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ABSTRACT

Optimal Charge for Electric Vehicle

in Smart Grid Environment

HAN, DAE-OH
Department of Computer Engineering
Graduate School

Jeju National University

Energy i1s very important factor as an essential source of almost every
economic activity. Accordingly, high oil prices and restrictions on fossil fuels
as a resource can cause imbalances in energy supply and demand. The
results would be a damaging effects in the realms of economy and industry.
In this respect, the development of an energy-related technique is now in the
spotlight. Energy management and policy, especially, are growing as big
issues under the environment of Smart Grid.

Smart Grid refers to the next generation of electricity network on which,
by combining information technology with an existing electricity network,
electric power suppliers and electric power consumers exchange real-time
information bilaterally and optimize the efficiency of energy. To develop the
more efficient environment of Smart Grid (also known as the intelligent
electricity network), Real Time Pricing (RTP) will apply. In this system,
electric rates will be charged by time rates based on electricity supply and
demand. This policy will induce an economical consumption of electricity and
it will invigorate the market. Efficient use of electronic equipment, usage fees

of which are affected by electric rates, is increasingly emphasized as keeping

- viii -




with the policy mentioned.

As the cost of automotive fuel rises and eco—friendly techniques improve,
electric cars are attracting more attention than ever before. Under the
conditions of Real Time Pricing (RTP) of the Smart Grid, the infrastructure
and charging devices for electric cars have been greatly developed.
Nevertheless, the study of how to reduce energy costs through efficient
charge is as of yet incomplete.

In this paper, we propose a novel approach to maximize energy efficiency
in recharging electric cars using a genetic algorithm (GA) in Smart Grid
environment. This approach not only reduces costs but also makes electric
cars more convenient to use by analyzing cost variances in real time via GA

and by offering users optimal recharging methods.

_ix_
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GA Genetic Algorithm
CPP Critical Peak Pricing
SMP System Marginal Pricing
API Application programming interface
AMI Advanced Metering Infrastructure
RTP Real Time Pricing
PHEV Plug—-in Hybrid Electric Vehicle
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AAA o A" S oA er FHs= W

o Mog vty  Fsh(parameter set), A3

¥ & & (phenotype)

(alternative  solution), tdzzsts fst Fx2A4

(decoded structure)= %3

ZpAA e EAEta e AES MFgAAS B o' At(generation)E
A3stal A= HAl(ndividual) ] & (population) 7Fd] 740 thdt A%
(fitness)7} =& MA7F =& E2ZH Aold®== A A (reproduction)F o}, 3
W zF(crossover) W & A o] (mutation)ol] o] 34l th& Mt fA|ato] A= o
o FAA dagFole AT Sl EE= RAIY FE JHALY A7)
(population size)#ltar FZ 11, ztzhe] 7fAl= o A A (chromosome) & ¥3 3Hc},
Hel #+dAHgene)ol F ol o8 FAEH. AEdAs &
g A A Hekel olaiA g e AMATE AAE AR GAlAM = 17 €]
FAA R st JHAE FdeteE B¢ Brh @A Aol A {FAA
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H A allele)2bal ok AEo] AFgols of® AMAVE 2 JRAY 5A
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FowA BAZ Bolst wEsA Gk AAAAY FA% @

=

Aol a5 dis a1 4, 59 2u2122].

selection

Cross over

o1 o I
5 ..... mutation

- MEIETEE]
- Fitness
i R N : v gvaluation N - B
population ' reproduction
Substitution
I 4. A& daegEs AR
procedure GA()
initialize(Population); Zlggds |
evaluate(Population); CEEET |
while not (terminal condition satisfied) do e, 0

MutationPool = crossover(MatingPool);
Population = mutation(MutationPool),
evaluate(Population);

No
end while

end procedure

|
|
| 7
MatingPool = reproduce(Population);, |
|
|
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W (crossover)= 2709 A AMA Alolo| A FHAE HlEo] Yol N EE A
= AP 7= Aolth wrjH = e W), B ), 5 alwj
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=

=}

2. A2g 74
FAA gae

o |
fite)

el
N

\ﬂl
P

-

AA AR A ZhE ol v

o

=

P GA 7]

o

3

8

13tk 19 10

A
~

TAAMNE &
)=
RN

&

S
&

=

e
____“_l

so] A}

i=]
BE

=
il

=

]EI'I1|

1]

B0
s 717
— 23 —

=

03

3 RER5YH 3 25 dHolH

GAZ|Ur | Ag R =

| 37 23 GO|E s} M
AHgAE o)A

B0
379 2 guelE

ﬂﬁ%iaﬁt
A,

pnanon

il K i by iy

17] vz

S
T

s
—
=

s &

&

S

A8 2
V| #o]

Lo ]
]

F

R

Collection @ jeju

=]



3. #tA 8=dHelH # HolHu X

1) 3A 23doH

2 =TodA AREEE A 85 dHeolHe Hee de=o]lF9 ComEd A
AL ®t RTP(Real Time Pricing) BHE HfE o2 HAA ATt A5 ~w
1
tlojgfo]7] wWZol HaAAZE FAeA gof AAIHL = W= 2EAE
Abgetth 19 112 ComEde] 20083 %= Hit AA|7F a94 dHE HoAFEH
[10].

)

o
-

[
(r

of AFEA e AAt ax HoHE &&F 5 AR ofx AY

12¢

summer

10C 7

46 / fall. winter. spring ]

2am  dam bam Sam l0am 12am 2pm 4pm 6pm Spm 10pm

9 11. ComEd 934} 2008 % S+ AAIZF 8 &4 i€l

H
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e TP 2en AwHon RAG-@), 90, Ead A
o weh A G4l mebd Heaw, aF A 2@ adw aw ol
BE wgor A4s 4AE dch

2) &3 HeolHHlX

ogd WNABA AA Fo Lo

A AN

7t 2739 AHE A H3 optimalcharge DB2] genpool Hlo]E g o]o}2-o]t},

gcof S TYPE 713 Ej Nulls

num_id 2 T4 id | varchar(64) pk no

date el varchar(64) pk no
day Y varchar(64)
midnight A4 varchar(64)
one_time AM 01:00 varchar(64)
two_time AM 02:00 varchar(64)
three_time AM 03:00 varchar(64)
four_time AM 04:00 varchar(64)
five_time AM 05:00 varchar(64)
six_time AM 06:00 varchar(64)
seven_time AM 07:00 varchar(64)
eight_time AM 08:00 varchar(64)
nine_time AM 09:00 varchar(64)
ten_time AM 10:00 varchar(64)
eleven_time AM 11:00 varchar(64)
twelve_time AM 12:00 varchar(64)
thirteen_time PM 01:00 varchar(64)
fourteen_time PM 02:00 varchar(64)
fifteen_time PM 03:00 varchar(64)
sixteen_time PM 04:00 varchar(64)
seventeen_time PM 05:00 varchar(64)
eighteen_time PM 06:00 varchar(64)
nineteen_time PM 07:00 varchar(64)
twenty_time PM 08:00 varchar(64)
twenty_one_time PM 09:00 varchar(64)
twenty_two_time PM 10:00 varchar(64)
twenty_three_time PM 11:00 varchar(64)
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2. 49 &4

S Al

¥ 6 74 37
e a= ¢ o AT EY o H] 31
Microsoft
Intel(R) Core(TM)2 Duo CPU | Windows 7 Pro
HA s dues
E8400 @3.00Ghz, 3.00GB Sun Java SDK Java
Td 2 A3
RAM 1.60_23 Eclipse
SDK 3.2
Microsoft
Intel(R) Core(TM)2 Duo CPU | Windows 7 Pro
AL A
E8400 @3.00Ghz, 3.00GB Sun Java SDK Java
ClE] #| o] ~
RAM NetBeans IDE
6.7.1
Intel(R) Core(TM)2 Duo CPU Microsoft
glolE Ho] X~ E8400 @3.00Ghz, 3.00GB Windows 7 Pro | My-Sql
RAM My-Sql 5.5

o]l FHE o83t Java

A dagEs o] &d AVAEA HAFHE
Aoz gdstlar, e 2 AREA E H o] 2= NetBeano] UE o]~ &
2 Fdstdth AMEEE 3 2FHolB = My-Sals ©]-&3 DBl A 7d3st3d
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A7NEA 454 F8 W 19 199 o] a3t driAbEAt
HAAZzd A7 FAA  dugssS ALstes A" dugs
(genetic_algorithm) 3§71%], Z7] Fxd=} ®Holg e} A HAIZF &7 HoHE
#elsl= dlo]E(data) ¥ 71A], DB} 9 A8k= dbconnect #7]1#], 4 3std A}
2 HOF+= display #HIIAVE QA RIS FHx daEglE H7)1A 9

Gen_Main.java @] 204 A ZE ),

[# Package Expl W‘- i i \i ]
bR C AR
47 Gen E Charge
- &= settings
I = bin
4 [= srC
4 = data
[7] Init_Gen.java
[9] Result_Datalnfo java
[3] Standard_Fitness java
4 [= dbconnect
[J] DBConnection java data
a (= display
[3] showResult java
4 [= GeneticAlgorithm
[J] Crossover java
[J] Evaluate java
[J] Gen_Main java
[3] Mutation java
[3] Reproduction java
[ Result_Tomorrow_Price java dbconnect
[J] selectionjava
¥ .classpath
[¥] project
manifest mf

jenetic_algorithm

display

LR

a9 19 A1A4ER A4 4 A 7@
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1) +32 &8 F 7] X (genetic_algorithm package)

FAA daugF H7IA s AVNASA HAFHA M T S F
gt w 7)Aotk ANE 27 §A12 dHolHE /X1 Hrt, Ae ), =
Aol AES Fal ALEANAl AT HA FHAZE HolHE AT

Gen_Main S+ A FH25S dgste WdEd 2otk Evaluate =)
st HAAE Wl mulE §uAE dday) @ A% LNz Fw
2715 HAAslE Fd 20t Selection FEl2E wvjE {FHAAE Mg F
#220]3, Crossover s Adw Fezol s wujARLS F3g o
Mutation Z#PArE FARE AT EZ Zdwo] Al7|= g ot
Reproduction 2=+ std A28 2 FAAE TIAA MEE
A4 ES wEs Zoroldh 1Y 08 FA4 AudE A FeaE
EF W T
ElReproduction EiGen_Main
Attributes Attributes
- package boolean gen_array[0..*0.*]
blic bool Ope[;miogs* b package boolean gen_evall0.*0..*
public boolean(0.%.0. 7 re_prof package int num_gen = 56

= Mutation
Attributes

Operations
public boolean[0..*0..*] Mu( boo

genetic_algorithm

\

package int genpoal = 48
package int re_genpool = 24
package int end_condition = 10
package Connection con = null

Operations
public void main{ String args[0..*])

ElEvaluate
Aftributes
package String dbdata[0..*0..%]
Elcrossover =l selection package String basis[0..*]
Attributes Attributes package String optimal_basis[0..* 0.
Operations Operations Operations
public boolean[0..* 0. *] cross fuc package int[0..*0..*] e_selection( fl public float[D..*0..*] Evaluate_ Funtic

a9 200w dadgE A S
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2) dlo] g 7] %] (data package)

tlolel A7 A= F32 dagFol AHEH = HeldHEs AdsAY F=3t
= i 71A oIt} Init_Gen == Z7] A9 Reproduction gl A
s AARAZIE FPzolt 0 F 15 o]&3te] 54 gEZ fFHAAE A4
th. Standard_Fitness dl 2~ AAE A4S vE o= DBoA =€ 8w
o]y Fo P77t 1ol @ FHAE FHst= F#: 2otk Result_Datalnfo
Flxae TR s A" Adee HAstol] o] & FHAE <

71#1 9] S AE HERAT

dag gelox Fezolrh a7 21 dog

£
N

=/ Result_Datalnfo EiInit_Gen

Attributes
package boolean init[0..* 0..%]
package intra=0

Attributes
private int COUNT =0
private int genapoal = 48
private int nurm_gen = 56
private float optimal_gen_num = 0.0f

Operations
public boolean[0..*0..*] init_gen( int n

Dperations
public Result_Datalnfof )
public int getCOUNT( )
public void setCOUNT( int COUNT )
public int getgenepool( )
public void setgenepool( int genepool )
public int getnum_gen( )

[Elstandard_Fitness

public void setnum_gen( int num_gen ) Attributes
public float getoptimal_gen_num( ) Operations
public void setoptimal_gen_numi float optimal_gen_ public String[0..* 0..*] lineup( String index_basis[0..*] )

a9 21 "ol #7)A] FH s
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3) display, dbconnect 3] 7] A

dbconnect= #71 QwdHolH DBel w3t A4S #Est= #r)A o th
DBConnetion =27} o] 9&& HF &t} display 7|4 A2 dads
< HAsE A3E E=€ste 7)Aotk ShowResult 2 Ae 32 &g
o] M yEE FAI} HH3} A= HoFr. Result_Tommorrow_price |
= FHAstE AAR 85 dES ARRAA Roled 19 22% display,
dbconnet FH 71 A S HoF

N

AN

_—

>

[ .

dbconnect isplay = EfshowResult
' Attributes
f‘;\ Operations
<’ public void outputi Result_Datalnfc

[EDBConnection ElResult Tomorrow Price
Attributes Altributes
package String urdl = "jdbc:mysql/i” - package int optimalgen_count=0
package Connection con = null package String strsgl[0..* 0..*] = new String[28][56]

package Statement stmt = null
package String userld = "root"
package String password = "408"

Operations
public int[0..*] optimal_price( Connection con, float optimal_gen_nu

Cperations
public Connection dbConnect| )

19 22. display, dbconnect 7] # F# 2~
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