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Time-varying harmonic impedance estimation based on

locally-geographically weighted regression
XU Fangwei' , XIE Pei’ang', WANG Chuan', LIU Kai', GUO Kai', FAN Lijuan’
(1. College of Electrical Engineering, Sichuan University , Chengdu 610065, China;
2. China Southern Power Grid Research Institute Co.,Ltd., Guangzhou 510080, China)

Abstract: In existing estimation methods for utility harmonic impedance, it is commonly assumed that the harmonic impedance
remains invariant, which often diverges from actual conditions. In practice,both the utility harmonic impedance and background
harmonics typically time-varying with operating conditions. For the time interval between two sample points, large numerical
value probably gives rise to more conspicuous difference between the impedance and the background harmonics at the
corresponding time. Based upon the information of the sample points with a far gap, it is difficult to estimate the impedance
value of the sample points of concern. As a consequence, a brand new time-varying utility harmonic impedance estimation
method is put forward based on locally-geographically weighted regression. Firstly,a weight matrix is constructed based on time
interval , assigning smaller weights to sample points with larger intervals from the points of interest. Locally weighted regression
(LWR) is then applied to initially estimate the utility harmonic impedance and background harmonic reference values.
Secondly, the impedance reference value is used to modify the regression equation to reduce the under determination of the
original regression equation. To screen out the sample points that are similar to the background harmonics of the sample points
of concern,the background harmonic reference value is simultaneously utilized as the prior information. On the basis of the
screened samples, the background harmonic voltage and the utility harmonic impedance at each point are coped well with by
geographically weighted regression (GWR). Under strong background harmonic fluctuations, the recommended method can not
only identify abrupt changes in impedance ,but also estimate the trend of utility harmonic impedance. Lastly,simulation and case
studies demonstrate that the proposed method improves estimation accuracy by approximately 40% compared to traditional
constant harmonic impedance estimation methods,and by around 30% compared to existing time-varying impedance estimation
methods.

Keywords : harmonic impedance; background harmonic; impedance variation; weight matrix; locally weighted regression

(LWR) ;geographically weighted regression (GWR)
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Resonant suppression strategy of impedance remodeling for

multi-inverter grid-connected system in weak grid
ZHANG Shicong, XU Yonghai, TAO Shun, YU Yongyue, ZHANG Zhi
(School of Electrical and Electronic Engineering,North China Electric Power University, Beijing 102206, China)

Abstract:In weak grid, a multi-inverter grid-connected system may be simultaneously affected by large grid impedance and
background harmonics. The interaction between inverter and grid is enhanced by the large grid impedance, resulting in
resonance problems. Furthermore,the grid-connected voltage and current waveforms are distorted by the background harmonics,
which makes the system unable to meet the grid-connected requirements. In view of this, firstly ,an impedance model for multi-
inverter grid-connected system is established, and the mechanism behind waveform distortion and resonance in weak grid is
clarified. Subsequently,a control strategy combining improved grid voltage feedforward with parallel adaptive active damping is
proposed. The improved grid voltage feedforward is used to reshape the impedance of the multi-inverter grid-connected system in
order to mitigate background harmonics effects, while the active damper is employed to synthesize virtual resistance for
suppressing system-grid resonance. When there are changes in working conditions of the system, the damping effect can be
further improved by adaptively adjusting virtual resistance values through compensation. Simulation results show that background
harmonics and resonance problems can be effectively suppressed by the proposed strategy,and the adaptability of multi-inverter
grid-connected systems in weak grid is enhanced.
Keywords : weak grid; background harmonic ; grid-connected inverter; grid voltage feedforward ; impedance reshaping; active

damper
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