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Abstract

Our research focuses on the applicability of artificial intelligence (AI) in the education of CNC programming.
In this article, we present the current application areas of Al focusing on its role in CNC technology. We de-
fine what the term artificial intelligence entails and briefly review its application areas. The acronym CNC is
interpreted, and we summarize the history of CNC. We examine the potential of artificial intelligence, which
we use to support CNC technology, and we present the application of Al in the context of Industry 4.0.
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1. Introduction

Artificial intelligence (AI) is a set of computer
algorithms that can mimic human intelligence in
performing various tasks. Such activities include
learning, problem solving, planning, natural lan-
guage processing or image recognition. Artificial
intelligence can reason and make decisions based
on available data without human intervention
[11.

Given the current state of development of arti-
ficial intelligence, one type is available, called Ar-
tificial Narrow Intelligence (ANI), also known as
narrow or narrow Al This type can only perform
a specific task, which it can perform more effi-
ciently than a human. It is the highest level of AI
currently available. Examples include self-driv-
ing vehicles, facial recognition systems, digital
personal assistants, language processing Al (Copi-
lot, ChatGPT, Gemini, etc.), or for example a chess
game [2].

The next stage of development is Artificial Gen-
eral Intelligence (AGI), which would not only spe-
cialise in a single task, but would be able to do
complex thinking, learning and adapting in mul-
tiple environments. Such a system could under-
stand problems and find creative solutions in a
human-like way. AGI is still experimental and its
development is a major goal of Al research.

The highest theoretical type is Artificial Super
Intelligence (ASI), which would far surpass hu-
man intelligence not only in computational ca-
pacity, but also in reasoning, decision-making,
and even emotional and social intelligence. The
functioning of ASI would fundamentally change
social and economic systems, but would also raise
significant ethical questions. This type of capabil-
ity exists today on a purely theoretical level, but
is an important part of the future AI discourse
[3]. Below are listed the technological solutions
known to date for this capability:

Machine Learning is an artificial intelli-
gence-based technology that allows computer
systems to learn and evolve automatically by
processing experience and data, without the need
to explicitly program each step. Algorithms rec-
ognise patterns in data sets and can use them
to make predictions, decisions or classifications.
The three main types of machine learning are su-
pervised learning, where the model learns with
known input-output pairs. Unsupervised learn-
ing, which can discover hidden structures and
clustering, and reinforcement learning, where
the system develops its decision strategies based
on rewards and punishments. Today, machine
learning is widely used in applications such as
recommender systems (Netflix, Spotify), financial
forecasting, health diagnostics, fraud detection
and self-driving vehicles.
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Deep Learning is a special branch of machine
learning that uses deep neural networks. These
networks learn from large amounts of data and
can perform complex tasks. Examples include
image recognition and natural language process-
ing. A special feature of deep learning is that it
uses multilayer neural networks that can gener-
ate hierarchical representations of data. This al-
lows the system to interpret information at pro-
gressively more abstract levels. Deep learning
techniques have led to significant advances in
machine vision, speech recognition and natural
language processing. For example, Convolutional
Neural Networks (CNNs) are excellent for image
recognition tasks, while Long Short-Term Mem-
ory (LSTM) networks are efficient for processing
sequential data such as text [4].

Deep learning and computer vision play a key
role in the development of self-driving cars.
Such systems use convolutional neural networks
(CNNs) to process data collected by cameras and
sensors. These networks can recognise and in-
terpret the environment, such as road signs, pe-
destrians, other vehicles and road conditions.
Self-driving cars continuously learn and adapt to
different traffic situations, increasing safety and
efficiency. The use of deep learning and comput-
er vision allows cars to navigate autonomously,
avoid obstacles and drive safely without human
intervention. Uber and Tesla, for example, have
made significant advances in this area and are
continuously developing their self-driving tech-
nologies [5].

Natural Language Processing (NLP) is a branch
of Al that focuses on understanding and generat-
ing human language. Applications of NLP include
autocorrect and spell-check functions that help
correct spelling mistakes and clarify text. In ad-
dition, NLP is used for sentiment analysis, which
allows the detection and analysis of the emotion-
al content of texts, for example in social media
posts or customer reviews. NLP can also be used
in question-answering systems that automatically
answer users' questions, such as customer service
chatbots. In addition, NLP technology is used for
text translation, allowing automatic translation
between different languages, for example in
Google Translate. Other applications of NLP in-
clude speech recognition, which enables the con-
version of spoken language into text, for example
in Siri and Alexa virtual assistants. Some popular
NLP software solutions [6]:

—spaCy is a Python-based library that supports
more than 72 languages and enables efficient
text processing;

—MonkeyLearn is a Machine Learning platform
that enables text analysis and data visualiza-
tion;

—Stanford CoreNLP is a Java-based NLP tool that
produces linguistic annotations from text and
supports multiple languages;

-IBM Watson is a comprehensive enterprise
text analysis solution that can perform a vari-
ety of NLP tasks.

Computer Vision allows computers to interpret
images and videos. Applications of computer vi-
sion include face recognition, object recognition
and self-driving cars.

Facial recognition systems can identify and au-
thenticate people by their faces. For example, Fa-
celD technology on Apple devices allows users to
unlock their devices using their face. Face recog-
nition is also used in security systems, for exam-
ple to identify passengers at airports [2, 7].

Object recognition systems can identify and cat-
egorise different objects in images. For example,
the YOLO (You Only Look Once) algorithm pro-
vides high-performance object recognition in re-
al-time applications such as security cameras and
industrial automation. In Amazon Go stores, ob-
ject recognition helps to power automated check-
out systems, where customers can simply pick
items from the shelves and the system automat-
ically invoices them [8]. Some popular software
solutions for computer vision [9]:

—-OpenCV is an open source machine learning
and computer vision library that contains over
2500 algorithms for various tasks such as face
recognition, object identification and tracking
moving objects;

—TensorFlow is an open-source machine learn-
ing framework widely used in computer vision
projects such as image classification and object
recognition;

—-YOLO is a high-performance object recognition
algorithm designed for real-time applications
and is widely used in security systems and in-
dustrial automation.

Action Planning is the process by which intelli-
gent systems can sense their environment, make
decisions and act. Robots are used in various
industries and in healthcare. Industrial robots
use action planning to optimise manufacturing
processes, for example in automotive manufac-
turing, where robots can sense the position of
parts, make decisions about assembly sequences
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and perform assembly operations with precision
[10]. Healthcare robots use action planning in
surgical procedures, such as the Da Vinci surgical
system, which can sense the patient's anatomical
structures, make decisions about the most opti-
mal cutting paths, and perform surgical interven-
tions with precision [11]. In logistics networks,
action planning helps optimize the delivery of
shipments, for example, drones can sense their
environment, make decisions about the most op-
timal routes, and deliver packages safely [12]. Ag-
ricultural robots use action planning to care for
plants, for example, robots can sense the condi-
tion of plants, make decisions about the amount
of nutrients and water needed, and perform care
operations with precision [13].

Artificial intelligence is currently being applied
in many areas. The aim is to harness the benefits
of AI to improve quality of life, increase problem
solving efficiency and support innovation. Here
are some areas where Al has been used (Figure 1).

This research aims to explore and investigate
the potential of artificial intelligence to support
CNC technology. The adaptation of AI to some
area of CNC technology involves several steps and
aspects. The idea of adaptation raises a number
of questions. Does AI have solutions that can pos-
itively impact CNC technology? Another big ques-
tion is whether there is an area of CNC technology
that can be supported by AI? The first step in this
long process is to examine the subjects of adapta-
tion and to identify the key areas and tasks for the
application of AL

2. CNC technology

The letters CNC stands for Computer Numerical
Control. Manufacturing equipment in which the
necessary movements are performed by motor(s)
(stepper, servo) without human intervention. The
operation of the motor or motors is controlled
by a computer, which is called control of the ma-
chine tool.

CNC technology is used in the field of machin-
ing, in manufacturing processes such as turning,
milling, drilling, grinding, where the material re-
moval process is controlled by a computer using
programming codes. The computer numerical
control machine is the mainstay of modern man-
ufacturing, dating back to the 1940s when the
first NC machines appeared.

After the Second World War, the Cold War pe-
riod focused on the importance of arms produc-
tion, which called for an increase in the efficiency
and productivity of production. In the late 1940s,
in 1949, John T. Parsons, an early pioneer in com-
puter science, developed the first concept of nu-
merical control while working on an Air Force
research project at the Massachusetts Institute of
Technology (MIT).

At MIT's Laboratory of Servomechanisms, an ex-
perimental milling machine was built that could
be used to produce helicopter blades and stiffer
shells for aircraft using motorised shafts. In the
1940s and 1950s, early Numerical Control ma-
chines still used a punched tape to input instruc-
tions, a common tool for telecommunications and

Fig. 1. Areas of use of AL

Fig. 2. The first NC milling machine (Cincinnati Mi-
lacron Hydrotel).
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data storage at the time. This technology was later
replaced by analogue computing.

In 1952, Richard Kegg, in collaboration with MIT,
created the first NC milling machine (Figure 2),
which became known as the Cincinnati Milacron
Hydrotel. At this time, NC technology was limited
primarily to machining centers.

The 1960s and 1970s saw the emergence of digital
technologies, which significantly automated and
made manufacturing processes more efficient.

In the 1970s, the use of Computer Aided Design
(CAD) and Computer Aided Manufacturing (CAM)
brought great advances in CNC machining.

Since the 1990s, CAD and CAM systems have be-
come an integral part of CNC technology, enabling
even more precise and flexible manufacturing
solutions [14].

3. The CNC technology and the AI

The development of machine tools and the as-
sociated CNC technology is unique. The result of
this evolution is faster, more accurate and relia-
ble part production. Machines with 5-8-10 axes
(e.g. turning centre, machining centre) available
today enable increasingly complex part produc-
tion. The current state of CNC technology shows
significant advances in intelligent manufacturing
systems, especially in the context of Industry 4.0.

Digital twin technology in the CNC industry is
based on the creation of exact digital replicas
of physical entities such as machine tools, tools,
workpieces and manufacturing processes that are
synchronised with their physical counterparts
through real-time data link. The combination of
10T devices, advanced sensors, data analysis algo-
rithms and simulation tools enables continuous
data collection, analysis and real-time monitoring
of system health.

The sensors record real-time data on the state of
physical systems, such as temperature, pressure
or vibration, which is transmitted to central data
processing systems via computer networks such
as WiFi or industrial Ethernet. Here, cloud com-
puting ensures secure data storage and process-
ing, providing real-time insight into the operation
of systems.

Digital twins not only monitor the current state,
but can also simulate the behaviour of systems.
They can use physics-based simulations to visual-
ise possible changes in processes, such as a ma-
chine malfunction or component wear. Artificial
intelligence (AI) and data analysis algorithms can
detect anomalies, predict failures and suggest

maintenance or optimisation actions. The most
striking feature of the digital twin is its two-way
communication: this technology not only receives
data, but also provides feedback, for example
with automatic system adjustments or deci-
sion-support suggestions. This reduces downtime
due to failures while increasing the operational
efficiency of the assets.

Using Augmented Reality (AR), digital twins of-
fer visual interfaces that make it easier to quick-
ly identify and deal with errors. For example, a
maintenance engineer can monitor the current
status of machines with AR glasses. Cyber secu-
rity, such as data encryption and access control,
ensures data protection and authenticity.

The technological innovations of the digital
twins will bring new levels of efficiency, sustain-
ability and resilience to industrial operations,
contributing to the objectives of Industry 4.0 and
reducing environmental impacts [15].

Artificial intelligence is used in many areas of
CNC technology, typically to optimise and in-
crease the efficiency of manufacturing processes.
Some solutions for the application of Al:

— Tool wear prediction;

— Machining parameter optimisation;

— Predictive maintenance;

— Surface quality prediction;

- Toolpath optimisation.

Tool wear prediction: Al helps predict tool wear
in CNC machines, which can increase tool life and
improve machining efficiency.

Machining parameter optimisation: Al systems
optimise machining parameters such as cutting
speed and depth of cut to improve surface quality
and reduce energy consumption.

Predictive maintenance: MI enables predictive
maintenance of CNC machines, which helps to
anticipate machine service needs and minimise
downtime.

Surface quality prediction: AI techniques, in
particular machine learning and deep learning
models, can predict the surface quality of ma-
chined parts, which can improve the accuracy
and reliability of manufacturing processes.

Toolpath optimisation: Al algorithms can opti-
mise toolpaths, reducing programming time and
minimising tool positioning errors. For example,
Autodesk Fusion 360 CAM software uses Al to in-
crease the efficiency of CNC programming [4].
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4. Conclusions

CNC technology is one of the fastest growing
players in the industry. Its most active expansion
has been in the field of component manufactur-
ing (turning, milling, drilling, grinding) and con-
tinues today. The use of manually operated ma-
chining centres is now limited to special cases and
has been replaced by CNC-controlled production
machines. One reason for this is the incredibly
rapid change in computer technology. With the
advent of artificial intelligence (AI), we can dele-
gate tasks to Al that can make the manufacturing
process more efficient, more accurate, safer and
improve maintenance planning.

An examination of the current relationship be-
tween AI and CNC confirmed the importance of
research supporting the collaboration between
AT and CNC technology. The involvement of arti-
ficial intelligence to support CNC programming is
a key element in Al-related research. In addition
to existing roles, new potential applications can
be formulated to further enhance manufacturing
efficiency at any stage of the production process.
Al, as a technological assistant, can suggest sev-
eral alternatives for the manufacturing process
of a product and can also enable the creation of
flexible part machining codes at the manual CNC
programming level.

This research aims to apply artificial intelli-
gence in the field of CNC technology in secondary
and university education. The aim of using Al
solutions is to increase the quality and efficiency
of education, in a way that the application of new
technology does not involve extra work and is as
safe as possible. The integration of Al in educa-
tion is a long and complex process, the first task
of which will be to identify the characteristics of
the related fields (AI, education, CNC) and their
adaptation and interaction effects. To do this, I
will carry out a SWOT analysis for the three do-
mains. Then, I will treat the three areas as a sin-
gle entity according to my research objective and
investigate their viability through another SWOT
analysis. Depending on the results obtained, I will
identify the strategically important tasks.

In the context of Al, it is necessary to examine
what technologies and applications are current-
ly available, where and in what form AI is used
in CNC technology and education. In its current
form, is it suitable for the task at hand and to what
extent can it solve it? The potential for developing
the AI system should be explored. The running
environment, software solution, operating princi-

ple and learning methodology of the Al should be
defined. It is important to explore how available
Al systems (e.g. ChatGPT, Gemini, Copilot, etc.) can
be integrated into an existing, well-functioning
user environment, such as Moodle.

Overall, the involvement of Al in supporting CNC
programming is a key element in Al-related re-
search. In addition to existing roles, new potential
uses can be formulated to further enhance manu-
facturing efficiency at any stage of the production
process. As a process assistant, Al can suggest sev-
eral alternatives for the manufacturing process of
a product and can also enable the generation and
control of flexible part machining program code.
This calls for the formulation and research of the
role of Al in education and the educational meth-
ods related to the development of AL
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