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Abstract: In response to the problem that the extraction accuracy of existing harmonic detection methods is easily
affected by noises, a novel harmonic detection method based on iteration symplectic geometry mode decomposition
combined with total least squares and estimation of signal parameters with rotation invariant technique (TLS-ESPRIT)
is proposed. First, the initial symplectic geometric components are obtained by constructing a trace matrix of harmonic
signals and combining the matrix transformation. Second, based on dynamic time warping, the initial symplectic
geometric components with a high similarity are linearly combined, and the residual components are eliminated. Third,
the normalized mean absolute error is calculated to obtain the independent harmonic components. Finally, the
TLS-ESPRIT algorithm is used to obtain the parameters of different harmonic and inter-harmonic components. Through
an analysis of simulation and measured data, the superiority of the proposed method when it is applied in harmonic and
inter-harmonic analysis under a noisy environment is verified.
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Tab. 1 Setting of simulation parameters

i A, 1A f.Hz 0, /rad
1 10.3 50 /3
2 3.7 115 n/8
3 5.5 150 /6
4 42 250 n/4
5 2.6 350 /s

BERFEMISE F.=2 000 Hz, SRAEERFE] 0.2 s,
Ry AL S BRI I ;v TEAR & U {5 e L
20 dB YT MR, R LSS () I
LA 2 s .

43R VMD 5% . SGMD 3 K3 ISGMD
BRAHES x(0) AT, s R 3 R,
MK 3(a)iIFEH, VMD J3Mlsh Rrh 4434k

/A
<o W

[
b

-2 1 L 1 1 L L 1 L L
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Fig. 2 Steady-state harmonic signal
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XiF A3t

S ELW LR 3 RO T I R AR, R
Bestfit (PN TERR, Bestfit #54ritHE AN

N

>V -xy

B=1- — (27)

N

Sy

K x ORGSR y HIFIRE S xR x
AR E T R

3 FhOME TR o3 XN Bestfit (B ILEE 2.,
Bestfit fitbmlirer, YW MRAT R 5 UG (E S G
P B MGy, RIVUE B2 00 i T 0 I A 45 2R T A

2 7 LES, SVMD 5 SGMD (A4 iss
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Tab. 2 Bestfit values corresponding to components obtained using each decomposition method

W KEAB Tk C c, c, c,

VMD 0.892 7 0.861 0 0.876 9 0.864 4 0.870 1

30 SGMD 0.938 5 0.894 2 0.898 7 0.867 3 0.880 4
ISGMD 0.999 3 0.983 6 0.996 2 0.9922 0.994 2

VMD 0.876 4 -0.119 8 0.6511 0.8511 0.787 9

20 SGMD 0.8957 0.863 7 0.868 5 0.8198 0.850 6
ISGMD 0.994 1 0.986 4 0.983 6 0.986 2 0973 1

VMD 0.862 0 -0.027 7 —0.040 8 0.614 7 0.489 3

10 SGMD 0.7957 0.763 7 0.719 8 0.668 5 0.670 2
ISGMD 0.982 2 0.964 2 09736 0.9289 0.979 5

HAE 30 dB 5L T Bestfit (K T 0.85, M43
fREE R EA TR, (RS R ISGMD #2,
S HPEA TS BAGI , 45 R PRI 2%, B
5 W LA, VMD JIF 45 45 31 b3 a0 43 2 10
Bestfit {E/NT 0.5 HiLBLH{E, SGMD g4 R7E
10 dB MR PREE R4 Y Bestfit (H/NT 0.7,
FH/E IR B T VMD 5 SGMD 4 20 fiff 45 1
ANBE WL IR A5 O B A i O RRAE , Pk fig
2, ISGMD 73 814553 Bestfit {HIYTE
0.96 VL L, WEBHAS SO AN [ 7R /K7 1 Rtk
1T HIEN RN, BA LT M fThae, 55
Ab 2 FhOTIAR LA AR ERETE 4T, I HEA TR Y
Mg R

SR RS 58 AR S R AN [ M 7 KT A RS
B, mESIEAE S x(0)h G R 30,
20, 10 dB By i MRS, SR AS SO I /)

ARG 5 A T 2 BRI, A5 31 ARG 45 SR L DL
# 3. HRIATLEN, AWML, 43¢
D7 VR BOREINORS B2 8 TR o 7 30 dB 114 s PR3
T, ARSI ATR R A 2R 0.034%
WEEAS I A 4R 228 0.101% , AIAEAGI A2
2R 0.418% ; MIEMELLRFIEE 10 dB J5, %4
et ARG 15 2 WA A, R A S X R 25 Ry
0.071% , WEEAIM) T353R0 0.466% , AHNIK:
MEFHRRZEN 0.963% ., AT WA SC 7 Bk
SZWRFE AR/, E SR M AT A A R A T
KL
3.2 KMEES

SR BIEAR SCIT B T IR A v A TR S B
PIHERTE, RAIA SO A =R A 110 kV £k
B AR I — R I SR S A T 0T, kS
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Tab. 3 Comparison of detection accuracy at different noise levels

W7 it 2R /Hz WR{E/A A /rad
AKFE/AB IR FRISAE Ml R2E/% Mgl URENIED W% EbAME O WEE RE/%
H 50.0000  50.0132  0.026 103000 103040  0.039 n/3  1.0491 0210
237 1150000 115.0685 0.059  3.7000  3.6984  0.043 n/8 03954  0.688
30 3% 1500000 150.0557  0.037 55000 55093  0.169 /6 05226 0.191
SY 2500000 2500310 0.012 42000  4.1974  0.062 n/4 07838  0.637
7Y 3500000 350.1269  0.036  2.6000  2.6051  0.196 n/5 06247 0576
H 50.0000  50.0386  0.077 103000  10.3092  0.089 n/3  1.0529  0.544
23% 1150000 115.1071 0.093  3.7000  3.7116 0314 n/8 03894  0.846
20 3% 1500000 150.0981  0.065 55000 55162  0.295 n/6 05309 1394
S5Y 2500000 2500591 0.024 42000 42093  0.221 n/4 07924  0.892
7Y 3500000 350.1647 0.047  2.6000  2.6097 0373 n/5 06317 0538
H 50.0000  49.9525 0.095 103000 103113  0.109 n/3 10316 1.078
23% 1150000 1151207 0.105  3.7000  3.7287  0.776 n/8 03967 1018
10 3% 1500000 150.1146  0.076 55000 55375  0.682 n/6 05119 0897
S5Y 2500000 2500931 0.037 42000  4.1905  0.226 n/4 07931 0981
7Y 3500000 350.1481 0.042  2.6000  2.6139  0.535 n/5 06336 0841
— 500
e S
60 ., 200
o s
B 20 ~500 :
—40 | 2 000
o b I 0OgI‘\/\/\/\/\/V\/\/\/\/\/\/\/\/\{
—80 | 10 000
100, 500 1000 1500 Yoo 008(|)(\ 500 /1\000 1/5100

b5
B4 ST ERE
Fig. 4 Measured harmonic voltage data
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F 5 AR 5355351 R 50.0 Hz HEi 574
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AR
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Fig. 5 Decomposition results of measured harmonic voltage data
F4 EHESHHNEER

Tab. 4 Detection results of parameter s of each component

S $iZR /Hz EAE/V Af /rad
C, 249.756 1 433.971 4 0.643 8
C, 172.332 4 294.847 7 1.141 9
C, 99.902 3 480.173 5 0.899 1
C, 73.429 2 15341593  -0.3190
C, 49.955 1 93 389.910 4 0.364 1

HRAE 2 4 rhg] LB A 1 U8 AR ] 3 DB A T 2485 SR X
AR S TEW , S ERR BT 55
{F o AT LT, S5 R A 6 s HEl 6 AT LA
A, WEES 5 IE S BB RAE = 2
WA, WE R Bestfit {3153 0.98 LI L, %
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Fig. 6 Comparison between fitted and measured signals
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