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Fig.1 Schematic diagram of single microgrid
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Fig.2 Load frequency control model of
flywheel energy storage
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Deep reinforcement learning-based integrated frequency and voltage
control for isolated multi-microgrid system
XIE Lilong"?,LI Yonghui'?,FAN Peixiao"*, WAN Li’, HUANG Mengqi'*,YANG Jun'?
(1. Hubei Engineering and Technology Research Center for AC / DC Intelligent Distribution Network, Wuhan 430072, China;
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Abstract: The output uncertainty of distributed power source and the power disturbance caused by load
pose a greater threat to the stability of isolated multi-microgrid systems. An isolated multi-microgrid load
frequency controller (LFC) based on multi-agent soft actor critic(MA-SAC) algorithm is proposed, and the
soft actor critic(SAC) algorithm is used to optimize and adjust the proportional integral (PI) control parame-
ters of the automatic voltage regulator(AVR). A combined model of LFC and AVR for multi-microgrid is
developed. For the design of voltage and frequency controllers, the corresponding states, action spaces and
reward functions are established according to SAC algorithm and multi-agent deep reinforcement learning
(MA-DRL) framework, respectively. The appropriate neural network and training parameters are selected to
generate the deep reinforcement learning controller through pre-learning. Finally,through simulation analysis,
the PI controller optimized based on SAC algorithm can track the voltage the reference value faster,and the
MA-SAC controller can maintain the frequency stability quickly when the multi-microgrid system encounters
power disturbance.

Key words: multi-microgrid system;flexible load;load frequency control;automatic voltage regulation; MA-SAC
algorithm
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Table Bl Multi-microgrid system model parameters

e ZH ZHE e ZH ZHUE
Kai 10 Tri/s 1
Keiv Ksi 1 APEmaxi 0.025
2 AL ) TR S A R
Kai 0.8 APEmini -0.025
Tai 0.1 o 0.01
Tk 0.4 T/ 1
TGi 1.4 APHimax,p 0.015
AR R 1 S A7 A
Tsi 0.05 APH1min,d —-0.015
K 0.02 M, 500
Ky, -0.1 Twa/s 1
Ks,i 1.3 APromax p e
2/ 5 2 L BEBR 2 RAEAH -0.012
K4,[ 1.4 APHZmax,d
Ps; 1.5 M 400

) Hipu/Hz)  14.22

Ti/s 0 Di(p.u./Hz) 0
Tu/s 0.1 Tia(p.u./Hz) 0.545
APGmaxi 0.03 HAth f~/Hz 50
APGmini -0.03
Opi(p-u./s) 0.1

dai(p-u./s) -1
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Table B2  Frequency controller agent network structure parameters

%% A M ZH b 5B e EMATHE ue
REHE 4 =400, w=u3=us=300
PR Y 2% HERE 3 ur=u=13=300
AL 2 ur=1=300
WA AR 3 =400, w=u3 =300
EM%  PRMER A 3 wi=ur=u3=300
e 224 B AR 3 wi=ur=u3=300

* B3 HEEFIRTREANBEHSY

Table B3  Voltage controller agent network structure parameters

4 244 HAE MEE b e EMAITHHE u.
R 3 w=64, w=uz=48
BRNEES FIEREAE 3 w=ur—us=48
AFLEE 1 =48
&R 2 u=1=48
HIEMZ  TME A 2 wr=u=48
Ui e e 2 u=1,=48
= B4 IREHIRERMINESH
Table B4 Frequency controller agent training parameters
WS ZHUE BT ZHUE NS % ZHE
7 5 B 0.9 T 0.001
m -5 d 10 D 10
102 -10 A 10 m 32
i3 -15 y 0.999 t/s 0.05
s -20 L 0.065 Ba 0.999
B -100 T 450 p 1
& 0.001 Tn 200 Acritic 0.000 2
F= B5 HEIEHISREEMISGESH
Table B5 Voltage controller agent training parameters
B % ZHUH B % ZHUH NS % ZHUE
X -5 14 0.001 T 0.001
0 10 B 0.9 D 10
P -5 d 10 m 32
10 -10 Kpmins  Kimin 0.04, 0.04 ts/s 0.05
C -200 y 0.999 99 b2 0.999
actor 10 T 1800 P 1
Aeritic 0.000 2 T 100 Kpmax> Kimax 0.6, 0.6
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Fig.B2 Optimized voltage PI controller parameter training process based on SAC algorithm
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Fig.B3 Multi-microgrid frequency controller training process diagram
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Table B6 Simulative results of voltage

Pl 450 BT/ VT R/ Fizhl b
PI 0.98 3.58 28.3%
Fuzzy-PI 4.25 4.25 0

SAC-PI 1.04 1.04 3.3%
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Table B7 Frequency simulation results under disturbance in Scenariol

et #5251 AXMER KM/ Hz  P¥IE/Hz beifEE

TR 1-PT 0.027 76 -0.0005092  0.010 160
W 1-Fuzzy-P1 0.022 76 -0.001 8680  0.007 842
WM 1-MA-DDPG 0.018 85 0.001 5240  0.005 306
MM 1-MA-SAC 0.015 75 -0.000 589 6 0.005 041
TR 2-PT 0.044 28 -0.0002595  0.014 410
¥ 2-Fuzzy-PI 0.042 37 -0.003 5500  0.009 216
M 2-MA-DDPG 0.055 41 -0.000 9506  0.012 920

T 2- MA-SAC 0.038 05 -0.001 1990  0.006 556
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Fig.B6 Output power increase of each unit of microgird 1 under Scenario 1
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Table B8 Frequency simulative results under disturbance in Scenario 2

Ttk T T R—AVRIE G Th &

i #5353 YRHMERME/Hz P/ Hz bz
TR 1-PT 0.104 2 -0.000 9184  0.045 00
W 1-Fuzzy 0.067 0 -0.002716 0  0.01929
WM 1-MA-DDPG 0.033 11 0.0013730  0.007 464
MM 1-MA-SAC 0.022 45 -0.000 128 5 0.005 334
TR LR 2-PT 0.023 07 0.000 684 6 0.009 534
W 2-Fuzzy 0.017 50 -0.0023710  0.004 546
M 2-MA-DDPG 0.019 16 0.0024970  0.004 791
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Fig.B7 Output power increase of each unit of microgird 1 under Scenario 2.
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