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An AC measurement system for use with resistive  
temperature sensors  
 

Abstract 
 
In the paper, a measurement system based on a universal commercial 
measuring module of alternating current for accurate temperature 
measurement by means of resistive temperature sensors is described. There 
are presented the research results on the basis of which the metrological 
properties of the system were evaluated. It was shown that this relatively 
simple measurement system is a competitive solution compared with the 
most accurate commercial DC  measurement systems.  
  
Keywords: AC resistance thermometry, resistance ratio measurement, 
complex voltage ratio. 
 
1. Introduction 
 

The constant development of technology and industry, 
introducing new, more and more sophisticated production 
processes imposes the necessity of tight temperature control and 
thereby its precise measurement. The current achievements in the 
field of temperature measurements of highest accuracy, made by 
national metrology institutes (NMIs), are sufficient to fulfil these 
needs. However, there is a strong demand for economical and 
reliable systems with a slightly lower accuracy. 

It is known that the most precise temperature measurements are 
made by means of electrical methods with the application of 
standard platinum resistance thermometers. From the metrological 
point of view, the task of temperature measurement corresponds to 
the measurement of a resistance between 10 Ω and 1000 Ω. This 
resistance value should be measured with a resolution of the order 
of 1 µΩ at least and with a relative uncertainty on µΩ/Ω level. 
Additionally, the current flowing through the compared elements 
should not exceed a few mA to avoid self-heating of the resistance 
thermometer. From the vast extent of literature and the overview 
of currently available commercial devices, it is known that this 
task is accomplished by direct comparison of the platinum 
resistance thermometer with a standard resistor. It is performed in 
both direct current and sinusoidal alternating current systems with 
a signal frequency up to several dozens of Hz [1, 2]. The known 
systems of the highest accuracy are based on alternating current, 
where it is easier to achieve a high sensitivity and also immunity 
to thermal EMF errors. A primary-standard resistance 
thermometry bridge, produced by WIKA [3] can be a good 
example of such a system. It uses multi-decade ratio transformers 
that provide the ratio resolution of the compared elements and the 
measurement uncertainty at the level of 1·10-7 (in standard 
version). 

In the field of precision impedance measurement, there is 
observed a tendency to substitute inductive ratio transformers with 
high resolution analog-to-digital and digital-to-analog converters 
is observed. This principle along with advanced digital signal 
processing algorithms can be utilized in precision temperature 
measurements. 

In our paper, a temperature measuring system based on  
a commercial data acquisition card (DAQ) of type USB-6211 is 
proposed. The experiment results allow evaluation of the system 
usefulness and accuracy. 
 
2. Measurement system 
 

The main purpose of our work was the examination of possible 
application of a commercial, multifunction data acquisition card of 

type USB-6211 as a precise thermometer using standard platinum 
resistance sensors. For this reason, the selection of a measurement 
system structure was determined by metrological properties and 
hardware configuration of the data acquisition card [4]. The ability 
of synchronous sine wave generation and measurement by the 
digital-to-analog and analog-to-digital converters respectively and 
also relatively high differential input impedance compared to 
platinum resistance sensors value determined the system structure. 
A relatively simple circuit was chosen, based on series current 
comparator with complex voltage ratio measurement on the 
resistor under test and a standard resistor (Fig. 1). 

 

 
 
Fig. 1.  The circuit comparing the reference resistor with the thermometric one 

 
It is assumed that the compared resistors: thermometric with ZT 

impedance value and the standard resistor with ZN impedance are 
four-terminal (4T) connected elements, described by parameters in 
the series equivalent circuit. Moreover, their impedances are 
defined by (1) and (2), in which RT, T and RN, N correspond to 
the AC resistance (the real part of impedance) and the time 
constant of the platinum resistor and standard resistor 
correspondingly, whereas  is the angular frequency:  

 

 T TT 1 jZ R   ,                                (1) 

 

 N NN 1 jZ R   .                               (2) 

 
Assuming that the same current I flows through both compared 

resistors, their impedance ratio is equal to the voltage drop ratio 
UT and UN and can be written as 

 

jT T

N N

UZ K Ke
Z U

    ,                            (3) 

 
in which K and φ are the real and imaginary part of the complex 
voltage ratio K respectively, and are known from measurements. 

Substituting (1), (2) with (3), after simple transformations, the 
relationship for resistance value of the thermometric resistor 
becomes [5] 

 T N Ncos 1 tgR R K        .                      (4) 

 
In the considered frequency range (f ≤ 200 Hz), with  

a negligibly small error, the approximate relation that allows 
calculation of the resistance value of the thermometric resistor 
without knowing the standard resistor time constant, can be 
applied 

 

T N cosR R K  .                                 (5) 
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The block diagram of the system which realizes the described 
platinum thermometric resistor measurement method is presented 
in Fig. 2 [6].  
 

 
 
Fig. 2. Block diagram of the system for measuring the resistance of a thermometric 

resistor 

 
The main component of the system is an NI data acquisition 

card of type USB-6211, which acts as a sinusoidal voltage source 
powering the system and also as a digitizer measuring voltage 
drop across the resistors. The output section of the DAQ card 
consists of two analog channels with 16 bit digital-to-analog 
converters. Each of them can source up to 2 mA of current and 
voltage in the range of  ± 10 V. The analog input circuitry features 
a 16 channel multiplexer and one 16 bit analog-to-digital 
converter (ADC) with a sample rate up to 250 kS/s.  
A programmable gain instrumentation amplifier allows selecting 
the input range between ± 0.2 V and ± 10 V. The software 
selectable input ground-reference configuration allows e.g. 
measuring 8 voltages in the differential mode. The implemented 
system topology is characterized by means of the measuring 
floating voltage (not referenced to ground). Furthermore, DAQ 
card analog input channels, connected parallel to the compared 
resistors, are shunting them. On the basis of these two critical 
parameters of the DAQ card emerge: CMRR (DC to 60 Hz) at 
100 dB level and channel input impedance of 10 GΩ || 100 pF. 

The measuring system is controlled by a personal computer with 
measurement and control software installed, written in National 
Instruments LabWindows/CVI environment.  The software allows 
full configuration and diagnosis of the USB DAQ including self 
calibration, choosing circuit connection method and its working 
conditions. It also performs automatic calculation of the resistance 
value, temperature by means of Callendar – Van Dusen equation 
and statistical analysis [6]. 

Since the DAQ card does not enable for direct connection of the 
compared resistors, it was necessary to design and build a suitable 
adapter. The adapter allows a four-terminal connection with 
coaxial cables and BNC type connectors. In addition, the adapter 
has a built-in 100 Ω resistance standard with option to connect an 
external one if the accuracy of the built-in would be insufficient. 
 
3. Experimental verification 
 

The developed measurement system was subjected to 
experimental verification. The main goal was to evaluate the 
influence of the system configuration and environmental 
conditions on the accuracy and uncertainty of resistance 
measurement. Among the evaluated factors were: signal 

frequency, measurement time and sampling frequency. The results  
are presented in Figs. 3, 4 and 5. 

 

 
 

Fig. 3.  Influence of the frequency of measurement signal on the result of resistance 
measurement 

 
 

 
 
Fig. 4.  Influence of the measurement duration on the resistance measurement result 

 
 

 
 
Fig. 5.  Influence of the sampling frequency on the resistance measurement result 

 
The measurement results shown in Figs. 3, 4 and 5 were 

obtained from the comparison of two standard resistors of 100 Ω 
nominal value. The measurement current flowing through both 
resistors had the RMS value of 1.3 mA. During the measurements, 
the resistors were placed inside an ovenized chamber in which the 
temperature was measured (temperature results are also presented 
in the graphs). Analyzing the influence of the signal frequency on 
the resistance comparison accuracy, the frequency was changed 
from 10 Hz up to 200 Hz for a constant sampling time of 100 
periods of the signal (Fig. 3). During the study of measurement 
time influence on the accuracy (Fig. 4), the measuring system was 
supplied with a sinusoidal current of a frequency value of 20 Hz. 
For both cases the sampling frequency was equal to 100 kHz. The 
analysis of the sampling frequency influence was conducted for 
two sampling frequency values of 100 kHz and 200 kHz and two 
signal frequency values of 20 Hz and 80 Hz. As in the previous 
experiments, the sampling time was equal to 100 periods of the 
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signal (Fig. 5). For each of the four cases, three measurement 
series were carried out. The Type A expanded uncertainty with the 
coverage factor k = 2 is plotted in the graph.  

As expected, the highest uncertainty was obtained at the 
frequency of 50 Hz. For a further analysis, two signal frequencies 
were chosen: 20 Hz and 80 Hz, for which the corresponding 
relative expanded uncertainties were 0.2 μΩ/Ω and 0.4 μΩ/Ω 
respectively (Fig. 3). The results of the measuring time (averaging 
time) analysis show that the uncertainty decreases with the 
increasing time. For the measuring time of 100 signal periods, the 
uncertainty equals 0.4 μΩ/Ω (Fig. 4). During the experiments, no 
significant influence of the sampling frequency was observed 
(Fig. 5). For all the made measurement series, the relative 
expanded uncertainty was at the level of 0.5 μΩ/Ω. Analysing the 
impact of the sampling frequency, one has to remember that it also 
alters the spectrum of the digitally synthesised sinewave signal. 
This means that for the same signal frequency value, the total 
harmonic distortion (THD) can have a different level. 

The evaluation of the system accuracy was done by comparing 
two standard resistors. Two VISHAY resistors of 100 Ω nominal 
value and one TINSLEY resistor of 10 Ω nominal value were 
used. Multiple series of 1:1 and 1:10 resistance ratio comparisons 
were carried out. The results were obtained for 1.3 mA root-mean-
square current value, 20 Hz signal frequency and 100 kHz 
sampling frequency. The measurements were taken in 
23 °C ± 0.1 °C ambient temperature. For all the performed 
comparisons, the relative uncertainty of the resistance ratio was at 
the level of 0.2 ppm. Evaluation of the system accuracy was made 
by two methods. The first one was based on the substitution 
method. The accuracy was specified by means of the equation: 
 

X N

N X

1
ba

R R
R R


   

     
  

,                             (6) 

 
in which a and b correspond to the ratio of the result before and 
after substitution. For the resistance ratio of 1:1 and 1:10, the 
following values δ ≤ 0.2 ppm and δ ≤ 0.8 ppm were obtained, 
respectively. In the second method, two resistance ratios were 
compared - one of the evaluated system and the second one 
determined from direct current measurements by means of  
a multimeter. The relative difference of resistance ratios is given 
by: 

AC DC

DC
k

k k
k

 
    .                                (7) 

 
The obtained (for signal frequency of 20 Hz) relative difference δk 
for 1:1 and 1:10 ratios was no bigger than ± 10 ppm, wherein the 
relative expanded uncertainty with (k = 2) coverage factor of the 
resistance ratio kDC was at the level of 30 ppm. 
 
4. Conclusions 
 

The paper presents a concept and practical implementation of an 
AC current measurement system designed for temperature 
measurements utilizing standard platinum resistance 
thermometers. The temperature measurement system presented 
here, based on a commercial NI data acquisition (DAQ) card of 
type USB-6211 and digital sinusoidal voltage generation methods 
is a competitive solution to commercial direct current based 
measurement systems of the highest accuracy. The proposed 

method has large future development abilities. These are for 
example: implementing data acquisition (DAQ) card with better 
metrological parameters or improving the complex voltage ratio 
measurement method. Experimental accuracy evaluation of AC 
current measurements systems, used for precise temperature 
measurements (uncertainties of 0.0001°C to 0.001°C) is relatively 
complex. Realization of this task is only possible by means of high 
class measurement standards.     
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