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Abstract
Internet of things (IoT) is the wireless network of physical devices that are capable of sensing the environment. In order to

prolong the network lifetime of the IoT nodes called sensor nodes, an effective energy consumption protocols to adapt the

wireless sensor network. This paper explores in depth the energy harvesting techniques, and proposes a cluster algorithm

with energy harvesting technique to improve energy and throughput of the network. The proposed algorithm implements

the creation of clusters with cluster-head selection protocol and we have reduced the number of iteration required for

electing the cluster head. HEED algorithm has been enhanced with an energy harvesting algorithm using wireless charging

technique. Proposed algorithm is to select the appropriate channel in the multi-channel system. Simulation results shows

that the proposed algorithm has better adaptability to ubiquitous environments than existing clustering algorithm in

prolonging the network lifetime.

Keywords Ubiquitous network � Clustering technique � CS-HEED � Energy harvesting � Wireless power transfer �
Cluster head selection � IoT � Wireless body area network

1 Introduction

Firstly, we illustrate the clustering technique for wireless

sensor networks (WSNs). We clarify the challenges of

applying such a technique for internet of things (IoT). And

we discuss about the need of energy harvesting technique.

Finally, we brief about the proposed solution and structure

of this paper.

1.1 WSN clustering technique

WSNs are networks composed of wireless distributed

devices which has the capability to sense the environment

called as sensors [1]. These sensor nodes are deployed in

remote area to analyze the environment. Sensor node has

limited energy typically a battery with no energy refilling

techniques. Large number of sensor nodes constitute WSNs

requires extended life time to ensure long services. These

nodes send valuable information to the base station (BS)

[2]. In order to ensure a prolong life time of the sensor

nodes, clustering techniques have been introduced. A

clustering technique groups the sensor nodes into separate

clusters as shown in Fig. 1. These clusters communicate

through the Cluster Group Head node (CGH) [3]. CGH is

the node in each cluster which gathers information from all

sensor nodes from a cluster, assemble them and transmit to

the next CGH or BS. Energy consumption is less for sensor

node since it communicates with the CGH node in the

network rather than communicating the BS. Figure 1

shows the four CGH nodes from four clusters which

communicates to each other and the final CGH will com-

municate with BS. This approach minimizes the energy

consumption but the CGH node should possess large

energy residue. The routing scheme between CGH nodes

can be either single hop or multi-hop which depends on

various factors.
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1.2 Ubiquitous network

Ubiquitous network known as pervasive networking is the

distribution of communications infrastructure and wireless

technologies throughout the environment to enable the

continuous connectivity [4]. Ubiquitous networking is the

underlying combination of wired and wireless technologies

that support communications among the various systems

involved. The IoT, one prominent element of ubiquitous

computing, involves in embedding computational capabil-

ities into everyday objects throughout the environment and

connecting to them to each other. IoT environments

include automated, often industrial, facilities as well as

user spaces, such as homes and workplaces. Wireless body

area network (WBAN) contains sensor nodes which may

embedded inside the body or may be surface mounted on

the body [5]. Implanted sensor nodes require more effort to

recharge or replace the battery since it is embedded inside

human body. Thus, we require an energy harvesting tech-

nique to recharge these sensor nodes and an effective

clustering technique to lower the power usage.

1.3 Wireless power transmission

We used wireless power transmission (WPT) technique to

recharge the CGH nodes in the network. The nodes that are

capable of transmitting power in the network is known as

power transmission node (PTN) [6]. These nodes are

scattered in the network to support the CGH node and

avoid them to die sooner in the network. WPT is useful to

power the devices where interconnecting the wires are

inconvenient or not possible. Since sensor nodes are

embedded inside the human body in WBAN, the wireless

power transmission plays vital role to recharge the sensor

node easily. Several intrusion attacks in WBAN focus on

power depleting technique such as sleep depreciation

attack which doesn’t allow sensor nodes to fall to sleep

state.

This paper proposes a clustering algorithm over hybrid

energy efficient distributed clustering (HEED) [7] and

energy harvesting technique using wireless power trans-

mission. HEED is designed to select the cluster head in a

field according to the amount of energy that is distributed

in relation with the Neighbour node. This paper proposes a

technique to identify the CGH node in the cluster consid-

ering wireless energy transmission in IoT [8] and proposes

energy harvesting technique to deploy PTN in the network.

Finally, a deep performance analysis of the proposed model

compared with HEED technique.

2 Related works

Various previous works focus on selecting cluster head,

lowering the energy consumption and enhancing energy

harvesting techniques. Cluster head node are randomly

selected in low-energy adaptive clustering hierarchy

(LEACH) [9]. Randomly selected CGH node will inform

all the sensor node in the network. Sensor node decide to

join the CGH for data transmission. This random selection

scheme often use node that has low energy residual. This

result in the wastage of energy during CGH election pro-

cess. Hybrid energy-efficient distributed (HEED) [10] uses

high residual node as cluster head through iteration of

process. In this iteration for electing cluster head, CGH

nodes are classified as ‘elected’ and ‘tentative’ nodes.

Tentative nodes can be selected randomly. The probability

of becoming CGH for tentative node increases during

iteration process. When a sensor node gains the probability

value to the threshold value 1, the node will elect itself as

CGH. In each iteration, the probability doubles the value

and becomes the final node. The nodes which are not

covered by any CGH node will be elected automatically.

This scheme guarantees that the probability of selecting

two sensor nodes as CGH, within same communication

area is rare. Thus, the CGH will be evenly distributed over

the network. The major disadvantage over HEED is that it

consumes more energy during iteration process. In this

paper, we propose a technique to lower the iteration

process.

Most of the energy efficient protocol designed for

heterogeneous networks [11] are based on clustering

techniques which is effective for energy saving in WSNs.

Due radio communication characteristics, the network

cannot evolve equally for each node in expanding energy,

with random events such as short-term link failure and

morphological characteristics of the field. According to

initial energy, Smaragdakis et al. proposed a SEP

scheme for a two-level heterogeneous WSN [12]. Stability

period is enhanced in this approach, which was defined as

time interval before the death of first sensor node. This

Fig. 1 SN clustering technique
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approach focuses only on two types of nodes, so it is dif-

ficult for widely used multi-level heterogeneous wireless

sensor nodes. Distributed.

A distributed energy efficient clustering algorithm

(DEEC) [13] is proposed by Zhu et al., for multi-level and

two-level energy heterogeneous WSNs. In this technique,

the cluster heads were selected using the probability

derived from the ratio between the residual energy of each

node and the average energy of the network. These nodes

with high initial and residual energy had more chances of

the becoming cluster heads compared to nodes with low

energy. Each node needed to possess global knowledge of

the network along with its initial and residual energy in the

DEEC protocol. This increases the computational overhead

over the cluster head in the network. Centralized clustering

algorithm (CSS) was proposed based on PEGASIS [14].

Base station lies in the centre of the network and other

sensor node align themselves with level number based on

the signal strength received from BS. Hierarchical structure

is created based on the level and cluster head is elected one

for each level. This cluster head is responsible for trans-

ferring data to the base station from each levels. This

approach had a serious drawback since the nodes near BS

will die soon.

Most existing studies are for traditional WSNs and

limited work was shown on highly diverse IoT systems.

Very few clustering algorithms focus on multi communi-

cation interfaces in ubiquitous network. We have proposed

an energy efficient technique with a ranking system in

communication interface selection.

3 Motivation

Based on existing works over clustering techniques and

energy harvesting techniques, we can see that three chal-

lenges need to be addressed in ubiquitous network. One,

iteration procedure consumes more energy to elect the

sensor node as CGH. The iteration count should be

reduced. Two, a multiple communication interface should

be considered to adopt with the IoT system and make it

consume less energy during transmission. Third, an effec-

tive energy harvesting technique to improve node lifetime

in the network.

4 Context aware smart HEED formation (CS-
HEED)

4.1 Cluster group head selection

Let us consider a probabilistic deployment of sensor node

in WSN with total of N nodes, denoted by S1, S2, …, SN

with one sink node at the edge of the square area. The

position of each sensor node will not change and have

unique identity.

N 2 ½S1; S2; . . .; SN �

The sensor node has the ability to adjust the transmis-

sion power freely. The initial energy of the sensor node is

denoted by EInitial which lies between the interval, such as

[EMIN, EMAX] in which EMIN is the minimum and EMAX is

the maximum energy.

EINITIAL �EMIN ð1Þ
EINITIAL �EMAX ð2Þ
EINITIAL ¼ dEMIN ; where d� 1 ð3Þ

Therefore, the total energy of the WSN can be determined

as ETOTAL.

ETOTAL ¼
XN

I¼1
dEMIN ð4Þ

Threshold function depends on the application of the

heterogeneous network with different energy models [15].

CGH is selected based on the availability of energy

resource above the threshold value and availability of the

node to participate in the network. If the node has not been

CGH for the last 1/s rounds, the threshold value will be a

probabilistic random number.

TðiÞ ¼
s

1� soptðCr
1=sÞ

� ER ið Þ
EINITIAL ið Þ þ gdiv

1

s

� �
1� ER ið Þ

EINITIAL ið Þ

� �� �
;

if i 2 0SCGH

ð5Þ

where Cr denotes the total number of current round and
0SCGH denotes the set of nodes that are not being selected

for CGH in recent (Cr 1/s) rounds. To improve the cov-

erage ratio, the probability value for selecting CGH node is

conducted randomly to ensure that all nodes with threshold

values participate as CGH. For a ubiquitous network, the

threshold function should be improved to be adaptive to the

nodes with different initial energy.

4.2 Energy harvesting technique

In ubiquitous network, cluster of nodes form groups with

CGH as a relay node. CGH node helps the network node to

shorten their transmission distance to save energy con-

sumption. When a node satisfies threshold energy with

Eq. (5), depending upon the energy of the node, CGH node

is selected. To avoid CGH run out of power, a new round

begin and a new cluster structure should be built in the

network. In ubiquitous network, the initial energy of each

node is not uniform, and CGH selection should consider

the initial energy and the energy harvesting possibility.
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CGH should lie within the range of wireless charging area

to charge up the node when it drains up below threshold

value (T(i)).

Various technique is used in wireless charging technique

(WCT) depending upon the range between the transmitter

and receiver, amount of power transferred and operating

frequency. Far field (FF) [16] and Near field (NF) [17] are

the two types of wireless charging technique with the dif-

ferentiation stated in Table 1.

FF is based on the concept of electromagnetic radiation

such as microwave and laser according to the operating

frequency. NF can be categorized as magnetic induction

and electric induction. Energy transfer in magnetic induc-

tion depends on the mutual coupling between the coils

which is known as inductive power transfer [18]. In electric

induction, energy is transferred through the electric field

between the plates of the capacitor, known as capacitive

power transfer.

The power transfer efficiency is deduced as

Ptransfer ¼
x2M2R1

ðx2M2Þ R1 þ Racð Þ þ ðRs þ R1acÞðR1 þ R2acÞ2

ð6Þ

where M is the mutual coupling, R1ac and R2ac are the

series resistance of the primary and secondary coil, Rs and

R1 are the load and source residence respectively and x is

the resonance frequency.

4.3 Energy model

A radio energy model for radio energy dissipation was

proposed by Heinzelman [9]. Transmitter dissipated energy

to run the radio electronics and the power amplifier, and the

receiver dissipated energy to run the radio electronics

ETransmitter ¼
bMfsD

2 þ bEElec; D\D0

bMmpD
4 þ bEElec; D�D0

�
ð7Þ

ERxðb;dÞ ¼ bEElec ð8Þ

where ETransmitter denotes the amount of energy to transmit

b bit message over distance D, ERx denotes the amount of

energy to receive the message, Mfs is the free space model

of transmitter amplifier, and Mmp is the multipath model of

the transmitter amplifier. EElec is the electrical energy

depends on factors such as the digital coding, modulation,

filtering, and spreading of the signal.

From Eqs. (6) and (7), we can identify that the power

transmitted per unit time from WCT should be equal of

higher than the energy consumed for transmitter if there is

a continuous transfer of data. Power reserving capacity

should be high so that the random selection of CGH will be

reduced. We do not consider the energy consumption due

to the data aggregation for CGH node. The total energy

consumption of the cluster can be determined as follows.

ECluster ¼ ECGH þ EBS þ Ereceive ð9Þ

where ECGH denotes the energy consumption for the data

transmission by all nodes to the CGH, EBS denotes the

energy consumed during the data transfer CGH to the base

station and Ereceive refers to the energy consumed by CGH

while receiving data.

Using first order radio model, ECGH is given by:

ECGH ¼
Zr

0

bp# EElecr
2 þ 1

2
ðMfsr

4Þ
� �

ð10Þ

where r denotes radius of the CGH and # is the node

density range. Sensor nodes in WBAN have limited power

capacity and requires to lower the energy consumption

mechanism. A directional antenna model can improve the

multiplexing rate of the network spatial coverage, increase

the coverage area, and cost less energy consumption, etc.

[19, 20]. Omnidirectional antenna results in the decrease in

efficiency over the transmission period. Using Eq. (7) the

EBS can be derived as

EBS ¼ bEElec þ bMmpD
4 ð11Þ

We consider that the CGH communicates with other node

using directional mode in which h represents the conver-

sion factor, then Eq. (11) becomes

EBS ¼ bEElec þ hbMmpD
4 ð12Þ

Applying energy consumption Eq. (7) for the consumption

of energy due to receiving messages from its member

nodes is equal to:

Ereceive ¼ bEElecðpr2#� 1Þ ð13Þ

Applying Eq. (10), (12) and (13) in the Eq. (9), the average

energy consumed by each node in a network is derived as

ECluster ¼ r
r

0

bp# EElecr
2 þ 1

2
Mfsr

4
� �� �

þ
� �

þ bEElec þ hbMmpD
4

� �
þ bEElecðpr2#� 1Þ

ð14Þ

Table 1 Difference between far field and near field in WCT

WCT FF NF

Phenomenon Coupled mode theory Induction theory

Range Long Short

Frequency Mega Hertz Kilo Hertz

Efficiency Low High
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ECluster ¼
bEElec pr2#� 1ð Þ þ bEElec þ hbMmpD

4 þ bp# EElecr
2 þ 1

2
Mfsr

4
� �� �

pr2#

ð15Þ

According to [21], we can get the optimal cluster

number CN where N is the sensor nodes that are distributed

randomly in M 9 M sensor field as follows:

CN ¼
ffiffiffiffiffiffi
N

2p

r
�

ffiffiffiffiffiffiffiffiffi
Mfs

Mmp

s
� M

D2
ð16Þ

Thus the overall estimated value for the entire network

lifetime is:

RT ¼ ETOTAL

CN � ECluster

ð17Þ

Assuming that energy of each node is consumed uni-

formly in every round, then the average energy can be

estimated as

EAverage ¼
1

N
ETOTALð1� rt=RTÞ ð18Þ

Equation (18) shows the average energy consumed by

each node in the network. So, it is necessary to maintain the

energy of the network through energy harvesting technique

to avoid CGH to run out of energy.

4.4 Data transmission and power transfer

From Eqs. (6) and (18), the power transferred thorough

wireless charging mode should provide equals or more than

the average power required for the cluster.

Ptransfer �EAverage ð19Þ

As discussed in Eq. (6), the data transmission consumes

power with direct propositional to the distance. CGH

should be chosen close to the transmission node and the

power node should be close to the CGH. When CGH

transmit the data to the base station from the sender node,

the threshold value from Eq. (5) will be evaluated. Wire-

less power transfer from the PTN starts when the CGH

power drop from the threshold base line. Due to the mobile

nature of the node, the distance between the CGH and PTN

should be maintained within the power transfer range. If

the distance is larger, then CGH selection technique is

evaluated to identify the next CGH node.

5 Energy harvesting CS-HEED algorithm

A node in the network has different time periods which is

divided into a self-organizing and data manipulating stages.

Self-organizing refers to the time taken to involve in the

CGH selection process and sleep duration analysis when it

is in idle state. Data manipulation includes the sending or

receiving of data packets from CGH node and to act as

relay node when it is selected as CGH. We have discussed

about various factors to determine the CGH node. But each

node location in the network will also contribute more on

the efficiency. Many PTN can be identified in the network

and the selection process for CGH may be confusing at the

stage. Location of CGH should be considered in the

selection process of the CGH node.

The three-main objective of context aware—WT are to

(1) reduce the iteration for electing the CGH node (2)

reduce power consumption for ubiquitous system (3)

improve node lifetime using wireless power transfer. In this

paper, context aware—WT focus more on reduction of

power consumption to prolong the lifetime of the sensor

node. Following section elaborates the objectives and

shows how the proposed model fulfills it.

5.1 Improved iteration for CGH election

The initial probability that a cluster node elects as CGH is

PCGH ¼ CProb �
Eresidual

Emax

ð20Þ

CProb denotes the initial CGH probability which is 5% in

HEED algorithm. Emax is the initial energy and Eresidual is

the residual energy of the sensor node. If a sensor node is

not covered by any CGHs, it will elect itself as a tentative

CGH. A random generated number is smaller than the

value of PCGH. After each iteration, PCGH is increased

twice with the maximum value is 1. Once PCGH reaches 1,

a tentative node will declare itself as a final CGH. If a

sensor is not covered by any final CGHs, it will declare

itself as a final CGH when PCGH = 1. A node will termi-

nate the iteration process when its PCGH = 1. Since PCGH
starts from 5%, a high energy sensor still needs at least 6

iterations to have a chance to declare itself as a final CGH.

When residual energy of the node decreases, it needs more

iterations to terminate the CGH election process.

We have proposed:

Considering local density in HEED algorithm, Eq. (20)

becomes

PCGH ¼ CProb �
Eresidual

Emax

� min
Nd

Davg

; 1

� �
ð21Þ

where Nd is the degree of the node and Davg is the average

density of the network.

Davg ¼ pR2 � Numsensors

Area
ð22Þ

NumSensors is the total number of sensor nodes in the

network, R is the default communication range of the

sensors and Area represents the area of the sensing field.
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We consider the threshold factor in Eq. (5) to determine

the CGH node, so Eq. (21) becomes,

PCGH ¼ CProb �
Eresidual

Emax

� min
Nd

Davg

; 1

� �
� TðiÞ ð23Þ

We proposed to keep the CGH node nearby the PTN

node, the probability to elect CGH also depends on the

nodes that falls within the power transmission range. Pri-

ority of electing CGH is higher for the nodes that are in the

power transmission range. Equation (21) becomes

Prange ¼
Dnode

PENrange

if Dnode �PENrange

1 if Dnode ¼ 0

8
<

: ð24Þ

PCGH ¼ CProb �
Eresidual

Emax

� min
Nd

Davg

; 1

� �
� TðiÞ � Prange

ð25Þ

To reduce the number of iteration, we separate the

Eq. (25) into five parts:

1. C1 ¼ CProb

2. C2 ¼ Eresidual

Emax

3. C4 = T(i)
4. C5 = Prange

CProb is set to optimal CGH ration to 5% in HEED

algorithm. We have considered C4 and C5 to also deter-

mine PCGH. After each iteration, the value of C2 and C3 are

doubled in HEED. CGH node will not perform in the

election when C2 or C3 reaches to 1. By separating the

probability, we aim to decrease the number of iteration to

elect CGH node in the network. Table 2 shows the pro-

posed condition in which a CGH node remains as CGH and

elects itself depending upon the given condition. C4 is the

mandatory condition in which CGH should have higher

than threshold value. So we consider the CGH status to be

‘Not Elected’ if the C4 value is 0.

If all conditions are true, the sensor node will elect itself

to be a CGH node directly without executing the iteration

of election process. In proposed model, each sensor node

has the same probability to become tentative status. C1 and

C4 remains same for each iteration whereas in HEED, this

value doubles to make many tentative nodes. Tentative

nodes will not be elected when it discovers a lower cost

CGH in its communication range. The number of nodes

with elected state participate in the polling and C5 plays

major role in the election. Node with C5 higher value is

considered for CGH since it gets the power transmitted

during data transmission process. So the election for CGH

is straight forward which is directly proportional to the C5

value. If a node with higher degree than the average, it is

always elected in the high-density area are allowed to drain

off the power fully. In proposed technique, we have con-

sidered the node which is very near to the PTN to recharge

the CGH when the data transmission occurs.

5.2 Reduce power consumption for ubiquitous
system

Many communication interfaces are available in the ubiq-

uitous network with IoT devices, includes Bluetooth, Wifi,

LTE, Zigbee etc. The mentioned communication interfaces

have their own characteristics such as frequency, energy

consumption, transmission range and data rate. These

characteristics affects the network relay, throughput, life-

time and throughput. Table 3 shows the list of some pop-

ular communication technologies. LTE and Wifi are used

for long range and energy consumable techniques whereas

Zigbee and Bluetooth are used for shorter range. Compared

to all, Zigbee has low energy consumption that ensure

working of nodes for years without recharging.

Multiple communication techniques are available for the

sensor node to communicate with the CGH node. Selecting

the appropriate communication technique plays a major

role in reducing power consumption while transferring

data. Normally sensor nodes choose the suitable commu-

nication interfaces according to the data transmission

requirements. Proposed technique will select only one

communication interface and one CGH for transmitting the

data to base station. The communication interface is

selected based on the availability of the interfaces. Today

sensor nodes in IoT has the capability to switch over

interfaces. Existing works lacks the flexibility and ignores

the diversity of sensor nodes.

In this paper, we assume that all sensor nodes are cap-

able of multi-in multi-out interfaces (MIMO). Proposed

Table 2 CGH self-election table

C1 C2 C3 C4 C5 CGH status

1 1 1 1 1 Elected

0 1 1 1 1 Elected

1 0 1 1 1 Elected

1 1 0 1 1 Elected

1 1 1 1 0 Tentative

0 0 1 1 1 Tentative

1 0 0 1 1 Not Elected

1 1 0 1 0 Elected

0 0 0 1 1 Elected

1 0 0 1 0 Not Elected

0 0 1 1 0 Not Elected

0 0 0 1 0 Tentative
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model consider volume of traffic to determine which

communication interface should be used. We consider

three types of data packets to be transmitted. Heavy traffic

is termed for the data packets with high volume of traffic

such as video streaming, medium traffic is for data packets

with medium sized traffic such as big files and lower traffic

for data packets with very low volume of data packets such

as temperature information updates from sensor nodes.

Proposed model will have rank parameter to determine

the communication technique. The proposed technique

describes the priority of each communication interfaces.

Lower traffic will use all transmission interfaces for data

transfer. If medium or higher traffic is used, we consider

the following ranking technique to determine the commu-

nication interface.

Ranki ¼
DRNAI

ðDENAIÞ2
ð26Þ

DRNAI denotes the data rate requirement for ith network

access interface (NAI) and DENAI is the energy con-

sumption for ith NAI. If transmitting low traffic data, all

transmission techniques are available. If medium or high-

volume data is transferred, only interface with are allowed.

Proposed algorithm maintains Table 4 to determine

which communication interface is to be selected. Energy

consumption, data rate and transmission range are used as

parameter to select the interface. These values are derived

from the overall ratio of their high-end values. Ranki will

be identified for high and medium traffic and consume

Table 3 to identify the communication interface. If rank

fall over many communication interface value, the selec-

tion process will be based on the low consumption value.

By using this technique, we have created a framework to

effectively identify the communication interface to reduce

energy consumption during data transmission.

5.3 Improve node lifetime using wireless power
transfer

Equation (18) shows the average energy consumed by each

node in the network in which it mainly depends on the

estimated value of the node life time (RT). It is necessary

to maintain the threshold value of the CGH node to avoid

the draining out of power. PTN nodes are distributed ran-

domly in the network to boost the energy in the network. It

is necessary to consider the distribution of PTN node in

such a way that all CGH nodes receives the energy. Con-

sider PTN nodes are mobile in nature that can travel to the

CGH node to supply power. This approach is used by [22]

technique where drones are used to power the CGH node.

But it will not work out if the number of CGH node is

larger in the network. We already proposed to minimize the

iteration of CGH, which will minimize the CGH node

change in the network. In Eq. (6), we considered the power

transmitted to select the CGH node. SO, while electing the

CGH node, the node near the range of PTN will be elected

automatically. Some nodes that are not covered within PTN

range will be selected with it satisfies other parameter in

Eq. (25). These nodes do not get power transmitted from

other PTN. We propose to have partially movable PTN that

can recharge the CGH node in the network which is not in

the range. This will avoid the energy consumption required

for PTN to navigate to the CGH node.

6 Performance analysis

The proposed model will be evaluated in ns2 simulation

[23–26]. In this section, the experimental analysis is pre-

sented. The performance of the energy harvesting tech-

nique is related to the parameter settings in the simulation.

If broadcast packet all has low traffic, the high and medium

traffic broadcast will significantly undermine the

Table 3 Different

communication interfaces
Communication technique Data rate Transmission range Energy consumption

ZigBee 250 kpbs 10–100 m Low years

Bluetooth 1 Mbps 10 m Low days

LTE 10 Mbps \ 15 km 23 dBm

Wifi 54 Mbps 30 m 15–25 dBm

Table 4 Normalized value for

communication interfaces
Communication means Energy consumption Data rate Transmission range Ranki

ZigBee 0.3 0.5 0.4 0–0.3

Bluetooth 0.8 0.3 0.3 0.2–0.25

LTE 0.6 0.8 0.7 0.3–1

Wifi 0.65 0.5 0.4 0.6–1
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performance. Also, node density will affect the impact of

the broadcast. We will compare our result with HEED. 450

nodes are deployed in a (0,0) ? (200,200) field with base

station at (50,100).

In our simulation, we assume four communication

interfaces are available as shown in Table 3. We consider

using the network access interfaces (NAI) instead of direct

usage of the interface. We considered low, medium and

high traffic volume to mention the interface in the simu-

lation. The main reason for this temptation is to make the

algorithm scalable for new communication interface.

Table 4 will be used to identify the grade for the interface

for new technologies.

6.1 Energy consumption

Figure 2 shows the relationship between the number of

cluster heads and total energy consumption in each round.

From the experimental results, we can observe that the

CGH node starts with high energy and drops to an average

level in each iteration. The increase in the energy is due to

the deployment of PTN node in the network to charge the

energy when the CGH drops below threshold level. A

lower surge in the energy consumption is due to the

missing of PTN near the CGH node to transfer the power.

These nodes are used up to the threshold level and iteration

for electing CGH is executed to determine the next CGH

node.

6.2 Active nodes

A sensor node is considered as active if the residual energy

is not equal to zero and it can able to communicate with the

other nodes in the network. Active nodes can die quickly

due to improper balancing technique. Sometimes CGH

node dies and the sensor nodes are not able to find a CGH

node in that range. HEED algorithm lacks in the

consumption of energy in iteration process and dies soon.

Figure 3 shows the comparative analysis of active nodes in

the network. Proposed CS-HEED and EH-CS-HEED are

plotted as a comparative result with HEED. It shows that

the proposed CS-HEED consumes less energy compared to

HEED and has more active nodes in the network. EH-CS-

HEED perform well depends on placement of PTN in the

network.

6.3 Nodes distribution

Figure 4 a show the distribution of sensor node in the

network using HEED and figure b using CS-HEED tech-

niques. HEED performs more iteration compared to CS-

HEED to achieve this segregation in the network. CGH

nodes are elected with the equation for the proposed model

to minimize the energy consumption. Next section shows

the iteration performed to achieve this distribution of sen-

sor node.

6.4 Iterations to elect CGH

Reducing the number of iteration in the network can reduce

(1) the number of broadcast packets and (2) the clustering

delay. The comparison of iteration between HEED and EH-

CS-HEED is shown in Fig. 4a, b. By separating the PCGH
into five different parts, the number of iteration has sig-

nificantly reduced in proposed EH-CS-HEED network. At

the end, in HEED, the number of iteration suddenly drops

to zero because there is no sensor node is alive in the

network. When the battery of the sensor node is high, it

requires 6–15 iterations for HEED to elect the CGH. When

the battery is low, it takes about 20 iterations to identify the

CGH. The iteration has increased significantly in proposed

EH-CS-HEED since the energy harvesting PTN lies next to

the CGH node as shown in Fig. 5.

Fig. 2 Number of CGH versus

energy consumption
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In Fig. 6, HEED started to lose coverage around 230

rounds but the sensor node started to die from round

150–230 but the network coverage is not affected. But in a

long run, proposed EH-CS-HEED can provide better cov-

erage than HEED.

The stabilization period is very short in HEED and thus

the sensor node dies in a fixed rate. Our algorithm without

energy harvesting improves the lifetime of sensor nodes by

18.23% compared to HEED. If the energy harvesting

technique is considered, almost 76.34% improvement can

be seen compared to HEED. Figure 7 shows the total data

packets consumed by BS in each round. The proposed

technique sends more data compared to HEED which

improves quality of services.

Fig. 3 Number of active nodes

over time

Fig. 4 a Sensor distribution

after 450 rounds in HEED,

b sensor distribution after 450

rounds in EH-CS-HEED

Fig. 5 Number of iteration

versus rounds
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7 Conclusion and future work

HEED clustering technique is enhanced by separating the

iteration parameters and adding energy harvesting tech-

niques. Clustering technique normally overlook the

importance of network coverage when evaluating the per-

formance, firstly we have proposed a method to minimize

the iteration process. This effectively lowers the energy

consumed during the iteration process to elect CGH node.

We have proposed Context-Aware Smart—HEED algo-

rithm to realize the energy consumption and to reduce the

iteration process. We have considered the wireless power

transmission technique to induce energy in the network.

CGH node receives power from the PTN and avoids the

chance of running out of energy. Proposed Energy Har-

vesting Context-Aware—HEED implements the wireless

charging technique to recharge the sensor nodes. This

technique is helpful for sensor node in WBAN, since the

nodes are embedded inside human body [27]. Multiple

communication interfaces are considered in this paper to

support IoT system and to enhance the power consumption

during the data transmission. The sensor nodes deployed in

IoT systems are capable of having multiple communication

interfaces and we have considered this paper to support for

new communication interface. Our proposed algorithm

identifies the correct communication interface to commu-

nicate with the CGH node or to BS. The experimental

results have shown that EH-CS-HEED can better maintain

the number of alive nodes and the network coverage

compared with HEED. There are several perspectives that

our proposed algorithm can be further advanced to support

ubiquitous network. IoT devices in the network are

assumed to have communication interfaces with known

range of transmission. There is a possibility that high range

transmission devices can be expected in future that con-

sumes less energy. User utility has the highest priority

when selecting CGHs and communication interfaces.

However, in real systems, energy consumption and user

utility should be balanced well. In some specific circum-

stance, user utility may be sacrificed to gain more energy

efficiency.

Fig. 6 Number of alive nodes

vs rounds

Fig. 7 Number of messages

received by base station over

time
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