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Fig. 1  Grid structure of photovoltaic energy storage

grid-connected system
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Fig. 5 Accuracy of different models after noise exposure

4.6.2 Bl I

P T A SR B 3 i 11 BB 3l S R S TR HL ) R TS
Praz A7 i Fi v i A A S SR DR R AR B A L ) R SRR
P AFAE—E B MUETE T, S iiE B AR VP A R A A
O R R I 1 8 R PR AT B AL B o R T, AR SRR B S
BRL21 1A Ak | ML 25 7 K 4R b i e S8 B 2aa 17 8die , i



64 K 5]

ab
He

ne

o 4748

6 T B B 2k 37 5, O A A 1 0 4 i T AR AU 43 AT
5 J BB IR AE R . 3B AT TR B A B sk HL gk
KRB BB INIETE T, geForest-AdaBoost 15 1 /i i % B
A BT B AR b TR KR GRS 9K B 25 BT A
PERE . FRBIEAERELR 2 BR2E 14 FIREZR 19 BRI R,
geForest-AdaBoost B R HER EATIA R 97% LA b AU 58 B 4L
P15 T T 0 WE B SRR 1.14%. R A B R, S0 4
geForest-AdaBoost 15 8 75 B4l Sk K 5L T A B A — & B 1%
P, XK A RE I 9 22 G0 8 2508 5 BE 45 T K5 B v O I A
g5

x5 BBEBREAMKER
Table 5 Data missing test results
Yt BRIAFIE HER /%
1 2k 2 98.31
2 Ry 7 98.37
3 R 2 TR 7 98.16
4 B2k 5 FEELL 19 98.05
5 B2 14 TR 16 98.11
6 RELE 2 BFLE 14 FIBEZ 19 97.42
47 z4ee ik

ZALRE T R AR BN R A L H R GE M 4 4 4h b, X T
HREA B N B8 7, RPN SR, BT B X 7 540 465 s £°F
B BUW TR S5 R 2 R E) O R 18 A DS B
ML RTINS0 2R s | i BIE geForest-AdaBoost #5271
TERFF I T BT B IE N RE ), A SCBEE 6 MR Ih M7 5%
JEFEIIHT Atk ik 6 fin .

xo6 FRIMEHMTWL
Table 6 Topology changes

Yk
G5

1 2B 4~15 7

2 25 RWHLRHIETT

3 ZRBK12~17WT s 2R 19~21 WiJT

4 55k AHLIR Ha AT s LR 23 F1 24 WiJT

Fhaity

5 LREK3FIAWTIT RS 16 17 Wi £ 0% 27~29 I

6 8T RHMLIRHIETT £k 5 F6 Wi ; 26 1% 25~31 Wi

WRAE 4.1 5 BTk Jy ik, A AN A R AR 1 500 AT Y
A, I APPAE B i o 38 7 SRR R FRES#E R i I i
S5 Ay TR AR T R G NG AL R A AN TR AR AR b
J&i , gcForest-AdaBoost 15 1 1 P-4l Wi i 5 5832 B — & 52 0, (.

RBEADSRAE TR Ko e33R 1R 2, il TR b Es Al el
AREG JIN gcForest-AdaBoost TN A DTAd U A SR AT AT A 3 98%
Db, B 7E #0250 Bl B B R 1 3 5 5 R 6 1, geForest-
AdaBoost B By PEAL HERA HE 5355 96% L b mA] L, A%
LT gcForest-AdaBoost A RITE HL ) R G FNE5 0 e R AR Ak
I BA Rz 1 RE

R7T AEEHEHTRWRER

Table 7 Test results under different topologies
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Table 8 Multitask transient stability evaluation
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Fig. 6 Effect of data size on model training time
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Table 9 Comparison of effect between geForest-AdaBoost

model and other models in actual power grid
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TRANSIENT STABILITY EVALUATION OF GRID-CONNECTED
PHOTOVOLTAIC ENERGY STORAGE SYSTEM BASED ON
gcForest-AdaBoost

Wang Yuchen', LiZhongyan', Su Han’
(1. College of Mathematics and Physics, North China Electric Power University , Beijing 102206, China;
2. School of Control and Computer Engineering , North China Electric Power University , Beijing 102206, China)

Abstract: It is of great significance to realize transient stability evaluation accurately and quickly for stable and safe operation of power
system. Aiming at the problem of low prediction accuracy in the current transient stability evaluation of grid-connected photovoltaic
energy storage systems, a transient stability evaluation method based on integrated deep Random forest algorithm (gcForest-AdaBoost)
is proposed by combining deep learning and ensemble learning techniques. Firstly, the initial input features are constructed according to
the steady-state components of the grid-connected photovoltaic energy storage system during operation. Secondly, in order to reduce the
overfit of the model and ensure that the model still has strong learning ability after the number of cascades increases, a transient stability
evaluation method based on gcForest-AdaBoost is proposed by combining deep random forest algorithm and AdaBoost algorithm.
Thirdly, the gcForest-AdaBoost model is trained with input feature set, and the transient stability evaluation model of grid-connected PV
energy storage system is established. Finally, the IEEE 39-node system is connected to the photovoltaic energy storage unit to build a
case system for simulation analysis and data acquisition, and the evaluation results are obtained. Numerical examples show that the
proposed model can effectively analyze the transient stability of grid-connected photovoltaic energy storage systems, and it is found that
the proposed model has good robusiness and generalization ability.

Keywords: solar power generation; energy storage; transient stability ; random forests ; gcForest-AdaBoost; input characteristics



