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New active electric energy measurement algorithm under
non-integer-period sampling

Chen Lei, Zhao Wei, Xiao Yong, Zhuang Shuangyong, Huang Songling
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Department of Electrical Engineering, Tsinghua University ,Beijing 100084 ,China)

Abstract ;. If a signal is analyzed by using FFT algorithm under non-integer-period sampling condition, it will cause spectral leakage, and
cause measurement error of active electric energy. After defining fundamental active electric energy and harmonic active electric energy,
and proving that there is a certain relationship between the total electric energy consumed by loads and the spectrum of voltage and
current signals, the harmonic subgroup windowed FFT algorithm is proposed. Firstly, it groups the spectrum bins of the windowed signal
using the harmonic subgroup grouping method in IEC standard. Then, the electric energy recovery coefficient is calculated based on the
rule that the total active electric energy remains unchanged after the signals is windowed. Lastly, fundamental electric active energy and
harmonic electric active energy is obtained using the coefficient and the harmonic subgroup bins’ parameters. Numerical simulation
analysis and actual evaluation show that the new algorithm uses Hanning window to process the signals, it can achieve higher accuracy to
calculate fundamental electric active energy and harmonic electric active energy.
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Table 1 The parameters of fundamental and harmonic

components of voltage and current signals

h A, 4/V @un’ (%) A w/A @i’ (%)
1 220.5 32 10 29
2 1.2 20 0.15 5
3 3.5 68 0.8 64
4 0.9 46 0.13 77
5 2.1 19 0.65 49
6 0.5 85 0.10 15
7 1.3 53 0.48 61
8 0.4 28 0.05 37
9 1.1 50 0.32 53
10 0.2 16 0.03 20
11 0.5 72 0.21 38
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Table 2 The fundamental active electric energy
theoretical values and calculation results of the new and

traditional algorithms

LA D REM ST &5 /T

e

WYk Blackman Hanning =M% HISH
49.50 222.01 220.03  219.39  218.61 222.09
49.60 221.60  220.48 220.07 219.57 221.64
49.70 221.17  220.64  220.41 220.13 221.20
49.80 220.76  220.59  220.48  220.36 220.80
49.90 220.40  220.42  220.39  220.36 220.46
50. 00 220.20  220.21 220.20  220.20 220.20
50.10 220.17  220.01 219.97  219.94 220.03
50.20 220.27  219.85 219.74 219.62 219.98
50.30 220.38  219.73  219.49  219.21 220.03
50.40 220.50  219.59 219.18  218.69 220.19
50.50 220.67  219.38  218.75 217.98 220.45
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Table 3 The harmonic active electric energy theoretical
values and calculation results of the new and

traditional algorithms

WA ST BRI 45 ]

Hi%e/ Ha

Wi Blackman Hanning =M% MiSH
49.50 0.526  0.430  0.405  0.382 0.536
49.60 0.531  0.463  0.445  0.428 0.536
49.70 0.534  0.493  0.481  0.470 0.536
49.80 0.535  0.516  0.510  0.504 0.536
49.90 0.535  0.530  0.529  0.527 0.535
50.00 0.535  0.535  0.535  0.535 0.535
50.10 0.535  0.531  0.529  0.528 0.536
50.20 0.534  0.516  0.511  0.505 0.536
50.30 0.532  0.492  0.481  0.469 0.537
50.40 0.529  0.462  0.444  0.426 0.536
50. 50 0.522  0.429  0.405  0.381 0.536
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(a) The fundamental electric energy calculation errors

New algorithm
o 50.0 50.4 50.3 50.2 50.1 50.0 49.9 49.8 49.7 49.6 49.5

Mz
(b) AT D LB ST IR %
(b) The harmonic electric energy calculation errors
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Fig.2 The contrast of active electric energy calculation

errors of the new algorithm and the traditional algorithms
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Table 4 The fundamental active electric energy

theoretical values and calculation results of the 3 algorithms

HEP A Dy RIS 45 5T

B/ Ha . buﬁi%wi =1h ﬁxx\w% s
FHRFL(IEC) fREAL
49.50 222.01 220.63 221.98 222.09
49.60 221.60 220.67 221.55  221.64
49.70 221.17 220.70 221.14 221.20
49.80 220.76 220.72 220.75 220.80
49.90 220.40 220.73 220.43  220.46
50.00 220.20 220.73 220.20 220.20
50.10 220.17 220.73 220.03 220.03
50.20 220.27 220.72 219.98 219.98
50.30 220.38 220.70 220.03 220.03
50.40 220.50 220.67 220.20 220.19
50.50 220.67 220.63 220.47 220.45

x5 CSHMEENEEFHEENELERRERE
Table 5 The harmonic active electric energy theoretical

values and calculation results of the 3 algorithms

WA S L REIN B 2R /)

A/ Ha - ﬁui%i)}zﬂ =i X,@% -~
TFHFEEC)  ffER %
49.50 0.526 0.521 0.535 0.536
49.60 0.531 0.528 0.535 0.536
49.70 0.534 0.532 0.535 0.536
49.80 0.535 0.534 0.534 0.536
49.90 0.535 0.535 0.532 0.535
50.00 0.535 0.535 0.530 0.535
50.10 0.535 0.535 0.524 0.536
50.20 0.534 0.534 0.494 0.536
50.30 0.532 0.532 0. 496 0.537
50.40 0.529 0.528 0.497 0.536
50.50 0.522 0.521 0.547 0.536
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(b) The harmonic electric energy calculation errors
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Fig.3 The contrast of active electric energy calculation

errors of the new algorithm and other new algorithms
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IR R S TR s BB R L=N =2 048, 7E3% 6
AT H, 30 g T RO AN R, UASCHR H B8R
L O AN [R) B pR AT I 8-, 20 )45 20 i BE AT D) L B
FIEPAT DI RERTIN B 45 2R, [ o 45 i 1 BB (E K] 4
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Table 6 The fundamental active electric energy theoretical

values and calculation results when using different

window function

S A L REI 45 )

HFE/ Ha -
Hamming Hanning =ffi%§ Blackman 4JE#H FBMH

49.50 222.06 222.01 221.35 219.45 219.20 222.09
49.60 221.63 221.60 220.89 219.13 219.73 221.64
49.70 221.19 221.17 220.43 218.77 220.06 221.20
49.80 220.77 220.76 219.98 218.40 220.21 220.80
49.90 220.41 220.40 219.61 218.08 220.24 220.46
50.00 220.20 220.20 219.39 217.88 220.20 220.20
50.10 220.18 220.17 219.36 217.85 220.09 220.03
50.20 220.28 220.27 219.46 217.92 219.86 219.98
50.30 220.40 220.38 219.60 217.99 219.43 220.03
50.40 220.54 220.50 219.75 218.05 218.82 220.19
50.50 220.73 220.67 219.96 218.13 218.08 220.45
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Table 7 The harmonic active electric energy theoretical

values and calculation results when using different

window function

VA T R B4R )

Wi/ He

Hamming Hanning =#j# Blackman JEJE%  HS(H
49.50 0.534 0.526 0.559 0.511 0.861 0.536
49.60 0.537 0.531 0.564 0.519 0.777  0.536
49.70 0.538 0.534 0.567 0.525 0.709  0.536
49.80 0.537 0.535 0.568 0.528 0.650  0.536
49.90 0.536  0.535 0.568 0.529 0.590  0.535
50.00 0.535 0.535 0.568 0.529 0.535 0.535
50.10 0.534 0.535 0.569 0.528 0.506  0.536
50.20 0.534 0.534 0.569 0.526 0.507  0.536
50.30 0.534 0.532  0.568 0.523 0.522  0.537
50.40 0.532  0.529 0.564 0.517 0.539 0.536
50.50 0.527 0.522  0.557 0.508 0.556  0.536
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Fig.4 The contrast of active electric energy calculation

errors when using different window functions
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