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Additive manufacturing is one of the most advanced manufacturing technologies,
capable of transforming manufacturing processes, and helps in accelerating the pro-
duction of complex 3D models, including the use of Braille for blind people. The unique
characteristics and creation of 3D models with embossed dot Braille for blind people
open up not only opportunities, but also problems in ensuring their quality control. This
scientific research aims to optimize the quality control processes of tactile 3D models
through the integration of artificial intelligence (A1). Considering the current challenges
faced in testing the quality, accuracy, and ability of blind people to accurately read
information from such models, it is necessary to explore how the use of information
technology and Al algorithms can improve quality control measures. In this article, the
role of artificial intelligence technologies is also analysed in additive manufacturing
to determine the most effective approaches to ensure the accuracy and reliability of
3D Braille models. Through analytical research and benchmarking demonstrating the
successful integration of artificial intelligence into quality control, the significant impact
of these advances on the additive manufacturing industry is identified. This article will
provide diagrams of how Al is developing and what future awaits it. Expected future
advances in artificial intelligence for quality control of 3D Braille models will also
be discussed, highlighting the potential for further innovation in this important area
of research and practice. This research will help in the development of Al as well as
its integration into additive manufacturing, which will result in an effective increase
in the quality of development of inclusion and accessibility for blind people. It is also
discussed why Al is a necessary information technology to integrate into all additive
manufacturing processes.

Keywords: artificial intelligence (Al), additive manufacturing (AM), blind people,
inclusive, 3D-models, 3D-printing, Braille.

Formulation of the problem. The development of additive manufacturing, or
in other words, 3D printing began to develop back in the 20th century, and active
development and integration began in the 21st century, integrating into many areas of
production, thereby transforming production processes and improving the quality of
creating models, parts, etc. Thus, in parallel with additive manufacturing, the foundation
for the development of artificial intelligence began to be laid at the beginning of the
21st century, and active use began in 2020, integrating into all spheres of life, the
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Internet, education, programming, etc. Artificial intelligence can now do incredible
things, analyze information at a fast speed, generate ideas, analyze information and
evaluate it, etc. The relevance of this research scientific topic is to study and analyze
the use of artificial intelligence in additive manufacturing to control the quality of
evaluation of finished printed products 3D models with embossed dot Braille. Since the
process of assessing the quality of finished 3D models with Braille is quite complex,
therefore, to solve this problem, it is proposed to use artificial intelligence to control
the quality of tactile models. This will help solve problems with assessing the quality
of finished 3D models with Braille, save financial expenses and speed up the process
development of inclusive education and open wide access to information.

Analysis of recent research and publications. Articles on the topic of this re-
search are mainly devoted to the analysis of the use of artificial intelligence in addi-
tive manufacturing, with the possibility of checking the quality control of printed 3D
models in Braille. Most often, scientists describe the basic principles of using Al in
printing production, and there was no mention of integrating Al into additive manu-
facturing for quality control of 3D Braille models. However, most articles describe
standards and quality control of created Braille models, but do not address the problem
of how to use new information systems, such as Al in additive manufacturing and
assessing the quality of printed models.

Aim. To analyze the benefits of using Al for quality control of 3D Braille models
in additive manufacturing and consider how Al can evaluate 3D models as well as the
use of Al solutions in additive manufacturing to control the quality of tactile models.

Presentation of the main research material

The innovative process of using software to create 3D Braille models highlights
dramatic changes in the production of tactile graphics and educational materials for the
visually impaired. Software is required to convert user input into Braille and forms the
basis of the technology that enables the design and creation of complex tactile graphics,
maps and training modules that meet the needs of the visually impaired community
[1]. Once these designs are completed, they can be sent directly to a 3D printer that
can convert digital models into tangible Braille labels and detailed tactile graphics [1].
This advancement not only makes Braille labels more accessible and affordable, but
also allows users to design and print these labels in the comfort of their own homes,
significantly increasing the independence of the visually impaired [1]. Furthermore, by
incorporating Braille into 3D models, these innovative tools open up new aspects of
tactile communication, broadening the horizons of visually impaired people and allowing
them to better navigate and interact with their environment [1], [2].

Based on 3D Braille model creation software, 3D printing technology through the
use of multi-layer molding, the production and customization capabilities of 3D tactile
Braille models can be greatly expanded, allowing them to be adapted for different pur-
poses. This technological advancement will enable the creation of a wide range of Braille
models, creating a more accessible and personalized environment for people who are
blind or visually impaired [1]. A direct benefit of using 3D printing in this context is
that it eliminates the waiting time typically associated with the delivery of traditional
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models and Braille components [1]. In addition, utilizing 3D printing capabilities sig-
nificantly reduces the need for expensive Braille embossing machines, which used to
be a major cost item in Braille production [1]. This not only makes the process more
economical, but also opens up the possibility of producing objects with improved Braille
and the innovative use of relief dot printing for Braille identification [3]. This method is
particularly useful because it improves the quality, accessibility and safety of inclusion
for people with visual impairments and allows for a variety of forms [3].

An example of this approach was the use of selective laser sintering (SLS) 3D
printing technique to print Braille patterns onto cylindrical prints specifically designed
to assist blind or visually impaired patients [3]. The effectiveness of this method was
further demonstrated by the successful printing of all 26 Braille and Lunar alphabets
onto 3D printed models that were not only visible, but also recognizable by touch, as
confirmed by a blind member of the Royal National Institute of Blind (RNIB) laborato-
ry [3].

The challenges of 3D model quality control, especially when it comes to quality
control testing of 3D tactile Braille models, are multifaceted and require attention to
detail in various aspects of the 3D printing process. Manufacturers of tactile models,
and others, must carefully monitor numerous processes and elements throughout model
production, from digital 3D model creation to printing and post-print processing, to
ensure that both manufacturers and users are fully informed about how to effectively
make changes to variables [4]. This tracking is critical because using 3D modeling
software requires a steep learning curve. However, basic familiarity with computer-
aided design (CAD) can greatly mitigate these problems [4]. Additionally, the legibility
of Braille, which is necessary to enhance the accessibility of the medium, varies sig-
nificantly between uppercase and lowercase letters, indicating the need for precise
control over print parameters to ensure readability [4]. This accuracy is complicated by
the lack of standardized norms for adhesion testing procedures for various materials,
which is critical to ensure proper fit and durability of printed models [5]. Moreover,
quality control is further complicated by the need to determine the best adhesion material
and understand how the width and height of printed lines affect sample delamination,
which is a key factor in the functionality and efficiency of 3D printed models [5].
These challenges highlight the difficulty of maintaining high quality control in 3D
printing processes, especially when the goal is to create an accessible and customizable
environment through Braille label printing.

Integrating information systems and artificial intelligence (Al) algorithms into ad-
ditive manufacturing processes and model development, as well as improving the quality
and speed of creation of 3D Braille models, will mark significant progress, especially in
the manufacturing, inclusion and healthcare sectors, where accuracy and quality control
are paramount meaning. In manufacturing, the use of computer vision or artificial in-
telligence-based neural networks to inspect products and detect defects simplifies the
quality assurance process, ensuring that products meet strict standards before they reach
the consumer [6]. This technological leap not only improves the efficiency and accuracy
of quality control systems, but also minimizes downtime and increases productivity,
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thereby ensuring the delivery of high-quality products [7]. For example, in the inclusion
industry, Al will play an important role in the creation of Braille models. By identifying
artifacts and making recommendations to improve font and model legibility, Al makes a
significant contribution to improving inclusion and developing accessibility for people
with disabilities, thereby integrating the use of Al in the field of inclusion for blind
people.

In the realm of additive manufacturing, the integration of Artificial Intelligence (Al)
technologies hasrevolutionized the approach toward quality control, addressing limitations
inherent in human-based inspection methods such as fatigue and inconsistency, as well
as the inability to process and analyze vast amounts of data in real-time [6]. Specifically,
Al-based sensors and monitoring systems have been identified as pivotal, providing
continuous, automated inspection throughout the manufacturing process, thus ensuring
a consistently high quality of output [9]. Moreover, the advent of Al in this field brings
predictive analytics into play, allowing for the anticipation of potential flaws or failures
before they occur, thereby not only preserving resources but also significantly reducing
waste and improving overall efficiency [9]. Together with Al-enabled data collection and
analysis systems, these technologies enable a previously unattainable depth and breadth
of quality control, facilitating the real-time adjustments and optimization necessary to
maintain the integrity of the manufacturing process [9]. Furthermore, the application of
machine vision further enhances these capabilities, enabling the detection of even the
smallest inconsistencies and defects that human inspectors might miss with unparalleled
accuracy [6]. Collectively, these Al technologies represent the state-of-the-art in quality
control of additive manufacturing and set new standards for accuracy, reliability and
efficiency.

Following the transformative impact of 3D printing technology, the integration
of artificial intelligence (Al) into quality control processes will further transform the
way industry addresses the numerous challenges of maintaining high quality standards.
AD’s ability to improve the accuracy and efficiency of quality management is critical
as it directly addresses the pressing need to maintain stringent quality standards while
managing the complexity of modern manufacturing processes [10]. For example, using
predictive analytics, Al can proactively identify potential defects and inefficiencies in
production lines, enabling proactive adjustments that significantly reduce waste and
improve product quality [10]. Furthermore, the integration of Al and machine vision
technologies exemplifies how synergy between human expertise and advanced Al
capabilities can lead to superior product quality and improved customer satisfaction
[6][8]. This fusion is not only driving operational efficiencies, but also setting new
benchmarks of excellence in the quality management system (QMS) industry and de-
monstrating the fundamental role of Al in meeting the future challenges of quality
management [10][9].

In the area of quality control of tactile 3D Braille models, the integration of artificial
intelligence (Al) may result in an increase in the number of successfully created tactile
models, thereby speeding up the production process, improving quality and reducing
the cost of testing such models. In particular, in this study the importance of integrating
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Al into additive manufacturing is highlighted as well as the quality control of not only
tactile 3D models, but also other more complex models for various applications. They
also identify the efficiencies and problems associated with the integration of Al into
model quality control processes. Moreover, these case studies collectively highlight the
importance of practical application as they offer significant insight into real-life sce-
narios, thereby allowing a deeper understanding of theoretical concepts in action [13].
Such research will be able to push for new research and studies to integrate Al into
additive manufacturing and will also develop the creation of new information systems
and technologies. This is an innovation to improve quality control processes in the emer-
ging field of 3D modeling and additive manufacturing using Braille.

After exploring the key role of software in enabling 3D Braille printing, one needs
to delve deeper into how practical applications and case studies further improve our
understanding of the impact of additive manufacturing in various industries. These case
studies, embodying real-life scenarios, shed light on the adaptability and efficiency of
additive manufacturing processes in solving complex design and manufacturing problems
[13]. This synergy between academic discourse and practical application embodies the
transformative potential of additive manufacturing, driving innovation and operational
efficiency across all sectors.

The growing field of 3D printing technology, especially in the creation of tactile
models using Braille, not only expands the possibilities of tactile learning, but also
requires a strict quality control process to ensure the accuracy and readability of Braille.
Expected advances in Al for quality control in this area aim to automate and improve
the 3D model inspection process. Integrating artificial intelligence can significantly
reduce human error and simplify the quality assurance phase, ensuring that Braille
labels on 3D printed models are accurate and easily interpretable by visually impaired
users. This is especially important since tactile feedback from Braille models is the
primary means of information for these individuals. Moreover, through the application
of case studies, as emphasized by Yin in a comprehensive study of the subject [11],
the potential of Al in improving quality control mechanisms can be thoroughly exp-
lored. In particular, by studying individual case studies [12][15], researchers can iden-
tify specific challenges and solutions faced in integrating Al into the quality control
process of 3D Braille printing, paving the way for practical applications and impro-
vements [13]. This not only highlights the need to incorporate Al into the quality cont-
rol process, but also the importance of professional research and case studies to push
the boundaries of what is possible in the application of 3D printing technology for the
visually impaired.

Quality control of 3D models, namely for tactile models with raised-dot Braille,
where high accuracy of dots is required, where a small flaw will make it impossible
for a visually impaired person to read information from the tactile model. To improve
the quality of creating tactile models, it is proposed to use artificial intelligence, but
Al has certain cutting-edge technologies that it uses. Below is an example of what
Al technologies can be used to control the quality of tactile models with raised-dot
Braille:
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1. Quality control of models based on computer vision.

Using computer vision based on artificial intelligence to assess the quality of
extruded parts. Integrating such technologies and different methods such as color analysis
in the CIELAB color space, shape analysis using the Canny edge detector and defect
detection using surface flaw detection. As in some studies and articles, it is mentioned
that the system shows an overall accuracy of 86.5% in the classification of parts and the
detection of defects on surfaces, but it all depends on the 3D models and the Al model,
so there is a large error in this data.

2. Artificial intelligence based on data management:

Using artificial intelligence models to create optimal tool paths and determine
the best parameters for surfacing. In addition, this will make it possible to increase
productivity and quality while reducing production costs.

3. Integrated machine learning design

Fully integrate machine learning as part of Design Additive Manufacturing (DfAM)
processes to improve and automate production.

4. Optimization with Al

Use artificial intelligence to optimize the additive manufacturing process, including
less common methods such as WAAM and DMD.

The use of such Al technologies will be able to improve control over the quality of
created 3D models with Braille, resulting in improved quality of these models.

Artificial intelligence is now integrated into quality checking of 3D models. Al
helps identify defective elements of the model. If the model contains any error in the
design, then it becomes difficult to figure out the correct manufacturing technology. But
Al can suggest corrections needed by the model. Integration begins with identifying
problem regions that need to be corrected. To correct incorrect or missing features in
the model, Al suggests the exact details that need to be added or changed. Once the
model is error-free, the Al searches for the best manufacturing technology and material
needed for the model. Al is also used to compare the model with the real object and
identify their similarities and differences. If the model is a new design that does not
have a prototype, then Al can compare it with similar objects and simulate the result of
the model’s functioning. It is also useful for finding the best design among few design
alternatives.

Conclusion. The integration of artificial intelligence (Al) to optimize the quality
control of 3D Braille models for laminate molding represents a major advance in imp-
roving accessibility and independence for the visually impaired. By incorporating Braille
into 3D models, this innovative technology facilitates the creation of tactile graphics
and educational materials. The use of 3D printing technology further simplifies the pro-
duction and customization of Braille labels, eliminating the waiting time associated with
traditional methods and allowing the creation of multiple labels to suit individual needs.
It allows multiple labels to be created to suit individual needs. Future developments
in Al for quality control offer promising opportunities to automate and improve the
inspection process of 3D models and ensure the accuracy and interpretability of Braille
labels on printed models. Using synergies and case studies between Al and machine
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vision technologies, researchers can identify specific problems and find solutions in
improving quality control mechanisms, paving the way for practical applications and
improvements in this field. The introduction of Al not only increases the efficiency and
cost-effectiveness of production processes, but also extends the ability to apply Braille
patterns directly to objects such as medicines, improving accessibility and safety for the
visually impaired. Discussions on the use of Al in quality control processes highlight
the importance of dedicated research and case studies to push the boundaries of feasible
applications of 3D printing technology for the visually impaired. Overall, the integration
of Al into the quality control process of 3D Braille models has great potential to re-
volutionize haptic manufacturing and move the field of additive manufacturing in a more
inclusive and innovative direction.
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Aoumuere 6upOOHUYMBO € OOHIEID 3 HAUNEPEOOGIUUX BUPOOHUUUX MEXHONO2I,
30amuUx Mpancoopmysamu UPOOHUYI NPoOYecu, d MAaKoHc 0ONOMA2aAe NPUCKOPUNUL BU-
POOHUYMEO CKAAOHUX 3D-Mo0enetl, y momy yucii 3 gUKopucmanHam upugmy bpaiinsa ons
He3pauux model. YHiKanoHi xapakmepucmuxu ma cmeopenns 3D-ymooenell 3 penveduum
moukosum wipugmom bpaiins 0ns nespsauux ar0deu 8iOKpUSAmy He MINbKU MONCIU-
eocmi, ane i npobaemu 8 3abe3nedenui KoHmpoao ix axocmi. Lle nayrxoge oocnioicenns
CNpAMOBaHe HA ONMUMI3AYII0 NPOYecié KOHMpOoao Axocmi maxmunvhux 3D-moodenet
3a donomoeoio inmeepayii wmyunozo inmenexkmy (LLI). Bpaxosyouu nomouni npoo-
JleMu, 3 AKUMU CIMUKAIOMbCA NI0 Y4ac Mecmy6anHs AKOCMI, MOYHOCMI ma 30amHOCmi
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CAINUX 00l MOYHO 34Umyeamu iHghopmayito 3 maxux mooenet, HeoOXioHo docaioumu,
AK BUKOPUCMAHHS THpopmayitinux mexnonoeiu i areopummis LI modce noxkpawumu
3ax00U KOHMPONIO AKOCMI. Y yiti cmammi Mu maxoxc npoaHanizyeMo pois mexHonN0zill
WMYYHO20 THMENeKMy 8 A0UMUBHOMY 8UPOOHUYMET, W00 SU3HAUUMU HAUOLIbUW edeK-
MueHi nioxoou 0is 3abe3neuenns moynocmi ma Haoitinocmi 3D-mooeneii bpauns. 3a
O00NOMO20I0 AHANIMUYHO20 OOCHIONCEHHS MA NOPIGHANLHO2O AHANIZY, WO 0EMOHCIPYE
yeniwHy iHme2payito wmy4Ho2o iHmeneKkny 8 KOHMpOob AIKOCMI, MU GU3HAYUMO 3HAYHUL
BNIUG YUX OOCSACHEHb HA THOYCMPII0 AOUMUBHO20 8UpoOHUYmea. Y yii cmammi 6y0ymo
npedcmasneni oiazpamu moeo, K po36USAEMbCS WMYUHULL IHMeNeKm 1 siKe MauOymHe
11020 uekae. Taxoxc 062060PIOBAMUMYMbCSL OUIKY8AH] MAUOYMHI Q0CASHEHHS 6 001aCi
WMYYHOo20 [HmMenexmy 01 Koumponio sikocmi 3D-moodenei bpaiins, niokpecnorouu
NOMeHYIAl NOOATbWUX THHOBAYIU V Yill 8aXNCIUGIN 2any3i OOCHIONHCeHb | NPAKMUKU.
Lle docrioscennss doonomosice 6 pospodyi LI, a maxooic ioco inmeepayii ¢ aoumusHe
BUPOOHUYMBO, WO Npu3zeede 00 ephekmusHO20 NIOSUWEHHS AKOCI PO3POOKU THKIIO3IL
ma docmynHocmi 01 Hespauux aroetl. Mu makodc 062060pumo, YoMy WMYYHUL TH-
mejiekm € HeoOXiOHO [H(popmMayiliHow mexHono2iclo 0 inmeepayii 6 yci npoyecu
AOUMUBHO20 BUPOOHUYMEA.

Knrouosi cnosa: wmyunuii inmenexm (L), adumusne éupoonuymeo (AM), moou 3
sadamu 30py, iHk03ig, 3D-modeni, 3D-0pyk, wpugm bpaiins.
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