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Table 3 Control effect of algorithms under single-scenario learning in IEEE 39-bus system

AXFEHEPE=1)  DSP-GDRL-1(8=0.7) DSP-GDRL-2(3=1) DDPG-G DDQN DDPG
AP/MW N, E AP/MW N, E AP/MW N, E AP/MW N, E AP/MW N, E AP/MW N, E
32.5 202.5 32.5 2 574.0

1 0.65 2 0.50 1 0.65 17 —45.03 2745 6 —4.70 28407 8 —26.15
(1.00) (1.00) (1.00) (0.28)
348.3 353.5 3444 2048.2

2 —0.34 3 —0.89 2 —0.33 11 —31.01 2907 10 —11.3 21422 5 —14.78
(0.57) (0.66) (0.58) (0.31)
362.5 362.5 362.5 1304.3

3 —0.50 3 —0.50 3 —0.50 18 —27.07 2473 9 —6.32 12485 3 —10.10
(0.56) (0.56) (0.56) (0.62)
154.1 152.5 155.3 2 552.0

1 0.65 1 0.65 1 0.65 B 11 —22.17 / / / 21380 6 —19.60
(1.00) (1.00) (1.00) (0.35)
186.3 198.0 184.3 2522.5

1 0.64 1 0.63 1 0.64 9 —23.8% 1161.2 9 —9.08 15831 6 —15.15
(1.00) (1.00) (1.00) (0.48)
377.0 406.5 364.5 2688.7

2 —0.01 3 —0.60 2 —0.01 11 —27.12 / / / 1187.7 5 —7.82
(0.86) (0.86) (1.00) (0.33)
697.4 669.2 665.3 1901.5

3 —1.39 4 —2.05 3 —1.33 11 —27.12 10274 9 —11.51 21345 6 —17.07
(0.72) (0.75) 0.71) (0.47)
298.1 298.9 2098.3

3 —0.14 3 —0.14 / / / 10 —19.50 2774 3 —0.74 2850.1 7 —29.25
(0.68) (0.68) (0.24)
32.5 135.8 32.5 2032.0

1 0.65 2 0.21 1 0.65 12 —38.30 / / / 30228 5 —12.10
(1.00) (0.24) (1.00) (0.47)
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Table 4 Control effect of algorithms under multi-scenario mixed learning in IEEE 39-bus system

AR DSP-GDRL-1 DSP-GDRL-2 DDPG-G
AP/MW N, E AP/MW N, E AP/MW N, E AP/MW N, E

32.5 1 0.65 207.5 3 0.37 / / / 2323.4 10 —20.16
340.6 2 —0.32 319.0 4 —1.24 341.0 2 —0.32 2310.5 10 —19.95
362.5 3 —0.50 390.5 4 —0.60 / / / 2 405.7 10 —21.29
156.7 1 0.65 170.8 1 0.64 174.3 1 0.64 2304.1 10 —19.90
158.5 1 0.65 176.1 1 0.64 175.2 1 0.64 2303.5 10 —19.86
404.6 2 —0.04 514.6 3 —0.91 355.9 2 —0.01 2307.9 10 —19.87
640.2 3 —1.18 679.5 5 —2.79 574.6 3 —1.13 2323.7 10 —20.09
193.5 2 0.01 296.3 3 —0.13 / / / 2310.5 10 —20.04
32.5 1 0.65 132.0 2 0.23 / / / 2314.9 10 —20.04
750.5 6 —5.61 756.6 8 —6.68 / / / 2552.1 11 —20.81
589.5 5 —3.05 827.6 8 —6.84 / / / 2316.7 10 —20.29
1013.2 7 —10.43 914.5 10 —12.44 / / / 2376.6 11 —23.75
605.6 2 —0.26 837.0 6 —1.74 / / / 2 466.6 11 —22.89
605.6 2 —0.26 820.6 6 —1.56 / / / 2391.3 11 —22.89
605.6 2 —0.26 798.5 6 —1.53 / / / 2820.1 11 —22.88
605.6 2 —0.26 803.7 6 —1.45 / / / 2825.1 11 —22.92
558.2 5 —4.09 849.1 9 —8.66 / / / 3114.4 10 —20.08
698.8 3 —1.23 880.2 6 —2.50 / / / 2.895.9 11 —24.47
605.6 2 —0.26 800.0 6 —1.45 / / / 2 825.7 11 —22.92
605.6 2 —0.26 804.3 6 —1.47 / / / 2.820.1 11 —22.88
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Table 5 Statistical results of performance for algorithms under multi-scenario mixed learning in IEEE 39-bus system

Rk 2 5 FE R} /min ARG F LB/ Y PR AP, /MW SPIE RSN,/ CSFBEGRORE,,.
AR 3 100 478.3 2.70 —1.27
DSP-GDRL-1 29 100 598.9 5.15 —2.51
DSP-GDRL-2 39 250550 / / /
DDPG-G 146 100 2515.5 10.45 —21.40
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Table 6 Generalization performance of algorithms in IEEE 39-bus system

Rk Ny/A Ng/Ni/% Ng/(Ny—Ng)/% P,/% NuyJ/A AP /MW  E,. Ny/Ny/%  Ngy/(Ny— Ng)/ %
ARCH 1600 96.3 100.0 39.6 2.70 477.8 —1.31 100.0
DSP-GDRL-1 1600 95.1 91.0 21.3 5.17 602.3 —2.60 100.0
DSP-GDRL-2 1600 18.5 23.0 0 416  1027.6 —5.99 94.1 0
DDPG-G 1600 99.8 0 0 1046 2529.7  —21.59 100.0
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Table 7 Statistical results of performance for algorithms under multi-scenario mixed learning in IEEE 300-bus system

(RN 2% 2 FERF /min Ak B 3y 5 Ll AP, /MW N,/ A E
AR SR 15 100 526.8 1.70 —0.34
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o2 3 R A B L TP Tk DS B K R 4

=,
5.2.2 ZALTERERAE S By

BT O A MW O 247 2 31035, Horp , ]
A 73.600 B R AR IEIRPR A

B 5.2 15 rp 45 B 1k o o B S04 o SRS o T
O H G5 WORINE 8 PR o R Ny g B S5
B R T 3 55 85 N/ (N7 — N ) o A Ji o
RAREE T 37 5L, 98 3 5 b i R BN TE R
AL N E 2 A SRR . AR

DS-PM-HL 5 ¥ 7] 58 4 4% i & 4% 09 Lo fi) 35 2]
99.7 % , AT B AR 2 28 XU BE 1) 28 10096, & /> fE R 1K
69.6 % By TR, H A2 5 ¥ il 197 8 8L
J 1714 U TR A TR R R G s b Il 2ok
B F o O W 5L I 55 12 Ak P B, L A5 R R AR AR
. MHLEFEFR AT LLE L, 80.2% (3 5 B R 48 b
AH MR 433 5 A 60.0% B 37 5 Y B R iR 2 fE
15 B R AR, 40 % 1Y 3 5o AU A i 5 i
HEL R A BRAE

%8 IEEE300 T SRS HhE XM ZIHMERE

Table 8 Generalization performance of algorithms in IEEE 300-bus system

o Np/A WIERES No/Nu/ Ni/ (N3 = Ns)/ P./% NoJA AP/ E.. Ny/N:/% Nav/(Nx = No )/
& LB/ % % % MW %
AT 2310 73.6 99.7 100.0 69.6 171 5280  0.10  80.2 60.0
DSP-GDRL-1 2310 73.6 98.2 66.7 0 251 4773 —058 805 64.5
DSP-GDRL-2 2310 73.6 87.7 45.8 0 139 3614 —016  80.9 51.8
DDPG-G 2310 73.6 0 0 0 / / / / /
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Table 9 Efficient performance of proposed algorithm
in a provincial power grid system
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Table 10 Generalization performance of proposed
algorithm in a provincial power grid system
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Hybrid Learning for Line Overload Emergency Control with Dynamic Iteration of Decision Space and
Strategy Model

ZHANG Shouzhi', CHEN Gé*, ZHANG Junbo', PENG Ying'
(1. School of Electric Power Engineering, South China University of Technology, Guangzhou 510641, China;
2. Energy Development Research Institute, China Southern Power Grid, Guangzhou 510663, China)

Abstract: Renewable energy can rapidly regulate the power in the new power system, demonstrating the potential of participating
in overload emergency control for lines. However, when it is adopted, generation methods for the emergency control strategy
based on deep reinforcement learning face the challenges of excessively large decision space and high solution complexity. To
address this issue, a hybrid learning method for emergency control with dynamic iteration of decision space and strategy model is
proposed. First, a dual-network model comprising a control location network and a control value network is constructed, and an
iterative learning framework for both networks is designed. Second, the control location network and its learning objectives are
introduced, and a sensitivity-based sample generation method is designed to learn the control location network. Then, a deep
reinforcement learning method for the control value network is proposed, and a segmented exploration strategy is designed for
efficient learning of the control value network. Next, a dynamic iteration implementation process between the control value
network and control location network is designed. Finally, the effectiveness of the proposed method is validated in the IEEE 39-
bus system, IEEE 300-bus system, and a provincial power grid of China.
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