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Human-in-the-loop Hybrid-augmented Intelligence Method for Power System Dispatching:
Basic Concept and Research Framework
QIAO Ji, GUO Jianbo, FAN Shixiong, HUANG Yanhao, SHANG Yuwei
(China Electric Power Research Institute, Haidian District, Beijing 100192, China)

ABSTRACT: Power system is a typical complex system,
which has the characteristics of openness, uncertainty, fragility
and multi-factors highly coupling. With the construction of the
new-type power system, the scale and complexity of the system
is being elevated as never before. The traditional dispatching
approaches for the safe and stable operation of the power
system will face severe challenges under the new situation. The
artificial intelligence is needed to improve the efficiency and
performance of the analysis and decisions. In order to reduce
the application risk and promote the capability evolution of
artificial intelligence, this paper proposes the basic concept and
research framework of the human-in-the-loop hybrid-
augmented-intelligence method for power system dispatching.
The principles and overall research strategy are discussed.
Furthermore, the human-Al task assignment, interpretable
interaction, human-intervention learning, multi-human-agent
cooperation and evolution of hybrid-augmented intelligence
approaches are discussed. The research methods and
difficulties are provided. The scenario of power system
human-AI cooperation dispatching is designed. This paper lays
the research foundation of the human-in-the-loop hybrid-

augmented intelligence method for power system dispatching.
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1

TrPE:  NAEIR]RR A Fi I 4208 5 1 i

BREYITR: FEAMS S0 THELE 5

RN E RS, AL BRERG LN R 4
AR
NHLTR A 18 0 8 e 2R 7 32 AR fE DU %\
SUNFRBE RIS A, IR ThREJ SRR SR i X A6
M IBATIRESE BAR L PATEIIRESCHF - SRR
NN 8] 152 B WM 7 EE AR 2 94t
1 2
3.2 HEMIEEE&EREEAGHANMERR
X5 T 1(b) ) HL R 2 AL B AR B A A
X, FEAIRR AN 2 s, B2 RRET 4 KE14,
BV pSERR R4 PP RS AL RSG5 AN . H

H, AL RGN RIR RSN S Hs SXEh IR Al S AR, 4
FIR AR S IO iREs &, DA 2B S
ZANT BRARKREA AL . AL RGEHT4RHIR
JE T HEH N AT 8 SCRIbR ;. [FIRS, BEAE H )&
LA BRI R UL -ATL Z 8] A 22 B
ik, AL RGERIRFE AW AN CAEE, BIAA AR “ 1Y
B AR AR R RR R g
PO NS SCHL A B SR P R A A R, PR
it Y P AL (A S P . MR IR SRR IEIE
KIS, <a, i EERSLdk. RR5E%E
IFELR R, SCILAIR R ST

Gk
(>{M%ﬂﬂ CD%ﬁAmﬁ | |

________________________ t |

| |

_________7@_________1 ! |

MR [T PR i | I

|

A o= ' [ 1)) T —
UG LY -
Lk i g%mwml
| I
E ey 5 U] I p————————— () S
o __J%E%@ ______ A g>ﬂﬁAW%

HAT H ] i b | Mz
////”— « #ig | O\ [0 am O
D, 1O Skl ! | ik |
Qj it > RS /4' e ik ]

I \’ | i = B%muﬁ?.

i i

A4 = f;r'!;M| ‘ T\%H gk GlE=3
i o Cd A
% i
v)
aa =
F2 BENIETESIEEE RGN AVIMEER

Fig.2 Human-AlI collaboration pattern of hybrid-augmented intelligence in power system dispatching

AL AR B 5 FIR K RYEA HL X S B 2R 48
HX BT R RS 2P RGNS bR B
HorAmess, BT RREE SCRIRN, 15 580k 1)
A e T A S, S I e AR 2k
BEA; XSS FRE AT SV TRAE SR LS
25, T LA BGR Zs B RR (0 kiR B ) B3 e 2UH)
RTINS SR . AT “Hdli-
FAR” A IAAE AR, ELbE AT, AT 5
WIELH . F5 .

N5 ATHERY IR & 4 55 32 BRI 2 30T,
I AT BRI 2Rt AR S Rl kSR, i 2
PRELER Ty o o, NSRS PRI R, Al
NGRS ERIAR; P[RR EA T A AL
RS WRRRERAT . T ASAT 5 2 AHLIE

R, EZARGT, FHEANRA AL RGEHATH
AT 45 A2 e L X 42 A HLAT 55 43 R B 1 A 15 3
I FAESS, B K WA R R SR SS . Al R
I HOE TRAL BRI RN B2 DA R R AR 1 5 5 1
AT, SeEl AL BRI, IR 21 (1)
A TR HE P SR R i A7 76 A L PRI 2R 2 0 R o
Al RG0R] DR AR %ﬁﬁﬁT%ﬂﬁxEﬁ
0 AW R Al KGRI ERBRE, 25
AlﬁﬁmﬁbofﬂﬁAmWWmﬁhﬁ%ﬁﬁ
H, REARYS AL R (8 AT 3 3 e s
B 2 S AT A N2 31 0730, R N ZR AR R
AWHRZR W Ia 47250, @i EaMAL B 2ES], 52
MR A R ra I h, JR ANLE &2
VRS IS FH 281 H PO S B 1 2 e

ook
He



6 L

#H 43 %

33 HEMEEBEAALSRSRESEEERNE
EHFELLR
FHEE T B AN RE 3 BT RE A AE el
S FA) TR 1 0 R R R RO 2 DO AR 1 R
x1 BRAALEESEAIDEREEMNETEFHEXLE

Table 1 Comparison of main characteristics of general
artificial intelligence and hybrid-augmented intelligence
RHE AN TR VRS 1 5 R
B BT W XA HIT . A AL R AT
ONFEPLE R AERRRE . RN, HAREREL B
o WA AT RN BRI, HLRR
APPSR BT, s ek
it RS =4 FEARMBRRE, FRAEH
R TRREMRSIR, R4
REHIRBEE R, AL
WM s[RI J i e B S R B
i,y AL BRSO R ALK 3
FEHEGERAEFEE. W “ATHUTA

R, EEM e e
BB M, i AT BETENLS],

e
RN

A o E” IZRAAT
el A AERETEAL

55 HIBLE A - N
AL o BRI IHER A AT “Al
AT, AL o
o EAFRER 7, SR A 2
2 RS 1 : o ,
- “ NKHRBIR ], i AR B
SE TR —
S AR TR 2
oy BRI, AUBATIR P G SR
U LATGRSERNG RS, EREEEE, Tk
! FRHAT TR AKENTH

Bt ETEAYIREN BRI TR, 3L
BAL IR, TR )% SRSB4

R 1 PEZEMN-AT L E T ATRREE
£ ATAANTTAS Bt &ET7m, HR
THEMABANTE R SRS B R X ). 7T LLE
H R T AR R B AN TR REAR T ) 250t
AR IR NI, AR 7 ANLA]
FEREAZ B~ N—51 =SB “ PR Wp ] B I A
o ASOH M Al REVIGS R TTHIR
IR RE B E N AR M EEHAR . AT
RS BIT % NRAIA NS BOR S 2 ANLIIE
BARGREE BN HR, 72T 303347

Wik

4 ANERRREAERERFHEMRAXE
SN

4.1 BERIEEMANUES S

ANHUE S5 73 B A& N AE [] B V8 5 8 i 2 BE AT 70
MHEZATR, SKIERIRGBITH, THERS
WET, AL REMBL R G AHUESS 2 T 24))

s
o HIARH S HRAREZRNMA S A HIRL
SCBLHL R 4% T ) 3R AR 2, ORAEAE FL R R 5
R 88 0w RS T BN T e AR Gt ELAR LK
KB, RVFARIE Al R&GmH EEAKE EHZ
(AT VI, B AT B T AL RSEEAT .

SEIAAUES PR R B2 — T AM AL &
BN TCAE S 55y o I # S OS5 T A AL
DX NRIHLES )70 TIA 5, BEmowh AL BF7EHTH
PREQEL AAIHLER AT AL AT S5 AT IR B A
REESEOR & B RERIE R .

MERSRE, TOAESS T AR R85 T7
M ERR BRI AR i) B — o fF . B — P E A
B, B TTAESS AT, SEI RGUIREER
WA, BEMIAE R GRS H B, NTREME, Tt
55 1A PR i B R AR RS, TR
MRS 7 BC, JEAE B A AE 55 7 B Skt 7T X
Ro LR 2 ANMARESHIHEA T TTAES I HARAI LI
FBL AR T AL B oA v A B LA EARTE
TS PATE RS EIERA b, T EHm
HL R TR I TR AN B AS AR 55 M EEBOR, AT RASEELAAL
(6] 1 R 2RBC & o 25 RE B F 0 8 2 TR SE B I B A
P, JTTAES AETRA, BZUNEEL AL ATEL
AT SE R AR AR 1 3 20 bt o AT AT USAT
SEMIITCAE S 2R H bR 8. 2000, I HLal Bl
RSN [BIEL RREE RS

TAESPATIIZEAR A W 3 P, Kool
FHIPAT I LRGSR & AT AR R A, L
AR T EUE v, RS R IRIE HEA
TR B TTAE S WAL PR, IRt
THEAE R GAF BB R

FAAESBL VAT S Y%

\—Y—J
TEAE S5 T S -

. EIEGE

...... THEEN R

AT AR
%m%#t*
PR - TE%1 > TS S
R e E/CU I

ZH AH AEH.
2 e

)\

J—
N TEAES

3 FESHITHIEARZA

Fig. 3 Basic architecture of meta task execution

SKIHANEAES 70 TR 5 — BE EHORAE T
AL B BEBE R [ Rl 5 BE VPG 5 TUE DL, 216508
R A FT IS AT S S K. Bk AL BB pEAl
BEE, RUEABMANERIBUE RIS . £ Al

HLEITTAE S



1

TrUAE: NAER] B P O TR S G 5 R RE AR A ST SR SR 7

F G0 PR S R S XU I8 R AL A R SE BB
Fl R T, HERE “NSERTIERY AL Bl H AR SR
Blo B, FIARIEALAS 7 I BA B AS B Ml T EAE
NHIBHAEZ

R (), C(x)>C,
"”(x)_{FK(xx C(x0)<Cpy M

X p) ARG C RS R B A BT
A RA AP SRR R R (o) BAS S
TR BOE R BRME Coin I, G R A RN
HMEENNT RS, siF AT, HOAE 5 U
HEER Fr(x).

MWUES 7 BCARBL T “ DLIA RG22
B B, M A AR TSI AT S5 R
RS A TEE AR, DL Bk B mT A5 BEPRAl B
AR, PRIFEE R G R AR AR SR EN T 53
4 Al RERN TEIIREK RS
4.2 BEWIEEHANATEREZERAR

NG AR I 72 10 0T A R A2 LA AR UE H ) 1 4%
N T BT 2 4] {5 5 ) 1) SR B R 40124, pLas
2 TR RY () R AR T v ED AR A ) v SR R AR
R4S R SHATZH2, I USR] LUER AR
7 RHAT RN, Bl E TR RO HARE
T AR AT AR 7 v R AL A 22 B FRf
SO ) E SRR

W2 27 >3 75 K H I 10 2 190 FH 1) T e 52 A4
PLFE 2 DNFRFT, B AL AR R A 2R F2 5 ML
AR RE, 2 NIRRT B AT AR i AR
ABL, (B R A X 1 o AT PR 2 A R R R
A TR A B R S BhRiZ 4R, FR S ATy
fE TS AR e s i R AR b, ) i o ke
7 B b A BB RS I8 A, SR AR A ST I HL Y
WPV RAG B o LA 2% 2] W] AR 7 V2 R B ) 4
FHS SRR T — A, W 4 Fis. ALBEIZ
AR i R S AR TR AT RN, AR AL ) B
Faizde. BEVHG. eI IE T A, FHA
FORME X EEAE S, AT — 20 0 HE sl A A 47 2
b, e A R e Uy R FEHE el ik
FRAE X AT S B E S M AT SE 0T 55, AT TR
AT BRUAE R E B IH . Bar, T HM
N TR RE AT RS 7715, TTAN 2 ANJTTH T AT
Tt RUTE Rt BUR A ) R B AR DL A i LA A
fERERE IR AT BERY,

e B & lw

NSy LQ N

(%) (4] [He) (@] | /ili

i m&!%!‘&ﬁbﬂ

SARIRE LR i s
| | || ]| 0 - gy

T T B (7298 BRERLL-

B rigé%‘ ‘

it

L BT, SEEREEA
| o B BB o %R
AA T B Qe 1B on

4 ETABBEEZENIRFEIESEH
Fig. 4 Life cycle of explainable machine learning models

R I A B Re, ENFER T 4540 5 24
FEAME NG, fZHMAN S Z A S &R .
BT P2 M 2% (015 BAREN L B BEE &, 1Efl
NFFIEASART T4y 1 45 R DTk s Bl 2 4
B 5T B A ASEAY (G0 2 R B R SRR ) B
ARG IR (BUTAH 2 X 2% ) £ J) BT YL TR PN ) R SRAT e
BEXSHL ) RGPS/ AR E VA« W AR BR AL 5 Th
RPN S 37 S HIHL G 2 SIRRL, ] R A B A A
UL AR PR I EIEAE S A NI 614 N iR i o 8
oot 1 A AR U5 9% 0 JR AR B A B (local
interpretable model-agnostic explanations, LIME)®?"),
LIME 24— ASEIEE 4R, 72X a8 46
EANGR—AN 5 R (A i R, AR B g A AR
A5 0 A b R TN 45 SRR A2 2 R A % 0 A
RN SRR AR, RO

Apanaion (¥) =argmin L(f.g.7,) + £2(g) ()

b SRR IR s @ D 5 BEAR Y fi]
Bz R S P R x5 SRR x 1EE
B A NHRE IR .

FHh A BRI SRR R ) B R RE 7. I3
JTE R LU SRR Bl SR, ik [ )L ok
SRS, ] DU IR T L SO N BN AR, G
T IR R ) Al B e s R G0 X TR EE
IR S, W ENC R RS R
Ko AR RIREL S R, AR O
ROARF . AT RS AR H 2 TA) B B R SR
WIERR, WA R . IZ BRI A
TR CHFIRI G ERIETT I, DR L AL
7 AT %3y N\ R S 1] PR HE AL AR o

RV, JFERTE AT B N TR
ST R, QAT BT REVR D A TN L DA T
HLRAE SRR PRI R AR . AHLE S LAY
5, ATEENMH . B5EREIET 2 m A K m o




8 S L O =

43 %

S RFAES, PIan s/ 2 S RE i iz
il R TUEHIRISSE, W KB R 2 s T E
55, ENLER S HORFR R, N 2[RI SR 3
AR BRI, EEHEEILUT LA

D) 527t AL hsR2e e rE . B R il sk
W R B BM RS T Z e R, SCHRETTR. i
ST T, AT AL B ORI . AR
B g 5iafr i, R IR R M E 524
PER L £ AL B Bie KA E NG T, 8
AT PEROR SR TR R B SR B W 5 A B
M 35 AT PR 22 4

2) FERNBATAAKITBL. Al 1R HEH L 5HZ
PR, A BT N G ZELERT A W = R SRR
TR, ML T RH S B R BN SR 2
EHH RO, AMHRR NKEN TR, B
R

3) A B TR AR R LA B . NTE B % (1
TR A G5B RE R Z RN SR R . NRARYE
IR IR AR RIIRE, T AL BER B2 AAS
WS B, S ABUBTHIIN BRZ R, L AndZ 4 B I 7E
ZFEIIEAT I AR FOCBETTE L 1247 RS E <5
25 W FTMARRE R SRR R T BEAZAE (1 D IR G R
FRFRIENR, A BT IX 2 RR Y = ot & S AN

1

MNNUAT R BT IR BN S T “ AL
PE, HNFESE” (IR0, AT BERY (135 B A 2 N S0P
AR ATE BE L 2RI . SRR ST R
A o ARR R U UM E L T U] ORAIE AR
SR 5 BRI RSO R — B, AR AR S 4t
oA FEMHFEYRE E S, RIMEH AR
AT R A
4.3 BEMEIEHALATNANFE SRR

L) R G LA 5 51 07— R AT “ Il ZR—
MAR—EEE 7 MR T3 BT ATSREA A FRR
FERTBIERL, HERIATHEST, B B AN E 1
AR REL IINLEAT A2, XA sk Z AHLZ 1]
MIEARES), R E AR, & NS T-1i
S AHU L FTRERCE R RS  . ERIE, FE AL
I o WS OE 3 i T bl i 25 S TN ST PN
B, DL NERTER ALY YA H xR,
NBEHHER S T Al BB ERS, TR
NFEAT SR B, AR A 1 Fh L35 27 > 12
5 7 2 TR

EAPEHLIS ST, WML ) BRTE I 2
AT 3 T2 3 0 SR B B 3 N S A 0
RO ] s R, B EBhE TR I AT RS
AU ST LI [ B g5 RHEAT B S REVPAS . 2 Rk
e LTS P REAS 5347, 3L L 7 2R G5 52 B et 40
AR RGBSR A, @i R B A
RITFEABAN, BEATRIRARE ;3 T B A A
FESEIMR SO 7 SRR IR T . HOG e T i
FEATIARHSEE, TSR 6 T- 05600 77 v 64T S ke
A x IR ALE R, B

x'=argmax 3 P, (v, [x)In £ (v, ) 3)

Kb OVC@NGIF PG 2 IR S A,
PRI M TR . flin, FEREAT HLM %
SR, 8 B 5] B SR R
I RIAEARE, X EEREALEAE 70 A Tl A A 1)
Xk SR05, i AN LHIASaEE BN R RS
PBUT AR R GRS, B FEFTARI AT B B A
P B 2 ST B~ B = ST A AT I 45,
BRI RCR, M N BN &
AR, %R TR NIRRT i
F2, DIASWHEA RIS R R RE . RIRTE
FEASMAARE RS, B3 H AR ik 3 0
BEBCH A IR AR E SR V1L . RGOSR
H, CARER ) R GRS AW, B
PERE L BE 2 SR Tt

et
) Mmpm | AR ) R
— N
LR )
S
T | -
ttii{ _________ ARG
(I I
L e ,
— v. EH 3 sin
- e
AP
i1 IN
L

E5 FahMHBRFIHFE
Fig. 5 Active machine learning algorithm
AT 2 2] 7922 48 N TR REARE TR A | W 9
BATE T N AR BERIVE B R BEAT 2 2, KN
P AU B SRR A RSO AR A . — R
rEPR A I NSEB RIS, R
KU IRSIBEFH, K “IRES-shExT”
S SRAIE B SR, B ISR H Fr e AR



1

TrUAE: NAER] B P O TR S G 5 R RE AR A ST SR SR 9

A R IR S — BN AR e ST 43 A AR N B BH02E 53 AT
AHUCBE o o), 3L T3 58 4k &2 2J (inverse
reinforcement learning, IRL)®'™, M348 N\ K135
FEURTEE R SN, RIARYE L 225 thif
YO EAE AT 7 SR (RS B Bh R ) Bl 3 GE B3 1F) 15
PR EL, AL

EY/Re)BE /R DA (@)

AP 7 LA AR 2 i 2 Rl o K
R RIS . BRI EUE, AT R
P32 o £, AN TR e HodE AT _EIRD IR,
573 SRS R A

UL, NSRRI AN 3] D5 AL L
IR BLTH AN P 77 3 N AE HL ) 2 Gt e 42 A R
SLEUNGRrR, E U A I AT 45 R, ST
NRAPLGER I Br. R RIAHATE H
ZRZRE, SKIREGE RS MRS, BN
X AL RS “H BN ISE ] .

NEAA NI T iR 5THERR” B
Fe CHNAER” JEN, R AR E 3T TR L AR
A RGUTH AR, RSB I RN ANLE 22 2T
SRFIPAT IR . HARSRIF FUAME mSAE T A 45 5 A
FOHAEER, B AR AN G ER RT3
YL IRk U IR P E NN R Tk S = Tk 4
B, S KA 708 S OB SR, 7B
NI NIRBOR e KA T PRACR rh S B R
REFETT
4.4 BMIEERNZ AHUBERAK

AR T 2 G i) 3 i 7 A4 P B o 4 ) B 4
fE %, milmdE R SR BT AR
PR NS R BT R, RIS AT AN 5 TR
Ky B BERRAEE N AR R M dh dh et S
24777 B, BT - R L S R
VAR P e 205 UNGEN RN ECUVE NG IN A CIEs 3
Ko HPRIEZEY LB “FH-r-a-h” SEARZRER.
ARXI {2 AHLEEART, BB T 4
ML Z BRI FIR R R G HorP EI R A [ X
ZIRNTE R SN SR E, gk —
NMEZ RGN Z RN TR AR 5N B o
fE. B, BAAFRIThEEIAE R R ey,
TR AR, BRI, K
W R M AR E AR RVE AL R S OINLY) e SR
g A DI RE . HETRRE RS I AEERE T2

HRECRIVANIR, RS AT RRAS B, PR
T RBHR U 1 i B 2 B R AR R 48, IR T /R
FBIRIEZEERECS), KA RGBT NG S, K
A Al BB R G2 MRS E&1E, nTHdT
BAS Al RGMELLUEIME TS . 74, HTA
[F] B L X 38 A8 {E B L Re g A8 L=, (Rl
TE RIS 5y TR pe SR R

S AW R — S R T A 5l AN
1 FE5ZHMZ AT AR AT Al
HIIIE) Al RG%, ANKIIFTHZEEERR
TR L KR, B RS R a5 AR E N R
A RIS s B, SRR e AT R
B U RERE 77, FEA AL 53 B 0 Bk 2 1) e S ol
Ko — M NIHR T MR AL 5 5] 5 v I S A 22
Bl 6 fir. Ll smb s SIHEZEAR LY, 2B vh ik
T T8RS SIS 2 0 R LEIPY, K 6
BT 1~ FoRBAR R BT, ZAESE 50V )8R
PINTERI IR S . BTN AEERE /1, AW
TN B0 AR H L RL A7 NSRS R 2 BUIR R
FHE L, AR T A B R AL & SR A5t
ATIIRL, DA ST AL e SRS B & Re AR 20 56 F L
il o L B REAR I R AR, AL B B8 ) R AE AL,
LRERER MR LA AR, XA T 5
AL . fEZER T, NSRS E5HTT LTI
SR FESRASE AL, I T XATI B AR 2R
R T3, AL, ERT DK N SEXT T8 g AR o 550
TE B O B I N AR g i i R b BT, s Mk
DL 45 2K bR £ S«
Ls(=="> mInP(c'=c*)+u,InP(c’~c') (5)

(0% 1)
O O\ CRERS
PRI 3 18) |
B Ea
L - P T R AL

RS A
T
@

Hifka,  Hifa AR

W st }

[@E{tﬁﬂﬁ‘:%%% ANEKERLHR

Ai| g T ARKIE S
o ALY,

Elo AFEIESMBILFIHFEER

Fig. 6 Framework of reinforcement

learning method with human guidance



10 ST R < 1 R D =SR-3

43 %

R o N2 KRNI o NESBR
HAIEF o3 AT, B NN 2 Fhik S5 A i,
WS PO A T NS B
ARA I AR
exp D r(s;.a,)

exp Z r(s,1 R atl) + exp Zr(s,2 s af
e r ARE; s AR REIRSME: o NEREIE
Nk

DAL (S) A 24 T4 51 B R A4 TR SRS W] e
e N KAWL o

Ha P A 42 1K 22 AWLEME = 89 2 “ N R Rer
NBZ M B BhiEf RGE N EATFBER” , T
FERNR SN 2 2 200N i 2 AW B 5 W ETT
%, ZAVURS TRl A KRG TR, fRIE
AR T- TR 5 o VR4 SR T AR o L R 4% AL [
1 2 AR RE 2 G i 1) £ 2R AEAE T A 5L
ZRI I I, NP 32 00 R A A B R AR
FIBEALE, M DLd i A A58 Bl AT H IR
Rl 2 AWLAE B M FE O BEAE T S AN 2R iR
BURRIIEREL, RIS RIE, B ANBS KR
W2 B R AEA T 2E R T H W &
TS VHEALE], SRFNLE AR B E R RRE T,
HET R AL S AHLAE N IR e Sk 2 TR 1E X
IR, S &R A A R R ) EL I B3
4.5 HBWIFIEHRES etk

KNS HEME IR RS, FEFSERER
H O EE R R Hg, CRUE H I ) s AR e i
1To £ LREARMEM L, BERBERAT LD
SIS LT E R KRG Frassa i, BIE
BHE 48 B %2 3] (Life-long Learning). 1, 1R &
R Al 2R AR EIRS, KA
)R BRAR IR FNR R R G BT, FRiEd R4
SR BEAE A R b (R R T s AR AL
T B AR N T R A A R ) o ) 45 M Bl AT 7 Sk
SAAGHIRE ST, SEIUER R IR BAE SR H E R
PSR E T

HA PO 1 45 N AE [R] B VR & R e e 2 N Z WL
BARWME, BA NN HEREGRZ] ek RN =
N TR RIZIRZHERIR . AT AR S
BHRER B EFR B ERR, Wds—
PP FEPRME R, BALIRE B RE S R R AR
ZJa, @EHTEREER, i d R EORE I )

P(c'=0c°)= (6)

I mF o> W

A4 R HLER 43 B, XTIR & R Readb AT Hor A
S, RGN s AR R AL A A g
TREVERE, REANAFBITHE., WiEE
% HT EES S TR S B R E ot 5ok
RO, AWTEET AT AR E SRR, iR
RN IR R SRR T DL R AL RS (R ik 4k o
SCHLR & R R ) BAR TR 7 B
No BN ESCHTIR, @ al EREROR . E B
W) B BRI )T I AT B
RIVERE P ELE T, TERA-AL BIAE B 5 )5t 5]
HI . 5, Al RG] g TR 5 8. — Al
ARSIl 77 O H s LA 2% > R (Auto-machine
learning, AutoML). [ ZhHL4% % >t RS ge s 4R
) RGREBRIAFAES, B IE R 31T 204 Ak
L ERHESREL, CBHME B2 . BN E Bh iR
THSIAM, SN TR R B Bk, A SRR
BT B AN BT Y5 AR B I R, e B e o S A 55
B L RIS AT FREE AR AL P 3X i R I — R AL
FESUN, 458 1 HE I HIEAL BRI B
S A AL IUIZSE DY, Filik4E DY),
FAR2 T B H A S5 E i E % 4., 115
BIETE ke Fra8 oy BN B A sz A
Ae, Hp
A cargmin LY L(4". D, 00,) ()

APVed, e k i=1

P L IR R S5 PR A

A Gt
v v v ¥
No, s Fm Bty TS
aia WETE B 23 53
pobr gk Axew )
(e B 38 ¥ FEA 5l 4R
Iy ¢ ¢

‘ T
I

PERE St Al g
| "
< s A [ TR

SR
T A

% Fi b
ZAA pHIEN

PEREVFAG
- _ HUEE
PEREIPAN 4R

E7 REERENBINEKRSE

Fig. 7 Optimization and evolution approaches of

hybrid-augmented intelligence
REE GBI EARARIL T “ AU IS
FESIPIA” JEN, HE SRR R T T RN



1

TrUAE: NAER] B P O TR S G 5 R RE AR A ST SR SR 11

BRI, o] S AR 7R e 3 42 18] (1) 2 AR
BHARERAN, 51 SRMPSAES R R
FEAT £ HL 77 28 L % (AR D% R B2 42 2 A (]
I, ST AR N R R AN T ST

5 AKEESEA MBS RE T

ASCHE FAHUR A I R R G, e d
T H AR B 3 R G LR O T AR 2R (I
B — RS RGUHEG IS AT R, X I 7E T 2
SR T REAR A 5 A AE YIS AN 7E 26 B i A o
MBS E. Wk 8 fos, WBEIHRE RS,
SRR PR SR AT . B eV 1A T
. R 5EBIT. IR80E. BRELRahE
5 RAEZIREE, W RIS AT AT SN PR S g
Wkl b, R TESWEA S AR AT E IR H
RSN Z A AL B T, SR BUR AR A S R
BRAL B AT . BRI R EE R EARS,
250 N LW E MM, Aok PRAESL ., 18
ITHRARER AR, AR RORRIZAT I3, PRl L K
ZJa— BUR ] (2 A RIS AT 0L, IR &K R
BATHREH ST T, O N-1 335, 34
Fatt S, ERavHl. ERUE e, UAGaTHE

B, AT RN RBREBTTE HER  i HLRE TR AL
LA PRI E AT SR TES,
FFk— b A OR R A, AT I I SR . AR i
BTG, RN Ima SR MRS RS
ES

FEIX i RE T, AT 5 A H B A 32 2R LA
AR JUANITI: 1) AL SRR 45 RS E VRl A 5K
A2 ] (R R LA IS , {31 i 3o T AR 3 DR vk P
BIRAARIEALSRWIA 7% R SRR R ), U]
TR AV Ak 52 M L X RS s RE 70 I SR B B
Jofth, BREBEEIE AL RIS I A R H Y 22
SR, AR DA TS B s i TSR A A A
90 xS0 ] i L 2 i o 2R [l 2k g e A AR
BRSO, 7 53— [n] L B A i AR PR
o AT iR R 7 2 PR R Y R AT R AR A2 i
HLHL & L BRI 2k %, AT HEIR e fae e
B SR HEN ;s 20 AR B T A 21 W) i AL .
— 5T, I B PRECR SO0 T R ERE A
RITHR, AR T TEATHRAA A 802, I
FAESTIZ AR ABAREAS, KR SETH I ZR I RAF
MAERG 7R H—Jim, REBENRRERHUE
WAl b, EERR RFGETR S EEE,

E. — A L F
Ttk
* T
‘ - : o TR :
B S O N I — :
- | RIEE FEAHE D WA D o — ,
—e i —) ) B O<=0<30<30<% i
T | AR , N emEARL i
S R D i AlgR & | —=
Lﬁﬁ%ﬁ \/ ! IWT =" 8
- P i Pt
———————— S e B - o o~ i
; ; \ j ; et | sl s i
| B | — s
: I : AT L o, P
i i s | KRBT | B
Al CNiEH WK
: : o ||
| | o |
I I
! i RRE
i .- | AR el
| |
| 1 eee ese *
I | |
' ! : L]
| | i ALEE B PHS
' ] frang  BErR | s ) = E3AH o |
I —
V4 R . /e 0
|4 ) i e o
53]

ma | e | [k e
b || 4k e | )t e 7
I [ ijx
o D i)
222755 [] ()
e AL L]
Wt

i £amnk [ Yo
n € 8| Toawe «—— A
# SD»E2+63)
1 g B DEEES ' il
_____ @D A B

8 RMMIFIEANMMEA R

Fig. 8 Scenario design of power system human-Al cooperation dispatching



12 ST R < 1 R D =SR-3

43 %

) NSRRI AR B Bl A A A I X
B, JFIEE A TN SR el it 7 5 1
W], 3) AR AR, T AR
0 B2 R SR T HEAT LA B RALVEAY 5 S IR, i
BRI ANIATT, A5 S B BRI
OUT, FEEPIRRFRE I T RN N, HEAT
PSS Bt e R A, 4) AL
RGP IIREAE . RR P SR R AR T
RE /o AL ZE B2 S, 3 N\ e v 2R A
PRI, AT AT BRI R A BE 5 i S
CAREII e SRR B <505 0776k ), SEBLRAF fif BR
B, R N SR E B AR AR (i
ML g2 ) DI OLAeAR), SeIl ALY B
B

6 ZHie

R ARG RE BN ARG, &K
BIDT A SEBORSIRE TR SOF 36 7™ M6 1R P 7 B
RV, XHRF RIS A AR B, R A
SIN AL BRI, FEFE0 558 LIRARAE, A
A BRI R . ASCR I T NS [Pl IR & 1 50 R g
LR (B A & S AR, A5 R T

1) NAE [ B SR B & L ) RGT I i
PR BOH FERAE AT BT AT T, R R RGN
H A B ARG L, TR E N, B 3hiE
e 2T Ses kiR S LA ) AL S 4
INNGIRES (3PN UE SN IR =Rt dnies- > NEY B

2) T ATEBEBEAS SR A7EE,
AR 100 52 A 2 A ke N TR RE o SR XURS: F A
MFB 2z — o @ NHUAT iR 52 B— A—51
S-S PR IR, AR “ A
07 IR BERE RS, ST AL HL R SEPR R ] %
VEER

3) ASCHEH T HL MR IR A 1 5 R e R A R
BRI RBBOR . 2R SR ETT I, IFET TN
FE [P IR GG SRR S it IO R
NTEBEBORMTTRENE . 2t 5T E TSR 1
Toffie ok L

B3Rk

(11 FZFEE, BRE, &5M, & sl b 3 EH —NR
HU R G IIHORRFELT]. B AL TR 2%, 2018,
38(7): 1893-1904.

ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang, et al.

Technology features of the new generation power system
in China[J]. Proceedings of the CSEE, 2018, 38(7):
1893-1904(in Chinese).

[2] e, F¥, vFPF, &5 KBRS BE BT
WEIERIT). B RS A B, 2019, 43(22): 179-186.
YAO Jianguo, WANG Ke, XU Dan, etal. Architecture
of steady-state adaptive cruise scenario for large-scale
power grid dispatching[J]. Automation of Electric Power
Systems, 2019, 43(22): 179-186(in Chinese).

3] xR, £5H, wME, % H—RRERETAELLENL
LRBERAR]. 1 RS A Bk, 2019,43(22): 201-208.
LIU Jun, WANG Yong, YANG Shengchun, et al.
Pre-dispatching architecture and key technologies of new
generation dispatching and control system [J]. Automation
of Electric Power Systems, 2019, 43(22): 201-208(in
Chinese).

(4] MG, VEORGR, OB, S 1) AEVE LK R e
FRY FEL DR N SR B R I R EE )], Hh I AL R 24
2022, 42(2): 447-457.

ZHAOQO Peng, PU Tianjiao, WANG Xinying, ectal. Key
technologies and perspectives of power Internet of Things
facing with digital twins of the Energy Internet [J].
Proceedings of the CSEE, 2022, 42(2): 447-457(in
Chinese).

[5] BER, HS, BEFH, & B RALEREAED

ARG E AT RN AER[T]. B RGEH B,
2020, 44(24): 1-10.
ZHAO lJinquan, XIA Xue, XU Chunlei, et al. Review on
application of new generation artificial intelligence
technology in power system dispatching and operation
[J]. Automation of Electric Power Systems, 2020, 44(24):
1-10(in Chinese).

[6] 78, fERG, Fik, & NTREGAR ) REYS

R SRR [T]. B E L TR ER, 2019, 39(1):
2-13.
TANG Yi, CUI Han, LI Feng, etal. Review on artificial
intelligence in power system transient stability analysis
[J]. Proceedings of the CSEE, 2019, 39(1): 2-13(in
Chinese).

[71 SHNEIDERMAN B. Design lessons from A’ s two grand
goals: human emulation and useful applications[J]. IEEE
Transactions on Technology and Society, 2020, 1(2):
73-82.

[8] RAHWAN I, CEBRIAN M, OBRADOVICHN, etal.
Machine behaviour[J]. Nature, 2019, 568(7753): 477-486.

[91] XU Wei. From automation to autonomy and autonomous
vehicles : challenges and opportunities for human-
computer interaction[J]. Interactions, 2021, 28(1): 48-53.

[10] JORDAN M I, MITCHELL T M. Machine learning:

trends, perspectives, and prospects[J]. Science, 2015,



1

TrUAE: NAER] B P O TR S G 5 R RE AR A ST SR SR 13

349(6245): 255-260.

[11] HOLZINGER A. Interactive machine learning for health
informatics: when do we need the human-in-the-loop? [J].
Brain Informatics, 2016, 3(2): 119-131.

[12] LI Feifei. How to make A. I. That’s good for people[N].
The New York Times, 2018.

[13] BANSAL G, NUSHI B, KAMAR E, et al. Beyond
accuracy: the role of mental models in human-Al team
performance[C]//Proceedings of the Seventh AAAI
Conference on Human Computation and Crowdsourcing.
Stevenson: AAAI Press, 2019: 2-11.

[14] SACHA D, SEDLMAIR M, ZHANG Leishi, et al. What
you see is what you can change: human-centered machine
learning by interactive visualization[J]. Neurocomputing,
2017, 268: 164-175.

[15] KAMAR E, HACKER S, HORVITZ E. Combining
human and machine intelligence in large-scale
crowdsourcing[C]//Proceedings of the 11th International
Conference on Autonomous Agents and Multiagent
System. Valencia, Spain: International Foundation for
Autonomous Agents and Multiagent Systems, 2012.

[16] AMERSHI S, CAKMAK M, KNOX W B, etal. Power
to the people: the role of humans in interactive machine
learning[J]. Al Magazine, 2014, 35(4): 105-120.

[17] DOSHI-VELEZ F, KIM B. Towards a rigorous science of
interpretable machine learning[J]. arXiv: 1702.08608,
2017.

[18] GUNNING D, AHA D W. DARPA’ s explainable
artificial intelligence(XAI) program[J]. Al Magazine,
2019, 40(2): 44-58.

[19] EHE. AANZ BB ER]. Abn: BEANLEG

2 H B BE(ATID), 2019.

Baidu. Al-human-computer interaction trend research

[R]. Beijing: Baidu Artificial Intelligence Interaction

Design Institute(AIID), 2019.

TRUE, TR, XA, ST b U R R AL R

IREEHE S 5 R BEBORPIFRT). v E L TR 24,

2020, 40(18): 5837-5848.

QIAO Ji, WANG Xinying, MIN Rui, etal. Framework

and key technologies of knowledge-graph-based fault

—
[\
(=3

—

handling system in power grid[J]. Proceedings of the
CSEE, 2020, 40(18): 5837-5848(in Chinese).

[21] #R%k, &, R, & B RGFRETAILSE
5 ) AR AR ST I]. o I FE L AR 24, 2020,
40(13): 4122-4130.
HAN Tiansen, CHEN Jinfu, LI Yinhong, et al. Study on
interpretable surrogate model for power system stability
evaluation machine learning[J]. Proceedings of the CSEE,
2020, 40(13): 4122-4130(in Chinese).

[22] ZHANG Songtao, ZHANG Dongxia, QIAO Ji, et al.

Preventive control for power system transient security
based on XGBoost and DCOPF with consideration of
model interpretability[J]. CSEE Journal of Power and
Energy Systems, 2021, 7(2): 279-294.

[23] WU Shuang, ZHENG Le, HU Wei, et al. Improved deep
belief network and model interpretation method for power
system transient stability assessment[J] . Journal of
Modern Power Systems and Clean Energy, 2020, 8(1):
27-37.

[24] FI$E, M%, EreE, 5. — BRIl A R
FE VAN T7 i S LT AR AT R[], AL EOR, 2021,
45(11): 4416-4425.

ZHOU Ting, YANG Jun, ZHAN Xiangpeng, et al.
Data-driven method and interpretability analysis for
transient voltage stability assessment[J]. Power System
Technology, 2021, 45(11): 4416-4425(in Chinese).

[25] BAU D, ZHOU Bolei, KHOSLA A, et al. Network
dissection: quantifying interpretability of deep visual
representations[C]//Proceedings of 2017 IEEE Conference
on Computer Vision and Pattern Recognition. Honolulu:
IEEE, 2017: 3319-3327.

[26) KOH P W, LIANG P . Understanding black-box
predictions via influence functions[C]//Proceedings of the
34th International Conference on Machine Learning.
Sydney, Australia: JMLR.org, 2017.

[27] RIBEIROM T, SINGH S, GUESTRIN C. "Why should
I trust you?" : explaining the predictions of any
classifier[C]//Proceedings of the 22nd ACM SIGKDD
International Conference on Knowledge Discovery and
Data Mining. San Francisco: ACM, 2016: 1135-1144.

[28] AGGARWAL C C. Data classification: algorithms and
applications[M]. Boca Raton: CRC Press, 2014: 571-605.

[29] ZHOU Zongwei, SHIN J, ZHANG Lei, et al. Fine-tuning
convolutional neural networks for biomedical image
analysis: actively and incrementally[C]//Proceedings of
2017 IEEE Conference on Computer Vision and Pattern
Recognition. Honolulu: IEEE, 2017: 4761-4772.

[30] CHUH M, LINHT. Can active learning experience be
transferred?[C]//Proceedings of the 16th International
Conference on Data Mining. Barcelona: IEEE, 2016:
841-846.

[31] XIA Chen, EL KAMEL A. Neural inverse reinforcement
learning in autonomous navigation[J]. Robotics and
Autonomous Systems, 2016, 84: 1-14.

[32] FINN C, LEVINE S, ABBEEL P. Guided cost learning:
deep inverse optimal control via policy optimization
[C]//Proceedings of the 33rd International Conference on
Machine Learning. New York: JMLR.org, 2016: 49-58.

[33] 7B, EHrid, sKEE, 2. HETRMATAEAEHIERRE
FEoaA 2 I - A ReIR R AR EET]. T E R



14 BOE B ML

T &

g
¥

#H 43 %

HLLFE2E4R, 2021, 41(3): 819-832.
QIAO Ji, WANG Xinying, ZHANG Qing, et al. Optimal
dispatch of integrated electricity-gas system with soft
actor-critic deep reinforcement learning[J]. Proceedings of
the CSEE, 2021, 41(3): 819-832(in Chinese).
[34] FOERSTER J N, ASSAELY M, DE FREITAS N, et al.
Learning to communicate with Deep multi-agent
of the 30th

Information

reinforcement learning[C]//Proceedings

International ~ Conference on  Neural
Processing Systems. Barcelona: Curran Associates Inc.,
2016: 2137-2145.

[35] HONG Zhangwei, SUSY, SHANNTY, etal. Adeep
policy inference Q-network for multi-agent systems[C]/
Proceedings of the 17th International Conference on
Autonomous Agents and Multiagent Systems. Stockholm:
International Foundation for Autonomous Agents and
Multiagent Systems, 2018: 1388-1396.

[36] WU Jingda, HUANG Zhiyu, HUANG Wenhui, et al.
Prioritized experience-based reinforcement learning with
human guidance : methdology and application to
autonomous driving[J]. arXiv: 2109.12516, 2021.

[37] CHRISTIANO P F, LEIKE J, BROWN T B, etal. Deep
reinforcement learning from human preferences[C]//
Proceedings of the 31st Conference on Neural Information
Processing Systems. Long Beach: NIPS, 2017.

[38] FEURER M, KLEIN A, EGGENSPERGER K, et al.
Efficient and robust automated machine learning[C]//
Proceedings of the 28th International Conference on
Neural Information Processing Systems. Montreal: MIT
Press, 2015: 2755-2763.

[39] ELSKEN T, METZEN J H, HUTTER F. Neural
architecture search: a survey[J]. Journal Machine Learning
Research, 2019, 20(55): 1-21.

[40] WANG Guozheng, Ma Shicong, GUO Jianbo, et al. Power
system transient stability assessment and key bus set
selection based on multiple-agent cooperation[C]//2021
Power System and Green Energy Conference (PSGEC).
IEEE, 2021: 40-44.

[41] WANG Feiyue, GUO Jianbo, BU Guangquan, et al.
Mutually  trustworthy ~ human-machine  knowledge

and hybrid

mechanisms and applications of cognition, management,

automation augmented intelligence :

and control for complex systems[J] . Frontiers of
Information Technology & Electronic Engineering, 2022,
23(8): 1142-1157.

[42] 5 tE, AxFF, BRBR, &, JREREE R RGO
BATHMMHSEE/OL]. BAERSEEREAR,
2022[2022-12-20]. http://kns.cnki.net/kcms/detail/10.1164.

TK.20220909.1407.009.html.

LU Guanhua, YU Tao, CHEN Junbin, et al. Application
and prospective of knowledge graph in power system
dispatching operation[J/OL]. Electric Power Information
and Communication Technology, 2022[2022-12-20].

http://kns.cnki.net/kems/detail/10.1164.TK.20220909.140
7.009.html(in Chinese).

[43] BRi%, E4, 1heT5, 2. BTt DDPG vz H

[44

—

RS SR R R AT BT VAR AL ()], MR R S IEME
HoAR, 2022, 20(6): 60-68.

CHEN Sheng, YAN Dong, XU Huifang, et al. Research
on entities connection path reasoning of power
dispatching knowledge graph based on advanced deep
deterministic policy gradient algorithm[J]. Electric Power
Information and Communication Technology, 2022,

20(6): 60-68(in Chinese).

e, ENH, BV, SE. N R REBORTE M
BRI AR FT]. BMER, 2020, 44(2): 401-411.
FAN Shixiong, LI Lixin, WANG Songyan, et al.

Application analysis and exploration of artificial
intelligence technology in power grid dispatch and
control[J]. Power System Technology, 2020, 44(2):

401-411(in Chinese).

LR B 2022-12-26,

WimBEH]: 2022-01-18.

O

TrEE(1991), 55, L, THEm, F#E
WEFLJ7 A R N L ReTE B 0 R 4 b i Y
A AHRERE . BRI N B 51217
5§, qiaoji@epri.sgce.com.cn;

FEP(1960), T, HHETREREER L,
PR RGBT, AT, KA
FHJRGHL . BT A ] S
W TAE, guojb@epri.sgec.com.cn;

Yo LHE(1984), 3, 4, #HRgEH
TR, iAW, EENFER RS
WREBATHERIHE AR, BN TS
HI#F 9T T1/E, fanshixiong@epri.sgce.com.
cn;

HEWE(1978), B, BEFIT [ R 4
FME. N TR EERH, hyhao@epri.sgec.
com.cn;

FHFE(1991), B, M, BTN
RECHE . BLAS2% SI HR B AE i B 4
N, shangyuwei@epri.sgec.com.
cn,

(RfERE A2



