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Abstract - The traceability maintenance system for the AC voltage 
and current has been developed at the frequency range of 20 Hz to 

100 Hz without using any compensation technique which is used at 

thermal converter (TC) ac-dc transfer system at low frequencies. 

The system uses a digital  voltmeter (DVM) as a data acquisition 

system of the input waveform and stored data in memory. The 

developed algorithm acquires and processes the sampling data to 

calculate the root mean square (rms) value of the input voltage of 

DVM which operates at DC 10 V range for better accuracy. The 

best uncertainty of the AC voltage measurements is 3 μV/V within 

the frequency range. The best uncertainty of the AC current 

measurements is better than the 5 μA/A and mainly depend on the 

current to voltage converter, ac-dc current shunt or Current 

Transformer (CT), used for the measurement    

1. Introduction

The traceability measurements of AC quantities are generally 

established  by thermal converters (TC) which produces the same 

thermal effect for the same quantity of AC and DC voltages. 

However, the accuracy of the ac-dc transfer measurements limit at 

low frequencies due to low thermal inertia of the thermal converters. 

Consequently, a error compensation method has to be used to obtain 

correct value. The most precise methode to determine the rms value 

of an ac voltage is the ac-dc transfer with a Multijunction Thermal 

converters (MJTC). It is known that the ac-dc transfer difference 

together with its uncertainty increases below 100 Hz. It can be 

evaluated with an uncertainty of 0.5 ppm down to 10 Hz [1]. 

However the fabrication of MJTC is difficult and not available in 

commercially. Therefore, simple and  alternative  technique need to 

be developed for traceability maintenance of  ac quantities.  

Another approach to determine the rms value of ac voltage is 

the sampling technique with a analog to digital converter (ADC). 

The precision of the  sampling method depends on the choice of the 

ADC and usually high precision digital voltmeter (DVM), HP-3458A, 

is used for  this purpose. More details can be found in [2,3]. In the 

past, several laboratories initiated research and development of 

sampling technique appling the digital voltmeter and one of the first 

important contribution was Swerlein's algorithm [4]. The data 

processing in the algorithm was in time domain and it has been 

exhaustively tested [5]. The extension version of the Swerlein's 

algorithm [6] processed the sapling data in frequency domain and 

obtained the results within the level of uncertainty 2.5 ppm. The 

Fourier coefficients of the waveform model equation used in the 

algorithm [6] were evaluated by the least-squares procedures based 

on the minimization technique.  The data processing time is more 

longer in least-squares methode. Furthermore, the total number of 

harmonics being considered for the calculation of rms limited to 

eleven or less in most application. In this study Fast Fourier 

Transform (FFT) method is considered to calculate Discrete Fourier 

Transform (DFT) minimizing the data processing time.

2. Theory
2.1 Layout

The traceable ac voltage and current measuring system is shown in Fig. 1.  

it mainly consists of voltage and current source and the data aquisition 

system. The measurement parameter either current or voltage can be selected 

through the channel selector connected to the DVM. 

The source generates the ac voltage or current at the same frequency. The 

voltage channel U directly connected to the potential transformer (PT), up to 

220 V, and parallel to the instrument to be calibrated (UUT). The output of 

the PT Uu connected to the  channel selector.

<Fig 1> Layout of the measuring system

The current output I is supplied to the UUT and also to the primary 
of a current transformer (CT) up to 50 A,  The secondary of the CT 

connected to the ac-dc current shunt, and the nominal value of the outputs 

voltages, Uu and Ui, are 1 V. The both voltages are connected to the 

sampling voltmeter by channel selector. DVM  operate as a waveform 

aquisition system, controlled by a computer with an IEEE.488 interface. 

2.2 Signal Processing

A software program drives the acquisition system. At each 

measurement point, the setting of all instrument of the system are 

preliminarily established. The other information required by the instruments 

such as address, range and the information, no. of samples, sampling 

frequency, aperture time etc, about measurement are set before run the 

program. Then the program controls the acquisition of the series of  samples 

from the DVM, and the resulting data are stored in the memory of the 

computer. Subsequently, a series of samples is processed to compute the 

amplitude of  the voltage or current. The data calculation option, voltage or 

current measurements, can be controlled changing the mode of the 

programme.

In the data reconstruction procedure, the signal of the voltage is assumed to 

be represented as Fourier function of time by the following model:

   
 

  

   
 

  

       (1)

2009년도 대한전기학회 하계학술대회 논문집 2009. 7. 14 - 17



- 687 -

where Vcn and Vsn are the amplitudes of the cosine and sine n
th 

harmonics component of the voltage waveform and f is the frequency of the 

fundamental. The parameters are unknown and are computed up to the oder 

of harmonics N-1 from the acquired samples by a propper algorithm which 

calculates the DFTs of the waveform mentioned below:
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As mentioned  above to solve the equations (2) and (3) can be solved 

using FFT algorithm. The program calculate DFT for each samples and then 

apply frequency correction factor of the ADC. The frequency correction for 

n
th
 harmonics is:
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Where Ta is aperture of the DVM. Then the rms value of the input signal 

can be written as
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where Kg is DC gain correction of the DVM and M is the total number of 

harmonics.

The DVM always operates in 10 V range and the voltages below 10 V can 

measure directly without PT and calculates according to equation (5). The 

voltage between 10 and 220 computes as follows:

              (6)

where Nnu is the nominal ratio of the PT and αu is the ratio error of the 
PT.

The ac current is determined by the following equation:
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Where

Nni - nominal ratio of the CT

αi - ratio error of the CT

Rn - nominal resistance of the ac-dc shunt

αr  - relative ratio error of the ac-dc shunt

3.  Evaluation of Results

The measurements were done on DC mode, therefore the results 

traceable to DC voltage that is best accuracy can be archived for ac 

quantities. Either current or voltage measurements, the final waveform 

acquired by DVM is 1 V voltage signal. Therefore, error evaluation of 1 V 

should be evaluated at first. Considering 1 V signal the main uncertainties 

contribution to the final value are DVM DC uncertainty and the sampling 

uncertainty. The first is within 0.5 ppm and the second is depend on several 

factors of ADC. They are bandwidth, noise, amplitude correction of frequency 

and computation of DFTs. The details uncertainty analysis shows that the 

best uncertainty is within 3 ppm for 1 V measurement. In addition, PT ratio 

error uncertainty take into account at high voltage measurement  and it is 

better than 10 μV/V with the developed system.

The uncertainty of the CT ratio error and the ac-dc shunt resistor 

ratio error are the main factors of current measurements. Those factors are 

not very high values and it was found to be 5 μA/A best uncertainty for 

current measurement. The values mentioned above are valid for 

withing the frequency range of 20 Hz to 100 Hz.

4. Conclusion

The developed system shows that the ac quantities can be measured 

using digital sampling technique. Furthermore, the method provides high 

accurate results and shows that alternative option for MJTC within the 

above mentioned level of uncertainties. Further improvements are possible 

with high precision CT and PT. Also the results can be used within the low 

frequency range without any compensation.  The results were evaluated 

using MJTC and agreed within the level of uncertainties. The measurements 

are traceable to DC voltage standard since the DVM operates at DC mode. 

The system is fully automatic and final results display on the screen and 

test instrument directly compares with the values given by the programme. 

The operation and maintenance of the system very easy compare to MJTC 

system.  
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