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ABSTRACT 

Need for portable impedance analyzers has been proven in the paper. A novel concept of 
improvement of the metrological characteristics for portable impedance analyzers has been 
developed. It’s based on minimizing the analog part of the measuring channel and 
compensating for errors using algorithmic correction and digital signal processing. Hardware 
implementation of portable analyzer based on digital signal controller and modified 
autobalancing circuit are presented in this article. Also single-point Fourier transform in 
combination with Blackman-Harris window has been proven as the best solution for 
quadrature conversion of measuring signal over a wide frequency band. Correction algorithms 
have been developed in order to minimize dynamic errors, and thus to improve the systems' 
accuracy. Application of algorithmic correction allows to eliminate dynamic errors and extend 
the frequency range. 

Index Terms – impedance spectroscopy, portable impedance analyzer, autobalancing 
circuit, single-point Fourier transform, windowing, algorithmic correction 

1. INTRODUCTION

Impedance spectroscopy is a measuring technique which is widely used in various 
applications, such as biomedical measurements [1,2,3], materials engineering [4], particularly 
at the micro- and nanoscale [5], corrosion monitoring [6], control of batteries and fuel cells 
parameters [4,7]. In many cases studies are performed on the objects located in non-laboratory 
conditions. A good example is control of corrosion-resistant coatings on bridges, pipelines 
and other steel structures [8]. This leads to the need for a small-sized measurement devices 
with low power consumption called portable impedance analyzers. 
Nowadays, most of the impedance measurement instrumentation are presented with stationary 
devices, produced by such leading manufacturers as Agilent Technologies, Wayne Kerr 
Elecronics, Solartron Analitical [9,10,11]. These devices are multi-purpose, and can operate 
not only as impedance analyzers, but also as spectrum and network analyzers. However, in 
most cases such wide functionality is redundant, and affects in high price and big dimensions. 
For example, impedance analyzer Agilent 4294 has a weight of 25 kg and power consumption 
of 300 VA and costs more than $ 45,000 [9]. 
Some companies produce small portable impedance meters, but these devices perform 
measurements on one or several fixed frequencies over a limited band. One of the most 
advanced in this class is Motech MT-4080A LCR-Multimeter (Taiwan) with acceptable 
weight (0.47 kg) [12]. However, the upper frequency limit of the device is 100 kHz. 
Therefore, the aim of this paper is to design the structure of the portable impedance analyzer 
and develop a concept for improvement of its metrological characteristics by using digital 
signal processing and algorithmic correction. 
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2. PORTABLE IMPEDANCE ANALYZER DESIGN 

 
The results of impedance spectroscopy are data sets, which contain values of resistance and 
reactance in every single point along the frequency sweep, thus it’s important to achieve high 
dynamic performance of the device. Therefore, the use of autobalancing method (modification 
of I-U method) for impedance analyzer design makes lots of sense, since this approach 
provides relative high accuracy and speed. It also is simple in hardware implementation (in 
comparison to bridge or auto-compensation circuits), that means benefits in weight, costs and 
size [4,13]. Another fundamental requirement to portable analyzers is one-channel structure 
(also directly related to the size and cost). 
When designing impedance analyzers, the complex issue is to ensure the stable metrological 
characteristics of the measurement channel across a wide frequency and measuring range. The 
current investigation allowed to develop a novel concept to improve the metrological 
characteristics of portable analyzers. This concept is based on minimizing the analog part of 
the impedance analyzers’ measuring channel and on compensating for errors using 
algorithmic correction and digital signal processing [14]. 
According to the developed concept, using direct digital synthesis for probe and orthogonal 
signals generation in portable impedance analyzers makes a lot of sense. The existing types of 
direct digital synthesizers have various disadvantages. It makes their application as signal 
source in impedance spectroscopy problematic. Therefore we propose a new modified 
structure for direct digital synthesizers, based on a combination of binary counter and phase 
accumulator. We have investigated the errors and spectral composition of this modified 
synthesizer, and determined its required parameters. 
Figure 1 shows the hardware implementation of portable analyzer. It is based on the digital 
signal controller STM32F4 (32-bits ARM Cortex-M4F core with Floating Point Unit). Two 
internal 12-bit DAC (sampling rate up to 1 MHz) and three internal ADC (sampling up to 7 
MHz) enables direct processing of analog probe and measurement signals. PC communication 
and control is performed via buit-in USB module [15]. 
 

 
 

Fig. 1. Block-diagram of portable impedance analyzer 
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In the proposed structure, most measuring conversions (except impedance-to-voltage 
conversion) are implemented in digital form. In addition, the structure of the measuring 
channel includes no analog devices, such as filters, due to the hazard of uncontrolled phase 
shifts. This digitized structure of measuring channel enables to reach potentially better 
metrological characteristics as the errors are caused mainly by analog measuring converter. 
However, the impact of these errors can also be reduced by means of DSP and algorithmic 
correction on the stage of measuring data post-processing [14]. 
 

3. IMPROVEMENT OF ACCURACY OF DIGITAL BLOCKS 
 
It is recommended to perform quadrature conversion of measuring single (procedure that 
returns impedance quadrate components – resistance and reactance) on the base of single-
point Fourier transform (SPFT). SPFT is a special case of the discrete Fourier transform and 
can be described by the following equation: 
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where uZ(i) – i-sample of the measured signal; N – number of samples used in the single-point 
Fourier transform (one section size); ν – ratio of observation time to the period of the probe 
signal; UZ(f) – spectral intensity of the measured signal at the frequency f; cos(2πνi/N) and 
sin(2πνi/N) – digital orthogonal signals [16]. 
The advantages of the SPFT algorithm are simultaneous calculation of resistance and 
reactance, simple software/hardware implementation and noise reduction. Also it’s indifferent 
to all kinds of DC offsets and parasitic harmonics in measuring signal. 
However, the main disadvantage of the single-point Fourier transform is its sensitivity to 
spectral leakage, which significantly reduces accuracy of impedance measurements. The most 
suitable DSP solution, which allows to overcome this issue is windowing. 
 

 
 

Fig. 2. Resistance (left) and reactance (right) leakage errors after application of Blackman-
Harris window 
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The efficiency of various window functions has been investigated, but the best results were 
achieved for the Blackman-Harris window. In this case leakage errors become negligible (less 
than ± 0.1 %) for the signals with the period two times smaller than the observation time 
TO/T≥2 (see Fig. 2). 
Thus, window functions allow to improve accuracy of impedance measurement over a wide 
frequency range. However, this approach requires time redundancy (increasing of the 
observation time). 
 

4. IMPROVEMENT OF ACCURACY OF ANALOG MEASUREMENT 
CONVERTER 

 
As it was mentioned above, measuring converter remains analog and makes the biggest 
contribution to the total error of the impedance analyzer. The application of autobalancing 
circuits as measuring converters have been proven advantageous. This approach allows to 
reach high accuracy and resolution, good dynamic characteristics and linearity, stable current 
and voltage conditions on the object under test, as well as simple (one-channel) structure of 
measuring channel, small dimensions, low weight and low power consumption. To prevent 
unwanted effects (first of all self-oscillation and parasitic inductions) autobalancing circuit 
has been modified as shown on the figure 3 [17, 18]. 
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Fig. 3. Modified autobalancing circuit 
 
The most critical impact on the system’s accuracy has limited amplifiers’ bandwidth (small 
gain on the high frequencies), what results in dynamic errors. Therefore algorithmic 
correction has been proposed for elimination of these errors: 
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where HR, HX – raw measuring results of resistance and reactance correspondently; NR, NX – 
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measuring results after correction; ΔR, ΔX – correction values; K – amplifiers open-loop gain 
on frequency of measuring signal; TK – amplifiers time constant. 
Figure 4 presents impedance measurement errors before and after correction. The presented 
results have demonstrated the high efficiency of the correction algorithm. Application of 
algorithmic correction allows to extend device’s bandwidth from 5 kHz to 200 kHz. 
 

 
 

Fig. 4. Dynamic errors of impedance analyzers before (curve 1) and after (curve 2) correction 
 

5. CONCLUSIONS 
 
Applications of the portable impedance analyzers, as well as issues associated with their 
metrological characteristics are presented in the article. The current investigation allows to 
develop a novel concept to improve the metrological characteristics of portable analyzers. 
This concept is based on minimizing the analog part of the impedance analyzers’ measuring 
channel and compensating for errors using algorithmic correction and digital signal 
processing. 
Structure of autobalancing measuring circuit has been improved in order to prevent self-
oscillations and inductions. Equations for algorithmic corrections of dynamic measuring 
errors have been developed. Applying algorithmic correction allows to eliminate these errors 
and thus to improve the accuracy and extend the frequency range. 
Advantages of quadrature conversion of measuring signal based on single-point Fourier 
transform in combination with windowing have been proven. Application of Blackman-Harris 
window allows to reduce leakage effect and thus to improve precision of quadrature 
conversion dramatically. 
Designed system is able to measure impedance in range from 10 Ω to 100 kΩ and perform 
sweep in frequency band from DC to 200 kHz with step 0.1 Hz. Measurements can be 
performed only if reactance and resistance varies less than 10 times. For measurements on the 
frequencies higher than 1 kHz algorithmic correction should be performed. Total system 
accuracy is 1 %. For example other single-chip portable impedance analyzers (mostly based 
on impedance-to-digital converter AD5933) have accuracy approximately of 2 % or more. 
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