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Abstract: The traditional approach based on human experience has limited diversity in operating scenarios, making it difficult to fully
characterize the complex operating boundaries of high proportion new energy power systems. Operation model arranging based on
this approach may result in safety risk blind spots in the system. This article proposes a typical operation mode extraction method
based on convolutional neural networks and self-attention mechanisms. Firstly, an autoencoder model is constructed using
convolutional neural networks to intelligently extract complex spatial coupling relationships between variables in the operation of
high proportion new energy grids. Secondly, based on the extracted operational characteristics of the power grid, a feature clustering
layer is introduced, which is jointly optimized with an autoencoder model to achieve clustering. Then, the clustering results of the
operation mode are characterized by the proposed indicators of the new energy-load-traditional energy combination mode and the
clustering effect evaluation indicators. Finally, the sample set represented is expanded by class centers and static security assessments
are conducted. The calculation results show that this method can effectively explore the spatial correlation and complex combination
patterns of high-dimensional operating variables in the power grid. The safety verification carried out on this basis helps to differenti-
ate and characterize the safety risks of high proportion new energy power systems between different modes, providing strong support
for the formulation of typical operating modes of new power systems.
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Fig. 1 Architecture for typical operation mode extraction in high-

penetration new energy power systems based on convolutional
network clustering algorithm

2 ETERMEREEZNSLBABNER
AT ARIREN A ik
BT A RN T R IR T4 2
i) R GEIE AT 3R R LA R 4
BEMIR . W AR RN RS E RN A TE
L REGEATIRA , EERI R B .
AT RTINS R B A TR AR, R TR —
I 2 (0 S TR . B R TR B AL B RE IR D T %
Hy IV R A R E AT 7 U AR

K] RUBE R, ) — X 3 A ) 2 0 B U
i T8 AR IR S R R
SRR A A G, KL H IR R 6 f e SR R
BRI AR, B DT ) A
eS0T I 4k NN 28 B2 35 U F A G
P, X TEL A RS B AT T Ak BB 725 A AE 43 X HE
BS54 I T Tl — DX B B A e KU L e L B
AKHL L K A TR K HER

LS m A IBATREAS P i A ISR 45— AN XU
AT s 1R pl s, AR 5 D IR
AP, FRUT .

Py = phi P ] (1)

2.1

W m DB AT REAR S i K 5 — Atk
A DI 1R phy . A EBGAR AT T 1A A
P, RRIT

Py =Pl Pl ] (2)

W m A AT REA TR i XS 2 — A 1 e
Hp s, AT A TR/ R R A P, SRR
/(1]

P =[Pl ptnn ] (3)

W m DB AT REAR T i KIS — AN K
Yk ph, ATOKE AT D D78 B & R P
FKRUWT .

P =[P ph ] (4)

W m AT REA R i A XS 3 — A K
ik po o, AWK LA T A R e 5 R P
FoRUT S

P o= ph ] (5)

ORI T BRI A AE MAREAS, FERT R4
RIAKIE, a1 07 BEA L AL L (AT B — A
BT R NP, TR,

P, =[P} Py P, P, P’ - P P PP P ]
(6)
2.2 CSACH%RE

SR M S bR v A 0 H ) 7 s A7 A A s ]
MR e AR, EIA IR, A&
SCHETF AEBLRLE BB R EL AR RE IR H X B T AR
IR 24 S RS OCR, 2 TG ik AE
AU E R 2 1) CSAC T % .

CSAC B IEERNEWT . Mkt #5 19iz
Tl EASEREP, P=[P], P, -, PL, -+, P, ",
YE R LR A, Hrh Pl a7 )7 U AR ) i
P W AR B AR RS TR AR 2 R R
DL JCRREAR U, ¥ M AN 217 T SRR AR o il J 2
CSAC F.3k FEAAFE AT . AEBLRUFFRE RS
2. i, ABBERISZ B 4T 7 sUREAS s ) O
ARk TR 2 I S R B e o A R
MRPETR 2 FFAE FE T MR 25 3135 R AR AR PR SE B
TR, Rl Bk FEHELQANE 2 s

Horr, AERIHEH PR il gt s A i 65
o dnas P HUR A B T IR Z R, IR Rt
T 2 ) 245 1 I 2 4 S BB R i A B LU IR



RIS, A5 SET B R T SRR A 0 o LU T RE TR R ) R el i 17 )7 U I 143

%9
B HHIERA )

2 2 a
HLIE (R R e—
Nl - RERE
L] | i |
P H| ‘ :
| m || s
b IBE | R 1614
DBl TR |
1A, LT i
VL {3 :
(] 2

SRR

CSACHI%

El2 CSACHEHIEZIEZR
Fig. 2 Main framework of the CSCA algorithm

SRS S BMRAE AR S 1], R A A IR 4 fry T

JZ YRR A o S W B oA [ SR i AR o AR SO
1T AES5H a1 3 R o

ooooo #-0000000.:..00

LR BRE

>
IDCNN  H & bl
ERENR e

E3 AEZH#
Fig. 3 Structure of AE

AE % ABE A2 1777 205 51 P o 78 43 L
B 47 77 PR AR vh 23 (A AH G AR 1 TR 2 ARRAE, SR
CNN %54 | E LG i AEBERL . CNN A LIS
D5 NI AR BRI , X 45 b A0 B A s A
B, AR A R A 4 Y5/ Ans AR e LA B A5 (A1 A
Kotk PR AT LA i CNN 2 A RGR . o 1 (s
25 W 45 P42 Ry b tE— 2 il e g A AR i 2 (R AH G 1
FE G i 5B 2>k FH B TR B LI AR e AS i 4 )R T
YRR SEAT SN SAE L, s 17 8s i K e
WA R, BRI 015 2] m 4ER A A8 B TR 2 R
(1A e B =WakiIN i NE SR SR f e = WAL Y2 )
AQ, K, V), iR,
_ oK’
A(Q,K, V) = softmax ( Vo W (7)

a
b Q. K. VIRl AW R AE i | BERI{E 2
] AL S 5 softmax (- ) A — AL R R a
AP AL

i N Kl

i e i

K SAT MR — A E B IAGE J5 , 4 Ho

i o, HitE=h:
0=AQ.K,V)-V (8)

TE G #8350 03l ol — e R 2 [ 2 (1D
convolutional neural network, 1D CNN) 3 & %% ¥R
e AE BRI AR OCR-IE . e A PRI E B M AT
1707 AN E Ry Gt 2 0 S s B3l , e ool 2 ds d 9
VI ah s — A B Y X8 GE T — 4G B
25 I 25 R TR g A A AR S M — 4B IE .
TN 40 A FAE PT RE S 8505 X S (L ) e
A—F, KIS B IH— R RI P, Bl
F 1D CNN BRI M A~ — A5 B M A8 17 7 20k
AR I YEAH AL f IR JZ CRHIE, IR S 24k
A R R L . R AT REOR BA 12 1T FEAS 2L
P S, PR g b ik )2 )k A Ak, B
J2 K A IE et BT (rectified linear unit, ReLU)Xf
LTI €1 W ) B 2 S e (1 i3 S 7 e O i
¥ 1D CNN 2 it 1F S SAT 1 i A 47 L 43
e, DRFAEZS & 4 JRy b4 $E AH OG22 5 1 TR 2 IR
fIE. SAT kit BRIk g it 245 21 ) 22 2 AH G A% & 11
WIZWFHMEH,, 1 <m <M., TEMSERED, i
R #E)Z (up-sample layer) 45 5 B2 HA H M A
—YERE P, 5 R T O MAT R 4R
PIE 2, JF A E I 8RR — A AR Sk i A 2 1Y
By

AE (45 2% BREL L, o8 A SO — Ak i S i A
503 — A 19 5 4 i A B 98 19 38 J7 12 22 (mean
square error, MSE), 15T,

LM=L§J (9)

CSAC LY I —2H LR 73 R fE R 2K 2 R AR i

AE BT IO SR A TR 2 ORI H, HRRRAE AR DL

T G 5 s 5040 110 SR S A 300 45 B 1y 28 ) 7 2R

b O BB AE B2 R A RO 4 B T 2

e, WREPLNC, 1<j<J, PTG

BITE H, S C AR, KRR R 282 1 K R

B L E SCR R N REAS 5 1 vh o (8 BGRB8 J7 i
HEnTr,

L= i ism_,-

Kfrs,, AREAR RS R FR5 M HNE, &1,
AZEHO,

2

P, - P,

H,-C[ (10)




144 FEITRMEEA

919 %

CSAC HyL 1 BB L R gm s A 81 2 L, A

FRIERIEZBR LARL, & XIHLREAXT
L=(1-AL, + AL, (11)

A A NP E MU ACEE ;. LR R

EARG . A 1B EE N ZRT i B L AE #5580 4

fihzs ], AR, 1.

2.3 CSACE %Lz

CSACH LR HAR R

D2 R AFEZS IR 4G A . il Sr I 25k AE AR
R HAR A /MU EA IR Lo VRS
P T AL R B i A B AE R R A5 F R 1
WHRTRZREERIEHS, 1 <m <M,

D)ERE LR . BT TR 2 IR R IR R
ik, DABRSCHE B R AH R, SR ARk
B RRETLC, 1<j< U,

VRN SR, 76 2k CSAC BRI, 358 4
P REL L 5 HEAT R I AG 3G, AN R AE BB K
AEBR ) S50, il 22 8 R EO TR g5 R
R, 3 2 R MO T 0. 99, BIGA N Bk R
KR -5, ARBERELLS KB, WAL
RIS, DL RS2 L i A R R A5 R If 51k
pI[Ei

4) BT I FEA . B IE R B2 Th Ry SR 2K
2 5L 1 AE A A 2 A T A B T A5 352 47 05 5K
IR, BRI R
2.4 BRYPIEMIEIREL

RETGLPBReIEA D T2 SN B
BN . W I —BOR R UL RS KBTI
AR 25 AR FRAE AR AL, DU SRR R GT . i
RN ST L I T TR Y R SR IEARK
TV FEh5

T SO N e IR A DDy 2R3k 2h 268 i f iz
1707 I B Re R AT D DR 0k gl R P4 (E, DA
WA i SRS S5 AR BE VR A D DR sh R . PR
W 3 o, 2k A F IR

D (R = Ri)
R = Ruin

og,.= J (12)

N Ry Ry 70 8s 46 OB RE IR D 1 8
ARG . B /ME; Ry n R, 200 N BR AR5
JRAEREIA D B R AE . e/ ME

SE P3P ST I 3 R0 T A s A1 7 AR

NS TEDE SR TR, DLt TR 1 17
B . TFHEN ARSI o, KRR T IR
> Dy = D)

D..— D,
min 13
5 (13)

e Do Doy 7390 A 250808 B v D67 A B B K
{H . /MEs Dyys Do, 700 BHGBEER j 2R P 110
AR /M

SE SN BT A D) D137 1] — ECR O P A
157 RIS i A D) 575 ) — BRI 1H,
DA st i e BRI i 04 I A 2 B AR 1 B — SRR
Ptz ATy SRR =S (W) 20 A I 22 50 SRR
Wik A D575 1) — SR o RN (14) Frs o

7 Nicon,
S
e
s Ny, W KRBT T AN REARRR . N,
R j At A s AT A 2 528
H— SRR AR
2.5 BEERPNTHEBEFMERIE

FT CSAC HiE AR B s 17 7 U A A
() AR RRIE BV IW) 200 9 & L R A B 2y e
Il B AR i Y K/ INFE [A]—aa 47y U O AR R
(), R — iz 47 5 2 A R i 28 4% 8 SR /N
i, HA AR TR B e VR - T -1 e IR 4 A B
Jir DA 5 — bk 2] [R) 28 ) 2% £ S FN 55 AT s 220 [) 24 51
A R KA 2 E g kB e R - 171 Ao - 1% 5 B U
AR IER a0 LSS m 2470 20 P2 i 4 XX
HL T 7 b e B, BRI b XA b A KL
Fih L= (15) R,

max

g, =

g, =

(14)

ZM&

max| Ypl. Yp
R p R m AT 2 A KA kS X
I T b Z XX 5

XTHR PRI E 3N X RS L, 24 7 He /N T 35 %)
T AT . KOGK KN, KT 35 %/NT 65 %
Bf B far B Ar . KGR K &, KT 65 % bt i fif
et . RIEAK KK K o AT 38 2 155 BE U -
i 1% G0 BE U5 21 A 1 204G A S 30 3R 2 485 L 1) 5 ()
B RAE

wtotal —

(15)




59 4

RIS, A5 SET B R T SRR A 0 o LU T RE TR R ) R el i 17 )7 U I 145

2.6 EBEITAXBHAREMAEIMEIDSF X

X R— KN EtT A, BT AT A
GRFEAR S RSP RRIE 22 R RBOR, o
AR EFE NI A AR ZRFE, T ERE AL
AT G, TR el e T AR
L, AN —Fliz 17 7 20 rh AR s B U 25 A
KEVNGJEMFR I 5, 5REDOEKE
MR A% BT T AR

Syxtia AT T A MR T 20, AR SO
AT N-1FS LR, & LR
BERIAX TR,

Pl
ﬁUIcosH
A PRYRTAZ R N-1 SR EA IR, UN
2 220 4 AU L 5 T R XY AT 21 2R B
Tits DI HEL cos O HRMH 0. 95,

SRR 1T 7 RS e KB B, R
TR G N-1J5 26 098 DI 380 8 90 %1 v )
LB H ZE s dets, ERAMKBEZEZ, B R
G5 2 4 R [ 1

LA L 2o s R st Oy Xy gie A 2
PR, R LU WS SRS 1Ty A R anJoAE
farE IR G 1z A7 )7 IO B i S O s i AH R
AR FHOR WA 2 2 R s 1T N pk &
Ifo T bR A B S (s 1T T X E A S 7
HL B E R, ) RN L eRE s
17, BRIl Ay X

3 BEHISH

K AR A 548 9 W 2023 4F 7 93z 47 B0 A
A Ty BRI REALE . BT REAR G 1 RAE ]
A1 h, FIL- 760 MEA, T T iZE 9 M7
B IR T . KLY, SeiRess . KT, ok
IR, BAFEARR 202 4EREE . AR A
SC2. 1 I REAS SR AL 3 7 VA5 H AL B 132 1T 07
FOPEA A S A A5 ) Bt Sl
3.1 CSACEESHIEERI%

CSAC 575 1) AE B 7Y 75 2215 S ol i il 25
AE BRI 24 2] 255 0. 011, HEYIZEKECH 1 000;
F10 + 1Ay LA 78 S 5000 4 vh BE ML B 876 M8 1T
I RFEARVE NG, BEHRAE I . A
HA 20245 A, o4dtfit, 7L 8 760 1~izty

(16)

B 28 MR o 64 26 454008
H A AR BRI SR TR A B
SR, KR ATREA SN 5 AR BUI T H S 15
I 4 T, T L AT TR
WU HL2B T T LA 3507 5 VR U 1
. W E T AE BB AE G5 i 444 BRI
R £ R VIR U DA T 2 FOR
350 T et

300

100 150 200
REESF 5

B4 ZBITHEAENER

Fig. 4 Reconstitution results of sample operation
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