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Abstract- Manufacturing engineering is able to offer
businesses the integration of information and
manufacturing processes. Artificial intelligence is being
used in industry to support, solve and enable technological
processes and grow production of more qualitative
products. Different algorithms are developed to help the
compound parts of the artificial intelligence to make a
decision, to work in autonomy and be part of automatic
systems.

The aim of this paper is to present our work in
integration of AI and manufacturing engineering and to
present the benefits of Al, presented AI model as well in a
real working environment.
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L INTRODUCTION

Modern technology helps optimize many processes
to be more automatically and autonomously, decreasing
human supervision. Al is the easier way of giving a lot
of benefits during production. This is due to the many
approaches that artificial intelligence offers and the
versatility that allows companies to exceed expectations
for the purpose of using artificial intelligence. A system
that applies Al provides a set of instructions that allow
the computer to write its own algorithms without being
programmed [1, 2]. Although we define intelligence as
the computational part to achieve certain objectives,
intelligence can be used as the capacity to learn and solve
problems in a constantly changing environment. Human
beings function through observation of the physical
world and the connection of phenomena between cause
and effect, artificial intelligence is completely driven by

data and has no prior knowledge of the connection
between that data.

It is called artificial precisely for this reason because
it does not derive from physical laws but only from data
[3]. We can compare artificial intelligence with a human
being, if the bodies are similar to each other, it must
possess a brain that helps it perform tasks, and the brain
of artificial intelligence is Natural language processing
(NLP). Machine learning can be seen as specific
movements, actions, thoughts that we develop and
improve by practicing them. The Internet of Things (IoT)
corresponds to human feelings, it is a way to perceive the
world around us. The data that artificial intelligence
receives and transmits is equivalent to the food we eat
and the air we breathe [6].

IL. BACKGROUND

According to the Capgemini Institute, artificial
intelligence is a collective term for the abilities displayed
by a learned system that are perceived by humans as
intelligence. Today typical artificial intelligence includes
language, images, video recognition, autonomous
objects, natural language processing, language agents,
prescriptive  modeling, argumentative  creativity,
intelligent automation, advanced simulation, etc [4].

In the context of manufacturing operations, most
artificial intelligence uses center around the following
machines [2]:

1. Machine learning: the ability of algorithms and coding
to use data and learn automatically from its own tracks it
creates and programs.

2. Deep recognition: an advanced form of machine
learning that uses artificial neural networks to analyze
and interpret images and videos [12].
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3. Autonomous objects: as they are known by the name
of artificial agents such as collaborative robots or tools
that move automatically and can perform tasks given to
them.

There are six models of artificial intelligence,
models that belong to three different macro approaches.
* Logic-based tools: they are tools used for knowledge
representation and problem solving.

» Knowledge-based tools: based on large databases of
information and rules.

* Probabilistic methods: tools that allow agents to act in
scenarios with incomplete information

* Machine learning: tools that allow a computer to learn
from data.

* Personified intelligence: assumes that a body is
required for higher intelligence.

* Search and optimization: tools that allow intelligence
to search through possible solutions

These three macro approaches are divided into:
symbolic, sub symbolic and statistical approaches. The
symbolic approach states that human intelligence can be
reduced through manipulation, the sub-symbolic
approach states that no specific knowledge should be
provided, and the statistical approach is based on
mathematical tools to solve various problems [13].

III. STATE OF THE ARTS

There is no doubt that today the manufacturing
sector around the world is moving towards the use of
artificial intelligence because it has been proven to
facilitate many processes. Starting from the reduction of
unplanned errors, the implementation of powerful
artificial intelligence software for data analysis, cloud
computing, the improvement of product quality, the
safety of employees at work and many other aspects that
are facilitated by artificial intelligence. Initially, the need
for automatic supervision arose since the manufacturing
industry has lost billions all over the world from
unplanned defects, which have blocked the production
process. Therefore, this solution was offered to
manufacturers through the implementation of artificial
intelligence, bringing robotic systems that can supervise
themselves and notify through various alarms about
potential defects. There are cases when the machine
alerts the engineers before the defect is reported and in
this way measures are taken much earlier and big serious
mistakes are prevented. This is one of the many
possibilities that artificial intelligence has offered for
manufacturing engineering [14].

There are also intelligent systems that are used to
help production and provide services to different users.
New meanings for the system are intelligent integrated
systems that include digitization, Internet of Things,
virtualization, services, system changes, flexibility, and
intelligence [10]. The new forms that develop mainly

affect ecology with special characteristics for
environmental protection, they are forms that collect
data, integrate with autonomous intelligence and
massive innovations. The deep integration of Al
application will form an intelligent manufacturing
ecosystem which will ultimately serve to show the full
meaning of Artificial Intelligence (AI) [15, 16].

According to Pascal et al. [4], the construction of a
system to manage data and artificial intelligence is
presented. First, the acquisition of data is done, in our
case the data of the factory, products and everything
about production is entered. The second step is the
storage and management of this data, it means we must
have a separate system to manage, for example, different
cloud systems. Then the data is processed, and these data
are used by the system depending on what they are
needed for. These data serve the Al to make decisions
regarding their application even for specific problems.
Such as problems such as intelligent maintenance, failure
prevention, quality inspection, demand planning,
performance evaluation and many other problems. At the
end, the feedback is received in the MES (Manufacturing
execution systems), it means the automatic decision-
making that receives the information from the artificial
intelligence systems. While further we have the Al
system platform. In our case, the platform includes
Internet of Things (IoT) devices, PLM (Product
Lifecycle Intelligence) applications, ERP (Enterprise
Resource Planning) applications, etc.

In our case, the platform includes Internet of Things
(IoT) devices, PLM (Product Lifecycle Intelligence)
applications, ERP (Enterprise Resource Planning)
applications, etc.

IV. THE ROLE OF ARTIFICIAL INTELLIGENCE
IN MANUFACTURING ENGINEERING

Production is making something new whether it is a
product or a service. Before, production meant only
tangible physical products, while today services are also
considered [9]. Manufacturing can also be defined as the
application of physical and chemical processes to change
the geometry, properties, and appearance of a starting
material to transform it into parts or products.
Manufacturing also involves joining many parts to
assemble certain parts. The process of carrying out
production involves the combination of machines, tools,
power, and human labor to reach the final product [11].

Advantages  of artificial  intelligence  in
manufacturing:

-24/7 non-stop production: Factories that constantly use
physical labor can see the implementation of artificial
intelligence as something very positive, because it helps
solve many problems that factories currently have. One
of these problems is the work schedule, because it is
known that in order to be as productive as possible, as
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many hours as possible should be put into production.
With the help of artificial intelligence and robots, it
becomes possible to carry out production on a 24-hour
schedule.

-Security: Another important aspect that is affected using
artificial intelligence as a technology is security. When
manufacturing in high-risk factories this aspect is vital.
In factories there are also risks at work due to the very
fact when metal is being worked with and of different
sizes where a small mistake can cost a person’s life. The
inclusion of robots and devices with artificial
intelligence in these sectors allows accidents at work to
be avoided, if not eliminated.

-Cost reduction: Artificial intelligence has also proven
so far that it is able to reduce costs in any industry where
it operates. Although these technologies have high
investment costs in them, their capabilities still justify
their price. Artificial intelligence technologies also
contribute to increasing companies' analytical capacities
by eliminating employee downtime, as well as reducing
maintenance costs through automatic problem detections

[5].

-Very quick decision making: Thanks to the IoT sensors

that are applicable today, manufacturers can receive
large volumes of data and filter this data for use in
decision making. This allows manufacturers to respond
much faster, so that the reaction is also faster.
-Quality: Quality includes the wuse of artificial
intelligence algorithms to alert the manufacturing team
of damage and errors that may be found in the system as
well as in the products being created. The proposed
model also has this goal in one of its branches. Machine
vision tools are able to detect even microscopic defects
in products.

-Smart maintenance: In production, especially in the
production of the same line as in our case, the production
of only pipes, the equipment is a costly expense that has
a very big impact if it is not properly maintained.
Therefore, predictive maintenance has become a very
good solution for many manufacturers.

V. AI MODEL FOR THE MANUFACTURING
ENGINEERING

The architecture of the applied system consists of two
modules:

- Image recognition module

- Adaptive quality improvement module.

The image recognition module is responsible for
associating an image with a defined image number,
based on the evaluation previously performed on the
received images. Based on the identified images the
adaptive quality enhancement module manages the
selection and execution of correction strategies for the
image. The modular design allows the system to be
implemented very easily and to be connected to many

tools operating on different platforms such as: C++,
Python, JAVA, etc [8]. Different scripting methods
between these programming languages exist making it
possible to run multiple connections. Among others,
these tools can be imaging systems or image processing
modules.
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Figure 1. The architecture of the applied model [7]

In the pre-image processing approach, a routine is
executed throughout the program section. In this routine,
high quality images corresponding to different possible
scenarios are obtained. A parameter extraction process
takes place, and the resulting image also shows the inputs
of the neural networks. Image pixels are not considered
as direct inputs but are considered as image parameters,
figure 1. Then the scheme numbers introduce the
corresponding system, for example numerical values
1,2,3,...n. this phase also contains the first training
network, this designed network is implemented through
multi-layer feed-forward architecture [7].

The size of the hidden layer is determined by an

iterative process until the desired performance is
achieved. When the network is trained, the system can
receive, recognize, and associate images with certain
schemas.
The introduction of the scenario recognition module
makes it possible to receive and process images in a
routine way depending on system priorities, which
allows the execution of sequences through many stations
at the same time. This is a radical change for the old
models that were used and did not have the possibility of
distribution to many stations. Successful implementation
of pre-processing system that can execute strategy
improvements as well as self-learning through artificial
intelligence.

The diagram shows a simple Al work process, where
you can also see the robotic hand which is able to detect
and remove parts that have potential defects. This model

Scene recognition module
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is expected to bring many benefits such as increasing the
overall quality of the company. It also won't waste much
on the factory side for final checks because Al does it
automatically, figure 2.
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Figure 2. Automatic inspection process with Al [4]

The need to increase the quality of the products has
pushed the manufacturer to increase the control levels for
finished and unfinished parts. Optical systems and the
use of digital images have shown that it is a very good
and effective instrument not only to increase quality and
control, but also to obtain information that helps
management in production. Because information today
is key to achieving success. The use of this technology
can significantly reduce the time and need for inspection
while at the same time increasing the number of
components inspected. First, the system architecture
(software and hardware) will be shown, explaining the
characteristics of the components and the software
procedures. The purpose of this application is to identify
the dimensional characteristics of components such as
overall size, corner length, hole diameter and others.

VI.  CONCLUSION

Artificial intelligence is a technology that for years
has proven to have an impact on increasing production
and efficiency in production. This is because this
technology brings convenience and fully automated
actions which are extremely important in mass
production.

Furthermore, artificial intelligence has also been
proven through this work that it does not work as a single
system, it means that there is no single Al system,
without being composed of other components, each of
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B (less Final control)

Reduced cost of quality assurance

helps to achieve the best possible product quality, it also
helps to facilitate the product distribution process. And
many other functions and advantages which are
mentioned in this paper. And ultimately through the
model that Al applies, it also affects the way products are
manufactured and inspected.

Bringing advanced and inventive methods, the
applied model significantly facilitates the work in
product inspection. As it brings one side to the use of Al
systems for manufacturing engineering, not including
other uses that offer endless possibilities [10].

The next steps that we plan to do:

* Implementation of the model in real production
environments.

* The results achieved by the implementation of the
model can be compared with other solutions that have
been offered.

* The architecture of the presented system and model can
be modified to achieve better manufacturing strategies
through Al
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