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02 Al Techniques
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1. 27t A|AH Expert Systems (%! 7]gH)

2. X|= 35 Supervised Learning(ANN, SVM, A|AE2l RNN/LSTM, £
3Z9| CNN)

3. HIX|Z &% Unsupervised Learning(K-means, PCA IHE £41)

4. 2%} 35 Reinforcement Learning (AA[ZH2AF 7[dt 2| X5} R|0H)

5. 22 71 Ensemble Methods(Random Forest S 22! Zg})
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2. K| &% Supervised Learning
(ANN, SVM, A[AIZ2] RNN/LSTM, EAl &%9| CNN)

— CNN

— RNN

+— Auto-Encoder
“— DBN —
— ELM
+— BPNN
— MLP
“— PNN

— Neural Network —

— SVM
b KNN
+— Classification —

— Decision Trees

“— Logistic Regression

— Lincar Regression
+— GPR
- SVR

— MARS
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3. HIX|= & Unsupervised Learning(K-means, PCA IHE £4)

— RBM
—— Neural Networks—t+— VAE

—— Auto-Encoder

— K-Means
. . . — (C-Means
Unsupervised Learning —————  Clustering | | — Hierarchical Clustering

— DBSCAN

— PCA

| Dimensionality — LDA
Reduction L GDA
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4. 23} 8k Reinforcement Learning (AAIZH2AL 7|HE 2| X35} H|0)

——  SARSA
Reinforcement Learning ——

— DDPG

2ots A2 NOVA



10

02 Al Techniques
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5. 22 71 Ensemble Methods(Random Forest S 22! Zg})

Ensemble Methods ———+—  Boosting

—  Stacking




11

03 Al Techniques in Smart Grids — 53} 0i|=(LF)

2015-2021'd 148H &M G|0|E] (STLF/MTLF/LTLF H|i! ¥)

Author (Ref.) Year Objective Techniques

Shi et al. [78] 2017 STLF RNN

He et al. [79] 2017 STLF DBN C} ( ) - 4 7} C}e AlAIZF 3% OIAKQ
Zheng et al. [72] 2017 LTLF LSTM I—7| STLF I"’Al L I_'I‘lE EM =] |_01| =T |D:|
Qiu et al. [75] 2018 STLF Ensemble, statistic models OIAIE. G| MOILC

Agrawal et al. [92] 2018 LTLF LSTM DNN J RN N’ o= T Eol — ="

Ali et al. [91] 2018 LTLF Fuzzy, ANN

Sangrody et al. [96] 2018 LTLF ANN, SVM, RNN, KNN, GPR, GRNN

Kumar et al. [94] 2018 LTLF LSTM, GRU = ( ) . X __CtClo| © A0 AF OO

Jiang et al. [85] 2019 MTLF DBN 37' MTI—F T = |_|'-|—| TFI|ETO—§ 7| o 2 '—I

Askari et al. [86] 2019 MTLF DNN (2 A E) O™~ sl

Liu et al. [87] 2019 MTLF DNN _E, ST S Ol 390|ﬂ2| DBN, P807|' =0 |_“:|'

Nalcaci et al. [37] 2019 LTLF MARS, ANN, LR

Lietal. [76] 2020 STLF Ensemble

Moon et al. [67] 2020 STLF CNN, Ensemble . CIo| Ad - =X =) _

Hafeez et al. [43] 2020 STLF FCRBM IOI-7 | (LTLF) . Lj I_I-Tl EI:Il %!-EOQE LSTM G RU

Aly [80] 2020 STLF WNN, ANN - — Olx M SLEA~ O ANE o

Dong et al. [93] 2020 LTLF LSTM, GRU °|'O|EE|E 60| §:|'7 | ___|_I.__Jé->| = 9|I'E°|' -r—r°|_|' ngE E?JL_-".
Bouktif et al. [95] 2020 LTLF LSTM, RNN

Rai and De [88] 2021 MTLF SVR

Gul et al. [89] 2021 MTLF CNN, LSTM

Dudek et al. [90] 2021 MTLF LSTM, ETS, Ensemble
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03 Al Techniques in Smart Grids — P8 T}

2015-2021'4 148H 2M H|0|E{ (TSA/VSA/OSA/FSA H|11) &

Author (Ref.) Year Objective Techniques

Mahdi et al. [103] 2017 TSA ANN ORI A R———— ot st "'|'

Tang et al. [106] 2017 TSA ELM, TF ni ( ) - 71X S IS o SILSH
Tan et al. [108] 2017 TSA CNN, SAEs I-E XES(TSA) g 2 =7 HT I-J_ CNN/SAE Z&%¢! I-
Liu et al. [109] 2017 TSA Ensemble, NN, ELM

Ashraf et al. [115] 2017 VSA ANN

Amroune et al. [118] 2017 VSA SVR, FL XTILA O ;HM( ) A1 EHTE XTTILA © oclks

Baltas et al. [99] 2018 TSA Decision tree, SVM, ANN TI[I"I‘ |_|' o o FSA T Hd ET—EL o A| —|—]I|-—|— -,-,—Xl |_|' |_|' |_|' L_-I'.

Mosavi et al. [105] 2018 TSA ANN

Yu et al. [107] 2018 TSA RNN, LSTM

Amroune et al. [119] 2018 VSA SVR o —_

Mohammadi et al. [116] 2018 VSA SVM _+_A|_I I- 4 A (SSSA) II- El‘ —C|>— I x-”(:)-IOI-_' EH = EE‘”ﬁE

Hu et al. [104] 2019 TSA SVM - 15

Wang et al. [14] 2019 FSA ELM 2| (MRFR) =S0| Oo|= —ﬁ—O‘"kl 2415t MsS HOICY

Kamari et al. [114] 2019 OSA PSO

Amroune et al. [122] 2019 VSA Survey

Wang et al. [110] 2020 TSA DBN 10 I- oA I- - R =
Shietal. [111] 2020 TSA CNN X ( ) 9 = X2 ) (=]
Shi etal. [111] 2020 TSA CNN Meh oPd-d(VSA | i, EXI2| Z[X2l/SVRZ F5t OElS
Xiao et al. [113] 2020 OSA MRFR AlAIZF XXAS

Yang et al. [120] 2020 VSA Spectrum estimation method EA' LTo '—H:I-

Meng et al. [117] 2020 VSA Decision tree

Liuetal. [121] 2021 VSA Random Forest
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03 Al Techniques in Smart Grids — 1% EHX|(FD)

2015-2021 148™ 2M 0|0|E{ (&} EFX| CHAN H| 2! )

Author (Ref.) Year Objective Techniques _JI\_I.I A‘l - ollold E.‘” _<-'?:I_ olL Hz'QI'Q ExX|IS
Shafiullah et al. [123] 2017 FD ELM ; ; Hol= -II_ Y\VT) Lt S- Eo off 2 E}
Abdelgayed et al. [134] 2017 Mi id FD KNN, DT 'é' [e) L =)

Garoudja et al. [136 2017 “PVED PNN -'j;l ELM( o1& 717 0ILt ANNES S8l 1

Zhang et al. [129] 2017 Line trip FD LSTM, SVM o = Ao

Sirojan et al. [127] 2018 HIFD ANN Tlxl S TSI

Wang et al. [131] 2018 Line trip FD AE, SVM

Shafiullah et al. [132] 2018 Microgrid FD ANN

Helbi al. [138 2018 WT FD ANN (@) . o (@)

Bacghlan(icett;l‘[[l_“ﬁ]] 2019 FD SVM J_'—I:!]Iltljﬁ J_'—JCEDI-(HIFD) Eél-x|7|- O'|E:II J_'—I:!I[lr'ljﬁ XPSIO”
Govar et al. [128] 2019 HIFD ELM -~ 0/.0 =) = ]| o

jay;lmaha et al. [133] 2019 Microgrid FD ANN I:HOH 9867 /0—" g%I-EE 7|-I|_I ANN E EJ_-ll- ‘I’-llolééﬂ ]IszI
Fazai et al. [124] 2019 PV FD GPR =

Ashrlafuzzaman et al. [125] 2020 FD Ensemble EQI_I' 7 |t¢|-9’| ELMO' x-”oI_I-El %k-ll:l-

Hagq et al. [130] 2020 Line FD ELM

Hussain et al. [137] 2020 PV FD ANN

Niu et al. [126] 2021 FD Ensembl .

(}ixlilteurqi and Sarkar [139] 2021 Energy theft E2222b12 DI-O iEJEl el XHAHO'"L-le EH%F'T'E)I-(PV) AléEé!(—)—l DC §

|
Sl |5H PNN(Q* *lﬁ%*)OILfGPR(ﬂ—?—ﬁEPg
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03 Al Techniques in Smart Grids — 29t

2015-2021 148™ 2M H|o|E] (TR 22 Q& H|w H)

Author (Ref.) Year  Objective Techniques A 0|y =2l 24 (FD | A) . AAH 2AXIE Q5= FDIA
Wuetal. [149] 2016 Intrusion detection FL, game theory, RL E af AEH '('5=| o|=x 1) 7 o
Kosek [148] 2016 Detect malicious voltage control actions ANN 7 | Tl OH SDAE( 10 Ca | X-”}I —Q—E = -l )_._ |;96 /0 |
Ozay et al. [154] 2016  Attack detection KNN, SVM I-l S’-"EE _|_7_|:| g _E__IEI_'C')'H |__H|]:| xlE alH |X|E 9||-$ ; | oul-o|_|- %!'é)?%
Tanetal. [143] 216  Survey Data-driven approach o o

Zhou et . [146] 018 Attacks detection SDAE 2Elo| 24st 7|at 2A S EMX|elC}

Ahmed et al. [152] 2018 Detect covert cyber deception assault SVM

Zhang et al. [22] 2018 Survey DL, RL N N

Nietal. [150] 2019 Attacks detection RL gobl EE.II'I g{l )éf%l- (I)_|A| LEH 7C|I'|_Q|- Ol'J_l_E'_lx (WOA) oz —8—E|_5|_|
Hossain et al. [144] 219 Survey Big data, ML N

Ahmed et al. [153] 2019 Detect covert cyber deception assault Isolation forest ANNO | jé! ?:I EFX |0‘” Al‘-g-El D:I ]I'I X| E‘E.‘I A E‘I EOI J_'_l' 7o|'2|' %FE( R L)
Lietal. [155] 2019 Electricity theft detection CNN, random forests S E3KSH = o) AI‘ 2 HMS

Cui et al. [145] 2020 Survey ML = od ol_l- | -I L‘l Ol E ) o= ™ H:|'

Alietal. [4] 220  Survey Al

Haghnegahdaretal. [147] 2020  Attacks detection ANN N

Zhang etal. [151] 2020 Intrusion detection Domain-Adversarial Learning EA 3A G L 20X MEA| S&6E AO|H 240|= SVMt

Isolation Forest?7 2t=O0|LCt.
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04 Challenges — ADIE J2|=0j|A{2] Al 2HA|

1. & ofx| o] Sgt
— Xt =0 [ E == HEES 2 AR 0S50 22[510] M| SQPE&S o A5H0F BITt.
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05 Future Direction — AOLE 12|=0f|A{2] Al2] O]

2K xtSetEl X7t etE AlARS] =2

1. 23 AZE!(Fog Computing)zte| £t
- DEH|0|EE = MHE HUX| &1 2Z0j|A A &2|610] oL X| 220} SIS SA|of| SHESHT}

lO

2. Mo| et&(Transfer Learning)2l =&
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06 conclusion
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