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Abstract

Voltage fluctuation and flicker is an important aspect of power quality. The key of flicker analysis is to track the 
envelope of voltage signals and then calculate the short-term flicker severity. In this paper, a new method on calibration 
of flickermeters was presented. The method did not adopt the phase-locked loop between the flicker waveform generator 
and the DVM. It tracked the envelope by interpolated discrete Fourier transform to eliminate the measurement errors 
caused by the asynchronous sampling. The error of the new flickermeter calibration system was estimated to be about 10-

5.

1. Introduction

With the wide use of nonlinear loads in the power system, the power quality becomes worse. Voltage fluctuation and 
flicker caused by slow and repetitive voltage variation are important indications to evaluate the power quality. They will 
result in the instability of the light illumination, the visual fatigue of eyes, and abnormal operation of electric equipment. 
The key of flicker analysis is to track the envelope of voltage waveform. The tracking method by square demodulation 
has been recommended in IEC, IEEE, and Chinese standards [1][2][3]. There are also many other accurate flickermeters 
using fast Fourier transform, Kalman Filter, Least Absolute Value, Wavelet transform, Hilbert transform, and so on. 
These meters need traceable calibrations. It is important to measure accurately the voltage modulation depth in 
flickermeter calibration system. National Measurement Institute of Australia (NMIA), National Physical Laboratory 
(NPL) of UK and Physikalisch-Technische Bundesanstalt (PTB) of German established flickermeter calibration system 
in which the signal generator and the sampling DVM were synchronized [4][5][6]. The calibration system in Laboratoire 
national de metrologie et d’essais (LNE) of France calculated the rms value of each AC voltage period of modulated 
signal by three methods in time domain and in frequency domain [7]. The three mentioned methods required 
synchronous sampling or integer-period sampling technology. The National Institute of Metrology (NIM) of China 
developed a new flicker test standard based on asynchronous sampling and compensation algorithm [8].

This paper will describe a flickermeter calibration system in Beijing Orient Institute of Measurement & Test 
(BOIMT). The system does not need synchronous sampling technique, but take advantage of a new interpolated discrete 
Fourier transform (DFT) to obtain the rms value of the modulated AC voltage.

2. Flickermeter calibration system

The block diagram of the flickermeter calibration system is shown in Fig.1. 
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(Fluke 6100A)

RVD
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Fig.1 Block diagram of flickermeter calibration system

The calibration system includes a waveform generator, a resistive voltage divider (RVD), a digital voltage meter 
(DVM) and a computer. The waveform generator is used to generate a modulated signal as required by IEC standard. 
Here we use Fluke 6100A electrical power standard. The RVD is developed by BOIMMT. It is a coaxial structure and 
composed of ( )x y  foil resistors. The resistors are from Vishay S102K. x same resistors are serially connected and y 
same resistors are parallel connected. The voltage ratio is 1 / (1 )xy The voltage range of RVD is 8~480V. The 
achieved ratios are 7.5:0.8, 15:0.8, 30:0.8, 60:0.8, 120:0.8, 240:0.8 and 480:0.8. The uncertainty of RVD is less than 

52 10 for 50Hz. DVM adopts Agilent 3458A. It operates in the digitizing mode and samples the modulated signal into 
the computer. According to the RVD, the DVM is in 1V range. The function of the computer is to analyze the signal 
samples by interpolated DFT algorithm and calculate out the modulation depth. Different from other calibration system, 
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this system does not adopt the phase-locked loop between the waveform generator and DVM. 

3. Modulation depth measurement

The flickermeter can be calibrated by the system in Fig.1. The waveform generator generates a signal u(t) which is 
the modulation of a sine wave carrier signal by a rectangular wave modulating signal with a relatively small modulation 
depth M. The modulated voltage signal is expressed by

                              ( ) sin(2π ) 1 / 2 sign[sin(2π )]Mu t U ft M f t    

where U and f are the effective value and frequency of the carrier signal, and fM is the modulating frequency. 

The lowest voltage level is L (1 / 2)U U M  and the highest level is H (1 / 2)U U M  Therefore,

                                   H L H L2( ) / ( )M U U U U   (2) 

The estimation method on M includes 4 steps.

Step 1. Take N samples ( 1, , )nu n N   over about P cycles of the carrier, i.e. / sNf f P , where fs is the sampling 
frequency of DVM. 

Step 2. Separate the samples into P groups continuously. The separating rule is that the first sample 1pu  of group 
( 1, , )p p P   is equal to or larger than zero, while the final one pNu   should be less than zero. N   is the number of 

samples of the p-th group.

Step 3. Apply the interpolated DFT algorithm to the samples of each group and obtain the voltage rms Up of the p-th group. 
The samples of each group are processed by DFT. Then in the spectrum, two spectrum lines which have largest and 
larger magnitudes are used to implement the interpolation. They are assumed to be prU  and psU . Their imaginary parts 
are prI  and psI  and the real parts are prR  and psR  respectively. Let /pr psI I  , /r N    and /s N    and   is solved 
out from the following equation 

sin(2π ) cos(2π ) sin(2π ) cos(2π )cos(2π )
sin(2π ) sin(2π )

    
  

   


 
 .

(3)

If the right side of (3) is equal to 1, which shows the waveform generator and DVM are synchronous, then 
2 2 0.5=( )p pr prU I R . In other cases, 

2 2 0.5= ( ) / [1 cos(2π )]pU N A B N    (4)

where [cos(2π ) cos(2π )] / sin(2π )prA I       and ( )[cos(2π ) cos(2π )] / sin(2π )prB R A      . 

Step 4. Sort Up ascendingly, get rid of K   transition points, and obtain the low level values L 1( ) ( 1, , )iU i K   and their 
average value LU  and the high level values H 2( ) ( 1, , )jU j K   and their average value HU . Transition points occur 
because the step change of the modulating signal does not accurately at the zero crossings of the carrier wave. The step 
change of the modulating signal may be contained in many sine cycles, which results in many other frequency 
components. Using these amplitudes will give undesirable results. Therefore, they should be eliminated.

Step 5. Substitute LU  and HU  into (2) and obtain M.

For example, the test voltage is 230V, the carrier frequency 50.5Hz, the modulating frequency 0.9167Hz, and the 
modulation ratio 0.725%. The sampling frequency is 2kHz and the cycles of the carrier take about 6400. The above steps 
are illustrated in Fig.2.

For various modulating frequencies, the voltage rms distribution of 6400 cycles is shown in Fig.3. With increasing 
fM, the transition points becomes more, especially for fM=13.5HzIf fM > 13.5Hz, the number of cycles sampled should be 
increased so that there are sufficient L( )iU  and H( )iU  to estimate M accurately. For lower modulating frequencies 
(<0.9167), the number of cycles can be chosen to be less than 6400. The ideal results are obtained by only 640 cycles of 
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Fig.2 Illustration of the measurement method (P=6400)
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Fig.3 Distribution of the voltage rms for various modulating frequencies

For various sampling frequencies, the voltage rms distribution is shown in Fig.4. The transition zone is almost 
unchanged and about from 3093 to 3303. The number of transition points is 210. In the asynchronous sampling, 
abs[ / fix( / )] 0s sN f f N f f    and abs[ / fix( / )] 1s sN f f N f f   , which characterizes the asynchronous degree. Our method 
is effective even in serious asynchronous conditions, e.g. when 1500Hzsf  , [ / fix( / )] 0.703s sf f f f  . 
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Fig.4 Distribution of the voltage rms for various sampling frequencies

4. Error analysis and measurement results

Suppose H H 1(1 )U U    and 2(1 )L LU U    where 1  and 2  are the measurement errors of HU and LU , then 

1 2 1 2

1 2 1 2

( ) ( ) / 2
1 ( ) / 2 ( ) / 4
M MM

M
   

   
   


   

 (5)

Because of 1 2( ) / 2 1M   =  and 1 2 1 2[( ) / 2 ( ) / 4] 1M      = , 1 2( )M M     . The error of M mainly depends on 1  



and 2 . 

The analysis on 2  is similar as 1 . Here only 1  is introduced in detail. 1  is decomposed into two parts. One part 
is from the sampling and algorithm. The other part is from the effects of choosing the transition points. The former 
includes the errors in RVD ( 11 ), DVM ( 12 ) and the interpolated DFT algorithm ( 13 ). 11  is estimated to be less than 

52 10  12  is mainly the errors of the digitizing mode of Agilent 3458A and the interference of the input channels. Its 
combination relative error is estimated experimentally to be less than 61 10 . Our presented interpolated DFT has no 
systematic errors and 3 0  . 

The accuracy of our flickermeter calibration system was verified by a Fluke 6100A whose voltage modulation depth 
is pre-determined. We list some calibration examples in Table 1. The carrier frequency of the measured signal is 50.5Hz. 
The sampling frequency of DVM is 2kHz and the aperture time is 200μs.

Table 1  Measurement results (10 times for each M)

fM / Hz M(%) P Results(Avg.) Std Dev
0.0083 2.724 6400 2.724 0.000
0.0167 2.211 6400 2.211 0.000
0.0583 1.459 640 1.459 0.000
0.325 0.906 640 0.906 0.000
0.9167 0.725 640 0.725 0.000
13.5 0.402 640 0.402 0.001

5. Conclusions

In this paper, a calibration system on the modulation depth of flickermeters for square-wave modulating signals 
was described in Beijing Orient Institute of Measurement & Test (BOIMT). It did not need the synchronization 
between the signal source and the DVM. To obtain the modulation depth, many cycles of the carrier signals need to be 
sampled. The voltage rms of each cycle is analyzed by a new interpolated discrete Fourier transform algorithm. The 
obtained voltage rms values were sorted into high level zone, low level zone and transition zone. The averages of high 
level zone and low level zone were used to calculate the modulation depth. The errors of the calibration system were 
verified by experiments and was estimated to be lower than 10 μV/V .
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