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Flicker parameters detection based on the improved square demodulation
method and new K-N mutual convolution window

Zhang Minyao, Gao Yunpeng, Wu Cong, Zhu Yanqing, Cao Yijia

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

Abstract: The development of the traditional digital flicker meter is realized by converting the analog filter of each link into digital filter
according to the flicker measurement principle provided by IEC. However, the effectiveness of the digital filter is limited by the sampling
frequency and the transformation selection. To achieve accurate extraction of the voltage flicker envelope signal, the analytical mode
decomposition is used to improve the filter link in the square detection method. A new K-N mutual convolution window is proposed. The
correction algorithm, which is based on the K-N mutual convolution window and the three-spectral line interpolation, is realized. The
flicker parameter detection method based on improved square detection method and new K-N mutual convolution window is proposed in
this study. The flicker parameter detection platform based on virtual instrument is developed. Simulation experimental results show that
the proposed algorithm can effectively realize the accurate detection of flicker parameters in the cases of single frequency modulation,
multi-frequency modulation, power grid frequency deviation, containing superposition harmonic interference and noise interference. This
method is easy to realize and its accuracy is higher than the traditional detection methods.

Keywords : voltage flicker; analytical mode decomposition; square demodulation method; K-N mutual convolution window; three-

spectral line interpolation
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u(t) =U,[1 +0v(t) Jcos(wot + 6,) =

U,[ 1 + mcos(w;t +8,) Jcos(wyt +6,) (1)
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u(n) =U,[ 1 +v(n) Jcos(Qyn +6,) =

U, [ 1 +mcos(2n +0,) Jcos(2yn + 6,) (2)

K Oy =w/f, =20fo/f,302; = w/f, = 2uf /[, 5f, IRFE
WA fy LI TR f, ISR 23R, TN AR SR
1 DG SHEAE T4 U A2 A 215 5 v 14 TR 28 4 25 R AL m,
sE Y.
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X BSHCRFER RS S u(n) &V )7z E T

u’(n) =U3[1 + mcosQn] cos’Qn =

2 22 2
Uy[1 + 2m;cosQ;n + m; cos (2n]cos"Qyn =

172021 + 1/2m;*) + U’ m,cosQ.n —
1/4U, m,*cos20.n +
120,71 + 1/2m,*) cos2Qyn +
1/8U, m>cos2(£2, + £,)n +
1/8U,*m,*cos2( 0, — 2,)n +
172U, m,cos( 200, + 2,)n +
172U, m,cos(200, — 2,)n (3)
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fRATAR 437 ( analytical mode decomposition, AMD)
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s =sin(w,n)H[ cos(w,n)x(n)] -
cos(w,n)H[ sin(w,n)x(n) ] (4)

AP HL 1305 5 384T Hilbert 284

AT 2 R A 7 R IR R B o A R (3)
A FEAIBRLL U,* AIAEH A T 30 b,cos (m,n+(,) ZHIYIE
=, 00

y(n) = Z{ b,cos(mn + &) (5)

B IRARK(4) , B E B IEE N 36 Ha, A
w,=2mx36/f, 115,

s=sin(w,n)H[ cos(w,n)y(n) ]-cos(w,n)H
[sin(w,n)y(n) ] (6)
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oA Hilbert A8 45 (PR Bt 2 (6) BEATAL T, 47

s(n) =sin(8,)H[ cos(8,)b,cos(8,) ] -
cos(8,)H[ sin(8,)b,cos(8,) ] =
1/2b,sin(8,) H[ cos(5, +8,) + cos(8, =8,)] -
1/2b,cos(8,)H] sin(§; +8,) + sin(5, = 4,) ]
1/2b,{sin(8,) [sin(5, +8,) +sin(5, —8,) ] +
cos(8,)[cos(8, +8,) —cos(8, =8,) ]} =
1/2b,(sing;sin28, — sing;sin25,) =0 (7)
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s(n) =sin(8,)H[ cos(8,)b,cos(5,) ] -
cos(8,)H[sin(8,)b,cos(8,) ] =
1/2b,sin(8,) H] cos(S, +8,) + cos(5, =8,) ] -
1/2b,cos(8,)H[ sin(S5, +8,) +sin(5, -8,) ] =
1/2b,{sin(8,) [sin(8, +8,) +sin(8, = 86,)] +
cos(8,)[cos(8, +8,) +cos(8, =8,) ]} =
1/2b,(2 sin*(8,) cos(8,) + 2cos’(8,) cos(8,)) =
b,cos(8;) (8)
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e e B A28 3 (fast Fourier transformation, FFT) {E
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Wi(w) =

(10)

3 B Nuttall 57 B8, H 2558 R 504051 b, =0. 338 946,
b, =-0.481 973,b,=0. 161 054,b, = —0. 018 027, H: 45
FRH

W (w) = z (- 1>’% Wk(w—%nl) .

WR(w +2Wﬂl)] (12)
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Fig.1 Normalized logarithmic spectrum of window functions
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Xeyy — X
y = J+l j-1 (17)
%

Z(xj—l + 2%j + xj+1)

BB e FRARK(1T) , Al 1E .
I W (1 =)=l W (-1-g)l

- Wen(— o) (18)
iLy=h(e), KRB e=h" (y), /]t 2R

LA B RIS &, LTSI REIE R N
fi=(k +e)Af (19)
A 3, B, B 3 MU AT i

A ASIEME m, BIEIERN

Y

N
IR Z T GE TR 1T ¢ (&) , il i 218l 5K
TR K-N R — Al B P 2 e Ml
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g (&) M =530 R -
e=1.891 289 74y—0. 129 957 28y’ +0. 018 823 93y’ -
0. 003 354 39y’ (21)
2(&)=2.400 759 15+0.318 272 235> +0. 021 840 51¢*+
0.001 053 47¢° (22)
3 FESWH

3.1 BFAEEKRE

ARG Y0 AR SR 1% 4 VR P R AT A, B SR IR
LR AR S A B PR A S0 AR 1 DL 07
FGPHT . BETHERBRIE Uy WIEEN 22002 V, T4 £,
9 50 Hz, el i 36 B R R AL m, 97284 0~ 0.1 pu
(pu KR AR FRAE) , Vo W ¢ Al AR f, 1) 728 A3 FL
0.5~35 Hz, i ELISRAESR £, O 400 Hz  RAF 8 N =
4 096 , Bk TARSCHR 5320 745 1 DR 748, 285 i A0 5
SRR m, LS, DR AEAR R R 2 3R Oh -

ml‘ - ml
¢, = ———" x 100% (23)
m;
() B, A4 AE X 1R 22 15 0h
e, i (24)

A R PR 1 (1) R (L AN AR AR AR IR, AR SCH bk
PR NS SR BRI TR 22 U0 2 BT 7R o

P 2 AT L, DA A8 2250000 b 1 A % 15 22 72 1077% LA
P, H I ] RIAS SR A TN AR R 25455 PP AL B 3 o
PR3- IR 00 B R R A
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L bRz ATl A, INE R RS T RE S A 2
AVHIAR > o T UEAS SCREAE 2 W R T 1Y
DRSS RGN A P , 0B A IR A5 5 O 3 1 o 9t
G TR, HRASEOM LR 1 PR,

= (x, + 2% +x,,)N 'g(e) (20)
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Fig.2 Measurement errors under single modulation frequency

F1 ZPFMETHATSHNERE
Table 1 Measurement errors of flicker parameter under

multi-modulation frequencies

N AR PN AR W e iR
W/ %  $iR/Hz  AHXTRZE e, /% AHXSR2E e/ %
0.1 20 3.490x107® —4.441x10712
0.07 14 -3.658x107% -1.034x1071
0.03 4 -2.782x107% 2.123x107"

IR 1 AR, SR A SOOI 45 A DR 28 W (R X 12
FEAE 10779% LAPY IS SRRAHR R ZETE 107°% LApy, ol L
ARSCRIEAR Z VAR T (4 N AL 2806 IR 7
3.3 EMRN BRI

HL PR3 A L S Bz A T R 5 52 6047 A2 A B 5 I T
KA, S EOIE R A AR, SR AR S 8] A AR A
HAYE IR UEAS SO L AR L AR A A Al 2 A L 1Y
AR, BLE R T f, B9 AGTE R 49. 5 ~50. 5 Hz,
M B TR AR (EL m, = 0. 1 pu, HoAth {5 BB HOE IR 3. 1
LA AN 3 R

FT P 3 AT L bl A S 52 e 3R 30 8 52 Wiy R
PASMCRHXS R 22K E 1% ) , INZZ 285000 9 AR 0 12 22 1
fIETF 0. 1% , PRt AR SOk £ F IO 3R A A 30 30 4 155
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Fig.3 Measurement errors under power grid frequency deviation
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Fig.4 Measurement errors under the harmonics interference
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Fig.5 Measurement errors with noises interference
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Fig.6 Comparison of measurement results of three detection

methods
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Fig.7 The test platform of flicker parameter detection

INAZE SARIEC (1) B i) L T DN AR RS A 5 4% 2
B, 9 i MATLAB A= 55 A B S A 20 A2, 38 0 79
T I R SN R R IR 7 S 2R 4R oR 4 i
NI-DAQmx X id18 £ H SR o 3 A i A B 25 2 B ik
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Table 2 The actual measurement results of flicker

IR HLE BRAEAEXT 12 2% e,/ %
PUR/Mz WB/% Aok oSk SRRk
1 1.397 0.289 -2.590 1.978
2 0. 879 0.262 -2.344 1. 131
4 0. 497 -0.099 2.539 -1.256
6 0.325 0. 366 1.911 0. 982
8 0.256 0.274 1. 668 0.925
8.8 0.250 0.277 1.410 1. 109
10 0.261 0.362 -4.649 1. 881
13 0.351 -0. 164 1. 661 1. 107
16 0. 486 -0. 151 2.883 0. 888
19 0. 646 0.163 -1.288 1. 646
21 0. 764 0.234 1. 446 2.003
24 0. 964 0.161 1.097 1. 827
5 & i

RSP T 5 T B Y- 75 S I AR 2 K-N .45 7
T LRI B FET /9 o R NS S RO N 7 35, D7 5 52
25 SR 3 3o e A 0 i At T O ARG U B
Pt R DN 72 0 295 41 M S B TT B EL o Aff B8 g 5 O 28 K-N
HARGE RS, =52 H (E FFT BIES R R
ARICTT AR F A ) 0 22 5 ) 2 RE A S A
AR ER RN 55 73 A , I T AT R0 R L R A AR AR B |
B S WRNEF BT o AR SCER Ak 0t T TEC A
EAEAE BP0 R L R A SE B A AR L T Ok A
PR BE o, BT TSR, S DN AR SRS T 5 e T S 12
TR RIS
&% ik
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