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Abstract—Movement and posture change of human body plays 
a crucial role in energy consumption while data transmission 
between strategically deployed nodes in wireless body area 
networks (WBANs). The majority of energy is used in transmission 
rather than processing of the data. Nodes within body are there 
for long time and need to be energy efficient so that the network 
lifetime is increased. In this paper, we propose an energy efficient 
data transmission for multi-hop network that uses particle swarm 
optimization (PSO) for optimizing the parameters on which 
energy consumption relies. An energy efficient data transmission 
and reception takes place by altering the parameters like node 
to node distance and packet size of data. The obtained results 
show a significant reduction of energy consumed by reducing the 
packet size and keeping the node-to-sink distance a constant value. 
The total energy consumed per hop per bit length of data packet 
Emh/L shows 75% optimization. The energy consumed in data 
transmission per bit length of data Etx/L and the energy consumed 
for data received per bit length of data packet Erx/L is optimized 
by approximately 70% and 50% respectively for hope count 2 to 5.  

Index Terms—Energy Optimization, Forwarder node, Mobility, 
Multi-hop Communication, Particle Swarm Optimization (PSO), 
Sensor Network, Wireless Body Area Network (WBAN).
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I. Introduction

Internet of things (IOT) is a system of a variety of things or 
objects connected through a wireless and self-configurable 

network [1]. 
IOT has evolved over the last decade due to convergence of 

various cutting-edge technologies, real time analytics, machine 
learning, commodity sensors and traditional fields of embedded 
systems, Wireless Sensor Network (WSN), control systems, 
auto  mation and mobile communication [2]. The mobile 
communication technology and internet plays an important role 
for setting up a communication channel of smart devices in IOT. 
WSN refers to a self-configurable and infrastructure-less group 

of distributed and dedicated sensors for monitoring certain 
parameters like temperature, sound, humidity etc. and other 
physical environment conditions, and storing the aggregated 
data at a central, probably distant location [3]. 

WBAN, an application of WSN represent promising appro-
aches for improving the patient’s quality of life and for health 
care sector as it consists of multiple sensor nodes deployed in 
body [4], on body or off the body and each sensor node is capable 
of sensing, sampling, processing, and communicating vital signs 
(heart rate, blood pressure, oxygen level, activity, glucose level) 
[5]. WBAN supports several interesting appli ca tions which 
include areas such as sports, health care, assisted elder care, and 
response to emergency and diagnostic. Ascending healthcare 
costs and aging of people around the world has contributed 
to development in telemedicine network for the delivery of 
smart health care services [6]. In this type of network, sensors, 
distributed on the human body, measure several physiological 
parameters and then transmit the health information, via internet, 
to a central healthcare system (to an attending physician) or 
family member in charge. The aggregated data further helps 
scientific researchers, physicians and other medical personnel to 
serve more patients [5].

In WBAN, nodes change position due to human body 
mobility, causing the network topology to rearrange and links 
between nodes to break and re-establish according to new 
topology [7]. The continuous monitoring of health information 
by sensing nodes on human body leads to cutback of the energy 
of nodes which is a major obstacle in communication between 
nodes and sink [8] as well as to the longevity of the network. 
Therefore, sensors parameters, like energy consumption, need 
to be vital in process of designing sensors.

A general communication WBAN based e-healthcare sys-
tem architecture is presented in Fig. 1.

 
Fig. 1. A generalized architecture of a WBAN-based healthcare monitoring system.
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It comprises of a network of several sensing nodes, a 
body control unit (BCU) (PDA or a smart phone) linking to 
another network types (that could be another node with similar 
features), and a wide network like Internet (via base station) 
for connecting to medical personnel, family or other healthcare 
personnel (notifying ambulance in case of emergency). 

Sensor nodes collect data on parameters such as electro car-
diogram (ECG), photoplethysmogram (PPG), electro ence pha-
lography (EEG) pulse, temperature of the body, blood flow, and 
pressure and glucose level and send it to BCU [9].

Biological and physiological information gathered by the 
BCU is then transmitted to remote/local destination server 
marked by a specific patient ID. This data can be processed to 
obtain accurate estimations of physiological parameters which 
allow doctors to have real time judgment for medical diagnosis 
and therapeutic monitoring. 

Medical personnel, after analyzing and processing the data, 
can connect to sensors via sink node and give timely medical 
services to a patient. A more complex WBAN architecture may 
have parent node as an intermediating node between senders and 
sink [10], they are needed when a sensor cannot reach the sink 
node directly due to the human body mobility and constitution.

Rest of the paper has been structured as follows: Section 
II presents related work. Energy model is given in Section III. 
Section IV describes various energy optimization algorithms 
and the optimization conducted. Results and observations are 
presented in section V. Section VI features the conclusion of the 
proposed work.

II. Related Work

In the past few years various models have been proposed 
and other work has been done related to WSN, WSAN and 
WBAN. Various approaches have been proposed to make WSN, 
WBAN energy efficient network, but optimization techniques to 
optimize energy consumption while keeping in mind the factors 
on which it depends, have not been explored exhaustively. 

In WBAN a significant part of the energy of sensing nodes, 
is spent in sending and receiving data rather than processing 
the data. The research work related to the development of 
routing protocols and use of various optimization techniques 
in order to make the system more energy efficient when data 
transmission is in question, has been summarized in Table I. 
Energy consumption in sensors not only depends on which 
communication mechanism is followed (single or multi-hop), 
but also on the distance between nodes, the length of data 
packet to be sent, transmitting and receiving circuit and path 
loss factors. 

The problem of making nodes energy efficient by keeping 
node-to-node distance an optimum one and sending data 
with an optimum length of the packet can be modeled as an 
optimization problem. 

In this proposed work, an energy model has been formulated 
by considering various parameters like distance between nodes, 
packet size of data transmitted and energy used for transmission 
and receiving of data. 

TABLE I
 Research Work Related to Modelling and Optimization in WBAN 

REFERENCE TARGET WORK DONE

[4] A model design of 
energy-efficient 
and cost-effective 
wireless body 
area networks

Author addresses the topology de-
sign problem for WBAN, bea ring in 
mind both the cost and energy issues 
and offered a novel model centered 
on mathematical programming that 
determines the optimum number, 
assignment of nodes and optimum 
tra ffic routing.

[7] Energy efficient 
routing protocol.

Authors have proposed an ener gy 
effective routing protocol M-T SIM-
PLE for WBAN taking free dom 
of movement of nodes into con-
sideration.

[11] Dynamic Hub se-
lection

Authors have proposed dynamic 
hub selection in WBAN based on 
IEEE 802.15.6 in order to mitigate 
the higher SAR (Specific Absorption 
Rate) impact resulting due to fixation 
of HUB in traditional WBAN.

[12] PSO for relay no-
de placement

Use of PSO for relay node place-
ment on the body is proposed by 
the authors. Distance between nodes 
directly affects the energy consumed 
by the sensors and EMF radiated, 
thus placement of relay nodes at 
appropriate distance helps in lowe-
ring SAR value and lengthening 
node lifetime.

[13] Integrating SDN 
into WSAN sys-
tems.

According to authors, the perfor-
mance and management services 
of existing WSAN systems can be 
enhanced by integrating SDN app-
roach into them. The paper reveals 
that SDN enabled WSAN performs 
better than regular zigBee protocol 
in terms of energy consumption and 
network flexibility.

[14] Development of 
ener gy efficient 
ro uting protocol 
ESR-W

Authors developed a new energy 
efficient routing protocol ESR-W 
using fuzzy based Djikstra technique 
for SD-WBAN architecture. The 
new protocol results in improved 
throughput, end-to-end delay and 
lesser energy consumption. 

[15] To build an ener-
gy aware fle xible 
WSAN archi tec-
ture

Energy efficiency is a main concern 
for WSAN, hence the importance 
of devising efficient architectures. 
Authors in this paper proposes a 
new routing decision approach 
which takes distance between the 
nodes and remaining energy of the 
nodes in the path into consideration 
to prolong the lifetime of network.

[16] A mathematical 
mo del consi de -
ring human mo-
bi lity.

A mobility model for the node mo-
vements established on different 
po stures made during activities, 
with multihop and forwarder-based 
ro uting schemes has been proposed 
by and stated that performance of 
for warder-based routing schemes 
is better than the multihop routing 
scheme.
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REFERENCE TARGET WORK DONE

[17] Prolonging the li-
fetime of WBAN

Authors here investigate energy effi-
cient optimization in WBAN with 
multi-antenna AP to maximize the 
rate energy ratio of the system su-
bject to SINR.

[18] Efficient Energy 
Consumption Mo-
del

A system level energy consumption 
model for on-body wireless co-
mmunication has been proposed 
related to distance and data rate 
of transmission and transmission, 
considering energy consumption by 
circuit and in transmission.

[19] A routing protocol 
for stable energy 
use.

A unique routing protocol for stable 
energy consumption using multi-hop 
routing technique for static condition 
has been suggested.

[20] Energy optimi za-
tion

Global energy optimization (GEM) 
model is optimized for energy based 
on the quality of service (QoS).

III. Energy Model

WBAN consists of a number of nodes which are battery 
driven but with limited energy. The energy constraint, in turn, 
limits the transmission energy for sending the data from node 
to node. Therefore, the data sent by a node reaches the sink 
node through multiple hops. In a WBAN, the communication 
can either be a single-hop communication or multi-hop co-
mmunication.

Fig. 2 Single hop Communication 

Fig. 3 Multihop Communication

Fig. 2 and Fig. 3 represent the single-hop and multi-hop 
commu  nication respectively. In a single-hop communication, 

the packet from the source takes a single hop to reach its end-
point address (sink). The number of hops depends upon the 
sender node to sink node distance and the energy it takes for 
every hop. 

In multi-hop communication network, a packet has to pass 
through two or more nodes in to reach the end node (sink). Sensor 
networks are built of nodes ranging from hundreds to thousands 
of nodes that extends over huge distances. To interconnect nodes 
in large areas with minimal energy consumption, an approach 
is to use sensors as relays or intermediate nodes (parent node). 
Aptly said, nodes may not directly be connected to a destination 
address but use multiple hops to communicate their data which 
ultimately leads to efficient usage of battery [21]. In a WBAN, 
the distance between nodes is not too large but is constantly 
changing due to mobility of human body (Fig. 4).

(a)

(b)

Fig. 4. Network Flow Tree Structure (a) Link Breakage (b) Link re-establishment

Human body cannot stay in a stationary condition for a long 
ti me and postures keep changing. In such a case, use of multi-
hop communication is a better approach for an efficient data tran-
smission. Several radio models have been proposed in the literature 
for energy consumption. The linear equation for first order radio 
model presented in [22] and is given by (1), (2) and (3). 

𝐸𝐸𝑡𝑡𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡(𝐿𝐿) + 𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎(𝐿𝐿, 𝐷𝐷)  (1) 

 

𝐸𝐸𝑡𝑡𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿 + 𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎. 𝐿𝐿. 𝐷𝐷2  (2) 

 

𝐸𝐸𝑟𝑟𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡(𝐿𝐿) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿  (3) 

 

𝐸𝐸𝑡𝑡𝑡𝑡 = (𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ 𝐿𝐿 ∗ 𝐷𝐷2  (4) 

 

𝐸𝐸𝑎𝑎ℎ = 𝐿𝐿 ∗ ℎ[𝐸𝐸𝑡𝑡𝑡𝑡 + (𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡) ∗ ℎ−1
ℎ ]  (5) 

 

𝐸𝐸𝑎𝑎ℎ = [(𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ ℎ ∗ (𝐿𝐿𝐷𝐷)2)  (6) 

              +(𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿). 𝐿𝐿. (ℎ − 1)] 
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𝐸𝐸𝑡𝑡𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿 + 𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎. 𝐿𝐿. 𝐷𝐷2  (2) 

 

𝐸𝐸𝑟𝑟𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡(𝐿𝐿) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿  (3) 

 

𝐸𝐸𝑡𝑡𝑡𝑡 = (𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ 𝐿𝐿 ∗ 𝐷𝐷2  (4) 

 

𝐸𝐸𝑎𝑎ℎ = 𝐿𝐿 ∗ ℎ[𝐸𝐸𝑡𝑡𝑡𝑡 + (𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡) ∗ ℎ−1
ℎ ]  (5) 

 

𝐸𝐸𝑎𝑎ℎ = [(𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ ℎ ∗ (𝐿𝐿𝐷𝐷)2)  (6) 

              +(𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿). 𝐿𝐿. (ℎ − 1)] 
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𝐸𝐸𝑡𝑡𝑡𝑡 = (𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ 𝐿𝐿 ∗ 𝐷𝐷2  (4) 

 

𝐸𝐸𝑎𝑎ℎ = 𝐿𝐿 ∗ ℎ[𝐸𝐸𝑡𝑡𝑡𝑡 + (𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡) ∗ ℎ−1
ℎ ]  (5) 

 

𝐸𝐸𝑎𝑎ℎ = [(𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ ℎ ∗ (𝐿𝐿𝐷𝐷)2)  (6) 

              +(𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿). 𝐿𝐿. (ℎ − 1)] 
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Where Etx is the energy used in transmission of data and Erx is 
the energy used up while receiving of data. Etxelect, Erxelect are the 
energy necessary to run the transmitter and receiver electronic 
circuit respectively. eamp is the energy required by amplifier 
circuit, L symbolizes size of data packet and D represents the 
distance between the transmitting and receiving node. 

Energy model for target optimization requires development 
of equations for single-hop and multi-hop communication. 
Energy used up during single hop and multihop communication 
is given in [8] and shown by (4) and (5) respectively.

𝐸𝐸𝑡𝑡𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡(𝐿𝐿) + 𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎(𝐿𝐿, 𝐷𝐷)  (1) 

 

𝐸𝐸𝑡𝑡𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿 + 𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎. 𝐿𝐿. 𝐷𝐷2  (2) 

 

𝐸𝐸𝑟𝑟𝑡𝑡(𝐿𝐿, 𝐷𝐷) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡(𝐿𝐿) = 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿  (3) 

 

𝐸𝐸𝑡𝑡𝑡𝑡 = (𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ 𝐿𝐿 ∗ 𝐷𝐷2  (4) 

 

𝐸𝐸𝑎𝑎ℎ = 𝐿𝐿 ∗ ℎ[𝐸𝐸𝑡𝑡𝑡𝑡 + (𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡) ∗ ℎ−1
ℎ ]  (5) 

 

𝐸𝐸𝑎𝑎ℎ = [(𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐸𝐸𝑡𝑡𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡) ∗ ℎ ∗ (𝐿𝐿𝐷𝐷)2)  (6) 

              +(𝐸𝐸𝑑𝑑𝑎𝑎 + 𝐸𝐸𝑟𝑟𝑡𝑡𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑡𝑡. 𝐿𝐿). 𝐿𝐿. (ℎ − 1)] 
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The Eq. (6) will serve as an objective function for optimization 
which depends upon L (packet size), D (node and sink distance) 
and h (hop count). 

IV. Optimization

A. Formulation
Our aim is to optimize the energy consumed per hop in a 

Nanoscale WBAN multi-hop sensor communication by the 
objective function described in (6) via an optimizing algorithm.

B. Optimization algorithms
Optimization is a collection of mathematical/ computational 

principles and methods used for solving a problem where an 
objective function is either maximized or minimized by a 
systematic choice of input values from an allowed set which is 
constrained by some parameters [23]. Generally, optimization 
is finding “best fit” values of given objective function from 
definite and constrained input values. The choice of opti-
mization technique depends on the problem to be addressed. 
Some optimization techniques that has been considered for 
the problem at hand are: genetic algorithm (GA), ant colony 
optimization (ACO) and particle swarm optimization (PSO).

B. i. Genetic Algorithm (GA)
GA is a meta-heuristic algorithm inspired from the natural 

selection and genetics [24]. In GA chromosomes are mutated, 
altered and estimated for the objective function in every ite-
ration and those with better values are selected and reserved 
for succeeding iteration. The chromosomes for following ite-
ration (child) are bred through crossover and mutation of 
those from the preceding iteration (parents). These newly bred 

chromosomes then act as parent chromosomes for succeeding 
iteration and the process carry on till specific stopping criterion 
is met [25]. A stopping criterion may be in the form of fixed 
number of generations reached or a solution is found. 

The drawback of GA is that it gets confined in local minima 
or arbitrary points rather than global minimum. It cannot handle 
complexity in efficient manner and is better suited to discrete 
problems. Iba [26] presents the use of GA for reactive power 
optimization. 

B. ii. Ant Colony Optimization (ACO)
ACO is a probabilistic technique based on population, 

whe re the artificial ants follow a procedure in search for 
food (optimized solution). A solution is created by iteratively 
summing the constituents considering (i) any experimental 
information about the problem being solved, and (ii) pheromone 
trails [25]. Pheromone trails are left by ants who tread the path 
earlier. These tracks disappear with time to assist search in new 
areas and avoid convergence to a local optimal solution [27]. 

The main drawback of this technique is its poor theoretical 
analysis, uncertain time of convergence and changes in 
probability distribution with iteration. ACO is applied for 
reactive power flow optimization in [28].

B. iii. Particle Swarm Optimization (PSO) 
Particle swarm optimization is a computational algorithm 

developed by Kennedy, Eberhart and Shi. It is an optimization 
algorithm based on population (swarm) [29][30].The authors 
were motivated by the social behavior of animals like birds, 
fish, herds and ants and intended to simulate their behavior 
as a formalized representation of these organisms in a group. 
PSO has been used in various areas of optimization. PSO has 
gained importance for solving complex and hard optimization 
problems [31]. 

 In PSO, swarm of particles move in N dimensional space 
to reach an optimal solution for a given objective function. The 
particles in this swarm have properties like current position of the 
particles and velocity of the particle. The motion of the particles is 
guided by their own known position in the space as well the entire 
population’s best-known position. The particles adjust and update 
their position in such a way that an optimum or close to optimum 
solution is reached after multiple iterations [32].

PSO requires small number of parameters and lower number 
of iterations. Unlike GA, it tries to find global minimum and 
the variables in PSO can take any value based on their current 
position in particle space and corresponding velocity vector. 
PSO is faster in comparison to the other two algorithms and can 
be applied to problems that are noisy and dynamic [33].

 For a continuous space which depends on the shape of the 
objective function and the number of constraints and their size, 
PSO is a better choice which comes as a conclusion of its speed, 
ability to converge and give accurate solution [34].

C. Experiment

The experiments have been performed in MATLAB 2019 
running on windows 10 along with 8 GB of RAM. 
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PSO has been used to optimize the Emh per hop for the given 
objective function in (6). Here D and L has been considered as 
the constrained parameters and Emh, h, Etx are free parameters. 
As in (4) it has been represented that variation of Etx is between 
10 nJ and 40 nJ, which is a permissible transmission energy 
range for Nano scale WBAN nodes. The results from (4) has 
been used in (6) and fed to PSO algorithm. The flow chart of 
PSO has been depicted in Fig. 5 and the parameters used for 
optimization are listed in Table II.

Fig. 5. Flow Chart of particle swarm optimization algorithm

TABLE II
Parameters for PSO

Parameters Value
Population Size 100
Final Weight, w1 0.4
Initial Weight, w2 0.9
Number of iterations, Itmax 1000
Acceleration Constant ( C1, C2) 1.4455, 1.4455

Erxelect 36.1  nJ/bit
Etxelect 16.7  nJ/bit
eamp 1.97  nJ/bit
Eda 5       nJ/bit

V. Results

For the Etx range from 10 nJ to 40 nJ, distance D obtained 
from (4) is 23 mm. For 1000 iterations performed in PSO, the 
optimized value of Emh for varied hop count is best when L is 
2000 bits. The values of parameters in optimization function (6) 
has been summed up in Table III.

TABLE III
Optimized Parameters Of Objective Function 

  
Parameters Value

Erxelect 36. 1  nJ/bit
Etxelect 16.7   nJ/bit
eamp 1.97   nJ/bit
Eda 5        nJ/bit
Packet size (L)
Distance 

2000  bits
23       **mm 

     *nJ = nano Joule, mm = mili-meter

Table IV summarize the optimized and non-optimized 
values for energy consumption in the proposed model. 

TABLE IV
Optimized Energy and Non-Optimized Energy Obtained  

with Respect to Hop Count

Hop Count
Non-Optimized 
Energy Emh (per hop) 
( *J )

Optimized Energy 
Emh (per hop)(*J)

2 0.289058022 0.072241515401
3 0.385358023 0.096298782984

4 0.433508023 0.10833397302
5 0.462398033 0.1154665893

*J =  Joule

A comparative plot of non-optimized and optimized energy 
values for Emh, Erx and Etx is shown in Figs. 6-8 respectively. 
In Table IV the value of optimized Emh when packet size L is 
2000 bits, and non-optimized Emh when packet size is 4000 bits 
has been given. The table shows that optimized energy obtained 
for different hop count varies between 0.07224 J to 0.1154 J 
whereas non-optimized energy varies between 0.2890 J to 
0.4624 J for hop count from 2 to 5 respectively. 

Fig. 6. Optimized Emh (per hop) and Non-Optimized Emh (per hop) with respect 
to Hop Count
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TABLE V
Optimized Energy and Non-Optimized Receiving Energy Obtained with 

Respect to Hop Count

Hop Count Non-Optimized Receiving 
Energy Erx (1e-04 *J)

Optimized Receiving 
Energy Erx (1e-04  J)

2 1.4444999856 0.72204997499

3 1.4444992220 0.72204998750

4 1.4444992220 0.72204999166

5 1.4444999966 0.72204999375

*J = Joule

The values of optimized energy and non-optimized energy 
were further used in (6) to optimize energy consumed in There 
is a significant decrease in the energy consumed per hop when 
the packet length is reduced to half its original length, as shown 
in Fig. 6. The optimization has been done with distance between 
nodes being comparable in case of optimized and non-optimized 
energy calculation .receiving data Erx as shown in Table V. The 
optimized energy of receiving data is approximately 0.72204e-
04 J with very minimal variation obtained with respect to 
hop count as compared to non-optimized receiving energy 
whose value obtained was approximately 1.4444e-05 J. The 
comparative plot is shown in Fig. 7. It is noticeable that the 
optimized receiving energy Erx is significantly lower than non-
optimized receiving energy. 

Fig. 7. Optimized Receiving energy and Non-optimized Receiving energy with 
respect to Hop Count

The values of optimized energy and non-optimized energy 
were further used in (6) to optimize transmitted energy Etx as 
given in Table VI. The optimized transmission energy range is 
1.5758e-08 J to 0.8529e-08 J as compared to non-optimized 
transmission energy whose range is 3.7006e-08 J to 3.5509e-08 
J for the hop count of 2 to 5 respectively. 

The comparison of the values is depicted in Fig. 8. It can 
be comprehended that the optimized transmission energy Etx 
is significantly lower than non-optimized transmission energy.   
Table VII shows the percent difference of optimized values 
obtained Emh/L (total energy consumed per bit length of data 
packet per hop), Etx/L (energy used for transmission per bit 

length of data per hop) and Erx/L (energy used for receiving per 
bit length of data per hop) against the respective non-optimized 
values.

TABLE VI
Optimized Energy And Non-Optimized Transmission Energy Obtained 

With Respect To Hop Count

Hop Count
Non-Optimized 
Transmission Energy Etx 
(1e-08  J)

Optimized Transmission 
Energy Etx (1e-08  J)

2 3.7006250000 1.5758950500
3 3.6224283333 0.93923250000
4 3.5756035000 0.94871342500
5 3.5505972000 0.85299650000

Fig. 8. Optimized Transmission energy and Non-optimized Transmission ener-
gy with respect to Hop Count

TABLE VII
Percentage Difference in Non-Optimized and Optimized Values 

Obtained with Respect to Hop Count 

Hop Count
Percentage 
Difference in Emh 
(%)

Percentage 
Difference in Etx 
(%)

Percentage 
Difference in Erx 
(%)

2 75.00795345 57.41543523 50.01384685
3 75.01056751 74.07174377 50.01381956
4 75.00992663 73.4670508 50.01384607
5 75.02874498 75.97597103 50.01384594

Fig. 9 shows the graphical representation of the percent 
optimization achieved. The total energy Emh/L per hop is 
optimized by approximately 75% for hop count variation from 
2 to 5, therefore signifying a similar level of optimization for 
each hop. Etx/L per hop was optimized by approximately 57% 
to 76% for hop count from 2 to 5 respectively. Erx/L per hop was 
optimized by approximately 50% for hop count from 2 to 5. 
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Fig. 9. Percentage difference in Non-Optimized and optimized values obtained 
with respect to Hop Count

VI. Conclusion 

The energy efficiency of a WBAN network not only depends 
on the architecture and the routing protocol but also on node-to-
node distance and length of the data packet to be transmitted. 
This paper has dealt with the energy efficient optimization 
problem with optimum node-to-node distance and length of 
packet to be transmitted. The optimization using PSO indicates 
that after reducing the packet length to 2000 bits and node-
to-node distance to 23 mm, a significant decrease in energy 
consumption has been obtained. The total energy consumed per 
hop per bit length of data packet is optimized by approximately 
75%. The energy consumed in transmitting data per hop per 
bit length of data packet is optimized by approximately 57% 
for 2 hops, 73% for 3 hops, 75% for 4 hops and 76% for 5 
hops. The energy consumed per hop in receiving data per bit 
length of data packet is optimized by 50% for hop count from 
2 to 5. This indicates that keeping nodes at a certain optimum 
distance and reducing the packet size of data to be transmitted 
results in reduction of energy consumed. The energy efficient 
transmission will prolong the lifetime of the sensors implanted 
in the human body which are otherwise impossible to replace.  

In future works, other evaluation parameters can be used for 
optimizing energy in WBAN with inclusion of effect of path 
loss with every change in topology. 
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