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Harmonic impedance estimation based on a hybrid optimization algorithm and
separation consistency screening

LIN Shunfu, LI Yukun, L1Yin, LI Dongdong
(Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: There is an estimation error caused by the non-independence of the source signal in the independent component
analysis (ICA) method. Thus a system harmonic impedance estimation method based on the hybrid optimization and the
separation consistency judgment is proposed. First, the data of the harmonic voltage and harmonic current measured at the
point of common connection are centralized and whitened. Secondly, the position of the initial solution is obtained by
chaotic mapping, and then the separation matrix is obtained by the biogeography-enhanced fireworks hybrid algorithm
with the objective function of maximum negative entropy. Further, the separation matrix with better independence is
obtained through separation consistency judgment. Finally, the harmonic impedance of the system is calculated by the
least squares method. Simulation and case study results prove that the proposed method has better estimation accuracy
than exiting ICA algorithms.
This work is supported by the National Natural Science Foundation of China (No. 51977127).
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able stimation error of real part of impedance when a = 07 0.42 1041 1105 884
v FHHTSE AR AL THRZE /% 0.8 10.93 10.67 13.71 10.14
Jiik1 i 2 T3 i 4 0.9 12.11 12.23 14.84 11.63
0.4 12,51 11.86 14.57 10.95 10 13.95 14.29 16.25 1274
05 15.09 15.42 15.29 13.40 ‘ N
06 20,01 17.47 17.47 16.38 A6 a =10 RIMEHUERRETHRE
0.7 20.33 21.24 19.93 18.63 Table A6 Estimation error of imaginary part of
038 24,02 22.10 23.35 21.43 impedance when a = 10
09 25.32 25.37 24.14 23.99 ——
10 2903 2156 2084 2553 v AL A i R 22/%
Papry! Jik 2 Ji% 3 Jii 4
< A2 a = 6 BIPEITSERRME TR E 0.4 4.89 5.00 7.50 473
Table A2 Estimation error of real part of impedance when a = 6 05 6.94 7.52 714 6.33
———— 0.6 8.38 7.30 8.46 7.28
K — @“*WE LJ”*%’ % ‘ 0.7 9.67 8.84 10.31 8.32
Jiiki 1 142 1153 Jiika 08 11.19 10.62 11.42 9.35
04 10.18 11.85 1031 8.77 0.9 12,57 11.48 13.93 10.80
05 1225 1181 1259 10.85 1.0 13.72 13.15 15.24 12.05
06 15.17 14.08 13.68 12.81
07 16.17 16.87 16.41 15.21 F A7 r =05 PRSI RHIHRE
08 18.85 18.30 18.92 16.76 Table A7 Estimation error of real part of impedance when r = 0.5
0.9 20.46 20.52 21.38 19.13
10 2341 23.36 2360 2140 ) PSR o 35 221%
FastICA T RS 1ICA AR5k
# A3 a =10 BFEITSEEBMEITHRE 03 9.88 1459 5.28
Table A3 Estimation error of real part of impedance when a = 10 04 12.98 14.32 741
— 05 18.88 12.03 115
BB 22/% 06 21.01 14.06 125
ikl Jrik 2 T3 ik 4 0.7 23.63 16.16 8.15
04 8.77 8.80 10.46 8.46
0.5 12.29 11.92 11.28 10.54 = A8 r =1 BPRISEEMEITHRE
06 14.16 1314 12,61 12.47 Table A8 Estimation error of real part of impedance whenr =1
0.7 15.96 15.18 15.17 14.29 ——
08 18.48 1741 1680 1615 v FLIL S T iR 22/%
0.9 21.09 20.02 19.41 18.68 FastICA Tiisr RS ICA AT
1.0 2257 22.13 21.48 2051 03 14.73 9.17 5.29
0.4 20.19 11.63 971
=AM a=2 FMEEBGITHRE 05 15.63 12.97 12.98
Table A4 Estimation error of imaginary part of 0.6 22.74 1391 19.97
0.7 29.83 21.10 12.04

impedance when a =2

FHL 0 RE T THR 2%

“ Tk Jiik 2 Jii%3 Jiik 4
0.4 7.43 6.93 9.99 6.45
0.5 9.52 9.25 10.39 8.49
0.6 12.00 10.85 14.54 10.33
0.7 12.39 13.82 14.59 11.99
0.8 16.48 14.01 17.57 13.93
0.9 16.17 16.49 19.20 15.76
1.0 18.19 17.74 23.36 16.77

= A9 r=15BRRISEER G ITIRE

Table A9 Estimation error of real part of impedance whenr = 1.5

PR 5T SE A THRZ%

k FastiCA TS ICA 4SOk
0.3 13.22 10.47 9.39
0.4 16.94 12.50 11.14
0.5 21.11 13.26 14.42
0.6 25.99 17.86 16.70
0.7 44.26 24.14 7.06
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K A10 r=2 BPEISCER IR E F A15 =15 FEMERMKITHRE
Table A10 Estimation error of real part of impedance when r = 2 Table A15 Estimation error of imaginary part of
) BT SRR A T2 21% impedance when r =1.5
FastICA THMRE ICA KI5V ) FEHURE AL THR 2%
0.3 16.36 11.90 8.14 FastICA T RS ICA RIT7H
0.4 18.86 10.51 11.08 0.3 8.37 7.51 4.10
05 34.25 17.52 13.08 04 1245 9.16 7.49
056 3705 o5 65 1813 05 15.09 11.83 4.60
0.6 20.31 17.62 5.03
0.7 50.88 37.01 13.02 0.7 37.84 2997 5.96
™A1 r=25 MERERMGEITRE %= M6 1 =2 RIS G e
Table A1l Estimation error of real part of impedance whenr =2.5 Table A16 Estimation error of imaginary part of
) PP S TR %% impedance when r = 2
FastICA TS ICA ATk T —
03 2581 9.34 929 X FastICA Tl RS ICA AT
0.4 19.68 14.84 5.59 03 1188 753 299
05 27.44 17.85 11.75 04 13.39 10.10 6.4
0.6 40.76 24.52 16.60 05 19.17 15.41 9.42
0.7 35.23 34.27 15.48 0.6 21.40 2041 1151
% A12 r= 3 FHRASEMEHEE — - a2 28
Table A12 Estimation error of real part of impedance when r = 3 F M7 r=25FEMESRGITRE
PELHT S A TR 2% Table A17 Estimation error of imaginary part of
X FastICA TS ICA AT impedance when r=2.5
03 20.13 12.93 11.00 PELL R £ 1452 22/%
0.4 a.12 1618 1991 “ FstiCA___ TH/MES ICA A ik
05 44,05 65.06 15.77 0.3 16.57 8.38 5.95
0.6 37.21 23.37 17.22 0.4 12.41 12.81 6.64
0.7 49.18 55.95 20.49 0.5 25.61 17.62 13.57
0.6 29.48 26.27 7.02
& M3 r=05FRRERGEITHRE 0.7 20.77 23.79 10.48

Table A13 Estimation error of imaginary part of

& A18 r = 3 BTIAMERMGITRE

impedance when r = 0.5 L . .
P Table A18 Estimation error of imaginary part of

BT BB A TR ZE/% ) _
k - impedance when r = 3
FastICA T MES ICA AT — —
03 553 795 276 v PG THRZE % -
04 1286 8.46 8.7 FastICA T RS ICA AT
0.3 12.46 7.74 5.86
05 1567 10.37 9.14 0.4 24.79 15.84 12.75
06 15.77 14.34 2.65 05 20,52 4484 13.81
0.7 22.46 20.33 5.55 0.6 25.41 18.39 19.21
. 0.7 30.51 4378 19.48
& M4 r= 1 B ERERMGITHRE
Table A14 Estimation error of imaginary part of F A9 TNEIE RGO AHIEEMITER 1
impedance when r = 1 Table A19 Estimation results of harmonic impedance amplitude
R R R A T2 22 1% of system based on measured data 1
“ FsiCA TS ICA Ak a
03 8.27 520 278 I ] B BB [V ERES AJ5E - SRR
04 10.62 8.92 5.17 B 0.184 0.559 0.077 0.063
05 12.36 10.39 3.72 BEB— 0.491 0.142 0.0637 0.063
0.6 30.44 15.41 8.90 B = 0.747 0.055 0.0629 0.063

0.7 23.57 18.01 7.35 ey By 0.620 0.096 0.108 0.063




MR, 4

B TR IO K oy B — B AT ) R g S A i

- 115 -

T A20 SLMBIR RGOSR BEIREMITER 2

Table A20 Estimation results of harmonic impedance amplitude

of system based on measured data 2

Q
] B FastiCA  Tili/rf5 ICA AT Rkl
B — 0.128 0.126 0.077 0.063
BB 0.118 0.100 0.0637 0.063
HimE = 0.047 0.068 0.0629 0.063
By 0.254 0.130 0.108 0.063
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