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Industry 4.0 reshapes the manufacturing environment starting with improved technological processes, enhanced software
implementations and managerial approaches. Nowadays studies consider only the technical changes and do not assess the impact
on the organizational culture, which can provide a better competitive advantage. The concepts approached in this paper are the
automated guided vehicles technology (AGV), the overall equipment effectiveness (OEE) software implementation, and their
impact on the organizational environment. The researchers examined the symbiosis between the physical innovations and
sociocultural changes. The basis for the AGV technology employs mobile vehicles interconnected through a centered pathway
decision making system in a local wireless network. OEE indicators have been the latest software implementation in terms of
reports for the production’s efficiency. Combining the two technologies has been proven sustainable in most of the situations
researched, however, AGV autonomy and collision control remain incapable of providing efficient results. To determine the
impact on the culture, a quantitative study was conducted using a survey. Findings have demonstrated that the Millennial
generation are supportive of an innovative, informal culture. It is mandatory for employees to have a strong mentor who can

influence in a positive way their career using technology and software changes.

1. INTRODUCTION

Currently, the global environment is being transformed
by the latest industrial revolution. When elaborating a
theory around the fourth industrial revolution, all aspects
within a certain organization need to be taken in
consideration for an unbiased statement.

The first industrial revolution is the period at the end of
the 18th century. It began with the use of steam power,
mechanization of production and the rolling processes for
making iron. In the new environment, the volume of
production was increased by at least eight times. By using
the new technologies, mechanized breakthroughs in
different industries such as mining and material
manufacturing have increased the human productivity [1].

Academics [2] around the world refer to the second
industrial revolution as the start of the 20th century. This is
linked to the electrical energy industry and how it was
produced and distributed.

The third revolution, according to the same academics
[2], started around the year 1970. It focused on the initial
automation of processes and how the first computer
technologies were introduced in production.

Finally, the 4th industrial revolution started at the
beginning of the latest century and its core is structured
around the topics of internet of things, artificial intelligence
and autonomous robots. Literature [3] identifies the last
revolution using the term “Industry 4.0” and describes the
new horizon of organizational lifecycle of products
according to the increased customer demands.

The main change in the 4th industrial revolution is how
the autonomous machines and the digitalization of
processes impacts the labor market. The question which
may be raised now is “What will be the strategic decisions
that organizations will need to take in order to benefit from
the evolution of industrialization?”.

Industry 4.0 uses the concept of digitalization as a
mixture of different technologies by modelling artificial
intelligence in the production machines and robots. Internet

of things (IoT) has been a deciding part when defining the
new industrial revolution. Through IoT, the production
lifecycle has been reduced by improving the automated
manufacturing process. Robots used in production are
equipped and designed with video cameras, infrared or
temperature sensors and are connected to the plant using
network systems [4].

When discussing about innovation, studies have
emphasized the technical aspect in production without
taking in consideration that a change occurs simultaneously
in different areas. Therefore, besides the mechanical and
software improvements of the Industry 4.0, organizational
and management approaches are also needed in order to
adapt to the market’s demands.

The purpose of this paper is to explore the new Industry
4.0 concepts implemented in a manufacturing plant in
Poland and the effects of the IoT concepts developed, on
the organizational culture from human perspective. The
authors propose a discussion on the appropriate
management style that will transform and expand even
more the current environment. The paper presents in detail
the innovation within the mechanical solution, followed by
the enhanced software implementation and finally, the
finding resulted from the organizational culture study.

2. STUDY RELEVANCE

In an international environment which is transforming
every day, business leaders must find a way of adapting
their interconnected processes. In a time when more
companies compete in the same market, the ability to
innovate is seen as something that can differentiate in each
industry. In order to satisfy the customer requirements, new
manufacturing processes implemented in different plants
and productions lines have been set up to maximize the
company’s value [4]. Since simple processes are becoming
more and more automated by machines, employees have
become more willing to prove themselves as being able to
take strategic choices, coordinate more processes in the
production flow or even become innovative in their area of
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expertise. Their need of change and improvement is also
correlated with the work presented in literature [5] where it
is stated that people will change their values and work
environment when a new industrial revolution occurs.

In research, some of the most significant areas where the
Industry 4.0 changes have appeared are: advanced software
customization, increased collaboration with stakeholders, IT
focused commercial environment, product value creation,
agile environments and enhanced automated processes [6].

The new environment is data centered in the context of a
symbiosis between physical products with digital services.
In this direction, companies have been starting to use
several customized solutions with a low level of
individuality [7]. Opportunities rose and the business
environment is shaped according to the unique customer
requirements that appear [8].

Smart factories are starting to be build, where the internet
of things (alongside their supporting architecture and
infrastructure) integrates physical machines, intelligent
robots, artificial intelligence, enhanced production areas
and processes led by the human nature in order to form the
new and improved environment [9].

In the German culture, smart factories have been
transformed a step even further, where the efficiency of
resources together with their productivity and time losses
has been measured [10]. By creating such a system, where
all of the items are linked through an interconnected
network, controlling the design and the production process
is possible during the entire lifecycle of a product [11].

3. TECHNOLOGY INNOVATION

Automated guided vehicles have been invented more
than 50 years ago. In the past, this type of systems was
rudimentary and mainly seen as tractors which followed a
specific wire in a warehouse. Since the first AGV was
invented, this technology has improved and nowadays,
complex vehicles that can follow laser pathways and have
collision navigation systems exist in the industry.

Recently, in the academic literature, improvements for
the scheduling of AGVs and other secondary equipment
have been addressed and their research conclusions are
considered the latest in this area [12].

In terms of material handling, academics have studied
how a certain buffer in the system may impact on its
performance. They have also demonstrated that there is a
need of improvement in flexibility and how the routing is
processed. A final statement is that an AGV with a dynamic
routing will perform more efficient as one with a planned
routing [13].

In the algorithm of obstacle detection, the AGV
calculates a reservation graph which is used to reserve a
certain space and therefore to avoid an obstacle before
entering in a collision [14].

The problem for the flow system design was addressed
after detailed research on the pathway for routing [15]. A
different and innovative flow network was used containing
only unidirectional arcs.

When an area is overcrowded by AGVs, research has
been done on how the AGVs will steer to avoid collisions
with other AGVs. It has been demonstrated that there is a
need for bidirectional control policies that prevent
inefficient pathways [16].

Designing an AGV is a detailed process that requires
advanced engineering and software skills. First, in terms of

the hardware used, the following need to be decided: how is
the movement modeled, which is the system’s general
configuration, how is the kinematic computation and what
other components of the AGV are connected to the system.

Fig. 1 — The AGV represented by the white with blue stripes mobile vehicle.

For this research, the authors have experienced that one
of most important parts for creating a network of AGVs is
guiding and movement model. To obtain an efficient model,
parameters such as area size, steering ability, position of
manufacturing operations and the free space between them
need to be taken in consideration.

The product plant simulation uses a bridge connection
between the physical AGVs and their core system where
enhanced programming algorithms have been implemented.
In terms of navigation systems, a symbiosis between vision-
based guidance together with a hybrid pathway was chosen.

Because the internal memory of the AGVs is limited, the
authors have created a buffer between the network
connection from the AGVs and the core programming
system. The buffer captures the information and
communicates it in a bidirectional way, providing also a
better efficiency and reducing data losses.

.

Fig. 2 — The AGV collecting a test piece from the current station.

The information stored in the buffer contains:
* Specific WebService;
¢ Calling Key - combination between the mechanical
operation and the mobile vehicle;
* Physical resources needed to perform the operation;
* AGV number
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* Material number and type;
* Status of the AGV.

The following buffer sample values were used in practice
for testing.

Table 1
Sample buffer test values
Item Type Rights Description
1000 String [50] Read and Write | Area Production ID
AMC String [50] Read and Write Motor Type
VBI1 String [50] Read and Write Navigation
101 String [50] Read and Write AGV Number
1 Byte Read and Write Status of AGV
1101 String [50] Read and Write | Status of Equipment
5010.101 String [50] Read and Write Calling Key
5010.WS String [50] Read and Write Resource
5010 String [50] Read and Write Operation
Semi String [50] Read and Write Material Type
D123ARANH3 String [50] Read and Write Material Number
AGVWS String [50] Read and Write | Called Web Service

Testing has determined that an operational system may
be used but the authors consider that other aspects of this
technology need to be addressed.

The problem of AGV autonomy is still something that
has not demonstrated independence from a charging
centered system [42]. Error minimization still exists and is
depending on the type of connection and network used. In
order to improve the transport time, such ideas as buffering
the data to the AGV and error-control should be
implemented in the core programming systems. When
discussing about a plant with many operations on the
production line and with hundreds of AGVs, there is a
certain need of implementing a central collision system.

4. COMPUTER AIDED SOFTWARE INNOVATION

The physical technology for manufacturing is evolving at
the same pace as the computer and software tools used in
manufacturing and engineering. Supporting the AGV new
technology and improvements already presented, the
authors have decided to incapsulate the OEE software
technology.

OEE is used in the most recent industrial revolution from
a computer aided perspective which reinforces the existing
technologies. OEE is considered the procedure where the
equipment’s performance is measured using a coding
system and extrapolated to the guidelines developed. In
contradiction with the OEE standard which provides simple
and clear rules, the implemented systems have become
imperfect in terms of rate and time efficiency.

Several reasons for measuring the performance have
been defined in theory [17]:

* Control improvement

* Process responsibility

* Objective strategic alignment at all levels of the
organization

* Communication of detailed business processes

* Capacity improvement

The term of OEE was strictly defined it as equipment
related performance evaluation [18]. The concept started as
a simple metric which was highly appreciated by managers
because it consisted of a displayed database of information
rather than a detailed and difficult system [19]. OEE usage
has been seen as understanding the set of quantitative data,
which evaluates the productivity for a period of time.

Following the initial definitions, a standard for the
quantitative measurement within the OEE was developed.
The standard reproduces with visual data how effective the
equipment with a production area is [20]. As a novelty in
terms of computer-innovation, there is a need in careful
enhancements such as adding the planned downtimes,
adjusting the lack of raw materials, calculating the human
shifts and representing them on a scale [21].

Six different major equipment losses exist [19]:

* Productivity reduced by equipment
causing defective finished goods

* Stoppages due to the adjustment time when
switching from one production type to another

* Minor breakdowns when a malfunction in the
machine is occurring

* Differences between the actual operating speed of
an equipment and its design

* Pre-configuration and initial stabilization reduced
times

* Rework losses due to equipment malfunctioning

The first two categories refer to the availability of the
equipment, the second two for the performance and the
remaining two will evaluate the quality.

failures

Overall Equipment Effectiveness - [AYEIEWIINE Performance Quality

80.74 «

120.50 « 99.60 «

Fig. 3 — OEE metrics: availability, performance, quality.

Availability measures the scheduled time for an
industrial machine where production is done at the normal
rate. The period of time when the machine is not operating
has been defined as “availability losses”. These states are
represented by binary codes within the system and visually
displayed for the operator to have an instant overview of the
production area.

For the performance indicators, the speed for producing
finished good must be evaluated. This quantitative indicator
evaluates how many pieces are produced compared to the
overall capacity of the machine in an ideal environment.
Using the performance indicator, the overall producing
quantity of the equipment is stored in the “machine
operating time”.

Quality represents the indicator that counts the number of
accepted pieces produced from the overall production
quantity in that shift. Quality is a measurement that is
already improving due to disruptive innovation. Starting
with human inspection to video and image defect
recognition with specific computer software, quality is
innovated in a rapid pace.

The authors have configured within the plant simulation
software the production line and its equipment to send a
four-digit value incapsulated in the communication send by
the AGVs. The four-digit variable is built using the data
received from the machine as follows: the first bit
corresponds to the Red Light (idle or pause time) of the
machine, the second bit to the Green Light (working time),
the third bit evaluates the production status and the fourth
bit represents the speed of the machine. The overall
combined value is translated through logical if-conditions
into the OEE mode. The OEE mode has a defined state and
a group that is impacted by the actual state of the system.
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Table 2
OEE Modes Detailed Description
State Mode Group I}};l(: ¢ (ifgeﬁltl ;)tl‘::ﬂs Speed
Default 0 Run 0 0 0 n/a
Unknown 1 Unknown n/a 1 1 >0
Change 2 Change n/a 1 0 n/a
Waiting 3 Wait 0 1 1 =
Product
Waiting 4 Wait 1 0 0 n/a
Downstream
Stopped 5 Stop 1 n/a 1 n/a
With
Unknown
Fault
Stopped 6 Stop 1 1 0 =0
And Not
Running
Breaks 7 Break 1 1 1 =0
Training 8 Train 1 1 1 2
Shift 9 Change 1 1 1 3
Change

The coding procedure for capturing the stoppages was
responsible in centralizing the information in a local
database and evaluating the type of stoppage. Once a
stoppage has occurred and the stoppage mode was sent, a
blocking logic for the system was started. The stoppage
needed to be addressed by the operator and to confirm that
the system can be restarted. Once the system can be
restarted, the stoppage mode was reset to the original value
and the equipment started. The time between the different
stoppages were considered the “downtime distribution”.

Downtime Distribution
Unscheduled Downtime

2561 win

Last 3 Months

cCw

280

Fig. 4 — Downtime distribution.

In order to obtain and calculate the “capacity utilization”,
the existing data from different unplanned stoppages must
be extrapolated with the planned stoppages.

Capacity Utilization
Scheduled Downtime

530 win

Last 3 Months

Fig. 5 — Capacity utilization.

The procedure for the good/scrap quantities uses a
similar logic as the procedure for the stoppages. Once the
mode is sent through the AGV from the equipment’s

sensor, the quantity for the machine is captured and stored
within a table in the system’s database. If the quantity is
negative, a secondary procedure called deducts the data
from the existing quantity. Otherwise, the new quantity is
added and counted as qualitative finished goods.

In the current case, there can be a correlation between
losses and the AGV technology which is not fully efficient
when discussing about collision control. When the AGV
technology cannot transport the product from one station to
another, the OEE is impacted for future equipment’s and
therefore, stoppages occur. Rework and remanufacturing
need to be considered when discussing about an OEE
system as well. The utilization of the equipment is
influenced by a product which is reinserted on the line and
needs adjustments.

Cumulative Trend

Last 3 Months

Nov Dec Ja

Fig. 6 — Cumulative trend for the last 3 months.

5. ORGANIZATIONAL TRANSFORMATION

The latest industrial revolution transforms the business
environment in the same manner as engineering innovations
develop. The statement for describing the organization
culture applied on the context of Industry 4.0 is “only
recently that researchers and management practitioners
started looking at organizations as institutions that are being
affected by an independent variable that affects employee
work behavior” [22].

Other literature assesses the organization culture based
on a hierarchical model in a three-level diagram [23]. The
first level contains all the visible features of an environment
in an organization. In a second level, technical and social
traits which usually are learned in time are described. On
the third and last level, the concept of perception is
discussed. From a practical point of view, in an engineering
environment, if a concept such as the AGV technology or
the OEE software-measuring tool is developed in the
internal project’s constraints, the whole project team with
its project leader, will share the same beliefs as one.
Nevertheless, the long-term impact will equally impact the
team and the leader.

Innovative organizational cultures are defined by traits
such as: detail attention, team and people centered
environments, openness to novelty, balance between
stability and risk taking [24].

The levels of engagement in daily tasks may be seen a
strong advantage or disadvantage in terms of the
organizational culture. Informal and collaborative
environments have been labeled in scientific journals as
strong companies [25].

Moreover, determining how powerful an organization is
should provide sufficient data in order to identify the
organization’s overall business performance [26].
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When discussing about change management, which is
strictly in direct contact with the latest industrial revolution,
employees in leadership roles should provide enough
support. The latest technologies and software improvements
are influencing the overall workplace environment. If
change appears, management should be opened enough in
order to present the innovation novelty and explain the
benefits that appear [27].

According to these findings, the constant changing
environment must incapsulate in the company’s strategy,
the vision and mission of the changes in order to develop an
innovative culture [27].

Bidirectional connections have been demonstrated in
history between the type of organizational culture supported
by its values and the performance of the business [28].

Therefore, a more detailed analysis of the environment
has been researched to determine the effect on the business
environment from the organizational culture [29]. It is
argued that “genetics” play an important role when
discussing about behavioral traits, however, other traits are
constantly evolving from daily activities and adapting to
new environment changes.

While more research journal debate on the fact that
genetics play an important factor in the development of an
individual and moreover, an organizational culture, it has
been demonstrated that genetics will not influence the
external environment just as present and independent from
other factors [30].

The change in generations in the workplace is also
impacting the work environment and the culture. Age
generations have different values, mindset and work ethic.
The newest generation which was added to the work
environment is named “Millennials”. Their main
characteristic is a higher degree of confidence, trust and
positive attitude [31]

Millennials have also been labeled as hard-working
employees, achievement-focused and who rank high when
it comes to assertiveness and self-esteem. The Millennial
culture has also been linked to people who are easily
adapting to change and who are technologies driven
individuals [32].

Agile companies have become more and more present in
the work and business environment. Changing from a
traditional company to an agile organizational culture is
also considered a way of innovating [33].

The Millennial culture, which usually has proven itself as
not being a “blaming” culture, is considered to easily adapt to
agile principles. Owning a part of the manufacturing or
computer process is a characteristic of both the Millennial
generation and of the people within of agile cultures. Aligning
the personal values at the starting point of an innovation and
transformation to the agile principles is required in order to
achieve success on a long-term basis. [34].

Observing the technology together with the computer
driven innovation that has been implemented, the authors
have decided to test a more complicated -existing
hypothesis.

The researchers attempted to determine if the symbiosis
between software and engineering processes is impacting
the organizational culture. Moreover, if possible, it desired
to determine if the newest generation had also an impact on
the culture and processes.

A quantitative study was processed containing 50
questions in order to determine the values impacted by the

changes in the culture. The study was started 6 months after
the AGV technology and the OEE software was
implemented. The researchers have evaluated the answers
from a pragmatical approach.

The survey questioned 150 people in order to obtain
theoretical saturation and to validate the study. Every
question had scale on which the surveyed person should
rank according to its personal values.

The themes questioned were feedback, mentorship,
vision, communication, work-life balance, extrinsic drivers
and teamwork and their implications from the business.

First, Millennials prefer the change and an innovation
environment with a recurrent feedback. More than 85 % of
the people the people questioned, find that when the change
occurred in the company, their work needs to be evaluated
and monitored in order to provide a good performance
monitor [35]. When it comes to giving feedback about how
a colleague is performing, people have, unfortunately split
between afraid to give feedback (64.32 %) and capable of
giving feedback (35.68 %). Surprisingly, the current
employees believe that when a change occurs, feedback
needs to be tied to the actual action, not the person itself.

When discussing about mentorship, 92% of the people
consider that a mentor is needed when a change this large
occurs. People also have stated that they approve an
environment where leadership is empowering but some
level of control needs to occur in order to have a profitable
business environment [36].

Vision can be seen be most employees and they have
aligned their personal beliefs to the values of the
organization. As much as 76 % of the respondents see that
they can meet their goals and remain in the organization’s
boundaries [37]. When asked about communication, the
respondents (72.8 %) see that the innovation change was
communicated in a well process to the whole team and they
benefited from the accurate and transparent communication
within the organization. Problem solving was done in a
constructive manner and employees felt as a part of the
change process (98 %) [38].

Findings suggest that all employees have a work ethic
and respect for working in a constantly changing and
innovating environment (89% consider that building a
career in this industry will help fulfill their desires) [39].

When the discussion reaches the topic of extrinsic
drivers, people consider that the availability for technology
is needed more every day. Technology comes with gadgets,
computers, software programs and artificial intelligence like
the ones that have already been implemented [39].

Discussing about teamwork, 80% of the employees
consider that it is highly required. A collaborative and
informal environment should be the strong foundation on
which the processes and procedures should be built in the
current organization. This finding is supported by the whole
idea of the Millennial culture who is labeled as teamwork
oriented [32].

7. CONCLUSION

In academic references, the concepts of Industry 4.0 are
mostly limited to the technical and software aspects and do
not consider their implications to the organizational culture
within a certain industry which is an important factor that
can provide competitive advantage.

Implementing different software systems and innovative
technologies require an organizational culture that is
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continuously focused on the changing abilities of the
individuals. Concepts such as the AGV technology and the
OEE software effectiveness system have been successfully
implemented, however, it is difficult to state that these will
be successful in the current organization. Even though the
respondents of the survey have demonstrated openness and

can be labeled as innovators, in a digital environment, an

industrial change and its implications on the work force

cannot be measured in a short and limited period of time in

order to provide sustainable results.
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