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a b s t r a c t

Results of original research aimed at increasing the accuracy and applicability of capacitance testing
techniques are presented. The essence of this innovation consists of the utilisation of multi-parameter
capacitance testing based on scanning the test item by using an electric field of different topography.
This approach enables to design a comparatively simple and reliable capacitance testing hardware and
software for unilateral measurement of the thickness of dielectric plates, shells and layers with
compensation of its dielectric properties. The design of the sensor consists of an array of coplanar
electrodes adapted to the profile of the surface of the test piece with the possibility to change the
potential distribution on the electrodes.

& 2014 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Capacitance measurement techniques that enable the possibi-
lity to perform tests in a non-destructive manner have found
applications in a wide range of different branches of industry
related to testing the parameters of geometry and physical proper-
ties [1]. However, these capacitance measurement techniques are
being replaced by techniques based on application of other
physical principles (ultrasonic, radiation, radio wave, etc.); this
reduced use of capacitance measurement techniques is due to the
presence of several sources of measurement uncertainties specific
to capacitance techniques, for example variable dielectric proper-
ties of the test item. Such uncertainties affect the measurement of
the geometric configuration of objects (shape, thickness, displace-
ment). Whereas test results of the dielectric parameters depend on
the presence of factors of geometric character (configuration,
structure, surface condition). Traditional approaches to solve this
problem involve the introduction of corrections during the mea-
surement, taking into account the relevant influencing factors.
In the case of a thickness measurement, the type of material of the
test item is observed manually or automatically. Such an approach
justifies itself if the dielectric properties of the test item are well
known or might be controlled.

On the other hand, it is possible to convert the defect into an
effect, which, in the case of capacitance thickness meters,
expresses itself as independent measurement of both the thick-
ness and dielectric properties of the test item, i.e., to measure the
thickness while compensating for the influence of variable proper-
ties. The goal of the present article is to demonstrate a new
approach to capacitance techniques in the area of geometric and
property measurements using theoretical justification and a rea-
listic design of particular test arrangements. The essence of this
innovation consists in the application of multi-parameter capaci-
tance testing based on scanning the test item by using an electric
field of different topography [2,3]. In this paper, the field topo-
graphy refers to the distribution of the electric-field intensity in
the test object. This multidimensional scanning approach results
to comparatively simple; however, reliable capacitance testing
hardware and software for the unilateral measurement of the
thickness of dielectric plates, shell and layers with compensation
of its dielectric properties. For example, applicability to test the
thickness of a wide range of objects produced by materials of
different types or of inconsistent properties. The principles applied
to the thickness measurement may be generalised for other
combinations of two input parameters, where one of them is a
measurand and the second is under compensation mode, for
example testing the dielectric permittivity (in general a complex
quantity) and a geometry parameter (linear or angular displace-
ment, thickness of coatings, surface roughness, etc.). Essential
novelty is design of the sensor, which comprises an array of
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coplanar electrodes adapted to the profile of surface of the test
piece, with possibility to change the potential distribution on the
electrodes and thus to obtain the necessary configuration of the
electric-field topography in the active area of the sensor.

When taking into account that a number of advanced materials,
such as composites, ceramics, polymers, resins, the testing results
indicated that these advanced materials can be represented as a
non-metallic or a semiconductor medium; these new qualities of
the capacitance testing technique may be of interest to the testing
community.

2. Research methods and procedures

The primary component of any measurement system is a
sensor. Capacitance techniques usually are related to indirect
measurements, i.e., the sensor fulfils twofold functions—it is a
source of electric field for scanning the test item and a source of
information about the properties under examination. To provide
multiparameter tests, the sensor should to acquire a third function
—the ability to vary field topography in the sensing area. This
ability is new for capacitance techniques and is based on the novel
approach for scanning the test item and consequently using data
processing of the correspondent response. The design and devel-
opment of such sensors in this particular research was performed
using the methods of electric field theory and mathematical
physics. Due to the multidimensional nature of the feed back
received from the test item, processing of such information
consists of array processing. For this purpose, methods of algebraic
transformations are applied.

Finally, all theoretical assumptions are investigated by mathe-
matical modelling. There are several considerations speaking in
favour of the modelling approach. First, labour and time-
consuming facilities are considerably greater for full-scale physical
experiments. Second, measurement standards and reference
materials shall be available in this case, for example, standards
of irregular geometry of the test item or its surface roughness.
Therefore, the substitution of real measurement situations by
equivalent models could considerably contribute cost effective
studies. Third, approximate solutions offered by mathematical
models would be quite acceptable for conceptual studies, a
comparison of optional solutions and the assessment of its
strengths and weaknesses.

3. Basic principles of multidimensional scanning of the test
item

By changing the field topography, it is possible to concentrate field
energy at different locations of the sensing area and thus to obtain
feedback from the test item of the properties of special interest, for
example, the surface condition, displacement, and structure. Such an
approach may be categorised as multi-parameter control to emphasise
the dimensions of the measurement. In contrast, traditional capaci-
tance techniques utilise individual capacitance sensors and therefore
may be referred to as single parameter tests. Only the heterogeneity of
the test medium and the possibility to vary the topography of the field
source are the prerequisites for the application of multidimensional
measurements. The term “multidimensional scanning field” here and
hereafter should be understood to depend on the situation because
the components of the field are generated step-by-step and not
simultaneously, and the multidimensional field itself is a scalar
quantity. Each component of the multidimensional electrical field
corresponds to one unique field topography in the test item and thus
should to detect only one input parameter. However, such favourable
conditions of selectivity cannot be provided in a real sensors design. In
fact, the topography of each field consists of contributions from all the
input parameters, but with different levels of contribution of the
constituents of the input. This difference has to be exploited to
separate the input into its constituents by using the appropriate data
processing. In theory, the dimension of the multi-parameter control is
not limited, although independent measurement of over three para-
meters is not practically feasible, due to the selectivity reasons
mentioned above [4].

Looking for a prototype of this approach, there is similarity with
tomography methods, which scan the test item by utilising penetrat-
ing waves from multiple directions. The projection data gathered
during the exposure are processed by tomography reconstruction
software. Direct transfer of this principle to capacitance methods is
not acceptable, due to the one-sided approach of the surface
scanning. Therefore, the only means for obtaining “projections” is
variation of the depth of the scanning field and thus to “palpate” each
layer of the test item under study one-by-one.

4. Underlying principles for the modelling of the capacitance
sensors

A schematic design of the array electrodes’ with variable
electric field topography, which is intended for tests of flat surface

ε2Test item

ε1

ε1

0 1 0 1 0 1 0 1 0 1 
Distribution of potentials with sign change of each next electrode (lowest penetration) 

0 0 1 1 0 0 1 1 0 0 
Distribution of potentials with sign change after each third electrode (medium penetration) 

0 0 0 0 1 1 0 0 0 0 
Combination of potentials, with forms three electrode system (highest penetration) 

Fig. 1. Schematic design of the array of electrodes for variable field topography: ε1 and ε2 are the dielectric permeability of air space and test item, respectively; sign alternate
(0 and 1) potential distribution on the electrodes correspondent to three combinations of the field penetration: field lines of the lowest, medium and highest level. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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objects, is presented in Fig. 1. Electric field lines corresponding to
three combinations of potential on the electrodes in this Figure are
mapped by the dotted lines of different colour. Two level numer-
ical values (0 and 1) of potential for these combinations are
presented in the table attached to the Figure. The required
sensitivity for specific input parameters in the sensor’s sensing
area can be determined by the selection of appropriate distribu-
tions of potential on the electrodes and consequently to the
corresponding field topography. Bias currents excited by the
electric field in the test item generate a secondary electric field,
which interacts with the primary field and initiates the changes of
capacitance of the electrodes array. Therefore, capacitance
becomes informative regarding the properties of the environment
in the effective measurement space, i.e., it may be considered as
the output of the measurement system. The input of the electrodes
array comprises the properties of the test item expressed in terms
of geometric or dielectric permittivity units.

For modelling purposes, the actual design of the unilateral
array of electrodes is substituted by a schematic model, which
comprises only one section in a series of definite number (n) of
alternating-sign electrodes and assumes that the field intensity
distribution on other sections of the array of electrodes is equal.
In other words, the multi-electrodes system can be divided into
sections and calculations performed for only one section. The
dimensions and dielectric structure of the section submitted to
computations is presented in Fig. 2. The multi-element system is
assumed to comply with the conditions of a parallel-plane electric
field. Such a field structure is advantageous for several reasons. In
particular, the capacitance of the sensor can be expressed in units
of the length of the straight-line electrodes, for example [pF/m],
and by using a multiplier can be easily transposed to the required
dimensions of the cross section of the electrodes. These simplifica-
tions do not reduce the conceptual significance of the modelling
benefits because the design and calibration of real sensors for
practical needs will require precise physical methods as well.

Integral equations provide a distinctive formulation of the
boundary-value problems of potential theory. Particularly this
representation gives a more direct formulation of so called
Dirichlet problems in terms of Fredholm integral equations of
the first kind [5]. So, a potential of a single layer with the
logarithmic kernel of the Euclidean plane in respect to the electric
surface charge σ(x) takes a form:

VðxÞ ¼
Z
D
σðtÞ ln 1

jx�tjdt; ð1Þ

where jx�tj is the distance between the observation point and the
coordinate of the charge source.

In connection with the electrodes array and dielectric structure
of Fig. 2 the logarithmic kernel of the homogeneous structure

(ε1¼ε2¼ε3¼1) providing that σ(x)¼�σ(x) expresses as:

Kðxk; tÞ ¼ ln
ðtþxkÞ
ðt�xkÞ

����
���� ð2Þ

For the two layer structure (ε1¼var and ε2¼var) and for the
three layer structure (ε1¼var, ε2¼var ε1 and ε3¼var) the kernel
acquires additional terms correspondingly:

Lðxk; tÞ ¼ ln
ðtþxkÞ2þ4h21
ðt�xkÞ2þ4h21

and ð3Þ

Mðxk; tÞ ¼ ∑
p

s ¼ 0
γs ln

ðtþxkÞ2þ½2h2ðsþ1Þþ2h1�2
ðt�xkÞ2þ½2h2ðsþ1Þþ2h1�2

; ð4Þ

where λ1 and λ2 are coefficients taking into account bounded
charges on boundaries of different layers:

λ1 ¼
ε1�ε2
ε1þε2

; λ2 ¼
4ε1ε2ðε2�ε3Þ

ðε1þε2Þ2ðε2þε3Þ

Consequently, the system of integral equations for 2p electrode
pairs in general case (three layer structure) becomes:

∑
p

q ¼ 0

Z req

raq
σqðtÞ½Kðxk; tÞþ

λ1
2
Lðxk; tÞþ

λ2
2
Mðxk; tÞ�dt ¼ ð�1Þk2πε0ε1Vk;

ð5Þ
where xk—the observing coordinate of the potential, raqrxkrreq,
k¼0,1, …p.

By numerical modelling of (5), a quantitative relationship is
established between the capacitance C of the electrodes array and
the thickness and permittivity of each layer in a multilayered
structure. It is carried out using the relation C¼Q/V, in which Q is
the total charge on electrodes of equal sign and V is the potential
difference between the electrodes of different charge. More in
details about this model see in [6].

In connection with measurement accuracy problems, there is
no discount regarding requirements to capacitance meters in
comparison with traditional applications of such type of instru-
ments. Particularly influence of stray capacitances, environment
conditions, output noise, etc. should be observed. Capacitance
measurements shall be made under the same conditions in which
the system was calibrated, i.e., results should come from repea-
table conditions. However, the main benefit of the applied mea-
surement procedure is a direct confrontation of the measurement
readings with calibrated data file without any intermediate trans-
formations. Consequently, there is no concern regarding additional
components of measurement uncertainties and distortion of
metrological characteristics such as linearity, resolution and
sensitivity.

x 

2b 
2a 

h1

h2

-σ(x1) +σ(x1 -σ(x1)+σ(x1

ε2

ε3

ε1

y 

Fig. 2. Model of one section in a system of a multi-element array of electrodes.
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The dielectric permittivity of each layer in the general case is a
complex and frequency-dependent quantity εðjωÞ, which may be
expressed by the complex conductivity σðjωÞ:

εðjωÞ ¼ ε0ðωÞþ jε″ðωÞ ¼ σðjωÞ
jε0

;

where: ω—angular frequency, ε0¼8,855 �10�12—electric constant.

5. Algorithm for data processing of two-dimensional
capacitance responses

The algorithm for independent measurement of the thickness
and the dielectric permittivity is related to the so-called inverse
problems of mathematical physics, i.e., the capacitance measure-
ment process produces an output in the form of capacitance.
Whereas the recovering algorithm involves the solution to the
inverse problem, i.e., to establish inputs utilising the measured
output quantities, which in the case of single parameter tests does
not present any problems. The dependence of the output as a
function of the input parameters can possibly be established
through calibration. However, the situation is radically different
regarding the recovering algorithms, where the output is
expressed as a multidimensional quantity. The basic algorithm
for this type of output results involves the solution of a system of
equations, which requires multiple calibrations and the availability
of the explicit dependences between the output and the input.
Implementation of such an algorithm is the case examined in this
particular study. The first prerequisite is met by means of tradi-
tional calibration for each array of the electrodes. The calibration
result is a two-dimensional block of data for each respective array
of the electrodes CE1(ε2E h2E) and CE2(ε2E h2E), where CE1 and CE2
are the outputs of the calibrated block and indicates the rows and
columns, respectively, of the reference values of dielectric permit-
tivity (ε2E) and thickness (h2E).

Regarding the second condition, there are well known algo-
rithms [7] for solving inverse transformations, including those in
commercial software. However, in this particular study, priority is
given to specific algorithms offering several advantages. Such an
algorithm was developed in this study, which proved to meet all
the requirements of the task defined in the title of this paper, as is
described below.

The principle of this algorithm can be explained by a geometric
interpretation. The output of a multi-element capacitive sensor
(Fig. 3a) is capacitance represented by the two argument function
C1¼ f1(ε2 h2), which describes a surface in three dimensional space
(surface ABCD in Fig. 3b). The arguments of this function represent
the input quantities of the measurement system. The output for a
particular measurement C1¼const forms the contours of a plane
(plane EFG), which cut the surface describing an intersection curve
EG. The recovered values of the input parameters are the coordi-
nates (ε2 h2) of this curve; however, this does not provide
unambiguous identification of a single pair of the input. Conse-
quently, at least one other measurement is required, for example,
by an array of electrodes comprising a distinctive distribution of
the electric field, which results in a similar image manipulations to
produce a surface C2¼ f2(ε2 h2) (abcd in Fig. 3b), plane C2¼const
and an intersection curve (eg). Finally, projections of both inter-
section curves (dotted curves in Fig. 3b) cross at the point M. The
coordinates of this point unambiguously indicate the recovered
values of input.

Proceeding with the numerical calculations, the search for the
intersection curves was performed by an innovative procedure,
which consists of the subtraction of the result of the particular
measurement, for example, Cm1and Cm2, from the data of both
calibrated blocks. As a result, new two dimensional sets of data are

obtained CE1(ε2E h2E)�Cm1 and CE2(ε2E h2E)�Cm2, which corre-
spond to the columns possessing a change of sign at certain values
of input (hereafter—zero transition functions). In fact, these func-
tions are the key figures for establishing the coordinates of the
intersection curves, in accordance with the interpretation of
Fig. 3b.

6. Thickness measurement—Case study of a specific test
assignment

To further illustrate the principle of the algorithm, it is useful to
perform a case study of a particular set of test assignments,
including real figures of geometry of the arrays of the electrodes
and the character of the test item, i.e., the specific measurement
ranges of both the thickness and dielectric permittivity (see
Tables 1 and 2). The values of the test assignments are accepted
as reference values, and validation of the proposed measurement
technique consists of recovering the reference values by the
software described above. Note that the recovered results in terms
of dielectric permittivity and thickness should be close to the
reference values.

Capacitance, C 

M 

e 

f 

g 

E 

F 

G 

a 

b d 
A 

B 

C 

D 

Dielectric 
permittivity, ε2 

Thickness, h2 

c 

2a 

h1

h2ε2

ε3

ε1

2 

Fig. 3. (a) Schematic design of one section of electrodes; (b) Dependence of output
from input parameters—thickness (h2) and dielectric permittivity (ε2).

Table 1
Combinations of potentials on the electrodes of the array with dimensions of
a¼2 mm, b¼2.5 mm (see Fig. 2).

Electrodes’ array Potential on electrodes, rel. units

S1 1 0 1 0
S2 1 1 1 0
S3 1 0 0 1
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As follows from Table 1, three arrays of electrodes contribute to
the validation experiment, even though the test assignment is two
dimensional. The third array is involved to widen the choice of
combinations and thus to enable the optimisation of the
testing mode.

To illustrate the character of zero transition functions, real
dependences have been modelled for the first array of electrodes
(S1) in accordance with the specifications of Tables 1 and 2. The
measurement procedure anticipates selecting one of the inputs as
the imposed parameter, whereas the second parameter will be
determined as a calculated parameter. There is no difference
regarding this option. In this example, the dielectric permittivity
is selected as the imposed parameter and the zero transition

functions of thickness are submitted for data processing (Fig. 4).
Certainly, similar graphs may be derived for other arrays of
electrodes, as well as for the second input parameter—dielectric
permittivity. However, attention is paid to the fact that zero
transition functions cross the abscissa axis at certain points, which
depends on the particular measurement input (in this case, the Test
assignment 1 in accordance with Table 2). In fact, these crossing
points should indicate the coordinates of the specific intersection
curve in terms of the thickness and the dielectric permittivity.
However, note, from Fig. 4, that these coordinates do not coincide
with the nodes of the calibrated data block. The zero transition
functions are unlikely to fall just at nodes of the calibrated data
layout; in reality, a range between two neighbouring nodes occurs.
The cause of this problem is the limited intervals of calibration,
which will be finite at any level of metrological provision.

The intersection points will undoubtedly run across a certain
range already extracted by this algorithm. The extracted cells are
determined as cells that are confined by crossing points between
two neighbouring nodes. The coordinates of the crossing points
depend on the input of particular measurements. Input combina-
tions may exist where the zero transition functions do not cross
abscissa axis at all (for example ε2¼3.6 and ε2¼3.8 in Fig. 4).

Consequently, there is no possibility to recover one single pair
of inputs by applying one array of electrodes. At least one other
array is required to match the images of the two extracted cells of

Table 2
Specification of the test object: dielectric permittivity ε1¼ε3¼1 rel. units; ε2¼var
(rel. units) and thickness h2¼var (mm); particular test assignments for validation
purposes.

Parameter Calibration range Calibration
interval

Test
assignment
1

Test
assignment 2

Lower
value

Upper
value

ε2 (rel. units) 3.6 6.6 0.2 5.43 3.74
h2 (mm) 0 1.0 0.1 0.57 0.83

Transition of dielectric permittivity functions through zero value

-5

-4

-3

-2

-1

0

1

2

3

4

5

0.001 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Thickness, mm

C
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ita

nc
e,

 p
F

ε2=3.6

ε2=3.8

ε2=4

ε2=4.2

ε2=4.4

ε2=4.6

ε2=4.8

ε2=5.0

ε2=5.2

ε2=5.4

ε2=5.6

ε2=5.8

ε2=6.0

ε2=6.2

ε2=6.4

ε2=6.6

Fig. 4. Zero transition functions for the array of electrodes S1; the sequence of curves correspond to the sequence of notations.

S1: ε2=5.2

S1: ε2=5.4

S2: ε2=5.2

S2: ε2=5.4

Extracted range for S1 and S2 at ε2=5,2 and ε2=5,4   

-1

-0.8
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-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

Thickness, mm

C
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Fig. 5. Zero transition functions for the arrays of electrodes S1 and S2 with the closest crossing points in regard to the input quantities ε2¼5.43 rel. units h2¼0.57 mm;
extracted ranges are framed and shaded in correspondence with the boundaries of the range—in slight grey for S2, in dark grey for S1.
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the arrays of electrodes S1 and S2 (Fig. 5). As seen in this Figure,
the arrays of electrodes S1 and S2 produce crossing points, but
they do not coincide with abscissa axis. Table 3 illustrates the full
set (for the arrays of electrodesS1, S2 and S3) of the extracted cells
corresponding to this particular test assignment. Some cells
(shaded) in the Table indicate the closest coincidence with regards
to the input quantities, i.e., accurate values of the input are
confined within these extracted cells. Obviously, another data
processing step is necessary for refining the precise values of
coordinates, which correspond to the crossing points of the zero
transition functions just on abscissa level. For this purpose, the
simplest solution is the application of some interpolation algo-
rithm within the boundaries of the extracted cells.

Refinement of the coordinates is implemented by the simplest
interpolation algorithm (linear), which results in a graphical
representation of intersection curves (Fig. 6) and the numerical
results (Table 3). This graph clearly indicates the crossing point of

the intersection of the curves and consequently the recovered
values of the input (coordinates of the crossing point). Shaded
rows in Table 3 indicate the recovered values of the input: ε2
¼5.43 relative units (precisely the reference value) and
h2¼0.569583 mm, which, rounded up, gives exactly the reference
value h2¼0.57 mm.

Note that the recovering procedure was performed with
respect to the dielectric permittivity as the imposed parameter
and that the measurement procedure produces values of thickness
with an accuracy determined by the applied approximation func-
tion (see Table 4), while the accuracy of the dielectric permittivity
is set by the prescribed calibration accuracy, in this case—two
signs behind decimal point. Therefore, there is still potential to
improve the accuracy with respect to both the calibration and
approximation dependences.

Another thickness measurement (Test assignment 2, Table 2)
was selected by as validation of the proposed measurement
procedure of the case where the measurements (thickness) tend
towards the end of measurement range. The graphical representa-
tion of this measurement is sufficiently convincing of the fact that
there is no difference in comparison with the Test assignment 1
(Fig. 7) regarding data processing. Generalising the possible
influence of the quantity scale to the accuracy, there is no reason
to doubt that the input recovering procedure begins and concludes
with the calibrated data. Consequently, calibration is the main
factor determining the metrological quality of tests.

7. Conclusion

1. The proposed multiparameter testing principle utilises simple
and reliable two parameter (thickness and dielectric permittiv-
ity) measurement techniques. Without any modifications, this

Table 3
Extracted shells for electrodes’ arrays S1, S2 and S3 with coordinates in units of thickness (mm) and dielectric permittivity (relative units) for one specific measurement (Test
assignment 1, Table 2); shaded cells indicate the closest coordinates of thickness for all the arrays of electrodes.

ε2 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6,6

S1 0 0 0 0.969 0.882 0.806 0.74 0.681 0.627 0.577 0.531 0.489 0.449 0.411 0.376 0,342
S2 0 0 0 0 0 0 0.908 0.789 0.681 0.584 0.495 0.412 0.336 0.264 0.197 0,134
S3 0 0 0.956 0.879 0.813 0.755 0.704 0.657 0.615 0.575 0.539 0.505 0.473 0.442 0.414 0,386

S2:(1,1,1,0)

S3:(1,0,0,1)

S1:(1,0,1,0)

Dependences of surface cut for the measurement E2=5,43 rel. units and 
h2=0,57mm

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
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1
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Fig. 6. Intersection curves for three arrays of electrodes (S1, S2 and S3).

Table 4
A fragment of the interpolation results, which express coordinates of the intersec-
tion lines for a particular measurement (Measurement 1, Table 2); shaded cells
indicate recovered values.

ε2 (rel. units) Thickness (h2, mm)

S1 S2 S3

5.39 0.5796 0.5889 0.5774
5.4 0.5771 0.5840 0.5754
5.41 0.5746 0.5791 0.5735
5.42 0.5722 0.5743 0.5715
5.43 0.5697 0.5694 0.5695
5.44 0.5672 0.5645 0.5676
5.45 0.5647 0.5596 0.5656
5.46 0.5623 0.5548 0.5636
5.47 0.5598 0.5499 0.5617
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technique can be applied to the measurement of the dielectric
permittivity of plates and shells with variable thickness.

2. The principle is easily adaptable for different profiles of the
testing surface, as well as for other combination of input
parameters of the geometric and physical properties character-
istics, where its interference is essential (for example, the non-
contact measurement of dielectric permittivity, the positioning
of objects or the measurement of vibration amplitude of objects
with variable properties).

3. Multiparameter testing can be applied independent of the
measuring system of units, dimensions and quantities, mea-
surement standards and reference materials.

4. The reliability of the recovered input quantities is provided by
data processing of the measurement results and the calibrated
data. No additional transformations of the data, which are
typical for indirect measurements, are required. Therefore, the
measurement chain is comparatively short and does not
include elements of approximations, except one case—the data
processing of extracted shells. The boundaries of these shells
correspond to the calibration interval and therefore might be a
subject of optimisation performed by the most reliable means
(measurement standards).

5. There are no problems with such critical metrological qualities,
such as linearity, detection limit, sensitivity, instrumental drift.

However, the selectivity and resolution of the measurements
should be the subject of optimisation with regards to the
dimensions of the electrode system and the potential on the
electrodes.
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