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Evolutionary matching pursuit based time-frequency atom decomposition
for power quality disturbance signals
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Abstract: Time-frequency atom decomposition has good analysis effects on power quality disturbance signals. However,
commonly-used matching pursuit (MP) algorithm has several defects, such as the heavy burdern of computation, the
impacts of spacial discretization on the performance, etc. An in-depth study is conducted on the evolutionary matching
pursuit (EMP) of power quality disturbance signal atom decomposition based on differential evolution (DE) algorithm.
The algorithm steps are presented in detail. For several typical power quality disturbance signals, the independent
simulation experiments of 30 times are implemented with both Gabor and damped sinusoid atoms. An analysis is made on
the performance impacts of the signal length and the noise. The simulation results show that, compared with the MP
algorithm, the EMP algorithm greatly reduces the computation time without the influence from the signal length.
Moreover, the global matching performance of the optimal atoms is further improved without the influence from the noise.
Finally, the future research prospects are introduced.
This work is supported by National Natural Science Foundation of China (No. 51307144).
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Table 1 Absolute value of the scalar product and the

similarity degree for two algorithms
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Table 2 Time consumed by two algorithms
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, 69516(235628) 8.83(23.53) 8.03(21.89) 8.44(22.92)
682.81(2345.66) 7.92(22.30)  6.94(20.47)  7.36(21.55)
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701.72(2358.33) 7.73(22.39)  7.00(20.25) 7.37(21.78)
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551.44(2360.06) 7.33(22.80) 6.97(20.81) 7.18(21.71)
, 55923(236936) 8.53(23.94) 8.06(22.08) 8.30(23.03)
553.56(2431.91) 8.45(24.73) 7.75(22.88)  8.14(23.90)
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Fig. 2 Evolutionary curves for time-frequency
decomposition with Gabor atoms
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Table 3 Atom parameters and the similarity degree

oy
559 w/(2m) I p t te ABLRE
WL
1 1 2 450.00 0.00 0.00 0.00 0.82 0.952
2 50.00 3.14 0.00 0.26 0.48 0.998
2 1 2 450.00 0.00 0.11 0.00 0.82 0.960
2 2 450.00 0.00 0.00 0.26 0.48 0.995
3 1 50.00 6.28 0.00 0.48 0.82 0.754
2 2 450.00 0.00 0.00 0.00 0.26 0.999
4 1 2 450.00 0.00 0.01 0.00 0.82 0.973
2 150.00 0.00 0.00 0.00 0.82 0.992
5 1 2 450.00 0.00 0.00 0.00 0.82 0.999
2 1300.11 420 66728 0.30 0.31 1.000
1 50.00 0.01 0.00 0.00 0.82 0.996
6 2 0.00 0.66 0.20 0.30 0.30 1.000
7 1 50.00 3.14 0.00 0.00 0.82 0.994
2 1 850.00 3.15 0.01 0.00 0.82 0.997
1 2 450.00 0.00 0.39 0.00 0.82 0.916
g 2 50.00 0.00 0.91 0.26 0.64 0.978
3 2 450.02 6.18 0.00 0.64 0.82 0.983
4 2 449.99 0.00 0.00 0.00 0.25 0.989
1 50.00 0.01 0.00 0.00 0.82 0.951
9 2 2 450.00 0.00 0.06 0.26 0.64 0.979
3 2 449.99 0.00 0.02 0.00 0.26 0.984
4 2 449.99 3.21 0.00 0.64 0.82 0.990
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reconstruction for the 3th signal
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Table 4 Impacts of the noise on the performance of the EMP
A FHABLEE

55
FUR MR B R R B IKOMR
1 26.70(26.71) 7.29(7.29) 0.952(0.951)  0.998(0.997)
2 39.01(39.06) 9.63(9.61) 0.960(0.960)  0.995(0.994)

3 23.12(23.38) 12.46(11.60) 0.848(0.858)  0.999(0.991)

4 31.96(31.96) 6.39(6.42) 0.973(0.972)  0.992(0.991)
5 31.98(31.96) 1.05(1.05) 0.999(0.998) 1.000(0.999)
6 4530(45.27) 3.63(3.66) 0.996(0.996) 1.000(0.999)
FIEES
> 2
{ 0
=

0 01 02 03 04 05 06 07 08 09

HIR
> 005 BURSHRIR T
e 0
E 7005 L n L L 1 L i " 1l
0 01 02 03 04 05 06 07 08 09
B2 RIR T
> 0.1
o 0
L . , : ; . . ; ’ )
"0 01 02 03 04 05 06 07 08 09
EfES
> 1
o 0
L -1

0 01 02 03 04 05 06 07 08 09
s

12 BRESIMRTF S RFIER T
Fig. 12 Waveforms of decomposed atoms and the

reconstruction for the 1st signal with noise
4 BEH

ARSCFEF 2oyt WET T IS5 20
BEACVCRLIE RS, JFEER LR b fE i R sh 5
THHAT TR TEAARGRY]: M TR
JREIRBNE T I T o il H UL RCIB BRSE, 1%
SARESCBLPGE 1 7 20, AR KI5
FEI, i ELAERT VL ACIE B Sk B R LASR ) =5 ]
AT ERER, AR TSR RILRCRE



W K. 5 HLA

EUR AN 5 NS i 1 A DL PC G B S

- 85 -

B TAREA (1) ASCRH DE FkH#%
PRI 5% B 1 S8

AT, (AT

S5 KM DE 132 Gabor J5i 728, FH3ET 304,
11, 1305243 B IE 5L RS T 2 5. (2) Wi

B ER SR SEIUA N R - S AU VT RCAL AL . (3T
HERE, WT/o®EES, DE HIALE 30 k15 1T
HAF 2 () 45 A 22 5, UL S AN RS
RE AT REANIA],  DREATS A 0 BRI U3 A C P A B

BR[18], WFFT&F R 7RO, He Tkt L AC SAE NG I At o 0 P i P
B 3%
Mz 1 FREESRBRERENNESHERE
Table 1 Simulation model of standard signal and power quality disturbance signal
ZH(4=1 p.u., =50 Hz,
i3 o (=l pu. 50 Ha
S ik o2 () — t>0 )
o 0 <0
1 dLEE W(t) = Afl — k[u(t,) —u(t,)]} cos(er) 0.1<k<09;T<t,—t,<9T
2 R T V(1) = Afl + k[u(t,) —u(t,)]} cos(er) 01<k<09;T<t,—1,<9T
3 W(t) = Afl — k[u(t,) —u(t,)]} cos(er) 09<k<LT<t,—1,<9T
. v(t) = Acos(mt) + h,cos(2wt) + hycos(3wt) + hscos(Swt) + 0<h <0.25,i=3,5,7;
4 HH h,cos(Tmt) + hycos(9wt) + hy cos(1 1wt) 0<h<0.1,i=2,9,11
s AN v(t) = A{cos(wt) + k exp[—(t—¢,)/ t]cos[(w, (t —¢,)]- k=0.7,7=0.0015,0, = 2xf,,
[u(t,) —u(t)]} 900 Hz < f, <1300 Hz
sl N 05<k<3,0<a<l,
6 FAkn v(t) =~ 2{cos(wt) + kexp[—c(t —1,)]-[u(t,) —u(t)]} 20ms <1, 4, <1 ms
7 NAB v(t) = A[l + o cos(Bawt )] cos(wt) 0.1<a<0.2,5< <20
8 Wk A RETRE V(1) = A~ k{u(e) —u()]} [cos(@n) + hoosGon + heosGon] 00> <l <O1%I=357
0.1<k<0.9
9 W EHIEE T v(t) = A{L+ k[u(t,) —u(t,)]} [cos(wt) + hycos(3mt) + hycos(Sat)] 0.05<h <0.15,i=3,5,7;
0.1<k<0.9
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