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Abstract: Against the background of the rapid evolution of the new power system, the source-grid-load-storage system presents the
characteristics of multi-source heterogeneity, high-dimensional dynamics, and strong uncertainty. Traditional data processing and situation
awareness methods suffer from dimensional catastrophe, weak generalization ability, high cross-scenario migration cost, and insufficient
real-time performance, which are difficult to meet the requirements of accurate perception and efficient optimal operation of power grids with
high penetration of renewable energy. To comprehensively improve the multi-source heterogeneous data processing efficiency, situation
awareness accuracy, and cross-scenario adaptability of the source-grid-load-storage system, this paper proposes an optimized situation
awareness method for source-grid-load-storage based on variational autoencoder and transfer learning. Firstly, the variational autoencoder
(VAE) with strong nonlinear feature learning capability is used to extract features and reduce dimensions for the multi-dimensional dynamic
data such as renewable energy output, power grid operation, load characteristics and energy storage status in the source-grid-load-storage
system, so as to realize high-dimensional data dimensionality reduction and retain key information. On this basis, the transfer learning
mechanism is introduced to migrate the model features, decision knowledge and control experience trained in mature operation scenarios to
new topologies, new operating conditions or unknown disturbance scenarios, which greatly reduces the retraining time, computing resources
and data dependence of the model in the new environment, and significantly improves the generalization and application of the method. By
deeply coupling high-precision situation awareness results with operation optimization mechanisms such as intelligent dispatching, energy
storage optimization and load regulation, the system can perceive operation status in real time, quickly identify abnormal states, dynamically
optimize dispatching strategies, and finely manage energy storage charging and discharging, so as to realize the coordinated interaction of
source-grid-load-storage and the improvement of overall energy efficiency. Example and experimental results show that the proposed method
outperforms traditional methods in multi-source heterogeneous data processing speed, situation awareness accuracy, system robustness and
real-time performance, effectively improves the level of new energy consumption and energy utilization efficiency, and provides reliable
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technical support for the safe, stable, economic and efficient operation of power systems with high proportion of renewable energy.

Keywords: variational autoencoder; transfer learning; source-grid-load-storage; situation awareness; intelligent optimization; multi-source

heterogeneous data; data dimensionality reduction; power system operation

Bifi 5 47 BB L ) R G RN T K R U D) i i 2R G034 T
SR REHL I (8 EE L R A RIS BT de] Ak Ak B
T8 i i 2R 46 vh 2 U5 A B ER B R G is AT S H K
h RIS B G

PR X i i 72 290 A SN 5 A AL SR, BAT 9 O vk
FEALSE ML S B IR R I BRI DL SO T2
STRIHEAR | X BTy vk A A B 22 VR SR B % S AL
A BRI AL A7 AE — 2 ORI BR A AR B R T

1) fEGERIHLAS S > S e A BRI i it 2R e v K i
1) 22 2t Sl A KR T 3 B0 B S O AR 3 S AR R K
91T T TARRIE AR, X DA 4 25 v i 52 2 R e R
F, 50 SR Y B A S R A

2) TRBES S B R AEFRAE S ORI IR o T 2
EERTE 2 EBER Y[ S Ul SN N e e L R <A
PR e LA A S PR R P A S R R

3) B MRS 2 Jr TR AR A BRI far fifh 22 G 14 22 U
SRR AR — AR BRAEY ) Rk ik
TEN T HL 7 2 B8 PR 1) 30 25 A8 A RIS i e M T4 75
— Tt

AR4Y H Ym i £ ( variational autoencoder, VAE) E b —
b A= BRI | B 0 A 250 T 5 A M R4 T R E B SRR R
A3 Az B AE B A A B A AT 4 3R R A b i O A

FAE S A I VAE X T i R G800 £ 4
SNABHE ST AL 3 ] I 2 B TR A B AN A R
MR PE, SR, PRI SR VAR BERYFE i X & 24 275 1Y
BT IRIET , T REXE LA X B s i AN A st iF
# % >] (transfer learning, TL) 1 —Fh HLAS 2% 2] J5 ik,
1K C A s I G AL RL R GRS 2R L ) R Gl
IBATIRE T, NS G S A Y 1Y vz AL BE T RN N I 7R
AR T E I B R A B [ AR R R, A
G A5 5 X i i 2R G0 76 TR AN [m] 67 £ | i e 7 21 %
HL IS5 A I 0 T, BEAS PR IS 1 I B At = 2 i is A7 A

BEXT bR ), ASCHE T —Fp 3T AR 43 F it 25 1
TR 27 2] U5 I o i A SRR RN R Ak 1 38 Ao REAE 2 BN
Fedrdit s 1 2 05 S A 50 i A 380 B RS 2 ) BBl
O S W RN B 20 IR, ol 5 DI 5 9 B i) 1 5%

1 IR WA & 48 i 3 25 AR AE

ARSCE AP T ) 28 G0 rp 5 i it 22 T8 S 4 R 90 Ak
R SHRMMER E S asFT LA BE T, 45 & S 25 3
S R REAL AT OL AL, SE BRI (i i 2R G814 e Ak
1o AT S — E bR, T5 2R RIETE X G, RV 0 i i 52
GBS FFAEREATIRA T

1.1 REFHEHFUEST

TR fr it R G2 — B RS S R G, s ks
ZAHE W AR AR T A Hrd BCH R
B Z NI, B EEA AR SRR, Haix st
FHIEZ BIFEEE Z RGO R . A T A S Sn F it Ak
RGEMBATIRA, 75 XX S Bl AR AR SEAT BB 4T

5, TR M far i 2R e i & L A ELAT B 0 Bl AR
P & HL R I S ) 3R Bl () A AR, HL 32 31 9 fr 77 2K
WEAIRAS AL R 55 Z Fh R R B2, b TR & H ik
M Eh AR, AT DR R A ZS IR (B & a8 1Y)
REEE R x(0) AR uw(e) S R y(), WARGH )
BERETT AR ML TFIRES 25 [/ 2, B

x(t) =Ax(t) + Bu(t) (1)

y(t)=Cx(t) + Du(t) (2)
Kb x (1) BARREZEENTEGA B.CHID ARG
e 3R T RGN sh AR

SN Q== N T A S 0 o i o 1 P i
o 105 2y 50 AR o] SR s A DR 2R (R R Y A5 R )
HON VS AT B S, W H i ] LR R N

S=YV (3)
Ao, Y 4% T g B A I 4% 09 40 TN A5 R R HL S
TR

FHELEB 2 19 Bl A e 3 2R B 1 ey e SR A2 1k b
A e 2R ELAT S 3 A0 B 18] Rk ABE AL | 52 F P AT R R
R AT S SF 2R R ZE A, v LR R ] 51
B R ol (O PO S O [ G A i )
L(t) , WA [a] P 5 B v] LR s Oy

L(t) =f(L(t = 1) ,L(t = 2),,€e(t)) (4)
Kb, £ IR FSIB R EL, e(r) FBEALIL S5,

it BE R G0 10 B AR T2 AR I AE % i 1 4% 19 o ik
1ol b, BERE A5 I FR R AT R 32 W Tt 75 o | SR L K
PR R R AR, A LASR ] 22 43 07 Bk A A it
R R BRI  RIAERE IR A RSN E(r) , Rk
HIPRA P(1), M5 LFRR A

E(t+1)=E(t) +nP(t) (5)
K, p FREBEBCR,

ZE Lk VR far i R GE I S A RRAE B A 2k T B
K Z PR DT AT H R RN A3 Ar . AR S I A A AR
57 B Gt a8 5 R 2 20 B 5k X VR I fef il 3R G 1) 22 R S
PR R HEA T Ab 38 ) AT S B0 2R 49 285 3 ) S s J R A e
1k, 32 RGN B TTRCR AR e
1.2 ZiRESHEEESY

Z TG AR B A5 R F R R IR B[R] 45 48 FRE
PEREAEES . FERM G R T, X SRR (AR [R
TS W s Dy s aE AT e LR AE B UL R



H2h b 3 R 5 5 H

68 Techniques of Automation and Applications

2026 4F 45 45 35 45 8 W

FRIESE . h TR OR RGERY R RE AL KT 550 1 BE T | WA 2R
A PR i3 SO I R

T2, S I B S R R B S, SRR
ESCHE 38 R [ A5 IR I 2% WA 35 L ) R G AN TR
P TN TR S E R S ey €T NN A <
e, HBGE B it m] A8 57 3L B il B 3 15 SE R 45 R R
Y5

TR, Dy S A7 BE B B R P S AR A A, Dy
LB TS IC R T W RGAEA [F] i [E] BB 1 AT IR S
PEREFE bR, HA BRI A GV Sy 1 38431 H 3 264
W ASCEE G T IERS A S HOR R0 Py sk s vy HHR
R E YT R G REAR & REEA RIS TT 4 N IYE
I kAR

WAk, RAUF S EAT 23 [AUFIES (R ) 2 4E Rt . R
SAFRIREE W GRS 2GR L X SE P R B
FItfa F A B AR AL, Sy T A S AR A SR
AT 2414522 > (multi-task learning, MTL) {9 J7 2%, il 1
P 22 A AH AT 55 B RS AR | B W] B2 ) R Ak 24
KA ZEXF Z G800 5% M, DT 4t 4 o 00 4 o 6 2 R mT
SEPE

B P AR RIE RA DA 2R AN P
AT A A FT AR AR B3 25 7 I e 2 e i T HI
AR 2D B M L RR R A . O T HERRR AL 1
TPRFIE AR SCR T SR 53 AL P AL A Y 7 1
X TP AT 20 43 F A3 28 R B X AN [R] P BEAAR R A 71
A1) B g T AR AR A

2 VAE 5t %% 3] i fe Kk

R T S BRR I ey it 2R 48 0 A5 BB SR BR AR, A SC
ST T —AEEE RS H i 4% (VAE) 51T > e
AL T3 R G0 2 R B35 N g
2.1 ZiFEHENEEHRERY

2 PR 0 i i 2R 8 R BRI REE , (AR 53 B A A
KA TR AR FNRRAE SR I, A8 43 [ Gt 5 38 1 e KAk
NGANIRAL T, BES A R I P2 B (R Ve R AE B

L(O,03x)=-E, (21 x)[logp,(xl2)] +

Dy (q,(z1 x) [ p(2)) (6)
K, x FoREABIE, « RORBTEL T, ¢ (21 ) 2D
o, po(x 1 2) EfAREEY, D, %/~ Kullback-Leibler U,
E,, Rt 2 A e oA A

IS S R D | RGBT 2 IR BRI T
SEHF T AR EE . A, S AGERS AR ] I HORHESE |l i
TN A B AL R BRI 2 A AT ARG R, AT 2 5 &R
SRz ACRE ST . SR AEIRAT 55 A H bR AT 55 2 ) e Ay
MERISH, SCBURNR R M E T, RS IRAT 55 AR &
Boh 6., BIMESMBRISECE 6, WiER: > 1) Bin 2
He/IMETEAT 55 1 H AR 55 BG40 % R &, 1D

Liansir = L(O,@352,) + A - L(0,p;x,) (7)

K, x, A, 20 3R IR BCR B AR B, A BAES
B, FH S PEU AN H AR gk

IEAh, AR R M SR B EOCE ., 1k, 2 X
B AAZ B o, AR REIR A PR | S R AR A B IR A
B 28 AN L R, SOBE AR 5 2, ATl 44
ABAE R TETEAE . VAE BRI H bR i i e KA IR
T 5 (evidence lower bound , ELBO) , i 15 A= Jli 14 V8 75 AL &
RE A% A 24 2R i A B 1 40 A1
2.2 ERFITHBABERT

TG, AR5 E RS 28 (VAE) S — B Ak sl AL i 1 2
SIEHE T AE RS OR I SE A2 I ME RS0 AT, VAE 454
45 Gt B 25 R B 85 S0 03, 5 e i A SR S 3]
TETEZS 8], bt 25 V) DA RS 7 2 ) 34 g A B8HE . (R sc i A
BN o, WEAEAR TR 2, VI ) 245 R0 i i %) 2o 7R ] DL SR
A

q(z1 x) = N(z;u(x) ,0°(x)) (8)

plxl z)=N(x;u'(2) ,07(2)) (9)
K, w(x) Flo?(x) FRoRBIEERRIEMTT 22, u' (2) F
o' (z) FREMEIGIIEM N 22, N FZmnfEIES 0 .

HWK T8 2 ) BEAS A FI0I SR 0 e 5 4503, 6 23
IEAL 3 H AR, T FE B A FR R 1 A & B 0y 1
BUF i E PR TR Bz AR ) PN SRR BAKT
K TUNZRIY) VAE BRI P faf fiff 32 48 00 B 264 T 4EAE
PRI, 38 L T A 2 2 B A SR REE N T AN R 9 R G
BIEREE R GTREE P BT 0 B o A FLs AT AR
AT 4t 15 285 S5 B H  RE A  R SE E

TSR TARE ), A A G T A S
2l IR B 38 B S LR IRIRE N s, , B
ER a, KA r,, , F—REH s, , W Q-learning 5L
LR AW

Q(s,,a,) —alr,, +yQ(s,,,a.,) —Q(s,,q,) ]

(10)

K, a E Ry FAITE T Q KR SHEME REL,

AW ACE B, RA AR IR B R A B 1T R B
AT S B REALAL
3 HEyaTh A

B, AT x e R ¢, Hirh d B ik 4
B Rt a R im AR B ES Rz e R Y, Hk
HTERAEAS I LERE B k< d. SRS aR A A I
ZRRIIIE w(x) M2 o (x) , HEFRR N

z ~ N(u(x),0%(x)) (11)

S A g i RV AR S B 2 AT A 2R S A
x ARRLA B RO . AT RS A I A 2 i At A i
AR ] B AR BLRE . 450 % R 30 F AR 3R 225 I KL HIUEE
(kullback-leibler divergence , KLD) ZH A, AT .

L=E,(:1 ) logp(xl 9] - Dylg(zl 2) | p(=))

(12)



A Zh b 8 R 5 H

2026 4F 55 45 % 55 8

Techniques of Automation and Applications 69

Kb, gz 1 x) BHBEIREGIMWS AT, p(z) JEHAEAL
HAYSCI M, IARMEIE S0, p(x | 2) FRRG 2L
AR EE 2 I A U AR « B9 2R RO

TEFFAESR BT BE 38 o pe Ak b 2R 453 2% R K, 4 B 2 fiE
{272 > By AR B R AERFIE IR 2, X SEARAE A AL AL 35
TR AKE 0 E AR S B BB ST, TEAR IR
W B, ) it A s T LA DA P A 2 T ) A TR 2 BT A
PEAEAS DT S BT iy ARt B A R A R, X — i R
IR T AR B8R b O e e i RED AR 4R Bt T F
= RRHIEE

ARSCHYFEAR T7 SALHE LA T LA R 73 . £ T VAE
F8 52 A £ i 2R SEAS SRR B R A AR~ ) (e RS Y
R0 55 LA AR REDIE A s i) 05 S B

B, 5T VAE BRI GT kR G SR R Ry
A VAE SR Al I W i i 22 S8 vh 9 52 2% sh S ik,
W TR e B T P N S A . RS~ B AR
— T (R TR ) 7Y R IR AT A2 2 55 — AU F B
), LA i H R U0 2 o) ROR MBS TR RE . 7 5 X fif
il R, A [R5 2 18] 04 Bt o A il BEAT 7 8 22 5%
X2 P EBAAE H AR 5t il R 2

N T FEMGX — [, A SCHR T — b XTI 2R
SO N IE RS~ 2 Tk . 2 TR X, R H AR K

g X, BRG—ILERR R IES o, SR 2 5
ZRIRG I AE C B ARG 2E88 C o o T 328
N, G T — N HRIES D, H H AR X535 6 8 A H
PR R 2R o B BT UI SR , (AR AR B2 B o A2 AR
(R AFFAEAE S S0 2 b AN AT DX 43 DA S5 B 4l 17, JH: H AR

Loa =L, +L +AL, (13)
[, £, F L, 4351 PSRN B AR 4 2R % £,
RS A A R

ASCE T2 5 A g a5 TR 2 S AL SR
HRARZE M AR R AP 1 s, e, RGUIE I i R S
P A) ISR ER RIS 2 4 sh S8 . 225, R
551 A dihas (VAE ) REREEMEHE S TRIERR I (58 B) ,
A B AE P A ALY (5 5 C) , DU R SR A Y S B 4
fit, ZJa Wik iR e B (8 D), K e A S
RIS BT A ) R G BGa T 3R EE | DAY SR s A
ZALRE ST o BT AR BB LT RS 2 ST 4 2R, RGTRE
g SR ) RGN B AT AR (A E) , IR se
AR | B2 VR v A B SR g AL AL fif e A R
(WRUF) . B BRI AL S VAE FRAE 52 ORI A B0
TEP ARSI AN 2E B 2 ) 5 35 W AR R pd 5 1T R o > | #
V55 B A5 P o i 512 I 285 SRR AR e D01k 42 il A i1 o

BRI
|4§452%%>§w§ | | i B | | SRR |

| vARSEFEER PR 22 5 itk SN 7S SRR PR ||
EnErEENEEZES
T ] I
| HEE SR | o ||| ssen || || mess |
! v - !
T IEEE T
| I I |
U vasriesn b Emeeosse B swe |—r{ i |
! | !

__________________________________

_____________________

1 ETESBREBRSIBREIMNEKRRE

Fig. 1  Optimization strategy based on variational autoencoder and transfer learning
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