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Abstract

With Multi-Objective Optimization (MOO) mechanisms, many practical sce-
narios are imitated in Wireless Sensor Networks (WSNs). In MOO numerous
desirable conflicting or non-conflicting objectives contend with one another
and the decision has to be done among multiple available solutions. Based
on the type of situation, Programme, and issue to be solved, the MOO
problem has varied solutions. The solution chosen is a tradeoff solution
on several occasions. In WSN, it is possible to identify MOO issues and
associated solutions based on network architecture, node deployment, MAC
strategies, routing, data aggregation, node mobility, etc. In this context, the
paper proposes mobility aware, competent; delay tolerant Energy Efficient
Hybrid Routing Protocol (EEHRP). Optimizing several metrics to pick the
best route from the source to the target node is the cornerstone of the EEHRP.
Multi-Objective optimization from optimization theory is a NP-hard problem.
EEHRP seeks to obtain a Pareto optimal solution for the section of best
MOO-based route under sensor node. The simulation results demonstrate
that, relative to state-of-the-art solutions, EEHRP is efficient in terms of
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energy, throughput, delay, control- and routing-overheads. Furthermore, the
paper investigates statistical significance of the findings obtained across
confidence intervals. To prove EEHRP’s competence, a confidential interval
of 95% is inserted into the simulation results obtained to represent margin of
error around the estimated points. The on-hand state-of-art solutions and the
propensity of the research fraternity in relation to MOO are also analyzed in
this paper.

Keywords: Energy consumption, multi-objective-optimization, routing,
wireless sensor network (WSN).

1 Introduction

Through value-added WSN application areas, the information handling cri-
teria have need of careful attention to lessen the energy consumption, and
latency in communication. Nodes that are utilized to collect as well as to
communicate optimally routed information to the sink, have limited assets
for instance energy, bandwidth, processing speed as well as memory for
storage. The lifetime of WSN is governed by the energy consumption of
the nodes for the duration of communication of aggregated information
packets to destination than during computation and sensing. This is for
the reason that the radio inside the sensor nodes utilize more energy dur-
ing transmission as well as reception. In WSNs, it is very hard to alter
the energy source of sensor node, unlike the customary wireless networks.
This is the most differentiating characteristic of WSNs, the node’s energy
depletion consequence is partitioning of network and eventually failure of
the network. IOT systems, where enormous information is obtained from
various sources, need secure information transmission through optimal route
to destination. For an efficient routing in WSN, proper balance needs
to be achieved amongst available multiple -paths as well as -nodes. The
effort to choose the efficient route need to consider Single-hop or multi-
hop communication, transmission-, propagation- delay, energy depletion,
the number of packets –transmitted, –received, in addition the number of
nodes encompassing transmission must be considered for optimal route
selection [1].

WSNs are different than the customary ad-hoc and cellular network. First
of all, WSNs have enormous number of sensors organized in addition it is
extremely hard to allocate globally unique address to every node, so dealing
with data rather than identifying it is important. Second, with the limited
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resources like energy, memory in addition to bandwidth, the nodes are utilized
for sensing plus communication. Third, due to energy depletion, and node
mobility the overheads escalates reducing network lifespan. Fourth, WSN is
specific to the application and aggregation of data collected will be based on
common phenomenon [2, 3].

As a result of multipath data dissemination, as soon as a receiver node
take delivery of more than one packet concurrently, collision occurs and that
is the major cause of energy depletion and delay in data delivery. Collided
packets are discarded by the recipient and energy depletion and packet deliv-
ery time increases due to retransmission of these packets from the sender.
Since the packets generated by various nodes are of different in numbers,
they are sent to BS in the dissimilar time slot [2–4].

Duty-cycled scheduling and synchronization of routes may be the var-
ious techniques to decrease energy depletion. Countless thought-provoking
concerns such as Node location, Energy concerns, Data transfer model,
Node/link heterogeneity, Fault endurance, Scalability, Transmission process,
Association, Exposure, Data gathering, govern the strategies of routing in
WSNs. In this context, demands for the development of lightweight multi-
objective protocol are increasing. The prime goal of multi-objective protocol
is to enhance data management capability, in addition to finding the effec-
tive route in terms of condensed -latency, -energy depletion, plus -routing
overheads [5–13]. With increasing demand for energy saving applications
and decreased communication latency, Multi–objective routing is a promising
technique to achieve better QoS in WSNs.

The focus of paper is elaborated with different sections as; Section 2
presents an overview of related works focusing on the requirements of Multi-
objective routing protocols in WSN-IOT. Information on the motivation,
assumptions, system model of proposed EEHRP is given in Section 3.
Section 4 describes energy model of EEHRP. EEHRP mobility model is
described in Section 5. Simulation setup and results are discussed in Section 6
and the paper is finally summarized in Section 7 with a fruitful conclusion and
future work.

2 Related Work

Many researchers have suggested numerous multi-objective routing pro-
tocols banking on number of requirements, design issues as well as
applications to escalate energy efficiency nevertheless, no routing pro-
tocol is ideal [4]. On the basis of location, layout and working ways
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and means diverse routing schemes proposed in [14] by way of different
addressing scheme. A lightweight routing protocol (LNDIR) is proposed
in [15] that manoeuvres on the state of nodes radio. To achieve mini-
mal latency with improved energy efficiency, it changes the duty cycle
when scheduling the activities of nodes in the network. In [16], author
put forwards a way of reducing the communication delays and overheads
amongst source node as well as destination by way of crowded network.
The routing paths are often taken into consideration when the data is
transmitted. Multi-Objective Decomposition based Evolutionary Algorithm
(MOEA/D) [17] is envisioned to resolve the problem of the energy preser-
vation, by means of precise awareness around problem specific facts in
addition to Euclidean distance amongst the weight vectors. AACOCM [18]
recommends a multi-objective model for route optimization banking on
energy consumption, network latency, besides packet loss rate. AACOCM
attempts to lessen energy, delay, and PLR. The functioning of AACOCM
depends on ordinary-, greedy-, unusual- ant nodes. The routing tree is
constructed here; data is transmitted plus response from destination is
taken. As convergence ratio is greater, the large-scale network is optimal
for AACOCM [19]. Proposes scalable, multi-objective framework focused
on the native awareness of every single node in which Source id, Uni-
cast/Multicast, LRC and intend define routing. By avoiding low-energy
route, hazardous areas, LRC and RO is removed. Simple Hybrid Routing
Protocol (SHRP) [20] chooses the finest route built on the metrics such
as hop-count, LQI, and Residual-energy. In SHRP, if either there is a shift
in the value of the metrics or periodically, the route is changed. SHRP
usually prefers a route with smaller hop-count and greater residual-energy.
Using LQI, SHRP tackles the easily broken link and dead neighbor prob-
lem. DyMORA [21] is an extension of SHRP, which is constructed on the
Hierarchical-Routing-Algorithm (HRA) as well as multi-objective hybrid
strategy. To choose Pareto’s optimal path, DyMORA makes smaller number
of assessments. It demands for additional processing time owing to the MO
mechanism.

3 EEHRP: Energy Efficient Hybrid Routing Protocol

3.1 Motivation

Centered around a single metric, most traditional routing protocols direct
the data. They follow a strategy where a threshold for a metric is defined



EEHRP for Wireless Sensor Networks 249

 
Figure 1 MOO problem in WSN.

as a locus. Directing data from source to base station is obligatory for a
fraction of the total number of nodes, besides other nodes are in sleep
mode. This mechanism causes the energy concerning the energetic nodes
to rapidly deplete. These energetic nodes will dissipate their energy in due
course in addition they will become dead. A partitioned network would end
this phenomenon. EEHRP uses route selection based on several metrics to
mitigate this problem. Multiple metrics optimization at the same time benefits
to align the energy concerning different nodes in the network by way of
diverse paths available from source to base station. WSN’s MOO problem
is demonstrated in Figure 1 where prospects of Input, Output, Constraint
and Objective section are specified. In order to optimize PDR, Throughput,
Network lifetime, etc. in addition to picking up the best route commencing
source to sink, EEHRP utilizes Control Overhead,

HOP Count LQI, Average Energy Consumption, and Reaction Time from
the input segment with the restriction of energy consumption, latency, time
to partition besides QoS. EEHRP evolution for instance is shown in Figure 2.
Low Layer-, Route Selection-, as well as Cost Control-components utilized
besides the challenges embarked in EEHRP are depicted in Figure 2.
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Figure 2 Evolution of EEHRP.

Figure 3 A clustered wireless sensor network.
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3.2 Assumptions, System Model of EEHRP

3.2.1 Assumptions to implement EEHRP
Assumptions of Nodes

• Altogether nodes are identical.
• Nodes have no room for GPS.
• There’s a UID for every single node.
• The Base Station (BS), CHs are immobile besides a small number of

nodes (20% of the over-all nodes) are movable.

Assumptions of Network

• The network has only one BS.
• The network is distributed amongst diverse clusters; with every cluster

having a CH in addition to CM.
• The CH election is built around the multi-objective function’s end result.
• A BHT is formed inside the clusters by every single CM. The root of the

BHT is designated for instance as CH.
• Inside cluster, for single hop communication amongst nodes, bidirec-

tional links are utilized.

3.2.2 System Model of EEHRP
The whole target zone is fragmented into miniature clusters. Every single
cluster has Cluster-Head (CH) as well as Cluster-Member (CM). The sensor
nodes are positioned arbitrarily in the interior of targeted zone in addition they
are steady. In concern with initial energy, all the sensor nodes are identical.
In the targeted zone, the CMs held responsibility for recognizing the events.
In electing the CH, every single CM participates. The CMs communicate
solely with the CH of that cluster or the CMs of the similar cluster. They
are not permitted to communicate directly to CMs or even CHs from the
opposite cluster. The CHs have a second level of hierarchy. The CHs are able
to communicate to another cluster’s CHs. A high-energy node arranged far
from the topographic point may be the Base Station (BS). The CM, CHs plus
the sink node are immobile. At the outset, the density of sensor nodes in the
interior of the topographic point is enormous for the reason that it helps for
the cluster based routing.

As a graph (G), WSN is demonstrated in Figure 3. In G the vertices
of the graph are modelled as sensor nodes. The graph G = (V, E) where
V = {V1. . . ..Vn} is set of vertices, and E = {(ni, nj)⊂Vi X Vj | i 6= j} is a set
of edges amongst vi and vj. Intra- and Inter-cluster conversation is regarded
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as diverse hierarchy levels. CMs inside the cluster designate a CH banking
on a fitness function cited in Section 3 at the first level in the hierarchy.
Rationally, The CMs will assemble themselves resembling a BHT. As we
move up in the tree from leaf- to root-node in the BHT fitness function’s
cost escalates. BHT’s root node will turn out to be CH. For every cluster,
the process is reiterated. The position of CH is shuffled amongst the different
CMs after consecutive rounds of communication, to preserve equilibrium of
energy within the entire network. All the CHs will be organized into BHT
at the second layer of the hierarchy then the process is reiterated in lieu of
intra-cluster communication. The accumulated data will be forwarded by the
designated CH to the BS.

3.3 EEHRP Flowchart

The EEHRP algorithm functions in four phases as shown in Figure 4
Phase I-Intra-Cluster Binary Heap Tree (BHT) formation
Phase II-Intra-Cluster communication and data transfer
Phase III-Inter-Cluster Binary Heap Tree formation
Phase IV-Inter-cluster communication and data transfer

3.3.1 Phase I – Intra-cluster binary heap tree formation
From the first step as revealed in Figure 3, all the sensor nodes are positioned
haphazardly in the target zone. The nodes are grouped into a multiple cluster.
At this juncture, the hypothesis is that number of clusters contained by the
target zone in addition to Cluster development is a preceding step to the
functioning of EEHRP mechanism. This step is rendering to the clustering
algorithm developed in [19]. Based on a fitness function resulting from
multiple metrics such as energy, overhead, response time LQI, as well as
hop count, the proposed EEHRP seeks to find the optimal route. The fitness
function utilized is mentioned in the subsequent equation [13].

f(nij) = α ·menergy(nij) + (1− α) · [β ·moverhead(nij)

+ (1− β)[γ ·mrtime(nij) + (1− γ)[δ ·mlqi(nij)

+ (1− δ)[η ·mhops(nij)]]]] (1)

Where α, β, γ, δ, ε are weighing factors.
A cost function will be determined by means of Equation (1) by each and

every cluster member inside the cluster. The CH shall be chosen in the first
round on the basis of highest -residual energy, -number of neighbour nodes
having one-hop connectivity as well as the minimum distance to sink [14, 20].
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Figure 4 Flowchart of EEHRP.

The threshold for the node to turn out to be CH is reviewed in [15] by means
of above mentioned considerations. The BHT root will turn out to be the CH
in addition all other nodes will logically organize themselves to form a BHT.

3.3.2 Phase II – Intra-cluster communication and data transfer
All the child nodes will communicate the sensed information to their immedi-
ate (logical) parent in addition the parents will communicate to their parents
then the process is reiterated until the information finally collected by the root
node. The leaf nodes of the BST (This is a logical arrangement) will be CMs
having smaller calculated value in accordance with Equation (1).
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3.3.3 Phase III – Inter-cluster binary heap tree formation
The procedure used in EEHRP is recurrence in nature. All the CHs from
Phase I will compute cost according to the fitness function talked about in
Equation (1). The CH is elected for the second round in accordance with
highest -residual energy, -number of neighbour nodes, along with one-hop
connectivity besides having minimum distance to sink. The root of BHT
will be elected as CH, at that moment all other nodes will logically position
themselves to form a BHT.

3.3.4 Phase IV – Inter-cluster communication and data transfer
All the CHs those are child nodes will transfer the aggregated information as
of different clusters in the Phase II to their direct (logical) parent in addition
to this the parents will transfer information to their parents. This process
is reiterated until the information finally collected by the root node. The
aggregated data will be communicated to the sink by CH, which is a root of
BHT in this round. The leaf nodes of the BST (This is a logical arrangement)
will be CMs having smaller calculated value in accordance with Equation (1).

4 Equations of Energy-Efficiency of EEHRP

Each node is non-rechargeable and has the opening energy of E0. Energy
depletion while transferring a packet commencing with ith node to jth node
uses a free-space in addition to multi-path fading model banking on the
distance amongst source as well as target. Depending upon distance and
whether a node is a child or parent node in BHT the energy depletion varies
for all packet of size Ps.

If the child node transfers Ps bytes of data, then the energy depletion is
specified as: (Ref. Equation (2) to (6)) [22]

EDISSI(Ni) = Eelec ∗ Ps + Eamp ∗ Ps ∗ ||dij ||4 if ||dij ||4 ≥ d0 (2)

EDISSI(Ni) = Eelec ∗ Ps + Eamp ∗ Ps ∗ ||dij ||2 if ||dij ||2 < d0 (3)

Where,Eelec is electronic- energy positioned around coding, distribution,
modulating, filtering and amplification, dij is the distance amongst ith and jth
node. When the jth node takes the delivery of the packet of size Ps the energy
dissipation is specified as:

EDISSI(Nj) = Eelec ∗ Ps (4)
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The energy cost of all nodes is corrected after every transfer or reception
of packet of size Ps.

Eremain+1(Ni) = Eremain(Ni)− EDISSI(Ni) (5)

Eremain+1(Nj) = Eremain(Nj)− EDISSI(Nj) (6)

The process of information transfer as well as energy cost alteration is
reiterated till every node is dead.

5 Equations of Mobility-Awareness of EEHRP

In EEHRP, movable nodes are well thought-out to move alongside a one-
dimensional zone, as well as exponentially disseminating the pause-time.
EEHRP utilizes the mobility Random-Way-Point (RWP) model. In this
model, the endpoint, travel speed and not the end-users control interval
of movement of nodes. The succeeding segment exemplifies thru math-
ematical equations how the mobile state propagation goes forward over
time.

Notations
• [a1, au] – Area where the sensor node can travel
• λ – Exponential distributed pause time
• d – Destination Point
• r (d) – Random Distribution
• Vmax – Upper bounded Speed
• K (t) – Instantaneous State of the node
• Ø(t) – Instantaneous Phase of the node either {Move or Pause}
• A (t) – Instantaneous Position belongs to [a1, au]
• V (t) – Current Speed belongs to [−Vmax, Vmax] in case Ø = move
• D(t) – Current destination belongs to [a1, au].
• P (a, v, d, t) – Cumulative probability at time t in case Ø = move
• Q (a, t) – Cumulative probability at time t in case Ø = pause at position
A(t) ∈ [a1, a]

If the mobile node travels in the target zone, then first they pick out
‘d’ according to r(d). Then they pick the speed allowing to the distribu-
tion fV (v|d, a) = 0 for v > 0. fV (v|d, a) = 0 fit in to the interval
[−Vmax, Vmax], ∀ d, a. Markov-Process, where K(t) is characterized by
Ø(t) ∈ Ø = {move, pause}, regulates the dynamism of the mobile node.
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The probability at time (t) of a mobile node is (Ref. Equation (7)–(15)) [23]

P (a, v, d, t) , Ør{Ø(t) = move,A(t) ∈ [a1, a], D(t) ∈ [a1, d],

V (t) ∈ −Vmax, v)} (7)

Q(a, t) , Ør{Ø(t) = pause,A(t) ∈ [a1, a] (8)

Introducing the densities

p(a, v, d, t) =
∂3P (a, v, d, t)

∂a ∂v ∂d
(9)

q(a, t) =
∂Q(a, t)

∂a
(10)

Subsequent pair of equations can be obtained

∂p(a, v, d, t)

∂t
= −v∂p(a, v, d, t)

∂a
+ λfV (v|d)r(d)q(a, t) (11)

∂p(a, t)

∂t
= −λq(a, t) +

∫
v p(a, v, d, t)dv (12)

Boundary Situation
It depicts the chance of a mobile node hitting the boundary is null

p(a1, v, d, t) = 0; p(au, v, d, t) = 0 ∀ v, d, t (13)

s(a1, t) = 0; s(au, t) = 0 ∀ t (14)

The initial situation

p(a, v, d, 0) = p0(a, v, d); q(a, 0) = s0(a) (15)

which is an appropriate pdf for mobile node’s original position, speed, and
endpoint. The procedure for building neighborhood relationship is given in
Figure 4.

6 Simulation and Result Analysis of EEHRP

The Network Simulator (ns2.34) is used to accomplish simulation. The
simulation objective is to perceive QoS parameters as well as to equate
EEHRP, SHRP, and DyMORA by means of Packet-Delivery-Ratio (PDR),
Throughput, Average-Residual-Energy (ARE), End-to-End Delay, Control-
Overhead (CO), Jitter, and Normalized-Routing-Load (NRL) in order to
authenticate the performance of EEHRP with the simulation parameters
stated in Table 1 [13].
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Table 1 Simulation parameters
Wireless Physical

Network interface type Wireless Physical

Radio propagation model Two-Ray Ground

Antenna type Omni-directional Antenna

Channel type Wireless Channel
Link Layer

Interface queue Priority Queue

Buffer size ( ifqLen) 50

MAC 802.11

Routing protocol EEHRP, DyMORA, SHRP
Energy Model

Initial energy (Joule) 20

Radio Model TR3000

Idle power (mW) 13.5

Receiving power (mW) 13.5

Transmission power (mW) 24.75

Sleep Power (µW) 15
Node Placement

Number of nodes 50, 60, 70, 80, 90 and 100

Number of sink 1

Placement of the Sink Bottom right corner of the simulation area

Placement of nodes Nodes are placed randomly in the given area

Node placement Random

Number of simulation runs 20
Miscellaneous Parameters

Area(m) 500 * 500

Simulation time (s) 2000

Packet size (bytes) 64

Hello Interval (s) 5

CH Election Interval (s) 20

Packet Interval (s) 0.2

Mobility 20% nodes are mobile
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6.1 Confidence Interval

A confidence interval deals with a range of values which is likely to enclose
the population parameter of concern. One is quite sure that precise value lies
in it.

6.1.1 Calculating the Confidence Interval
Notations

• n – The number of observations (sample size)
• x = Total population (data values)
• x̄ – Sample mean
• µ – Population mean
• σ – Sample standard deviation
• z – Confidence coefficient
• α – Confidence level
• ε – Margin of error

Assumption
Instead of using the standard deviation of the entire population (data values),
the standard deviation for the sample is considered as the simulation results
have enough observations.

Following steps are involved in calculating the Confidence
Interval

• Step 1: Decide the phenomenon to be tested.

Through simulation, the paper investigates the accuracy of EEHRP, SHRP,
and DyMORA when the data packets are routed from source to destination
(i.e. accuracy in routing).

• Step 2: Select a sample from your chosen population.

This step is used to gather data for testing the hypothesis. The simulation is
carried out for number of nodes from 50 to 100 in step of 10. The nodes are
randomly distributed in the target area of 500× 500 meter2. For each scenario
the simulation is repeated 20 times (simulation run) and the average value of
20 iterations is taken into account for finding the values of the QoS parameters
such as Packet Delivery Ratio, Throughput, Average Residual Energy, End-
to-End Delay, Control Overhead, Jitter, and Normalized Routing Load etc.

• Step 3: Calculate sample mean and sample standard deviation.

Select the sample statistic techniques (e.g., sample mean, sample standard
deviation) that can be exercised to approximate selected populace parameters



EEHRP for Wireless Sensor Networks 259

in order to characterize selected data values in step 2. To determine the sample
mean of the data values in step 2, sum up all the values of the 20 simulation
run and divide the result by 20 to get average (mean) weight of the QoS
parameters used for comparison of EEHRP, SHRP, DyMORA.

x̄ =
Σx

n
(16)

To determine the sample standard deviation, find the square root of the
variance of the data values (average of the squared differences from the mean)
using equation.

σ =

√
Σ(x− x̄)2

n
(17)

• Step 4: Choose your desired confidence level.

Confidence level is an indicator that if the same data values are sampled on
several occasions and the interval is predicted on every occasion then the
predicted interval would contain the true data values roughly confidence level
times. The widespread preference of confidence level is 80% 90%, 95%, 98%,
99%. In this paper, 95% confidence level is selected for estimating accuracy
of the results obtained.

• Step 5: Calculate margin of error.

Find the margin of error by using the formula

ε = x̄± zα/2 ∗ σ√
n

(18)

The confidence coefficient is selected based on the following table
The Table 2 gives you an idea about values of z for the given confidence

levels and the confidence percentages most commonly used by the statis-
tician. These values are taken from the standard normal distribution from

Table 2 Confidence levels and confidence coefficients
Confidence Levels z-Value
80% 1.28

90% 1.645

95% 1.96

98% 2.33

99% 2.58
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statistics by convention. In statistic, the area between +ve and −ve z value is
termed as the confidence percentage (approximately). For example, the area
between z = 1.96 and z = −1.96 is approximately 0.95.

• Step 6: Plot the margin of error on the bar graph.

The accuracy of EEHRP is not only compared with SHRP, DyMORA through
simulation, but also the competence of EEHRP is judged based on 95% confi-
dential interval. To represent margin of error around the estimated points, the
error margin is plotted on the simulation results obtained (See the error bars).
In all the simulated QoS parameters it can be observed that for the same no
of sample data points the error is less in EEHRP than SHRP and DyMORA.
This proves the effectiveness of EEHRP in practice.

6.2 Results Obtained

6.2.1 Packet Delivery Ratio (PDR)
The ratio of total number of packets received by the destination to the total
packets generated by all the nodes is given by PDR. Figure 5 reveals EEHRP,
SHRP, and DyMORA’s PDR. Due to MOO mechanism, EEHRP has PDR
higher than DyMORA by a factor of 10.29% and by a factor of 13.28% than
SHRP under various circumstances by reason that the packets are transmitted
via optimum route. Due to MOO mechanism utilized by every node, the avg.
energy consumption in the network is low, and this leads to increase in life of
network. PDR endorses the proficient use of the sensor nodes for the transfer
of the information packets.

 
Figure 5 Packet delivery ratio.
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Figure 6 Throughput.

6.2.2 Throughput
Throughput is a measure of how rapidly information can be send from
end to end of a network. Figure 6.2 demonstrates EEHRP, SHRP, and
DyMORA’s throughput. The reason that the throughput of EEHRP is higher
than DyMORA as well as SHRP is, the hybrid nature of the protocol. Multiple
metrics from different layers of WSN are optimized simultaneously for
EEHRP development. With reference to SHRP as well as DyMORA, EEHRP
has higher throughput of a factor of 39.19% and 22.71% respectively. The
throughput validates the effectiveness of EEHRP for data forwarding.

6.2.3 Average Residual Energy (ARE)
ARE (Ref. Figure 7) is a ratio of sum of different node’s residual ener-
gies to the sum of total number of nodes. By reason of clustering as well
as multi-hop communication amongst the sensor nodes within the cluster,
EEHRP’s ARE is higher than DyMORA and smaller than SHRP. EEHRP
outperforms DyMORA in terms of ARE by a factor of 7.7% and SHRP by
9.2 %. This energy saving prolongs the system’s life-expectancy in addition
proves EEHRP’s usefulness.

6.2.4 End-to-End Delay (Delay)
The delay is the time difference amid the first data packet generated by source
node after an event is detected and the time when the data packet is received
at the sink. EEHRP uses reaction time to find the best route as one of the
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Figure 7 Average residual energy.

 

Figure 8 End-to-end delay.

optimization metrics, the delay is less than DyMORA by a factor of 38.18%.
By a factor of 44.64%, SHRP is better in terms of delay compared with
EEHRP. The reason is SHRP’s packet routing decisions are based on single
metric instead of multiple metrics (Ref. Figure 8).

6.2.5 Control Overhead (COH)
Equated with data packets, the number of control packets that are crucial for
network communication is known as COH. Figure 9 illustrates the assessment
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Figure 9 Control overhead.

 

Figure 10 Jitter.

of COH. EEHRP has COH lower than DyMORA and greater than SHRP.
SHRP decides on the optimal route based on single metric. Additionally, in
terms of COH equated with DyMORA EEHRP is effective. Compared with
DyMORA, EEHRP decreases COH by a factor of 10.85%.

6.2.6 Jitter
In WSN, jitter means the delay variation in the packets’ arrival at the destina-
tion with any lost packets being ignored. Figure 10 illustrates the comparison



264 N. Kulkarni et al.

 

Figure 11 Normalized routing load.

of jitter. EEHRP has lower jitter than DyMORA and with reference to SHRP,
EEHRP has comparable jitter. EEHRP improves jitter by a factor of 13.89%
as compared to DyMORA. SHRP improves jitter by a factor of 8.16% as
compared to EEHRP.

6.2.7 Normalized Routing Load (NRL)
NRL is calculated as an average of a total number of routing packets transmit-
ted per data packet delivered to destination. As EEHRP incorporates MOO
mechanism and it addresses QoS parameters from different layers in the WSN
architecture. Routing overhead is less in EEHRP by 5.95% than DyMORA
and higher by a factor of 10.17% than SHRP. Figure 11 gives a comparison
of NRL between SHRP and DyMORA.

7 Conclusion and Future Work

A novel QoS guaranteed energy-competent Multi-Objective Routing Protocol
with cross-layer optimization mechanism called EEHRP for WSNs is put
forward in this paper. EEHRP’s primary aim is to pick optimal route to the
BS, subject to applying multi-objective concepts. EEHRP, SHRP, as well
as DyMORA are simulated and their results are equated. In terms of PDR,
Throughput, ARE, End-to-End Delay, COH, Jitter, as well as NRL, EEHRP
is better protocol than DyMORA. EEHRP’s performance is equivalent to
SHRP. It can be found in all the results obtained that the margin of error for
the same no of sample data points is smaller in EEHRP than SHRP as well
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as DyMORA. Theoretically as well as practically EEHRP’s effectiveness is
proved. By replacing homogeneous nodes with heterogeneous ones and by
assigning mobility to them, the routing protocol can be further extended.
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