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Abstract 
Industries are becoming more and more demanding with new technology and trying to improve the 
productivity of their lines by adding technological methods and thus obtaining greater flexibility and 
time savings. One of these methods is to train their workers with the new augmented reality 
technology, which saves training time since the user can learn independently by following the steps 
indicated on the device. Another method is to add robots to the production line to carry out those 
tasks that are supposed to be repetitive and tiring for humans. To squeeze more and get the best out 
of the robot and the human, companies choose to combine their virtues and put them working 
together hand in hand as a human-robot collaboration. 

In this project, the demonstrator includes an assembly car process realized in a human-robot 
collaboration system, where the human and the collaborative robot communicate through an 
augmented reality device, Hololens2. This demonstrator might be used for user experience studies to 
evaluate if the human can realize an assembly process following the instructions in a head-mounted 
device without previous experience and collaborate with a robot.  

Keywords: Augmented Reality, Assembly process, Human-Robot Collaboration, Internet of Things.   
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1 Introduction 
This section describes the main problem that motivates the project, with a background review to 
understand where the thesis is situated. Finally, aim, objectives, and delimitations conclude this 
chapter. 

1.1 Background  

The industry has gone through different stages. It is currently in its fourth revolution. Industry 4.0 has 
been detected with the appearance of technologies in manufacturing processes (Espinoza Pérez et al., 
2022). The arrival of this technology has posed a risk for workers in society. As industries want to enter 
the new industrial revolution, they automate their production lines with new technologies such as 
robots, artificial intelligence, or the Internet of Things (IoT) (Mora Sanchez, 2019).  

Instead, some industries have attempted to create fully automated lines, but this strategy has not been 
entirely successful. For this, the proposed solution is to carry out hybrid industries with a combination 
of humans and automation. With this, it is achieved that humans continue to be part of these industries 
but with other functions at work, and companies can persist in automating their industries. (Nelles et 
al. 2016) 

The manufacturing area is growing with a combination between collaborative robots and humans. 
Both have advantages and disadvantages, but they obtain satisfactory results in terms of flexibility, 
dynamics, and efficiency by joining them. Moreover, the user shares the workspace with the 
collaborative robot to facilitate with non-ergonomic, repetitive, uncomfortable, or even dangerous 
operations. (Vysocky & Novak, 2016) 

In addition, the emergence of collaborative robots working with humans in assembly further fuels the 
demand. The impact of the pandemic Covid-19 has dealt a heavy blow to manufacturers around the 
world. As a result, factories and other workspaces have highlighted the need to protect workers' health 
and safety. This need makes industries demand collaborative robots that can let them not stop their 
production and have a safe and healthy work environment for humans. (Pang et al., 2021) 

All this can be seen reflected in car industries worldwide, where robots are highly implemented with 
excellent results and few years now. Enterprises such as Volvo or Hyundai are investing much money 
in the development of Augmented Reality (AR) technology that can be useful in their different areas 
as manufacturing, selling, design and client assistance. (Lopez, 2019) 
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1.2 Problem Description  

ZŽďŽƚ͛Ɛ implementation supposes an extra factor of danger in factory environments that is fixed by 
introducing industrial robots in cells with a Human-Machine Interface (HMI) panel to control them 
outside the cell when heavy machinery is used. However, collaborative robots may let the user be 
exposed and in danger, so adding a system that can let the human has control over the robot during 
the process will reduce the danger level. AR represents a potential solution in cases like this as it is 
portable and easier to program and include safety aspects for the user's sake. In addition, each person 
has a different way of understanding and learning, so AR is a solution to let people feel free in their 
working process (Lee, 2012). 

As the market is growing and there is more variety of products, the industries would like to increase 
the number of robots in their production lines to achieve flexibility. However, manual processes with 
repetitive tasks can be non-ergonomic and tiring for people, which causes fatigue. The most promising 
solution to solve that is by adding a robot to the process that can collaborate with humans. (Li et al., 
2019) 

Product variation will probably let the workers face different ways of working for each product. This 
makes industries search for workers with the ability to learn different operations simultaneously. 
Therefore, a demonstrator that can guide people during a process without previous knowledge could 
be used to test people and evaluate their capacity to follow assembly instructions and work with a 
collaborative robot. (Danielsson et al., 2017) 

1.3 Aim and Objectives 

The main aim of this thesis is to develop an experimental demonstrator utilizing collaborative robots 
and AR, that can be used for the evaluation of user experiences. The main objective is reached once 
demonstrator is built and working as a proof-of-concept. In order to achieve this objective, there are 
some necessary sub-objectives: 

1. Create a demonstrator that includes an assembly process between a collaborative robot and 
a human using a head-mounted AR device. 

2. Specify the assembly process for Human-Robot Collaboration (HRC), and divide the tasks 
between the human and the robot. 

3. Design and implement the AR interface. 
4. Establish communication between the human and the robot using AR and IoT. 
5. Document the connection process between AR and the robot for the demonstrator. 
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1.4 Extent and delimitations 

This project aims to create a demonstrator for future user experience studies to evaluate the human 
behaviors working in an environment using different technologies and collaborating with a 
collaborative robot. The demonstrator does not include a camera to identify the position of the pieces. 
Instead, the position will be marked with a tape, and the robot used, Universal Robot 5 (UR5), will be 
programmed with the different coordinates of each position.  

One delimitation in this project is the evaluation of user experiences. People will test the demonstrator 
to ensure that it works but not to realize a study. Another delimitation is the security aspects 
considered in this thesis. There will be just emergency stop buttons, safety distance, and robot speed 
control. Furthermore, this project does not implement safety planes to restrict the robot to come close 
to the human. 

1.5 Sustainability 

Sustainability refers to satisfying human necessities without hurting others' future needs. So it just not 
refers to the nature and the ecological view but also considers how it will affect the social and 
economic resources (Forget, 2020). In Figure 1, Forget (2020) defines sustainability as three spheres, 
where the social one is about how the society is improving in terms of education, equality, and growth. 
Instead, the environmental sphere refers to making new projects and ideas that prevent pollution and 
save energy and natural resources. Furthermore, the economic sphere is the economic growth and 
cost-saving for society. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sustainability by Forget (2020). 
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The challenge in the environmental sphere is that the quantity of wastewater, carbon dioxide, land 
reclamation, and other wastes are not easy to calculate. Hence, Nujoom et al. (2019) stated that 
industries must focus on reducing the emission leading to the pollution of the environment. Although 
the processes require less time and labor with advances such as collaborative robots and AR. The 
decrease in human work hours brings a significant increase in the total hours of use of machinery and 
an inconsiderate increase in energy consumption in the industry. 

It is becoming necessary to consider the economic and societal manufacturing aspects along with the 
economic ones (Gbededo et al., 2018). Kamble et al. (2018) said that the manufacturing sector has a 
significant role in the world's economy, so introducing technologies such as AR might reduce the 
necessity of adding trainers which causes more waste of money and time. A single person can also 
work in different stations without having much experience. Another technology, IoT, has also 
supported the manufacturing, healthcare, and service sectors (Seuring et al., 2019). These 
technologies are under Industry 4.0, the next generation of the industrial revolution. Adding robots to 
manufacturing processes can reduce the tasks considered non-ergonomics and tiring for the human, 
letting the user takes care of the activities that require the ability to think. According to Beekaroo et 
al. (2019), many organizations struggle to achieve sustainability due to ignorance of the societal 
aspects. Therefore, it is necessary to get the best human-machine-material interaction to achieve 
sustainability in manufacturing industries (Garbie, 2017). 
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2 Frame of references 
This section defines all the keywords that represent the project theoretically. The main aspects of this 
project are: Collaborative robots, AR, IoT, assembly process, joints, and 3D printer for the design of the 
product to be assembled.  

2.1 Collaborative robots 

The word robot refers to a machine that can realize an activity by itself (Gunnar Bolmsjö, 1992). The 
international organization for standardization (ISO) asserts that a robot has to be easy to program 
without changing machine components. In addition, memory and logic are necessary for the machine 
to work independently and automatically and count on a structure that allows it to have enough 
degrees of freedom. Industrial robots are highly demanded at factories nowadays, as they help 
automate their lines and humans work simultaneously with them. However, this way of working has 
high security, with fences to separate the robot space from workers. So, the idea of collaborative 
robots is to work side-by-side with humans as teammates, where the person is responsible only for 
activities that require the ability to think. (Zbigniew et al., 2019)  

The term collaborative robots refer to "collaborating" or assisting a user in some activities, such as 
industrial or medical tasks. There are other ways to refer to the collaborative robot as "cobot" or "co-
robot" which are diminutive words of the principal one.There are different levels of collaboration 
measured by two factors, the level of safety requirements and collaboration, as Aaltonen et al. (2018) 
define. Those levels are Coexisting, Synchronization, Cooperation, and collaboration from the lower to 
the top. The level of this thesis is the highest one, HRC as the worker and the robot share the same 
workspace and workpiece.  

2.2 Augmented reality 

Wang et al. (2016) defined the concept of AR as the embedding of virtual learning into a physical 
context. This is a way to "augment" the visualization of the real world, adding virtual computer-
generated information to it. Therefore, it is necessary to highlight the difference between AR and 
Augmented Virtuality (AV). As is shown in Figure 2, AR has more real-world environments than AV. The 
purpose of AR is to make the work easier for the user by having an update of data in real time, as a live 
ǀŝĚĞŽ�ƐƚƌĞĂŵ͘��Z�ĞŶŚĂŶĐĞƐ�ƚŚĞ�ƵƐĞƌ͛Ɛ�ƉĞƌĐĞƉƚŝŽŶ�ŽĨ�ĂŶĚ�ŝŶƚĞƌĂĐƚŝŽŶ�ǁŝƚŚ�ƚŚĞ�ƌĞĂů�ǁŽƌůĚ͘ (Carmigniani 
et al., 2010) 

 

 

 

 

 

 
Figure 2: Realityʹvirtuality continuum inspired by Carmigniani et al. (2010). 
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2.3 Internet of Things 

IoT is the new revelation of technology as it is a network that can connect "things" by the internet and 
exchange data constantly. Nowadays, technology has advanced by significant domains, and one of 
those steps is IoT. It is helpful in different domains, medical, manufacturing, industrial, transportation, 
education, and many more. (Madakam et al., 2015) 

An example of this concept is a smart home, where all electronic devices, like alarms or lights, are 
connected to a smartphone, and a user can control them as wanted. These things can be connected 
by a gateway that transfers all the data to the cloud through WiFi or Bluetooth. There are two types of 
devices in the world of IoT: 

x General devices: These are the main components of the data hub and information exchange 
which are connected by wireless interfaces.  

x Sensing devices: Sensors can measure humidity, temperature, or light intensity. 

2.4 Fasteners and joints 

Snap-Fit joints, Figure 3, are flexible joints since they can be adapted to almost any shape, although 
they do not have high mechanical resistance and it is usually very conditioned by the direction and 
sense of the force applied. They are widely used in plastics since they are cheap and have speedy 
execution. Depending on the design, they can indeed be removed, but it can be complicated without 
breaking them. They are usually used in large-scale parts due to their geometric complexity, but 
nowadays, they are being used more and more for smaller 3D printed parts. (Amaya et al., 2019) 

 

 

 

 

 

 

 

2.5 3D printing technology 

Also known as Digital Fabrication technology or additive manufacturing, 3D printing is a manufacturing 
technique based on successive addition of materials. It is highly versatile and can achieve almost any 
shape previously designed in CAD. Although it is a technology with over 30 years patented by the 
American Chuck Hall, the last 10 or 15 years have made it an essential value in the industry and 
universities. In any case, its potential did not go unnoticed at that time. In the 1990s, two of the giants 
of the automotive world, such as General Motors and Mercedes-Benz, began using their 3D printers 
to build and test prototypes, saving them months of work. (Guillén, 2017) 

Figure 3: Example of Snap-Fit Joint, (Smlease Design, 2020). 
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There are several variants and methods of 3D printing, covering all kinds of materials such as 
conventional thermoplastics, ceramics, graphene-based materials, and metal. There are different 
kinds of 3D printers. The one used by the University of Skövde is the Ultimaker 3 extend 3D printer 
(and its associated software Cura) that uses the Fused Deposition Modelling printing technique (FDM). 
FDM is an extrusion procedure that builds parts layer-by-layer from the bottom to the top by heating 
and extruding thermoplastic filament of a massive variety of colours. When FDM is used, it is essential 
to design and create removable structures for the zones where the material can precipitate 
(Shahrubudin et al., 2019).  

2.6 Production and assembly process 

An assembly process is defined as joining two or more pieces to form a superior set or subset. 
Improving an assembly process in terms of efficiency and quality and saving time and money is 
important to design a good plan for this kind of process. Nowadays, the most plans demanded by 
industries are the Automated Assembly Process Planning (AAPP) which is responsible for reducing 
human intervention. Most of the work is focused on automating or semi-automating the key 
sequencing process. (Wang et al., 2008) 

A production process encompasses both the assembly process and the rest of the transformations that 
the raw material undergoes from the time it enters the company until the final product is made for 
sale. Olhager & Wikner (2000) announced that ͞Design and planning of production systems include 
production process and layout decisions. In general, it is necessary to arrange the equipment of the 
production system as favorable as possible, taking into account the products to be manufactured and 
the company's production strategy͟. Both may require several successive operations where different 
equipment, machines, and workers intervene, elaborating all production lines, from the simplest to 
the most complex. 

 

 

 

 

 

Table 1: Type of processes and layouts inspired by (Dennis, 2017). 
 

In Table 1, there are three kinds of process type with different layout plans. A single flow process 
requires a fixed position layout, which means that the worker is standing in one place working on the 
process. A functional layout refers to different workstations, and the product flows from one station 
to the other until the end of its production. Finally, line based layout is when the product flows in the 
same line and goes through different steps. (Dennis, 2017) 

 

 

Process type Layout type 

Single flow process Fixed position 

Intermittent process 
Functional layout 
Line based layout 

Continuous process Line based layout 
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3 Methodology 
This project has different parts included. The first one is to create the communication between AR and 
the robot, the second is to design an assembly process of a product, and finally, create an HRC system. 
So for that, it is essential to define a research methodology to reach the project͛s aim.  A practical 
project requires many steps to be followed and appropriately done without missing any detail. 
Therefore, to approach the objective, it is required to define theoretically and analyze the whole 
procedure considering all the factors that can influence each step. However, in practice, it is necessary 
to know that those steps can be changed or adjusted, so it will be an iterative procedure of modifying 
the theoretical part and trying them in a physical environment.  

Oates (2006) defined a plan called ͞ design and creation͟ to produce an artifact with many components. 
It consists of following the steps in Figure 5 to achieve the objectives of the project. This is an iterative 
process where the next step can not be performed until the previous one is finished. If the result 
obtained is not the desired one, it is possible to repeat the process. (Grahlmann et al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

The process consists of five steps, where each of them gives, as a result, an output. The first step is 
awareness of the problem. It is recommended to use the Keep it simple (KISS) principle, which states 
that most works can be reduced to the simplest ones and solved separately to settle the biggest one. 
Complex problems should be avoided in favor of simplicity in the engineering field. (Di Marco et al., 
2018) 

 

 

Figure 4: Methodology (Grahlmann et al., 2009) 
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The next step is to suggest solutions to solve the problems proposed. Then, after the research is done 
on the different possibilities and ideas, a tentative design is realized to see if it is possible to apply the 
ideas in the project. Once all the tentative ideas are stated and confirmed to be helpful in solving the 
problem, it is time to develop them. The development step consists of implementing the idea in a real 
case and evaluating its functionality. Evaluation, which is the next step, means analyzing the results 
obtained in the artifact built before and if it accomplishes the requirements to create the platform for 
the user experience. Finally, a conclusion must be made to describe the results obtained and explain 
the advantages and disadvantages from a sustainability point of view, including future work. 

To collect information, a comprehensive literature review will be realized. Starting with books about 
subjects involved in the project extended to many articles and papers available in different databases 
provided by the library department of Skövde University and explicitly recommended for scientific and 
engineering reports such as Academic Search Premier, ACM Digital Library, and Arbline. In addition, 
search engines like Academic Google are always the quickest way to find and contrast definitions of 
any area.  
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4 Literature Review  
Research on the matters that involve this thesis is necessary to complete this project. Therefore, 
different scientific papers are analyzed and discussed for each project's objective. Furthermore, 
different methods of creating an HRC system are explained and how to connect industrial equipment 
with an AR device. Finally, a conclusion closes this section by explaining the aspects of the research 
that will be used to satisfy the project's aim.  

4.1 Human-Robot Collaboration 

A structured methodology for the design of a human-robot collaborative assembly 
workplace (Mateus et al., 2019) 

This paper describes different steps to follow to design an assembly process for an HRC system. Mateus 
et al. (2019) affirm that adding collaborative robots could bring more flexibility to the process, and the 
human can work comfortably, reducing the non-ergonomic tasks.  

The first step is to extract information from CAD files about the product. This information is necessary 
to understand how the parts can be assembled and what order they should be joined. This phase 
benefits in creating the workspace, the interaction between the human and the robot, and planning 
the process. The second step is to create the assembly instructions from the previously collected 
information. This step will identify the more minor details and the requirements to assemble the 
ƉƌŽĚƵĐƚ͘�dŚĞ�ƚŚŝƌĚ�ƐƚĞƉ�ǁŝůů�ƌĞĐŽŐŶŝǌĞ�ƚŚĞ�ƌŽďŽƚ͛Ɛ�ĂŶĚ�ƚŚĞ�ŚƵŵĂŶ͛Ɛ�ĂďŝůŝƚŝĞƐ�ƚŽ�ƌĞĂůŝǌĞ�ƚŚĞ�ƉƌŽĐĞƐƐ͘�dŚŝƐ�
step is divided into two sub-steps: the first one identifies the ergonomic aspects of each task, and the 
ƐĞĐŽŶĚ� ƚŚĞ� ƌŽďŽƚ͛Ɛ� ĐĂƉĂďŝůŝƚŝĞƐ͘� �� ŵĂƉ� ǁŝůů� ďĞ� ĚĞƐŝŐŶĞĚ� ƚŽ� ŝĚĞŶƚŝĨǇ� ƚŚĞ� ƌŽďŽƚ͛Ɛ� ƚĂƐŬƐ� ĂŶĚ� ƚŚĞ�
collaborative ones. Finally, the fourth step is to verify safety aspects regarding the map designed 
before. The assembly process for an HRC system can be designed considering reducing production time 
and non-ergonomic tasks. 

Human-Robot collaboration on an assembly station with the ability to work reverse 
(Andersson, 2020) 

Andersson (2020) proposed a process to create a demonstrator. First, once the problem is recognized, 
it is necessary to suggest a strategy identifying which equipment and widgets are necessary for the 
demonstrator. Then, for its realization Andersson (2020) recommends to following five main steps: 

1. Create a layout: Identify the different aspects and components involved in the assembly 
process. Next, create a workspace where the process takes place and define how the 
procedure is going to be.  

2. Workflow: Once the assembly process is defined, create a workflow by dividing the tasks 
between humans and robots. Identify the capacities of each one and which are the tasks that 
can be realized in collaboration. 

3. Configurations: �ĞĨŽƌĞ� ĂŶǇ� ƌŽďŽƚ͛Ɛ� ŵŽǀĞŵĞŶƚ͕� ƚŚĞ� ƌŽďŽƚ� ŵƵƐƚ� ďĞ� ĐŽŶĨŝŐƵƌĂƚĞĚ� ƚŽ� ǁŽƌŬ�
correctly and under the safety line. For example, configure the TCP and the speed of the robot.  

4. Programming: Finally, when the workflow is defined, it is time to design a robot flowchart to 
realize the programming for the assembly process.  
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The division of tasks between the robot and the human is a crucial step to improving the robot's 
utilization and making the human work comfortable. The human will perform the tasks that require 
accuracy and finesse and the robot the repetitive, monotonous, and non-ergonomic activities are 
assigned. A highlight of this project is that adding a collaborative robot in the assembly and disassembly 
process has increased the ergonomic factor. This has been reached by adding the hand-guided mode, 
achieving high flexibility and quality in the process. 

Refining levels of collaboration to support the design and evaluation of human-robot 
interaction in the manufacturing industry (Aaltonen et al., 2018) 

Aaltonen et al. (2018) have classified collaboration into four different levels. Collaboration does not 
have a measurable factor that estimates the quantity of collaboration during a process. Therefore, the 
authors have taken into consideration different factors to ensure a precise classification: 

x No coexistence: The human and the robot do not share workspace. For example, a workspace 
where the robot is separated into a cell. 

x Coexistence: Contrary to the previous point, the robot, and the human share the same 
workspace but with different goals.  

x Cooperation: Refers to cooperation between the human and the robot where they share 
workspace with a common goal. There is a different task for each one. 

x Collaboration: This is similar to cooperation, but they work simultaneously on a shared object 
and in the same space. 
 

Coexistence and cooperation might be the same on the safety level but are different for the work 
process. The higher level is ĐŽůůĂďŽƌĂƚŝŽŶ͕�ĂƐ�ƚŚĞ�ŚƵŵĂŶ͛Ɛ�ƚĂƐŬƐ�ĚĞƉĞŶĚ�ŽŶ�ƚŚĞ�ƌŽďŽƚ͛Ɛ�ĂĐƚŝǀŝƚŝĞƐ͕�ĂŶĚ�
matters such as synchronization and motion legibility become more influential. 

4.2 Augmented Reality 

Augmented Reality smart glasses for industrial assembly operators: a meta-analysis and 
categorization (Danielsson et al., 2020) 

This meta-analysis proposes three perspectives, which are explained with subcategories, to better 
understand the steps to be followed for adding ARSG to the process from different perspectives: 
operators, manufacturing engineering, and technological maturity. (Danielsson et al., 2020) 

1. Operators 

x Assembly instructions: This is the primary purpose of ARSG, which lets the worker understand 
the steps to follow to complete the activity.  

x Human factors: Safety is essential for the operator as the ergonomics, and it is necessary to 
take it into account at the same level as the assembly instructions.   

x Design: A good design of the instructions interface has to be done to allow the operator to 
work without hiding the process outside the glasses.  

x Validation: This process is to validate that the design was done as needed and the purpose of 
having ARSG on the process is fulfilled.  
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x Support & Training: The goal of adding ARSG to the assembly process is to support the worker 
during the whole process and train an operator on more complex tasks. 
 

2. Manufacturing engineering 

x Authoring: It is necessary to create an efficient and intuitive interface using authoring tools 
for the instructions interface.  

x Infrastructure: This category specifies the limitations and possibilities that manufacturing sets 
on ARSG.  

x Validation: Validates the authoring that is done and the infrastructure demanded are in 
harmony. 
 

3. Technological maturity  

x Enabling technology: It defines the technology that will let the ARSG and the interface be 
created.  

x Technological demands: This category follows the enabling technology, where it considers the 
technology related to ARSG that satisfies the market demand as far as price and weight are 
concerned. 

x Head-Mounted Device (HMD): ARSG is classified in this category.  
x Tracking: It can identify AR content in the real world. 

 
Assesing instructions in augmented reality for Human-Robot collaborative assembly by 
using demonstrators (Danielsson et al., 2017) 

This paper describes a demonstrator where the AR is a part of an HRC that has developed an assembly 
and disassembly process for a car model. This demonstrator allows people to interact with the idea 
and have their own opinion and experience, so creating a demonstrator is an option to do user analysis 
and see the impact on society in a globalized mode (Danielsson et al., 2017).  

The assembly process has been modified by printing the pieces with a 3D printer with different kinds 
of joints, at first the car was made of wood pieces and the tasks for the human were easy to elaborate, 
once the car pieces changed the process earned more complexity for the user. This project has created 
a table with the different steps for the assembly process measuring the level of collaboration in each 
task, as direct, indirect, or no collaboration.  On the other hand, an AR interface was created, using the 
game engine Unity, of the assembly instructions for the user. In this case, the device used for AR is an 
Android tablet, which will allow the communication between the user and the robot.  

This paper aims to confirm if the demonstrator can simulate an HRC process and if the AR is a good 
complement for the worker to perform the assembly process. The answer to this is that the addition 
of AR to the demonstrator is a success as the user without a previous experience can realize the activity 
just by following the instructions independently. The conclusion is that even though the complexity of 
the process is high, the instructions must be clear and intuitive. 
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4.3 Industrial equipment and augmented reality 
connection 

Cloud-based monitor and control of industrial robots (Biain Galdos & Ordoki Oiarbide, 2021) 

In this project, the authors proposed to use a cloud in different ways to exchange data from a device 
to industrial equipment. Biain Galdos & Ordoki Oiarbide (2021) proposed to use some software and 
platforms with different roles to get the final objective, as is schematized in Figure 4. For sending the 
data from a device to, in this case, a collaborative robot, some steps must be followed: 

x First, use a virtual model software to create a virtual platform in devices like Hololens or 
smartphones. 

x In this case, the IoT will be used for the exchange of data. For that, the cloud platform called 
Thingworx is in charge of storing the information in the cloud and sending it to different things. 

x For transferring the data to an industrial environment, it is necessary to follow some industrial 
protocols. Use Kepware, an industrial gateway, which is in charge of sending the data from 
Thingworx (THX) to the robot using MODBUS or OP CUA, among others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: System general architecture  
 (Biain Galdos & Ordoki Oiarbide, 2021). 
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4.4 Conclusions from literature review 

The project aims to create a demonstrator. Andersson (2020) suggested following some steps that will 
be considered. This demonstrator includes an HRC system, and it is necessary to classify this system 
and know which level of collaboration is wanted in the demonstrator, as Aaltonen et al. (2018) suggest. 
Also, to design the workplace and the assembly process, the method recommended by Mateus et al. 
(2019) might be helpful.  

The next component of the demonstrator is the communication between an HMD and industrial 
equipment. The system architecture designed by Biain Galdos & Ordoki Oiarbide (2021) has been 
helpful for this project, as they sent data from software to industrial equipment. So, this idea has been 
adapted for this project to connect Hololens2 with a collaborative robot. The demonstrator created is 
used for user experience studies. Danielsson et al. (2017) describe some aspects to consider to 
designing a demonstrator that lets analyze the human behavior and capacities during an assembly 
process in an HRC system following the instruction in an HMD. Furthermore, Danielsson et al. (2020) 
explain how adding an AR device can affect different perspectives. Also, to improve flexibility and 
performance in the system, it is necessary to have an easy and intuitive demonstrator. 
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5 Implementation  
In this section, the challenge is establishing a demonstrator with different components. It will apply 
the KISS principle and divide the realization of the demonstrator into different and minor steps. The 
first step is defining the phases to create the demonstrator and then designing the process layout. The 
next step is to divide the tasks between the robot and the human. Finally, communicate the industrial 
equipment with an AR device.  

5.1 Demonstrator establishment 

The demonstrator includes an assembly process of a small car with different pieces to be joined. It is 
necessary to have the pieces with a joint system to fit and assemble all the parts. In addition, this 
demonstrator is created to perform user experience studies, so it is essential for the user to feel safe 
and comfortable during the process. As a robot is involved, there are security issues to consider, such 
as emergency buttons, the position of the human according to the robot, and the robot's speed, 
among others.  

Once the robot programming, connection with hololens2, and the assembly car process, realized by 
the human and the robot are done, the demonstrator will be finalized. It is necessary to know all 
equipment available, as many are expensive and difficult to find. For example, the car parts have been 
printed using a 3D printer.  

5.2 Layout definition 

In this case, the assembly process corresponds to a single flow process, where the layout must be done 
in a fixed position, which means placing each component in an exact location, considering safety 
aspects. Moreover, to design the layout it is recommended to question the aspect needed and wanted 
for the process. In this project, some questions will be answered to obtain good results: 

x What is the process to be done? 
x Who is involved in this process? 
x Which are the necessary tools to do the assembly process? 
x How are safety aspects being considered? 
x Why is this one the best option? 

5.3 Assignment of roles for the human and the robot 

The assignment of tasks must be done depending on the car pieces and if the robot has enough 
precision due to the small car parts. So, in this case, it is necessary first to identify the pieces of the car 
and the steps required to assemble them, which can be seen in the detailed drawing in Figure 6. The 
four main activities for the collaboration are: 

x The robot can perform an activity by itself. 
x The human realizes a task alone. 
x The robot brings some pieces to the human. 
x The robot and the human collaborate to assemble a piece. 
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To assign the activities for each one, the tasks that require more precision and are more difficult to 
assemble for the robot and assign them to the human. The tasks mainly consist of bringing the pieces 
close to the human. The rest can be assigned to the human or assembled in collaboration with the 
robot. 

 

 

 

 

 

 

 

 

 

 

5.4 Guide for augmented reality and industrial equipment 
connection 

The connection between two devices can be made in different ways. In this case, the demonstrator 
includes the AR device, Hololens2, and industrial equipment, the collaborative robot UR5. The 
communication is done using different software, and each has its purpose in transferring data. The 
general data transfer scheme of this connection is shown in Figure 7. To get connection from the 
collaborative robot to the HMD the steps to follow are:  

1. Program the movements and the targets of the robot in Polyscope, Universal Robots 
visual programming interface, and define the I/O list in Modbus.   

2. Connect the robot with Kepware using Modbus for each variable with its address. 
3. Create the Industrial connector to link Kepware with THX.  
4. Create an Industrial thing from the Industrial connector to transfer data from Unity to 

THX.  
5. Design a panel in Unity with the corresponding C# scripts for the connection with THX. 
6. Create an application of the panel design for the Hololens2 using Visual Studio. 

 
Therefore, an example of the data flow is if a user presses the DoJob1 button to move the robot. The 
button will be pressed in the Hololens2, and the variable DoJob1 will turn true in THX, which will send 
the state of the variable to Kepware. Then, Kepware will translate this information for industrial 
equipment and send it via Modbus to the collaborative robot. Moreover, the same happens the other 
way around, from the collaborative robot to hololens2. 
 

Figure 6: Car pieces plan (Dimuro Duckwitz, 2022). 
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5.4.1 Polyscope 

Polyscope is an intuitive platform developed and designed by Universal Robots to program their 
robots. In this demonstrator, Polyscope is the interface in a UR5 teach pendant. Once the layout and 
the robot tasks are defined, the robot͛s programming can be initialized. To create the code, the 
different positions and targets will be created and saved. Also, the robot's movements depend on the 
buttons pressed by the user, so inputs and outputs must be included in the code to generate the 
dependence of the robot on the human. For example, if there is a button called DoJob1, which is a 
boolean, the robot will do nothing until the input DoJob1 is true (pressed). Then, when the robot 
finishes the task, an output of Job1Done will be true, a message in the HMD appears to visualize that 
the activity is done. Therefore, an I/O list is created to have everything defined with its corresponding 
name and address to use Modbus to transfer data from the robot to Kepware. 

5.4.2 Kepware & Thingworx 

Once the I/O list is defined, connect the HMD with the robot. For that, two steps must be followed, 
the first one is to send information from the industrial equipment to the cloud, and the second one is 
to connect the cloud with Unity; this cloud refers to THX.  

Kepware is a platform that lets data exchange between the cloud and industrial equipment. This 
connection can be made using different routes of communication, like Modbus, Ethernet, IP, Profinet, 
or OPC UA. In this case, in Kepware the variables are defined and connected with the robot via Modbus, 
to reach this connection is necessary to assign for each variable an address in  Modbus, these addresses 
can be found in Appendix 3: Connect THX with Kepware. 

 

 

Figure 7: Data transfer scheme. 
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Meanwhile, THX is an IoT platform that lets connect different things using the Internet, in this case, 
the robot and the Hololens2. In THX, an Industrial Connector, a model that permits connecting 
Kepware with Thingworx and sharing the status of the inputs and outputs, will be created. Also, an 
industrial thing, a model that enables the communication between the Hololens2 and THX, is needed. 
Those steps can be found explained in detail in Appendix 3: Connect THX with Kepware. 

5.4.3 Unity & Visual Studio 

Unity is a cross-platform game engine with the purpose of creating 2D and 3D with or without virtual 
experiences. It is mainly used for mobile game development and is an option for Virtual Reality (VR) or 
AR, as in this project. This software has been used to create a platform that will let the user interact 
with the robot. This panel will be seen through Hololens2, which the human will wear. To use Unity, in 
this case, it is necessary to download a library called Mixed Reality Toolkit (MRTK), which has all the 
options and material for the device used in the demonstrator. 

Visual Studio is an integrated development environment used to edit, debug, and build code in C++ or 
C# and then publish an application. In this project, C# will be the language used to create the required 
codes. The panel contains a manual with steps to follow to do the assembly process and buttons, which 
will be the communication with the robot. Apart from the design, it is necessary to create a code script 
in Visual Studio to be able to send the state of the buttons to THX. This is explained in Appendix 1: 
Design in Unity and connect with THX. 

Once the panel is designed in Unity, it can be visualized in the HMD. For that, an application containing 
the panel will be created in the Hololens2, so the app will always be available. To do that, Visual Studio 
is the one in charge of transferring Ă�hŶŝƚǇ͛Ɛ�ĨŝůĞ�into an application in the Hololens2. The steps to reach 
that are explained in Appendix 2: Create an application in Hololens2. 
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6 Results 
This section shows the results obtained after implementing all the steps explained before. It is essential 
to know that to realize a demonstrator in practice must follow the theory and try to obtain the results 
wanted. 

6.1 Development of the demonstrator 

The demonstrator is an assembly process realized in an HRC environment using AR. To establish a 
demonstrator, there are six main parts to take into account: 

1. Design a layout for the demonstrator taking into account the materials included.   
2. Defining the steps to assemble the product.  
3. Establish the connection between HMD and robot.  
4. Distribution of tasks for the robot and the human. 
5. Program the robot with all the movements required to realize the assembly process.  
6. Consider safety aspects. 

6.2 Layout 

For designing the layout, it is necessary to answer the questions realized in the implementation 
section. The layout is visualized in Figure 8. Then, it is possible to design the layout, satisfying the 
required needs. The answers to the questions are:  

x It is an assembly process of a car with different parts.  

x The components involved in this process are UR5, gripper, teach pendant with an emergency 
button, human, Hololens2, car parts, fastening system, and work table. 

x The collaborative robot is placed on the left upper corner of the work table, while the human 
is standing 15 cm away from the opposite side of the table. The physical stop button is 
positioned in the bottom right corner in front of the user and another virtual one is on the 
panel in the bottom left corner. 

 

 

 

 

 

 

 

 

Figure 8: General layout for the assembly process. 
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The fastening system is designed to support the car while the assembly process is taking place, Figure 
9. dŚĞ�,ŽůŽůĞŶƐϮ͛Ɛ�ƉĂŶĞů�does not take any physical space, but has to be in the user's visible space. The 
car pieces are placed in an exact position as the robot has registered. Bringing this to reality using the 
car parts printed, the workplace is visualized in Figure 10 and the panel in Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Worktable, physical layout. Figure 9: Fastening system( Dimuro Duckwitz, 2022). 

Figure 11: Panel view in the layout. 
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6.3 Car printed parts 

The product to be assembled in this process is a car. The parts have been 3D printed with Snap-Fit 
joints to assemble one part with another. The car parts are visualized in Figure 12. The parts are named 
as follows: 

1. Chassis 

2. Bodywork 

3. Wheel 

4. Tire 

5. Wheel͛s axis 

6. Complete wheel 

7. Seats 

8. Steering wheel  

9. Top 

 
 
The assembled car look is visualized in Figure 14. To assemble the car, some steps are required to be 
performed before others, so a predecessor diagram has been made, Figure 13. Those steps correspond 
to: 

A. Place the chassis on the fixture so it does not move during the assembly process. 
B. Join the wheels onto the tires. There are five complete wheels in total.  
C. Introduce the wheel͛s axis onto the chassis.  
D. Once the chassis has its wheels axis, introduce the wheels in their places.   
E. Join the bodywork onto the chassis.  
F. Position the steering wheel in the middle hole of the bodywork. 
G. Position the seats in the two holes left in the bodywork.  
H. Place the fifth complete wheel, behind the bodywork, as a spare wheel. 
I. Position the top of the car. 

 
 
 

 

 

 

Figure 12: Car printed pieces. 

Figure 13: Predecessor diagram. 
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6.4 Human and robot tasks 

For an HRC system it is necessary to divide the tasks between the robot and the human, following the 
defined steps to assemble the product, Figure 12, and consider the activities that the robot can do. 
The assembly process steps are described in the instructions included in HMD for the human as follows:  

1. Press the START button to start. 
2. Press DOJOB1 for the robot to bring the wheels.  
3. Once JOB1DONE, press DOJOB2 for the robot to place the chassis. Meanwhile, the user will 

join the wheels into the tire; there are five complete wheels. 
4. Once JOB2DONE, introduce the wheels axis into the chassis and place the complete wheels on 

each end.  
5. Press DOJOB3 so the robot can place the bodywork over the chassis and push kindly to join 

them.  
6. Press DOJOB4 for the robot to bring the steering wheel. 
7. Once JOB4DONE, press DOJOB5 so the robot can place the back wheel meanwhile the user is 

placing the steering wheel.  
8. Make sure that the back wheel is correctly assembled by pressing a little. Next, press DOJOB6 

so the robot can place the seats and push gently to join.  
9. Finally, press DOJOB7 and the robot will place the top over the car. 

 
Table 2 summarizes the steps and division of tasks between the human and the robot. The tasks are 
numbered to identify them. Also, the common activities are indicated with a cross in the human and 
robot box. 

 
 
 
 
 

Figure 14: Assembled car. 
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All parts of the car have snap-fit joint, which the user has to press to get the pieces joined together. 
For the robot to be able to do each step, the user presses a button in the Hololens2 of the task that 
corresponds. So, to initialize the robot, the user has to press the START button to start, DOJOB1 to do 
the first task, like that until the final task. Moreover, if it is needed, there are STOP and RESET buttons. 
The workflow assembly is designed according to Figure 15, where the tasks numbers correspond to 
the ones in Table 2, and the button correspond to the action of the user pressing the panel. Task 
number ten corresponds to the robot and the human. The tasks must be realized one after the other 
and cannot be performed in random order. 
 

 

 

 

 

Num. of task TASK HUMAN ROBOT 
1 Bring the wheels to the user  X 
2 Join the wheels into the tire X  
3 Place the chassis  X 
4 /ŶƐĞƌƚ�ƚŚĞ�ǁŚĞĞů͛Ɛ�axis in the chassis X  
5 Place the wheels X  
6 Put the bodywork over the chassis  X 
7 Bring the steering wheel to the user  X 
8 Place the steering wheel X  
9 Place the back wheel  X 

10 Place the seats and fix them X X 
11 Place the top of the car  X 

Table 2: Tasks divided between the human and the robot. 

Figure 15: Assembly process workflow. 
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6.5 Robot programming 

Twelve inputs and seven outputs are defined. The robot program is done using the FlexPendant and 
Polyscope. The flowchart of the assembly process is shown in Figure 16, where every robot task 
depends on a variable that the user controls. For example, the program does not start until the user 
presses the START button in the panel. To start to program it is necessary to have the I/O list defined, 
Table 3. This list is essential during all the programming processes. 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Robot flowchart. 
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6.6 Augmented reality and robot communication 

Following the instructions and steps of the guide described in the implementation section, the 
connection has been realized. First, the design of the instructions panel was made in Unity, Figure 17, 
which includes a user guide with the assembly steps. Then, on the right, there are the buttons to 
communicate with the robot what the next operation is, counting with STOP and RESET buttons. 
Finally, a button that says "ShowPlane," if the user wishes, will show a plane, as Figure 6. 

 

 

 

 

 

 

 

 

 

I/O List 
Type Variables Definition 

INPUTS 

START_button Start the robot program. 
STOP_button Stop the robot program. 
RESET_button Reset the robot program. 

DOJOB1 Allows the robot to do the corresponding task. 
DOJOB2 Allows the robot to do the corresponding task. 
DOJOB3 Allows the robot to do the corresponding task. 
DOJOB4 Allows the robot to do the corresponding task. 
DOJOB5 Allows the robot to do the corresponding task. 
DOJOB6 Allows the robot to do the corresponding task. 
DOJOB7 Allows the robot to do the corresponding task. 

OpenGripper Button to open the gripper when its needed. 
CloseGripper Button to close the gripper when its needed. 

OUTPUTS 

JOB1DONE The task is done and the user can continue. 
JOB2DONE The task is done and the user can continue. 
JOB3DONE The task is done and the user can continue. 
JOB4DONE The task is done and the user can continue. 
JOB5DONE The task is done and the user can continue. 
JOB6DONE The task is done and the user can continue. 
JOB7DONE The task is done and the user can continue. 

Table 3: I/O List of the signals between HMD and robot. 

Figure 17: Instructions panel designed in Unity. 
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The next step was to transfer the state of the buttons from Unity to THX. These states are transferred 
as boolean variables, so C# scripts have been created that allow this connection. As shown in Figure 
18, the name of the Industrial thing created in THX is written along with the variables defined in the 
I/O list in Table 3. Having achieved the communication between the robot and Kepware, using Modbus 
Figure 19, the last step was to create an Industrial connector that would connect Kepware and THX. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Addresses used for Modbus in Kepware. 

Figure 18: Connection between THX and Unity, C# file. 
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7 Discussion 
This project includes both practical and theoretical parts. In the theoretical part, the big problem was 
how to realize the demonstrator. Applying the methodology described before, the problem was 
divided into smaller ones, collaboration, assembly, AR, and HRC. After the research using all the 
resources collected from the literature review, it has been concluded how to create the demonstrator 
in the implementation section.  

Regarding the practical part of creating the demonstrator, it was the first time using that kind of 
software and interacting with this type of device and robots. The design of the panel is simple, but 
much research was done to learn how to design in Unity for Hololens2, as there is currently no guide 
to follow. That is the main reason to create a guide on how to realize a simple panel in Unity. The next 
step was to connect this panel with THX, Víctor Igelmo provided the package for the connection, but 
it took some time to understand how the exchange of data works. Furthermore, the last step was to 
use Kepware to connect THX with the robot. That needs to decide on the type of connection between 
Kepware and the robot; if OP CUA or Modbus, some tests were carried out for both, and Modbus 
ended up being chosen. So, one disadvantage of this is that it took a longer time than expected to 
create that communication. This project has documented all the research of different resources to 
realize this connection in a shorter time for future students.  

Considering the research done in the literature review, some methods have been followed in other 
projects to create the assembly process and divide the tasks between the human and the robot. Then, 
assigning the tasks for the robot was challenging as the pieces were too small, and accuracy and 
caution were needed to grip them. That is why most of the activities are done by the user, although 
some of them are in collaboration with the robot, which can be improved as future work to take 
advantage of the robot and reduce the production time. Also, assembly instructions for the user were 
created considering all the general safety aspects and the pieces available to assemble the car. A 
predecessor diagram has been created to facilitate the definition of each step and the necessity of 
doing one before the other. 

Finally, joining all the steps achieved, the demonstrator is ready to be used as a proof of concept. Some 
students have tried the demonstrator, and each one has had different feelings and experiences, 
though all of them could assemble the car. In this project, the user experience study is proposed as 
future work, as the reaction of each user is different and could be useful for industries. 
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8 Conclusions  
The project aims to create a demonstrator that works as a proof of concept. This demonstrator will be 
used for future user experience studies to analyze if a user can realize an assembly process without 
prior knowledge and work in an environment with different technologies such as Hololens2 and UR5. 
This project has been carried out considering the industries' reality and the work required to realize 
any production. It is necessary to have different engineers who contribute their knowledge, have a 
variety of technology that facilitates the work for the humans, and improve the company in terms of 
quality and efficiency. Also, it is necessary to satisfy the three circles of sustainability, doing projects 
that can provide current and lasting improvements for other people's future without damaging the 
environment. 

The result obtained from this project is the demonstrator that works as a proof-of-concept of what 
industries ask for, as it was explained above. The assembly process can be realized by a human 
interacting with the robot using the Hololens2. The actual instructions panel could be confusing for the 
human, but it could be improved as a future work so the user can follow it without any doubt. During 
the process, the human behavior and experience are different for each one and can be analyzed for 
the user experience study.  

8.1 Objectives achieved 

͞The main aim of this thesis is to develop an experimental demonstrator utilizing collaborative 
robots and augmented reality, that can be used for the evaluation of user experiences. The main 
objective is reached once demonstrator is built and working as a proof-of-concept.͟ 

The demonstrator created is an assembly process realized in an HRC system using Hololens2. This can 
be used to evaluate the user experiences during the process with a collaborative robot.  

Sub-objectives:  

1. ͞�ƌĞĂƚĞ�Ă�ĚĞŵŽŶƐƚƌĂƚŽƌ�ƚŚĂƚ� ŝŶĐůƵĚĞƐ�ĂŶ�ĂƐƐĞŵďůǇ�ƉƌŽĐĞƐƐ�ďĞƚǁĞĞŶ�Ă�ĐŽůůĂďŽƌĂƚŝǀĞ�ƌŽďŽƚ�
and a human using a head-mounted AR device.͟ 
The demonstrator has been successfully created where the product to be assembled is a car. 
Also, the device used to control the robot is Hololens2. 
 

2. ͞Specify the assembly process for Human-Robot Collaboration (HRC), and divide the tasks 
between the human and the robot.͟ 
The tasks for the process have been divided between the human and the robot to create an 
HRC system. A user instruction has been realized to assemble the car considering general 
safety aspects like emergency stop buttons. Also, a workflow is defined by dividing the tasks 
between the human and the robot. 
 

3. ͞Design and implement the AR interface.͟ 
The AR interface has been correctly designed using Unity. The interface includes a panel with 
instructions and buttons.  
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4. ͞Establish communication between the human and the robot using AR and IoT.͟ 

The connection between the robot and the Hololens2 works correctly. When a button is 
pressed in the device, the robot realizes the required task.  

 
5. ͞Document the connection process between AR and the robot for the demonstrator.͟ 

The realization of the demonstrator is explained so another person can repeat the work. The 
connection process from any device to industrial equipment is documented and explained for 
future work and facilitate for similar projects. 

8.2 Future work 

The project has been realized as a proof of concept, and can be improved in each aspect, for example 
safety aspects or the AR interface. This section is to recommend improvements to enhance the 
demonstrator:  

x Improve the design of the instructions panel to make it more intuitive and ergonomic for the 
user. 

x Add a variety of variables to communicate the robot with the Hololens2. Also, add voice 
recognition to improve the demonstrator͛s safety. 

x Make two screen options, left-handed and right-handed, as it is more intuitive and 
comfortable for the user to touch the screen with the dominant hand. 

x Improve the assembly process with a real assembly of an actual product. 
x Improve safety aspects regarding the collaboration between the human with the robot during 

the process. Regulate the robot's speed, force, and torque according to the technical 
specification ISO T/S-15066. 
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Appendices 

Appendix 1: Design in Unity and connect with Thingworx 

In this case, Unity is used to create a panel with instructions and interaction buttons for an AR device, 
Hololens2. To do that, download a package called Mixed Reality Toolkit (MRTK), which offers all the 
materials and tools used for this device. Therefore, the first step is to download the packages needed 
from MRTK, which are available at this link:  

https://github.com/microsoft/MixedRealityToolkit-Unity/releases.  

The most important package to download is the Foundation one, Figure 20. It is possible to download 
the others to see some examples made by Microsoft. Also, another important package is the one 
provided by Victor Igelmo, which contains all the material that will connect Unity with Thingworx. 

 

 

 

 

 

 

 

To create a new project in Unity, open Unity Hub, start a new project, select a 3D template, and choose 
a name, then the project is created. Now it is time to import the packages downloaded before. On the 
menu bar, select Assets > Import package > Custom package. Then, select the file downloaded before, 
and a window will appear, make sure that everything is selected, and press Import. Once the package 
is imported successfully, it will appear MRTK project configurator. Select to download Unity OpenXR 
plugin for the Hololens2. 

In this case, the tool used the most is PressableButtonHoloLens2. It can be found searching for the 
name in the seeker, as seen in Figure 21. The next step is to create the scene for the Hololens2. On the 
menu bar, press Mixed Reality > Toolkit > Add to Scene and Configure. It is essential not to skip this 
step. Otherwise, the Hololens2 will not show the space correctly created. This can be found more 
detailed at https://www.youtube.com/watch?v=9fcKzy0SH8E&t=289s&ab_channel=HarryGuo. After 
this, import TMP essentials that appear in a pop-up message. 

 

Figure 20: Package to download from MRTK 

https://github.com/microsoft/MixedRealityToolkit-Unity/releases
https://www.youtube.com/watch?v=9fcKzy0SH8E&t=289s&ab_channel=HarryGuo
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The next step is to import the Thingworx package, following the same steps as for the last package. 
Once imported, a folder called Scripts contains three files, THXclasses, CloudHandlerHelper, and 
CloudHandler. The only one that has to be modified is THXclasses. Therefore, open it in Visual Studio 
and change the names depending on the Industrial thing created in Thingworx. In this case, the name 
of the Industrial thing is "UR5_NYB" and the variables, as Figure 22. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Add Mixed reality to scene 

Figure 22: THXclasses script 
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To have everything better organized, create a folder in Assets folder called Scripts, inside the folder 
press right-click > create > C# script. The code has to send the button state to Thingworx, for that it is 
necessary to call the CloudHandlerHelper and create two functions called, OnClicked and OffClicked, 
to set true or false in the variable, Figure 23. 

 

 

 

 

 

 

 

 

 

 

 

Connect the C# script created, in this case, called ButtonState, with the button and Thingworx. For 
that, access Unity, drag the ButtonState file and drop in PressableButtonHoloLens2 as Figure 24, and 
it will appear the Cloud Handler Helper and Button State in the inspector. Fill the Cloud Handler Helper 
with the thing name, put the application key, and in "Get Thing Properties," write the number of 
variables used and the variable name in Element 0. Press "+" to add more variables if needed.  

 

 

 

 

 

 

 

 

 

Afterward, to set the status of the button once it is pressed, search for Receivers in the inspector, open 
it, and press Add Event. Then, in Event Receiver Type, put InteractableOnToggleReceiver, in OnSelect 

Figure 23: Button states script 

Figure 24: Drag and drop file 
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() press "+" and drag PressableButtonHoloLens2 and drop as in Figure 25. Put the function created in 
the C# script before, in this case, OnClicked, and the same for On Deselect, put the function OffClicked, 
Figure 26. Finally, the first button is done. Press play and open Thingworx to ensure that when the 
button is pressed, the variable changes to true in Thingworx.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25: Drag and drop, Toggle receiver 

Figure 26: Event properties 
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Appendix 2: Create an application in Hololens2 

Once the panel is correctly designed and connected with Thingworx, create the application in 
Hololens2. It is necessary to follow the instructions that are described below, and once finished, turn 
on the device, and the application created should appear in the Hololens2, make sure that the 
connection with THX is working from the Hololens2. 

1. Press File > Build Settings in the Unity project and press Universal Windows Platform and 
Switch Platform. 

2. Press Add Open Scenes to add the Scene created in the project. 
3. Fill out the options as shown in Figure 27. 
4. Press build and run and choose a folder to save the project. 
5. Go to the folder and open the Visual Studio file generated.  
6. Follow the steps indicated by Microsoft in the following link: https://docs.microsoft.com/en-

us/windows/mixed-reality/develop/advanced-concepts/using-visual-studio?tabs=hl2   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27: Universal Windows Platform. 

https://docs.microsoft.com/en-us/windows/mixed-reality/develop/advanced-concepts/using-visual-studio?tabs=hl2
https://docs.microsoft.com/en-us/windows/mixed-reality/develop/advanced-concepts/using-visual-studio?tabs=hl2
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Appendix 3: Connect Thingworx with Kepware 

The connection between THX and Kepware can be realized once the variables are defined in Kepware. 
Then, an Industrial connector, which has to be created in THX, is in charge of transferring the data from 
Kepware to THX and vice versa. This connection is explained by Ander Biain Galdos & Iñaki Ordoki 
Oiarbide (2021). Also, the steps to follow to realize the connection is explained in:  
 
https://support.ptc.com/help/thingworx_hc/thingworx_8_hc/en/index.html#page/ThingWorx/Help/
Composer/IndustrialConnections/IndustrialConnectionsExample.html  
 
To be able to send information from Kepware to the robot, this project has used Modbus. Therefore, 
it is necessary to define an address for each variable. Universal Robot provides the addresses in the 
following link:   
 
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fs3-eu-west-
1.amazonaws.com%2Fur-support-
site%2F16377%2FModBus%2520server%2520data.xlsx&wdOrigin=BROWSELINK  

https://support.ptc.com/help/thingworx_hc/thingworx_8_hc/en/index.html#page/ThingWorx/Help/Composer/IndustrialConnections/IndustrialConnectionsExample.html
https://support.ptc.com/help/thingworx_hc/thingworx_8_hc/en/index.html#page/ThingWorx/Help/Composer/IndustrialConnections/IndustrialConnectionsExample.html
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fs3-eu-west-1.amazonaws.com%2Fur-support-site%2F16377%2FModBus%2520server%2520data.xlsx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fs3-eu-west-1.amazonaws.com%2Fur-support-site%2F16377%2FModBus%2520server%2520data.xlsx&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fs3-eu-west-1.amazonaws.com%2Fur-support-site%2F16377%2FModBus%2520server%2520data.xlsx&wdOrigin=BROWSELINK

