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Harmonic analysis algorithm based on six-term cosine window interpolation FFT

ZHOU Li
( Department of Equipment Technology, Management Institute of Automobile, Bengbu 233011, China)

Abstract: It is very difficult to achieve synchronous sampling and integrated-cycle truncation when power system harmonics are analyzed.
Therefore, there inevitably exists spectral leakage and fence effect. The windowed interpolation FF'T algorithm is the effective method to re-
duce spectral leakage and fence effect. In order to reduce long range leakage, a 6-term cosine window function was applied to harmonics a-
nalysis of power system. The interpolation estimation formulas of harmonics parameters were derived, moreover its interpolation coefficient
has explicit expression and computation load is low. Comparison with the Hanning and Blackman-Harris interpolation FFT method was con-
ducted by Matlab simulation. The result verifies the higher analysis accuracy of the proposed algorithm. The analysis results to testing data of
microwave oven current further demonstrate the validity of the proposed algorithm.

Key words: harmonic; synchronous sampling; 6-term cosine window; interpolation fast Fourier transform( FFT) ; power system

N PR o 3 3 T 9 4% % 67 6 BCH Hanning 11
0 %l = Blackman ﬁm . Blackman-Harris T%T[ﬁ] . Rife-Vincent

B TR AR R s Nouall BT TR FET 5350 A S 00
EPF@ETj(%E@%ﬁ\TE?ﬁH ,I%{Blzﬁlé Z%{t%ﬁ%ﬁ% @%&E‘J%ﬁﬂﬁ?&jﬁm ,Kﬁﬁ@ﬁﬁﬂﬂﬂﬁﬁl%(ﬁﬁﬁg*gg
HUSIL ) RGN %4 2 6 B 47, Bt s it g e TR SUR S SRR A PR AN f140, Hanning
FF R T B (A 2 X 17 B, (B I S B A5 TR B A s

e (4 B A (FFT) SR o 1 R s iy Blackman-Harris BTH9 R ORI &5, (RE RORGAEE 125
T H AR R R A it it SUT A DU, R PR (1) B e R 8 80/ D ST 0
TSRO 2 5500 FFT &5k S s Ar ks e oy BT A R B AR e Bk R B o ok B
L FFT 88 (040 MRS B, N6 3 (i FFT 2409l 42 —ANHEAR RO B IR TE A R
Y EL R e R D R B s SRR P A (0 = R AR P I
MBI RION 2 T AL R B, TN ARG SO T T 9K B BB A, A M

s B EA:2011 -03 - 16
TEZE RN (1980 - ), 2, Z@RaE N, 2N TS 5 EOR Iy T A DFSE. E-mail: lylyzhl@ 126. com


http://www.a-pdf.com/?product-split-demo

- 1016 - HL B

T % %28 %

T AR FFT R5 A2 1R 2 3 Al (R A
A TR S SRR S I S B A T A SR e B
Oy RSB 5 FURISE R 45 AR R, I fd S0k 1)
WS B TR B v A T T R G D A 1

=)

Ho

1 NIRUAR L % R U R

A v R A — B RO
w(n) = ‘%‘I(—l)"lamcos (2mn - m/N) (1)
m=0
A M—5 R % n = 0,1, -, N-1, N—T R &K
AR .

i RRSCAT DA R T B e R S5 R 55 R U
3T AL, 7 B 5 B R BT O
Vi B DA D DU 5 0 S T A i eR R RO
a, =0.246 093 75 , @, = 0.410 156 25 , a, = 0.234
375, a, = 0.087 890 625 , a, =0.019 53125, ay =
0.001 953 125 , HAfE &R 1 fr7~, 5 Hanning
1 Fl Blackman-Harris %7 1% 55 ¢ 55 M0 Fo 25 R 5k 1
FR o

0
-20
-40
-60
-80
-100
-120
T -140
-160
-180
_200 H . . . . . . . o
_220 . . . H H H H H H
0 0.1 02 03 04 05 06 0.7 08 09 1

Normalized Frequency/Hz

BT NIUAR LT R B A

mplitude/dB

Log

®1 EEHASIE

GBS 55 eI/ dB SEPH A/ dB
Hanning -31 18
Blackman-Harris 92 6
6-term cosine window -88 66

18 1 ] L, 7S I 4 5 T R KR 2557 I e il i 32 S
5 F Hanning % 11 Blackman-Harris % , fx K55I, IF
FLAG A FFT S i 1, B, B3 A X H 7 38 i
HERA 7T o

2 NTURFZEARE FFT 535
HRRAHT, WA 5 BN

xm(l) — Amej<2w/},ll+¢m> (2)
KA, s &, —MEIE SAFIARNL

TERFER [T, AT DL ST 5% 1 bR AIO He
HEAT N B8, 152 B U8 w ()

x(n) =x,(n) *w(n) ; n=0,1,--,N-1 (3)
K aw(n) —7SNTUR L R

AR TR RR R B IO R) A S A 4 (DTET) ik
AN

W(e) = 3 (=" SIW () + Wy (5] =
2
m=0

M-1 a 2’1Tm 21'rm e
Y S (Walw==1) + We(w +575)) ne72® =

W(a))e_j%’” (4)
wr We(e ) —MIE % 19 DTFT $i i, We(e®) =
Welw)e 2" 5 Wolw) —HiTEHE MR, Wy(w) =
sin (Nw/2)/sin (w/2) ,

PRI A5 5 2 (n) B9 DTFT B 4 oh -

X(A) = AW(A = 4,)e T momtn e (5)
M-1
am
W) = 3 ZIWA =m) + WA +m)] (6)
m=0

R Wy () — K8 MBCF B, We(A) = sin
(Am)/sin (Aw/N) , A =N St A, =N-f./f
A FUREIR O ~ (N-1) Z I8, A -

Ay =k, 45, (1)
ok, —IEE%,0<65, <1,

15 TRERE 5, =0, JE L R AERT 5, 20, B %
o T, AT R AR

S () BREE T 1 A MU (2 H U

| X(k, +1) |

" TTX (k) | (8)

B (5 ~8) | 4 B4 A BF S5t BRGS0
TR TR, AT AR I 20 5, AN

5+96,
B =6 s (9)
68, -5
Y (10)
AR 6, AT LAM& T 3 A A8 (B FIAR A
f, = (k, +68,)f/N (11)

A, = |X(k,) | m8,(1-8,)(4-8)(9-5,) -
(16 = 8.) (25 - 52)/(3 543.75sin (8,7)) (12)

N -1 (13)

¢, = anglel X(k, )1-86,m N
AT X ASBIFFE b IS 114 7S 50 7 PR AR, LA (B R
#s, BAWAFRAK W ESEBANTT AL R R T,



PRERHEE FFT (3508 Al i - 1017 -

55 8 1] JE O TN
W5 TS,
X G5, I /N R A,

/)ﬁ%iﬂ’ﬂﬁﬁﬁf“%i%ﬂ‘%ﬁw WA A T A
JEE o DRI, 25 VM I8 1) 4 L A% S50 o 2 D0 1) 4 B AR M0k
h)%m AR i FET 55 Wk 2. B

= floor[ mA, ] = floor[m(k, +8,)] (14)
5, =mA, -k, =m(k +8,) -k, (15)
K ofloor( - ) —FE P IREUEE ; A, — BRI BT,
A=k +8, 5 A, — m UGB ECTHR, A, =k, +
O o
3 fiE4R

D EEARE H Y 7S TG AR FET S0 A 200k, A
WFFE 1% 8 1 5 Hanning %5 Fll Blackman-Harris % 18 {5
FET F:0E 1T Matlab {5 B X FLAF ST . 3015 5 ik
H

x(t) = ZAmcos 2mmfit + ,,)

EP,%&%E%J 50. 1 Hz, 25 18 U5 1 MR AELFIAR 57
ﬂni’%ZFJ?mo
F2 SRR EMBAIEERE
WEwE 01 2 3 4 5 6 1 8 9
W/ V100 0.5 1.5 0.8 2.0 0.6 1.5 0.7 1.2
MGL/ (°) 10 40 80 120 170 210 270 300 330

RAEHAN 10 kHz, RAE S 2 048 11,29 10 4
UL 1, A< W 38 & A Hanning % . Blackman-Harris
T S B 7S TR 7 () FET 55045 3 (10 B AR, 45185
i (B FVRH 7 3 A 5 53 73 3l a2 3 ~ 5

x3 EHEMEMMEITER

(16)

Byl Hanning Blackman-Harris 6-term window
HHF / Hz 50.099 9 50.100 0 50.100 0
w2z /(%) -1.9e4 2.1e-8 6.3e9
x4 BEERENMGITER
Hanning Blackman-Harris

results/N' emor/ (%) results/N emor/ (%) results/Nerror(%)
100.000 5 5.5e4 100.0000 1.2¢7 100.0000 1.6e-9
0.5087 1.7 0.5000 5.8¢3 0.5000 4.le4
1.4954 3.1e-l 1.5000 -5.3e5 1.5000 2.4e-7
0.8005 6.4e2 0.8000 2.1e-5 0.8000 1.0e-6
1.9996 -2.0e2 2.0000 -2.1e6 2.0000 -9.0e-8
0.5999 -1.6e2 0.6000 5.7e-5 0.6000 3.3e-6
1.4997 -1.9e2 1.5000 -2.8e-5 1.5000 -2.0e-6
0.6998 -2.3e2 0.7000 -6.5e-5 0.7000 -3.6e6
1.2000 -1.3e3 1.2000 5.2e6 1.2000 4.0e-7

O 0 N9 N R W N =

xS KRBTSR

Hanning Blackman — Harris 6 — term window
" results/ (°) error/(°) results/(°) error/(°) results/(°) error/(°)
1 10.028 0.028 10.023 0.023 10.023 0.023
2 36.663 -3.337 40.032 0.032 40.045 0.045
3 80.000 -0.000 80.069 0.069 80.069 0.069
4 119.950 -0.050 120.004 0.004 120.004 0.004
5 170.032 0.032 170.027 0.027 170.027 0.027
6 209.999 -0.001 210.049 0.049 210.049 0.049
7 270.090 0.090 270.072 0.072 270.072 0.072
8 300.033 0.033 300.007 0.007 300.007 0.007
9 330.060 0.060 330.030 0.030 330.030 0.030

AWFTE 1 15 B2 AT UL - Hanning % ) 73 Bk 2 it
I, Blackman-Harris %K, 17N I00 747 ) 0 ATTAR 1€ d5e 7

4 LB

ARG L S A R R G5
B H A . X RS

BB TAE
5% 14 57 A/D B ds  RAE

B A 10 kHz, BT R 2 048 45,29 10 4 JEHA

10

Current Amplitude/A

_10 : : : : : : : : : :
f) 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
tls

B2 Bl R S P S A (A 0] LA R

1.5

1
O ik \3“‘\ 1 ‘
. .:. Ill m\

-0.5

Estimation Error/(%)

1 M

5 : : : : : : : : : :
0 0.02 0.04 006 008 0.1 0.12 0.14 0.16 0.18 0.2
t/s

B3 Bl Al iRz

S AT ST T B 7S T 6 ok R () FFT 353k
X L A TV 5 A , AR B W EL AT AR (52 7
IIPTAE RN 6 o, FRT R IR 10 YO i L
P EIAE R o B i I S P (RS 405 RS X B A ] 2



- 1018 - (7P A DO 528 &
B, B R B LA EER SR SR . E—2F system [ J ]. IEEE Transactions on Power Delivery,
PRI IAAE 3 FE. T L, R A 2001, 16(2): 160-164.

AT L TS B L SR P [3] JAIN V K, COLLINS W L, DAVIS D C. High-accuracy an-
%6 MEPERNSHER alog measurements via interpolated FFT[ J]. IEEE Trans-
LR Fie ) M G/ A R, () actions on Instrumentation and Measurement, 1979, 28
1 49.988 4 5.1818 214.149 6 (2): 113-122.
) 99,976 7 0.005 7 274,499 4 (4] ARAH  WRBEE, /N NG FFT BER AT
3 149.965 1 2.258 9 254.968 8 FURBE SR WS4 LA AR, 2003, 37(1):
4 199.953 5 0.005 0 188.998 8 H2-116.
5 249.941°8 0.765 9 304.284 7 (ST e, £/ ARATR. IR T Blackman i o $H9 i 1
7 349.918 6 0.1318 16.744 9 SUEERRL, 2006, 33(6) : 650-653.
8 399.906 9 0.001 7 197.909 7 (6] BXSCH, SHEM, 2 pLI s I o3 B ) RS
9 449.895 3 0.065 6 195.098 7 FET SEIALT]. AL T R4, 2001, 21(12) :83-87,92.
10 499.883 7 0.000 5 202.321 2 [7] QIAN H, ZHAO R, CHEN T. Interharmonics analysis based
on interpolating windowed FFT algorithm[ J]. IEEE Trans-
5 éﬁﬁiﬁ actions on Power Delivery, 2007, 22(2) : 1064-1069.
(8] WHIIC, BEAME, M= l8, 55, JET Nuttall % XU 44 {H
ABIETE 3T T 75 T4 5% 1 R RO 55 R, HE FET (9 r I3 o A ik L] b B i L R 4 i
TECHRE T 03 15 0 (8 2 5 2 5, HE 2008,28(25) : 153-158.
2 ME(EAARAL A AR R BB T o B2 YIS 4 [9] RELJINIS, RELJIN B D, PAPIC V. Extremely flat-top win-
Wiy o BT G A TE A 2R B0 N A dows for harmonic analysis[ J]. IEEE Transactions on In-
HIH 1)‘55%[!9’23@%%%&%%5)3 , B EAH R strument and Measurement, 2007, 56(3) : 1025-1041.
G [ R [10] H.ARRIS F J. On the.use of windows for harmonic analysis
with the discrete Fourier transform[ J]. Proceedings of the
% % 37 i ( References) : IEEE, 1978, 61(1): 51-83.
[11] HUANG S, FAN X, LIU S, et al. Research on Optimized
[1] YACAMINA R. Power system harmonics part 4, interhar- Combined Cosine Windows with Maximum Side Lobe Decay
monic[J]. Power Engineering Journal, 1996, 10(4): for Harmonic Analysis[ C]// Second International Confer-
185-193. ence on Intelligent Computation Technology and Automa-
[2] ZHANG F, GENG Z, YUAN W. The algorithm of interpola- tion, 2009277281, [gEE. 0 W]
ting windowed FFT for harmonic analysis of electric power
(E#% 1014 TT)
(4] umedi], o W1, o B —FRWORT A BRI E LR 627.
SUME PR LT, L AR, 2009, 26(10) : 90-98. [9] SONG G X, ZHAO R Z. Three novel models of threshold
[5] Ao 2 3. dBeEEEES/NEBEMEEMRIT]. B estimator for wavelet coefficients [ C ]//Proceedings of the
J1 2% M H A shik 4Rk, 2010, 22(2) . 103-108. Second International Conference on wavelet Analysis and Iis
[6] RERI, X4, WG, & /MU EYSHEE TR Applications. Hong Kong, China, 2001 145-150.
SRR LT ] TR, 2004, 8(4) : 27-30. (10]  $Epase, JHEE, REES. BT ook B (/N 5k R

(7]

(8]

BURLY S, DARNELL M. Robust impulse noise suppression
using adaptive wavelet denoising [ C ]//IEEE International
Conference on Acoustics, Speech and Signal Munich, Ger-
many, 1997 3417-3420.

DONOHO D L. De-noising by soft-thresholding[ J]. IEEE
Transactions Information Theory, 1995, 41 (3). 613-

[11]

TR S A BT ], AR,
736-740.
ik K BTN 2 BE LA S E S R
fh[J]. WEHA, 2009, 42(8) :118 - 122.

[ #Eg .2 W]

2010, 31(4) .





