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An improved Fourier algorithm for eliminating the influence of an aperiodic component
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Abstract: The Fourier algorithm has the ability to filter the integral harmonic and inhibit non-integer harmonics, so it is
widely used in electrical power systems for signal analysis. However, the traditional Fourier algorithm is affected by
aperiodic components and produces considerable errors. Based on a quantitative analysis of calculation errors that may be
caused by aperiodic components, an improved Fourier algorithm is proposed. First, the sampling values of two different
power frequency periods are integrated to calculate the aperiodic component parameters, and then we eliminate the errors
from the calculation results of the traditional Fourier algorithm. The error calculation method of Taylor series is extended and
deduced. By setting the application conditions and optimization measures, the improved Fourier algorithm can ensure both
speed and accuracy. Static model signals and Matlab/Simulink simulated signals are used for simulation verification. The
results indicate that compared with the traditional Fourier algorithm, the improved Fourier algorithm can effectively eliminate
the influence of aperiodic components, and so it has good calculation precision and practicability.
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Fig. 1 Calculation error surfaces of traditional Fourier algorithm
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Fig. 2 Calculation error lines of traditional Fourier algorithm
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Table 2 Simulation results on different fault location, fault types and transition resistance

BRI B S i Wi AE e i A % AR
Wb A Bk |t IOER EEt IR RN JULER
001Q 100Q 300 Q - - -
S 0.05Uy ik 0.05Uy fars 0.05Uy
e85k 1434%  0.69%  0.61% 11.67% 13.36% 8.98% 11.93% 7.31% 12.68%
10% Eo+L% -179%  -5.89%  2.02% 7.90% 12.66% -2.45% -2.84% -0.51% 1.95%
[esia PR 025%  0.39%  —0.54% 2.35% 1.95% 1.57% 0.28% 0.31% -0.47%
(AP 16.63% -1.50%  1.36% 8.14% 8.32% 6.30% 11.11% 7.34% 14.01%
50% ZoHES -339% -1131%  -5.68% -1.71% -1.95% 2.04% -2.55% -0.79% -1.59%
BiSHa RPN -036% -1.02%  1.25% -0.91% -0.95% 0.49% -1.43% 0.76% -0.78%
(RPN 1273%  177%  -1.68% 8.49% 8.61% 6.19% 14.37% 7.28% 15.79%
90% EoHES -187%  -893%  -3.33% -1.48% 1.66% 1.03% -4.26% 0.55% -2.78%
et PR 1.75% 1.49% 1.27% -0.18% 0.84% 0.33% 1.50% 0.24% 0.70%

W ARGREIE NG E RN, ZE0HEGEONZE B G RIS, SO SE A S ot 5

A e X A UL Bt P 475 LSRR P R, £ % ol e
W T, ot B AR e A RO B AR A
BRI, ABEARRRCR . BEAh, IRIIE A
PRA T S A DL, A7 LA RERW], ARSI
BEFEY A RS

SIMTRIRR, AR Y 20 B S g T B
I, A& G0 LSRR 72 7 YE I HE G L B
27 WV RARZEEBOR, (HR TS5 RIS (e Bk,

RERCPOE THERR(E, TR 30 00 1 S il i) 4
BORIS, ARgefl Bk BEA « 20 eI+ ge il B
ML BT RARZAT FTED, (HR R E RIS
)R THER(E . 7 35 3170 B AR T Rl 3] 2
BRIV P, oot a7 B i S v S R AR
fasg, HIRZER/DN.

i 3.1 AN 3.2 A FLARIE T LLRIE , AL
Pt B e (8 B S e R R 22 th 1B 1 Hh



Wb, 5

THERAEA 170

BRI SO A L B - 27 -

15 19.65% PR il 2 #- Fh G &L F 75 +3% LA -

AU {8 L I SRR R 0 i R S U U TS
I B  rE . 7 B B IER I,
X T 22 /N I 1) BRI B R A 0, S A B
M-SR RE R BRI O RCR, MR REAL T OB 7.
SOk ISR 5 FFT AR T XTEE, 45 R A it
8 B RYRRORE L. Ak, IEKAE T G
S0 5 4 G 8 LI A A R T A R
7, ZHINRERAH. BRTRE, AHEER.

4 ZEip

AT T AR B G0 B S
Wi, fR TR BR AR 2 B i) it A H
Sk, EATHEARR 0 B S HORIE Rz XA
G B SRR R 5, IR T R R
ZEVRI T, HEMOSRASHE B RERR e . 5 ASTs
IRRLFH AR BRI | BUN,  RENE T 2 0 T8 AR 2
W ER, AT R 2

LHAFOVIRIE B K07 Ho ik B, AR
MO FE SR 8, RERRIBUE L S K5, B
RAFRISERIOR » BeAt, fEiH BB B R
ARSI RG] -

IR, A B SEAR B A S ARSI, A
R, IR AR I 5 320 B R

SE MK

(1] &R, Kt Mokl R R ET ] -
1 Z G 5, 2020, 48(20): 155-161
JIN Chen, ZHANG Baohua. Study on an improved
microcomputer protective device[J]. Power System
Protection and Control, 2020, 48(20): 155-161.

[2] TELUKUNTA V, PRADHAN J, AGRAWAL A, et al.
Protection challenges under bulk penetration of renewable
energy resources in power systems: a review[J]. CSEE
Journal of Power and Energy Systems, 2017, 3(4): 365-379.

[3] #pdrdh, wm/bf. ALk AR AN [M]. dbat:
] P 7t AL, 2013,

(4] w=fBEE, Xai75, PREDRK, 5. IEZUEBH B RE R
Wi 7 A i S B A TE 7 [0]. 4 B vl g, 2020, 48(1): 1-8
GAO Weicong, LIU Yiging, CHEN Guobin, et al. Fault
transient response and correction of orthogonal
filter-based phasor algorithm[J]. Smart Power, 2020,
48(1): 1-8.

(6] JRICHE, ZEAN. — M REDE 2 T8I ELI 0 B 10 ot 42 U
HIREVEN]. BIRG AL, 2002, 26(23): 42-44.

SU Wenhui, LI Gang. An improved full-wave Fourier
algorithm for filtrating decaying DC component[J].

Automation of Electric Power Systems, 2002, 26(23):
42-44.

[6] JAFARPISHEH B, MADANI S M, SHAHRTASH S M.
A new DFT-based phasor estimation algorithm using
high-frequency modulation[J]. IEEE Transactions on
Power Delivery, 2017, 32(6): 2416-2423.

(7] BREERS. THEENLAE B RSP F B 5 EORM]. dbat: KA
FL g HH AL, 1992,

[8] ABDOOS A A, GHOLAMIAN S A, FARZINFAR M.
Accurate and fast DC offset removal method for digital
relaying schemes[J]. IET Generation, Transmission &
Distribution, 2016, 10(8):1769-1777.

(9] ZR4k4E, BREMH, BNE, & BRI ER 2

() 4 (8 IR SGHE SRR AL 0], W) R GRS 421,
2016, 44(2): 9-17.
WU Jiwei, TONG Xiaoyang, LIAO Xiaojun, et al. A
full-wave Fourier improved algorithm of filtering
decaying DC component[J]. Power System Protection
and Control, 2016, 44(2): 9-17.

[10] MAHARI A, SANAYE-PASAND M, HASHEMI S M.
Adaptive phasor estimation algorithm to enhance numerical
distance protection[J]. IET Generation, Transmission &
Distribution, 2017, 11(5): 1170-1178.

(11] BEHEAE, AONB, 3G, & HIERBUEM S sk

B PR I IE B BRI L RG IR 542, 2013,
41(3): 44-49.
HUANG Shinian, TONG Weiming, GUO Zhizhong, et al.
A fast filtering algorithm for extracting fundamental
instantaneous value[J]. Power System Protection and
Control, 2013, 41(3): 44-49.

(12] Eoci. ya N R o3 B e i i B T 55 T 5
[D]. dbxt: fIbr IR, 2015,

WENG Wenting. Study on electrical calculation method
of reducing aperiodic component[D]. Beijing: North
China Electric Power University, 2015.

(131 FE0b, BeREk, BIRE FET/NEIN AR5 MMC-HVDC

DR 2 % AR L R A I T R [I]. IR, 20186,
40(7): 2179-2185.
WANG Shuai, Bl Tianshu, JIA Ke. Wavelet entropy
based single pole grounding fault detection approach for
MMC-HVDC overhead lines[J]. Power System Technology,
2016, 40(7): 2179-2185.

[14] JFERR. B RGE ST/ NERR N J7 %0t 58 [D].

MRV W /R Mk K2, 2015,
TANG Tiantian. Research of wavelet entropy detection
methods on power system transient signals[D]. Harbin:
Harbin Institute of Technology, 2015.

[16] XUHEEE, T L&, BRI, &5 NEMITEETT AT



-28- ® ) ERGEY DM

Rkl RIS F]. FERIRCAR, 2017, 41(9): 3090-3094.
LIU Zhukui, DING Xinzhi, CHEN Fuming, et al.
Application of wavelet de-Noising in fault detection of
MV switchgear[J]. Power System Technology, 2017,
41(9): 3090-3094.

[16] #EKHK, JEHME, TRAOZR. HET BIE R R IR S IERK

ZEPHTHE BT [I]. B RGERT 5], 2019,
47(24): 92-100.
CUI Yonglin, XI Yanhui, ZHANG Xiaodong. Detection
of harmonic based on residual analysis using adaptive
Kalman filter[J]. Power System Protection and Control,
2019, 47(24): 92-100.

[17] KHODAPARAST J, KHEDERZADEH M. Least square
and Kalman based methods for dynamic phasor
estimation: a review[J]. Protection and Control of
Modern Power Systems, 2017, 2(1): 1-18. DOI: 10.1186/
$41601-016-0032-y.

(18] *Uzul, #hzk, 7k, % BT FPGA MEAESHIE

LI B 5 REAE SR E[T]. HL TR 224, 2020, 35(13):
2870-2878.
LIU Suzhen, WEI Jian, ZHANG Chuang, et al. Adaptive
filtering and feature extraction of ultrasonic signal based
on FPGA[J]. Transactions of China Electrotechnical
Society, 2020, 35(13): 2870-2878.

(19] frA, FITRR. T (B RR Ak A A2 s 2% b ek I AN i

B LA TR 9], HL AR, 2011, 35(9): 205-209.
XU Yan, ZHOU Feifei. A method to distinguish inrush
current of power transformer from fault current based on
amplitude characteristics[J]. Power System Technology,
2011, 35(9): 205-209.

[20] R/, HEIEZE, FEAEIE, 55 TR TR R
LR T BRI EN]. B RS E 31k, 2014,
38(21): 66-70.

KANG Xiaoning, QU Yajun, JIAO Zaibin, et al.
Power-frequency phasor extraction based on least-square
matrix pencil algorithm[J]. Automation of Electric Power
Systems, 2014, 38(21): 66-70.

[21] BERA, BT, T O MSHEM M X RG K

BUOR AN IR B ORI 0). D R G AR S
2018, 46(19): 26-33.
HOU Junjie, FAN Yanfang. Time domain distance
protection for long distance outgoing line of wind power
system based on distributed parameter model[J]. Power
System Protection and Control, 2018, 46(19): 26-33.

[22] JHFHE. 42w PE B ORGP I Bk B2 AR 52 5 v Fh L A

FIATFE[D]. bt b ke, 2018.
ZHOU Yucong. Researching on improving measurement
accuracy and ability to endure transition resistance in
distance protection[D]. Beijing: North China Electric
Power University, 2018.

(23] H/ME. JET DSP HIFFIC LA s R4 78 5 SEBLD].
Jent: JbRtESE kA, 2007,

SHENG Xiaowei. Study on shunt capacitors protection
relay and its realization based on DSP[D]. Beijing:
Beijing Jiaotong University, 2007.

[24] Bk, WHLORS R IR RS B IM]. dest: T E

Hi ki, 2007.

Wis HEA: 2020-10-15; &= HEf: 2021-01-22
EE B
FV4E01958—), B, AL, WLEAFIW, A TEH
¥ 7 sk w4k 47, E-mail: huangsf@sf-auto.com
B #(1995—), o, d@fEEH, MEARL, AL
) H W) R AR AR47; E-mail: ggncepu@163.com
BFE1992—), B, M, BRI, HLTEA
W, 7] & Gk w447 . E-mail: zhouyucongl1992@126.com

(m#F Bl &HE)



