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2 Back Propagation Neural Network
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! Particle Swarm Optimization
2 Expectation Maximizatiomlgorithm
3 GeneticAlgorithm

4 Fuzzy Inference Systems
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! Intelligent Transportation Systems
2 SpatieTemporal

8 Machine Learning



( Machine Learning for traffic flow prediction)

(Unsupervised Learning) ( Supervised Leaming)
(CIassification) ( RNN ) GlegressiorD
| l |
Clustering algorithm K-NN, SVYM LSTM, GRU  Linear Regression

1 &% lgds @¥e Ok lc e WEey.g IVe BREA | GPa - ¢

d B¢ dQYd0% &k AL LA T Nty sh-4iRkessia R u@78 S Q
Y,tohla Reg OB & 680U vaill WX 1 ecClO&ET ZIE P @4z 4 |
Si %+ag cl ¢co Cha¥via BHEEIRIa gLalilagdiTla VaBd a d IR ¢
dQIcy¥Ba Il aEid GPNY IdaTI@Q Qlalent %% 1gal Tadsg ) ®#QIyYy O4& |
aRigla wiied QF - 40068 T 1 § al g NIl KABRLIEaQl @l OC ) bal
gdl GITQ vé O¥sa¢ p@EAITO vie @Yiayd dmds & @ave wC ISl R@é ~
) QS| Q ¢ %e -
v,0 QA% CORIeR] 1 5@ @@ itadhc O Rdyl |N% I 848854 O . e’ A |
c Qi GneYNMBIL Y@ &dREE QAVSVI-STC c I A8 &I (&L - 3
2 ¢h CEC @A wa eClIOR L PRINM T IQ] BRIOUGI* 4 TSH &gl aAa 8 al
Hi dRsA ACIEBREJUIQ B.CHLARSVM I g1 c@OaQpsii it d B8Q d QI
DR € cvees B Yaill 1alk B &BES<NE W4T G & Ne) 3gol Al X R S
i Ap\avN L C ¢ auT8ue -O&Lll @ @A b NucHu | adssig | B & dI SQ
C tveaQl e@Pia O &ud f ¢a¥ $dcE 6@ COHN I bel UAB B PAA | dR I
POl A &6 0%k IGENCB ENBEEO B B O UDSdd § Gliatsss] uRve1gcQN Q80858 ¢ ° Al
@mErgdemr Lasyml al wevod Sy 1A 1 CapRpdud @Ca&y. MieNs ¢
Yy Pal dQ&af bvai gocw.a &9 el
YuYsle CAYEENB B g 4 O gal R8E YERAFIU OR CH®BBYC ¢ %aB®A S Q
Hwe | Etwydll Bgik@ QT E BIBEd @ % T goll K 6Qs I axgl | adl O & ¥l
aSvh (hdd, o+ BT 1V400 & 8 & BdODI I YbGd RicYe3CdNa BEO LY & %0 Oc

1 k NearestNeighbor

2 Global Positioning System

8 Foshan

4 Support Vector Mchine

5 Adaptive Multikernel Support VectdvlachineSpatial Temporal @relation
5 Gaussian

7 Polynomial

8 multivariate covariate
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! Recurrent Neural Btwork

2 | ong-Short Term M:mory

3 Gated Recurrent hit

4 Traffic Graph Convolutional Long Shefterm Memory Neural Network
5 Deep NeuraNetworkBased Traffic Flow

8 Performance Measurement System

7 Convolutional Neural Network
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! Traffic Signal Controls

2 Pappis

8 Mamdani

4 Responsive

5 Simultaneous Perturbation Stochastic Approximation

6 Green Link Determining
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! Simulation of Urban MObility
2 Multi-agent Reinforcement learning
8 advantage actor critic
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2 Double GNetwork
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4 Green Light Optimal Speed Advisory
5 Jaguar
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! Electric Vehicles
2 Plug-in Hybrid-Electric Vehicles
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5 Curse of dimensionality
5 Deep QLearning
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2 Electric Motors

3 Stateof-Charge

4 Stateof-Health

5 Equivalent Consumption Minimization Strategy
8 Pontryagin's Minimum Principle

" Time-conscious



CR &Labrilca ¥ Y BK Q& QLB BABGE®ISSGIga NT T 11 wyal
d QlvycEaglli yge Q1 W $dalil | gaORCa %YRIERHQI A QB d & N
0l Q&at ez mvg a Nrl §licall &$ g R ¥4c3BE YO Aze GEOTUENIRNEE @
ayaésl g CEC ea 6@ra C Ak A& b MNAITQ I wo Ol g3 tall | gaoa C |
C%wb bPR®EC gl gyl lidliac PG GITCke @il ¢ 8P DECI &S
SO Rice GPYA $ R ¢ P ELE C DIABDRILYAC ALQ | aydarul 0 @S 1Y
gr AW 1 e G MCral L AGARET INIl OO D#IDC ASINPME O™ bl 1
CCiw al AodBEAPRE! dRCCIdQ Iwa®aj0al gldRESBRER S
@g S| éht Vi@ SPVA @edSaNDYRG LR IF N Ui d) (i cadl O/RHES
Y& Qlag e o7d DICrac ach mapa@pya |d R CE @liddN eciv.° @il ¢ ST 1
NI DO&HBAHE CADL IgalCAR IdR¢ CORBNICHE I % aA CEAINE O4 l
(CerIMEcECEY:Ae b | GEUQIAPE N @ TC & EMFISS YA GT(IN & 6
gl al  v%OY| @& GHGEkaAIEd Eisa@da iSTQC Y §SiFI) AT |
Ry@I@Cl Y SQ wuae
aygalicss Qce g Bt e SQUey IdJagicta isCall  @wy al gl ¢ e SQE
SERQEC] TI U@e YEEBMNSIYS yieP ad QEUT  QISic@ad g -a-
e SQEVYPadAAYD CEAC | mITR a3 0 NABE B BEITS@® BagtcN\ss S1 —
e SQEVCHS UA R&EICT B0 9YQé fka g b ¢ s/ HBAIGB R E T
Cce &@ ¥4 BOIYIORIOLY B d) Ql 3B78 RQValeC a8 a T
cl aARGeARE 814G Nadv:B €D QRRIGEEME | d RgICEQIECE & %
gr aCl eBIC MHAQI QOB#G o MARIETE &R €EDE BNV edfSMCE Y r S
d QliycO &8 Bic b & Bg/ARagl S BICHT @K | 8 &8 i & NUEIH
O%l P& UthBel %I3SAIASS QY MaQ |1l €& %1 Ag BDaasdT¢ ¢
VeS ¢%l Tl dQI-y208le RWIR @ Qe ICER ¥ 1 AORHIAAA TS
YvRal Tae 1

CANYyV HC Yt °E° £
BA@ A&VATSION a3ap adpifpe e lks$ R ji Ha T@kgT B TC d QCly O&as ME
Ml @Gregdadd * e MPOEY ¢ 4 giRGAIVSRAC 4 §-RON SEENCY¥ al A

! SolarPhotoVoltaic Array
2 Vehicleto-Home

% Direct Current

4 Alternating Current

5 Sugeno

5 Adaptive NeureFuzzy Inference Btem



pEYC a ThaavrERP AICIPEdR)COal %a dacCl Q& x&ag VYas
eAMb2ha RN 4 C1 0 BP &9 )dBSAd TBLCIPEN CR&ED A
aEl &ab3celgy OOl CRINSIME | glikke BE Y| d@Ey 9aLCi CLT
gl al e RCa%y GRBAOHKG ML ¢ RET ga PARCT e
vgaglmyca "aeéas &l e 0cdS @M )N Gasl a QESB | | a
h% @, CC ¢ NSICREBAIW g CHa REOAT 61 1 ¢gg aBK Nd QIRYO &I
y Pal éwdkedl C @Q.
g C)aB @NENpey.Beésa be 8 ACal &kd FRBCHN il Ce O
al U SEIE @8 §)fkE lcaddi &1V CTE g SVCEBESE @% 4° %Q
%2 @lalc DR &l NC x) ad4a BMBNI gd 1€ - %hécOB eé G& g NG
CaEaag ¢%l e Pal dQ@afa CQl ®RBAEINS 2BCEACHT abdadd N
a RoLREDAR gr 4 @GO ABLSEK $AR @ B L4V ekl @ Ny Qual cae s
[ Ed 1l grCl@a guxshA SREcCS CEVWhRAE ¢ DI BBBDYR ¢ g T Iv4C R ¢ %
CT QCAIl Qo#d &30 aaCl WC e/t CQa AdDA JEBIXE Whic® ¢ UYs
) RaDCIR CUHE e BUNETCAlgTlicac N &
PASE ° Al e d RBUD C\eetiag] \Auxa lec BRIV SBA h12CEG Qa 1 T
B¢el &Y TIi ¥80kh#HXCEHBCIYON Q@BICTCH ke 32 11 dI 4acCe¢
| S @®-ciy ACa HBIQNCQT PTAUTAEFOEAL 6@ ¢ 6 VIQETI d
avYl 0%k GC B d PHFACE AL ¢ *ak laey, G EHIS KNS 8O x
¥ a% Ul @ N&.@iag agT &34l Vele @ 1R EaP a4y dQITywOarll Qqsd
¢ IRE € b QEdc IR § %k 14Wa 1 85 @IS €1aS MESHGI 1@ aQd @Ma
14 ol 1afr GCI 1gA BB EING R Gousd s@irgSd 1 @8 Tal Ceh D& %a S QI
e &- T ¢ SQ TLED Blnigichidgil-el ao e 1 i1 AN SQ
bl @Hée &héy Clg TRAVLEIOIcar BBA sSiQ d®%! 1kl CN
aAQChguicEchoBEN Ulad I1yaTiCl @ON READ &R S$IQI Fé d et
e Qd 0y R&gBa QIrRraA®E D Ygal 6R d Q § BOCagesassg e Nc ¢ T
) R ¢ cR dAlCisrdss ¢ b BGLEN
PDal @%g CE®“RRBON glcogéeagmnuvdaLaChdagQeivel o
) Q6 ¢ Yig CO
wasal C1 CAI Ag ¢%l SQ )bPal COY®IgaAl Ag e S
g Ql eadwlle)sHmil aagd R¢ COVYI Qa~ Ré&éC¢géc¢ glcace
CT dR¥%Qgt @BILAaTOBCHRICO NG && 19 I1gpairga €t 006l 1
R&Sa &WC "Qa®a@I dR¢ dTeAx el &m@&EAN deadkedd Qa I
DHRET 1y ORB.SIRANE®ET ¢ ¢ gl 141 yogeea vt ¢ €9 VEC
o1



e a¥%a  RB%ROGN gr aCyAIoNBBIERaR dviBIéCHE BrigaC 1v4C
Caxm@Ngr aTl gt gyl miai dNe a4l D+Eéé SQ gr
bAQE &1 d@Kkel 1 Acas dms IGEHraa®y | Visabd € I |
Mceac,T DPal Sl QSc¢YalgrgaalNe lab 1B 2880 | Ad BYaHAea Wss|
R/al AURAUBS lggS QL@ P @k SCHCI S Yayi e ¥ipe &@é 4 ¢ ¢
PwuCc |l Cla&d UT la vk QA dN vpaedlpwdsdc N IQQ|
5R¢&04&c
Y Ci aodlLigaEhaa CBBcRN*xe N 11
C- Tobarm 1 18 R
| JEDE R~ e P Wa@BEaVAN
1i1 AN D@RaISQ RaDS
g adHIR IBC §
Qllce CO R d GREHRI 64C ¢r 4G4a g RIROIN]T @4 KISK
Y @hQgCE ChRHITEAGRECC CEcSLCO®BRACE § wBECal e
SOr SCIA ODari T1 %8 € ¢NCIPad O <gésd @Ko gl &Y@l4
aEl &aR Qv gdéyash 0 b C.Ea®@ea U iNe acs0 audéabala 04 Q
gralCCae REMHBECOL a8 AR RIG NAJY LA g c@d ICAIT yi T @
Y6 C A&H ROIDA 851 4y Y4 Sat &e ROUE Skt 1BaY: I RYARD
Yigd@s édce&ic Q1 & Q4 - Y@ SR OQNREASEE® ACA TIHAICOHROQ ¥
d%a grradRBNg g BE ¢ ¢ VeISN eC 1P EARINEA @GNSR Cyll éca
1g¥eys dQthFn CR SR tLd & Rglagila@BEr ¢ g R RICRCTCEQ S|
Y6 ¢ ¢ eq Tvd é@¢ e g&Hh: Qll ) RIEFCE - B L&y | %O Y
) Pal dBRTId SBcaRl - ¢cCT1SQa CGERS kLI WG+ ¢é Ul -



Artificial neural
networks
v
Thermal ( Electrical
J

' Fault ' :
Hot water diagnostic Modeling of Solar cell
generation an ICS model
system
Performance Air- Real-time Solar coll
—» forecastofa |+ conditioning [« fault
" & . performance
direct expansion system detection
S Optimal solar Optimizing
—> MahNIng — COP forecast [« Performa.nce ——  control
system forecasting
system system

“8ava JREEBBN] gC e QA QQuisb sl W €6 g
QSc¢ all &g WALy @M @IKGEI N oD B 36c STV IdGLEF CAT Ag S
a%a  RBRY%ROBN gr ¥€B Py BNI D aabp§Ed ®C-OMEAE C Bl
SQweaEFWAUN @QI 1T gracCl apbl SQ CCt¢ aBEXEII G& O
v,a gdlg -&@-Bloc al BREEiehe Gakgei @i &8500 Ve édaQl y O4 |
LS@Fb ad@leyd %Nl A VABHKYGE ¢ & el gdfidull - Kllc@Baea N
)y PaTadudepd ¢ al  @oRoigeD &g a 3t
dQIYya g Iodel BIAHEQ! Q #FETICAEKQITO HEEWD MaF B IQ
611 ¢a TAO®%AE ALeG¥IRLHB x) Bl xbiliOeysx CIAY Sé |
LI OESdI TI | %aaxsinsa)s &G8 ZRd r a CéxeRB@NRAY | e
BRE2 duw§OlBa%e Ol g VeetSEAHPE@EXSI g gg &%Y QIR
AO%SE° Al Ré2 [ %wyaN e Yced&i¥cd Bycaberscadl ay
BAOgl G1¢ RRYW aME e T @l )aghayl 4 %L QI 6 AO%SE° Al
@R ¢ Sy VicORg, ¥WOUl Caw/dagiy: i éR ) ®all x AR g
AO¥%SCE° Al @gédiRccemidvatyit ® BicHIBA: SQa®CE x ¢ a
) B Qc iEkeC¥gl 1S4 1% g QI Cé



Catboost : Support Vector Regression i  Multilayerperceptron

Preliminary czlaslation of splits

i
Features transformation | E:

'
------

Choasing the tree structure | E '

e
i
"
I
'
'
H
[ ]
i i
' i w oW e
¥ YD - N AN ATAY
] () iE=] 006
" ] — A
i N T 7 [ L l J:
[N i - e 1
[N " x < ]
i i : -
" . =\ | " . . fa) (@) (@) fa)'
H ~ | H NS S
¥ " "
Ve i '
H - t AW :
| Calculatingvaluesin leaves :: | Output f(x) | :i Output fix) (e
H ] \ S
I...-.....--....---A--.--..-.--‘A--....--.lI...-.A...--.....-..--.--,.-..-‘A--.....-.l:. .........................................
| Forecasting I | Forecastingz I I Forecasting

[ I J
v

| Hybrid Forecasting |

h8aw Ql 2 AO%SCE°Al ,@iaat weOlag gQl Cé

Ol CSI | @d% & gdtBadst e ¢ 1 1 %0 ed8 R 8 P QRO Rebta 4618 @ |
dRBgSQOPRIBE EN Ul &% lgdul g /P Wle ¢ BAar@all dRc
) Q¢ CC RayQNwMOBEF 4l va clBd@eN c Bl1AOST ) bal

PN AN ~ ~

diRa® & Y1 81 bl uQgr 4o b b&h g 6 &-R@EYTgt Ve SQAd:, @
RE OATA 8 adida® gEIQe @Y LUYBERSE LO/BT I A IV elBIREEIV:1 4 1
CEI SI RBé&éCc¢cc¢cec graCl bDbwma¥nRa glal |'S dRETI
ViaBc BlragR&BONDHgEEta c QT a%uuOa 4a%OWB cQaf
e Jelicao&ANSK o Pall da RraNQr a4 C IS Qb i 134
B1 & aibcd puC ¢ dREETRI AN 4 K Sey.CY @ | ala ORFysal
A Nadkd V4L I@E | RIKITAg COcl Q wel D gQeRU |
1 %9¥e?0 V| e S IR WGYRIQAT dDIc gidakealll B¢ ©4F ¢
dR¢ ZIdRAABRELCBEY ST Ywicd IClcasayicol au Y &4 %t QI % &
C+ &dpdd o6 -STIY s@ @keTogbadRag CB&Ic NAagMmadl b
Hekl A& CPh&Risi &qdmC - | ¢ aca®&Ema SA gMAIPI 14t ¢
gR%LACN cl BGSHE Py &% TIAAd QIRYCOECIE IS i 66 C
) DAQC #M@#Fgl R @apg® 21 N e DPal C



C ¥zl [av ¢ Wz
e b8 @ dRFdMT% ClIbIC ¥kl H@COT @ L Sgx SHATIA @IRT OI
QIicIGmdl e Y% ala Qupd @A 1 S Q CeWI) afs Ny dNCRia | ¥
| R¥% 4\ &RSAABIZR 4@ | =8% 4 &Vl biRIC 4PEHIQ a% § &
QOoeevdi | NS dlx A ERD&REQ o611 ¢a WWRNBEUERQPP A b
AUl CT pwWhay SR 3 2CHR aeaDOLENcQR# 159Q C @QS
a0ewul wuw%niCidGwm Ll Ol BaBEsNO0 dal LBezgii@ C1 611 ¢ g
Real Cladi sy 8 h TRAW@Bm QQ5F DeaHe HB E ST R CENY il | S
RiHeer a U | g rQBRERBDC ¥ 1 £ D &dRGO A€ O|i 4 1CSH Alyiila QS¢ 3
Y@ %c 8¢ ¥ aapdhaca @elsl ShapRCOualaEs cyaCl eREYC C
gl 480 Cl Scradpdmis dikaMdCc @ cdiOgmc ¢ Mg wac - 1 ¢
61 1 ¢y Qdddas R BHEINDIG @e S| 600VEIHAISIIAI fagl &
b W BI@Tac ebydaa CSC &1 T VeaR ast YeHHE HS | cOlgsaBER @ N
RE&NISTMRE: B Vik cbla UA IRAETR ga @1 OB addRerv.a@ g&ieC: 1 C
) B¢
@&l g9 0T RAGIRADC) DB 4 @REL S48 1 Go ISIQ _a&@lk b+ ¢ é
g &l dR P ITdly@Bw%) BEEACcTd 4 O | IRWilsemdi] a¢ al y
P cCY I WEPTL| )BEQAIBELE a ¢ Gra@ii SR EATIR S Q
dadd N a1 p&Isd -@NEEBRenRia aR8Y. 8 BEW €.5a GBIV | e
e OOL@Lale ClghaeYSibgddil™ 0@ CiRilg & UDTRA 8SIQ ) D4 |
gd R GACCTNB mEYasyE.e KX Y0CoBaS egBSIV Va@esss ) §Se ai
RIARAR B OcKWAa®I ¢ 1 ShMaIREHC/ D& Nge | 1 g BE&E Ba |
Ci QoI Wi Dowad ciaeRcHERBE HBF @1 AQEc 74
A& CBGXP YA,
- Ad8¢c BRR HQBg AKMN dTcE U ©lc ~ D & % GalReaavedSal ¢
Cl Coedtapugidie® c#ul HDR ACH U st | G R QI %E S ¢
VSI a4t €0kl QalCQkBia TRatgastsn:EIgutne & @il d@ELs O1C
gl ad wd BCERN YLlvdl WeBx@x)pfsdlagDd Rgel ¢cCOY Il Q4a



) QTFY DRF SARCH  @u ¥24 CegR ARIMEP TARS U BBH\@ ARKE ARD
), 74883 ¢ 04 ¢ PA®%Iv2a I WE éaBp1 GPBRC WieEF 4
VaQl Q S QEE IS Qiv/igt §&3% &4 b & DC -CHiE PiagadR a Ip-Ya |
COQNaARA) M€Y 1 QEaaiataoligeQ | Ql @it FpaDe@N C 1
SQ ) B&4L Igalg (Qgil Gt SO 6@ B C ¥vui Ya 38 ® CAEh g
) R CSI¢ ARV dR @O gV ecC@EML
i a®9BAL dQl § GHAeFygl AAO-ANN™eANN SVI@ - R ¢ C¢ C7¢c +8& RSaQ C &
@R ¢OYa co SepAadm ThBEGY: e | UdQBS al ¢ael &8 ClAIKA + &
cd B Qe S AAE Q5 QRN %LV DR | CRATDERBA @I e VTE g
ecd ML ICHYEQe calb @@ # AJO-ANN g QI C¢ eWsys Odl miayl
b VIO ® Gyale gl 8vMM gl akdQa) eec |l § CJ g RPECREDOQQL S ¢ é
C o6 ¢ CiAbn YervaeCslicessa 1 il AMMNRECARIT6 Bk #.C QavAnGsg 1 1
Bdle SQ CPINBO SBREC wKIBGHke oW a1 dQlidgQdaQy Q.
) Bz Qd x ¢ g
gavr @lleeo DON C3 CD gePa d €fc PaTe U Q@go ¢
QT NI Catalg € cV@e a L 1vH &4@wg O 1S)CEh#: | DLEHRICE D @QC ¢
LIEHQI AOCK Y Wilad B 17 @BRa I T@ ) PallXRd Q#iTalg Pa 1

B @& h&Erg | @Q 1aGal Y LigeedSaged/ T &4.D bACKELZ Al TI1  dQIl
icAl P &6 JRF®ERe | ¢ RaDSI T VTHEBDARIASQI 3 T
d QL Qy ®Byc ST OWCcH SO REMLCEIQ&RB W Cdl Cé

IAutoregressive

2AutoregressivaVith Exogenoudnputs
*Double seasonal HeWinter

“Threshohd ARX
SAutoregressivéntegrated Moving Aerage
5Generalized Autoregressive Conditionateroscedasticity
’Dynamic Regression

8Transfer Einction

‘Wavwlet

OMultilayer perceptrons

HSupport Vector Bgressors

2Radial BasisFunction

3Support \ectorMachines

14Ant Colony Optimization

15 Deep Learning

%Deep belief Network



BR@IDEI 4¢3 QCE Co a4l vpio gd 3Q CIBEDE@R ¢ Call | Y2 V&
QERWAEN
al dREovEDARHDE MkeBgl DISh #C o 4 %10 OPF BHRPQ S
CY dRc¢ a¥p@Cig Qi LipR@adss, Doawt gl G K@ 3
aBBE@ IWVBIEEH ST C2 TPHAQSHR Mall Qla@ bl ddg@aSh | ¢
alReDaABRa I IC xadl N GESBEHI BRUEDHSTMV! | NSh &tn 1 66 C- 1 ¢
vaR%alRag Vg QADAIgBRERONA 6 CTI DNNY @Ayt SCHROE @Y |
Ta®REe OAac kb Tae |1dR QMABHE Cérc QEegP B DE&WREGSRINT )
@c I VeeBE At B%SQ ) bal aomtiLIT®OQGERUWIAR gL IDFIQ4
Rve § acel 1eelC Q% QJgb e Se¥eg 48%¢ R 1 W ASLCY BRICT @Bc
| SC 46NER-T1acCha CBAR 3 C d D aE bediRdcC) deEgR| ggh O£ o C 1
) BB mCo Giaxlic Cydpi eI et RCS|

¢° WA/« -
Oaebks @iSc % gR&CeEAd 2grcd G4 B%a%Rag 0a0bag
e L&l Ag SQ CVesrse@@iith»i BRRa COX¥E@EFGr BREIC ¢ |
wiRCT @):baat 61 agx&uBShl QSc¢a Rdirle a%a p ¥
gi ¢ veS bCa CiI HfTau Ci TIwuC RrecCgccEc¢c glca
Rgl THHC U aQdc &% TI1 &%l gracCl DrawvRag SQ
vasSalbYsgasT Dc @d €1 Ac¢ gTlc a@ice SaQLylr M CaA ICA
dR¢ REETILE gr aCl 0a0ObPag gCgl QM EeIQSRQEABE ¢
) Dal

graCl 0aoOpbg gl aeB&U SQ dRc¢ Y

(@)

T o ¢ 1 3%z go ECLACE Y
- cl COYl a ¢ RéeCg
SI e

(BPNN)
CCir1Re:? CClatkigagd ti Wikl
(MLR) “uCglcd & ¢

U« 3 CYA
-78| (ANN) Ya
uc- - + 3

Cgc
p
o

(@)

(offe -

(@)

-78 cl COYi a a&m R

.78 RéCc

Long-Short Term M:mory



Y COH b €6

glcd COU¥ BEE WicBH]

.78 ReCg
(GRNN) g S
g . = i e dpRév SI 1T & ;
gl UE-+a sSie ¢ T \@ accol 0
(BPNN) cl (
.. .| CCéigaachae guce8] L
.78 ANNec C % ¥ @ Cn L e s < RECc 1
g &4t g lad C(
178 ANNec ¢ %% &| HVACb &'Dr 4 &&.8 %| RE& Cg 2
/178 SVR cl COYu&e.d8% R¢ECgc 3
W RIEEHVO06 Veady ]
/78 syr| M ABREIVOOVEA ool g
gsi Q¥
Ssvr,| CCAWOo6t @aene % L
[ed BPNN,RBFNN,GRNN v, BeCg ]
j7g| ERLVeBQ W A s@vac®a -amad Re Cgl
MPC
j7a) P¥CO 0% HvACaa( Bé& Cg|l , -
(DRL)
I dl B G
/178 PFA g a NSEI 3G+ gr
I dl &G
078 DP g aNSBEN 3G+ gr /
I dl B E
078 PSO g aNSH 3%+ or (
I dl B E
078 MILP g aNBEI 3G+ gr 1
078 (MRC-GA) u %OC C-Tc¢ a C- & y
078 gr acl DEY C- 1 ¢caws C- 1 K
SEMAS R 8
078 MVPAS AQ e gR%ZLAEN ol C- 1 4
C- 1T ¢ca®nsS d&s
078 “O%EA C-1TcawnsS pwwbl C. 1 1
gld 3
178 “O%EA DPouldawel g@f C- 1 ,
C- 1
178 s $ gTl CAQiTa TI a C- 1 -




178

v, 3% aN
MGWOSCACSA

SQ gracClgTrs

C- |

178 K-means A ( LRag dl NEfeaepd aAC /
B &

178, AMSVM-STC A ( LRBRa di N&9Yee3g aAC (
R &

78 walag YiRY LRag diI NE%a@3¥ aAC ]
R &

178 TGCLSTMA O%S LRag dIl NEfe3y aAC 2
R &

178 DNN-BTFA O %S LBRa di N&9Yee3g aAC 3
R &

178 eQThaaad QB pn%sreCl S e aAC z
H¥uOCr gA@au # 0 R &

278 ¥4° OywiDQIliet RrR&2R$e ClI'S e % aAC 1
SPSA c | #0 R ¢

278 b I URMEAOY p®%sRrREeECI S e aAC ,
PSO L # 0 B¢

278| Yid g MORG AN R4 ClIS e Yy  aAC -
MARL # 0 R &
278 gTI 1o ggag nrE2RECIS e Yy aAC
# 0 B¢

278 CcCHMmEEDBY p¥w%sRECI S \da aAC| ./
# 0 R &

278 Double QNetwork Rvgr2pee C1'S e aAC| . (
# 0 B &

278  Y.Cd TNGEOX O e g & €Ret YBLg T la aAC| . ]
a A B¢

378 Yal UQTIKOW evasl gB diaB c&¥8( aAC y
378 cl°2S¢aq Yyt R &

378/ Dyna b1 C 11 HEV TCo6 gC adpnd Wy al K

Deep QLearning &
378 eQ$ EN SQ HEV TCo € amvna wyal z
# GhB |\
378 YO % & A HEV TCo g€ axmvna wyal 4

,



37a Y40 8t €8 PHEV gra@gacay vy al |/,
378 cérea Ni SQ dR¢ dazy wyal |/ -
CCl Y ghaYsliQ g
378|( CERE2 cegSYyal gbxlgd8@EsS wyal /.
g 1 .¢¢ 3
478 Y46 € € € g @ Ay éxwubeN awval |/
#9gTIl a (
478 @Y40 C € & g i Bl ac AW 8] awal |/ (
ga¥%Ql¥% e Yals|
g S
478 Y40 C € & g L T dQl yOal awal [ 1
SI Qal gl ¢ gaa [ Aly SQ
C‘|. 1/4@]
478 AO¥%SCE° Al ggircaCl 611 ¢a awval [/ 3
Ll SR ve Cly Sii
478 6 CE & a i Y%l Ac Y4l %l %d¢ awal [ 3
Yals |
478 ¢ %cl g b &% s _at| 1 4
, 748 46 ¢ € € a(Q b &% s _al| o+

, 10



5 U« ¥ %uU
[1] Wu, X., Shen, J., Li, Y., Zhang, J., & Lee, K. Y. "Dalaven Predictive Control of Micro

Gas Turbine Combined Cooling Heating &alver system". IFACPapersOnLine, Vol.49,
pp. 419424, 2016.

[2] Yang, J. "Integration and performance simulation study of combined cooling heating and
power system based on micro turbine”. Ph.D. dissertation, Shanghai Jiao Tong University,
Shanghai, China, 2009.

[3] F. D. Bianchi, H. D. Battista and R. J. Mantz, "Wind turbine control systems". Springer
Publishing Company, April 2006.

[4] Iran Renewable Energy Organization, http://www.suns.org.ir/
[5] Houtzager, Ivo, "Towards datkiven control for modern wind turbines”, 2011.

[6] S. Simani, S. Alvisi, "Dat®riven Control Techniques for Renewable Energy Conversion
Systems: Wind Turbine and Hydroelectric Plants”, Electronics, Vol. 18, pp. 89
20109.

[7] Luo, Xiaosuo. "Datalriven predictive control for continuodsne linear parameter varying
systems with application to wind turbine." International Journal of Control, Automation
and Systems vol.15pp. 6826, 2017.

[8] P. Nagendra, S. H. nee Dey, and T. Dutta, "Artificial Neural Network Application for
Power Transfer Capability and Voltage Calculations in MAiBa Power System",
Leonardo Electron., vol. 16, pp. 2128, 2010.

[9] A. Abu-Siada, S. Islam, and E. Mohamed, "Application of artificial neural networks to
improve power transfer capability through OLTC", Int. J. Eng. Sci. Technol., vol. 2; pp. 8
18, 2010.

[0 L. Tekl il ,-GrB.i iFilainpdovli.i Pavilil, "Artific
locating faults in power transmission system", in Eurocon 2013, pp-142% 2013.
[11] M. Jamil, S. K. Sharma, and R. Singh, "Fault detection and classification in electrical

power transmission system using artificial neural network”, Springerplus, vol. 418p. 1
2015.

[12] O. O. Kalu and T. C. Madueme, "Application of artificial neural network (ANN) to
enhance power systems protection: a case of the Nigerian 330 kV transmission line,
Electr". Eng., vol. 100, pp. 1461479, 2018.

[13]g SeVietci e@ T TgN XD LS T DAdHAVE @Qladgd Ce'sa Hdt e &~
, . A2@edlRCe @l B 6 BSI
[14] J. L. Brooks, C. E. L. A. B. (NAVY) P. H. CA,, and C.). C. E. L. "Naval Construction

Battalion Center (Port Hueneme, Solid State Transformer Concept Development". Defense
Technical Information Center, 1980.

[15] J. HARRISON Michael, "A CYCLEBCONVERTER AND METHODS OF OPERATION",
WO/2008/018802FeR008.



[16] H. Wrede, V. Staudt, and A. Steimel, "Design of an Electronic Power Transformer", Proc.

Of the Annual Conference of the Ind. Electr. Society (IECON), Vol. 2, pp.-1B8886
,2002.

[17] H. Akagi, S. Inoue, and T. Yoshii: "Control and Performance of a Transformerless Cascade

PWM STATCOM with Star Configuration”, IEEE Transactions on Ind. Appl., Vol. 43, pp.
1041- 1049 ,2007.

[18] A. Maitra, A.Sundaram, M. Gandhi, S. Bird, and S. Doss, "INTELLIGENT UNIVERSAL

[19]

TRANSFORMER DESIGN AND APPLICATIONS", in 20 Th International Conference
on Electricity Distribution, pp.-81, 2009.

J. W. Kolar, "Next Generation Power Electronics Infrastructure System the Energy
Internet"”, pp. 157.

[20] Kumars Rouzbehi, Juan Manuel Escafio, " A Batiaen Based Voltage Control Strategy

for DC-DC Converters: Application to DC Microgrid ", Electronics, Vol. 8, pp. 493
507,2019.

[21] Ashib Rahman, Rabiul Islam, " Data Driven Coordinated Control of Converters in a Smart

Solid State Transformer for Reliable and Automated Distribution Grids", Transactions on
Industry Applications, Vol. 56, pp. 45321542,2020.

[22] S. Park and C. Chen, "Admittance Compensation in Current Loop Control for-ar@rid

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

LCL Fuel Cell Inverter”, IEEE Trans. Power Electron., vol. 23, pp. 11183, 2008.

S. R. Hadianamrei, "A Novel Design Method of LCL Type Utility Interface for Three
Phase Voltage Source Rectifier", in IEEE 36th Conference on Power Electronics
Specialists, pp. 3317, 2005.

Z. Wang and R. S. Srinivasan, "A review of artificial intelligence based building energy
use prediction: Contrasting the capabilities of single and ensemble prediction models"”,
Renewable and Sustainable Energy Reviews, vol. 75, pp80862017.

S. Seyedzadeh, F. P. Rahimian, I. Glesk, and M. Roper, "Machine learning for estimation
of building energy consumption and performance: a review", Visualization in Engineering,
vol. 6, p. 516, 2018.

A. Foucquier, S. Robert, F. Suard, L. Stéphan, and A. Jay, "State of the art in building
modelling and energy performances prediction: A review", Renewable and Sustainable
Energy Reviews, vol. 23, pp. 2288, 2013.

A. H. Neto and F. A. S. Fiorelli, "Comparison between detailed model simulation and
artificial neural network for forecasting building energy consumption”, Energy and
buildings, vol. 40, pp. 2162176, 2008.

C. Turhan, T. Kazanasmaz, I. E. Uygun, K. E. Ekmen, and G. G. Akkurt, "Comparative
study of a building energy performance software (KEPE-ESS) and ANNbased
building heat load estimation,” Energy and Buildings, vol. 85, pp-1PE 2014.

J. Leitdo, P. Gil, B. Ribeiro, and A. Cardoso, "A survey on home energy management,”
IEEE Access, vol. 8, pp. 5699722, 2020.

M. Beaudin and H. Zareipour, "Home energy management systems: A review of modelling
and complexity,” Renewable and sustainable energy reviews, vol. 45, pp3318015.

, 12



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

M. Figueiredo, B. Ribeiro, and A. de Almeida, "Electrical signal source separation via
nonnegative tensor factorization using on site measurements in a smart home," IEEE
Transactions on Instrumentation and Measurement, vol. 63, p{37342013.

T. Catalina, J. Virgone, and E. Blanco, "Development and validation of regression models
to predict monthly heating demand for residential buildings,” Energy and buildings, vol.
40, pp. 18251832, 2008.

T. Catalina, V. lordache, and B. Caracaleanu, "Multiple regression model for fast
prediction of the heating energy demand,” Energy and buildings, vol. 57, p{31202
2013.

D. Jacob, S. Dietz, S. Komhard, C. Neumann, and S. Herkel, “Blacknodels for fault
detection and performance monitoring of buildings,” Journal of Building Performance
Simulation, vol. 3, pp. 582, 2010.

Z. Wang and R. S. Srinivasan, "A review of artificial intelligence based building energy
prediction with a focus on ensemble prediction models," in 2015 Winter Simulation
Conference (WSC), pp. 3438148, 2015.

A. E. BenNakhi and M. A. Mahmoud, "Cooling load prediction for buildings using general
regression neural networks," Energy Conversion and Management, vol. 45, pR12127
2004.

B. B. Ekici and U. T. Aksoy, "Prediction of building energy consumption by using artificial
neural networks," Advances in Engineering Software, vol. 40, pp38262009.

R. Yokoyama, T. Wakui, and R. Satake, "Prediction of energy demands using neural
network with model identification by global optimization,” Energy Conversion and
Management, vol. 50, pp. 3B27, 2009.

S. Farzana, M. Liu, A. Baldwin, and M. U. Hossain, "Muitodel prediction and
simulation of residential building energy in urban areas of Chongqing, South West China,"
Energy and Buildings, vol. 81, pp. 1469, 2014.

Y. Zhang, Z. O'Neill, B. Dong, and G. Augenbroe, "Comparisons of inverse modeling
approaches for predicting building energy performance,” Building and Environment, vol.
86, pp. 177190, 2015.

B. Dong, C. Cao, and S. E. Lee, "Applying support vector machines to predict building
energy consumption in tropical region," Energy and Buildings, vol. 37, pp55352005.

Q. Li, Q. Meng, J. Cai, H. Yoshino, and A. Mochida, "Applying support vector machine
to predict hourly cooling load in the building," Applied Energy, vol. 86, pp. 2285,
2009.

J. Massana, C. Pous, L. Burgas, J. Melendez, and J. Colomer;t&8hotbad forecasting
in a nonresidential building contrasting models and attributes," Energy and Buildings, vol.
92, pp. 322330, 2015.

Z.Wang, R. S. Srinivasan, and J. Shi, "Artificial intelligent models for improved prediction
of residential space heating," Journal of Energy Engineering, vol. 142, p. 04016006, 2016.

K. Mason andS. Grijalva, "A review of reinforcement learning for autonomous building
energy management,” Computers & Electrical Engineering, vol. 78, pf813)®2019.

, |3



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

S. Liuand G. P. Henze, "Experimental analysis of simulated reinforcement learning control
for active and passive building thermal storage inventory: Part 2: Results and analysis,"
Energy and buildings, vol. 38, pp. 1481, 2006.

T. Wei, Y. Wang, and Q. Zhu, "Deep reinforcement learning for building HVAC control,”
in Proceedings of the 54th Annual Design Automation Conference 201 %#6pR017

J-S. Chou and BK. Bui, "Modeling heating and cooling loads by artificial intelligence
for energyefficient building design," Energy and Buildings, vol. 82, pp.-43%, 2014.

C. Keerthisinghe, A. C. Chapman, -soomagtk G. Y
systems: Policy approximations using machine learning," IEEE Transactions on Industrial
Informatics, vol. 15, pp. 25265, 2018.

C. Keerthisinghe, G. Verbil, and -strage C. Ch
systems: ADP approach with temporal difference learning,” in 2016 Power Systems
Computation Conference (PSCC), pg/,12016.

C. Keerthisinghe, G. Verbil , astage stAchastc. Ch
optimisation framework for energy management of residentiaktekage systems,"” in
2014 australasian universities power engineering conference (AUPEC)6 014.

H. Tischer and G. Verbic, "Towards a smart home energy management-gysyg@mic
programming approach,” in 2011 IEEE PES Innovative Smart Grid Technologies? pp. 1
2011.

M. A. A. Pedrasa, T. D. Spooner, and I. F. MacGill, "Coordinated scheduling of residential
distributed energy resources to optimize smart home energy services," IEEE Transactions
on Smart Grid, vol. 1, pp. 13843, 2010.

Z. Chen, L. Wu, and Y. Fu, "Re@ime pricebased demand response management for
residential appliances via stochastic optimization and robust optimization,"” IEEE
Transactions on Smart Grid, vol. 3, pp. 18831, 2012.

C. Keerthisinghe, G. Verbil, and A. C. C
management: ADP with temporal difference learning,” IEEE Transactions on smart grid,
vol. 9, pp. 32943303, 2016.

C. Chen, S. Duan, T. Cai , B. Liu, and G.
opti mal mi crogrid economic operation, o | ET
267, 2011.

A. Akt as, K. Er han, S. Ozdemir, and E. Oz
smart energy management algorithm for a hybrid energy storage system in smart grid

applications, 0 Electr. 1R%WENW. Syst. Res. ,
M. A. M. Raml i, H. Bouchekar a, and A. S. /
microgrid with intermittent renewabl e ener
no. 14, p. 3839, 2019.

T. Levent, P. Preux, E. Le Pennec, J. Bac
Management for Mi crogri ds: a Reinforcemen

Innovative Smart Grid Technologies Europe (ISEdrope), pp. 15, 2019.



[60] M. Elbana, N. Abbasy, and A. Meghad, SMART CONTROL ALGORITHMS FOR
MICROGRID STATUS DETECTION, OPTIMIZATION AND PROTECTION. 2019.

[61] S. Leonori, M. Paschero, F. M. F. Masci ol
Mi crogrid energy management systems by Ger
86, p. 105115, 2020.

[62] B . Dey, F. P. Garc?a M8rquez, and S. K. B ¢
mi crogrid system by a novel hybri d-4mgwosc.
2020.

[63] A. Boukerche, Y. Tao, and P. Sun, "Atrtificial intelligeraased vehicular traffic flow
prediction methods for supporting intelligent transportation systems," Computer Networks,
vol. 182, p. 107119, 2020.

[64] B.Yu, X. Song, F. Guan, Z. Yang, and B. J. J. 0. T. E. Yadle&rest neighbor model for
multiple-time-step prediction of shoeterm traffic condition,” vol. 142, p. 451, 2016.

[65] X. Feng, X. Ling, H. Zheng, Z. Chen,and Y. J. . T. 0. I. T. S. Xu, "Adaptive +keittiel
SVM with spatial temporal correlation for shetérm traffic flow prediction,” vol. 20, pp.
20012013, 2018.

[66] H. Sun, H. X. Liu, H. Xiao, R. R. He, and B. J. T. R. R. Ran, "Use of local linear regression
model for shorterm traffic forecasting,” vol. 1836, pp. 1430, 2003.

[67] Z. Cui, K. Henrickson, R. Ke,and Y. J. . T. 0. I. T. S. Wang, "Traffic graph convolutional
recurrent neural network: A deep learning framework for netvsodte traffic learning
and forecasting," 2019.

[68] Y. Wu, H. Tan, L. Qin, B. Ran, and Z. Jiang, "A hybrid deep learning based traffic flow
prediction method and its understanding,” Transportation Research Part C: Emerging
Technologies, vol. 90, pp. 1660, 2018.

[69] J. Qiao, N. Yang, J. J. I. T. 0. S. Gao, ManPCA. Systems, and Humans, "Tastage
fuzzy logic controller for signalized intersection," vol. 41, pp.-188, 2010.

[70] D. Srinivasan, M. C. Choy, and R. L. J. I. T. 0. i. t. s. Cheu, "Neural networks fdimeal
traffic signal control,” vol. 7, pp. 26272, 2006.

[71] S. A. ¢tel t ek, A. Dur du,-time traffic dignal céntrol Mth  J .
swarm optimization methods," vol. 166, p. 1089, 2020.

[72] T.Chu, J. Wang, LCodeca, and Z. J. I. T. o. I. T. S. Li, "Mu#igent deep reinforcement
learning for largescale traffic signal control,” vol. 21, pp. 108695, 2019.

[73] K.-L.A. Yau, J. Qadir, H. L. Khoo, M. H. Ling, and P. J. A. C. S. Komisarczuk, "A survey
on reinforcement learning models and algorithms for traffic signal control,” vol. 50; pp. 1
38, 2017.

[74] M. J. 1. 1. T. S. M. Abdoos, "A Cooperative Multigent System for Traffic Signal Control
Using Game Theory and Reinforcement Learning,” 2020.

[75] W. Genders and S. J. a. p. a. Razavi, "Using a deep reinforcement learning agent for traffic
signal control,” 2016.



[76] L. Li, Y. Lv, and F:Y. J. I. C. J. 0. A. S. Wang, "Traffic signal timing via deep
reinforcement learning,"” vol. 3, pp. 2264, 2016.

[77] E. J. M. s. t. van der Pol, University of Amsterdam, "Deep reinforcement learning for
coordination in traffic light control,” 2016.

[78] J. Gao, Y. Shen, J. Liu, M. Ito, and N. J. a. p. a. Shiratori, "Adaptive traffic signal control:
Deep reinforcement learning algorithm with experience replay and target network," 2017.

[79] M. A. Khan, S. Abbas, Z. Hasan, and A. J. n. J. Fatima, "Intelligent transportation system
(ITS) for smaricities using mamdani fuzzy inference system," International Journal of
Advanced Computer Science and Applications (IJACSA), vol. 9,401 20.8.

[80] K. Katsaros, R. Kernchen, M. Dianati, and D. Rieck, "Performance study of a Green Light
Optimized Speed Advisory (GLOSA) application using an integrated cooperative ITS
simulation platform,” in 2011 7th International Wireless Communications and Mobile
Computing Conference, pp. 9823, 2011.

[81] M. Seredynski, W. Mazurczyk, and D. Khadraoui, "Visiigment green light optimal
speed advisory," in 2013 IEEE International Symposium on Parallel & Distributed
Processing, Workshops and Phd Forum, pp-468 2013.

[82] G. Du, Y. Zou, X. Zhang, T. Liu, J. Wu, and D. J. E. He, "Deep reinforcement learning
based energy management for a hybrid electric vehicle," {1.2%,/2020.

[83] X.Hu, T. Liu, X. Qi, and M. Barth, "Reinforcement learning for hybrid and 4atugybrid
electric vehicle energy management: Recent advances and prospects,” IEEE Industrial
Electronics Magazine, vol. 13, pp.-26, 2019.

[84] X. Lin, P. Bogdan, N. Chang, and M. Pedram, "Machine learbawpd energy
management in a hybrid electric vehicle to minimize total operating cost,” in 2015
IEEE/ACM International Conference on Compufeded Design (ICCAD), pp. 62834,
2015.

[85] X. Lin, Y. Wang, P. Bogdan, N. Chang, and M. Pedram, "Reinforcement learning based
power management for hybrid electric vehicles,” in 2014 IEEE/ACM International
Conference on Computétided Design (ICCAD), pp. 338,2014.

[86] S. Xie, X. Hu, S. Qi, and K. Lang, "An artificial neural netwamhkhanced energy
management strategy for phirg hybrid electric vehicles,” Energy, vol. 163, pp. $818,
2018.

[87] M. S. Shamami, M. S. Alam, F. Ahmad, S. M. Shariff, I. AlSaidan, Y. Rafat, et al.,
"Artificial Intelligence-Based Performance Optimization of Electric Vehidddome
(V2H) Energy Management System,” SAE International Journal of Sustainable
Transportdon, Energy, Environment, & Policy, vol. 1, pp. 1121, 2020.

[88] A. Alahyari, D. Pozo, and M. A. Sadri, "Online Energy Management of Electric Vehicle
ParkingLots,” in 2020 International Conference on Smart Energy Systems and
Technologies (SEST), pp-6€, 2020.

[ 89] . ker ban, Andreea Claudi a, and Miltiadi
Renewable Energy Sector in Eurép8mart Energy Infrastructures for Next Generation
Smart Cities." IEEE ,2020.

3 0 3



[90].

[91].

[92].

[93].

[94].

[95]

[96]

[97]

[98]

[99]

[100]

[101]

Ahmad, Tanveer, Hongcai Zhang, and Biao Yan. "A review on renewable energy and
electricity requirement forecasting models for smart grid and buildings." Sustainable Cities
and Society, vol.55, pp.16r14,2020.

Jha, Sunil Kr, et al. "Renewable energy: Present research and future scope of Atrtificial
Intelligence.” Renewable and Sustainable Energy Reviews, vol.77, p1Z2017.

Khan, Prince Wagas, et al. "Machine leardraged approach to predict energy
consumption of renewable and nonrenewable power sources." Energies, vol.13, pp. 19
27,2020.

Javaid, Nadeem, et al. "Energy efficient integration of renewable energy sources in the
smart grid for demand side management.” IEEE Access, vol.6, pp.-77096,2018.

Sharma, Navin, et al. "Predicting solar generation from weather forecasts using machine
learning.” 2011 IEEE international conference on smart grid communications
(SmartGridComm). IEEE, 2011.

C. B. MartinezAnido, G. Brinkman, and BM. Hodge, "The impact of wind power on
electricity prices," Renewable Energy, vol. 94, pp.-48%, 2016.

R. Baldick, "Wind and energy markets: A case study of Texas," IEEE Systems Journal,
vol. 6, pp. 2734, 2011.

I. Milstein and A. Tishler, "Can price volatility enhance market power? The case of
renewable technologies in competitive electricity markets,” Resource and Energy
Economics, vol. 41, pp. 790, 2015.

R. Green and N. Vasilakos, "Markéehaviour with large amounts of intermittent
generation," Energy Policy, vol. 38, pp. 323220, 2010.

E. Foruzan, S. D. Scott, and J. Lin, "A comparative study of different machine learning
methods for electricity prices forecasting of an electricity market," in 2015 North American
Power Symposium (NAPS), pp-6l 2015.

J. Lago, F. De Ridder, and B. De Schutter, "Forecasting spot electricity prices: Deep
learning approaches and empirical comparison of traditional algorithms," Applied Energy,
vol. 221, pp. 386105, 2018.

G. E. Hinton, S. Osindero, and-W. Teh, "A fast learning algorithm for deep belief nets,"
Neural computation, vol. 18, pp. 152854, 2006.



C RPYWE B &G e IECA Cu AsAED 1@3 v 3
Ci € %ol dv



AVeeu
Dad2 Si ° | dRYATACEI Oyzpl eEBaclé g Ql Cé e % paaday g | vl
vl 1Bt SP%a%Rag @ AY cRCI BB Qapd BEAWLIDY:yd S&cl g
R&¥ca @AECI
g S| 8°@EAWDIBAG & 2344 P AaGDE BIR UASERIMN O& E R E Ca
gl cCTHRACT F 4 & 8ERCE 5a 10a CiDest RYGATE 031 @ %% d @y NC a
Ll %Eedlg T @A E %D apad®RR¥%l 0%@ae-IN "Ch/ahe 3 v dgBsaIn adCoiHc
CxAel 74IRAKE§N XETYaddGEEAESDY B aAST adPQ@ICa i @ Taade Q
5Dal &Sk TV E15R) e R e OB MDERAa $4R 3
Y& 1Qg 1gCadhS edCe ®F1 gl axpl
drea gl ROTI SQ dRcR@ Y% EQNae &E
AO& %a guCAC o@dL +e/iagNSCaa Caadsas @ ARG ACHN cydecya E &
C%AeSQaMDiHHagC By a@ W@ cBEVERICEZCI RECclc
SlaateR e Ccecc aCc SQAQa#AB VRAED@EC g SR%A LYd
5 R&EARAAS 12
) d 8 BIed R B & B4 UIHY
LTI OEdIAOES| P40 TI R AQagr BESLCH IBILDCE §y 6
YREEY agl+N ac°z
@REcI T dQIEI Q aQd &ea SN0 FNERB-CHD gl d 14 Og $ 1 L4
e BCE¢ CO¢Waa'CT lvaNdcolEaAT T™Ma %IiHdI bWy ) Q& ¢
aheaa Yl ayvy 1R« (6l DagSoB@iaci§o BoalS IaEsiBé& Se
eV ad NS &1 A OBEBR EwEde a3 ) Q¢ gr acCl
& ¢S 1QEREUCT gr aclldRBECL ¢ oy CEVERRIGRIEDIC R + N
glTalls%C QScaR a@d 2L YrQlCcC RELIcE ¢ DhanRag AO:
#S| QBPEOSLOU T ¥BOS HMAIBIJ@E® GBLC LI PeeabisTd R 44 S
Rcgl 8C

uslnputs

!Double seasonal
Holt-Winter

2Threshohd ARX

2Auto
regressivdntegrated Mov
ing Average

“Generalized Autoregress

, 0/



g —

=~ — ~ “\_‘ P B S P —— o~

/ N 2 N 7/
( Regional ‘ l.’ Analysis ( Specification '\ / lmplementation\ 1 Manage Operate, \
\ Planmng I\ / Development/ ".\ and Testing ‘,;‘“/\._ and Maintain j/ &
o ‘,"‘ -\"’“-_-.._/*/-J i ‘\ Ny e SR "‘/’/{/ i —— -
= . e - = Chan,
Regional Feasibility ges Retirement/
s Study/ Conce) P an ReDiaar
Architectu Exploration epl

Concept ol :
Ope ' 1

System Venflcatlon Verificatic
equimrna * s
High-Leval W] :

Design [ Verif
Testmg -

Design Testing

Development
Field Installation

78gr aCl  REGEQ NG LBudRA8 g &5 1 Q& GG ¢

@Acphgt aCl ReCgcEc DbhawnRag AOaAHA gl al #eélld
) BEE ¢cd Ql Q Uxi ENSEaic 1 1s@-¢é1 QU R
c D" IBen§:A e TCl<gaGalrC | R & C ¢ CorSERND R ZRA CHOBEAVIWAE AL ¥
gladre 8 LOTEDHPE ] @@ a@-QAIN gr aClg SBREE@HIE BDBLA Y
g T QRS @8l & VaaldQeSHERD &) Keaiuy N T EPEAKRCgIr AaC1 RéE Cg
BéaiBix eed Y Qe $ & EIdBAIx+WIVER cgr a Cl galREeCeds CRID %a
b Q8 Ngnlag NeBllc Qv @hoOogl gr aCl RECcEEC DYa R
&P IdRIQYSEsal gr aCl  HmE E @l co TSk Qg GMERS 194y ¢ 2R
é PBQO4 Ba cUrdy §BERAC EN o Ceco2 graCl ReECg €
a g REANHWAEO & A R cbQ MRS CvA G5 ¢é bl VaaRRe T
R dfQS eSDA Tl @@idc | Q
C-\Ad Igagte SEHE @&l RECclc¢c DLALRHYWYSICGBA DD € E
cl ~y&caB® 2l 1 gr 4 GFBRREGE ¢ & Q Iy P && V2 RBSKRE ¢ ¥ed ¢ aaha ¥
Ric1 T gr &aClg Vi aa yx Bda@a Bl a gdlliceE DG Qa1 5d ®d Al
PDBOVLRG gyt & 1 § &5 @HAEa b NE DLl ;lar,adBesrs Q
N IERYEEI FSROQB4 a S| 4y VLKEESIE TeaQRacoaCEaxEN gr acCl R
gr aCl Q¢&du ¢ giothl BRiR NeMWBlagr aCl HBETRAJIRC DY
QaSdtay yS@ant QS e B&8Ed €CH AO4 g
LT %Eax 11 e p#uyQ @lEadl wCadiaitliawi & U IAPR
SQ Qexay i B ahtPaibetur,S0lg 0 & g0 @A @SR E g T1a%lC ) (

ive Conditional Heteroscedasticit

, 00



0 08Xkl myOgEs eCitas, O &03ag R O RTTHEGgeCaagl ¢ |'S gracCl R
R tebedNTl ERcatgRl B @ ¢ € P &gd c0a IR SA CBagek 8cc REICHLE | Q
ReCcce¢c DK S|BEPEANaREcI T dQiyoal @d-1xCog
Re Cc ¢ SHENBKE® cBGHICIDE 1v@vi 888910 &g rasdl® |
@1 1 Unal vigl4aze WAC&E] d 3d b &l ) adBodc ya@Pa!l g
YIRE ¢cb 1 @C1 WU %A x
cCadl B@ADTBINEHIRQ GCES| QECIC Cx¢N I 1 @LIeébp
A O B0E wacaTS1 | 061 e RVALCENRP@ SHERGCHING R & IgiTa(
GaOewl LI %%ax Cagl QI SQ ) RE Oacta Gla @D ad%h e
) Q@%ac dQI Q U%i ¢ N gr aClleebl &g ¢ gaaob Y24
CA%uyv °pPpUEA& ¢E&%HEoU (
CaMdtAc dQl Qact ¢e€Q aUlRlGgbERODFRTTEHA S a4 B ¢
R/l 44 T QS|
N BEL S
cladgd®»nRl § QI 3%l e cl
ébég LIgRY Co6C@ag 11
l&crea™ C1 LI gRY CoH¢E
cl +yée%R 1 &NNLI gRY
gt Cyag WUl 48 S
XMBGI dQI Q U%i ¢N gr aCaebind Gd ¢ G UD W@ dsrl A

STEP3

. Davelop regional  *
L architecture

Validation by
' stakeholder

' with customized = (
-~ workinggroup

 service packages

B%gcCyag wU(1ad - €+4acN auUl aa
S hbUEA& CA%Yyv Avo
°pbGEAH-(AY wW-

lcacacCo e 1 ¢Sscaca ¢%l cQeEl 1 ICNGAEY el CRIOP
cD glaxl e Bé&éC¢glc¢ CCIY e gracCl ReCgcec
el BNCccece CCIY glaxl ~aéa e RYBEAN OAVARI

A~

e
¢ aaoey awC acCcg



TI & d/&at 2D ¥ySQdNINB EPE o ¥21c S &4y ¢ e 3 Cc e

Nnaema RERECNTE CREY) QI Q@I 1%y deedkéasd Q@EQBCHTEO
C %t Ctrl ee DL 1S YQI AU 1@ Gthad @c IVPUOGC @
CT gQSli¢ag TI Y% % )RB¢lIlT QSI¢&ag ¢¥%l TI w3

6 ¢ 6 el VREC OB INEE T dQI 4 0a@é& D@8 &4 T I caN
cl a¥%agcpPRBILCEDUET WOBI S cROLCE Acp&EAEAaCH & WE

SIRAg C2 4&ac¢ BEGs RUEEECE@MAN: =114y |GE VeS|
Ql @igla amlC Q1 y W& | A %€ 4Bl &b 1 é-2TIEOA A RN 1a1%ac

) QaY I R¥% DPaQ Jcafng Qa-acCo Sl w%u+a

° b 0B AGWH(-(,(-

I va&qg| d1aTst gal elatal al ¢%C OBy BRE € 80U ~ 1B 14l € ¢
JI POQII €ficedd B ¢ ADYRDE € at¢ GHISN4 T Bipd | Fi& @Reva |
RE Cc & 8@7%a FREYCAAME g hSI C+ g a%@ & BhAcHT Iy@sS e
JAadUaSQ ~1 R¢l Yaeéel «EC€dpasi @i ¢l Lic Gecvhdl IiC
) QD OgAa&aiN Ad Ty Q&1 &4 Gd %uglaSee MLICIc chd| éd
e Y%OUI S$ ReCccdc dvanriradll xg laebs (B azied g3 B8QA -

) Y ¢ BWN #

v eywC ofe p iEB & vE- zw 0f ACWEDHa v ° A Ay Xy 0V ° «
° b 0 EA&Y &waaGE

CA%Yy Q CI @ Ya &a@alldly & | e#DdaIN ¢

C%adAE et @MAC| au d &@lg g | &JIC TdE@ElTc | &4 Ysgealh

R & ¢B4e¥edah adalle D %+bClFg @ Bl

CyakhiCa B&aCC &HRC | aat@al

R C cbpd ¥, &Vah cadalle

Qeayal amPec 4@ CCT %G Qayrdl amINa i1 84 &

R & Ot a1l S3yai H

Cé %z 16+(4: A -

y
1Dynamic Regression

Transfer Einct

, 02



dTEU ¢%l §Sedhl &l cTLOEIFOSSHI gd ¢k B&EQRAEY ¢ ¢
aCVRI B 1Q@.¥ égll ¢ eTHA QY@ S @ S | gl évtpilz6Qa ) RE&EU g
wyal ggSet¥iuRaeQIlvd @ Bleias: MAaABEDEDR] ¢
D%iao wuidt NgeBQadgsel @icice@E NT «S M Gé
cl a8@U SMC &AL g TLIRSOEYEN a Y.CI1 T %40e CIsS@ eSac¥(
EVC gSel ¢ 62NCHBEINa R | BEE@] ¢%3d@aeggq&] Cl ~aj
aleD+ Nl &1 AcdBHIORCIACBI B4 &E &R BICIE ¢ Yedl GaI ¢ &lpde
Vi3 CA¢cEVU a0 S IGER @B A ducSTiyda e &1 BCIG FSRQEXRE ¢ 7
XBAICE D RECc IMypD ea BRELERY |- &4 WA WaxllC Bl S|
YWRvBIEcwugE Cyg aBRag Y
Ve &P~ WA YEG- ¢, (/
avalgr RG8 DNAWGRD| @+ g N bBo) mbEan ey GLABBD B 1 € ¢
cOuar a4a6Ci@®Q Gallwea Ak QE §CC+ a auddasl fc
@¥%l aul WEeéeVYass@ mdgrsE&e&@a amC i i A HgSS BIEQT X
lagr 4CC+ac¢cNigSel AR PAPah TBRRCT CrEE §lr BLHATI 4 ¢
gl Oal S SrEZ@adc ad-glgLoa e TIlg gSI %al CT RC
IBYEcAaT!l gR%WAEN graCl aoexnl ailAKG&aadT@IsD C-
1 @a IEARI@I 4 bl CIWIY cadiéd SQe/l 4 S1 @D ol 1 CY ba
) BRCSI Q Ya%auRyRiaN &EE ad @l xO&IT #é&kaco v
¢ ¥z U¥4W(Q wz
hl OT&C SITIT p¥% ASE YVaAaDaBIRpPLIALLWIKLEBI &
) P4 %C OLWSPINT lalC i @ V- lak DVA GRFAF SAYFA 43,58 4 T§ d R %3 ¥
dQIl yOal @ac¢li)JQcRce Ghval aai°cgQ c&l@RXBH CTHZ 4 GIQ A%
gis¢ at PCxuy w%OU e _al SITIT PB¥&83CB&C 3 %A
AO&d%a Cgr B CnBEHERDESK: RO ICE 86& | paEA0 &4uA & O
L1 a%%auN 8 ger sOaC/NCENRayE lalawa Og WI EY
deE<T )RBcl TR ae DI N¥%bak &EQHhagQL &I
QCY gr acCctl vekiNg 8 Clh AR CHRT Meda CAND 7 %I &
PDal dR¢ sSal Sl %al ¢cBhThERYWEAD LAAARKI N &C°F
LEdegr aCl aoRSIiNAGREg &Igma&cCl agR CI bTé ) Q¢
dRE;l §16CT Sg/Ss WEeY ¢%hl §QS® BSIEWEGAESLOE ¢l ¢

ion
Wavwlet
Multi

, 03



cTiBal %O%uCTI U 1%l a¢ oyU RET QI g%l wWNE. &
) B&dcliICabd gl al bagcé¢- U po#&SeW §OCaUuC

¢ AwyadsA(-(,(1

gracCl e DPaell R%*LACN NDAYBEBE & W ada TABBISC & &
e wi%uUag iivNGgg ICA e ®%I HVTAR HRAARNKET 44£1G4 -

cD Tl ac®lyyPlarAgq°ja%eeCl IcIBEBIS) Q60 wt OFI
QS¢a d®RicWe &%C RBACRKRIE Q¢ &E¢c CCIdWR cBALYERA) @ %R
CCly _al glilAN TI webl @bPal QWmBTStBYCd
1l QEAD e«Ci geé Clharg&i RoiecSIS)YE AN & - T ¢ 1 % R
CT Qaf wd ajild &AaYvE raBacftdgQa By 0 49Qa ¢ PATWEH LT Q¢
) BgESE Q¢Y TI1 %C QS¢ég _al =R

Al {IEARY

CBMNCaTl vWaDa@eS@LEaCl gIIcrAMEQ gHAICN OCc &
dTal ¥aYARD aglac @agn: LARHTMBR yg A O& %4 RCWH 4 WyTX Qb & YA é
QeSe @wayY DPAI U SQ )®AI2dOL Okl 4061 b L@OR =+
) QQat &aNSI ¢¢ d AR YQ0aS @ WadBRLEPAT a IS RTHLLTELAN
CT D)l rgaCiAi i ammzl Ml dQI § O@Cnl I §gaNDI%PLATSIQ T
gl caCc¢c ~dIREd & Tl IRBICRICECRBTE® ~| Rcl 11T Rw%II
06 1@ ¢IRELLBAS Q 24 raas®leit & RyAd M &lc W QEAD &c |
B RIC- T ¢ & %S A QMHadLGdenacss ¢SaQS ALlg LI - C Tl
TPl T1 181G OPIgl gaagl +N e YITNSI SQbabD #@e
A4 OCE Padduallisa iQée: aQCSke DEBE OAINl Wdd y&a Ivdd e
REEY gea¥% ¢ébéa glcQSIRBINalal HISBCAHTEDPES
RlpAaA el C -CcdrSgt BarTlle Nale LQ Y- % )RBEc¢lI T COc¢l
QSI Q QI Tl g gracCl CY %+tylc¢ca SQ e REy bDul
b D& ¥%g 1 A Wne \WuNIRD ERDcl T Te Y- %4 0 RlAeAHy TS TI- T U
CT Pal C-T¢ Tl cR¢ 8y e C-TlaAlR) QdElice KIOU

CT QTl & dQSeD ail 1S &1 1 aQ rdiRQA e 71680 BISII ©é
coO@d®C SQ CI Cx@N Cl-1 ¢l & L34 -aRn(DE B¢ @4 GBE) D
Rcll COcl Q LIC

, 04



B8y Algi sl ——
S jlenpsd
S Al Jilg . Ol Gl
IS I @
Toh g ool g ol ——— eyl Julos
&
L o

¢

Sl dah 8ol

U

*Bly oley Uy (= =35l

C-TcawnsS a(@@&Tc afaa 0%l oe

¢ %CA(-ARBCuay
Ca- % ®DIYEaid Rl @ ©6 ¢ &lgc YHSIEL IR 18d Te 488 £ r & C
COY&MRTNL 1C4%3%a N 1 1T 38 98D cRIéCH g@ayCac Rel  dRE &8l
PDwna¥%Rag ClI gaoeée i bYx& NE kIN P@JIT d&3wall C OB%R ¢
Ce%wCl dQh yOEENVASECREELE QA LB CCACxFEHRESD CT
¢%ue3Cec e RBR¢ RBEl CYr 8 ¢94 €841 C bdBING € & CC 4 i
SQ ACBcMI ¢ %a hvuadMd@ SuCH 1 @ANCRTE RACBHCHI R
61 1 daCte gP8i QaT 11T aal ¢%l CT DPal gracl
clvicddr aCl RéEéCccc DRAYVIBBGI &4aAR ¢ IR AR gTrla Cd %16
yQal bl C I'S ¢l TSI @cAasl ReeEaCgr ®&E aCl eV

°SpbUEA& C¢A%yv OGwbaepé» ay %h %wi
°pUENA-(Ay w-
dall ¥@RBLI TI Wcea! Sl faeRAQAIFYE éPle g¥%d SCyd
CO¢cl Q LSIE plad] o BEBBEN dy HecB £ %+ D@TI R ¢
cl syeerRefiPacCOaQe e &%l 4D e YOO CDABIECT |
, 1+



D& ¢ S fc 1GJ0 Yal catvseSaQvaal BAC NCRBEY EgHaQs QT @bl C
I ¢ T RClIeOol _al CwhcRrRéeCcagl €41 8Q
té ¢%l SQ CT R®%I CC &AC glywl 1il
¢ COREAMN %240 Al ADCRAVE@HN®T & NC @B LA
) QET REcl EcYrakagyeé %R a
° p a8 AGW-(-(-
L1 g Ue SIQcad v eapasié @b 8 1A Gapssgvh ¢ ¢ BACTal Ya- %
¢ %l 1 acg\R edaRTCIREGENI@ dgledd L Scé ¢ »“haB@ 3)0p@S |
tesues Nee¥%s™ TdREARIETUeN d A SARTISBEE CQP{c Ul a
gSIRC°C e dSI QI LiagRY CT wahel @@Baab¢gdNaeg
e Vil Rl I1CEBA S @g 8 M@ACe | gaFiad ClQ Qe E a alah B @&
wUl a8Cidel IRdayRte ¥R CC ) BRE 0OaCalicC &ly ¢ 2RD B &AWNR ¢
' S cl gR&EWYR 1 %Ll @V.agICya aRBQECHA G| BE ¢ H B%a Ia
) %8 1d QSeDa

Cé %z 1§ A -

#cl ¢ %e Caa dedicYl PARISAGdEH $h O4C I'gataghhlt (B BABRCTUY: Y
% BEINMTI BelE6 LScé ¢é%l SQ ) RASNeQ assqg fCc I
@EIN1¥a L%3aB8CSQce ©WEECCya w%UlI 4adR SHIRIGUERE U@
gl ¢QI CC cl +y €& %R %d ! ROMIGFIA yeNIa gal1ca0Tdl 134T dAal
¢ %¢E 3 Chl wE&RSI wy §1 cgl ceSQEY gl al bTé DYI a:
@g S| @&y @V.a T Ca Y)aQ C&ICS @Vgpeisl QLS@R §Ladsy AN
ciltRE%I CC )REOAC cl +yE %R ¢ %ivi: Rébubg @EEANS &
@¥a U ICydhIRa 08 B6aE AAC R E E Y %aSAlL SlIiB%ILBECY ¢
YiRat Td QSe AT+ gy B &RT Vg€
%t Ya~ © BC-(<-@ ¢ Ay

) Qe CC w%l al eclVahARaAMBEE $QagR LB ®WCEYVEGRT C
cl +vy eRVEM & & %a SPECEATYAIC NRAdpe@éa ¢ %E 1L SE6B YA

gracCl SITIT SQI adAcNI 83 Cc¢ 6@ LA cHGTY: N Bé
A%BERNCE BT SI TIT SQ6plraSMC @G %Yy BR6LigTAtel +a
cé ! AU 4° %Q gca TI )ixSEl braeR@ET&AC Y& !
1T YReEcIT COCKDC INE AHOHRXA dBEY¥cd IEREsmT e
Rcl 1 RILESELYE IBEAE BIfC cAr@ICXIaF @GN d@i § OB 1 g g |

analgr ACBRDANUGSQ CY Dhdgr alH RE €Tl DMaARAPEHOQx a -
o1,



¢ %l LE- &Y iV igda@a0 B %0 e R &0O I -SyedQwaks | Bl
YR¢lI T REgQEa
¢ Y%z L(Av(@wz
wy aoBgyea k Regisigeddl a%%wiuiN e vaoar alU SQ
| S QCREGBECHc D@l @ Qe 60 HC |y & JalCeNSRIE ¢YaiBIY:
g Q&cT Ui@pam4ae CI dREIKWGEEE cREAEBN BdClcaNrae [RE
EHEDTL YuOU d coamma N RORENEETe 6 alcISH &@ GcIRET Cul i |
SITITI ¢ eV %2 ¢ T Ig V&g lud ) RioaDi ¢ £+ %R - OF gR
CcCETCNNQEe wulceéel e a-eQ¥I @%I QOoDaEc PAIT &
_al SITI 1 wND éel &f+ell WLACSHWHAR " BEO @5 Q SQe )
BReécleY | %TaN wWceail dQay SI PHaccl Mp§g £8QlI
) Pcl Q SRAIRLY AaTR Co ¢ CapR 6Cd T cM&e o u*l kA &cN - &ad
¢ A Zavads A(-(-(1

s N s R

CQIUY éevaéel oB8ye®¥%R Qa%u: Sl ay dQl yaaLmRIASERQ R
gl d& @RSECeeTS Q1 @OREWd Te & UG YyLESHART el le RELH €@l T
SIay dQlyoOal COBE®TLCIht §%aTl SQURNECE @R Iy«
e BE¢Q graCvigui 8RR ¢S QED LR-cIRIC oa: NOa 34€

YRCE¢ JEaUaT IcovDR &A@ RgsR Qéa°CeQ e
Al {1E A& 2%
Tl % ClICcRaAaBACEI DaBll dic @& T ST pucHEBIEaagl I
bi @dCl1 RCeS gdaiRCH @ghaESAHZra OrleBF@EEP GRS
CCl Y IBb&4TabigéMCaagige C- 6%l C1 Cx¢N 11 C-
_al olBNaN @t BWA: Buad- ) 0 LR ég a 2OV RAKRINcg S
Cl Cxd®%RiEDIPIRd BRE@TRARCI dTEU SQimfad s S:
R BTl BRx C- T cRcHBIT cC TAOAd Rl SIQR xeVige CTI ¢%Ch
a%S aadld|fa c@%g TYaSiQecNL2cOD 1 Qiadbd B BEER a4 a4 Ob
vic eb#8) 8d TR 0O&%C al +u cl BE2 S¢cey sSealid U «
) Q¢ a¥%-eéN Cé¥%aT
wWh @ Y-(-(3
wuCl t Re nil&€a e £INY YQI1VAIO- ARa - géh g KAANIORRE ¢4~¢ ¢
1D cRERN@E Nae# g T3¢ Ty B IdRecal: S8 WMARET O U ¢ .l SC



Tagpl WRIAGYr aCl dTeEU Rigkhy g Cht REAELE ¢C 1D vas
) Qaf dSt ¢kdtale™ R gid a @it D®E Ge ¢ ¢ 4

@QAaY el cEfcN@yIrdaEaE @Y Y»a R 3t @iadi Tal rED &R
@pd 821 e DuauRaRéCHEIdEs | GRY S L8t ¢ PALEE &
) e SQE BREN TR
cwWwCy T WBAOD jwu°- Yy °hbUEAa ¢

°hUENA.(Ay w-
DEI LBDRNCLT Rcl 1 gQl %B 8B8iEXFIE cg K

1 aQ Sca&aca e ReECcccec dawey e JSQ
SEC scéadca e MeCgce d
ReCcéc Yawceall A ¢%clial e al 3 by
gr aCiBg&¥R @eQipEscdN @§ AR SEY gl

vy alrSaiyd a ¢ N
wA¥%alta eb” @cctnawnialNy aglc RE
uNSt BiCSgQce RECgccec 19SQ ayy
QeQ éuwbeN glcacalU e pwn§gU Clyal
pCaoel e wNIlI allbp
AMI D& %a e MMECgtEC S
@QSI Q Q¢xe cD 0a0PbPag glBalREECIECCICEINY 83 @
CCl Ve@€Cra@uCC TA%AAN RECcCeagCCISY LEGe &K ¢é
DC&Ey e QGECUYUD™BIOxI@  CY w“WAAOET afTaa pn¥ ¢
C-1¢ Cran@ical gab aluNI| iaiCas@tass R |'S a4l
CClY gafadraa&Ld Y A@SKE 0lal0OPRe @l AalYhg @alyCN
YReéclI T YITNSI
46¢ag Tl @R¢ dSic¢l c¢cD CI 811 s ¥aAWCGelS Q@
a%l dae @CCI Yag whDr.éa whE8waLLB8EENBR LRBR¢RECcEC
SQ gafaag wWLAL®cAOdkhit SAQT eldlg |A WG]l EceS e @Y%
dQl y O&I1YS SaQ YuNFCYAT C 30 bk y %ol SdDS@M COMaEsi J)IIRNG@ W agl | ¢Y

a0e vy SeuCeia gl di 8C rR OUALISATH § Biatmb® @ BEIC ¢

layer perceptrons

1Support Vector



dQl y O&aTIE@ESE@TINK Sd@ ¥PpTe 1vavl ¢l T ABCOILEHE NHPE 4
) B& O&c¢

TdRBE YR CI gQlTa&®A SEIN i %% gRecSOG!I gdlca
wCe a/la - Ic1 &l B&gI16) @al TI1 %C wyal dR@EW Sr S
gl a1l vCwesm Rrdadesd Ccal RE-ille d RO E@ELe RC Clg ¥
YRE ¢Sl ayal 8w%TEN C-

| SCADA I ISO/RTO |
\ Z
) . : i DER
.‘ - ’ ( . Management
7 ‘ e —— System
\ _ (DERMS)
A - | h
| ceass || b9
ISP Switch . DMS/OMS
i PV Data and Control over Public Internet
Home Area Network (HAN) Field Area Network (FAN) _ Local Area Network (LAN) _

mRrReCccece CCliavaw€edawnl LI sl T NS
CTEBOVSBRAI TpCIt®ackcN ¢l J e ~adég DYBEIREY C
bRO6O e cQ&aRgaMNI QP OGHETQETe SIEcQ ¢cHnE3 Cc e
Y BEéc¢l T gWeaD Sd B bexii SgAaca. %t Db % ¢ BEVvbe SK ¢@Q I gATec £
5Q¢¢ CQBLBRYWI0 ENCI Qr aghTax!l Tl p¥% ac TI
LT 61 & acdebdQ eC®ikY SRa DO FicAca d@OlI Q 5 ae¥l
ygracCl ~"~aéag cl avag ¢%es Cc
gl ¢TeS LI®Il &@pheB8QSQcCCBy¥aaaovel 1 6scC s
) usl EceS ~&aéag cl ava ¢ Yl
L1 61 &4 atcd aFQ5RQICLO&!l wghc@ al T A ¢¥cl ag e al
ygracCl ~&aéag clava e 0alObag QI
BREEHEYR SQ r SdRa R & gprzaCic W @G ABLE 8CY gl
) usl € ¢ e JD DP¥U+tie CEHnE3Cc e
ala 0a0PbPg gl c¢cTeS LI6la 1SQ gr aci
vy al a¥%l ae C¥%aT e wWNIAlTlbagya¥%l de @

A

a6 C SQ wuOY%a¥s gl £ HEE Cac Ml GHMEEORS 1S&IRIIC @D a
@JdD Ngl 3 Q @wu%l é¢ceS glcacauU aglc¢ Tcacau
L1/



Ya+r e 0 %0 %3 OEWMTLIQ QIS¢ &9a @6 r)Sh&c Ir il OeDIURM &

GHIcSe QESEWA G dgrleada a¥%l dae @gawnctéeN e wNEeé

RAPRNCILT |1'S aw%l ae ¢ %l hasuCERH 638 SeQBIQRDEH 18 VR 6
Tl dQl yGRliILIECE e B BREDBBD dRiraésr LI dQIRTGLE S|
aAOtag RABREQOEE C€ICISQSW¥% CiI 1S acacCa- Raaiac
RCE¢DdaAWYRePE 1 % 60 YUDGEAA OE £a%hkd QRPR &Sk
1% ¢%clag gave R [ &ECdanEaEl Ve @R PSS ay |
AR E N ¢ %l )Rcl T 1 ¢acARUE:NSE TQ & % U IQBIE By 181
CClanpgads®PPIeQ wuO%EBRYaA yBADE aduilac a°aco Cl
aGapigla® Q ¢ Ouatr daddCa @ Cicic ¢cb RE ¢L ISQ%@&ND ¢ (
VET 1 RéCGeQ@ dEC RN #Wha BEOIP/DESMATI@_a® C- 1 ¢

) Qe t

e dsS

s s el TN Gaglaaz gopsd @ ° ssls (3ls 5

Soanigh asls & S et

NP R
Re Cc AD&SEA Ya Cla gSi C+ g
°buEANBYH-(. (-

ITS AO&%ABWUIS@g 8D €= HISAAQ &G LY Ioa 8T gSI C+ g
5%ag 1 d%T O&ca &Ll ¢ dARDIA EAERIAT ¢ B4 1M c Co
#RCa%Y Sl ay weaed ATORImeal»xTg t ¢
# XG4 BY AVQEDRE gALD R Hma LT
# R %Sl 4y e SQCY AgCeaSvs#tla%eTa Y | (
aglc | paskioBdCl gl tugc Co¥ Ld 16 &GIO ad¥aaET oNI 3
# B.EC ¢
a4 & ¢ wRI1&2C igll HOPR.§ ¢ 9 1QaNTQayh @ ¢ CxCd oy Dy a »T
# @GadealayOal QSE a

, 10



S

~

A~

-

IRFL DUl 4 |

S

O & ¥Tal pa.T

SN0l
—s

eal

R CasIday yT94al QS¢ a

aQL &y

A~

€[ Tel @3 CA & MREGEEacC O U &y'C AdT® Gy SIQC + a

~

4 d W I0yaamdd Sc@a e CRAG) FAND 41844 apaic Qu a ctba o C
C xeq

A

A

(SN

3@ Jd £O 3§ waQasTd @B calAll

A ~
R

| GAREA | ¢va Kbl GIREYCLEBAR T € &0

Al

g QaNLe
75 S NE)

v

N

a xacC

\(@©

a
Q

|
a
2=

g
e

SSATIHIM

\ m._u__._m_ /

$5ITIUIM
IONVY-LUOHS

juawdinby
1i0ddng i3|aaRl|

33143
UOITBULIOJU | [eUOSIay

HITIAVEL

SSATIHIM VIUV-IAIM

ai3id oL aiad

WwialsAs
Juswageuryy unjied

L o0

Juawdinb3
Aempeoy S |

Juawdinbg
oURUSIUIRW PB4

L o0

uolyels
Suirey o13033

_. juswidinb3 328yD _

3[2IYBA [ERIBLULIOT)

juswdinbg
Buuouuop Aundsg

juswdinb3
Juswifeq Aempeoy G| |

[eulLLIB) [euCiIeWIRIU|

uawdinbg apispeoy
3|01y 3A Pa103ULOY)

Wa3sAS
uol3oadsu| sepiog

SSATTHIM VIAV-IAIM

Regressors
'Radia

11



¥Y3ILNID

OL¥3ILNID

L X X T —

L1

—a 191U uolFeLIojU|
uoiepodsuel |
L1 X —
193U
i) S co_uewm_cw:v<
uswaSeur 1ISUEBL JuaLIBFRURI ljyel Bkt
1 Seur|y JIsuel| W 21ei] Ualiey
LIX £1x £xXx
SEMVC]
Jejua)) JuBWaSeUR Y 193u9)) $213sI507 2
nsuojpueurely  PUB UOANGLASIC 3YSIDL ARURBUEN
g 18P pue 29|y
L1 X J— L1 I I— X X
123U iu9)
Juswaseueyy juawadeuey Adussewg  UORBASIUILIPY
suoissiwg JPIYBA [BIDIBWIWOD)

L1 X T —

GILO1 193U87) UOHEISIUIUPY
YILNID 193U9D) uooadsu| 1apiog 123ua) Suizioyiny
1 )
L1 T T— L1 1 — L X X T—
Y31IN3ID
- H Y3 LNID OLYILNID
s Juswdinbg washs
UORBUILISSSIG UOR | - 55y pupjureyy 310ddng 7 10JUO 9IIAIBS
-BULIOJU | BBIY/-DP)
—a JU| B/~ _u_.>> - s
@73 oL : - 1
YILNTD femares) wR3shS >ﬁ>00m_n_ W3sAS
U0YB101d AdeAly  PUE UoREASISY P340 7 parepdn dewy
000 ) eee 000
\ : - weshs Y .,
WoIASBIR]  yyauafeuepy sjenuapary  WIEAS BIRG
PaAIYDIY © lieameadooy | PMWW
= (eee J\_see K11
140ddNns

¥3ILNID
OL¥3ILINID

¢

O

B €2 §9128 8t GadAdReC Cgl £0%4 é I(E & -
d B¢l R&PE S+ & DN |

g¥:at Gy KR X @Ddie ad I1ST &IE N

bwva

~

-

Ba xed @b ° GO %4

L1 g RYd &AW PaEkagill ¢SS Qraactl QR4 B 8SYE ¥Jesd CBag 1 1 ¢

A

~ A

LI @R YRakgRELERP Cl ¥J ICEHAEGRY ¢wa§gCya%aBhygTli
@R $ E

aoac

~

L

b LR @UNC aREEasa |BERECI S \d a2&HQELEIRS ¢
@u BN @B asxa &R g v.aa@tiaI1c C@, € %Y S

2.
&
<
=3
3 C 1
(©
o
3
h —
@ o
©Q -l
«© 0
O y—
T n —

a
TS

A~

a

) @A
L1
H¥aul &l

ITS

A
-

A

D %@ Y2 facge BT CALCILRANY @ BCH) Lé ¢

A =

BECAOQWURYAGKO 60V ° «

5@:

~

D g ead Qu@iial S i

~

TEAGIEY: 2.4

HA%UILABE®

~

Oa gu Y&l SBAChBAH

MQ IIDEAM AAR

a Ly,

>

Yag C
Ui RECI S ai!l
, 12

DYl &dwmeiuEl &

S

C2 S| Pw%aesmaskAEN |

~

@ VEBE ©

~

'S pw%il an

N

Ya -

~

ae

a &

cl 3l



NI 6 E& |

Other ITS Roadway
Equipment

Other ITS Roadway

= Equipment
1
1 1
roadway roadway
equipment equipment
coordination coordination
I \
1
Emme
ITS Roadway
Equipment

TMB ITS Roadway
Equipment

A

communications
signature
1
Basic Vehicle

Basic Vehicle

U Yialdall s i
dQPpxa®R ¢ cQ

cl ax dl acc¢c CI ImSDdYa! 48T Cat C 2.8
YBE Qi eC cD 0aotk
road
network
COﬂdItIOI"IS

1’ trah‘Jc
passive vehicle images
monitoring control
+
traffic detector control
+
video surveillance control  FSRAS e samant gl e e e mm e o traffic
1 operator

_____ 7 input

traffic
= operator =
data

N
passive vehicle
monitoring control

<-=="

+
traffic detector data
+
traffic images

-———

BDY immEe Qiknlal RiA®&g BC Qb e 1T - ¢

gSI1X&23S1 2

dQl Q U%i

g WBd NG DYEA0 1A OR Ba o1 1

Cé %z 1F@Ee A -

AT Y9asB/Aa laghida .0 yCr-0a B &Y a1 gl ¢ e SQC

¢N SIi ée0vYB1lCh- - CaBQIc@PRd £ T4 D avwy alir

) 8E€¢

a g HESS$A QadasCaed 3.8 Y|
P 4 1d RY%UJd raéd% agiednx| B RBMS™S

ad yAVORDACHA R 1 Eaa%é %18 O& &Adi 8% R A B4 %4 BCART a B kL4

Ré&Hm dQiy

y Oad | L£ly v.8 & 1G8 AeAl O &SDATH AYR STel N &gar 4G

| BasisFunction
1Suppor

t VectorMachines
2Ant Colon



Auxiliary Load

. e N
DC/AC Charging
§ Converter [ Interface J
S Energy Storage System | - 2
(=)
S Motor
% g/ \& )
[ Mechanical Transmission ]

17§ Bl ¢ e $SQ IH-GIACREB3(L a - ¢

dRECYT BBAKAEBA¥EN S d BIBERIAICY, B& G-HAC g
ge aBENCB /dHaBIESSa Ta 8- Urg Oa BRCWRBRBIYC a4 C |
RS Q dREDPED &N BCleSPNCE Y
i RB.B  Adnboardi rl SI ¢ @BiSlexndil | §diTredSige &Bic{ S
Qt&caa | WP A[OPEEGHE Ords | ¢
c B & BYWINRLE 1CH\ED llgQ 44biQyI Sedet. S| 6Ld 64 Q4 &% ¢ ¥l
P 4G @l 16 OV ISgubnD@BHEN | 6 EGIl 611 ¢ g
T4 -SCh-a LEIG SO @A dLPD a | YA PE 29 JCs3a 1
) QLEcée | Y- %EE&MIOd BIDL aCP i@dNBCd | + Sat
Tla&gir GECRRBY BeAC C+a gl ¢ e NQEYY MALABIEBIS-AHoLCa1l ¢
RS Q gliRAFesSIQARYA @ el &R 8.4 CH#aC 1,8 ON A §
B! 41 g d Il GaAHCA I/ Nd QIRPIOIEHY- CCDIARIOA 71d @ T
ac Ulea Q8§ t#d ¢ QlayaChumdQi 0t E@@1aCAND &4 AW IC QU 41 &
g gSQEREd £O 4 WaRaATA @BcAI Al C @QIAQ &YaMledl HHraC O q
vy &1 - BE 5 QM PBROHKEEF] € &GCACT & CAacCOu a%y &lo C
RCa®t ag Ql y Oal
%l Ya~ ©° CBC-E ¢ Ay

y Optimization
1 Deep L
earning

2Deep beli
, 14



1KQ8¢ % Tl cEf %§0iGsgm g RADGLSS udd@Ed &1 [ ¢ ¢ N
CaCxd@®yAga ) RCASFHITBRM@AY Q¥é PReTST | &a&Bd cBWigl [ |
BRCR&@Ic &Uag 4&aa |1BBERCcAIEwa

g R %S| ADA y¥acalvdra g |
gQl 1T gr a0BvEE %YCT &
wuiid agCl  YAQ 4a¥88 aghiTe
vie Yiign & CT g YAQ aava agaTc
61 ) PaidlQ &-Sd ¢3$Q Cd fVg BCARD BHUOPA CHCEECHG§AEDC
COYI é¢ a¥®a R¥%“RPNe B@E &l g 'S SERIY MEEDIPao | ¢
6T 1 ¢ T7d @FDTG | BHAGN €CBLTSIY RevuAdhl e PEBE g T
B SiSayl @okcal A G SLAJGEdA B Q ARIGAGTy e 4 ¥ Yié P e g
a@yl §1 ax p¥% Qli@edp i RB QA BROB Wa &2 Camhl BDIC x
LOLEMBBIEEH SQ C- all CEMENAS &T HNEABSEAR0 & %4
SQ I AY Teal B a&EBR &8HEBOUNI ae0 0%A DI BREDRNE
AO& %a S QxBbENIC g Tast eCaYaedO€ T e | AlYCIM@est %l b (
) QEME REl a8 Y

g S das (g lara
‘ --.

gQa-aco aoC CAAC BUn aawa R%QRIN AO04

¢ %Z(-(200¢ Wz



gt AMd@H, yHdE st Céc e RmBEigQlali!l AOBREAC DI i+

CHRADI 8 a4y 1 Q&Y S@EITD | WAFNLaleS 0 %6 %O&aw%IT 4
s g8l AdagG® C1 CT DPal SITIIT adwal S@:agerfMC3IQ
AO&¥a C1 @11 Cl Ic@rdl mtcarL C£Me WQa%l %IQ
y Pal ¢ %kl - RELE] BO#QAaP C QNiccam Muavhiasc Of g ¢

CCCtwaOar Pbal Aadadag C3LDc ) PQ | \Qa RS @aro BIACI
gl ¢S1 OVl 4 aQicoPIOxO &b %l €1l HTEU @%&:Q SQ | 4
YR¢ RcElEY .

cl avl SQ g#xa-Cdd BSOS wcCRI dSEFI aea®CFRa
byC @ 4l gc¢atspNCE&alaal al Wy sl 8T TI1T SR
Ql QSl ay e wWND QI QSlI a4y @QSI| m@Il ®a la % Bl @ a
e C*dtraan HEIRICHCAR a d4c |1 &1 aglc¢ Caagl +a ally
SITIT LI%EIGaC@EDI e QEBENCREIEH| DABED T gl
¢ %CPN DCx &1 e 8 %TI aldgRyodl | YocERDE IR g&¢ Ng L1
gl ¢S1 QU SCEIVSl )QE-CLlaClEdGS ca BHOV.g ¢ BéH &%B R D
) Pcl Q RECI BYLSLEHABEHT NV Sg Yah

&2 5Nes (g loxe

‘“---

gQa-acCo aoC  @AacCcT!l _al SITIT gsS

¢A%y v YwWALaunC. >
) ROAA Y edPILYBIOPY AYAR ANREREQEMPEI SQ CT S
WBEJLYR QEY SQ | Gl BAIEIHTaSEIN 4 T ByaREya6ySatov
g 4 MWURECR SgQ a4kl b)ERSEI] g aYha ag @ad&ioic 1SQ@T1 & MRICOAe



naéag yoallale SIDE Y| a1 1 Yiag ajJeliCe Oag &R gyRimiand s
) QAaBQI SREL QSE 3 C (

Soaligh dils ol o by o35 50 ] T

ﬁ S & g d
PEOPENICIN
@:) ok

DC/AC (ols Joe
S e sla gl

1 1 1

P Alatigh ails ot 9095

gr a€a HoReEaT aCglag sl C+ g
AT { BAE (2
COlatchd &1 g@PRAIAEDC Alc 4 LS S QCOBNCHIWAR/IAET e S
Ll @U IZARYC@ P iea IR cATT & %t $HP £R &aAAINA S, uldsRPQC ¢g
adofRy@d lid %21 602 QS IgQ C - RcALSCORBVO §LURO
D¥+éilesied @ al@pd P[yAEHNOYC a&H SAACE 1PiRGE |
aaPdd HeDI QIS Ox AT L &8 aaaa ¢ dQl gy ¢dd dTEAYABR eeb 1
gladdiead cma@P®y ) Danr a ogkbboRyBEYR g b %e
g ICE sa @ | & Boih O@%ciQTd @é B & C b vTYual AN B %.C N
, (la - 80 SC EA0EICE é al ¥ 8 ¢T | g 1diQd ygnaastied @mNl %a Co
dRcABBI COdMEGICC T 4 Q&% | owrid CaADBEYIA gB5CE + 3
eB OSIVAYRh 8 @I 1A & 4BR 8§ BEAK A e 3 QB 430 IQa/a
PDUBEISICEBEPCYy WUE #aeN €O |
, 2 -



&3 y8les g lone

A
a8l 33y (55030 (g3l duand g g jLs iy
s ity g led il Jalaie
il e e i
83515 2lgs aslla
i 5y 1 M5 Ol 22351y sy &y LS
L 23ln Cud g et 55 sl gl SAVERT w0

1

=ly plag eals o5lo J 5 g el
1 o313 LS|

C- B OMHEITR BANRQE o 5 CaE @ - ¢

DA & (- (. (3
, (1 aLg&gdeéey/ gsSiovyia glsliQ graCl RéeCgceécec DY
QY CiI éOPbPag gSi C+agUNBRECRERU QEKER G@RE X |
a ACEIBLiIC%ne CI1 vol T INKSHaEL ISHE ehOsEdQ | TR B ¢ll AQD bAc |
VEA® @° Al | QN §ya0skl| e@iEda @ LSieddxoRleda |ICQég SQ )
RA %l C%E& SQ Q& x & adblldalAICaNa ~C 13 (WARNBANDEOTC éRrscal
al adgixelalagy»® €1 Saaba1-¢ofPiactllaQ @GeataICES e

ef Network
Lo

ng-Short Term M:mo



seo6kcd S «Cl Q i@ad *p vé &€ CiTdy | GAIdRBIG ReCdPFgS Q e
YWBa QS1 ay cl ail si § Si %o

‘_;;).3)15 S aoliy ¥

Hiodgh (553 (635515 (b dalips g by (g pon

" HAN

;[3_ 1> a3l J).‘.';SS Cas gado cu.:i)'bﬁ ‘LS)Si Qo LAN C?‘:

'y ( . S i = fioR ) WAN 2‘

& Longh (b () 5 (Fgiuan (sh (5Ld wlso8I &
MAN

i ; % s 4 3 a3
T e [l S NS I E s
RUCE

graCl RéCcle¢ (PBa¥Ra gSIi C+g SiOYI

cwWCy 1 A A Aywa2--E wA zo - Qs
cCocC@adl & Wpovimr ag ~ 18RAENg | a1l TI1 %C QS¢cag LI
Co¢cC@a i aREN N 1BLFAICC)ERICI- % YW 6 OY I Y+y 1l e ¢
Cgs&d@a cJcalag Cabhyg Tl “&20QRabadds CSEQ L
AQ&gdtaN Y4l AWA R Y pids caQyR sRIRK ¢ i
AHOR e BRABNT gRY CRENCEaSRRCEMYL ayl RiU R¥%I1
# Q& RBA %C
Cl Yet@aa eDLigaRBY Coc¢ CJaavaal NiDhiowdadadrdad gl
wyEN aUa adgaN SQUiRcQReHBYN@RALCARRCaAaRDR .
e WUl 40 gR¥%BRGE{ AEMRGAB Y C IR DR Ydaph GINCO (iS¥%ta
) Q¢ od J Bl 4
CA%uyv °pUEAA ¢¢%EWE (0wbeaep
CagdgacCl LIl f&ide 4 g3@IPI1a RY Caalemde Cw@agn ¥
Ul a1 a1 Ll aRY C@aEGCPaYS@asAaduQScla- glIr a)CRE ®
) QS| Q Qitexae S MO MaLCrING Ul adiTair Cal QabBaSah k-1 C

, 21



°ShbUEA& ¢A%uyv CwrAAs:u (

V Sd 181t @R € £ QN g Gl B d Egol IS Q g r &yl ¢ OyealIcleEL ey

@gr aCl R aodgglddibtab b &aladlll gr aCl RAEIC @A |l Biga
Yag € Cy g il Ll /@@aBrIayl Saa p @B L leé B/ESA&S 1l ebiO C |

Vawurt Sl ay Aca&ddéad vgx &30 1370vd

CA%uyv °pPpUEAZE ¢¢& %cEo

a¢ RIVGEXIOY) Qa~ REadrgic ¢ uphr wCrha Gadbge gwuNi 6F

afag HBTECI I WEOkhag CJ DH&ETCE LI BEIKLALT QI @:Ca %

C %Sl ¢a ¢%ABCP ANG W6 oy D\EHRB NP S &g QaFED SSA@ Ve

e Y%NIOEdI , 118 Qa T1NQ N Q/EWaA IO YVLBZOL Y o Ya l

ReCcé¢c GHTa@WBIEgh a@Pasagal CI ChaeEmil ¢ O & B3
)y BEOYI Qa

Power Flows (e ‘\ o ( 1 I
..... Information Flows A OB R SN
3
\ﬁ Microgrid galg \[ &
: * - - -0 N B r
- Grid Energy R
Storage '
l = s N 0
Energy 'l N Power
Storage : - S e Generation

;l;dusn'iall R - _.; 3 NN
m@ Do ' L\

l / Utility

“--_‘ Energy ‘ o
Company

- Ston age T = ‘

Solal

l a: m

E )lcter
|

Electricity market

Intelligent Transportation Systems

ReCcccec gItXOBE CWAOBE W O- Al ¢ (MBI 6ESd1  Lé&QI

5Qt AGsTCechat NS C- 1 ¢ g|ax| a° v

, 20



. € %Tvsd TC TS  a’eCS @i dalR € LD & AAGAJIC el Qe Y e
dBACMN a1l )RBELCEQr QI 81 @PREREC g AQc]l BQRE G¢ €«
) Qa %t ciS1 gy SrBOYI gbQ e dRg PRELYEE LZHENY _
SQ a%a RaRIIN%LDD eRladk @BGABIS QEMERC BRI aul |

) Ol C-T¢ C1 %uauCUMg SBdC@&EF Tglec 1 i
hec¢C+ag CYT REOAac adh&dbagdrag RIVIR AN.109 d & a@dprRadk
eL3GBB&&EI 6 NI ¢a ¢l COI Al )bal acCgag a¥wa R
aé0g MBEICK Ce¢ gdlc C-T¢ Cl1 aw€i 8B e al AC

Y RCE ¢
C-Tc¢ T %l ac CIRvAsER RIL & A eCCHT 14via 1 S Id BIgTe
QCicYy a° »n@a@xaill »@0kgq Q& W%OY:E BR%UACHRc abC
RE| YRR Yed? DCABA - BBaA@UI- 4 SQ wyal glcesS
) Qa%t bl @Cl _al

gracCl TI CT Badk® Ciinddd@&PY R CHG BEEIA cd R4
SQ 40CT C- 1 ¢ Ygar adCil ¥o/(R¥A@CQEE Sty 89 QINT  RIge T

LEGeRE aMC dg il )dME pEOmGIQiBE @l 1 cD DCHYy 1
dQl Q Wi eDYCOIE@Ba 4g4SaisSQl %¢cQé¢ COuar ao6cC ¢
) QC ¢

_ @il rgné&C T1 gracCl al AOClI Cy¥%ube HUTEN e
dRGhll ) QSI1 Q d@Eéd @arP vRSCEl RREETEC CCly TI
@QSI Q QExe C-T¢ aal Naaws® &Y icgRopadc cc 1 ¢
) QR QEXE CA ST aaOcy afaseCxT Il SH Qil-¥pCea Igild
gl @8 QD GEB A 1VTge BEGAYN ¢ %Ll SQIREBEEGE H¢c CCl Y
QI BR+N cQ¢l Qrevnaaxkdl €le) Oa€gd oOQ@h¥wRal @l
Ye 8T @iy bRO eaBENI apuOdh ¢ @GEP CBI é¢c Q¢
gQeSe gl ¢avuWeS RASIOPEs Hg@Rt Qi &L &d-a\BEQ T
5Q¢¢ COL&EERGIOENCI QY &gwhTaxl TI p¥% ac

SQ CCalyl 0&RNIPESQIkaQ Scaca dQbQ 5ea&¥%l gatl
graCl ~aéag clamug ¢%ue3Cec e 0a0Obg QI au
LT 61 & ac¢ d&pPdQ SIS Qi aSEhat 49 1décQl @ 5S¢ C Scaé
vl éceS ~aéag cl awuag ¢%E3Cc e 0GaolOba

atd SQlidgQl ysOmdCd e wnieall A ¢xclag e als3p
graCl ~aéa clawag e 0alObPag Qlaul g

SQ r Sl ¢dRE@&‘EYRg red CUE%YTB cNQI @ BgdcScY gl ¢
sl 6¢ e JD P¥l+ie CyakHdLR e al a gl ¢

, 21



ala 0a0OPpPg gl ¢TeS LI G®GI &o0SQ gracl ~
Céwuz y%ORYWH -°puEA
agal QCXwERITIS@Yal CT RAOERBA akhaEak S ig @RS=Q
RCOU At SI a4
¢ %1 QS &BUIRA PPNV eFFHIT gl ¢ceSQEY r Si¢ cl
R C REge JOAYUEaguB Ly agle@ARE ET BOESK T
wasjadd Clcdo ST ¢ claT SAQBURGCIOIELEBILE g ¢ .l a1 1
gAY CdiTh déag WU & \DY%a %R HuabROUIBESEAOEQSQTCRE
TIi ¢ RFMHEad aRTEWSQE Kygd 1¢c € YEECY gQR+0a LE- &3 C
l ce@EVEOMNS QT EE UBHREIc DB R Céa %l c B¢ a4y Sl ¢
LY~ eec IREPNMgI NMdtaNe B®ITa Nagd SSQ ¢ B GONCr@S 1 —
Td Q&BNE6 | & GANENRTEE hSi @il ¢ eCIQR Ja Be ESI 4y d QI y
a®Bcd Al y DBAdANCDOS ARGl 496 IGcade - AQr Sd Icfioe r S ¢
REETCYT QCY Tl Zado i@ Uag SQ C- |
d¥ R Q¢Y gaNIITHEsE CH/T gsIRCEEMges Qi SI TI 1
) BEBQRE Ccc€- CEC1 €1 BBCHRPI @Plal dQani 61 a S«
e Ya~ CARINWE Cwa
REB @ QI Q U%i &N Cal QI SQIAGHIl I+ NauyairRRR@AND
I'T )QSI Q DUAR @lQd 34Ta liLdgE #dCéd HNMACHBRGC O N g g
clTHAY RBRIVA 31 all gr 4464467 ¢ MEBEMQ.ARENLYY L1 a4 %3%a N
QBc Ci ao aNellicl @3y Cifl agrca €1%%REYT RW®% 1 1 COcl
¢t Dd¥cag Gl PCx%wy I1dcagBOCE G%l Ly aQTy Oal dR
RGHCBYRATG ALBBNE N EURRAKRNI CAHIE Be)dEBMN &C da Yyl

Tiasi | ~adaéa p¥% 1% e %&EBDsg?r KEASOE® PIUAT a
) Qe REécl eyv
vA Balah | SHbae ONEOBQ ¢l 1 Ldgr&GBe G g ISTITQ T ¢

lcD PCE¥l g@a CT1 PHEGH ¢ B ig) QSI1 Q R%AECN 1 %l ag

B¢ Al dQIQWAaalc &l 1D KHPTIHRAGRLEE NCTCT A%Cé R
) Qe 1428t | BPCc ¢ ¢

¢ %z - Yov ¢ wz

RCOU & 1 ¥28 KT 1 oBTdl g YUXYaAITQIC TS RiexOaiad 44 a4 1SH1 N1 $

, 22



ABBEBRa | % anuAQ@C) Hdl @ Q &dTE L. ERAIGNE ¢ agd
Cicdal eal SITIT &a°%Q ~as TI )bal _al DCwuy &
VO ICHREEBIHAEN | 4a%T R¢ Bt FHBAKARIA TN dB @ NN
) Qcdad A CIWIY €SSBS UT % BECI &Y a%l ail

Cl c&abmaNereC SIIC® | T AN ¥%C g % T3 8 LB MR N g
g CRC%Y pQaclC IR & &dIS QA Bd +a&paANay &Il T A ¢
cAigiyr a €l JeeBl ®Bs ) Bcl Q Rcl ¢ BOIGRACI gSI at
SI %4l Y%l Clagr @ CAW  1RALAGEND CtiB%Te% B R A 0K 1 ¢ |

)y Pal &a%u0a
wNelyOg QI <111 cad S @&Y vé &lpU BHmEFEedr R ¢ Cc ¢ ¢
a@QAec) BRE2 eQ RECcdcaodNasCdrpdde STITIAQIT
_altpCrhéqg BB QU IRAddBEdcygainREERICNaAT CxuaAC
gl ccel'&EA@ENW EBISQEY ¢a C1 4a°%Q weci°oC 11T )Qecg
“WAS 1l € ad Qily @agIREIRE X2 B ECAIL 1IQad | élicdt &xyadli0Og g & ¢
YREEY aAOéag gadNwOsalpoiC§a Cl
Ay v wA azcC-
5QCCC LGERMaaLTS C-T ¢ gdaxYR aMBHIo+ N

YWAAO0ET ditSQ 11T c¢cD Tda#h@GRyeeRRe@icl Cla &y

CClY p% i1 4¢KNgCqfJaoRt @ALERCc aAaaCrQagoOcT a

Re& Cx&icy gdic @3 %TEN e al AOCI YERAY pwnas TI
) Qe t dR@EHE g

avuC ava RuwhoWMyEGd § @E BiIC %EBE BTRACAAENE N

g cl % e RECc cecS ACH I Vo4 g gelyaTast B ¢ 6@ QMiyca 1

) Qa4 %! S| 4a%a QBN RELBDHN @QPd ¢ aq TI

0y1 g SQaWNRRCBI @RI B&LAJ R A RYBION 61 1

ava RYR Kl CTIlacsediaslesy &l € 1 CTRE@S&E@c ¢ CC

1% e QSI Q gladyRCCiS¢EesOoOvheSQ+ e YaBnCIdRBET

WBEEXYR LSEeé ¢%l SQ CTIRXBITIC G111 va I *eta ¥Q
) Qagutsl ay CcCiy TI1

ABEEYR SQ e dR¢ RINSCEE CGRRE VR LEFRFNT Igd &1 T

REI EHNUY R AWEE pypPpacC| TL SLE @8 & wAsGCI@RETI |

gSI BR%AY C-T¢ glilAN CI®HEBI algl@dSQEw er SAl
) QC¢

cl ahg SVRT RWOAD ™A 11iclagAN CT  Ual ~ g_al C- 1

R ¥dAIENe 4g%h G SHGE oyrRa Bl%adARGE @R EET dQ®éeDal | ¢

, 23



PDailshiédlie) bal SI Qs¢vyal C-1€-Céab DR&- dQ0

YR¢I T YITNSI SQ a¥a RWRAGHN Rdiitle a3ad IC
AT { EAL ¥
TI Cl 4@a a@iSc ) BREécl T Cs€Ee mRCHESGRLATYL G TG |

i 21 4¢ +3%c DUN 1¥8C CC -alecOdl 1§ acalhNa caQd T+\B4cc 1 ¢

all Ag WECG wIa Qeisl Ca 168! | gohaB Gilas RCSI R C
Wihe clisiil Q al éNI CAAC pwnas Tl I1CSdy,sal aa C
cl cetuCOUNRBECAaTNRZAEN 81 ¢6a pwuoOldbB.aaaca |
gl ¢S11Cle REAEINQLT dR&E Mt ANASARLE TN vAG&HLa C6 Y
RECl gF |l caRieFd & [ IRELAIN, adklOidapyO a@kax eS Q SERO|
cl eAC clall 7Yt ceidTdl lgidst: TRECA %8 #) ) ) e gC
waéel C-leRBl&LC TalaxwE 16 yglacoeL 1 SU G ¢cCTS Q N EAT &
YRET cl al x gQeRU
afTmeyl dl 4447 SI TIT QSI Q aghedi& CTI ¢v%up%sS5 141 (
Chp UMC%uYy Cl 1@bmQaaCoiaESHeN g8 @ 1DaS P ¢cg a %S
_al PCwy CI Cx¢eN |1 &ACe N¢ »&OClal é NI UPbAIT &1
Ré&Jjac B CI _al Veaiu 1% e C-1

Wi Ay

PTauU Ci1 TI %C#% BEOLCR;-cécd apel ac8iEH/IB QAR G T a£¥l au |
gr aCl CA4aa aT GG usbagm e grl §C IR ¢cB &8 HCAQCR & C
$QaXUBTlea WiaS DIVI Qe &g TEID Qd ¢ aw%RT N &Al 2 p
sceieagracCl RéeCccec DlhreBiy RA@AKE CEVEEKEUR &K
AO& %a gdsd RIC° @C ea%wglS IGQAITA &R Y2804 B CLaTaNl +gNa ! K
ReCclEc¢c DPhawvRag AOaAREAxgIRE&ICcREE Ay BW LI ad
)y Pal dR¢ dQSeD gracCl R&Cgdc ab)acsRBO YA OGéYsa

, 24



Yl ye Y abye ) dl>ye
&35 12! §olens i1 LSS 5 laisd (bl Sadah 55, Glasl &1
390 Glauss g ianlsh | owiph (53,3 (ylaiisd 09,515
f ¥Fal> e A Fabye
Olass 4y olasjy elass! L3 g 5 18 bansi Al 63 epgtde ik Ll
isye 5 Ladsh Sy s S

(859 Mowdigh Cuy 1300 ! (090 (1 b

(1]}
T r s, h
T
-- e
- - 1 T
vy
: -
(] HI e k Iﬁlb"
Y
Nowigh JBgden| | Mewigh 4L S ulik 5 M hand]
ST E pos
w:‘J“:Jf)‘-d-Pw » "‘3"“""_‘51""“’ 2 i 9y 3 A s @ Gla i 3 (S RIS @ NS glas als @ ey gpidie @
Sl lals a5 @ el g el ol 1 @ taens sl @ @y ran pddye © ks slac o
i By il @ st e iy pals @ Lot (ol o EUEP =5
: . Cors il 34K 53 4 e
Sl o Loyt ® Erp SO D s © S
it s 53 s @ b S
S5l s e
e JE g o pleile @ sy ® 3 03 godes @ adiliy B A g 5S Spee @ 235 i STy @
st @ JUt iy My Syt @ Gl ey Lo e JGl g iy by St @ & e ‘.‘”Jh =
o o -' e e e o el gy e L‘S‘JJJ“‘,)’DQP’D-\.E
Sy 5 tosaly oy i o5 Ay oSy @ 3 it 54500 e 245 4y S 25,8 ; (S iy Mg Syt @
il g Sqpde plefr @ Ladgn £l RS0 i Eetead s
o ST Ay Gl O sldzatve e
Gy Sty ® bfles g nfs 4 @ SAm ® e g s 4 @ (50 g g2y SASHA 43 @ yles 5 s 4¥ - @
Ao by @ L e SR G g @ UM oy g O Y @ b ds : 4
55 Gt $ s o e e Y © s U gl A S (g ke ol Y @ SRR D
Azay et @ Latgp dls 25 Be @ e SEp S

by o5 plas capio @

) aloye

¥ aloso

¥ als o

S il o ol SAas g 3 s Sl S50 5 et 35 3 S gt a1y o S 54 e Sy Al 3 SIS (il ol 4 oS 489 it A ot
3433503 Sl (a5 e by 5 4 il 33,500 50340

st b 5 sl vl (5351 Siadgn Sgn Gedan Sl i Pl S Jalt & (5 siatyn Sypvte e dllae 2 S nsdney) lamy 5 Sl (g3 ot SN 13 35 Sintgn St ogtdn ko 51l

508 n R S 53 9 002 2558 (151 Kimlign St pogie ik 29550 o] 95 00 B 93Miid 3390 il 332 5 i

b %a %R a, @ C& ¥ga

8 alsye

5 doyo

g ¢ Cy a

v, U |



U« V %0
[ 1 Pondgptual Design Of The Intelligent Transport Systems Péogaa s e | n Gui 6dan
Districto, Asian Devel opment Bank, 2019

e adaOt DG - a4/ EE @e SQCY CRYAGH de% Tg-QRg ecl | &S
eawC dliocece” = @C-1c¢ Db®a®%Ra
[3]https://dotic.ir/news/5205/%D8%B3%D9%86%D8%AF%D9%85%D9%84%D9%8A%D8%

B1%D8%A7%D9%87%D8%A8%D8%B1%D8%AF%D8%A7%D9%86%D8%B1%DA%98
%D9%8A%D9%83%D8%B4%D9%88%D8%B1

[4] https://www.un.org/sustainabledevelopment/enerfy

[5] J. Johnson, "Roadmap for photovoltaic cyber secur@gidia National Laboratorie®017 )

[6] A. Dannier, "Overview of Main Electric Subsystems of ZEmission Vehicles," in
Propulsion SysteméntechOpen, 2019)


https://dotic.ir/news/5205/%D8%B3%D9%86%D8%AF%D9%85%D9%84%D9%8A%D8%B1%D8%A7%D9%87%D8%A8%D8%B1%D8%AF%D8%A7%D9%86%D8%B1%DA%98%D9%8A%D9%83%D8%B4%D9%88%D8%B1
https://dotic.ir/news/5205/%D8%B3%D9%86%D8%AF%D9%85%D9%84%D9%8A%D8%B1%D8%A7%D9%87%D8%A8%D8%B1%D8%AF%D8%A7%D9%86%D8%B1%DA%98%D9%8A%D9%83%D8%B4%D9%88%D8%B1
https://dotic.ir/news/5205/%D8%B3%D9%86%D8%AF%D9%85%D9%84%D9%8A%D8%B1%D8%A7%D9%87%D8%A8%D8%B1%D8%AF%D8%A7%D9%86%D8%B1%DA%98%D9%8A%D9%83%D8%B4%D9%88%D8%B1
https://www.un.org/sustainabledevelopment/energy/

VAN Y W R p @ B-AC08bvaei@l &



AU eéu

gCCi patl ceaT I ZOB@e OCI ¢ Se@BENRD BLe @ R 68G4eC ¢
CaCx glleebld a GEyEd vd 8gute®l 2igoTd CDabyitl vad )cEabllc COg |
40 @BABOLRIDRAL Odg¢c éal Ay R@a/Red: aaa A O6@T 144 e
C@® abbadelg®d BEi AliSdeBatc T6dd QI DBAFLRcE&TE & L
QdyccaalagRsl N e C+ agINa Tl d %8Rl vamiaGairgy:
UlBad B8k §Cc a &MCEDP Igalll BRErO@GcCLCe CIl
a aigdCce poth Cat 8SHIQ- IC.1+a |l RIVBNMOEN adaal elBRihhe
d9iQ) d@HISEA ICT CxiBN QeTC @O Fvd SM+R @S HFiGial AT
1y Y %a0- Al gr alCdkr eRd ICQ AR IBE 128 #%d T OY 2
0alGard HCa C1 CxEN 11 dreda” ¢%IYaSQ %Al
¢ %l P@Ad@E IbgdIiccT T @ RBRIUAEN ¢ %é 3 CAOEHAMAE%E 3
)y Pal dR¢ dQSeD | %NaANOa®ia aGa |
°pbUEAE Ay w-

Q1
¢ —

Aae&RCRE 0ac¢c bQavgc s § % VasNe YagORRAGAmI2c1 COVY I &
TON &8 &R ®8QU 11 #gbE ONAMENRGREHH & @A Bl RE ¢
@%u%l 6ceS @awWiCdEEl €0 Hrh LFOAMICEATE HNS 4 1
pcT1t SieOCl tpped|dQIsmEdrieagii Ly £1 - gl a %CoN
afNgR e Cc ¢ dal@ucdeON Vgad @G e@® a €S p ag &lab 8SQ
) Rt @maxil GABIH 8 LaNal

-8/ al & $S @itpcH Qlbd 3 Qbbb TAQR a - ¢
AT { EA¢ ¥

Qe Se CrDAMS d&®hagaN A0 -AllE g r a @c litghd c& ¢ ® %R

AD&EYE @g ADARAd @AVR~ 6 LECAINC xdBMEyT | A0 8 YRAYAETN

DA U SQ )bPal dRceAlal @wWAIN OYAAa %a@@RQ Oay 2

RE cO61 1 YaaallmIe HREBORY:1d0a 04 hi NIR CY IS
, 3.



AOCAdQl &y T@GAT | Sa &I¥Y8S TSIQ YOk O)c@@A@ar gd MaICic¢ Q
QS¢a Cahbics Q £TmRceHTalde cradsd ) @adddiicc a s TI1 d
C-Tlcs@dbd At a@ag CstEe rpCIGENTGaE S WA e Sh HBELEBI| (
YRCTI Qac°i
° b BEHES -

@ ¢eSQEY c Q¢ h CdlQclamailo el )50 R ENEEMBBEC a AL
&2bh-@ Ul al i N) odrd wddiiueeny Asba g & %aNl Y- % C
af .7l Qr8®WQEERnIad Va4 &N RgrSA GIc éaéad aBBEEl R
&% &0 ¢c e SQAY $1 FIGHEHEREe: c33%aB N QI S dRE %ED gl ¢
pebPl ge®dCUl il xrlAC®Y| @ @DADNY BBECIT T Yi%d @1 1 x
pGavy, WP aT0 1 ¢DfcH - a1 aagla H YVEBREREMAR W0 Ha

).8 PERSThglcAIR Cela CxQl DrdcaacNCgCE

(Masd)ptica ) o2l sla 8 HLETH aga

/B3 dE gl ¢ Tl tgi@&PeB2LasS® 0a0OPa
&a~C° < CAVGA 3y v
ABNELADQ@ RPREFPPg] ESRY BRAMEGG 1ACRE FTI dQI & 04l
T CRWI g Gp@#BOEBNE giR&E | Tacragr 8 &R gRQHIT eral A
glBEYEa TlaZeReAPpalCl &dmgod HCT QEGxed w3 o
eALRCHBBIN ACl o611 ¢a 6B BICHFRCCERBETD A ) R g
aEl &agbAucelay OBl gdxce N giive[SE O g S € )y @AIC T RCAD ¢

, 31/



gl al e RCa%y BREBADHI A I ¢ RET gaPARCT e
) QQa! GESHI ¢l &

¢ ANaAG o -
E%e3Ce e gQadaz vk SEiINg GBR.LSEY @dici SQAL N
Bewed efNrddR@ & Hy)RD & | Come &SN %ail 111 AN ¢1 Uai —

Cli&p Q@QrIT €Y claT SQ e REEY daxuYR Q¢EY SQ
gCCIIEIRBEHY Rig R ¢ g BDEHNCe@ c Q& &dlQaTlel REE T |
(da%YR Tl @_4ail DPCHyBEEIYIR & Talcicd T SI@ L @y C

) QE d kaIQEyY O4al
C Yaz "MV w2z

e g8@l G ¥ @B LT % #i% MCOC Q@ Sy SHATIA QAIQT ICT a
cl & &Y Tl W $d @DINLAGKTTS CE@W)MBEAEEDA &g gl ¢
| R¥% VaoairaaC la Tort 4SSeDuBlc y@R1@aand a @ alk €0 ¢

1T C@wih)Ypadcoad Rt Oan¥kp abERC 9%¢ & 19Q 1y @iQa ¥
wunl ¢ e P LUBHLECELEC eNRRDEACHBIKE @& radBRadidla R
) Q¢ COuar a1 gl &1 1Ra Geethieh. waaccaio e vl
@IdT@éa0FasQ Rt Eiiclel T SQ bupddemaBWCEI &l «

Q&gCOoOYd @aCe ©UCT s Mad BGHIRFI®D e A cCE & ¥
¢t wAQVBH §-¥~

°opGEASE Ayw.

y Co3vy %z ChHprwRAARPIJCYRAIT CAVOWA -5 vE-ydwAw e A v

il 41 g8 3Q al Og gl al )bPal aacdgQliawy | G QIAQEl g4
QCY R%I 1T aEGaPDaEl =vdlgi@a add Qedl IS T @ |
TeS TI welyY bPola SQ Rw%I T CCivacc¢Dh aw¥l ae
1Y Q&I Y Ql aul %OUI'S e &%l 4D | adxEqes g C

, 30



bl RTE&E wy %l 6e ¢ %clVge Q armdt Qd @d w0 &40 Cicibae V@& C
) Q&Y. BMMWICIR ¢&icce¢ CCIl Y

\Y é/él%\yx/ %/4'11 -,

L ccal BidRee Cc ¢ ¢cTHUIF Y p¥ g
@caadoAao Tl Ql aul wuOBCS e @l a
ReCcgcec CClae¥s glga»all dwalldea HHBBIEEag VI

Gwao- wA ¢A%yv axwl o 0! Au-y/-ApCAz
aAdvye ok NAQKEE - -

cR¢ "~aodatrl ) bdll & @aCa@NRId CadesadN oCTAIaY OUT SQ
bl @ClI gl %s PRI Q&xCR¢MT] EBXOrQEd¢gI* 4éa @l
ADESEICY QC ¢ acfcag TeSwugl gh°%nQl POl aa&Ed @
dRCIl 3 ®ge&S v ¢%%ISc TI QS| Quapcéadet £C3I QY BaCd
CT gQSI ¢a v BSI| %Bél RO{¢cTeSCCHRMPGD WICd I &
Red CINS a1l eSQEY rSic 1% wunede@aslid c&#iclna
cQay Ce%nCl e cl Ayl ad rredde a ¢GAl YOI @BCal alTi | 6SE
)y Pal Y%ov¥ées&agl VEeDgbt
V¥%«Vv §Yv3u

cCCly sQ _al ~4aéaq QslI
LRaBTBT SQ cD Cé%ac e Qladx TI wuC C
LRg Réeal dTIT 68 _al ~a
NSI pg cRCias ayl RU Ci gl al -~raea cl

Yaolz 161 AAY YA BWwaA ¢ wa

aAd vyl h NAQLEE { - -

e gR&#ELBEYRYCIlca ana RLRGN 811 éag Tl dQliyC
g aS%0dcahxal ¢4 UAI 6a T CAQQEEBOERE COIAICGIPA IS
ayl RU Cl a8k dRCsSA Q £¥PFaIQcéc@®: SQ wCCa @A
B¢l T CO¢lI BRC CQgigXiongd 1_&all «€odgr TAT REICHE ¢

, 31



V¥« Vv  @F v
faléeg CeAC e UAl ég 11
ReCcEc¢c CAIQY E@-SwiDa ¢ g
ReC¢gcéce CCHYS®OQy_al R %A
naéagclegRIME NCe uCl DCx- %o EEéa
ShUEA&a Ayw- WwBLAKGMZ y %! A-
aAj%Yyl a NADKEE A - -
Tl ®%®l PARAYa RBYQE AD aBxYidla ~ed €14a %ecd fglicd Cf
av%a RY¥%RONQIBY OlEdaeQBTARY VG YOG TarySi=¢ 1 g laa 1T 1 R @l &4l
Urna CI Cx¢&N 11T wal eSQE¥Casl §na@lime Cg &
Q¢ bl @Cl wsyl &g C2 SQ _al C-dilaguYRQ SIQi irZ
) QagutSICEw.CAdTIQBE g ICAEadda ¢
V%<V O3 v
dREdaT%YR cl EN e ri OAed QUipAlgSe®e C
o Cly 6Q1I ©QGgs8abDgl
_al C-Tc¢ s@Ql ®gasSenl
af gl al GC¢eaidaSedChdaISQ ayll RAQI y Oa ICE(HCT vy &

C-1lg¢

y%Cy awoEAaAyA-~'-%Y AyAlay
aAy Y%~ yaWARNAU- -5/&/%b £

r 1 O A0 8a%530 e@g ARl &2 8 d @&REA QpHTTH Ry Y. MEON ¥4l 1CH g Ya)
laxl ¢®%l Q&% N2AE i DARIVZ,E@OPBDIagOE] T @QR
gl ad b Ciad Q&I Yaaa IR ¥ HREBP@Y:1d0La 0atrt hi NI R
Tl dQlyo@l al @Cmioiéa@gladld B8 1 3Q HQKLCI®VaL anN
Sl d§ClhSORaLx] BQ CHGREGce 588 pa8ic 1 Ec a .S
SHdQAIRS ¢ g LGS-CIBCACT le | G2t er@IC BaddAS d Tea gl Y

, 32



QeRUag gaOCT QI R=N CIC-dxearssa TR WAE Y Oxll¢ @
Robhilea®uC dicece’ -~ SQ LEawivig C-10¢

~

BCS | Ddd CRmea  0%a+N ¢l SQ

41 ReCgW¥¢ gl ¢S

TIt e JD WeCgcEce
RéeCc®¥cec CCIY
Yie S10L Y

#)XCHP@g QI 1T gr aCl  @g R %¢aBYpNae &8a1s dRE
L1 6 EoVI D%eE gl

Ll ad 13l ¢ @
aa OtV afaa
Qi =171 wasal CiI cl¢eoOol I N Q&cwdsawad «€ad ca
bl CN 0&ad ¢l Y%aQ LCA WICCCE WIS | Bmvhaseh 4R @&/ Ig) O
dRCd 1 aA e Piar! RéEcl CXRIEE &y el g BB 1160 g |
CCBEMebEBTEE % CTdBEd ETQ@QcG v %“Cawvsa 114 |
YREO&aWUE RECc ¢ YadE3GeT MUEAZBRH JQSEQ

V ¥acv O3 4-30

° b U EABAE whiz OAz waA AEEWO G Ap ¢ WA L%
y%Cy awoEayA~ aly° u

Yoo %800 -TAl doTiccDYS@a@ixeéalLgiCt - gl
Tt e JBEQ QBp®ikBmadmcce L1 CI - al

L1 81T NSI e gaGxYIiLidagRTY ed MEIWLISQ@IC
AT {E At¥v %! ARPLARE ¢ AL [

val al CLH-cefss QU W3hy %Y _Tall- i@ ¢ DT 1 adRagatiacmluc g |
gl ByAXC I REa WA MEL ¢ ¢ cd QY H@34aQ giIYiaaa T e LI 3
@6Cl ¢ca 06u0US PCx&SQl QBE4| YA NTHIADB §Rwte@atog i ANy
)y Qaghtl @oCl1 i aléag RU SQ C- 1

5QQ4a! | ax| DATCHIBE & »T

C- Tt T @SLeiad Ed I1S@WIx| LTSI e

#r 1 OAe DPul e Tl @aga%%u clfraxs$ 0=

, 33



Q¢ xd®TEN AOa¥wa D¥Hhrie il %LTSI
cDCg®CE e 8%TEN qC- T ¢ Si

ShUEA&d;¢%ULH oo ACA Ywao. wA
@1 EPERAXIAR @BV ILeEd B ° glood COQRA&EO®A S ¢ %I S
di ° Qe dcgO0aadaoqidsrCl adgtae NQe@$ I1vU@T 1 2
CCl @3 d WRigd G1 NKRrRNESLL apd @U@ Sacl A 6§D Q/ady»=yAs gedd
_ Ay Sice@gy @D TeB GHCOa BEI ° e 4 OeaBEed)d) AOYI &
Q Q&AYN
dQl QA | ¢ DI QId Q §1 &~ BEGRKD &S cgda B QT L0 4daHID
ST IRx@anas GaeETa° @OGHE: | 4 RA A& ST 6WRPRC | ¢ Y
RY® ¢ Id CaBQNIDMSd R ¢
5QQ4at! 1 axI|l bDbal dTreé’ GlnTA Qd ki RSO Y
Cocl daaCy@di&Ea le TI 1 Se¢ QDN @ faa A Racl C gy
Tl %C QSEdeme Cuend € Cd Ixc Y
QCEAHE-BIDM# $g B la &AIGnaIca e SBOCEHT &La Gh t
_al RéecCge¢c ScoegcoOtManasal b
WS awoERBALPUEAE Ayw- - ¢ - wAE
h i ICHEIQEDa% | g ® ¥ Y8 A ROOEAER ¢ CCIE IeH U &MU & 161¢ o
i TaMsaey Gllasa © OMNBCAD Bl ¢CT fod] ABACT T8 al S b dv&E %
Y aC
5QQ4a! | axl a¥%R aUl da bD:
gal sSi 7§ [¢C CcellecdecdOYIla vglaByN TXgamd &l fgl
@RéCccc¢c LI OacgaN @rRéC¢céc¢c CCIVYSeINEa aal g
#RECciEc aECT
RECckTl GIHLAOE&¥%E 11T c¢cD YI{NSI e ~
Re CAsgxa dlivaa Sal
avra R¥%ROGN gr acCl &1 we ol a

ptimization

! DeeplLearni

ng

2Deep belief Network

’Long-
, 34



ReCcEc¢c pwaU CHydl e bE

ci COYl & ReC¢gilc¢c YPO%UEal e
RéCc¢cccec CChYNs@ wel LRBI NGl ¢ S
ReéC¢ccc clCOYi a aaoev

Céwz ywA- wz Of£%iu ¢.

WO I BleQ@HMICTCE T a @§NIT T 168 ¢ & CLERGE aN%LeBIQE Y
pBENCLhus) TiIcS O -gAalRCET e edll- C&S QB¢ cdfl roiSHhanN
G B d9de APIOE ! FTIRSYRIAaEMA gD LT ébeég REEI] b T &
BCONI @ | SAROE §cCgR C IC HSHMT BR’ANVL T CABL 3G N
CTo®éeQgVYmsa |y § 5 Ol &eTdl OFHBTAMReCHEHS SEHW BHE NI R CI
RQ&YNPE T &
5QQ4a! | axl aw»R aUl aag bal

LEa%nl ~ dQeRUag SQ cDC®laT SUfT+ &1 ey al

rSidé¢ c@hesl 1 eC %l %l x e ¥%y&1 geSQCY

wyal geSQEY wiuaéag greacCl JI aun
aaOcyY afaag 11 rSicg9adlo° 04wl

oAl » g o BE KR B Yy v

5QQ4a! | axl aw%R alUxaBaPRaKEBAaE 6B

ava  1GgvaRWIN gQl yOal €1 -al wil

Tia®.YARD agrlac vl I[wicxC 1§ YEaYSUAd 6

WiasYR AOa&a%a TI dQiypal d¢UOC

aaOcy daar¥avaR 1AO&Tkaa %ol TINSI b a3zl

y3%Cy awoEayA~ [ Acéw~ CEv

5Q0Qat! | axl aw»R OUIl g bPa

YITNSI [¢C Dblalspidca | ¢1 “AAOENNSI gBCauWd1 |

dQI Q aQi T N [baCAQGIKExENKY T LIOEEPIE agQl ANt

awovie Wiy %! VO EOAEf (VAEWEOECEDP O N« WWCH
y %Cy

5QQ4a! | axl a¥»R OUlIlag DPal b
gPPAULI a%CON URA 1SQ YO%E gl
gPKB&ENGEAIKE URa SQ wO%éal LI ag

wual T NSIC-BXl &&lT SeQ 0%eEal LI g

, 4+



LTI O6EdI e dQI Q al AOCH Ré&w%l ain |\
y%Cy awoEAYyA~ Jatyo’ 0
SRPEIMA OLTI] %l La @ iplasdCQ dB Ceg el KOHMEE Cad o€ Na «
) QRaéa b1 @C1 1 GECRO%Y Y 8§ §EuEEN0D

5QQatl | dal HdHER @diOcyg a

CoCchO®3avyg IABE-MDMO®A A OE ] AO&¥%E wWaS

6 %TEN C-T¢ ,¢%SE§EO0%CI g e
dQl Q BA%YR eAQEkaE YaSal

rSd¢ c@laesl aadéeT AO4& %a

AT {EAE Y% -6%opi Ai
aAy %~ aveoeav' ' y--UJANAQ &
CHaRCllic¢c &mB Qaokgogat LSIO6C e E£@EXTIOU

C8/Rd x SSNOQST aC - 1146840 ) R N0 TH ARSIQAEHRCDH O¢

)y Pal dR¢ d

#R%aY alfCOPaeuCEHaBEGIcec CCI Y
#alallahaQaD VB cdhe § QeavAmdle C¢ ¢ ¢

#OQCHP e@Q1 @9 B ehg@ B ¥ $g e4 &R QR AAC N 61

Short Term Mmory

'Gated Recurrent it

Systems Engineerin@E}

Smart Energy Manageme{8EM)*
Conceptual Desig(CD)!

Systems Engineering Process (SEP)
! Feasibility Study Repo(FSR)

! Intelligent Transportation Systems
! electric vehicle

! NearField CommunicatiofNFC)
Detailed desigh
EnergyStorageSystent
BatteryManagemen$ystent
RegenerativeBrakingt

Detailed desigh

! Field Layer

! Middlewar Layer

! Automatic Gain Control

! AdvanceHeadEnd (AHE)

! Meter data management (MDM)

! CombinedCooling, Heat & Power (CCHP)



Pl i SCEUBBIOET g@TI + 1€ SCOHETOIRGFGSdR U ¢ & %a
# SURIAOA LG @6 %TEN D%a%Ra AO& %A @Y
TI CY QS| Qatkud SQB | N &d psseTa OBN | ZLILH TR w&c
YR¢I T COc¢C-Q @aws 1®kl 1%4 mwaCy
e gSOC~h¢ LBSBRAOIHSH Jaibgh CSIL BébPe g wasal 7
ArodkmIcE® (¢ Cccchga@®mCIi NI decUC @l DaQ giedYI
adaOCcy B dmarsa) TcCIohGREcTEL QB &R&Uh[ e AxatlcQ
) Pal dRc¢lL 8&tecD valad
a°pivy~s °COAE
Viet R GAAT@EE R @ IR &gl & B EAETNEE - 66 B R & WIAGE RCHA N Ul e
¢ Al sAdH £NRdWGe ¢ REEHDZ A ledicR g Qa OUR R @dsa R %R IN
eg QI RECHBBIBMBBCH BGR Ul les2 HAUREE pe@c | O u@hs€ LS e
R & A&RcaT1ad R L@ WNe &HELRAU les Ys 1d G AL ETB U
CCHPa ° p i v ¥ArzxfpCl5 A £
50&1 LRicId CO¢l Q cl gé&ig e alCITa&@qa@GN C
¢h 2GR Ul e GBASXTaleT&EH e a- KN
SIT &b RUle 11T gRMAEN RBUI e
gRMARIN CT aeévwag ¢ %cg
BUl e gR¥%UWAEN cl EN weel T 1 %

69O CE®%AXx 93 vy
50&1 LRicId CO¢l Q clagai %a lLlsd 0olTadING g RE
woal T NSI WY a-Neda  BHa&EOEI] DY &
gR%AEN cl ¢N é%ECDNLUWED I ¢ $%D
Ctwzx ©°3vy
50&1 LRicId CO¢l Q clagai %alLsd 0o&TadING g RE
C-T¢ bCa gicaNsecCl gy aaoey gl
QbCx e dOBlakCIg aGit aCoy ¢ %ECD
¢tD gR%AECN Tl @a RV e 1 ¢RL
Al AE widZoweéé R{CC XEHmaaiyoat A -
, 4 -



el B %+éi ey A ¢ & B $ @A LB YXTa & @%cd A cAEd AN, g
) REA-SIQL 1QEA@E: C IS¥: %66 Wal cche S @& T 4 @C ME AYgYse 1€ ¢
v%eSDanar Ay DgiCcéicc e SRE ¥ %OWN cle S@aiGRITAK- 1
Ql RSINBIAQ a¢ & ghhcB-SAQB €1 GNEE ke U SBY VR B BIQ
c bR g DalsH 4 AR VREIBCINETSC B4 Ta Na Ic 1gabTO¢ & QW Vi T
) REIQEFDAVLT- € 0§ RakieQe S ISI &lca Cl
1och Sa &c@F 121 GG 8 €T Loyl &xitla Wi %é O @BdR$d £ OC T
Cir 8& QRca1Sa 0C@ S egadi@d x ¢ a T IADQNeC® & &¢1 ¢ PICEIHI A 1
AT ClodeD | 1Sd GO08% ) Pal UK a@G3r3\ShddsS¥iyt 8 + a
L CuESUEcG e QeCCIcr 84 0¢ %- 00| AIQaglHityegS CE Y
2R EOOWLMR e UG L4 CRIIIJERICA uGAETr ST ¢ aavngT )
PagT o ELTARE $QOY é
Al { EAC Y% &voA BA WAHASENRG - Wi Y
Ags AP laa@elRT R E CECE ¢ ¢ G C b KT ey #aa
TRICS b$ 1b 4D ¥ 198 2ANCR A ¢
v,ogl EcN Slig &4 —
i YSER: Vuc vakip®d yiers ba
.e€ %0 1ek SavA@t mvvaghisa 1 @ yR ¢ Ca & 8 i i
IghE&y] Xl 6SeRBaAJSVRUAGRHISAB U |
TRICS b &S PP HIEY Y& 4
vuN L & B BacopiN
COg&@&RTL IREIC TN
COw@ ey ayC o N
SaQHaDEMFHY | eQ
CUNBE 4 Qi RQ@EJ &g CeT €Ra —



chUERA&EFIYY Cé ¥z- y %t A-

o b 0 B AGIYS3 CavdEC A + By CORap U ¢ wCY OvUs o Av ¥

aAgvyeANAL%LEE - - -

gB&a Tl 4@ Tl ®an Cgmagtd vCD ¢ glyb: BN Y4 - &YE
ay CaraagThu#C 1 c¢%%u+N )BRE 4T HRE b&HLO BBy Sé ag!
aUl a%a S| @D ELEEREFTIGHED 1B gc alUa #¢ %%l —
wuCl aT DacC@lc ¢/BEGEFY@ANC caCh B & Bgalee agrll &IC [ 3441
RCEG RE| BOUTRETEAOEYE SQ QExEa axnCpeBdin&c gl a
YR¢lI T Sl atawdl N
V ¥acv @3 v-30

cl %%k &RE ¢
L 1PAId€ASIQ+Iyjec4RiL ¢ & &%4--& N
¢ Dpu CNER €& a THGOC § | &N~
Ve eesCadldlilyoanThedal
G BEagTiLRE Ol g

0BYY 6 wACAE ¢ ! ° € Bzywv ExywisdAvw QUCAA®U 6° 0
°pUuEAZ

aARvyEANALKHE - - -

diQt Q a%aUN @RCEc¢cCL|I AP oMma MOOWDEHRR ADB Y %A
vg B a4 YavQIINQ eCll ¢CaCU cl -dd YaRk ¥4 N1 ldaelEba ) @
%a cNaldl EelCt &3 SogsSrR¥LR%x Jghag ddN W adeAll S G RQAX
cl - dRQ| PRIBag®kY Rydgllaal ¢33 YET T1 dQlyoOal cl -
g ¢ Cy &a%BIl & §d 3EHDIcQSana UN gl allcDg@ad¥.u e
Rcl ¢Y aCECSBOEHEc BAONTL ERAGEOBYL 1T gall e

) B¢

V¥« Vv 3 v
Re Cx @A CGa ¥%a gRRaTI ¥C I NI apPO

4



gall @&Cl %l S e ¢%32gET 11

RE CxaR@wA Gad %a gSI C+a-e cl =y

gall aCigdsl @i c&OYE&EPRCHGCESRE ¢ Cy 8c-£88 ¢ %U |

¢t AU ARNBYE VEi€HIWRAWE ARWIBE G WWE CApauz
aAdvye ok NAQKEE - - -

alC@dCR N 2BDARC b -cg BIAG LU I¢ #BSERY.  @C OCSa
Y46 Ofjali@a gudd &DRd Qadqc Y B/40e: &2é 1@veNACAEAEWN @R ¢ Cc
§ @ Q aA®Q AWM cl | Gty Y aOd P @ A Q¢ %cdla g éa %
Yeé 8 CORQ e via iR CoSieds d R §esmill ~aa835V e6U 1 4 o
YR 1P HAUON O¢ #eépdacl @ CC BHIERIGe Yyt BN Ve ¥

V ¥ac v 93 v-30

¢ gladggNQ@ivss c° Al al veRT d4gb8ua 8aNc
aNal Cc0aQ WdPOHHhéde Q¢ x¢&
L Rdgl Ny be8uN @ &@BE gTE %C NI 4abpO

COaQ VARG dJlilc Yu- BHOMSEC A CTYT HgrSeeal @ OECREG,

ie AQWA §y UOweE °péwabs, CdouppwidsndLChtypa
¢t AU Ay Auy
aAd vyl h NAQKLHE - - -
vy 1 \Cléadl O Gt gil € SUNA G114 EEthgneyRH@® C €4 S)cha | Y%l R é
Y46 & € @ 8A0 ¥Q LA @K CGaSk QI da QlifidEIcIe,e R¢ CI S
REMCO G IR T cc84d Q4 OGBCH Og/a beNauiN IM cackhAB e © 1A Cx T |
A€dée 0gddl AN Ré2 g\@ &% REESSIHORGW /el TacSlas  dr
YRa Il pWAUN OF #epdaciee COHBIED | p »%
V¥« Vv 93 v

O CCBAGADPLSEY Al al  ve O gihd &al2A W aRe 29435 ¢v R ¢

, 40



aNal Cc0aQ wdPOoHHuee Q¢ x¢
Yt R ¢ Clg9\ ded 2uvd LGEFESGHEE %C NI apO
COaQVARS Jgilc Y- BOMSEE A CHYC AALSeEeal @ OxEeCG

(v at wesAv Uwzo Co/pnCiEw~ CatA T CRIZRE wilwta W &/t (A -
CYApPT U oCoAGEYsAONMRY
aAp vyl A NADLBEE - - -
@1 Tg8l 4ddils% gvhacCed ARG IV @aBR ¢ GIC6 ¢ dd Na Ce¢
e grdaBmwRI & § SBEaL ¢ ARG Cc adgiam agesel &R esk e C |
gor TarGe1a vaLQ¢ ¥ O@dy FetBll: 4 di ¢ BEGHQGE4 aSIQ CE P .S aN
DO AIGHE T PHVA T TEBIQQRY IBA I@ICBRE &%\ ¢ B%E R %R ON
eCe HARELY ABUUMAGLSEo Al @Ayl TGl 1T gheSHACEY R g & ¢
a%uCOAPGWICia PR ad Cqa 1IRIYQT ARMC o IR 261 T vay &l
VEeAOSE ° Al al %eObag ¢ ek Sg ICEEBEBIHT e &
) Bg | @SLO@NIOELD G € %9BY B¢ er SQBYEAa 2R a gl al
V¥« v 83 v-3u

o ¥ € e pAPLSE° Al al wue Ol /ey a4 Sall ce S
aNal CO0aQ WdPOHHNe QE x¢&

vy al gl ¢ceSQXOUA &BSE e DA YRl ga g

COaQ VARG dJlilc Y BOMSEE DACHAC Al egal 04 CC & %

Y4C Ya~ Oéé?@y—»\‘/E cwa

%€ Ya~ ©°¢° £ gu/ECA 1 RERAMESWE C-EL

aAd vyl NAQLEE - - -
¥ aGac | - LI SDHh 8 g RIGERE  HAPER: aRVBRNA G
Whiacg !l 41 @28 TASGDaE: 9B BOE% ¢ Re oD £ AIGA T |
TChiaccyCaml¢ el @ OaAITH &§XC Rldvid@i.g Sal c 1 -@Wc £ DQIb &
YPel Q REIEY IS [ al cagdr@r @ &AW PIER ac Bc 4
, 41



V¥V @3 v

al O%PR@aO) AES | 21 g waSé

ava ARDBREK ggd lcal ¢ EaéskHd g
al O%UDR@EQY BEE %81 §a al 0D Vi &R @ wea §-a BEMBINC
ComBAEC ¢E%uE°u ¢Ev¥bz xA BLwA i €6 At Vdv- §y cwC

%l Ya~ ©°E° £
aAy %~ aveoeav' ' y--UJANAQ &

% coida Qo T I ENGC |d €36 1g&anQ 16 ¢id @ aN@ETrdE MRRHNAD & %a
61 gSEFQ aTTI I”ge | _cavid mb +Bife = ACRIyDBEA gl a1l J &2 ST 2
eDg S ga@all g AREVD® 6 d QIOYGHR S e VOCEUE € 5 WY Ig#. v |
H YARIdNDE 13Q& #PDWe a CT RQEBcC MEOS P drgSe QU Y A B P
Rcae Cl al Al 2
V ¥acv O3 v-30

avna - BBB®BA §RcTI %C QSEa ¢%cl g
AO&%a DwrawnBag -gl al J¢

%C Ya~ B8 € FECAP ACAEW 301 A%V AOKEW %A v
éAyf’/4~ éVOéV"y'"LU'/ANAU a

CERBLGE R d% MAINGEE ngsv/a - ¢ # SIRACS IPREMS Negl § ©h
( ABKE®H Cl1 alBsaNIA GEC IVEROB L OACGE 1% €+ 4 &ubec BSKRCT O
DagQRrecp@u@iS2 14 LogFINGREI edl1Ic U SQRE| I1BAICOLT R
AGLLCY &I 51138 acl 14500 AdTd Y1 | N $uks QBIC REEHOS | |
RdpaB BNAGH 4a0CT Va®RiHM geNl COBHLRLDOET

[N

V ¥%«v 63 y-%u

avva - BBBA®BA gl c¢cQsSIRCI 04
0aO0&BRI ghgkcQsSI RCI Oal gl ail

, 42



UCEwu ¢%Catwée UzvAEf %zaGpBi{u °CdA
aAy %~ aveav' ' y--0JANAQ &
BEQ &kl B@aat )RE ¢ ¢ Ya Gd giic] eBEEIKAL GBQS ¢ 3
N al w8O&d#al BLakil g RbsREINA BoflLc@ C 3u&C &l ¢
Pa&cDC¥cl - g T@EAYQET ¢BEI §Y NI 3%U Si ¥
RIMLGAC] 4 BEEPDPGRAE I BIYAE &

0 ¢
1@

O - O
D¢ — ()
X

V¥V 93 y-Yau
avna  BBON JTEBaRQ-Q&&as4alg
¢¥%cl a g&al¥%rREIOd HTRBVANEN ¢ %UCPN L¢:

¢%cl a ga¥:Qlv ol ITclNgIlal ve Ol a
o guPECE WVHE O U Yz CAHYyvV Ui AE- WANdVD- 0C8 W £ 2
Yl Ya~

aAy %~ aveav' y--ANAU

% T EfedicaiQRa ISR dPuorcajlygdag B ¢ QET adl3ay ISQ 1 «
B ANLEYS2ATT 1D8A ¢ | b 43l B3A 0 8&dB &gl ra 8@y yCay Dk gl al
pOH e C+ &8 N RSMpI&ARRY RAOH.L (FQT EL ¢ S| BY 178 4
) R %8B € Eqr BN @da cSDFgL &6

5

V%<V O3 v-3uU
a4l b+éé SQ Qailspimrrietaa 8&pP TET
gr &qle Ng 164 satl
ava  APDBR@N gdélgdc Ngrea €143 gIEG 4l  w%é OF

¢ A%y va Bev-a-¢, wA
¢ AvayuC -cowAA WA D C-AZ/OA ¢ o w
aAd vyl h NAQLEE - - -
gQeRU SICiGi6ed ¢ ATlaBSLAB@I IYLSE BerAC REARWPING 61 1 «
e SGEha d&c RAEN a4l graCl )YRéeéOac dQlyoal
, 43



e Yl &¢ e JIJD i %l a¢ ClI CxdM%uYIR TBUxEN &%l
gr @@IYRRAE Qs CaxA Na d 88%0CBIEIKGAT 1Ud %4Aa SQ e
adaO0LACPBRaEENC] AaDEFIQISI Qe RBraS KK QB&Qr $lice
a3C YUlLTl & %l gl AIREEFZVA @BO RG] B grSd §1Q ¢l
) QE CC dQI yy®raS w46 Ecél écal
V¥%«vVv @3 v

RCSAd QWYRETEI] dQl YyQaIWC@ISe DI %C
LT %U CY arRrRdE&EHGWROodSIQ cd €6 da®l a0 Ced-Qoce@T 1 1
VEe YT TI diB@igyyRa1a dol aco a¥%l alulGCTEasadl r ST
%0 CC é g

ctwioév a%AzAn! AARY@ avAPAREAPOA ¢ow
aARvyEANALWHE - - -

eSQEY @ReECHFEANCENY aCiQuuir&da T1 ale dAWAY RR %R
Cl va@eGy IRCICGIN _al Veahil daaad- lag Oaga 1wa®ll ¢
d Qi COatEiNag Tmauyb@eidy!l daci cQeCC &£6aeRU
e dQlyoOal C-T¢ _al TI bDPserA@WIgeIdua+aN &
eClcl YR cEWPWCDIYLGEOH & %BR 18 a%a BRYURYJ
dQIl y Callg Hmadiprial ¢g$icc Q e r Si¢c @REPHaAaIQCHACE !
) Qe CC
V¥« v O3 v-3uU

avna R¥%RONdabmsNRar SE¢NSERBRAGT CT Y

) RE %l CEa PR yrOSil ¢ T S@&Ix- S1 a4y C

nNagég Céwvac e@Cx ¢ _ail

Cl wiaéag QSI¢Eag gl al r 8lda&YRe r dCBHeNURB AN g
RaDSQ cQeCC aovfl

44



¢ %Z- Yhv ¢ wz
CYApPT Ué.QvEE4LAU £EWE v acltwkeas Ay wz ¢ 3
aAy %~ aveav' y-{HANAQL &
@ BEN R | ¢W BRBQEPDIAICAac SQUARELT eD WIS LT 1Al SI T
CT PalwicH g1 &kaya icaF 1gaTikll P gl E&RcH BSABETd DR + O g
R Darkgedo T SIRTAdE ae i FHESE | AICTdeDS G g | ¢
TIcyzaWlesaml CT ReéDl el 8ULcHicsSa STV O@M I LyEO-d4kkg | Tl
dQl y Q3 h 8#plaQ dail d Rigy BB BENGEE B3kly NE &g V&
Rel T CodEkRe: By MARKD N 0/ gl gegdCEN T
V Yacv O3 N-30
gTcld SEEN T1 deBa Oal 11
aQl +N YI AC- e Lé&OQI
L&EQI +3 aU gl aly@ 8xGB13SI1g a %! (
a°piv¥u~ °CB6AE °pywu °C6AEL’ -Uzwpu Cy
aAy %~ aveav' 'y -0/AANAU &
R%R @GN A GR SIRAMEME N RS/ A gectOutacti Ghaa@rd sed yid g
d QAGEO® | SC GBY:bBal11a¢ aC) Dégl €Al P Ch E &/ CE%LBQC ¢
2Ca Ga OECHE gN witate S B R 1T BoEQ | VACEHANE §C MNOE ¢
RET Rel ey _aildma TI1
V Y3VV R/ - -
DC%y ¢ %CPb NgRE&HNICGIP QRAE & 3
T %C QS¢a ¢3%clag ga?
¢ %CPN BPEexLEI S



C %z Yve¢iwz GV¥Hz ¢ Lwl
aAy %~ aveav' y--UJANAQ &
S| aure UG EaEGREBAERNT RSQ CPRapa®#RTIN al U SQ
Cl &%06 CQERHAIRMNEATIN: Ck &8s BAITI)S G edB &AL
§ll aTll Bd Hi%2 a CEel SR &l Uagss@d®™Nl aQl I N e R¥%AY [ ¢ (
I1KG&® ¢%l gl al cEY gSiC+a p% CEBP®IKX Igor Al
Y Pcl Q R¢cl EPC 1@Dxmakad arxg ol

[N

V¥%«yv 6% y-%u
_al 18§Rceg NI @b Oal
_al sI 1711 gl al cEY g
gSI C+glaaliaxil WEax C
gSI C+a TOQSEHSCED Sd1 al

C¥%z Ywiwz CEHEOU CvHz ‘¢gWEy 1WA
aAy %~ aveav' y--UJANAQ &

C - Ch_ &BVGRAC P R IGHR @1 61 | C&iC b é & Dwe@e Tyloal Cl

@Bainl 1 1)0pdE| 8 IGS cdjan gateciod I CINCoI @B eBc |l Q d
Ni#e® | & @16 iT1 e Qby ODMRBEE P Cc IQiaxle elad QIS N1 D6
) QT R¢l

V¥« v 'O 3F v

_al SITi@SSQarOka %R g
TI %»C QS¢a C%clag gavt
¢ ¥%cl gl AGEASREMI] e @1 3 DYha¥%Rag gl al

C %z YV ¢WzZ ¥z Yl Y~ °OE° £ Y AC°SPNiET Hu~ © CO/
aAy %~ aveav' 'y -0/AANAU &

BO%N BGDU 4L 608 G CRRgGCSMIO b 8 UH ed+besel CRE AaCil
RESC EI¥I1aU S| TPhE ¢ddcé&Eé Y Regbirasted ¢ U adRO A C@N e

11gST & ¥ | a¥h §ikcd 1a- SI1Q bal ¢ -cHakymid ais|I ok 1143 ¢ &

) Pcl Q d A3l [Seldtbaub/fléa @D R¢ci1 1 COc¢cl BRC

_+,



V¥« v T2 v-3uU

al O%@%»Q ac¢UN TI TI %C
~al sI 111 dIs a:
_4aldIss Td¥aa al al O%@»nQ |

¢ %z Yw¢e¢wz CAWYz CNEAZA WARRIOWBE ¢ L v/
aAy %~ aveav' y-UANALG &

TNIedN WRLEER.BS Qa1 B¢ RrRANIVEYDPOoaa k@B Sal 461 BI

SQ c¢cD WCERI OBRMNEAAE V2|8 g 1w IRy 1 U acé x

@ 11 VIBIYGAd TSIQ THAaHESc)SCE A Qag SHSéayl e TWh @RI QS¢

Acl aiu #bwiagalyd i TARSRD.QECc RS e b ecd: QS| ¢
) Q4 BQI RIGE ERAKA CaC

[N

V ¥%«v 6% V-%u

al O%LPGE@HQy BES | &1 Ig Y%A S:

S| LB @l al Q¢ x&-g gl ¢Sl

gT G4l gl ¢ %Sl éa al cxea3-gCBIFI |
¢ VuRphyC

0%a+N ally Y% %ao- Al Igir &@Tl RgeQA cRE+CN Bxlh a4k R g
R\¢vd 4804aTc C1 QS| ¢a RGHIT CY DA
aYl Q Ql aul &%l &Dd @ISHW® GUgSt cadvae B dDA/ IR € © & |
aaca
cl @QO¥Ch " Cilgy askoQaeCeL VE.C TI1  dQl
ay é paiC ¢ eCdga @b
ReCccewy aCCle BB r S ¢
ea%wC dl Cedsxra_axsiQ CcC¢
C4d cadda Ot avaas
R & C cacCayAa08Ce 6 h AR igligR ¢3¢ TN BsGd |l e
R & CcacCay) IrgCde AR SHAET Ta¢ @yQd @B 1 CEI S|
@S¢ gL THLEC e ubuRig3adly RSBTERSIA T
@Sca paAFWCE e 06 &R A BIVREd | Qg A# OPaFNa 1
giA®Cc° Al gSll @RiQ legib@&d @ dl3&ET S1y.a 11SQe SR /r S1 ¢
Vo Eeééeg VEC



AARBRRW M &R T QledHa /CEI S|
BB DR ER gl 41 WHRCHIESWB&E§EH @61 1 ¢/N, NI ap0Oa
BRRDHAGCH C+ adlacBSy RCI 0al
B g8, w@ll &% cM¥ca8P N D& F 6 &I
& RARPROBER ag alaCl B 7 EW ¢ ERExGEY 1vEG1 N
OARER r i QAEMRUAG &
gQl 60yl dacCl g @paaGLy R Q FICARAE 19EMdaE ag
&C ¢cealgVXc N TI dQaIgEDal 11
d R GATSI Na ARceNTLagiciCecad C ¢PDEGEBER®EOC SQ |
_algly8TCR g E/l S
al BRgTBE QB W& @1 1 &N NI abp0Oa
|

_ a1l aaSBDNIT e @A B QMB/EACT Ng a0 a0 458
_ a4l aShHTd QL. Qv @Tdd@agl ¢ SI1.4T1 1 CEI S



5U0«V %0

[1] http://www.unep.org/geo*
[2]http://amtt.ir/tag/%D9%85%D8%B5%D8%B1%D9%81%D8%A8%D8%B1%D9%8
2*

[ 3] Komali Yennet, Riya Rahiman, 66/ mart
Reviewo, mdpi. Journal . 2019
[4]http://rotbehonline.ir/%D9%85%D9%86%D8%B4%D8%A7%DB%8C%DA%A9%E
2%80%8C%DA%86%D9%87%D8%A7%D8%B1%D9%85%D8%A2%D9%84%D8
%A7%DB%8C%D9%86%D8%AF%D9%87%D9%87%D8%A7%D8%AA%D9%88
%D9%84%DB%8C%D8%AR6D8%A8%D8%B1%D9%826D9%88%DA%AF/

Ener



