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Abstract. The increasing complexity of microchips and the limitations of miniaturisation are making the
electronics design process more complex and time-consuming. The problem of Moore’s Law losing its force
is causing rapid development in the design and manufacture of electronic components. The study aimed to
provide structured information on electrical circuit design tools by functionality and availability to help optimise
operations, increase productivity and save money. The study provided a theoretical description of the principles
of operation of software for modelling and simulation of electrical circuits, an overview of algorithms and
methods used in automatic design programs, a classification of programs by key characteristics and a comparative
analysis of popular software packages: LTspice, EAGLE, MATLAB/Simulink, Multisim, Proteus, KiCad. The analysis
addressed the speed of modelling, accuracy of results, ease of use, functionality and accessibility, as well as
user experience. The study recommended selecting software depending on the user’s needs, project complexity
and budget, accounting for the experience of other users. LTspice, Multisim, and KiCad were recommended
for beginners and students: LTspice is powerful, free and easy to use, KiCad offers open source and an active
community, and Multisim is suitable for learning. MATLAB/Simulink, Proteus and EAGLE are recommended for
professionals: Simulink provides powerful modelling and integration with other MathWorks products; Proteus
is optimal for microcontroller system developers; EAGLE is suitable for integration with CAD and automation
systems. The practical value of the research results lies in the creation of a rating of EDA software by the criteria
of functionality and performance, designed to help users make a choice based on their needs
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INTRODUCTION

Electrical circuit simulation (EDA) software is a ver-
satile tool for design, training, analysis and research
in electronics that can be used to test models quick-
ly and flexibly without the risk of damaging compo-
nents, saving time and money and reducing the risk
of errors. The graphical and textual interface software
visualises electrical quantities that can be used to
compare designs and investigate the effects of com-
ponents, making learning dynamic and interactive.
Although EDA software has undeniable advantages,

it has limitations due to its cost and the possibility
of inaccurate modelling. The development of electri-
cal circuit simulation software began with early com-
puters and is constantly evolving. The first programs
for numerical solutions of differential equations ap-
peared in the 1950s. The Simulation Program with
Integrated Circuit Emphasis (SPICE) software, devel-
oped in 1973, was the first publicly available tool for
analysing electrical circuits and quickly gained popu-
larity due to its power and accuracy.
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As noted in the review of the evolution, current state
and trends of EDA software by N. Charig (2021), in the
1980s and 1990s, new versions of SPICE appeared with
improved component models and analysis methods.
Commercial products based on SPICE offered addition-
al features and technical support. Graphical interfaces
have simplified the process of creating and modelling
schemes. In the 2000s and 2010s, modelling tools were
integrated with Computer-Aided Design (CAD) systems.
New features such as high-frequency (HF) circuit anal-
ysis, thermal analysis, and electromagnetic compatibil-
ity (EMC) analysis have been added. This development
allowed engineers to perform complex analysis and de-
sign at one workstation.

According to K.I. Gubbi et al. (2022), modern model-
ling tools often employ cloud computing to increase ca-
pacity and availability, as well as artificial intelligence
to automate and optimise design processes. Software
that allows simultaneous modelling of various physical
phenomena, such as electrical, thermal, mechanical and
electromagnetic processes, is actively emerging. Tools
such as Qucs and NGSPICE continue to evolve as open
platforms that provide accessibility and flexibility for
users. Modern research on EDA tools, by G. Huang et
al. (2021), covers a wide range of methods and algo-
rithms for modelling, analysis, specification, comput-
er-aided design, testing, and verification of complex
electronic systems, making them an indispensable tool
for modern electronic design.

A report by G. Marinova & A. Bitri (2021), which
assesses the dynamics of EDA software development,
indicates that electronic systems design automation is
one of the most complex and dynamic industries, re-
quiring companies to invest heavily in research and
development, as well as continuous product improve-
ment and adaptation to changing market conditions. As
noted by R.l. Bahar et al. (2020), changes in electron-
ic design are driving new research: future advances in
electronics rely on extreme-scale design automation to
achieve breakthroughs in performance, power, and inte-
gration for next-generation systems. At the same time,
C-D. Curiac & A.Doboli (2022) argue that their analysis
of the EDA industry has revealed a significant gap be-
tween basic research and applied development, which
leads to a decrease in the industrial influence on the
development of electronics. To address this problem,
the researchers suggested stimulating cooperation be-
tween academic institutions and industry, focusing on
current industry issues, and simplifying scientific for-
mulations to make research results more accessible to
a wide range of professionals.

In Ukraine, LTSpice, Proteus, Arduino, MATLAB/Sim-
ulink, and Multisim tools are used in engineering edu-
cation and research. D. Arseniuk & Yu.Zinkovsky (2023)
used LTSpice to model a bridgeless power factor cor-
rector. V. Shamonia et al. (2019) employed the Proteus
virtual environment to teach future IT profession-
als how to design printed circuit boards and develop
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microcontrollers.V.Andriienko & M. Bondarenko (2018)
analysed robotic platforms for prototyping electron-
ic devices and systems. O. Semenikhina et al. (2020)
compared the most popular Proteus and Multisim pro-
grammes among university teachers. A pedagogical ex-
periment has shown that using Multisim by IT students
allows them to perform laboratory work more efficiently
due to shorter task completion times. At the same time,
both programmes promote the development of skills
in modelling and analysing electronic circuits, which is
confirmed by the reduction in student learning time.

The problem of choosing EDA software is relevant
and complex, as it requires a thorough analysis of user
needs, consideration of software characteristics, and
constant updating of information about available solu-
tions. Thus, the study aimed to compare the efficiency
of software for modelling and simulating electrical cir-
cuits. The study is designed to help users make a cor-
rect choice, helping to optimise operations, increase
productivity and save time and money.

MATERIALS AND METHODS

An overview of the mathematical foundations of EDA
software was provided to enable a comparative analysis
of EDA programs in terms of accuracy, speed, and usa-
bility. The flowchart of the electronic circuit modelling
process explains the general algorithm for applying data
processing methods in EDA applications. To systematise
knowledge about design tools and form a holistic view of
the process of developing electronic systems, a classifi-
cation of software by the characteristics under study was
created: by the area and industry of application, commer-
cial availability, operating system, functionality,as well as
by the method, type and complexity of modelling, which
is the basis for a comparative analysis of different tools.

A comparative review of popular software for de-
signing electrical circuits by key characteristics and
functionalities was conducted. A detailed analysis of
popular software packages was conducted with a focus
on mathematical models and modelling capabilities.
This provided a list and description of common data
processing methods used in popular tools for circuit
modelling. Methods for optimising the operation of
EDA programs to increase computing speed and reduce
memory consumption were analysed.

The quantitative analysis compared the character-
istics of the programmes: modelling speed, accuracy
of results, ease of use, functionality, and cost. EDA soft-
ware developer websites were used for the quantitative
analysis: LTspice, Simulink, Multisim Live, Proteus, KiCad,
Easily Applicable Graphical Layout Editor (EAGLE) and
literature review. Information from the manual on de-
signing and analysing circuits using PSpice and MATLAB
tools by W.Y. Yang et al. (2020), which focuses on how
these tools can model electrical circuits, even though
their functionality is significantly different was used:
MATLAB and PSpice complement each other, allowing
an engineer to effectively solve a wide range of tasks,
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from concept development to debugging a finished de-
vice. A book edited by S.L. Tripathi et al. (2022), which
includes a comprehensive and up-to-date introduction
to the basic concepts of digital design and digital design
verification using Verilog/Hardware Description Lan-
guage (HDL), was also used. Mathematical models, data
processing methods and possibilities for optimising the
operation of programs when modelling digital circuits
in LTspice, Simulink, and Multisim tools were analysed
separately. Simplified modelling capabilities of KiCad,
EAGLE and Proteus tools with a focus on quick verifi-
cation of circuits and evaluation of their performance,
as well as on one of the significant advantages of these
programs - openness for development, were highlight-
ed. With support for plug-ins and scripts, these tools
are more adaptable and allow users to create personal
workflows and integrate applications with other tools.

The information obtained was systematised and
presented in the form of summary tables, covering the
components of the software functionality: set of mod-
els, calculation accuracy, simulation speed, commercial
availability, complexity of use, and availability of addi-
tional features. The results are intended to provide users
with structured information about the capabilities and
limitations of EDA software, help optimise their work
and increase productivity.

Beginning

v

RESULTS

EDA software systems are based on mathematical mod-
els that describe the behaviour of various electronic
components and systems: linear differential equations,
nonlinear differential equations, algebraic equations,
and partial differential equations. The use of systems of
equations to describe circuits in EDA is a fundamental
approach. The choice between linear and nonlinear sys-
tems of equations in EDA depends on the complexity of
the circuit model, the specifics of the task analysis and
the required accuracy of the results.

Linear differential equations are widely used to
describe the behaviour of passive elements (resistors,
capacitors, inductors), as well as active elements in
linear operation (transistors, operational amplifiers).
Nonlinear differential equations are used to model
nonlinear elements (diodes, transistors in the nonline-
ar mode), as well as to describe complex physical phe-
nomena such as saturation of a magnetic circuit, and
electrical breakdown.

Algebraic equations are used to describe the static
characteristics of elements (e.g., the volt-ampere char-
acteristics of diodes). Partial differential equations are
used to model distributed parameters of systems, such
as transmission lines and chip structures. The model-
ling process in EDA software is shown in Figure 1.
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Figure 1. Flowchart of the electronic circuit modelling process

Source: compiled by the author
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A distinctive feature of nonlinear differential equa-
tions is the absence of an analytical solution in the
general case. Therefore, numerical methods are used to
solve them. Electronic circuit modelling software uses
numerical methods adapted to the specifics of elec-
trical engineering tasks: numerical integration - for
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solving differential equations (the choice of method
depends on the required accuracy and speed of calcu-
lations); matrix methods - for solving systems of linear
algebraic equations; optimisation methods - for finding
optimal model parameters. The methods applied are
shown in Table 1.

Table 1. Data processing methods in EDA applications

Method category Method

Description

Euler's method

A simpler numerical method for solving ordinary
differential equations that uses first derivatives.

Numerical integration Runge-Kutta method

A more accurate numerical method that uses
intermediate estimates of derivatives.

The trapezoid method

A numerical method that uses the average
of the derivatives at each step to integrate.

Gaussian method
Matrix methods

A method for solving systems of linear algebraic equations

by successive elimination of variables.

LU decomposition method

Splitting a matrix into a product of lower and upper triangular

matrices to simplify solving systems of equations.

Least squares method
Optimisation methods

A method for minimising the difference between observed

and theoretical values.

Gradient descent method

of functions by moving in the direction of the anti-gradient.

An iterative method for finding local minima

Finite difference method
(FDM)
Discretisation methods

Converts differential equations into difference equations for

numerical solution.

Finite element method
(FEM)

Break down complex geometries into small elements
for numerical analysis.

Monte Carlo methods Monte Carlo method

A statistical method for modelling random processes

such as noise or temperature fluctuations.

Event-based modelling Event-based modelling

is updated in response to events (changes in the state of signals).

Dynamic analysis of digital circuits, where the model

Fourier method
Methods for analysing

Converting signals to the frequency domain
for spectral component analysis.

frequency response
Laplace transform

in the frequency domain and finding transfer functions.

Analysis of the behaviour of systems

Symbolic methods Symbolic computing

of mathematical expressions describing electronic circuits.

Analytical solution of equations or simplification

Methods of stability and
sensitivity analysis

Resilience and sensitivity
analysis

Evaluation of system stability and its sensitivity to changes
in parameters to ensure the reliability and stability of the schemes.

Parallel computing Parallel computing

Using multiprocessor systems or clusters
to speed up computing processes.

Data-driven modelling Data-driven modelling

Use of machine learning techniques to create models based
on empirical data, such as neural networks and regression methods.

Source: compiled by the author

Optimising the performance of EDA is a key fac-
tor for effective electronic design. Modern tools use
a variety of methods to speed up calculations and
reduce memory consumption:
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1. Automatic method selection. Most modern
EDA tools automatically select the optimal solution
method depending on the characteristics of the
problem.
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2. Hybrid methods combine direct and iterative
methods to achieve high efficiency.

3. Simplification of models. To speed up calcula-
tions, simplified component models are often used,
such as using ideal power supplies instead of real ones
or reducing complex circuits to equivalent ones. The
choice of model depends on the required accuracy of
the results and the range of operating frequencies.

4. Parallel computing for complex models on mul-
ti-core processors or GPUs. Typical parallel program-
ming technologies include the Message Passing Inter-
face and the OpenMP standard.

5. Adaptive integration methods. To reduce compu-
tational costs, adaptive integration methods, such as
the Runge-Kutta method, are used, which automatical-
ly select the integration step depending on the rate of
change of the variables.

6. Compilation of models. To increase the speed of
execution, models can be compiled into machine code,
which avoids interpretation overheads.

7. Algorithm optimisation increases the speed of
computation through more efficient data structures, re-
duced operations, and parallelisation.

8.The results are verified by comparing them with
other simulators, analytical solutions and experimen-
tal data. Formal verification confirms the correctness
of the scheme mathematically.

To create accurate models, EDA programs use HDL.
In particular, the analysed tools use SPICE, Analysis of
Basic Circuits and Devices (AB-CD), Verilog and Very-
High-Speed Hardware Description Language (VHDL),
each of which has its characteristics and applications.
SPICE and AB-CD have traditionally been used for
modelling analogue circuits, while Verilog and VHDL
have become the standard for describing digital cir-
cuits. EDA tools can be used to effectively combine
these languages to model mixed analogue and digital
systems (Table 2). Figure 2 provides a classification of
EDA software based on their functionality and mod-
elling methods. For further analysis, packages wide-
ly used in the industry from such companies as LT-
spice with the software of the same name, MathWorks
(MATLAB/Simulink tool), National Instruments (Multi-
sim tool), Labcenter Electronics (Proteus tool), KiCad
Developers (KiCad tool), Autodesk/CadSoft Computer
(EAGLE tool) were used.

Table 2. Comparing HDL for modelling analogue and digital circuits

electronic components and
circuits.

.. Connection
Method Description Usage with other methods
Analyse voltage, current, It can be used to model

A powerful tool for ower consumption analogue components used

SPICE simulating the behaviour of P ption, ana‘ogue comp )
analoque circuits frequency response and other | in digital circuits described

g ’ aspects of analogue circuits. by Verilog or VHDL.

A SPICE extension that . . . It can be used as an

. . Modelling simple resistors, . .
focuses on modelling basic . . introduction to SPICE or for
AB-CD capacitors, transistors and

quick simulation of simple

other basic components. .
analogue circuits.

Verilog (Hardware
Description Language)
A textual language for
describing the behaviour of
digital circuits based on the
behaviour of components.

VHDL

It is not intended for
modelling analogue
components but can be used
in conjunction with SPICE to
model mixed analogue and
digital systems.

Modelling of logic gates,
triggers, memory and other
digital components.

It is not intended for
analogue modelling but can
be used in conjunction with

SPICE to simulate mixed
analogue and digital systems.

Similar capabilities as Verilog,
with some differences in
syntax and approach.

Source: compiled by the author based on W.Y.Yang et al. (2020) and S.L. Tripathi et al. (2022)
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By type of modelling

eAnalogue
*Modelling analogue electrical circuits

U1
Digital

LT1022 *Modelling digital circuits

*Mixed signal
*Modelling analogue and digital electrical circuits

By complexity
Yt «Simple applications for beginners
"LT1028 eIntermediate-level applications for advanced users

eProfessional applications for complex analysis

By modelling method

‘q:]% U1 *SPICE
‘171028 -mm *AB-CD
«Verilog (Hardware Description Language)

*VHDL

U1 By commercial availability
4 eFree software for modelling
LT1028

¢Paid modelling software with more features

Ul
:
LT1028

)
_
LT1028

Figure 2. Classification of EDA software
Source: compiled by the author
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LTspice, Simulink, and Multisim are powerful tools
for modelling electronic circuits, including digital cir-
cuits. Each has its set of mathematical models, compo-
nent libraries, and tools for analysis and optimisation.
The differences in the use of methods between LTspice,
Simulink and Multisim are due to their architecture
and are the result of evolution: each programme has
evolved to focus on certain types of tasks and adapt
to the needs of different audiences. LTspice focus-
es on analysing analogue and mixed-signal circuits:
and often uses numerical integration methods (Euler,
Runge-Kutta, trapezoids), matrix methods (Gauss, LU
decomposition), discretisation methods (FDM), and fre-
quency response analysis methods (Fourier, Laplace).
Simulink is @ more versatile tool for modelling systems
of various kinds. It supports a wide range of methods,
including numerical integration methods, discretisa-
tion methods (FDM, FEM), optimisation methods, Monte
Carlo methods, event-based modelling, and frequency
response analysis methods, and offers advanced tools
for optimising model parameters and performing Mon-
te Carlo analysis due to its focus on system modelling.
Depending on the configuration, the FEM discretisation
method may be more common in Simulink due to its
ability to model complex geometries. Multisim is simi-
lar in purpose to LTspice but may have some differences
in the set of available methods and their implemen-
tation. Depending on the configuration, Simulink and
Multisim can have more advanced event-based model-
ling capabilities for discrete and event-driven systems
through the availability of special blocks and tools, as
well as for data-driven modelling through integration
with machine learning tools.

Although all three programs support some ele-
ments of symbolic computing, Simulink may have more
advanced capabilities in this area due to integration
with other MATLAB tools, depending on the configu-
ration. Modern versions of all three programs support
parallel computing to speed up simulations. In the fol-
lowing, the modelling of digital circuits in LTspice, Sim-
ulink, and Multisim will be discussed:

1. Mathematical models in these software packag-
es for modelling digital circuits include boolean alge-
bra to describe logical operations (AND, OR, NOT, etc.);
switching functions that model the behaviour of digi-
tal elements (logic gates) depending on input signals;
finite state machines to describe sequential logic cir-
cuits (registers, counters and controllers); delay models
to account for signal propagation delays in real circuits;
noise models to simulate the effect of noise on the op-
eration of digital circuits.

2. Data processing during computer modelling of
digital circuits in LTspice, Simulink and Multisim is car-
ried out using the following methods: discrete simula-
tion (e.g., Euler, Runge-Kutta), which allows to model
the change of signals in time with a given step; Boolean
algebraic logic equations that describe the functioning
of digital circuits at the level of logical operations;

truth tables used to determine the output values of
logical elements depending on the input values; and
methods of simplifying logical expressions to minimise
the number of logical elements in a circuit.

3. The following methods are used to optimise dig-
ital circuits in these applications: automatic circuit syn-
thesis, i.e. creating a circuit based on a given function
or truth table, speed optimisation to minimise signal
propagation delays, chip area optimisation to reduce
the number of logic elements used, and power optimi-
sation to reduce circuit power consumption.

Thus, LTspice and Multisim, which specialise in cir-
cuit analysis, use discrete simulation and logic equa-
tions to model digital components, but their optimi-
sation capabilities are limited. Simulink, as a universal
system modelling platform, offers a wider range of
tools for working with digital circuits, including block
diagrams and powerful optimisation tools.

The main function of KiCad, EAGLE and Proteus
software systems is to perform circuit design and PCB
development, and they can also include modelling ele-
ments. However, unlike specialised simulators (LTspice,
Simulink), these programs usually provide more sim-
plified modelling capabilities focused on quick circuit
verification and evaluation of their performance. KiCad
focuses on circuit design and PCB development. Simu-
lations in KiCad are limited to simple DC and AC analy-
ses. For more complex simulations, it is recommended
to use external simulators such as Ngspice. EAGLE is
also focused on circuit design. Simulations in EAGLE
can be performed using the built-in simulator, but its
capabilities are limited. Proteus provides more exten-
sive simulation capabilities, including microcontrollers,
analogue electronics, and digital circuits. This tool uses
a proprietary simulator based on a SPICE-like kernel.
All three programs use simplified models for basic
electronic components (resistors, capacitors, transis-
tors, etc.). These models are typically based on linear
differential equations and may not account for complex
nonlinear effects. Proteus provides detailed models of
popular microcontrollers that can be used to simulate
the operation of software. These models are based on
CPU emulation and can be quite resource intensive.

Data processing in computer modelling of digital
circuits in KiCad, EAGLE and Proteus software is carried
out using the following methods: numerical integra-
tion for solving differential equations (Euler’s method,
Runge-Kutta method); matrix methods for solving sys-
tems of linear algebraic equations; Boolean algebraic
logic equations to describe the functioning of digital
circuits at the level of logical operations and truth ta-
bles to determine the output values of logical elements
depending on the input values. The following methods
are used to optimise digital circuits in these applica-
tions: simplifying models to speed up simulations;
caching the results of previous simulations to speed up
subsequent calculations; and using efficient algorithms
for computing. One of the significant advantages of
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KiCad, EAGLE, and Proteus is their openness to develop-
ment: With support for plug-ins and scripts, these tools
are more adaptable and allow users to create their
workflows and integrate applications with other tools.
Available electronic design software such as Ki-
Cad, EAGLE and Proteus may have limited capabilities
for modelling complex systems and lower accuracy
compared to specialised simulators such as SPICE (e.g.

LTspice, PSpice) or system modelling environments
such as MATLAB/Simulink, with simulation speeds in
all cases depending on circuit complexity and com-
puter power. For the accurate modelling of complex
electronic circuits, it is recommended to use more spe-
cialised software, such as LTspice, and Simulink. The
summary results of the comparative analysis are pre-
sented in Table 3.

Table 3. Summary results of the comparative analysis of EDA software

Program A set of models Accuracy of Simulation | The sost of Difficulty of use Additional
calculations speed the licence features
High accuracy High-speed
R (depending on the | thanks to an
Isz'z(;sg?r\(/jeelllzfgtzf component model optimised Intermediate,
SUDDOTt for non- ’ and simulation simulator core. requires skills | Analysis of DC,
. . pp settings), recognised | Depends on at SPICE basics | AC, transients,
LTspice linear elements,and | ™. : . Free .
the ability to create in the industry for |the complexity but has a lot of | noise, spectral
custonz SPICE using the SPICE of the documentation analysis.
models simulator to solve scheme and and examples.
’ nonlinear differential | simulation
equations. settings.
High, requires
High, but . knowledge of
A wide library of | High accuracy due to may vary (ch?eldare mathematical ch;gc::é
blocks for modelling | the use of different | depending on . modelling and Systems,
. - . academic digital signal
A physical and control | numerical methods |the complexity| . the MATLAB ;
Simulink licences for . processing,
systems. Supports depends on the of the model students environment. embedded
co-simulation with | choice of integrator | and available and takes time to svstems
other applications. | and integration step. | computing master, especially Y
teachers) development.
resources. for complex
models.
A large library The high accuracy of trar?sicér’?tc’and
of components the SPICE algorithm High, . . Medium, intuitive . .
- - Paid (trial . noise analysis,
- from different depends on the optimised for ) interface, a
Multisim . . version spectral
manufacturers, choice of component | fast electronic . large number of -
S available) L2 . analysis, and
support for model and circuits. training materials. microcontroller
microcontrollers. simulation settings. . .
simulation.
Medium requires
Limited compared Satisfactory Average, knowledqe
to other programs, - of electronics .
. . accuracy for most | depending on . Design of
but it is possible . . . . and simulator . L
. projects, but inferior | the complexity printed circuit
. to import models. . L Free, open setup, takes
KiCad . to commercial of the circuit : boards, and
Library of standard L. source time to learn, !
... | applications. May be and the analysis of
elements, the ability | . . . but has a lot of .. L
insufficient for RF or simulator . digital circuits.
to create custom S . documentation
analogue circuits. settings.
models. and a support
community.
Library of standard | High precision for High, P?;da(;:‘e‘zre Medium, the ria::jg?ifcfuit
elements, support electronic circuits, | optimised for . interface may P
EAGLE . X . R version . boards, and
for external widely used in printed circuit seem complicated :
. - . for small . analysis of
libraries. industry. boards. - for beginners. o T
projects) digital circuits.
A wide Library Microcontroller
of electronic High accuracy, High, Paid Medium, intuitive err:gjéztécég,
Proteus components and especially for optimised (academic |interface with lots systems
analogue systems, | microcontrollers in | for real-time | licences are | of examples and devglo ment
integrated models | integrated systems. simulation. available) documentation. analg ue ’
for microcontrollers. 9
modelling.

Source: compiled by the author
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According to the review, LTspice is recognised as
a popular choice among engineers and students for
designing and modelling electronic circuits due to its
affordability, ease of use fast, high-fidelity modelling,
extensive component library, and extensive support
with numerous online tutorials, forums, and video tu-
torials. LTspice’s user interface is noted for its combina-
tion of intuitive text and graphical elements, making
it convenient for users with different levels of experi-
ence. The software offers fast modelling, high accuracy,
and the ability to automate Python tasks with exter-
nal tools, making it useful for researchers and engi-
neers who need fast and accurate results. At the same
time, the software’s graphics power is rated as average,
which can be a limitation for users who need to visual-
ise complex data or models.

EAGLE is another powerful EDA tool, particularly
known for its ease of use and integration with Au-
todesk Fusion 360. EAGLE is recognised as a complete
solution for professional electronics designers, offer-
ing detailed documentation and an active community
to support users at all stages of their work through a
wide range of features, regular updates and access to
experts. It supports scripting and PCB design, making
it a versatile tool for both hobbyists and profession-
als. The advantages are cross-platform, an extensive
library, powerful graphics and a user-friendly graphical
interface. MATLAB/Simulink is recognised by users as
a powerful commercial product that provides a wide
range of functions, including advanced mathematical
modelling and system-level modelling, in addition
to circuit simulation. It is preferred in professional
and academic environments due to its full function-
ality and cross-platform compatibility. The Multisim
software package has proved to be the most popular
among users in the sense that engineers first acquire
experience with it during their studies. The choice of
educational institutions is based on the convenience
of the graphical interface, a large library of compo-
nents with the ability to add custom components, pow-
erful graphics, and signal visualisation. Users praised
the free version for its high functionality for educa-
tional needs, active forum, and the completeness and
relevance of the user manual. Proteus is a commer-
cial software recognised as a powerful tool for the full
cycle of electronic device development. This software
package is in demand among engineers and electron-
ics developers since it combines tools for circuit de-
sign, PCB tracing and microcontroller simulation in a
single environment. The advantages of the KiCad tool
include open source, minimal system requirements
and cross-platform compatibility. The new HyperText
Transfer Protocol libraries feature of the latest KiCad
version was noted, which creates opportunities for ex-
panding the component library (the basic version has
a limited library). The limitations of KiCad include the
lack of built-in tools for signal integrity analysis, such
as noise and EMC analysis, which may be important

for some projects. The support, completeness and rel-
evance of the documentation received no complaints
and were considered sufficient.

DISCUSSION

According to the study, commercial tools MatLab/Sim-
ulink and Proteus offer a wide range of functionality,
a user-friendly interface, and expert technical support
from the developers. They can be beneficial for large
companies and professional users who need sophisti-
cated features and reliability. On the other hand, open-
source software such as LTspice, KiCad, and Eagle are
flexible and transparent, allowing them to be modi-
fied by users and adapted to specific needs, making
them attractive to enthusiasts, researchers, and small
teams. This idea is confirmed by the work of S. Grau et
al.(2024), who used the open-source code of the KiCad
tool to create the KiTorquer plug-in to extend the soft-
ware’s capabilities for designing and optimising mag-
netic activators on printed circuit boards.

Open-source software typically relies on a commu-
nity of users for support, which can be less reliable.
The communities of commercial and open-source soft-
ware differ: the former tends to have a smaller com-
munity, while the latter is characterised by an active
community where users share knowledge, collaborate
on projects and help solve problems. The difference in
the capabilities of proprietary and open EDA solutions
was investigated by A.B.Kahng et al. (2022). The author
emphasised their complementarity, stressing the im-
portance of combining the strengths of both types of
programmes to achieve a synergistic effect and solve
complex problems in the field of chip design. Thus, this
area of EDA development is recognised as promising
and requires further in-depth research. In particular,
the development of integrated environments that al-
low for the effective combination of the capabilities of
different tools. An example of such innovations is the
OpenROAD platform for automated synthesis of digi-
tal integrated circuits, described in J. Chen et al. (2020).
This tool implements the full flow from the description
at the register level to the generation of geometric
data for production.

Based on the results obtained, LTspice, Multisim
and KiCad can be recommended for beginners, stu-
dents and enthusiasts, not least because of their af-
fordability. The use of powerful commercial software
provides a wider range of functions, including analy-
sis, simulation and optimisation, while free software
is usually less functional, but with the possibility of
extensions through plug-ins and add-ons. P. Dang &
H. Arolkar (2019) analysed software packages, includ-
ing LTspice, noting its use in areas such as electronics,
telecommunications, and medical equipment; he also
explored its limitations. The author noted that LTspice
does not directly support Verilog and VHDL, as it uses
its format for describing components and connections
andis not designed to simulate complexdigital systems.
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However, it is possible to create component models in
Verilog-A (a subset of Verilog that is compatible with
SPICE) and import them into LTspice. It is also possible
to use external Verilog/VHDL simulators to simulate
the digital part of the design and then import the re-
sults into LTspice to simulate the analogue part.

The results obtained in the comparative analysis
showed the high accuracy of the LTspice modelling tool.
These data are confirmed by O. Osadchuk et al. (2021).
Using this tool, the research team developed a mathe-
matical model of a microelectronic frequency humidi-
ty converter, which demonstrated high accuracy (error
does not exceed 1.8%) when compared with the results
of computer modelling and experimental studies. Mat-
Lab/Simulink provides a wide range of functions beyond
circuit simulation, including advanced mathematical
modelling and system-level modelling. It is preferred in
professional and academic environments due to its full
functionality. O. Tolochko (2020) considered the model-
ling of electrical and electromagnetic circuits, and elec-
tronic devices using Simulink by using virtual blocks of
SimPowerSystems libraries. It is noted that users do not
need to know the mathematical details of the elements,
and the capabilities of the program provide analysis of
models in the time, frequency and Laplace space for a
complete understanding of the system.

Multisim offers advanced modelling capabilities
and a user-friendly graphical interface. It is widely used
in education and industry due to its detailed analysis
tools, ease of use, and the availability of a free version.
Ye. Dosymov et al. (2023) noted that the virtual circuit
model verification function deepens students’ physical
perception of electromagnetic processes and provides
a better understanding of the relationship between
the mathematical model and its real-world analogue.
A similar conclusion was reached by L. Li et al. (2021)
and V. Nerubatskyi et al. (2023), who noted the speed,
efficiency, intuitive presentation of the characteristics
of circuit elements and signal simulation in Multisim
when developing even, odd, and fractional frequency
dividers for different modes of division.

Proteus has been praised for its ability to simulate
microcontroller operation and integrate embedded
software, making it useful for embedded system de-
velopers. The results highlighted its user-friendly in-
terface and widespread use in both educational and
professional contexts. M.A.A. Mareai (2024) focused on
its application to electronic circuit modelling, noting
how Proteus Simulation uses real-time technology to
render the simulation. This allows users to see how
the circuit performs in dynamics, which can be useful
for debugging and optimising the design. The capabil-
ities of the Proteus tool in teaching and developing
skills in designing and modelling electronic circuits
are demonstrated in the work of Z. Hashaam (2024), in
which a RAM interface was modelled and tested using
the Proteus Design Suite to understand the process of
data transfer in embedded systems.
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A valuable feature of the EAGLE tool in micro-
controller PCB manufacturing is the synchronisation
of changes in the circuit and on the board, as well as
the ability to roll back changes. This makes it easier to
work and saves time, provides flexibility and ensures
project reliability. These features make EAGLE a versa-
tile tool for both hobbyists and professionals. Similarly
to other commercial tools, it offers a complete set of
features tailored to the needs of electronics design-
ers, as evidenced by the result of the development of
a multilayer PCB by M.N. Islam et al. (2022). To design
the board using the EAGLE layout editor module, he
used an auto-router to generate a trace on the board,
and the CAM Job tool to generate production data. Af-
ter manufacturing, the board was successfully tested
for functionality.

The introduction of artificial intelligence and big
data analytics into EDA systems is leading to signifi-
cant progress in the development of electronic devices.
Automatic routing and other intelligent tools simpli-
fy and speed up the design process, making it more
efficient. This is evidenced by the results of the work
of M. Venkateswara et al. (2020). The paper describes
the design and testing of an algorithm for automat-
ically recognising hand-drawn electrical schematics
and converting them into LTspice format using ma-
chine learning techniques. The implementation of
this method is intended to automate the process of
checking the circuit and save time and effort for engi-
neers. As noted by M. Cirstea et al. (2024), modern EDA
tools, by integrating different levels of abstraction, al-
low engineers to efficiently design complex electronic
systems from the top down. By combining functional
description and electronic design details, they provide
a comprehensive optimisation approach, reducing de-
velopment time and improving the quality of the fi-
nal product. G. Cauwenberghs et al. (2023) pointed out
that the automation of micro/nano circuits and system
design is key to advances in information processing,
but traditional methods face limitations in size, pow-
er consumption, and complexity. To overcome these
challenges, new solutions such as machine learning,
artificial intelligence, specific accelerators, and nano-
technology are needed, requiring interdisciplinary re-
search and collaboration. Confirmation of expectations
regarding Al and big data analytics was provided by
the founder of the educational platform techexplora-
tions.com (Generative Al..., 2024). The author noted
that artificial intelligence has become a key force in
enhancing the functionality and aesthetics of elec-
tronic products while minimising production costs and
energy consumption. Al development applications and
simulation technologies allow engineers to visualise
and test products in virtual environments, significantly
reducing material waste and supporting sustainabili-
ty practices. They optimise the placement of compo-
nents on printed circuit boards, making designs more
compact and energy efficient. Sensor data analysis and
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fault prediction help identify potential problems be-
fore they occur, minimising rejects and repair costs.

In the electronics industry, artificial intelligence
and EDA systems are also becoming key factors in de-
velopment. Practical applications of generative Al in
electronics include circuit design optimisation, power
management, and fault detection. Al-driven CAD ap-
plications are leading to significant improvements in
design development, verification, and implementation.

CONCLUSIONS

The study systematises and analyses information on
available solutions for selecting software for model-
ling and simulating electrical circuits, addressing user
experience. The study contains a general classification
of EDA software, a theoretical overview of the physical
and mathematical principles underlying the software,
and a brief description of their algorithms, methods
and key characteristics. The result obtained in the form
of a comparative analysis of the key characteristics and
functionalities of LTspice, MATLAB/Simulink, Multisim,
Proteus, KiCad,and EAGLE software packages is intend-
ed to inform users in their choice, helping to optimise
work, increase productivity, and save time and money.

The limitations of the study were: quantitative
analysis data is limited to EDA developer websites
and literature reviews, which may lead to insufficient
completeness of data on modelling speed, accuracy of
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HocnipxeHHs epeKTUBHOCTI nporpam
ANS MOAENIOBAHHSA Ta CUMYNSLLIT €NIEKTPUUHUX CXEM
Ta iX NOPiBHAHHSA 3a TOYHICTIO, WWBMAKICTIO TA 3PYYHICTIO BUKOPUCTAHHS

Jlapuca Baceubka

Kananpat TexHiYHUX HayK, AOLEHT

JlyraHCbKuMii HauioHanbHWA yHiBepcHTeT iMeHi Tapaca LleByeHka
36000, Byn. IBaHa baHka, 3, M. [NonTaea, YkpaiHa
https://orcid.org/0000-0002-4873-8835

AHoTauif. 3pocTatoya CKNaAHICTb MiKpoCxeM Ta 0OMeXeHHS MiHiaTiopu3aLii pobnsTe NpoLec NpoeKTyBaHHS
eNneKTPOHiKM CKNAAHIWMM Ta TPyAOMIicTKiwKnM. [pobnema BTpaT CMAM 3aKOHIB Mypa CNpUUYUHSE CTPIMKUI
pO3BMUTOK y chepi NpoekTyBaHHSA Ta BUPOOHULTBA eeKTPOHHMUX KOMNOHEHTIB. MeToto pocnipxeHHs 6yno
HafaTh CTPYKTYpOBaHY iHGOPMALLit0 NPO IHCTPYMEHTU MPOEKTYBAHHS €NEKTPUYHUX CXEM 33 QYHKLIOHANbHUMMU
MOX/IMBOCTSIMW Ta AOCTYMHICTIO, WO6 CnpuaTh onTuMi3auii poboTu, NiaABULLEHHIO NPOAYKTUBHOCTI Ta EKOHOMII.
BukoHaHo TeopeTHMYHMIT ONMUC NPUHLMMIB po60TU NporpaM AN MOAENOBAHHSA Ta CUMYNSALIT ENeKTPUYHUX CXEM,
Ornsih anropuTMiB Ta METOAIB, WO BUKOPUCTOBYIOTHCS B NPOrpaMax aBTOMaTUYHOMO NPOEKTYBaHHS, Knacudikawito
nporpam 3a KJUYOBUMU XapaKTeEPUCTUKAMM Ta NOPIBHANbHMIA aHaNi3 NONynspHMX NporpamMHux naketis: LTspice,
EAGLE, MATLAB/Simulink, Multisim, Proteus, KiCad. AHani3 BpaxoByBaB LWBUAKICTb MOAENOBAHHS, TOUYHICTb
pe3ynbTaTiB, NerkiCTb BUKOPUCTaHHSA, GYHKLiOHANbHI MOXAMBOCTI Ta AOCTYMHICTb, @ TAKOX OOCBiA KOPUCTYBaYiB.
PekoMeHpo0BaHO BUOMPATH NporpamMHe 3abe3neyeHHs 3anexHO Bif noTped KOpUCTyBaya, CKNAAHOCTI NPOEKTY Ta
6rOKETY, 3 YpaxyBaHHAM A0CBIAY iHWMX KOPUCTYBaYiB. 15 noyvaTkiBLIiB Ta CTYAEHTIB pekoMeHayTbesa LTspice,
Multisim Ta KiCad: LTspice — noTy>KHWIi, 6€3KOLWTOBHMI | NPOCTUI Y BUKOpUCTaHHI, KiCad nponoHye BiAKpUTUIA Koa
Ta aKTUBHY CNiNbHOTY, @ Multisim nigxoanTb Ang HasyaHHA. MATLAB/Simulink, Proteus Ta EAGLE pekomeHao0OBaHi
ang npodecioHanis: Simulink 3abe3neuye NoTy>KHe MoAeNOBaHHS Ta iHTerpauito 3 iHwuMK npogyktammn MathWorks;
Proteus onTuManbHWi NS po3pobHMKIB MiKpOKOHTponepHux cucteM; EAGLE niaxoautb ang iHTerpauii 3 cucteMamm
aBTOMAaTU30BAHOMO NPOEKTYBAHHA Ta aBTOMaTm3auii. [[pakTMyHa LiHHICTb pe3ynbTaTiB AOCNIAKEHHS NONArae y
cTBopeHHi penTuHry EDA-nporpam 3a kputepisiMmu QYyHKLIOHaNbHOCTI Ta NPOAYKTUBHOCTI, MOKAMKAHOMO HafaTH
KOpMCTyBayaM JonoMory y Bubopi Ha 0CHOBI iXHix noTpe6

KniouoBi cnoBa: iHCTpyMEHTU A1 MPOEKTYBaHHS eNEKTPOHIKM; aHani3 cxeM; 6ibnioTeka KOMNOHEHTIB; NiATPUMYBaHI
CTaHOapTH; iHTepdeinc
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