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Abstract. This paper addresses the reconstruction of transient process parameters from their oscillo-
grams in the context of critical infrastructure security. It is shown that under real operating conditions the
only available information on the dynamic state of electrical systems is often limited to recorded oscillo-
grams, while the parameters of circuit elements may be unknown or vary over time. An engineering-oriented
method for determining transient process parameters in first- and second-order circuits is proposed. The
method is based on separating the forced and natural responses, forming a time series of the natural re-
sponse, and subsequently estimating its parameters using logarithmic transformations, the least squares
method, and numerical approximation techniques. The method is implemented as specialized software devel-
oped in Microsoft Excel using VBA. Numerical testing on a first-order circuit example demonstrated exact
parameter recovery for noise-free oscillograms and maintained an accuracy of approximately 1% in the
presence of disturbances simulating measurement errors. The obtained results confirm the practical ap-
plicability of the proposed approach for non-destructive testing, diagnostics, and improving the security of
critical technical systems.
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Introduction formation of a broad research direction in the scien-
tific literature devoted to reconstructing transient
process parameters directly from oscillograms,
without constructing a complete physical model of
the object, which confirms both the practical signifi-
cance and the complexity of this problem [1], [3].

In electric power engineering, oscillograms of
transient processes following disturbances represent
a primary source of information for assessing dy-
namic stability and analyzing the security of operat-
ing modes. Classical and recent studies demonstrate
that the parameters of oscillatory and aperiodic

Ensuring the security of critical infrastructures
largely depends on the ability to timely detect deg-
radation processes, anomalies, and hidden defects in
technical systems under conditions of limited access
to equipment. Under real operating conditions, the
parameters of elements in electrical circuits and
systems are often unknown or vary due to aging,
temperature effects, or damage, while the only avail-
able information consists of oscillograms of transi-
ent processes recorded by measurement and data
acquisition devices. This circumstance has led to the
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components reconstructed from oscillograms are
directly related to power system stability and are
used to prevent the development of hazardous oper-
ating conditions [1], [2], [5]. At the same time, it is
emphasized that real oscillograms contain noise,
distortions, and are limited in duration, which com-
plicates reliable parameter estimation and necessi-
tates the development of specialized reconstruction
methods specifically oriented toward practical oper-
ating conditions [2], [5].

A similar problem is characteristic of transmis-
sion lines and distribution networks, where oscillo-
grams of voltages and currents during fault condi-
tions are used to estimate line parameters, localize
faults, and analyze failure causes. Studies devoted to
parameter reconstruction of lines from fault oscillo-
grams show that such information is critical for im-
proving network reliability and security, since the
actual line parameters at the moment of a fault are
generally inaccessible by other means [8], [9]. In
industrial systems and electric drives, oscillograms
of start-up transient processes are used to reconstruct
parameters of electrical machines without disman-
tling them, which is of direct importance for safe
operation and equipment diagnostics [6], [7].

In automation and telemechanic systems, par-
ticularly within Smart Grid and PMU-oriented moni-
toring frameworks, oscillograms of transient proces-
ses form the basis for real-time condition assessment
and detection of hazardous deviations in operating
modes. Review studies indicate that modern modal
identification algorithms are specifically oriented to-
ward oscillogram analysis, as these data are availa-
ble in real time and can be used for security-related
decision-making [3], [5]. Furthermore, parameters
reconstructed from oscillograms are considered info-
rmative features for anomaly detection in cyber-phy-
sical systems, thereby extending their role in com-
prehensive critical infrastructure security tasks [15].

From the perspective of non-destructive testing,
the analysis of transient process oscillograms repre-
sents a typical non-invasive approach to assessing
the technical condition of objects. Review works on
non-destructive testing emphasize that modern con-
dition monitoring methods are based on reconstruct-
ing parametric characteristics of systems from
measured signals without interfering with equipment
design [11]. This is confirmed by the application of
frequency- and time-domain diagnostic methods for
transformers, such as SFRA [12], as well as Time
Domain Reflectometry techniques for cable net-
works, where the oscillogram of the reflected signal
is used to detect defects [4], [13]. Taken together,
these studies demonstrate that the ability to recon-
struct transient process parameters from oscillo-

grams is a key component of non-destructive testing
and contributes to improving the security of critical
infrastructures by enabling early detection of poten-
tially hazardous states and reducing the risk of sud-
den failures.

Reconstruction of transient process parameters
from oscillograms is also important for industrial
controllers, including programmable logic control-
lers (PLCs), distributed control systems (DCS), and
embedded control modules used at critical infra-
structure facilities. During switching operations,
fault conditions, load changes, or cyber-physical
disturbances, industrial controllers typically record
only time-domain responses of voltages, currents, or
internal control signals, while information about
object parameters or internal states may be unavaila-
ble. Analysis of such transient processes makes it
possible to indirectly determine dynamic characteris-
tics of controlled objects, such as effective time con-
stants, damping factors, and dominant modes, with-
out interfering with normal system operation. This
makes transient parameter reconstruction an effec-
tive tool for non-destructive diagnostics, verification
of controller settings, and early detection of degrada-
tion or abnormal behavior in industrial automation
systems. In security-related applications, these capa-
bilities enhance the resilience and reliability of con-
trol systems by enabling assessment of their dynam-
ic state based on recorded oscillograms.

Thus, reconstruction of transient process pa-
rameters in devices and systems of critical infra-
structures is an actual problem. The aim of this pa-
per is to develop engineering methods for recon-
structing transient process parameters from their
oscillograms.

1 State of the Art

In contemporary research, the problem of re-
constructing transient process parameters from oscil-
lograms is considered as part of a broader challenge
of analyzing the dynamic state of technical systems
under conditions of incomplete information about
their parameters and structure. For critical infrastruc-
tures, this formulation is of fundamental importance,
since under real operating conditions oscillograms
obtained from event recorders, digital measuring
devices, or embedded monitoring systems are often
the only available source of information about sys-
tem behavior during transient and emergency re-
gimes. At the same time, element parameters may be
unknown, vary over time, or differ from nominal
values, which makes the direct application of classi-
cal model-oriented approaches for security assess-
ment impractical.
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One of the modern directions for addressing
this problem is the application of compressed sens-
ing methods, in which a transient process is inter-
preted as a signal having a sparse representation in a
certain basis (exponential, harmonic, or combined).
It has been shown that due to this property it is pos-
sible to reconstruct parameters of harmonic and tran-
sient components even with a limited number of
oscillogram samples or in the presence of significant
noise [16]. For critical infrastructure security tasks,
this is an important advantage, as it enables pro-
cessing of short or partially lost oscillograms that are
typical for emergency events. At the same time, the
practical implementation of compressed sensing
methods in security monitoring systems is limited by
high computational complexity, the need to select an
appropriate basis, and the lack of guaranteed repro-
ducibility of results under varying measurement
conditions.

Another approach aimed at improving the relia-
bility of transient parameter reconstruction from
oscillograms involves explicitly accounting for the
properties of the measurement system. Studies de-
voted to the identification and compensation of fre-
quency and nonlinear characteristics of sensor
chains in broadband transient measurements demon-
strate that a significant portion of reconstruction
errors is caused precisely by distortions introduced
by the measurement path [17]. Compensation of
these distortions makes it possible to substantially
increase the accuracy of estimating damping factors,
frequencies, and amplitudes from oscillograms.
From the standpoint of critical infrastructure securi-
ty, this approach is of particular importance, since
incorrect interpretation of oscillograms may lead to
erroneous conclusions regarding system stability or
technical condition. However, the need for detailed
calibration of the measurement system and the avail-
ability of additional information about its parameters
complicate the application of this approach in field
conditions and during crisis situations.

For the analysis of complex, nonstationary, and
nonlinear transient processes, adaptive signal de-
composition methods are widely used, including the
Hilbert-Huang Transform and related empirical
mode decomposition algorithms. These methods
allow an oscillogram to be decomposed into a set of
intrinsic mode functions, each characterized by its
own instantaneous frequency and amplitude [18].
Such an approach is attractive for critical infrastruc-
ture security applications because it does not require
assumptions about linearity or stationarity and can
be applied to real emergency oscillograms with rap-
idly changing structures. At the same time, the de-
composition results strongly depend on algorithm

parameters and oscillogram quality, and the absence
of unified criteria for selecting modal components
complicates the use of the obtained parameters as
formalized security indicators.

A separate group of methods comprises auto-
matic detection of disturbance onset moments and
reconstruction of step changes in transient oscillo-
grams. These approaches are used to accurately de-
termine the start of an event, which is critically im-
portant for correct reconstruction of transient param-
eters and subsequent analysis of incident causes
[19]. In the context of critical infrastructure security,
such methods enhance the reliability of post-event
analysis and localization of hazardous events. Their
limitations are related to sensitivity to noise and
measurement artifacts, which may lead to incorrect
detection of disturbance onset and, consequently, to
biased estimates of transient process parameters.

An important direction directly related to non-
destructive testing is represented by methods for
reconstructing transient processes from indirect
measurements, in particular estimating currents from
voltage oscillograms. Such approaches make it pos-
sible to recover hidden dynamic parameters of a
system without installing additional sensors, thereby
reducing the invasiveness of monitoring and increas-
ing the reliability of operation of critical facilities
[20]. For security applications, this constitutes a
significant advantage, as it expands the information-
al basis for analysis without physical intervention in
the system. At the same time, these methods usually
rely on physical models and computationally inten-
sive processing algorithms, which limits their ap-
plicability in real-time regimes.

Finally, theoretical and applied studies of tran-
sient processes in power supply systems demonstrate
that a substantial portion of hazardous operating
conditions is associated with transient currents in the
medium-frequency range, whose parameters are
difficult to determine using standard analysis meth-
ods [21]. Oscillograms of such processes contain
information that is critically important for assessing
electromagnetic ~ compatibility, reliability, and
equipment security. Nevertheless, existing methods
are often oriented toward specialized scenarios and
do not provide a unified engineering toolkit for sys-
tematic reconstruction of transient process parame-
ters from oscillograms.

Thus, the analysis of contemporary studies
shows that existing approaches to reconstructing
transient process parameters from oscillograms cov-
er a wide range of methods — from optimization-
based and time-frequency techniques to adaptive and
model-oriented approaches. However, for critical
infrastructure security applications they share com
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mon limitations related to sensitivity to noise, com-
plexity of tuning, dependence on oscillogram quali-
ty, and insufficient unification of procedures. This
substantiates the need for the methods proposed in
this paper, which are aimed at robust, reproducible,
and engineering-oriented reconstruction of transient
process parameters from oscillograms, taking into
account the requirements of non-destructive testing
and the assurance of critical infrastructure security.

2 Characteristics of Transient Process

Determination of transient process parameters
based on oscillograms has a number of fundamental
features that directly affect the accuracy and reliabil-
ity of the obtained results and therefore must be
taken into account in engineering analysis and in the
assessment of technical system security. By its na-
ture, an oscillogram represents a graphical or discre-
tized depiction of a continuous process, in which the
values of the measured quantity and time are pre-
sented with limited resolution along the x- and y-
axes. This implies that any transient process parame-
ters identified from an oscillogram are inherently
approximate, since the source data consist not of
exact instantaneous values but of discrete samples or
visually read estimates.

Limited resolution along the time axis leads to
errors in determining characteristic moments of the
transient process, such as the disturbance onset, rise
time, oscillation period, or decay time. Even when
digital oscillograms are used, time quantization er-
rors are governed by the sampling frequency and
synchronization algorithms, while analysis of graph-
ical oscillograms additionally introduces errors asso-
ciated with visual reading and scaling. As a result,
parameters related to time derivatives, frequencies,
or roots of the characteristic equation are particularly
sensitive to inaccuracies along the x-axis, which
may cause systematic bias in the estimated damping
factors or natural frequencies.

Similar limitations apply to the y-axis, which
corresponds to the amplitude of voltage or current. A
real oscillogram represents signal values with lim-
ited vertical resolution determined by the bit depth
of the analog-to-digital converter or by the accuracy
of graphical rendering. This leads to errors in deter-
mining initial conditions, integration constants, and
amplitudes of both forced and natural components of
the transient process. These effects become especial-
ly pronounced at low signal levels, where the rela-
tive measurement error increases, or under saturation
of the measurement chain, which distorts the oscil-
logram shape at peak values.

A further important feature is that an oscillo-
gram typically contains a superposition of forced

and natural responses, as well as noise and parasitic
disturbances. Under conditions of limited accuracy
along the x- and y-axes, this complicates correct
separation of the components, since even small er-
rors in estimating the steady-state level or the pa-
rameters of sinusoidal excitation may lead to signifi-
cant errors in reconstructing the natural response.
Consequently, measurement errors tend not only to
propagate into the identification results but also to
accumulate and mutually reinforce each other during
mathematical processing of oscillograms.

Another characteristic feature is the dependence
of parameter estimation accuracy on the selected
segment of the oscillogram. In real transient pro-
cesses, the initial segments often contain steep fronts
with large derivatives, where the influence of quan-
tization and noise is maximal, whereas at later stages
the signal may approach the noise floor. This creates
a trade-off between using an informative but noisy
part of the oscillogram and a cleaner but less in-
formative segment. The choice of the analysis inter-
val under such conditions directly affects the stabil-
ity and reproducibility of the estimated transient
parameters.

An additional important aspect is the influence
of oscillogram scaling and a priori assumptions re-
garding the system order and the type of excitation.
Since an oscillogram does not contain direct infor-
mation about the structure of the electrical circuit,
any parameter reconstruction is performed within
the framework of a chosen mathematical model.
Given the limited accuracy of the input data, oscillo-
gram errors may mask a mismatch between the
adopted model and the real object, which compli-
cates the physical interpretation of the identified
parameters.

Thus, determination of transient process param-
eters from oscillograms always represents an inverse
and ill-conditioned problem, in which the accuracy
of the results strongly depends on the resolution and
quality of the oscillogram along the x- and y-axes,
the noise level, the correctness of component separa-
tion, and the adequacy of the adopted model.

At the same time, modern digital oscilloscopes
provide not only on-screen visualization of oscillo-
grams but also the ability to store transient processes
in the form of time series suitable for further numer-
ical analysis. For example, Tektronix TBS2000B
series oscilloscopes support saving oscillograms in
SPREADSHEET/CSV format to a USB device,
enabling acquisition of a discrete time series of the
transient process [22]. Similar functionality is de-
scribed in the documentation of SIGLENT
SDS1000X-E series oscilloscopes, which explicitly
indicates the possibility of saving waveforms in
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CSV files for subsequent off-instrument processing
[23]. RIGOL DS1000Z series oscilloscopes also
support saving oscillograms in CSV format, which is
a standard tool for transferring data into the Excel
environment [24].

Awareness of these features is a necessary con-
dition for the correct application of identification
methods in engineering practice, especially in tasks
related to reliability analysis and the security of
complex technical systems and critical infrastruc-
tures.

3 Method for Determining Transient
Process Parameters

Let the oscillogram of a transient process be
represented as a time series of discrete points.
{t;,a(t)},i=1,..,N, where t — time instants, a
a(t) — the measured quantity (voltage or current). In
a linear system, the total process is represented as
the sum of the forced component as(t) and the natu-

ral component a,, (t):
a(t) = ap(t) + a,(t).

Subsequently, the parameter identification procedure
is expediently organized into three sequential steps:
first, the forced component as(t) is estimated from
the oscillogram; next, the time series a, (t) is nume-
rically formed as the difference between the total
process and the estimated forced component; finally,
the parameters of the natural component are deter-
mined with explicit consideration of errors in the
discrete data.

Determination of the parameters of the forced
component under constant excitation is based on the
fact that in the steady state af(t) is a constant value,
that is,

as(t) = t11—>r£10 a(t).

In practice, af(t) is estimated from the final
segment of the oscillogram, where the exponential
natural component has already decayed to a level
comparable with the noise floor and the signal fluc-
tuates around a steady value. To improve robustness
with respect to noise and quantization along the
amplitude axis it is advisable to apply averaging
over the interval [t, ty] where t; is chosen such
that the process is visually close to the steady state:

N
1
af(t) = N——k-l-l ' le a(tl-).

In this expression, N — denotes the total number of
discrete samples (data points) of the time series ob-
tained from the oscillogram.

Under sinusoidal excitation, the forced compo-
nent in the steady state is harmonic and can be ex-
pressed as:

as(t) = Ap - sin(wt + y),

where w is known from the excitation conditions (or
can be determined from the oscillogram based on the
period T'), while the amplitude Ay and the phase 1
are estimated from the steady-state portion of the
oscillogram. The amplitude Af is determined from
the peak values in the steady-state oscillation inter-
val, for example as one half of the difference be-
tween the averaged estimates of the upper and lower
extrema over several periods. The initial phase ¥ is
conveniently determined from the time shift At be-
tween the instant at which the signal crosses zero (or
another fixed phase reference) and the correspond-
ing instant of the sinusoidal excitation, that is, Yy =
w - At To reduce the error in determining t it is ad-
visable to apply interpolation between two adjacent
discrete samples between which the zero crossing
occurs. In cases where the oscillogram contains
noise or a significant natural component, estimation
of A¢ and 1y should be performed on a segment
sufficiently far from the switching instant, where the
influence of the natural component is minimal, since
any error in estimating the forced component direct-
ly propagates into the error of the reconstructed nat-
ural component.

After estimating the parameters of the forced
component, the natural component is numerically
isolated as the difference between the total signal
and the reconstructed forced component evaluated at
the same time instants. The resulting time series
{t;,a(t;)} serves as the basis for determining the
parameters of the natural component. It is important
to emphasize that errors in discrete time (limited
sampling frequency, trigger or synchronization inac-
curacies, rounding during data export) as well as
amplitude errors (ADC quantization, noise, scale
error, and nonlinearity of the measurement chain)
introduce uncertainties into the values of the natural
component. Therefore, the parameters of the natural
component are not determined from individual data
points but are obtained as the result of approximat-
ing a model to the entire data interval, which makes
it possible to reduce the influence of random errors.

For a first-order circuit, the natural component
has an exponential form:

t

a,(t)y=A-e, (D

where 4 — is the integration constant and T — is the
time constant of the transient process.

36 Theoretical Electrical Engineering



ISSN 2221-3937 (Online)
ISSN 2221-3805 (Print)

Electrotechnic and Computer Systems. 2026. Ne 45 (121)

For discrete values of a,, (t) the model is linear-
ized by logarithmic transformation (1):

t.
Inla,(t)] = hﬂAI—~§-

By introducing z; = In|a,(t;)|, a linear regres-
sion model is obtained

Ziza+p-ti,

where @ = In[A], and p = 1/; — is the root of the
characteristic equation of the circuit.

Estimation of @ and p can be performed using the
least squares method, which ensures physically con-
sistent linearization. Once a and p, are obtained, the
exponential parameters are determined as

1
T=—,A=+e",
p

with the sign of the integration constant chosen to be
consistent with the sign of the natural component in
the initial segment of the process.

This procedure is more robust than determining
the time constant using a tangent-based method,
since it averages random errors along the amplitude
ax a nd partially compensates for time-axis errors by
exploiting the entire set of samples.

For a second-order circuit, the natural component
in the general case is represented either as the sum
of two exponentials (for the aperiodic regime) or as
exponentially damped oscillations (for the oscillato-
ry regime). In the aperiodic case,

a,(t) = A, -ePit + A,, - eP2t

and direct logarithmic transformation no longer
yields a linear relationship. Therefore, in this case
the parameters of the natural component are deter-
mined numerically as a nonlinear approximation
problem by minimizing the squared residual be-
tween the measured and model-predicted values.
From a practical standpoint, it is expedient to em-
ploy iterative nonlinear least squares algorithms,
such as the Gauss—Newton or Levenberg—Marquardt
methods, in which the parameters are updated at
each iteration based on linearization of the model
around the current estimate.

Thus, the practical procedure for identifying tran-
sient process parameters from an oscillogram con-
sists of sequentially reconstructing the steady-state
parameters from the steady portion of the record (a
constant level for DC excitation or harmonic param-
eters for sinusoidal excitation), forming the time
series a,(t) as the difference between the measured
signal and the reconstructed forced component, and
subsequently determining the parameters of the nat-
ural component with explicit consideration of errors

in the discrete data. For first-order systems, this can
be efficiently implemented via logarithmic transfor-
mation of the exponential response followed by line-
ar approximation, whereas for second-order systems,
represented by a sum of exponentials or damped
oscillations, numerical methods of nonlinear para-
metric identification are required to consistently fit
the model to the oscillogram under measurement
uncertainties. the model to the oscillogram under
measurement uncertainties.

4 Practical Implementation of the Method

For the practical implementation of the method
for determining transient process parameters from
their oscillograms, specialized software was devel-
oped in the Microsoft Excel environment using the
VBA programming language. The choice of Mi-
crosoft Excel as the implementation platform is jus-
tified by a combination of accessibility, functional
adequacy, and engineering convenience. Modern
digital oscilloscopes directly export oscillograms in
CSV or XLSX formats, which makes it possible to
work with time series data in Excel without addi-
tional data conversion. Built-in spreadsheet tools,
graphical visualization capabilities, and standard
mathematical functions provide clear verification of
each stage of oscillogram processing, which is criti-
cally important for engineering interpretation of the
results. The use of VBA enables automation of pa-
rameter estimation algorithms, implementation of
the least squares method, and numerical approxima-
tion techniques without relying on external software
packages, while preserving transparency and repro-
ducibility of the computations. In addition, Excel is
a widely adopted standard in measurement and oper-
ational practice, which facilitates the integration of
the developed software into tasks of analysis, diag-
nostics, and security assessment of critical technical
systems without the need for specialized proprietary
software. The appearance of the Microsoft Excel
worksheet is shown in Fig. 1.

The software is designed for engineering analy-
sis of experimental time series and operates directly
on oscillograms represented in tabular form, which
ensures straightforward integration with measure-
ment results obtained from modern digital oscillo-
scopes.

The input data consist of columns containing
the time series, including time instants and the corre-
sponding values of the investigated process. The
number of samples is not fixed in advance and is
automatically determined based on the actual num-
ber of populated cells, which allows the software to
handle both short and long oscillograms without
prior data preprocessing. This eliminates the need
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for manual specification of array sizes and reduces
the risk of errors during the processing of experi-
mental data.

The type of the forced component of the transi-
ent process is specified by the user via interface
control elements. A choice between a constant and a
sinusoidal forced component is provided through.

The software is designed for engineering analy-
sis of experimental time series and operates directly
on oscillograms represented in tabular form, which
ensures straightforward integration with measure-
ment results obtained from modern digital oscillo-
scopes.

A B C D E F G H I
1 Calculation of the parameters of the free component of the first-order transient process
2

Complete values of the Parameters of the forced component Parameters of the free

3 transition process ® Constant  Sinusoidal component
4 t a(t) Amplitude |Ang. frequency| Initial phase A P
5 0 10 0 0 0 10,06866765| -1011,16468
6 0,0005 6
7 0,001 35 Calculate parameters
8 0,0015 2.3
9 0,002 13
10 0,0025 0,8
11 0,003 0,5
12 0,0035 0,25
13 0,004 0,3
14 0,0045 0,08
15 0,005 0,06
1A

Fig. 1 - Software for determining the parameters of transient processes

The input data consist of columns containing
the time series, including time instants and the corre-
sponding values of the investigated process. The
number of samples is not fixed in advance and is
automatically determined based on the actual num-
ber of populated cells, which allows the software to
handle both short and long oscillograms without
prior data preprocessing. This eliminates the need
for manual specification of array sizes and reduces
the risk of errors during the processing of experi-
mental data.

Radio Button controls. In the case of constant
excitation, the forced component is interpreted as a
steady-state level, whereas under sinusoidal excita-
tion it is represented by a harmonic function with
known excitation parameters. This approach ensures
consistency between the oscillogram processing
algorithm and the physical nature of the investigated
process.

After selecting the type of the forced compo-
nent and preparing the input data, the user initiates
the computation by pressing the “Calculate” button.
In response, the program automatically executes all
stages of the algorithm: it estimates the parameters
of the forced component from the oscillogram, nu-
merically isolates the natural component as the dif-
ference between the total signal and the reconstruct-

ed forced component, and determines the parameters
of the natural component based on its time series.

For this purpose, logarithmic transformations
and the least squares method are applied for first-
order circuits, while numerical approximation pro-
cedures are used for more complex models, ensuring
robustness of the results with respect to discretiza-
tion errors and measurement noise.

The program outputs numerical values of the
integration constant and the characteristic equation
root, which describe the dynamic properties of the
circuit or system and can be used for analysis, diag-
nostics, or security assessment. The interface sup-
ports English and Ukrainian languages, and the
software provides a transparent and reproducible
implementation of the method, combining the clarity
of the Excel environment with automated numerical
processing for real experimental data.

To verify the proposed method for determining
transient process parameters from their oscillograms,
numerical testing was performed using a first-order
electrical circuit as an example. A circuit imple-
mented in the Multisim environment was used as a
reference model, which made it possible to obtain an
oscillogram of the transient process with a priori
known circuit element parameters and, consequent-
ly, with precisely known theoretical values of the
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transient process parameters. The circuit used for the
study is shown in Fig. 2.

1€
| |
—_—
uc(0)
5; Rl Rz
LT * [
—_—
Upz
E (“\"l} R3 Ra
L/

Fig. 2 - Circuit used for testing the method

For the parameter values R; = 20.,R, =
150,R; =250,R, =104, C, = 100 uF,
uc(0) =10V, E =100V,
the voltage across resistor ug, is given by
Upy = 23,077 — 42,86 - 71383t 1,

The oscillogram of the transient process was
generated using time-domain simulation and export-
ed as a tabular time series, which was subsequently
used as input data for the analysis (Fig. 3).

At the first stage of testing, the analysis was
carried out for the case of exact oscillogram values,
that is, without taking into account discretizationer-
rors, noise, or distortions of the measurement chain.
For this purpose, the forced component of the transi-
ent process was determined from the oscillogram,

First-order electric circuit
Transient Processe

_—
>
S
0]
o
@
=
0
>

Fig. 3 - Oscillogram of the transient process

corresponding to the steady-state operating condition
of the circuit after completion of the transient. Then,
based on the known value of the forced component
and the initial signal values, the integration constant
of the natural component was calculated, and the
time constant of the transient process was determi-
ned. The obtained parameter values fully coincided
with the theoretical values calculated directly from
the circuit parameters, which confirmed the correct-
ness of the algorithm under ideal conditions and its
consistency with the analytical solution of the linear
nonhomogeneous first-order differential equation.

At the next stage of testing, the performance of
the method was investigated under conditions of
approximate oscillogram values that simulate real
errors in experimental data acquisition. For this pur-
pose, artificial disturbances were introduced into the

exact time series to model errors in both the time
axis and the amplitude of the transient process. Such
disturbances are typical of real oscillographic meas-
urements. Under these conditions, direct graphical
determination of transient process parameters leads
to significant discrepancies, making it impossible to
obtain reliable results without the use of specialized
data processing methods.

To improve the accuracy of estimating the pa-
rameters of the natural component in the presence of
approximate data, the least squares method was ap-
plied, which makes it possible to fit the exponential
model of the natural response to the entire set of
experimental oscillogram points. The application of
this approach ensured stable estimation of the inte-
gration constant and the root of the characteristic
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equation even in the presence of noise and discreti-
zation errors.

Using the proposed method and the developed
software, the following parameter values were ob-
tained: the forced component of the transient process
Upy r ~ 23V, the integration constant A = —42,8 V,
and the time constant 7 = 0,000722 s (correspond-
ing to the characteristic equation root p =
—1385s71).

Comparison with theoretical values shows that
the relative error of the reconstructed transient pa-
rameters does not exceed 1%, confirming the high
accuracy and robustness of the proposed method
under conditions close to real experimental prac-
tice.The results demonstrate complete reconstruction
of first-order transient parameters for exact oscillo-
grams and preservation of high accuracy in the pres-
ence of measurement-like disturbances due to ap-
proximation techniques and the least squares meth-
od. This substantiates the applicability of the method
to real oscillograms obtained in both simulation
environments and physical measurements, as well as
its suitability for engineering diagnostics and dy-
namic analysis of first-order electrical circuit.

5 Conclusions

In this work, a method for determining transient
process parameters from their oscillograms is pro-
posed and verified, with a focus on practical applica-
tion in engineering problems related to the analysis
of electrical circuits and systems. The method is
based on decomposing the complete transient pro-
cess into forced and natural components, followed
by reconstruction of the parameters of the natural
component from a time series formed on the basis of
the oscillogram. Numerical experiments in the Mul-
tisim environment for a first-order circuit showed
error-free reconstruction of transient parameters for
exact oscillograms and a relative error not exceeding
1% under simulated measurement disturbances, con-
firming the robustness and practical applicability of
the method. Future work includes extending the

approach to higher-order circuits and complex exci-
tations, automating oscillogram interval selection,
improving noise-robust filtering, and enhancing
numerical identification and uncertainty estimation,
thereby broadening its use in analysis, diagnostics,
and security assessment of technical systems.
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'Hayionanvnuii ynisepcumem «Odecvka noiimexmixay

Anomauia. Cmammio npucesueno 3a0aui 8i0HOGIEHHS RAPAMEmpie nepexioHux npoyecie 3a ix ocyuno-
epamamu 6 Konmekcmi 3abe3neuents 6e3nexu KpumuuHux ingppacmpykxmyp. Akmyanvnicme pobomu 3ymo8-
JIeHa MUM, WO 8 PealbHUX YMOBAX eKCNLyamayii eneKmpomexHiuHux cucmem napamempu el1emMeHmis 4acmo
€ HegidoMuMu ab0 3MIHIOIMbCS BHACTIOOK CIMAPIHHS, NOUWKOONCEHb YU 308HIWUHIX 8NUGI8, MOJI K 0OCHIYN-
HOIO TH(HOPMAYIEI 3aTUMAIOMb s TUUle OCYUI0SPAMU NEPEXIOHUX NPOYECis, 3aMIKCO8AH] GUMIPIOBATTLHUMU
3acobamu. [lokazano, wo 6ionosnenHa napamempie nepexionux npoyecie 6e3nocepeonbo 3a OCYUIOSPamamu
ma no2ano 0byMOoGIeHoI0 3a0auer0, MOYHICIb PO38 SI3AHHS AKOI 3a1edXHCUMb 6i0 NOXUOOK Ouckpemusayii 3a
uacom i amnaimyoor, a makodiC 6i0 KOPEeKMHO20 PO30INeHHSA SUMYUIEHOI ma GilbHOI CKIA008UX npoyecy.
3anpononosano indcenepHuli Memoo BU3HAYEHHS NApPAMEmpie nepexionux npoyecis, skuil 6a3yemvcs Ha
NOCIO06HOMY GIOHOBGNEHHI BUMYUEHOT CKIA0080I 3a YCMANEHOI0 YACMUHOIO OCYUI0SPAMU, POPMYSAnHI ua-
€06020 pAOY GIILHOI CKIAA060T Ma NOOANLULOMY OYIHIOBAHHI i napamempis i3 GUKOPUCMAHHAM 102apUPMi-
YHUX NepemBOpeHb | Memoody HAUMEHWUX Keaopamis abo 4UCeaibHUX memooié HeniHitiHol anpoxcumayii.
Po3spobneno cneyianizosane npocpamme 3abesneuenns 6 cepedosuwyi Microsoft Excel i3 euxopucmanusam
mosu VBA, wo 3abe3neuye agmomamuzogany 00pooKy ocyunrocspam, eKCnopmosanux y maoaudHomy ueisioi
3 yughposux ocyunoepais. Ilpogedeno uucenvne mecmyanus mMemooy, sike NOKA3AI0 NOGHe 8I0OMBOPEHHS
napamempie 3a MOYHUX OAHUX OCYUNOSPAMU MA 30epexceHHs MOYHOCMI Ha pieHi bausbko 1 % 3a nasgnocmi
30ypens, o Mo0enoioms peanbhi noXudKu eumiproeans. Ompumari pe3yiomamu niOmeepolCcyIomy egex-
MUBHICMb | NPAKMUYHY NPUOATNHICIL 3ANPONOHOBAHO20 NIOX00Y 0151 3A0aY HEPYIHIBHO20 KOHMPOTIo, dide-
HOCMUKY Ma niosuujenHs Oe3nexu KpUmudHux mexHiunux ingppacmpykmyp.

Knwuogi cnosa: nepexionuii npoyec, 0Cyunocpamd, GilbHA CKIA008d, GUMYUEHA CKIA008d, MEmoo
HatMeHwux Keaopamie, Kpumuuni ingppacmpykmypu, b6esnexa, npozpamyeanns na VBA, Microsoft Excel,
Npozpamoeani 102iuHi KOHMpoaepu.
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