Journal of Communications Vol. 14, No. 2, February 2019

An Efficient Approach for Representing and Sending Data
In Wireless Sensor Networks

Mustafa Hammad', Mohammad Bsoul?, Maen Hammad®, and Muna Al-Hawawreh'
! Department of Computer Science, Mutah University, Al Karak, Jordan
2 Department of Computer Science and Applications, The Hashemite University, Zarga, Jordan
$Department of Software Engineering, The Hashemite University, Zarga, Jordan
Email: hammad@mutah.edu.jo; {mbsoul, mhammad}@hu.edu.jo; munahawaril@gmail.com

Abstract —Wireless Sensor Networks (WSNs) became a major
impact in terms of remote surveillance and data collection
process. Limited power supply for a sensor node is one of the
most significant challenges in WSNs. In WSNs, sensor nodes’
energy plays a vital role in the network lifetime. The total
number of bits to be sent over the WSN has a significant impact
on the sensor nodes’ power consumption. Therefore, reducing
the size of the transmitted data is an important key to use the
sensor node’s energy efficiently. In this paper, a new approach
is proposed to reduce the energy consumption in sensor nodes.
The proposed approach is based on only transmitting the
difference between the current sensed reading value and the
previous reading value that is represented by the least number of
bits instead of the new reading value itself. Since the differences
between the consecutive sensed readings (e.g. temperatures) are
expected to be small, the lengths of the differences are expected
to have less size than the size of the sensed readings. The
proposed approach is evaluated on real sensors data. Results
show that the proposed approach reduces the energy
consumption of sensor nodes and prolongs the sensor network
lifetime.

Index Terms—WSNs, difference value, power consumption,
network lifetime, packet size.

I. INTRODUCTION

A Wireless Sensor Network (WSN) is composed of a
set of spatially distributed intelligent devices called
sensors or nodes. These nodes perform limited processes,
such as sensing the target field phenomena and sending
the collected data through the WSN. A WSN gathers data
from all sensor nodes and delivers it to a single
processing node, which is called a base station [1].
However, a sensor node has a low and limited power
bank, which affect the overall WSN’s lifetime.

Data transmission in WSNs is an active area of
research. Transmitting the data through the antenna has a
major role in WSNs’ lifetime. About 80% of a sensor
node’s power is consumed in the data transmission
process [2].

Reducing the energy consumption is one of the most
main issues in WSNs. Sensor nodes have batteries with
limited energy. In some environments, it is very hard or
impossible to replace or recharge the batteries in the

Manuscript received June 26, 2018; revised January 15, 2019.
doi:10.12720/jcm.14.2.104-109

©2019 Journal of Communications

network due to many physically sparse and embedded
sensor nodes [3]. As a result, various works have been
engaged to reduce the energy consumption in the sensor
node with respect to hardware, software, and
communication protocols.

This paper presents a new approach to reduce the
energy consumption in WSNs. The proposed approach is
built on a simple and efficient idea, that, in general,
sending the difference between the current reading and
the previous reading is expected to consume less energy
than sending the reading itself since it is expected to have
less size when represented by the least number of bits.

The rest of this paper is organized as follows; Section
2 presents the related work in the area. Section 3 presents
the general structure and the energy consumption for
WSNs. The proposed sending approach is detailed in
Section 4. The approach of represented the difference
value is discussed in Section 5. The evaluation of the
approach is discussed in Section 6 followed by our
conclusions.

Il. RELATED WORK

In this section, the promising techniques and
methodologies that aim to preserve network energy
through efficient data transmission are discussed.

One active research area is on the compression of
transmitted data [4]-[9]. The goal of compression is to
reduce the packet size and hence reduce the amount of
consumed energy. But these algorithms and techniques
require heavy computations using adaptive dictionary
construction.

Raja et al. [10] and Santini et al. [11] proposed a data
reduction approach based on the least mean adaptive
algorithm. The goal is to reduce the amount of data node
that sends to a sink node. Arunraja et al. [12] presented a
two-level data reduction approach named (DEAP). It
groups nodes that are in similar clusters based on their
temporal correlation. Their approach achieved up to 68%
of data reduction.

Another data reduction approach based on Artificial
Neural Network (ANN) is presented in [13], [14]. The
ANN was used to predict the sensed values. The control
central unit selects and decides the new sensing time for a
set of selected sensor nodes.
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Aderohunmu et al. [15] proposed SWIFTNET which is
a reactive data acquisition structure. SWIFTNET was
implemented based on a mixture of energy-efficient data
compression and data reduction approaches.

Other researchers have worked on minimizing the
number of transmitted bits by sensors as in [16]-[19]. The
main ideas behind these approaches are redundancy
elimination of bits and reducing the transmissions to base
stations to save more energy.

An efficient energy approach is presented in [20] by
Bsoul et al. The approach is an indexed based that
achieves saves energy. The approach also has two more
advantages; short elapsed time, and small transmitted
packet. The idea is to send the index that corresponds to
the readings instead of the reading itself which results in
reducing the packet size. The approach has a limited
range of sensing readings. Moreover, there is a need to
keep all the dissimilar reading values and produces an
index table at the startup time.

Our work is distinguished by reducing the number of
transmitted bits without compression or artificial
techniques. The approach saves energy to provide a
longer network lifetime. Our proposed approach
consumes less memory because both base station and
sensor node retain only the last reading value. In addition,
our proposed approach sends a value with a size that
depends on the difference between the last two readings.

I1l. WSNS STRUCTURE AND ENERGY CONSUMPTION
MODEL

Last Reading for SN1
Last Reading for SN2

Last Reading for SNn

Base Station

Last Reading

Last Reading

Last Reading

Fig. 1. WSN Structure

The structure of WSN consists of a base station and a
set of sensor nodes as shown in Fig. 1. In this structure,
every sensor node senses the environmental measures,
and then sends the collected data to the base station
through the shortest path, and save the last reading to its
local memory. This process is repeated periodically for
the WSN lifetime. Eventually, the base station receives
all sensor nodes data and keeps a record that saves the
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last reading for each sensor node in the network. The base
station is considered to be connected to a continuous
power supply, unlike sensor nodes, which has limited
power supply.

For a sensor node, the most expended amount of
energy is done in the data communication processes.
Consequently, the number of bits that are exchanged
between two sensor nodes are included in the calculations
of the energy cost. This paper applied the energy
consumption model that is used in many related works in
the area as in [3], [20]-[25], [27]. In this model, the
needed energy for sending a k-bit packet for a distance d
is given by:

Eey(k,d) = Egoc X k + £qmp X k X d? €Y

where Eg.. IS the required energy for a transmitter or
receiver Circuitry. €,y is the required energy for a
transmitter amplifier. We assume that d is not greater
than the crossover distance.

Additionally, the needed energy for receiving a k-bit
packet is given by:

Erx(k) = Eelec x k (2)

From the combination of (1) and (2), we can conclude
that the needed energy to transmit a k-bit data from a

sensor node n to a sensor node m with a distance d is:

En,m(kr d) =k x (2 X Eglec + €amp X dz) (3)

IVV. OVERVIEW OF THE PROPOSED SENDING APPROACH

In this section, we present the proposed data-sending
approach that reduces the overall power-consumption of
WSNSs. The proposed approach saves energy by reducing
the number of transmitted bits. As a result, the lifetime of
a WSN is extended. The proposed approach is based on
changing what a sensor node sends through the network.
Each sensor node transmits the difference between the
current and the previous reading values represented by
the least number of bits. Therefore, each sensor node
needs to keep the last reading value, as well as, the base
station keeps the last reading values for all sensor nodes
in the WSN. The flow of the proposed approach is
described in Fig. 2.

As shown in Fig. 2, in the Startup phase, the sensor
node sends the first reading to the base station, and this
initial reading is saved in the sensor node memory. When
this initial reading is received by the base station, it is
saved in the base station memory along with the sensor
node that sent it. In the data collection phase, the sensor
node computes the difference value between the new
reading value and the previous reading (represented by
the least number of bits). The equation for computing the
difference value is:
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Dif f,a1 = (New_Reading) — (Last_Reading) (4)

The sensor node sends the Diff,que through the
shortest path to the base station. Then, the base station
will calculate the new reading as follows:

New_Reading = (Dif f,q) + (Last_Reading) (5

Last Reading =
Datay

Last Reading
=Datay

Last Reading =
Last Reading -
Diffval

Last Reading =
Last Reading -
Diffvaly
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_______________
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Fig. 2 Flow of the proposed approach

Algorithm 1: The Proposed Approach for a Sensor Node in
a WSN.
e  For each sample S; Do:
1. Read the current sensed data;
2. If the sensor node is in the Startup Phase
Then
i. Save the current data as the Last Reading
ii. Represent the current data using the
proposed bit representation
iii. Send represented current data through
the network to the base station
3. Else
i. Calculate Diff,,= New reading — Last
Reading
ii. Represent Diff,, using the proposed bit
representation
iii. Send represented Diff,, through the
network to the base station
iv. Save the data; as the Last Reading
4. EndIf
e EndFor

For each sending process in the data collection phase,
the sensor node, and eventually the base station, will save
the new reading as the last reading and wait for future
readings. Algorithm 1 summarizes the sensor node
actions in the proposed approach.

As shown in Algorithm 1, a sensor node saves the
current reading as the last reading. During the sensor
node life, Diff,, is calculated for each data sampling
process and represented by the proposed approach before
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sending it to the base station. The proposed bit
representation that is used in our approach is described in
the following section.

V. THE PROPOSED DIFFERENCE VALUE
REPRESENTATION APPROACH

This section shows how the proposed approach works
through an example and describes the proposed bit
representation. Suppose that the fields being interested in
are temperature and humidity. Assume that the value of
the last reading for a sensor node for the temperature is
25<C (11001,) and for the humidity is 18% (10010,).
Then, assume the temperature is increased by 5T
degrees, and the humidity is increased by 2%. The new
reading values that are set to be sent, are 30C (11110,)
and 20% (10100,). In the proposed approached, only the
difference between the old and the new values are set to
be sent to the base station. In this example, the
temperature difference is (30-25=5<C) (101,), and the
humidity difference is (20-18=2%) (10,). Note that the
total number of bits that need to be sent is decreased. We
need to send 3 bits instead of 5 bits for the new
temperature reading, and 2 bits instead of 5 bits for the
new humidity reading.

However, for real environmental data, the difference
between two successive sensor readings can be negative
and may have a fraction. So, we propose the least number
of bits representation for the difference value. The
proposed representation reduces the total number of
transmitted bits with a fraction.

Consider the difference value is +5.3. The proposed bit
representation is generated as follows:

e Move the decimal point one position to the right to get

the integer 53
e Represent 53 in binary to get 110101
e Add one bit (1) to the left to indicate the position (one

position) of the decimal point to get 1110101.

e Add one bit (1) to the left to indicate the sign (+) to

get 11110101.

As a result, the bits 11110101 are transmitted for the
difference value +5.3. Two more bits are added to the
integer representation of the difference value. The first bit
indicates the sign and the second one indicates the
position of the decimal point. In case the difference value
is -5.3, the transmitted bits are 01110101. The first bit is
set to O to represent the negative sign. The position bit is
set to 0 when the difference value has no fraction. For
example, suppose the difference value is +53. The bit
representation for 53 is 110101. The transmitted bit will
be 10110101. The first bit is 1 for the positive sign and
the second bit is 0 because there is no decimal point.

The proposed bit representation is designed to deal
with different values that have only one digit after the
decimal point. Therefore, difference values that have
more than one digit after the decimal point are rounded to
have only one digit after the decimal point before they
processed for transmission.
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At the base station, the difference value is obtained by
getting the decimal representation of bits sequence that
starts from the third bit. Then, the remaining first two bits
are checked. In case the value of the second bit is one, a
decimal point is placed after the first decimal digit from
the right. Finally, the sign of the difference value is
determined based on the first bit.

V1. EVALUATION

In this paper, we proposed a new approach to represent
the transmitted sensed data. The approach sends the
difference between the last two measured values instead
of the last sensed value represented in binary.

The goal of the evaluation is to prove the effectiveness
of our approach in saving energy and reducing the
number of transmitted bits by a sensor node in WSNS.
The evaluation is done based on real datasets for
measured weather temperatures collected from three
different locations. The source of these sets is a research
project for Professor Martin Vetterli [26]. The details of
the three datasets are listed in Table I. Each location is
shown in the table with the total number of measured
samples and the days when these samples are obtained.

TABLE |. DETAILS OF THE USED THREE DATASETS

City # of Samples Days
Le Genepi, Switzerland 43086 8/28/2007 to 10/31/2007
Le Borien, Switzerland 14246 8/6/2007 to 09/02/2007

PlaineMorte, Switzerland 3213 3/13/2007 to 03/15/2007

For the evaluation purposes, we implemented a Java
event-driven simulator. The goal is to evaluate the
effectiveness of the proposed approach in reducing the
size of transmitted data compared to sending the exact
value represented in binary. The simulator was validated
using randomly selected values by matching the obtained
output with the hand calculations. A performance
comparison between the two approaches is made based
on the three real datasets mentioned in Table I.

In each simulation, we assumed that all sent values are
from the same sensor node. The idea is to compare the
size of transmitted data by a single sensor in which the
result can be generalized to any number of sensors. In
each simulation, the sensor node is located in one of the
three previously mentioned locations and is set to employ
one of the two approaches.

Fig. 3 shows the evaluation results for the three
datasets based on the size of transmitted data. As shown
in the figure, the total number of transmitted bits, using
the exact value approach (referred to by Exact), is 138624,
23556 and 329835 for the three data sets Le Borien,
PlaineMorte, and Le Génepi respectively. The result of
each data set was compared with the result of using the
difference value approach (referred to by Diff) for the
same data set. Based on this comparison, the difference
value approach reduced the number of transmitted bits by
36% in Le Borien, 61% in PlaineMorte and 49% in Le
Génepi. The results prove that the difference value
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approach reduced effectively the size of transmitted bits
by that sensor.

Number of Transmitted Bits

350000

300000

250000

200000
W Exact
150000 —

Diff
100000 - —

50000 - —
0 - .

Le Borien

Plaine Morte Le Génepi

Fig. 3. Total number of transmitted bits using exact value (Exact) and
difference value (Diff) approaches

Based on the number of transmitted bits, the energy
consumption is calculated. Fig. 4 shows the energy
consumptions for the three datasets. As shown in the
figure, the total energy consumption, using the exact
value  approach, is  0.00694506239999929  J,
0.0011801556 J and 0.0165247334999999J for the three
data sets Le Borien, PlaineMorte and Le Génepi
respectively. The result of each data set was compared
with the result of using the difference value approach for
the same data set. The difference value approach reduced
total energy consumption by 36% in Le Borien, 61% in
PlaineMorte and 49% in Le Génepi.

Energy Consumption in Joules

0.018
0.016
0.014
0.012

0.01
0.008 —
0.006 —
0.004 —
0.002 —

0 -

Le Borien

W Exact

Diff

Plaine Morte  Le Genepi

Fig. 4. Total energy consumption using exact value (Exact) and
difference value (Diff) approaches

Table 1l shows another comparison based on the
maximum and the minimum number of transmitted bits in
packets. The median values are also shown. The first
three columns, “Exact Value” columns, show results of
using exact bit representation for values. The other three
columns, “Diff Value Approach” columns, show the
results from using the difference value representation.
The difference value representation has much less median
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values (1, 2 and 1) compared to (8, 6 and 6) for the three
cities. The same observation is also noticed in Table 11l
with comparing energy consumption. The median values
for the proposed approach are less than those values with
exact value bit representation.

TABLE Il. NUMBER OF TRANSMITTED BITS RESULTS BASED ON MAX,
MIN AND MEDIAN COMPARISON

Exact Value Diff VValue Approach

Max  Min Avg Max  Min Avg

Le Borien 9 6 8 9 1 1
Le Genepi 8 1 6 8 1 2
PlaineMor. 8 1 6 9 1 1

TABLE Ill. ENERGY CONSUMPTION RESULTS BASED ON MAX, MIN AND
MEDIAN COMPARISON

Exact Value Diff Value Approach

Max Min Avg Max Min Avg
LeBorien g 51F 47 4.01E-07 5.01E-07 5.51E-07 15E-07 15E-07
5.01E-07 1.5E-07 4.01E-07 5.01E-07 1.5E-07 2.0E-07
PlaineMor. ¢ y1¢_ 07 15E-07 4.01E-07 551E-07 1.5E-07 1.5E-07

Le Geénepi

VII. CONCLUSION

Due to the limited energy in sensor nodes, data
transmission and representation play a crucial role in
WSNs lifetime. This paper presented an approach to
reduce the energy consumption for a sensor node based
on sending the difference value of two successive
readings instead of the actual reading values. This
difference value reduces the size of the payload of the
transmitted data. A special simulator is implemented to

evaluate the proposed approach on a real sensors data sets.

Results show that the Difference value approach achieved
better performance than the exact value approach.

Our future work aims to consider more enhancements
on bit representation as compression. Another possible
extension of this work is to utilize clustering techniques
to send the proposed difference values by a subset of
sensor nodes.
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