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Al 3 A GANS H7} A%

2.3.1 FID (Frechet Inception Distance) ¢ Cross—Correlation

ARl A 3eol&= Rating and Preference Judgement, Nearest
Neighbor, Rapid Scene Categorization®] Qo 6 AaAQl A Fo+=
FID (Frechet Inception Distance), IS (Inception Score), Mode Score,
Maximum Mean Discrepancy 5°] Ut} # =FoH+= dFZ o=
AFEE = A9l A %Q FID (Frechet Inception Distance) & %53
DCGANE] A5 Frtstgleon, A€ dHoly e ‘PI’A]'}\—]’Q‘ SN
A3l FrHA o ®E A% 4 AT (Cross—Correlation) & €H<lst3l T,

FID(r,g) = ||ur — ug||§ +Tr(E, + 2, - 2(2 rzg)i) (2.2)

FID= 4 (2.2)2 A%, F 749 dolg A Afole] Aels
A= WS Z83le] GANS ASS FHrle, 9E dgolg g
¥ o8 9 feature® FESF] F HIolEl A Abelo] Ft (u) 3

)& ol&stol dHeolE A o A AAEH. v T,
FID= €2 dolHek A4 dHeoly Al e SH& mluste] 44w
Hlel® A8 fAMd & B7Heth
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X 2—-2 Z} Data Set® FID A&
FID
Data Set ) )
(Frechet Inception Distance)

Clustered Data 1 1.7656
Clustered Data 2 9.1125
Clustered Data 3 0.3784
Clustered Data 4 17.1255

FID As7F 275 o A dojg e fAkst vlolgE sk
Rdojm 1 2-2& & =9 dE HolHE 4ME S AHPE
Zkzt DCGAN EHE gFAA dHolgE A4S we FID ATE
vebdtt 47019 Clustered Data®] FID A4 H#2 7.09550]9, 1

ol

2—6 ~ 19 2-129 <& &3 dolH e fAMY By oy}, FID
At A ARE S8 Wi doly e A HolHO E2
A= &l E =

Cross — Correlation(ryy) = cov®Y) _ ElX i) (—py)] (2.3)

Ox 0y Ox 0y

3% A3AS (Cross—Correlation) = F W 3Ho] A H AAE
gtotst= HrHA| ot AS AdAleE 74 2.3)% Zoer, &
oAM= ol A AFE ARSI covX,Y) = X, Y9
TR, oy, oy = X, YO BFHIA uy, py = X, YO HHES
olmjgttl, UwkH oz AAAFE  —1o IPFEFE A 234
BHBAE ZA Ha, +1e TbeTE Ad 4 ARaAE et
3l A gkt



Data Set A5 ABAS
Clustered Data 1 0.9564
Clustered Data 2 0.7252
Clustered Data 3 0.9331
Clustered Data 4 0.8231

#F 2-3¢ 2 =29 dE HolHE VR SHAETPe 47
DCGAN EHS 37 dHolHE AdPs wo A3 JaAsE

e 4709 Clustered Datad A5 A#Al+ H2 0.859450]| 1,
FID A%} tlEo] A=A A xnE T3l g2 dolget A4 doly 9

B A g gk
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3.2.2 /8 149 CES Au|A AR dd A »d

ol Ao M= 7E AL CES AulA ARE 8l A 2o
st FAS Attt A gk BmEle CES Au|2ef oist 7E 1749
A& oAl = Au]A o] gRBE FErh el 7 A uAe FA4,
WA Ao FAE Feted CES Anja ARzbe] 2 AlE 2l
AbgEth A 3 CES AH|A AFE sEl gA wde] oY
tlolE] 2 DCGANS &&3fo] 3 10009 A8 "ol & ARg3th

wAgsr A wAe HY Ag F AFY «dANAE

Haistets AoR o= ofd 4 (3.1) 3 2

Min NPV, = Min |Syey [(EX) - REV))( )y] + EXoy| (3.1)

2GRS PG F5 AL FAL okl (3.2) ~ (3.5) %
o) 9l
EXU = ZtET Pignp Mfmp + EX?,’p U (32)
54 (329 Exye A9 Fol Tk Ag9s} AY
w3 #9 Vg gow TR
Eij)/p U CPCS UHfomu + ZtET(Pch vt Pdch U) Hyomu (3.3)
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REVUy = ZtET Petxp.uppa (3.4)

Houde] Aoz Jrd e

T2 (3.4)¢] REVy & 7N
T = A

T
PPA Aleke] ©rle] o=z

EXou = Cpcs,U(.upcs,U + .ubop,U) + Cb,U(ﬂb,U + ﬂcc,U) + Cpolipy (3.5)

iget=, i A d9

F4(3.5)9 EXgy2 Z7] H|El
W A, wiE e o] A7), BFd AR Ar]e o TSI

3.2.2.2 A*xzA

- 9 ¢% A% 24
Pli)ad - Plgnp Petxp + R%voc 1:)chU + Pc’ihch,U (3-6)

FEAHS HFd B Al A" HHE d#H I BESSOA SA
e dE A¥S ndetel 3 s IuY d9e olEva
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- PV A A

P(Xiy = 1) = pery (3.7)
PXiy =0)=1— pey (3.8)
(3.9)

Petxpxgtl < (1 - vao)Pzngpv

AR ;e PVl F2 el Aud W AR P Ho=
AgHE Age) e Py wd Aaue 474 dYe 54 wew
ARAGT AFFUT. F2 9ol FogEA o¥E Ukt #E
HyEE H2Fo] B35 W=, $£24 (3.7) ~ (392 139

— BESS A|¢F =4

t t Pécnu
Epu = EmnitCphu + PepyNen — m t=1 (3.10)
PL’
Epy = Epu' + Pepylen — 5o t> 1 (3.11)
(3.12)

mme U = Eb U = Emaxcb,U

BESS?] vl 2] AIZFE o oyX] = 2] (3.10), (3.11)°] wat
A T, gy S, bl 58S a8 ste] AAlksoh



(3.13)
0< Pichu = Cpesu (3.14)
AZPE FA, B Aleke] A, 4 (3.13), (3.14)l
ubet
Peny < aquNa (3.15)
Picny < (1 —agy)Ng (3.16)

2E AIZke] FA o
ol= 44 (3.15), (3.16) &

Bel of

o 2L
i T
O

— PV 24 A Ak A

Apvcpv S Amax

(3.17)
A PV @A A2Ee 84X ks WAe £4 39 2ol A
Fsd mAe 238 5 vt Hga
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3.2.2.3 718 179 CES AlH]A AFY A& A}

y
Ex” (L) ]+EX —C
" _ ZJ’EY[ op.U\1+R 0,u—Cpvlpy (3 18)
wip 12Ny, .

WE aAe] AA Z|3kel dhE & wiE ] H]&3 CES Au]2d]
ot ek, 4 (B.18) A |
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Max NPV g = Max lZyey [(REVC};]S EXgES ed)(
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Hj_tri

Ao e gl

fo 4 o
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}nL“ﬁ

ne o I g

o
N
ofN
£
=
L)

CES AB|~
ek en] g o]

golEz stel A4,
]

T cms/mﬂ* b

12 AR A4 A md

A A 1AL CES AH|A ARE-
#E AlgCe® CES AHA~ /\}?;IXP—E—
Al e, CES ABlAs ARE R 9 &

o)
o= ol 44 (3.19)% wAN,

1+Td

ARARS] o) HEAMH|A Ao

stk ApIAe] Auls Ag 23

A (3.20) 2 “HHAL},

CES [ZteT( spr

nuSpT) + 12(RTES res.ures)]

27

=82 Ak Sl A am/ﬁmi
ol TEHANIAE ﬂﬂﬂﬂﬂ.dﬁ ] E e PA)

o] =S

)y] + EXO,CESJ

(3.19)
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CES ZtET[( gridup Pg;riddw).“grid + (Pcth,CES + P(ECh,CES)I'{Uom,CES] +
(3.21)

Cpes,cEslfom,CES

CES M2 ARIARS] H]@2 A~ AREAES 4, ¥ 2
P71 flel dHgo e FrbHos et Ay Avfg %

d¥ @3 CES A& ARIARe] BESS $4, 3] 7hd
& @7k wo® olFfolA gloen o= 9 4 (B2DE

ofo
ol

ol
jns)

|

B o 34 )
ry

[..-8{_1‘
i
o

EXo,ces = Cpcs,CEs(Hpcs,CEs + Hbop,CEs) + Cb,CEs(ﬂb,CEs + #cc,CEs) (3.22)

CES MH]A AFAAFS] %7] H]E2 CES AH|2A AFYA7} BESSE
A&l FApsk w89 fﬂow} ol A¥ w3 FA Y =78 BESSO
el g o] =79k BEy e dog FAHN o= 9 £ (3.22)%
BRIl

3.2.2.2 A*xzA

Pt

griddw — Psl;)ngpr (3.23)

t t
Pch,CES - Pdch,CES - Pgrldup

°§xwﬂ% CES Au]~ ARdzte] BESSO T4, Wdze 3tz
Bl ARIARZE AE o miE e Bl dvishs AE o] ol
G s olErhaL Zhgsh, ol 4 (3.23) 2 RF AT
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— BEAH|A AF Aok 24

P(XLyr = 1) = prspr (3.24)
P(XLyr =0) =1— pry, (3.25)
0 < prypy <1 (3.26)

CES AMHlA ARdAfel 7l BzAu s AlgeA  oujEe gt

Twe 84se AR AA dAY vEs A4S mkgst] A
&R 5%kl Hdsk, ol Sl 4 (3.24) ~ (3.26) 2 EdHEL
— BESS A|¢F A

Pt
Efcis = EmitChces + PéncesNen — % t=1 (3.27)
Pt
Efces = Ebcis + Phucesnen — % St>1 (3.28)
EminCpces < Ebces < EmaxCocEs (3.29)

BESS9] #ig 8] A7t o] oyA]= 2] (3.10), (3.11)e°f wef
A FA, ARy -, Bd a8S 195l AAks,



(3.30)

Pg;ridup = chggch
P;riddw < Ptgggdch (381)
CES AH]2 A2 CES AH[A ARGAES] Fd, Wd 8F
WA 5] 8 AYWe Fa vUASty Wlss BHRL CES
Au| 2~ AFEREe] T, W @ B} Folol skt o)== 9] =2 (3.30
~ (3.3 2 EHHA
Cpes,ces 2 PincEs (3.32)
Cpcs,CES = P(gch,CES+P§pr (333)
CES AMdA7F  A#3 BESSe g W3 Ao A7+
REAE A A ] o5 g ARERS E§ste] Alekst o]= 9] 4
(3.32) ~ (3.33) % ®%dd}
Plyces < agcesNa (3.34)
chch,CES <(1- aZ,CEs)Na (3.35)
CES AH|A AMFAIE Fd8Al 22 Alztdlel FAlel 43
ol = & glom, o= 9 4 (3.34) ~ (3.35) % ‘AT
J’n-: :*i 1_l| -f,]l_ 1T
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3% 3—1 CES AMH]& ARGAFS] AB] 2 ARG s A4S 913k A4
o} 7 37
Taisc 5(%)
Einit 50(%)
Emin 10(%)
Enax 90 (%)
Hb,u 271 ($/kWh)
Hpcs,u 288 ($/kWh)
Hbop,u 100 ($/kWh)
Hee,u 101 ($/kWh)
Hfom,u 10($/kWh)
Hvom,u 0.03 ($/kWh)

Hpv 1650 ($/kWh)
Hppa 0 ($/kWh)
Mch 95 (%)
Ndch 95 (%)

Nq 4,000,000
Apy 13(m?)
Reti 0(%)
PTctl 0(%)
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— CES Au|A AR H3F AF 2d AlEFolA 37

HA3 Fde  £&W  CPLEXE AMEstel  GAMS S oA
TAATE. CES AHlA ARgAbE olv A A REAu| A AL
g FE AES st Ydo AES wuiEe 2ol AdE
Attty 7pg sttt v Al 9 BB AL 7HA dlolH =
CAISO°IA A&t 37 dlol8 [19]5 Fx3rh BxAMu]|A Ao A

s | g3 ARl 5%ekal 71g skt
MBI ARgAEe] F 71 sl CES AMlA AMY S F 713k
20407 AAEo] k. CES AHlA AFgAe] HA AlE mds st
AEYolA AFge % 3-29 Zu)

3

3% 3—2 CES AH] A A=A HA Al nds 9st 314

o 7 7]
Taisc 5(%)
Einit 50(%)
Emin 10(%)
Emax 90 (%)
Cpes,cEs 3,796 (kW)
Nyes 1000
Lyes 9.15(%/€)
Kb ,cEs 271 ($/kWh)
Hpes,CES 288 ($/kWh)
Hbop,CES 100 ($/kWh)
Mce,cES 101 ($/kWh)
Hfom,CES 10($/kWh)
Hyom,CES 0.03($/kWh)
Nen 95 (%)
Ndch 95 (%)
Ng 4,000,000
Pspr 5(%)
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Abstract

A Method for Planning of Cloud
Energy Storage Operator Using
DCGAN (Deep Convolutional
Generative Adversarial Network)

Woo Il Chang
Electrical and Computer Engineering
The Graduate School

Seoul National University

The purpose of this paper is to generate data of potential
customers of Cloud Energy Storage (CES) service through DCGAN
(Deep Convolutional Generative Adversarial Network), propose a
methodology for long—term planning of CES operators, and Through
the method, the economic feasibility of Cloud Energy Storage (CES)
service is verified.

Future CES operators will need power usage data from a wide
variety of customers to determine the feasibility of their services.
However, a situation in which power usage data cannot be sufficiently
obtained may occur due to practical problems such as security and
financial reasons. In this paper, in order to overcome the situation,
DCGAN is used based on a small number of original power data to
generate a lot of power data for CES operators.

As a method for measuring the performance of data generated

through DCGAN, the similarity between the original power data and

¥ 3
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generated data is measured using FID (Frechet Inception Distance)
and Cross—Correlation index, which are performance measurement
indices of generative adversarial networks.

CES operators use BESS (Battery Energy Storage System) to
accept various customers' requests for power charging and
discharging to pursue economic benefits by participating in arbitrage
trading and ancillary service markets in the CES service and energy
market.

In this paper, we propose a customer's power data generation
model through DCGAN, and use the proposed model to find the usage
pattern of each customer's cloud energy storage service and the
upper limit of the willingness to pay.

In addition, we proposed an optimal planning model for CES
service providers by maximizing the profits of CES service providers.
The business effect of the CES service was verified by analyzing the
simulation results obtained using the proposed model. In addition, it
can be expected that the CES service can help system reliability.

The power pattern generation methodology through DCGAN
proposed in this paper is expected to support optimal planning of the

CES project by generating potential customer data.

Keywords : DCGAN(Deep Convolutional Generative Adversarial
Network), CES(Cloud Energy Storage), Optimization Model, Planning
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