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An approach to detect harmonics and inter-harmonics using improved
ICA-OMP optimized atomic decomposition

Li Yaxin, Teng Zhaosheng, Ji Zhiyong ,Zhang Leipeng , Huang Danyang

(College of Electrical and Information Engineering, Hunan University ,Changsha 410082, China)

Abstract:In view of the problems of matching pursuit algorithms in signal sparse decomposition, we propose a method to detect
harmonics and inter-harmonics based on atomic decomposition, which is optimized by the imperialist competitive algorithm (ICA) and
orthogonal matching pursuit algorithm (OMP). First, the Gabor dictionary is simplified to the sinusoidal dictionary according to the
characteristics of harmonics and inter-harmonics. Then, the signals are decomposed by using the OMP algorithm. In which, the number
of iterations is determined by the reasonable threshold of correlation and energy. Finally, the estimation of parameters is obtained based
on the index parameters of the most matching atoms. The introduction of ICA in the iterative process of OMP can search for the best
matching atoms in the continuous parameter space, which avoids the limitation of index parameter step size on detection accuracy.
Simulation results show that the proposed algorithm can detect each harmonic and inter-harmonic component with high accuracy, even
under noisy conditions. The error of frequency, amplitude, and phase are less than 0. 015 4% , 0. 722 4%, and 1. 512 6°, respectively.
In addition, the proposed algorithm has the ability to detect inter-harmonics with closing frequencies and locate the time-varying
harmonics and inter-harmonics. Compared with the orthogonal matching pursuit algorithm, the computational complexity is reduced by
more than 99% .
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Table 1 Results of parameter estimation under different noise levels for test signal
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W2/ % W2/ % W2/ (°) W2/ % W2/ % W2/ (°) W2/ % W2/ % W2/ (°)

50 0.011 4 0.107 7 0.222 4 0.120 6 0.125 4 2.210 6 0.003 0 0.1022 1.180 3
150 0.027 9 0.755 1 2.657 5 0.178 9 0.923 5 8.380 9 0.014 8 0.722 4 1.4100
250 0.051 8 1.049 1 4.657 8 0.390 9 1.1226 7.391 0 0.015 4 0.649 3 1.246 0
267 0.0110 0.924 3 1.152 1 0.478 9 0.867 2 9.585 0 0.015 1 0.699 7 1.360 6
350 0.0113 0.869 9 1.560 6 1.069 6 0.908 3 8.3712 0.013 4 0. 665 5 1.498 1
450 0.0113 0.856 7 2.074 3 0.425 6 0.949 2 4.265 4 0.008 8 0.502 8 1.393 4
473 0. 006 3 0.844 2 1.2917 0.1262 0.910 9 6.3232 0.008 4 0. 662 8 1.290 8
550 0.007 1 0.789 4 1.563 0 0.177 0 0.963 8 2.224 6 0.007 0 0.545 0 1.3553
650 0.006 7 0.854 2 1.6256 0.0117 0.971 9 4.302 8 0.005 7 0.627 3 1.489 7
750 0.005 7 0.789 9 1.639 3 0.012 3 1.289 3 8.4359 0.005 7 0. 560 6 1.5126
850 0.004 9 0. 804 0 1.579 0 0.008 5 0.657 8 9.555 0 0.003 8 0. 696 1 1.501 1




252 % # £ ¥

43

3.3 SRERHEL IR iR i8] 1 i A T 1 B 43 AT

LGB RIS B L, 1) 9 90 A 930 3 A7 A AN T
FEVE, n] DU B B s OB A AR B AR, I, i
R G IAE T P AR T REAF CEAR R I 1 B A T3 73
o FFT SE a4 (e B AR 15 1 ACAT L0 i) 5303 itk
T AN 0L {9 IG5 Sk R 03 AR 30 985 I 0 [ 348 28 70
MR, T oA T R SRS
R VCC A S5 R A5 SRANSZ A T R IS0, ] A 2K
Ak BEATA A S B U AN ) D5

N T R UEAR S BB ARG A0 A S 1 I T 8] $5 90
IRE ST, Bl BLAR S ZEBR 9 50 Hz, A 6 >
A2 ARG, Hoh 53 Hz 5 EEMURIER , 447
HAIRE A AR AL IR 2 Fros, Rl S8R 3.2 795,
JEF IR EE AN 3 B Herf wg RS 5w, MR
SRCH Y 0 23, w, SRR IBCH BABA 53 Hz Y TF] 3
SN uy ~ wg HAREUH Y 3 ~ 6 YOI I 4 R R
375 Hz (SR, #5000 I SRl 45 R ke 3
Fias . a2 FIE 3 A1, 53 He (A1) /i AR e 23K
ARSCRIEAIRS BE AT B B, (EATY REAT 2503 7 B 1 R 10
FIAC UGB B ik, BRAEE B A 53 Haz [
SRS BAGTHR Z BRI, R RS B 1K 2
PILE 0. 08% LA, 2% IR {E 2 B il 14 BE AR AE 1. 25% LI
WA SEE TR E BN T 1,39,

x2 SERMBILEEAERRESSEMITER
Table 2 Results of parameter estimation for harmonics

and inter-harmonic with close frequencies

HUNENEREE 2 SRR 2
W/ Mz WRE/V O ML/ (o) ME/% (A% HDRL/(°)
50 1.00 0 0.2187 1.6880  2.2151
53 0.12 40 12091  2.7130  3.4248
150 0.30 75 0.0791 0.3266 1.2305
250 0.25 110 0.0258  0.2901  1.1475
350 0.20 45 0.0540 0.5681 1.1157
375 0. 10 30 0.0043 1.2467 0.8036
450 0.15 63 0.0044  0.5028  0.8004
550 0.08 100 0.0039  0.8115  0.6628
650 0.05 20 0.0069 1.1579  1.0030
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Fig.3  Decomposition results of harmonics and inter-harmonic

with closing frequencies
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Fig. 4 Decomposition results of non-stationary time-varying

harmonics and inter-harmonics
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Table 3 Results of parameter estimation for non-stationary time-varying harmonics and inter-harmonics

MR 5525 SHHT IR
WF/He  WRfE/pu ARBL/(°)  HFIRESZI/s  SERES /s B/ % WAL/ % AL/ (°) FRITZ/ms 25T %0/ ms
50 1.00 0 0 0.20 0.003 2 0.1222 0 0 0
150 0. 30 30 0 0.20 0.014 9 0.3233 1.254 7 0 0
175 0.15 25 0. 09 0. 14 0.237 1 0.936 6 1.440 2 0.186 1 0.576 9
250 0.25 100 0.04 0. 16 0.031 4 0. 600 9 1.094 0 0.012 1 0.139 5
350 0.20 45 0 0.20 0.002 6 1.058 4 0.580 6 0 0
450 0.15 105 0. 06 0. 14 0.036 6 0. 668 7 1.349 1 0.5322 0. 608 4
483 0.12 33 0. 06 0.11 0.200 1 1.2816 1.409 9 0.547 5 0.355 4
550 0. 10 165 0 0.20 0.016 9 1.1945 1.243 8 0 0
650 0.08 57 0.05 0.15 0.0212 1.768 2 2.551 1 0.013 1 0.089 5
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Table 4 parameter estimation for realistic signals

WikfF =25 SR 22
WA/ Me WEE/VORIDL/(°)  BR/%  WEE/% ML/ ()
50 220.0 0 0.0582  0.0934 0

150 35.0 30 0.0627  0.0539  0.5129
250 28.5 45 0.0423  0.7551  1.1523
287 152 100 0.1019  1.1490  1.5970
350 25.0 64 0.0165 0.1012  0.780 1
450 21.2 33 0.0044  0.2380  0.6192
550 16.3 120 0.0472  0.9782  1.6439
575 14.5 150 0.0220  1.3409  1.2226
650 11.0 20 0.0036  0.6054  1.4830
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