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Observation-corrected active disturbance rejection voltage stabilization strategy for hybrid
storage microgrid based on SAC algorithm

ZHOU Xuesong', MA Peiming', LIAN Jijian®, LI Suyang', TAO Long', LIU Xiaolin'
(1. Tianjin Key Laboratory of New Energy Power Conversion, Transmission and Intelligent Control (Tianjin University of
Technology), Tianjin 300384, China; 2. National Key Laboratory of Intelligent Construction and Operation and
Maintenance of Hydraulic Engineering, Tianjin University, Tianjin 300350, China)

Abstract: In new power systems, bidirectional DC-DC converters for energy storage serve as flexible hubs for
accommodating high-penetration of renewable energy. However, under multiple uncertainties in microgrids, they face the
risk of voltage instability. To address this issue, an observation-corrected active disturbance rejection control (ADRC)
strategy assisted by the soft actor-critic (SAC) algorithm is proposed. First, two-dimensional disturbance information is
incorporated into the compensation term to enable coordinated observation of disturbance state variables. Meanwhile, a
hysteresis function is designed to compensate for the inherent shortcomings of the differential component, thereby
accurately reconstructing the total disturbance. Subsequently, parameter tuning criteria are quantified, and the maximum
entropy learning framework and stochastic policy exploration of the SAC algorithm are employed to achieve flexible
matching of controller parameters under multiple disturbances, enabling the energy storage system to better perform peak
shaving and valley filling. Finally, simulation comparisons under various operating conditions verify that the proposed
strategy exhibits excellent dynamic performance under multiple internal and external uncertainties.
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Fig. 9 SAC_DLADRC control policy model
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Table 3 Simulation parameters of system model
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Table 4 Controller parameters
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Fig. 11 Comparison of frequency response and output voltage
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Table 6 Load power step change indicator

il SR B L i KR 22 /V P E/ms  IAE/A(V-s™)
TLADRC (8.62,7.91) (184.9, 171.4) 4.84
DLADRC (4.26,3.79) (65.7, 67.1) 3.55
DDPG_C (3.14,3.04) (48.2,47.1) 3.51
SAC C (2.39, 1.85) (36.2,35.8) 3.46
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Fig.12 Voltage comparison under noise influence
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Fig. 13 Voltage response under step and ramp disturbances
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Table 7 Step and ramp disturbance voltage indicators

R BERKRENV W HTB 8] /ms IAE/(V -s7)
TLADRC  (34.1,44.5,6.81) (101.6,103.6, 183.1) 7.12
DLADRC  (16.3,19.9,0.99) (47.8,49.6, 125.8) 3.99
DDPG C  (13.5,14.6,0.39) (37.3,384,119.3) 3.75
SAC C (9.6,7.6,0.04)  (28.5,27.7,113.1) 3.72
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Fig. 14 Voltage response curve under acceleration disturbance
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Table 8 Acceleration external disturbance voltage index
s i) SR m L i KR 22 /V P E/ms  TAE/(V-s™)

TLADRC (2.51,2.30) (295.2, 278.4) 5.09
DLADRC (0.81, 0.71) (228.3,226.7) 3.65
DDPG_C (0.69, 0.59) (216.2,221.4) 3.59

SAC C (0.50, 0.42) (205.6, 215.6) 347

SEHE > WD T 2.01 VL 031V A1 0.19 Ve I
I8 %-46%5 1 89.6 ms+ 22.7 ms M 10.6 ms. |7 ZEM
U ETPRAMET, FIFERETE /NS A R w2 5
WERaE . FItk SAC_ DLADRC %4 8 5& T 1t
R IRTRPH), HA&HERBRFIPLhinHEae .

3) £ IESZ AN I 2R G HE

X5 R4 5 NFE RS IE 54 R MR S R AE
Tl FEL IO BT 52 14 TE 52N AR 38N, Y6tk Th 2 AR DL K fit
REAR ¥ g H F ] 15 oo

x10*
5 1300 W/m? ekl oh
z :
B 41000 wm 1000 W/m?
=
K 3
e
2 700 W/m2
0.2 0.3 0.4 0.5 0.6 0.7 0.8
i fi/s
680 —— TLADRC —— DLADRC —— DDPG_DLADRC —— SAC_DLADRC
>
660 i
w ‘ -
H 640 N
= 665 665
& 655 ] 655
620 1% 30032 034 036 64 48 071073 0.95
0.2 0.3 0.4 0.5 0.6 0.7 0.8
I} [#)/s

15 IESZIMA TSER R Ma R 2k

Fig.15 Voltage response curve under sinusoidal disturbance
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Table 9 Voltage indicators under sinusoidal disturbance

hlEE SR mEN  REIESmENV  TAE/(V-sT)

TLADRC (15.84,20.54) 25.14 10.83
DLADRC (4.78,4.81) 486 4.54
DDPG _C (2.88,2.82) 2.83 3.98

SAC C (1.60, 1.28) 1.39 3.79
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Fig. 16 CISE distribution under different working conditions
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Fig. 17 Controller parameter perturbation robustness and

performance indicator curves
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robustness and performance indicators
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