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Abstract: In order to improve the operational efficiency and voltage quality of distribution networks, an optimization strategy is
proposed based on a state-response framework, combining deep reinforcement learning with the distributed generalized fast dual
ascent (SAC-GFD) algorithm . Firstly, the soft actor-critic (SAC) algorithm is employed to model the distribution network opera-
tion optimization problem as a Markov decision process (MDP). The agent interacts and explores in an environment with renewable
energy fluctuations and load uncertainties, obtaining a control strategy that is robust to uncertain environments. The distribution
network operation optimization problem is thus transformed into a Markov decision process, enabling the training of an agent capable
of quickly outputting the optimal active and reactive power for distribution network equipment. Secondly, the current distribution
network’s power flow distribution, node voltage states, and active and reactive voltage sensitivity matrices are calculated. Then,
based on the current state of the distribution network, users apply a distributed method to calculate their optimal load adjustments to
ensure the safe operation of the network. Finally, the simulation results on the IEEE 33-node system demonstrate that compared to
traditional deep reinforcement learning algorithms, the proposed method more effectively reduces network losses and node voltage
deviations while achieving faster training speeds and better optimization results.
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Fig. 4 Comparison of node voltage amplitude at different
moments in three modes
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Tab. 3 Comparison of daily operating results for the 3 modes
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Tab. 4 Comparison of daily benefit results for the 3 modes

JC
= 1 £k 1 3 25
ik Fﬁ)ffﬂiﬁﬁ EEEEIXXIE T ﬁ%n@ﬁ FAF
& AR AR A
i1 4515 2042.8 1811 49.8 182
it 2 6302 2014.8 1752 50.8 212
K3 6262 1927.6 1671 51.6 205
100 [ 110
: o
g 0 05 Q
-)_R\

-100

0 4 8 12 16 20 24
t/h
BE5 24 hfigaEiEEER
Fig. 5 Dispatch of energy storage in 24 hours

iy 2 A R D 2 LB O S A, I8 (i N 2% T
fEIZENVER TR 14 . SAC 3438 4+ 312 5 S g I ok
RN T2 B4R, 1l DDPG U3 3o 76 5 1 1 5
By Y TP R IR 7S (U0 Ornstein-Uhlenbeck M 75 ) K fig
HEXT ISR A R &

K 6 J&/x T SAC-GFD &% 5 DDPG-GFD, 1%
Si 0 SAC FEAE N S FE b B9 % 1 o

HE 6L, HIRIEHIN SAC T ILAE VI 2]
AT LA B0 1 P s R i i s, (G Y 2R
R, SAC-GFD BEMECR LT, i HAET A &5
AR T HC L A Ia AT AR . IO R A 1% 42 1% DRL AR
2 Hefs 2 TRy #2538, o An X5 n)
DI AR AR B AR seah, MR 7(d)nT LA
Eili, SAC-GFDBEMFEMARAR, Wi HAE(E
oA ZOBIR T A H TS 9 7 TR B . [RE
K1 7(e) Rt SAC-GFD B 75 R W 25 45T FE i A
FEAEHCR . BRI, SAC-GFD Ak AE I 45k
U AR A S5 I F DDPG-GFD ., 1481 SAC
Bk, W T HAER S RGN BRETEIL

5 #5iE

AL T DRL AR A AR T A Bt T — 4



70 FEITRMEEA

919 %

> SAC-GFD DDPG-GFD ——SAC
0 200 40Q 600 800 1000

41, =0 000, 200 400 600 800 1000
B (LU
1S 10 000 (b) JH R R ik 5

g % 200 200 600 800 1000
AU

B (c) BLHIRZAT A

I

§ 4500

= 3000

#1500

R 0 allcthastiun,, " —

£ U 200 400 600 800 1000
AR

(d) RGBS A

0 200 300 600 800 1000
AL
(e) MIZEHIFEMA

E6 3FEXINGLERIILE

Fig. 6 Comparison of the training results for three algorithms
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