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Abstract: One of the most crucial application of Wireless Body Area Networks in healthcare applications is the process of
monitoring human bodies and gather physiological data. Network performance degradation in the form of energy efficiency
and latency are caused because of energy depletions which arises due to limited energy resource availability. The heterogeneity
of body sensors will lead to variation in the rate of energy consumption. Based on this, a novel Data Forwarding Strategy is
presented in this research work to enhance collaborative WBAN operations, improve network lifetime and restrict energy
consumption of the sensors. In this paper, we have contributed towards reducing the size of data to be transmitted by
compressed sensing and selection of relay sensor based on sampling frequency, energy levels and sensor importance. Using
the proposed methodology, it is possible to improve both reliability and energy-efficiency of WBAN data transmission.
moreover, it is also possible to adapt to the changing WBAN topologies when the proposed methodology is used, balancing

energy efficiency and consumption.
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1. Introduction

Wireless Body Area Networks (WBANS) are a special type of Wireless Sensor Networks that are used
for healthcare and biochemical areas[1]. In the recent years, they have gained much attention from the
government, industries [2] and academia [3]. The WBAN comprises of body sensors with monitoring
and processing capabilities that can be implanted or worn in order to gather physiological information
such as electrocardiogram, blood pressure [4], blood oxygen levels, pulse [6], temperature,
electroencephalogram etc. However, in WBAN, there is limitation on resources and energy availability
of sensors. Moreover, sensors which are implanted are complex [5] and costly. In order to increase the
efficiency of energy as well as to improve the lifespan of WBANS, many research have been carried
out. In general, the WBANS are quite small in size and based on the amount of data transmitted by them
along with the choice of relay sensors, the total amount of energy consumed during the process of data
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forwarding is determined. Based on some of the existing work on energy consumption design and sensor
structures, one of the biggest contributor of sensor energy consumption is data transmission. Hence by
decreasing the data size it is possible to improve the efficiency of sensor energy efficiency. In the real-
world scenario, the WBANSs used for health monitoring applications are affected by shadow effects
formed due to body movements. This will result in changing the network topology as well as the
wireless link status resulting in complications of the WBANS, leading to challenges in proper
monitoring of the human physiological parameters. This has made for infeasibility of the traditional
routing mechanisms. In [7] and [8] researchers have developed the process of transmitting data using
multi-hop methodology with the use of relay nodes which will improve the robustness of the sensor
communication system. However, enhanced data delivery ratio coupled with reduction in consumption
of energy is possible when the proposed multi-hop data forwarding system is employed and simulation
results support this theory.

The major contribution of this research work is as follows:

e The proposed data forwarding structure collaboratively exploits the use of energy resource in
order to prevent unnecessary power consumption by other sensors resulting in the formation of
a robust WBAN with changing topologies.

e In order to balance network lifetime and energy consumption of sensors, sensor importance
degree, residual energy and sampling frequency are collaboratively used to select the best relay
sensor.

e The data collected through physiological contact is compressed using CS technology and
energy consumption also reduces simultaneously.

2. System Model

Tree multi-hop network topologies and star single hop topologies are the most commonly used WBANS
[9]. In the single-hop network, physiological data is gathered by the sink using body sensors, This is
then forwarded to a central unit from where the feedback for the received data is sent back to the body
sensors. This process of data transmission in bi-directional way is accomplished in a single-hop fashion.
Similarly star topology is also used gather data and give real-time data through closer inter-node
distance between the small networks of WBANSs [10-11]. The drawback with star topology is that it
will result in unwanted heat emission, higher energy consumption and high transmission power of
sensor because of packet loss and high level of accuracy. In order to overcome these shortcomings, a
multi-hop tree topology is formulated which has eventually become popular for its optimal usage of
body sensors by forwarding the gathered data to body sensors far away. As a result of this effect, remote
body sensors consume lesser transmission power [12] while balancing network energy consumption to
ensure data transmission in a reliable fashion.
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Fig.1 System Structure

In a WBAN network, an energy efficient data forwarding system plays an important role. Consider the
system structure in Fig.1. which outlines specific application targets that can be utilized to transmit data.
Here multiple body sensors are used to gather data from the body and forward this information to the
sink. The transmission process takes place within many hops and the remote body sensors need to
monitor and guide the data by forwarding it via the right relay. There are three major components of
energy consumption in equation 1,

Etotar = E¢t + E, + Ep 1)

where E, E, and E,, are the energy consumed for transmitting, receiving and processing data packets
and E;,¢q; represents the total energy consumed.

If d is the transmission distance, n is the length of data packet, E,,;, is the amplyfying circuit's energy

consumption, E, is the energy consumed for transmission of data bit and a is the transmission power
loss coefficient, then

E.,=n+E,
{Et =nx(E, + Eampda
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The cost of employing CS which is inclusive of energy consumed for data processing is significantly
high. Hence the total energy consumed can be calculated as

Erotar = N * (ZEe + Eampda) + EP

3. Compression of Data

The real-time monitoring of a human physiology will result in generation of data in large quantities.
However, both processing capability as well as energy resource of WBANSs sensors are highly
constrained. Hence, the transmission of this large quantity of data will lead to network congestion and
increased energy consumption. In order to tackle this issue, the physiological data which is gathered is
initially compressed using CS at the sensors. This is accomplished by using sampling frequencies which
are very low when compared with Nyquist frequency, resulting in the data being represented as sparse
vectors which have reduction of data size. This will also improve the energy consumed by the network.
The data thus obtained can be reversed back to its original form using the sink.

The data collected in this research work is represented as y = y4, ¥, ¥3, -.- -... ., yyWith the basic vector
being represented as y,such that y is the sparse basis and a is the coefficient vector representing
o=[at,a?,....,a"]"
N
Vi 1= = vy < N
i=1

Here Y can used to compress the data to represent it in a M dimensional measurement data that can be
represented in the equation below.

i1 = Oppuny X YT+ 1=0x y X 00

On receiving the physiological data from the sensors, there are two challenges faced. The received data
is first used to develop a measurement matrix by comparing the original data set with the preset sparse
binary data set. Next is the process of redeveloping the original data from the compressed data. The
first condition that the received data should satisfy is that it should be independent of y. Toeplitz,
Hadamard, Gaussian random, random Fourier and Bernoulli random matrices are some of the
methodologies used for this purpose in CS technology. However, to simplify the process as well as to
reduce difficulty in implementation, the technology used in this paper is sparse binary random

ISSN: 2582-418X (online)

Information Technology r
83 & ‘C 5

Digital World


http://www.irojournals.com/iroei/
https://doi.org/10.36548/jei.2020.2.002

Journal of Electronics and Informatics (2020)
Vol.02/ No. 02

Pages: 80-87
http://www.irojournals.com/iroei/

DOI: https://doi.org/10.36548/jei.2020.2.002

measurement matrix. Here the proposed methodology can convert a complex matrix multiplication into
that of addition, thereby decreases the amount of energy consumed drastically.

4. Relay Sensor Selection

Research shows that several hops are involved in transmitting the data packets to the sink. Hence the
choice of relay sensors plays a major role in affecting the performance of the system as well as the
energy consumption. The choice of optimal relay sensor is done by considering the rate at which energy
is consumed and the residual energy level of the sensor. In general, there is a difference in the rate at
which energy is consumed by the different sensors. A good example is that the transmission of data
from sensors that are monitoring body temperature, blood oxygen level etc will require lesser energy
consumption when compared with sensors that are used to measure ECG signals. Hence it is necessary
to that sensors which require high energy should be preserved and their forwarding should be reduced
in order to control and decrease their energy consumption.

5. Simulation Results

In star topology 4 sensor nodes are selected and the energy consumed are shown in the simulation Fig.2.
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Fig.2. Energy consumption in different postures for star network topology

In the proposed data forwarding algorithm, there is a relativity between network running time and
energy consumption which is depicted through simulation in Fig. 3. It can be observed that the residual
energy for different postures eventually approach zero as the round count increases. As the proposed
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methodology uses uniform relay sensor selecting, for various body postures, the ECG signal is found
to be similar.
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Fig.3. Energy consumption with and without data forwarding
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Fig.4. Energy consumption with and without data forwarding

When comparing the different energy consumed by different postures, it is found that the overall
lifetime of the various sensors which collect ECG and EEG signals can be increased and improved.
Moreover, as the relays are selected, it will also further decrease the network topology.
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6. Conclusion

Because of WBAN sensor’s restriction on energy resources, high energy consumption will have a great
impact on the performance of the system, thereby degrading it. Hence the proposed work focuses on
improving the network lifetime while balancing the amount of energy used by the sensors of the
WBANS. The actual data is processed using CS technology to compress the size of physiological data
and then using the optimal relay choice, it is possible to obtain a good composition of efficiency and
reliability of the network. In the future, the same can be expanded to harvesting of energy and the
methodologies used during this process can be determined.
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