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A power harmonic analysis method using quasi-uniform sampling

CHEN Yanpu', YANG Yiming', XIE Yunhong?®, DING Haiyang’
(1. School of Computer Science, Xijing University, Xi'an 710123, China;

2. Information and Communications Institute, National University of Defense Technology, Xi’an 710106, China)

Abstract: There are problems of sampling in multiple signal periods, with high complexity and uneven harmonic leakage
distribution in the quasi-synchronous windowing analysis method of the power harmonic. Thus a fast and accurate power
harmonic analysis method suitable for MCU is proposed using quasi-uniform sampling. The time discrete error of
quasi-uniform sampling does not accumulate with continuous sampling, so two integer power synchronous sampling
points can be obtained in one signal cycle, and harmonic analysis can be realized directly with the help of a FFT algorithm.
Based on the fundamental component approximation of the signal and assuming that the time discrete and amplitude
quantization errors of signal sampling obey a uniform distribution, the power harmonic estimation error using
quasi-uniform sampling is analyzed. The algorithm and specific implementation process of power harmonic analysis are
given. In the process, the sampling time is accurately controlled by long integer variables, and the algorithm is simple and
efficient. Finally, the quasi-uniform sampling harmonic analysis algorithm is simulated. The results show that fast and
accurate power harmonic analysis can be realized based on a general purpose MCU.
This work is supported by the National Natural Science Foundation of China (No. 61871387).
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Table 1 Parameters of experimental signal

VBRI 1 2 3 5 25 49
[ETAY 100 0.1 5 1 0.1 0.1
AAAL/(°) 28 147 -59 37 -84 -40

iR, SN BRI A 2 40 BIEL 10 psy 1 ps.
0.1 ps A1 0.01 ps, HF2) 7] LAZ H AR R 13 5 0
AN IR EZ 258 11 mV, 1.1 mV, 0.11 mV
F10.011 mV; KA TRAE R AIAEL g 4375 10,
12, 14 fi1 16, B 3(14) AT LATS HH A S PR 18 % 8 5
AR aEZ %8 12mV, 3.0mV. 0.74mV Fl
0.19 mV.

* 2 FIER 3 AR e B R 4l E
10 psv 1 psy 0.1 ps 1 0.01 ps, AN ANKFEEALR
2 I B8 VIR RS A T PR s v 22 AR LA T (1) ~F 33
w2 MR 2 MR LA H: IR R ) B ik
SR B DO IR IE B AT R IR 2 R A — 3, HE53
2 HEAEE A MEE o RN, S U0E
P () iR 22 R LA ek /S B2 2o = 10 ps B iR %
WA 10 mV B . HEE 3 R TR (5585
(MR PN, AL A TR ZE B B te BIUDN,
AR A TH 7 22 B EE BRI, RIS Y o= 10 ps B X1
FEAN 0.1 V HIEEAIRES H S b e R .

% 2 T EIERETHE AR M AR E AR EE
Table 2 Amplitude standard deviations of different

timing clock periods

mV

T SE I I b B 3 . /s
/&3 10 1 0.1 0.01

1 12.42 1.126 0.118 0.012
2 12.05 1.103 0.116 0.012
3 12.46 1.146 0.115 0.012
5 12.33 1.185 0.115 0.011
25 11.69 1.117 0.118 0.011
49 10.74 1.177 0.114 0.012

7 3 [ E R B¢ B BT R AR AL IR 2=
Table 3 Phase average errors of different timing clock periods
©)

T SE I I b B 3 . /s
AL 10 1 0.1 0.01
1 0.006 0.000 0.000 0.000
2 6.080 0.554 0.058 0.006
3 0.127 0.011 0.001 0.000
5 0.614 0.059 0.005 0.001
25 5.901 0.567 0.060 0.006
49 5.505 0.589 0.059 0.006

SEfr b, H R LI R G R s e
% F'H MHz, EREEENT 0.1 pse XF 100 V
IS, B[] B EOE S-UOE 5 N B B bR
HEZELCN 0.1 mV BEHEE(L, X 1 mV PLE 3
BIRERE T M. BRI — R OL R, AR
TR 3ot R o T 5 SO0 1 9 o AT PR s e ] L 2

FAMES 4 H R RTREREWALE g 5 10,
12, 14 F1 16, At A ] B HN & 08 iRl FE A v
(RIbRAE ZE A AL AL TH I TR 25, 3 4 145 1aT
DL H: RIS 8 I & OB LR A T
RERA-F, H5RODMHEMHIEEYES; b
g WIBEIN, U R ) 22 R RN, R
i g =10 BRZRZEWRLCN 10 mV FIEH. HES
BAE T ASS5WE IR RN, ARl TH iR
ZEER R BEE g MUK, AL T iR 22 A L A7 ek
/N, AHBRIE Y g = 10 BFOHRAE N 0.1 V B E A
REZh S B 2 1l 1145

HAT, WE 10 f7F1 12 7 ADC 5 WL
Wik, XF 100 V EHEMASHHE, 775505 100 mV.
10 mV P E BB EGEATA 200 Ao arxy 58 /N B2 1Y
W AT o b, AUk A B T SR FE ADC [ R
Fble
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Table 4 Amplitude standard deviations of different

sampling quantization

mV
W KA EAIHL g
&1 10 12 14 16
1 11.14 2.898 0.790 0.194
2 12.05 2.955 0.737 0.176
3 12.22 2972 0.784 0.188
5 11.68 2.881 0.704 0.184
25 11.66 3.122 0.759 0.184
49 11.63 2972 0.776 0.176

&5 TRIREFENNEIBMFINRE

Table 5 Phase average errors of different sampling quantization

©)
T PR AE
&1 10 12 14 16
1 0.005 0.001 0.000 0.000
2 6.202 1.502 0.373 0.090
3 0.124 0.030 0.008 0.002
5 0.589 0.148 0.036 0.009
25 5.919 1.555 0.382 0.092
49 5.974 1514 0.396 0.089

2[R B 5 FE 35 ST B () 8 HOR I B AL, 1
WA a1 2B RAS)FIR(16)E H . LATEE &
AT q = 10 9], 24 5 B st A 34 2 205310 9 10 ps
1 psy 0.1 sy 0.01 ps B, 1R FE AR 2 3R TH
B R A%k 16lmV. 120mV., 12.0mV .
120 mV. 3£ 6. & 7 43045 H T 5 UGB LR FE AR
ZRMACERIR ZNBEG BEE R, TUEH iR
ZHSEEAY S . TH 2 N 0.01~1 ps K,
os>>0,, ULHATRE RS RmIRZ N R E R E.
R YRR ETE 16 DL I 253 FE 5 ) s
JEHAA 0.01 pus B FHLo

B, I S 6 e ) SRR S HoAt
W ITIER T . T SRR RSB —
AME 5 EIH R AR AT I b, WA R SR
FERAE B 1AM 5 T8 BASR AR 138 SRR A
R REEEIA T AT SRR ESTIHE 1S
Ry, (55 MRMAIERN 49~51 Hz, 1 JH
PURFE 128 mio B 12 3 Fhvkxs 28 25 RIS 15
HER, PHOEBIRE X IRZE . B5RAECE
F2 KA S5ESRAMNARSSREESESHEE
B, RIS 5 2 B B AR A b, e KiR 2
el 30 mV; RUEZFRAE T RE% 515 5 A FD,
RRRZEFEL 10mV, TSR HESIRFEE
WA Sl IKIRZENCN 2 mV.

* 6 FEFRTTABMMENNEERES
Table 6 Amplitude standard deviation including both

time discrete and amplitude quantization

mV
W SE I IR Y 2 s
R 10 1 0.1 0.01
1 16.66 11.05 11.17 11.17
2 16.28 12.61 12.06 12.05
3 16.21 12.57 12.24 12.20
5 17.60 11.43 11.73 11.72
25 15.78 11.54 11.66 11.69
49 15.91 11.74 11.87 11.64

xR 7 ERFTABERHAEAHRMLTIRE
Table 7 Phase average errors including both time discrete

and amplitude quantization

©
T SE I I B JE H /us
U 10 1 0.1 0.01
1 0.008 0.005 0.005 0.005
2 8.220 6.432 6.196 6.191
3 0.166 0.127 0.123 0.124
5 0.881 0.576 0.587 0.592
25 7.919 5.827 5.875 5.923
49 8.168 5.974 6.082 5.984
%
e
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49.0 49.3 50.0 50.5 51.0
AL FUTIZ Hz

B 1 RS BMAEERD) SRRERFIER IRE

Fig. 1 Harmonic amplitude errors of quasi-uniform, uniform

(asynchronous) and dual rate sampling
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