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ABSTRACT Energyminimization is one of the paramount issues in designing of the wireless sensor network
and becomes more complex for multi-hop transmission. Furthermore, selection of multi hop route for the
packets transmission is also a tedious task. In this paper, we propose an intra-cluster and inter-cluster (ICIC)
energy minimization strategy for multihop wireless sensor network (WSN). In the proposed strategy, in intra
cluster communication, a dynamic duty cycle allocation based on the cluster head (CH) node distance from
the child nodes for the energy minimization is presented. In the inter cluster communication, minimum
energy consumption route is chosen for the transmission of packets to base station (BS). The proposed
strategy is compared with four state of the art techniques, i.e., HEEMP, LEACH, MLEACH, and SEP
protocols of clustering. The evaluation of the proposed and existing strategies is done in two different
scenarios i.e., number of round and number of nodes. Results of the simulation show that the proposed
strategy transmits more packets and has lower number of dead nodes than other strategies. Furthermore,
proposed strategy utilizes more network energy and more relaying energy.

INDEX TERMS LEACH, sensor node, WSN, network energy, cluster head, routing.

I. INTRODUCTION
In the present day, wireless sensor network (WSN) is used as a
front end communication system such as in home automation,
environment monitoring, industry, and in IoT, etc. It is an
emerging potential technology for real time applications due
to its low cost, small size, and ease of deployment [1], [2]. The
WSN design depends upon the different scenarios of its appli-
cation. In home automation and industry applications, where
energy in not a constraint, packets delivery is the prime con-
cern of network designing. Meanwhile, in hazardous environ-
ment where the battery is neither recharged nor replaced such
as in mining, prolonging network life time is the prime factor
for network designing. Furthermore, size of the deployed area
also plays a crucial role in WSN designing. For small area,
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sensor node directly transmits packets to the sink node or
base station, while in a large area, the packets are transmitted
through multiple intermediate nodes to the sink node. In large
area WSN designing, there are three major challenges: sub
division of area, efficient routing, and intermediate nodes
energy. In the sub division of area, the whole region is splitted
into small sub regions which are known as clusters. In these
clusters, one node is chosen as cluster head (CH) for receiving
the data from the remaining sensor nodes of that cluster, and
forwards it to the next node or sink node. In the WSN, many
protocols for formation of clustering is proposed previously
such as LEACH, MLEACH, SEP [3], [4], [5], [6]. In these
protocols, prolonging network life time and efficient energy
utilization is achieved by selection of CH node. In routing,
two types of routing strategies are used [7]: flat routing and
hierarchical routing. In flat routing, the route between sensor
and sink node is searched; while in hierarchical routing, the
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sensor node transmits data to CH, and CH forwards it to the
next CH node. A route is considered available only when
intermediate nodes have enough energy for packets reception
and subsequent transmission to the next node. This process
is known as relaying and the intermediate nodes work as
relay nodes for the multi-hop communication. If these nodes
do not have enough energy for relaying, then transmission
stops. Nodes which are near to the sink node or base station
are frequently used for relaying purpose and this results in
early draining of energy. Consequently, these nodes become
dead, and a region of these dead nodes is created near the sink
node, which is known as the warm hole region [8]. Therefore,
selection of optimized route becomes a prime parameter for
WSN design.

In WSN, a sensor node consists of a sensor, radio trans-
mitter, receiver, processing unit, and battery. On the basis of
these sensor node units, energy consuming components are
as follows: sensing of data, data processing and, reception
and transmission of signal from the node. Energy which is
needed for sensing the physical quantity, like temperature,
gas, humidity etc., is known as the sensing energy. Energy
consumption in sensing is comparatively lower than the other
energy consumption unit. Sensing data (i.e. any physical
quantity like temperature, gas, humidity, etc.) is processed
by the CPU which converts it into the form of packets and
sends it to the transmitting unit of the node. The CPU also
processes the data which is received from other nodes and
this received data either augmented or forwarded to the next
node. The major part of the energy of node is utilized by
the reception and transmission units. In the radio model of
energy consumption [9], transmitting distance plays a vital
role in energy consumption. When the distance increases
from the threshold limit, the energy consumption drastically
increases [10]. Therefore, in order to save energy during
packet transmission, data augmentation or minimum distance
protocols have been proposed in WSN design.

In this paper, the problem of energy consumption in
multi-hop wireless sensor network is addressed. In multi-
hop communication, other issues such as routing, relaying
node, and warm hole problem are also considered at the time
of WSN design. In the proposed strategy, a joint mechanism
based on intra and inter cluster communication is proposed.
In intra-cluster communication, a node which has enough
energy for data gathering and transmitting it to the next node
of the route is chosen as cluster head (CH) node. All the
other sensor nodes transmit data to the selected CH node.
In the proposed strategy, energy consumption isminimized by
controlling the transmission time of the sensor nodes. Since,
energy consumption is directly proportional to the distance of
the child node, more transmission time is given to the nearer
nodes which results in higher number of packets delivery at
the same residual energy when compared to the farther nodes.
The time when the node transmits the signal is known as
active time, while the time when node is not transmitting
the signal is known as passive time. The ratio of the active
to passive time is known as duty cycle, and the process of

assignment of different duty cycles to the nodes is known as
dynamic duty cycling. Various MAC protocols are developed
to manage the on/off time of transmission, The medium
access control (MAC) layer, which is part of the data link
layer, is one of themost important factors in the overall energy
efficiency of a communication protocol. The MAC layer is
responsible for establishing a reliable and efficient commu-
nication link between WSN nodes as well as wasting energy.
Following WSN MAC protocol features are considered into
account: energy efficiency, reliability, low access delay, and
high throughput [9]. For wireless sensor networks, TDMA
is probably the best option for an energy-efficient multiple
access protocol. In multi-hop networks, TDMA transmis-
sions usually identify the shortest length conflict-free slot
assignment in which each link or node is activated at least
once. In the inter cluster communication process, each CH
node transmits data to the next CH node of the route, and this
process repeats until all the packets reached to the BS. For
inter-cluster communication, among all the available route,
the route which require least energy for the data transmission
is chosen. The major contributions of this paper is as follows:

1) To the best of our knowledge, a first time dynamic duty
cycling for multi-hop WSN is proposed.

2) Energy consumption is minimized by intra cluster as
well as inter cluster communication of the node.

3) Duty cycle assignment is automatically adjusted for the
different node distance.

The rest of the paper is laid out as follows: Section II presents
the related work based on the multi-hop wireless communi-
cation; background and motivation, energy utilization radio
model, and network designing constrains are presented in
Section III, proposed and existing strategies are given in
Section IV, simulation results and conclusion are presented
in Section V and Section VI, respectively.

II. LITERATURE REVIEW
In this section, related work based on the multi-hop commu-
nication in WSN design for various problems is presented.
In the WSN, LEACH is one of the most often used cluster-
ing techniques. The key notation is that every node in the
network should be able to become a CH at least once every
N/K rounds, where N represents the number of nodes in the
network and K is the desired number of clusters [11]. In [12],
IE2-LEACH an improved version of conventional LEACH is
proposed wherein the cost of the signal transmission to BS
is considered for the selection of CH node. A dynamic multi-
hop energy efficient routing protocol (DMEERP) is proposed
in [13]. In DMEERP provision of two cluster head nodes,
i.e., super CH and CH, is given and also the load balancing is
used to achieve more packets delivery and reliability. On the
basis of correlation value of the node, a correlation model for
improving the network lifetime is given in [14]. By taking
the leverages of flat and hierarchical routing, a hybrid mul-
tipath energy efficient routing is proposed in [15]. A genetic
algorithm for increasing the network life time, based on the
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optimal data routing for the mobile sink node, is proposed
in [16].

For increasing the reliability in under water communi-
cation, a two hop acknowledgement-based strategy is pro-
posed in [17]. A strategy based on the minimum connected
dominant set and bi-Partite graph algorithm for increasing
the energy efficiency and network life time for multi-hop
communication is proposed in [18]. Using unequal cluster-
ing, energy consumption minimization and increasing net-
work lifetime, a fuzzy based protocol is proposed in [19].
In [20], a two tier, i.e. selection of CH and optimal route
using fuzzy based protocol for minimum energy consump-
tion is presented. Data fusion with the ant colony optimiza-
tion strategy which considers reliability, load balancing and
node energy is given in [21]. Routing based on the highest
energy on intermediate nodes is presented in [22] and also
overhead control mechanism for higher packets delivery is
given. A minimum energy consumption route searching K
means algorithm based on node energy, distance from BS,
and number of route is presented in [23].

For the problem of multiple sink nodes, an ant colony opti-
mization strategy to increase the network life time and mini-
mization of data is proposed in [24]. Using glowworm swarm
and fruitfly optimization for selection of optimal CH, a higher
energy efficiency and network lifetime is achieved in [25].
In [26], for selection of CH node butterfly optimization and
for the optimal route selection, ant colony optimization is
used. An ant colony optimization based on energy efficiency
and balancing of distance for increasing the network lifetime
in given in [27]. A zonal clustering algorithm wherein two
separate CH nodes for intra and inter cluster communication
is proposed in [28]. The CH for intra-cluster communication
is known as primary CH, whereas inter cluster communica-
tion node is known as backup CH.

In [29], multi variable weight route selection the algo-
rithm based on the residual energy and distance of the
node for high density seismic array is presented. Using
spanning tree, a strategy for energy consumption distribu-
tion over the CHs by multipath data routing is proposed
in [30]. Yuchao et al. present a genetic-based approach that
uses unsupervised learning in probability to discover an opti-
mal chromosome for constructing a close-to-optimal network
topology [31]. Using the approach of multi-objective opti-
mization (MOO), Fei et al. gave a tutorial and a summary of
recent research and development initiatives addressing this
issue [32]. Yuchao et al. proposed a dynamic hierarchical
protocol (DHCO) based on combinatorial optimization to
balance sensor node energy consumption and improve WSN
lifetime. Instead of selecting the cluster head or the next hop
node, the DHCO algorithm finds the best path for each sensor
node by creating a feasible routing set [33]. In [34] balancing
and energy efficient multi-hop (BEEMH) strategy, which is
based on the relaying nodes maximum residual energy, for
enhancing network lifetime is proposed. A tradeoff between
energy efficiency and delay is presented in delay constraint
energy multi-hop strategy (DCEM) [35]. An energy mini-

FIGURE 1. (200× 200) m2 area is divided into 16 clusters and
300 sensors are deployed over the entire region.

mization approach based on the excess use of CHs is proposed
in [36]. Energy harvesting wireless sensor network design
based on the unified approach for the quality of monitoring is
given in [37]. Using cooperative communication, a wireless
power transfer strategy and transfer of the signal along with
power signal is presented in [38] and [39], respectively.

For search optimal route and CH, in [40], an exponential
ant colony optimization for routing and fractional artificial
bee colony optimization for CH selection is given. A cat
salp optimization for addressing the network security is given
in [41]. A hybrid algorithm based on minimum spanning tree
andminimum distance tree selection for intra and inter cluster
communication is given in [42]. With the use of data aggrega-
tion and changing the transmitting route to an alternate way,
the network lifetime is increased in [43]. By computing the
gradient value of the sensor node, a gradient based clustering
and minimum hop route search algorithm is proposed in [44].
An overlapping clustering algorithm for equal clustering and
load balancing is given in [45]. Summary of protocols with
advantages and limitations are given in Table 1.

III. BACKGROUND AND MOTIVATIONS
The sensors are randomly deployed over the network field.
All the deployed nodes have equal energy and they cannot be
recharged. The network field is divided into different clusters
and each cluster is of equal size. The nodes in the cluster send
data to their cluster head (CH), and the CH forwards all the
data along with its own data to the nearby CH. This process is
repeated until all the data reaches the base station (BS). The
CH of each cluster must ensure optimal energy consumption
route before sending data to the BS.

Let us consider the network field of (200 × 200) m2 and
the total area is divided 16 clusters as shown in Figure 1. The
BS is located at the position of (200, 200). The field area is
hostile therefore sensor nodes are randomly deployed over the
entire field. Each sensor node (i.e. child node) gathers infor-
mation and sends it to the CH node of the current round. The
allocation time to the child node for transmission depends on
the protocols used for data sending. After reception of data
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TABLE 1. Summary of literature review.

from the child nodes, the CH either forwards it to the next
CH or directly transmits it to the BS, based on the minimum
energy consumption route. In this scenario, the motivations
for the design of wireless sensor network are as follows:

(1) To search optimal energy consumption route for packet
transmission in multi hope WSN, (2) To Increase the packet
delivery to BS, (3) Increasing the network lifetime by reduc-
ing the energy consumption of the node, (4) To utilize the
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FIGURE 2. Energy consumption in multihop sensor network.

TABLE 2. Notations.

available network capacity maximum and, (5) To minimize
the effect of warm hole problem for multi hope WSN.

A. MODEL OF RADIO AND ENERGY CONSUMPTION
A sensor node consumes energy either during reception or
during the transmission of data. Data is received either from
the child nodes or other nearby CH nodes. Similarly, data is
transmitted either from the sensor (child) node to CH, or from
CH to the next CH. Figure 2 shows the classification of data
transmission and reception energy consumption.

Notations used in this paper is given in Table 2
Let us consider SNP is the total number of packets received

by CH node from child nodes and each packet has B bits.
In this paper 4000 bits per packet is considered. The energy
consumed by CH for the reception of the signal is given as in
Equation 1:

REsensorNode = SE × SNP × B (1)

where SE is the sensing energy needed to CH node.
Let the number of packets transmitted by near CH is CHNP.
The energy for the reception of CHNP packets is given in
Equation 2:

RECHNode = SE × CHNP × B (2)

Hence, the total energy consumption in signal reception by
adding Equation (1) and (2) is given in Equation (3) as:

TRECHNode = REsensorNode + RECHNode

= SE × B(SNP + CHNP) (3)

The energy requirement for transmission of the packets to
CH at distance D is given as sown in Equation 4 [10]:

TEsensorNode =

{
B× SNP(Eelec + εfs × D2) D ≤ Dth
B× SNP(Eelec + εmp × D4) D ≥ Dth

(4)

Similarly, energy consumption for transmission of CH to
next CH is given as in Equation 5:

TECHNode =

{
B× CHNP(Eelec + εfs × D2) D ≤ Dth
B× CHNP(Eelec + εmp × D4) D ≥ Dth

(5)

Hence, total energy consumption for transmission of the
packets is computed by adding Equation 4 and 5 is given as:

TTECHNode = TEsensorNode + TECHNode (6)

In Equation 4 and 5, Eelec is energy consumed in elec-
tronics for processing a bit, εfs is free space amplification
coefficient, εmp is multi-path amplification coefficient Dth is
the threshold distance and it is given as Dth =

√
εfs
εmp

IV. EXISTING AND PROPOSED STRATEGIES
The four existing strategies, HEEMP, LEACH, MLEACH,
SEP, and one proposed ICIC strategy are presented in this
section.

A. HYBRID ENERGY-EFFICIENT MULTI-PATH ROUTING
PROTOCOL (HEEMP)
In this strategy, among all the available routes, the route
which needs the lowest energy for data transmission is
selected for the transmission [15].

B. LOW-ENERGY ADAPTIVE CLUSTERING HIERARCHY
(LEACH)
In this strategy, a node is randomly selected as cluster
head (CH) and the other sensor nodes transmit data to this
CH node. The CH node aggregates all the data and forwards
it to the next CH node in the transmission route [15].

C. MULTI-HOP LEACH
In the MLEACH strategy, any one node is selected as the CH
node and that node act as CH until it is unable to forward data
to the next CH [5].

D. STABLE ELECTION PROTOCOL (SEP)
In SEP, nodes are segregated into primary and secondary
nodes. The primary nodes can become CH node and sec-
ondary nodes always work as as child nodes. In this paper,
SEP is evaluated with three different primary and secondary
node ratios: 30:70, 50:50, and 70:30 respectively [6].

E. PROPOSED (DUAL MODE INTRA-CLUSTER AND
INTER-CLUSTER (ICIC) ENERGY MINIMIZATION
ALGORITHM)
The proposed ICIC strategy minimizes the energy in two
modes: intra cluster mode and inter cluster mode. In intra
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FIGURE 3. Variation in duty cycle assignment when the distance of child
node from CH increases.

cluster, dynamic duty cycle is assigned to child nodes in
order tominimize the energy consumption. Allocation of duty
cycle is based on the distance of the child node from the CH
node. In inter cluster mode, least energy consumption mul-
tihop route is chosen for the data transmission. The detailed
explanation with the example is as follows:

1) INTRA-CLUSTER ENERGY MINIMIZATION
In intra cluster mode, one of the node is selected as CH node
and remaining sensor nodes become child node. Each child
node has different duty cycle is assigned. The duty cycle
assignment to child node depends on the distance from the
CH node. Let us consider Nc nodes are available in a cluster.
The function of duty cycle assignment is as follow:

DutyCycleCH ,SN =
e
−DCH ,SN

dth∑NC−1
n=1 e

−DCH ,n
dth

(7)

In Equation 7, the CH and SN represent cluster head and
sensor node, respectively.DCH ,SN is the distance between the
child node SN and CH, and Dth is the threshold distance.
In Figure 3 distribution of duty cycle for 10 child nodes is
shown. Based on Figure 3, two data sets of distance (child
node to CH node) is considered, i.e., DistSet1 and DistSet2.
The DistSet1 = [20, 40, 60,− − −−,200] and DistSet2 =
[10, 20, 30,− − −−,100]. Also, two threshold values are
considered i.e., Dth = 80 and Dth = 50. Figure 3 shows
the following information of duty cycle assignment to child
nodes:

1) Child nodes nearer to the CH node, will get the highest
share of duty cycle.

2) At the same distance, a child node of the larger size
cluster which is nearer to CH, assigned more duty
cycle.

3) Threshold distance also controls the duty cycle assign-
ment. As the Dth increases, the allocation of the duty
cycle to child nodes becomes homogeneous.

Let us consider Figure 4, where five nodes of a cluster are
given. Node 1 is selected as CH node. The distance set from
child nodes 2, 3, 4, 5 is DistSet= [1, 2, 3, 4] and the threshold
distanceDth = 2.5 are considered. The duty cycle assigned to

FIGURE 4. Five node cluster where four child nodes and one CH with
their distance is shown.

FIGURE 5. Different signal transmission routes from CH1 to BS.

Node 2 to Node 5 using Equation 7 is 0.4, 0.276, 0.185, and
0.123, respectively.

2) INTER-CLUSTER
In the inter-cluster communication, energy consumption is
minimized by transmitting data through a minimum energy
consuming route. In inter-cluster communication, CH com-
putes their energy needed for the transmission of packets via
different routes. Among those routes, the route which needed
less energy for transmitting packets is chosen for the inter-
cluster communication.

Consider the WSN as shown in Figure 5, where the CH1
node wishes to transfer data to the BS. CH1 node sends bea-
con messages to all the routes leading to the BS. In Figure 5,
three routes between CH1 to BS is given and all three routes
have the same number of hops. Among all the three routes, the
route which require the lowest energy for delivering packets
to the BS is chosen. Hence in the proposed strategy, in inter-
cluster communication, energy consumption is minimized by
selecting the lowest energy consumption route.

The Flow chart of the proposed algorithm is shown in
Figure 6 and Algorithm 1 represents the working of proposed
ICIC strategy. There are two phases of the algorithm: intra-
cluster and inter-cluster. In intra-cluster, energy is minimized
by optimum duty cycle allocation to the child nodes while
minimum energy consumption route is given priority for
inter-cluster communication. Step 1 is for considering all the
clusters in the WSN and complexity is NC. The number of
packets received by the CH node is initialised in Step 2.
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FIGURE 6. Flowchart of packet transmission from cluster to BS in ICIC
strategy.

In Step 3, the cluster head node is chosen using a random
function. Step 4 and 5 for considering the child nodes of the
cluster. Duty cycle assignment to child node using Equation 7
and computation of the number of packets transmitted to
CH is given in Step 6. Step 7 reduces the amount of energy
required for signal transmission and reception in child and
cluster head nodes. And, also computes the total number of
packets received by child nodes. Step 8 and 9 are for the
closing of the loop. The computation complexity of steps 4 to
9 is O(NSNc). In Step 10, packets generated by CH are added
along with the received packets of child node.

Step 11 initializes the energy consumption for transmission
to BS. Step 12 to 17 are for finding the minimum energy
consumption route which has computation complexity O(K).
Packets transmission to BS is given in Step 18. Step 19 to
21 used for computation of residual energy of CH nodes after
transmission and reception of packets. And, computation
complexity is the total number of clusters i.e. NC . Step 22 is
the end of for loop of Step 1.

The for loops of Step 4,12 and 19 are the inner nested
loop of step 1. Hence the final total number of operation is
O(NC(NSNc + K + NC))

3) WORKING OF PROPOSED ICIC STRATEGY
Let us consider the network topology of six sensor nodes
and a base station (BS) as shown in Figure 7. The location
of deployed sensor nodes and BS, and distance between

Algorithm -1 Proposed ICIC Strategy
Phase I: Intra-cluster, i.e. data transmission from child
node to CH node in each cluster
1: for c = 1 to NC do
2: PRCHc← 0 //packets received by CH node
3: Chose cluster head CHc node using random function
4: for sn = 1 to NSNc do
5: if sn 6= CHc then
6: Compute duty cycle assignment, i.e.DutyCyclesn

using Equ.7 and number of packets transmitted
PTsn in given time.

7: PRCHc← PRCHc+PTsn;
Eressn ← Eressn - TEsn;
EresCH ,C ← EresCH ,C -RECH ,C

8: end if
9: end for

10: PRCHc ← PRCHc+ PTCH // Add packets of cluster
head node to the total number of packets
Phase II: Inter cluster communication, i.e. energy
efficient route selection

11: Emin←∞ // Minimum energy for transmission
12: for k = 1 to K do
13: Compute the energy consumption of route (i.e. Ek )

for transmitting PRCHc packets
14: if (Ek < Emin) then
15: Emin← Ek ;Ermin← k
16: end if
17: end for
18: Transmits packets to BS using minimum energy con-

sumption route i.e. Ermin
19: for ∀CH ∈ CH r

min do
20: EresCH ,C ← EresCH ,C - RECH ,C ;

EresCH ,C ← EresCH ,C - TECH ,C ;
21: end for
22: end for=0

FIGURE 7. Location of nodes with respective clusters.

the nodes is given in Table 7 and Table 8 in Appendix,
respectively. The sensor nodes are divided into two clusters:
C1 and C2.

Cluster C1 consists three nodes, i.e., 1, 2, and 3, while
Cluster C2 consists nodes 4, 5, 6. Nodes of cluster C1 are
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TABLE 3. Simulation data of energy consumption (mJ) per round in each sensor node.

unable to transmit data directly to the BS therefore cluster
head (CH) node of cluster C1 sends packets to the CH of
cluster C2, and subsequently CH of cluster C2 transmits the
received packets of CH1 alongwith the packets of child nodes
of its own cluster i.e. C2 to the BS.

The working of proposed strategy round by round is given
in Table 3. In the first column number of rounds is given.
In Round 1, CH nodes of clusters 1 and 2 are Node 1 and
Node 4, respectively, as mentioned in the Table 3. The other
nodes of both the clusters works as the child nodes in the
Round 1. In Cluster C1, Node 2 and 3 work as the child
nodes and the assignment of duty cycle using Equation 7 to
these child nodes are 0.53 and 0.47, respectively asmentioned
in Table 9 in the Appendix. It is evident from the table
that shorter distance nodes have assigned more duty cycle
comparatively. The duty cycle assignment to child nodes in
each round of both the clusters is given in Table 9. Based on
the duty cycle assignment, transmission time is given to the
child nodes. In this example, total transmission time in the
round is 60 seconds considered and 910 ns is required for
transmission of each packet of 4000 bits. The computation of
the transmission of number of packets is given in the Table 10.
The child nodes which are nearer to the CH nodes trans-
mits more packets comparatively than the longer distance
nodes. Transmission energy required for the transmission is
computed using Equation 4 and 5, the transmission energy
needed for child nodes are given in Table 3. In Table 3, the
detailed energy consumption data of each sensor node for
Round 1 to Round 9 is given. In the table, all the scenarios
of CH combinations are considered.

CH nodes received the bits transmitted by child node as
well as previous CH node. Here, CH1 receives packets from
child nodes, while CH2 node receives packets from child
nodes and from CH1 node also. Therefore, energy consump-
tion for reception of the packets in CH2 is higher than the
CH1. In Round 1, CH2 receives 97 packets from CH1, and
the same 97 packets from Child nodes 5 and 6. Therefore,
energy needed for reception of signal for CH2 is double than
CH1 in Round 1. Furthermore, CH2 requires higher energy
for transmission of packets from CH2 to BS.

In Table 3 the residual energy after completion of Round 1
is given. Sensor nodes 2, 3, 5, and 6 work as child nodes
therefore they consumes energy for signal transmission to CH

node only and their residual energy is computed by reducing
the packet transmission energy than the previous energy, i.e.,
500 mJ. On the other hand, CH nodes consumes energy for
packets reception and in transmission of the same to the next
CH node or to BS.

V. SIMULATION AND RESULTS ANALYSIS
For evaluation of the proposed and existing strategies,
we developed a simulator in MATLAB software. In simu-
lation, an area of 200 × 200 m2 is considered as shown in
Figure 1. The whole area is split into 16 clusters of 50 ×
50m2. The location of the base station is set at (200, 200). The
area is considered as hostile environment therefore the sensor
nodes are randomly distributed over the entire region. Each
sensor node has limited energy and it cannot be recharge once
it becomes dead. A node is considered dead when its energy
decreases below the minimum threshold energy required for
signal processing. Here Eth = 1mJ is considered for simu-
lation. The presented results are the averaging of 100 times
simulation of each strategy. The other parameters which are
considered for the simulation are given in Table 4.Meanwhile
designing of the simulator the following assumption and
constraints are considered:

1) Radio model for energy consumption in sensor nodes
are considered.

2) Once the sensor nodes deployed, their location cannot
be changed.

3) Energy of the sensor nodes is fixed and, neither
recharged nor replaced.

4) For multihop routing, K shortest path between the CH
node and BS is used.

5) Route is selected only when intermediate nodes of
routes have enough energy for transmission and recep-
tion.

The performance evaluations on different metrics of the
proposed and existing strategies are as follows:

A. PACKETS DELIVERY TO THE BASE STATION
Packets delivery with respect to number of rounds is given
in Figure 8. As the number of rounds increases; the amount
of packets delivered also increases. Here, round means col-
lections of packets from child nodes of the cluster and
transmission of the received packets to the BS. In the
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TABLE 4. Parameters used in simulation.

simulation, we considered each round is equivalent to 60 sec-
ond. In the conventional strategies, 60 second time is equally
divided among the child nodes, while in proposed ICIC
transmission time assigned to the child nodes on the basis
of their distance so that more packets can be transmitted
to the BS. When network nodes have enough energy, then
they transmits packets to the BS; therefore, packets delivery
upto 500 rounds in each strategy is almost same. Further-
more, when the number of rounds increases, the number of
packets delivery for different strategies also changes, and
subsequently becomes constant. This is due to the drain-
ing of energy of nodes and warm hole problem nearby BS
area. Among all the strategy, proposed algorithm delivers
highest number of packets, due to the following reasons:
(i) in intra cluster, more duty cycle assignment to near child
node, results lower energy consumption, (ii) energy saving
for transmission of data by optimum energy route selection,
(iii) the number of hops required for packet transmission
is reduced. The average number of packets delivered to the
BS is 306923, 2986829, 293081, 272257, 123062, 179091,
226002 for the proposed ICIC, HEEMP, LEACH,MLEACH,
SEP(30:70), SEP(50:50), and SEP(70:30) algorithm, respec-
tively. The average packets transmission of LEACH,
MLEACH, SEP(30:70), SEP(50:50), and SEP(70:30) is 97%,
95.49%, 88.70%, 40.09%, 58.35%, and 73.63% of the pro-
posed ICIC strategy, respectively. Hence, packets delivery in
the proposed strategy is highest than the other conventional
approaches by considering more transmission of packets of
nearby child nodes.

In Figure 9, total number of packets transmitted is com-
puted with respect to the increasing number of sensor
nodes. In this simulation scenario, higher number of sen-
sor nodes means density of the nodes increases. As the
density of the nodes increases, the following two changes
occurs in the networks: (1) network energy increases as
the number of nodes in the network increases, (2) sig-

FIGURE 8. Total number of packets delivered to the base station w.r.t the
increasing number of rounds (300 sensor node and area is 200×200 m2).

FIGURE 9. Total number of packets delivered to base station w.r.t
increasing nodes density over the area of 200× 200 m2 for 3000 rounds.

nal transmission distance reduces because of higher den-
sity. As the number of nodes increases packets delivery
also increases. In this paper, packets delivery for 200 to
400 nodes at different scenarios is considered. It is clear
from Figure 9 that the proposed strategy transmits a higher
number of packets than other strategies. The average packet
delivery at different number of nodes is 385042 (ICIC),
374082 (HEEMP), 359732(LEACH), 353361(MLEACH),
139611(SEP (30:70)), 197713(SEP (50:50)), 277823(SEP
(70:30)). The packets transmitted by HEEMP, LEACH,
MLEACH, SEP (30:70), SEP (50:50), and SEP (70:30) is
97.14%, 93.41%, 91.76%, 36.25%, 51.34%, and 72.14% of
the proposed algorithm, respectively.

B. NUMBER OF DEAD NODES
The number of dead nodes with respect to the rounds is shown
in Figure 10. When a node residual energy falls below the
minimal threshold energy, it is considered as dead. Due to
the constant transmission and reception of signals, the energy
of sensor nodes depletes as the number of rounds increases.
In Figure 11, the location of the dead nodes is shown. The
nodes located near to the BS become dead because these
nodes are frequently used for transmission of the received
signals from previous CHs. This is known as warm hole
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FIGURE 10. Representation of dead nodes w.r.t number of rounds at (300
sensor node and area is 200× 200 m2).

FIGURE 11. shows the sensor nodes near to the BS become dead due to
warm hole problem. The order (i.e., number mentioned) of node become
dead also given.

problem and the region nearby BS is known as warm hole
region. In order to evaluate the effect of warm hole problem,
we have computed the percentage of nodes dead in warm hole
region as shown in Figure 12. The region of Cluster 16, i.e.,
X>=150, Y>=150 is considered as warm hole region for
simulation (see Figure 1 for cluster 16). As demonstrated in
Figure 12, the proposed approach has a lower percentage of
dead nodes than the other techniques over the same number of
rounds. The average percentage of dead nodes in the network
is 53.53% (ICIC), 54.33% (HEEMP), 62.22% (LEACH),
63.33% (MLEACH), 37% (SEP (30:70)), 44% (SEP (50:50)),
57.14% (SEP (70:30)) when the number of round increases.
Sensor node energy consumption is lower and uniformly
dispersed over the whole region due to: (1) more packets
transmission by shorter distance node, (2) minimum energy
consumption route is selected for the packets transmission.

In Figure 13 number of dead nodes is computed when
number of node in the field increases. Number of dead node
in MLEACH is highest because some CH node selected
until that node becomes dead. Therefore, the distribution
of energy consumption is heterogeneous which results very
high energy drain. Moreover, the effect of warm hole also
increases. Consequently, number of dead node increases.

FIGURE 12. Number of dead nodes in warmhole region, i.e. X>=150,
Y>=150.

FIGURE 13. Number of dead nodes when deployed nodes increase over
the area of 200× 200 m2.

On the other hand, in SEP, most of primary nodes becomes
dead which results transmission stops (see Figure 8) even
energy available to the child node. Therefore, the number of
dead node in SEP is least when compared to the other strate-
gies. The average dead nodes in the network is 51.56 (ICIC),
49.9 (HEEMP), 50.7 (LEACH), 101.9 (MLEACH), 41.89
(SEP(30:70)), 64.88 (SEP(50:50)), 83.03 (SEP(70:30)) when
the number of round increases. Furthermore in Figure 13,
dead nodes when number of nodes in the network increases is
computed. The average dead nodes are 77.93, 77.03, 69.03,
147, 45.7, 72.7, 106.3 for ICIC, HEEMP, LECH, MLEACH,
SEP(30:70), SEP(50:50), SEP(70:30), respectively. In the
proposed strategy, energy consumption distribution is uni-
form over the entire network. Therefore, the number of dead
nodes are neither high nor low.

C. NETWORK ENERGY UTILIZATION
The ratio of the energy utilized by the deployed sensor
nodes to the total initial energy available at the time of
deployment of the nodes is defined as network energy uti-
lization. In the designing of WSN, it is essential to uti-
lize the available network energy as much as possible.
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FIGURE 14. Network energy utilization w.r.t increasing number of rounds
at (300 sensor node and area is 200× 200 m2).

Network energy utilization w.r.t rounds is shown in Figure 14.
Among all the strategies proposed algorithm utilizes the
highest network energy. The average network energy utiliza-
tion is 41.97%, 40.38%, 39.38%, 37.44%, 16.67%, 24.68%,
30.91% for proposed algorithm (ICIC), HEEMP, LEACH,
MLEACH, SEP(30:70), SEP(50:50) and SEP(70:30), respec-
tively. Hence the proposed algorithm utilizes 1.1%, 1.66%,
4.53% 25.3%, 17.29%, 11.06% more network energy than
HEEMP, LEACH, MLEACH, SEP(30:70), SEP(50:50) and
SEP(70:30) strategies, respectively.

In Figure 15, energy consumption is computed when num-
ber of nodes over the field increases. The average of energy
consumption of different number of deployed nodes (i.e.
200 to 400) of Figure 15 is given in Table 6. The aver-
age energy utilization is 53.97%, 52.54%, 49.54%, 47.51%,
18.26%, 27.69%, 38.93% of ICIC, HEEMP, LEACH,
MLEACH, SEP(30:70), SEP(50:50), SEP(70:30), respec-
tively. The proposed strategy utilizes 1.43%, 4.43%, 6.46%,
35.71%, 26.28%, 15.04%, higher network energy than
HEEMP, LEACH, MLEACH, SEP (30:70), SEP(50:50),
SEP(70:30), respectively. The energy utilization of the pro-
posed strategy is higher than the any other existing strategy.
ICIC utilizes highest energy due to its uniform energy con-
sumption mechanism over the network field. The average
value of the network energy utilization is given in Table 5
and 6.

D. NETWORK ENERGY UTILIZATION IN RELAYING
In WSN multihop network, sensor node consumes energy
either in its own data generation/transmission or in for-
warding of received data from neighbouring CH node to
the next CH/ BS. Therefore, a large amount of energy
is used for relaying purpose. Figure 16 shows the energy
consumption of network when node act as a relay node.
It is evident from the figure that the relaying energy of
the proposed energy is comparatively higher than the other
strategies. Higher energy consumption in relaying is due
to the fact that more packets transmission when node acts
as a relay node. The average energy consumption of the

FIGURE 15. Network energy utilization when deployed nodes increase
over the area of 200× 200 m2 for 3000 rounds.

FIGURE 16. Network energy utilization for relaying when the number of
rounds increases.

total energy is 25.85 % (ICIC), 25.05% (HEEMP), 24.74%
(LEACH), 22.74% (MLEACH), 10.09%(SEP(30:70)),
15.02%(SEP(50:50)), 19.27% (SEP(70:30)). The proposed
strategy utilizes 0.8%, 1.11%, 3.11%,15.76%, 10.83%,
6.58% more network energy than HEEMP, LEACH,
MLEACH, SEP(30:70),SEP(50:50),SEP(70:30), respec-
tively. It is already shown in Figure 8 and 9 that more packets
are transmitted to BS by proposed ICIC strategy therefore
energy consumption is higher than all the other strategies.

In Figure 17 energy consumption for relaying for differ-
ent number of nodes is presented. Energy consumption in
relaying represents the packets forwarding to the next nodes.
Higher energy consumption means higher packets transmis-
sion to the BS. As mentioned previously that number of
packets transmission in the proposed strategy is highest and
subsequently followed by the HEEMP, LEACH, MLEACH,
and SEP protocols. The similar pattern is observed in
relaying energy consumption. The relaying energy used
are 32.87% (ICIC), 32.08% (HEEMP), 31.82% (LEACH),
30.98% (MLEACH), 11.3% (SEP(30:70), 17.1% SEP(50:50)
and 24.15% (SEP(70:30). The proposed strategy (ICIC) uti-
lizes 1.05%, 1.89%,21.56%, 15.76%, 8.72%, more network
capacity than LEACH, MLEACH, (SEP(30:70), SEP(50:50)
and (SEP(70:30), respectively. Average energy utilization in
relaying is given in given in Table 5 and 6.
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TABLE 5. Average values of network parameters when number of rounds increases.

TABLE 6. Average values of network parameters when number of nodes increases.

FIGURE 17. Network energy utilization for relaying when deployed nodes
increase over the area of 200× 200 m2 for 3000 rounds.

TABLE 7. Node coordinates.

TABLE 8. Node distance matrix.

VI. CONCLUSION
In this paper, a dual-mode intra-cluster and inter-cluster
(ICIC) energy minimization algorithm for multihop wireless
sensor network is proposed. All the strategies have compared
on two different scenarios: number of rounds and number
of nodes in the network. Simulation is performed on four

TABLE 9. Duty cycle assignment.

TABLE 10. Total number of packets transmitted.

different network parameters, i.e., number of packets deliv-
ered, number of dead nodes, network capacity utilization, and
total relaying energy. Results of the simulation shows that the
packets delivery of the other existing strategies have 40.09%
to 93% toBS of the proposed ICIC strategy, and for number of
nodes, other strategies has 36.25% to 97.14% packets deliv-
ery of the proposed strategy. Furthermore, network energy
utilization is 1.1% to 35.71% higher than the other existing
strategies under the different circumstances. The proposed
strategy is able to perform better than the existing strategies
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on these metrics due to the following reasons: (1) Lower
distance child nodes transmits more packets at the less energy
than longer distance node using dynamic allocation of duty
cycle, (2) Lowest energy inter cluster communication route
is chosen for sending packets to BS. Meanwhile, in other
existing strategies equal time is given to all cluster nodes
without considering the energy requirement for the trans-
mission. In future, this work can be elaborated for other
WSN problems such as energy harvesting, mobile sink node
problem etc.

APPENDIX
NODE COORDINATES, DISTANCES, DUTYCYCLE AND
PACKETS TRANSMISSION DATA
See Tables 7–10.
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