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A data-physical hybrid-driven method for evaluating and enhancing the operational
resilience of distribution networks

CHEN Yifei', ZHENG Zixuan', XIAO Xianyong', HU Wenxi', CHEN Yunzhu', WANG Yucai’
(1. School of Electrical Engineering, Sichuan University, Chengdu 610065, China; 2. Ningdong Electric Power Supply
Company, State Grid Ningxia Electric Power Co., Ltd., Lingwu 750411, China)

Abstract: The opacity of production information from various sensitive users in distribution networks makes it difficult to
construct explicit functions to accurately quantify the impact of voltage sags on sensitive loads, thereby limiting the
effectiveness of resilience enhancement strategies for distribution network operations. To address this issue, a
data-physical hybrid-driven method is proposed for evaluating and enhancing distribution network operational resilience.
By drawing analogies with traditional resilience indices and their definitions, a new operational resilience index that
accounts for the impact of voltage sags on sensitive users is constructed. Considering the different tolerance
characteristics of various sensitive users to voltage sags, a voltage sag trajectory characteristic system is established to
represent the response characteristics of different sensitive loads. A data-driven model is then proposed to evaluate
distribution network operational resilience. On this basis, the data-driven resilience evaluation process is embedded into a
physical model for multi-objective energy storage optimization. Finally, a case study based on the IEEE33-bus
distribution network is conducted. The results demonstrate that the proposed data-physical hybrid-driven model for energy
storage optimization can address the challenge of explicitly modelling the functional relationship between voltage sag
characteristics and resilience indices, and can enhance resilience evaluation results while ensuring economic operation of
the distribution network.
This work is supported by the Young Scientists Fund of National Natural Science Foundation of China (No. 52307128).
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Fig. 1 Schematic diagram of distribution network resilience curve
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Table 1 Characterization metrics under different voltage sag events
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Table 2 Accuracy comparison of four algorithms

. TeARAE i AR %
Hik
Rryse/% Rrmse/%o
RFR 1.5154 1.2419
CART 1.9859 1.7154
SVR 3.9961 3.4165
ANNR 47871 2.8238
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Tk, B RN 51 52 I SR AR R 52 A
K, AT HF RFR. CART. SVR 1 ANNR 4
ik, AAREENZEERN 60%. 70%. 80%F1 90%
IS P RIRFEAR LR 2, (iR RWE 3 B,
Al LLE HBEE IR 5 EE AN 60%32 =2 90%, 4 Fh
FVERIRZE D DI T 1.87% 5.16% 2.61%PL 5
2.95%, HICWAEMFIZE S T, RFR &
TERZE R /N o DRI U8 B RFR 5032 149 [ U5 Tt 28
R, HSZWHEARBERZWHEEN.
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Table 3 Simulation results with different training set proportion
%

JIZREE & E RFR CART SVR ANNR
60 3.1179 6.8746 6.0218 57771
70 2.7662 47304 45281 4.8297
80 1.8744 3.8166 4.4087 3.4476
90 1.2419 1.7154 3.4165 2.8238
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Table 4 Parameters of ESS
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Table 5 Results of optimization configuration
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— 410/100/640 100/320/660
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SHEf 1924.9 2119.4 2102.5
BRRA/ TG

Udrop/p-u. 0.5 0.419 0.357

AP/p.u. 1.0 0.68 0.62
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Table 6 Results of resilience assessment

vk 17558 Yy 2 Y3
RFR 0.395 0.560 0.620
CART 0.329 0.448 0.468
SVR 0.489 0.642 0.752
ANNR 0.253 0.493 0.680
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