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ABSTRACT

Augmented reality (AR) is extensively used in modern industrial automation, espe-
cially in industrial plant maintenance (IPM). The growing amount of both research and
practical projects explore, develop, and integrate the AR applications for a variety of
tasks in IPM. With the introduction of AR, the accomplishment of tasks like training of
maintenance staff, the visualization of instructions during maintenance and error cor-
rection, the visualization of plant control processes, and many others become more
visual, interactive and are, therefore, considerably simplified. At the same time, the
expansion of AR in IPM does not match the high potential it has demonstrated. The
reasons for this comprise the implementation and adaptation issues (high risks and
cost of the specific AR implementation), the technical problems (hard- and software-
related), special developer requirements, etc. Therefore, a model for planning the
implementation of AR in IPM and for the benefit prediction in terms of AR efficiency is
required. To fill this research gap, we propose a concept of the model-based planning
system (MBPS) for AR in the industrial plant maintenance. This system should provide
a deep scientific analysis of the feasibility and necessity of using AR to solve tasks in
the automation field. Additionally, this MBPS should enable predictable planning and
forecasting of the results of AR integration, like efficiency, applicability, quality, and
other criteria, and therefor support the decision making about AR implementation.
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INTRODUCTION

The Augmented Reality (AR) technologies emerged in the third quarter of
the twentieth century and significantly accelerated over the last couple of
decades along with the increasing hardware computing power. Reaching its
peak of interest in the previous decade (Palomäki, et al., 2010), they attracted
a lot of investments and contributed to many of the projects (Grand Review
Research, 2021). Since 2018, AR technologies have approached the plateau
of productivity and have become ready for broader commercial use (Tech-
navio, 2021; Markets and Markets, 2020) which was documented well in
the recent scientific literature (Berger, et al., 2016; Bilous, et al., 2021; Bilous,
et al., 2022; Bilous & Sarachuk, 2023; Kim, et al., 2019; Prinsloo & Van
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Deventer, 2017; Tejedor-Calvo, et al., 2020). Alas, a rapidly increasing inter-
est towards AR from a wide commercial perspective does not correlate with
the theoretical efficiency.

While successful adoption of AR in the past was largely determined by the
price and quality of hardware components (which are more widespread and
more accessible to the public today), nowadays the software engineering and
the development of the information and communication technologies1 (ICT)
play a crucial role. With respect to the latter, the modern AR technology
level is represented by an established ecosystem of applications and frame-
works available for developers (Glover & Linowes, 2019) – for instance, the
introduction of ARCore and ARKit made the technology available on more
than 700 million devices (without considering third-party apps), mostly ben-
eficial to the end-users (Technavio, 2021). What is, however, missing is the
comprehensive system based on theoretical knowledge and scientific analysis
for selecting tools and resources to solve a particular industrial task. This is
important for the planning and forecasting tasks in science, industry, and the
market.

This paper proposes the model of such planning system for AR solutions
which may be used primarily by managers and project personnel planning
to solve problems in the industry, but also by programmers and automation
engineers. Our paper unfolds as follows: we first describe the motivation and
background literature for the study. After that, we briefly describe the model-
based planning system for AR and its tasks. Then, we discuss the MBPS
conceptual scheme for AR and draw the overall conclusion.

BACKGROUND INFORMATION

AR technologies have recently faced wide adoption in a variety of applica-
tion areas of science, technology, and industry, as well as in entertainment,
recreation, and sports. The ongoing research on industrial application of AR
focuses more on specific tasks, benefits, current challenges and problems dur-
ing implementation, for instance, in manufacturing industry (Devagiri, et al.,
2022), automotive domain (Bottani & Vignali, 2019; Boboc, et al., 2020),
aerospace programs (Safi, et al., 2019; Rajkumar, et al., 2020), automation
(Ahmed, 2019; Mishra, et al., 2020), and several other areas.

Most of those studies focus on benefits and efficiency: mainly, the advan-
tages comprising reduced maintenance or repair times for plants, simplified
assembly of technical products, and increased interactivity during mechan-
ical environment operation. Even early studies (Wiedenmaier, et al., 2001)
recorded numerical benefit values, like assembly time reductions, in a series
of practical experiments by using Methods-Time Measurement (MTM) to
optimize processes. Along with that, some papers documented scientific out-
comes, like a research on the factors that have a general influence on the
development and implementation of AR applications or on the usage of

1Existing disparities in broadband technology support in this area, which were observed even for
technologically advanced countries, may hamper the successful adoption of AR solutions.
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AR technologies in general (Bottani & Vignali, 2019; Safi, et al., 2019;
Gómez-Puerta, et al., 2019).

The AR domain may boast a large number of publications, which however
complicates the state-of-the-art description in every particular case, espe-
cially while identification of knowledge gaps. We overcame this problem by
using the automatic bibliometric analysis2, focusing on papers with industrial
application of AR technologies and omitting other irrelevant fields of knowl-
edge. We also narrowed our search to research and development (R&D)
trends, technologies, and solutions. Approximately 300 entries (90% of those
published after 2015) were extracted from several search engines (mainly
Scopus and Web of Science) and consequently were analyzed by KH Coder
software. For the whole domain3 (see Figure 1) we observed a link between
augmented reality and 3D model design, automation solutions, construction
projects, image tracking, and user interaction environment. Manufactur-
ing and product assembly are detached from the core node, thus indicating
weaker connection and lack of scientific research and publications in this
common area, despite a large number of projects (e.g., at Fraunhofer Society
or Rolls-Royce). Topics such as network service, IoT, and cloud computing
are located in the peripheral area and may indicate some possible research
gaps.

By looking closely at more detailed topics such as AR planning, AR eval-
uation and prediction of AR results we may point out a poor connection
in the scientific literature (see Figure 2); in fact, forecasting techniques were
mentioned in just 15 articles, but rather in general discussion considering
possible ways to roughly predict the technical trends and further tasks to be
solved by AR (Dalim, et al., 2017; Ahmed, 2019; Bottani & Vignali, 2019;
Boboc, et al., 2020). Furthermore, bibliographic analysis did not find any link
to the particular methods (like KPI-based predicting of assembly or mainte-
nance time); a manual screening revealed only few papers discussing the way
to match the costs and benefits of AR solutions’ implementation (Palmarini,
et al., 2018; Jetter, et al., 2018; Schumacher & Sihn, 2020; Alam, et al.,
2021), neglecting regretfully the profitability aspect.

Hence, the ability to implement the AR is low supported by the rele-
vant forecasting and planning methods in the up-to-date scientific literature.
This important theoretical background, however, may be an obstacle to the
further adoption of AR solutions in the industrial sector, as long as firms
would like to pre-estimate the output value of potential investments. Such
model-based planning and AR forecasting systems will also allow, accord-
ing to the required task, to determine the number of resources required for
R&D and ensure the ability to reproduce the experimental results by external
researchers of AR with similar input parameters.

2Bibliometric analysis is a graph theory analysis showing, in particular, keyword relationships between
fields of study.
3Different research fields and related nodes (definitions) are grouped within several subgraphs displayed
by different colours in the co-occurrence network. AUGMERAL stands for core node augmented reality
and substitutes all similar definitions in the analysed text corpus.
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Figure 1: AR in the industry - most popular research areas.

Figure 2: Co-occurrence between publications in the topics methods of planning,
evaluation, prediction of results and the domain of AR technology.
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MOTIVATION

The area of automation appears to be relatively broad, so this research
focuses on industrial plant maintenance (IPM). The motivation for this
choice is based on articles and existing reviews (Illanes, et al., 2018; Bichia,
2020; Isac, et al., 2020) mentioning an existing problem of both obtaining
new knowledge and re-training of employees in automation and in mod-
ern industry in general. This is especially actual for the maintenance and
error correction for the industrial plants. Modern industry requires highly
skilled professionals (Saniuk, et al., 2021; Shafeek, 2018), while the person-
nel already involved in the process often needs qualification improvement to
begin operating the new equipment types and tools quickly. Consequently, it
seems to be desirable to implement the AR assistant staff training inside the
production processes to achieve a profitable combination (Bottani & Vignali,
2019; Lehmann, et al., 2021). Therefore, the necessity to plan this process
becomes obvious.

Another reason to select this research area is the amount of the previ-
ous project-related studies and articles (Berger, et al., 2016; Bilous, et al.,
2021; Bilous, et al., 2022; Bilous & Sarachuk, 2023) in the department
of automation at the BTU university, during which six new AR applica-
tions were developed. These mainly acted as interactive assistant system
for the plant maintenance. These projects provided a sufficiently broad
amount of scientific information about the factors influencing the develop-
ment of AR in IPM and will provide the necessary background for the MBPS
development.

MBPS DEVELOPMENT OUTLINE AND ITS TASKS

A model-based planning system for AR in IPM should be able to analyze
the factors influencing the development, implementation, and further usage
of augmented solutions, as well as the efficiency of this process (the ratio
of resources spent with respect to the benefits obtained). In this way, it
should not only be possible to identify the main factors of such influence, but
also to find their scientific validity and define their theoretical background.
The model should also be able to determine the weight of each main input
parameter for the final output.

Figure 3: A simple scheme of inputs and outputs for AR development.

The basic process of AR development and implementation is depicted on
the Fig. 3. A full collection of the factors influencing the AR development as
well as the required investments and resources will be defined in this project’s
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scope as inputs; the benefits of solving particular task with AR compared to
other conventional solutions will be denoted as outputs or results, similar to
other studies that review and analyze the factors influencing AR in education
(Dalim, et al., 2017), retail (Bonetti, et al., 2018; Perannagari & Chakrabarti,
2019), industry (Pentenrieder, et al., 2007; Alam, et al., 2021; Harikrishnan,
et al., 2021), medicine (Eckert, et al., 2019), etc.

Based on the own experience in development and implementation of the
AR systems and similar experiences for industrial software in general and
for the IPM cases (Kerzner, 2022; Schumacher & Sihn, 2020), we define the
following main tasks of the proposed MBPS.

Direct task (DT): With a certain pre-defined task is to be solved with the
help of AR and applying the given resources (time, financial means, and other
inputs), it is required to determine the feasibility of using the AR technology
and – if the decision is positive – to calculate the related profits. For exam-
ple, suppose that an industrial plant or a laboratory unit requires certain staff
actions to start, stop or perform a particular production task (such as switch-
ing from automatic to manual mode and back). Time, machinery, financial
resources, personnel, competences that can be used to develop an AR appli-
cation visualizing the instructions and guidelines for this task are known.
Then, the usage of MBPS should provide an indication of the feasibility of
the implementation of AR there and the possible benefits, e.g., reduction of
staff training time for the tasks described above.

Inverse Task (InT): Here, the type and values (exact or within certain lim-
its) of the required outputs are initially given, while corresponding AR inputs
need to be determined. This includes not only the calculation of necessary
costs, time, and personnel, but also the selection of the development methods,
the estimation of necessary competences, and the identification of influenc-
ing factors that may critically affect the project. An example of the InT could
be the requirement to reduce the downtime of a particular unit when chang-
ing certain components. Then, a formal planning of the development and
implementation of an AR application for this task is required, defining the
above AR inputs. A comparison of the theoretically calculated values with
the actually available ones will allow to identify the missing resources and to
take relevant actions.

Mixed Task (MT): Considering this option, the AR inputs and AR out-
puts are partially known. As a result, the MBPS task implies the estimation
and optimization of the values and ranges of the unknown variables for the
subsequent successful development and implementation of the particular AR
solution.

We suppose that exactly the MT will be demanded the most in practice,
while DT and InT would be of more theoretical interest and will provide more
basic knowledge. However, the Department of the Automation at BTU with
a number of laboratory facilities has already developed several AR mainte-
nance applications for the majority of its units, documenting both AR inputs
and outputs during the development and test phases (see previous project
documented in (Bilous, et al., 2021). Thus, MBPS will be primarily tested
and adjusted with the DT and the InT.
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CONCEPTUAL SCHEME OF THE MBPS FOR AR

There are several schemes for developing a model-based planning system
for solving particular problems in industry and in business. The most com-
prehensive concept was proposed by (Kosiol, 1962), further developed in
(Pfohl, 1998; Bleicher, 1992; Bleicher, 2013) and continuously transformed
and applied in (Schierenbeck & Wöhle, 2016; Thommen, et al., 2017). The
scheme was originally used for business process organization, but it has also
been applied to industry (see for example (Lasisz, 2016).

The proposed approach divides the model into a structural organization
level and a process structure level, namely system structure describing the
project’s units (SyS) and process structure (PrS). The most important starting
point is the partition of the main task into local subtasks (task clustering),
and the selection of the resources for their solution (Kosiol, 1962). The
process structure describes the course of operational events; the realization,
implementation, or execution of the functions for which the supply has been
created (Gaitanides, 2013). Thus, the focus is on the process of exploiting the
capacity, resources, and elements that have been created in the SyS.

Based on the above-mentioned fundamental studies of planning systems
development and considering their further extension in the respective articles,
we propose the following general concept of the MBPS for AR in automation
(Fig. 4). In addition to the structural and process organization, a new level
has been added, marked as the user-side input (USI). The application of the
developed MBPS implies the introduction of a wide number of parameters
(the whole scope of AR inputs – resources, factors, etc.). Thus, it is reasonable
to allocate a separate structure where the user or the researcher can select,
for example, the standard sub-tasks for AR or the resources for them using
decision trees or clustered tables. Therefore, the basic structure of the MBPS
developed in the current project consists of three main blocks.

Task Framework (TF): After the definition of the task for the future AR
development, it is divided into subtasks. For example, some common steps of
the AR project development like the preparation of the AR elements, shaders,
textures, the development of the interaction logic between the AR elements,
the selection, or the development of a data transfer system between PLC and
AR application, etc. could be regarded as the standard subtasks for the AR
system development. The USI for this SyS block includes a list of pre-defined
subtasks and a user defined sub-task entry form. The TF and its USI can
be developed primarily based on the analysis of the scientific literature and
existing projects.

Resources & requirements cluster (R&R): This block contains the list of
the necessary resources and requirements that are essential for solving the
subtasks of the overall AR task. The R&R cluster also includes the list of
key performance indicators (KPIs) to monitor the results of the task solution
using the AR. The selection of elements and KPIs in the USI for R&R can be
organised using morphological tables and decision trees. The research and
development of R&R and its USI starts with a comprehensive analysis of the
research papers which use or/and determine the KPI for AR in IA, like (Schu-
macher & Sihn, 2020; Kerzner, 2022). Then, it will be essential to assemble
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Figure 4: Model-based planning system for AR (MBPS) - conceptual scheme of the
model.

the full scope of the AR resources and requirements to enable the usage of
such KPIs. This will be based, in particular, on the projects of the department
of the current studies authors, like (Le, et al., 2016; Zou, 2018; Kilimis, et al.,
2019; Bilous, et al., 2021). Finally, the latter will be compiled into a R&R
system.

Analytical model (AM): This block implements a mathematical tool to pro-
cess and analyse the numerical values of the elements selected or generated
in the R&R, considering the subtasks from the TF. The main objective is the
derivation of the model result, namely the conclusion of the feasibility (or
necessity) of applying the AR to the original problem. A local task could be,
for example, the evaluation of the overall efficiency as a ratio of the resources
spent to the results obtained.

The analytical model is the most important and comprehensive part of
MBPS. In a generalized way, the efficiency (C) of the AR solution can be
defined as:

C =
achieved results
used resources

=

∑
Ares∑
Ures

=
AT

res + AE
res

UI
res + UD

res
; (1)

where achieved results (Ares) is the cumulative numerical representation of the
entire benefit from the implementation of AR4 (outputs) and used resources
(Ures) is the cumulative numerical representation of the resources spent on
developing and implementing the AR technology5.

However, this is a very basic mathematical representation considering only
two AR inputs, and two AR outputs, while a more detailed description will
be possible after a holistic analysis of all contributing factors, and must be
refined in our further studies. This will include, first, a detailed analysis of the

4For instance, time and cost reduction; in this example this value can presented as the sum of reduced
training time AT

res, and reduced equipment downtime AE
res.

5For instance, costs, developing time, the knowledge and skills required from the developers etc. (or AR
inputs). In our example, it is calculated as the sum of implementation UI

res and development costs UD
res.
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existing components of each value presented in this relationship to expand
the number of variables. Research and tests on the developed AR applications
will allow the selection of appropriate dimensions (man-hours, percentages,
cost per hour, etc.) and determine the relevance (weight) of each element of
this equation.

The usage of the MBPS for AR planning should start with the user util-
ising the appropriate USI to select the type of task in TF and split it into
subtasks (task analysis). Then, the R&R cluster, the resources for subtasks
from TF and KPIs to control the results will be chosen (resource analysis).
After that, the values of the known parameters will be specified, and the
unknowns to be found or estimated will be marked. Then, the calculation
will start. The AM will show if the unknown parameters can be calculated
using the information entered and, if so, derive these. Thus, the TF and R&R
cluster represent the AR inputs, and MBPS results are the AR outputs from
the Fig. 3.

CONCLUSION

The concept of the model-based planning system presented in this paper is a
framework for planning the development and implementation of an AR solu-
tion for a particularistic task in automation. It should be able to analyze the
factors that influence the development, implementation, and further usage of
AR, as well as the efficiency of this process (the ratio of resources spent with
respect to the benefits obtained). In this way, it should not only be possible
to identify the main factors of such influence, but also to find their scientific
validity and define their theoretical background. The model should also be
able to determine the “weight” of each main input parameter for the final
output.

As mentioned above, the model-based planning system for AR showed in
the current article is presented, first, in the form of a conceptual scheme.
The main blocks of the model require furthermore in-depth processing. It
relates, first of all, to further expanding and developing the analytical model
block. This will be provided with the further assembly of the information
on the resources and results of already implemented AR projects, includ-
ing the authors of the current article and his colleagues (Le, et al., 2016;
Zou, 2018; Kilimis, et al., 2019; Bilous, et al., 2021; Sarachuk, et al.,
2020). The compiling of the collected AR inputs and outputs will be based
primarily on the mathematical methods like nonlinear PCA and manifold
learning. This can be a simple mathematical framework which does not
include every selected variable initially. Later, during developing of new AR
applications, the AM will be tested, refined, and become more complex.
An important aspect here will be the estimating which AR inputs and AR
outputs and which of their coefficients are applicable locally (for example,
only for IPM or for VAP), and which are relevant to the automation in gen-
eral. This information will be systematised in the form of tables. Further,
this data can be used for scientific analysis of AR application in particular
tasks.
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