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Abstract: In the proposed work, the main concern is to reduce the energy consumption while the node is in their working condition that is when 
the actual data transmission will take place. Other factor that we have considered is duty cycle. It is the time taken by the sensor nodes that 
operates irregularly rather than continuously. When the transmission distance is very small as compared to the threshold distance, duty cycle is 
very high and thus, there is no ideal time to recover charge for battery and hence, battery recovery effect is not considered. With the help of 
WBAN, the patient can be observed from remote station and the collected information by the bio sensor nodes attached to the patient will be 
transferred by using any wireless mean like LAN, WAN, Bluetooth, radio signal or electromagnetic waves. Also the collected information will 
be saved in the data base for future use. In the proposed work, we are designing a network area having length and width of size 1000×1000 along 
with 50 numbers of sensor nodes for different transmission distance changes from 50 -7500 for different bit rate. All the simulation process will 
be carried out in MATLAB environment and the performance parameters like Duty cycle, Energy consumption with baseline, offline and 
recovery algorithm will be measured along with optimization algorithm named as Genetic algorithm. 
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1. INTRODUCTION 
 
WBAN is a wireless network which is used in wearable 
computing devices. It can be either embedded inside the 
body or can be surface mounted on fixed position wearable 
technology. One can carry these devices along with them 
like in bags, in pockets, By hand etc [1]. 
A Wireless Body Area Network (WBAN) links the 
independent nodes (e.g. sensors and actuators) that are 
placed in the clothes, on the body or under the skin of a 
person. The network becomes more extensible over the 

human body and each node is connected by using a wireless 
communication channel [2].  
To measure different kinds of physiological parameters like 
Electrocardiogram (ECG), pulse rate, blood pressure and 
body temperature etc. biosensors are implanted or 
positioned on the human body surface [3]. The network 
formed by these bio sensors is known as wireless body area 
network (WBAN). The bio sensors collect the data from the 
human body and send that data to remote place with the help 
of radio signal [3]. The architecture of WBAN is shown in 
figure below: 

 
Figure 1: WBAN Architecture 

 
As the nodes implanted on the body makes direct contact to 
the network. Therefore the effect of energy consumption of 
human body on system should be analyzed differently.The 
wireless body area networks promise to revolutionize health 
monitoring. However, designers of such systems face a 

number of challenging tasks, as they need to address often 
quite conflicting requirements for size, operating time, 
precision, and reliability[4]. 

1.1 Classification of WBAN 
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The communication in WBAN is divided into two types 
named as [5]: 

i. Intra-body communication 
ii. Extra-body communication 

In Intra-body communication, the information handling on 
the body of the patient is control between the sensors or 
actuators and personal devices [5]. 
In Extra-body communication, the communication between 
the personal devices like cell phone, laptop etc. and an 
external network is possible. 

 
Figure 2: Intra-body and Extra body communication 

 
It has been seen that the performance of the system depends 
on the distance as well as the energy not only the distance 
between node and the other node and the residual energy but 
also on the packet size or number of packets that can be 
transferred to the to the sink this can be added with the 
existing algorithm to enhance the performance of the 
system.Since almost in all sensor networks data are routed 
towards a single sink (gateway), hops close to that sink 
become heavily involved in packet forwarding and thus their 
batteries get depleted rather quickly [6].So there is need to 
update the existing systems.Therefore, in this research, 
novel threshold distance using genetic algorithm to enhance 
energy efficient WBAN has been developed.Genetic 
Algorithm (GA) was chosen to perform the optimization 
since it has proven to work well with non-linear objectives 
[7].The performance of the proposed technique is evaluated 
by using energy consumption, transmission time and duty 
cycle. 
 
2. RELATED WORK 
 
Chenfu Yi [16] has defined Energy efficiency is a key 
concern for wireless sensor nodes, especially for wireless 
body area network (WBAN) in which sensors operate in 
close vicinity to, on or even inside a human body. In the 
paper, they first presented a system-level energy 
consumption model associated with transmission distance d 
and transmission data rate over on-body wireless 
communication link. S. Ahmed [17] has defined the role of 
the wireless body network (WBN) and its growth in health 
service facilities. WBN also helps to improve the human 
health. By conducting a comprehensive survey, it is 
estimated that Virtual Doctor Server is existed in WBAN 
architecture.LamiaChaariFourati [18]proposed Body Area 
Network (BAN) being used in medical health care systems. 
Base of the various applications that are developed in BAN 
is WSN (Wireless Sensor Network) technology.Ramli, 
S.N. [19]has described wireless communication 
technologies and sensors that are developing gradually and 
empowering development of Wireless Body Area Network 

(WBAN). The reason behind using wireless technologies are 
new, practical and inventive ideas offers by variety of 
sensors that helps to improve health monitoring and other 
health care applications system. C Li [20] has described 
wireless body area network with great impact on our daily 
life. As the time passes, it has become a vital part of our life. 
WBAN also gives the solution to the chronic illness as well 
as the patients that are suffering from constant and long term 
pain. Emmanuel Davies [21]has focused on the most 
emerging technology of today that is Wireless Body Area 
Networks with its applications in various fields. WBANs are 
applicable in various healthcare services and providing 
medicine to reduce the requirement of caregivers. WBAN’s 
helps the elder and ill people to live their life 
independently.SapnaSingla et al [22]has explained the 
concept of wireless body area network as the most trending 
area of research. Due to its benefits, it has been used in 
several applications. Medical and non-therapeutic 
applications have developed the interest of using WBAN. 
Pervez Khan et al [23]has used wireless sensor network 
IEEE 802.15.6 for short range and extremely low power 
communication. It is a new standard for wireless body area 
network with high data rates which can access the data in 
vicinity of, or inside a human body.Xin Qi et al [24] has 
discussed wireless body area network as an emerging field 
these days which provides solution to the mobile health i.e. 
m-health. Basically, WBAN is used to collect data from in-
body or around body sensors nodes. 
 
3. SIMULATION MODEL 
 
In this research, we have presented wireless body area 
network using genetic algorithm to minimize the energy 
consumption. The most important advantage of the GA is 
their ability to use accumulative information about the initial 
unknown search space in order to move the next searches in 
to useful spaces [8].  
A Wireless Body Area Network (WBAN) connects 
independent nodes (e.g. sensors and actuators) that are 
situated in the clothes, on the body or under the skin of a 
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person. A WBAN offers many promising, new applications 
in home/health care, medicine, sports, multimedia, and 
many other areas [9]. 
To design and develop the proposed work, below steps has 
been followed: 
Step 1: Initialization of the Wireless body area network with 
height and width (1000*1000) is the primary step. 
Step2:  The initialization of sensor nodes within the 
simulated network is taken place afterwards. 
Step 3:   The coverage area of sensor nodes are defined 
within the simulated network. 
Step 4: The nodes of source and destination are described. 
Step 5: Path from source and destination sensor nodes are 
discovered in the network. 
Step 6: The optimization algorithm that is genetic is 
initialized within the network to optimize the path. 
Step 7: Then, the novel objective function of genetic 
algorithm is defined. 
Step 8: Optimization of path within the network is taken 
place using genetic algorithm 
Step 9: Calculate the parameters namely, energy 
consumption, transmission time and duty cycle. 
WBAN systems can capitalize on recent technological 
advances that have enabled new methods for studying 
human activity and motion, making extended activity 
analysis more feasible[10]. 
The performance parameters that have been measured are 
listed below: 
i. Duty Cycle 

A biosensors implanted on the human body will operate like 
as a duty cycle mode., duty cycle is the main parameter for 
energy consumption comparison of the different MAC 
protocols, since it is minimally dependent on the transceiver 
used [11].The figure is shown below:  
Here, the active mode will be observed before the collected 
ata have been transmitted to the remote station And is 
denoted as Tac that is known as active mode and Tsc is know 
as sleep mode.Since,the main aim of MAC protocol design 
is to reduce energy consumption, while supporting good 
scalability and collision avoidance. This protocol tries to 
reduce energy consumption from all the sources that we 
have identified to cause energy waste, i.e., idle listening, 
collision, overhearing and control overhead [12]. In the 
active mode of the biosensors, the raw information is passed 
to the filteration and amplification process. After that the 
signal is modelated using some modulation techniques and 
then transmitted to eCPU through the wireless network. 

After the transmission of the information the biosensors 
would go to its SLEEP mode having duration Tsl. In the duty 
cycles mainly three steps are considered named as Active 
mode, Sleep mode and Transient mode.  

 
The overall magnitude of the transient mode is smaller than 
the Active mode. 
This is the time occupied by the cycle of operation of a 
simulator.The sensor node influences the system’s power 
consumption by changing its duty cycle [13]. Particularly, it 
is defined in the form of percentage time or in the form of 
ratio. It is the proportion of time by which a transmission is 
done.   
ii. Energy Consumption 
Energy consumption is the defined as the total amount of 
energy being consumed by each node in WBAN at different 
network layers. It is obtained by energy consumed 
summation in every operation mode during simulation time. 
It is defined mathematically as below: 

 

It is the count of total energy which is elapsed during the 
transmission of packet data from one sensor to another 
sensor node. The unit of energy consumption is Joule 
(J)/Kilojoules (KJ).It is defined as the capacity of simulator 
to perform packet transmission from source sensor node to 
destination sensor node.The energy consumption model 
characterizes the sources of energy consumption in the 
network[14].In simulation work, energy exists in different 
forms like transmission energy, receiving energy and 
operating energy. So, it can be said that in the proposed 
work, the energy consumption is the summation of all 
energies. 
iii. Transmission Time 

The time used for sending the packet data from transmitter 
end to receiver end. The transmission time is defined as the 
rate in b/s (bits per second), kb (kilobits), mb (megabits) 
etc.The bit rate is determined by two parameters: The 
transmission times or how often the measured signal is 
sampled and transmitted through the network; and the 
number of bits per measurement or how accurately the 
transmitted value is represented in digital form [15]. 
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Figure 3: Proposed Work Flowchart 

 
 
 
 

Start 

Initialize WBAN with height and width 

Initialize the sensor nodes within the network 

Define the coverage area of sensor nodes 

Define the source and destination sensor nodes 

Initialize GA with the network to optimize the path 

Define a novel objective function for GA 

If condition of sensor node= True Reject the node from path 

Select in the path and generate optimized path 

Calculate parameters (Energy Consumption, Transmission time and duty cycle) 

Stop 

No 

Yes 
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4. SIMULATION RESULTS 
 
This section describes the simulation of the proposed work. 
Following results are defining the designing and 

development of the simulator, evaluation of the performance 
of three different schemes and implementation of duty cycle 
for different transmission distance. 

 
Figure 4: Simulator 

 
A network has been designed and developed for the 
simulation of proposed work for wireless body area network 
using genetic algorithm. X-axis is defining the width of the 
network and Y-axis is defining the height of the network. In 

the above figure, 50 sensor nodes are deployed. Within the 
50 sensor nodes, the source and destination are defined and 
the path is generated from source and destination node using 
genetic algorithm. 

 
Figure 5: Performance of energy consumption for three transmission schemes 

 
Above figure is describing the graph of energy comparison 
for three schemes, namely, baseline method, local offline 
algorithm and recovery related to battery awareness for 
energy efficiency that shows the performance of the 
proposed work.  Offline is defining the simulated results by 
utilizing the local offline algorithm, baseline is for the 
transmission of the data packets that are transmitted after the 
arrival, whereas, recovery is used for defining the battery 
characteristics. In the above figure, the energy consumption 

in the baseline scheme is more as compare to recovery and 
offline schemes. The recovery scheme has less consumption 
than the two other mentioned schemes. In the figure above 
black line represent the consumed energy value in case of 
baseline method. Red line and blue line represent the energy 
consumed values in case of offline and recovery schemes 
respectively. The values obtained are shown in tabular form 
below: 
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Table 1: Energy consumed for three different schemes 
Distance (m) Energy 

consumption in 
Baseline Scheme 

Energy 
consumption in 
Offline Scheme 

Energy 
consumption in 

Recovery Scheme 

Average values (J) 

2500 1.4 .05 .04  
 
 
 
 
1.52,.09, .072 

3000 1.45 .05 .04 
3500 1.46 .06 .06 
4000 1.47 .07 .06 
4500 1.49 .08 .07 
5000 1.5 .09 .08 
5500 1.57 .1 .09 
6000 1.58 .11 .1 
6500 1.59 .12 .11 
7000 1.6 .13 .012 
7500 1.7 .14 .13 

 

 
Figure 6:  Duty cycle over the different transmission distance 

 
Above figure represents the duty cycle with respect to DM 
(Different transmission distance).The X-axis donates the 
different transmission distance and Y-axis is defining duty 
cycle. The average value of duty cycle w.r.t DM (Different 
transmission distance) is near about 0.48.As shown in the 

figure above as the transmission distance increases the duty 
cycle also increases  that represents that the ideal time 
become shorter . This indicates that the total energy 
consumption by the sensor nodes is smaller or we can say 
that energy consumption become constant. 

 
Table 2: Duty cycle values over the transmission distance 

Transmission distance Duty cycle Average duty cycle 
2500 0.45  
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Figure 7: Energy consumption with r and d. 

 
In the figure above r represent the transmission data rate in 
bits per second and ‘d’ represent the transmission distance. 
The above graph will represent the energy consumed by the 
nodes during different transmission distance ‘d’ w.r.t 
transmission data rate ‘r’. In the figure above, we concluded 
that as the transmission distance increases the energy 
consumed by each node also get increase. For distance 
d=50, energy consumption is very small which is near about 

0 whereas for distance d=2500 the maximum energy 
consumed is 4.25×10-8 J when the bit rate is 10×10-7bps. 
When we compare it with the base paper for d=2500mm the 
maximum energy consumed is 8×10-8 J for bit data rate 
10×10-7bps. For distance d=50mm the maximum energy 
consumed by the node is 4.25×10-8 J for bit data rate of 
6.5×10-7bps.Hence it is concluded that the proposed result is 
better that the existing work. 

 
Figure 8: Energy consumption along with GA with respect to r and d 

 
The reduction to the energy consumption by the sensor 
nodes is decreased by applying optimization algorithm 
known as Genetic algorithm. The above graph obtained 
when we apply GA to the proposed work. The energy 
consumed will be increase as the transmission distance of 

the travelling data get increased. For distance d=50 the 
energy consumption is approximately equal to 0. For 
distance d=2500 the maximum energy consumption is 6.5 
×10-9J.which less as compared to the value obtained without 
any optimization algorithm. 
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Figure 9: Energy Comparison with modulation level 

 
Above figure shows the comparison of energy with respect 
to the modulation level. In the above figure, modulation 
level is b for d = 50mm and the there are three lines which 
represent the energy. The blue colorline graph represents the 

energy of circuit, cyan color line graph denote the 
transmission energy and the red color line graph represents 
the total energy of simulation for modulation level b. 

 

 
Figure 10: Recovery effect for Li-on battery 

 
Above figure shows the recovery effect for the Li-ion 
battery and in the graph the x axis denotes the recovery time 
in seconds and y axis denotes the recovery energy in Joule. 
From the above graph, we have observed that the recovery 
energy is directly proportional to the recovery time and 
varies according to the recovery time. 
 
5. CONCLUSION 
 
In this research work, we have proposed a scheme along 
with a energy consumption model with different 
transmission distance and transmission data rate in bps. The 
whole system has been designed for a wireless body area 
network that finds application in health care. WBAN is a 
network in which sensors are powered by limited energy 
batteries and thus, energy consumption becomes an 
important factor. In the proposed work, we have considered 
three different schemes named as baseline, offline and 
recovery schemes and then find the energy consumption for 
every scheme. It is being concluded that for recovery 
scheme, the energy consumption is less than the offline and 

baseline. The maximum energy is being consumed for the 
baseline method this is because in this scheme no 
optimization algorithm has been used and the collected data 
is being transmitted immediately as it arrives to the node 
and delay is zero. Thus, the simulated value has shown that 
the energy consumption is reduced by77.4% which is batter 
as compare to the existing work. In existing work, the 
reduction in energy consumption is done by using 
optimization scheme that is come out to be 59.77%. Here, 
for optimization Genetic algorithm has been used. The 
simulation is carried out in MATLAB simulator having a 
WBAN of size length and breadth=1000×1000 for 50 
number of nodes. 
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