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Augmented Instructions 

Summary 

This thesis intends to identify and evaluate appropriate methods for ABB Capacitors to 
utilise their 3D models instead of 2D representations, with the purpose of reducing 
costumer’s misconceptions of installation manuals. 

ABB spends a significant amount of time designing detailed 3D models of their products. 
These are later converted into 2D representations of the models to create instructions with 
assembly drawings to their customers. 2D representations are less detailed than the 3D 
models and require prior experience to give an understanding of the products design. The 
customers don’t always possess the required experience to install capacitor solutions 
accordingly, this leads to wrong installations and increased lead-time.  

Three new visualisation methods were identified and evaluated on behalf of ABB 
Capacitors requirements and prerequisites. The three methods that were identified are 
Video recordings, Static-rotatable-3D Model and 3D sequence video. 

Next step was to identify and evaluate appropriate methods to present the 3D instructions. 
Initially two methods were considered: Augmented Reality and Virtual Reality. During the 
testing phase another opportunity was discovered, animated videos with camera views. 

The conclusion is that ABB Capacitors should replace the current instructions with 
animated videos with camera views and Augmented Reality experiences. 

Both suggested methods were demonstrated and evaluated for ABB Capacitors.  
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Nomenclature 

Vocabulary 

AR Experience  = Presentation of virtual objects within the real environment. 

AR = Augmented Reality. 

Capacitor Bank = Several connected capacitor modules with a synergic effect. 

Capacitor Module = Several connected capacitor units with a synergic effect. 

Capacitor Unit = Electrical component that stores energy in an electrical field. 

Creo Illustrate  = Computer software that is used to create animated 3D sequences 

Creo Parametric =  Computer software for 3D modelling. 

ThingMark  = A code that contains an AR-experience. 

ThingWorx Studio  = Computer software that is used to create AR-experiences. 

ThingWorx View = Smartphone application, which is used to view AR-experiences. 

VR  = Virtual Reality. 
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1 Introduction 
This is a bachelors thesis that describes a project that was conducted by two students from 
University West at ABB Capacitors.  

Digitalisation is the process of leveraging digitization to improve business processes. 
Digitisation is the process of converting information from a physical format into a digital 
one. In-order-for ABB to maintain its position as one of the leading companies in 
digitalised processes, it must identify and adopt relevant techniques that increases process 
efficiency.  

ABB Capacitors dedicates a significant amount of time designing 3D models for their 
capacitors. These models end up being converted into 2D models, which are used in 
instruction manuals. ABB Capacitors sees many advantages regarding effectivity and quality 
in utilizing the relatively more detailed 3D models instead of the 2D illustrations that are 
currently used for installation manuals. 

1.1 Company description 
ABB Ltd is a global company, which operates in 100 countries with about 136,000 
employees. Its main-focus is creating solutions for their customers within the energy-, 
industry-, logistics- and infrastructure sectors. With over 40 years of collective competence 
within digital techniques, they are leaders in digitally connected industrial equipment and 
systems.  

ABB is divided into four main divisions, which are: 

 Electrification Products 

 Robotics & Motion 

 Process Automation 

 Power Grids 

Among other sites in, which ABB Power grids operates is Ludvika, Sweden, with about 
2700 employees. The core businesses in Ludvika are power transfers such as HVDC (High 
voltage direct current), ABB Transformers, ABB Capacitors and ABB Breakers. ABB 
Capacitors is a part of Power Grids capacitor department, aside from Ludvika the 
department operates in countries such as Canada, China, and Australia. ABB Capacitor has 
been operating in Ludvika since 1993, the products that are produced there are sold all 
over the world. 

1.2 Product description 

ABB Capacitors in Ludvika designs and manufactures capacitor solutions. These are used 
as filters and batteries by their customers. Several units are mounted and connected inside a 
metal frame to create a capacitor-module. A capacitor-module has a higher capacity than a 
capacitor unit because of the synergic effect, which results from interconnecting individual 
units. Further on, several modules are connected to each other into a Capacitor-bank (see 
figure 1.1) to reach even higher capacities. 
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Figure 1.1, Capacitor Bank 

1.3 Background 
ABB Capacitors uses 2D models and written instructions for the installation manuals, 
which are handed to customers. The customers who do the installations are located in 
various places around the world. Because of that, the instructions are required to be written 
in relevant languages to give the best possible prerequisites for the customer to make a 
correct installation.  

The 2D models are derived from 3D models, which are designed according to customer 
needs. ABB Capacitors sees many possibilities and advantages with utilizing 3D models, 
which are relatively richer in detail instead of converting them into 2D models. With the 
help of 3D-models the misinterpretations of the instructions can be reduced, thereby the 
risk of incorrect installations.  

There are occasions when the customers installation-personnel lack the required knowledge 
or experience and thereby have difficulties with following the installation guides. Even 
though guiding is carried out by an installation leader, misunderstandings can still occur 
due to the lack of language skills. The result of this could lead to serious injuries and 
damaged equipment due to mishandling. This requires unnecessary additional costs for 
readjustments and increased lead-time. 

Capacitor Unit 

Capacitor 
Module 
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1.4 Problem definition 
Every costumer doesn´t have the required prerequisites to read and understand the current 
installation manuals. 

1.5 Goal 

The goal with the research is to decide and evaluate an appropriate instruction method for 
the costumers concerning the installation of capacitors banks. Further on, to demonstrate 
the possibilities and potential with the chosen the method. 

1.6 Purpose 

The purpose of the delivered research is to minimize risks for misinterpretations of 
installation manuals. 

1.7 Limitations 
Evaluation of the techniques will be limited to various ways of visualising through 3D 
models. 
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2 Theoretical framework 
This chapter is intended to describe the theoretical framework that was required to pursue 
the thesis. It describes different methods that can be used in a research and when they are 
suitable. An analysis of the current work procedure is also presented in this chapter. 

2.1 Approach method 
This chapter describes the various method approaches [1] that can be applied when 
performing a thesis. 

2.1.1 Survey 

A way to find out about the reason of a phenomenon is by use the research strategy, 
survey. This is done by selecting a few people from a target group. The surveys are 
answered by the selected group to form an opinion of the whole target group. Höst, 
Regnell and Runesson presents four ways of organising the selection: random selection, 
stratified selection, systematic selection or by using the whole group. Survey is best suited 
for quantitative methods when the questionnaire only requires answers in the form of 
numbers or intervals [1]. 

2.1.2 Case study 

The method Case Study should be used when the purpose is to describe a phenomenon or 
an object in depth. The results from a case study should be unique and produce new 
knowledge, the same results should be produced if the study is repeated with the same 
prerequisites. The results of a case study are used to gain increased knowledge of 
something and not in statistical terms. Methods used in a case study are usually interviews, 
observations and document analysis. The data gathered for a case study is mainly 
qualitative but quantitative data could occur in the study [1].  

2.1.3 Experiment 

Experiments are usually used when identifying the causation of a happening, the reason 
why a certain phenomenon occurs. The method that is used when doing experiments is to 
systematically design experiments where two test objects are given the same prerequisites 
with a difference on a variable that is of interest in the experiment. The first step is to 
define the goal and a hypothesis where the variables is defined and sometimes research 
subjects. The data that is gathered from experiments is quantitative data that can be 
analysed with qualitative methods. The analysis of the material is done in the same way as 
with surveys. 

2.1.4 Action research 

The purpose of this method is to investigate an event in-order-to find the root-causes of its 
behaviour and improvements. The action research is usually carried out in two steps. First, 
case study methods or surveys are normally used when a phenomenon is observed with the 
purpose to identify a problem. Second part of the action research is to present a solution 
for the problem, the solution is then evaluated in-order-to improve it further. The 
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evaluation of the solution could risk the objectivity, for that reason it is important to 
prepare criterions before the evaluation.  

The working process of action research is similar to the quality improvement cycle, PDCA, 
which includes: 

 Plan – Identify the problem and its causes. 

 Do – Present and apply actions that solve the problem. 

 Check – Check that the results successfully improved the situation. 

 Act – Permanent the solution if it was successful or improve further. 

Plan, do and check are appropriate steps for a thesis, the fourth step is outside the scope.  

2.2 Interviews 

Following chapter describes three interview techniques: unstructured, structured and semi-

structured interviews. 

2.2.1 Structured 

When conducting structured interviews, the starting point is that the participants are 
familiar with the subject. The questions are designed in a way to catch the picture or 
experience, from the interviewees point of view. The interviewee has time to answer the 
questions or chooses between alternative answers. This kind of interview makes it easier to 
evaluate the result among the interviewees because the specific questions [1]. 

2.2.2 Semi-structured interviews 

When conducting semi-structured interviews, questions are prepared but not presented in 
any fixed order. The questions are supportive for the interview but could be changed based 
on the situation. Questions could also have fixed answers but then the questions must be 
presented in the same way and order. Changing the formulation of a question could affect 
the answers between the interviewees. Answers could be questioned in-order-to get a 
deeper understanding [1].  

2.2.3 Open/unstructured interviews. 

Open interviews should not have prepared questions, it is rather a discussion between the 
interviewer and the interviewee. This kind of interview is used by experienced interviewers 
because they are able to control the direction of the discussion and cover all the subjects 
that are of interest  [2]. 

The interviewee receives space to discuss and describe a context about a phenomenon in a 
way that is not bounded by specific questions. The interviewer must focus on the 
interviewees subjective description and follow the thoughts of the individual [3]. 

2.3 Observations methods 
There are four different categories of observations based on the degree of interaction and 
degree of the groups knowledge of the fact that they are observed. The four categories are, 
observed participant, fully participant, participating observer, and fully observer.  
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An observed participant has a high level of interaction with the observed group, the group 
is also aware that they are being observed. This enables open data collection method. 

Fully participant means a high interaction but low awareness of the observation by the 
observed group. This is limits the data collection because the observer must be discreet 
when collecting information. 

A participating observer has a low interaction with the group but the group that is being 
observed is fully aware of the observation. An appropriate approach is to use interviews for 
this observation method. 

A fully observer does not interact with the group and the observed group is not aware of 
the observer. The data collection method should in this case be hidden with cameras or a 
sound recorder for instance [1]. 

2.4 Current work procedure 
ABB Capacitors utilises their self-made capacitor configurator software called “CapDes” to 
create custom-made offerings. When a customer is interested in a capacitor-solution a 
request for quotation with the details about the needed solution is sent to ABB Capacitors. 
The seller uses the details given by the customer to fill in required fields in CapDes. The 
required details are normally only input voltage and output reactive power or capacitance 
for capacitors units, however capacitor banks also require information about the needed 
connection type. If specific properties are required such as outdoor usage or limited 
available area for installation there are fields to specify that as well.  

Once the required fields are filled, CapDes creates and provides the best possible solution 
according to the specified properties, price-efficiency and ABB Capacitors ability. This way 
ABB Capacitors can easily create cost-effective solutions for their customers.  

The way CapDes works is similar to an internet search-engine that searches for the best 
solution among many capacitor and bank types with regard to cost. The provided solution 
comes with several parameters that describe the configuration, these are automatically 
exported into a 3D-design software (Creo Parametric), which is provided by PTC. PTC is a 
global software company that delivers solutions to help companies design, manufacture 
and operate their products and processes. Creo uses these parameters to generate a 3D 
model of the solution, which in turn is converted into a 2D model. The 2D model and a 
price that is also automatically provided by CapDes are then presented to the customer as 
an offer. This whole process reduces a lot of lead-time and cost for both ABB and the 
customer since little or no manual 3D-modeling is required. 

If the customer is satisfied with the offer that is presented, then the seller only has to 
publish the solution via CapDes to create a work-order in the production. If the customer 
is unsatisfied with the design, it can be adjusted manually via Creo Parametric to meet 
additional requests such as design and size.  

Sometimes the customers are not capable of determining if the presented solution will 
comply with their requirements and needs. If they are too optimistic when reviewing the 
provided 2D-model, then it is possible that they order a solution that is not optimal for 
their needs. This can lead to unnecessary readjustments on delivered solutions, which 
results in both increased lead-time and costs. 

After the solution has been produced at ABB Capacitors in Ludvika it is sent in separate 
modules to the customer. The reason why it is not sent as a complete bank is because it 
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would be too large and clunky to transport. The customer also receives a packing list, bill 
of material, assembly drawing and a general installation manual. The languages in, which 
the manual is available are; Swedish, Norwegian, Danish, Finnish, English, German, 
French, Spanish, Portuguese, Dutch and Italian. The customers task is to mount the 
modules onto each other to create a capacitor bank with the help of installation manual and 
assembly drawing.  

This task is not always easy to do for the customers, especially for those that are not 
accustomed to the languages in  the provided instruction manuals. It is also common that 
the installation personnel don’t have the experience or knowledge to read the assembly 
drawings making it irrelevant whether they understand the language or not. The fact that 
the drawings are two-dimensional representations of the solutions with overlapping lines 
makes it even more difficult to interpret the instructions, especially how the cabling should 
be done. This can lead to wrong installations, which in turn can result in damaged 
products, increased lead-time and even injuries. 

2.5 Task-oriented instructions. 
” If your goal is to put your child’s bicycle together the night before his birthday, you 
don’t want to learn about how sturdy the tires are or what materials were used to 
make them. You want the steps to get from a box of pieces to an assembled bike in as 
little time as possible.” – [4] 

In-order-to make the information in an instruction task-oriented the following guidelines 
should be followed. 

2.5.1 Write for the intended audience 

It is important to have a good understanding of the target audience when writing 
instruction. 
When writing for people with little or no experience, of the subject in question, the steps 
should be clear and easy to follows with little or no assumptions that the user is aware of 
the required steps in between those that are described in the instruction manual. This helps 
to reduce the risk of the user taking wrong actions by own initiative because of missing 
information. 

On the other hand, the level of tasks should be higher when writing for experienced 
technicians. If there are too many steps that are obvious to the experienced installer, it 
could lead to frustration and a waste of time reading unnecessary steps. This could 
eventually cause the technician to skip some of the instruction and miss an essential part of 
it [4]. 

2.5.2 Present information from the user’s point of view 

Instructions should be written from the user’s point of view, this is to create an 
understanding of how the information relates to the installer. This is possible if the 
information is written in second person with active voice.  

For instance: 

” Subsequent installation of the HIGS feature allows InfoProduct to run unattended” 

This instruction is unclear about who does the action, the reader can’t tell how or if the 
information refers to them. 
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” If you want to run InfoProduct unattended, you must install the HIGS feature. You can install the 
HIGS feature after you install InfoProduct.” 

This instruction does not leave the reader out of the story, it explains what is required from 
the installer to run InfoProduct unattended. 

 

Figure 2.1, Confusing information [4]. 

To present information from the user’s point of view it is important to leave out confusing 
descriptions of previous steps that were carried out by someone else with different skills. 
As in figure 2.1, it is pointless to recommend the end user of an energy optimizer meter to 
check if the installation was done correctly. It is the company technicians who do the 
installations since end users are usually not qualified to do so [4]. 

 

Figure 2.2, Revised instruction [4]. 

This revised instruction in figure 2.2 is much more relevant out of the user’s point of view. 

2.5.3 Focus on user’s goals. 

The best way to make sure that the users receives the needed information when reading an 
instruction manual is to write it based on their goals. A goal is not the same thing as a task 
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even though tasks are usually required to achieve a goal. Although user’s can probably do 
many tasks with a product it is important to focus on the tasks that support the user’s 
goals. Information that is focused on user’s goals is about what the user wants to do, while 
information that is based on features is about what the product can do. Not all user’s need 
documentation on every feature since many products have features or instructions that a 
relatively small number of users ever use.  

One way to identify the tasks that are required to achieve a user goal is to start at a high 
level. For instance, if the goal is to refurbish an old car, one of the high-level tasks could 
be; polish and paint the body. The high-level task can later be divided into lower level tasks 
that explain how to do the polishing and painting in detail [4]. This is similar to the process 
of doing a work breakdown structure when planning a project.  

Another way to make sure that the instructions are focused on the user-goals is to base the 
information on scenarios that lead to the goals. Scenarios present a story of how to solve a 
problem in real life circumstances. Instead of using a scenario to explain one topic/task, 
use a scenario as the basis of every task that is required to reach the goal.  

Another thing that is of relevance when writing user-goal instructions is to write user-
oriented task topics instead of functions task topics. User-oriented tasks are tasks that users 
want to perform regardless if it's with help of the delivered product. These tasks are usually 
the reason why the customer makes a purchase in the first place.  

For instance, “Making ice cream” is a more comprehensive task topic than “Using the Clatronic 
ICM 3581”, which is the name of an ice-cream maker. The first task topic is considered a 
user-oriented task topic while the latter is a function-oriented.  

2.5.4 Indicate a practical reason for information 

Writing user-oriented instructions should when needed, be complemented with 
information about why they are required and how it is relevant for their goal. Sometimes 
users need a practical reason for why they should perform a task. For example, if a task 
states that the user should drain the hose before disconnecting it from the tap the user 
might think that it is not that crucial since it can be drained after its disconnected. 
However, if the task states that it will be much easier to disconnect the hose after it is 
drained because of reduced water-pressure inside the hose, then it would be much easier to 
understand why the tasks should be carried out in the described order. 

2.5.5 Provide clear, step-by-step instructions. 

Tasks should be written at the appropriate level of the audience to be acted upon. The risk 
of user’s deviating from the instructions rises if they are too difficult to understand or too 
obvious. Each step should state a clear imperative action for the user to take, preferably in 
the first sentence. The purpose of the task should be described when needed to make it 
easier for the user to relate. If the instruction includes optional steps for features within the 
product that are not required to reach the user’s goal, then they should be clearly marked. 
Conditional steps should clearly state the condition at the beginning of the step. That way, 
users who don’t fulfil the condition can skip reading the whole task [4]. 
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The checklist in figure 2.3 can be used to evaluate whether the instructions are task-oriented 
or not. 

2.5.6 Illustrations 

Relevant illustrations clarify and give life to technical information, which can be difficult to 
comprehend. This way the text becomes more graspable and interesting. 65% of the 
human population around the world are estimated to be visual learners, this means that 
most people process visual elements much faster than any other form of information. 

Users are encouraged to complete their task when they perceive a reasonable possibility to 
succeed. Visual element can help users to become confident in doing the tasks and even 
make their reading of instructions more interesting, efficient and sometimes even fun. The 
goal with visual design should be to attract and motivate users to read the instructions and 
eventually help them reach their goals. The visual information can be even more successful 
if it is visually interesting and dynamic.  

Traditional printed papers are limited to static texts and illustrations, the use of electronic 
visual displays and speakers unfold the possibility to use dynamic technical information. 
With the help of these devices the user is also capable of viewing illustrations in ways that 
are not possible with printed paper, such as video and sound. Visual displays also give the 
opportunity to interact with the illustrations in ways that would otherwise be impossible. 
For instance, zooming in to enlarge the illustration and focus on a specified part of it, or 
rotating in the case of a three-dimensional model. 

Figure 2.3, Guidelines for task-oriented instructions [4]. 
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Dynamic visuals such as interactive videos can be used to create and show tutorials, 
process information and task flows. 

Videos refers to any kind of audio and visual recording and can take many different forms 
such as operation-demonstrations captured with a video camera, computer animations or 
recordings of an interview. A video can be very useful for presenting information, it 
enables the presenter to make a point in a concise animated video that would otherwise 
take 20 pages to describe in textual form [4]. 

Some types of information are better suited for videos than others: 

 Processes, such as how a gearbox works 

 Installation, configuration or complex tasks 

 Step by step scenarios and tutorials 

 General tasks such as replacing the batteries in a remote control. 

2.6 Mixed Reality 
The span from reality to virtual reality was first explained by Paul Milgram in 1994 [5]. 
Reality is the real-world environment, which is experienced without the use of technology 
while virtual reality is a fully animated computer designed environment. Everything in 
between those opposing realities is called mixed reality. 

2.6.1 Augmented Reality 

Augmented reality (AR) differs from Virtual Reality because it is neither fully virtual nor 
realistic, it is basically the real-world environment with added virtual elements. Augmented 
Reality is defined by three characteristics; Combines virtual objects with real world environment, 
aligns real and virtual objects with each other and runs them interactively in three dimensions within real 
time [6].  Key components to be able to create AR have been unchanged since the 1960’s, 
these are; displays, trackers, graphic computers and computer software [7]. 

AR technique offers the possibility to project virtual objects into the real-world 
environment using different kinds of displays and cameras and thereby get a preview or 
understanding of how the object would fit or interact with the environment if it was to be 

Figure 2.4, Illustration of the Reality-Virtuality continuum as described by Paul Milgram. 
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placed physically. An example could be IKEA’s furnishing application, which allows their 
customers to virtually place IKEA furniture into their home to get a view of how it would 
look before actually buying and assembling the furniture. 

This can be done today using an application on a tablet or a smartphone, it is also possible 
to visualise through a head-mounted display (HMD) like Microsoft HoloLens. A HoloLens 
embeds virtual objects onto a lens that is similar to a visor. This makes it appear that the 
virtual object that is projected onto the lens is a part of the real-world environment as long 
as the HoloLens is worn.  

Augmented reality can also be embedded in a video-recording of the real-world 
environment in retrospect. An example of this is the movie Space Jam (1996) made by 
Warner Bros with the world-famous Michael Jordan and Bugs Bunny from the animated 
movie series Looney Tunes. 

2.6.2 Augmented Virtuality 

Augmented Virtuality is the inverted counterpart to Augmented Reality, it is based on a 
fully virtual environment with embedded real objects [5]. Movies like Star Wars and Avatar 
are great examples of this technique, they use real actors in fully virtual environments using 
so-called Greenscreens. The actors perform their scenes in front of a Greenscreen, a 
computer software is then used to transform the Greenscreens into the desired 
environment whether it is “Pandora” or “The Galaxy Far Far Away”. 

2.6.3 Virtual Reality 

Virtual Reality is defined by four key elements; a virtual world, immersion, sensory 
feedback, which respond to user input and interactivity (Sherman & Craig 2003). It is a 
computer generated three-dimensional environment, which a person can become a part of. 
The person who is experiencing a Virtual Reality can explore, interact and even manipulate 
objects within the perceived environment. 

School taught us that we have five senses, which are: hearing, touch, taste, smell and sight. 
The truth is that these are only our most evident senses. We have many more senses than 
that for example, pressure, balance and temperature. Our senses send information signals 
to our brain whenever they are stimulated, it is only after this information is processed by 
our brains that we can experience these senses.  

Everything that is known to us about our reality comes through our senses, this means that 
our perception of reality is a combination of the information gathered by our senses and 
the processing of it in our brains. This implies that if our senses where to be presented with 
artificial information our reality itself would become artificial. 

Our brains and senses are designed to present us with perfectly synchronised experience, if 
anything is a little bit unsynchronised it is detected. For example, seasickness is a condition 
that occurs when the visual senses and the vestibular(balance) system senses are in conflict. 
The visual senses can’t detect that the boat is moving or rocking so it sends the signal to 
the brain that everything is fine, while the vestibular system is able to detect it and sends 
the signal to the brain telling that there is movement. Our brain is not able to process these 
contradicting senses and the reaction causes us to feel dizzy.  

Another example are poorly dubbed movies, once the watcher realises the fact that the 
sound and the lip-movement of the actors are unsynchronised it becomes impossible to 
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ignore.  Therefor it is crucial to synchronise the hardware and the software to the human 
senses in-order-to achieve a sense of presence. Only then can the experiencer feel as if 
he/she really is present inside the virtual environment. Unlike augmented reality, which 
utilises see-through lenses and smartphone-cameras, the user of Virtual Reality would 
perceive the experience as much more authentic. This is because the experience is in a first-
person perspective with a device that excludes the real environment and thereby disables 
the viewers ability to see the bigger picture [8]. 

2.7 Augmented instructions 
A study that was done in collaboration between Boeing and Iowa State University aimed to 
understand how people learn tasks and follow instructions. It was designed to evaluate 
three different methods of visualising task instructions. These three methods where the 
following:  

1. Stationary desktop in the corner of the room with instructions on a PDF file.  
This required the participant to move in between the work-table and the desktop in 
the corner of the room every time the instruction manual was needed. 
 

2. A tablet mounted on a mobile arm with the same instructions as the stationary 
desktop. This allowed the participant to have the instructions at hand while doing 
the assembly. 
 

3. The same tablet as the previous methods but instruction steps where presented in 
animated sequences using Augmented Reality. This allowed the participant to see 
the assembly in animated sequences at the exact position that they were supposed 
to be done. 

The 48 participants were divided into three separate groups with each participant within 
the same group using the same method. However, the task was the same independently of 
participant or group. The task was designed to imitate the work process of assembling 
airplane wings in Boeing but in a much more simplified way with small wooden 
components. Each participant was recorded using four cameras placed on each corner of 
the room. These recordings were later used to determine accuracy and the amount of time 
it took for each participant to complete the tasks, the amount of time spent on reading 
instructions was also a measured.  

The results showed that the participants that used Augmented Reality were quicker and 
more efficient in completing the tasks, the efficiency was based on how much time was 
spent on reading the instructions. The same group also had significantly higher accuracy 
than the others, there were more participants within that group that had zero failures than 
any of the other two groups. This indicates that instructions using Augmented Reality can 
increase the quality and reduce time spent on performing tasks [9]. 

2.8 AltspaceVR 
AltspaceVR was founded in 2013 as a communication platform based on a Virtual Reality. 
The platform offers interaction and shared experiences with other users around the globe. 
It is used in 165 countries and is compatible with the several hardware’s such as: Oculus 
Rift, HTC Vive, Samsung Gear VR, Daydream, with android phones (without VR goggles) 
and in desktops [10].  
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The features within AltspaceVR are Events and Activities, both public and private. The 
activities within the VR experience are like real environment activities and events. These 
could be: comedy stand ups, music events, games within the VR environment such as 
board games and card games. Watching videos together or surf the web is also possible to 
do within the AltspaceVR environment. Another feature is called FrontRow where all the 
users who are attending an event could be seated in the “front row” independently of the 
number of participants. 

The third feature “VR call in Slack” is a service, which allows a project group that is 
geographically separated to connect through VR. A link can be generated by typing a 
command within the group-chat, the link launches a virtual experience, which gathers all 
the participants within a virtual environment. This allows the members of the group to 
demonstrate things to each other the same way as if they were gathered within the same 
room.  

2.9 ABB Transformers Visit 
ABB Transformers is another department within ABB that manufactures high-voltage 
transformers. Their customers are incapable of fully reviewing all the details of the offered 
solutions since they are unique for each customer. If some details turn out to be out of 
expectations, then a rework is necessary in-order-to satisfy the customers. ABB 
Transformers want to avoid doing rework of their products since it leads to longer lead-
times and additional expenses.  

As of today, ABB Transformers is at the development stage in utilising AR-technology in 
their business, the ambition is to use it in the final reviews of their solutions before they are 
produced. A conceptual AR-experience for a customer-solution, which requires a 
Microsoft Hololens has been created. It allows to visualise the exact model of the solution 
in full scale through the lens. It also enables viewers to walk through the model and review 
details that are not visible from the outside. The AR experience has been presented to a 
customer that was impressed with this efficient solution for product-reviews. 
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3 Methodology 
This chapter presents the methods that were used to conduct this research and describes 
why they were chosen. The whole procedure is also described briefly at the end of the 
chapter. 

3.1 Method approach 
This thesis required exploratory studies together with problem-solving studies. The method 
that was considered the most appropriate for the goal of the task was an action research. 
The current situation was observed in-order-to identify the problem. A conceptual solution 
for the problem was presented, a permanent solution on the other hand was outside the 
scope for a thesis and was therefore not considered [1].  

3.2 Observations 
The observations in this study was conducted to gain understanding of a capacitor 
configurator. A Cad specialist demonstrated the procedure of how the company generates 
3D models of customer solutions. Notes were taken, and questions were asked during the 
observation. This approach corresponds with the method called, participating observations, 
which is described in the theory chapter. 

3.3 Interviews 
Three ways of conducting interviews are described by Höst, Regnell and Runesson, 
Structured, Semi-structured and Unstructured. Two types of interviews were considered 
relevant for the task, Semi-structured interviews and Unstructured interviews [1]. 

In a structured interview, the interviewer should not affect the interviewee by revealing any 
personal thoughts, questions should also be held relevant. Therefore, questions concerning 
the subject were prepared before the interviews. Unprepared questions were asked during 
the interview to give the interview persons time to develop their thoughts. 

Unstructured interviews are preferred when there is little knowledge of something. In this 
case unstructured interviews were conducted when there was a lack of information of the 
subject in interest, which made it difficult to prepare questions [3]. 

The answers that were received during the interviews are summarised in the description of 
the Current work procedure chapter. 

3.4 Document studies 

Literature studies are described by Björklund & Paulsson, (2012), as all form of written and 
manifold material. It could for instance be books, booklets and journals. The wide and fast 
distribution of information from the literature studies, is a strength that requires relatively 
little financial resources. Another strength with literature is that, it is the source for existing 
knowledge and used to create a theoretical framework. Literature on the other hand is 
secondary data and the purpose of publishing it could serve an unspoken agenda. 
Awareness of the fact that the information in literature could be biased is very important. 
The gathered information through literature studies should be evaluated and criticised. 
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Assembly documents that are delivered to costumer as installation-guides for the capacitor 
banks were studied. Some of the documents such as the assembly drawing and bill of 
materials are unique for each project. But SECAP B003, which is a general assembly 
manual remains the same for all project.  

Document studies were used not only to get an understanding of the current situation but 
also to find inspiration for a solution to the problem. 

3.5 Plan 
First-of-all, a Work breakdown structure (see annex A) was done to identify the required 
tasks in-order-to reach the goal. It was used as a basis when planning the project in a 
Gantt-schedule (see annex B). A risk analysis (see annex C) was made to prepare 
measures for eventual risks that could occur throughout the project. 

Since a significant amount of the required information was gathered through interviews 
with ABB employees, it was necessary to make sure that the information was as objective 
as possible. Thereby a study of different interview techniques was done to assess the most 
suitable for the task. 

An analysis of the current work procedure was carried out through interviews and 
observations. The analysis was essential to gain understanding of what was needed to be 
done in-order-to make the installation-instructions more comprehensive. Results from the 
analysis triggered a research of best practice in developing technical instruction. The 
gathered information of how technical instructions should be developed indicated that the 
solution would require an improvement of the current visualisation-method, which is 2D 
illustrations. 

3.6 Do 

A research of different visualisation-methods that support 3D-formats was done to find 
out about the alternatives to the current 2D-models. These methods were then further 
investigated on behalf of their properties such as applications and possibilities. This was 
done through web-research and a company visit. Further on, the methods were evaluated 
through benchmarking to decide how well they are in line with several properties. The 
properties within the benchmark were determined through a discussion in between the 
project-group and ABB Capacitors. 

The method that was the most in line with the required properties was in its turn divided 
into two different visualisation techniques, Augmented Reality and Virtual Reality. These 
techniques were further evaluated to decide the most appropriate for the task. 

Creo Illustrate and ThingWorx Studio are two software’s that are offered by PTC to create 
experiences in Augmented Reality. The licenses for these were bought by ABB Capacitors 
in-order-to create sequential video instructions for Capacitor-bank installations. The 
project-group began to learn how to use the applications via PTC-made tutorials and 
internet communities, the group also used the support, which is offered by PTC to their 
customers. 

A 3D-model of a capacitor bank that was generated by CapDes was imported to Creo 
Illustrate to create animated assembly sequences. The animated sequence files were then 
imported into ThingWorx Studio to create Augmented Reality experiences out of the 
sequences. The AR-experiences were then saved and published on an internet-server and 
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attached to a “ThingMark”. A ThingMark is a unique mark, which holds information, 
similar to a QR-Code.  

ThingWorx View, which is a free smartphone-application that is available on both IOS and 
Android is used to scan the ThingMarks. Whenever the ThingMark is scanned the 
experience is presented through the viewers smartphone.  

3.7 Check 
The AR-experiences where then presented through an iPad to ABB Capacitors to 
demonstrate the potential of the technique. Also, the sequences from Creo Illustrate were 
presented through a laptop to show the difference between the AR-sequences and the 
Animated Video instructions. These two methods were then evaluated by the project-
group and ABB.  

3.8 Competence preservation 
A ThingWorx template was created to be re-used for new AR-experiences to save time that 
would otherwise be spent on programming new experiences. At last, a computer software, 
which records the screen-activities on a computer screen was used to create video-tutorials 
on how to use Creo Illustrate and ThingWorx Studio. The videos and template were 
handed to ABB Capacitors to preserve the gathered competence within the company. 
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4 Empirical data 
This chapter is intended to present all the results that was gathered through the action-
research that was carried out. 

4.1 Evaluation 
An evaluation of different methods for creating and presenting assembly-instructions was 
necessary to determine the most appropriate for ABB Capacitors needs. This was done 
through two different benchmarks; first, on behalf of the methods for creating illustrations 
and secondly on behalf of the methods for presenting illustration. 

4.1.1 Evaluation of creation methods 

First a benchmark (Table 4.1) was formed to compare different methods for creating 3D-
illustrations with the current one (2D). The different methods where given a fulfilment-
number from -5 to 5 depending on how well they fulfilled the desired attributes in relation 
to the current method. The different attributes were also given a weight-number from 1 to 
5 depending on how crucial they are according to ABB Capacitors. The weights were 
multiplied with their respective fulfilment-number and summed altogether into a score-
number. 

Table 4.1, Evaluation of three different creation methods. 

 

A 3D sequence video is clearly the best suited method among the three compared methods 
since it scored 38 points. The second best was a static rotate-able 3D model as a substitute 
to the current 2D models in the assembly drawings. The least favourable method was the 
video-recording, which turned out to be inferior to the current method. 

4.1.2 Evaluation of presentation methods 

The second benchmarking (Table 4.2) was formed to compare different presentation 
methods that were described in Paul Milgrams continuum. Augmented Virtuality was 
excluded at an early stage because it presents the virtual environment, which is not the 
focus in this case. The remaining methods AR and VR were given either a value of 1 or 0 
depending on whether they fulfil the desired attribute or not, the values where then 
summed into a total score for each method. 
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Table 4.2. Evaluation of two presentation methods. 

 

The desired attributes were chosen based on suitability for ABB Capacitors and the 
guidelines for task-orientation. Augmented Reality received the highest rank since it 
fulfilled most of the desired attributes. 

4.2 Demos 

ABB was recommended to use the computer software Creo Illustrate to create animated 3D 
sequences as assembly instructions by the project group. ThingWorx Studio was 
recommended to convert the 3D sequences into AR-experiences. Two demos were made 
to demonstrate the potential with the recommended software. These methods were 
recommended since they proved to be the most appropriate in the benchmarks, they are 
also offered by a business partner to ABB.    

4.2.1 Demo 1 – 3D animated sequenced assembly instruction. 

An assembly instruction of a real capacitor-bank that had been previously sold to a 
customer was made through Creo Illustrate in sequences to illustrate how the bank is to be 
installed step by step. These sequences are presented in a Cad environment, i.e. in front of 
a white background. The demo includes camera-views, which allow the possibility to focus 
and only present the details that are of interest for each sequence. This is possible via 
sequences that include changing of views and zooming in on the details of interest. It also 
allows the possibility to draw further attention to the details with the help of textual step 
descriptions inside annotation-bubbles, which point to the relevant details of the capacitor-
bank. 

4.2.2 Demo 2 – Augmented Reality Experience.  

The sequenced installation instruction from Demo 1 was converted into an Augmented 
Reality experience through ThingWorx Studio. The experience is presented with help of a 
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smartphone app called ThingWorx View, which scans a code(ThingMark) in a similar way 
as QR-codes are scanned. The experience is presented on the smartphone display after the 
ThingMark is scanned, unlike Demo 1 the AR-experience includes the environment in, 
which the ThingMark is placed and not a white background-screen. The experience allows 
scaling of the capacitor-bank, e.g. the capacitor bank can be presented in 1:1 scale. 
However, it does not include camera-views like Demo 1 since the view in an AR-
experience is dependent on where the viewer is pointing the smartphone camera. Another 
difference from Demo 1 is that the textual step-descriptions are not presented in relation to 
the details of interest, instead they are always presented at a fixed place, which is the top of 
the smartphone display.  

Demo 1 was inserted as an option in Demo 2 in-order-to have both demonstrations 
available at the same platform. 

4.3 ThingWorx Template 
A ThingWorx template with the required features such as model-scaling, step instruction-
labels and buttons for playing sequences. was created for ABB Capacitors (see figure 4.1). 
The template only requires a new sequence and a ThingMark to be inserted in the template 
to create a new experience.  

ThingWorx Template 
1. Model-scaling: 1:1 and 1:10. 
2. Play demo 1. 
3. Unhide and hide the step instruction label. 
4. Next step. 
5. Play all steps. 
6. Previous step. 

 

 

 

 

 

 

 

 

 

4.4 Instru
ctions for creating AR-experiences. 

Instructions on how to create an AR-experience was made through 13 screen-recorded 
videos of varying length from 20 to 2 minutes. These videos show step by step how a 
CapDes generated model can be used to create assembly sequences in Creo Illustrate. The 
videos also show how to turn the sequences into AR-experiences in ThingWorx Studio. 

Figure 4.1, A screenshot of an AR-Experience. 
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These videos only focus on describing the necessary steps that are required to create an 
AR-experience with the same features as those that are included in Demo 1 and Demo 2.  
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5 Analysis 
This chapter is intended to analyse the results that were presented in the previous chapter, 
advantages and disadvantages with the results is also discussed in this chapter. 

5.1 Creation methods 
The reason why the attribute “Time consuming” in (see table 4.1) was given such low 
priority(weight) is because the process of creating the visuals will be automated and 
integrated with CapDes. However, it is still a relevant attribute since computer-automated 
processes do require time. Also, the quicker a salesperson can present a concrete solution 
in the form of a 3D model the more satisfied the customer will be. All three methods 
where inferior to the current method regarding availability since each one requires a device 
in-order-to be viewed. 

Even though 3D sequence video was inferior to a static 3D model on behalf of several 
attributes it was still a better choice since it provided much more clarity and would thereby 
make relatively more pedagogic instructions. 

Video-recording turned out to be even less favourable than the current method. This is 
because it would require video recordings of real life installations on each solution that 
ABB Capacitor creates, which would be impossible to automate. A significant amount of 
time would be spent assembling and then de-assembling to make the shipment possible.  

5.2 Presentation methods 
The chosen presentation method was preferred to be offered by ABB’s current business 
partners in order for ABB Capacitors to make a relatively quick purchase. “Presents only 
relevant information” (see table 4.2) is a demand that is derived from the guidelines for 
developing task-oriented instructions. The user’s goal is to install a capacitor bank, this 
requires only the information of materials, tools and assembly instruction. It is less relevant 
to present a virtual surrounding, which would not necessarily help the user to reach his 
goal.  

Since, a 3D sequence video was inferior to the current method with regard to availability, it 
was important to make sure that it is fairly available to ABB Capacitor’s customers. This 
was verified through requirements that the presentation method should be supported by 
IOS and Android, which are widely used operating systems around the world. Thereby, it is 
less likely that the customers are required to obtain new devices in-order-to see the 
instructions. 

The assembly team would benefit from a presentation technique that enables multitasking, 
especially in industrial environments where there could be safety-risks, which the instructed 
technician must pay attention to. For example, since a Virtual Reality device would exclude 
the real surrounding environment, a technician could risk stepping in front of a bypassing 
forklift and receive serious injuries. 

Microsoft HoloLens is a head mounted display, which enables the viewer to have free 
hands while visualising the instruction sequences. If future instructions would require free 
hands, in that case it would be beneficial if the chosen presentation method is supported by 
Microsoft HoloLens. 
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5.3 Demo 1 

The sequenced assembly instructions that were presented in a Cad environment were clear 
and pedagogic since they only allowed the viewer to see the relevant details for each 
sequence. This leaves the viewer with no other choice than to see details that are of 
interest, thus reduces the risk of paying unnecessary attention to other details of less 
importance. The textual step-descriptions inside the annotation-bubbles made the 
instructions even clearer since additional information could be provided in relation to the 
details of interest. This demo however, was not able to present the capacitor-bank in full 
scale. Since the sequences are presented in front of a white background, which doesn’t 
allow the viewer to compare the size of the capacitor-bank in relation with objects within 
the real environment. 

5.4 Demo 2 
The sequenced instructions that were presented through Augmented Reality were also 
pedagogic and showed exactly how a capacitor-bank should be assembled. The main 
difference is that the assembly sequences were presented in full scale within a real 
environment through a camera lens. If the ThingMark is placed at the intended place of 
installation, then the viewer would be able to visualise the capacitor-bank within that same 
environment.  

This provides the possibility to see how the intended area would look like in the future 
before the provided solution is installed. The initial project discussions with customers can 
be supported with visual input from the AR-experience. Another way to leverage is to 
make a final review of the solution by reviewing the model that is presented within the AR-
experience. Thereby the customers can easily see whether the solution is according to their 
expectations at an earlier stage and eventually make adjustments before it is produced.  

It would also be possible to see if the solution fits the intended area and how it would 
affect the accessibility to other objects that are already present within the intended 
environment, this would require the ThingMark to be placed at the intended place of the 
solution. The preparatory work for evacuation routines is also be possible to conduct in an 
earlier stage by visualising the area with the AR-model in its intended place.  

However, unlike Demo 1, the AR-experiences does not restrict the viewers view to a 
certain detail of the Capacitor-bank. This is because the view is fully dependent on where 
the smartphone camera is pointing. Due to this, the viewer could be distracted by details of 
lesser importance and thereby miss an important sequence. 

5.5 ThingWorx Template 

The provided ThingWorx template will reduce further time spent on learning and 
programming new AR-experiences in ThingWorx Studio. Instead of spending time on 
creating new AR-projects in ThingWorx Studio for each new experience, the template can 
be re-used over-and-over again for any desired experience. The time, which will be saved 
by using the template can be used to further customize the template with new relevant 
features.  
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5.6 Instructive videos for creating AR-experiences. 
A template for creating assembly-sequences in Creo illustrate was not possible to do 
because of limited amount of time. Thereby, it was necessary to create instructions that 
illustrates how sequences are created in Creo Illustrate in-order-to preserve the gained 
knowledge within ABB Capacitors. An illustrative task-oriented instruction was considered 
the most pedagogic way to teach the process to others. 

 A task-oriented instruction should:  

1. Be adapted for the intended audience 
2. Present information from the user’s point of view 
3. Focus on user’s goal 
4. Indicate practical reasons for the information 
5. Provide clear, step-by-step instructions. 

First, the group considered writing textual step by step instructions, however, it would 
require a significant amount of time to write in several languages since it is intended to be 
used globally. The easiest and most pedagogic way to cover all these requirements at once 
was to record the whole process with a screen-recording software. The instructions were 
based on a scenario that the user wants to create a sequenced assembly instruction in video 
format and as an AR-experience. Since it is known that no one at ABB Capacitors have any 
experience in creating AR-experiences it was necessary to show how the process is done 
from the beginning.  

An easy way to present information from the user’s point of view is to present all the 
activity within the computer screen. Only the steps that are required to create an AR-
experience similar to the provided demo was described and no time was spent on 
describing additional features. The result of the instructed steps was presented at the end of 
each video to show why the steps were necessary. 

The whole process of creating assembly sequences was recorded in two short video-clips. 
The remaining 11 videos illustrate how to convert sequences that are made in Creo 
Illustrate into AR-experiences in ThingWorx Studio. Despite that the ThingWorx template 
reduces further time spent on programming new AR-experiences, it is still necessary to 
preserve the knowledge behind it in-order-to adjust the templates or create new ones for 
other purposes.
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6 Conclusions & Recommendations 
The action research produced four different results: 

1. Demo 1  -3D Animated sequential instructions. 
2. Demo 2  -Augmented Reality Experience. 
3. ThingWorx Template -Template for creating AR-Experiences. 
4. Video instructions  -Instructions for creating AR-Experiences. 

Demo 1 is best leveraged if it is utilised as assembly instructions for ABB Capacitor’s 
customers. Instead of reading several documents with long textual step descriptions and 
complex assembly drawings, the animated 3D sequence video provides a quick and clear 
visualisation of each required step as a motion with little or no requirements of reading. It 
also provides the ability to only present the details of interest within each step, this makes it 
even more pedagogic since it reduces the risk of paying unnecessary attention to less 
relevant details. This method of instructions fulfils the purpose of the conducted action 
research and can also be applied to other more general tasks. Such as, car maintenance and 
other tasks complex tasks that require disassembly or assembly.  

Even though Demo 2 does present assembly instructions, it is best leveraged if it is used 
for the purpose of reviewing. It can be used as visual input during the initial discussions at 
the tender stage, it also visualises a fair and detailed representation of the end-result, which 
can be used in a final review before giving a production order. Since it enables full scale 
representations of the solutions, it can be used to check if solution fits the intended area 
and how it would affect accessibility to other equipment that are already present. This can 
also be beneficial when assessing how an object would affect the current evacuation routes 
in a real-estate. 

The ThingWorx Template should be used to create new AR-experiences for each new 
costumer solution. The required time to create AR-experiences is significantly reduced if 
the template is used, it can be re-used for an unlimited amount of times. 

The Video Instructions demonstrate how to create assembly sequences in Creo Illustrate. 
They also demonstrate how to use the template and how new AR-Experiences are created 
in ThingWorx. Even though a ThingWorx template is provided, the information within the 
Video Instructions is necessary in-order-to make adjustments to the template or create a 
new one for other purposes. 

ABB is recommended to use 3D animated sequenced instructions in place of the current 
manuals. The Augmented Reality experience should be used to visualise the size of the 
capacitor banks and how it affects the surrounding environment at the installation site. 

 

6.1 Future work 
The process of creating AR-Experiences should be integrated with the CapDes platform 
in-order-to make it more efficient by automatically generating experiences for each new 
project. An approach for this would be to automate the process of creating sequences in 
Creo Illustrate in a similar way as the modelling is automated in Creo Parametric, i.e. 
through defining parameters. The second part would be to automate the use of the 
provided template, this should not be too difficult to do through programming since the 
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template only requires two things (Server-link and Sequences) to be modified in-order-to 
create a new experience. 

ABB Capacitors is recommended to utilise Internet of Things for further development of 
AR-Experiences. This enables real time visualisation of sensor output from the actual 
Capacitor-bank to the AR-Experience, which enables faster detection of faulty capacitor 
units. 

7 Discussions 
The purpose of an action research is to find the causes of a problem and improve it. The 
process of an action research is comparable to the process of the PDCA cycle. During the 
plan phase, installation documents were studied. Our prerequisites could be compared to 
the costumers since we did not have any prior experience or knowledge of installing a 
Capacitor Bank. The shortcomings would likely not be as obvious for the ordinary staff as 
it was for us since they have a good understanding of how Capacitor Banks are installed. 
They also have good understanding of the function and purpose of each component within 
a Capacitor Bank, this makes the installation documents clear to them even though there 
could be some missing information. 

The best suited solution was chosen based on some predefined attributes. The attributes 
were based on the needs of ABB Capacitors and the knowledge that was gained from 
studying how to develop technical instructions. The evaluation of the best methods could 
have resulted in a different way if it was not influenced by ABB Capacitors demands. The 
result could have been even more pedagogic instructions, but it could be too expensive or 
impractical for ABB Capacitors to implement.  

The demos were analysed by the installation leader. The preferred demo for installation 
instruction was Demo 1, Demo 2 was preferred in reviewing purposes. The evaluation 
results could have been made even more reliable if the demos were tested by an external 
costumer with less experience than an installation leader. This was not possible due to the 
limited time of the thesis. However, ABB Capacitors is recommended by the project group 
to provide sequential video instructions and AR-Experiences to a few picked customers for 
additional review input.  

7.1 Reliability & Validity 
The sources were both primary and secondary data. The primary data was collected and 
narrated as a summary after the data collection methods to confirm the right data. 
Secondary data was gathered from literature backed by recognised organisations and 
publishers since this kind of literature is usually reviewed it is published.
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A: Work Breakdown Structure 
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B: Gantt-schedule 

Activity  W.3  W.4  W.5  W.6  W.7  W.8  W.9  W.10  W.11  W.12  
Introduction & current 
procedure 

                    

Literature review                     

Benchmarking                      
Evaluation                     
Adjust for ABB capacitors need.                      
Standardise                     
Evaluation                      
Documentation & report 
writing.  

                    

Hand-over.                      
Preparation of presentation 
& opposition.  
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C: Risk Analysis 


