 uses
combination of GA and simplex numerical method. This modifies last stage of
DV-Hop which applies GA and simplex method to optimize position of unknown
nodes. Simulation results show that localization accuracy and convergence rate is
improved to large extent.

Nature Inspired Algorithm-Based Improved Variants of
DV-Hop Algorithm for Randomly Deployed 2D and 3D
Wireless Sensor Networks (Kaur, Kumar & Gupta, 2018)

This paper proposes Grey Wolf Optimization based algorithm that applies GWO in
second phase of DV-Hop. Given proposal assumes that anchors have higher power
compared with unknown node as extra computations are performed at anchor side.
The modified second phase of proposed algorithm works as:

Phase 2: Obtaining Optimized Average Hop Distance by each anchor and Distance
of unknown node from each anchor:

After first phase, all anchors calculate average distance in one hop (AvgHopSizei).

Then, each anchor computes actual distance di‘jIuc by using Euclidean Distance

Equation.

Thirdly, anchor nodes apply grey wolf optimization algorithm to optimize
AvgHopSizei. Since anchors have higher power, thus these additional computations
canbe easily done at their side. The objective function (f1) used in GWO is as follows:

m

Minimize ¢, = 37 (d™ —d,) (20)
j=1,j=i

where 0 < AvgHopSize, < max(d,)

The problem is to find better estimate of average hop distance of anchor i by
minimizing eij.

These GWO steps performed by each anchor for obtaining optimized average
hop size are given in Figure 7.

Afterrefining Average Hop Size value by each anchor, each anchor sends another

more packet containing refined AvgHopSize. to its neighbours.

12



Impact of Nature-Inspired Algorithms on Localization Algorithms

Figure 7. Psuedo Code for Phase 2 of grey wolf based algorithm

Algorithm : Psuedo code of Phase 2 performed by each anchor
Input: Beacon packets containing location and minimum hop count from each anchor 1
Output: Optimized Average hop distance for each anchor
1. Initialize a random population in space between 0 and max(dy), value of a, B , C,
max_iteration //max_iteration represents maximum number of iteration

2. Compute value of the objective function for each individual particle of population
using Equation (20).
Set initial best estimates of Xo, Xp and X;.
Initialize iteration=1. // iteration represents iteration number
While ( iteration <=max_iteration) {

Jor each particle in population

Update its average hop distance by using Equation (11).
Update values of coefficients a, B and C.

X NN AW

Again determine objective function f for all particles.

10. Update X4, Xp and X; according to fitness function

11. iteration=iteration+I

12.}

13. Get the centroid of X,, X3 and X; and return optimized average hop distance as this

value.

Receiving node (with id u) only keeps average hop size (AvgHopSize,) from
nearest anchor (assuming having id j). Nearest anchor will be one whose packet will
reach given node first, thus first packet containing AngopSizej will form nearest
anchor node.

After receiving packet, node calculates approximate distances (d, ) from each
anchor node i by multiplying AngopSizej of its nearest anchor j by hop count (hop )
obtained fromits hop count table. This distance information is used in the next phase.

d, = AvgHopSize, x hop (21)

13
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MAIN FINDINGS

The key purpose of all these proposals is to improve localization precision by applying
nature inspired algorithms. The result findings of these proposals are discussed below:

1.

14

B.Zhang et al., 2014 (Chen & Zhang, 2014) proposal was coded in Matlab
and all nodes are arbitrarily deployed in 3D WSN area of size 100 X 100 X
100 metre®. Localisation error in this approach is reduced by 15-25% when
contrasted with traditional 3D DV-hop technique. It is observed that if radio
range of sensor nodes is small, then localisation error is excessively high.
Thus it is required to pick realistic radio range. Also, PSO method enhances
computational complexity.

X.Chen et al., 2012 (Chen, & Zhang, 2012) also applied PSO algorithm to
perk up localization precision of DV-Hop [11] and J.Z.Lin et al.,2009[30]. To
prove this fact, these entire algorithms were implementing in Matlab2009 and
WSN area of 100 X 100 metre? was considered. It is proved from simulation
results that given proposal are better than previous algorithms. It gives 11%
higher accuracy when compared with DV-Hop[11] and 6% higher accuracy
when compared with J.Z. Lin et al.,2009[30].

S. Goyal et al., 2014 (Goyal & Patterh, 2014) applied CS algorithm on
localization algorithm and proved its superiority by using simulation over other
evolutionary algorithms. For given simulation, sensor nodes were randomly
deployed over a /0 X 10 metre* WSN area. 200 nodes were randomly deployed
in which 10 are anchor nodes in WSN area. The proposal does not apply any
weighted approach as used in previous algorithms that limits global search
ability. If the given proposal is combined with weight coefficient, then it will
improve accuracy to large extent. Still, the given proposal improves accuracy
by 15-20% whwn compared with other evolutionary algorithms.

Bo.Peng et al., 2015 (Peng & Li, 2015) applied GA algorithm on DV-Hop in
its third phase. Simulation results verify that this particular approach improves
localization precision by 5-8% when contrasted with DV-Hop algorithm.

F. Wang et al., 2015 (Wang, Wang, Wang & Zhang, 2015) proposed hybrid
approach of GA and simplex method in last phase of DV-Hop[11], Simulation
results show that the accuracy is improved by at most 15% if comparison is
done with DV-Hop algorithm.

A.Kaur in (Kaur, Kumar & Gupta, 2018) first analyzes main error caused due
to rough calculation of average hop distances by each anchor in Phase 2 of
DV-Hop. To decrease localization error of DV-Hop, GWO is used to get better
estimation of average hop distance. Based on GWO optimization technique,
GWOLA and Weighted-GWOLA are proposed. GWOLA refines average hop
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distance in second stage of DV-Hop. Weighted-GWOLA first refines average
hop distance by each anchor in second phase and then weighted approach
is enforced by unknown node in third phase in which weight is inversely
proportional to minimum hops from each anchor. Simulation is performed
and it is proved that both proposals perform superior to DV-Hop and its recent
variants. Localization accuracy is improved upto 10% with slight increase
in the computational complexity at anchor nodes only and no increase in
computations at unknown nodes.

From above survey, it has been observed that nature inspired algorithms play a
vital task in field of localization in WSN. If these optimization algorithms are applied
with current existing algorithms, then itimproves localization accuracy significantly.

CONCLUSION AND FUTURE SCOPE

In this chapter, Nature-Inspired range-free node localization algorithms have been
surveyed.

All these proposals have improved accurateness and rapid convergence when
contrasted with traditional algorithms. Inferences from these proposals prove that
nature inspired algorithms can be applied to localization algorithm to get higher
accuracy and these optimization algorithms play an important role in field of
Localization in WSN.

15
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ABSTRACT

Growing interests from customers in customized products and increasing competition
among peers necessitate companies to configure and balance their manufacturing
systems more effectively than ever before. Two-sided assembly lines are usually
constructed to produce large-sized high-volume products such as buses, trucks,
automobiles, and some domestic products. Since the problem is well known as NP-
hard problem, a mathematical model is solved by an exact solution-based approach
and spider monkey optimization (SMO) algorithm that is inspired by the intelligent
foraging behavior of fission-fusion social structure-based animals. In this chapter,
the proposed mathematical model is applied to solve benchmark problems of two-
sided assembly line balancing problem to minimize the number of mated stations
and idle time. The experimental results show that spider monkey optimizations
provide better results.
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Two-Sided Assembly Line Balancing Optimization With Spider Monkey Optimization
INTRODUCTION

An assembly line is a production process where raw material transfer through
conveyer, different workers and machine perform work on it and finally raw material
converted into finished produced.

A two-sided assembly line is a type of production line in which different assembly
tasks are performed in parallel at both sides of the line as shown in figure 1. In this
situation, some of the assembly operations should be performed at strictly one side
of the line (right or left side) and the others can be assigned to either side of the line.
This type of lines is very important, especially in the assembly of large-sized, heavy
products, like automobiles, trucks. There are several advantages of two sided assembly
line balancing that is very helpful to increase the effectiveness and efficiency like
shorter line length, reduced throughput time, lower cost of tools and fixtures, less
material handling, saves some spaces on the assembly lines, increased line efficiency
with reduced operator requirement., increased skill levels of operators, increased
motivation of operators due to operation enrichment at combined workstations
between two lines (Simaria et al, 2009; Wu et al, 2008).

The main difference in one-sided lines and two-sided lines is the sequence of the
tasks within a workstation is not important on the other hand in two-sided assembly
lines, this is a crucial factor for an efficient assignment of tasks. Tasks at opposite
sides of the line can interfere with each other through precedence constraints which
might cause idle time if a workstation needs to wait for a predecessor task to be
completed at the opposite side of the line. This phenomenon is called interference
(Yuan eta 1, 2015; Taha et al, 2011).

LITERATURE REVIEW
Although researchers have focused on Two-sided ALB problems and, the literature

review suggests that none of researchers focus on two-sided assembly line balancing
problem (TALB) with spider monkey optimization the objective minimize idle time

Figure 1. Configuration of two sided assembly line

S
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and minimize the length of the line. Here spider monkey optimization applied for
optimization that is first attempt in assembly line balancing optimization, this paper
mainly presents following contributions to the research field:

1.  Amathematical model of two-sided assembly line balancing problem is proposed
with station oriented objective that is maximize the workload on each mated
stations of assembly line.

2. Theproposed mathematical model s tested on benchmark problem and is solved
using exact solution approach Lingo -17 solver and met heuristic approximate
solution approach solved by Matlab to obtain the optimal solutions.

3. The results of exact solution approach and approximate solution approach is
compared which indicates that the spider monkey optimization provides better
solutions in term of minimize number of workstations and reduces idle time.

The rest of the paper is organized as follows: TALB definition is given in section
3 with objectives, assumptions and constraints. Section 4 illustrates a solution
approach that includes spider monkey optimization different phases. Section 5
indicates problem data and computational results. Conclusions and future work are
presented in section 6.

MATHEMATICAL FORMULATION
Overview

The main objective of the proposed model is to assign the set of tasks in two-sided
assembly line balancing problem in such a rearrange and systematic way so that
mated station and single stations are reduced. Basically in this mathematical model
objective function work on compactness in the beginning workstations which also
helps to minimize the length of the line. Therefore, reduces the number of workstations
and idle times on each workstation.

Assumptions

The TALB problem in this study includes the following assumptions:

e A mass production of one homogeneous product on a serial line layout is
considered

e  The precedence relationships and task times are known.

e  Task times are deterministic and independent of the assigned station.
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e  Cycle time is calculated according to demand over the planning horizon.
e  The transportation time between the workstations is ignored.

Notations

Symbol Description

I Set of all assembly tasks

J Set of all mated-stations

K Set of all directions

i Index of assembly task; j =1,2 ...
j Index of station; j = 1,2,...J

k Index of mated-station direction;

lindicates a left direction

2 indicates a right direction

(j,k) Index of station j and the associated mated-station direction k&
P(i) Set of immediate predecessors of task i

S(i) Set of immediate successors of task i

T, Completion time of task ¢

u Large positive number

CT Cycle time

0 if taskiisaleft — side

d, 1 otherwise

0 iftaskiisaright — side

d, 1 otherwise

R™ Positive real number
Decision Variables

Symbol Description
X;; Binary variable indicating if task i is assigned to mated-station(j,k)
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lif taskiisassignedto station (j, k)

0,otherwise

st, Start time of task i

t. Task time of task i
7, Binary variable indicating precedence relationships among the tasks in the

same station

lif task iisassignedbeforetask hinthe same station

2,if task hisassigned beforetask iinthe same station

1if mated — station jisutilized

ms, 0,otherwise

1if station (j, k)z's utilized

88 0,otherwise
J 2

Max Z =Y (WL,(J - j+1)) (1)
J=1

WL, =t,*x, ()

Non-linear objective function in equation (1) here (J—j+1) is higher for initial
stations and lower for ending stations which tends to increase the compactness in
the beginning workstations which also helps to minimize the length of the line.
Equation (2) represents sum of square of each workstation’s workload to maximize
the workload on each workstation. Therefore, reduces the number of workstations
and idle times on each workstation.
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J 2
22 5 = 3)

d*x. +d,*x.,)=1
;( 1 ij1 2 y2) (4)

2
le.jk *(st,+t)< j*ct
k=1

&)
Viel;jeJ
2
X, *(J=D*ct)<st,
kz_;( 8 ) (©)
Viel;jeJ
J 2 J 2
DI IAETEDIPIAE
j=1 k=1 j=1 k=1 @)
Vi,hel;he p(i)
2 2
sth—Sti+u*[l—2xljkj+,u*(l—2xhjkj27;
= P ®)
Vi,hel;ie P(h),jeJ
sth—sti+/,t*(1—xljk)+/,t*(1—xhik)+,u(l—,u*(l—zih)Z ; ©

Vi,hel;ig p(h)y;he p(i);VjeJ;ke K
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Figure 2. Spider Monkey Group
Source: Kucukkoc et al, 2016
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2, {0.1) (14
Vi,hel;ig p(h);he p(i)

st,eR" (15)
Viel

Constraints (2) and (3) ensure that all the tasks are assigned to the workstation
and each task is assigned only once. Constraint (4) and (5) ensures capacity of
workstation that’s why it is a capacity constraint. Constraint (6) ensures that starting
time of any task is equal to or greater than the completion time of immediate
predecessor of that task in precedence diagram. Constraint (7) ensures precedence
constraints. Constraint (8) to (10) are specially designed for two sided assembly
line. Constraint (8) will be active when task / is a precedence of task i and are
assigned at same mated station on opposite sides otherwise the constraint will not
be active. When this holds, the constraint is applied tost = —st >t which

mh — “mh
ensures that task / is assigned before task j . Constraints (9) and (10) become active
when tasks /4 and i do not have any precedence relationship and are assigned on
the same station ( j,k ). If i is assigned earlier than p , then constraint (9) become
st , —st .=t _.; if not, then constraint (10) becomes st o—st >t -

Constraints (11) to (14) are the binary constraints and constraint (15) ensures that
the starting time of any task is a positive integer.

SOLUTION APPROACH
Spider Monkey Optimization Overview

The spider monkeys follow a fission-fusion based social structure. The foraging
behavior can be divided into four steps (Gansterer et al, 2018; Kucukkoc et al, 2016).

1. The monkeys search food generally in a group of 30-50 members lead by
female monkey as a group leader.

2. Group leader is responsible to find sufficient food for all the group members,
if not arranged on that case she divides the group into subgroups consisting
of around 7 monkeys to reduce the competition.
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3. Each subgroup leader is a female monkey that acts as a local group leader that
female monkey is responsible for taking all the decisions for that particular
subgroup.

4.  Spider monkey subgroups communicate with each other to circulate information
of food and boundaries.

Spider monkey optimization has six iterative phases .A brief description of each
phase is given below (Bansal et al, 2014).

Local Leader Phase (LLP)

In the Local Leader phase, each Spider Monkey SM modifies its current position
based on the information of the local leader experience as well as local group
members’ experience. The fitness value of so obtained new position is calculated.
If the fitness value of the new position is higher than that of the old position, then
the SM updates his position with the new one. The position update equation for i
SM (which is a member of k'™ local group) in this phase is

SM)*" = SM,, +U(0,1)><(Lij —SMI.].)+U(—1,1)><(SMU. —SMH.)

Global Leader Phase (LLP)

Inthis phase, the positions of spider monkeys (SM,) are updated based on a probabilities
prob, which are calculated using their fitness. In this way a better candidate will have
a higher chance to make itself better. The probability prob, may be calculated using
following expression (there may be some other but it must be a function of fitness):

fitness

prob, =0.9x +1

max fitness

In GLP phase, all the SM’s update their position using experience of global
leader and local group member’s experience. The position update equation for this
phase is as follows:

SM*" = SM, +U (0,1)x(GL; - SM,, )+ U (~11)x(SM,, - SM,, )
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Local Leader Learning (LLL) Phase

The local leader updates its position in the group by applying the greedy selection.
If the fitness value of the new local leader position is worse than the current
position then the local limit count is incremented by 1.

Global Leader Learning (GLL) Phase

In the global leader learning phase (GLL), the global leader is updated by applying
the greedy selection in the population (the position of the SM with the best position
is selected. The global limit count is incremented by 1 if the position of the global
leader is not updated.

Local Leader Decision (LLD) Phase

If the local leader position is not updated for specific number of iterations which
is called local leader limit (LLL), then all the spider monkeys (solutions) update
their positions randomly or by combining information from global leader and local
leader as follow

SM}™ = SM,; +U (0,1)x(GL, - SM,, )+ U (0,1)x(SM, — LL,; )

GLOBAL LEADER DECISION (GLD) PHASE

If the global leader is not updated for a specific number of iterations which is called
global leader limit (GLL), then the global leader divides the (group) population into
sub-populations (small groups).

Priority-based Encoding and Decoding

In this section we will introduce a priority-based spider monkey for solving the
mathematical model. The priority-based spider monkey handle the problem of
creating encoding while treating the precedence constraints efficiently. In this process
chromosomes are defined as feasible precedence sequences of tasks. Here the length
of the chromosome is defined by the number of tasks. Task-based representation
is the most appropriate representation for assembly line balancing. To develop a
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priority-based spider monkey representation for the two sided assembly line model,
there are two main steps:

Generate a Task Sequence

Step 1.1:  Generate arandom priority to each task with task sided in the model
using encoding procedure.

Step 1.2:  Decode a feasible task sequence T that satisfies the precedence
constraints.

Assigning Tasks to Stations

Step 2.1:  Input the task sequence found in step 1.2.

Step 2.2:  Obtain a feasible solution set according to this task sequence.
Figure 3 indicate the flowchart of spider monkey optimization that indicate first
initialize all parameter after that generate all population through encoding and
evaluating all spider monkey using decoding procedure. Table 2 indicates parameter
setting for spider monkey optimization algorithm.

Figure 3. Flowchart of SMO

[ START ]

!

[ Intialization of all parameters and matrices ]

I
v

[ Generation of all population using encoding procedure ]

!

[ Evaluating of all spider monkeys using decoding procedure ]

!

[ Determining of Lyt for each monkey and Gt for current population ]

!

[ Updating of all matrices and Gy.: of whole iterations ]

o]

Any of the termination
criteria satisfied?

)
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Table 2. Parameter settings for SMO algorithm

Parameter settings SMO
Size of Group 80
Max number of subgroups 16
Global Leader Limit 50
Local Leader Limit 500

PROBLEM DATA AND COMPUTATIONAL RESULTS

Numerical Problem data

Table 3 indicate data of two sided assembly line balancing benchmark problem
P(16),In this table task side and task processing time, immediate predecessors details
are mentioned (Kucukkoc et la, 2015).

Table 3. Benchmark problem P(16) data

Task no Side Processing time Immediate predecessors

1 E 6 -

2 E 5 -

3 L 2 1

4 E 9 1,2
5 R 8 2

6 L 4 3

7 E 7 4.5
8 E 4 6,7
9 R 5 7
10 R 4 7
11 E 6 8
12 L 5 9
13 E 6 9,10
14 E 4 11
15 E 3 11,12
16 E 4 13
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Computational Results

Two-sided assembly line balancing problem (TALBP) is solved by Lingo 17 solver
and SMO algorithm is programmed in MATLAB-14 programming language with
Intel core 15, 3.20 GHz processor and 4GB of RAM. LINGO 17.0 mathematical
programming software used branch and bound algorithm with mixed integer linear
programming solver to solve the problem.

Figure 4 indicate that in problem (16) tasks 3,6 are assigned to left side mated
station and task 1,2 are assigned to right side of mated-station. Similarly task 4 is
assigned to left side mated station and task 5 is assigned right side of mated station.
Here total number of mated stations are five. Results indicate green color shows
the used time and orange color indicates the idle time and number inside the box
depicts task.

Figure 5 shows the results of spider monkey optimization for two sided assembly
line where number of individual produced on X line and mean represents on Y line.

Table 4 shows the results where spider monkey optimization is terminated when
the number of produced individuals reaches 1000. The fourth and sixth columns
present the optimal solutions found by Lingo -16 solver and the average of the spider
monkey solutions, respectively. The fifth and seventh columns generally represent
the CPU time required by each approach mixed integer programming based Lingo
solver and Spider monkey optimization respectively. For the benchmark problem

Figure 4. Optimal task assignment of station oriented P (16) problem

LEFT-3‘6 4 7 ls-lz‘n 14|16
RIGHT 1. 2 5 9 10|13l15

Mated Mated Stati
Station | Mated Station 1 | Mated Station 2 Mated Station 3 | Mated Station 4 ate 5 ation

S

Table 4. Solutions for SMO algorithm

Total No. MIP (Lingo Solver) SMO
" Cycle
Problem of mated time Optimal CPU | oo | CPU
stations solution time time
P(16) 5 33.67 22 .90 22 12
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Figure 5. Plot between number of individual product and mean

Spider monke y optimization
600~

500~
400
300/ -

200

P(16), every SMO run finds the optimal solution. In this case SMO show smaller
computational time as compare to the mixed integer programming based Lingo
-16 solver.

CONCLUSION AND FUTURE RESEARCH

In this paper, we presented a mathematical model for solving the two-sided assembly
line balancing with station oriented objective function that actually minimizing
mated stations and reduce idle time for P(16) benchmark problem Spider monkey
optimization is one of the swarm based nature inspired algorithm provide approximate
results for NP hard problem and two sided assembly line balancing problem is
one of them. The results of exact solution approach through Lingo -16 solver and
approximate solution approach with Matlab software is compared which indicates
that the spider monkey optimization provides better solutions in term of minimize
number of workstations and reduces idle time

In future this mathematical model can be applied for two-sided assembly line
balancing with stochastic approach and U type layout. Mixed-model or multi-
objective combination of the TALB problem with latest meta-heuristic such as grey
wolf, optimization and firefly optimization can be applied to solve TALB problem.
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ABSTRACT

The formation of the unequal clusters of the sensor nodes is a burning research issue
in wireless sensor networks (WSN). Energy-hole and non-uniform load assignment
are two major issues in most of the existing node clustering schemes. This affects
the network lifetime of WSN. Salp optimization-based algorithm is used to solve
these problems. The proposed algorithm is used for cluster head selection. The
performance of the proposed scheme is compared with the two-node clustering
scheme in the term of residual energy, energy consumption, and network lifetime.
The results show the proposed scheme outperforms the existing protocols in term
of network lifetime under different network configurations.

INTRODUCTION

Wireless Sensor Network (WSN) is the emerging area in the current age. A WSN is
a collection of sensor nodes, where a sensor node is a small tiny device with limited
energy and limited storage. The basic task for sensor nodes is to sense the physical
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environment and transfer it to the nearest base station. The applications of wireless
sensor network mainly include in health-care, military, environmental monitoring,
home automation, & other commercial areas. There are many research challenges
in WSN like path planning for data transfer sensor node to the base station, cluster
formation and cluster-head selection, energy issues and network lifetime issues, etc.

After deployment of a sensor node in a particular area, nodes have to perform
data-communication activities like sensing the data, transfer the sensed data to the
base station, and some of them have to work as a relay node. Due to this activity
highly energy consumption of a node. As we all know that a sensor node has limited
energy resources. To overcome this type of issue Node clustering concept has been
introduced. In node clustering, a group of sensor nodes is formed with similar size
of sensor nodes. After deployment of nodes, n number of clusters are formed and
each cluster has a Master cluster head(MCH). MCH collects the data from its cluster
member. Node near to base station has to work as a sensing device as well as work
as a relay node, due to this energy hole problem arises. To overcome this problem
unequal clustering concept has been introduced. In this clustering, the distance
between a node to the cluster head and distance between a node to the base station are
the basic parameters to form a cluster. Node near the base station has less number of
cluster members. As the distance increases the number of cluster member increases.

Cluster formation and cluster head selection are the major research issues.
Many researchers adopt optimization techniques to solve real-time problems. These
optimization techniques are based on animal or insects behavior. These algorithms
are named as Nature-Inspired Optimization Algorithms. There are many nature-
inspired algorithms is developed such as Genetic algorithm (GA) is based on Darwin
evolution theory, Ant colony optimization(ACO) and Salp optimization (SO) inspired
by the behavior of Ant and Salp insects to searching food and so on. A single real
time problem can solve with many optimization techniques. In any optimization
technique solution vector intialization is the first step, after some iteration operation
are preformed and finally a resultant solution vector has been generated. To achieve
the final result some algorithms are updating the solution vectors like in GA and
some algorithms are updating the location of each solution vector-like PSO. The
major disadvantage of these algorithms is the random selection method to generate
a solution vector and the generated solution vector gives an approximate solution.

For clustering, many meta-heuristic based cluster formation and cluster-head
section algorithm had proposed by many researchers. Among all, LEACH protocol
(Heinzelman et.al, 2005) is the first clustering based protocol. It uses a probabilistic
approach to select a CH. The setup phase and the steady-state phase are two basic
steps that are involved in the LEACH protocol. An energy-efficient routing protocol
that uses unequal clustering by Genetic algorithm (Hussain et. al, 2007) is used
to select the cluster head. An energy-efficient particle swarm optimization (PSO)
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based cluster head selection (Rao ef al.,2016) and cluster formation are introduced.
Authors presented PSO based cluster head selection method by considering the fault-
tolerance problem (Kaur et al.,2018). In this paper, the author selects a surrogate
cluster head with the selection of a master cluster head. If master cluster head fails
then surrogate node becomes cluster head. Moth Flame Optimization (MFO) is
applied for the selection of the least number of CHs and routing (Mittal,2018). In this
paper, the author considered multi-hop communication between CHs and the base
station. Fuzzy logic approach and Ant Colony Optimization (ACO) meta-heuristic
approach is proposed (Arjunan et al., 2018) for the clustering problem. Fuzzy logic
is used for unequal clustering and ACO is applied for routing. An uneven clustering
and routing protocol based (Xiuwu et al.,2019) on glowworm swarm optimization
(GSO). For cluster head selection author considers cluster head density, cluster
head proximity distance, the energy of cluster head and compactness of the clusters.
For unequal clustering and routing, the author adopted a chemical reaction based
optimization technique (Rao et al.2016).

In this paper, we adopted the Salp metaheuristic technique based Cluster head
selection technique for unequal clustering. For performance analysis, results of the
proposed method are compared with hybrid dolphin echolocation and crow search
optimization(DECSA) (Mahesh et al., 2018) and Genetic algorithm based cluster
head selection method (Yuan,2017).

The workflow of paper as follows section 2 explains the basic architecture of
salp, section 3 network assumption for network design. section 4 detail description
of salp metaheuristic based clustering scheme that consists of a fitness function
used to selection of cluster head, flow work, and algorithm of salp optimization and
cluster formation. Section 5 has a performance analysis of proposed method results
are compared with well-known exiting algorithms Section 6 gives the conclusion
of the paper.

OVERVIEW OF SALP SWARM OPTIMIZATION

In 2017, anew meta-heuristic approach named as Salp swarm optimization based on
behaviour of Salp is introduced by Mirjalili. Salps belong to the family of Salpidae.
The tissues of salp are highly similar to jellyfish with transparent barrel-shaped body
and lives in the deep ocean (Mirjalili,2017). For movement in water salp pumped
through the body as propulsion. Salp always forms a swarm called salp chain.
Figure(1) shows basic salp architecture. For foraging process slap chain is very
much useful. In this chain, there are two types of salp Leader salp and follower salp.
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Figure 1. The basic architecture of a salp

NETWORK MODEL AND ASSUMPTION

For Network design, homogeneous nodes are considered. The term homogenous
indicates that the communication range and energy resources of all node have equal
capability. Initially, nodes are deployed randomly in a particular network area. All
nodes are dynamic behavior. The first-order energy model is used (Heinzelman
et.al, 2005) for the estimation energy consumption of the nodes.

SALP METAHEURISTIC-BASED CLUSTERING SCHEME

In this section, we present a detail explanation of the proposed scheme. This section
consists of four subsections, the first section explains a basic overview of salp, section
two the fitness function used, section three having novel meta-heuristic method for
the selection of CH and after selection of the CH, Cluster formation of the process
is explained in the last section.
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Formulation of Fitness Function for Cluster-Head Selection

In section-1, After deployment of the sensor node, the base station broadcast its
location. After receiving the message all sensor nodes sends their location and energy
level information to the base station. For maximize the network lifetime, Base station
elect anode as a CH that has a higher energy level, minimum node-degree, and less
communication cost. This three-parameter are explained below

1. 1. Residual Energy (f,,): Energy is one of the major factors for the selection
of CH. A CH collect sensed data from its cluster member. Some selected CH
nodes are not in the communication range of the base station. So these CHs
have to use one or more intermediate CH nodes to transfer the data to the
Base station. These intermediate nodes have to collect data and aggregate the
collected data work as well as a relay node. A sensor node can become a CH
if anode has higher residual energy. The residual energy can be defined below

in eq.(1)

m

S e :Zm— (D
E

Where E__ indicates residual energy of m™ node

2. 2. Node Degree (f,)): A node that has a maximum number of cluster member
can be select as CH. Node degree can define as follows as described in eq.(2).

fog = —— ®)

ZL‘Cmi

Here CM, is cluster member of the i" cluster and m is a number of cluster heads.
3. 3. Inter-Cluster Communication Distance (f, ): A node can become a CH as

the average distance between its cluster member and CH should be minimum.
It means that the intra-cluster communication cost should be minimum.
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Z dtst(Ch Cm)

:_Z ( ) 3)

Here dist (CH,, CM) is the distance between i cluster head (CH) and j" cluster
member(CM. )

These three basic parameters are used for the selection of CHs. To represent
this parameter by using weighted sum as alpha(a) beta (B) and gamma (y) Thus the
Fitness function (F ) can be defined as follow.

Fﬁt::l:foE—l—zfoD—i—3><f1C “4)

where alpha(a), beta (f) and gamma (y) are weight factors used to calculate Fitness
value of the solution vector and values of weight factor are in the range of [0,1].

Description of Proposed Salp-based
Cluster Head Selection Algorithm

Inthis section, we present the detail working of the Salp-based CHs selection scheme.
In Salp-Optimization there are two type of salps i.e. leader salp and follower salp.
In the proposed method leader nodes are consider as Cluster head and follower salp
as a cluster member. The leader salp is collecting the data from its follower salp and
aggregate the data and transfer the information to base station. It may use single-hop
or multi-hop communication channel as same as Cluster Head node work.

In Salp Swarm optimization is technique, the location of each salp is going
to update for each iteration. After the deployment of a random number of sensor
nodes in any network area. Selection of leader salp is based on the number of nodes
deployed means 10% of the sensor node can be as leader salps. A population vector
creation is the first step of the algorithm. A population vector consists of a set of
leader salp node. There is n number of solution vector are randomly initialized.
First, find the fitness value of each solution vector and find minimum fitness value
among them. This minimum value store in Pbest or Global value and set of leader
nodes as a Pvector. Now iteration starts, first find the ¢, as given formal and ¢, and
¢, are the randaom numbers. Update the location of each salp by eq.(5) and find the
new position vector. Now calculate the fitness value and find cbest or local minima
and compare with pbest and find minimum among them. Perform these steps until
iteration ends. After completion of iteration, we will get an optimal set of leader
salp with the new position.
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For update the location of each leader salp or cluster head following equation
5 is used

i

o F +¢ ((ub]. — lbj)c2 + lbj) wherec, > 0.5

! F 4 ((ubj — lb].)c2 + lbj) wherec, < 0.5 ©)

F;. is position of salp node. Each salp node has communication range, based

on communication range upper limit(ub) and lower limit(lb) is calculated as shown
in eq.6 and eq.7. Suppose a leader salp coordinates are (X, » v, )- So the upper
limit will be communication range add with center coordinates and lower limit will
be subtracted with center points. Let leader salp coordinates are (40,50) and
Communication range is 20m so the upper limit will be ub_ is 60 and ub is 70 and

the lower limit will be le= 20 and lbv=30.

ubx = CR + xcordi (6)
uby = CR + ycordi
lbx = ‘xcordi - CR

(7)
lby = ycordi - CR

In equation 5, the Update location of each salp is based on 3 three constants c,,
¢, and c,. Where ¢, depends on the number of iterations as shown in Eq. (8) and c,
and ¢, are random numbers

4rY?
¢ = 2e_(7j ®)

Where T is the total number of iteration, t is i number of iteration and ¢, and
¢, are generated uniformly in the interval of [0,1]. In all three constants, c, plays
an important role in the update location for each leader salp node. Eq.(9) is used to
find the new location of follower salp

x; :%(x.’ +x.”1) )
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Algorithm 1.

Algorithm 1: The working of SO based CH selection algorithm

. Input: T, N, m, t=1, Npop;

. Initialization of population vectors

. Calculate the fitness value as eq. (4) for each solution vector
. Find Global best value i.e. Minimum fitness value
.whilet< T

. calculate ¢, as in eq.(8)

.find ¢, and c,

Cfori=1:1:m

. find ub and 1b for each salp

O 00 O\ WL A WK =

10. calculate xt’ eq.(5)

11. end

12. Calculate fitness value for each solution vector

13. Find local best solution vector

14. Compare with global value if minimum replaces with local value.
15. t=t+1;

16. end

17. The optimal set of cluster head with the new position

Algorithm 1 Explain the basic steps involved in the cluster head selection procedure
and Figure1 explain the basic flow of cluster head selection process. In the first step,
some basic parameter is initialized like the number of iteration indicates as T, the
total number of solution vectors (Npop) and length of solution vector (m). Initialize
population vector are randomly and calculate fitness function and find global.

For the current network scenario and problem statement eq.(9) is not applicable,
means no update location for the follower salp. We are only updating the location of
the leader salp. Applying the eq.(5) calculate the new location of each leader salp
and find fitness value and local optima for the current iteration. After each iteration
compares the result with global optima and finds the minimum fitness value. This
procedure can follow until anumber of iteration ends. After the final iteration, we will
get the final position of leader salp or cluster head that covers the maximum node.

Formation of Load-Balanced Clusters

Salp-Optimization is used for the selection of cluster head as discussed in the last
section, Now the cluster formation process starts. Where initially all selected salp
node or leader salp broadcast their basic information like location coordinates,
residual energy, node degree and distance between base station. After getting multiple
messages, a follower node can join any leader salp. The proposed scheme uses a
formula to join any leader salp known as Cluster. .  as expressed in eq.(10). The

joincost

energy of leader salp, distance between base station with leader salp, node degree of
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Figure 2. Flow-chart of the SO-based CH procedures

Define the basic parameters : No. of population vectors (Npop),
No. of salp in a population vector (m) and Number of iteration (T)

'

| Initialization randomly population vectors |

.
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<&

v
| for t=1:1:Number of iteration |

A
Update c; in (8) and ¢, and c3 are random number for each salp

;

for i=1:1:Number of salp

A

Find upper and lower limit each salp as in (6) and (7)

|

Update position of each leader salp as in eq.(5)

.

Calculate Fitness value for each population vector

I
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Max_Iter reached ?

Final Optimal set of Cluster heads and its best position with minimum
fitness value

leader salp and distance between the leader and follower salp are the basic parameters
to join any leader salp. Suppose an i follower node wants to join a j” leader salp.
So i salp node will calculate formula as given in eq.(10) for all leader salp nodes
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Table 1. Parameter list

Parameter Value
Network area 100 x 100
Location of Base Station (0,0) and (50,50)
Communication range 20m
Number of iteration 500
The initial energy of the node 2]
Number of leader salp(m) 14
Number of population 100
Data bit length 4000
Weight factor (o, f and v) 0.2,0.3,0.5

and find a maximizing cost value. Now i” follower salp joins a leader salp that has
the maximum cost value.

E, xdist (Is,,bs)

Cluster, <i )

Joincost

_ (10)
dist (Is . fs,) x ND,,

Where E,; is energy level of j™ leader salp, dist(ls; bs) is the distance between
j™ leader salp and base station, dist(lsj, fs) is the distance between i™" follower salp
and j" leader salp and ND,, is node degree of j" leader salp.

PERFORMANCE ANALYSIS

In this section, the performance analysis of the proposed scheme is presented results
are compared with the existing meta-heuristic cluster head selection algorithms.
Performance comparisons of the proposed scheme with hybrid dolphin echolocation
and crow search optimization (Mahesh, 2019) and the GA-based approach
(Yuan,2017). Network lifetime, residual energy and average energy consumption
are the three basic parameters are used to compare the performance of the proposed
method.

The simulation experiments are performed in MATLAB 2016b. To analysis
the results, there is two network scenario, scenario-1 have base station location at
(0,0), scenario-2 has a base station located at (50,50) and 100 x 100 network area is
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considered. The initial energy of all salp nodes is considered as 2J. Table 1 shows
the basic parameter used in the proposed algorithm.

Performance Analysis in Term of Residual Energy

For performance analysis in term of the residual energy, we consider two network
scenario. The results are compared with two existing algorithms for the selection
of cluster head. Figure 3(a) illustrate the simulation experiment of the proposed
scheme for scenario 1 and Figure 3(b) for scenario 2 in the term of residual energy.
It has been found that as the number of rounds increases the residual energy of the
proposed scheme decreases slower than the existing schemes. the proposed method
behaves like that due to unequal clustering during the clustering process.

Performance Analysis in Term of Energy Consumption

The performance analysis in terms of average energy consumption shown Figure
4 (a), Figure 4 (b) for scenariol and Figure 5(c) and Figure 5(d) for scenario 2. In
Figure 6(a) and Figure 6(c) the number of rounds increases from 500 to 3000 in the
interval of 500, it has been found that average energy consumption is slowly increasing
compare to exiting scheme. The main reason for this performance where the cluster
head or leader salp placed in the appropriate position so it covers a maximum number
of member nodes. It has also found that average energy consumption is almost
similar to the DECSA method. The performance analysis can be done by varying
the number of nodes. In Figure 3(b) and Figure 3(d) nodes are vary from 100 to
500 in the interval of 50 nodes. In this analysis we found due to better placement of
leader salp average energy consumption is minimum, compared to other schemes.

Performance Analysis in Term of Network lifetime

Figure 5 (a) shows the simulation experiments of the proposed scheme in terms of
the network lifetime for scenario 1. In graph represents the first node dead for each
scheme. It has been found that in LEACH protocol first node died in 976 rounds, in
Genetic based approach first node died in 1500 rounds and DE based approach node
died in 2000 rounds. Figure 4 (b) shows the simulation experiments of the proposed
scheme in terms of the network lifetime for scenario 2. In graph represents the first
node dead for each scheme. It has been found that in LEACH protocol first node
died in 1076 rounds, in Genetic based approach first node died in 1675 rounds and
DE based approach node died in 2200 rounds. It is also found that if the base station
placed in the center of the network, network lifetime is also increased compared to
scenario 1. These results show that the Salp - based approach has performed better
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Figure 3. (a) Analysis in terms of residual energy for scenario-1, (b) Analysis in
terms of residual energy for scenario-2
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in terms of network life, due to all selected CHs gives better inter-cluster and intra-
cluster communication.
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Figure 4. (a, b) Analysis in terms of average energy consumption for scenario-1
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This paper discussed the unequal cluster head selection scheme by using the salp
swarm optimization based meta-heuristic approach for WSN. The proposed Salp
optimization-based meta-heuristic approach uses a novel fitness function with
three variables: intra-cluster communication cost, residual energy, and node degree.
Performance analysis of the proposed scheme and its comparisons with three existing
schemes done by varying different network scenarios. A detail simulation experiments

Figure 5. (c, d) Analysis in terms of average energy consumption for scenario-2
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Figure 6. (a) Analysis in terms of Network lifetime for scenario-1, (b) Analysis in

terms of Network lifetime for scenario-2

Number of r
=R

ul o (9]

o o o

o o o

o

M LEACH B Genetic 1 DECSA # Salp Optimization
3000
== 2500
=
=
© 2000

LEACH Genetic DECSA

Schemes

Salp
Optimization

“ LEACH = Genetic E1DECSA

B Salp Optimization

53000
=
52500
=]

S

422000
=)
31500
-5}

'g 1000

2 500

0
LEACH Genetic DECSA

Schemes

Salp
Optimization

confirm that the proposed scheme gives better performance compared to the existing
schemes. In the future, we will extend this work by incorporate congestion control
and security issues during the transmission of packets from CHs to the sink node.
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ABSTRACT

OFDM is widely used in high data rate applications due to its ability to mitigate
frequency selectivity. However, OFDM suffers from high PAPR problem. This
degrades the system performance. PTS is a promising PAPR reduction technique.
However, its computational complexity is large; to reduce it, different suboptimal
solution (heuristics) were presented in literature. Heuristics PTS algorithms can
be categorized into descent-heuristics and metaheuristics. In this chapter, descent-
heuristics-based PTS and metaheuristics-based PTS are compared. Results showed
that RS-PTS is the best one among descent-heuristics algorithms. Metaheuristics
algorithms can also be classified into single solution-based methods and nature-
inspired methods. Among metaheuristics algorithms, two natural inspired algorithms
and one single solution-based methods, namely PSO, ABC, and SA, were selected
to be compared with descent-heuristics algorithms. Results showed that PTS based
on nature-inspired methods is better than PTS based on descent heuristics and PTS
based on single-solution metaheuristics method.
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Nature-Inspired-Based PTS for PAPR Reduction in OFDM Systems
INTRODUCTION

Inrecent high data rate application such as Wireless Wide Area Network (WWAN),
Wireless Local Area Network (WLAN), Long-Term Evolution (LTE) the 3GPP
4G, and Asymmetrical Digital Subscriber Loop (ADSL), Orthogonal Frequency
Division Multiplexing (OFDM) is used due to the ability of OFDM to mitigate
Frequency selectivity in communication channels. Thanks to simple equalization
process of OFDM (i.e. one tap frequency equalizer). However, OFDM suffer from
disadvantage, namely high Peak-to-Average Power Ratio (PAPR). High PAPR signal
reduce Power Amplifiers (PA) efficiency. As the PAs have to work with large Input-
back-off (IBO) to preserve the signal from nonlinear distortion. Reducing IBO will
cause the signal to be nonlinearly amplified. Nonlinearly amplified signal will suffer
from Bit Error Rate (BER) degradation and Out-of-Band (OOB) radiation. In order
to increase HPA efficiency without BER degradation or OOB emission, different
PAPR reduction techniques were introduced in literature (Mounir et al., 2017).
Among them, Partial Transmit Sequence (PTS) got a large attraction in literature,
due to its high PAPR reduction gain with a small number of side information bits,
in addition to small computational complexity in the receiver side. However, PTS
requires large computational complexity in the transmitter side. Finding the optimum
solution for PTS is combinatorial (Discrete) optimization problem ( Youssef, Tarrad,
& Mounir, 2016). In literature, different suboptimal solutions were proposed to
reduce PTS computational complexity in the transmitter side.

Heuristics methods of PTS can be categorized into metaheuristics and descent
heuristics. Indescent heuristics, only downhill moves are accepted. In contrary, uphill
moves may be accepted to prevent fast stuck to local minimum. Metaheuristics methods
may be classified into single solution based methods (such as, simulated annealing
(SA)) and population based methods, also called Nature Inspired methods (e.g. Grey
Wolf Optimization (GWO) algorithm, Cuckoo Search (SC), BAT algorithm (BA),
Firefly algorithm (FA), Artificial Bee Colony (ABC), Particle Swarm Optimization
(PS0O), and Genetic Algorithm (GA)) (Yang, 2010).

In literature, there are number of descent heuristics algorithms used with PTS,
such as, iterative flipping algorithm (IPTS) (Cimini, & Sollenberger, 2000) random
search based PTS (RS-PTS) (Cimini, & Sollenberger, 2000), and gradient descent
based PTS (GD-PTS) (Han, & Lee, 2004). Similarly, metaheuristics base PTS are
found in literature, such as, SA based PTS (Jiang, Xiang, Richardson, Guo, & Zhu,
2007), PSO based PTS (Wen, Lee, Huang, & Hung, 2008), ABC based PTS (Wang,
Chen, & Tellambura, 2010), FA based PTS (Singh, & Patra, 2018), CS based PTS
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(Zhou, & Yao, 2017), and GWO based PTS (Rao, & Malathi, 2019). In this chapter,
descent heuristics based PTS and metaheuristics based PTS are compared, among
metaheuristics based PTS techniques SA was selected as single solution method and
PSO and ABC was selected as a nature inspired methods. In this chapter different
heuristics based PTS algorithms are compared according to the required number of
searches to get the same PAPR reduction gain/performance.

This chapter is organized as follows. In section 2 OFDM system model and high
PAPR problem are presented. PTS technique is introduced in section 3. Reduction of
PTS computational complexity is discussed in section 4. PTS optimization problem
was formulated as a discrete optimization problem in section 4.1. In section 4.2,
algorithms of PTS based descent heuristics such as IPTS, RS-PTS, and GD-PTS are
described, there PAPR reduction performance and computational complexity are
compared. In section 4.3, algorithms of PTS based metaheuristicsi.e. SA-PTS, PSO-
PTS, and ABC-PTS are described and the influence of their controlling parameters
on the PAPR reduction gain is discussed. Also, a comparison between PTS based
descent heuristics and PTS based metaheuristics is introduced in this section. Future
research directions are described in section 5. Section 6 concludes the results.

OFDM SYSTEM MODEL

OFDM is the inverse Fourier transform of orthogonal subcarriers modulated by
complex symbols mapping coded bits. Practically, frequency domain vector S is
converted to time-domain vector X , by aid of Inverse Fast Fourier Transform (IFFT).

Let N bethenumberofsubcarriersandthen § = |:S[o] S[k] S[N_l]:|

denotes the information vector in the frequency domain, where k, subcarrier is

carrying the complex symbol S[k] .Samples of discrete time baseband OFDM symbol
have the following values;
1 N-1 2Ank

2k
X, =——=Se N ,0<n<N-1 (1)
[n] /—NkZ:(;[k]

where, X[n] is n, sample in the time-domain vector

X X[N_l] J , whichis the modulated OFDM symbol.

X =[xy )

Based on theorem of central limit (CLT), samples of time-domain OFDM signal
X[n] follows Gaussian distribution, with the assumption that, frequency-domain

59



Nature-Inspired-Based PTS for PAPR Reduction in OFDM Systems

symbols S[k] are statistically independent and number of subcarriers N issufficiently

large. For discrete time version of OFDM signal, PAPR is given by;

)

where, E {} is the statistical average. Complementary Cumulative Distribution
Function (CCDF) of PAPR is the probability that the PAPR exceeds a threshold
PAPR_ (i.e. CCDF = prob {PAPR > PAPRO} )

Commonly, CCDF is used to measure PAPR reduction gain of the different
techniques. Practically, PAPR of analog OFDM signal in time domain is estimated
by means of oversampling (Mounir et al., 2017). An analytical approach of the
CCDF, of the oversampled OFDM signal was presented in (Wei, Goeckel, & Kelly,

2002);
—Ne ™ \ I%logN] 3)

&, is a predefined threshold (i.e. PAPR ).

CCDF, = Pr{PAPR > & } =1— exp

PARTIAL TRANSMIT SEQUENCE (PTS)

PTS technique presented in (Muller, & Huber, 1997a; Muller, & Huber, 1997b) by
Muller and Huber. PTS partitions OFDM symbol to V disjoint subblocks. So that,

each subcarrier can be only used in one subblock and set to zero in all other subblocks.
\4

This can be written mathematically as S = ZS(V). Thus, all sub-Blocks have the
v=1
same size equal to the original block size (Miiller, & Huber, 1997c). In PTS phase
rotation is applied to all subblocks independently, while in SLM phase rotation was
applied to all subcarriers block (Cho, Kim, Yang, & Kang, 2010). PTS-OFDM
transmitter is shown in Figure 1.
PTS partitions the OFDM block S to V subblocks, as the follows;
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Figure 1. PTS-Transmitter
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Where S" is the subblock number v among V sub-blocks all one of them
has a length N equal to the length of the original OFDM block. Then the time-
domain version of each subblock can be obtained by tacking the IFFT of each one
of the subblocks in the previous set of sub-blocks. (i.e. Equation (5) will be the
time-domain version of equation (4)).
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Then by exploiting the linearity property of IFFT, the time-domain version of the
original OFDM symbol can be obtained by combining the above set of sub-Blocks
vertically across rows. Where the linearity property of IFFT ensure the following

X = Zi?dv) = IFFT{S} = IFFT {2S(V)} = ZZ:IFFT {8} ©)

But till now there are no changes happened for PAPR reduction. Reduction of

the PAPR will be done by multiplying each sub-Block X(V) by the its optimum

phase factor B — e before combining these subblocks or PTS_where the optimum

phase vector b is selected from a set of phase vectors b as per (7). So that the PAPR
of S can be minimized.

(N

The OFDM signal in time domain after optimization and combination of PTS_
is as follows;

X = z\: (X(")*b('”)) — ZV: (IFFT {s(’”)}*b(“)) 8)

v v=1

Which has the lowest PAPR among the all other alternative transmit sequences.
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Figure 2.
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In practical, finding the optimum phase rotational factor per subblock is an
exhaustive search process. In order to reduce required number of searches, possible
values of rotational factor is restricted to small set of phases (W). Then, p the set
} . Moreover,

of possible rotational factors is given byp = {em/ W‘
1=0,1, W—1

computational complexity of PTS can be more reduced without performance loss
by setting the phase factor of the first subblock to unity (i.e. b(l) =1). Thus, number
of possible phase rotational vectors (solution) will be reduced to w (Han, &
Lee, 2005). As example if we partition an OFDM block into 4 sub-Blocks, and set
the number of allowed phase factors to 2, (i.e.V =4, W = 2) then the number of
possible vectors of phase factors (solutions) that will be searched is wV D =26 =g
as the follows;

Usually number of allowed phase factor W is set to 2 or 4 i.e.p = {il} or
p= {il,i ]} respectively, to get an implementational advantage, as no actual
multiplications are needed to combine the PTS _in Eq. 8. (Miiller, & Huber, 1997a;
Miiller, & Huber, 1997c¢).

PAPR reduction performance of PTS depends on three factors: 1) Subblock
partitioning method (in literature there are three schemes namely Pseudo-Random,

Adjacent, and interleaved) 2) The set of possible rotational factors ( p) 3) Subblocks
number(}). (Han, & Lee, 2005)

Subblocks partitioning methods are illustrated in Figure 3. Among the three
partitioning schemes pseudo-random provides the highest PAPR reduction gain
(Miiller, & Huber, 1997b). In other hand, Adjacent sub-Blocks Partitioning not
require any change in the already found standards (such as 802.16) if it used in their
transmitters, only it require at least one pilot in each sub-Block to allow the receiver
to equalize the phase rotation of each sub-Block (as if it was a channel effect) rather

than side information. Generally, PTS uses log, W™ side information bits.
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Figure 3. Methods of sub-Blocks partitioning in PTS
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PTS computational complexity has three components. First one ( ¢,y ), is the V

(r-1)

IFFT. Second component (¢, ), is the w superpositioning of all PTS . Thirdly,

the calculation of the PAPRs (metric) for selection (¢, ). The computational

met

complexity of PTS is then given by;

Cprs =V Cppr + W(V_l)(csp + Cmet) ©))

The three components of the computational effort of PTS (i.e. C4zr, C,,, and
C,.;) are given in Table 1 in terms of real additions and multiplications (Youssef

et al., 2016).
Itcanbe shownthat, ¢, is the major component thatinfluence the computational
complexity of PTS.

Table 1. Components of the computational complexity of PTS.

Real Multiplication Real Addition

Crrr Cp | Coer Crrr Cy Crret

2LNV1og, LN | o | w" V2N | 3LNV log, LN 2LN(V—1)W(V*‘) W
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PTS COMPUTATIONAL COMPLEXITY REDUCTION

From preceding section we know that one of the drawbacks of PTS is its high
computational complexity. Also we know that the PTS computational effort consists

of the IFFT of the V subblocks, the w superpositions of all partial sequences,
and the calculation of the PAPR (metric) for the selection. In literature several
researches were done to reduce the computational complexity of one or more of the
three basic components of the computational complexity of PTS. Reduction of the
IFFT computational complexity is done in (Kang, Kim, & Joo, 1999) by using
efficient special constructed IFFT that exploiting the majority of zeros in subblocks.
Other approaches reduce the computational complexity by modifying the PTS
objective function (metric of the selection) which reduces the required number of
multiplications (Nguyen, & Lampe, 2008). In literature, there are large number of
researches try to reduce the computational complexity by using suboptimal search
methods rather than the optimal search method (Cimini, & Sollenberger, 2000; Han,
& Lee, 2004; Jiang et al., 2007; Rao, & Malathi, 2019; Singh, & Patra, 2018; Wen
et al., 2008; Wang et al., 2010; Zhou, & Yao, 2017), which reduce the complexity
of both number of superpositions that needed to be combined and number of PAPR_
calculations (metric) needed for the selection. These methods will be discussed,
classified and compared in the following subsections.

Suboptimal Searching Methods

Finding the optimum phase vector b for PTS is a discrete optimization problem
which is also called combinatorial optimization problem (CO);

mlnlbmlze( f (b)) (10)
subjectto:b, € {e”%v) } .
Y (pex
[glli}]{\f Zl-zl ( v [n] )

f(b)= (12)
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) |24
Where A;EU) € {—

W [0.1,»--,W1]

Equation (10) is the objective function of the problem which is nothing rather
than PAPR minimization of an OFDM symbol. Constrained ensure that rotational
phase factors are selected from the set of possible values. Optimum solution of (10)
means that a set of "™ candidate solutions have to be searched. Practical solution
of this problem becomes impossible at high number of subblocks (e.g.V >16)
(Jiang et al., 2007). Thus, suboptimal PTS techniques which provide non-ideal
solutions regard (10). Suboptimal algorithms (also called heuristics) reduce the
computational complexity of PTS by shrinking required number of searches. In
literature, different heuristics algorithms were used to reduce the computational
complexity of PTS. A heuristics algorithm is said to be better than the other, if it
reduces required complexity (number of searches) to achieve the same PAPR
reduction performance or better than the other. Heuristics algorithms of PTS can
be classified into metaheuristics and descent Heuristics (Nguyen, & Lampe, 2008).
The two categories and some of the methods which fall under them will be discussed
in the following subsections.

Descent Heuristics based PTS

In descent heuristics algorithms there is a trial solution " generated per iteration if
it is better than the current solution b it will be accepted (i.e. downhill moves are
only accepted). At the end of iterations current solution b will be the best solution

1 (Nguyen, & Lampe, 2008). In literature there are numbers of descent heuristics
algorithms were used to reduce PTS computational complexity, such as, iterative
flipping PTS algorithm (IPTS) (Cimini, & Sollenberger, 2000) random search based
PTS (RS-PTS) (Cimini, & Sollenberger, 2000), and gradient descent based PTS
(GD-PTS) (Han, & Lee, 2004).

Iterative flipping PTS Algorithm (IPTS)

A suboptimal combining technique introduce by Cimini and Sollenberger in (Cimini,
& Sollenberger, 2000), this can be applied to binary case(W =2ieP = {il})

and also can be generalized for any number of allowed phases.
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In IPTS, OFDM symbol is portioned to V subblocks. Find the PAPR of the
original OFDM symbol. Set b = [1, L...1..., 1] the all one phase vector as an initial

solution. Then, flip the second subblock phase rotation factor (i.e. b; =—1). Find
the new PAPR . IfPAPR" < PAPR , then b, = —1 will be kept in the final vector

of phase factors b, else b, will be return back to its initial value (b, =1). The
process of flipping and exploring the phase factors of the others subblocks will be

continued, so the final vector of phase factors b will be produced (Cimini, &
Sollenberger, 2000; Han, & Lee, 2004).IPTS algorithm is summarized as follows;

Algorithm 1. lterative flipping-PTS (IPTS) Algorithm

1. Firstly, OFDM system is partitioned into V subblocks

2. Use b=[1,1,...,1, ...... ,1] as a current solution. Compute PAPR
of the OFDM symbol

3. For V=2 to V

3.1 Change b; among all possible values of P . Compute PAPR'
of the new solution

3.2 For each possible value ofb;:

1t PAPR < PAPR

b, =b,

Else

bv=bv Keep bv unchanged

End if

4. End for

5. Output: b=~

The search complexity of IPTS technique is proportional to ((W — 1)(V — 1)) +1.
Fig. 4 compares between IPTS and OPTS, in OFDM system uses 16-QAM, N=
256 subcarrier and 16 subblocks with contiguous partitioning scheme where number
of allowed phases for PTS is 2 (W = 2). OFDM signal is oversampled by L=4. It

can be shown that, at CCDF, =107 IPTS has PAPR reduction gain of 3dB in
comparison with 4.4dB for OPTS.

However, IPTS greatly reduces the computational complexity of PTS, it worse
degrade the PAPR reduction performance of PTS. So, other efficient heuristics

methods are needed to decrease the gap between conventional PTS and suboptimal
PTS techniques (Han, & Lee, 2004).
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Figure 4. comparison between IPTS and OPTS
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Random Search based PTS (RS-PTS)

Random search (RS) is the simplest heuristics algorithm introduced in (Cimini, &
Sollenberger, 2000) to be used with PTS. In RS a trial solution b’ is selected

randomly, if f (b’) <f (b) the trial solution is accepted. RS is done by multiplying
the transmitted sequence (data sub blocks) by a number / of phase sequences
selected randomly from the search space of the phase sequences (W(Vfl) ) , then the
best one —that gives the lowest PAPR— is chosen to be transmitted. RS-PTS search
complexity proportionalto [ . Although RS-PTS technique have no order in changing
the phase factors, just random, but it can explore any arbitrary number of phase
sequences. Performance of RS-PTS for / = {5,16, 64,256,and 900} is shown in
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Figure 4, parameters of simulation is the same as that of Figure 3. It can be noted
that, when the number of randomly selected phase sequences (/) is increased,
performance of RS-PTS get closer to OPTS in the expense of increasing complexity.
However, excessive increase in [ , is lead to small enhancement in PAPR Reduction
performance. Also, Figure 5 compares between the performance of RS-PTS and
IPTS for the same amount of complexity (i.e. same number of Iterations), we can
note that RS-PTS and IPTS have the same performance especially for PAPR values
that have a probability of occurrence less than 1% , except that there is a very little
enhancement (within 0.1dB ) in the performance of IPTS for PAPR values that have
a probability of occurrence greater than 1% . That is because IPTS has a better
order in changing the phase factors than RS-PTS which choose the vectors of phase
factors randomly.

Figure 5. Comparison between OPTS and RS for different number of iteration (I1=5,
16, 64,256,900)
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Gradient Descent based PTS (GD-PTS)

This technique presented in (Han, & Lee, 2004) by Han and Lee. Firstly, assume
current solution is given by all one vector b = [1, LL......... , 1] . Any other solution
can be assumed, as the performance of this technique doesn’t depend on the initial
solution. Then, all trial solution b’ (neighborhood) within a circle of radius » is
searched. where r a predefined hamming distance from the current solution b . The
best solution b of this algorithm is given by;

b= arg | (7 (8) - (4| a3)

Where.,, is the hamming distance between two vectors. Value of r varies from
1 to V. GD-PTS algorithm is summarized as follows;

Algorithm 2. GD-PTS Algorithm

1. Firstly, OFDM symbol is partitioned into V subblocks. Define
I as a maximum number of iterations.

2. Use b==[L1,.ﬂ1, ...... ,1] as a current solution.

3. For i=1 to I

2.1 Search all neighborhood of b within a radiusr? .

2.2 For each b':

1t f(b')< f(b)

b=b

End if

4. End for
b=»b

GD-PTS search complexity proportional to +1.GD-

Ix [i[(W - 1)i X CEVI)]

i=1
PTS becomes equivalent to conventional PTS (OPTS) when7 =V . On the other
hand, GD-PTS becomes equivalent to IPTS when#» =1. So, we can compromise
between gain and complexity (Han, & Lee, 2004).
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Figure 6 compares PAPR reduction performance of GD-PTS at different number
of iterations / and different radius values » by using the same parameters as that
in Figure 3, except that PTS partitioning method is Pseudo-Random rather than
adjacent. It can be noted that, increasing # or increasing I for the same » will
enhance PAPR reduction performance of GD-PTS. However, increasing 7 is more
efficient than increasing / . Moreover, excessive increase in number of iterations
(£ > 3) has no influence on the PAPR reduction gain.

Figure 7 compares between the three Descent Heuristic methods (i.e. GD, RS,
IPTS) for the same amounts of complexity-same number of searches. At small
number of searches (e.g.16 searches) IPTS overcome RS-PTS especially for PAPR
values that have a probability of occurrence greater than 0.1% , that is expected as
IPTS has a better order in changing the phase factors than RS-PTS which update
the vector of phase factors randomly. But although GD-PTS seems to have a well-
designed method in changing the phase factors better than IPTS and RS-PTS, it has
a performance worse than both IPTS and RS-PTS, and this can be owing to that at

small number of searches (e.g.16 searches)

Figure 6. Effect of increasing r and I on GD-PTS
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Figure 7. Comparison of PAPR reduction performance of the three descent heuristic
methods (GD, RS, and IPTS) for the same number of searches (i.e. computational
complexity)
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(r =1/1= 1) GD-PTS restricts searching process to solutions within a
neighborhood circle of radius 1(i.e. searching only within solutions that differ by
one position from the original seed). While the other two methods IPTS and RS-PTS
can stroll freely in the all search space, so they have a more chance than GD-PTS
to get closer to the optimum solution.

But at large number of searches (e.g.1151 searches) GD-PTS and RS-PTS get

nearly coincidence. Thus RS-PTS can be considered as the best one among the other
Descent Heuristic searching methods developed to reduce PTS computational
complexity.
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Metaheuristics Based PTS

However descent heuristics methods reduce the search complexity, they don’t
perform well. They fast stuck to local minima, as they only accept downhill moves.
In contrary, metaheuristics accept both downhill and uphill moves to overcome
stuck to local minima (Nguyen, & Lampe, 2008). In literature, there are several
metaheuristics algorithms used with PTS such as SA, PSO, and ABC.

Simulated Annealing Based PTS (SA-PTS)

Simulated Annealing (SA) mimics the metallurgical annealing process, in which the
material will be heated and cooled in controllable manner to enhance purification
of the crystal. Simulated Annealing concept can be used in optimization. SA-PTS
algorithm can be summarized as follows;

Algorithm 3. SA-PTS Algorithm

1. Define initial T and Choose initial vector b

2. Loop =1 to [

2.1 Choose new trial solution b’ using cyclic bit-flipping
2.2 Generater, where 7 is a uniformly distributed random
number in(O,l)

2.3 Switch case

2.4 Casel: (f(bﬁ)<,f(b)) and (f(b><:f<5»

b=b'
b=b
2.5 Case2:

~{/(¥')<r(v)
2.6 Case3: (f(bﬁ)>tf(b)) and |r<e T
b=1b'

2.7 End switch case
2.8 Update T in accordance with the cooling schedule
3. End loop

~

4. Output b
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Temperature scheduling in annealing process could be Constant Temperature T,
Geometric, or Gaussian cooling. Here we use the Constant Temperature 0.5 as the
three annealing schedules perform the same. Value of T must be chosen carefully.
If T is large, SA will be similar to RS. On the other hand, SA will be similar to
iterative flipping, if T is small.

The following simulation is done on OFDM system use 16-QAM, N= 256
subcarrier, and oversampled by factor L=4. PTS with 16 sub block Pseudo-random
partitioning is used, number of allowed phases for PTS are W=2.

Figure 8 Compares SA-PTS performance with RS-PTS for the same amount of
computational complexities (I=16, 64, and 256) it can be noted that SA overcome
RS in the high probability PAPR values i.e. Lower PAPR Values. But it fast stuck to
local optima and become worse than RS that is because SA is one of metaheuristics
methods that fall under the category of local search methods.

Figure 8. Comparison between SA-PTS, RS-PTS for the same computational
complexities (16, 64,256 search)
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Particle Swarm Optimization based PTS (PSO-PTS)

PSO was introduced in 1995 Dr. Eberhart and Kennedy. PSO mimics the intelligence
of a bird swarm. Particles are moved in guidance of their own best known position
(Local optimum), in addition to, global best position of the swarm. The movements
of the swarm are guided by discovering new local optimum positions. The global
optimum solution is the best among the local optimum solutions. The process is
repeated for certain number of iterations (Dorigo, Montes de Oca, & Engelbrecht,
2008; Gao, 2011; Khademi, 2010). The algorithm of PSO-PTS is given below;

Algorithm 4. PSO-PTS Algorithm

1. Definel, S, C1>C2a o, ..and@, . .
2. Generate positions Xiand velocities Vl.of the initial
populationi € [1 : S] .

Calculate the PAPR (fitness) of each particleXi .

Set the initial best local position per particleP = X, .

. For t=1 to G
.1 For i=1 to S
For v=1 to v

3
4
5. Find the best global position Pg
6
6

Update velocity and position by (14) and (15), respectively.
End for

Calculate PAPR (fitness) of each particle)g.

Update 13

6.2 End for

6.3 Update f} anda%t).

7. End for

8. Output b= Pg

Equation that used to update position and velocity for all dimensions of each particle
in the swarm per generation is as follows (Khademi, 2010; Wen et al., 2008);

v ? i v g v

v — oVl e, (P}‘) - X(f)) +or (P(j? - X@) (14)
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X=X +r as)
w — W .
t — _ mazx min t—l 16
oft) = - [ e a6
Where

i :is the i" particle from the swarm of S particles
t :is the " Generation from the maximum number of Generations G
d : denote the d” Dimension from ¥ Dimensions of the objective Function

V. :isthe i" particles velocity vector, represented as Vl.(t) = (Viy) Vl.it) Vlg,'))
X, :isthe i" particlespositionvector, representedas X i(t) = (X i(f) X i(vt) e X i(,i))

X ,.(vt) €U and U denotes the domain of objective function.

P. : is the local best position, which is the previous best position this i" Particle

has achieved so far, and represented as P, = (Pl1 P sz) .
P, : is the Global best position, which is the previous best position obtained so far
by any particleinthe whole swarm, andrepresented as Pg = (Pg . Pg oo Pg v)

C, & C, : they control the individual and public cooperative behavior of particles,
respectively. Increasing C, causes particles to be more attracted to their local

(1)

best positions P,

. On the other hand, increasing C, causes particles to be

attracted to the global best position Pg) .
g

r &, : two randomly generated numbers uniformly distributed in range
r&r, € [0 : 1].

() (t) : is the inertia weight, @, is the Maximum inertia weight, and ®,,, is the

n

Minimum inertia weight

If the velocity of a particle is fast it may overlap a promising zone on the solution
space without searching it adequately. So that, maximum velocity factor Vm
necessary to control exploration process (Gao, 2011). The need for Vmax

is

may be

76



Nature-Inspired-Based PTS for PAPR Reduction in OFDM Systems

disregard by using inertia weightw (t) . Inertia weight controls the process of
exploration and exploitation. Thus, high initial value of inertia weight is necessary
for exploration process. Then decaying the inertia weight linearly will be suitable
forexploitation. Experimental results suggestinertiaweight w = 0.9and o,,,, =
0.4 to compromise between the exploitation and exploration processes (Khademi,
2010; Wen et al., 2008).

Original PSO algorithm updates the global best position P afterupdating positions
and best local positions P, of all particles, this is called synchronous update mode.

Synchronous update delays the propagation of global best solution Pg . Asynchronous
update mode is used to speed up propagation of global best solution P. Asynchronous
updates the global best solution Pg after each best local position P, update (Dorigo
et al., 2008).

Figure 9 compares between OPTS and PSO-PTS, in case of PTS with 16 Pseudo-

random partitioned subblocks and number of allowed phases is W=2, in an OFDM
system with 16-QAM, 256 subcarrier, and oversampled by factor L=4.

Figure 9. Comparison between PSO and RS for the same computational complexity
(900 searches)
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It can be noted that, when P (PAPR > PAPRO) = 10" the PSO-PTS reduce
the PAPR to approximately 7.1dB , thatis nearly 4 dB less than the original OFDM
signal and greater than the optimum (OPTS) by 0.65 dB . But unfortunately RS-PTS

is better than PSO-PTS by nearly 0.2dB

Figure 10 shows how we can enhance the performance of PSO-PTS to outperform
RS-PTS by changing the update mechanism of Pé and P, tobe asynchronous rather
than synchronous, butit still worse than the RS-PTS. So we add another enhancement

to the asynchronous PSO-PTS by limiting the velocity to the search space i.e. from
0 to2m, it can be noted that PSO-PTS becomes better than RS-PTS by 0.03dB .

Artificial Bee Colony based PTS (ABC-PTS)

ABC algorithm was introduced in 2005 by Karaboga. It simulates honey bees swarm
behavior. In ABC there are three components of the swarm namely; employed bees,

Figure 10. Comparison of PAPR reduction performance of Synchronous, Asynchronous
and Asynchronous PSO with limitation on velocity along with RS and OPTS.
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unemployed bees (onlooker or scout bees), and food sources’ positions. Employed
bees collect nectar amount and position of food sources. Then, employed bees share
this information with onlooker bees. Based on this information onlooker bees try
to find more worthy sources, while scout bees search solution space randomly. In
ABC algorithm process of exploitation is controlled by employed and onlooker
bees, while scout bees responsible for exploration process (Ercin, & Coban, 2012).
The ABC algorithm is shown below (Ercin, & Coban, 2012; Tagpinar, Karaboga,
Yildirim, & Akay, 2011; Wang et al., 2010)

Algorithm 5. ABC-PTS Algorithm for PAPR Reduction

1. Setup: Set maximum cycles number (MCN). Determine population
size (SN) which equal to number of food sources, employed bees,
and onlooker bees. Define Limit value, which is the number of
visits - determined by the trial counter - after which the food
source 1is considered as exhausted position.

2. Initialization: Generate SN random food source positions

b =

bil bi2 ... bw] where, ie[l:STJ] and V is the number of

PTS subblocks. Determine the amount of nectar (fitness) for

each food source position (solution) as follows;

Fitness (b, ) = (17)

1
1+ £ (b))
3. For Cycle=1 to MCN.
a. For each employed bee find a new food source positionlﬁ
using;
by =b,+9, (bil_bk/) (18)
In condition that? =k . wherek:G[l:EUV],lG[l:[/] and Qﬁﬂ is
randomly generated number in the rangeQaﬂ G[-—l:l].

b. Quantize b; values using for an onlooker using (19) or (20)

to be suitable to PTS as ABC not originally designed for CO

problems.

1 <p, <57
ifw=2:1b = 1”4—7‘ A (19)

else
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J zf7r4 <b, < 3%
: —1 if 31/ <p <7
fw=4:b = v S/ (20)
—j if5774 <b, <
1 else

Evaluate the fitness of the new solutionsb; using (17).

d. For all employed bees iG[l:SAd

e f(b)</(b)
b, =b,
Else
counter, = counter; +1
End if
e. Employed bees transfer food sources’ positions and their
nectar amount to onlooker bees in the colony. Onlooker bees
chose food sources based on selection probability Iz of each
food source, as follows;

Fitness (bl)
P = . (21)

SN
~ Fitness <b )

1=1 i

Thus, solutions with high probability will be selected by most
onlooker bees.

f. Each onlooker bee finds a new food position according to
(18), discretize it according to (19) or (20), and evaluate it
using (17).

g. Repeat step 3.4 for each onlooker bee? 6[1:EUV].

h. For each food source position iG[l:SUV]

1f counter, > Limit

Scout bee will replace this abandoned position by a new one

using (22);

by =b" + (b —b/"" )*Rand (22)

where kfmxand b?ml are the upper and lower bounds for each

dimension, respectively.
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End 1if

i. Find the best solution for this cyclebﬂﬂy.

4. End For.
5. Output the best solution b andf(b) whereb =5, .

Performance of ABC algorithm is controlled by a three parameters; maximum
number of cycles (MCN), population size (SN ), and Limit value (Ercin, &
Coban, 2012). In the following we will show the influence of these parameters on
the performance of ABC-PTS.

The following simulations is done on OFDM system uses 16-QAM, N= 256,
and oversampled by factor . = 4. PTS with V=16, W =2 and Pseudo-random
partitioning is used.

Figure 11 compares the performance of OPTS and the suboptimal search method
ABC-PTS, for different number of searches — proportional to computational
complexity — (/= SN * MCN =30%30=900). The limit value is chosen as 5. We can

Figure 11. Comparison between ABC-PTS and OPTS with search complexity (900
and 1200 searches)
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note that at P (PAPR >PAPR )= 10~ the ABC-PTS reduce the PAPR to
approximately 6.8dB, that is nearly 4.5dB less than the original OFDM signal
and greater than the optimum (OPTS) by 0.35dB .

The effect of increasing the Limit value on PAPR reduction gain is studied in
Figure 12. As shown the value of Limit doesn’t affect the PAPR reduction
performance.

In ABC algorithm there are (I = MCN x SN ) solutions to be tested to find the
near optimum solution (Tagpinar et al., 2011). Thus, increasing MCN or SN will
enhance the PAPR reduction performance of ABC-PTS. But increasing which of
them will give the best performance.

Figure 13 Compares PAPR reduction performance for different (MCN X SN)

combinations in two cases. In the first case, number of searches ] = MCN x SN = 64
this number can be generated by one of the following combinations

Figure 12. Effect of Limit value on the PAPR reduction performance of ABC-PTS
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Figure 13. Comparison of PAPR reduction performance of ABC-PTS for different
combinations of MCN* SN at two cases (1) 64 searches and (2) 256 searches
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4 x16, 8% 8, orl6 x 4] . Second case MCN x SN = 256 can be generated by

one of the following [4 X 64, 16 x16, or64 x4|. It can be noted that, increasing

population size (SN ) is better than increasing maximum number of cycles (MCN )
from PAPR reduction point of view.

Figure 14 compares the performance of ABC-PTS and the other suboptimal
search methods for the same computational complexity, with respect to the OPTS. It
is clear that ABC-PTS overcomes the others for the same computational complexity.

Finally, it is obvious that for the same search complexity (number of searched
solutions) PAPR reduction gain of PTS based on nature inspired metaheuristics
methods is better than that of descent heuristics methods and single solution
metaheuristics methods (such as SA).
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Figure 14. PAPR reduction performance of different heuristics algorithms (ABC,
PSO, RS, and GD) along with Optimum PTS.

CCDF of')Continuous OFDM signal with 256 subcarrier ,and PTS with ¥V =16 {Pseudo-Random)
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FUTURE RESEARCH DIRECTIONS

OFDM was used in the 4th generation of mobile while a new wave forms based on
multicarrier principles is expected to be used in the 5th generation of mobile such
as, Universal Filtered Multi-Carrier (UFMC), Filter Bank Multicarrier (FBMC),
and Generalized Frequency Division Multiplexing (GFDM. This new wave forms
will also suffer from the high PAPR problem. So, there will be a need for PAPR
reduction techniques such as PTS. 5th generation and IoT devices will require high
speed processing. Hence, PTS based nature inspired heuristics algorithms will be a
candidate solution for PAPR reduction. The other nature inspired heuristics algorithms
may be also compared with ABC to find if there is any heuristics algorithm better
than it for PTS.
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CONCLUSION

In high data rate communication systems, OFDM is usually used to overcome
frequency selectivity problem. But, OFDM itself suffer from another problem
called high PAPR, which degrades its performance from different aspects. PTS is
a powerful PAPR reduction technique. However, it requires high computational
complexity. Heuristics optimization is used to find the suboptimal solution for PTS.
Heuristics algorithms for PTS can be categorized into metaheuristics and descent
heuristics. In this chapter, descent heuristics, such as, IPTS, RS-PTS, and GD-PTS
were compared with metaheuristics based PTS techniques. SA was selected as
single solution metaheuristics method and PSO and ABC was selected as a nature
inspired metaheuristics methods. Results showed that, RS-PTS is the best one among
descent-heuristics algorithms. Results also showed that, PTS based on single solution
metaheuristics method (i.e. SA-PTS) is better than RS-PTS in Low PAPR values
which are more frequent. But, RS-PTS outperforms SA-PTS in high PAPR values
which are rarely occur. Also, asynchronous PSO-PTS with limitation on velocity
outperforms RS-PTS. Results also showed that, ABC-PTS is better than PSO-PTS.
Finally it can be said that, PTS based on nature inspired metaheuristics methods is
better than PTS that based on descent heuristics and PTS based on single solution
metaheuristics methods.
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ABSTRACT

Energy consumption is a constraint in the design architecture of wireless sensor
networks (WSNs) and internet of things (1oT). In order to overcome this constraint,
many techniques have been proposed to enhance energy efficiency in WSNs. In
existing works, several innovative techniques for the physical, the link, and the
network layer of OSI model are implemented. Energy consumption in the WSNs
is to find the best compromise of energy consumption between the various tasks
performed by the objects, the detection, the processing, and the data communication
tasks. It is this last task that consumes more energy. As a result, the main objective
for the WSNs and the 10T is to minimize the energy consumed during this task. One
of the most used solutions is to propose efficient routing techniques in terms of
energy consumption. In this chapter, the authors present a review of related works
on energy efficiency in WSNs and 1oT. The network layer routing protocols are the
main concerns in this chapter. The interest is focused on the issue of designing data
routing techniques in WSNs and IoT.
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Optimization of Energy Efficiency in Wireless Sensor Networks
INTRODUCTION

In recent years, covering a wide field of application, Wireless Sensor Networks
(WSNs) play an important role in collecting data from an environmental context,
monitoring, monitoring or other applications. The fact that the network is wireless
allows more flexibility for deployment compared to a wired deployment that
requires cabling. On the other hand, the WSN are a very important technology in
the Internet of Things (IoT). These networks allow presenting the characteristics and
the state of the objects (or environments) in which are implanted (or deployed) like
Web services on Internet. Sensors are therefore invited to play the role of hosts of
the Internet (often client/server) and communicate with each other and with hosts
already connected to the Internet. In addition, the WSNs and IoT are being solicited
and must respond to new constraints of WSN and IoT applications. Among these
constraints, we can cite:

e  Autonomy: Sensors and connected objects are usually able to operate
autonomously in terms of energy source. The consideration of all the
elements contributes to the energy consumption in the electronic circuits of
the sensor or object, since the data communication consumes more energy,
and again the communication power in terms of transmission to a big effect
on the amount of energy used.

e  Mobility: Sensors or moving objects in the network can move freely and
independently. At any time, new equipment can join or leave the network.
The change of the topology of a network during the time results from the
failures of the sensors or the breaks of the links between them.

Inthis chapter, we first present a general overview of the WSNGs, their architectures,
their characteristics, their principal applications, their protocol architecture, their
characterized models and their factors, their routing protocols and their constraints.
Then we present the IoT, its architecture, its different application domains, its
communication paradigms, its life cycle, its constraints related to the deployment
and its data routing. Finally, we present the different wireless communication
technologies used by the WSNS and the IoT.

WIRELESS SENSOR NETWORKS

WSNs generally consist of a large number of sensors, stationary or mobile,
communicating with each other by radio, often randomly deployed in an area of
interest (refer Figure 1). The latteris usually a hostile environment, isolated or difficult

90



Optimization of Energy Efficiency in Wireless Sensor Networks

Figure 1. Architecture of a WSN
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to control, where the mission of a sensor is each time to collect, in an autonomous
way, accurate data from the deployment area. Depending on the type of sensor, the
information detected may be temperature, humidity or movement or other physical
quantity. The data collected by these sensors are routed directly or by other sensors
step by step to a base station (BS). The BS can be connected to a data processing
server, called a task manager, usually via the Internet or satellite. In addition, the
user can address his requests to the sensors by specifying the information of interest
and by targeting the sensors that should be interested.

TYPICAL ARCHITECTURE OF A SENSOR

The typical hardware architecture of a sensor consists of four-unit units, an acquisition
unit, a processing unit, a communication unit, and a battery, which are shown in
figure 2.

The operation of each unit is defined as follows:

e  Acquisition Unit: It consists of a sensor that obtains measurements on
environmental parameters and an analog/digital converter that converts the
information collected and transmits it to the processing unit.

e  Processing Unit: It consists of a processor and a memory integrating a
specific operating system. This unit has two interfaces: an interface with the
acquisition unit and another with the communication unit. The processing
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Figure 2. Sensor architecture

Battery

unit acquires information from the acquisition unit, analyzes it through a
microcontroller (CPU) and transmits the processed data to the communication
unit.

Communication Unit: It is responsible for all transmissions and reception
of data via a radio link.

Battery: The sensor has a battery to power all electronic components and
units. Generally, in most cases, changing the battery is impossible. For this,
energy is the most valuable resource since it has a direct impact on battery
life.

In addition, In the technology market, there are several types of commercially

available sensors, such as Tmote Sky, MicaZ and TelosB (refer figure 3). Each of
the sensors has different properties from the other; table 1 describes the technical
characteristics of the three sensors mentioned.

Characteristics of the WSNs

The integration of WSNs with the physical world has made the mode of operation
different from that of traditional wireless networks. The WSNs have special
features that make the development of applications trivial. Indeed, the WSNs have
distinguished characteristics such as:
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Dynamic Topology: In mobile WSNs, the sensors move in an arbitrary
manner, thus making the topology of the network frequently changing.

Constraints of energy, storage and computing: The most critical feature in
the WSNs is the modesty of its energy resources as each sensor in the network
is limited by the battery capacity. The challenge in this case is to optimize the
energy consumption in WSNs by proposing techniques for maximizing the
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Figure 3. Different types of sensors

TrneSky MicaZ TelosB

network lifetime such as routing protocols. In addition, because of its small
size, the sensors are limited in storage capacity.

Scaling: WSNs are characterized by the number of very important sensors.
It can even reach thousands or more. The challenge in such a case is that the
network is able to maintain its performance with this large number of sensors.
Random deployment: sensors are often randomly distributed, in the case of
monitoring natural sites as an example, which requires routing protocols be
efficient.

Data redundancy: in the case where the sensors are randomly deployed
in the area of interest, the data detected and communicated by multiple or
multiple sensors near the same target captured are redundant. This leads to a
waste of resources such as energy, bandwidth and memory.

WSNS APPLICATIONS

WSNs are currently used in a number of diverse and continuously expanding
application areas (Taruna, S., Jain, K., & Purohit, G. N., 2011). The miniaturization

Table 1. Technical characteristics of the sensors

Sensor Microcontroller Horloge (MHz) RAM (Ko) Radio Battery
Tmote Sky MSP430 7.37 10 CC2420 2x AA
MicaZ ATmega 1281 7.37 4 CC2420 2x AA
TelosB MSP430 8 10 CC2420 2x AA
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of micro-sensors, the reduction in their cost, the widening of the range of available
sensor types (thermal, optical, speed, etc.) and the evolution of wireless communication
technologies have diversified the fields of applications of WSNss. In this context, the
WSNs can be used in different areas, such as military, environmental, medical and
home automation. Figure 4 shows examples of applications of WSNs.

Military Applications

The military field has been a fundamental axis for the development of the WSNs.
The latter can be quickly deployed into a battlefield or hostile region without any
infrastructure. Because of their ease of deployment, self-organization and fault
tolerance, the WSNs will play greater role in future military systems and make
future wars more intelligent with less human involvement. The Distributed Sensor
Network (DSN) project (Aceto, G., Botta, A., De Donato, W., & Pescape, A.,2013)
at the Defense Advanced Research Projects Agency (DARPA) was one of the first
projects in the 1980s that used the WSNs to collect distributed data. Researchers
at the Lawrence Livermore National Laboratory at the University of California
applied the Wide Area Tracking System (WATS) (ranjal, J., Monteiro, E., & Silva,
J. S., 2015). This network is composed of gamma-ray detectors and neutrons to

Figure 4. WSNs applications
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detect and detect nuclear devices. It is able to perform constant monitoring of an
area of interest. It uses data aggregation methods to report them to a smart center.
The researchers then set up another network called Joint Biological Remote Early
Warning System (JBREWS) (Fleisch, E., 2010) to warn troops in the battlefield of
possible biological attacks.

Medical Applications

In the field of medicine, the WSN can be used to permanently monitor the vital
organs of the human being through micro-sensors that can be swallowed or implanted
under the skin (blood glucose monitoring, cancer detection, etc.). This network
can also facilitate the diagnosis of some diseases by performing physiological
measurements such as blood pressure and heartbeat using sensors each having a
specific task. The physiological data collected by the sensors can be stored for a long
time for tracking a patient (Koch, S., 2006). On the other hand, these networks can
detect abnormal behaviors (falling of a bed, shock, cry, etc.) in dependent persons
(disabled or elderly). Recently, the Wireless Body Area Network (WBAN) (Jovanov,
E., Milenkovic, A., Otto, C., & De Groen, P. C., 2005) technology has attracted
the attention of many researchers and industry. WBAN is a radio-frequency based
wireless network technology that involves interconnecting micro-sensors on, around
or in the human body. These sensors can act as actuators.

Environmental Applications

Environmental monitoring is one of the first WSNs applications (Jang, W. S., &
Healy, W. M., 2009). In environmental monitoring, sensors are used to monitor a
variety of parameters or environmental conditions. For example, the distribution of
thermo-sensors in a forest can help detect a possible start of fire and subsequently
facilitate the fight against wildfires before their spread. The distribution of chemical
sensors in urban settings can help detect pollution and analyze air quality and water
quality. Similarly, their deployment in industrial sites prevents industrial risks such
as leakage of toxic products.

PROTOCOL ARCHITECTURE OF WSNs

In WSNss, the protocol stack is a particular application of a set of protocols where each
stack layer relies on those below to provide additional communication functionality.
In this type of network, no protocol stack has been standardized. However, the
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protocol stack proposed by article (Akyildiz, I. F., Su, W., Sankarasubramaniam, Y.,
& Cayirci, E., 2002) is taken up by the majority of the works dealing with the theme
of the WSNss. figure 5 shows the protocol stack used by the WSNs. This protocol
stack includes the application layer, the transport layer, the network layer, the data
link layer, the physical layer, the energy management plan, the mobility management
plan, and the task management plan. Depending on the type of sensors, different
applications can be used and built on the application layer (Schott, W., Gluhak, A.,
Presser, M., Hunkeler, U., & Tafazolli, R., 2007).

Roles of Layers

e  Physical Layer: It deals with the specification of wireless support, carrier
frequencies, etc. This layer meets the needs of simple but robust modulation,
and transmission and reception techniques. At the physical layer level, the
power dissipation may be affected by the application environment, the choice
of the type of modulation, or the frequency band used. It is beneficial in terms
of energy that researchers in the physical layer choose a multi-hop transmission
rather than a direct transmission that requires significant transmission power
(Akyildiz, I. F., Su, W., Sankarasubramaniam, Y., & Cayirci, E., 2002).

Figure 5. Protocol stack of WSNs
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e Link Layer: Specifies how data is sent between two sensors in a distance of
one hop. It consists of two sub-layers: the Logical Link Control (LLC) sub-
layer and the Media Access Control (MAC) sub-layer.

e  Network Layer: This layer is used to manage the addressing and routing
of data in the network. The routing of data in this type of network often
uses the multi-jumps of the emitter sensor to the receiver sensor considering
the specificities of WSNs. In addition, traditional Ad hoc network routing
protocols are incompatible with WSNs due to energy and scalability
constraints (Akkaya, K., & Younis, M., 2005). In the WSNs, the metrics
considered in path cost optimization are: the residual energy of each network
sensor (Akyildiz, I. F., Su, W., Sankarasubramaniam, Y., & Cayirci, E., 2002),
the energy level required to transmit the data and the data routing time. The
most used addressing in WSNs is geographic addressing.

e  Transport Layer: This layer is responsible for data transport, flow control,
order conservation of data, and management of any transmission errors. The
User Datagram Protocol (UDP) remains the most common protocol between
a sending sensor and the receiving sensor. Among other things, the use of
the Transmission Control Protocol (TCP) is avoided due to the small size of
sensor memory that does not allow it to store large amounts of information
for the management of the task communication.

e  Application Layer: it interfaces with the applications. This is the level
closest to the users. Many configuration profiles can be used in this layer. In
addition, several protocols have been proposed in the literature such as the
Sensor Query and Data Dissemination Protocol (SQDDP) that allows the
user to query the network based on the geographical position of the sensors
(Akyildiz, 1. F., Su, W., Sankarasubramaniam, Y., & Cayirci, E., 2002)
and the Sensor Management Protocol (SMP) allows the user to implement
administrative tasks related to network configuration, sensor operation,
synchronization between sensors and sensor movement.

Management Plans

e  Power Management Plane: The functions integrated at this level consist in
controlling and managing the energy consumption in the sensors. Therefore,
a sensor can for example turn off its reception interface as soon as it
receives information from a neighboring sensor to avoid receiving duplicate
information. In addition, when a sensor has a low energy level, it can send an
alert to other sensors informing them that they cannot participate in routing
tasks, and keep the remaining energy in the detection capabilities.
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e  Mobility Management Plane: This plan is responsible for detecting
and recording the movements of the sensors, so as to enable them to keep
a continuous path towards the end user, and to maintain a recent view of
neighboring sensors. This vision is necessary to be able to balance the
execution of the tasks and the energy consumption.

e  Task Management Plane: During a target detection operation in a specific
region, itis not necessary for all sensors in that region to perform the detection
task in synchronized mode. Some sensors do the task of detection more than
others and this depending on whether their remaining energy is sufficient or
not. It basically depends on the nature of the sensor, its energy level and the
region in which it was distributed.

CHARACTERISTIC MODELS OF WSNS
Detection Model

The binary disc model (Kone, C. T., 2011) is one of the simplest detection models.
This model assumes that a sensor is able to detect only events and targets within its
detection range. In this model, the detection range of each sensor is equivalent to
the detection radius (or range) Rd in a circular disk.

The binary disc model extension has been proposed in the work (Zou, Y., &
Chakrabarty, K., 2003) under the name “probabilistic sensing model” illustrated in
figure 6. This probabilistic model reflects the uncertain action of sensor detection
such as infrared or ultrasonic sensors.

In this model, if R is an uncertain detection zone radius of a sensor C such as
R, <R, then a sensor could detect with probability p an event or target located in
an area between R, -R and R, + R . The probability of coverage of a point Z by a
sensor C is expressed by equation (1).

0, R,+R, <dist(C,Z)
P(C)=4e™", R,—R, <dist(C,Z)< R, +R,
1, R,+R,>dist(C.2)

)

Where,
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Figure 6. Probabilistic sensing model

Ra +Ru

Qv

o =dist(C,Z)—(R,—R)) ()

Where and are parameters that are used to measure the probabilities of detecting
an event at a certain sensing range of a sensor and dist (C, Z) is a distance between
the C sensor and the Z point. will be able to say that all the points are covered by
a given sensor if they are at a distance below (R, + R ) of this sensor, and all the
points being in the interval [R, - R, R, + R ] have a coverage (<1) that decreases
exponentially with distance. However, the points are covered or not covered, beyond
a distance (R, + R ).

Communication Model

The performance of a wireless network is determined by the wireless communication
channel in which it operates. In WSNs, the sensors communicate at low power
and therefore the radio links are very unreliable. Therefore the modeling of the
communication proves very difficult. Figure 7 shows a unidirectional wireless link
between two A and B sensors based on the “binary disc”” model (Kone, C. T., 2011).
In this model, we assume each A sensor is able to transmit its data to any sensor
within its communication range noted Ra. The range of communication of each
sensor varies according to the level of its transmission power.

99



Optimization of Energy Efficiency in Wireless Sensor Networks

Figure 7. Binary disc model

Thus, authors assume that two sensors A and B can communicate symmetrically
if and only if the Euclidean distance between them is as small as at least their
communication ranges (i.e, dist (A, B) <min (R , R,)). The communication between
the sensors, in the “binary disc” model, is therefore purely based on geometrical
considerations. According to this model, the power loss of the signal noted PL (d)
(including antenna gains) is adeterministic function PL_(d) of the distance d between
the sensors. The function PL (d)is expressed in decibel as indicated by equation (3).

PL(d) = PL(,)+1021.10g,, () )

o

Where d is the reference distance, is the propagation loss coefficient, PL(d )
is the attenuation due to the attenuation at the reference distance d . The received
single power (P ), at a distance d, is the output power of the transmitter (P ) minus
propagation attenuation PL(d), could be obtained as indicated by the following
equation:

£, =F-PL(d,) )

In some types of WSNs applications such as mobility, environment and obstacles;
certain physical phenomena have been generated, such as interference, diffusion,
diffraction and reflection which degrade the quality of the signal. Thus, in scientific
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literature, some studies have presented statistical models of radio propagation taking
into account these different physical phenomena. As an example, the “log normal
shadowing path loss” model considers “shadowing” and multipath effects, the
Signal-to-Noise Ratio model (SNR) considers the background noise on the signal,
or the Signal-to-Interference-plus-Noise Ratio model (SINR) considers the effects
of interference and noise on the signal.

In the log-normal shadowing path loss model (Rappaport, T. S., 1996), the
propagation attenuation at a distance of PL(d) is presented as shown in equation (5).

PL(d)=PL,(d)+ X, = PL(d,)+ 1o.n.1ogm(di) + X, )

o

With the parametersd ,d, and PL(d ) defined previously, is a Gaussian distribution
of zero mean (in dB) with a standard deviation to model the effect of shadowing.
Another element that has been considered for determining the behavior of wireless
communication is the background noise. Indeed, the temperature of the environment
influences the thermal noise generated by the antennas of the receiver and the
transmitter. According to (El Alami, H., & Najid, A., 2018), when the transmitter
and receiver antennas have the same ambient temperature, then the background
noise could be expressed as follows:

P =(F+1)kT,.B (6)

Where Fis the noise factor, kis the Boltzmann constant, to the ambient temperature,
and B is the noise bandwidth. In the SNR model (Zuniga, M., & Krishnamachari,
B., 2004) for a P, output power of the transmitter, the SNR, in dB, at a distance d is
given as equation (7).

SNR(d) = B~ PL(d)~ P, )

Where the expression of PL(d) is the same as that of the log normal shadowing
path loss model defined in equation (8).

In (Moscibroda, T., & Wattenhofer, R., 2006), the SINR model assumes that a
sensor cannot correctly receive a signal even if it is close to the transmitter due to
the effects of interference and noise. Therefore, if P (A) designates the power of

101



Optimization of Energy Efficiency in Wireless Sensor Networks

the signal received by a node B from a node A, and N denotes the density of the
noise, then the sensor B correctly receives the signal if the ratio of the power of the
received signal and the sum of the powers of the noise and interference is greater
than a certain threshold which is expressed as follows:

P(4)
N+ aney//ni Pr(nk)

> SINR, (8)

Where v denotes to all sensors.
Model of Energy Consumption

The energy consumption in a sensor is usually done during detection, data processing
and communication. Thus, the expression of this energy could be given by the
following formula (Akkaya, K., & Younis, M., 2005):

E

Total — EDetection + EAcquisiti(m + EC()mmunicati()n (9)

e  Detection Energy: This is the energy consumed by a sensor during the
activation and data collection state. The cost of this energy depends on the
type of sensor (image, sound, temperature, etc.) and tasks (data collection,
sampling and conversion of physical signals into electrical signals, etc.)
assigned to it.

e  Communication Energy: This is the energy consumed by a sensor when
activating its communication units (transmitter/receiver). This energy is much
more consumed than that of detection. This energy is available in transmission
energy and reception energy. It is determined by the amount of data to be
communicated and the transmission distance, as well as by the physical
properties of the radio module. The emission of a signal is characterized by
its power. Indeed, when the power of emission is high, the signal will have a
great range and the consumed energy will be important. The transmission of
a bit of information can consume as much as the execution of a few thousand
instructions has been presented in (Pottie, G. J., & Kaiser, W. J. 2000). The
most used model to estimate only the energy consumed by a sensor to transmit
an information bit to another sensor located at a distance d is expressed as
follows (Heinzelman, W. R., Chandrakasan, A., & Balakrishnan, H., 2000):
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E(d)=d" +c (10)

Where o > 2 is the propagation attenuation exponent according to environment
and ¢ > 0 is constant which illustrates the energy required to transmit a quantity of
detected data. This model simplifies the energy dissipation in transmission while a
sensor also consumes energy in reception and even when it is at rest or listening
without reception. In the energy consumption model for communication energy, we
distinguish four modes of sensor operation (Emission T , ReceptionR , Idle listening,
and Sleep) and a state of transition between operating modes called Switch. For a
given sensor, the energy cost for each of its operating modes is denoted ET, (k,d),

Ey (k). Eiyos E

seep» and E_, respectively; where k is the number of cocks in a
message. Figure 8 shows antenna and power consumption models by a sensor for
communication (Heinzelman, W. R., Chandrakasan, A., & Balakrishnan, H., 2000).

To send a message of & bits over a distance d, the energy consumed is given by
the following formula:

E; (k,d) = E; (k) + E; _,, (k,d) (11)

—amp

Where E, _,

The energy consumed to receive a message of k bits is given by the formula below:

is amplification energy during the burst phase.

mp

Eo (k)= E, .k (12)

elec

Figure 8. Power consumption model for communication
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Where E

elec

is the transmission energy / electronic reception.

The energies dissipated by the sensor given in Idle listening, Sleep, and Switch
mode are given by the following formulas:

Eye =1L Vy T (13)
Esleep = Is/eep I/h 'Ts/eep (14)
Esw = Isw'I/b T;w (1 5)

Where, 1, Is[eep’ and /7, respectively are the current intensity for the Idle

listening, Sleep, and Switch modes. T, T,

sleep °

Idle listening, Sleep, and Switch modes, respectively. V, represents the voltage

and 7 are the switching time for

supplied by the energy source (i.e., the battery).

e Data Acquisition Energy: This is the energy consumed by a sensor
when activating its data processing unit (CPU). The data processed by
the sensors are scalar types such as temperature, humidity, pressure,
etc. So the energy consumed for data acquisition is lower than the
communication energy.

In addition, the energy required to emit / kb over a distance of 100 m is almost
equivalent to the energy required to execute 3 million instructions with a speed of
100 million instructions per second. Figure 9 illustrates the energy consumed for
each task and for each action performed by the sensor.

Routing Protocols in the WSNs

In the WSNs, sensors are deployed in large numbers to monitor or track such an
environment and relay information to a remote control center (the base station). To
achieve this end, the sensors have the ability to communicate and collaborate with
each other to route the collected data to the base station by ensuring its reliability
and by taking the shortest path between the sensor that detected this phenomenon
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Figure 9. Energy consumption by a sensor
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and the base station. This operation allows the routing of information between the
sensors and the base station then and it consists of finding the shortest routes. In
this context, several routing protocols have been proposed in literatures such as flat
routing protocols, geographic routing protocols and hierarchical routing protocols
(Al-Karaki, J. N., & Kamal, A. E., 2004). In addition, the constraints presented in
the WSNs have given rise to different routing protocols than those of the Ad-hoc
networks since the energy constraint arises strongly in the WSNs. As a result, the
routing protocols designed for the RCSFs must ensure the routing of data between
any network sensor and the base station at a lower cost in terms of energy. The
deployment of sensors depends on the application of RCSFs. It can be completely
random as in the case of surveillance (monitoring of natural sites for example) where
the number of sensors is important. In this case, hierarchical routing protocols can
be used.

LEACH Protocol
Low Energy Adaptive Clustering Hierarchy (LEACH) (Heinzelman, W. B.,

Chandrakasan, A. P., & Balakrishnan, H., 2002) is one of the first hierarchical and
proactive protocols based on the clustering algorithm for homogeneous WSNs.
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Clustering is based on the power of the announcement signal sent by the cluster
head (CH). Cluster members in this protocol use the CHs as a gateway to reach the
base station. This will conserve energy since transmissions will only be made by
CHs rather than all nodes. All data processing is local to the cluster. The LEACH
protocol is executed in two phases: the set-up phase and the steady state phase. In
the first phase, the CHs are selected and the clusters are formed, and in the second
phase, the data transfer to the base station will take place. This protocol uses a
probabilistic model to select the CHs to balance the energy dissipation of the nodes.
This decision is taken by the node by choosing a random number between 0 and 1.
The node becomes a CH for the current round if the chosen number is lower than
the threshold T(n) (refer equation (16)), otherwise the node should join the nearest
CH in its vicinity.

P si ne G

T ={1=p¢ mod () (16)

0 sinon

Where p is the desired percentage of the CHs, r is the current round and G is the
set of nodes that have not been CHs in the last //p rounds.

TEEN Protocol

The Threshold-sensitive Energy Efficient Sensor Network (TEEN) protocol
(Manjeshwar, A., & Agrawal, D. P., 2001) is a hierarchical and reactive clustering
protocol that has been designed for critical applications where the change of some
parameters may be abrupt. The network structure is based on amultilevel hierarchical
grouping where the closest sensors form clusters. Then this clustering process
goes to the second level until the base station is reached. After clustering, each CH
sends two thresholds to cluster members; a Hard Threshold (HT) representing the
threshold value of the parameter monitored and a soft threshold is a small variation
of the value of the monitored parameter. The occurrence of this small Soft Threshold
(ST) variation allows the sensor that detects it to signal it to the base station by
transmitting an alert message. Therefore, the soft threshold will minimize the
number of transmissions since it does not allow transmission if there is little or no
change in the value of the monitored parameter. At the beginning, the sensors listen
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to the medium continuously and when the sensed value of the monitored parameter
exceeds the HT, the sensor transmits the data. The captured value is stored in an
internal variable called the detected value. Then, the sensors will send data only if
the current value of the monitored parameter is greater than the HT value or differs
from the detected value by an amount equal to or greater than the ST value. Since
the sending of data consumes more energy than the detection of the data, then the
energy dissipation in the TEEN protocol is less important than in proactive protocols
or those that transmit data periodically

SEP Protocol

Stable Election Protocol (SEP) (Smaragdakis, G., Matta, 1., & Bestavros, A., 2004)
uses the clustering and assume that all nodes were equipped with the same initial
energy. In order to take full advantage of the heterogeneity of the nodes, SEP is a
hierarchical and proactive protocol based on the clustering algorithm for heterogeneous
WSNE. It defines two levels of energy. Based on these energy levels, the nodes are
classified into two types, normal nodes and advanced nodes. Nodes having more
energy times than normal nodes are called advanced nodes. Therefore, advanced
nodes are more preferred for selection of CHs because of their assigned probability
weights. The probability of the normal nodes p  differs from the advanced nodes
p, as follows:

Where m is the fraction of advanced nodes. From equations (17) and (18), it is
clear that advanced nodes are more likely to select CHs than normal ones.

DEEC Protocol
Design of Distributed Energy Efficient Clustering Protocol (DEEC) (Qing, L.,

Zhu, Q., & Wang, M., 2006). It is protocol proactive and has been proposed for
heterogeneous WSNss. In this protocol, the nodes are equipped with different energy
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levels at the start of the network operation. The selection of CHs is based on the ratio
of the residual energy of a node to the average energy of the network. Nodes with
higher residual energy are more likely to be CH. This makes the energy distribution
even among the nodes. The DEEC protocol extends the period of network stability
because nodes with more residual energy frequently become CHs. Cluster formation
in the DEEC is similar to that of LEACH. However, the probability that the nodes
become CHs is different. This probability is given by the equation (19).

Pop-N-(1+a).E(r)

1 max

N+ a).E(r)

P(i) = (19)

Where p,, is the desired probability of CHs, N is the number of nodes, E.(r)

is the residual energy of a node, and E(r)is the average energy of the network.

WSNS CONSTRAINTS

The design and realization of the RCSFs depend on several constraints influencing
the performance of WSNs. The main constraints are summarized in the following
points:

° Material Constraints: Generally, the sizes of the sensors are rather reduced,
as well as the resistance of the sensor to the likely breaks and accidents. On
the other hand, the sensors also have a limited processing capacity. Indeed,
manufacturers want to make simple, small and inexpensive sensors that can
be mass marketed.

e  Security: The WSNs are more affected by the security factor than traditional
networks. This is justified by the physical challenges and constraints that
make the control of the information transmitted must be reduced. Military
and medical applications require a very high level of security. Cryptography
techniques designed for this type of network must take into account the
limited resources that they present.

e  Data Redundancy: In most cases, the WSNs being quite large, this means
that sensors that are fairly close in terms of distance can detect the same
events or the same information. These last ones are very correlated spatially
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and temporally. This can generate redundant information transmitted to
the base station and also to the user. The reduction of the redundancy of
data transmitted by the sensors makes it possible to minimize the energy
consumption in the network and thus to optimize its lifetime (El Alami, H.,
& Najid, A., 2019).

e Energy Consumption: Typically, changing the sensor battery is almost
impossible in most WSNs applications. Thus, it is difficult to replace the
batteries after unloading. As a result, the energy consumption at the sensor
level has a large impact on the lifetime of the network. Several techniques
are proposed to optimize the energy consumption in these networks. These
techniques are applied either at the physical layer, at the link layer or at the
network layer.

INTERNET OF THINGS

According to the International Telecommunication Union (ITU), the IoT is a global
network for the information society, providing advanced services by interconnecting
objects through existing evolution in interoperable information and communication
technologies (ITU, 2018).

TheIoT is acombination of anumber of advanced technologies, which will radically
change our societies in a few years (Cui, X., 2016). In (Bandyopadhyay, D., & Sen,
J., 2011), the main technology pilots, potential applications and challenges related
to IoT were presented. The fundamental problems identified are interoperability
and interconnected objects. They allow adaptation and autonomous behaviors with
confidence, security and privacy of users. A research group called IPSo Alliance has
been promoting the use of IP for intelligent miniature object networks. Numerous
research works followed one another and all focused on achieving, in the best
conditions, the design of the WSNss, the vision of the IoT and leading it to maturity
despite all the challenges raised.

loT Architecture
According to (Atzori, L., lera, A., & Morabito, G., 2010), the IoT architecture is

organized into three main layers: the data perception layer, the network layer, and
the application layer. Figure 10 represents such architecture.
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Figure 10. Architecture of loT
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Perception Layer

The perception layer, at the lower level in the hierarchy, is responsible for collecting
data in their environment. This layer thus comprises the device necessary to achieve
the collection of contextual data of the connected objects, namely the sensors, the
RFID tags, cameras, etc.

Network Layer

The network layer is responsible for the reliable communication of the data produced
in the perception layer as well as the assurance of connected inter-object connection
and between smart objects and the other devices of the Internet. Sometimes the data
from the perception layer is huge because the number of objects connected to the
Internet is increasing rapidly. For this, it is necessary to offer data storage techniques
and data processing on the Internet. This is ensured by Cloud Computing services
which provide elastic management of storage and processing resources on data
centers residing on the Internet and which are able to effectively absorb the data
load generated by the IoT.
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Application Layer

The application layer defines service profiles and data management techniques
of different types, from different objects (sensors, RFID tags, etc.). In addition,
according to (Granjal, J., Monteiro, E., & Silva, J. S., 2015), the [oT architecture can
be extended to a fourth layer called the middleware layer between the application
layer and the other two layers. The middleware layer serves as an interface between
the hardware layer and the applications. This layer includes quite complicated
functionalities allowing the management of the objects, and also the aggregation,
the analysis of data and the control of access to the services.

10T APPLICATIONS

IoT is the subject of many development applications. Some of them are the improved
version of the CWHN applications and some are completely new and have already
been implemented. Most areas of application translate into a high level of quality of
life. Industrial automation and environmental monitoring applications have found
new opportunities and new service areas using IoT. Figure 11 shows some areas of
IoT applications (Leblium, 2018).

Smart Cities

Smart Cities refers to cities that use information and communication technologies
to improve the quality of urban services and the standard of living of people. Smart
cities include the following services:

e  Smart Parking: Monitoring the availability of parking spaces in the city.

e  Structural Health: Monitoring of vibrations and physical conditions in
buildings, bridges and historic monuments.

e  Smartphone Detection: Detect phone devices and in general any device that
operates with WiFi or Bluetooth interfaces.

e Intelligent Lighting: Intelligent lighting adapted to the weather conditions
in the street lamps.

e Smart Roads: Smart highways with warning and diversion messages
depending on weather conditions and unexpected events such as accidents
or traffic jams.
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Figure 11. Applications of loT
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Smart Environment

Smart Environments are spaces in which WSNs and the Internet have been integrated,
to react to events and monitor them. They gave rise to the following applications:

e  Forest Fire Detection: Flue gas monitoring and pre-emptive fire conditions
to define warning zones.

e Air Pollution: Control of CO, emissions from factories, pollution emitted by
cars and toxic gases generated on farms.

e Landslide and Avalanche Prevention: Monitoring of soil moisture,
vibration, and density to detect hazardous patterns in field conditions.

e  Early Detection of Earthquake: Distributed control in specific locations of
tremors.
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Smart Metering

The Smart Metering is a meter that has a technology called Automated Meter
Reading (AMR) (Kelley, R. H., Carpenter, R. C., Lunney, R. H., & Martinez, M.,
2000). For example, it measures the amount of electricity consumption, gas water
in a precise and detailed way in real time. The data is transmitted by radio waves or
Power-Line Communication (PLC) to the metering network manager. Smart meters
are used in different areas:

e  Smart Grid: Monitoring and management of energy consumption in power
grids.

e  Photovoltaic Installations: Monitoring and optimization of performance in
solar power plants.

e  Water Flow: Measurement of water pressure in water transport systems.

COMMUNICATION PARADIGMS FOR IOT

As IoT is communicating objects across the unified Internet, objects can be humans
and intelligent machines of all kinds. These objects can connect as shown in figure
12 whichillustrates three connectivity paradigms in the IoT": (i) Machine-to-Machine
(M2M), (ii) Machine-to-Human (M2H) and (iii) Human-to-Human (H2H).

Figure 12. Paradigms of communication in the loT
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e  Machine-to-Machine (M2M) Connectivity: This type of connectivity
occurs when a machine (object) wants to share its collected data with another
machine. For example, the temperature controller in the car asks its buzzer to
turn on or off when the timer is triggered. This type of connectivity is the soul
of the IoT environment. It achieves the main goal of the IoT to modernize an
individual’s life to make it better. This broader connectivity can be developed
in the following categories that actually imply this M2M communication.

° Machine-to-Human Connectivity (M2H): This connectivity is used when
a machine must provide important information in response to all requests to
humans or when humans need to connect with the machine to control it. For
example, when the owner enters the house, the garage door confirms his entry
by sending a message to the owner.

e  Human-to-Human Connectivity (H2H): This type of connection is
used when a human connects with other humans to build and enjoy social
relationships. They share pictures and every moment of their life with other
humans. To do this, they must connect to the Internet.

LIFE CYCLE OF IOT

In IoT, smart objects go through four phases: (i) Data Acquisition and Detection,
(i) Data Communication, (iii) Data Processing and Information Management, and
(iv) Actions and use of data in applications. These four phases are briefly described
in the following subsections.

Acquisition and Detection of Data

This phase defines the procedures for detecting and collecting data from intelligent
devices such as RFID, sensor, etc. RFID technology is used to identify tagged objects
while WSNs are used to detect data from smart sensors. To collect data, wireless
communication technologies are used. The data that needs to be detected can include
temperature, humidity, speed, etc. Identification is the collection of the identity of
the person who understands the name, age, identity number, etc. In addition, RFID
tags work best in tracking and identification applications while RCSFs have versatile
applications and are also major components in IoT applications.
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Data Transmission

The transmission of collected data to applications of user is done by wireless
communication technologies. So, techniques are needed to deal with heterogeneity
(different types of sensors, tags, etc.), address the large number of devices and use
IPv6 addressing to ensure device scalability.

Data Processing and Information Management

This phase consists of the compute units and methods that process and analyze
the collected data that is generated by the IoT objects, so effective axes are needed
like Cloud Computing, Big Data and Data Analytics to manage and store this data.

Data analysis

In this last phase, mechanisms are proposed to use the processed data by transmitting
them to actuation applications. These applications are different services such as
activity recognition of patients with Alzheimer’s disease, fire detection and triggering
by an actuator, detection of a suspicious person, etc. This can be achieved through
artificial intelligence.

I0T ARCHITECTURE REQUIREMENTS

The IoT is a concept that is both advantageous and promising, and that will be
able to propose effective solutions to the problems of monitoring and surveillance
in different fields of application. However, the IoT raises some requirements and
challenges. In literatures (Al-Fugaha, A., Guizani, M., Mohammadi, M., Aledhari,
M., & Ayyash, M., 2015), specific requirements and challenges are introduced in
the following subsections.

Scalability

As the IoT plans to connect thousands of low power devices through the Internet,
it imposes new challenges on the underlying architecture in scalability. That is, the
architecture of the IoT must support thousands of devices efficiently. Current solutions
such as IPv6 have a large address space that can be used for IoT devices. Addressing
IoT devices is not the only problem; one of the other challenges in IoT is the large
amount of data used by IoT devices that requires better scalability management.
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Mobility

The number of mobile devices connected to the Internet exceeds fixed devices.
Mobile devices like tablets, smart phones have a limited life. Some IoT applications
involve and require anytime, anywhere users want to check their email and/or make
calls anywhere, anytime. To provide fast and reliable connectivity and make data
available everywhere, the network architecture should support mobility and roaming.

Security and Confidentiality

In some scenarios of IoT such as smart health and smart hospital, the data that needs
to be transmitted is very sensitive. If a hacker tries to change them, this can lead to
an alarming situation. To enable the IoT to be more effective in terms of security,
it should ensure authorization, confidentiality and integrity.

Data Availability

In the TCP/IP model, whenever a node moves from one place to another, the data it
supposed to provide becomes unavailable. The same case also occurs when a device
whose battery is exhausted is not able to transmit data. Additionally, Internet users
can not receive data at this time due to the occurrence of a Denial of Service (DoS)
attack. The DoS attack occurs because the current architecture of the Internet cannot
control the data according to demand while transmitting this data.

Energetic Efficiency
Obviously, thousands of devices, especially sensors, need a huge amount of energy
to perform IoT tasks. In addition, most objects have a low autonomy as the sensors.

Energy efficiency mechanisms are therefore needed to make this universal connectivity
possible in the form of IoT.

ROUTING IN IOT

Routing in IoT is the vital feature that ensures the smooth routing of data between
objects in the same network. In addition, the routing protocol is a key element to
ensure optimum communication between these objects, because it allows for each
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object to decide how to join another object. Constraints on objects (low power,
unstable communications) must be taken into account for the development of
appropriate routing protocols. In this section, authors present the Routing Protocol
for Low Power and Lossy Networks (RPL), specially designed for IoT.

RPL Protocol

RPL protocol (Winter, T., Thubert, P., Brandt, A., Hui, J., Kelsey, R., Levis, P., &
Alexander, R.2012)is an IPv6 routing protocol for low-power, high-loss IoT networks.
It forms a dynamic, optimized topology with loop avoidance and consideration of
QoS parameters for IPv6 datagram between source and destination. Each gateway
sensor behaves like an IP router, it first reassembles all the fragments to rebuild the
initial IPv6 datagram, and then it analyzes the destination IPv6 address to decide
whether the packet will be delivered to the transport layer or whether it must be
routed to another sensor until it arrives at the correct end destination.

RPL Operation

The RPL routing protocol describes a method of constructing a logical graph called
Destination Oriented Directed Acyclic Graph (DODAG). The first goal of RPL is
to optimize the sensor paths compared to the root DODAG in order to favor sensor
collection at the root DODAG. For example, we will try to get routes with the lowest
number of hops to join the root sensor. The metric can be the energy level remaining
in the sensors of alow power network and high loss rate, the number of transmissions
needed to reach the root sensor, the average time of communications, the loss rate,
etc. During the construction of the graph, the sensors use the objective function
which determines the method of calculation of the routing metric, and exchange four
types of messages: DIO (DODAG Information Object), DIS (DODAG Information
Solicitation), DAO (DODAG Destination Advertisement Object) and DAO-ACK
(DAO Acknowledgment) Mohamed, B., & Mohamed, F., 2015).

e  The DIO message is broadcast first by the root sensor to trigger the graph
construction process. The neighboring sensors of the root sensor receive the
message and decide whether they can join the graph or not (the decision
depends on several metrics such as the objective function and the cost of the
advertised path). Once the sensor has joined the graph, it automatically has
a route to the root sensor. If the sensor is configured to be like a router, it in
turn broadcasts its local knowledge on the graph (its links) to its neighbors.

e  The DIS message is used by the sensors to request information about the
graph from neighboring sensors that will respond by sending a DIO message.
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e  DAO messages are used to announce the presence of the sensor to its parent
in the graph. The latter updates its routing table by adding a corresponding
input to the child sensor. The process recursively recurs and ascends until we
reach the root sensor.

e  The DAO-ACK message is sent by the parent sensor to the child sensor, in
response to its DAO message (to acknowledge receipt).

The RPL protocol supports two types of routing: data source routing (stateless)
and local path decision routing (with state). In data source routing, the entire route
to be taken is signaled in the packet, and the gateway sensors pass it to its final
destination based on this information. On the other hand, in the second type, the
packet carries only the address of the final destination, and the routing is decided
at the level of each gateway according to the information contained in the local
routing table. The routing table includes information for distinguishing the upstream
flows (directed to the root sensor) from the downstream flows (directed to the
sensors). The root sensor therefore maintains a complete list of all sensors in the
tree. To avoid routing loops, each sensor must calculate its position (or rank) in the
hierarchy relative to the root. The value of the rank becomes more important than
the distance between the root and the sensor. Routing metrics considerations may
impact the position calculation procedure. So, the local communications between
sensors having a parent in common do not need to go through the root. However,
sensors that do not have a common secondary root must pass through the root, as
shown in figure 13, where the blue arrows represent local calls, and numbers 0 to
3 represent the ranks of the sensors in the graph.

Figure 13. Construction of a DODAG by RPL
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COMMUNICATIONS SYSTEMS FOR THE WSNs AND IOT

There are several standards for high-speed data transport in the WSNs and IoT
networks. Some objects such as sensors do not need a very high bandwidth, but
rather a low latency time and very low energy consumption hence the need to design
other standards capable of to meet these requirements. Figure 14 represents some
examples of communications systems used for the WSNs and the IoT (i-scope, 2018).

6LOWPAN

6LoWPAN (IPv6 Low Power Wireless Personal Area Networks) (Parnian, A. R.,
Parsaei, M. R., Javidan, R., & Mohammadi, R., 2017) is a communication system
for IoT devices. It is proposed to provide IPv6 compatibility over IEEE 802.15.4.
Although there are challenges in IEEE 802.15.4 networks: the minimum IP packet
size is 1280 bytes while the maximum transmission unit (MTU) for IEEE802.15.4
is only 127 bytes so that fragmentation and reassembly are necessary tasks to do
by the data link layer. Significant header overhead created by the upper layers

Figure 14. Communications Systems for the WSNs and loT
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leaving almost no payload size available for application layer data and sending the
IPv6 40-byte packet header over the IEEE 802.15.4 link is completely a waste of
bandwidth. It is therefore essential to facilitate the transmission of IP packets on
the IEEE 802.15.4 link layer. The adaptation layer (refer figure 15) is required to
address the specified challenges and provide a solution for sending long IP packets
on the link layer supporting a packet length of 127 bytes.

The 6LoWPAN communication system performs header compression, routing
overload reduction, and other necessary steps as an adaptation layer. It defines
other standards to simplify the discovery of neighbors and facilitate other routing
requirements. This is the main step towards the realization of the IoT and is a basic
work for other research in the IoT.

ZIGBEE

ZigBee technology (Baronti, P., Pillai, P., Chook, V. W., Chessa, S., Gotta, A., & Hu,
Y. F., 2007) is one of the emerging technologies for wireless communication with
low power consumption and low cost. It is defined by the IEEE 802.15.4 standard
which defines the protocol stack (refer figure 16) for the wireless personal network
with very low data rates.

ZigBee technology offers features that better meet the needs of the RCSFs and IoT:

Figure 15. Protocol stack of 6LoOWPAN
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Figure 16. Protocol stack of ZigBee
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Due to its attractive features, ZigBee technology has become the most adopted
technology in most applications of WSNs and IoT (El Alami, H., & Najid,
A.,2017) where the need for flow is dropped for proper energy efficiency,
as in the case of applications in smart home.

[ ]

e  Transfer rate up to 250 Kbps,
[ ]

[ ]

e  Low energy consumption.
Z-WAVE

The Z-Wave communication system (Marksteiner, S., Jimenez, V. J. E., Valiant, H.,
& Zeiner, H., 2017) was developed in 2001 and uses low-power radio technology
in the 868 MHz frequency band. It is designed specifically for home automation
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applications. The latest update of the Z-Wave communication system, called Z-Wave
Plus, was introduced in 2013 and adds some improvements such as improved battery
life and wireless range. Unlike ZigBee, Z-Wave is not a standard and its development
is controlled by the Z-Wave Alliance team (Z-Wave, 2018) which involves more than
600 companies, including major IoT players. Z-Wave uses a mesh network with the
number of objects connected in a network limited to 232 objects. It involves the four
lower layers of the OSI model, physical layer, link layer, network layer, and transport
layer. In addition, the implementation of the physical link and data layers has been
included in the ITU G.9959 (Brandt, A., & Buron, J., 2015) standard. Z-Wave is
able to work on the common industrial frequency 828 MHz in the European Union
and the frequency 908 MHz in the framework of IMS (IP multimedia subsystem)
bands with a maximum range of 30 meters. Finally, the maximum data rate provided
can be up to 100 kbps.

OTHER COMMUNICATION SYSTEMS
FOR THE RCSFS AND THE 10T

The aforementioned communications systems are not the only communications
systems for the WSNs and IoT and other communications systems to be explored
suchas LORAWAN and SigFox. LoORaWAN (Wixted, A.J., Kinnaird, P., Larijani, H.,
Tait, A., Ahmadinia, A., & Strachan, N., 2016) is a wireless communications system
that enables low-speed communication of low-power objects communicating with
LoRa modulation technology (LoRa Alliance, 2017) and connected to the Internet
via gateways, thereby contributing IoT. LoRaWAN has a maximum data rate of
27 Kbps and consists of at least one network server, a gateway and a terminal that
can collect data from thousands of sensor nodes deployed miles away. The SigFox
(Sigfox, 2018) communication system is an ultra narrowband system with low
overhead and low datarates. Like LoRaWAN, SigFox is also capable of transmitting
over long distances. It uses a frequency band of 868 MHz, dividing the spectrum
into 400 channels of 100 Hz. Its coverage is about 30 to 50 km in rural areas and
about 3 to 10 km in urban environments. These communications systems are used
in the context of smart cities, smart homes, and so on.

CONCLUSION
The WSNss offer an interesting perspective: that of networks able to self-configure
and manage their topologies autonomously. In addition, the performance criteria

for WSNss different from those of conventional networks and therefore the solutions
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to be provided are new. Indeed, the WSNs are destined to become objects and thus
must be able to be used easily, while keeping a transparency of the network vis-a-
vis the user.

We list many applications of the WSNs, especially in those that do not require high
bandwidth. The realization of such types of networks requires the implementation
of techniques developed for conventional wireless networks. However, most of the
techniques developed for these are not transferable to the WSNss.

Since the WSNs play a vital and important role in the IoT and enable the
representation of dynamic real-world characteristics in the virtual world of the
Internet, the WSNs and the IoT are a fertile line of research and we find them varied
applications and in many areas of modern life. However, there are still several
constraints to solve in order to be able to use them in real cases. As future work is
to design and develop hierarchical routing protocols that extend the network life
as much as possible. On the other hand, a worrying vision at the moment is the
integration of the WSNs into Internet (i.e., IoT) in terms of energy efficiency and
scalability. This vision involves the implementation of new concepts and models:
large scale WSNs modeling, energy management and routing technique in ecological
and evolutionary IoT.
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ABSTRACT

A wireless sensor network (WSN) is a gathering of sensor hubs that powerfully self-
sort themselves into a wireless system without the use of any previous framework.
One of the serious issues in WSNs is the energy consumption, whereby the system
lifetime is subject to this factor. Energy-efficient routing is viewed as the most
testing errand. Sensor organizes for the most part work in perplexing and dynamic
situations and directing winds up repetitive assignment to keep up as the system
measure increments. This chapter portrays the structure of wireless sensor network
the analysis and study of different research works identified with energy-efficient
routing in wireless sensor networks. Along these lines, to beat all the routing issues,
the pattern has moved to biological-based algorithms like swarm intelligence-based
strategies. Ant colony optimization-based routing protocols have shown outstanding
outcomes as far as execution when connected to WSN routing.
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INTRODUCTION TO WIRELESS SENSOR NETWORKS

A Wireless sensor system can be characterized as a system of gadgets that can
communicate the data accumulated from a checked field through wireless connections.
The information is sent through different nodes, and with a gateway, the information
is associated with different systems like wireless Ethernet. Wireless sensor systems
involve a major amount of self-governing nodes that are outfitted with sensing
capacities, wireless interfaces, and restricted memory and energy sources. Sensor
networks are helpful in scattered and steady detecting of various kinds of mortal
occasions and happenings of interesting incidence. For the most part, the sensors
are statically organized over tremendous zones. However, they can be versatile
additionally and capable in working with the atmosphere. The sensor networks can be
used in a comprehensive continuum of uses in both military and civilian situations,
environmental checking, examination for security, modernized healthcare insurance,
scholarly structure robotization, programmed traffic instrument and item tracking.

In the sensor networks distinctive sensors pass on their information towards a
observing data collecting node generally known as a sink that achieves total data
aggregation and analysis. Nodes can likewise transmit information to the intermediate
nodes that can autonomously or mutually deal with the information before transmitting
it to the global sink or towards a global sink, and perform inadequate incomplete
data aggregation on the route. This is known as in-network data aggregation that is
utilized for energy optimization. Sensors have short correspondence range and these
structure a framework less system over a typical remote channel. The two information
and control parcels are coordinated through single hop or through multi-hop. Sensors
communicate with one another in the system to finish distinctive activities. Sensors
expend a ton of during communication and other activities.

WSNis acollection of wireless nodes with restricted vitality abilities that might be
mobile or stationary and are found haphazardly on a dynamically evolving condition.
The routing strategies choice is an imperative issue for the productive conveyance
of the packets to their goal. Additionally, in such systems, the connected routing
strategy ought to guarantee the base of the vitality utilization and consequently
augmentation of the lifetime of the system. One of the first WSNs was structured and
created amidst the 70s by the military and defense industries. WSNs were additionally
utilized during the Vietnam War so as to help the recognition of foes in remote
wilderness territories. In any case, their usage had a few downsides including that
the expansive size of the sensors, the energy they expend and the limited network
capability. From that point forward, a great deal of work on the WSNs field has
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been done bringing about the improvement of the WSNs on a wide assortment of
uses and frameworks with tremendously changing necessities an attributes. In the
meantime, different energy-efficient routing protocols have been structured and
produced for WSNs so as to help proficient data delivery to their goal. Along these
lines, every energy-efficient routing protocol may have explicit attributes relying
upon the application and network architecture. (Nikolaos A. Pantazis, Stefanos A.
Nikolidakis & Dimitrios D. Vergados, 2013) The WSNs might be utilized in an
assortment of regular day to day life activities or services.

In WSNs all sensor nodes endeavor to gather information and send detecting
information to the base station (BS). The wireless communication utilizes a fixed
node in the focal point of condition that is utilized to gather data from other sensor
nodes called BS. In some cases, source and goal are not in the area and they have
multihop distance with one another where this distance prompts more energy
utilization. The node energy consumption is the measure of energy each node expends
for sending/accepting information to/from different nodes. The summation of energy
consumption by system nodes demonstrates the system energy consumption. Since
these energy sources are key and have a straight impact towards the system lifetime,
new protocols establishment or improvement in current protocols appears to be vital
for better energy saving in the system. (Ehsan Amiri, Hassan Keshavarz, Mojtaba
Alizadeh, Mazdak Zamani &Touraj Khodadadi, 2014)

Wireless sensor systems (WSNs) are self- healing mesh networks used to screen
physical procedures utilizing sensors and report sensor readings to intrigued nodes
with regards to the system. WSNs have different applications spreading over from
farming and natural to military uses. For instance,

WSNss have been utilized to screen soil dampness and saltiness in a land district to
decide appropriate systems for water system (Cardell-Oliver, 2005). WSNs normally
comprise of minimal effort nodes that are battery powered. Accordingly, there are
imperatives forced by finite energy resources (Camilo et al, 2006) and exposure to
environmental conditions.

These should be tended such that the system can work for whatever length of
time that conceivable and can overcome singular node disappointments (when a
node comes up short on energy or is harmed). One territory where these issues are
tended to is in the structure of routing algorithms specific for use in WSNs. These
algorithms endeavor to tackle the briefest way issue, while limiting energy necessities
and amplifying the lifetime of nodes in the system. They additionally consider the
likelihood ofnode failures and the requirement for some dimension of dynamic
routing of packets when making routing decisions at each node.
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The present engaging field of research is Wireless Sensor Networks (WSN), due
to its wide scope of uses in various fields, WSN comprises of countless randomly
deployed sensor motes and perform the essential elements of detecting, computations
and communications. In most recent couple of years WSNs has turned into an
explorative Research zone and WSN is a prime essential to give, robust service in
threatening situations. As of now observed power utilization is a dispute in sensor
systems, which rotate around the constrained power assets. Contingent upon the
extent of the sensor bits the structure of the battery size limits the life time of the
network. (Rajesh SL & Dr.Somashekhar C Desai, 2014)

Routing in Wireless Sensor Networks

The way toward building up ways from a source to a sink crosswise over at least
one transfers is called routing. Routing Protocols are in charge of distinguishing or
finding courses from source to sink (W. Dargie and C. Poellabauer,2010) . As for
Network Organization most routing protocols fitinto one of three classes in particular
flat based, hierarchical-based and location based. Regarding Route Discovery there
falsehoods two sorts of protocols to be specific Reactive Protocol and Proactive
Protocol. In view of Protocol Operation there are different protocols specifically
Negotiation Based, Multipath Based, Query Based, QoS Based and Coherent Based.

Routing is a standout amongst the most imperative protocols that expend energy
in the system. Routing has been characterized as a dynamic improvement task going
for giving ways that are ideal as far as certain criteria, for example, least separation,
maximum bandwidth, and most brief deferral and fulfilling a few imperatives, for
example, constrained intensity of nodes and restricted limit of remote connections.
Routing is one of the serious issues in theWSN and is a standout amongst the most
intriguing examination fields in the correspondence network.The routing of the data
is therefore done locally and hop-by-hop. (P. M. Fernandez,2003)

Routing as a rule coordinates dependent on the routing records that exist
in every node routing table (RT) to different goals in the system. The RT is an
information table that is put away in node memory records defeats to exceptional
nodes. These days, algorithms act contrastingly to discover the route among sender
and destination; more algorithms just discover a path and some routing algorithms
discover a multipath.The multiroute algorithm squander more system assets due
to more message transmission rather than the single-way algorithm. E. Amiri, H.
Keshavarz, H. Heidari, E. Mohamadi, and H. Moradzadeh, 2013). Proactive, reactive,
and hybrid (H. Keshavarz, R. M. Noor, and E. Mostajeran,2013) are three principle
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classifications of routing algorithms. Proactive or, on the other hand, the table-driven
calculations dependably display a new list of routes. Proactive calculations have a
slowreaction in the system with more disappointment and rebuilding. Examples of
proactive algorithms are FSR (A.Iwata,C.-C.Chiang,G.Pei, M.Gerla, &T.-W.Chen,
1999) and DSDV (E. Perkins & P. Bhagwat, 1994). The reactive or ondemand
routing algorithm apply flooding technique for discovering only one path between
the source and destination. If the route exists previously, the new route solicitation
won’t acknowledge them.

High latency time in path finding is one of these algorithms’ impediment and
another is forced overhead on the system because of the flooding method; by the
by it has less overhead contrasted with that for the proactive gathering. The most
acclaimed routing protocols of this gathering are DFS (D.B.Johnson & D.A.Maltz,
1996) and AODV. The third category is known as the hybrid. They are a blend of the
reactive routing protocols and proactive routing protocols.ant colonu is a standard
answer for finding ideal way (from source to goal) that is proposed by Dorigo et
al. in 1992 for finding answers to optimization problems, for example, travelling
salesman problem (TSP) with multiagents. By focusing on built-in properties of
routing, it will be appropriate to be resolved by the ant colony algorithm.

Sensor nodes are described by severe memory, CPU, and energy restrictions. In
addition, the topology of a WSN is timevariant because of versatility or incitation
planning. Thus, the plan of a routing protocol for WSNs ought to dependably give
a smooth tradeoff among lifetime and proficiency. From one hand, the packet
forwarding and handing-off procedure ought to be energy- aware so as to expand
the lifetime. From the other hand, because of the touchy idea of a large portion
of the WSN-based applications, packet transmission from sensor nodes to the
investigation focus ought to be dependable despite the fact that the topology of the
system changes. In the accompanying, we list the most essential contemplations
identified with the improvement of WSN routing protocols. (Mohamed Hamdi,
Nejla Essaddi, & Noureddine Boudriga, 2008)

1. Process Distribution: Due to the constrained transmission scope of the basic
sensor nodes, only multi-hop routing methodologies can apply to WSNs.
Methodologies including a focal node playing out all routing computations
can not be considered. Henceforth, source and middle nodes ought to execute
explicit procedures so as to decide to which neighboring node an incoming
packet ought to be passed on.
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2.

Overhead Reduction: Since the topology of the sensor arrange oftentimes
changes, new routing tables ought to be fabricated adaptively. The exchange of
routing information over the system ought not include an imperative overhead
to the transmitted messages. Routing protocols ought to along these lines
decrease the measure of exchanged information

Energy Conservation: As it has been expressed above, energy productivity
is the most vital angle that one should think on while tending to WSN-based
applications. The central thing to ask is whether it is smarter to contribute the
energy resources in sending information or in performing calculations? The
majority of the references talking about this issue concur that correspondence
isimpressively more costly endeavor than calculation. Accordingly, the routing
algorithm ought to envelop calculation forms at whatever point conceivable
to spare energy resources.

Memory Conservation: Due to the memory constraints of the sensor nodes,
enormous routing tables would be difficult to deal with. This implies suitable
components ought to be created to control the measure of the stored routing
data. It ought to likewise be seen that versatility and energy searching protocols
intensify the vital requirement for such size control systems.

Resiliency: When nodes are versatile or depend on action booking for their
activity, they may vanish at unforeseeable purposes of time until it comes back
to the same area or it gets an activation message. This might influence the
conveyance of the forwarded packets to the investigation focus. A potential
arrangement is to utilize more than a solitary way between the sender node
and the investigation focus. Multi-path routing gives not just route redundancy
yet additionally the chance to actualize load adjusting systems.

Challenges Connected to Routing in Wireless Sensor Networks

Routing in WSNs is trying because of the inalienable attributes that recognize
these systems from different remote systems, for example, mobile ad hoc systems
or cellular systems. Because of the special qualities and eccentricities of a WSN,
the current routing protocols produced for wireless ad hoc networks systems cannot
be legitimately connected to WSNs. The structure of a routing protocol for WSNs
needs to consider the lack of quality of the remote channel, the potential powerful
changes in the system topology, just as the limited processing, storage, bandwidth,
and energy capacities of the WSN nodes. Hence, unique methodologies are required
to guarantee effective routing among the nodes of a WSN. The plan of routing
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protocols in WSNs is affected by numerous elements. These variables represents
a few difficulties that must be defeated before proficient correspondence can be
accomplished in WSNss. In the accompanying, we condense a portion of the routing
challenges and design issues that influence routing in WSNs.
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Energy Consumption: Energy consumption is viewed as one of the
significant concerns in the improvement routing protocols for WSNs. Sensor
nodes can deplete their constrained supply of energy while performing
calculations and transmitting data in a remote situation. While building their
routing tables, nodes consume energy by exchanging information with their
neighbors. Moreover, as a result of the restricted energy resources of WSN
nodes, messages should be conveyed in the most energy-efficient way without
compromising the exactness of the data content. Shortest path algorithms
need to embrace measurements, such as energy-efficiency.

Scalability: As the extent of the system increments, or the quantity of
nodes builds, the routing protocol ought to have the capacity to adjust to
the progressions and give sufficient execution. WSNs may comprise of an
expansive number of nodes, and in this way, the data every node acquires
about the system topology is restricted. Henceforth, fully distributed
protocols, which work with constrained information of the topology, should
be created to give versatility. Moreover, when the density might be high in
the system, nearby data exchange ought to likewise be constrained to improve
the energy efficiency.

Node Mobility: Now and again, nodes are not stationary. Node mobility
presents changes in the neighborhood relations; nodes move out of scope of
their neighbors and consequently are never again ready to communicate with
the old neighboring nodes while they come extremely close to new nodes.
A perfect routing protocol for WSN ought to have the capacity to convey
information messages from source to destination notwithstanding when
a portion of the intermediate nodes move far from their neighbors range.
This muddles the plan of the routing protocol as it presents extra routing
overhead. Route stability is an essential issue, notwithstanding energy and
different perspectives. Henceforth, the routing protocol ought to be versatile
to dynamic changes in the system topology

Node Deployment: Node deployment in WSNs can be either deterministic
or haphazardly performed, which is subject to the required application. In
the deterministic way to deal with arrangement, every one of the nodes are
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set in predefined positions and messages are directed through ways that are
pre-decided. Be that as it may, in the arbitrarily deployed nodes, nodes might
be set haphazardly in subjective positions. The system topology can change
progressively amid the lifetime of the system. At first, sensor nodes might be
ignorant of the system topology. The relative locations of the neighbors of a
node and the overall area of the nodes in the system fundamentally influence
the routing performance. This is actually an errand of a routing protocol
which ought to give topology data with the end goal that the neighbors of
every node are found and routing choices are made in like manner.

e  Robustness: Routing in WSNs depends on the sensor nodes to deliver
information in a multi-hop way. Consequently, routing protocols work on
these nodes rather than devoted switches, such as in the Internet. These
nodes comprise of minimal effort equipment which may result in startling
disappointments to such a degree, that a node might be non-operational.
Accordingly, routing protocols ought to give robustness to sensor node
failures.

e  Application: The sort of utilization is additionally vital for the structure of
routing protocols. If there should be an occurrence of checking applications,
static courses can be reused to keep up productive conveyance of the
perceptions all through the lifetime of the system. Then again, in occasion
based applications, since the nodes are usually in sleep mode, at whatever
point an occasion happens, courses ought to be created to deliver the event
data in a convenient way.

Routing Techniques for WSN Classification

1. Network Structure

2. Communication Model
a.  Query-Based Protocols
b.  Coherent and Non-Coherent-Based Protocols:
c.  Negotiation-Based Protocols

Topology Based Protocols

1. Location-based Protocols
2. Mobile Agent-based Protocols
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Reliable Routing Protocols

1. Multipath-Based Protocols
2. QoS-Based Protocols

Routing in WSNs might be more requesting than different remote systems, similar
mobile ad-hoc networks or cellular networks for the accompanying reasons:

e  Sensor nodes request cautious asset the executives in view of their extreme
requirements in energy, handling and capacity limits.

e  Almost all utilizations of WSNs require the stream of sensed information
from numerous sources to a specific base station.

e  Design prerequisites of a WSN rely upon the application, in light of the fact
that WSNs are application-explicit.

e  The nodes in WSNs are generally stationary after their sending which results
in unsurprising and non-visit topological changes.

e  Data gathering is, under ordinary conditions, in view of the area, in this way,
position familiarity with sensor nodes is imperative. The situation of the
sensor nodes is identified by utilizing techniques dependent on triangulation
for example radio strength from a couple of known focuses. Until further
notice, it is conceivable to utilize Global Positioning System (GPS) equipment
for this reason. Also, it is positive to have arrangements free of GPS for the
location issue in WSNs

e In WSNs, there is a high likelihood that gathered information may show
some unwanted repetition which is important to be utilized by the routing
protocols to improve energy and data transfer capacity use. Due to every one
of these inconsistencies, a few new routing systems have been created and
proposed to take care of the routing issue in WSNs. These routing systems
have considered the inalienable highlights of WSNs alongside the application
and design prerequisites.

A high efficient routing scheme will offer critical power cost decreases what’s
more, will improve arrange network’s life span. Finding and maintaining routes in
WSNss is a noteworthy issue since energy requirements and sudden changes in node
status (e.g., inefficiency or failure) offer ascent to visit and unanticipated topological
adjustments. Routing methods for WSNs utilize some outstanding Routing strategies,
appropriate for WSNs, to limit energy utilization. Al-Karaki extend the classification
initially, the routing protocols can be ordered into four principle plans: Network
Structure Scheme, Communication Model Scheme, Topology Based Scheme and
Reliable Routing Scheme,
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e  Network Structure: The structure of a system can be characterized by node
consistency. The nodes in certain systems are considered to be conveyed
consistently and be equivalent to one another, or different systems make
distinctions between various nodes. All the more explicitly, the principle
characteristic of the routing protocols having a place with this class is how
the nodes are associated also, they course the data dependent on the systems.
This addresses two types of node deployments, nodes with the same level of
connection and nodes with different hierarchies. Therefore, the schemes on
this category can be further classified as follows:

e  Flat Protocols: All the nodes in the system assume a similar job. Flat system
architecture presents a few points of interest, including negligible overhead to
keep up the framework between conveying nodes.

e  Hierarchical Protocols: The routing protocols on this plan force a structure
on the system to accomplish energy efficiency, security, and versatility. In
this class of protocols, arrange nodes are sorted out in groups in which a
node with higher residual energy, for instance, assumes the role of a cluster
head. The cluster head is in charge of organizing exercises inside the group
and sending data between clusters. Clustering can possibly decrease energy
utilization and expand the lifetime of the system. They have high conveyance
proportion and versatility and can adjust the energy utilization. The nodes
around the base station or cluster head will exhaust their energy sources
quicker than different nodes. System disconnectivity is where sure areas of
the system can wind up inaccessible. On the off chance that there is just a
single node interfacing a piece of the system to the rest and flops, at that point
this segment would cut off from the remainder of the system.

e  Communication Model: The Communication Model customized in a
routing protocol is identified with the way that the fundamental task of the
protocol is followed so as to route packets in the system. The protocols of this
classification can convey more information for guaranteed measure of energy.
Additionally as far as dispersal rate and energy use the conventions of this
class can perform close the hypothetical ideal in point-to-point and broadcast
networks. The issue with Communication Model protocol is that they don’t
have high conveyance proportion for the information that are sent to a goal.
In this way, they don’t ensure the conveyance of information.
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The protocols on this plan can be delegated pursues:
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Query-Based Protocols: The destination nodes proliferate a question for
information (detecting task) from a node through the system and a node
having this information sends the information, which coordinates the inquiry,
back to the node, which in turn starts the question.

Coherent and Non-Coherent-Based Protocols: In coherent routing,
the information is sent to aggregators after a base preparing. In non-lucid
information preparing routing, nodes locally process the raw data before it is
sent to different nodes for further handling.

Negotiation-Based Protocols: They use meta-data dealings to diminish
excess transmissions in the system

Topology Based Protocols: Topology-based protocols utilize the rule that
each node in a system keeps up topology data and that the primary procedure
of the protocol task depends on the topology of the system. The protocol on
this plan can be additionally delegated pursues:

Location-based Protocols: They exploit the position data so as to hand-off
the got information to just certain regions and not to the entire WSN. The
protocol of this class can discover a way from a source to a goal and limit the
energy utilization of the sensor nodes. They have restricted adaptability on
the off chance that that the nodes are mobile. Additionally a node must know
or find out about the areas of different nodes.

Mobile Agent-based Protocols: The mobile agent protocols are utilized in
WSNSs to course information from the detected zone to the goal and this is a
fascinating division. The mobile agent frameworks have as a primary segment
a portable specialist, which moves among the nodes of a system to play out an
errand self-rulingly and wisely, based on the environment conditions. Mobile
agent protocols may give to the system additional adaptability, just as new
capacities as opposed to the traditional WSN tasks that depend on the client-
server computing model.

Reliable Routing Protocols: The protocols on this plan are stronger to
course disappointments either by accomplishing load adjusting courses or by
fulfilling certain QoS measurements, as delay, energy, and bandwidth. The
nodes of the system may experience the ill effects of the overhead of keeping
up directing tables and the QoS measurements at every sensor node. The
protocols are delegated pursues:

Multipath-Based Protocols: They accomplish load adjusting and are
resilient to route failures.
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e QoS-Based Protocols: The system needs to adjust between energy utilization
and information quality. At whatever point a sink demands for information
from the detected nodes in the system, the transmission needs to meet explicit
dimension of quality.

The most vital elements that impact the choice of a routing protocol are:

e  Network Dynamics: The fundamental parts in a sensor network are the
sensor nodes, sink and monitored events. In the majority of the system
designs sensor nodes are thought to be stationary. Then again, supporting the
portability of sinks or cluster heads is some of the time important. Routing
messages sent or got from nodes are all the more testing since course stability
turns into an essential improvement factor, notwithstanding vitality, transfer
speed and so forth. The detected occasion can be dynamic or static and this
relies upon the application. Along these lines, in an objective recognition
application, the occasion is dynamic, however forest monitoring for early fire
prevention is a static event.

e  Node Deployment: This influences the execution of the Routing protocol.
The arrangement might be deterministic or self-sorting out. In deterministic
circumstances, the sensors are set physically and every one of the information
are directed through pre-characterized ways. In self-sorting out frameworks,
the sensor nodes are dissipated arbitrarily and create an infrastructure in an
ad hoc manner.

e  Energy Considerations: The set up of a course is extraordinarily affected
by energy contemplations. Since the transmission intensity of a remote radio
relies upon separation squared or order in the presence of obstacles, multi-
hop routing will expend less vitality than direct correspondence. In any case,
multi-hop directing may include critical overhead for topology the board and
medium access control. In Contrast, direct Routing performs well enough in
the event that every one of the nodes are extremely near the sink.

e Data Delivery Models: The data delivery model to the sink, depending
upon the utilization of the sensor network, can be continuous, event-driven,
query-driven and hybrid. In the continuous delivery model, every sensor
sends information intermittently. In event-driven and query-drivenmodels,
the transmission of information is activated when an occasion happens or
an inquiry is produced by the sink. In addition, there are a few systems that
apply a crossover demonstrate utilizing a blend continuous, event-driven and
querydriven data delivery. The Routing protocol depends on the data delivery
model, particularly with respect to the minimization of energy consumption
and route stability.
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Node Capabilities: In a sensor network, various functionalities can be
related with the sensor nodes. In many systems, a nodecan be committed to
a specific unique capacity, for example, relaying, sensing and aggregation, as
connecting with the three functionalities at the equivalent time on a node may
rapidly deplete the energy of that node.

Data Aggregation/Fusion: The sensor nodes may create comparative parcels
from various nodes that can be accumulated so the quantity of transmissions
would be decreased. Data aggregation is the mix of information from
various sources. This can be satisfied by utilizing capacities, for example,
suppression, min, max and average. These capacities can be performed
either mostly or completely in every sensor node. The calculation can be
less energy consuming than correspondence and substantial energy savings
can be gotten through information collection. This method can accomplish
energy effectiveness and traffic optimization in various Routing protocols. In
many system designs all collection capacities are appointed to all the more
dominant and specific nodes.

Energy Balanced Network: When building up a energy efficient routing
protocol the load balancing of the energy that the sensors expend ought to be
one of the primary focuses of the protocol. This implies the Routing protocols
need to limit the energy consumption of the system by choosing the shortest
routes as well as the courses that will prompt the expansion of the network
lifetime.

Network Security: An imperative factor, aside from energy consumption,
is the security that the protocols can offer to ensure against listening in and
malevolent conduct and further developed plans to be created.

Nodes Mobility: The nodes in the WSN were thought to be static. In the most
recent years there is an expanded enthusiasm for applications that help the
portability of the clients. A case of this is the medical care applications where
the mobile sensors are connected to the patients and need to send proceeds
with information from the patient to the specialist. There are a few protocols
that spread this, yet at the same time there is a great deal of degree for future
research around there.

Performance Evaluation on Real Environment: The vast majority
of the protocols for the WSNs have been assessed through simulations.
Notwithstanding, it is essential to assess the execution of these protocols in
genuine conditions with a great deal of clients

Real-Time Application and QoS: It is a continuous need to grow ongoing
application that will offer high level of QoS to the end clients. In this manner,
it is critical for the researchers to try a great deal of endeavors to create
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Routing protocls that will offer QoS to real-time applications Incorporation
of Fixed with Mobile Networks. The majority of the applications, for instance
in medicinal services checking, require the information gathered from the
sensor nodes to be transmitted to a server with the goal that the specialist may
access and make an analysis or send prescription to the patients. In this case
the Routing prerequisites of every condition are unique, further research is
important for dealing with this sort of circumstances.

e QoS routing protocols: The QoS is imperative in the conveyance of the
information in basic applications, for example, medicinal services. In this
way, the advancement of Routing protocols that consider both energy
efficiency and precise conveyance of information will help on this direction.

Energy Efficient Routing Protocols in WSN

Energy efficiency of a system is a huge worry in wireless sensor organize (WSN).
Nowadays systems are ending up huge, so data accumulated is ending up significantly
bigger, which all devour a lot of energy bringing about an early passing of a node.
Along these lines, numerous energy efficient protocols are created to diminish the
power utilized in information examining and accumulation to broaden the lifetime
of a system. Following are some energy efficient routing protocols:

LEACH “Low-Energy Adaptive Clustering Hierarchy”

(Kazem Sohraby, Daniel Minoli & Taieb Znati, 2007) In this sort of various
hierarchical protocol, a large portion of the nodes impart to cluster heads (C.H). It
comprises of two stages:

e  The Setup Phase: in this stage, the clusters are requested and afterward
Cluster Head(CH) has been chosen. The undertaking of CH is to cumulate,
wrapping, and forward the data to the base station (Sink). (N. A. Pantazis, S.
A. Nikolidakis, & D. D. Vergados, 2013)

e  The Study State Phase: In the previous state, the nodes and the CH have been
composed, however in the second province of “LEACH”, the information
is conveyed to the base station (Sink). Term of this stage is longer than
the previous state. To limit the overhead, the term of this stage has been
expanded. Every node in the system, contact with the group head, and move
the information to it and after that CH will build up the timetable to move the
information of every node to base station. (J. N. Al-Karaki, and A. E. Kama,
2004)
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PEGASIS “PEGASIS “Power-Efficient Gathering in Sensor Information
Systems’”: It is a “chain-bases protocol” and an overhauling of the “Filter”.
(Jayashri Deb Sinha and Subhabrata Barmanln, 2012). “PEGASIS” each
node moves just with a nearby neighbor to coordinate and acquire data. It
receipts goes imparting to the BS, in this way diminishing the amount of
energy expended per round. The nodes are thusly that a chain ought to be
created, which can be finished by the sensor nodes alongside utilizing an
algorithm.Then again, the BS can register this chain and transmission of it
to all the sensor nodes. To build up the chain, it is normal that all nodes have
all inclusive data of the framework and that a ravenous calculation is locked
in. Therefore, the structure of the chain will start from the remote node to the
closer node. In the event that a node terminates, the chain is modified in the
comparable technique to dodge the dormant node.

TEEN ” Threshold Sensitive Energy Efficient Sensor Network Protocol
“The TEEN is a various leveled protocol intended for the conditions like
unexpected changes in the detected properties, for example, temperature.
For a responsive system, the primary created protocol was TEEN (Roseline,
R.A. & Sumathi, P,2012) . The decrease of the quantity of transmissions is
the motivation behind a hard edge, which is finished by enabling the nodes
to transmit just when the detected quality is in the scope of intrigue. The
quantity of transmissions is decreased by delicate edge by keeping away
from every one of the transmissions which may happen when the detected
quality is changed marginally or not changed. TEEN is well pertinent for time
significant issues and is moreover very effective as far as sparing energy and
reaction time. It additionally enables the client to deal with the power usage
and exactness to suit the application.

APTEEN ” Adaptive Threshold sensitive Energy Efficient Sensor
Network : The “APTEEN” is a development of “TEEN” and objectives at
both taking episodic data gatherings and answering to time-basic occasions.
When the BS details the cluster, the C.H transmits the highlights, the
estimations of edge and schedula of transmission to all nodes. After that,
the C.H performs data amassing, which has as a result to protect power. The
primary bit of leeway of “APTEEN” rather than “TEEN”, is that node use a
littler sum control. then again, the essential hindrances of APTEEN are the
inconvenience and that it brings about lengthier delay times. A. Manjeshwar
& D. Agrawal, 2014)

Directed Diffusion: Directed diffusion is information driven routing protocol
for gathering and distributing the data in WSNs. It has been created to address
the prerequisite of information spilling out of the sink toward the sensors, for
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example at the point when the sink demands specific data from these sensors.
Its principle target is expanding the system lifetime by acknowledging
fundamental energy saving. So as to satisfy this goal, it needs to keep the
collaborations among the nodes inside a constrained situation by message
trade. A limited collaboration that gives multipath conveyance is a one of a
kind element of this protocol. This exceptional component with the capacity
of the nodes to react to the questions of the sink brings about impressive
energy savings. (Sohraby, D.Minoli, T.Znat, 2007)

e  Energy-Efficient Sensor Routing (EESR): EESR is a flat routing algorithm
proposed especially to diminish the power use and information dormancy,
and to give adaptability in the WSN. Mostly, it comprises of Gateway, Base
Station, Manager Nodes, and Sensor Nodes. Their obligations are: Gateway
Delivers messages from Manager Nodes or structures different systems to
the Base Station, which has additional detail than typical sensor nodes. It
sends and gets messages to/from Gateway. Additionally, it sends inquiries
and gathers information to/from sensor nodes. Manager Nodes and Sensor
Nodes gather information from the environment and send it to one another in
1-Hop separation till the Base Station. (H. Oh and K. Chae, 2007)

ENERGY EFFICIENT ROUTING

Energy efficiency is a key factor in WSNs since the gadgets utilized in WSNs are
asset compelled. Since the accessible energy assets limit the general task of sensors,
energy consumption should be limited for the system to be worked for a more drawn
out period. Despite the fact that principle point of WSN is to transmit information
proficiently, the significant structure objective is to improve the system lifetime.
The most ideal approach to accomplish this objective is to consolidate energy
efficient routing protocols. Execution of routing protocols are assessed utilizing a
few measurements, for example, Energy per bundle, Energy and Reliability, Network
Lifetime, Average Energy Dissipated, Low Energy Consumption, Total Number of
Nodes Alive, and so forth. At present, look into is being accomplished for creating
routing protocols that will devour less energy for expanding the network lifetime.
(Rault, Tifenn, Abdelmadjid Bouabdallah, & Yacine Challal, 2014)
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Energy Saving Approaches

There are certain ways to deal with handle the energy consumption issue, for example,
radio enhancement, information decrease, rest/wakeup plans, battery repletion and
energy efficient routing. We are keen on the energy efficient routing systems and
are sorted as pursues:

e  Cluster Architectures: Network is composed as clusters where each
cluster is has a cluster head (CH) that assumes the liability of organizing
the correspondence exercises of individuals. CHs speaks with another CHs
or to the base station. Clustering procedures improve energy efficiency by
restricting vitality utilization of the nodes. Network scalability is additionally
improved by the various leveled structures in the system.

e  Energy as a Routing Metric: The setup path phase considers energy as a
measurement. Thusly, routing algorithms can choose the following bounce
by centering the most brief ways as well as on its lingering energy.

e  Multipath Routing: Single way routing quickly depletes energy of nodes on
a chose way and when the node depletes out of power, another path should
be remade. Multipath directing interestingly, substitutes sending nodes in this
way adjusting energy among the nodes. It empowers the system to recuperate
quicker from disappointment and improves the system dependability.

e  Relay Node Placement: The beginning time exhaustion of nodes can be kept
away from by the even appropriation of nodes by placing a few relay nodes.
This improves the energy balance between nodes, inclusion, and limit and
maintains a strategic distance from sensor problem areas.

e  Sink Mobility: An enormous outstanding task at hand is focused on the nodes
closer to the sink (base station) since all the traffic is coordinated towards
the sink through them. Subsequently their battery gets drained quicker than
other sensor nodes. The load can be adjusted by permitting a portable base
station which gathers node data by moving in the system. Sink portability
improves network, dependability and diminishes crash, conflict and message
misfortune.

ENERGY EFFICIENT HIERARCHICAL BASED ROUTING

Information transmission is the noticeable energy consumer in WSNs. This requests
a requirement for a design where the transmission to a Base Station (BS) is kept as
little as could be expected under the circumstances and that all controls are made
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at node level. Likewise adaptability demonstrates to be notable as number of nodes
develops and the size of system gets expanded. A reasonable methodology is the
various leveled design. Here, the whole system is sorted out into some virtual layers
(groups) and nodes in a similar layer are doled out with a similar job. A portion
of the nodes are chosen as head (CH) of each bunch so as to adequately oversee
assignments among the nodes. Grouping lessens the load on system by using the
connection among the information. At that point this data is totaled, bringing about
increasingly proficient energy utilization. CHs are in charge of social affair and
aggregating the information from nodes lastly transmit it to the BS.

The primary objective of hierarchical based routing protocol is to effectively
keep up the energy consumption of sensor nodes by including them in multi-
bounce correspondence inside a group and by performing information total and
combination so as to diminish the quantity of transmitted messages to the sink and
transmission separation of sensor nodes. Each clustered system is said to have three
attributes: group properties, CH properties and grouping process properties. Bunch
properties incorporate number of groups, group size, inter-cluster and intra- cluster
correspondence. The CHs can be either stationary or mobile, the system can be
homogenous or heterogeneous and the chosen CHs have extensive impact on the
clustering algorithm performance. The clustering algorithms can be either dispersed
or concentrated and every algorithm has a one of a kind CH decision component.
There are a few various hierarchical protocols, for example, LEACH, LEACH-C,
PEGASIS, TEEN, APTEEN, BCDCP, HEED, and so on.

Swarm Intelligence Inspired Energy Efficient Routing Protocols

The Swarm intelligence (SI) (E. Bonabeau, M. Dorigo, G. Theraulaz, 1999) is a
nearly crisp subject that was in the past communicated as “’Each exertion which
plan new techniques or scattered issue-comprehending systems animated by the
agreeable activities of bugs and other creature societies”. The SI framework shapes
a self-governing dispersed framework that can display adaptable, enthusiastic, and
versatile behaviors. The SI systems join other standard structures, for example, Ant
Colony Optimization (ACO) (M. Dorigo, T. Stiitzle (Eds.), 2004) (M. Dorigo, T.
Stiitzle (Eds.) R. Sharma, D.K. Lobiyal, 2015), Particle Swarm Optimization (PSO)
(F.V.D. Bergh, A. Engelbrecht, 2006), Bee Colony organization (C. Ozturk, D.
Karaboga, and B. Gorkemli, 2011), intelligent water drop method, cuckoo search
method (M. Dhivya and M. Sundarambal, 2011), the glow-worm (GSO), Bat
algorithm and schools of fishes (S. Sendra, L. Parra, J. Lloret, and S. Khan, 2015).
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The fundamental procedures of these natural associations have been changed to
plan novel dispersed optimization algorithms for the elaboration of the SI-motivated
directing methods for the sensor systems. The creepy crawly social orders function
as an agreeable unit and basically resolve routing issues. Creepy crawlies decide
and make ways that can be trailed by different bugs to effectively move in reverse
and advances from their province to wellsprings of nourishment. The comparability
among the SI frameworks and routing in sensor systems is exceptionally high. These
organic frameworks can be acknowledged as a scattered adaptable arrangement of
discourteous control bundles that utilization the energy and computational sources to
find the ways in the system or in the environment. Attributable to these similarities
between looking through practices of SI colonies and network routing, a relatively
incredible number of SI-inspired routing protocols have been anticipated for wireless
sensor systems, in recent years.

Swarm Intelligence Nature in Routing Protocols

Maximum of the Sl inspired routing protocols that are created for sensor systems are
enlivened by exercises apparent in ant and, bee colonies. Furthermore, the looking
through examples of the insect colonies have helped a central wellspring of inspiration
to structure an assortment of new routing techniques. The expectation rests in the
point that, all through of looking, the substances of the province commonly explore
the surroundings to decide sources of food of nourishment and, when found them,
they set up courses among the perch and the sources of food. The bugs pursue a
similar course to go and to return, as to effectively move the nourishment back to
the perch (home). Subsequently, the helpful looking through movement contains
scattering investigation, location, setting up, and routine with regards to optimized
routing paths in lively atmospheres. This technique is much like the course setting
up procedure by sensor nodes in the sensor systems. Here, sensor nodes all in all
build up multi-hop routes towards the sink node. The sensors trade the control
bundles, build up courses and after that select an ideal way towards the sink for
information transmission.
The swarm intelligence can be outlined as pursues:

e (an) It is de-centralized together; control is totally appropriated among
various substances.
(b) The communication procedure is totally confined among the elements.
(c) Every one of the substances display comparative conduct without
counseling one another
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Ant Colony Optimization

Ant Colony Optimization based approaches It has been seen that ants store a synthetic
like material (pheromone) while moving over a way. The correspondence between
the ants depends on the measure of pheromones, delivered by the ants. More is the
amount of the pheromone on a way, more it will be trailed by different ants

Bee Colony Optimization

The Bee Colony Optimization (BCO) is another Swarm Intelligence (SI) optimization
method and it depends on wellorganized work business and power exhaustion. It
is a multi-agent spread worldview. In the BCO paradigm, there are three kinds of
honey bees; Queen, drones and Workers. There are three kinds of honey bees in
the workers’ gathering, The nourishment is gathered by the gathering of laborers.
Some are the utilized honey bees that chase for the nourishment and pass on its
data (fitness value) to the onlooker honey bees that select the best quality food. The
scout honey bee look for a crisp nourishment food source. Dancing bees attract the
onlookers bees towards the food source. A fitness value is evaluated for each new
food source and the utilized honey bee recalls the one which has higher fitness value
that is transmitted to the onlooker honey bees.

Particle Swarm Optimization

It is a renowned Sl-inspired technique which is animated by the social deeds of the
species, for example swarm of flying creatures, fish school .The populace based
optimizes a fitness function. It practices the swarm of particles (search point) and
pursue the fitness of each point. Each molecule is connected with some speed that
encourages a molecule to make a trip to a superior position. Singh et al. anticipated
a power mindful PSO enlivened clustering technique. It finds the ideal position (at
focus of mass) for the cluster head. This optimization of the cluster head position
decreases the normal separation of all group individuals to the group head. The
decreased separation helps with lessening the power expended during the transmission.
It considers N particles around the centre of mass and the speed of the particles is
relied upon the lingering power and the amount of sensor nodes close it
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ENERGY EFFICIENT ROUTING PROTOCOLS BASED ON ANT
COLONY OPTIMIZATION FOR WIRELESS SENSOR NETWORKS

Energy Efficient Ant Based Routing (EEABR)

EEABR algorithm proposed by T. Camilo et al, 2006 is an extemporized routing
protocol dependent on Ant Colony Optimization (ACO) metaheuristic. The protocol
was planned with a goal to improve sensor nodes energy by decreasing correspondence
overhead in finding the ways from source to goal. The protocol includes new
functionalities in pheromone tables updation of sensor nodes.

Algorithm

1. In EEABR routing protocol, at normal interim timeframe, from each organize
node, a forward ant is propelled to decide a way from nest to food source. The
identifier of each visited node is spared in memory and conveyed forward
by ant. Each system node has routing table with N passages, one for every
conceivable arrangement, and goal is one of the passage in nodes routing table.

2. Ateachnode, the ant chooses the following jump utilizing the equivalent ACO
metaheuristic probabilistic principle.

3. Whenthe forward antachieves the food goal, itis transmitted back to continuing
ant, whose principle assignment is to refresh the pheromone trail of the way
utilized by forward ant to reach from home to source and furthermore put away
in memory.

4.  The goal node registers the measure of pheromone trail that the ant will drop
during the adventure, before backward ant begins the voyage.

5. When the node, gets the retrogressive ant originating from neighboring node,
it refreshes the routing table.

6.  When the backward ant achieves the home, the genuine way is controlled by
other ants to pursue.

Simulation of EEABR with BABR (Basic Ant Based routing algorithm) and TABR
(Improvised Ant-Based Routing Algorithm) is done on NS-2 test system on
changed parameters like Average Energy, Minimum Energy, Standard Deviation
and Energy
Efficiency and overall EEABR performs much better when contrasted with other
two routing protocols. The main downside of EEABR is absence of QoS and to
some degree delay in bundle conveyance
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Ant Chain Protocol

Ant-Chain, ahierarchical protocol is an energy efficient algorithm for Wireless Sensor

Networks was being created by Ding and Liu in 2005 with essential core interest
towards energy efficiency, maximizing the lifetime of the sensor node and data

integrity. It is fundamentally a centralized algorithm where the obligations of
sensor nodes and the sink nodes are divided relying upon their equipment assets and
relative separations so as to optimize the energy and decrease transmission delays.
Ant-Chain algorithm is helpful in those applications where the sensor nodes area
is realized well ahead of time. Ant Chain has an edge over different algorithms like
LEACH and PEGASIS on the ground of energy efficiency. The downside of this
algorithm is that it is incorporated in nature which thus wipes out the capacity of
strength in it

Ant Aggregation

The advancement of Ant Aggregation was done by Misra and Mandal in 2006 on
the grounds of contention that a multi hop communication model combined with
in-organize accumulation can prompt the decrease in utilization of energy by sensor
nodes and which thusly prompts the system lifetime upgrade. The protocol being
created focuses on the issue of ideal total in multicast tree which is essentially a
NP-difficult issue. It is a hierarchical protocol. The principle goal of this algorithm
was to construct least cost accumulation trees, under which forward ants either
search for way which is most brief to the sink note or for a near to total focuses. In
each node, a forward ant is unicast to the following hop with a specific likelihood
characterized in the protocol. In this way, we can say that Ant Aggregation performs
better as far as energy efficiency when connected to the sensor syatem.

Pheromone Based Energy Aware Directed Diffusion (PEADD)

Pheromone Based Energy Aware Directed Diffusion (PEADD) protocol is an
information driven protocol and is viewed as another variation of Directed Diffusion
and is based on Ant Colony Optimization heuristic. The protocol was created by
Zhu in 2007 to improve the lifetime of sensor organizes by just including high
energy nodes during the time spent information gathering. In this algorithm ants
increment the pheromone on a way relatively to the rest of the energy levels of the
node. Therefore, the ways with bigger remaining energy are expanded and others
are decreased. The degree of pheromone is refreshed remembering the measure
of transmitting information. PEADD uses the general ant based routing as far as
determination and updation of course
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Ant Colony Multicast Trees (ACMT)

Ant Colony Multicast Tress (ACMT) algorithm was proposed by De-min et al in
2008 with the reason to improve the lifetime of sensor arrange by taking energy
consumption into thought. In ACMT calculation, ants find the trees with all goal
nodes. Each node on the tree which has been found is present node. Each step made
by every ant has no other importance of any way than to empower the present tree
to become further. This algorithms returns positive input instrument of basic ant
colony algorithm. The designers of this algorithms have contrasted this and YANG
model and Flooding and have watched critical enhancements as to performance
via simulation

Improvised Ant Colony Routing (IACR)

Improvised Ant Colony Routing (IACR), a progressive convention, was proposed
by Peng et al in 2008 which is basically an improvement over ant colony routing.
The fundamental preferred position of this protocol that it thinks about the usage
of energy by sensor nodes alongside QoS (Quality of Service) parameter.

The algorithm being proposed comprises of two sections:

1. Routing Discovery It is done similarly as in basic ant colony routing protocol..
2. Route Maintenance The routing table is refreshed with the progressions at the
equivalent time when the topology changes.

Adaptive Clustering for Energy Efficient
WSN based on ACO (ACO-C)

ACO-C is an area based, another adaptive clustering energy efficient routing
protocol was actualized by Ziyadi et al in 2009. The routing fundamentally works
on two parameters: Distance minimization between the source node and sink node;
Data Aggregation among all the sensor nodes. The specialist has recreated the
proposed algorithms in MATLAB and has additionally contrasted the outcomes
with LEACH. It was being seen after recreation that ACO-C performs better as far
as energy efficiency yet results are not noteworthy when contrasted with LEACH-C
and PSO-C protocols.
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Energy Efficient ACO Based QoS Routing (EAQR)

This is a Hierarchical protocol and was formed by taking into consideration the
arrangement of sensors in the sensor systems where there is non-consistency in traffic,
thusly differentissues like clog which hampers the performance of the system. In this
way, Jietai et al. in year 2009 proposed Energy Efficient ACO based QoS rputing
protocol dependent on Ant Colony Optimization. The principle parameters on which
this algorithm proposed is concentrated is QoS and adjusting energy consumption
in sensor network. By presenting measurements like least way energy and way
jump check what’s more, by methods for propelling pheromone trail model of the
ant colony system, the algorithm gives different approaches to improve execution
of continuous and normal traffic. The algorithm being proposed by specialists was
effectively reenacted in NS-2 test system and has demonstrated execution upgrades
as far as Average ETE delay, Average ETE delay jitter, Packet delivery ratio.

CONCLUSION

Notwithstanding numerous uses of wireless sensor networks, it is important to
transmit data properly with respect to control usage and system life expectancy just as
restricted assets of such systems. WSNs are intended for explicit applications. Since
radio transmission and gathering devours enormous measure of energy, power is a
significant factor to be examined upon. The restricted energy resources of sensors
makes energy efficiency one of the significant difficulties in the structure of WSNs.
Protocols structured should point in keeping sensors alive for extensive stretch in
order to satisfy the application necessities. The most huge trouble in such systems
is directing and moving information to the goal node in consistence with the energy
issue. Thusly, energy-efficient routing protocols have critical and compelling jobs in
wireless sensor systems. They are isolated into three noteworthy groups dependent on
information, network structure and reliability. In this examination, energy-efficient
routing protocols were researched in WSN. At that point the basic arrangements
were presented and related parameters of relating protocols were contrasted with
one another. In spite of the way that these protocols are performing admirably as far
as energy protection however issues like quality of service (QoS) would be relied
upon to deliver to guarantee use of most energy capable path for information move
and moreover guaranteeing ensured information move rate or deferral. Hierarchical
architecture approach is the best to give adaptability alongside an all-inclusive system
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lifetime. Sensors without energy can never again achieve its job except if source of
energy is renewed. Wireless sensors that are powered by ambient energy harvesting
is a promising innovation for some detecting applications. Another intriguing issue
with regards to routing is that most of the present routing shows acknowledge that
the sensor center points and the sink is stationary. In conditions, for instance, on
the combat zone where the sink and possibly the sensors ought to be flexible. In
such cases, new routing systems are required remembering the ultimate objective to
manage the overhead of movability and topology changes in such power compelled
conditions.
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A Study on Energy-Efficient Wireless Sensor Network Protocols
INTRODUCTION

Wireless sensor networks have potential to monitor environments for both military
and civil applications (Iyengar et.al.(1995), Pottie et. A1(2000),Khan et. A1.(1999),
Akyildiz et.al.(2005)). WSN are also known as motes which has got sensing ability.
Normally they exist in group for communicating sensor nodes which works in a
co-operative and coordinating manner to collect data from physical world as of
their respective communication protocols (Fazlic et.al(2019)). Every node present
in WSN has processing capability, RF transceiver, power source apart from sensing
and actuating units (Khan et. Al.,1999). The processed data will be forwarded to
sink (destination node) using single or multiple routes (Mao et.al, (2013), Ramson
et.al.,(2017)).

There are several constraints in WSN among which the major concern of interest
factor in WSN is energy efficient routing since sensor life time is limited as they
dependent on batteries. In sensor network, a wireless media is used to link nodes
for communication purpose. The commonly used transmission media are briefed
in table 1.

In this paper, a broad categorization of energy-aware routing algorithms is done.
Design issues and routing protocol objectives are discussed in section 2 followed
by broad categorization of routing protocols in section 3. Section 4 covers detailed
study of heuristic approach for energy efficient routing algorithms. Section 5 covers
detailed study of meta heuristic approach for energy efficient routing algorithms.
The rest of this paper included as follows. In section 2 a brief review of energy
efficient algorithmis considered. The classification of routing algorithmis described
in section 3. Evaluation parameters are described in section 4. In section 5, a brief
review of various simulators is presented. Lastly, in section 6 a brief conclusion
and enhancement is described.

Energy-Efficient WSN Routing

Routing is a process of discovering an effective and efficient transmission path
between nodes. The routing table may be built to store routing information for route
maintenance or for future communications. Because the major concern is limited
energy there is a demand for energy efficient routing algorithms. The various design
issues of routing algorithms are briefed below.
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Table 1. Transmission media for sensors

Transmission pata Network
Name Standard Bandwidth rates . Advantages Devices Application
range as (m) size
(Mbps)
Wi-Fi IEEES02.11 2.4GHz 100 1 32 Flexibility Laptops, | Internet access,
speed consoles web, email
WiMax IEEES02.29 220MHz 50 3040 | 54Mbps | Longrange PC Broadeast
peripherals connections
. Real time
WiMedia | IEEE802.153 300GHz 10 11-15 245 High data Speaker, multimedia
rates printers -
streaming
Mobile
phones, Cable
Bluetooth IEEES802.15.1 915MHz 100-50 3-4 7 Low cost
mouse, replacement
keyboards
Embedded Low power
Zigbee IEEES02.15.4 2.4GHz 100 100 65000 Reliability sensors devices
communication
Bluetooth Low cost and mouse Low power
low BLE 2.4GHZ 50 10 15 power, more ¥ devices
. keyboards L
energy reliable communication
. IEEE802.11, Upto Home .
Z-wave 802.15, 802.16 900GHz 10-30 100 232 Lower power devices Low cost
Network
Not will be Motion Low cost
Insteon X-10 915MHz Upto 25 1.2-180 limited made up of Embedded and power
independent devices requirements
devices
More Mover coverage
Cellular IMT-2000 1900MHz 35Km 35 Not coverage, Mobile arca with more
118gbs limited high data phones
rates data rates

Design Issues of Routing Protocol
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Energy Resource: The limited available in sensors has to be judiciously
used in an efficient manner without compromising on accurate and timely
transmission of data using appropriate routing algorithms.

Dynamic Network Topology: Network topology can be designed either
predefined or on using random strategy.

Network Size: Number of nodes defines the network size which may vary on
time basis.

Data heterogeneity: Based on the type of data to be sensed, data sensors can
be either Homogeneous or heterogeneous.

Node Failure: There may be failure of one or more nodes either because of
limited energy or harsh environment. The consequences of node failure are
reflected in the form of packet loss and overall reduction in network energy
to reconstruct new path for sending the lost packet.
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10.

11.

Node Mobility: The node in the WSN can be either mobile or fixed.
Communication Overhead: In WSN, communication happens among the
nodes as well as between the nodes and the Base station (BS).

Node Density: The high-density featured sensor nodes deployment is required
to observe physical phenomena in detail. The routing protocol should support
in-network combination of the information from a large number of nodes
consuming less amount of energy.

Life Time: Sensors will normally be deployed in areas unreachable to humans
and cannot be monitored physically or replaced frequently hence energy of
sensors to be utilized in an intelligent manner to prolong network lifetime. So,
it is very much required to prolong the life time of sensors while carrying out
its necessary operations.

Addressing: Since IP based addressing cannot be used in sensors, local nodes
identification can be included with in network.

Application: Itis very important to know type of application for which routing
protocol is being designed. Moreover, event location is not fixed since it is
directly related to the event and so new routes should be generated for each
event.

Routing Protocols Objectives

Some of objectives of routing protocols are:

Data Assurance: The message delivery ratio is one of the measures for data
assurance.

Quality of Service: It demands accurate and in time delivery of data.
Optimality: The routing algorithms have to optimise in terms of throughput
and minimizing mean packet delay. Here there is a tradeoff and one has to
choose depending on his suitability.

Load Balancing and Network Lifetime: To conserve energy as well as for
accurate data delivery(avoiding flooding) data fusion can be adopted.
Differentiated Services: Sensors can be heterogeneous based on applications

Classification of Routing Protocols

A routing process is needed to select the best path(s) from the source node to the
destination node. Routing may also be designed and optimized to support some
specific requirements of applications and networks. These requirements include
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energy and bandwidth efficiency, quality of service, scalability, ad hoc support,
throughput, mobility and reliability. This will cause wide variation in requirements,
which cannotbe fulfilled by a single routing protocol. Correspondingly, many different
protocols are found, which have been designed to fit some specific requirements. A
broad classification of energy efficient algorithm is presented in figure 1.

In general, routing in WSNs can be divided into heuristic and meta-heuristic
algorithms based onrouting procedures applied on WSN. Further heuristic algorithms
are classified according to design consideration for routing as follows architecture,
communication model, data delivery, path establishment, network operation,
network structure and performance. Routing path will be designed applying fuzzy
logic, swarm intelligence, immune system, genetic algorithm techniques, and neural
networks in meta-heuristic algorithms.

Figure 1. Broad classification of routing algorithm
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WSN HEURISTIC ROUTING ALGORITHMS
Architecture Based Routing

Architecture based routing can be categorized under two categories: node-centric and
information —centric approach. The major difference between the two approaches is
that, node based approach provides node’s identity in addition to data transmission
whereas; information centric mainly concentrates on data transmission.

Node-Centric Approach: The majordesign concern of this routing communication
is totally based on IP address of nodes. The routing process will be initiated or
continued until the source and destination will know their corresponding address
else they will not be able set any type communication links. Once the addresses are
set there is a normal transmission of messages between them (Suhonen et.al,2007).

Message queue telemetry transport (MQTT) (Ephremides et.al, 1987) uses TCP
for communicating messages by considering QOS parameters. Publish-subscribe
architecture is applied in MQTT controlled by the broker which maintains routes
between them even when they are not active. Publishers are initiator of information
and then forwards to subscriber. Comparatively, Constrained Application Protocol
(CoAP)(Lin et.al, 1987) has less overhead as it is designed applying UDP protocol
and hence, it is widely accepted for WSN applications. Its architecture is based
on representational state transfer, which has capability to operate on HTTP. The
information can be retrieved as URIs. To operative modes are supported: request
response and resource observe. In first method client will forward request to server
and in turn server response to it. In later type, request is made to observed objects in
URISs’. The chance of interference is more and network reliability is less. A variant of
CoAP is implemented in (XU et.al, 2002) applying multicast technique to transmit
messages. But it still does not guarantee message is transmitted to intended node.
The algorithms still suffers from reliability and scalability problem. The cost of
maintaining message using multicast technique is more and demands adoption of
improved technique (Locke et.al, 2018). The energy efficiency for WSN provided is
not sufficient and can be improved by applying better strategies other than traditional
techniques. The method can be improved by applying decentralized method rather
than centralized method depending on server (Bormann et.al, 2018).

Information-Centric Approach
This approach of architecture is based on information and it does not keep track of

nodes address. The node which needs information post request in network. When
the information is found then node will connect and accept information through
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transmission. Nodes which encounter the information will maintain a copy in its
cache hence, in future if any nearest nodes request for same information then, it
will be forwarded to the requested node in minimum time without creating traffic
imbalance (Rahaman et.al, 2018).

The Direct Diffusion [DD](Bormann et.al,2018) protocol is a traditional routing
algorithm for sensor network. The sensor nodes broadcast the interest messages
(demand for particular kind of data) to whole network. If a node has interest message
it will forwards message to the requested node via neighbor node using multiple
paths. The data can reach by multiple paths to sink in reverse direct of interest. DD
use reinforcement to ensure optimal route between source and sink. Then, sink
according to its local rules will set one node as neighbor based on higher data rate.
Sink nodes guaranteed route reliability by monitoring multiple paths. The protocol
can be improved by reducing data flooding in both the directions.

The protocol for PCs’ are designed for content centric network (Rahaman et.al,
2018). Since, this proposed protocol is not suitable for WSN, it is redefined to cope
with standards of Zigbee (Ishaq et.al, 2016). Further to eliminate data flooding
problem a new information centric routing protocol (Hui et.al, 2018) was proposed
with data aggregation to minimize energy with in network. The routing is based
on objective function consisting of data messages of different types in different
paths. The nodes execute objective function to select relay nodes for every traffic
contents. Initially node will broadcasts message informing outgoing traffic content
types, corresponding traffic volume and candidate selection criteria. The indented
candidate nodes respond with message containing node ID and estimated life time
if they are chosen to forward the data. The nodes will rank candidates applying
objective function and then assign a relay node to corresponding traffic. Further
nodes maintain a different routing entry for each piece of content. Aggregation of
information avoids’ transmission of redundant data and hence prolong network life
span.

Communication Model

Communication based routing algorithms are classified as source-initiated and
destination-initiated protocols.

Source-Initiated Protocols: Route discovery from source to destination is
initiated by source. Dynamic Source Routing (DSR) is an Ad Hoc routing protocol
which is based on the theory of source-based routing rather than table-based. This
protocol is source-initiated rather than hop-by-hop. Basically, DSR protocol does
not need any existing network infrastructure or administration and this allows the
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Network to be completely self-organizing and self-configuring. This Protocol is
composed of two essential parts of route discovery and route maintenance. Every
node maintains a cache to store recently discovered paths. When a node desires to
send a packet to some node, it first checks its entry in the cache. If it is there, then it
uses that path to transmit the packet and also attach its source address on the packet.
If it is not there in the cache or the entry in cache is expired (because of long time
idle), the sender broadcasts a route request packet to all of its neighbors asking for
a path to the destination. The sender will be waiting till the route is discovered.
During waiting time, the sender can perform other tasks such as sending/forwarding
other packets. As the route request packet arrives to any of the nodes, they check
from their neighbor or from their caches whether the destination asked is known
or unknown. If route information is known, they send back a route reply packet to
the destination otherwise they broadcast the same route request packet. When the
route is discovered, the required packets will be transmitted by the sender on the
discovered route. One of the main benefit of DSR protocol is that there is no need to
keep routing table so as to route a given data packet as the entire route is contained
in the packet header. The limitations of DSR protocol is that this is not scalable to
large networks and even requires significantly more processing resources than most
other protocols. In order to obtain the routing information the time consumption is
more (Ren et.al, 2013).

Destination-Initiated Protocols: Route discovery from destination to source is
initiated by destination. During setup phase, BS being a destination initiates process
of route. The BS will discover the best route keeping track of various parameters
like reliability, energy usage, bandwidth and others. The cost decreases, the node
redirects its gradient and transmits the route advertisement (RADV) with updated
costs to its neighbors. If the route advertisement contains a sink/interest pair that is
previously unknown, the node sends an interest request (IREQ). The IREQ is replied
to with an interest advertisement (IADV), which contains the application-specific
description of interests, such as the type of data and collection interval. Each node
in the network broadcasts its RADV periodically or when a route cost changes
significantly in order to maintain routing and interest information (Locke et.al, 2012).

Data Delivery Based Routing Algorithms

This can be broadly classified under two types: single v/s multiple paths.

Single Path: The BS will communicate to each sensor directly on static or
dynamically formed routes, if it needs to get any information likewise sensor nodes
will communicate directly with BS. It improves the performance (better throughput,
faster routing, enhanced load distribution, support for QoS, and reliability)(Jin
et.al, 2016).
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Shortest-Path Distance Algorithm: This technique is based on finding the
shortest path having shortest distance between source node and sink node in WSN in
a single direct communication link. Dijkstra’s algorithm is used to find the shortest
single path between sink and source node (cali et.al, 2015).

Shortest-Path Hop Algorithm

Destination sourced distance vector (DSDV) finds the path with minimum hop-
count between a given source node and the sink node in WSN (clause et.al, 2001,
Perkins et.al,2002). The authors in DSDV Routing Protocol in Ad-Hoc Wireless
Sensor DRPAWSN] (Dijkstra,1959) consider DSDV algorithms for end-to-end
communication transmission construction, avoiding multiple path or multi hop
with in network. An application of DSDV in energy efficient WSN is presented for
application areas like MANETS, small scale wireless applications based on zigbee
and tracking applications (Ouafaa, 2005). The DSDV [23] algorithm is designed
using table driven routing scheme for WSN using Bellman-Ford algorithm where
each node will act as a router to forward data and as well maintain route information
in table even when the network is idle. The breadth-first search (BFS) algorithm is
applied to implement the routing protocol (Perkins et.al, 1999, Ghawy et.al,2005)
to determine energy efficient path between nodes for communication.

Multi Path: In contrast to single path, multi path is established between nodes
to communicate among nodes more than one route and hence helps in reliability
and guaranteed delivery of message. Bee-sensor (Ouafaa et.al, 2005) works with
design principles of multi path algorithm. It imitates the behavior of swarm of bees.
The routing process works in three phases. Clusters are formed in first phase: it
involves connecting surrounding nodes to form a group. Followed by identification
of multi-path routes using residual energy of nodes in the second phase and data is
transmitted in the third phase once the path is set.

Highly-resilient Energy-Efficient Multipath Routing in Wireless Sensor Networks
(HEMR) constructs multiple partially disjoint paths and also provides fault tolerance.
Two path reinforcement messages are used for path construction. The first path
identified is considered as primary path and next identified path as alternate path
reinforcement. If primary path goes down then, messages are forwarded on alternate
path to reach source node. The same computation is done on all nodes until sink
node is reached. The routing algorithm is reliable at the cost of energy and space
(Shi et.al,2012).

An Energy-Efficient Multipath Routing Protocol for Wireless Sensor Networks
(EEMR) designed for WSN for efficient routing protocol. Itis a distributed, localized
and expandable multi path routing algorithm to distribute traffic over multiple paths
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by load balancing algorithm is applied. The route setup initiation will be done when
any node identifies events. The sink can send multiple route requests at a time for its
neighbor identification and adopts the one which consumes minimum time within
the paths identified in the set time and the rest identified paths are discarded. Data
transmission is guaranteed at the cost of time and energy (Prasan et.al, 2012).

Maximally Radio-Disjoint Multipath Routing for Wireless Multimedia Sensor
Networks (MRMRW) is architectural based routing protocol for WSN. This
(Eslaminejadet.al, 2011) protocol constructs multiple paths and applied to multimedia
based applications. Adaptive incremental method is used to construct minimum
interfering paths of shortest path. The protocol avoids the situation of congestion or
bandwidth shortage by identifying additional routes in such situations. The avoiding
of interference of messages is avoided by sending some nodes to sleep mode where
nodes activities are completely stopped.

Interference-Aware Multipath Routing Protocol for QoS Improvement in
Event-Driven Wireless Sensor Networks (IMRQI) is designed to minimize energy
consumption and overlapping. All sensors location information is considered for
construction of two collision free paths between source and sink. Based on concept
of overhearing routes are constructed for each communication link (LU et.al, 2007).

Low Interference Energy-efficient Multipath Routing (LIEMRO)(Ganeshan
et.al,2001): LIEMRO concentrates on QOS parameters in construction of multiple
communication paths within a network. The node disjoint mechanism is applied
in identifying route and load balancing is operated with in network to distribute
traffic. Cost is assigned for each link based on Expected transmission count metric.
It broadcast’s the control packets to its neighbors; during path identification to sink
using residual energy metric. The route formation initiation will be done when event
occur. The route setup phase will be started by source node to sink. Data with lower
energy rates will be preferably transmitted over link having low residual energy to
save energy of nodes. The major identifiable problems are it will not consider service
rate and storage capacity of nodes to adjust or to predict traffic rates.

Multipath Routing with Novel Packet Scheduling Approach (MRNPS) designed
for Wireless Sensor Networks to route packets in ordered way. This routing technique
is based on constructing multiple paths between nodes to increase reliability and
use scheduling policy to transmit data. Each node maintains five queues; two for
incoming and three for outgoing transmission of data. Each node in a network
will actively participate in transmission of packet by assigning priority to packet,
scheduling it in appropriate queue and forwarding them when they need to be based
on scheduling policy based on priority rule to next nodes. The load with in network
can be regulated by tuning queue length. The algorithm is complex in maintaining
queues which may lead to transmission delay and failure detection is not employed
(Lu et.al,2007, Mimour, 2009).
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Greedy Perimeter Stateless Routing (GPSR): The GPSR routing uses positions
of node and destination to make forwarding decisions. It uses greedy forwarding
technique to route packets. The nodes which receives packet will simply forward it
to its next nearer neighbors. The algorithm does not require any storage. The major
shortfall is that nodes path are create only when any neighbor goes down (Wang
et.al, 2009).

Two-Phase geographical Greedy Forwarding (TPGF) is a routing protocol which
constructs route based on multiple node disjoint paths. The identification of path
for transmission is done by applying greedy techniques. The links are static for
communication and forward packets to nodes under consent. The protocol does not
support dynamic routing (Radi et.al, 2013).

On-demand geographic routing: The routing algorithm constructs path for
communication between source node and sink. The source enables route establishment
by identifying two paths without designing any routing message only based on
location of nodes. The rectangular zones are constructed between source and sink
which is fixed until few nodes are dead. The length of transmission range is twice
the distance between nodes and builds multiple communication path between them.
The identified routes will be non—interfering from one to another (Couto et.al, 2003).

Non-Interfering Multipath Geographic Routing (NIMGR): The protocol generates
two deviation angles from source node to sink. The paths are identified in such a
way that they are non-interfering and non proximal to one another. It considers lines
which are twice radial from source to sink pairs. In this technique transmission
delay is less. But it does not consider all nodes energy for identification of paths
(Cherian et.al, 2007).

Node-disjoint multipath routing with zoning [NDMR]: The author has concentrated
toimprove routing algorithm with path efficiency. The two-hop neighbor information
is stored in every node and network area is divided into zones between sources to
sink. Multiple disjoint paths are identified between every node to sink. Likewise,
two routes are maintained in network one within zone communication considered
as local and another across as global communication. The algorithm works well in
uniform distributed network. Protocol requires more memory and more chances of
interference among communicating nodes (Karp et.al, 2000).

Ad hoc on-demand multipath distance vector [AOMDV]: The routing protocol
builds multiple paths for transmission of packets from source to sink through
guarantee loop free and disjointness of alternateness. Routes identification do not
demand location of nodes and neglects coupling problem (Shu et.al,2008).

The comparison of data delivery(single and multi path) based heuristic WSN
routing is summarized in Table 2.
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Path Establishment Based Routing Algorithms

Path establishment mainly deals with route formation either on-demand or on
regular or both.

Proactive Model: The design of this model mainly concentrates on forming path
in a proactive manner or when need reactively. Routing information is collected
database in routing tables; the information is used to build a routing path. It works
efficiently if network is best suitable for flooding. Here all the nodes present in
networks will forward Hello message initially and get know the neighbors of them
in network. Each node maintains information in table structure for future use.
The existing nodes can make use of the next node transmit (Yi et.al, 2009). Few
architectural models uses cross layer solution to delay the replay to route request
based on energy levels, which balances the nodes energy with in network [42]. This
protocol optimizes present status of the link by classical mechanisms and use concept
of multipoint relays if required. It is favorable for traffic patterns with more number
of communicating sub nodes. AODV algorithm is best example for it.

Optimized Link State Routing (OLSR): It is a proactive routing protocol where
the routes are always available when needed. OLSR is an optimized version of a pure
link state protocol. The topological changes cause the flooding of the topological
information to all available hosts in the network. To reduce the possible overhead in
the network protocol multipoint relays (MPR) are used. Reducing the time interval
for the control messages transmission brings more reactivity to the topological
changes (Voigt et.al, 2010). OLSR uses two kinds of the control messages namely
hello and topology control. Hello messages are used for finding the information
about the link status and the host’s neighbours. Topology control messages are used
for broadcasting information about its own advertised neighbours, which includes
at least the MPR selector list (Fu et.al,2009).

Reactive Model: This design technique mainly concentrates on path establishment
in on-demand when required as it node need to communicate on a real time based.
It starts discovering a new link establishment when it is required by a source node
for transmitting data packets. Normally, model involves two operations: route
discovery and route maintenance. The first operation is used when route needed to be
discovered, it uses 3 message route requests, route replay or route error. Depending
on the requirement node can sent a request to setup a route to any specific node
or can replay for a request sent or if any node identifies link error or some other
catastrophic errors it uses route error message to inform to other nodes.

Adhoc On-demand Distance Vector (AODV): This protocol performs route
discovery using control messages route request (RREQ) and route reply (RREP)
whenever a node wishes to send packets to destination. When source node receives
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the route error (RERR) message, it can reinitiate route. Neighbourhood information is
obtained from broadcasted hello packets. It is a flat routing protocol which does not
need any central administrative system to handle the routing process. AODV tends
to reduce the control traffic messages overhead at the cost of increased latency in
finding new routes. The AODV protocol is a loop free and uses sequence numbers
to avoid the infinity counting problem which is typical to the classical distance
vector routing protocols (Xue et.al, 2006).

Location Aided Routing (LAR): Location aided routing (Hanke, 2007), is an
enhancement to flooding algorithms to reduce flooding overhead. Most on-demand
methods, including DSR and AODYV use flooding to obtain a route to the destination.
LAR aims to reduce the overhead to send the route requests only into a specific area,
which is likely to contain the destination. For this purpose the notions of expected
zone and request zone are introduced. The expected zone covers the area in which
the destination is expected. Since the expected zone need not contain the source
node, a larger area must be covered by flooding. This expanded expected zone is
called request zone and is used to restrict the flooding; i.e. only nodes that are part
of the request zone can forward a route request. On unsuccessful route discoveries,
the request zone may need to be expanded further, possibly covering the whole
network. Such subsequent route requests increase the initial latency for connections.
This results in a tradeoff between reduced overhead and increased latency which
needs to be balanced carefully.

Dynamic Source Routing (DSR): In dynamic source routing, source node floods
a route request to all nodes which are in the wireless transmission range. Source
routing protocol is composed of two main mechanisms to allow the discovery and
maintenance of source routes in the ad hoc networks. In route discovery mechanism
wireless node floods aroute request to all nodes which are in the wireless transmission
range. The initiator (source) and target (destination) of the route discovery is
identified by each route request packet. The source node also provides a unique
request identification number in its route request packet. For responding to the route
request, the target node generally scans its own route cache for a route before sending
the route reply toward the initiator node. However, if no suitable route is found,
target will execute its own route discovery mechanism in order to reach toward the
initiator (Heinzelman et.al 2000). The route maintenance mechanism is used when
the source node is unable to use its current route to the destination due to changes
in the network topology. In such case, the source has to use any other route to the
destination. In order to discover new route can identified by calling request once
again. A routing entry in DSR contains all the intermediate nodes of the route rather
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than just the next hop information. A source puts the entire routing path in the data
packet and the packet is sent through the intermediate nodes specified in the path.
If the source does not have a routing path to the destination, then it performs a
route discovery by flooding the network with a route request (RREQ) packet. Any
node that has a path to the destination in question can reply to the RREQ packet by
sending a route reply (RREP) packet. The reply is sent using the route recorded in
the RREQ packet. The advantages of this routing are to provide multiple routes and
avoid loop formation where as disadvantages are large end-to-end delay, scalability
problems caused by flooding and source routing mechanisms.

Hybrid Model: This design technique combines merits of above mentioned
methods. It involves reactive and proactive routing models in the existing network. It
is suited when size of network is large and of heterogeneous so, that network can be
grouped as inter and intra clusters. In such structures depending on requirement can
go on either proactive or reactive. Intra clusters do not require frequent changes in
communication can use proactive mean while inter communication can be designed
using reactive form communication with the active node in communicating cluster.
It may also use border-cast resolution protocol to identify itself between on cluster
to another (Intanagonwiwat et.al, 2000).

Zone Routing Protocol (ZRP): Proactive routing uses excess bandwidth to maintain
routing information, while reactive routing involves long route request delays.
Reactive routing also inefficiently floods the entire network for route determination.
The zone routing protocol (ZRP) (Intanagonwiwat et.al, 2000) aims to address
the problems by combining the best properties of both the proactive and reactive
approaches. In ad-hoc network, it can be assumed that the largest part of the traffic
is directed to nearby nodes. Therefore, ZRP reduces the proactive scope to a zone
centered on each node. In a limited zone, the maintenance of routing information
is easier. Further, the amount of routing information never used is minimized. In
ZRP each node is assumed to maintain routing information only for those nodes
that are within its routing zone. Because the updates are only propagated locally,
the amount of update traffic required to maintain a routing zone does not depend
on the total number of network nodes. A node learns its zone through a proactive
scheme Intra zone Routing Protocol (IARP). For nodes outside the routing zone,
Inter zone Routing Protocol (IERP) is responsible for reactively discovering routes
to destinations located beyond a node’s routing zone. The IERP is distinguished
from standard flooding-based query/response protocols by exploiting the structure
of the routing zone. The routing zones increase the probability that a node can
respond positively to a route query. This is beneficial for traffic that is destined for
geographically close nodes (Kumar et.al, 2014).
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Network Structure Based Algorithms

Network structure based algorithms can be grouped into Flat, Hierarchical and
location based algorithms. In flat network structure data from source to destination
is forwarded by establishing a path, where in each node in the path finds the next
neighbor nodes to reach sink. Hierarchical network structure works in two phases:
(i) cluster formation and cluster-head selection (ii) data transmission from CH’s to
sink or chain of CH’s to sink. Location based architecture uses position and location
information of the nodes to provide higher scalability and efficiency.

Flat Network

In flat networks architecture routes are formed through broadcasting of information
by nodes to get it updates. The techniques used for data transfer are: flooding,
forwarding and data centric based routing. All nodes in network are considered
equal and have equal opportunity in gathering information. The sensor nodes have
same capacity in terms of energy and computing and they have same tasks to play
in sensing. The broadcasting becomes inefficient if the size of network grows.
Considering network dimensions normally flat architecture is suitable for small sized
network. Few examples protocols designed with SEER uses this architecture, where
initially network information are built and stored in routing tables. It includes the
all basic information of network maintenance including energy level of near nodes,
hop count and other parameters (Devika et.al, 2015).

Flooding: In flooding (Miao et.al, 2010) nodes which receives packet will
broadcast it to their neighbors. The same operations will be carried by received
nodes until maximum hops count is reached or packet reaches its destination. In
flooding routing design [figure 2] packets are forwarded to the neighbors without
checking if it has received the same packet from other neighbors which leads to
uncontrolled flooding. The major problems in flooding are raise in packet overhead,
delay in transmission and cross hearing. Improvement of uncontrolled flooding is
gossiping where packet is transmitted to choose one neighbor at random.

Sensor Protocols for Information via Negotiation [SPIN]: SPIN which is another
best example for controlled flooding. It is information-centric, source-initiated
protocol. The communication is based on negotiation between communication
nodes. The advertisement message will be sent when new nodes joins a network.
The nodes which require any message will sent a request through broadcast, the
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Figure 2. Flooding protocol scenario

nodes which are nearby to the requested nodes will send the required information.
Flooding throughout the network will be avoided as most of the time information
is send from the neighbor (Devika et.al, 2015)as in figure 3. The problem with this
routing technique is that data delivery is not guaranteed and it is not suitable for
reliable data transmission applications.

Directdiffusionis also an information-centric with information storage in network.
The complete information of network structure will be known to each node. The
node with interest connects to another node if it finds required information storage
in it. Normally information will be set from the initiator. The messages are reduced
in the network as only packets related to interest will be send which reduce size and
number leading in energy efficiency (Devika et.al, 2015). This algorithm includes
elements: interest, data, gradient and reinforcement. The packet of interest will be
broadcasted by sink; the nodes will set a gradient of interest for its neighbor and

Figure 3. SPIN scenario
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Figure4. (a) Broadcasting interest (b) Establishment of gradients (c) Data propagation
(d) Selecting and reinforcing path e- Transmitting data

store the same in its cache. Then based on event packet will be sent to sink. This
process is repeated by each node receiving data packet. The sink will reinforces
path to received exploratory packets. The main demerits of DD routing algorithm
are more overhead in matching queries, need for memory and applications which
requires continuous data. The DD operations are shown in figure 4.

Rumor Routing (RR) (KO et.al, 1998): Once the sink identifies the occurrence
of event in a network it will add the event to the corresponding nodes local table as
well as create an agent which acts as an intermediate between sink and node with
an event. The source node will make a decision to forward data based on signal
strength of the queries received from its neighbors. The major problems occurs
when information from event sensed node [source] cannot reach sink when if any
link goes down in particular the agent.

Gradient-Based Routing (GBR): This routing algorithm is an enhancement
applied to DD. The hops are not limited in networks that are diffused. The objective
of GBR is to determine shortest path to reach sink node. The node will determine a
parameter height, which s difference between nodes height and its neighbor. A traffic

Figure 5. Rumor routing scenario
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Figure 6. Cluster formations in Leach
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spreading techniques is introduced to maintain traffic inside network. This routing
is suitable to deliver messages in point to point and not for broadcasting. The route
cannot be decided if paths are overused. The nodes which are nearer to sink will
lose energy more compared to others as they are overused (Abramson et.al, 1970).

Constrained Anisotropic Diffusion routing protocol (CADR): It is an extended
form of DD. The main aim is to reduce latency and bandwidth. The information
communication is considered to route query to neighbor. The routing is based on
greedy search to make local decision. The decision can be in 3 modes: highest
objective function, steepest gradient and local gradient. This routing technique
minimizes energy usage in determining routes and maximizes data gain by having
irregular walk with some steps. The data and queries (in terms of size and format)
are not specifically defined between nodes and sink which is the major problem
(Ehsan et.al, 2012).

Cougar: This routing technique is suitable for distributed system as it considers
network as a distributed database system. The query system is introduced in
between sensors and application network. This layer of query utilizes abstract
query processing and in-network data aggregation. The nodes will identify a leader
to send aggregated data to sink. The sink will specify query by generating query
plans about necessary dataflow and in-network computation for incoming query
for relevant nodes. Energy saving is done especially if generated data is more and
provides data query with network layer independent methods. Additional memory
storage and energy is required for query processing. Synchronization has to exist
between all nodes (Devika et.al, 2015)
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Figure 7. Cluster formations in HEED
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Active Query Forwarding in Sensor Networks (ACQUIRE): The routing technique
is similar to COUGAR in querying sensor for distributed network. The queries are
considered as an active entity. They are forwarded through network to find solution.
Look — ahead parameter are considered to resolve query. The energy efficiency can
be controlled by varying parameter by limiting number of hops in querying process.
Identification of shortest path is done at the cost of energy consumption (Devika
et.al, 2016).

Hierarchical Approach

In this model nodes communication can be established as cluster or chain or tree
structure for larger sensor networks. The network is divided into several groups or
clusters which are organizational component of network. This is efficient way of
transferring data packets in the network. The clusters designated as group leader
namely cluster head; it will be responsible for co ordination between nodes under
its responsibility. Normally it includes data aggregation and /or compression of
data collected to communicate further to sink. This process will allow reduction
of data to be transmitted and hence are considered as energy efficient algorithms
when compared to flat approach.

LEACH (Low-Energy Adaptive Clustering Hierarchy) is a hierarchical, cluster
based protocol that utilises randomised rotation of local CHs to evenly distribute
the energy load among sensor nodes in the network (Devika et.al, 2015). It involves
two phase operation; data aggregation at cluster level followed by transmission of
aggregated data from each CH to sink. Variants of LEACH have been proposed
which varies based on cluster formation, cluster head selection process and data
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aggregation methods by many researchers. Authors have carried out a brief survey
of LEACH and its variants [46]. In addition, authors have proposed an improved
version of LEACH, VLEACH and MODLEACH for selection of CH (Miao et.al,
2010). The authors have also carried out survey on LEACH and Power-Efficient
Gathering in Sensor Information Systems (PEGASIS) descendents based on
evolutionary algorithms (Devika et.al, 2015).

Hybrid Energy-Efficient Distributed Clustering (HEED) is a multi-hop clustering
algorithm which focuses on efficient clustering by proper selection of CHs based on
the physical distance of all competing nodes to BS. CHs are determined based on two
important parameters. The residual energy of each node is used to probabilistically
choose the initial set of CHs, and intra-cluster communication cost is used by nodes
to determine the cluster to join (Gandotra, 2019).

PEGASIS (Landsey et.al, 2003) is a data-gathering and near-optimal chain-based
algorithm. The concept of energy conservation is included with nodes by creation
of a chain structure comprising all nodes and continually data aggregation across
the chain, but not directly by forming clusters. In this protocol, only one node in any
given transmission time-frame allotted by BS will send the data to BS by forming
a chain from source to BS. Data-fusion occurs at every node in the sensor network
allowing for all relevant information to permeate across the network. In order to
increase network lifetime, nodes need only to communicate with their closest
neighbours, and they take turns in communicating with the BS. The chain formation
of nodes is shown in Figure 8.

Threshold Sensitive Energy-Efficient Sensor Network (TEEN) (Manjeshwar
et.al, 2001, Li et.al, 2012)a routing protocol for enhanced energy efficiency for
WSN, is proposed. It is implemented for reactive network. In protocol, the overall
performance depends on a simple temperature sensing applications. Each node
within a cluster takes turns to become a CH for a time interval called cluster period.
APTEEN scheme is proposed to handle both proactive and reactive kind of application
as an improvement over TEEN [63]. The cluster-formation phase is the same as in
LEACH. The changes are made in steady phase. In A hybrid Protocol for Threshold
Sensitive Energy-Efficient Sensor Network(APTEEN), after deciding CH in each
period the CH first broadcasts parameters like attributes, threshold, and schedule

Figure 8. Chain based data transmission approach in PEGASIS
CO—Cl—>C2«—C3«cC4
BS

178



A Study on Energy-Efficient Wireless Sensor Network Protocols

and count time. Literally, both TEEN and APTEEN have the same drawbacks of
additional burdens and complexity of cluster construction and tracking at different
levels using time control. The communication slots for APTEEN between CH to
BS are shown in figure 9.

EECS isaclustering algorithm developed by extending LEACH known as Energy-
Efficient Clustering Scheme (EECS) (Ding et.al, 2015), in which the candidates
compete among themselves to be getting selected as a CH. If a given node does not
find a node with more residual energy, then it becomes a CH. EECS extends LEACH
algorithm by dynamic sizing of clusters based on cluster distance from the BS.

The authors in DWEHC (Neamatollahi et.al, 2011) have designed distributed
weight based energy- efficient hierarchical clustering to attain better cluster sized
minimum energy consumable network. The weight of an element in sensor is
computed on energy reserved and proximity of neighbors. The node consisting of
largest weight will be chosen as CH and other near nodes as members of clusters.
Depending on size of network either singe hop or multi hop clustering transmission
routes are built. The algorithm is energy efficientis network size is less but complexity
and energy consumption be higher with larger sized network.

Another distributed clustering hybrid algorithm proposed is hybrid clustering
approach (HCA) (Wang et.al, 2007). The clusters are formed on dynamic basics
when energy level of sensors goes below predefined in CH. The base station will
inform all nodes to form clusters in next beginning round. It also sends a particular
synchronization pulse to all nodes. At wake of, pulse nodes will set for re-clustering.
The delay between the request for re-clustering time and the actual start of the
process is more.

With an objective to prolong WSN distributed election clustering protocol
(DECP) (Gong et.al, 2007) was proposed. The communication cost and residual
energy of nodes are considered for forming clusters and it’s CHs’. Heterogeneous
nodes are used for construction of two-level network. The clusters are formed at
regular intervals. DECP will balance energy of all nodes is considered and energy
with higher rate are considered for CH election. The protocol will consume more
energy for inter cluster communication.

Figure 9. Slot of TDMA allotted to transmit from CH to BS (APTEEN)
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In MRPWSN (Kumar et.al,2009) distributed, multi-hop routing protocol
consisting of unequal clustering for WSNs is proposed to prolong network lifetime.
The sink node positioned in the middle of the sensing area to bring about energy
utilization and Once again selection of CH is based on residual energy. The sensor
node requires additional memory storage for table with distance value of each node
so to deciding center sink node.

In energy efficient heterogeneous clustered scheme (EEHC) (Zhou et.al,2007)
is proposed. The design is cluster based and selection of cluster head is based on
weights decided on residual energy of each node. The nodes positioned in WSN
are heterogeneous in terms of energy levels and are grouped in 3 groups: super,
advanced and normal nodes. The network is aimed at prolonging lifetime of network
with minimized energy utilization. Super nodes are furnished with n times and
advanced nodes are n-1 times more energy than the normal nodes, where n and n-1
are fixed constants. The two operative phases are same as LEACH. Even though the
algorithm is improved form LEACH it requires extra computation time and storage
hence storage of three groups of node.

Energy dissipation forecast and clustering management (EDFCM) distributed,
clustering protocol is proposed in (Li et.al, 2005). On-stage energy consumption is
estimated and applied for selection of cluster-head in EDFCM. The management
nodes are considered for selection of CH in each round results in energy efficient
network.

Energy-efficient unequal clustering (EEUC) (Quai et.al,2006) protocol for
periodical data gathering application in WSNs is proposed. The energy within
sensor is managed evenly by concentrating on hot spot issue which normally arises
in multi-hop scenario. When the CHs nearer to the base station dies at a faster rate
because of more transmissions, this problem is considered as hot spot issue which
troubles substantial relay traffic. As a solution to this problem, protocol forms more
clusters of smaller size near to base station. Even intra cluster correspondence will
consume less energy. It resolves hot-spot issue at the cost of energy for computing
and fro formation of clusters.

A distributed multilevel clustering algorithm for heterogeneous wireless sensor
networks [MLCH] (Ye et.al, 2005) where CH selection is based on energy level of
each node and average energy of each node of network. The overall lifetime of CH
is decided by initial energy and residual energy ratios. This algorithm suffers in
fixing cluster-head election threshold to be used in every iterative rounds of cluster
formation procedure.

Efficient clustering scheme (EECS) (Ehasn et.al, 2011) which helps in periodical
data gathering applications is designed by keeping LEACH clustering algorithm
as a base. During cluster formation the BS broadcasts a “hello’ message to all the
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nodes at energy level fixed by sink node. In the wake of getting “hello’ message,
the sink node will form clusters based on signal strength followed by CH selection
based on residual energy. The major drawback is the excess time required for the
sink to monitor the energy levels of cluster head and clusters.

Fast Local Clustering service (FLOC) is a distributed clustering WSN protocol
(Zohre et.al, 2010)concentrates on minimizing energy consumption by focusing on
designing even sized messages for communication between node and sink. It tries
to construct even sized clusters to reduce overlapping and interferences in addition
avoids frequent cluster formation. Every sensor nodes are within unit separation from
the cluster-head by applying this concept messages interferences will be minimized.
Frequent cluster formation is avoided. Initial time of deployment is high to have
unit distance sensor nodes to build even sized network.

Distributed clustering algorithm for self-configuring and self-healing multi-hop
[DCSSM](Prasad et.al, 2007) protocol wherein overlapping between nodes within
radial distance is less, as a result of the cellular hexagonal structure of the nodes.
The author as tried to attain to geographical clustering in expansive scale networks
by enforcing bound on the network with some predefined span of the cells. Further
network utilizes far-reaching range for the hexagons to minimize energy utilization
and unwavering quality for intra-cell correspondence. Self-healing property keep
track all nodes operations of node join, node leave, node movement and node crash
in the network. Even though with, minor modifications algorithm suffers from
collecting local information continuously during the operative period of clusters.

Multi-hop Overlapping Clustering Algorithm (MOCA) for wireless sensor network
with design strategy of cluster (Yu et.al., 2007). Here the author is contended to
nullify interference and assure to make the clusters overlapped to encourage numerous
applications. The algorithm designed with inter-cluster routing, topology revelation,
node localization and recovery from cluster-head failure. In this algorithm every
node within the radial distance of k —hop is considered and selected every node to
become CH or member of any cluster based on visibility region within the range
where k is a predefined estimation of cluster radius. After cluster formation, each
node is either a CH or at a distance of k-hop from at least one CH. The gateway
nodes or routing node within network are prone to failure because cluster nodes
overlap during inter cluster communications.

Power-Efficient and Adaptive Clustering Hierarchy (PEACH) protocol for wireless
sensor networks based on design principles of tree and cluster (XU et.al, 2001). The
protocols design and working procedure is versatile, hierarchical, scalable and power
efficient clustering protocol. Clusters are framed with minimum overhead and CH
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will also get selected consuming less energy. The nodes are unaware of location in
the WSN deployed region. In this protocol the overhead for promoting about CH
and to join cluster-heads are minimized to a greater extent. This algorithm operates
on probabilistic energy-aware routing protocols like EAR, EAR-DPS, and GEAR
in identification of CH. The algorithm has to keep track of all nodes identity.

The comparison of network structure - hierarchical based heuristic WSN routing
is summarized in Table 3.

Location Based Approach

The performance of WSN is directly influenced by placement of sensors within
network. Location based architecture uses the positional location of nodes information
to provide efficiency and scalability at higher rate. In location based protocols, each
node should know its location information or should be able to collect through GPS.
Initiation node for communication must know location of collecting node which is
being the destination for it. The nodes must also its neighbours each others. The two
types of location based are GPS and non-GPS location based. Location aided routing
(LAR) (Yu et.al, 2001), uses location information through locating information
obtained from GPS to identify nodes new paths. So by identifying positions of
nodes it limits search to be in smaller regions called “request zone”. The search will
significantly minimize messages transacting within the networks. The area is being
identified by earlier information of the nodes. Same smaller process can be extended
to whole network areas. Sensor localization information is normally utilized for self
organizing and configuring network which s purely deciding based on event locations
(Yang et.al, 2005, Zhang et.al, 2006). Several localization schemes are developed
which actively and diversely support location based services and applications. The
existing localization schemes can be categories as into three categories: 1.Range-
based 2.Range-free and 3.Mobile beacon-assisted scheme.

In Greedy Perimeter Stateless Routing (GPAR) (Yang et.al,2003) authors have
innovated a routing protocol for wireless datagram networks, which keeps track
of the positions of routers and a packet’s destination to make packet forwarding
decisions. The nodes will get information about all its neighbors sing GPSR.
The routing decision is made based on local information of nodes. The algorithm
consists of two methods for forwarding packets: greedy forwarding, which is used
wherever possible, and perimeter forwarding, which is used in the regions greedy
forwarding cannot be.

Energy Aware Greedy Routing (EAGR) system a greedy routing protocol is
defined in GPSR (Zhanget.al, 2004). The cost is assigned for each transmission path
between nodes and sink. EAGR builds cost metric of a node in a network depend
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on the following constraints of a neighboring node: Distance from the destination,
Fraction of energy consumed, and Rate of energy consumption. In this protocol
the node are required for each other node i to advertise its location as (iX, 1Y, iZ),
fraction of energy consumption and rate of energy consumption. All the information
ispackedin ‘HELLO’ packet with the node id. Each node broadcasts HELLO packets
to all its neighbors. Each HELLO packet on receiving node maintains a neighbor
table containing following the information about its neighbor: Identification number
(ID), Geographical location, Faction of energy consumption and Rate of energy
consumption. Each time the node receives the HELLO packet it updates its neighbor
table. When there is a request for route finding each node selects the hop which
is energy efficient. The routes are considered as which have maximum remaining
energy, which has minimum energy consumption rate and which is nearer to the
destination node.

In Minimum energy communication network (MECN) (Liu et.al, 2003) aims to
construct a network which is energy efficient by considering all mobile nodes. It
guarantees to maintain a minimum energy network for wireless networks by utilizing
low power GPS to locate all nodes. Although, the protocol assumes amobile network,
it is best applicable to sensor networks, which are not mobile. The topology for
stationary nodes is also built which consumes less energy. MECN considers a master
site as the information sink, which is always the case for sensor networks. Every
node identifies is relay node in its vicinity to transmit data to next nearest relay node
which is nearer to it are finally to reach sink. Transmitting through those nodes is
more energy efficient than direct transmission. The main goal of this protocol is
to discover a sub- system which will have less number of nodes and can reach out
consuming minimum amount of energy between two particular nodes. In this way
following from smaller communication step by step overall global transmission path
is built for every pair of nodes. The identification is achieved by localized search
for each node considering its relay region. The algorithm is being processed in 2
operative phases: ininitial phase a sparse matrix is built considering two-dimensional
plane of all nodes through local computation in nodes and communication. By
considering all nodes placement has graph. The graph enclosed consists with optimal
links in terms of energy consumption. In next phase based on information regarding
distance collected in phase one, determines a optimal links on enclosed graph. The
Bellmann-Ford shortest path algorithm is applied considering minimum power cost
for all routes. In case mobility GPS is used for positioning coordinates or nodes in
network or not. Self-reconfiguring nature of MECN can dynamically adapt to node’s
failure as well as it can dynamically deploy new sensors.
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The extension of MECN is small minimum energy communication network
(SMECN) proposed in (KO et.al, 1998). In MECN, it is assumed that every node
can transmit to every other node in a network but which is not possible every
time. SMECN considers possible obstacles between any pair of nodes which is an
improvement to its ancestor protocol. Similar to MECN the network is assumed to
be fully connected. The number of hops and edges are considered in building small
sub-network in SMECN. The energy required to in maintaining and transmitting is
minimum when compared with MECN has it is built utilizing broadcast messages
which is not required for SMECN. If broadcasts are able to reach to all nodes in a
circular region around the broadcaster then further replications are avoided. As a
result, the number of hops for transmissions will decrease. Cost to build and maintain
is less in SMECN is comparatively less to that of MECN. Finding a sub-network
with minimum and smaller number of edges will introduce more overhead in this
protocol.

Geographic adaptive fidelity (GAF)(Mavueet.al, 2001) is allocation based energy
aware routing algorithm designed initially for mobile ad-hoc networks. Then it was
also applied for sensor networks. GAF saves energy by turning off unnecessary nodes
in the network without affecting the routing quality. The location of every nodes
is identifies itself using GPS. The energy usage is minimized by turning of nodes
when they are not in use. The nodes are assumed to be placed in virtual grid. The
nodes are associated to each other by its actual locations; the nodes which belong
to same grid are considered to be associated to each other and are equivalent and
allocated with same cost. Applying GAF node transmission cast can be reduced.

Localized Energy-Aware Restricted Neighborhood routing (LEARN) ()Gupta
et.al, 2004) protocol is a location aware routing algorithm designed to minimize
energy usage within network. Thus, algorithm guarantees the energy efficiency of
the route. The transmission route is built dynamically by identifying the next node
to be communicated for transmission of message through it based on highest energy
to travel long distance i.e. to next neighboring node with one single hop. If any
node is not identified with these particular characteristics then minimum residual
energy neighborhood is identified to reach with single hop or else the algorithm
fails. The algorithm is designed for three- dimensional networks it derive its critical
transmission radius in 3D in random network is considered.

A localized power-aware routing algorithm designed to route nodes in energy
efficient manner by knowing location of all nodes (Zohre et.al, 2007). The algorithm
minimizes energy consumption keeping look on power and cost of localized routing.
The transmission power is made linear by placing node between any nodes based
on optimal power needed for communication. The distance between source and
destination are considered with attempts to build efficient route between nodes.
The identification of routes for transmission is longer.
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SPAN proposedin (Jinet.al,2012)is a position based algorithm selects some nodes
as coordinating nodes based on their locations. The coordinator nodes are considered
for maintaining network to forward and backward messages. The coordinators
are selected by sink node based on location, to suite to monitor, collect and send
messages at regular basics. The new coordinator nominated for next round may not
be always nearer to previous coordinator. The architecture is more centralized hence
local coordination is less among nodes and saves energy for longer time.

Geographic and Energy-Aware Routing (GEAR)(Bandyopadhyay et.al, 2003)
utilizes nodes location information and each node will know location and will be
able to collect positional information and existing level of energy to heuristically
construct routes in a network. The node will be able to communicate in single
hop between every neighbor nodes dissipating minimum energy as well all nodes
are aware of its location information. The nodes will be assigned with two costs:
estimated and learned to route request packet and to forward it to destination. The
estimated cost is required to transmit messages to destination in terms of amount
of energy. The cost of estimation is estimated energy levels of nodes in a network
and estimated at every source nodes using objective function built on energy and
distance to the destination. The learning cost is an updated estimated cost with
reference to dynamically measured at each node. When route request is received
learned cost value is updated according to the length of last traversed link and residual
energy level at the node. The packet is forwarded to node which is of minimum
cost with single hop neighbor node to destination. The same actions are performed
until message reached to its target. The same operation of sensing and forwarding
message is done in a greedy manner until all nodes die.

Recursive geographically forwarding routing technique (RGF) is location based
routing technique (Rathi et.al, 2015). The packets are forwarded or restricted on
flooding technique. In this case, the packet is forwarded through the destination to
intended region using RGF or flooding technique. In this protocol, the geographical
network is divided into four parts. Information regarding to it will be sent all nodes
in network. The packet that is being sent during communication will consist of
information of four copies and fifth packet are separately created and forwarded to
each other. The same functioning is repeated until the message reach out to target
node. Although restricted flooding is simpler to implement it is not necessarily
consumes more amount of energy based on deployment of nodes. The routing
delay will be less if size of network is small. Similarly number of messages will
increase at a greater level when number of nodes increase to the target node when
destination region is large.
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Greedy perimeter stateless routing (GPSR) proposed in (Godebole et.al, 2012).
The data packets are forwarded based on decisions using nodes location information
made in nodes. It uses greedy forwarding and perimeter forwarding techniques to
transmit data packets to the nodes. They forward nodes to node that are always
closer to the target node. In regions of the network where such a greedy path does
not exist, the protocol recovers by forwarding in perimeter mode. The position of a
packet’s destination and positions of the next hop neighbor are sufficient to make
correct forwarding decisions, without any other topological information.

Energy-efficient geographic routing (EEGF) (Chen et.al, 2009)is alocation based
routing protocol. The characteristics of network considered for making routing
decision are: nodes location information and energy consumption. The nodes are not
forwarded with decision based on energy level of neighbor or distance to it rather
decisionis based made on to transmit packet to nodes which are closer to optimal relay
position. The optimal relay node is computer by broadcasting a message consisting
of location and residual energy. For this very reason not information regarding to
neighbors are maintained. A protocol is localized and energy efficient. The working
of algorithm will be condition it nodes are deployed in a uniform manner.

Location-based energy aware and reliable (LER) is alocation based sensor network
routing algorithm (Winter et.al, 2011). The location information of all nodes will be
retrieved through GPS. Each node sends location information to its neighbors and
constructs routing table. The routing table consists of neighbor node id and distance
from the destination node. The routing decision is based on distance. The node with
shortest distance will get selected as the candidate relay node to send information.

A reactive geographic routing protocol has been proposed in (Chou et.al, 2008).
It is a combination of reactive routing mechanism and geographic routing. It is
calculating the shortest distance between destination node and neighbor node. The
protocol uses two new measures to improve the performance of routing protocol.
First, to reduce the consumption, it uses reactive routing mechanism to mitigate the
routing overhead. Second, to improve reliability, it finds the optimal path from the
many available paths.

Energy-efficient geographic routing algorithm has been proposed in (EEGP)
(Soliman et.al, 2011). For making routing decision protocol considers three factors:
routing distance, signal interference, and computation cost. In the protocol, two
methods for the routing decision have been proposed. In the first method, it takes
the decision based on the distance and signal interference. It finds the Euclidean
distance from the transmitter node to the destination node and interference power. In
the second method, it takes the decision based on the maximum power consumption
and interference power. The first method is considered when network is less busy
and later on is used when network is busy in transmitting more umber of messages.

187



A Study on Energy-Efficient Wireless Sensor Network Protocols

The comparison of network structure - location based heuristic WSN routing is
summarized in Table 4.

Performance

This architecture mainly concern with performance issues like real time, robust,
throughput, latency, scalability, reliability, energy conservation, and other QoS
parameters. As design is self organizing and infrastructure less design semantics
need be understood and examined at minutiae level. Numerous routing protocols
are designed with an aim with subset of parameters but most of or none of them
comprehended with all performance issues. The protocols can be further classified
on route design as proactive, reactive and hybrid algorithms (Yang et.al, 2013,).
If in creating applications they are more restricted on issues like delay, latency,
error in bits, throughput, data loss, jitter, reliability then in such situation QoS get
its importance. The mainly occurring challenges in design and requirements for
designing multimedia’s wireless network is dealt and surveyed in Ramson et.al,
(2013). The same issues will also need to be concerned in WSN. In addition they
have to look up on issues of guaranteed throughput, classification of data patterns,
traffic pattern, prioritization and different delays.

Reliable routing algorithm (RRA) finds the most reliable path between each
sensor node and the sink node (at the beginning of simulation). This protocol does
not consider other factors such as the number of hops or the length of end-to-end
path. Existing protocols such as TADR (Akkaya et.al, 2005) and CBF (Shafiullah
et.al, 2008) consider reliability as one of the factors for achieving a reliable data
transmission in WSN but involving the tradeoff with other factors.

Sequential Assignment Routing (SAR) (Shobraoi et.al, 2009) is arouting protocol
which concentrates on the energy efficiency and QOS factors in constructing WSN.
The nodes to the sink communication is tried to achieve a more energy efficient
structure and also made reliable by creating multiple paths from nodes to sink and
also maximizes fault tolerance of the network. The SAR protocol builds tree structure
rooted at one-hop neighbors of the sink. The protocol actions are built considering
QoS metric, energy resource on each path and priority level of each packet. The
node to forward to next node will decide which route to be selected among the
multiple paths constructed as tree structure. For identification of multiple paths,
energy resources and QoS on the path will be considered. Any nodes failure will be
communicated among local nodes and routing table will be updated accordingly,
further occurring problems will be resolved automatically. The protocol offers less
power consumption, focuses only on energy consumption of each packet without
considering its priority, ensures fault-tolerance, and easy recovery. The protocol
suffers from the overhead of maintaining routing tables and status of all nodes.
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SPEED routing protocol (He, et.al, 2003) is a real time application based on
guaranteed end-to-end delay. The communication link is wireless and transmits
data packets with certain speed. The link is proactively labeled by communication
speed and link length. The packets estimation delay will be calculated on links before
reaching target node. Each node discovers its single-hop neighbourhood and then
establishes the local links using a geographic forwarding technique. The protocols
design is complex and time consuming in estimating nodes liveness.

Stateless Non-deterministic Geographic Forwarding (SNGF) (Feelmban et.al,
2006) is an improvement designed for SPEED. The SNGF is designed in four steps:
identified nodes exchange to collect local neighbor information at each node. The
single-hop neighbors are built in identifying multiple paths. Delay estimation is
calculated knowing packets and transmitted until an acknowledgement message
is received through the same link. It is used to measure packet speed at each node
to select the links which meets the speed requirements. Neighbourhood feedback
ratio will discard links which cannot provide desired packet delivery delay and/or
speed. Source nodes send single-hop neighbours which are not able to establish
communication links according to the QoS requirements. Further nodes will be
discarded for unsuitable links and forward data packets only through the links which
are able to guarantee QoS requirements. Finally, Back-pressure re-routing is used to
detect network congestion when packet is not delivered. Nodes are able to meet QoS
requirement to communicate with next available links that should meet when node
fails. The probability of packet failures/lose is decreased as QoS links are reliable
enough to forward data packets. The energy consumption is more in this algorithm
in densely deployed networks.

Energy-aware QoS routing protocol (Liu et.al, 2012) will forward data packets
through links in an energy efficient way. The cost value is assigned to each link
to provide reliability and energy efficient. The cost is assigned based on residual
energy of nodes, required energy for forwarding a packet and link message creates
error rate. The end-to-end delay requirement is based on smallest cost of paths
selected applying Dijkstra algorithm amongst all available links. The packets are
classified into real-time and non-real-time categories to guarantee end-to-end delay.
The bandwidth is assigned to each class based on amount of available bandwidth
on all links. The algorithm will assign bandwidth to every node before it gets
deployed. According to network consumer priority requirements a packets will be
transmitted through reserved bandwidth among queuing classes. The deployment
with in network is done before to initial bandwidth allocation prior to deployment.
The bandwidth is not properly managed between classes of real and non-real time
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class of transmissions for longer period with more number of nodes. The priority
of bandwidth, network topology, available nodes may change over period of time.

In Multi-tier Grid Routing Protocol (MGRP) (sinhget.al, 2013) is a special hybrid
multi- tier structure is introduced for data distribution. The nodes are divided into
square grids of different size or of same size among all observations. The optimized
clusters are formed within each grid, which sends reliable data packets to its next
higher CH. The uppermost CH from the neighbor grids further negotiates to construct
the data d-tree from which the mobile sink can be reached and transmit queries.

An energy efficient and QoS aware multi-path routing protocol for WSN (QSR)
(Maksimovicet.al,2014) was designed to satisfy the reliability and delay requirements
of real time applications. The protocol is constructed by concentrating on QOS
parameters to prolong its lifetime by balancing energy in a network. During the
setup phase delay for every pair communication is computed and link with minimum
delay will be is given more packets to transmit on compared to other nodes. The
end to end delay is reduced by spreading out the traffic across other chosen multiple
paths. The throughput will be increased by introducing data redundancy. The initial
packet is split into several sub-packets, error correction codes are added and then
the sub-packets are transmitted over the available multiple paths considering end
to end delay into account.

The Multi-path and Multi-Speed routing protocol (MMSPEED)(Shyan et.al, 2012)
is designed using cross layer approach between network and MAC layer to provide
QoS differentiation in terms of reliability and timeliness. For reliability, protocol
uses probabilistic multi-path forwarding to control the number of packet delivery
paths depending on the required end-to-end reaching probability. The timeliness
is provided with multiple network-wide speed options so that various traffic types
can dynamically choose the proper speed options for their packets depending on
their end-to-end deadlines. These two methods are desirable for scalability and
adaptability in a large scale networks.

The comparison of performance based heuristic WSN routing is summarized
in Table 5.

META- HEURISTIC WSN ROUTING ALGORITHMS
Fuzzy Logic Algorithms
This architectural design is based not only any two set of values like true or false

which normally used for logical computing, but it considers many variables valued
between 0-1. From there itself its fuzzy logics’ flexibility and allowance for members
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with set of membership comes. As many other techniques have demerit of proper
datasets. As shown in Figure it involves the process from applying a input or sets
of input through obtaining output. In between includes three major operations:
fuzzification, fuzzy interference engine and defuzzification. The interference engine
will apply fuzzy rules designed for the application. In first step each parameter which
are input are going to be associated with membership function and forwarded for
next step computing. The next operation will be carried on according to rules, the
output produced will be defuzzified to get a snappy value and presented. They can be
used for variant of applications like MAC protocol, queries, redundancy reduction,
event forecasting, deployment, clustering, and others (Bandopadhya et.al, 2003).

In Energy-Efficient Fuzzy-Logic-Based Clustering Technique for Hierarchical
Routing Protocols(EFCT) (Rathi et.al, 2013) fuzzy logic (Mamdani et.al, 2001) has
been adopted for cluster head selection using five descriptors’: remaining energy
of the given sensor node i.e. residual energy, distance of sensor nodes from the BS,
density of other surrounding sensor nodes around the candidate CH, compaction
of nodes around the sensor node, and the Location suitability (a more suitable
location for a CH node is a location with lower total communication energy). Each
of the linguistic variables is divided into overlapping fuzzy sets, called membership
functions. Linguistic terms for input variables are defined as {low, medium and
high} for residual energy; {close, medium, far} for distance from BS; {Low, high}
for average energy i.e. location suitability, ’ {low. high} for density and {low, high}
for compaction. Linguistic terms for output variable chance of node has CH as:
VVlow, Vlow, low, LLmid, Lmid, mid, Hmid, HHmid, high, Vhigh, VVhigh} .
The Fuzzy Logic-based Energy-Efficient Clustering for WSN FL-EEC/D technique
uses the fuzzy model for CH election. It manages the distribution of CHs based on
determining and enforcing a specific minimum separation distance say d between
CHs ensure their fair distribution. Minimum distance d is adaptive conditional to
dimensions of the WSN, the network size i.e. number of nodes, and the preferred
CHs percentage. The clustering algorithms energy efficiency in terms of capability
of balancing of energy distribution is evaluated using Gini index. Results of Fuzzy
based CH selection is compared with LEACH and k-means.

In cluster based routing algorithms, in addition to CH work load, the neighbour
nodes of CH also play a vital role in data transmission during intra-cluster multi-hop
communication. These neighbour nodes of CH consume extra energy than the farther
nodes. The neighbour nodes of CH may die prematurely due to low residual energy
and which leads to re-establish new routing link and hence consume network energy.
Energy Efficient Distributed clustering algorithm using Fuzzy approach (EEDCF)
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(Godboleet.al,2012) for wireless sensor networks with non-uniform distribution has
been proposed to solve the problem of premature death of neighbour node of CH.
Each node uses the TSK fuzzy inference system to study whether it fits to be the
CH compared with its neighbour nodes. The input parameters for TSK FIS are node
residual energy, node degree and neighbour nodes’ residual energies. The linguistic
terms for input variables are as follows: Node residual energy {low, medium, high},
node degree { less, average, enormous }, neighbour node residual energy { weak,
normal, strong} The neighbour nodes’ residual energies parameter is important to
optimize the load balance of relay nodes and in turn elude the hotspots problem and
helps in extending the lifetime of the network system by consuming less network
energy. The linguistic terms for the output variable CH selection are {low, medium,
high, average, and weak, normal, strong }. Results of EEDCF algorithm are compared
with DFLC (Distributed Fuzzy Logic-based Clustering algorithm)) and ADEEG
(Energy-Aware Data Energy-Efficient Gathering protocol) for wireless sensor
networks algorithm and prove to improve average life time and data transmission
efficiency and reduce number of dead nodes.

In cluster based WSN, the energy of nodes can be saved when the nodes of a
cluster transmit data by participating in cooperative Multiple Input Multiple Output
(MIMO)(Myoung et.al, 2008). A cooperative MIMO clustering protocol is proposed
using Type-2 fuzzy logic (T2FL) for CH and cooperative node (CN) selection. The
proposed T2FL has three fuzzy descriptors: concentration, distance to base station
and residual energy and the confidence factor (output variable with fuzzy linguistic
terms as Very poor, Poor, Below Average, Average, Above Average, Strong, and
Very Strong) is evaluated for the node to become non cluster head, or CH or CN.
A node with high confidence factor is elected as cluster head node for each round
for data transmission. The proposed method is evaluated using three measures:
Network life time, average energy dissipation, and throughput and fist node death.

Fuzzy-logic-based energy optimized routing (FLEOR) (Jalaleddin et.al, 2011)
algorithm is proposed not only to minimize energy consumption but also to balance
data traffic among nodes. Degree of Closeness of Node to the Shortest Path{ far,
medium, close), degree of Closeness of Node to Sink { far, medium, close}, and {
poor, medium, good} are the three input parameters for the Mamdani FIS with 27
inference rules to identify the output fuzzy variable which determines the chance for
one forwarding neighbor which has been selected as next hop. Degree of Closeness
of Node to the Shortest Path and degree of Closeness of Node to Sink reflect the
measure of energy efficiency for selecting one node as next hop, and Degree of
Energy Balance shows the measure of energy balance for routing decision. The
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output fuzzy variable is divided into seven levels, very small, small, rather small,
medium, rather large, large, and very large. The algorithm has proved in extension
of network lifetime, achieved energy efficiency and energy balance together when
compared to predicting based distributed energy-balancing routing (PDEBR),
minimum transmission energy (MTE) routing, greedy perimeter stateless routing
(GPSR), and energy accounted minimum hop routing (EAMHR).

The comparison of fuzzy logic based meta - heuristic WSN routing is summarized
in Table 6.

Swarm Intelligence [SI] Algorithms

The SI was firstly given an expression by Beni and Wang with the framework of
cellular robotic system. SI is much restricted version of computational intelligence
studies on collective behaviour of elements in natures in a multi-agent self-organized
and decentralized behaviour. The basic design consists of locally interacting simple
agents, global behaviours of intelligence, search and optimization problem. The design
structure involves population interacting locally and locally to globally with one to
another. There is fixed or federal controlling in SI. The SI simulated behaviour can
be viewed and idealized in nature natural collection of behaviours like, ant colony,
honey combing, bacteria moulding, animals herding, bird flocks, fish schools,
and other collection. The maximum expertise algorithm in various research and
practical areas are optimisation algorithm of ant colony and practical swarm. So in
future there is much scope to experiment with parameters like throughput, delay,
path establishment, formation of clusters, packet transmission other optimization
behavioural principles of other nature inspired collection of animals or birds(Guru
et.al, 2013).

Energy-aware clustering for WSNs using particle swarm optimization [ECWPSO]
(Hussain et.al, 2007) is a routing protocol have defined a new cost function for
particle swarm optimization(PSO), with the objective of simultaneously minimizing
the intra-cluster distance and optimizing the energy consumption of the network. In
this protocol the operation completely is based on a centralized control algorithm
that is implemented at the BS. The proposed protocol operates in rounds, where each
round begins with a setup phase in which clusters are formed. This is followed by
a steady state phase which works in similar approach as in LEACH. At the starting
of each setup phase, all nodes send information about their current energy status
and locations to the BS. Based on this information, the BS computes the average
energy level of all nodes. Nodes with a sufficient energy are selected as CHs; the
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nodes with an energy level above the average are eligible to be a CH candidate for
this round. Next, the BS runs the PSO algorithm to determine the best K CHs that
can minimize the cost function based on distance between nodes in a cluster to
CH. The cost function forms compact clusters with the optimum set of nodes that
have sufficient energy to perform the CH tasks. For a sensor network with N nodes
and K predetermined number of clusters. The clusters are formed by initializing S
particles to contain K randomly selected CHs among the eligible CH candidates.
For each node cost function is applied and later on distance between a particle and
CH is computer for all the particles in the network. The personal and global best
for each particle is found. Regularly particles are updated based on particle velocity
and distance from the CH. The same steps are repeated until the maximum number
of iterations reached. The selection of CH and their member’s information will be
sent to BS; it in turns transfers a cluster id to CHs. Once the CH finishes receiving
data from its entire members at the end of each frame, the CH performs data fusion
and sends the fused data to the BS.

WSN clustering using particles swarm optimization for reducing energy
consumption [WCPSO] (Xue et.al, 2006) have introduced an approach for clustering
sensor networks based on Particle Swarm Optimization (PSO) algorithm using the
optimal fitness function with an aim to extend network lifetime. The parameters used
in this algorithm are residual energy density, the distance from the BS, intra-cluster
distance from the CH. In clustering phase, the particles are generated randomly.
Then the best points are selected as the CHs and other nodes which are located near
each CH becomes the member of the cluster and then fitness function is calculated
for every CH. If the fitness function is better than global best it is substituted. Then
each node prepares a control message that contains identity and value of its residual
energy and sends it directly to the BS. The BS which receives the information
performs clustering operation. Assigns the nodes into cluster based on the distances
according to the validity index. Once the clusters are formed then further operations
are performed similar to LEACH.

Inter-cluster ant colony optimization algorithm for WSN in dense environment
based on ant-colony optimization [[ACOW] is a routing protocol. In this paper
(Guru et.al, 2005), Inter cluster Ant Colony Optimization algorithm (IC-ACO) has
been proposed that relies upon ACO algorithm for routing of data packets in the
network with an aim to minimize the efforts wasted in transferring the redundant
data sent by the sensors which lie in the close proximity of each other in a densely
deployed network. In this approach, LEACH algorithm is used as the basis for
the randomized selection of CHs. The protocol works in two phases. In the first
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phase, the CHs have been selected and nodes classify themselves into clusters. In
the second phase, minimization of redundant data transmission and routing of data
based on ant colony optimization are performed with in the cluster. Selection of
CHs, minimization of redundancy and IC-ACO to route the data packets within the
cluster are applied until all the nodes are dead in the sensor network. Improvement
can be done in selection of the CH.

An Energy-Efficient Ant-Based Routing Algorithm for WSNs (AEARW)
(Arabshahi et.al, 2001) aims to minimize communication load and maximize energy
savings. The authors concentrate on two problems. Firstly, the older method of storing
the route details in a routing table. Secondly, on quality of the path established
from source node to BS node. The memory Mk of each ant is reduced to just two
records, the last two visited nodes. Since the path followed by the ants is no more
in their memories, a memory must be created at each node that keeps record of
each ant that has received and sent a packet. If no record is found, the node saves
the required information, restarts a timer, and forwards the ant to the next node. If a
record containing the ant identification is found, the ant is eliminated and backward
ant searches its memory to find the next node to where the ant must be sent. The
vector E, was erased from the forward ant’s k then only carry the average energy
till the current node (E vl and the minimum energy level registered (E,;, ). These
values are updated by each node that receives the forward ants. When the forward
ant reaches the BS-node these values are used to calculate the amount of pheromone
trail used by the corresponding backward ant. To lose part of the pheromone strength
during its way to the source node. So, those nodes near the BS-node will have more
pheromone levels than remote nodes to find better paths. Maintenance of two BSs
is a problem in this protocol.

Improved low energy adaptive hierarchy protocol based on local centroid bat
algorithm [ILEHP] for designing bat algorithm. In this paper (Simet.al, 2003) authors
have applied a bat algorithm technique to solve some disadvantage in LEACH like
random selection of CH, taking no account of the remaining energy and position of
nodes, along with an aim to improve the poor local search capability of the algorithm.
The improved protocol divides the CH selection process into optimization of temporary
CH and formal CH selection. In this protocol, they will generate temporary CHs by
following traditional LEACH protocol at the first round. Later on, optimizes these
CHs based on LCBA and select formal CHs based on residual energy.

A New BBC based LEACH Algorithm for Energy Efficient Routing in WSN
[ANBLE] (Iyengar et.al, 2007) is a based on big bang crunch. The protocol consider
traditional LEACH algorithm’s cluster formation using big bang crunch based meta-
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heuristic algorithm with an objective to optimize battery utilization. The proposed
protocol applies the fitness function on nodes and selects the CH where all the
nodes are considered as particles are arranges into an order by way of a convergence
operator center of mass then, cluster member are joined around the center mass of
CH by adding or subtracting a normal random number whose value decreases as the
iterations elapse. The simulation carried in MatLab tool in comparison with LEACH.

Hybrid Approach for Energy Optimization in WSNs [HAEOW] routing protocol
based on firefly and ABC. In this paper (Basyal et.al, 2007) a hybrid clustering
approach is proposed to minimize the energy of the network so as to increase the life
time of WSN. The cluster based firefly and artificial bee colony (ABC) algorithm
are implemented. Two problems are concentrated like selection of CH and cluster
formation. Initially the selection of CH and CH formation of cluster remains same
as LEACH for first round. From the existing CH are checked for residual energy
if CH is eligible to continue as CH for next round, if it as with firefly technique,
it will continue as CH for next round, else the selection of next CH is done with
highest residual energy in the cluster. This process is repeated for all clusters in the
network. Then, selection of CH done based on optimization of ABC using residual
energy of the current CH; then top required n nodes with highest residual energy
are set as CHs. The steady phase remains same as LEACH.

Clustering approach for WSNs based on Cuckoo Search Strategy (CWCSS)
(Muraleedharan et.al, 2004) a clustering protocol based on the breed parasitism
of few cuckoo bird spices with an aim to increase the lifetime of the network. The
CHs are computed randomly as in LEACH. Once the CHs are selected, they will
broadcast the message. Non-CH nodes in the network treat CHs as the nest, then,
tries to choose a best CH based on residual energy of CH, distance between CH and
BS, and distance between CH and non-CH. The non-CH will send JOIN_REQ for
the chosen CH. JOIN_REQ is treated as the cuckoo egg. CHs on the reception of
the request generates a random probability of whether to accept or reject the request
based on the threshold value, which changes from round to round and whether the
rejection probability cross the threshold or not. This phenomenon is mapped to the
rejection or acceptance of cuckoo eggs by the host bird with some probability. In
this proposed work, a JOIN_REQ is considered only if non-CH nodes threshold
probability is more than threshold probability in CH; else a node is rejected by CH.
The entire nodes in the plot, splits itself into formation of clusters and enter the
steady-phase communication, where actually the transmission of sensed information
happens between the nodes and the BS.

Flower Pollination Optimization Algorithm for WSN Lifetime Global Optimization
[FPOAW] (Forster et.al, 2009) is an energy aware clustering mode designed in an
objective to achieve the global optimization for WSN lifetime. A candidate CH is
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to be selected for every cluster from the flower pollination clustering. The CH is
selected as the node inside the cluster with the most remaining energy. It searches
for optimal distribution of nodes on clusters. The objective; fitness function are
employed to minimize the intra-cluster compactness with minimum distance between
nodes in same cluster. In flower pollination optimization the number of cluster are
formed based on distance between CH and nodes in a cluster with a goal to find
the number of cluster centers that minimize the intra-cluster distance. The steady
phase of the protocol remains unchanged.

Cluster Formation of Wireless Sensor Nodes using Adaptive Particle Swarm
Optimization [CFWAPSO] (Zhang et.al, 2006) applies selection of the CH with an
aim to increase energy efficiency. The selection of the CH using fitness function
based on particle velocity and position of PSO is applied in BS. BS will then
broadcast selection of CHs’ to all nodes. Once the CH are selected the process of
cluster forming is similar to the LEACH protocol.

Fire-LEACH: A Novel Clustering Protocol for WSNs based on Firefly
Algorithm[FL]()Wanget.al, 2006) approach used forimproving the LEACH protocol
for reducing in steady state energy consumption. The BS broadcasts the percentage
of CHs requirements for the entire network. Based on this randomly CHs are selected
as in LEACH. All the CHs learn about the ordinary nodes and other CHs in the
plot. Then they broadcast the packet of interest by introducing the intensity value
that is calculated based on, intensity value of all nodes in network for that round.
The firefly algorithm is applied to compute this value using distance of CH and
non-CH nodes, which serves to be an objective function for all sensor nodes. All the
CHs store the maximum of the intensity values calculated with all the other non-
CH nodes in the network belonging to a particular round. The non-CH nodes now
compare their intensity values with all the other CHs intensity values and attach to
a CH that is having more intensity value than their values, by sending a join request
packet. This process leads to a cluster formation. After the formation of the clusters,
the network enters to the steady state phase; further steps are same as in LEACH.

Achieving energy efficiency in WSN using Gravitational Search algorithm
(GSA) (AEEWG) (Yu et.al, 2006) is applied for CH selection based on Newtonion
law of gravity and the law of motion. Here agents are considered as objects and
their performance based on its masses. All objects are attached to one another by a
gravitational force which causes the movement of objects globally. While forming
clusters GSA clustering method is used. CH for each cluster is selected based on
the nodes distance from BS in the cluster, node being in central position in cluster
and remaining energy.
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An energy-aware clustering for WSNs using PSO algorithm (PSO-C) is a
centralized clustering protocol implemented at the BS (Shaogiang et.al, 2007). It
considers’ both energy available to nodes and physical distances between the nodes
and their CHs. This protocol defines a cost function which tries to minimize both
the maximum average Euclidean distance of nodes to their associated CHs and the
ratio of total initial energy of all nodes to the total energy of the CH candidates.
It also ensures that only nodes with sufficient energy are selected as CHs. PSO-C
outperforms both LEACH and LEACH-C in terms of the network lifetime and the
throughput.

A centralized PSO protocol for Hierarchical Clustering (PSO-HC) for WSN is
proposed in (Islam et.al, 2006). They tried to maximize the network lifetime by
minimizing the number of active CHs and to maximize the network scalability by
using two-hop communication between the sensor nodes and their respective CHs.
The elect of using a realistic network and energy consumption model in cluster-
based communication for WSN was investigated. Extensive simulations show that
PSO-HC outperforms the well-known cluster-based sensor network protocols in
terms of average consumed energy and throughput.

The comparison of swarm intelligence based meta - heuristic WSN routing is
summarized in Table 7.

Artificial Immune System [AIS] Based Algorithms

The design strategy concerns on principles extracted and inspired by immune system
of animal, birds, humans, plants for learning and memory. Al applies adaptive and
combated pathogens mechanisms in living bodies for problem solving. It uses once
again population agents similar to SI, to learn and identify patterns of antigens that
intrude a system. The enhancement can be made in this study by adding stimulated
selection, colonial reproduction and adaptation in identification of pathogens. The
greater part of research of this area is currently can be viewed in pattern recognition
(Arabshahi et.al, 2001, Sim et.al, 2003).

The Distributed Node and Rate Selection (DNRS) (Iyengar et.al, 2007) routing
method designed on the principles of natural immune system. Based on the B-cell
stimulation in immune system, DNRS selects the most appropriate sensor nodes that
send samples of the observed event, are referred to as designated nodes. The aim of
the designated node selection is to meet the event estimation distortion constraint at
the sink node with the minimum number of sensor nodes. DNRS enables each sensor
node to distributively decide whether it is a designated node or not. In addition,
to exploit the temporal correlation in the event data DNRS regulates the reporting
frequency rate of each sensor node while meeting the application-specific delay bound
at the sink. Based on the immune network principles, DNRS distributive selects the
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appropriate reporting frequencies of sensor nodes according to the congestion in the
forward path and the event estimation distortion periodically calculated at the sink
by Adaptive LMS Filter. DNRS provides the minimum number of designated nodes
to reliability and also exploit the temporal correlation in the event data whereby it
provides the significant energy saving.

Genetic Algorithm [GA] Based Algorithms

GA design methodology, involves representation of chromosome initialized randomly
as population. The chromosome undergoes the process of selection, crossover,
mutation to find optimal chromosome with fitness function as evaluation parameter.
GA works on the principle of survival of the fittest. GA has been explored in WSN
field mainly for Cluster formation.

In this paper (Tiago et.al, 2003), a genetic algorithm based method (GABEEC)
is proposed to optimize the lifetime of wireless sensor networks. The proposed
method is a cluster based approach like LEACH. The method has 2 phases which
are Set-up and Steady-state phase. In the set-up phase, static clusters are created
which do not change throughout the network except for dynamically selected CH.
The fitness function employed is based on distance between node to CH and from
CH to BS. Selection is based on Roulette-Wheel selection method. Then crossover
and mutation function is employed to choose the best in local optimum. The steady
phase and selection of CH remains same as LEACH protocol.

In this paper an Improved LEACH Multi-hop Routing Protocol Based on Genetic
Algorithms for Heterogeneous Wireless Sensor Networks [ILMGHW] (Cao et.al,
2004) a multi-hop routing algorithm LEACH-Genetic Algorithm is proposed to
improve single-hop systemin the LEACH. GA uses mechanisms similar to biological
evolution, such as reproduction, mutation, recombination, and selection. The distance
between CHs and BS is tried to be shortest path. The CHs which lies far away from
BS communicates with it through the transit CHs and nodes which are nearer to
BS can communicate with it directly. During set-up phase the clusters are formed
as in LEACH then, BS-centered multi-hop path between CH’s to BS is obtained
by applying GA method. Selection is done by applying Roulette selection method
and fitness function is based on length of the links in the network. The steady phase
remains same as LEACH.

New Clustering Protocol for Wireless Sensor Networks Using Genetic Algorithm
Approach [NCWG] (Archana et.al, 2014) is used to optimize lifetime and energy
consumption of network. The algorithm improves by considering coverage metric.
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Figure 10. Two successive clustering
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The designed algorithm is centralized and runs in BS. The fitness value will be
assigned for each node during the set-up phase. The value depends on total energy
of the network and distance of each node to BS. Further selection of the CH will be
based on assigned fitness value itself. Cluster formation and steady phase remains
same as LEACH. A novel genetic algorithm in LEACH-C routing protocol for
sensor networks [NLRS] (Leela et.al, 2014) works on centralized protocol. The
nodes with residual energy above the average energy are chosen randomly for initial
generation. In next rounds the selection of nodes is based on two fitness values,
first value depends on distance between node to CH and second value depends on
distance between CH and BS.

GA based energy efficientrouting (GAEER) (Tiago et.al, 2006) for data gathering
of relay nodes is presented to enhance the life time of a network. BS will identify
relay nodes and then all the nodes will choose one hop neighbors to relay nodes.
Protocols supports inter and intra communication applying GA technique. Initial
population and fitness function is based on greedy technique. The protocol applies
relay node reselection mechanism, which will reselect on the basis of sensor nodes
residual energy in a balance way and relay node searches their closest neighbor relay
nodes for inter-cluster communication. The intra cluster communication is required
to communicate its sensed data relay node, they will aggregate and forward to next
relay node towards BS.

The comparison of genetic algorithm based meta -heuristic WSN routing is
summarized in Table 8.

Neural Network [NN] Based Algorithms
NN intended to architecture of WSN with natural cognition principles, which imitates

the brains of animals or humans beings. The graph topology with artificial neurons
with large system is interconnected either in parallel or distributed components.
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Figure 11. Comparison of different simulators
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Synapses are a special weighed interconnection of neurons mechanism. The packets
or data needed to be processed are forwarded on sensors which are connected by
artificial neurons for processing. NN includes input and output complex inter
connection which can be supervised or unsupervised, which are process viewed most.
The internal process of interconnection of them in finding patterns and relationship
construction is the main internal logic of interconnection of neurons to be done
to obtain effective result. It includes algorithms: Perceptron neural networks, and
self- organizing maps.

NN do not directly and independently help in energy conservation but, they help
in working as intelligent tools in an easier, efficient, and desirable manner (Kumar
et.al, 2014). Another difficulty with NN is in appropriate selection of topology.
Further, neural network classification based on energy efficiency done as follows:

Energy Efficient Path Discovery

NN are appropriate in some special scenarios to develop complex tools including
pathdiscovery. Anunsupervised NN structure self-organizing map [SOM] consisting
of neurons arranged in a regular grid manner. Weight vectors (or synapses) connect
the input layer to output layer which is called map or competitive layer. Each neuron
vector will activate a neuron in output layer based on similarity rule which is
decided based on Euclidian distance of two vectors the same learning process will
be carried on considering two neurons until stabilization of weight vectors. In this
manner energy efficient path is discovered for network based on learning process
applying Euclidian distance
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An intelligent method based SOM NN which optimizes the routing in terms of
energy conservation and computation power of each node is proposed (Aksher et.al,
2019). The algorithm is named as MODABER. The nodes used more than other
nodes will be given more importance than others even though assumption is made
all sensors are same. The network life time parameter is a sum of nodes importance
in routing at time t and amount of energy being consumed by node are considered.
The network is self organizing where each node in a network will have information
on nodes that get added or deleted. Learning algorithm is SOM based using linear
computations are applied to path discovery. The path discovery is efficient in terms
of limited computations.

SIR is an QoS driven SOM based routing protocol (Vinithan et.al, 2017). The
SOM N is used in every node to manage the routes that transmit. In this protocol all
nodes are employed with SOM NN to manage the routes where data will get transmit.
Al is combined to improve performance. The back propagation NN is applied to
predict the final power level of the node in this protocol to resolve hotspot problem.
The prediction of hot spot is made by defining a 3-layered back propagation NN
with parameters: distance from sink, number of neighbors, and agent’s accessibility
by finally identifying power level of node at the end of WSN lifetime.

Energy Efficient Clustering and Cluster Head Selection

LEACH based centralized proposal Low Energy Adaptive Connectionist Clustering
(LAC) (Garg et.al, 2014) using SOM based clustering protocol is designed. The
cluster formation is designed by sink nodes in first level using SOM; construction
is done in two phases cluster setup and cluster formation. Second level clustering is
done by applying k-means. After cluster formation steady phase will work similar
to LEACH until nodes dead level falls below threshold.

Energy Based Clustering Self Organizing Map [EBCSOM] applies Kohonen SOM
NN for clustering with a study of analysis on unpredictable behaviors of network
parameters and applications is proposed (Bayrakal et.al, 2012). The SOM by applying
Kohonen considering for nodes are applied by taking different parameters of sensors
such as direction, position, number of hops, energy levels, sensitivity, latency and
others. By applying SOM preliminary phase is pre-treated forming clusters and then
SOM is clustered by K means. The BS has to select m nodes with highest energy
in network for determining weight matrix. The weight vectors for SOM: x and Y
coordinated and nodes energy level. The input samples are first normalized with
min-max normalization method. The balanced clusters are formed by moving the
nodes with energy towards max energy nodes.
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Energy Based Clustering Self organizing map (EBCS)(Longet.al, 2014) protocol
cluster sensor nodes based on multiple parameters energy level and coordinates,
through using Self Organizing Map neural network capability in multi dimensional
data clustering to from clusters which balance clusters in order to better energy
consumption ensured more network coverage by random and dispersed dying of
sensors. The input for SOM are every nodes x and y coordinates for cluster formation.
The selection of CH for each cluster is based on maximum energy sensor, nearest
sensor to BS and nearest sensor to gravity center of the cluster.

Neural Network based reliable routing(NNRR)(Norouzi et.al,2011) enhances the
reliability in packet transmission by predicting energy robust and near-by nodes in
data forwarding towards the destination applying back propagation NN algorithm for
data transmission. To determine shortest path data transmission use neighbor node
distance and its energy, distance or range difference is estimated based on Euclidian
distance. The algorithm considers routing nodes energy robustness in order to predict
energy loss due to insufficient battery energy required for data forwarding which
avoids retransmission. The protocol is evaluated for reduced power consumption,
improved packet delivery ratio, increased throughput, and better delay with reduced
sampling rate.

Energy Efficient Data Fusion and Association

Normally filters such as Kalman filter or Bayesian theorem with predefined numbers
are used in NN. In few cases non specified statistical model are used with intelligent
methods such as rule based fuzzy logic or NN (Rahmanianet.al,2011). NN eliminate
environmental or intentional jamming on sensory data according to training. Multi
sensor data fusions are support easily in NN.

A distributed system is considered for creating multiple sensors and associate
them or classify related to target. It works on hop based to find optimal solution
(Seetaram et.al, 2009). The algorithm will not consider for more than two targets
designed then it is resolved with NP-hard algorithm.

The identification and classification of objects in a network is done similar to
human brains applying associative nature of NN. The network can be unstable but
stability is supported with forcing weight matrix to symmetric main diagonal and
recurrent network contain associative memory. Hop field NN consisting of feedback
from output to input is included (Bhatti et.al, 2014).

Hop field NN is used in (Vinithan et.al, 2017) to store average correlations
between components of all patterns in every single sensor. The corrupted or lost
packets can be recreated in an efficient manner by applying association technique
of NN. Also correlated patters can be generated from data.
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The comparison of neural network based meta heuristic WSN routing is
summarized in Table 9.

7 Evaluation of Algorithm of WSN

Evaluation of WSN should has to be done with respect to some performance matrices
inorder to know and prove improvement in performance of novel designed algorithms
when compared to primitive once. The following are few lists of parameters which
will evaluate the algorithms and their importance.

o Lifetime and Energy-Efficiency Definitions: It means the time from where
the network starts its operation till the phase network has completed its
operation

e  Numbers of Clusters with Robustness: The number of clusters heads
decides number of clusters with the network based on placement of sensors,
transmission path length and range, type of sensors, size of data to me sensed
and received.

e  Number of Data Packets Transmitted: The maximum numbers of data
packets being transmitted in network also known as throughput.

e  Energy Consumption: Energy consumption evaluates the total energy
dissipated in the network for all its activities conducted in network lifetime.

o  Efficiency with Respect to Lifetime: The productivity and utilization of
WSN will be decided by critical parameter lifetime of network. If lifetime is
more elongated then expense is required will be less.

Implementation Tools for WSN

WSN can be designed and analyzed using three methods: i) analytical methods ii)
Computer simulations iii) Practical implementations. Among the three simulation
of WSN is the most common adopted method. WSN basic structure will hinder
from complete or accurate analysis. Accordingly simulation is widely included
method for analyses.

The commonly used WSN simulators are briefed in table 11.

The comparisons of various simulators are shown in

The biggest strength of WSN is its ability to apply in field and under any
environment unlike standalone networks. WSN consist of very interesting and
multidisciplinary field of research with huge number with varying application
applications. In future sensors play a key role in shaping and making smarter in
fields like health, smart home, environment monitoring, security, Iol' and others.
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Table 10. Comparison of routing techniques for WSN

Type of routing Merits Demerits

Improves network efficiency and

. . . More complex and time
Information- centric content distribution performance by P

R consuming
satisfying user request
. Scalable, and balance load amon, Consumes more energy in large
Node-centric & R &y &
all nodes size

Not suitable for large network as

Source initiated Dynamically route will be created .
metadata size increase

Destination- initiated Route mamte.nancc? is easier. Works Complex to build route.
well for multiple sink nodes also

Data loss or inaccurate data may

Single path Easy to build and maintain happen in network

Fast, accurate data delivery will be

Multi path done

Maintenance cost is more.

When the instability increases,
the need for route updates and
control traffic increases which
leads to inefficiency.

Identification of routes is faster.
Proactive Suited for large and dense networks
predominantly.

. Network construction will be
. Route can be discovered when . .
Reactive slow. The reconstruction will be

required efficiency is more . .
time longer and failure more

The Routing Protocol will able be With the added cost of increased

Hybrid .S . complexity due to increased
¥ customize simple and flexible plextty
functionality and source code.
Scalability is minimum suitable
Avoids the flooding of data only for small networks.
Flat . Lo o
Transmit data is minimal Overhead of maintaining
resources
Node identification easier and Complex to maintain if multiple
Query based . . .
storage is not required queries
Coherent Easier to construct Depends on protocol operations
. . Energy efficient, scalability and .. .
Hierarchical gy ethe ¥ Data aggregation is required too
extends lifetime
. As location aware route set up is . A
Location casy P Not suitable few applications
Less computational complexit; .
P mprexity They are not robust, they give
Fuzzy Construction of route is easier .
same importance to all factors
through rules
. . . Few techniques are ver
Swarm Intelligence Highly scalable, self organising chiiq y
expensive
Artificial immune system Self learning, high robust Cannot detect synergetic effects
Storing information on entire Unexplained behavior of the
Neural networks network, work with incomplete network, difficulty in showing
knowledge, fault network problem
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Table 11. Commonly used WSN simulators

a hierarchical strategy to organize the
models

extensibility

Simulator rcEGming Characteristics Advantages Downlua.dable
language website
Object oriented discrete.
C++ Easy to add new protocols Graphics support is less, more time
NS-3 A large number of protocols available P pp ? http://www.nsnam.org
Python publicly required to run protocol
Availability of a visual tool
. . Supports only two wireless MAC
Discrete event network simulator . L.
NS-2 Cot packet-level, link layer and up, wired and protocols, 802.11, single hop TDMA | http://www.isi.edu/
wireless ’ ’ protocol, more time requirement, nsnam/ns/
o poor graphical tool
It can be used as simulator and an Compilation steps lose the
emulator for WSNs; Provides obvious finegrained timing and interrupt
TOSIM Nesc advantages for projects deal with MICA properties of the code, All nodes http://www.Tinyos.
nodes, High degree of accuracy or running | in the network must run identical stanford.edu/
the application source code unchanged. code; The network environment is
Availability of a visualization tool. not modeled
Parallel simulation capability. It is Elfecuvel)f limited to IPAnelworks
X o 5 . because of low level design http://pcl.cs.ucla.edu/
GLOMOSIM | pesc tailored specifically for wireless networks. . s . | .
Availability of a visualization tool. assumptions. Unavailability of new projects/glomosim
Y ) protocols
Model building may require special
Discrete-event; Structured around simple training; Needs long time for
OMNeT++ C++ modules: Has ; versatile GUI P learning how to use the simulation http://omnetpp.org
’ packages; Results may be difficult
to interpret
Publicly available and designed solely Supports only a limited number of e e
UWSIM G+ for UWSN. functionalities and calls for extension hitp:/firs.uji.es/uwsim
Can handle networks having up to . .
Avrora JAVA 10,000 nodes. Enables validation of :2:;\]:Cl]_0t$ (:,d”lc“]ocslg?;/[dr(ljf;qig?mo del http://www.cs.ucla.
time-dependent properties of large-scale o ) edu/avrora
networks mobility
Platform-independent Users can assemble Not accuratelx simulate a MAC
application- i . protocol. Provides support for
pplication-specific environments sensors, actuators, and physical
Defines an environment as a grid of ’ ? phy:
interchangeable tiles phenomena only for sound
. ) Lacks of developed extensibility; . .
SENSE Cat Designed around a component structure; Does not include functionality such http://www.ita.cs.rpi.
Overcome the scalability issues inherent as sensin Y edu
in object-orientated structures, Balanced 2 .
B . . . Not accurate evaluation of WSN
consideration of modeling methodology .
and simulation efficiency. M research. Lacks a comprehensive set
o 5 ency. Memory- of models Absence of a visualization
efficient, fast, extensible, and reusable. tol
Concerning both simulated hardware and Ngl e_xlremely e“‘c‘ef“‘ Supports .
. a limited number of simultaneous http://www.contiki-
COOJA JAVA software. Larger-scale behavior protocols . .
and aleorithms can be observed node types. Making extensive and 0s.0rg
g ) timedependent simulations difficult
Highly tunable MAC protocol and a
Physical process modeling. sensing flexible parametric physical process
ysica’ process m g, SCnsing model.
. device bias and noise, node clock drift, . .
Castalia C++ and several MAC and routing protocols Not a sensor specific platform. Not https://castalia.npc.
im iemented &p N useful if one would like to test code nicta.com.au/
P : compiled for a specific sensor node
platform.
May be run on a diverse set of execution Only run code for the types of
Emstar Linux platforms. Combination of simulator and nodes Does not support parallel http://www.usenix.or
emulator. EmStar’s use of the component- simulations. Not as efficient and fast p: : ore
based model allows for fair scalability as other frameworks
Object-orientated, developed for military
applications; Suitable for heterogeneous Quite expensive for commercial hito://www.riverbed
OPNET C/C++ networks with various protocols; Uses usage; Limited in scalability and p: ) )

com

continued on the following page
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Table 11. Continued

Simulator IR Characteristics Advantages Downloa.dable
language website
Provides support for energy modeling,
with the exception of radio energy Low efficiency of simulation.
consumption, Support mobile WSNs. The only MAC protocol provided
Component-oriented architecture. for wireless networks is 802.11.
Improving on the inter-communication Unnecessary run-time overhead, http://www.physiome.
J-SIM JAVA - .
efficiency slower than other simulators org
It is application development environment Relatively complicated to use; No
based on the component-based software real established user base; Not
architecture, Autonomous Component widely adopted
Architecture
Provides an accurate and extensible radio Does not pr9v1de anyp roloc&)ls
. . above the wireless medium, or any http://ptolemy.
Visual sense Ptolemy II model as well as a sound model that is .
R sensor or physical phenomena other berkeley.edu
accurate enough to use for localization.
than sound.
Easy debugging, provide visualization,
event driven nature . .
Prowler Matlab/JAVA Probabilistic WSN simulators. Provides only one MAC prf)tocol, the http.//wYVW.lSlS,
) . default MAC protocol of TinyOS. vanderbilt.edu
(J)Prowler provides an accurate radio
model.
Not limited to the implementation of aDSe;::jlieod s::;nl;la;?:s ortols:\rlleizssuch
distributed protocols Can simulate vast propag prop
. or low-layer issues are not well
Sensorsim JAVA networks . http://www.dl.acm.org
. . . . considered.
Object oriented discrete event; Provides . L.
Hard to develop extensions; Limited
advanced models for network hardware . .
in Scalability
Scalable, highly extensible and
customizable; Enables the simulation Requires extensive centralized
of sensor control networks; Supports a computational power; Requires hps://www.
GTSNetS C++ . ; Support P P > Red computer.org/csdl/
large variety of TCP-based applications; huge memory as the Network scale
. . R . GTSNets
Provides a robust interface for creating increased
network graphs
) ) ) L Requires a reasonably high learning;
SenSim JAVA Modules are present to represent cach There are not many developed https://m.apkpure.com
protocol layer o .
protocols available for it
JiST is a high-performance discrete event
simulation engine that runs over a standard
Jist JAVA Ja\fa ylrlulal machmc.'lt clonvcrts an Runs only on JVM, http://jist.ece.cornell.
existing virtual machine into a simulation edu
platform, by embedding simulation time
semantics at the byte-code level.
Scalab‘le: model fldgllly, portable, L. It is commercial tool, it hides code http://scalable-
Qualnet C++ extensibility. Optimize new and existing . X
N N for certain projects, networks.com
models. Analyse performance of network.

Sensors can be found in all technologies, environment and infrastructure in near
future according to researchers and industrialist by its inherent characteristic. Scope
of WSN can be seen in 10T, security, data integrity, accountability, detection,
tracking, analysis. The applications of WSN can be extended further by integrating
with other technologies like big data, neural network, bio-inspired computing, fog
computing, edge computing, machine learning, deep learning.
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CONCLUSION

WSN is playing an important role in wireless networking domain. One of the major
challenges of WSN is to prolong the network life using energy efficient routing.
This paper presents a comprehensive review of energy efficient routing algorithms
categorized as heuristic and meta-heuristic algorithms. The following routing
algorithms under heuristic are covered namely: architecture based, communication
model, data delivery, path establishment, network operation, network structure and
performance. The literature survey reveals that hierarchical routing algorithms under
network structure category are explored at a higher rate compared to other categories.
The following routing algorithms under meta-heuristic are covered namely: Fuzzy
logic, swarm intelligence, immune system, genetic algorithm and neural network.
Under meta- heuristic approach immune system for network routing is still an
emerging field where as lot of work is being carried out using others (FL, SI, GA,
NN) which mainly attempt to optimise routing parameters. The chapter also covers
a brief comparison of various simulators used for simulating WSN.
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ABSTRACT

Vehicular ad hoc networks (VANET) are networks that interconnect road and vehicles.
The mobile nodes are used to connect themselves in self-organized manner. VANET
is valuable that gives better performance and assures safe transportation system in
prospect. Few of them are covered that helps in knowing the best protocol to be used
in particular work. Initially, renewable energy is considered to be those sources that
are derived either directly or indirectly from solar energy. Due to emission of harmful
gases, in VANET, use of renewable resources come in existence. In another section
of the chapter, various energy issues in VANET have been highlighted and added
the concept of VANET-CLOUD. As cloud computing technologies have potential to
improve the travelling experience and safety of roads by giving provision of various
solutions like traffic lights synchronization, alternative routes, etc., VANET-CLOUD
has been added at the end of the chapter.
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INTRODUCTION

Vehicular Ad hoc Networks (VANETS) are networks that interconnect road and
vehicles. The mobile nodes are used to connect themselves in self-organized and
decentralized manner in case of mobile ad hoc network (MANET). Multi-hop routes
may also be established by it. If mobile nodes are cars than it is called vehicular
ad hoc network (Watfa et al, 2010). To create a mobile network moving cars are
used as nodes in technology used by VANET. It turns every cars in a network act
as wireless node or router allow to connect them in between the area of 100 to 300
meters or a network is created in a wide range. In order to create a mobile internet
other cars can join in connecting vehicles to one another if any cars drop out of the
network or can say it fall out of the signal range. Fixed equipment can belong to the
government or private network operators or service providers (Khekare et al, 2012).

Firstly fire and police vehicles are integrated to this technology so that they can
communicate with each other for safety purposes. Between vehicles and nearby
fixed roadside equipment and between nearby vehicles a number of deployment
architectures are allowed by advancing trends in ad hoc network scenarios. Dedicated
short range communication (DSRC) like Wi-Fi type of wireless technology is
expected to be implement by VANET. Satellite, WiMAX and Cellular are other
wireless technologies. It can also be viewed as Intelligent Transportation Systems
(ITS) component (Kumar et al, 2012). In VANETSs several different applications
include safety applications that are concern with making driving much safer, mobile
commerce and other information services that helps driver in getting information
about accidents, congestion, traffic jams and driving hazards.

As compared to MANETSs, VANETs have several different aspects such as
there is rapid change in topology due to high velocity movement of nodes. In case
of VANETS security is indispensable because it is more prone to several attacks.

I: Infrastructure

V: Vehicle

The aim of this paper is to give brief details about VANET, their characteristics
and various routing protocols related to it. VANET is not a new topic but still it
provide new research challenges and problems and its main objective is to help group
of vehicles in setting and maintaining acommunication network among them without
the use of any controller and central base station (Zeadally et al, 2010). Main motive
of this survey paper is to check that which protocols has good performance. The
other objective of this paper is to give review on renewable resources for VANET.
Technologies used for supply of renewable energy and various energy routing
protocol. An energy issue in VANET also has been highlighted. The next section
of this paper covers the communication model of VANET-CLOUD then ended this
work with various future applications of VANET (Yan et al, 2008).
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Figure 1. Architecture of VANET

Figure 2. Types of communication in VANETs

[ Types of communication in VANETSs ]
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Different Communication Types
There are mainly three types of communication available using VANETS are:

e Inter-vehicle communication: In its configuration a multi-hop broadcast or
multicast is used in order to transmit the information related to traffic over
multiple hops to a group of receivers (Zeadally et al, 2010)

e  Vehicle-To-Roadside Communication: In its configuration a single hop
broadcast is represented in which broadcast message is sent by roadside unit.
This message is broadcast to all the equipped vehicles in the vicinity (Jindal
et la, 2016).

e  Routing-Based Communication: In its configuration multihop fashion is
used to propagate the message until the desired data carried by vehicle is not
reached.
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Characteristics of VANET

VANETs is an application of MANET but still it have their own characteristics that
is given below:

e  First characteristic of VANET is high mobility as speed of moving nodes in
VANETs is high. Due to which prediction of nodes position and node privacy
protection has become harder (Jain et al, 2016).

e  Second characteristic of VANET is network topology: There is frequent
change in node position due to random speed of vehicles and high node
mobility. This results in frequent change of its network topology.

e  Third characteristic of VANET is unbounded network size: VANET can be
implemented for one city, several cities and countries or it can be said that its
size of network is geographically unbounded (Lobiyal et la, 2011).

e  Fourth characteristic of VANET is frequent change of information: The
information can be gathered from road side units and other vehicles due to ad
hoc nature of VANET. This makes frequent exchange of information among
node (Kolte et al, 2014).

e  Fifthcharacteristic of VANET is wireless communication: VANET is designed
for wireless environment. Through wireless information are exchanged
between nodes thats create a need of security measure in communication.

e  Sixth characteristic of VANET is sufficient energy: In this there is no issue
of communication and energy resources that allow VANET to use ECDSA,
RSA implementation of demanding techniques and also provide unlimited
transmission power.

e  Seventh characteristic of VANET is time critical: There is exchange of
information with in time limit so that action can be performed according to
the decision made bt the nide (Kolte et al, 2014).

o  Eighth characteristic of VANET is better physical protection: The nodes or
VANET are physically better protected thats make its nodes more difficult to
compromise physically and reduces infrastructure attack effect.

Routing Protocols in VANET
Ad-hoc networks are used for communication that was initially used for MANETSs but

now they are also being used for VANET. VANET routing protocols are classified
into various types as given below (Bernsen et al, 2008).
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Topology Based Routing Protocols: The links information is used by it to
forward the incoming packets to next node in the system. The routing table are used
for stroing information and there is break in route due to very frequent change in
link information and mobility of the vehicles. It is further classified into two types:

Proactive Routing Protocol: Its another name is table driven routing protocols
because there it different routing table for each router. In the network each destination
node routes are discovered by category routes in advance (Perkins et al, 2003).
Unused path is occupy by them that occupy a significant part of available bandwidth
that is the main problem associated with these protocols. Some of proactive routing
protocols are:

° Destination Sequenced Distance Vector (DSDV): This protocol was
developed in 1994 to solve the problem related to routing loop. Sequence
number is contain by routing table with each entry. It have even sequence
number when link is present on other hand number is odd and this is generated
by destination node. Then route are selected by using latest sequence number
routing table entry.

e  Fisheye State Routing (FSR): Thus is link state routing based protocol and
at each node topology map is maintained so that instant route information
is provided by it. In this case link state table is used to update the routing
information from neighbour node. And a Fisheye technique is used in it in
which geographical data is represented by information size that is reduced
before storing to only relevant information.

Reactive Routing Protocol: Its another name is on-demand protocols and reduces
the overhead and congestion in the network. For new route for the destination a
network discovery process is carried out by source node and temporarily stores
the routes (Mishra et la, 2005). When it gets the route then it stop the discovery
process. In the network excessive flooding is the main problem that occurs due to
message for discovery of a new route and cause overloading of nodes. Some of the
reactive protocols are:

° Dynamic Source Routing (DSR)
Ad-hoc On demand Distance Vector (AODV)
e  Temporally Ordered Routing Algorithm (TORA)

Position Based Routing Protocols: Its another name is Geographical protocol

as its routing mechanism is depends on the position of destination node. So, on
the basis of location data packets are forwarded instead of network address. In this
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geographical positioning system is used by every node to find its position and their
neighboring nodes. In packet header location of destination node is saved when
there is need to send a packet by node. It not require any awareness of topology and
route discovery (Ryu et al, 2011). This makes it suitable for highly mobile VANET.
It is further categorized into:

Delay Torrent Network (DTN): When nodes have no contact with other nodes
then packets are stored by nodes that help in improvement of packet delivery. So,
until the nodes don’t discover another node then packets are hold by them for some
distance.

Non-DTN Protocol: Greedy approach is followed by itin which packetis forward
to closest neighbour by node. The problem related to it is local maxima. Further
this protocol is divided into:

e  Beacon: Further divided into Overlay and non overlay protocols. In overlay
protocol any routing protocol works on a set of selected nodes overlapped
on the whole network. Greedy Perimeter Coordinator Routing protocol
comes under the category of beacon protocols. In non-overlay protocols main
principle used is greedy approach in which packet is forward to the node
closest to destination. Greedy Perimeter Stateless Routing (GPSR) comes
under this protocol category.

e  Non-Beacon: Contention-Based Forwarding (CBF) protocol is the example
of non-beacon protocol in which next node is selected by using biased timers
based distributed contention process concept (Suthaputchakun et al, 2011).

e  Hybrid Protocols: This is the combination of both Beacon and Non-beacon
protocols. In which advantages of both protocols are taken into consideration
for taking decision for relaying packet.

Hybrid Protocols (DTN and Non-DTN Protocols: In this both the advantages
of DTN and Non DTN is combined to exploit the partial connectivity of network.
In this DTN, Non-DTN and perimeter mode is combined. On the basis of network
connectivity and number of hops travelled by packet, neighbour direction and delivery
quality a non-DTN mode is switch to DTN mode.

Forwarding: Various remote jumps are used to transport bundle between two
hubs by geographic uncast transports. When there is need to send a unicast parcel
by hub then a gander at the area table is used to discover goal hub position. After
that bundle of hubs or neighboring vehicle is used to send bundle using avaricious
sending calculation .
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RENEWABLE ENERGY RESOURCES FOR VANET

Initially renewable energy are considered to be those sources that are derived either
directly or indirectly from solar energy. In broadcast sense all the used energy in
today world including fossil fuels are considered in a form of solar energy (Su et
al, 2012). All gas, coal, oil and wood like forms of energy are embodied forms of
gathered, stored and natural processes transformed solar energy.

In near future transportation a system is dominating by envisaging of electric
vehicles. There is less emission of green house and carbon dioxide gases by increase
in dependency on fossil fuels. Possibility of charge vehicles from renewable energy
sources and higher efficiency of electric vehicle engines are few of the key benefits
of electric vehicle systems (Wang et al,2013). The conventional energy resources
consumption can be reduced by use of electric vehicles for travelling that result in
increase of other energy sources life time and help in mitigating any future crisis
related to energy. In the world most of the percentage of source of green house gas is
vehicles and towards cleaner environment electric vehicles play a big role (Uhrig et
al,2006). In terms of efficiency of fuel use of electric vehicle engine is more efficient
and its other advantage is that it can be use in conjunction with many renewable
sources that results in improvement of dependency on only one source of fuel.

ENERGY HARVESTING ARCHITECTURE

Solar, winds like ambient energy are presented in architecture these are used as
input to the energy management unit (Imai et al, 1997). The energy is provided
to energy storage through energy management unit. Then in the form of regulated
power supply energy is transformed to output energy management unit after storing
the energy for usage purpose (Jin et al, 2014)

Renewable Energy Supply Technologies

Some of the renewable energy sources are (Santhiya et al, 2017)

e  Solar Energy: In this case energy is generated for transportation, buildings
and industrial processes by directly using sun’s energy along with the

generation of electricity for general consumption in all three of these end-use
sectors. These technologies are not constrained by feedstock requirements

234



The Efficient Managemnet of Renewable Energy Resources

Figure 3. Architecture of renewable harvesting
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even after the large amount of availability of solar resource. On other hand
it is constrained by costs and operation, siting issues and perceived like
obstacles. Example of solar energy source is photovoltaic devices that uses
multiple PV cells to convert sunlight energy directly into electricity.

Wind Energy: At the surface of earth air moving masses is given to rotating
shaft power that convert the energy into electric power through generator or
can directly used for mechanical energy for water and milling pumping. On
the basis of blade rotation axis two major types of turbines are:

Horizontal axis turbines

Vertical axis turbines

The main advantage of wind energy is that it is most cost competitive technology
of renewable electricity for bulk power market. Another advantage is that it is well
suited for distributed and remote applications. In remote power market much interest
is gained by hybrid applications of Photo voltaic cell like renewable energy source
with wind turbine.
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Biomass Energy: This includes all the sources of energy materials derived
from food industry wastages, municipal solid waste, wood wastes, dedicated
herbaceous, sewage and agricultural residues like biological sources. On a
global scale, potential size of the biomass resources and its ability to utilize
existing residue streams is quite large. So, for biomass use it offers low cost
attractive biomass use. The resource base may further expand by dedicated
and sustainable biomass energy plantations development that results in
reduction of biomass produced energy cost.

Geothermal Energy: Decay of radioactive materials in the crust and Earths
molten interior originated heat is knock by this geothermal energy systems.
For fully accessing conversion technology resource potential size is hundred
million quads. Its use has been found in number of locations around the world
in production of electricity in competitive costs with conventional sources
and also provide energy directly for industrial processing, aquaculture, space
heating, refrigeration and industrial processing.

Hydropower: To generate electricity falling or flowing water kinetic energy
is exploited by hydropower. Water from canal, river, reservoir or stream is
used by conventional hydropower to produce electrical energy and electricity
loads are adjusted by water releases from single purpose reservoirs. Its use is
mostly found in navigation, water supply, irrigation and flood control.
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Different Types of Energy-Aware Routing Protocols

The main task of energy aware routing is to find the routes that minimize the energy
cost for packet travelling from one end to another. In this case while selecting routes
both the enrgy cost of routes and reliability is considered. There is increase in the
probability of packet retransmission if routes are not much reliable that need a more
amount of energy for retransmission of packet. Various energy routing are designed
by different researchers to find the reliable route cost. Some of the work done for
energy efficient or aware routing protocol is given in this section.

Routing is used by VANET for exchanging data between vehicles and vehicles to
roadside infrastructures. Energy is consumed when data is transferred through routing
due to which number of researchers has proposed various routing protocols for saving
energy. But still routing is a very challenging issue in VANET that consist of various
road obstacles, dynamical road topology and high vehicle movement along with the
fact that traffic and roads conditions constrained movement of vehicle. Categories of
vehicle and behaviours of driver much influence the movement thats why we route
them in a proper way by proposing an energy efficient routing protocol. Dagiang
Zhang et al (2013), have proposed energy efficient routing using movement trends
(ERBA) for VANETsS which classify vehicles into number of categories and to make
routing recommendation it leverages the movement of vehicle. After going through
intersections of road, next and current directions movement is predicted. The energy
consume by propagation of vehicles is reduces with the use of categories vehicular
information of distance between current and next intersections, pattern behaviour of
driving. Shanghai Grid project extracted urban scenarios is to validate the proposed
scheme and tested it in terms of path duration time, packet delivery ratio and end to
end delay. The comparison result shows that proposed routing protocol is efficient as
compared to other existing routing protocols. In vehicular networks OLSR routing
protocol power consumption reduction is handle by Alba Enrique, et. al, (2013).
Green communication and energy aware protocols are consider as important topic for
research mainly in the case of wireless mobile networks deployment. Alba Enrique
have used parallel evolutionary algorithm based fast automatic methodology that
increases the speed of searching energy efficient OLSR configurations. The proposed
approach is tested in terms of power consumption, QoS and as compared to other
standard configurations there is less loss.

Inanimal monitoring, environmental monitoring, smart building and infrastructure
monitoring Heterogeneous WSN is widely used. In order to make network more
energy efficient, robust, reliable and simple nodes are become heterogeneity by
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routing protocol due to different operational capability and power supply. Still existing
protocols are not able to achieve all goals. For data collection a beaconing based
reliable protocol is provided by collection tree protocol (CTP) but energy balance is
not considered in it. It was also not able to provide an efficient dissemination scheme.
So for heterogeneous WSN a beaconing based routing protocol has been presented
in their work. The proposed Energy-Aware Routing Based on Beaconing introduced
by Li Ya, et.al, (2014) is more efficient routing scheme for both dissemination and
collection with beaconing packets exchanged between nodes and their neighbour.
Beside of node to sink routing scheme a node to node routing scheme is also
supported by EARBB. The results conducted to test proposed scheme show that a
reliable network is establish by it that can quickly recover from any failure of node
and also increase the average lifetime. Amount of energy required for forwarding
packet is potentially reduce by energy efficient routing protocols. However, existing
literature lacks studies on improving green performance of geocast routings for the
Internet of Vehicles. So, a geocast routing protocol has been proposed by Li-Der
CHOU, et. al., (2015), that is based on energy efficient min delay (EEMD). The
green protocol model is presented by them and also analyzes the green networking
performance in forwarding of packet. The proposed protocol is tested under various
traffic conditions and results show that it is more efficient in energy saving data
forwarding.

Zhongwei CUI, et. al., (2015), have proposed a opportunity route based on real
time information (VORI) by taking into account the important role of mobile nodes.
In this real time area information is collected by VORI using mobile nodes and with
the help of delivery message a hot area is constructed for selecting best inter-area.
Both data transmission and node position query is consist in VORI and number of
query copies with the net is reduced. Along with this it dynamically select hot area
message delivery works. Then for wireless ad-hoc network an energy aware routing
algorithm Reliable Minimum Energy Routing (RMER) is proposed by Priyanka
R. More, et. al. Nodes of ad-hoc networks are completely work on the power of
battery and wireless ad-hoc network energy efficiency is one of the challenge. There
is minimization of energy required to transfer the packet from one point to another
by finding the routes using energy efficient routing algorithm RMER. In this work
they have used optimized link state routing protocol.

Energy Issues in VANET
In VANET energy get minimized by finding the best routes for sending packets

from one end to another. While selecting routes energy cost, reliability and
energy consumption is considered as main parameters. There is increase in packet
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Table 1. Review on various issues related to Energy in VANET

Issue Solution

So a system is proposed by Prerana Deshmukh,
et.al, (2014), in which mobility parameter is used

as distance between node in a base station and
Position, direction and speed like mobility parameter | cluster. This also helps in minimizing the energy

are used for working of existing system. But during consumption. In this data discovery phase of AODV
transmission of data more energy is consumed by it. routing protocol is improved by using cluster head
selection and location based cluster mechanism.

In this two tier data delivery mechanism is used to
improve the VANET energy efficiency.

Parked vehicles are used as relay nodes and in most
energy efficient manner services are provided by
introducing optimal method of enabling parked
vehicles. Gang Sun, et.al, (2018), has divided their
The shortage of resources has become a serious issue | method into two steps as given below:

with the development of vehicular ad hoc networks. On the basis of communication coverage a clustering
An packet vehicles has been used by various of moving vehicles is considered and relay nodes are
researchers to red rid of the problem given about used to select the parked vehicles between clusters.
but these type of vehicles cant continue charging This ensures the communication among driving
when they are turned off. This problem is termed as vehicles.

problem of limited energy. Secondly for achieving energy conservation a

external environmental dynamic factors are used
Their results show that an improvement is achieved
using proposed energy saving method as compared
to other parked vehicles based methods.

By means of Differential Evolution (DE-OLSR)

a quality-of-service optimized version of OLSR
energy efficiency is studied by Jamal Toutouh,
et.al, (2011). DE-OLSR is compared with the
standard version of OLSR in terms of QoS and
Power consumtion. To do this number of VANET
simulations are conducted. The performance
evaluation shows that DE-OLSR gives better results
as compared to other standard version.

To deploy intelligent transportation systems a
communications is provided by VANETs. Very less
researchers have worked on green communications
or energy efficiency. In VANET design, power
consumption has become a major issue due to the
possible interaction with devices that are fed with
different electrical sources and the proliferation of
electrical vehicles

retransmission when routes are less reliable so need more amount of energy. In
this section we have covered some of the energy related issues focused by various
researcher. We have also given the solution to solve those problems.

Energy Management used in VANET
User has basic skills to carry a smartdevices by energy management. Forexample while

communication there is need to serve a better optimization of energy management.
In fact, the user is who can parameterize the data concerning the EV as SOC, ton,
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toff, plus programming the appliances (Lateef et al, 2016). Designing of charging
and energy management systems is the key issue related to deployment of EV. As
compared to refuelling of a conventional vehicle a longer time is taken by EV for
recharging so there is need of charging infrastructure management systems based
on city wide or an area. This creates a need to develop an information system that
is able to interact with mobile EV fleet and spatially distributed charging stations
with different occupancy levels.

In future charging stations may provide a supply energy using multiple sources
where there is location and time dependent availability of price and energy. In certain
areas when consumption load of peak/average generation is exceeded then energy
storage task can be done by EV. Efficiently and timely provision of electric vehicle
information system (EVIS) is primary challenge. The task is to provide low cost
station, nearest charging station location and availability of quicker charging. So,
thereis need to develop an electric vehicle information system (EVIS) to enable these
energy management services in which EVIS interact with the spatially distributed
information/control servers and mobile EV fleet. These system should be able to
support the exchange of data from infrastructure to vehicles (I2V) on the downlink
channel and vehicles to infrastructure (V2I) on the uplink Channel.

In a macro-relay heterogeneous network for load balancing and optimizing relay
placement an analytical model is presented by Hafiz Yasar Lateef, et.al, that helps
in minimizing the energy consumption. Base station sleep modes is studied by
Marsan, M. A, et.al, (2012), that is considered as viable approach for improving the
energy efficiency of cellular access networks. In this power consumption is reduced
in periods of low traffic in which base stations take care of service provisioning and
radio coverage when base some of the base stations are switched off. It is assumed
and guarantees that whole the times service is available in it. In case of urban areas
dense base station layouts this is realistic assumptions that consumes most of the
energy of network. Identification of optimal base station switch off times is allowed
by the development of simple analytical models as patterns of daily traffic function.

Managing Energy Resources in Vehicles-
To-Home Communications

In large number of countries there is increase in installed capacity of RES thatimpact
in the electricity distribution network (Hussain et al, 2012) This problem can be
partially solved by EV and its main feature is the possibility of a transfer of energy
bidirectional. When there is need to implement systems to support natural disaster
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situations detected by different areas with long time supply outages in these cases
use of vehicle to home (V2H) concept is important. They are designed to implement
smart homes with devices that can manage energy that consist of single EV in a
home and in terms of configuration it is easy and simple. Further to install it in a
home there is no need to change the existing home network.

With the supply of reactive power and active power exchange to the home daily
load profile of households can be smoothen using V2H system. It can also interact
with vehicle to grid (V2G) and vehicle to building (V2B) systems and it also improves
the efficiency of the RES and minimized the losses (Martinez et al, 2017). In short,
V2H concept aims to harness all the resources and possibilities of the EV. So for
household loads feeding better integration of micro renewable resources can be
achieved by using energy stored in the EV.

There are systems for home as given below:

One is with access to the network or deferred injection, zeros injection and grid
connected

Another is systems for homes without access to the network or isolated. An ESS
system is incorporated by deferred injection system to store energy from RES. Along
with this there are some already available commercial devices (Li et al, 2017).

EV is managed by user and prediction of network behaviour is done by demand
forecast using historical data and then it act according to the higher profit. Mobile
devices application can be used to do active energy management at home in which
users have their own credentials.

VANET-CLOUD

A new vehicular cloud computing model name as VANET-CLOUD comes in
existence. To the edge of server a workstations, servers like stationary nodes exist in
conventional cloud infrastructure model. On vehicles computers like new computing
resources are integrated to achieve extension that helps vehicular drivers to access
computing resources using both stationary and mobile nodes in virtualized manner
with improvement in costs. The computing resources is provided to vehicular
drivers along with other users (Li et al, 2017). While executing the application of
road safety its get improved by model that is based on client, communication and
cloud three layers.

VANET cloud are divided into three major architectures namely Vehicular Clouds
(VO), Vehicles using Clouds (VuC), and Hybrid Clouds (HC).
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Figure 4. Vehicular Clouds (VC)
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Vehicular Clouds (VC):

VANET infrastructure, gateway is main players in VC where in this paradigm a
service is provided by vehicular nodes.

In this firstly a protocol is initiated to select brokers among them and authorized
entity (AE) is selected among the brokers to identify the clouds boundaries to form
a cloud by taking authorization (Martinez et al, 2017). After that vehicular node
is invited by AE after electing the AE and brokers and an ack is received from
interested vehicles. To provide potential resources and form a cloud permission is
taken from higher authorities when number of interested vehicles becomes higher
than threshold (Li et al, 2017). So, in order to form a rich virtual environment a
resources are grouped by cloud participants when they get a permission.
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OPTIMIZATION METHODS USED FOR
ENERGY EFFICIENCY IN VANET

Table 2. Review on various optimization methods used for energy efficientin VANET

Author name

Optimization algorithm

Description

Jamal Toutouh, et.al, (2012),

Differential Evolution algorithm

Involved terminals energy consumption is rely on limited

battery power that creates a need to design a energy efficient
communications. In VANETs OLSR routing protocol energy
consumption is reduced using Differential Evolution algorithm
that search for energy efficient configurations. They have

tested their proposed work and its results show a significant
improvement in terms of energy saving without degrading QoS as
compared to other standard configuration.

Santanu Majumdar, et.al,
(2016),

Ant Colony Optimization (ACO)

In VANET structure the disconnection of high mobile nodes is a
problem and vehicles or nodes in a this can move with a speed of
186.41 miles/h or 300 km/h due to which loss of information will
become very critical. For these mobile nodes a fixed topology

is used by earlier protocols and various algorithms like moving
directional or greedy approach and beaconing ignored the changes
in environment that plays an important role in information
regulation. So, Santanu Majumdar, have proposed ACO that helps
in achieving information transfer and efficient path establishment.
The discovered paths are evaluated by using delay time and

path availability and also consider environment changes. The
experiment results show the improvement in terms of throughput
that is achieved through various environmental modifications.

F. Aadil, etal, (2016),

Clustering algorithm based on Ant
Colony Optimization (ACO) for VANETs
(CACONET)

VANETSs communication efficiency gets improved by using
vehicular node clustering, data aggregation and message

ferrying techniques. F. Aadil, et.al, have proposed a Clustering
algorithm based on Ant Colony Optimization (ACO) for VANETSs
(CACONET). For robust communication a optimize clusters

are made by CACONET that is compared with Comprehensive
Learning Particle Swarm Optimization (CLPSO) and Multi-
Objective Particle Swarm Optimization (MOPSO). For
experiment purpose a number of nodes, transmission range of
nodes and network size of grid is varied to check the effectiveness
of algorithms and results show that proposed algorithm gives
better results as compared to other existing algorithms.

J. Rangaraj, et.al, (2017),

Ant Colony Optimization (ACO) and
Fitness Distance Ratio based Particle
Swarm Optimization (FDR PSO)

In order to improve efficiency of the central administration
lacking network a vital role is played by network performance
enhancement. J. Rangaraj, et.al, have proposed a hybrid of Ant
Colony Optimization (ACO) and Fitness Distance Ratio based
Particle Swarm Optimization (FDR PSO). Where on the basis
of ant information a higher enduring energy efficient path is
discovered by ACO that optimize a energy utilization of the nodes
in the network. On other hand nodes life span is extended by
FDR-PSO. To do this a expenditure of energy over transmission
is minimized and a duty cycle process coupled with the hybrid
technique can prevent nodes being active all the time.100 node
network is used to implement the proposed hybrid technique that
is tested in terms of delay, packet delivery ratio, throughput and
energy utilization like metrics.

X. Zhang, et.al, (2017

Micro artificial bee colony (MABC)
algorithm

X. Zhang, et.al, have studied a QoS constrained multicast
routing problem. This is NP-complete problem and use of swarm
intelligence algorithm is prove to be more suitable than other
classical algorithms. The problem is solved by using micro ACO
and minimizing delay cost and network lifetime is included in
QoS constraints.

Multicast routing is abstracted to a continuous optimization
problem. Then, it is linked with MABC. Three instances

with traffic scenario is used for implementation of numerical
simulation. Use of MABC algorithm gives optimal routes and
there is no frequent change when outing framework is applied in
real time.

continued on the following page
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Table 2. Continued

Author name Optimization algorithm Description

Distance, direction and position based Vehicle localization and
opportunistic neighbour selection routing logic suffers from drain
of energy. In order to get rid of those problems R. Aravinth, et.al,
have proposed a fuzzy optimization routing logic. Vehicular
communication is influenced by factors like link acceptance

R. Aravinth, et.al, (2018), fuzzy optimization routing logic and energy. A fuzzy based decision making system is used to
decide upon fluctuating factors of energy and data acceptance
rate to ensure reliable routing and relevant neighbor selection.
Simulation results show that a less energy consumption and high
throughput and packet delivery ratio is achieved using proposed
algorithm as compared to existing routing logic.

For creating clusters in VANET various methods have been
developed. In order to increase the network performance cluster
lifetime should be longer and efficient communication is achieved
if number of cluster heads is lesser. Muhammad Fahad Khan,
et.al, have proposed a Intelligent Clustering using Gray Wolf
Muhammad Fahad Khan, Intelligent Clustering using Gray Wolf Optimization (ICGWO) for clustering. This clustering based
et.al, (2018), Optimization (ICGWO) algorithm provides the optimized solution for smooth and robust
communication in the VANETSs. Direction, load balance factor,
Transmission range and grid size are key parameters of proposed
algorithm. CLPSO and MOPSO are used for comparing ICGWO
effectiveness in terms of optimization of number of cluster with
respect to transmission range, grid size and number of nodes.

FUTURE APPLICATIONS OF VANETS

Main future applications of VANETs are its role towards green environment, vehicular
cyber physical system, VANETSs and smart grid and applications of vehicular grid.
In this section we have given review on various future applications of VANETSs.

Cooperative Systems for Road
Transportation: A State of the Art

Typical working areas include improving road safety and traffic efficiency, traffic
management and control, video delivery, intersection management, and so on. There
are VANETS based ITS application pilots and applications is to assist drivers for
a better information awareness by utilizing limited capabilities of VANETSs. Other
applications in research are VRU protection, cooperative intersection for urban
traffic and platooning for high way automation. The future applications that fully
explore the VANETS capabilities are:

e  Traffic Management and Control: Traffic congestion gets eliminated with
the help of ITS and through efficient traffic control and management that
reduces environmental impacts and improves the traffic safety and comfort.
At vehicle information and communication system (VICS) center vehicle road
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traffic information is processes using VICS. It enables users to get regulation
or congestion like real time road traffic information.

e  Platooning: This concept comes in existing in new York 1939 when vision
of driverless vehicles are presented by general motors and automatic radio
control is used to maintain the safe distance to each other. GCDC (2011).
The Grand Cooperative Driving Challenge 2011 was a competition where
the main goal was to accelerate the development, integration, demonstration,
and deployment of cooperative mobility. In GCDC both the scenario of
highway and urban is demonstrated where traffic coordination in a traffic light
controlled intersection is the urban scenario where two platoons are joined
in the same lane. How traffic shockwaves is demonstrated by highway part.
There is need of common interaction and communication protocol is used
to implement number of followed by team. In this there is no centralized
controlling vehicle.

e  Cooperative Intersection: It is the concept of integrating multiple elements
operating at intersection through coordination and communication that
enable smooth and safe flow of traffic at the intersection. In order to improve
the intersection safety a vehicle collision avoidance and warning systems is
introduced on other hand comfort and smooth intersection passing is done
by introducing the Cooperative Intersection Management (CIM) traffic
management methods. The future intersections will be traffic light free by the
introduction of VANETS in which automated algorithms and sensors are used
to control vehicles by humans with assistance from on-board systems. V2I or
V2V techniques are used for vehicle communication with infrastructure or
vehicle that negotiate the optimal passing sequence of the intersection. Each
vehicle will individually receive the personalized right of way to cross the
intersection after negotiation.

e  Vulnerable Road Users: Communication with other road users is also
included in the applications of vanet. In japan a pedestrian-to-vehicle (P2V)
communication device is presented by Panasonic (Ferreira et al, 2012) and
pedestrians crossing a road intersection system wasted for overcoming the
traffic from all directions. So to give disseminate information about its presence
a P2V is able to communicate with other road users that is demonstrated by the
real life experiments conducted on it. For communication between bicyclist
and vehicles POC and Volvo cars are two Swedish companies collaborated as
another example of VANETSs within road safety.
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VANET Applications for Future Cooperative Mobility: After the release of
standards various applications are expected to be deployed within a time frame of
3 years. Active road, global internet services, cooperative traffic efficiency and
local services are categorization of applications. Certain warnings or necessary
information is provided to the driver so that actions can be taken accordingly. By
applications simple information can be easily interpreted that directly creates an
interface to deliver the message.

e  VANETs for Enabling a Safer, More Efficient, and Sustainable Road
Transportation: Number of communication vehicles grow fast by equipping
the vehicles with communication capabilities by automakers. VANETSs
become advanced and reality cooperative applications by traffic system
are populated by more and more vehicles that give the benefits of vehicle
coordination. Fr enabling advanced cooperative applications new features
have been utilized by VANET enabled traffic systems. Some of the key
enabling concepts are given below:

Cooperative context awareness: Vehicles have awareness of bridge ahead,
congestion level, road states, tunnel and traffic information like both global and
local environments. Vehicles perception is extended from local to global level that
goes beyond the current deployment.

Virtual Infrastructure: To improve efficiency and safety a negotiation is done
between vehicles and with infrastructure that results in reduction of environmental
impact. Maintenance and installation cost is reduced by gradual virtualization of road
infrastructure. In future transportation system there will be no traffic lights, marks
and road signs. Through VANET vehicles have full awareness and all information
will be provided virtually.

VANET Big Data (Nunen eta 1, 2012): In real time large amount of data is
generated by VANET. For traffic improvement all aspects from CO2 emission to
comfort, efficiency and safety aspects are enabled by utilization of VANET data.
Loop detectors and road camera are traditional road data collected and then much
more detailed information is provided by VANET data.

Energy Aspects: Much more sustainable transportation system is enable by
VANETs. Inefficient behaviour of driving can be avoided by intelligent decision
modules and fusion methods in vehicle along with VANETS real time information.
Transportation network of two of the biggest parts of future are grid and electric
vehicles gap is bridge by VANET: that is an innovative applications in both of the
areas.
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Enhancement Via Live Video Delivery: Before platooning comes in existence
on our public roads there is need to solve the acceptance, liability and policy like
open issues. Use of platooning application is not suitable for car passengers and
drivers which is following the truck in 10m distance. Its use can be increased by
using live video streaming between the vehicles. Ahead to all vehicles in the platoon
a leader of platoon and installed camera in windshield is used to distribute the
current view of road.

e  Pedestrian Crossing Assistance: Live video is exchanged between the
vehicles approaching a pedestrian crossing for protecting VRUSs.

e  Public Transportation Assistance: Live video is delivered from the bus at
the stop

to the vehicles passing by for protecting disembarking passengers.

e  Enhanced Road Safety: A fully context awareness for the drivers is enabled
by extended the vision of the vehicle beyond the sensors. The use of VANETS
gives significant enhancement in future driving assistance system. To avoid
potential dangerous situations a warnings and safety related information
is provided to driver by utilizing the information of both the surrounding
environments. Potential applications in this area are:

e  Advanced Danger Warning: Before vehicle arrive on sites a road dangers
can be sent that allow vehicles to take actions ahead of time. Bridges, slippery
road, tunnels and uneven road are some of the warning messages that is sent
to warn other vehicles with information of correct location.

Cooperative Overtaking and Merging: Efficient road merging and overtaking
is possible by VANETS and cooperatively merging and overtaking is done. Future
road manoeuvring such as overtaking and merging will be done cooperatively. The
communication and coordination is done with relevant vehicles when any manoeuvre
is planned by vehicles.

Vehicle Cloud: The integration of transportation network and VANETs along
with fast development of cloud computing make vehicle cloud a promising method.
It provide services for both emerging and traditional purposes. Real time information
distribution, control and conventional traffic management like enhancing platform
is provided by vehicle cloud.

Green Transportation: For planning of future transportation reduction of
greenhouse emission is one of the key challenges. In advanced traffic management,
data provision and guidance process a key role is played by VANETSs. Examples:
Eco-driving, Green goods transportation.
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CONCLUSION

Thisresearchis on VANET and various aspects related to it. Whole chapteris divided
into various sections in which first section covers brief introduction about VANET and
various characteristics, routing protocols used in it. There are number of characteristics
that makes VANET different and mostly used and growing technology. For sending
information there is need of routing to get efficient results so we have covered some
of main routing protocols used in VANET that helps other researchers in choosing
the best one according to their application. Next sections covers renewable energy
resources in which we have covered most of the available renewable energies that
can be used to protect the environment from harmful gases. That’s why in near future
transportation a system is dominating by envisaging of electric vehicles. There is
less emission of green house and carbon dioxide gases by increase in dependency
on fossil fuels. Other focus is given work on various energy resources and issues
related to energy along with their solutions concluded by various researchers. When
there is need to implement systems to support natural disaster situations detected
by different areas with long time supply outages in these cases use of vehicle to
home (V2H) concept is important. Due to which a brief about energy management
in V2H is highlighted and introduced a new concept of VANET-CLOUD as Cloud
computing has potential to improve the experience of travelling and safety of road
by providing flexible solutions. To further improve the energy efficiency of VANET
various optimization algorithms has been used by number of researchers that gives
efficient results and improved output. The use of VANET is getting increased in
various existing and new applications and main future applications of VANETS are
its role towards green environment, vehicular cyber physical system, VANETs and
smart grid and applications of vehicular grid.
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ABSTRACT

Wireless sensor networks (WSNs) consist of several sensor nodes (SNs) that are
powered by battery, so their lifetime is limited, which ultimately affects the lifespan
and hence performance of the overall networks. Till now many techniques have been
developed to solve this problem of WSN. Clustering is among the effective technique
usedforincreasing the network lifespan. In this chapter, analysis of multi-hop routing
protocol based on grid clustering with different selection criteria is presented. For
analysis, the network is divided into equal-sized grids where each grid corresponds
to a cluster and is assigned with a grid head (GH) responsible for collecting data
Jfrom each SN belonging to respective grid and transferring it to the base station
(BS) using multi-hop routing. The performance of the network has been analyzed
for different position of BS, different number of grids, and different number of SNs.
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Performance Analysis of Multi-Hop Routing Protocol
WIRELESS SENSOR NETWORKS

Wireless Sensor Networks (WSNs) have become popular recently, mainly due to the
advancements in the Micro-Electro-Mechanical Systems (MEMS) technology that
has prompted the improvement in smart sensors. This type of network consists of
tiny sensors which are equipped with limited computing and processing resources.
Typically, WSNs comprise of huge number of Sensor Nodes (SNs). These SNs
are able to communicate with each other or with the Base Station (BS) depending
upon the structure and functionality of network. Each SN performs the function of
sensing, processing and communication within the network. Information is gathered
by SN and transmitted periodically to other SNs or BS. The sensed collected data is
transmitted to the BS via intermediate nodes using wireless transmission techniques
(S.K. Singh et al. 2017).

Architecture of a Sensor Node

SNs have four basic components: a sensing unit, a processing unit, a transceiver
unit and a power unit. Location finding system, a power generator and a mobilizer
are its additional components that are application dependent (Akyildiz et al. 2002).

e  Sensing Unit: Sensing unit usually has two sub-units: Sensors and Analog to
Digital Converters (ADCs). Analog signals are obtained by the sensors which
are then converted to digital signals by ADC and then given to the processing
unit.

e  Processing Unit: It also has two sub-units: processor and storage unit. It
manages the procedures needed for collaboration of SNs with each other to
perform required sensing operations.

e  Transceiver: It is responsible for connecting the SN with each other and to
the other parts of the network.

e  Power Unit: Power unit supplies the energy required by all the board
components. The power unit determines the lifetime of the entire network.
Energy efficiency is the primary challenge since the battery of the SNs cannot
be easily re-charged after the deployment of the SNs.

Other application dependent components of an SN are:
e  Location Finding System: Position finding system like Global Positioning
System (GPS) device helps the nodes to locate other nodes. It is useful in

obtaining the location accurately as is required by various routing techniques
in sensor networks.
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e  Mobilizer: It is providing mobility to SNs for completing the assigned task.
Protocol Stack Architecture

In WSN, the protocol stack is made up of the application layer, transport layer,
network layer, data link layer, physical layer, power management plane, mobility
management plane and task management plane. The responsibilities of physical layer
include transmitting and receiving a signal over a physical medium. It determines
various characteristics like frequency of operation, modulation technique, data
encryption, etc. The main functions of data link layer are multiplexing of the data
stream, transmission and reception of data frame, medium access and error check. The
network layer is concerned with routing. It routes the data from source to destination
which is managed by the transport layer. This layer maintains the data flow when
required by the application layer. Application layer is required when the system is
to be accessed via internet or other external network. Application layer develops
several application softwares depending upon the sensing task requirement. Also,
the power, mobility and task management planes make SNs work collectively, route
data, share resources and distribute task among them so as to make use of power
efficiently. The power management plane optimizes the power usage by the SN.
The mobility management plane tracks the SN’s movement to maintain a returning
route to the user, and also find out neighbors of the SNs. For balancing the load,
task management plane distributes the sensing duties among several SN.

Communication in WSN

There are two types of communication in WSN i.e., single-hop and multi-hop
communication. Using either of this communication type, data is sensed, collected
and forwarded to the BS.

The ways of communication in WSNs (Tsitsigkos et al. 2012; Dargie and
Poellabauer, 2010) are:

o  Single-hop: The SNs send aggregated data to the BS directly in single-hop
communication.

e  Multi-hop: The SNs send the aggregated data to the BS via one or more
intermediate nodes in multi-hop communication.

For the small-scale network, single-hop communication is preferred mainly,

whereas multi-hop communication is preferred for large scaled WSNs. This is because
the BS is usually situated at a longer distance from the SN in large scale network
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and the long distance transmission consumes more power. In this case, SNs sense
and aggregate their data as well as act as relay nodes for the other SNs. WSNs have
numerous applications (Ramson and Moni, 2017; S. Zhang and H. Zhang, 2012;
Othman and Shazali, 2012) in different fields like health care monitoring, military,
agriculture, environmental monitoring, industrial monitoring, etc. Some of them
are mentioned below:

e  Health Care Monitoring: It includes monitoring of the patient, diagnosis of
disease, hospital drug management, various physiological data monitoring
of patient, tracking and monitoring of hospital doctors and the patient’s
activities, smart hospitalization, etc.

e  Military Applications: Sensor networks play a vital role in battlefield
surveillance, monitoring and guidance systems, prediction and
communications and intelligence systems.

e  Environmental Monitoring: Sensor networks could be very helpful for
prevention measures in case of natural disasters like earth quakes, tsunamis,
water level and quality monitoring, tornadoes, volcanic eruptions, flood
detection, forest fire prediction, rain level monitoring, pollution monitoring,
weather monitoring, etc.

e  Agricultural Monitoring: It includes monitoring the effects of environmental
conditions over the crops, precision agriculture monitoring, greenhouse
monitoring, etc.

e  Smart Home Application: The SNs can be built into various appliances at
home so as to make them remote-controlled and makes them able to interact
with each other.

Routing Protocol

The greatest challenge in the WSN set up is the constrained battery source of the
sensors to be employed (Jannu, and Jana, 2014). This problem can be dealt with
the help of efficient routing that can enhance the network lifespan by finding out
the best possible route between the source node and destination node (C. Wang et
al. 2018; Liu, 2015).Categorization of routing protocols is mainly performed by
considering next hop selection, protocol operation, path establishment and structure
of the network (Misra and Kumar, 2016; Bazzi et al. 2015). Bases on the network
structure, the routing protocols are classified as flat, location-based and hierarchical
protocols which are as described below:
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Flat Routing Protocols: Each node in the network performs same function
in flat routing. Whenever the SN has to send data to BS, the node finds out
the route hop-by-hop by using some form of flooding.

Location-Based Protocols: In this, nodes are addressed with the help of their

location. The distance between the neighboring nodes is estimated based on

the strength of the incoming signal. In this case, nodes may also be equipped
with low-power GPS receiver

Hierarchical Routing Protocols: Hierarchical approach is primarily a two

layer approach, in which the function of one layer is sensing and that of

other layer is routing (Othman and Shazali, 2012). This protocol is further
categorized as typical and atypical routing (Liu, 2015). Typical hierarchical
protocol is mainly a clustering protocol. In this protocol, division of the
network is done into multiple clusters and a CH is chosen from every cluster.

The nodes in the cluster sense data from the surrounding and forward it to

the CH. Then CH has to send this collected data to the BS via hierarchical

routing. These protocols are further categorized as:

° Typical Hierarchical Protocols: Typical hierarchical routing is a cluster
based routing in which division of network is done into number of
clusters and nodes are assigned two different tasks. After sensing data,
normal node sends it to the cluster head and cluster head acquire data
from normal nodes and passes it to the sink through hierarchical routing.

° Atypical Hierarchical Protocols: These are variants of cluster based
routing (Liu, 2015). These are classified as:

Chain-Based: For data transmission, SNs are connected by constructing a

chan. Data aggregation is performed during the transmission process where

gathered information is sent to the leader node along the chain.

Tree-Based: Logical tree is constructed by all the SNs. Each node performs

the data aggregation possibly and data is sent from leaf node to parent nodes

towards the root.

Grid-Based: Division of complete network into virtual grids is done. From

every grid, a grid head is chosen that aggregates the collected data of the

other SNs present in the same grid and the send it to the sink.

Area-Based: Some SNs are deployed in a particular area and are designated

as high-tier nodes in area-based routing. Mainly, these nodes are in charge of

data aggregation and forwarding in the network.
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Design Challenges of Routing Protocols

The routing protocol designing in WSNss is affected by many challenges (Al-Karaki
and Kamal, 2004; Sohraby et al. 2007). For achieving efficient communication,
these designing challenges must be overcome. Some of these designing challenges
are listed below:

e  Energy Consumption: The sensor network’s lifetime is heavily dependent
over the battery life. So, it is essential to have energy efficient communication
in the sensor network.

e  Transmission Channel: WSNs have to perform mainly in a bandwidth and
performance constrained wireless communication medium. The problems
linked with wireless channels like fading, high error rate, etc. can hamper the
performance of WSNs.

e  Scalability: WSN consists of a huge number (hundreds or thousands) of SNs.
Therefore, any routing protocol must be able to control these huge numbers
of SN and should be able balance the load.

e Quality of Service (QoS): Some of the applications require that the sensed
data should reach its destination within certain time period otherwise it loses
its significance. On the other hand, some application has the requirement of
energy conservation relatively more than that of quality of data sent.

e Data Aggregation: It is the combination of information collected from
various sources on the basis of some aggregation function (e.g., maxima,
average, minima etc.). Data aggregation is used to aggregate similar packets
that are generated multiple time times by SNs.

e  Coverage: Each SN has a specific range up to which it can sense data. So, it
has limited range and accuracy.

e  Fault Tolerance: Lack of energy supply, some damage or environmental
interference may cause the SN failure. It may hamper the performance of the
network.

e  Connectivity and Topology: Large number of SNs can be deployed in
the sensor network that accounts for its high node density and hence high
connectivity. But after deployment, due to alteration in SN position, power
availability, malfunctioning, jamming and so on, the network topology may
vary.
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BACKGROUND
MCDM Techniques

MCDM techniques belong to the field of decision making. It is used for making
decision when various sets of alternatives are available for different criteria (Mulliner
et al. 2016). This class of decision making is further categorized as Multi Objective
Decision Making (MODM) and Multi Attribute Decision Making (MADM) (Pohekar
and Ramachandran, 2004).

MCDM techniques follow different stages: (Mulliner etal. 2016) Creating decision
matrix by determining the relevant criteria and alternatives; assigning weights to
the criteria according to its importance; and processing the matrix obtained for
determining the ranking of the alternatives available to every criterion.

There are many MCDM techniques which can be used for decision making. In
this chapter, TOPSIS has been used for decision making with multiple criteria. Next
section provides the description of TOPSIS method.

Technique for Order Preference by Similarity to Ideal Solution

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is a type
of MCDM technique. TOPSIS was presented (Hwang and Yoon, 1981) to decide
the best possible option or solution from the pool of available solutions. The best
solution is basically determined as the solution which has the shortest Euclidean
distance from Positive Ideal Solution (PIS) and the longest Euclidean distance from
the Negative Ideal Solution (NIS). It includes following steps:

Decision Matrix creation.

Normalizing the Decision Matrix.

Determining PIS and NIS.

Getting the separation measure of existing choices from PIS and NIS through
euclidean distance.

Determining relative closeness to the ideal solution.

e  Rank the alternatives and their preference in descending order of CC.

Till now various methods have been put forward for reducing the energy
consumption of the sensors and enhancing the network’s lifespan. These works
include routing algorithm, clustering protocols, etc. Different techniques have
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been proposed for routing and CH selection in WSN for effective communication.
Manjeshwar and Agrawal (2001): In this paper, authors proposed threshold sensitive
protocol. During cluster formation, CH broadcasts two types of threshold viz.
hard threshold and soft threshold. Hard threshold provides the minimum value of
parameter for an attribute after which SN turns on its transmitter and forwards the
sensed. An internal variable called Sensed Value (SV) in the node is used to store
this sensed. If the value is greater than hard threshold, only at that time the node
can transmit it after making sure that there is difference in sensed attribute from SV
greater than or equal to the value of soft threshold. Heinzelman et al. (2000): This
paper proposed a cluster-based routing protocol. In it, CHs are arbitrarily rotated
and the protocol operates in rounds with the set-up phase at start and followed by
the steady-state phase. In set-up phase clusters are organized whereas in steady-state
phase data is transferred to BS. Without taking into account the distance between
the BS and CHs, all the CHs communicate directly with the BS in this case which
results in more consumption of energy if distance between these two is large. Lindsey
and Raghavendra (2002): In this paper, the authors proposed another hierarchical
approach based on creating a chain of sensor nodes where each node can send and
receive information from its neighbor. Data is aggregated at the SN when it moves
from one node to the other and hence only designated nodes can send the data
to the BS at a time. G. Smaragdakis et. al (2004): In this paper, author proposed
heterogeneous network model called as Stable Election Probability protocol. It is
a two-level hierarchical heterogeneous network. The CH is independently selected
based on its initial energy relative to that of other SNs. Xiangning and Yulin (2007):
In this paper, the authors proposed Energy-LEACH protocol that has enhanced the
method of selection of CH as compared to LEACH protocol in which nodes with
more energy have the higher probability of being chosen as the CH. Like LEACH
protocol, Energy-LEACH works in rounds where each round has cluster formation
and steady-state phase. They also proposed multi-hop LEACH in the same paper that
uses multi-hop communication between CHs and BS. Kumar et al. (2009): In this
paper, authors proposed Energy Efficient Heterogeneous Clustered (EEHC) protocol.
This approach is based on weighted probabilities of selecting a CH depending upon
their residual energy. Three-level of heterogeneity based on initial energy of nodes
are used in this method. Many of the proposed woks consider only single criteria
for CH selection. Most of the time such methods based on single criteria are not
sufficient in complicated WSNs environment. To overcome such problems, the CH
selection can be made on the basis of multiple criteria. Also for routing, in case of
multi-hop communication, decision criteria for selecting next-hop play an important.
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For this purpose decision can be made on the basis of either single criteria or multiple
criteria. Yin et al. (2006): In this paper authors proposed a centralized CH selection
method based on MCDM technique. Three criteria i.e., residual energy, distance to
the centroid of the involved cluster and mobility are considered as the contributing
factor to the lifetime of the network. Re-selection of CH is on the basis of mobility
and the residual energy of the nodes. Ahmed et al. (2008): The authors proposed
a method to select CH based on four criteria namely, the distance of a node from
the centroid of cluster, the residual battery power, the degree of mobility of nodes
and the vulnerability index in this paper. Using these four criteria, Decision Tree
algorithm is run by the BS in every round to find out the nodes suitable to be CHs.
The nodes having low mobility, low vulnerability, high energy and close to cluster
centroids are elected as CHs. Suh et al. (2015): In this paper, authors proposed
traffic aware routing algorithm that uses MCDM method for selecting next-hop for
routing. For deciding the next-hop three criteria are used. In this work, the hybrid
virtual potential field which represents communication distance, length of queue,
and residual energy of every node is used for decision making in the MCDM.
Many clustering techniques have been put forward in the literature to carry out
cluster based routing. One of the clustering techniques is grid-based clustering
which is more effective because of its feasible, simple, straight forward and uniform
method for structure handling that helps in reducing the overhead in case of routing.
Liu et al. (2010): The proposed work in this paper divides the network into various
grids as per the node location information. The nodes are organized in the grid in a
clustering way. CH is chosen dynamically based on residual energy of the SN, and
afterwards communication between BS and SN is by the way of a relay node. It
comparedresults with EBCA (Lietal. 2009).Yueaetal. (2012): The authors purposed
a method that divides the complete sensing area into rectangular grids called swim
lanes. These swim lanes are further divided into different sized grids, the size of
the grid lying away from the BS is larger. CHs are rotated among sensor nodes in
every grid and are chosen on the basis of energy of the nodes. Those grids in which
the cluster heads consume more energy are provided with greater number of SN to
participate in CHs selection. Nadeem et al. (2013): In this paper, authors proposed
M-GEAR protocol. In this method, based on the location of SNs in the network,
they are divided into four logical regions. BS is installed outside of the sensing area
and a gateway is placed at the centre of the sensing area. Each of the divided regions
uses different type of communication hierarchy. Two out of four regions make use
of direct communication and other two regions are further sub-divided into clusters
and they make use of multi-hop communication. Both clusters elect their CH on
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the basis of probability independent of other regions. Then the SNs in these two
regions transmit their data to gateway via these CHs. Patra and Chouhan (2013):
In this paper, author proposed multi-hop scheme for area divided into zone where
optimum number of CHs are chosen by the BS. The criteria used for CH selection
purpose are remaining energy of SNs, number of neighbors and minimum separation
distance between CHs. For transmitting data, numbers of CH are used as intermediate
relay nodes for saving the energy of the node. Chakraborty and Khan (2014): In
this paper, the author proposed two hop low power data transmission between CHs
and BS for cluster based routing. The data is transmitted by a CH to other CH at a
distance less than d_from itself and also the distance between receiver CH and BS
shouldbeless thand . Liu (2015): In this paper, author presented areview on atypical
hierarchical routing protocol and compared the hierarchical routing protocols. Here
the hierarchical routing for WSNs is categorized as cluster-based routing, tree-based
routing, chain-based routing, grid-based routing and area-based routing. Pant et al.
(2015): In this paper, author presented a multi-hop routing protocol. It uses grid
clustering and divide the complete sensing area into grids of different sizes in such
a way that grid lying at a greater distance from the BS has bigger size and greater
number of sensor nodes. Rotation of CH is carried out in every grid on the basis
of residual energy. After cluster formation, CH collects data sensed by the nodes
present in every grid and forwards it to its next level neighboring grid and selects
CH for next hop data transmission.

Nuray and Daraghma (2015):The protocol in this paper makes use of channel
state information for selecting CHs. In every cluster, CHs are selected on the basis
of residual energy of the node and the best channel. It considers SNs with different
energy levels leading to heterogeneity in the network. For both intra-cluster and
inter-cluster communication, single-hop transmission method is used. Thulasiraman
and White (2016): Authors proposed EZone protocol in this paper. It is a clustering
algorithm that divides nodes into particular zones. In this method, node with highest
energy is chosen as CH from each zone so as to make efficient use of energy. Jannu
and Jana (2014): In this paper, authors presented grid based clustering and routing
algorithms to balance consumption of energy among sensor nodes. The complete
region in this case is divided into a number of grids of same size. Each grid is treated
as a cluster from which a CH is chosen among the normal nodes on the basis of
minimal distance from other SN within the cluster. The data is transmitted to the BS
by using multi-hop routing. Rajathi and Jayashree (2016): In this paper, a distance
based grid clustering approach (DC) is presented. It divides the monitoring field into
equal sized grid and a leader node from each grid is selected which is responsible
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for routing and aggregation of data. In the grid, every node calculates the sum of
distance to other nodes and this is also broadcasted to other nodes. A node having
minimum sum of the distance from other nodes in the grid is chosen as a grid
leader. A leader list is constructed on the basis of received values by each node in
which the node with smallest mean distance is placed first. The first leader is then
responsible for data aggregation and transmission to the BS. It has been assumed
that the communication between the CHs and BS is direct. When the energy of the
grid leader reaches the specified threshold value then second leader in the list is
selected as the leader. Tripathi et al. (2017): Authors proposed Semi Grid-Based
Clustering method (EESGBC) for Heterogeneous WSN in this paper. In EESGBC,
complete area is divided into blocks and CHs are chosen from every grid. The SN
covering most of the area is selected as CH from every block. Any node closer to
the block, not necessarily from similar block is considered as cluster member. The
CHs are not same in each block. Wang et al. (2018): In this paper, author proposed
a protocol that divided the monitoring region into a number of zones. This method
adopted single chain structure in the cluster and the region minimum spanning tree
algorithm for communication among the CHs. Based on the residual energy of the
nodes, CHs are selected during the transmission. Logambigai et al. (2018): In this
paper, authors proposed grid-based routing protocol to overcome hotspot problem.
This protocol is divided into three phasesi.e., grid formation, Grid Coordinator (GC)
election and grid-based routing. For GC selection it used Fuzzy logic, in which the
fuzzy variables used are based on the residual energy of the nodes, mobility pattern
of nodes and the distance of the nodes from the BS. The data is transmitted to BS
by GC by using the neighboring grid coordinators that act as relay nodes along the
route. The selection of next relay node from the neighboring GC is done by applying
the fuzzy logic among them and selecting one with maximum fuzzy value. The
fuzzy system which is proposed uses the residual energy of the node, the distance
to the sink and the degree of the GC as the deciding criteria for selecting the next
relay node. In the same way next relay node applies fuzzy logic for selecting its next
relay node and so on. The selection process goes on until the data reaches the BS.

Grid Based Clustering
In grid-based clustering, complete sensing field is divided into smaller area of certain
length called grids and each grid is considered as a cluster. From every grid, one SN

is selected as the Grid Head (GH) based on some criteria (Liu et al. 2010). GH is
responsible for aggregating the data sensed by other SNs of the same grid and then
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routing it to the BS. The nodes of the grid near to the BS are over-burdened due to
subsequent data arrival from the nodes of the grids lying far from the BS. Therefore,
the energy of the grids lying near to the BS is depleted faster in comparison to the
nodes of other grids leading to disconnection in the system. This phenomenon is
termed as hot spot problem. So to optimization the energy usage in the network,
the various ways are:

e  Formulation of an optimal method for selecting GH for improving the
performance of grid-based clustering.

e  Making inter-cluster long distance communication energy efficient by
making use of either dual or multi- hop communication instead of direct
communication.

e  Making next-hop selection criteria energy efficient by using appropriate
criteria.

Figure 1 shows the steps that are followed for the implementation of the TOPSIS
method for obtaining the optimal solution. Decision matrix is created by considering
the different attributes of all the possible solution available and then further steps
are carried out which gives ranking to all the solution available and the one with
highest rank is selected as the best alternative solution.

In this chapter, this method has been applied in the cases where a selection has
to be made on the basis of multiple criteria i.e., either for multiple criteria based GH
selection or for multiple criteria based next hop selection or for both (as required for
the case 4). While considering the multiple criteria based selection in this chapter,
three criteria have been used that are: number of neighbouring nodes; distance
from BS; and residual energy of the SNs located in particular grid. Using these
three criteria, decision matrix is formed first. Then the decision matrix so formed
is normalised and then other steps of TOPSIS method are carried out to obtain the
optimal node. After this, the node which corresponds to the highest rank is chosen
as the optimal node for further processing.

NETWORK ASSUMPTIONS WITH DETAILED METHODOLOGY
Network Model Assumptions
This section presents the various assumptions made in the presented work and presents

the network model taken into consideration while evaluating the performance of
all the four cases.
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Figure 1. Steps followed for implementation of TOPSIS method
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The assumptions for the network presented in the chapter are as follows:

1.  The whole area is divided into equal sized grids and SNs are distributed
randomly in each grid.

2. Every grid has same number of nodes and each node has its unique identity
number. The nodes also have a grid number which represents the grid to which
a particular node belongs.

3. The BS is stationary and does not have any constraint on resources while all
the SNs are identical, fixed after deployment and have limited resources.

4. The BS has the information of the grid identity number and location of each
SN.

5. Normal nodes cannot communicate with SNs of other GHs. They can only
communicate with SNs of same grid.

6.  GH can setup communication with other GH irrespective of the grid identity
number.
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Energy Model Followed

The energy model as discussed in (Heinzelman et. al, 2000) is being used here. This
model includes free space and multi-path model based on the distance (d) between the
receiver and transmitter. If the distance, d is less than or equal to threshold, free space
(f,) model is used. For the calculation of energy used for transmitting (£, (nd) ) and
receiving (E Re(nd) ), n bit message at distance d, “(1)”” and “(2)” are used respectively.

Eppay =n*E, +E, (nd)

elec

. n*E,, +n*e *d*,d<d,
Te(nd) . w4 (1)
n*E, +n*e *d',d>d,
ERx(n,d) =n *Eelec (2)
&,
d = |-+ 3)
&

E . 1s the energy dissipated per bit to run the transmitter or receiver circuitry.
£ is the amplifier energy consumption of free space model and ¢ is the amplifier

energy consumption of multiple attenuation model.
Methodology Followed

This section presents the general methodology followed for implementing the
four cases of multi-hop routing with optimized grid-clustering for the purpose of
evaluating the performance of all the four cases. Figure 2 shows the diagrammatic
representation of the methodology followed.

The whole area is firstly divided into various grids of same size and equal
numbers of SNs are arbitrarily deployed in each grid. A single grid corresponds
to a particular cluster and from each grid, a head called as GH is chosen from the
distributed nodes, which is responsible for gathering data from all the members of
the grid and forward it to BS using multi-hop routing protocol. SNs within the same
grid are permitted to communicate with each other and the GH of that specific grid
only and SNs of a particular grid cannot communicate with SNs of other grids.
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Figure 2. Representation of followed methodology

e (e
\&)

[ o, 9o Q7 o o
o%" : o /¢ |, @2 80 \
o o ® |@ —o—R. & ,°’°.o\ "\m
N P R R AN
e ‘/'Qq’\ o By o /
/ o o /I o O o
/e ° |o%f o Mo. j%
/ ©g0 P @ %y \o__og— - “o
| ® °o° il B ol e |4 50
o "N © Jo ©
\ PRI il e 2 X X
- y
\|o. %ol 8e’ |oB=T"¢ ]| 0o
° "o .8 4 o |o® o0
Na @ s 0° 00 ©
@ GCridHed
O SensorNode

s+ & Direction of Data Forwarding

+ Next Hop

The methodology followed for performance analysis in this chapter works in
three phases. Figure 3 shows the phase description of the methodology followed.
Three phases are considered i.e., grid formation phase, GH election phase and data
transmission phase. In the first phase, grids are formed in the sensing region. The
grids so formed have same size and SN are arbitrarily deployed in every grid. The
numbers of SNs deployed are equal in every region. In the next phase, the GH is
elected from every grid. The selection of the GH in every grid may be based on
single criteria or multiple criteria. Third phase is the phase in which data from source
to destination is transmitted and called data transmission.
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Figure 3. Phase Description of the Methodology followed
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Phase 1: Grid Formation Phase

At the starting of simulation of presented work, the complete sensing area is divided
into equal size square shaped grids. Then n numbers of nodes are randomly deployed
in these grids. There is equal number of nodes in every grid. The process of grid
formation is executed only once in entire lifetime of presented work.

Phase 2: GH Election Phase

After the grid formation phase, the presented work then initiates the GH election
phase. In this phase, for carrying out communication among SN, one of the nodes
from every grid is elected as GH to aggregate and forward the sensed data toward
sink node or BS. GH selection is based either on single criteria or on multiple criteria.
When multiple criteria are considered for GH election then TOPSIS method is used
for decision making with three criteria being taken into consideration. The node that
gets the highest rank in TOPSIS method is selected as GH. The same procedure is
carried out for every grid while considering multiple criteria for GH election purpose.

Phase 3: Data Transmission Phase

Energy is utilized more in single hop than multi-hop communication. Therefore
to overcome this issue, presented work adopts multi-hop communication model
for data forwarding towards BS. Whenever GH needs to send data, it determines
the neighbouring GHs. It finds the distance with BS and closest surrounding GH.
Depending upon the selection criteria of nexthop, datais forwarded towards destination
i.e., either through closest hop or directly to BS. If the selection criterion is based
on multiple criteria then decision making is done by using TOPSIS method with
three criteria being taken into consideration. The node that gets the highest rank
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in TOPSIS method is selected as next hop. The same procedure is carried out for
next hop selection until the data reaches its destination while considering multiple
criteria for GH election purpose.

PERFORMANCE ANALYSIS AND RESULTS
Simulation Parameters

In this section, simulation parameters, as used for performance analysis has been
given. Complete network has been divided into grids of same size and all of these
grids have same number of SNs deployed randomly. The SNs so deployed are having
same initial energy. The different parameters used for simulation are given in Table 1.

The performance of the proposed method is evaluated with respect to the following
performance metrics:

e  Stability Period: The number of rounds from the starting of the network
operation to the First Node Dead (FND).

e  Instability Period: The number of rounds from FND to the Last Node Dead
(LND).

e  Network Lifetime: The number of rounds from the starting of the network
operation to the LND.

e  Number of Alive Nodes: The number of SNs whose energy has not been

depleted yet.

e  Number of Dead Nodes: The number of SNs whose energy has been
depleted completely.

° Half Node Dead (HND): When the total nodes that are dead are exactly half
of the total.

Table 1. Values of parameters used for simulation

Simulation Parameters Values
Initial energy, B 0.5J
€, (free space model) 10nJ/bit/m?
¢, (multi-path model) 0.0013 pJ/bit/m4
E,, Snj/bit/signal
E, 50n;j/bit
E,, 50n;j/bit
Message size 4000 bit
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Performance Analysis

Here, the performance analysis has been presented for SNs deployed in an area
of 100mx100m which is divided into equal sized grids. Each grid contains same
number of SN that are distributed arbitrarily in every grid. MATLAB has been
used to evaluate the performance of the grid clustering based protocol.

Performance of grid clustering based multi-hop routing protocol has been
evaluated for four different cases:

Case 1: Both GH selection and multi-hop communication between GH and BS are
based on single criteria.

Case 2: GH selection is based on single criteria and multi-hop communication
between GH and BS is based on multiple criteria.

Case 3: GH selection is based on multiple criteria and multi-hop communication
between GH and BS is based on single criteria.

Case 4: Both GH selection and multi-hop communication between GH and BS are
based on multiple criteria.

Evaluation and simulation has been carried out for different location of BS,
different node density and different number of grids for all the four cases.

Evaluation for Different Location of BS

For evaluating the performance for different location of BS, 100mx100m network
has been considered. Then this network is divided into 16 equal sized grids. It has
been considered that each grid contains same number of SNs which have been
arbitrarily deployed and the network has total of 400 SNs deployed in it. The
performance has been evaluated for BS location of (50, 50) and (100,100) for all
the four cases. Figure 4 shows the performance analysis in terms of FND, HND and
LND respectively for all four cases.

It can be observed from Figure 4 that performance of all four cases is better
when the BS is placed at the centre in comparison to that of corner position of BS.
Also, the performance is better when the next hop for multi-hop communication is
selected on the basis of multiple criteria.

Evaluation for Different Node Densities
For evaluating the performance for different node density, 100mx100m network
has been considered. This network is then divided into 16 equal sized grids. It has

been considered that each grid contains same number of SNs arbitrarily deployed
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Figure 4. Performance analysis for different locations of BS in terms of FND, HND
and LND
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in it. The performance has been evaluated for BS location of (50, 50) by varying
the node density for all the four cases. Figure 5 shows the performance analysis in
terms of FND, HND and LND respectively for all four cases.

It can be observed from the Figure 5 that the performance is better for the cases
when the next hop for multi communication is selected on the basis of multiple
criteria. Also, the stability period of all the four cases is better when the node
density is higher.
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Figure 5. Performance analysis for different node densities in terms of FND, HND
and LND
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Evaluation For Different Number Of Grids

For evaluating the performance for different number of grids, 100mx100m network
has been taken into consideration. This network is then divided into equal sized
grids with the number of nodes equally distributed in each grid. The performance
has been evaluated for BS location of (50, 50) by varying the number of grids for
all the four cases. Figure 6 shows the performance analysis in terms of FND, HND
and LND respectively for all four cases.
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Figure 6. Performance analysis for different number of grids in terms of FND,
HND and LND
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It can be noted from the Figure 6 that in all the four cases the lifetime is better
when the number of grids is more while stability period is better for network with
less number of grids. Also, the performance is better when the next hop for multi-
hop communication is selected on the basis of multiple criteria.
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Comparison with Other Existing Methods

Figure 7 shows the comparison for BS location at (50, 50) of FND, HND and LND
with node density of 400, 240 and 160 respectively when the network is divided
into 16 grids.

It can be observed from the figures that performance of all the four cases with
16 grids is better than Ezone. Also, the performance is better for cases when the
next hop for multi-hop communication is selected on the basis of multiple criteria.

Figure 7. Comparison of FND, HND and LND for node density of 400, 240 and 160
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Figure 8 shows the comparison for BS location at (100, 100) of FND, HND
and LND with node density of 400, 240 and 160 respectively when the network is
divided into 16 grids.

It can be observed from the Figure 8 that stability of Ezone is better than all other
four cases with 16 grids while lifetime of other four cases is better than Ezone. Also,
the performance is better for cases when the next hop for multi-hop communication
is selected on the basis of multiple criteria.

Figure 8. Comparison of FND, HND and LND for node density of 400, 240 and 160
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FUTURE RESEARCH DIRECTIONS

TOPSIS is used as one of the MCDM techniques for the selection purposes. In future,
performance of other MCDM techniques for selection could be analyzed and the
comparison of these techniques could be made based on their performance in WSNs.

CONCLUSION

In this chapter the analysis of performance of the multi-hop routing protocol with
grid-based clustering has been done for four different kinds of cases. These four
cases are:

e  Case 1: Both GH selection and multi-hop communication between GH and
BS are based on single criteria.

e  (Case2: GH selection is based on single criteria and multi-hop communication
between GH and BS is based on multiple criteria.

e Case 3: GH selection is based on multiple criteria and multi-hop
communication between GH and BS is based on single criteria.

e  Case 4: Both GH selection and multi-hop communication between GH and
BS are based on multiple criteria.

These cases include selection of next hop and GH either on the basis of multiple
criteria or on the basis of single criteria. In any of the cases, while multiple criteria
have been taken into consideration, TOPSIS method has been used for the selection
purpose. TOPSIS is one of the methods of MCDM techniques. While considering
the multiple criteria based selection in this chapter, three criteria that have been
used are: number of neighbouring nodes; distance of the nodes from the BS; and
residual energy of SNs located in a particular grid. The performance analysis has
been made in terms of FND, HND and LND and has been carried out by using
MATLAB for all the four cases.

The performance of the multi-hop routing protocol using grid-based clustering
has been analyzed for different BS location, different node density and different
number of grids.

In this work, for different BS location, stability period as well as lifetime is more
for BS location at (50, 50). For different node density, stability period is more for
large node density. For different number of grids, stability period is more for less
number of grids whereas lifetime is large for greater number of grids.
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Also, out of all the four scenarios for which performance has been analyzed in
this chapter, in most of the cases, the performance of the scenarios, in which next
hop is decided based on the best selection through multiple criteria using TOPSIS
method, has significantly improved in comparison to other two scenarios.
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