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Fig.1 Schematic diagram of standard IEEE 13-bus

distribution system and harmonic source access
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Table 1 Optimal bandwidths obtained by different
kernel density estimation methods
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Fig.2 Probabilistic density curves by different kernel
density estimation methods based on 200 simulations,
compared with histogram by Monte Carlo

method based on 10000 simulations
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Fig.3 Probabilistic density curves by different kernel
density estimation methods based on 400 simulations,
compared with histogram by Monte Carlo
method based on 10000 simulations
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Fig.4 Cumulative probability distributions by different kernel
density estimation methods based on 200 simulations,
compared with that by Monte Carlo method
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Harmonic probabilistic power-flow analysis based on kernel density estimation
with optimized bandwidth design
LI Yaqiong,ZHOU Shengjun, WANG Tongxun,LEl Linxu
(Global Energy Interconnection Research Institute,Beijing 102209, China)
Abstract .

simulation with the non-parametric probability density estimation is proposed to solve the computational

A method of harmonic probabilistic power-flow analysis combining the small-scale sample

efficiency problem of Monte Carlo method. The kernel density estimation method with the optimally designed
bandwidth selection of kernel density function is adopted to estimate the probabilistic density of the harmonic
power-flow set achieved by the small-scale sample simulation for obtaining the harmonic probability
distribution of affected nodes. Simulation is performed based on OpenDSS for Standard IEEE 13-bus
distribution system and the results are compared with those by the Monte Carlo method to verify the
effectiveness and efficiency of the proposed method. The comparative experiment shows that,the proposed
bandwidth selection method has better bandwidth adaptability and estimation performance than other two
bandwidth selection methods.

Key words: Monte Carlo methods;

kernel density estimation; harmonic probabilistic power-flow; non-

parametric estimation; OpenDSS



