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Y pobomi onucani kouo8i momenmu po3podKu ma 6npoBAONHCEHH NPOSPAMHO0
3abesnevennss O aumanizy nopucmocmi mamepianie. Ilepesacolo euxopucmanis
PO3pO0IEH020 NPOOYKMY € MOMNCIUBICMb NPOBEOEHHS eKCHepUMEHMIE HA  OCHOGI
36uNAHUX pomozpaill, AKi menep MOXMCHA OMPUMAMU 3a OONOMO20I0 36UYATHO20
menegony 3 Oocmamuvolo mounicmio. Take 3acmMOCY8AHHA 3HAYHO POSUWUPIOE
MOHCTUBOCHIE NPOBEOEHHS QOCTIONCEHL Y SUPOOHUYMSE Oe3 000amKO8UX 1aOOPAMOPHUX
eKcnepumeHmie.

Ipocpama, wo 6azyemuvcs Ha mosi npozpamysanus SWift ma apximexmypromy
wabnoni MVVM, € nomysicnum incmpymeHmom 051 aHARi3y apXimeKkmypHux 06'ekmie ma
mamepianis. [Llabnon MVVM cnpuse niompumysanocmi, 3HUNCYI04U CKIAOHICMb KOOy md
ROKpawylouu 1020 4umabenbricms, wo 0036014 PO3POOHUKAM 30CepeOUMUCs. HA CBOIX
KOHKpemHux obnacmsx excnepmusu. Bukopucmogyiouu mMoiciueocmi npoOyKmusHoCmi
ma onmumizayii Swift, npoepamue 3abe3nevenns 3abesneyye NAAGHUN MA 3PYUHUL
KOpUCmyeaybkuti 00c6io, wo 0CoOIUBO 6ANCIUSO 0N 3A80aAHb 0OPOOKU 306paAdCeHb.
Pospobka npoepamnozo 3abesneuennss noaecuryemsca guxopucmaunam IDE Xcode ma
eMynAMopie, AKi HA0aMmMb KOMHIEKCHI IHCIMPYMEeHmU 05l CMEOPeHHs, MeCmy8ants ma
nanazooxcenuss i0S-oodamxie. Kpim mozo, npocpamue 3abes3neuenus GUKOPUCHIOBYE
MOOYIbHI mecmu 071 nepesipKu (PyHKYIOHATbHOCI, NIOSUWYIOYU AKICIb MA HAOIUHICMb
K0OY.

IIpoepama mae inmyimusno 3posyminuil inmepghetic, wo 003605€ KOPUCMYBAUAM
J1e2K0 BUOUPAMU Ma AHATIZYBAMU 30HU 300PAdCeHb, HAOAUU 0emanbHy iHpopmMayiio npo
nrowy ma nopucmicme. MaiiOymui 80OCKOHANEHHA — BKIIOYAMUMYMb  POSUUDEHI
aneopummu 015 BU3HAYEHHA WINbHOCMI nop, bes3neune 36epicanus, 0OMIH ma ekcnopm
pe3yibmamie aHanizy, wo 3a0080NbHAE PIZHOMAHIMHI nompebdbu Oocniodcenv. Lletl
0o0amok Oyoe 0co6IUBO KOPUCHUM OISl apXimeKmopie, iHceHepie ma 6yOoieenbHUKIE,
cnpowyiouu npoyec NpOeKMy6awms ma 3abe3neuyiouu  egexmusne BUKOPUCMAHHS
pecypcie. 'V yinomy npocpamme 3abesneuenns € YHIBEPCANbHUM MA  NOMYICHUM
iHCmMpYyMeHmom ONisl AHANI3Y NOPUCIUX MAMepianie, a NoCMiliHa po3pooKa cNpsaMo8aHa
Ha nooanbuLy onmumMizayito ma po3uupenHs MoHCIU80CMel.
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The paper describes key moments in the development and implementation of
software for analyzing the porosity of materials. The advantage of using the developed
product is the ability to conduct experiments based on regular photographs, which can
now be obtained with a regular phone with sufficient accuracy. Such an application
significantly expands the possibilities of conducting research in production without
additional laboratory experiments.

The program, based on the Swift programming language and the MVVM
architectural pattern, is a powerful tool for analyzing architectural objects and materials.
The MVVM pattern promotes maintainability by reducing code complexity and improving
code readability, allowing developers to focus on their specific areas of expertise. By
leveraging Swift's performance and optimization capabilities, the software ensures smooth
and responsive user experiences, crucial for image processing tasks. The development of
the software is facilitated by the use of Xcode IDE and simulators, which provide
comprehensive tools for building, testing, and debugging iOS applications. Additionally,
the software employs unit tests to verify functionality, enhancing code quality and
reliability.

The program features an intuitive interface that allows users to easily select and
analyze image zones, providing detailed information about the area and porosity. Future
enhancements will include advanced algorithms for determining pore density, secure
storage, sharing, and exporting of analysis results, catering to diverse research needs.
This application will be particularly useful for architects, engineers, and builders,
simplifying the design process and ensuring efficient use of resources. Overall, the
software represents a versatile and powerful tool for analyzing porous materials, with
ongoing development aimed at further optimization and expansion.

Knrouosi cnosa: nopucmi mamepianu, npoepamue 3a0e3neyents, niowa, aHauis,
apximekmypa.
Keywords: porous materials, software, area, analysis, architecture.

Introduction. Porous materials have found significant application in
modern industry due to their specific properties, allowing them to solve various
important tasks in different fields, from construction to medicine. Experimental
studies show [1] that one of the key aspects of this class of materials is
determining their mechanical, physical, and other characteristics, such as
porosity, and structural heterogeneity, which significantly affect the behavior of
these materials during operation. It is not always possible to conduct experimental
studies in laboratory conditions using special equipment, so this work is dedicated
to the development of software that would allow determining the porosity of a
material based on photographs of its structure.

Statement of Research Objectives and Tasks. The paper presents research
on the capabilities of an early version of software aimed at solving the tasks
described above. This software product has the potential for further development
and expansion of its functions, which will improve the process of analyzing
porous materials.
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Main Part. The utilization of the MVVM (Model-View-ViewModel)
architectural pattern (fig. 1) in the development of this software offers several
advantages. In MVVM, the Model represents the data and business logic of the
application, the View encompasses the user interface elements, and the
ViewModel acts as an intermediary between the Model and the View, handling
the presentation logic and exposing data to the View.

Notifications

Data Bmdm5 — ViewModel

Commands

U}L i Presentation Bt:;iecss
ogic 2
Y (Code Beshind) Logic A

Figure 1 — MVVVM pattern

By adhering to MVVVM, the software achieves a high degree of separation
of concerns, which facilitates modularization and promotes code reusability. This
separation also simplifies testing, as each component can be tested independently,
leading to more robust and reliable software.

Furthermore, the clear separation of responsibilities between the Model,
View, and ViewModel enhances collaboration among developers working on
different parts of the application. Developers can focus on their specific areas of
expertise without interfering with the codebase of other components, leading to
increased productivity and streamlined development processes.

The MVVM pattern promotes maintainability by reducing code complexity
and improving code readability. With well-defined roles for each component,
developers can easily understand the purpose and functionality of different parts
of the software, making it easier to maintain and update the codebase over time.

By leveraging the MVVVVM architectural pattern, the software benefits from
improved modularity, testability, collaboration, and maintainability, ultimately
resulting in a more robust and efficient application development process.

The choice of Swift as the programming language for development brings
additional benefits to the project. Swift's concise syntax and powerful features
streamline development, allowing for faster implementation of complex
functionalities. Its robust performance and optimization capabilities ensure
smooth and responsive user experiences, particularly crucial for image processing
tasks like those in this software. Moreover, Swift's active development
community and extensive documentation provide ample resources and support
for developers, facilitating rapid prototyping and iteration. In essence, Swift
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empowers developers to create innovative and reliable software solutions
efficiently and effectively.

In the development process, certain program elements, such as text fields
and buttons, were built upon existing components to leverage their functionality
and ensure consistency across the application. These components were carefully
separated into reusable modules, allowing them to be easily integrated and
utilized throughout the entire software. This modular approach not only promotes
code reusability but also simplifies maintenance and updates by isolating changes
to individual components without impacting the overall application structure.

Furthermore, the software uses unit tests to verify the functionality of its
various components and ensure they perform as expected. Unit tests are small,
focused tests that validate individual units of code, such as functions or methods,
in isolation. Their primary purpose is to detect and prevent regressions and bugs
by automatically validating code behavior against expected outcomes. By
implementing unit tests, developers can identify and address issues early in the
development process, leading to higher code quality, improved reliability, and
faster debugging. Additionally, unit tests serve as living documentation,
providing insights into the intended behavior of code units and facilitating
collaboration among development teams. Overall, the integration of unit tests
enhances the robustness and maintainability of the software, ultimately
contributing to its success in meeting user requirements and expectations.

The development of the software is facilitated by the use of Xcode IDE
(Integrated Development Environment) and simulators, which play a crucial role
in testing the application during its development lifecycle. Xcode, Apple's official
IDE, provides a comprehensive suite of tools for building, testing, and debugging
iOS applications. Its intuitive interface and powerful features streamline the
development process, allowing developers to efficiently write, edit, and manage
code.

One of the key features of Xcode is its built-in simulators, which enable
developers to test their applications on virtual iOS devices without the need for
physical hardware. These simulators accurately emulate the behavior and
characteristics of various iOS devices, including different screen sizes and
hardware configurations. This allows developers to verify the functionality and
user experience of their applications across a wide range of devices, ensuring
compatibility and consistency.

Additionally, Xcode provides robust debugging tools that help developers
identify and resolve issues in their code quickly. Features such as breakpoints,
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variable inspection, and real-time code execution make it easier to diagnose and
fix bugs, improving the overall quality of the software.

Overall, Xcode IDE and simulators are indispensable tools in the
development of iOS applications, offering developers the resources and
capabilities they need to create high-quality, reliable software efficiently.

The program has an intuitive interface that allows the user to easily select a
zone on the image and change its size. The availability of such features allows for
accurately determining the area of the selected zone and provides ease of use of
the program. Let's consider the existing capabilities of the program. Selecting a
zone on the image of porous aerated concrete (fig. 2) will allow determining its
porosity and material properties.

Voo GEED --Y o« GEED =Y

Select area Select area

A

Figure 2 — Zone selection

The ability to change the size of the selected zone will allow the user to more
accurately determine the area under investigation. The screen with the calculation
of the size of the entire image will provide the user with a general overview and
control over data processing. Using the screen with the calculation of the selected
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zone (fig. 3), the user can obtain detailed information about the area of the
selected zone, which allows for a more accurate analysis of image areas.

Select area Select area
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Figure 3 — Area calculation

Several approaches are known in the literature for determining the porosity
of materials in laboratory conditions. One of them requires knowing the true
density of the sample material and the density of the porous material itself [2]:

1= (1 - %) -100%, (1)

where p, — is the density of the solid material of the sample, p, = %— is

the density of the porous material, m and V are the mass and volume of the
sample with pores.

In addition, when determining porosity, the value of the relative volume
fraction v}, [2]:

7= (1—V,)-100%, (2)

where the relative volume fraction is defined as the ratio of the matrix
volume to the total sample volume.

Both approaches allow determining the porosity of the material with

sufficient accuracy in laboratory conditions using special equipment. To calculate

the porosity of materials without using laboratory conditions, software has been
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developed that allows analysis based on photographs of the material structure. In
the analysis of the structure of this software product, a combination of geometric
and statistical approaches is applied in the calculation. The application considers
several methods that allow for determining the size of pores in images.

In the current iteration, the application has begun implementing several
techniques for analyzing the structure of materials. However, there are plans
underway to optimize and expand these functionalities extensively. One such
enhancement includes the integration of additional forms for selecting zones
within the images, providing users with more flexibility and precision in their
analyses.

Moreover, the software aims to incorporate advanced algorithms for
determining pore density within the material structure. This enhancement will
enable users to gain deeper insights into the distribution and characteristics of
pores, further enriching the analytical capabilities of the application.

The development roadmap includes features for securely storing, sharing,
and exporting analysis results, enhancing collaboration among researchers and
professionals. Additionally, the application will offer capabilities for converting
analysis results into various formats, catering to diverse research needs and
preferences, thus ensuring flexibility and seamless integration with existing
workflows and tools.

Overall, these planned optimizations and expansions signify the software's
commitment to continuous improvement and innovation, aiming to provide users
with a comprehensive and versatile tool for analyzing porous materials efficiently
and effectively.

Conclusions. This application will be extremely useful for architects,
engineers, and builders who regularly work with architectural objects and
materials. Performing quick and accurate area calculations for the selected zone
will simplify the design process and work with materials, ensuring efficient use
of resources and high-quality results.

The developed program based on the Swift programming language and the
MVVM architectural pattern is a powerful tool for analyzing architectural objects
and materials. Its capabilities for determining the area within the selected zone
along with porosity calculation methodologies make it an indispensable assistant
for professionals in the field of architecture and construction. Further
development and improvement of the application will take into account the needs
of users and ensure its greater efficiency and usefulness.
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