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Applications of Artificial Intelligence in Sensing, Communication, and Data Processing
in the New Power System
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(1. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China;

2. State Grid Smart Grid Research Institute Co., Ltd., Electric Power Sensing Technology Research Institute, Beijing 102211, China)

Abstract: The new power system is mainly based on clean energy and utilizes massive data and computing technology to
balance power sources and loads dynamically. Its core feature is the system’s observability, measurability, and controlla-
bility. Artificial intelligence, as an important technological support, can enhance the intelligent perception level of the
power grid and optimize the utilization of communication network resources and system data processing capabilities
based on deep integration of energy flow and information flow. We mainly introduce the form, characteristics, and mech-
anism of the new power system, emphasizes the urgent need for digital transformation of the power grid in the new
situation, and analyze the research status and application of artificial intelligence technology in the fields of power sensing,
power communication, and power big data processing. Moreover, we explore its promotion of comprehensive perception,
instant communication, and data analysis of electrical quantity, state quantity, and environmental quantity in each link of
the new power system, powerfully supporting advanced applications of electricity. Finally, a summary and outlook on the
challenges faced by artificial intelligence technology in constructing new power systems are presented.
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Fig.1 Development history of intelligent sensor



W $E, W, WAL, A NTRBEH AR RS REIK. 85 5 HR A UK A 21
TSI SR LA AR R iy (ORI @ YA

GEGEHER. P 2 41 T BB IR. 51k QA A ape 3 /
ST A IR B B B R, BT B o O

N 1 — ,‘;,II—I ML %%‘» ¢ \E W ~ , A ‘% \ﬂ.‘ (=}

%ﬁ%ﬂ%fwﬁ ﬁ%ﬁ}?%%i%}km% PS— -
MG S B A A R R AT SR 2 R, TR ﬁ%%ﬁ%ﬁﬁﬁgﬁ BEAE

BN S ERE DA BN LR SR, ZERCTTHI A
A BT T G T B A IR A R AN JRU T
12 EASNEENERERSFRERERE

AL I R BN RAR R . B
I M- A5 22 TU AN SE BRI R RS2, AR IR AR 0 98
FEEM R, RN EAE 5 4 00 &2 e 1 S B 2 [A]
B2 o % 22 R P AR A AN ATl A U8, Ll an 5 1 H.
RS RN A . TP LA SRS . FLf
WA R B Re TR R, T2 G
ARG TRMNL PR 2 a A B R AR R A IR AL
IET7 AR TR IR

HMRZEF AN AT A, AR RS NRZE
TERRR ZHE, BEIEAMEMERE R, 8% 7R R M
RIS M ) 1) R X)) BB A B i PR 1R 22 RS I AE R,
& 48 738 R A gt 77 =, SR 1914E 15
SRR B, 380 e B SRS P IR A S e eV (1)
SR . SCHR[20] M) A5 FH A FRL A% J s 4 R 22 70
B, PRE NN AN AME o B AR TR T
EHEE AR, o ECNEN S, & T
AN T AR SZ IR TR RS AR T S E T2,
TS I T IEAPAE S OGN 55 . R FESRTHAALE b
PRI i, WITE HL 22 e/ e e s B, 3 DAY 2
IREAMEER

5 BT SOk A IS R ZE R IR T VEAN AL,
FET WS AR ER AR BB S HEh AT
PREE R RIS A, R U i A2l TR 5T
PUIE M B R ZE o A0 SCHR[2 18T 08— AR BE & 1
HH [H.(tunneling magneto resistance, TMR) H, ifi /£ K 2%
15 R ABURE BT SR (P R I AN R PR, R et
RS 2 2% (deep belief network, DBN)#) %t i /&
Y.ty JRUGHIRAE 3 N R SR E L E
(ISR PR 28 BT, SEIR ZZ RS 1E . SCHR[221%H % K
HRZE, KRR EE 1017 I 28 A58 43 3% H X3
DU A5 R AT SR 2 R AT BERE . BAR
AR IEBOR BE A R AME R M2 R 5 P22 R ik
Bea, AE FLASOR ™ AR T A AR FE A I 2R 45 3R,
AELESHIZ AL IR R, At S A2 J2 T ) 11 SR o )
BRCRA R, IRANIEH T I BRI 1E 3 54231,

D 44

‘yis /<§ | s ‘ ‘ i §
Mgy M

B2 T LA ST R R A e e R A
PSR

Fig.2 Design flow of intelligent sensor based on machine

learning reverse data iteration

PR AR 55T N TR B A 2 R IR R AR TR
PEAME R AHSE G, 724 o ks BEAR SR AR B v A
iff 2000 1) L SELATE L U5 1) o
1.3 ERZMAFKNENBIESHRESE

I o L ) TR 428 3 AT 0 bR A e 0 o R T
FEAI AL 0, dn P A e R H R R
15 min —/MP&E &, BEE S min — MR,
DUl 2 IR A2 5y, R E R 0.5 FERESE
SR FE I 30 VCRFER 0.1 K B 45 % 45 F8 8k 240
VCRFE DL R W3 TR ARG B, R B ek
) B I S SR T 7

8 45 77 0 K FH 0 B R B TR S TSR A
RRER, N T R BRI O SR A T 1 R SR
R4, (H 2 EIRTT VAR R DT A S8R m A AR
fir, A2 R RIS . 52 AR,
BT H A IR AN BRI K 86 07 VA SEAL TS IR AR
RE, B T ) S G 1 % T A S i SCHR[25-26]
PR TR T e A0 B R0 B TR Rl 1 U A R R
AR, @G — eI, ST T R E I
MEgiAt, ST T B8 Nyquist SRAFE B AR AL
PR ARIIAN R R AT B E . ISTIFE
FERE T AR AR, B IS SCHR[2717E 36t
B T R EE S E RS S, N
VSRR B VR BEARAL T B 0T

AL, AR REEOR I AL BRI RE, 5k
I S M HAR R AR AR & TUAR B, S BT 1 2% )
RE/RN, R B3R T 2R I R A A A AL B
TR o SCHR[28]%T X B AT A4 i 38Ul F HUE B
RIS E DR E S, 7 T AL A
BT R B B A R BN AR, R T R T I )
A R G B R A S R T



22 i LR AR

2024, 50(1)

14 #E “RERT —MMUERSEMIT S

FEALGIRFIT ARG, AL EEHR T
Bt R AN TR ) s 3 B0, Al b 1) B P 2R
129300, (R TR BEAL IR AR DRI I (AR A 12
Tho T ) RE LI 22 PRI SRR B SR 1 5=
N REEE R MR LR RSB 2 RACAE R, R
A 28 DUAR T T H SR v RO RE AP ) 7 Sy DL o
AL R 2R, R ARORAR AR BT SN )
B ETT IR, DO Tk 55 18 IR AR IR A 8L
TR, MR D9 RN BE SR R 2L R Bk
RUEETBHOR & A PR “IRAF R — R
EOH, B RS S BT R, AT
A R RAE F AN U AT PR A, SETH AR
AEo SCHR[33)IRM T “feB+HFH” — R EES
SRHBOS RS, AU R BE A R S
DiHE IR RIS T iR . gt — P, IREREEERER
el s, Witk ERE S MMM Fr A
s T FERE LR R RS, I R
fCPAS e, SEOUBHRTIAE N s Rrae R i
AESS S 73 A AL ER, R 5140 RE A% IR 20 BT Y
KT, JCHEAE R B A L B RE IR fE
I R 85 2 S 3 S BOR T

2 ANIEgEAEBRNBETHINA

M RGUR RN E B R 1R, f£—
RV AP ZE AL b, RIT e REB A BORSEIUE
SR AN RE R IR AR BRI A o F 038 AE W B D
HUIR 55 S5 AE 12 I 2 B A0 B4 v 40 X T 9L 31 F) 3%
A, FEFR RGP, SRk, AT EE
AN 22 A SEBLR T i — AR AL K2Rtk RERE 2
B2 %775 G R A AR 7 B A 4T,
ST RERCR . AT L 3 A5 ORI BE T B
GrHC AR A YR Bk 4 AN T7 T A AT TR
RpAT Mg, FEA AN TR REBoR o ik
[ 1 S
21 FEZUHRNEREN-BEBEMENXIEE

W i AR I KRR I, N PRIE R G & 4
FREIBAT, X M TR S &, IR
A TR B PAE B BI I B3k, DA R RS A )
Ko BRI, o AE LR SR A BT IR A S
{5 WK At 3R 5 SR 2 3 4% ) 2R v ) ¢
PUHEE TR “ i 4i8” BEERmE s,
L B ASHLL BCHUATA B AR . R

HRAR RIS, B 3 R T -s 5 R
RN BT 5 25 FE 1 2 &

A% G A5 W R R J7 9 — SR TN BURE 73 il ok
ST EFEEEBOR S 2 i I AR R 55 A
TRRERER, BE /N0 FR R8T 5L
Ro SCHR[341FEH 1 HET )2 R ik (e A 0 &
AL, FFET X Xl 55 (K47 AN S 5 2t — 2D A
=2 daby, JEHRIVG AR R AL IIBGE 73 4 H
BRI TT %8 o SCHR[3STTH ) BAR LRI Sk 3
Ui oL LM d R, LU IR T
97 IRITT R A o (B _EIR BT T K
PR L SRS A AR X D, B 7T S AR 5 W 45
[ Y- 7 AR A, KRBT BT 25 R AR
B, ARGINBE S AT, R,
I BB MREE 3, 0 BT AR i R AR
BHEME %%

N T BEBOAR AT LASE FL 77 3 A5 R b 55 F5000 114
2 o i S R e R L AR RV S e B
o AR BAARRM 2K FE T REFHR R, WEIF
B BSOS 5, BRI R, A
TLEER TR MEFR. S RAE. LEiEE E
PRIRAL T EEREITALIN, HLES S 2 ik REs 47 AL
BEARI SR AERE, ot iRy 2. FpLas 2SI T M
LA RE BT AL, ACAT LSRN R 2R 2%
Ziky. AMERL. JEBIR R WAITIHR b
ARPEANAS LB G RS 2 A BRI SR G PRI, 10
HXSFARBOARPER R, Wis g AT PEAE BB HE L,
AT RS BACRRRFAL,  SE T A R 7
o A N TR AR, s BT IR

I 12 4
L T
P C R

A L.
SRR >~y
;

7 TR - A5
ST R v REAEH
/ W L N\
QoS R WiEf BB\
/ TE & 4
/ bl e L A5 ol I P I

Jobih b R
M%%ﬁﬁméﬁzzg_ﬁmﬁmmhg?
01 0 17 T LY

Fma%‘*wﬁ

I 4 0 A
Bt
R
B3 R RGO (S R e R

Fig.3 Factors considered in the planning of new power system

!
!
i
,l
l
|
|
\

communication network



B, BB, SR, 5. NLEBAEH A RS ek,

A 5 R A P AU H 23

TOUIN i 22 W oo IS ATL ) A 224 R AR R0 e 8 35 28
VA AN 247 SR () Ia AT 4E 4 MERRBO) . i ) 43 A7 S H
P fEREAI T AT N HIEE TR R, SCER[37]
FINBENUARAREIEA VAR, S To 4 R L 78
30 [ RS v e AT B VP . SCER[38THEH T
T [71) R TR 00 ol 55 AR A X 48 28, RT3
5 AR B N 48 2 22 5, ek i 0l s
WIZR 5. 77 v A ZE B g — Rkl
22 HREZHRFERMOBHBEEMNEZIREE 6
[P

T8 i 2 3 I 2% R RI B AT B R A o X 2 5 22
15 B RGP IS SR B0 75 R d R AR R 4
T FL 305 X 28 (R AR B BE T o BB 2% BT I o L U7
R KR E- R NIRRT, B
H IO 2 oAk 1815 k%5 i & (quality of
service, QoS) 7RI ZFEML, FIS IR I T A LA
ML R AR 2 SE B L ERE. Kl
W Rz IE AT 77 R, BT 55 B4 NGB H A2
Ui (1) AL, ARG JZ 2 AR A 5 21 2 AR B &
FRA AR . iR I RANMNE N ER T T
JEREETERE TR SR, TR IEAE W 2% TR
EJRANA IS, RFEEEEE T, HidErifA
TR TR BSR4y (HE, BT
AANA IR ) M, HoR R A e
ZHME, AT R A R AR LR S I R, A
SR AR TR T INMER B gk Bk )
A, R R R T, R — AN

] o il 2 A I . WnET X 22 St R 21 5%
TS K, SCER[4013& H 1 2 T R0 H R 20 9 7t
F145 7% 38 {5 (high-speed power line communication,
HPLC)#5 JZ R4 BL #7732, 9 R IR AL R
ST PR FEUE S D2 A R, DL
SRAGA R IS TR A T e AR PR A, A2 RS 8
IOAE B e BB 2 B, e SRt I AR B AR il
M L — B FH B AE T RE .
FEBBRL Y ZR B RRE, BT A&
S H R IR BE A S W seHE iR e /1, B TR AN DL
2 5 RN HE M B AR 4 IR T 5 RS TR
5, AR AE P 2% ) SN A7 S R A T BT YR 4
Beo andtxt Tha 52 R 5T I H P 0 2L R - 3 1]
DIy RO el @, SCER[4113R H T & T BAEERS
(channel state information, CSI)fJ iz K & 5 DR R &
IREESRALS SR AE T, MHELT ARG IE L Z k4
FoR, RS RIRFERRT RGuid . R R 7E
SCHR[42]h e, TARRRIE 4 fos, Bl
ik WAL AS AN A 5 N RS8R K, SR JE
%, QoS FR. PAFPIRES . FEREEREER
Resthilds, MBI SR H, SRR
REEZ I ME M R S8, HRAT R % )52
FEEWSCEE, &EHIES TR LN A
(computer room, DC), S 4 &[5 TR 7
Beo SCHR[431E— D4R H T —FhdET Q % MKIH
T R T2 R (long term evolution advanced,
LTE-A) M 2% % Y5 7 lie 550925 LA 2 29 A1 =i 21 3 1

EImE

=

HE SR

A
xumng | = B WHDC L RLLchy XEDC
a1 14 55— 5 JeMBBY] /-
o e B AmMTCH] -

B4 TR AL S O] B S BRI R

Fig.4 Communication resource allocation process based on deep reinforcement learning



24 L R A A

2024, 50(1)

Rk, FHFHILEHOLM T 5G AT A
BRURTARE T, ZIGE R AT AU 18 I 48 e f
ﬂg%[M] R
23 ETHRERESHHNEARNE NBENRERF

B A, R RERRE AR A, 2P
TRV E AR SRR, 2 4 e 8 ] R A S
e inl. #78LH J) R G I S £ g mT
REM R SR AT Z s . [ 4h 2 e s S I
IR TR 7005 P 25 NAZ AR IR 22 4 o7 4 ) o 22
PR, GnfeT AERR D R U 7 (E 2% S TR R K
ARG LRLESHEAM AR, B
NARAE I 5300 CABRME A I oy &, @i E BT
L DX ] U 300 o) 28 5 ok B o vy () R R B A, (ELELAS:
MIAER R 5 RE IR RIS, XE AR AER R AR
W Z AT P . ARZ 2 E NIRRT, R
H 7T EAT ARHE I 28 B R v, anse
Wik [451 53 AT 5 05 A7 D BSF T8) Rt 1) 400 060 B AT N RR AIE 2
B, SR SE BT RERN, £k
FE R T NRA IR

MHT, AR WHRIL R R, RGN R
I 75 153 CABIAS RN AR A B A & Beeke, TEik
R BB E S 2 AR R e R R TR E . B
oyl 5NN T BB SE T e T 16 20
REJT, UNSTHR[46-4715) ) R et fe /) L 3K v 2
BRI S TR S5 R 32 IR IR 22 201, K N R Rl 4 5
FRZ o R RIS AS UL R S 4, SR 2 A
BBt . T, NI BC RN e
RN AN B RV B B T ME R, SCRR[48]40 77
o BN B IR ST RGN, %o A5 B 3 X 4% 37 P - AR
TERERRAT, SRAFBCHAT NAERH S I BRI, I
PEUEHE T BTN RO A B0 1 728 H il S 4 Y
SRR T, BA SRR, DK
FARAR AR R . hAh, A 52 B
BAES) . MBS R M E A o) L4
22 ) VEIRAT R e B B X 8 Mo A, IRERAS —
TE BB, BT B R R R BRI R
A, A NI AR R SRR DR AT, IR
T KPR FECR G 3 Bl g, sk Q %
TR B AR EAS AT HE, IRATRILAR SN
SR H R RO EARB Y, 3L 38w 4
B P BEE RS A, ST E R E M %
SRR

24 HAOBEMESITYER RS2 E

AT, L EERAE T R R R B, e
B WS RN TR E g, B4eE BT
ERARR IR ER k. FA B EEM s A
BRI T 21 4], ZRAIBLEN FEieE
B OB LIRSS, 3T S AT 49 At s
. BT EPIMRA, HAMES WA SR ACR ™
W T Is4E N i e, TARTTIET 2 B L E et
FL Ao FEL A e T SE RO AR OR, R AR RIS AT YRS
s AR R G

N TR RESIARA B B2 AR, BIER
SRE T IEE BT B g Sl Bk,
LA BB 5 B BT HE AR 354,
BT DU BOMZERHERE, SRR S AL 4t
MBS W i, SCRR[SSIHE H — PR =0 S M
B E A AL R T i, T AR )
PR B2 W, AR HER R B2 T G5
SCHR[S6]MISR A 3 S AR 22 00 2% 5 oz e HE Y HEK A
SEAIRALE, SEBU LIRS TR RS SR
S SRR ORI IRBIANTE ST W 70 2K S e L
URAh, I GRS SEEOR,  BEls T ndEfit
PP B A RIS AT A A AR B
PR S  f) PRE 2 W 57581

3 AILEfAERNBIELEPRNA T

L RO R R G AT IR I, Hdla I
S N Bt I8 T R A IR R AT AT S 15 5K
BLH 70 R Hs B0 (A BRI E Sl 5 . 78
AN T8 RERORAE B AL BT AL S, PR
Hm g « 7 AR, IRASZI BRI R REE R
R R GUSAT I, SEELHRMECTE. (F R
. Btk R AR EEE . AEMEHR T ER
Th ANFEAR G 5 AN K SR IBA 2 3 A5 T
AW FRSCREAT b s, BAREE:  m kR
MR RAB ARG SFIE FE T A O T 45 R BE 429
FEIT AN T RN B ) M R IE T
31 ETRESHBRMEMHNENRBIERER
FFE

BT 2RI ITHE M Z R MEITIRE, B
Bl SAFESR G e R SR R,
SR T 5 58 AL B B R R R AR 2k
EEM 2 J5TH . ARGt 5 B BRI VA 2 AR A 2
ATRFEBEAT b, BAABREGRE L. D



B, BB, WAL, . NTERAHMA I RS ALK, @155 5 a2 U808 25

S il PO RS, It R R R,
g vt B 7y B i AT DAAR 95 Hds A 250 L o Bk e
R AR R Z G E R ) 2 5 2 1 5 A PR A%
REZE /DA R AR IERT ARG 5 Tt
P AT RE ) S0 HE, (AR RO AR T/ N R
BRI, G NI E AT )RR 95
RrEE @R, (HREE W H0RE g s, H
T HE A 28 2 T T T P01, Y TR T AR B AR
B L2 g e A 1 5 o 5 o R 7 A 1) K e AR Y
AR, IR TR M LA A NI E R AL
R RKAlTautmEath ik, Plasss 5k
L R AR ) 0 S () LR S A R, TR SR
RHHE . N T A B HERR A B e s, STk
[6117E VY S fr vk ) At gk — 20 R SR BT =
AT IR bR CASZ B SE RS HE B E V. S
BR[O2] M4 Y — g 2 5 SR SIS M BN [) 976 A 40 25 [
28 AHZE B 1A% F il e A S W BRI R TR, R R
THU P UG A SR SIS R [ 2 S 4 I 4% 1 R E H
PN T s, R K A A2 9 28 Tt 5 5
e MR HGRE T BT ZIME, NS SR AT RS A s R
LT EE

M SR A L E R SR, KRR A SR
PR SR AR5 s 1 SE B . I TR 7 A A
KKK FR, BT EEMRIAL . SREEEEN T
EZ BT Gl e e A BRI, e A A B
RRAEAMRRAL. (BEXT S EAIZITIRESSEN
2SR FE IS, 15 22 SO I & 25040 i oK 78
A BT LA EEA LI, X DL FH 1] v I A 4
By Q0RO e R IR PR 7 AR BB R 38k U o 5
Yiseo o5 A AL AR 5 ) kAT 2 2 L
W75 R R E IS — RAEER, Wl ST
[63]7% L& HL e ot & 200 R I - ISR e A, 42 7 —
P TR H S 2 2R I BHRIE B 550 SCik
(6417 FH 15 3 I o 22 X 246 ASE R 41 B 3R S A5 2R 0 XL P
R FRBYRHATIEE . SCER[65]10 4T T P HHE
W & 557 (phasor measurement unit, PMU)Z#E 1%
. L. AR HA R, MR YR s
PELTHRAN E N SCAAME LR 1 28 T st AF oxs
UKL PMU K EA4 595 SCHR[66-671 W AT %t
M HFEEER, R 7B TR K B4
Y FR R P R v, s A e T 3SR 1
B o7 B A S BT HEL 1 N FH SR I b A
BRIk e B, SERRBURAR T 25

FEAS, HARBKIHZ X ER AR E IR G, M LA
SEBREHE N R, B T RGUIRS RN
RPN RB—J7H, NLEREEIEAETIE
R, T ZSEEA GRS E A A
iy, FEEMMWZE, X5 HE T = R A
VEfR T, A Rt — IR A T

3.2 ETHEBGHRMLEHIER S/ MEARRRIG R A

w2 N s, BARE AL AR RE S
KYGFEEE, W EE N ZRER &M, (B
G FH IS ATY AT B TR SR A AR AN S ) o], FupA 5
R ELFE AR ARG DA, 5
WAMESE, SETHBIEARTIE TMEARSE, A
B REAR T %A% SR, MaH—RANTH
RERE AT bRyt HE BB LR =, W 2 R/ NE
AIEE TR Z R0 612) . AR B R A1 DL &
Hym i /AN RIS Z R A8, DA
KB W FREAR G SRR, s v B 2R 1
0] 3 A7 KA T+ R B I RE A 22 R L0809,

‘i B B 1 5 T v AR X R AR AT LA AR
o FEARTCHHIRSE, (HJE Ll 77 R e X R A
AT IEBAL AL PRI B FLSEREAR B 40 A1, B HE B4k
PEATIAE O RIAE AR B R P X3, S A )1 R e S
RIAA M. ALGEETHR P02 M 2% 1 HR 12 5 B0
B BA DBk A IR AR BB SUR . H
TN FH T T 4 A I W e 5 P, 0 3 A5 X 4 3 i 0 ol
HEESREAR B R R B, T ok i A FE R
AR PR, BRI AME . FH0 %A,
DLAE SO 70000 288 A AR IR R 2 > SR8 v S
TP G o ATRT0) AR RS BT 0 2% J sk A i IR £
FAV ) R 28505 LI R AR B B8 2 (B B i 7, A=
FSCRE DA G LS BOHE  A U REAR U i, SCRR
[72-73153 50 IR B A RH AR SO 7 X 4 455 24 A i 5
P A S O B X 2 AR R A SR ST RS S R RIS
8 L A A, SR s 2 R T P BB T
SCHR[741M R T —Fp gt & Wasserstein A B0 P M
LR ASTRY RN P AT LIRS () A A R TV,
L IR RE W R 2 Re IR & st T S [A]
PRI e A ORIBC R o SCHR[ 75131 — Al i | 3 3 2
>R 0 22 53 130 A S 39 i JR FL 1) ZE T ASE Y £ 7
FEARNGEAREE, SHIHFHRLFAR
33 ETFMRENENR N KRBBEREKIZR G E

ERCERHR R . FEAAR RS, #KH
JIRHEARE 5 v N AT 5 S A RS R 58 79



26 e B R 2024, 50(1)
JRTBIMERT . HL R BTk B AN R R SR AR ETAS I RRTAREE

R, SILERZUENE. IR B HE AN HE A
PERIRE s, MELABE AL D R GEESNL 55 5 B AN
iR - - T — A I [ 4 5 200,

HL g R R R AT DA e 5 A A 1 T X I
PEIER SRIBRFIE, 2546 B IRE S A BEOR, A2
PEBHRREIF LR, SEBL R I8 AR 2 A
FHUTT8Y, My SRR R AR-SR” =Je4li g
TIRRERE, Wl 5 s, 3 REHE B RS
SEHL 2 P BB R A R L, iR A
BE [7) 25 55 vy N PR BEBOR SCHETO),. SCHR[SOT A HE
PO BRI bR A R e S 22 06 v AT R
BOFFIE AR S, iR & 1 e AL A2 W —
SEMIH . Ak, R HE RGBS
BE AR ST DAL HL ) B A A i 1830 S5 QUK th AT 1 FH R0
TR A FEAER R o (B 18 3 22 5 e M Bl A% 5K
gir AN B A ZE 5, AR SepAail
ML I S AT 3™ R 5 5 T I AF A 1 2 MR, iR
P AR AE L U N RIS AT R - B
LN e Aopa sy E2 Rt i = P 3 C A EPS SR S I
B, I R B ST P bR A A R
FEARRN LB REBASE R J U B R T 17—

4 BEEE5RE

WA T AR G A i RO I Rt L RE 0 R B
FRIRT AR = R s AT M, SCBLIR  REVR K
HOHM. M2 2FEIET. AT RBARKR
WA, NHATRNE L AT AT R PR
THfiR ERHLIE. B, ASCRE 7 A TR REROR
R RGALIKR. BEMEEAAREE 3 A J7H
BRI FURH N 8 o 3 A 4 TR 20 A7 T
S RTE A MR E B EZIUR O LT T RERER
HIAT T A BRI RS H TR TR
FrEEEE ST, U UNR M RRA B

1) ER AT, AT R R RS
HERR Y, (E SRR AL [F
REMKONZ TS, A EERBEBAT L& S FR A
B, DCE H TREE B BT 55 o 0 e 4 5k
A5 ARAR IR IR AR AR, SR THARBE W R A 5%
H, R HARR N U B8 I B

2) EHJBEETTE, BRI RE,
15 R LE AR B AE 7 A B 2 E_E Tl KBk . A%
GiJ7 2N 95 A B A f I I SF IR E BOR AR

(e ] (wmeem ) (frmice] (Rxky)

ETFRAKERNE RS
(wzww) (wwore) (rre) (B irn)

HF KB RE
(weeizr) () (maes) (Rrnu)

KIS s pnR B A v
Fig.5 Generation process and application of power

knowledge graph

BEATRAL, SRS ARCNE, BRI T SR IE(E
FAREZNES . FHik, RRIEEMNSIIL T R
W2 RS2 RS HERANL &, LLAR
S S NIRRT %, BRI 4R

3) EHRJHARALIE T, 196 T LS5 I
MR ERAR BN, BIEER R 2. Bk
AN ) U — e R AR R T G, (EX
e AR AR BR R s, BAPEE W ZE . o]
BT B T R, TR LA ST
JERI AR, N R AR R H B Ak B A 1 B
BRETIA .

S22 #k References

[1] XIE H N, JJIANG M H, ZHANG D D, et al. IntelliSense technology
in the new power systems[J]. Renewable and Sustainable Energy Re-
views, 2023, 177: 113229.

[2] ZHOU X, WANG K D, LI S Y, et al. An ultra-compact lightweight
electromagnetic generator enhanced with Halbach magnet array and
printed triphase windings[J]. Applied Energy, 2024, 353: 122075.

[31 HUPF LI YJ, YUY X, et al. Inertia estimation of renewa-
ble-energy-dominated power system[J]. Renewable and Sustainable
Energy Reviews, 2023, 183: 113481.

[4] CHEN ZY, AMANI AM, YU X H, et al. Control and optimisation of
power grids using smart meter data: a review[J]. Sensors, 2023, 23(4):
2118.

[5] CHAFII M, BARIAH L, MUHAIDAT S, et al. Twelve scientific chal-
lenges for 6G: rethinking the foundations of communications theory[J].
IEEE Communications Surveys & Tutorials, 2023, 25(2): 868-904.

[6] LIAO H L, MICHALENKO E, VEGUNTA S C. Review of big data
analytics for smart electrical energy systems[J]. Energies, 2023, 16(8):
3581.

(7] BEEME, x| 5, HIOH. TRRGAEE I RGH KR —F5 £
DURAEED]. ARG EE, 1989(2): 10-19.

XUE Yusheng, LIU Jue, CEN Wenhui. Expert systems in power sys-
tems-features, current status and prospects[J]. Automation of Electric
Power System, 1989(2): 10-19.

(8] ®hWIkE, SCfRfE. N LERANIERNIRGPINA—MNEX R
FIN T[] BAORG AL, 1991(3): 5-15.

HAN Zhenxiang, WEN Fushuan, Artificial intelligence and its appli-
cations to power systems
networks[J]. Automation Electric of Power System, 1931(3): 5-15.

[91 MACHLEV R, HEISTRENE L, PERL M, et al. Explainable artificial
intelligence (XAI) techniques for energy and power systems: review,
challenges and opportunities[J]. Energy and Al, 2022, 9: 100169.

from expert systems to artificial neural



I

ﬁ’ ﬂk%ﬁ%’ ?Ké’éél’ /:;J‘E:

NTRREEH R A R G R REIL R

A 5 R A P AU H 27

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[25]

MOHAMMADI E, ALIZADEH M, ASGARIMOGHADDAM M, et
al. A review on application of artificial intelligence techniques in mi-
crogrids[J]. IEEE Journal of Emerging and Selected Topics in
Industrial Electronics, 2022, 3(4): 878-890.

HAI T, ALSHARIF S, DHAHAD H A, et al. The evolutionary artifi-
cial intelligence-based algorithm to find the minimum GHG emission
via the integrated energy system using the MSW as fuel in a waste heat
recovery plant[J]. Sustainable Energy Technologies and Assessments,
2022, 53: 102531.

ABDULLAHI M, BAASHAR Y, ALHUSSIAN H, et al. Detecting
cybersecurity attacks in internet of things using artificial intelligence
methods: a systematic literature review[J]. Electronics, 2022, 11(2):
198.

A N RIGAT [ [ 45 B ] 45 I8 56 T BR B — AR R0 e A S
RIFB@mMI]. e NRSLAE E 5B A4, 2017(22): 7-21.

State Council of the People's Republic of China. Circular of the State
Council on printing and distributing the development plan of the new
generation of artificial intelligence[J]. Gazette of the State Council of
the People's Republic of China, 2017(22): 7-21.

IV, B PR AR A D RG], P Al R,
2022(1): 14-17.

LI Licheng. Construction of new power system with transparent power
grid[J]. China Power Enterprise Management, 2022(1): 14-17.

WAL, B om, B ), S B B AR R R R R B
[J]. AEBSEEHA, 2020, 18(4): 15-24.

GOU Jinghong, LIANG Yun, CHEN Chuan, et al. Challenge and ap-
plication prospect of power intelligent sensor technology[J]. Electric
Power Information and Communication Technology, 2020, 18(4):
15-24.

ALONSO M, AMARIS H, ALCALA D, et al. Smart sensors for smart
grid reliability[J]. Sensors, 2020, 20(8): 2187.

BALLARD Z, BROWN C, MADNI A M, et al. Machine learning and
computation-enabled intelligent sensor design[J]. Nature Machine In-
telligence, 2021, 3(7): 556-565.

MOFFAT R J. Describing the uncertainties in experimental results[J].
Experimental Thermal and Fluid Science, 1988, 1(1): 3-17.

DOSSEL O. Principles of sensor error correction[C]//Proceedings.
VLSI and Computer Peripherals. Hamburg, West Germany: IEEE,
1989.

MUSUROI C, OPROIU M, VOLMER M, et al. High sensitivity dif-
(GMR) based
non-contacting DC/AC current measurement[J]. Sensors, 2020, 20(1):
323.

B #E, TREL, X, S HET SRS M4 TMR B
PRSI SR R IETAD]. REBERZEZAR(B AR ES T
FEHARR), 2021, 54(8): 875-880.

YANG Ting, ZHANG Zhuofan, LIU Yachang, et al. Correction meth-
od for temperature drift and geomagnetic field of TMR current sensor

ferential giant magnetoresistance sensor  for

based on improved deep belief network[J]. Journal of Tianjin Univer-
sity (Science and Technology), 2021, 54(8): 875-880.

LIU H, YANG R, DUAN Z. Wind speed forecasting using a new
multi-factor fusion and multi-resolution ensemble model with re-
al-time decomposition and adaptive error correction[J]. Energy
Conversion and Management, 2020, 217: 112995.

RU X, GU N, SHANG H, et al. MEMS inertial sensor calibration
technology: current status and future trends[J]. Micromachines, 2022,
13(6): 879.

LUO W H, SYCARA K. Adaptive sampling and online learning in
multi-robot sensor coverage with mixture of Gaussian process-
es[C]//Proceedings of 2018 IEEE International
Robotics and Automation. Brisbane, Australia: IEEE, 2018.

B E, RWIE, RO BT RGN BRI o A VA D).
KRR (B RBE S TRRBORIR), 2016, 49(5): 480-484.
YANG Ting, XU Mingyu, YUAN Bo. Harmonic analysis method in

Conference on

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

371

[38]

microgrid based on compressed sensing[J]. Journal of Tianjin Univer-
sity (Science and Technology), 2016, 49(5): 480-484.

B 3, MRE, WIEARS, 4 JET SNSRI R
W7D, P E YL TRESR, 2023, 43(16): 6278-6287.

YANG Ting, YANG Fengxia, YE Zhishan, et al. A new measurement
method for supraharmonics based on dynamic sampling and com-
pressed sensing[J]. of the CSEE, 2023, 43(16):
6278-6287.

B o#E, oM R, R L S ST ERGRANE G S 5 s ki
JIED]. REERZ 2R (A AR 5 TREORM), 2016, 49(11):
1138-1143.

YANG Ting, SHANG Kun, YUAN Bo, et al. Blind signal separation
detection method based on compressed sensing[J]. Journal of Tianjin
University (Science and Technology), 2016, 49(11): 1138-1143.
AISCE, TR, N, S B AL S RS A
MEIFED]. mREEAR, 2022, 48(5): 1644-1652.

SIMA Wenxia, HU Guangfu, YANG Ming, et al. Wideband voltage
measurement method of instrument transformer using edge compu-
ting[J]. High Voltage Engineering, 2022, 48(5): 1644-1652.

ZHOU F C, CHAI Y. Near-sensor and in-sensor computing[J]. Nature
Electronics, 2020, 3(11): 664-671.

ZHOU F C, ZHOU Z, CHEN J W, et al. Optoelectronic resistive ran-
dom access memory for neuromorphic vision sensors[J]. Nature
Nanotechnology, 2019, 14(8): 776-782.

KAUTZ W H. Cellular logic-in-memory arrays[J]. IEEE Transactions
on Computers, 1969, C-18(8): 719-727.

WAN T Q, SHAO B J, MA S J, et al. In-sensor computing: materials,
devices, and integration technologies[J]. Advanced Materials, 2023,
35(37): 2203830.

I PR I T 1 K s e S s o S i A R v P
FBCH]. AN T S R eI, 2020, 2(4): 14-33.

QIAO Fei, SI Shuai. Integration architecture and chips of "sensing

Proceedings

with computing" for intelligent continuous perception[J]. Micro/Nano
Electronics and Intelligent Manufacturing, 2020, 2(4): 14-33.

FOK, b BAR, &R TRRIRAR I A
ERARIEEEAMEID]. FEEBT, 2022, 55(5): 174-181.
WU Qing, WANG Yundi, ZENG Lingkang, et al. Communication
technology planning for power terminal communication access net-
works in the "l4th five-year plan" based on analytic hierarchy
process[J]. Electric Power, 2022, 55(5): 174-181.

R B33k, F TR U o 20 ) = 4 T AL R G B0 S SEBLD).
JER: dbEthg R, 2021,

LU Yongda. Design and implementation of three dimensional visuali-
zation system for coverage analysis of power wireless private
network[D]. Beijing, China: Beijing University of Posts and Tele-
communications, 2021.

MBS AEURELIBR 5 R N LR REAE L A X o ) R R A
[J]. AEES@EEREA, 2021, 19(9): 45-50.

CHEN Xi. Application of artificial intelligence in power communica-
tion network under the background of energy internet[J]. Electric
Power Information and Communication Technology, 2021, 19(9):
45-50.

HIREE, (BT, 1REMR, 55 BTHLARY I ToL M MR 5
PEBEE BPFOT[I]. h R (B AR B2 RR), 2021, 52(10):
3505-3512.

XIAO Zhenfeng, WU Xiaoping, XU Zhigiang, et al. A quantitative
evaluation scheme of coverage performance in planning wireless net-
work based on machine learning[J]. Journal of Central South
University (Science and Technology), 2021, 52(10): 3505-3512.
AR, AE S, &M, SR T IR RN S5 K A
W 5 SR B R R ia A [T]. MR, 2020, 44(8): 3114-3128.

LIU Lin, QI Bing, LI Bin, et al. Requirements and developing trends
of electric power communication network for new services in electric
internet of things[J]. Power System Technology, 2020, 44(8):



28

i LR AR

2024, 50(1)

[39]

(40]

[41]

(42]

(43]

[44]

(45]

[46]

(47]

(48]

[49]

[50]

(51]

[52]

3114-3128.

YANG HH, YE Y H, CHU X L, et al. Resource and power allocation
in SWIPT-enabled device-to-device communications based on a non-
linear energy harvesting model[J]. IEEE Internet of Things Journal,
2020, 7(11): 10813-10825.

B HE, FTTRE, SMIRIN, ST IR 25 (R D 2R
IBAE RS R VR TR SEART FL)]. MR, 2021, 45(8): 3257-3267.
YANG Ting, HE Ziyang, SUN Zhaoshuai, et al. Research on
cross-layer resource allocation algorithm for concurrent multi-service
in broadband power line carrier communication[J]. Power System
Technology, 2021, 45(8): 3257-3267.

TRl Y Z LA R T NOMA R 48 %R FL 556 72 [D].
V% DU AT RO, 2020.

WANG Xiaofeng. Research on resource allocation algorithm for
NOMA system restricted by physical layer security[D]. Xi’an, China:
Xidian University, 2020.

MREDW, &40, 274, & HTIRERE IR0 s T8
N &R I B, T S5E BN, 2020, 42(6):
1468-1477.

CHEN Qianbin, GUAN Lingjin, LI Ziyu, et al. Deep reinforcement
learning-based adaptive wireless resource allocation algorithm for het-
erogeneous cloud wireless access network[J]. Journal of Electronics &
Information Technology, 2020, 42(6): 1468-1477.

KUMAR N, SWAIN S N, SIVA RAM MURTHY C. A novel distrib-
uted Q-learning based resource reservation framework for facilitating
D2D content access requests in LTE-A networks[J]. IEEE Transactions
on Network and Service Management, 2018, 15(2): 718-731.

ZHONG L J, JI X, WANG Z X. A Q-learning driven energy-aware
multipath transmission solution for 5G media services[J]. IEEE
Transactions on Broadcasting, 2022, 68(2): 559-571.

JEA, MR, RS, 55 ETUWETARHMER DoS&DDoS
B I 5 5 AR ). VHEEHURIA, 2013, 33(10): 2838-2841.
ZHOU Yingjie, JIAO Chengbo, CHEN Huinan, et al. Traffic behavior
feature based DoS&DDoS attack detection and abnormal flow identi-
fication for backbone networks[J]. Journal of Computer Applications,
2013, 33(10): 2838-2841.

TR, B 5, B, & RSk R ORI BN R
R NREITED]. BMECR, 2013, 37(9): 2675-2680.
WANG Yufei, ZHAO Ting, LI Shaoyu, et al. An intrusion detection
method for electric power information network based on improved
minimum enclosing ball vector machine[J]. Power System Technology,
2013, 37(9): 2675-2680.

HE Y B, MENDIS G J, WEI J. Real-time detection of false data injec-
tion attacks in smart grid: a deep learning-based intelligent
mechanism[J]. IEEE Transactions on Smart Grid, 2017, 8(5):
2505-2516.

YANG T, HOU Y C, LIU Y C, et al. WPD-ResNeSt: substation station
level network anomaly traffic detection based on deep transfer learn-
ing[J]. CSEE Journal of Power and Energy Systems, 2021, Early
access.

OZAY M, ESNAOLA I, YARMAN VURAL F T, et al. Machine
learning methods for attack detection in the smart grid[J]. IEEE
Transactions on Neural Networks and Learning Systems, 2016, 27(8):
1773-1786.

YAN J, HE H B, ZHONG X N, et al. Q-learning-based vulnerability
analysis of smart grid against sequential topology attacks[J]. IEEE
Transactions on Information Forensics and Security, 2017, 12(1):
200-210.

NI Z, PAUL S. A multistage game in smart grid security: a reinforce-
ment learning solution[J]. IEEE Transactions on Neural Networks and
Learning Systems, 2019, 30(9): 2684-2695.

ML EAE R R BR A (1400 %% A AL S (D). dbat. dE
HUMRAL RS, 2020.

LIN Xue. Research on fault-dirven services reconfiguration of electric

(53]

[54]

(53]

[56]

[57]

(58]

[59]

[60]

(61]

[62]

[63]

[64]

[65]

power communication network[D]. Beijing, China: Beijing University
of Posts and Telecommunications, 2020.

R, XURH, BTN, S A VREC H I RIS T 58 1 T R
BEJRE). EHEEREA, 2023, 49(2): 660-671.

ZHAN Huiyu, LIU Keyan, SHENG Wanxing, et al. Review and pro-
spects of fault diagnosis and location method in active distribution
network[J]. High Voltage Engineering, 2023, 49(2): 660-671.
W, b & WY, S T EERECREIHSIMNE [R5
e 9 2 JE 12 W R AL D7 i [/OL). e R BEoR . 2023 19
[2023-12-15]. https://doi.org/10.13336/j.1003-6520.hve.20230650.
XIE Yang, YANG Xin, HUANG Yafei, et al. Optimization method for
dimensional reduction corrosion diagnosis of directional branch of
grounding grid based on condensation hierarchical clustering[J/OL].
High Voltage Engineering, 2023: 1-9[2023-12-15]. https://doi.org/
10.13336/j.1003-6520.hve.20230650.

SR, WML W, S FETREUHSCIERER B gD R L)
TEMESEZE]. B RGRY S ], 2019, 47(19): 158-163.
NIE Xiaoyin, XIE Gang, LI Yang, et al. Fault diagnosis of power
communication network based on stacked relational sparse autoencod-
er[J]. Power system Protection and Control, 2019, 47(19): 158-163.
BOdsR, ik, 6 ff, S ST S4EHRUZ 4 RO HE Ak
WSEFHRIIET]. ARG AL, 2022, 46(1): 42-50.

YIN Haoran, MIAO Shihong, HAN Ji, et al. Anomaly identification
method for distribution internet of things based on three-dimensional
convolutional neural network[J]. Automation of Electric Power Sys-
tems, 2022, 46(1): 42-50.

LIN M, HONG J, CHEN M, et al. A method based on improved
cuckoo search for on-site operation and maintenance work order dis-
tribution in power communication network[C]// The 8th International
Conference on Computer Engineering and Networks (CENet2018).
Cham, Germany: Springer, 2020: 635-645.

WANG B W, WANG L C, HAN L, et al. Design and application of
communication network in the maintenance of transmission ca-
ble[C]//Proceedings of 2021 2nd International Seminar on Artificial
Intelligence. Shanghai, China: IEEE, 2021.

B, BRRE, M, S5 BRTE Ve B AE IR D) 2 T b ) B
RERMBED]. BEAR, 2020, 21(11): 1-6.

WU Jiahui, SHAO Zhenguo, YANG Shaohua, et al. Review and pro-
spect of data cleaning in renewable energy power prediction[J].
Electrical Engineering, 2020, 21(11): 1-6.

oK, AR, ERW 5. 5T IKLIEP-PO /-8 (¥ X HL 4
SR B RASAD]. RAIEEOR, 2023, 49(7): 2952-2960.
YANG Mao, ZHANG Shutian, WANG Tianshuo, et al. Identification
algorithm of wind farm abnormal data based on IKLIEP-quartile mod-
el[J]. High Voltage Engineering, 2023, 49(7): 2952-2960.

CHENG J K, MAI X D, WANG S N. Research on abnormal data
mining algorithm based on ICA[J]. Cluster Computing, 2019, 22(2):
3613-3619.

WA, kB, B, & AT YL IR RN RS R IR
BEIHEED]. ARG KL ASNLEMR, 2021, 33(12): 79-86.
MENG Lingwen, ZHANG Ruifeng, LI Xinzhuo, et al. Cleaning ab-
normal status data of substation equipment based on machine
learning[J]. Proceedings of the CSU-EPSA, 2021, 33(12): 79-86.

Mo BE, URPE, BZRHE, 5 T FSOM ML M%) HLRE T &
Bl RAEE L[], BEIR, 2020, 44(5): 1941-1949.
YANG Ting, HE Zhouze, ZHAO Dongyan, et al. Power quality data
loss repair algorithm based on FSOM neural network[J]. Power Sys-
tem Technology, 2020, 44(5): 1941-1949.

S, o wK, BUKT, S R DR R AR R 5 E
MITER ). I RGRI 54240, 2015, 43(3): 38-45.

ZHU Qianwen, YE Lin, ZHAO Yongning, et al. Methods for elimina-
tion and reconstruction of abnormal power data in wind farms[J].
Power System Protection and Control, 2015, 43(3): 38-45.

EFAH, BRSO, BT, S RS E s g il ) &



I

ﬁy ﬂk%ﬁ%! ?Ké’éély /:;J‘E:

NTEREEH R ARG R e JBAE 5 S A PEATUEN H 29

[66]

[67]

[68]

[69]

(70]

(71]

(72]

(73]

[74]

[75]

G R B AT VAL]. T E LA, 2019, 39(1):
56-64.

WANG Shouxiang, CHEN Haiwen, PAN Zhixin, et al. A reconstruc-
tion method for missing data in power system measurement using an
improved generative adversarial network[J]. Proceedings of the CSEE,
2019, 39(1): 56-64.

B $E. AR, v, AR BT ERE AL EE 19 H rE K
FURIRTHSRAL]. hE LIRSk, 2022, 42(10): 3501-3511.
YANG Ting, SUN Zhaoshuai, JI Hao, et al. Electricity consumption
data quality improvement algorithm based on matrix norm optimiza-
tion theory[J]. Proceedings of the CSEE, 2022, 42(10): 3501-3511.

B HE, WIERS, IR, S BETRAR K AR AER AR S
W Bk e BB 2 5L [J/OL]. AR, 2023: 1-11[2023-12-04].
https://doi.org/10.13335/j.1000-3673.pst.2023.0178.

YANG Ting, YE Zhishan, XU Jiacheng, et al. A non-intrusive load
monitoring missing data recovery method based on low-rank tensor

completion[J/OL]. Power System Technology, 2023: 1-11[2023-12-04].

https: //doi.org/10.13335/j.1000-3673.pst.2023.0178.

B, GRS, BUKLL. BTSSR 18 5 A i g
HARD]. Bahfbk, 2018, 44(5): 891-900.

ZHANG Yike, ZHANG Pengyuan, YAN Yonghong. Data augmenta-
tion for language models via adversarial training[J]. Acta Automatica
Sinica, 2018, 44(5): 891-900.

MoOmE, M, KREE, & HET YRR RN RER R
FLL A R 2 W (6 2 A BT SR (0] b B ROHL TR A AR, 2021,
41(2): 738-748.

XIAO Xiong, XIAO Yuxiong, ZHANG Yongjun, et al. Research on
the application of the data augmentation method based on 2D gray
pixel images in the fault diagnosis of motor bearing[J]. Proceedings of
the CSEE, 2021, 41(2): 738-748.

SRR, M, RET, S8 BT BRI RTINS R R
BEA L L M DB R B A ], R RO, 2023, 49(5):
1795-1809.

ZHOU Yuanxiang, LIN Menglong, CHEN Jianning, et al. Missing data
imputation for online monitoring of power equipment based on
self-attention generative adversarial networks[J]. High Voltage Engi-
neering, 2023, 49(5): 1795-1809.

KooBH, RS, B, S ST AR B4R K LT A
Womdn S A m ). B ERAR, 2023, 49(6): 2253-2263.

MI Yang, LU Changkun, SHEN lJie, et al. Wind power extreme sce-
nario generation based on conditional generative adversarial
network[J]. High Voltage Engineering, 2023, 49(6): 2253-2263.
ARDILA-REY J A, ORTIZ J E, CREIXELL W, et al. Artificial gener-
ation of partial discharge sources through an algorithm based on deep
convolutional generative adversarial networks[J]. IEEE Access, 2020,
8:24561-24575.

AR, sk R, BIEE, S BT RIS IE-U AT A R
0000 4 1) JR3 7 0 PR B T i S 22 PRUBSCRIR B D] o R AL LR A
%, 2021, 41(14): 5044-5053.

ZHU Yongli, ZHANG Yi, CAI Weihao, et al. Data augmentation and
pattern recognition for multi-sources partial discharge based on
boundary equilibrium generative adversarial network with auxiliary
classifier[J]. Proceedings of the CSEE, 2021, 41(14): 5044-5053.

Ko R LI, JETHR, S5 T A RIS 4R S REVE A
R ROTED] TR 2021, 42(12): 1-8.

ZHU Qing, ZHENG Hongjuan, TANG Ziyi, et al. Load scenario gen-
eration of integrated energy system using generative adversarial
networks[J]. Electric Power Construction, 2021, 42(12): 1-8.

LI L L, ZHAO X, TSENG M L, et al. Short-term wind power fore-
casting based on support vector machine with improved dragonfly

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

algorithm[J]. Journal of Cleaner Production, 2020, 242: 118447.

B 3, RN, WA, AU R HAT A SRR R I
S > BRI 0 FL e TIOI[J/OL. BB R HEA, 2023: 1-8
[2023-12-15]. https://doi.org/10.13336/j.1003-6520.hve.20230765.
YANG Ting, QIN Xiaobing, FENG Xiangwei, et al. Federated learn-
ing electric vehicle short-term charging load prediction accounting for
user charging behavior and privacy protection[J/OL]. High Voltage
Engineering, 2023: 1-8[2023-12-15]. https: //doi. org/10.13336/;.
1003-6520. hve. 20230765.

WEE, B, BB, S5 T D SR R A ) e S
RABGHEEI/OL). mER AR, 2023: 1-11[2023-12-04].
https://doi.org/10.13336/j.1003-6520.hve.20230772.

SHU Jiawei, YANG Ting, GENG Yinan, et al. A joint extraction
method for overlapping entity relationships in the construction of elec-
tric power knowledge graph[J/OL]. High Voltage Engineering, 2023:
1-11[2023-12-04]. https://doi.org/10.13336/j.1003-6520.hve. 20230772.

ik B SkAME, AR R, S5 BT eSO EOAR R — S
B EARD]. S ERA, 2023, 49T 1): 128-134.
ZHANG Ji, ZHANG Hongmei, SHAO Hua, et al. One click sequential
control testing technology for substations based on panoramic digital
simulation[J]. High Voltage Engineering, 2023, 49(Supplement 1):
128-134.

BT, Bk, W, S5 BT AR EREHORR X S0
S5RAHFD]. mARGRY SR, 2021, 49(6): 167-173.

LU Mengping, DUAN Bin, JIANG Haihui, et al. Research on man-
agement and application of wind power data based on knowledge
graph technology[J]. Power System Protection and Control, 2021,
49(6): 167-173.

F®RAER, B, A, A BT RRIE T R mC R R R A B
AT, HEAR, 2021, 45(6): 2101-2112.

WANG Jundong, YANG Jun, PEI Yangzhou, et al. Distribution net-
work fault assistant decision-making based on knowledge graph[J].
Power System Technology, 2021, 45(6): 2101-2112.

RS, IR, T, S PR AL ARG ARSI RS
NP SEE A, 2019, 52(2): 70-77, 157

LI Xinpeng, XU Jianhang, GUO Ziming, et al. Construction and ap-
plication of knowledge graph of power dispatching automation
system[J]. Electric Power, 2019, 52(2): 70-77, 157.

ONG L, KARMAKAR G, ATHERTON J, et al. Embedding energy
storage systems into a dynamic knowledge graph[J]. Industrial & En-
gineering Chemistry Research, 2022, 61(24): 8390-8398.

AFERL, ERTF. BT AR EEHOR K AL B BRI I A 2R Tk
0. ARG A, 2018, 42(14): 158-164.

LIU Ziquan, WANG Huifang. Retrieval method for defect records of
power equipment based on knowledge graph technology[J]. Automa-
tion of Electric Power Systems, 2018, 42(14): 158-164.

# BREEEEE)

1979—, 5, i, ¥R, He
FEAHANTEGR SRR B8R 8E.
H115E BT R BT 5
E-mail:yangting@tju.edu.cn

YANG Ting
Ph.D., Professor

Corresponding author

AT EHH 2023-12-04 BEIHET 2023-12-18 4t FETE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


