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Comprehensive measurement error analysis of uPMU based on Beidou time service
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Abstract: At present, most of the smart devices in service for power systems in China use Global Positioning System
(GPS) as a clock source, and the synchronization of the micro Phasor Measurement Unit (uPMU) in a distribution
network is related to the accuracy of the clock source. With the completion of the Beidou System (BDS), equipments
installed with Beidou will gradually become mainstream. First, the influence mechanism of clock pulse accuracy,
transformer performance, frequency fluctuation, and harmonic distortion on the measurement error of uPMU is analyzed
comprehensively in this paper. Then, the phase angle error of a pPMU measurement device based on BDS is calculated,
and the error of the maximum likelihood estimation based on tracking frequency algorithms is analyzed to give the
comprehensive error of uPMU under different phasor estimation methods. Finally, the comprehensive errors caused by the
clock source, signal conversion, frequency change, harmonic interference, and other factors, are studied. The relevant
methods are also used to reduce measurement error. The conclusion will provide theoretical and practical guidance for the
large-scale placement of uPMU in distribution networks.
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Fig. 1 Sampling principle of uPMU
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Table 1 Test results of phase accuracy under constant frequency

'Dﬁf/ tops/MS  Atpp/s  @uns /(9) "’“Eg“)“ ! L’f/
47 21274 457 71062 1024 038
49 20369 1012 8746  89.63 017
50 20047 269 3833 -3818  0.14
51 19706 048 8028  -80.19 009
53 18463  0.79 7397 -7374 0.3

R L, BERAE TR M I I FAH A R 2R
AN, HARZERAE R 0.4 % 2 20W T shs iz
S AH A0 BORG FEE R RE R, BEINME 5 AE 47~53 Hz
VOB N LA A R A A . B SE REoR, A
M EAGE S PahEH . AR 5. AE Akt
I, AN, AR IE S BAE f =
FERERZZBN o

R 2 oSMETHHEBBEMNALER

Table 2 Measurement results of phase angle precision

under dynamic frequency
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