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Reactive power measurement by Hilbert transform based on interpolation
synchronization preprocessing
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(1. School of Control Science and Engineering, Hebei University of Technology, Tianjin 300130, China;
2. School of Electrical Engineering, Hebei University of Technology, Tianjin 300130, China)

Abstract: For the problem that asynchronous sampling causes spectral leakage and reactive power calculation error when
the power signal frequency fluctuates, this paper proposes a reactive power calculation method by Hilbert transform based
on data preprocessing. It is that firstly, the improved Rife algorithm is used to estimate the real-time frequency, and then
the interpolation operation is used to synchronize data, finally the Hilbert transform is used to get the accurate reactive
power. Based on the measuring of signal frequency, for interpolation method, the Hermite interpolation algorithm
achieves the ideal data synchronization effect by simulation comparison. Then the reactive power measurement method
based on Hilbert is analyzed and arc furnace load simulation model is built as a reactive power source. Simulation results
show that when the power signal fluctuates and contains harmonics the calculation accuracy of reactive power is mostly
improved by using Hilbert method based on interpolation synchronization compared to conventional reactive power
calculation method.
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Fig. 1 Asynchronous data absolute error
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Fig. 2 Lagrange interpolation synchronized data absolute error
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Fig. 3 Newton interpolation synchronized data absolute error
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Fig. 5 Synchronization effect comparison of Newton

interpolation and Lagrange interpolation
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Fig. 6 Synchronization effect comparison of Lagrange

interpolation and Hermite interpolation
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Fig. 8 Arc furnace system simulation
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Fig. 13 Voltage absolute error curve after synchronization
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Table 1 Simulation results of harmonic content

WL HUE/V HI/A FABEZE/(°)
1 239.0526 19535.181 1 25212
2 1.0277 229.7112 -8.922
3 1.4398 8 430.060 9 43.097
4 3.1369 266.1356 -18.697
5 7.7113 285.3653 =275.507
6 1.5867 133.4929 -303.593
7 0.8555 453.950 2 -53.356
8 0.578 4 944161 -19.017
9 0.4353 60.073 1 =25.109
10 0.344 5 43.593 6 -18.771
11 0.2856 419148 -12.254
12 0.243 8 314799 -10.751
13 0.2126 26.464 7 =7.782
14 0.188 1 23.5343 =7.711
15 0.169 1 21.0133 -6.389
16 0.158 8 19.4577 -4.939
17 0.147 5 17.8101 —-4.163
18 0.138 8 16.681 9 -3.921
19 0.1326 15.6853 -3.181
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Table 2 Reactive power calculation results and the relative error

P EEZAAE o }
- Hilb S RAY FFT Hik
z ilbert
T L% fvar 9.919 7x10° 9.081x10°
50.2 AR5/ var 7 660 91530
AHAT R ZE (%) 0.766 9.156
T L%/ var 9.944 9x10° 9.604 9x10°
50.1 AR5/ var 5140 39140
AHAT R ZE (%) 0.514 3.915
T Eh#%/ var 10.003x10° 10.004x10°
50 AR5/ var 670 770
AHAT R ZE (%) 0.006 7 0.077
T Eh#%/ var 10.042x10° 10.164x10°
49.9 YK 75/ var 4570 16 770
AHAT R ZE (%) 0.457 1.678
T Eh#%/ var 10.093x10° 10.287x10°
49.8 AR5/ var 9670 29070
AHAT R ZE (%) 0.967 2.908

M 2 W] A HAESR BB BRI G DU, Bk
o ELARALTH FET A vt S Eh D)2 AR R 22148 2]

9156% , ARz A 91 530 var, S fE R R4t
N E 4L Hilbert SR 21 12 £5. I B
EAMEP SN IENR, — VLR 2t S
A BRI R A ZE (B 7E £ 0.2 Hz, {H &
FESZ B N R HL U R G P S BRACR AT E A K
AR, B3R R AR S0 Je AT T 3R A7
B SD T RS, S A RS IR E A
T ThEAL VI I HER

5 it

ARSCHEH—FPIET Hilbert ZZ4 1)) 2 2
HMSCE L, L Hilbert ARl 500 Ty Dy 26 ok Heail
IEASEE,  SCBLSERR AR, JfF HJo i
KA B HRERFE A, AR D R i ) 204K
H L L U8 [P 20 A 22 Jim ) v I e AT A% AH g
Vi G S w17 e S i (11T I 22 U Lo oM
o ZINEADGER] TR LG
R Z A KT R R G AT oAb, Ik
AT LA R 3 D G T o) 22 A R
Sk
(1] EER, FRT, $MT, % SHPF-TCR B #idl+h

RG] W RGOS, 2015, 43(23):

78-83.

WANG Yufeng, LI Lingxue, SHAN Jinning, et al. Research

of SHPF-TCR compensation system with combination

control[J]. Power System Protection and Control, 2015,

43(23): 78-83.

(2] PNEEDG, AERAT, EROF, 5. —FioBT AL Rk A e s
R 56 e A A T 5 VAR ST O R G AR L
2015, 43(17): 125-132.

SUN Shuguang, DU Taihang, WANG Jingqin, et al.

Research of a new method for circuit instantaneous

validation phase selection[J]. Power System Protection

and Control, 2015, 43(17): 125-132.

[3] ZFIEW], #REL, WKL, 45 JET/NEAZHA HHT 1)
AT R G BATI R[], B RG R S
1, 2014, 42(4): 34-39.

LI Zhengming, XU Min, PAN Tianhong, et al. A

harmonic detection method for distributed connected grid

system by using wavelet transform and HHT[J]. Power

System Protection and Control, 2014, 42(4): 34-39.

(4] M=, Veil, 2R, 55 —FEET Hilbert B7-08
(¥ G Th oy % W = Tk (). W) &R 4E B Bk, 2003,
27(16): 50-52, 70.

ZU Yunxiao, PANG Hao, LI Dongxia, et al. A method of

reactive power measurement based on Hilbert digital



Bk,

FL AR D FAL P Hilbert Jo LA &

- 103 -

(5]

(6]

(7]

(8]

[9]

(10]

(11]

filtering[J]. Automation of Electric Power Systems, 2003,
27(16): 50-52, 70.

M, 2, BREE, 4%, HET Teager-Kaiser A& 1
Rife-Vincent & AIHEHE 1E (1 LR N A ET]. L THAR
23], 2014, 29(6): 248-256.

GAO Yunpeng, LI Feng, CHEN Jing, et al. Voltage flicker
measurement using the Teager-Kaiser energy operator
based on Rife-Vincent window spectral correction[J].
Transactions of China Electrotechnical Society, 2014,
29(6): 248-256.

AR, BRI, R RVE, SF. AR AR R BT A
WAT[I]. B L ARZER, 2015, 3038F) 1): 93-97.

SHI Mengsi, QIAN Liping, YUE Yuntao, et al. Phase-
locked loop designing of three phase inverter power[J].
Transactions of China Electrotechnical Society, 2015,
30(S1): 93-97.

XRZR, R, LT Rife HIARIAERAG T K FPGA
SEPR[I]. DRI, 2014, 27(4): 89-90, 92.
LIU Fudong, CHEN Zhiyuan. Frequency estimation based
on rife algorithm and its implementation on FPGAJ[J].
Industrial Control Computer, 2014, 27(4): 89-90, 92.
Fdetd, g, HUIA. BT IIN HEH Rife Sk
IETZPITRAR L[], B RS 403, 2013, 28(6):
839-842.

ZHOU Longjian, LUO Jingqing, FANG Mingxing.
Frequency estimation of sinusoid wave based on IIN
algorithm and Rife algorithm[J]. Journal of Data
Acquisition & Processing, 2013, 28(6): 839-842.

sk, 5KIE, GEYEEE. Lagrange i fE i1 ciodt S 5T
WwZESHII]. B RGERY 5H, 2014, 42(16):
66-70.

ZHANG Lei, ZHANG Guo, QIU Yaqin. Research and
error analysis of an improved Lagrange interpolation
algorithm[J]. Power System Protection and Control, 2014,
42(16): 66-70.

R YL, L. BT H RE E R AR iad PR
TNET. W THARZAR, 2014, 204 T 1): 444-448.
TANG Yi, JIANG Bo, LI Hongbin. Handling methods for
sampled value frame missing in digital power metering[J].
Transactions of China Electrotechnical Society, 2014,
29(S1): 444-448.

W, miR ML TN (I FFT 5244 Hilbert 4%
Hor 0. KB TR R (A AR R AR, 2012,
26(2): 97-100.

CAO Feng, GAO Hua. A transforming method of Hilbert

based on the windowed interpolation FFT reconstruction[J].
Journal of Chongging University of Technology (Natural
Science), 2012, 26(2): 97-100.

QIAN H, ZHAO R, CHEN T. Interharmonics analysis
based on interpolating windowed FFT algorithm[J]. IEEE
Transactions on Power Delivery, 2007, 22(2): 1064-1069.
[13] PENG Hao, WANG Zanji, CHEN Jianye. A measuring
method of the single-phase AC frequency, phase, and
reactive power based on the Hilbert filtering[J]. IEEE
Transactions on Instrumentation and Measurement, 2007,
56(3): 918-923.

THY, W, ZEE. 5T MATLAB HZZH AT
PN EL 5 05 J 7). R IR, 2008, 34(5):
973-977.

WANG Yufei, PAN Yanxia, JIANG Jianguo. Stochastic
model of AC electric arc furnace based on MATLABJJ].
High Voltage Engineering, 2008, 34(5): 973-977.

Bbeipe, ARWIE, WISCF, 4% SCRHIYT SVC e 2
URUEPSC B BAZBT AN, W RS RY 3,
2014, 42(1): 126-133.

DUAN Xiaobo, ZHU Mingxing, HU Wenping, et al.
Research on the design and check method of the
secondary filter branch for SVC device of the AC arc
furnace[J]. Power System Protection and Control, 2014,
42(1): 126-133.

sRAEAE, MR, TLaoe. B S i = AR A
B ZHAD]. B RGO 5, 2012, 40(16):
77-82.

ZhANG Kailun, CHEN Hongwei, JIANG Quanyuan.

Modeling and parameter identification of electric arc

(12]

[14]

[15]

[16]

furnace load[J]. Power System Protection and Control,
2012, 40(16): 77-82.

UrfS HEE: 2015-09-09;
fEEEN:

FMEHR(1979-), B, K, MEAEFIF, HATE
AW AT 5 L AE
163.com

F 21990, 4, MEHRAE, RS G AT EM
BRI 5154,

AARAT(1963-), F, #x, WHEAEFF, HRTEH
W B 55X, HEAUE A . Tk S EF.

(%% A&

& HHF: 2016-01-09

E-mail: sunshuguang_2000@



