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Abstract - The wireless sensor network (WSN) is a
distributed, self-organizing network of a set of sensors
designed to track physical phenomena or environmental
conditions. By relaying messages from one element to another,
the coverage area of such a network can reach several
kilometers. In this paper, a uniform distribution has been used
to distribute several nodes (sensors) within a circular area, all
the used nodes with the same initial energy. The main problem
of WSN is the gradual depletion of energy during the process
of transferring data from one node to another down to the
manager node (base station). The goal of this paper is to
maximize the lifetime of the wireless network as much as
possible by using one of the optimization techniques called
linear programming (LP). The proposed system has been
tested and implemented by using General Algebraic Modeling
System (GAMS).
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1. INTRODUCTION

Today, the term "wireless sensor network" is understood as
wireless mesh networks with low data rate and ultra-low
power consumption, which can be used not only to collect
readings from sensors, but also to transmit information of
another type (for example, control commands). Such
networks have many practical advantages with respect to
wired systems. For example, they no need to lay cables for
power supply and data transmission. Low cost of
installation, commissioning and maintenance of the system,
minimum restrictions on accommodation wireless devices,
the possibility of introducing and modifying the network
operated object without intervention in the process of
functioning are other their properties. In addition, reliability
and fault tolerance of the entire system is better if it is
compared to wired systems.

The wireless communications in wireless sensor networks
(WSN) are popular in last year’s [1]. They are different from
the other wireless networks such as Mobile Ad-hoc Network
so they are combining of large number of mini-size sensor
nodes and a few Base Stations (BS) or sinks. Each node is
consists of sensing, processing, transceiver and power units.
The nodes have low battery and limited processing unit [2].
In the network environment, sensor nodes sense events via
sensing unit, collect and process their data via the processing
unit, and transmit them to BS/neighbor nodes via
transceiver unit. One of the reasons of development and

progression of the WSNs is using the inexpensive, small, and
affordable sensor nodes. Therefore, WSNs are used in many
applications such as civil, medical, military, governmental
and probability-based applications as volcano [3]. In
addition, these networks have self-managing property so
they can adapt in different conditions by various protocols.
Thus, adaptive protocols implementation are an important
issue in the network design. For this reason, the resource
limitation of sensor nodes are significant factor in the
implementation phase. The protocols must use the
processing and power units efficiently. Therefore, the most
researchers are concerned on these problems in the recent
years as especially on the energy saving. Although, energy
saving has tradeoff with some of the design factors such as
reliability or system overhead, it is a need to maintain
balance between all the factors [3]. In particular, it is an
important justification and requirement in real-time large
data transmission.

The designer must have enough information about design
factors, communication architecture and stack protocol of
the WSNs in designing appropriate protocols. The design
factors in the WSN are standard in the protocols
implementation. In fact, they play a guideline role and
designers can use them even to compare with other models.
They are usually reliability, topology, scalability, power
consumption, data reports, and transmission media. The
WSN stack is consists of five layers and three planes. The
layers are physical layer, data link layer, network layer,
transport layer, application layer [4]. The planes are power
management plane, mobility management plane and task
management plane. In this paper, the data report (delivery),
delays rate, and energy efficiency are focused more than the
other design factors because its goal is transmitting big data
streams in real time applications. Therefore, a dynamic
routing protocol is proposed by controlling energy
consumption and optimal using of the processing unit.

WSNs consisting of spatially distributed autonomous devices
using sensors to cooperatively monitor physical or
environmental conditions, such as temperature, sound,
vibration, pressure, motion or pollutants, at different
locations [5]. Sensor nodes in large number are densely
deployed either inside the actual phenomenon or very closed
to it to monitor the environment [6]. This fast growth of
WSNs has resulted in focus being given into solving the
challenges that has to face. One such challenge is to
maximize the network lifetime while the nodes remain
monitored constantly.
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The main tasks of a sensor node are to collect data
(monitoring), perform data aggregation, and then transmit
data. Among these tasks, more energy is required in
transmitting data than processing data. The most recent
efforts on optimizing the wireless sensor network lifetime
have been focused on routing protocol (i.e., transmitting data
to the base and data request from the base to the sensor
node). The dense and random deployment of sensor nodes
also makes it almost impractical to recharge such a large
number of devices. Each low-cost sensor node has only
limited resources such as power, computational ability,
bandwidth and memory [7, 8].

Once a sensor node consumes all its battery energy, it will
“die” - disappear in the network. The network may stop to
work when the remaining sensor nodes are not sufficient to
complete the assigned tasks. Energy efficiency is a central
issue in satisfying sensor network functionalities and
extending system lifetime as shown in figure 1.
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Fig -1: A Typical Sensor network architecture [2].

In the WSNs many challenges are still to be faced before they
can be deployed on a large scale. The principal challenges
related to WSN implementation are [5, 8].

Energy efficiency: Energy saving in the WSNs is a critical
issue. However, it is expected that network live for a
relatively long time. It is a very important design factor when
the charging or changing the battery in the application
environment is impossible.

Communications: The WSNs are often deployed in
infrequency and different condition environment such as
forests, mountainous, underground or underwater regions.
Therefore, the communication media may vary according to
requirements of the area to be applied.

Data processing: Data compressing and data aggregation are
importantissues in the WSNs because limitation of energy in
nodes and low quality communication. Data reports are
usually four types in WSNs as event-based, query-based,
time-driven, and hybrid types. Therefore, the applying this
with a good method is an emergency design factor that has
effective role in energy expenditure.

Resources: The resources are scare in the WSNs than ad-hoc
networks protocols. Protocols for sensor networks must try
hard to provide the desired QoS by the minimum
consumption of resources.

Scalability: WSNs are consisting of many nodes which they
have low energy. Therefore, their lifetime is short. Therefore,
we can expand helper nodes to network depending on the
application. Thus, the scalability of protocols for WSNs must
be explicitly considered at the design stage. It should be
noted that scalability measure should not seriously harmed
to other design parameters.

In this paper, we focused the energy efficiency issue and
proposed a new method based on linear programming
method.

2. PROPOSED LINEAR PROGRAMMING METHOD

Energy efficiency is debatable in all layers of protocol stack.
For example, in collision, packet overhead, latency,
overhearing and idle listening are discussed and focus on
their management to reach energy efficiency. Energy
conservation methods in the WSNs can be realizable in the
three categories such as shown in the Figure 2. The
researchers in the WSNs referred several methods for energy
saving in whole networks such as data aggregation via sensor
nodes or Cluster Head (CH) nodes, changing sensor mode to
sleep/wake up, maintenance network in connective state,
learning methods for finding paths and MAC protocols (e.g.
when use of collision management in network) so mention in
the Figure 2.

[ Location-Driven

Topology Control
Connection-Driven

Duty Cycle . On-d d
Sleep/ Weak up n-deman

Protocols Scheduled

Rendezvous

Power Management

Energy | Asynchronized

Efficiency— Content-based
Schemas MAC Protocols
Learning-based Content-Free
Data-Driven— .
Data Aggregation
Data Reduction -
) . Data Predication
Mobile Sink
Mobility-based
B Mobile relay

Fig -2: Energy Efficiency schemas in the WSN [10].

All measures are realizable by an energy efficiency routing
protocol. The proposed the routing protocol is based on a
linear programming method.

A mathematical optimization problem is one in which some
function is either maximized or minimized relative to a given
set of alternatives. The function to be minimized or
maximized is called the objective function and the set of
alternatives is called the feasible region (or constraint
region). We further restrict the class of optimization
problems that we consider to linear programming problems
(or LPs). An LP is an optimization problem over R, wherein
the objective function is alinear function, that is, the objective
has the form:
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CiX1 + CoXz + " + CnXp .. 9]

For some ci € R where i = 1,...,n, and the feasible region is the
set of solutions to a finite number of linear inequality and
equality constraints, of the form:

AirXi + AizX2 +** + AinXn < biwherei=1,.,s... (2)
and
Qj1Xi + AjzX2 + =+ AinXn=bj Where i =s + 1,..,m... 3)

A. LP Development

Linear Programming is a robust tool for demonstration of the
wide range of applied optimization problems. Development
of LP model is consist of four step that they will be used in
our system model for maximizing WSN lifetime based on
linear programming equations.

1. Identification and labeling of the related decision variables.

2. Specify the objectives of problem and use the identified
variables to write an expression for the objective function.

3. Specify the explicit restrictions and write a functional
expression for every one as linear or inequality equations.

4. Specify the implicit restrictions and write related
functional expression for every one as linear or inequality
equations.

B. LP to Solve Optimization of Maximizing Lifetime

We consider the distributed estimation by a network
consisting of a manager node and a number of sensor nodes
(In this project we have used 10 sensor nodes), where the
purpose is to maximize lifetime of the network overall. The
optimization problem of network lifetime includes three
components:

i. Optimize each sensor node by optimizing the source code.
ii. Optimize the throughput of each sensor node.

iii. Optimize the root path from each sensor node flowed to
manager node.

In order to meet and implement the previous three
components we have developed two linear equations in
GAMS [11] optimizing software (a brief explanation of GAMS
will be in the next subsection C). The two developed
equations as shown below:

Parameter d(ij);
d(ij)=sqrt(power(point_x(i)-point_x(j),2)+power(point_y(i)-
point y(j),2));... “4)
Parameter Ptx(ij);

Ptx(ij) = (ro + (E * power(d(ij),alpha)));... (5)

Equation (4) is developed for calculating the distance
between each tow nodes i and j. The variables x and y
respectively are the x-coordinate and y-coordinate of each
sensing node. Equation (5) is developed for calculating the
root (ro) from each sensing node (when this node is being a
transmitter node (Ptx) where P is the power of this node)
based on the energy (E) of the transmitter node and the
distance from the transmitter node (i) to the received one (j).

The main characteristics of equations (4) and (5) are:

1. The flow of the network is from one node toward the
manager node depending on the order (ord) of the node
when the nodes have been distributed.

2. There is no chance for each sensing node for sending data
or energy to itself.

3. Checking the energy level of each node before the sending
process.

In order to meet the previous characteristics, we have
developed the following two LP equations:

maximize_t define objective function
equaé6(i)
equa?7(i);

maximize_t.. z=e=t;

equa6(i)$(ord(i)>1).

sum(j$(ord(j)>0),f(ij))-sum(j$(ord(j)>0),f(j,i))-s*t =e= 0... (6)

equa7(i)$(ord(i)>1).

sum(j$(ord(i)>0),Ptx(ij)*f(i,j))+sum(j$(ord(j)>0),Prx*f(ij))=l=e

2. )
C. GAMS

The GAMS software (General Algebraic Modeling System)
was originally developed by a group of economists from the
World Bank to facilitate the resolution of large and complex
nonlinear models on personal computer as well for solving
linear models. In fact, GAMS allows solving the simultaneous
nonlinear equation system based on follow properties, with
or without the optimization of some objective functions.

i. Implementation is comfortable.

ii. Transferability and portability feature is easy between
systems and users.

iii. Technical updates are easy and it supports the new
algorithms.

The seminal GAMS system was file oriented. The program
mustbe created in ASCII format with any one of the usual text
editor run by a DOS command. The development of GAMS-
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IDE interface in the late 1990s makes it even easier to use.
GAMS-IDE works as a general text editor compatible with
WINDOWS and offers the ability to launch and monitor the
compilation and execution of typical GAMS programs [12].

GAMS is a displaying framework for streamlining that gives
an interface an assortment of various calculations. The client
provides models to GAMS in an information record as
arithmetical conditions utilizing a more elevated amount
dialect. GAMS then assemble the model and interfaces
naturally with a "solver” (i.e., enhancement calculation). The
assembled display and the arrangement found by the solver
are then detailed back to the client through a yield record.
The straightforward outline underneath delineates this
procedure. See figure 3.

Optimization
Solver

GAMS
Compilation
of Model

Input File:
Model

Output File:
Results

Fig -3: GAMS Processes [13]

We use the follow functions in order to name of the
extensions files of the conventions.

Input file: Filename.GMS
Output file: Filename.LST

So, compiling and executing of the input file are realized by:
GAMS filename

The GAMS inputfile is in general organized into the following
sections [12]:

e Determination of required data and their indexes.

e Definition of the variable names and types and then
mathematical equations particularly restrictions and
objective functions).

e Determination of initial values, valid bounds and specific
possible options.

« Call to the optimization solver.

The format of the input files is not rigid (although the syntax
is) as the reader will verify with the GAMS listings provided
in this case study. In addition, there is a rather large number
of keywords to provide the flexibility for handling simple and
complex models (all in equation form, however, since
routines or procedures cannot be handled).

3. EXPERIMENTAL RESULTS

In this paper, we focused on the energy efficient routing
problems in the wireless sensor networks and proposed a
new method based on linear programming for maximizing
network lifetime as a solution. For reach it, data generated at
each node and equally initial energy value. We get an optimal
result by maximizing the lifetime of the network. Getting a
high energy when tracking from hop to hop (from sensor
node to the next sensor node) reaching to manager node will
be a good factor and most important parameter when trying
to design a wireless network.

The relationship between the radius of the circular network
overall and the lifetime of the WSN is a positive relationship.
That is true and that it what we get as a result. We used 10
nodes with the initial energy (1 joule) and the distribution of
these nodes in my experiment is random distribution (i.e.,
the distance among nodes not equal) in meter unit. Figure 4
shows the relationship between the radius and the WSN
lifetime.

Figure 5 shows the number of iterations needed to reach the
maximum lifetime of the designed WSN, also this figure
shows the number of in-variable and out-variable of each
node, in this paper we are focusing on the number of
iterations to get optimal result. In the figure 4, when the
radius is (200 m) then the maximum lifetime is (8588313.10
s). Figure 6 shows that the optimal solution (maximum
lifetime) of the designed WSN by using LP is
(8588313.103448 s) these resultis accepted and expressed
as an optimal solution.

4. CONCLUSION

Optimal planning of WSNs is a mind-boggling issue, because
of the high level of adaptability of flexibility of this kind of
network. Hence, it is attractive to have apparatuses that
bolster this assignment. In addition, as arranging is normally
in view of streamlined system models, the dependability of
arranging apparatuses is essential. This paper has exhibited
an advancement system to all the while augmentlifetime and
limit the normal number of bundle bounces for WSN
systems. Moreover, we have likewise composed a calculation
that accomplishes comes about tantamount to an
advancement issue. In both cases, we have considered two
sorts of hubs: hubs with enduring batteries, or essential
hubs, and hubs with standard batteries, or optional hubs.
The objective of the streamlining structure and the task
calculation is to send essential hubs, with the goal that
lifetime is boosted. The enhancement system comprises of
two LP issues.

The first characterizes an arrangement of limitations to
expand lifetime, though the second one is intended to
advance stream assignments, limiting the normal number of
bundle jumps, once the extreme lifetime is known. As the
streamlining system depends on an improved model, we
have additionally played out a few recreations of more
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reasonable systems to approve the enhancement comes
about. Reenactment comes about display a nearby similitude
with those of the improvement, which proposes that the
streamlined system demonstrate in the advancement
structure is substantial.

We investigated the stream directing issue for WSN with the
target of expanding system lifetime existing stream steering
arrangements. For augmenting system lifetime, require
information created at every hub and similarly beginning
vitality esteem. We get optimal result by augmenting the
lifetime of the system. Getting a high vitality when following
from jump to bounce (from sensor hub to the following

calisma_moharmed_crck.st | mohammedput  calsma_mohammed_eircle. gins

wn C:\Users\M.R\Documents\ gamsdinprojir| calisma_mohammed circlelst
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sensor hub) coming to manager hub is a decent element and
most imperative parameter when designing a wireless
network.

The theoretical lifetime result while using LP for designing
WSN is (8588313.10 s) when the radius is (200 m), we get
an optimal result (practical lifetime result) equal to
(8588313.103448 s). This result is perfect and we got
maximum lifetime for proposed WSN in this paper, the goal
is done.
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Fig -4: Output result shows the relationship between the radius (in meters) and the network lifetime (in seconds).
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Fig -5: Number of iterations to get maximum WSN lifetime.

© 2018, IRJET

Impact Factor value: 6.171

| IS0 9001:2008 Certified Journal

Page 1358



’, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 05 Issue: 05 | May-2018

www.irjet.net

p-ISSN: 2395-0072

=& No active process
calisrma_mohammed_circle

=S oy ===

24 SE66944. 682431
25 9568313.10344¢8
LP status(1l): optimal

£(nl0.n5}
£ (n6.n%}

optimal sclution found.
Cbisctive : E5EB313.103448

--- Bestarting sxscu
c.gma(83) 0 Mb

odel sensor

—-- Executing after solve: =lapsed 0:00:00.234
—--- calisma_mohanmed circle.gms(39) 3 Mb

—--- Generating LP model sensor

--- calisma_mohanmed circle.oms (33} 3 Mb

--- LOOPS FOR/WHILE = 3

--- 19 rows 101 columnas 263 non-zeroes
-— Emecuting CPLEX: elapsed 0:00:00.285

IBM ILOG CPLEX Jul 4, 2010 23.5.1 WIN 18414.18495
Cplex 12.2.0.0, GAMS Link 34

Reading data...

Srarring Cplex...

Tried aggregator 1 time.

LP Presolve eliminated 1 rows and 19
rows, 82 columns, and 243 nonzeros.
0.00 sec.

columns.
Reduced LE has 18
Presclve tipme =

<

£ (n6.n8)
cqua2(n5) slack

VS8 x36/MS Windows

Close Openlog | I~ Summary only W Update

Fig -6: Status of the designed network.
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