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Abstract. In the article, we consider the model of pulse signal distortion in the computer sound card channel. The use of
such a model allows expanding the possibilities of using computers in the researches of the wood properties in the form of various
dielectric characteristics analysis, in particular using the computer sound card channel. This makes it possible to verify the state of
the signal propagation channel during the experiment. This experiment researches samples of wood for the presence of defects.

Also is proposed an approach to constructing the distortion model. It allows to expand the possibilities of investigating the
parameters of the pulse signal and to verification the state of the channel during the research of the dielectric properties of wood.

To research, a sample of wood using a computer sound card is developed a structured scheme that allows you to analyze

the characteristics of pulse signals during the measurement process.

To determine the dielectric parameters of different types of industrial wood is developed the software in the MATLAB
environment. Using it is analyzed complex pulse signals that used during the research. In particular, were taken into account
different currents of wood polarization and dielectric characteristics.
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1. Introduction

Wood has long been important by mankind in
particular for construction due to its construction and
technological properties. These properties are significant
tensile and compressive strength, low thermal con-
ductivity, manufacturability, and good appearance. The
current problem is the preservation of forest reserves in
Ukraine and the reduction of applying wood in
construction. An important reserve of wood savings is
the use of waste from sawmilling and woodworking for
the manufacture of particleboard, glued structures,
heating means for buildings.

Industrial wood has such disadvantages as the
heterogeneity of the structure, flammability, and the
ability to rot. These disadvantages are avoided by dif-
ferent technical measures. Researchers exploit different
measurement methods to determine the characteristics of
wood as a dielectric material.

2. The Current State of the Problem

Much of the primary information in physical
experiments, which is processed by technical means, is
analogous. Bandwidth limitation is a common feature of
analog signal transmission channels [1, 2]. It distorts the
test signal parameters. Therefore, the study of the
distortions ways is an important general technical task,
the successful solution of which is necessary for
increasing the productivity of many technical devices.

Different authors research many ways of signals
transmission and changing their parameters in the
distribution channel [3—10]. For technical tests, they are
used monochromatic, narrowband, and broadband
signals. Pulse rectangular signals belong to the latter
type and are simple in shape and non-complicated
methods for creation.

3. The Goal of the Work

The purpose of the article is to solve the problem
of developing a model of dynamic distortions of the

pulse signal that occur during investigations of the
properties of wood, in particular the presence of defects
in it. The parameters of dielectric materials wood are
measured exploiting specialized metrological modules —
digital oscilloscopes, specialized spectrometers, etc. It is
proposed to provide measuring of the wood dielectric
properties by a computer sound card channel, which
significantly increases the speed of the measurement
process.

4. Development of the Model for a Wood
Sample Study

To investigate the response of any automated
measurement system are required a test signal generator
and system response analysis tools. It is convenient to
programmatically set the test signal in digital form, to
test the object of study using an analog signal, and to
perform the processing of results with numerical
methods.

The application of a set of separate specialized
devices for the study is associated not only with the
accumulation of hardware and financial costs, but also
requires the coordination and synchronization of
individual nodes, the correct choice of parameters for
each testing.

We suggest applying for a computer sound card in
the process of measuring wood characteristics. It
includes such nodes of input and output of analog signals
as amplifiers, digital-to-analog and analog-to-digital
converters (DAC, ADC), clock frequency generator [11],
as well as automated control systems for these devices.
Appliance the specialized metrological modules is
limited by their significant cost.

Comprehensive finding functional relationships
between the parameters of the object by the computer
capabilities assess the degree of the correlation processes
that take place in it provides significant advantages in
the choice of processing tools, automation of the
experiment. These investigations can be attributed to the
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first stage of measurement — the collection of a priori
information. The obtained data are important to the de-
velopment of methods for obtaining a reliable metro-
logical assessment with special measuring instruments.

The proposed approach to building a model of
deviations allows not only expanding the possibilities of
restoring the parameters of the pulse signal [12, 13] but
also by the peculiarities of these deviations to
verification the state of the channel during research.

To generate a test signal, to receive and process
the reaction of the object of investigation, are important
different computer components, shown in Fig. 1:

— To perform numerical operations — memory,
clock frequency generator (CFG), processor, bus for data
communication.

— To perform signal shape conversion operations
and analog processing — sound card units: DAC, ADC,
amplifiers (AMP1 and AMP2), analog filters (AF1 and
AF2).

— To optimize the electrical coordination of the
computer with the object of investigation are used
external devices: sensor, input, and output amplifiers
(AMP).

The bandwidth restriction of the sound card in the
below part occurs in the high-pass filter (HF) formed by

the separating RC circuits. These filters consist of
electrolytic capacitors and the different resistance values
of the sample. Due to the characteristics of the formed
elements, these filters are characterized by unstable
temperature and time parameters.

The bandwidth of external devices is wider than
the bandwidth of the sound card, therefore we can ignore
the dynamic signal distortion in these nodes. Dynamic
signal distortions depend on the settings of the filters, the
temperature of the sound card eclements, the
characteristics of the connected load, and tend to drift.
The presence of unpredictable factors of dynamic
distortions in the generation channel makes it necessary
to verification the shape of the test signal during the
studies.

To perform such verification, the voltage of the
output amplifier is applied to one of the stereo inputs of
the sound card. The signal that appears at this input is a
verification signal. The test signal passes through the
same nodes, but needs the second stereo input of the
sound card, and additionally passes through the sample,
the sensor, and the amplifier of the input signal (Fig. 1).
The difference between the test signal and the
verification determines the characteristics of the object
of investigation.
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Fig. 1. Structure scheme of a wood sample studies
using the computer components
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Fig. 2. The signals: set and received forms in the verification channel

5. Experiments

To study the properties of wood, we exploit one
of the simplest forms of the test pulse signal, which is a
meander with a frequency of 80 Hz. The choice of the
signal is justified by the lack of a constant component,
which cannot be transmitted by a sound card and
existing a simple form of dynamic distortions.

Generation of a test signal — meander, with the
period of 2N, counts occurs in the form of a digital
sequence:

Uy (n) = Ao x (1", (1)
where A, is the amplitude of the meander; n is the
number of counting; N, is the number of counts in the
half period of meander, [1n/Ny] is the integer part of n/Nj.
There are two forms of signals (Fig. 2) i.e. the signal in
digital form and the analog verification signal. Are
observed distortions on the received signal: low-
frequency — on the slope of the pulse peak, and high-
frequency distortion — in the form of damped oscillations
at the beginning and end of the pulses.

After passing the meander is created another se-
quence corresponding to the verification signal E(n), with
a changed shape and with a noise component (Fig. 2):

E(n)=U(n)+Un(n) > (2)

where U(n) is a periodic component of the verification
signal; U,(n) is the value of the additive noise component.
To distinguish the shape of the received verification signal
from the noise, N, counts are divided into K integer
periods of 2N, counts in each, and depending on the offset
of the beginning of the first period n:

!

and the values of the verification signal E(n) were
averaged over K periods for each value m = [1,2N]:
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Approximation of the slope of the top of the verification
signal by the exponential curve is carried out by the
formula:

U (i) =Ace'™, (%)
where A, is the amplitude, N. is the value of the constant
exponent. The approximation parameters 4. and N, are
determined from the condition of the minimum standard
deviation of the approximating curve U,(i) and the
average values of the received verification signal Y,,,():
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As a result of the approximation, is obtained the
values of the meander amplitude and the value of the time
constant, which characterizes the distortion of the shape of
both the verification and test signals in the sound card. It
should be noted that although the formula (6) contains
index values greater than 51, the optimization determines
the value of 4., which corresponds to equality i = 0; and the
value of N, is not an integer, but real. The selected
approximation function and the method of determining its
parameters provided in the experiments the value of the
multiple determination coefficient of the test pulse peak
decline R,>0.99.

Computer sound cards to receive stereo signals
include two channels. The characteristics of the channels
are a high degree of identity, so the methods of
compensation for distortion of the verification channel
must be effective for the test signal. With the model of
the exponential decay of the pulse peak, we can restore
the shape of each signal by distributing discrete values of
E(n) to the approximation function U,(n) with single

J—) min. (6)
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amplitude when synchronizing the front of the test signal
with the beginning of the approximation function:

Ukn) = E(n)/U{(No—no + n)/No) = E(ny/e "™, (7)
where U,(n) is the restored form of the test signal, N, is
the index of approximation function synchronized with
the front of the test signal.

The obtained function U,(r) transmits the pulse front
and the damping oscillations of the transient process, which
occurred in the low-pass filter, and also the properties of the
noise component. A flat vertex of this function is charac-
teristic of a meander-shaped pulse. To verify the conformity
of the distortion model in the high-pass filter (HF) through
the channel instead of the sample were connected resistors
of different denominations. The difference in the value of
the resistor affects not only the value of the current perce-
ived by the current sensor. Therefore, occurs difference the
time constant of the HF and, accordingly, the values of 4.
and y. n the model of the distortion of the pulse peak. With
all values of the resistor in the range from 0.47 to 15 Mega
Ohms, the restoration of the flat top of the meander
occurred to the nearest noise level. Thus, the known shape
of the set test signal, the presence of the verification channel
of the test signal shape, the selected model, and the method
of compensation for distortion of the HF restore the shape
of the test signal in the measurement channel.

For fast and convenient determination of model,
parameters are developed software in the MATLAB
environment. As a result of practical researches is
obtained high reliability and accuracy of recovery.
Investigations have been carried out with complex pulse
signals, including polarization currents of wood and
other dielectric characteristics.

5. Conclusions

The developed models of signals obtained in real
transients of pulse signal propagation do not require
structural division of the channel into separate nodes with
the determination of their characteristics. Parameters of
these models verification the state of the signal transmission
channel. That increases the reliability of technical means as
well as the reliability of the received results.

The meander test pulse signal and the real pulse
signal obtained after sensors for a specific wood sample
investigations of woods’ samples. We obtain the requi-
red dielectric characteristics of wood using only com-
puter hardware, in particular the computer sound card.

The coincidence with the accuracy of the noise
level of the indicators of the digital oscilloscope ZET
302 [14] with the counts of the restored sound card
signal proves the possibility of computer technique for
measurements. So, we have studied the possibilities of
computer hardware as an available technologically and
metrologically reliable mean for verification of the
dielectric properties of materials, in particular wood.
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