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Abstract: The advances in communications and informatio

technologies have been playing a major role inaaflects of our
lives. One of those majors’ aspects that affectdaily lives is the
power grids which lead to what we call Smart Gri@se of the
major challenges in these grids is to optimizedbesumption and
resources. This paper presents an optimized jotkedsdimg
approach using genetic algorithm which providesimimum cost
for completing different tasks in a grid environrhenin grid
environment different independent appliances aegist) the same
resources depending on the availability of resaiece the need of
these appliances to run. There are different johedaling
approached starting from typical strategies, Anto@Gpl(AC) and
Genetic Algorithm (GA). In this paper we preserdost optimized
Genetic Algorithm approach for appliances job sciied by
considering different parameters like job duratitime, the
resources availability and the job priority to &tafhe proposed
approach is tested using a simulator written in pregramming
language. The results show that the total savirapgt is better than
the previous approaches.

Keywords. Smart Grid, Job Scheduling, Genetic Algorithmsn&or
networks.

1. Introduction

gonsidered as an appliance because it needs tharged

when empty.

Table 1. Energy consumption and cycle durations of the
appliances.[10]

Appliance I(Eergy consumption Duration (min)
Washer 0.89 30
Dishwasher 1.19 90

Dryer 2.46 60

Coffee Maker 0.4 10

PHEV 9.9 60

AC 15 60

Different appliances with different power consuroptiand
different priority to run are the main componenfsgads.
These appliances need to run in an optimized matmer
make sure all appliances got the required powenmowith
the minimum cost.

In Grid environment jobs are scheduled by usiaditional
scheduling algorithms to achieve the goal of casimizing,
some traditional scheduling algorithms are: Firetn@ First
Served (FCFS) and Shortest Job First (SJF) whi¢hnet

Grid Computing technologies are considered as a n§yérform well with grid environment. Modern algorits are

evolution in distributed heterogeneous systemsl{3hcuses
on sharing and utilization of the available resesrdo
different applications. It is used to solve compferblems
such as scientific, engineering and business. Ressun
grids are dynamic and the applications (appliancas)run
at any time. Hence, the job scheduling is an ingrissue
in grids. Due the nature of appliances connectetthie¢ogrid,
traditional task (job) scheduling is a time consugniwhile
the introduction of genetic algorithm to take thask of
scheduling will shorten the task scheduling timd #dre cost
and improvement of the grid performance [6].

Using electrical devices that consume electrigityun their
operation, such as Dryer, Dishwasher, Air cond&mn

Coffee maker embedded with sensors. These eldctrica

devices have a diversity of power consumption armaumal
even the same device with different programs hafferent
power consumption and if scheduled according tce twh
starting in, it will reduce the final cost. Eachvie is
attached to a wireless sensor to gather informatlmare it
with the grid, these sensors should be deployeefdr in
order not to impair the lifetime[16] of the gridshieh is
represented by grids.

Each device has its own duration time and amouenefgy
consumption level for each run. Examples of appksnand
the amount of power need to run in a specified titurgime
are shown in table 1[10].

According to [12] rechargeable battery (PHEV) ca@ b

introduced to perform job scheduling in a profesalovay;
it is Genetic algorithms.
Genetic algorithm is technique that used in conmgufield
for propose search to find the best solution thataown as
exact or approximate solution to approve the opttidn
and search problems. The genetic algorithms aegogted
as global search heuristics, the operation modsédan
biological evaluation such as selection, crossowengd
mutation.
The genetic algorithms approach is usually comgjstif the
following steps:

— Creation an initial population

— Computing the fithess of each individual
While (not stopping condition) do
0 Select parents from population.
o0 Execute crossover to produce offspring.
o Perform mutations.
o Compute fitness of each individual.

o0 Replace the parents by the
corresponding  offspring in  new
generation.

— Repeat
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2. Related work

[2] have proposed system to monitor and controbtice
environment that connected with smart grid to saledhe
tasks according to policies defined by the user.
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In [8] the authors investigated the genetic alhonit{GA) in
order to optimize sensor node’s energy consumpfldrey
used multi-objective algorithm that establish optimumber
of sensor clusters with cluster heads and decrgdbkan cost
of transmission.

They applied and tested the system in a living lalphe parameters that used to compute the perform@nGé
environment. The results showed show an interestinge affected through number of factors such as: the

economic savings of an average of about 35%. Amdhen
interesting result is the power saving is about 16%0% in

building that also contains renewable generatiantsl

The authors in [12] proposed frame work for schiedul
residential energy consumption. Authors claim tkis

proposed framework helps to decrease the costestygbill

and minimize the waiting time to operate each devithe

population size, the probability of mutation andssover,
and the method of replacement. Tables 1 and 2atwlithe
WSN parameters and final GA parameters, respegtivel

Table 2. WSN and GA parameters used in [6]

period that taken by authors to study the consumpis

between September 1st 2009 to December 31st 20® (1

days approximately four months). They used in the

experiments variable number of electrical deviams dach
day from 10 to 25, which can be categorized into parts:

fixed consumption devices like lighting and elecstove the

other part is varying consumption energy such alveasher
and PHEV.

The results showed reducing the user cost withatéztu of

the peak time to average ratio in load demand.
The authors in [1] studied an offline schedulingktahat

depends on the user to send a request to run plgage

during a time slot and the proposed approach witl the

WSM PARAMATERS
Parameter Value
Mode distribution 30%*30 m®
Initial population sise 4
Bit for representing every sensor nodes 3
Batiery capacity (0. 15)
Locarion of sink node (0,00
o]
Mumber of sensor nodes 100 200, 400
GO0
GA PARAMATERS
Parameler Value
Mutation rate 004
Crossover rate o7
Max Generations L B0

best and the minimum cost for his request. Theatbg of
this problem it is able to schedule all requests wiinimum
total electricity cost. For this reason, they pregd
polynomial time offline algorithm in order to ache the
optimal solution and it is able to optimize the dim
complexity to O (n T log n) where the time comptexi
before the optimization is O (n2T).

In [13] the authors proposed new technique to gt of
jobs that have common features and then schedese flobs
by using an enhanced genetic algorithm, the gragggss
depends on some features that such as mobilitpures
availability and job completion time. The resultsow a
performance improvement in job scheduling and mizem
the job completion time

In [15] the authors developed new efficient mettmdet the
fairness requirement for any operating system. Th
proposed a Distributed Weighted Round-Robin approbat
based on genetic algorithms to distribute the tésk€PU in
a multiprocessor computer in a fair way. The schiedu
complexity problem dependents on the number ofgsears
(p), task processing time (Ti) and precedence cainss.

In [17] the authors mentioned that Genetic alganglcan be
used for searching good solutions for differentdkiof
problems, although this paper focus on find goddti&m for
tailbiting codes, they give good indication abouen8tic
algorithms and their use in searching optimal $mhst

The experiments are applied on two computers: itisé i
sun ultra on 140 MHz with 64 MB RAMS and the secdsd
Alpha station 600 on 333MHz and 256 MB RAM.

The Test problem consist with two problems are |emb

with 452 tasks which scheduled onto 20 processat an

problem with 473 tasks which scheduled using 4 gssors.
They claimed that proposed approach shows achimwgate
proportional fairness and high performance for\zerdie set
of workloads.

They used MATLAP simulator to implement number of
experiments with different values of these pararsetéhe
experimental results showed that their approachgemerate
optimal clusters and minimizes the cost of transiois

In power grid, generation capacity is consideredrgmrtant
topic to meet the peak hour load demand. The sgnarthas
been proposed by update the traditional grid toexehnew
type of electricity grid with more reliability ecomically and
sustainability electricity service.

The load demand through on-peak hours is much rahga
the load demand through off-peak hours, so whendad
demand is high, the power consumption cost wilhiggs.

The previous work it was achieved one objectivetto$
problem with minimize customer's cost. After thdiet
authors in[Melike E. and Hussein M. 2011] resoltesl load

e§(:hedu|ing problem with multi-objective optimizatio

problem (CMOP).

And they evaluated the performance of two algorgthame:
load scheduling with EA (LSEA) and load schedulimigh
E-approximate (LSEA), that are implemented by using
Matlab 2011b software on computer machine withadert
specification , the capacity of CPU is 3.4 GHZ @B of
the RAM memory.

The results showed the objectives that optimizdcd li
minimize the energy consumption cost and maximize t
certain utility.

3. System Description

This paper considers a smart grid that connectgtaof
inelastic appliances power supply. The power supplthis
ystem is of two types the ordinary power suppbt ttame
from Generation Company, and a battery bank at the
consumers’ end for energy storage. Because of the
continuous charging and discharging of battery bémk
operating life will be affected. To overcome thiwitation a
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controller can be used to control and regulatectmarging
process in the battery bank. Also an inverter ieduso
convert the DC in battery to an AC before supplythg
appliances. A detailed description of system corepbris
discussed in the following subsections.

3.1 Grid power supply

This power supply is the traditional power suppbmes
through wires to be used by consumers. This powpplg
cost is calculated by a smart meter as a parteofjtid, and
this power supply has two main prices; peak houar Gff-
peak hours.

3.2 Battery Bank

The battery bank is used in the consumer sideotre gtower
during the off — peak time and this power is usgdthe
appliance as a priority at the peak time. We asduimt this
power supply is fully charged at the first time disend the
price of this power supply is added to the costthugé
consumer power cost with an assumption of 10 yifarof
battery.

Most of the appliances met the amount of power his t
power supply and as mentioned this power supply lvél
recharged at off-peak time with low price power @ypthe
discharge amount is limited to maximum of 2/3 af tfower
stored in this power supply.

3.3 Energy Demand

This proposed approach considers the power denwaata
particular time instance with a particular amoultit.the
demand is at off — peak hours it will be suppligdthe grid
on the other hand if the demand is at peak hoarptiority
to supply is for battery if the amount is partiatly totally

covers the demand otherwise the grid will cover the
remaining demand or the whole demand dependinghen t

battery status.

This optimization approach runs for 24 hours podemand.
The main goal of this approach is to minimize tbilt cost
so at any time the demand is requested the povpglies
should give the demand requests either by battetiyeogrid
power supply as discussed before.

4. Proposed Optimization Algorithm

Evolutionary Algorithms (EA) are a group of optiration

and global search procedure which use the maine thr
selection

principles of natural evolution: natural
reproduction and diversity of the species [4]. Giene
Algorithm (GA) is part of Evolutionary algorithmshich use
the probabilistic rule translation, i.e stochasigorithms.

This paper uses Genetic algorithms [14] to minintieetotal
cost of running a set of appliance in a home bwtang the
best order string (child) of running appliances.

In our work we consider the power cost as a read-ttask
scheduling problem where each task has a startmg t
(release time), duration time and end time. Thk &l start
at starting time and take a duration time running finishes
at stop time, during this process the cost is ¢ated and
added to the total cost for all appliances.

As finding the optimal solution in our proposed agzh is
an NP —hard because you need to find all possdilgians
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and find the best. Thus in our proposed approackui¢he
searching space by using the Evolutionary Algorgh{faA)
especially the Genetic Algorithms (GA); discussedobe; a
global probabilistic search method based on nageiaiction
and the population genetics, is used in [3].
The main goal of our job scheduling approach isigimize
the power cost after running the appliances in @ogeof
time; in general the use of Genetic Algorithms (G&\Hdone
in five steps.

1. Initialization
An initial population is randomly generated; thentemts of
each generated string should be unique. Each signg
generated depending on some variables such as etonpl
time, priority of execution and delay of starting.

2. Fitness functions(Evaluation)
At this step each string initialized in the pre\sostep is
evaluated. As the objective of our approach is toimize
the cost depending on the order of appliances nmh a
completion time we used fitness function of timeveleped
and used in [6].

3. Selection
At this step a selection operation is executedeiecs the
higher two strings to be the parents for generatimeg new
string (child), for selection the traditional rotiee wheel
selection is used to select the best strings(psrent

4. Crossover
At this step two parts of each string are exchargefibrm
new and hopefully best parents. Our proposed approses
Blend crossover (BLX)[7]. Figure 1 shows an exampfe
crossover operation.

Crossover Points

- -
7. 0 | Jrz2 Ji3 | J2za Jz22 f03a Saa
= |[o]1]o]o]n1 1 [0 |
J1.a F1,2 J=za Jz2 Js1 J3.2  Jaa
w[i1JofJi[ofofo]]
* After Crossover
Jia Jie Jis  Je=2 i jsa Js |:1' Fa
= o | 1 | o | o) | 6"1"‘1 | o) |
Jia S e Jany Fan 32 JFan
= | 1 | (o) | "f“1"(i | 1 | 0 | 1 |

Figure1.: Crossover Selection Example [6]

5. Mutation
Ihis step is used to prevent the parent selectrom f
randomness and local minimum.

Mutation Points
/ AN

. N . B .
Jiu 12 Ji13 76 J22 731 4l

g |0 1T [O0O]O0O]O0O[1]|]1

Jut Ji2 Jiz o a2 J3a Jad
g 010,01 |0]0]1

After Mutation

Figure 2. Mutation Method Example [6]
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It works as a background step to ensure the diyeri
genetic population. There are various types of tiora
Flipping, Interchanging, Reversing, Uniform mutatiand
non-uniform mutation. This paper uses non-uniforotation
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sure that the proposed scheme is able to run im payver
demands.

Figure 3 show the result of the first experimenticlth
include the comparison between the proposed sclmrde

used in [4]. Figure 2 shows an example of mutatioresults from [11]. This scenario runs using 6 desiounning

operation.

The proposed work stars by collecting the evewtss)j from
appliances through sensors to generate the ipijpdilations
then these populations are used by genetic algusitand
steps discussed before to find the best and opaizder of
events to be run depending of a set of constraistsussed
before. The new child generated from initial pasdasttested
and evaluated in the next section.

5. Experimental Resultsand analysis

In this section the performance of the proposecsehis

discussed by running different experiments. The nmap

performance metric used to evaluate the proposhdnse
versus the other schemes is the total cost in doRiaar
(JD) for running the home appliances over diffengatiods
of time.

Table 3 summarizes the parameters used during t
simulation study. Our simulator is written using €+
programming language running under Ubuntu operatir

system.
Table 3. WSN and GA parameters used
Parameter Value
Simulation Time 20 — 210 days
Number of devices 4 , 6 devices

Onpeak 0.62 $/ Kwh

Power Prices (Jordan)

Off Peak 0.52 $/Kwh

In this section we will discuss the results for feposed
scheduling scheme against the schemes proposgf Finfds
Al Balas et al. 2016]

=4==Proposed Scheme for/6 devices

——Traditional off peak and peak for /6 devices
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Total cost of the electricity usage
of the appliances {S)

Figure 3. The total cost of the electricity consumed for 6

devices for proposed scheme and traditional power
consumption

The comparison is done by running the proposednsetan

different scenarios including changing the numbédr e

appliances and also make some appliances repegadvitsr

request more than once a day. The scenarios cdner

average and high demand on power supply at homaske

during off-peak and peak. The results show thatethe a
large saving in cost especially when run for a lénge. This
cost reduction is due to using genetic algorithnos f
scheduling by finding the best order of applianaaning
period that avoids peak time while trying to gendf from
battery bank during the peak hours.

Figure 4 show the result of the second experimédmntiw
include the comparison between the proposed sclmrde
results from [18]. In this scenario the 6 devicaes during
off-peak and peak hours with the support of
Solar Photovoltaic (PV) Batteries in comparison hwithe
roposed scheme. The results show that the promasemne
gets a distinguished cost reduction because ofjubim best
appliance running order without affecting the resjuéme.
This is also due to the optimization of off-peatnei and
battery bank in the proposed scheme.

—4—Proposed Scheme for/6 devices

Traditional off-peak and peak for /6 devices including PV

Total cost of the electricity usage
of the appliances ($)
w
3
4

20 40 60 80 100 120 140 160 180 200 210

Time

Figure 4. The total cost of the electricity consumed for 6
devices for proposed scheme and traditional power
consumption with PV

Figure 5 show the third experiment results by catinga
the traditional with proposed scheme by adding nolenéces
to the scalability of the proposed scheme.

~H=Proposed Scheme for/6 devices

on-off without delay and priority and with PV /12 devices
====Proposed Scheme for/12 devices
=4=0on-0ff without delay and priority and with PV /6 devices

900
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@ 700 _
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8
9 500
F 400

B 200
W
o
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20 40 60 80 100 120 140 160 180 200 210
Time

Figure5. The total cost of the electricity consumed for 6
devices and 12 devices for proposed scheme aritidred
power consumption with PV

It can be noticed that the increase of cost wherblilng
number of devices is reasonable in the propeskdme
¥vhere in traditional power consumption it increasesigh
rates. The reason why the proposed scheme actsnthik
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