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ABSTRACT: The topology of the distribution network
changes frequently, and the uncertainty of load level and
distributed generator (DG) output makes the operation
scenarios more complex and variable. Based on this, a fault
recovery method for an active distribution network based on
graph deep reinforcement learning is proposed. Firstly,
considering the time-varying characteristics of DG and load, a
fault recovery framework for the distribution network based on
the graph attention network (GAT) and the soft actor-critic
(SAC) algorithm is constructed. The fault recovery method and
its algorithm principle are introduced. Then, a graph deep
reinforcement learning model for distribution network fault
recovery is established. By embedding GAT into the pre-neural
network of the SAC algorithm, the agent's perception ability of
the distribution network operation status and topology is
improved, and an invalid action masking mechanism is
innovatively introduced to avoid illegal actions. Through the
interaction between the agent and the environment, the optimal
switch action control strategy is found to realize the optimal
learning of recovery under high DG penetration. Finally, the
proposed method is verified on IEEE 33-bus and 148-bus
examples. Compared with multiple baseline methods, the
proposed method can achieve the fastest fault recovery at the
millisecond level, and has a more efficient and superior
recovery effect, the load supply rate under topology change

increased by 4% to 5% compared with the benchmark model.
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Fig. 1 Node feature updating principle of GAT
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Fig. 5 Node voltage transition process at 09:00
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Fig. 6 Node voltage transition process at 14:00
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Fig. 7 Node voltage transition process at 19:00(1)
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Fig. A1 Fault recovery framework of active distribution network based on GAT-SAC algorithm
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Off-line training flow chart of active distribution network fault recovery model
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Fig. B3 Various indicators in the training process
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Table C1 Distribution generator parameters

DG Y BUE 2 /KW
6 500
Jetk 12 500
23 500
- 20 200
30 300

R C2 GAT-SAC BEMBPEREH R
Table C2 Fault recovery scheme of GAT-SAC algorithm

WA PR 2 W R A B ) R T R FATHEHEEE Py (%) ZERESLZS

09:00 A Su—A Sn—Mhi S 100 248
8-9 14:00 & Su— Sy Sy 100 2.08
19:00 & S>> Syl S & Sy Sy 100 3.56

09:00 & S8 S3— Wi Sas 100 2.94(J5 3.25)

13-14 14:00 B S33— A Sie— W Sas— T Sy 98.38 2.28(J5 2.59)

19:00 & S3z—A Si— Wi Sg—A Sze— Wi Sy 100 3.72(J5 4.70)
09:00 £ S36 100 2.95
26-27 14:00 & Sy 100 2.34
19:00 B Sse— B Ssu— W Sio—>F S3s— T S3 100 3.59

£ C3 BRLDRLEZNHERERR

Table C3 Fault reconstruction schemes for various DRL algorithms

DRL 5% b i 42 mf 71 [BCAV S WES TR P (%) WERH/% FFORENERE BE/HRRIR - 3R
09:00 A Ss— A Syl Sa— B Su— Wi S-S5 98.38 2.82 6 x x
DQN 14:00 B S33—A S3— Wi Si—FA S36— W Sae 100 2.19 5 ¥ ¥
19:00 B S3— B S— W7 Sg— A S33— W1 S7— W7 So— 7 S5y 96.77 3.42 7 x 7
09:00 & Syu—B Si— W S-S5 98.38 2.50 4 x x
D3QN 14:00 & Sy—A S3s— Wi Sy 100 2.12 3 ¥ ¥
19:00 & Syu—E Sy— T Si—E Syl S;o I S,y 98.38 3.62 6 H B T BR x
09:00 & Syu—E Sl Siz— & Sye— M Sas 100 2.72 5 ¥ 7
SAC 14:00 & Su—A Sy— M Sy 100 2.08 3 ¥ ¥
19:00 B S3u—H S3— Wi Se— B S3s— T S — W7 So 98.38 3.47 6 & T
09:00 & Su—E Si—l Se 100 2.48 3 ¥ ¥
GAT-SAC 14:00 & Su—A Sy— W So 100 2.08 3 & X
19:00 A Su— A Si— Wi Ss— B S3e— W Sy 100 3.56 5 & T




