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System harmonic impedance estimation based on Bayesian change-point detection
and non-convex penalized regression
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Abstract:. To address the problem of reduced accuracy or failure in traditional non-intrusive harmonic impedance
measurement methods caused by large fluctuations in background harmonics or abrupt changes in harmonic impedance, a
novel estimation method for system harmonic impedance is proposed. First, the distance correlation coefficient is used to
filter out data with strong correlation between harmonic voltage and current amplitudes, thereby reducing the impact of
background harmonic fluctuations on the impedance estimation results. Then, the Bayesian change-point detection
algorithm is employed to identify abrupt changes in the coarse estimates of harmonic impedance, and data are grouped
accordingly based on the detected change points. Finally, a mean shift parameter is incorporated into the harmonic
impedance regression model. By introducing a threshold rule for the penalty function and the Bayesian information
criterion (BIC), robust regression is performed on the grouped data to obtain the optimal estimation of the harmonic
impedance, thus mitigating the influence of outliers on the estimation results. Simulation results indicate that the
identification of impedance change points in the filtered data is more accurate, and the precision of the grouped
impedance estimation results is higher. This provides a new approach for harmonic impedance estimation in scenarios
with background harmonic fluctuations and impedance changes.
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Fig. 2 Impedance mutation model

FH P 2 AT %0, BHLAE 1,2, oo, 8, B3 T R AR SRAR,
BHATAEAR AR S AR ) SN, RITE (2,2, ) P ARTE
FXI AR, 8T FE [R50 — AN B Y I 2 1347 R
PUAG TSR INAE . DR 75 BRI H BE e i A AR
B[] 5 o

HH T BT AR A 548, () RI%1, PCC 4b
(1) LS LA AR 2 TE X B i R AE RAR, 6T PCC b1l
W H RS IR HE R R, WP RS0
WRHPUE, w6 R,

(6)

3.2 DIMHErsR T4 M &%

T ARG s S e, B2y
BILFERIFZm, S BRI I SR E I B A A R
I BI I ATRFAE » FLATRE 73 A7 A7 W B ) AR
BAFER Z T . DU B g AR I 5y a8 i g
R T A B AT e, DR TR T3
PEmt B B R, HaZor i T B R 2R 1R
Wk, W DBSCAN &k, Ao HBLRFIRAR &
ROl PRIARSCH N DL 37 538 A6 U 50320 R 48
BHATUREL ff {8 R A= 9878 (R 8] i 334 TR 50

B IX — i AT W . W — A
X5 Xy, X, 5 ARFEAS I SR PR SR A 4 3% 2 0
R RN I, S FR— N0 X g=1,2,--- AN
FMCLR AWK E . A r RoREZ] ¢ s



- 110 - W) 2GR B4

B, =(7)Fs.
0, AR R R AR o
e 1, FiAl

E 3 o DU s AR ke S BRI, L BE T ]
FIHIZAT R IR — N AR A

x4 11 H [z H /3
>
O e
LI —

IIIIEIIIiIIII>
1 234567 8 91011 ¢

(a) FH2ANZRAE SR B AT 51

»
»

T T T T T T

OS—= N WA

1 2 3 45 6 7 8 91011 ¢
(b) BT KA
& 3 DIntHErsR IR R IR E

Fig. 3 Diagram of Bayesian change-point detection principle
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