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Fig.1 Flowchart of proposed method
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Fig.2 Norton equivalent circuit model
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Fig.3 Flowchart of proposed system harmonic

impedance estimation method
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Fig.4 Correlation coefficient curve between 5th

harmonic signals
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Table 1 Population estimation errors of system

harmonic impedance calculated by four methods
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Fig.6 Estimation results of system harmonic impedance

amplitude and angle calculated by four methods
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Table 2 Estimation results of system harmonic

impedance calculated by four methods
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System harmonic impedance estimation method based on sub-band component
decomposition and independent component analysis
LIN Shunfu', YAN Xinyu',ZHONG Liangliang®, LI Dongdong',FU Yang'
(1. College of Electrical Engineering,Shanghai University of Electric Power,Shanghai 200090, China;
2. State Grid Ningbo Power Supply Company,Ningbo 315000, China)

Abstract: The extensive access of renewable energy sources makes the harmonic pollution of distribution
network more serious, and the accurate estimation of system harmonic impedance is the key to accurately
determine the harmonic responsibility. There is a certain correlation between the harmonic emitted by grid-
connected inverter of renewable energy sources and the grid-side harmonics, which results in the accuracy
decrease or even failure of the existing methods. Therefore,a system harmonic impedance estimation method
based on sub-band component decomposition and independent component analysis is proposed. Firstly, the
observed signals of harmonic voltage and current at PCC (Point of Common Coupling) are divided into
several sub-band signals by wavelet packet decomposition, and the mutual information value of each sub-
band is calculated. Then,the sub-band with the minimum mutual information value is selected as the inde-
pendent sub-band,and the separation matrix is obtained through independent component analysis in this sub-
band,so as to realize the separation of related harmonic source signals. Finally,the system harmonic impe-
dance is calculated by the mathematical relationship among the elements in the coefficient matrix. Simula-
tive results show that the proposed method can effectively reduce the error caused by grid-side harmonics
in the scenario where there is a certain correlation between the emitted harmonics of both sides of PCC,
and has better estimation accuracy and robustness compared with the existing methods.

Key words: power quality; system harmonic impedance; wavelet packet decomposition; independent compo-

nent analysis;harmonic responsibility determination ;harmonic analysis
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Table A1 Parameters of grid-connected inverter

ZH Vg ZH Vg
i Zh 2 Po/kW 30 AR 280 LK L/mH 0.6
FF IR fon/kHz 5 ALK B B LB R1/Q 0.15
RFEAER fi/kHz 20 ¥R il L J% Lo/mH 0.1

RBRRE ka 0.2619 LR R TG HLBE Ro/Q 0.03
RRRE ks -0.026 JEI L Cy/uF 30
SR REL ks 0.1622 Lt =¥ K, 0.001
IR T wo/(rad-s™) 0.5 R R K, 30
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Fig.A1 5th harmonic voltage and harmonic current at PCC
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Fig.A2 Estimation results of 5th system harmonic impedance calculated by four methods



A3 IERESHEXRAKEEE

Fig.A3 Related coefficient trends of harmonic signals
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Table A2 Related coefficient values of harmonic signals with different » and k&

p

' k=0.2 k=0.4 k=0.6 k=0.8
0.1 0.07 0.08 0.09 0.09
0.3 0.10 0.13 0.15 0.18
0.5 0.13 0.17 0.22 0.27
0.7 0.15 0.22 0.29 0.36
0.9 0.18 0.27 0.36 0.44
1.1 0.21 0.32 0.41 0.52
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Fig.A4 Estimation error of four methods when i=1.2



12

09

= 0.6

03

20

MAHEZE/% 0 0

12

09
L 06
03

0
20

(a) 77k 1

20

~

20

~ 0.6

12
09

03

20
10

10
WE /% MIfRZE/% 0 0
J7ik 2

(b)

1.2
0.9
0.6
0.3

0
20

20
10
W {E %25/ %

10 10
Mz O 0 %
(c) J7i%3

10
A 1975/ %
(d) 7772 4

HIffB5/% 0 0

AS k=0.3 Bt 4 #75ERIfETHR E
Fig.AS Estimation error of four methods when £=0.3

R A3 k=0.3 FFEIB(EMITIRE

Table A3 Estimation error of impedance amplitude when £=0.3

FELATL IR B A T2 22/ %

Trik Tk 2 Tiik 3 Tiik 4
0.3 523 5.83 4.13 0.49
0.6 5.65 6.34 4.4 0.68
0.9 6.60 6.89 4.56 0.81
1.2 6.46 7.33 4.85 1.01

R A4 k=0.6 FFEIB(EMITIRE

Table A4 Estimation error of impedance amplitude when £=0.6

BEUIR A TR 2%

' Jrik Jrik 2 T3 Jiik 4
03 10.97 12.55 7.06 1.74
0.6 12.25 14.18 8.52 2.44
0.9 13.65 16.01 9.65 421
1.2 14.79 17.54 10.93 3.57

R A5 k=09 FFEIB(EMITIRE

Table A5 Estimation error of impedance amplitude when £=0.9

BEUIR A TR 2%

' Tk Jrik 2 T3 Jiik 4
03 16.38 19.21 9.89 3.28
0.6 18.75 22.51 12.01 4.52
0.9 20.42 25.06 14.21 5.66
1.2 21.89 27.48 19.52 6.64
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Table A6 Estimation error of impedance amplitude when £=1.2

BELJ7 1 8 A v 0% 22 /%

JiiE Tk 2 Tiik 3 Tiik 4
0.3 21.18 25.45 13.95 5.98
0.6 23.87 29.89 18.03 6.78
0.9 25.39 32.98 20.92 8.23
1.2 27.90 35.57 24.59 9.36

R A7 k=03 BfEIBERGITRE

Table A7 Estimation error of impedance angle when £=0.3

BEAOR 1 iR 22 /%

' ikl Jii 2 i3 Jrik 4
0.3 4.23 4.14 3.96 1.76
0.6 4.68 4.55 4.23 1.96
0.9 5.07 5.01 4.61 2.08
1.2 5.42 5.40 4.88 2.24

3R A8 k=0.6 BffEIEAMGITIRE

Table A8 Estimation error of impedance angle when £=0.6

BEAOR il 3R 22 /%

' ikl Jii 2 T3 Jrik 4
0.3 9.05 9.03 7.93 3.80
0.6 10.48 10.68 8.75 421
0.9 12.26 12.60 9.36 4.96
1.2 14.00 15.52 10.93 5.60

%+ A9 k=09 BIPRIBR/ITIRE

Table A9 Estimation error of impedance angle when £=0.9

FHACAR A A5 TH R 22 /%

' Jiik 1 Jiik 2 Jiik 3 Tk 4
0.3 14.53 14.77 8.34 5.66
0.6 18.38 18.93 9.71 7.42
0.9 223 23.34 10.94 9.17
12 27.05 28.85 13.96 11.05

= A10 k=12 BIEERGITHRE

Table A10 Estimation error of impedance angle when i=1.2

PELHUAE F A TR 22 /%

' Jivk 1 Jrik 2 Jiik 3 Jiik 4
0.3 21.03 21.12 11.12 8.54
0.6 28.34 29.76 13.22 11.66
0.9 36.80 36.82 16.29 12.19

1.2 39.33 39.71 21.98 15.11
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Fig.A6 IEEE 14-bus test system
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Fig.A7 Measurement results of 5th harmonic voltage harmonic current at bus 14

2x10°F
&
=
=
Z1x10°F
=i
5 10 15 20 25 30 35
TS

B A8 NESETFHHNERRE

Fig.A8 Mutual information values of sub-bands of observed signals
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