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Probabilistic risk assessment of distribution networks based on topological
reconfiguration and PCE surrogate model

HUANG Yu', LI Zhongxing', WANG Weimin', HU Songlin', WANG Yi’, TAN Chao®
(1. Institute of Advanced Technology for Carbon Neutrality, Nanjing University of Posts and Telecommunications, Nanjing 210023,
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Abstract: Extreme events pose a significant threat to the operational security of distribution networks, making accurate
and efficient probabilistic risk assessment crucial. To address the low efficiency of traditional Monte Carlo simulation
(MCS) and the insufficiency accuracy of existing surrogate models in low-probability regions, this paper proposes a risk
assessment method that balances computational efficiency and accuracy. First, a non-parametric probabilistic model of
distributed generation output is built using kernel density estimation (KDE), while dynamic probability modeling of
equipment states is performed using exponential distributions and weather factors. Next, the input samples are divided
into branch fault and non-fault categories. For non-fault samples, a polynomial chaos expansion (PCE) surrogate model is
used for rapid probabilistic power flow calculation. For fault samples, a topology reconfiguration model is employed to
calculate optimal power flow and capture risks under topology changes. Based on this, three risk indicators of node
voltage over-limit, branch power flow overload, and load loss are constructed. The weights of these indicators are
determined by the subjective and objective combination weighting method of game theory, and the comprehensive risk
evaluation value is obtained. Simulation results on the IEEE33 and IEEE118 node distribution systems show that the
proposed method effectively handles topology uncertainties caused by extreme events, improving both the efficiency and
accuracy in risk assessment.
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Table 1 Distribution network reconstruction schemes and
performance indicators under different fault
states in the IEEE33-bus system
AU ARG
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Table 2 Relative error and calculation time of expected and

standard deviation of voltage magnitude of bus 27
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Fig. 6 FSI of DG power output for voltage magnitude
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Table 3 Changes in system total risk values before and
after reconstruction under different access

locations in the IEEE33-bus systems

DG #A R C)E] R
TR A [il5g NS E [i5g
3 0.265 5 0.267 4
5 0.262 4 0.277 5
7 0.224 2 0.236 1
11 0.217 1 0.238 2
13 0.243 3 0.256 3
16 0.344 8 0.347 8
19 0.297 6 0.304 6
23 0.325 7 0.326 7
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Table 4 Distribution network reconstruction schemes and
performance indicators under different fault
states in the IEEE118-bus system

A i
/MW

i RIS

R WiITSZ B /o,

) 46-27,17-27,8-24,54-43,62-49,
TC b
) 37-62,9-40,58-96,
(RN 1.298 0.869
73-91,88-75,99-77,108-83,
DG)
105-86,110-118,25-35
N 46-27,17-27,8-24,54-43,62-49,
o
37-62,9-40,58-96,

(C2IN 0.9524 0.888
73-91,88-75,99-77,108-83,

DG)
105-86,110-118,25-35
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Gl
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Table 5 Accuracy comparison of node voltage and branch

power flow calculation results

Bi=V Hip.u. o/p.u.
. &% ———— &,/%
P MCS PCE MCS PCE

23 0.9703 09704 0.010  0.0028 0.0027  3.571
54 0.9381 09381 0.002 0.001 78 0.00174 2247
77 0.8981 0.8980  0.011  0.001 72 0.00173  0.581
28-29 0.5932  0.5943 0.185  0.0176 0.0174 1.136

101-102  0.3441 0.3442  0.029 0.0276 0.0279 1.087
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Table 6 Changes in system total risk values before and
after reconstruction under different access locations
in the IEEE118-bus system
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