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ABSTRACT  
 

A collaborative robot is something of growing interest for companies in the manufacturing 

industries to implement. However, a collaborative robot is quite new in today’s market. An issue 

that arises is that no implementation process for collaborative robots exists today, as well as no 

requirement guide for skills, as well as actors, has been defined. 

 

The aim of this project was to examine how an implementation process of collaborative robots 

in manufacturing companies could look like. Focusing on charting the integration process steps 

of a collaborative robot, and identifying the actors as well as skills needed for successful cobot 

integration, with the aim achieve the goal of this thesis by answering the research questions. The 

thesis had the following research questions:  

 

Research Question 1 – How is an integration process for implementing a cobot represented in 

the manufacturing companies? 

 

Research Question 2 – What particular skills as well as actors are required when implementing 

in a cobot in the manufacturing companies? 

 

To answer the research questions, the author conducted several interviews with different 

companies. The interview questions were mainly constructed in order to answer the RQs but also 

to get an understanding for the different aspects of what a cobot is, what is required as well as 

how it compares to a traditional industrial robot.  

 

The thesis resulted in an implementation process with several steps constructed in order to 

implement a cobot as well as different aspects of what skills and actors are needed. In order to 

separate the aspects, the respondents were categorized into different roles which are the 

developer, integrator and the user. The different roles were all vital, providing an understanding 

from different perspectives.  

 

Keywords: Collaborative robot, cobot, Human-robot interaction, Human-Robot Collaboration, 

Development strategies, Automation, Industry 4.0. 
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1 INTRODUCTION 

 

This section provides an understanding of the thesis topic, investment support for new production 

technology at manufacturing companies. The concepts Industry 4.0 and collaborative robots 

(cobots) are introduced while connecting them to the thesis topic. A research problem is 

described. The aim and two research questions for this thesis are defined. Thereafter the 

delimitations for this thesis are presented. 

 

1.1 Background 

 

Today, the industry is the part of the economy producing materials and goods, where the 

production strives to reach a highly mechanized and automated. Since the industrialization, 

technological developments have resulted in paradigm shifts, so-called “industrial revolutions” 

(Lasi, et al., 2014). Currently, the industry is boarding a new industrial revolution commonly 

referred to as Industry 4.0 (Mohamed, 2018; Wang, et al., 2016), and the manufacturing plans of 

the future have already been envisioned (Mohamed, 2018).  

 

Industry 4.0 promises smart factories involving autonomous production systems where 

machines, human operators and other resources will be able to communicate with each other and 

products will be manufactured in a smarter way in the sense of knowing how to be manufactured 

(Isikli, et al., 2018). In the smart factory, software driven systems will be monitoring the physical 

processes and duplicate the physical environment by creating a virtual copy. Based on self-

organization mechanisms these software-driven systems will make decentralized decisions 

(Smit, et al., 2016). However, Industry 4.0 does not only focus on separate factories but 

comprises the integration of production facilities, service systems, and supply chains to achieve 

value-added networks (Salkin, et al., 2018). Industry 4. 0 has a lot of different driving key factors, 

one factor is traditional industrial robots that have over the years, gotten further flexible, 

productive as well as collaborative. Ultimately, these robots will be able to integrate with humans 

as well as work side by side with them due to the greater abilities from the greater range that will 

be developed (Othman, 2016) 

 

Traditional industrial robots were presented around 1938 and have since then been commonplace 

in some of the industrial enterprises (Matthias, et al., 2011). A traditional industrial robot is 

defined as a reprogrammable, automatically controlled, flexible manipulator that is 

programmable in three or more axes. The robot can either be fixed or movable, for use in the 

industrial automation (Bolmsjö, 2006). The traditional industrial robots have since 

implementation been a major reason for improvements especially when it comes to safety, time 

and ergonomics. Traditional industrial robots have performed work that is not ergonomic for the 

operator due to heavy weights etc. In addition, robots have also been used in industrial 

environments that are classified as unsafe for the human worker (Matthias, et al., 2011). A 

traditional industrial robot is intended to manage items by assembling, polishing and milling. It 

is also designed to interact with the current environment around the robot  (Garcia, et al., 2007). 

 

Issac Asimov has created four different laws, that were mentioned in his novel, in order to keep 

the robot to serve the human. These laws should be followed in order to ensure that the human 

is in control (Bolmsjö, 2006). 

 

• Rule number 0: A robot cannot ever hurt humanity or even allow humanity to get hurt. 

This law is prioritized compared to the rest of the laws. 
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• Rule number 1: A robot must not harm a human being or fail to help a human being who 

has been injured.  

 

• Rule number 2: A robot must always obey a human being unless it does not clash to the 

first rule.  

 

• Rule number 3: A robot must protect itself from damages unless it does not clash with 

rule number one or two (Bolmsjö, 2006). 

 

Currently, one of the main focuses of benefit from a traditional industrial robot is providing 

higher quality, especially regarding welding, milling, drilling, grinding and polishing. The reason 

is that robots are more precise and capable of working for longer periods, and more tirelessly 

compared to the operator (Bolmsjö, 2006). The challenges today are the introduction of 

automation in the industry (Zafarzadeh & Jackson, 2013). The underlying reasons for the 

challenges are mainly focused on the time-consuming planning of the automatization, difficulties 

in the visualization and complexity regarding maintenance and interaction between humans and 

machine (Frohm, 2008). Another common challenge within automation is education, technical 

feasibility, and qualifications. Education is an important part due to a challenge that is the lack 

of competence of operators due to the fact that they come from an industry that is not automated 

(Winroth, et al., 2007). Other challenges are for instance when changing the production process 

from manual to automated, or vice versa. It is also claimed by a few industries that time is a 

challenge. When it comes to planning or training the staff, it could require a longer time period. 

If the staff is untrained, it can generate a decrease in quality, competence, and maintenance work 

(Zafarzadeh & Jackson, 2013). 

 

An automation strategy model by Granlund and Friedler (2012) has presented and is used for the 

processes to integrate a traditional industrial robot in a production system. The first step of the 

project development guideline is planning. Each phase of this automation strategy is focusing on 

the primary objective of each phase, working methods, deliveries, requirements needed for 

decision-making as well as templates and tools that might be of use, in time to complete the phase 

(Granlund & Friedler, 2012). Considering the Industry 4.0 revolution and the increase of 

competitiveness in today´s business environment (Bayram & Gökhan, 2018; Isikli, et al., 2018), 

it is important for manufacturing companies to manage technology investments (Isikli, et al., 

2018) to establish intelligent and communicative systems (Salkin, et al., 2018). One technology 

considered important is collaborative robots (cobots). Cobots have the ability to work side by 

side with human operators and to support the human operator when needed (Gualtieri, et al., 

2018).  

 

Until today, traditional industrial robots have been applied to increase production efficiency and 

to replace human operators in the case of heavy, repetitive and unsafe work tasks (Huber, et al., 

2008). The traditional robot requires an isolated robotic cell to avoid physical contact with human 

operators and is limited to a fixed position with a fixed work task (Gualtieri, et al., 2018). 

Compared to the traditional robot, a cobot has the ability to work side by side with humans 

accomplishing common tasks (Wang, et al., 2015) and therefore, presents an interaction between 

human and robot. This technology also introduces a new concept of workplace design. The 

human-robot collaborative work cell can be described as a shared and hybrid workspace, where 

the cobot has to adjust its movements to accommodate the human operator. The communication 

between cobot and human must be realized in order to fulfill safety requirements (Gualtieri, et 

al., 2018).  
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Since cobots are new in today’s industry and are also the developed version of current traditional 

industrial robots, some problems do exist. For instance, there is no guide to implementing a 

cobot, which creates difficulties of how a cobot can be implemented in a company. One reason 

for this problem is that misperception arises since companies are unaware of what skills are 

needed which creates uncertainty in the implementation process. These factors create an urgency 

of developing and inserting a guide for the required skills and actors in the implementation 

process. Considering that the implementation of cobots is occurring more commonly, this study 

will try and combat these challenges.  

 

 

1.2 Problem Formulation 

  

Despite great progress in research and suitable cobot models available on the market, several 

problems still exist. Compared to manual and traditionally automated work cells, a cobot work 

cell involves both human and robot, changing the way of working. Companies, therefore, find it 

difficult to define a suitable design and implementation plan for a cobot cell (Bruno & Antonelli, 

2018). As mentioned earlier, cobots are something new to today’s industry and one issue is that 

there are no existing implementation guidelines, which makes it difficult for manufacturing 

industries to implement a cobot. 

 

 

1.3 Aim and Research Questions  

 

The aim of this thesis is to investigate the implementation process of cobots in manufacturing 

companies, focusing on mapping the integration process of a cobot and identifying the skills 

needed for successful robot integration, by answering the research questions namely:  

 

Research Question 1 – What can an integration process for implementing a cobot in a 

manufacturing system look like?  

 

Research Question 2 – What particular skills, as well as actors, are required when implementing 

a cobot in the manufacturing companies?  

 

 

1.4 Scope  

 

This thesis will attempt to identify the process for successful integration of a cobot. In order to 

perform these phases in the process, the competence required for each phase was identified. 

Therefore, the focus of this thesis will be on the connection between required tasks and 

competence. The results of this thesis were based on 9 interviews in the manufacturing industry. 

These have been conducted with experienced individuals within the field or that are involved 

with the subject. All data that has been used in this thesis has been approved by the respondents 

at the respective companies. Since the research area is quite large, further research might be 

required to reach better conclusions because of the limited time dedicated to reaching the 

conclusions of this study. 
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2 RESEARCH METHOD 

 

 

2.1 Research Introduction  

 

In this chapter, the research methods of the thesis are presented and discussed based on the 

theoretical standpoints. Decisions and purpose to the choices made will be motivated to create 

a better understanding of the thesis. Finally, a critical discussion will be presented to better the 

way of possible paths that could have been pursued in order to improve the end result.   

 

2.1.1 Aim of research 
 

The aim and research questions of this thesis have enabled a study of relevant integration 

processes that are implemented when investing in a cobot. This thesis has also provided relevant 

integration process steps as well as what kind and what level of competence would be needed for 

the industrial process to be able to complete the implementation process for a cobot. The aim 

was to also get a deeper understanding of how the implementation process of collaborative robots 

in manufacturing companies can look like in order to have a successful robot installation.  

 

2.1.2 Research Approach 
 

According to Bryman & Bell (2013), there are two types of approaches in a research study. The 

first consisting of the inductive research approach and the other the deductive  (Bryman & Bell, 

2013). The inductive approach is based on the empirical material to create a theoretical 

framework for the thesis.  To be able to achieve this usually the inductive approach is combined 

with a qualitative research strategy to present a variety of theories. Meanwhile, the deductive 

approach is based on the theoretical framework, which is established by gathering scientifically 

proven theories to create a hypothesis that is later on examined through the result of the empirical 

study. This approach is usually combined with a quantitative research strategy (Bryman & Bell, 

2013).  

 

There is however a third research approach known as the abductive approach. The abductive 

approach combines the two others. According to Alvesson & Sköldberg (2008), this approach is 

used to shape the thesis from both the theoretical framework and the empirical data collection. It 

allows the empirical application area to evolve successively while the theory is adjusted and 

polished (Alvesson & Sköldberg, 2008).  

 

For this thesis, the inductive approach has been applied, with a few hints of the abductive 

approach. Originally the thesis was based on prior research, theoretical studies, and literature 

which indicates that the thesis is based on an inductive approach.  By using this approach, it 

enhances the possibility of a specific collection of data and interpretation of material. For 

instance, this can be identified by the qualitative method used in the interview process in which 

the interview guide is based on prior research in the chosen field for this thesis. The main 

objective for collecting theoretical data was determined by exploring the relevance to the subject 

and the possible impact on the result. In order to enable the thesis to fulfill its purpose and 

answering the research questions while maintaining a broad, yet relevant theoretical framework, 

this was considered a pivotal part of the thesis. The base of the thesis consists of prior research 

in the field mainly regarding the following subjects: Industry 4.0, development process activities, 

automation, traditional industrial robots and primarily, collaborative robots. 
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Davidsson & Patel (2003) emphasize both positive and negative aspects of applying the inductive 

research method which was taken into consideration in this thesis.  According to the authors, the 

upside of using the approach is the thesis is objective and minimizes the risk of biased 

assessments by basing the thesis on a scientifically proven theoretical framework.  The downside 

is that it creates more difficulties to present new findings which have also been considered in the 

thesis (Patel & Davidsson, 2003).  

By applying the inductive approach, it gave the thesis a solid ground to expand from. There is 

however a risk that it could harm the thesis which was taken into consideration by analyzing the 

research field. Based on the chosen subject being rather new and that it recently gained attention 

globally, the risk was assessed as minor considering there is a limited amount of prior research 

in the field. 

 

2.1.3 The methodology of the thesis 
 

A Gantt chart was used to plan the thesis, it has been used to facilitate the plan and to create a 

plan for how and when tasks should be done by included weekly deliverables and goals. By using 

the Gantt chart, an overview of what should be done in the project as well as the time frame will 

be simplified. The Gantt chart could be adjusted if necessary, but even if adjustments have been 

made, the general progress was followed by the chart. The overall Gantt chart has been structured 

by weeks and a detailed checklist to achieve daily goals of each week, and each of the progress 

was reported to the university supervisor which in this case is also the assignment supervisor. 

The progress was reported by meetings that were held weekly, and other reporting’s were 

discussed via email. 

 

 

2.2 Research Classification 

 

2.2.1 Company Selection 
 

The companies that have been chosen were selected depending on the experiences of a cobot 

implementation. Other criteria for the company selection were based on if the company had 

sufficient competence in implementing a cobot. Further criteria’s for selection were if the 

company was in an active implementation process or was planning a future implementation. If a 

cobot had been implemented, it was important to assess what stage the company had reached in 

the implementation phase to eventually decide the relevant questions to ask in a potential 

interview. 

 

When the companies had been assessed, the ones who met the criteria where selected. After 

initial contact appointments were made for visits and interviews with individuals involved in 

projects or in charge of the company. The survey involved conducting interviews with several 

company leaders and decisionmakers using the conducted questionnaire. There were also 

interviews with companies who already use cobots or intend on implementing it in the near 

future. The chosen companies have also been chosen depending on the different roles they play 

in a cobot sense, there are different users that play their part when a cobot is getting implemented, 

there is the robot developer, the robot integrator as well as the robot user. In order to get as wide 

perspective as possible, the three users have been interviewed because they have a dissimilar 
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view of cobot definition and application, and the different users also perform different steps in 

order to implement the cobot in the industry. 

 

 

2.3 Data Collection  

 

A qualitative approach has been chosen for this thesis in order to gather relevant information 

while gaining deeper knowledge in the process of implementation and the purpose of using 

cobots. Holme and Solvang (1997) present this research method preferable to apply when the 

goal is to establish close contact with the research field of the thesis. In the case of this thesis, 

the theory is suitable considering the quest for knowledge in how organizations view the idea of 

investing in collaborative robots and the requirements it would entail.  Based on these insights 

this was the most relevant and favorable method for this specific research.  

 

There are several methods of collecting data for a thesis. One of these methods has the objective 

of separating the primary and secondary collection of data. The primary data collection consists 

of data which has not been priory documented meaning that it is based on new research such as 

interviews, field research, data measuring, etc. In the secondary collection of data emerges the 

data of prior research and information available to organizations in public and business-related 

databases and literature (Bryman & Bell, 2013). For this thesis, the approach has been a 

combination of both where they each had a pivotal role in the analysis and conclusion of the 

thesis. The data is represented by the data collected from interviews which are based on the 

secondary data and the purpose of the thesis. However, there is room for the perspectives and 

experiences of the representatives in the interviews which gives the result of the interviews a 

status of primary data.   

 

The secondary data in this thesis has consisted of a literature study. The base of this thesis was 

created by gathering useful and relevant theoretical information in order to be further developed 

and enhanced to guide the thesis in the right direction.  

 

2.3.1 Theoretical Data Collection 
 

The methods used for gathering secondary data have been through literature extracted from 

public and university libraries as well as various databases such as Emerald insight, Discovery, 

ScienceDirect. The search engine Google Scholar was used in order to access the research articles 

that were unavailable in full format via the primary databases. In order to find relevant 

information, the following keywords have been used, shown in table 1 below: 

 

Data Collection of reports, articles, and books. (Keywords that has been used) 

Databases: Emerald Insight, Discovery, Science Direct, MDH library database 

Primo. 

 

Cobot Product System Development 

Collaborative Robot Industry 4.0 

Industrial Robots Robot Collaboration 

Human-robot interaction Automation 

Robot Development strategies 

Manufacturing industries Human-Robot Collaboration 
Table 1- Keywords that have been used. 
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Below, in table 2, an Excel document was developed in order to gather data about selected 

research articles, books, and reports. The table below is an example of keywords that have been 

used alone as well as in combination to find multiple research articles. The reason for this 

method being used is to keep track of the particular research articles as well as to see which 

keywords and combinations have been used. The data in the file contributed to creating a 

process for finding research articles. It narrowed the search parameters and because of that, the 

articles were collected from the same database, and the process of finding variations, 

similarities as well as connections between each article in a structured way was possible. The 

excel file also contributed a structured way of building the theoretical framework because the 

articles could be categorized by the keywords, this made the theoretical building uncomplicated 

due to the fact that it could all be sorted as well as categorized. Some criteria’s and limitation 

for the chosen articles and books was that they should not be published before the year 2000 

because cannot be too outdated due to the fact that the facts change, because the industry 

changes almost every year or even every month. When finding articles that discussed robotics 

and automation, several articles were found, but due to the limitations, they could not be used 

in this thesis. Older references have occurred in the theoretical framework. However, these 

have only been used to define certain concepts that are still applicable.  

 

 

 
Table 2- Examples of keywords that have been used when finding articles for the theoretical data. 

 

2.3.2 Empirical Data Collection 
 

Bryman & Bell (2013) describe different types of approaches when conducting an interview. 

Two of which will be presented to motivate the path chosen for this thesis. The first is the 

structured interview meaning that the questions are prewritten to be responded to directly, 

limiting the possibility of flexible and deep answers. The other method is a semi-structured 

interview form. This means that questions have been formulated. However, the questions are 

formulated to invite the interviewer to ask follow-up questions and the respondent to expand the 

range and depth in the answers (Bryman & Bell, 2013). For this thesis, the choice was to apply 

the semi-structured interview method in order to receive more expansive in-depth responses 

since there is limited information on the subject this far. This was a necessity in order to resolve 

as well as answer the research questions.  
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Since a semi-structured interview was performed; the answers were open and the questions were 

formulated to evade yes or no questions, the questions were more defined. The responses of the 

interviews had a wide scope of which position the person I interviewed has as well as the 

company. Some companies had a lot more knowledge on some questions while other companies 

and persons had more on the other. The interview questions were structured and open in a way 

for the respondents to tell their story, the idea behind the questions was to ask general questions 

to, later on, ask supplementary questions in order to get a deeper understanding of their 

perspective on the questions asked. The supplementary questions were a benefit in these 

interviews because each respondent introduced a unique perspective to the questions asked. By 

the help of the supplementary questions, they could be asked with a different angle for the 

respondent to understand what I was really looking for in each of the questions. 

 

The responses of the interview questions varied as well when it comes to the length of the 

answers, and that is, as mentioned before, highly dependent on the position of the respondent as 

well as company that was interviewed. The positions of the respondents were the most influential 

factor due to the fact that depending on the position and experiences, the knowledge is in different 

places. Interviews were performed at 9 companies and respondents, respectively, the companies 

were chosen depending on experience, knowledge, and position of the respondent regarding 

cobots. The interviews were made between the 18th of Mars to the 30th of April 2019 and is 

presented in table 3 below in chronological order. 

 

Interview 

Number 

Company Position of the 

respondent 

Date Roles 

1 ASSA ABLOY Project-leader for 

cobot 

implementation. 

18th of Mars Cobot user 

2 Robotdalen Technical specialist 

and project-leader. 

21th of Mars Cobot integrator 

3 Scania  Researcher around 

simulation about 

human and robot 

collaboration and 

project leader for 

HRC. 

3th of April Cobot user/ 

cobot integrator 

4 Mtek Owner and founder 

of Mtek 

9th of April Cobot integrator 

5 Collaborative 

Robot Test 

Center (CRTC) 

Robot programmer 11th of April Cobot integrator 

6 ABB Business developer 

and area sales 

manager. 

16th of April Cobot 

developer 

7 Cobotic AB CEO of Cobotics 

AB 

16th of April Cobot integrator 

8 Mtek Chief Technology 

Officer (CTO) 

17th of April Cobot integrator 

9 Volvo 

Powertrain 

Project leader and 

industrial Ph.D. 

30th of April Cobot 

integrator/ 

cobot user 
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within the field of 

cobots 
Table 3- The chronological order of the interviews that have been made. 

A questionnaire was developed (see appendix 1) in order to have interview questions prepared 

for each respondent to answer. The same interview questions were used for each respondent, but 

they could be reformulated to fit the experience of the respondent depending on the position and 

knowledge of the respondent. Some of the interviews were made in the respondent’s company, 

and those who were completed there, guided through their production and their cobot was 

presented. Due to the inaccessibility of the respondent, geographically or time constraints, Skype 

interviews were performed. Some of these companies have not had a cobot in their production 

yet, but it exists in their lab, so the company is still working with the cobots that will be out in 

the production in the near future.  

 

The questions have been asked to all of the respondents but depending if the company has 

knowledge and experience of traditional robot or only cobots, the questions were adapted. Some 

companies only have experience and knowledge about cobots, therefore, in these cases, the 

questions about the traditional industrial robots have not been asked, nor the comparison of the 

cobot and the traditional industrial robots. Therefore, some of the questions will be answered in 

by some companies, while other questions will be answers by other companies all depending on 

the knowledge and experience. Each of the companies was divided into roles in order to make 

the analysis process of the transcripts more sorted by categorization of the three different roles:  

the cobot developer, cobot integrator as well as the cobot user. The different roles had different 

perspectives and experiences of a cobot, which made the categorization based on the roles of the 

respondent, what tasks they perform in their work as well as their knowledge.  

 

The responses from the respondents were practically alike to a story based on the interviewee’s 

experiences. Some of the respondents answered one question while discussing more of the 

questions at once, which made their answers clear and understandable. Different answers and 

discussions were made but in order to create a case study in cobot investment. 

 

Multiple companies have their own way of defining a cobot, and that makes their vision for the 

cobot different. Questions about a traditional robot were therefore also asked in order to make a 

comparison to the implementation of a traditional industrial robot. There is more knowledge 

about traditional robots due to the fact that more and more companies automate their production 

while cobots are still new on the market.  

 

For judicial reasons, each of the respondents had to confirm if the stated information mentioned 

in the interview can be used in the thesis if their position can be used in the thesis as well as the 

company’s name. The respondent also had to confirm if a recording of each interview was 

approved. The transcripts of all of the interviews were made by listening to each recording and 

writing it down, the approximate transcripts for each interview were 7 hours, which made the 

pages of the total transcript for 9 companies 60 pages.  

  
 

 

2.4 Data Analysis process 

 

In order to analyze the collected data, there are mainly two ways of approaching the matter, 

quantitative or qualitative. It is also possible to combine both during the process of data 
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collection. Qualitative data is the information that can be gathered from interviews, observations, 

etc. while the quantitative is often presented numerically through graphs or tables (Saunders, et 

al., 2009). 

 

The gathered data has been collected through interviews as well as theoretical data. The primarily 

collected data is mainly from interviews of the different chosen companies. In total, 9 interviews 

and transcripts have been done in order to answer the research questions. The data collected has 

been analyzed by comparing the theoretical and empirical findings. The foundation of the data 

analysis has been from the articles in order to compare and draw conclusions. The collected data 

has also been delaminated only with the information that will be required in order to then answer 

the research questions.  

 

 
Figure 1- process steps for analysis of the empirical data. 

All of the interview questions have been asked to all of the respondents, but not all of them will 

be mentioned in this thesis. The answers that will be mentioned will be chosen after a comparison 

of all of the answers that have been collected from the interview. In order to choose the most 

relevant responses out of every transcript as well as to complete a selection, the presented process 

presented in figure 1, has been used to be able to decide if each of the responses is relevant 

enough to mention in this thesis. Firstly, the transcripts from all the respondent’s interviews have 

been printed out in order to receive a better view of the answers. The responses were, later on, 

looked at to find keywords in order to select the relevant topics. When the topics were set, 

coloring pens were used to highlight where what response belonged to which topic, the responses 

were chosen to the right topic depending on relevance as well as the keywords. When the topics 

were finalized and all of the information had been sorted and placed to suit the relevant topic, 

the empirical result was completed. The last phase involves extracting and narrowing the data in 
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order to compare it to data from the theoretical framework. By analyzing differences and 

similarities in prior research and new empirical findings, it contributes to fulfilling the purpose 

of the thesis.  

 

2.4.1 Validity and Reliability 
 

The term Validity is described as only a matter of interest in the research process (Thurén, 2007). 

To achieve this, it is vital that the individual conducting the research follows the rules of the 

academic vision. This requires having a good basic knowledge prior to processing the empirical 

data (Svenning, 2003). By relying on this concept, it has enabled a significant amount of 

understanding of the thesis and its content while simultaneously generating the decision making 

which could affect the result of the thesis. Originating from the theoretical framework a 

questionnaire was created in which the questions are adapted to keeping the respondent’s answers 

within the subject. For the researcher to be able to reach a high level of validity in the empirical 

study it is vital when conducting interviews to make the respondent feel safe and calm in order 

to create an environment where the respondent can answer as honestly as possible without 

causing a negative effect (Svenning, 2003). Svenning (2003) describes the term reliability as 

judgment and questioning of the thesis level of trustworthiness. If a thesis has a high level of 

reliability, the probability of a similar result if somebody else would conduct a thesis in the same 

field is likely. The way of achieving high reliability with trustworthy information is easiest 

gathered by multiple amounts of measuring. For instance, conducting several interviews and 

comparing the answers and identifying the differences which can have a significant effect on the 

result. 

 

In order to achieve a high level of validity and reliability, this thesis was conducted by creating 

a strong and solid ground of prior research where several angles of the subject were assessed. By 

basing the questionnaire on the relevant theoretical data, and simultaneously structuring the 

questions to direct the answers to a point where differences and similarities could be emphasized, 

a comparison was enabled. To be able to analyze how the theoretical aspects of cobots in use or 

in the implementation phase compare to the practical aspect lifts the reliability of the thesis. The 

results of conducting the interviews are those of a subject in an early stage which allows the 

thesis to contribute with new data which can also be studied in the future, the reason being that 

it is a subject that will keep evolving. 
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3 THEORETIC FRAMEWORK 
 

 

3.1 Integration in Industry 4.0  

 

Industry 4.0 is what allows a standard manufacturing system to fully integrate with collaborative 

industrial equipment. Industry 4.0 has three different characteristics for implementation, these 

are the vertical integration, horizontal integration, and the end-to-end digital integration. All the 

three integrations are included in industry 4.0 definition but are inherently diverse. The goal of 

Industry 4.0 is to achieve mobility, smart networking, flexibility, integration of customers and 

new innovative business models  (Park, 2016). 

 

3.1.1.1 Vertical Integration  
 

Vertical integration is representing the opportunity to customize the production as well as reply 

to the classic static production processes (Park, 2016). To achieve Vertical integration, the 

intelligent cross-linking and digitalization of business components is, unlike the hierarchal stage 

within the organization, mandatory.  Due to the cross-linking and digitalization, the vertical 

integration allows conversion to a Smart Factory in an adjustable and agile way. This will later 

provide adjustable items with suitable stages of probability in the production  (Ustundag & 

Cevikcan, 2018). 

 

3.1.1.2 Horizontal integration 
 

Horizontal Integration achieves the entire value chain among organizations for improving items 

life cycle using data systems, competent financial management and material flow (Ustundag & 

Cevikcan, 2018). The horizontal integration is also capable of keeping items as well as services 

on time due to the close company association in accordance to the value chain (Park, 2016).  

 

The vertical and horizontal integrations enable data sharing, continuous working business items, 

real-time and authentic planning which is essential for connected equipment (Ustundag & 

Cevikcan, 2018). 

 

3.1.1.3 End-To-End Digital Integration  
 

Engineering over the entire value chain supports product development processes through digital 

integration of technologies that are supportive considering consumer requirements, maintenance, 

product design as well as recycling (Ustundag & Cevikcan, 2018). Therefore, an end to end 

integration covers the whole workflow from the input all the way to the stage where the delivery 

plays out. All of this will be covered by one integrated vendor as well as platform (Russell, 2015). 

 
 

 

3.2 Implementation 
 

Different implementation processes will be presented in this section, in order to get a deeper 

understanding of the different implementation phases as well as the different activities the 

different phases represent. 
 



- 13 - 

 

3.2.1 Development process activities  
 

A procurement process is introduced that can be used when the procurement of machines is done, 

or other equipment. The procurement process is presented below in figure 2, and has 9 phases 

which each describe steps to perform when the procurement of machines or equipment is being 

done (Bellgran & Säfsten, 2005).  

 

 
Figure 2- The procurement process, modified from Bellgran and Säfsten. 

 

The first step of the procurement process is to do a study analysis of the concept. Here, a pre-

study will be performed in order to create a base for the needs of the company. It is important to 

plan out what today's, and future needs will be. Thus, the planning will be done in this step, in 

order to achieve what is best for the company and know what the company really needs. The 

second phase is the planning of the implementation, in this phase, the purpose is to plan out the 

different equipment and manufacturing specifications. Depending on the concept, a schedule, 

budget, and planning of how the project performs, will all be planed here (Bellgran & Säfsten, 

2005). 

 

The third phase focuses on the development and construction, in this phase, all of the problems 

will here be identified and rectified. To do this, what is needed is a rough detailed construction 

based by different specifications. The fourth phase is procurement. This phase will include 

procurement from the chosen supplier. The chosen supplier will be evaluated depending on the 

requirement, goals, costs and delivery time. The fifth phase is focusing on a continuation of the 

fourth step and is focusing on the manufacturing part of the supplier. Here, the supplier’s 

production takes place. The production of the supplier is followed up continuously. The sixth 

phase is where the company’s own production of the selected equipment initiates (Bellgran & 

Säfsten, 2005).  

 

Study Analysis

planning of the 
implementation

Development
and 

construction
Procurement

Manufacturing
supplier

own 
construction

Delivery Check

Installation

Start up
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The seventh phase purpose is to check the delivery, the delivery needs to be tested and controlled 

from different specifications and agreements that have been made. Tests are being performed 

and also preparation for the final approval. The eighth phase is the installation phase. The goal 

in this phase is to secure the function by applying tests. Here you also organize all the efforts 

done in contrast to the time schedule. The ninth and last phase of the procurement process is 

focusing on the test run of the newly implemented equipment. Training for the operating staff is 

also done and also, the new equipment should also be tested full rate (Bellgran & Säfsten, 2005).  

 

3.2.2 Implementation phases of a traditional industrial robot  
 

The purpose for this model is to be able to define what tasks need to be done as well as how the 

specified company must work in order to achieve their vision and set the goals that need to be 

set in order to accomplish automation. Due to the importance of an automation strategy that has 

been stated by Niklas Friedler and Anna Granlund, an implementation model of how a traditional 

industrial robot is implemented was created by them and is shown in figure 3.  

 

 

 
Figure 3- Automation strategy model, modified from Grandlund and Friedler (2012). 

Figure 3 presents an implementation model which consists of diverse categories. The model 

originates from Granlund and Friedler's main factor which is represented by Overall business 

mission, vision, and strategy. When narrowed down and subsequently divided into more precise 

visions, it accomplishes the process in a specific timeframe (Granlund & Friedler, 2012).  
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3.2.3 Development model 
 

A common development model is presented in figure 4 and used for project suppliers as well as 

users. The development model has a total of 7 steps. The steps are divided into larger 

compartments which consist of the following: prior to the formal collaboration that is including 

step 1 to 3 these steps are crucial for the following steps to be successful. The next stage is during 

the formal collaboration and is including steps 3-7 when the choice of the supplier as well as the 

choice of project agreement is completed. The collaboration of the user as well as the supplier 

will be simplified. The last stage is following the formal collaboration, this stage is including 

step 7 and this is where the formal collaboration has ended, but an opportunity for continued 

collaboration between the user and the supplier will initiate. (Bruch, et al., 2016).  

 

 
Figure 4- The development model, modified from (Bruch, et al., 2016). 

Step one of the development process is where all the mapping of the reasons why this project is 

happening. A specification of the type of the equipment of the production is required in order to 

meet the future goals of the production. The focus in this step is the conditions of the project, 

evaluation, as well as investigation, needs to be performed. The activities in step one involves 

mapping out the needs of the investment, nominate a steering group with the users and nominate 

a multifunctional project workgroup. Later, an establishment of a clear objective, a realistic goal 

must be set, an understanding of the context needs to be gained, a function requirement needs to 

be set as well as evaluated. A decision needs to be made concerning acquisition or renovation, 

possible risks, as well as challenges, need to be evaluated. An investment request needs to be 

produced, directives of the project need to be developed, a time agenda needs to be established, 

a dialogue with the development team regarding the product needs to be started, calls for biddings 

needs to be set. Criteria’s for the bids need to be determined, the selection of suitable suppliers 

also need to be determined and lastly, the chosen suppliers need to have an established contract 

(Bruch, et al., 2016). 
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Step two is where the ideas are generated about conceptual results for production equipment. The 

necessary activities that need to be done in this step include the nomination of a steering team 

with the supplier. Offer documents need to be studied as well as supplemented, the ability to 

understand and consider, regarding the user’s needs, have to be developed further. Context, as 

well as circumstances with the user, need to be appointed in a list, new manufacturing methods 

as well as alternative needs to be discussed as well as critical issues. Available skills in the project 

need to be evaluated as well as potential risks and challenges. Lastly, an offer is produced. Step 

three includes activities regarding the selection of the suppliers, which in the end will be a signed 

contract between the supplier as well as the user. At the beginning of this phase, the supplier’s 

offer should be in accordance with the user’s documentation, therefore evaluation is made before 

selecting the supplier. When the selection is made the adjustment of the requirements as well as 

the contract with the subcontractors needs to be defined to, therefore, create a common time 

schedule as well as generate procedures for the information management.  When this has been 

created and agreed, procedures for changes in other phases of the project needs to be established 

to later on have an agreement that will be signed and delivered from the sales manager to the 

project manager who will assign someone that will be responsible for the mission as well as the 

installation (Bruch, et al., 2016).  

 

In step four, the first step of the formal collaboration, the supplier, as well as user, have common 

meetings, discussing the startup, create a strategy for the collaboration, have a meeting that will 

be scheduled in order to decide the design and have a created result for the production equipment. 

When this is done, it is time to design the tools of the production to prepare for factory premises, 

this leads to a discussion of drawing, sizes, and dimensions for the product. Later, these drawings 

get approved and a final designed is decided so it is, therefore, time to update the risk analysis. 

In step five, the equipment is assembled, and the programming performed. While this is 

completed, directions for the operators is given and the suppliers retain contact with the relevant 

staff. A mutual plan for the installation is developed, therefore, the users get trained as well as 

prepare the production and deliver products before the Factory acceptance test (FAT) that will, 

later on, is carried out and the risk analysis needs to get updated (Bruch, et al., 2016). A FAT is 

when the safety system is getting tested as well as verified that the correct operation is made 

before the installations of the new product is made at the site (Hedberg, 2006). In step six, When 

the FAT is accomplished, it is time to prepare for the staff that will relevant for the product as 

well as the installation. Later on, an exchange of competences will be done to train the user's 

staff continuously and test the production and prepare for the Site acceptance test (SAT) that will 

be carried out. Lastly, all of the production equipment will be handed to the user (Bruch, et al., 

2016). An SAT is on the user's site and includes all testing and control that is performed in the 

site to verify that it fulfills the requirement through a document as well as the requirements that 

have been specified at the contract fulfills (Svenska Kraftnät, 2017). In the seventh and last step, 

on must firstly solve any complications identified at the SAT and later on provide methods to, 

therefore, hand over the project to the user’s site. In order to provide this, common evaluation of 

the project needs to be done. Guidelines will be created in order to distribute knowledge to 

employees outside the project and updates of the implemented equipment needs to have ensured. 

When this is completed, a follow up as well as fine tuning on the equipment is done to, later on, 

have surveys in order to gain new ideas (Bruch, et al., 2016). 
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3.3 Robotics 

 

This section will present the different robotics that exists today when automating an industry, 

automation, traditional industrial robots as well as cobots will be defined and stated. 

 

3.3.1 Automation in industry 
 

Industrial automation has existed and had an important concept for a long time. The definition 

of automation clarifies that a certain part of the production or even the whole production is 

transferred to one machine. Automation can thus implicate machines for processing and 

assembly, automatic material handling systems or other applicable applications where a machine 

is performing work (Sveriges Rationaliseringsförbund, 1984). 

 

Industrial automation is developing over time, and it does gradually. It is also mentioned that the 

development of automation has different types of levels. The first step is focusing on that manual 

work is replaced by machines, which implies mechanization. The second step implies that the 

machine is also given in the man's controlling functions, these controlling functions are called 

automatic or numerical control. The last and final step is a completely automated manufacturing 

where items are produced directly from raw materials, without being involved with human 

control or effort (Johansson, 1995). 

 

3.3.2 Flexible and fixed automation  
 

Sjölinder (1980) clarifies that automation can be divided into two groupings which characterize 

the flexible automation as well as the fixed automation. Fixed automation implies that the 

construction of the equipment’s movements is locked. This type of production has a high 

investment cost when the stage is initiated. The cost is high because of the requirements, it 

requires a large human effort such as construction, build up and trimming. Therefore, due to the 

fact of the high investment cost, fixed automation is the most suitable for large production 

companies. Other costs that might appear is the changes in the machine system. Due to the fact 

that it is fixed, it is not possible to change the system, which means that they are not 

reprogrammable ( Sveriges Rationaliseringsförbund , 1984). 

 

A flexible automation system is nearly the opposite since it is possible to change the operation 

by a quick and easy change in the automatic equipment. This makes it more suitable for small 

production companies because it has a lot of different variants. The investment of flexible 

automation is high but not as high as the fixed system since it consists of a lot of flexible ordinary 

units. If the flexible and fixed automation was compared, then the flexible system provides a 

capacity of the production (Sjölinder, 1980). 

 

 

3.3.3 Automation, competitiveness and adaption 
 

Before automation is implemented, it is important for the company to know why automation is 

implemented and how automation contributes to competitiveness. It is important to see that too 

little automation in the industry can create high costs and low performance. Excessive 

automation can lead to high investment costs as well as production systems which will be 

problematic to handle. This further concludes that a suitable option is to find a balance. If the 

balance is found, then a suitable automation level is reached. When this is reached, strategic 

advantages and good competitiveness will be created. The automation is connected to the quality 
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assurance, competence, and handling of the subcontracting, so to keep this at a manageable level, 

Zhedong in his case study report argues that strategic production thinking is a requirement 

(Zhedong, 2007). 

 

In an automated production system, the operators and other people involved can feel uncertainty 

and feel threatened since change will occur. Some people might be against automation or even 

changes, which can cause varied feelings about automation (Johansson & Torkelsson, 1995). The 

major reason that people involved might be unfamiliar and uncomfortable with automation and 

change is that if the robots take the manual work tasks, the operators will lose their motivation 

to work because the operator will now serve the robot. The robot might even take over their job, 

thereby it is why it is important for humans to feel like they have the control over the machines 

as well as have work tasks that are developing so that the human will feel needed ( Sveriges 

Rationaliseringsförbund , 1984).  

 

To ensure that the change will be taken in in a positive aspect to the people involved, an important 

step is to prepare them. The right information needs to reach the involved people at the right time 

(Johansson & Torkelsson, 1995).  

 

 

3.3.4 Traditional Industrial Robot 
 

A definition as well as explaining what a traditional industrial robot is and do will be presented 

in this chapter to get a deeper understanding of what it is as well as how it works. 

 

3.3.4.1 Definition and applications 
 

A Traditional Industrial Robots definition is:  

 

“Automatically controlled, reprogrammable, multipurpose manipulator, programmable in three 

or more axes, which can be either fixed in place or mobile for use in industrial automation 

applications” (Siciliano & Khatib, 2016). 

 

The typical applications that are mentioned above are handling, welding, assembly, painting, and 

processing (Siciliano & Khatib, 2016).  

 

The first application is handling, this covers a lot of different processes that include packing, 

picking, grasping, transporting and palletizing. Handling is the biggest robot application field 

and the second application is welding is a production process that is focusing more on joining 

materials. This can be done by heat or pressure. The third application is assembly, this combines 

components by advanced complexity completed by joining. The fourth application is painting. 

The reason for this being a robot application is because it is a hazardous working condition for 

the operator. The robot usually paints the component through spray- painting. The fifth and last 

application is processing. This application deals with different material removing features as 

drilling, milling, grinding, and deburring (Siciliano & Khatib, 2016). 

 

3.3.4.2 Robot Types  
 

According to Bolmsjö (2006), there are different types of robots, and they all have different types 

of geometric and structure. The different robot types are the Rectangular robot which is a robot 

where the structure has three linear leads where the axes coincide with a Cartesian coordinate 
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system. The second robot type is the cylindrical robot where the robot arm has at least one linear 

lead and the axis is arranged according to a cylindrical coordinate system.  

The third robot type is the Spherical robot, this robots arm has two rotations joints and one linear 

lead where they are arranged in a polar coordinate system.  

 

The fourth robot type is the pendular robot, this is a spherical robot where the mechanical 

construction includes a cardan joint. The fifth robot type is the anthropomorphic robot, this robot 

arm clasps three rotation joints. The sixth is the SCARA-robot, this robot has two parallel rotation 

joints and enables resilience in the chosen plane. The seventh robot is the Spline-robot and this 

robot arm enables at least two pellet joints. The last robot type is a parallel robot. This robot type 

focuses on the robot arm that enables at least three cooperative link arms (Bolmsjö, 2006). It is 

possible that a robot can have any structure possible, but the structures named above is the most 

occurring. The different robot types in presented below in figure 5, 6, 7, 8, 9, 10, 11 and 12. 

 

 
Figure 5- Picture courtesy of Rectangular robot with a cartesian coordinate system. 

 
Figure 6- Picture courtesy of cylindrical robot with a cylindrical coordinate system. 

 

 
Figure 7- Picture courtesy of Spherical robot with a polar coordinate system. 
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Figure 8- Picture courtesy of Spherical robot with a polar coordinate system. 

 

 
Figure 9- Picture courtesy of anthropomorphic robot. 

 

 
Figure 10- Picture courtesy of SCARA-robot. 
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Figure 11- Picture courtesy of Spline-robot. 

 

 
Figure 12- Picture courtesy of parallel robot. 

 

3.3.5 Collaborative Robots (cobots)  
 

An explanation of what cobots is as well as the goal of them will be presented in this section, to 

get a deeper understanding of what a cobot is, definitions needed has been explained as well as 

different sets and how the cobot works. 

 

3.3.5.1 Human-robot interaction 
 

The human-robot integration (HRI), characterize an information exchange between robots and 

humans, thus it is one of the factors of the interactions between humans and robots (Schenk & 

Rigoll, 2010). In order for the robot and human to interact, they share the same workspace as 

well as exchange data and information. In order to make this integration to work, the robot needs 

to be able to understand, participate and recognize different communication circumstances. The 

different circumstance could be explicit, which means that the human addresses the robot 

verbally, as well as implicit, which means that if the human, for instance, points at an item. The 

robot needs to understand that the robot needs to take mutual actions that could be to plan as well 

as suggest plans and the robot needs to be able to act and move and items in a safe and operative 

way (Lemaignan, et al., 2016).  
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Figure 13- Own modification of Human-robot interaction, the robot’s reasons and acts (Lemaignan, et al., 2016). 

Figure 13 shows a human and robot interaction, the figure shows different steps in steps A, B, 

C, and D, that the robot takes in order to understand and act. Firstly, A is implying that the robot 

achieves information from the human. The source of the robot’s interactions depends on the 

human’s information it is giving the robot. In B, the robot has a perspective aware surveillance 

of both the environment and human to gain understanding. In C, the robot adapts its activity by 

merging the calculated plans. The robot later on in D, the robot estimates what the human might 

believe, it's perspective as well as capability (Lemaignan, et al., 2016). 

 

 

3.3.5.2 Human-robot collaboration 
 

Besides the direct interaction between the robot and the human, they also work in the same 

workspace, side by side (Nitsch, 2012). When humans and robots work collaboratively, they 

operate in the same workspace while also working on the same assignment. (Tsarouchi, et al., 

2016). In this case, the robot and human are interacting over teleoperation, and if the interaction 

is done in this way, the robot is operated through a remote environment that is controlled by a 

user (Nitsch, 2012). The human, being the robot controller is always the one who decides what 

the next action for the robot to complete is, the robot controller is also the one who decides if the 

action should be completed by the human, robot or collaboratively with the human and robot 

(Clodic, et al., 2017).  

 

Figure 14 is illustrated below, and it shows what elements can be shared in order to collaborate. 

The figure also demonstrates that in order for a human and robot to collaborate, the human and 

the robot can adjust their actions in order to reach a mutual goal. This implicates that for example, 

if the human brings a cube onto the field of the robot, the robot should place the cube that the 

human put onto the robot's field and place it on the next planned action (Clodic, et al., 2017).  
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Figure 14- Own modification of what elements should be shared between a robot and human in order to collaborate 

(Clodic, et al., 2014). 

3.3.5.3 Cobots 
 

The definition of a cobot is Collaborative Robot, the aim for cobots is to work side by side with 

a human operator.  This means that the cobot is designed to collaborate and work around humans 

and can do so by performing the first or second part of a task, and the human operator performs 

the other  (Yaskawa America, 2019). Therefore, the collaborative robot is planned to have 

interaction directly with the human operator, which means that the payload will be shared 

between the robot and the human. By combining a collaborative robot as well as a human 

operator, benefits such as improved ergonomics as well as productivity will occur due to the fact 

that computer interface and strength from the cobot will be combined with the human intelligence 

as well as dexterity (Peshkin & Colgate, 1999).  

 

 

 
Figure 15- Own modification of Cobot and human operator collaborating in the same work area (Peshkin & 

Colgate, 1999). 

Figure 15 above shows a cobot as well as the human operator working side by side. The cobot 

provides different benefits for this performance, such as virtual surfaces that are useful for the 

human operator since the human operator uses the payload as maneuvering. For instance, in the 
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door of a car, in a production line where cars are assembled (Peshkin & Colgate, 1999). When it 

comes to the safety of the human operator, the cobots must be safe. For the cobot to certify safety, 

the cobot has sensors which make the cobot detect if any human motion is in the workspace of 

the cobot and also ensures the cobot to work at very slow speed or even stops to ensure the safety 

of the human (IFR, 2018). Different examples of cobots that exist in industries today is presented 

below in figure 16, 17, 18, 19 and 20. 

 

 

 
Figure 16- Picture courtesy of ABB, YuMi. 

   
Figure 17- Picture courtesy of ER5 mobile cobot platform. 

 
Figure 18- Picture courtesy of Universal Robots cobot UR3. 
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Figure 19- Picture courtesy of Yaskawa Motoman HC10 cobot. 

 
Figure 20- Picture courtesy of ABB YuMi single-arm cobot. 

 

3.3.5.4 Forms of Collaboration 
 

A cobot has three different forms of collaboration. The three different forms are coexistence, 

cooperation, and collaboration. The difference between all of the forms is mostly about the 

collaboration the robot has with the human (Yaskawa, 2018).  

 

The Coexistence form is when the robot and human have separate work areas and do not have 

any collaboration. This means that the robot and the human have their own work area (Yaskawa, 

2018). The robot cannot collaborate with the human, but if it occurs, when for example humans 

enter the robot cell, the robot has a sensor that will react to the movement of the human and will, 

therefore, prevent an accident by a move away from the human for safety reasons (Anandan, 

2014). The Cooperation form is when the robot and human have a common work area that is 

shared with the human and robot. This means that unlike the coexistence form, the robot and 

human can work simultaneously side by side, but do not work simultaneously on the same tasks, 

they do not interfere (Yaskawa, 2018). 

 

The last form of collaboration is the Collaboration form. This is the form where the human and 

robot interfere with each other. Unlike the Cooperation form, in this form the robot and human 

work on the same task simultaneously (Yaskawa, 2018). Because it is a collaborative 

environment, due to the fact that robots and human work together, they share the same work area, 

and this will demand critical safety in the work area (Anandan, 2014). The different forms of 

collaboration are illustrated below in figure 21. 
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Figure 21- The different forms of collaboration, recreated from (Yaskawa, 2018). 

 

3.3.5.5 Collaborative Operative systems 
 

The collaborative robot has four different operations to collaborate. The four different operative 

systems are the following: 

 

• Safety-rated monitored stop 

• Hand guiding 

• Speed and separation monitoring 

• Power and force limiting  

 

(Ore, 2015) 

 

The safety-rated monitored stop grants a safety system for the collaborative robot, this operation 

forces the robot to stop before a human can enter the robot workspace. The intention is to secure 

the human and prevent exposure or access to any risks or dangers in the workspace. If no human 

is in the workspace, the robot can act like a non-collaborative robot which is represented by a 

traditional robot. The negative aspect of the operative system is that the pros of the collaborative 

operations will not serve the process to their full potential. The hand guiding operative system is 

more dependent on human (Baek & Shea, 2016).  

 

A hand-operated device is used by the human, this will grant the human access of controlling the 

robot due to the fact that the robot moves, and acts based on the human commands through the 

designed controls, it makes on the device (Ore, 2015). This will give the human full and direct 

control of the robot’s movements as well as the operations of the robot (Baek & Shea, 2016). 

When the human has entered the commands, the robot will begin with the operation that was 

chosen by the human as soon as the human leaves the workspace of the cobot (Ore, 2015).  

 

The speed and separation monitoring have safety devices in order to lower speed when a human 

enters the collaborative work area, these devices used here is for an example a safety scanner 

(Baek & Shea, 2016). The distance among the robot and the human is measured at all times, 
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therefore, the robot either stops, slows down or even moves backward from the human to 

maintain safety (Ore, 2015). The speed of the robot gets reduced if the human moves are closer 

to the robot if the human gets too close, the robot will automatically stop due to safety reasons. 

The power and force limiting operative system are focusing on the avoidance of injuries and pain 

that the robot could cause them human. In order to avoid injuries and pain, the speed of the robot 

as well as the payload is restricted. Therefore, the chance of injuring the human will be decreased 

due to the reduced speed and force (Baek & Shea, 2016). 

 

3.3.5.6 The right choice of the robot to implement 
 

It is important to invest in the right robot, for the right application. For instance, a traditional 

industrial robot is the most suitable robot if speed and precision is the primary reason for 

implementation due to the fact that a traditional industrial robot is fenced and will, therefore, 

guarantee speed because the safety is not uncertain, thereby, the robot will be able to perform its 

tasks without being disrupted (IFR, 2018).  

 

Cobots is more used as a support to be able to support the operator by doing the “hard work” 

such as taking care of the unergonomic, heavy as well as the tedious tasks that could be for 

instance to hold a major part in a steady position for a long period of time to be able to fit screws 

or other parts. The goal for cobots is, therefore, to improve productivity by complementing the 

human’s skills in collaboration (IFR, 2018). 

 

3.4 Actors and skills 

 

This section will state and define the different actors needed to complete an implementation 

process for robots or other equipment for the production as well as what important roles and 

skillsets is desired. 

 

3.4.1 Roles and skillsets  
 

An implementation process for robots as well as equipment is conducted by a cross-functional 

workgroup. The workgroup should consist of a mixture of different types of skills that are suited 

and needed for the project. The skills of the members in the workgroup should cover more than 

one role in the project, and the skills need to be mapped out by the users and suppliers in order 

to ensure that the resources available. If not, distribution needs to be performed in order to have 

a balanced mixture of skills (Bruch, et al., 2016).  

 

3.4.1.1 User  
 

In the user category, the different members needed is the purchaser, sustainability specialist, end 

user, technical specialist as well as the head commissioning. The purchaser has the responsibility 

and knowledge of the purchasing process. The purchasing process will be combined with 

technical skills. The sustainability specialist should have the knowledge of safety as well as the 

environment and could have the position in the project as a safety representative or the 

environmental coordinator (Bruch, et al., 2016). The end user is the person who uses the 

equipment of the production during the phase of the production. It could be roles like a co-

implementer and the position in the project could be the operator or co-designers (Voorberg, et 

al., 2014). The technical specialist is the one who should have the existing competence about the 

equipment of the production, examples of positions this member could have in the workgroup 

could be a production technician, process technician utilities specialist. The head of 
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commissioning is the responsible one for commissioning as well as the installing that will occur 

in the project (Bruch, et al., 2016).  

 

3.4.1.2 Supplier 
 

In the supplier category, the different members needed is the seller, technical specialist as well 

as the commissioner. The seller should as the purchaser in the user category, have experience as 

well as competences in the purchasing process as well as the technical skills that will be 

combined with the purchasing process, the seller will be responsible for these steps and the 

position in the project for the seller could be the purchasing agent. The technical specialist should 

as mention before in the user category, be the one who should have the existing competence 

about the equipment of the production (Bruch, et al., 2016).  

 

Examples of the positions in the workgroup of the supplier could be a programmer, automation 

engineer, machine builder as well as application engineer. The commissioner should have 

experience as well as knowledge of for commissioning as well as the installing that will occur in 

the project, likewise as the head of commissioning in the user category (Bruch, et al., 2016). 

When the selection of supplier is being made, a decreased purchase cost, as well as the lead-time 

of the product, should occur as well as an increased profit, customer satisfaction as well as the 

competitiveness. If the wrong choice of the supplier occurs, the performance of the industry 

would be affected due to the fact that the supply chain can suffer from failures (Frej, et al., 2017).  

 

Some roles will be needed from both of the parties in order to have a link as well as support, the 

roles are the steering group as well as the project managers. The steering group is the link 

between the users and suppliers. This group will approve or deny activities that will occur during 

the project, the project needs to get an approved activity in order to continue with the project, if 

the activity gets denied, the project cannot go any further. The project managers are responsible 

to support as well as run the project, examples of this position in the workgroup could be a project 

manager or a consultant (Bruch, et al., 2016).  

 

3.5 Cobots in the production system 

 

This section defines as well as shows the benefits as well of the challenges of cobots in the 

production system. 

 

3.5.1 Benefits of cobots 
 

When they are implemented, a benefit is that the production line only has to do minimal changes 

due to the fact that it can collaborate with the human. This mostly benefits companies that have 

not automated their production yet possess a chance to increase productivity as well as the quality 

improvement that is simply offered by robots. If a company already has automated its production, 

cobots will add support to the operators to complete tasks classed as non-ergonomic movements 

for the operator (IFR, 2018). Another benefit of cobots is that they can provide virtual surfaces, 

these surfaces can be used as a guide for the human operator to decrease the urge to load heavy. 

When the human operator exerts work tasks that includes heavy carrying, different muscles of 

the body will be affected and injured. Cobots can as well contribute to improved productivity by 

virtual surfaces, by doing this, the human operators can perform more secure and quicker 

movements (Peshkin & Colgate, 1999).  
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Another advantage is that most cobots can be made more flexible due to the more direct human-

robot collaboration. Most of them are easy to move around due to the fact that they are 

lightweight, and they do not take a lot of space in the manufacturing facilities. cobots is also a 

good solution to automate the tasks in the industry that are tenuous for the operators. These tasks 

could be quality control, fetch for different parts, machine feeding or other tasks that operators 

find difficult to do during a long period of time. (IFR, 2018) 

 

3.5.2 Challenges of a cobot 
 

One challenge a cobot has is that there is a risk of striking the operator. Even though a cobot is 

designed to be safe around human operators, the risk of the cobot creating an unsafe environment 

can worry operators it collaborates with. With this considered, for the operators to be able to 

calmly and safely work with the cobot, it is barrier for the human operators to overcome (Kadir, 

et al., 2018). A cobot also has a restricted speed, reach as well as payload, which brings a certain 

limitation. It cannot perform every task in production and it is therefore important identify 

whether a cobot is the right solution or not (Shravani & Rao, 2018). 

 

Another challenge is the productivity of the cobot. The fact cobot slows down or even stops when 

it detects a human nearby can have a side effect. The main goal of the cobot is to grant the safety 

of the human operator, but if the work cell does not have the right Safety precautions, multiple 

stops can occur as well as lowered operating speeds (Shravani & Rao, 2018).  
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4 EMPIRICAL FINDINGS 

 

This section of the thesis will include the responses of the respondents which will be opinions 

well as comments from the respondents but not necessarily facts. It will also include a 

presentation of the companies which the respondents represent. 

 

4.1 Visited companies and descriptions 

 

The visited companies were chosen depending on the level of experience with cobots as well as 

traditional industrial robots, in order to make a comparison. Below, the interviewed companies 

will be presented. The interviews were conducted on-site (face-to-face) or via telephone.  

 

4.1.1 ASSA ABLOY 
 

ASSA ABLOY was formed in the year 1994 and has approximately 47 500 employees. The 

company has a lot of their markets all around the world and is in Europe, they sell as well as 

manufacture different types of locks such as electromechanical, electronic and mechanical. They 

also sell and manufactures safety doors, cylinders and fittings (Assa, 2019). 

 

The visited ASSA ABLOY was in Eskilstuna, where they have the production where 2 cobots 

are implemented and operational. At ASSA ABLOY, the position of the respondent is a project 

leader for the cobot implementation. The role of this respondent is the cobot user.  

 

4.1.2 Robotdalen 
 

Robotdalen’s main focus is on new solutions for robots in different types of industries such as 

regular industry, healthcare as well as service industries. Robotdalen has today 28 new 

companies on the market and they provide robotic innovation that is demanded today from the 

industries. Robotdalen’s main vision is to achieve an innovation environment, that is 

internationally established, but Robotdalen wants to get more of these international 

establishments in Sweden (Robotdalen, 2019a). 

 

Robotdalen is in Västerås, and in their collaborative robot test center, they have cobots that are 

being tested by programming, etc. The position of the respondent is a technical specialist as well 

as project leader, and the role of this respondent is the cobot integrator.  

 

4.1.3 CRTC 
 

CRTC stands for the Collaborative robot test center, which is owned by Robotdalen. The purpose 

of this center is to find new types of applications and processes with the help of new techniques 

within the Swedish manufacturing as well as production industries. The main vision of CRTC is 

to demonstrate how different difficulties in the industries can be solved with the help of 

automation, and if it can, how is it solved (Robotdalen, 2019b).  

 

The Collaborative robot test center is in Västerås at Robotdalen’s facilities, and this is where all 

of the robot tests are conducted. Mostly, they perform their test on the collaborative robot YuMi 

from ABB, but other collaborative robots in the test center exist, such as the UR3 from universal 

robots. The position of the respondent is a robot programmer, and the role of this respondent is 

the cobot integrator as well as the cobot user.   
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4.1.4 ABB 
 

ABB is one of the leading robot manufacturers when it comes to the digital industries today. 

They have 4 different important business areas that are all customer focused, these are industrial 

automation, electrification, motion, and robotics as well as discrete automation. The company 

exists today in over 100 countries and they also have approximately 7800 employees today in 

Sweden (ABB, 2019). ABB has 7 different centers where research is completed, the research is 

surrounding the decreasing of the environmental impact as well as increasing the customer's 

competitiveness (ABB, 2019). The visit at ABB was done in Västerås. The respondent’s position 

at the enterprise is a Business developer as well as an area sales manager, and the role of the 

respondent is the cobot developer which is the most central and interesting part for this study.  

 

4.1.5 Scania 
 

Scania is a company that offers global services in over 100 countries. Their department for 

purchasing exists in Södertälje but they have a different department that is located in China, 

India, Latin America as well as Russia. Scania has 49 000 employees, globally (Scania, 2019a). 

In Scania Södertälje, they offer customized engines, trucks, buses as well as different services, 

but the main focus of these is that they have a low carbon emission (Scania, 2019b).  

 

Scania does not have a collaborative robot in their production yet, but it is something they have 

in their lab that will soon be ready to be put out in the production, but right now, it needs to be 

further tested. The position of the respondent is a researcher around simulation about human and 

robot collaboration as well as project leader for HRC, and the position of the respondent is the 

cobot user.  

 

4.1.6 MTek AB 
 

Mtek is focusing on collaborative robots, they develop solutions such as hardware and software 

for collaborative productions. Their vision is to give the right level of intelligence as well as 

adaptive automation in order to reach a globally equal production (Mtek, 2019a). Mtek offers 

“Mtek 4Zero Setup” this is a digital end-2-end approach, which is a transformation solution 

which is directly connected at all times, Mtek4Zero is collaborative due to the fact that the robot 

and human work side by side, with no risks of safety (Mtek, 2019b). 

 

The position of the respondents is a founder and owner of Mtek, while the other respondent is 

CTO at Mtek, and the role of both the respondents is the cobot integrator.  

 

4.1.7 Cobotic AB 
 

Cobotic is focused on collaborative robots and their aim is to develop solutions that are flexible 

for test center robotics (Cobotics, 2019). The goal of Cobotic is to develop highly technological 

solutions for laboratory automation, with a focus on cobots. The position of the respondent is the 

CEO of Cobotic AB, and the role of the respondent is the cobot integrator.  
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4.1.8 Volvo Powertrain 
 

Volvo powertrain in Köping is where gearboxes are assembled, processed, then placed in Volvos 

buses, dumpers as well as trucks. Volvo powertrain in Köping has around 1,500 employees that 

work different types of specializations that could be everything from logistics, product 

development, technology, production, HR to finance (Volvo Group, 2019).  

 

The position of the respondent is the project leader and industrial Ph.D. student within the field 

of cobots, and the role of the respondent is the cobot integrator as well as the cobot user.  

 

4.2 Interview Questions 

 

The interview questions have been divided into three different categories, traditional robot, 

collaborative robot and comparison/ challenges. The same questionnaire has been used for every 

interview in order to compare the answers. The corresponding interview questions can be found 

in Appendix 1. 

 

 

4.3 Roles of the companies 

  

Each of the company’s respondent has been given a role, the roles of the companies are listed 

and have been decided depending on what the company performs, claim and do in the company 

as well as the knowledge and experience. The roles that were presented for the companies was 

the cobot developer, the cobot integrator as well as the cobot user. 

 

4.3.1 Cobot developer 
 

The role “developer” describes those companies who are developing, building as well as 

designing cobots. The company who has this role is also the company with experience of the 

development of cobots. The company categorized under this role is ABB. ABB has experience 

of developing cobots as well as a long history of developing traditional industrial robots. 

 

4.3.2 Cobot integrator 
 

The role “integrator” describes the companies who are installing, programming and has 

knowledge of how and if a cobot is a right option or not. The cobot integrator will support and 

help the user with the installation and the details surrounding the implementation from the 

decision of a cobot implementation to the stage where the cobot is working in the production. 

The companies categorized under this role is Robotdalen, CRTC, Mtek as well as Cobotic AB 

which all have knowledge of the installations as well as the details surrounding it. Some users 

skip the integrator step and implement the cobot by themselves, but the users in this study are all 

dependent on the cobot integrator.  

 

4.3.3 Cobot user 
 

This is an end customer, the more by and the user of the cobot implementation. This role 

represents the industries who want to invest a cobot in their production for different reasons.  

The companies categorized under this role is ASSA, CRTC as well as Scania. Scania and ASSA 

have an industry where interest of investing in a cobot exists, while CRTC is a test center where 

the cobot as well as cobot applications is being tested.  
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4.4 Robotics 

 

4.4.1 Cobots 
 

A definition of cobots is that the robot should be able to work alongside a human operator. 

Achieving an optimized cobot experience requires that the collaboration does not risk injuries to 

humans while still enabling working in the same zone. It does not possess the power to cause 

permanent injuries to humans while it is also padded to further increase a safe workspace. This 

interpretation of what the cobot should provide is shared by a user who adds that the cobot should 

not require external safety equipment while maintaining high effectiveness for a long period of 

time. (Developer) 

 

Cobots are not the topic users prefer to discuss. They rather emphasize the terms of collaborative 

robot interactions and applications. The types of cobots that they use are according to the 

respondent are barrier or object reading robots. This type of installation is possible by using a 

traditional industrial robot, however, it does simplify the process with the smaller power force 

limiting robots that can sense collision force. (User) 

 

A cobot integrator about the definition of a cobot: 

 

“The term collaborative is wrong, but it is right if you only mean to change jobs or co-operate 

on the job, but the collaborative application is a better expression. The meaning of cobot is that 

it should be safe, and you can collaborate but also that it is easy to program, it is repositionable. 

Putting points is only part of the programming, you have to check that it grips, etc. It is more 

than just leading a robot arm. It has come in recent years a definition that has come which I 

think the people do not know what they are talking about. But if I were to define a new definition, 

I would have said that: 

 

’A robot arm that is harmless from the beginning, it takes very little weight, it stops at 

something, it is made in such a way that you can pat to show that it is time to run again, that 

is, an interaction that is not just a program, but the interaction is more like a human to 

human.’ 
 

You do not have a cobot until one performs the integration.” 

 

4.4.2 Cobot expectations 
 

The expectations of the capabilities of the cobot vary between the respondents. An integrator 

states that the cobot is highly application dependent but that it should be able to handle repetitive 

tasks with high precision and have the correct repetitiveness at the right amount of cost. 

(Integrator) 

 

According to a user, several companies glorify the capabilities of the cobot by stating at 

conventions for instance, that a simple and small cobot can do anything a regular traditional robot 

is capable of but without a secure robot cell. These are according to the respondent the 

expectations in general. However, they try to lower expectations by stating that it is not that 

simple. That there are still numerous safety issues to be solved. The expectations that they have 

are that the cobots can help create workstations with better ergonomics, of better quality or 

helping the productivity. In order to do that, however, it is required that security measures and 

risk analysis are made. (User) 
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The expectation that one of the users has on cobots is for it to facilitate the operators in order to 

accommodate them to the workspace from an ergonomic perspective. It is also important that the 

cobot improves the quality of their products while reducing costs. The respondent states that 

awareness exists that such a collaboration is expensive. In a long-term perspective, however, it 

is supposed to save both time, money and the operators health. (User) 

 

4.4.3 Comparison between traditional industrial robots and cobots 
 

An integrator states that a collaborative robot does not require a fence, while for a traditional 

robot, it is almost always a requirement. When a cobot is implemented, it is controlled with 

respect to safety. Besides that, the cobot is much like a traditional industrial robot except that 

you cannot be as close to the traditional as the cobot. A cobot also has integrated cameras as well 

as sensitivity that a traditional industrial robot does not have. Another major difference between 

a traditional robot and a cobot is that cobot handles less weight and is not as fast as a traditional 

robot due to safety requirements. For instance, the cobot tested can only carry half a kilo, so if 

you accidentally get half a kilo on you, it will hurt but you will not be injured. The cobot does 

also have sensitivity. The sensitivity allows the human to enter the cobot work cell and stop 

before it can hit you, which a traditional robot does not have. A traditional robot can carry much 

more weight and work at a higher speed due to the fact that the safety question is not involved. 

(Integrator) 

 

While a cobot does not take a lot of space in the industry and it safe and repositionable, the 

traditional industrial robot is the opposite. You will need a fence due to the fact that it is not safe, 

and it will take a lot more space than a cobot and it is not repositionable, so the traditional 

industrial robot is not as flexible. (Integrator) 

 

One of the best benefits with a cobot is repositinable, depending on the items, the cobot can be 

moved to different stations while a traditional robot cannot. The cobot can as stated before, work 

with human so if the cobot stops working, it enables the operators to easily launch the cobot 

while if the traditional industrial robot stops working, it is more difficult. An experienced person 

with education within robots will need to come and start the robot due to the fact that it is not 

safe. The safety aspect with cobots is making it possible for humans to be close to the cobot 

without any extra safety equipment, while for the traditional industrial robot, this is not possible. 

(Integrator) 

 

The flexibility puts high requirements due to the fact that it could be short series of items, 

different types of products in the morning and afternoon, it could be different batches of different 

items as well as the items varying in accordance to weekly schedules. This puts high demands 

on the production, and the reason an industrial traditional robot could be limiting is due to the 

fences and not being able to be repositionable. A cobot is repositionable and it does not need 

fences, so it makes it easy for the operator to go into the cell and give the cobot the items that are 

going to be constructed. (Integrator) 

 

According to the developer it is of the essence to focus on the productivity, if it is something the 

user wants to increase, then the cobot is not always the answer. If productivity is the main focus, 

then a traditional industrial robot is the answer. The traditional industrial robot safety will be 

granted due to the fact that fences will be around it so the robot will work undisturbed. When the 

cobot is combined with the safe move it is possible to achieve higher productivity, but a 

traditional industrial robot is more efficient. (Developer) 
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When a traditional industrial robot is working, and the door to the cell is open, everything stops. 

The operator puts the items that are going to be worked within the cell and leaves, and when the 

operator leaves, the robot works. This is not the case for the cobot, a cobot uses light screens, 

which makes it possible for the cobot to stop before the human is getting to close. The cobot 

should stop before the tool gets touched. (Integrator) 

 

Some industries would like to have a cobot that can lift ten kilos, have a range of 2m that can 

drive fast, but this removes all of the definitions of the cobot, if this is what a company is after, 

they will need a traditional robot. Some companies are not after the interaction between the cobot 

and the human or the safety, which is what characterizes a cobot, some are after the movability 

which is also a possible characteristic of the cobot. The three things that really characterize the 

cobot, which the traditional industrial robot cannot do is the safety aspect, the mobility as well 

as the interaction. Another aspect of the cobot that is simplified is the programming compared to 

the industrial traditional robot. (Integrator) 

 

The traditional industrial robot is faster and safer since it has less impact on the human since they 

do not cooperate. The collaborative robot, however, can improve the ergonomics, quality as well 

as productivity. Our industry today has automated a lot of the production, but some tasks will 

always be allocated to the human operators. These tasks could be heavy jobs, which the cobot 

can help with, it will support the human. The cobots are much cheaper and there is a 90 minutes 

course available on the internet to learn how to handle it. (User) 

 

Another noticeable difference is that for a long time, we have shielded the human away from the 

robots, we have put fences in order to keep the humans away from the robots. Today, a robot will 

be placed without the fences around the humans which will be a major change, a major reason 

that the safety has to be a priority. (User) 

 

The biggest difference is the physical one, the cobot is a small robot that you can carry and plug 

it right on the wall and start using it, while a traditional industrial robot is a much bigger robot 

that is dangerous. The traditional industrial robot cannot handle really small details in the 

production as the cobot can. Since the cobot can work around humans, the operators need to be 

prepared for it, some operators might see it as a threat and some as a co-worker. When the fences 

are removed from a robot, the norm of always having fences robot changes, which will affect the 

operators that are working with the robots. (User) 

 

The traditional industrial robot can lift heavy items and work at a high speed, but this does not 

represent a cobot. You should be able to go in the cobots workspace without getting hurt. 

Traditional industrial robots are usually screwed on the floor, so if there is a change in the 

products, it will require a lot of work to change and fix it which makes it non-flexible. Cobots 

are not screwed on the floor which will, therefore, make it more flexible. Therefore, with cobots, 

you can use the same tables and solution as the operators that exist today, but a challenge here is 

to do this in a meticulous way. (Integrator) 

 

With a traditional industrial robot, the effectiveness as well as the flexibility will be increased 

partly, but not as much as a cobot. We see the cobot as an operator but with better abilities in 

some parts. The safety part on the traditional robot is major due to the fences, but these fences 

cost a lot and take time to set up, the cobot is in an open environment and that requires a lot more 

thought about the safety. (User) 
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4.5 Implementation 

 

4.5.1 Traditional industrial robots 
 

A cobot user describes vital factors such as, the knowledge of what to automate, why and what 

to achieve, how much needs to be done, what cycle time is necessary or what the different 

requirements could be, regarding precision, speed or environment. Furthermore, it is necessary 

for the users to identify methods to solve problems in robot or automation implementation or if 

it is possible to use other automation solutions to solve the problem. When determined, the next 

step is to specify the robot requirements such as space, weight as well as speed. Approaching the 

next stage includes setting up the robot cell. Mostly, companies use a robot integrator who 

collaborates closely with the robot manufacturer. They handle all of the detailed work such as 

the programming and specification of the grippers. (Integrator) 

 

Another cobot user furthermore describes a process that is the same for production equipment or 

robots. The process is the stage gate model which defines the first step, which is that you, first 

of all, find out what the needs are, without mentioning a solution. A focus on the problem and 

challenges with robot implementation is necessary because when it comes to the robot, some 

things to consider is the handling of the items, which item should be moved to which stations 

and at which pace. Secondly, a requirement specification is made, that will be sent to different 

suppliers who evaluate it and return with a proposal. (User) 

 

A cobot integrator states when working with traditional robots, it is common to use the classic 

way, which requires a lot of pre-study. When the requirements have been met and the automation 

request is set, as ASSA mentioned, a solution proposal, as well as estimated cost, is made. When 

this is done, the company that wants to implement the robot needs to do a payoff calculation to 

see if this cost can be earned, later on, a robot integrator suggests a proposal. A system integrator 

is a link between the customer as well as the robot manufacturer. The integrator determines the 

specification requirements as well as the desired cycle times in the production. The most 

important step in this kind of implementation is that the requirements for the company have been 

fulfilled. For instance, the company needs to be clear about what they want. (Integrator) 

 

As stated by an integrator: 

 

“I want a robot that not only works with product A, but I also have a business idea with these 

types of products that I want the robot to be able to handle.” 

 

Commonly, the implementation process takes about six months, at this point, the customer will 

say that they now have the robot in their production, so now they can begin to test it. In this step, 

a Factory Acceptance Test (FAT) is performed, this is when you invite the customer and show 

them how the takt and everything else works, to see if the customer is satisfied. When this is 

approved, it is time for a Site Application Test (SAT), this is when the robot works in the real 

production in the company. When all of this is accomplished and approved, the process has 

ended, this is where the customer makes a service contact with usually the same integrator. 

Usually, the needed competences to complete this is specialist knowledge in programming, 

sensor technology, electricity knowledge in order to be able to connect the robot as well as 

requirements for knowledge to handle the system. (Integrator) 
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4.5.2 Cobots 
 

The implementation process starts by receiving a request from a client of what they want the 

robot to do. The main reason that a cobot is requested is that the customer does not want a fence 

of a robot-cell. They then do a pre-study and asses the tasks to see if the cobot is capable of 

performing them. Then there is a programming phase before sending it off to the customer. They 

perform the programming and then the company that made the order implement the cobot on 

their own. Since the cobots are quite simple to the program there is plenty of lead programming 

involved. This according to the respondent means that you move the robot manually to a position 

and save the motion. Then go on to the next move and do the same thing. It differs plenty from 

a traditional robot which requires more steering on account of safety and security. Other 

measures to assess when implementing a cobot is according to the respondent the reach of the 

robot and the weight of the material that the robot will be handling. These are the main steps of 

the implementation process for the developer. Apart from the programming they also make the 

attachment that goes on the arm also referred to as fingers. These are custom made in order to 

accommodate the specific needs that the customer has. (Integrator) 

 

Another integrator says that the process of implementation is still in a development phase and 

that it is a complex process to implement. Their main focus is on standardizing and modularizing 

programming languages and modules for the robots. The major challenge with robot 

automatization is to accommodate tools, grippers, and applications for it. (Integrator) 

 

So far,  one of the integrators has developed a method called 7p in the organization which is 

based on assessing how the respective components should be mounted, packaged, presented to 

the robot, how it should be picked, polarized, positioned, placed and at last what profit is 

required. Then an assessment is made whether or not it is possible to automize. The approach 

they have is to make the product producible manually and automize the process. If this is possible 

the next step is to look at what the application could and should be like. Will there be a special 

solution? Does it require additional automatization? What is the purpose? The respondent 

declares that it is a waste to use the robot only to move objects from one point to another. They 

want to be able to create activities of real value with cobots actually mounting components. This 

gives creates its focus which is a small part assembly. (Integrator)  

 

Determining the steps in the implementation process is according to the respondent highly 

dependent on the application. The steps of their process start with a pre-study, then they 

determine how to build the implementation process, how to design the programs, the process 

data and what they want to achieve with the application. This develops into what the respondent 

calls a “proof of concept”. The next step is to negotiate with the customer to assess the concept 

and what to do with it. Next is the deployment phase where the robot is presented at the 

costumer’s enterprise or factory and is implemented in an actual live trial run. (Integrator) 

 

An integrator of a different enterprise states that the process of implementing a cobot should be 

rather similar to the one of a traditional robot. He says that it is easy to underestimate the 

complexity of a cobot which leads to people just buying it without considering the need for proper 

programming and knowledge of integration such as knowing how to install the grippers and the 

vision system. Though it is possible to buy the finished product, the respondent says that it should 

be something that you try yourself to optimize it for your specific enterprise. Then an integrator 

does a quality assessment and provides a service contract if wanted. (Integrator) 
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The steps of the implementation process from the integrator's point of view is according to the 

integrator the following. Step one is to find out if it is possible to implement a cobot. This could 

be done by renting or borrowing a cobot to try it yourself. The integrator states that smaller 

businesses tend to buy the finished product of the shelf which includes the robot, object holder 

and pre-installed current. All there is left to do is adjust the reach and payload. Step two involves 

a pre-study which includes a pre-automation study. Experts then visit the enterprise and make 

assessments based on the production flow. If the plan is to automize a certain part of a production 

line, then an assessment is made on how this will affect the remainder of the line. For instance, 

if the latter stage is automized, where is the bottleneck and what kind of effect does the cobot 

have on that. This is done so that the right part of the production is to be atomized. Step three is 

the cost analysis. If the implementation is affordable based on several factors such as how many 

operator hours it requires if it produces more than what is done presently. Or if it is a matter of 

ergonomics. The integrators can make suggestions but there is no guarantee that it is affordable 

or profitable. They also assess if it can be done with a robot cell and a traditional robot instead 

of a cobot. Step four is the solution proposition and step five is the final offer. In this step, the 

user assesses the input of the integrator and writes what it is they want. (Integrator) 

 

Another integrator states that the fundamental principle for the client or user is that they would 

like to see a change with a positive effect from a financial standpoint. Other factors could be that 

they would like to improve their product quality which is according to the respondent a way to 

be cost effective since it limits returns on the products or other similar but possibly more 

expensive faults that they would like to eliminate. The second factor of implementing a cobot 

which the respondent says is easy to forget is that when implementing a cobot there are human 

aspects to be considered. The production processes that are being used prior to the 

implementation are going to change drastically. The people who work in the processes will go 

through a major change which is not always easy when certain parts of their job have been 

established for a long time. (Integrator)  

 

The collaboration with other actors varies depending on the solution that is being demanded. In 

some case, there are already existing solutions developed by other system integrators which have 

to be notified. Since the implementation could potentially come with a lot of changes plenty of 

actors could be involved internally in the customer's enterprise such as production and material 

planners. (Integrator)   

 

As a developer, the process begins through the first contact of interest from the potential customer 

which is later discussed in a mutual analysis. According to a developer, it is all in order to assess 

the value of the investment. Considering all the angles of the production such as the long-term 

value of whether the monetary result could potentially grow over time in order to minimize costs 

and receive a larger income. The next step is to consider the ergonomics, the potential waste and 

lack of quality. Then there is an assessment of productivity in the number of units per time-unit 

produced each day, per shift or year. (Developer) 

 

A pivotal factor when implementing robots whether it is a traditional or collaborative one is to 

prioritize humans first and make a risk analysis assessment. It is required to understand that the 

robot is there to be of service to humans which are not to be overlooked in several aspects. 

However, when implementing a cobot specifically the most important thing is according to the 

respondent to do a risk analysis. This can be done in an office landscape. Since there is no security 

fence around the robot other aspects such as sharp edges on the arm grips and the power and 

force of the grip. The latter can be managed electronically. The respondents’ enterprise who are 

developers in the matter of cobots has a test Centre which is used to optimize the product to the 
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customers’ needs and requests. They do a pre-study to be able to anticipate challenges regarding 

what the grip should look like and what shape is appropriate in order to accommodate the material 

flow in use. (Developer)  

 

User: For a user, the process is according to a user basically the same regardless of which type 

of robot you want to implement. It is called the Production equipment investment process (PAIP). 

Which is their standard implementation process for all equipment in production. However, they 

are not in possession of a cobot to this day but are working on a project to implement two of 

them. Because they are in an early stage they are yet to go through the process. (User) 

 

Another user declares that the first step in the implementation for them as a user was to apply a 

method called proof of concept that they have to assess if it is possible to implement. The purpose 

was to use a two-armed cobot for the montage. The second step was to build the work station, 

the fixture, grippers, and the palette. Then moved on to the programming of the cobot to be able 

to mount lock cylinders. The next step was to do dynamic programming for the cobot to be able 

to pick up different objects of altering size, shape, and weight. A part of the process has been to 

educate personnel in order to expand the knowledge of the operators who are meant to work with 

it when the implementation is finalized. (User)  

 

The respondent highlights several things that are crucial in the implementation process. These 

are: Knowing what it is that you want, what to do, having a time frame, having a good partnership 

with external actors such as the robot integrators, and educating the employees. It is also pivotal 

to have a realistic time frame as it takes up a lot more time than anticipated. It is also important 

to document the whole process in order to educate the people who will work with the cobot in 

production. (User) 

 

 

4.6 Challenges and benefits of cobots 

 

A cobot integrator states that it is easier to integrate a cobot, but a challenge is that the cobot 

cannot carry heavy weights and moves slowly to ensure safety. The speed is reduced and the 

cobot stops when it senses a human approach. A cobot could also help decrease the time rate in 

production. (Integrator) 

 

Other positive aspects of the cobot are according to another integrator that it does not require a 

lot of space while it is also safe and repositionable since no fence is needed. It is also not as heavy 

compared to a traditional industrial robot. (User) 

 

 

A robot user, on the other hand, describes that a major benefit of implementing a cobot is that 

we can automate away a task that is ergonomically heavy that demands high quality. A challenge 

of this is to do this in a safe way. (User) 

 

A cobot user about the challenges of safety: 

Benefits of cobots Challenges of cobots 

Easier integration Cannot carry heavy weights 

Do not take a lot of space Moves slowly due to the safety 

Repositionable  Decrease in takt 
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“Think about the entire production system when installing such a robot, considering that this is 

a robot that people will want to see, someone may even get in its way with diligence just to see 

how it stops. Just because the robot stops at a collision force does not mean that it is safe. What 

power does it hold? A car also stops, for a large collision force, so how high collision power are 

we dealing with? Also, take into consideration the surrounding equipment, the article we handle. 

There are not many soft items we lift in our company. More gear with sharp edges, similar to a 

knife. Therefore, if the robot carries this and stops, it could also harm me.” 

 

 

A different cobot user describes challenges with cobots to be communication, specifications, and 

directives. The issue is that the performance level should be higher in relation to the earlier 

mentioned aspects. One specific mistake could be integrating the robot prematurely into 

production. Since there is a lot to learn about the robot in order for it to develop into the right 

operational asset, time is important to optimize it for production. The respondent states that this 

mistake has been made and the reason for it was so the operators could get used to the robot. 

There are scenarios where employees fear for their jobs, seeing the robot as a potential 

replacement for the operators of the current production processes. (Integrator)  

 

A robot integrator states that the pivotal benefit of cobots is that you achieve flexible production 

solutions that can be adjusted to custom needs. It is also cheaper than a traditional industrial 

robot. A challenge of cobots is that it is not the fastest solution that could be implemented. If 

productivity is the main reason why a cobot is implemented, then cobots are not the answer. If 

productivity is the main reason, then an industrial traditional robot is more suited due to the fact 

that it does not have all of the safety questions surrounding it. It can work fast without any stops 

that a cobot would have due to the safety question. Another challenge with cobots is that if they 

are programmed in a certain way, the cobot will perform all the work tasks the same way. If the 

work task would be performed manually, adjustments, as well as a variation on the product, can 

just be done. If the cobot is programmed in the right way, the different tasks will be performed 

the same way because the robot is installed to do it, therefore, the process will be more similar 

over time. If it is done manually, the performance may vary due to the fact that different operators 

perform the task, it can be someone new or someone that has a lot of experience. (Integrator) 

 

Cobot also has increased flexibility due to the fact that no fence is needed, the cobot will handle 

short series more effectively, if you have different items in the afternoon than you did in the 

morning, and the week after other items, flexibility is needed. This type of flexibility puts very 

high demands, and then it becomes difficult if you have to build everything in the fence, it is nice 

to just be able to go into the cell with what is to be built and what is completed can come out. So 

pretty much you want the robot to become like a human operator with the flexibility but still have 

advantages from the robotics such as productivity, quality, get lower cost over time. (Integrator) 

 

I usually talk about three specific benefits: Improve ergonomics, improve quality and improve 

productivity. There are several challenges around these three points, and also challenges where 

traditional automation does not work for any reason. But a traditional one is preferable: It is 

faster, safer, less impact on human beings, but we have automated very much that all industry 

has done, so now we start to support the operator where we give very much heavy jobs, so then 

cobot can help and support. (User) 
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4.7 Skills/ Actors 

 

4.7.1 Traditional industrial robot 
 

The integrators have presented several actors who are involved in the implementation process 

where all agree on a few pivotal roles. There is the customer who is looking to solve a production 

problem by automating one or several production processes, there are then themselves, the 

integrators, who are responsible for all of the purchases which include the robot itself, grippers 

and manufacturing of the gripper fingers, but also the programming in large extent apart from 

individual situations where the customer handles the programming internally. These are 

according to the respondents the basic actors who are integral in the implementation process. 

(Integrator) 

 

The competence required in the implementation process for industrial traditional robots 

according to the integrators is an advanced knowledge of safety. Since the robot is not safe, a 

fence, as well as identified safety intervals, are needed. Other skills required are programming, 

sensors, CE marking as well as the risk analysis. In order to install a robot, competence around 

electricity is needed in order to handle the system. (Integrator) 

 

 

The developers’ point of view on the actors required in an implementation process is that the 

integrators are very integral. According to the respondent the organization puts high demands on 

the integrators, they educate them in programming, installation, and simulation. The installation 

phase is handled by the integrators who also deliver the robot cells to the customer. In most cases 

the integrators handle the purchases and assemble it, handle the electrics, programing CE 

marking and the risk analysis. The respondent points out that some enterprises have the 

competence internally to handle all the earlier mentioned tasks by themselves. (Developer) 

 

The competence required in the implementation process is according to the respondent 

knowledge in mechanics, electrics, PLC steering, robot programming and someone with an eye 

for security. It is pivotal to conduct a thorough risk analysis and that requires a broad spectrum 

of knowledge. (Developer) 

 

 

Both the respondents categorized as users mention that they are completely dependent on 

external parts, they do not conduct any robot installations internally. One user state that the actors 

formally involved in the implementation are the integrators who handle the installation, the 

developer who is also the supplier of the robot and the customer. (User) 

 

One of the users describes that a thorough requirement specification is important and in order to 

construct that it requires a lot of competence around the technical work at the company as well 

as what the goal is. Another user describes that all the competence needed to implement the robot 

is often brought in through integrators. The respondent explains that competence in 

programming, construction such as the grippers as well as the safety is the important competence 

required from the integrators. (User) 
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4.7.2 Cobot 
 

The integrators are in agreement that the implementation process regardless of it being a 

traditional or collaborative robot, the actors consist to a large extent in the same roles. There are 

however other actors who occur in the process based on other factors who vary from time to 

time. An integrator states that collaboration with other actors varies depending on the solution 

that is being demanded. In some cases, there are already existing solutions developed by other 

system integrators which then must be notified. Since the implementation could potentially come 

with a lot of changes, plenty of actors could be involved internally in the customer's enterprise 

such as production and material planners.   (Integrator) 

 

Another integrator states that the competence needed when implementing a cobot involves all of 

the actors. The robot user, developer as well as the integrator. The developer is responsible for 

developing the basic functionality while the integrator evolves the robot into the operational asset 

specifically required by the user. (Integrator) 

 

The view of another integrator is that competence in programming, sensors, and software is 

required for the implementation process of cobots but also competence in mechanics design in 

order to create different textures for the grippers. The interaction between all these disciplines is 

pivotal. It enables different types of solutions. Examples could be solving the programming 

technique, or the problems mechanically or even combine them. For these trade-offs to be 

enabled is important since they provide different quality of the desired result while presenting a 

cost-effective alternative to the customer. (Integrator) 

 

Other pivotal roles could be a project leader, constructor as well as robot programmer from the 

integrators side while it is positive if the users have competence in IT, production techniques and 

production management. Competence in maintenance is also important, system integration as 

well as robotics. Another respondent states that constructors, creating the fingers for the gripper, 

fixtures and the cell layout, as well as programmers, competence in safety and connections is 

needed. (Integrator) 

 

An automation constructor is according to another integrator needed to design the robot and 

fixtures through simulation. In a later stage, the constructor is also needed to design the fingers 

in the gripper along with a robot programmer for the software.   

While this is all in progress, the production staff is needed to assess the quality of the robot as 

well as pace requirement. Another good competence to have is to have a staff in the production 

with knowledge of launching the robot if it stops and changing the item. (Integrator) 
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Integrator about skills needed for implementing a cobot compared to traditional: 

 

“If you look at the technical part, you will need competence in construction, atomization, robot 

programming as well as a project leader that can operate as well as drift the whole project. It is 

much like the implementation for traditional industrial robots, except that for traditional, you 

would need to have a fence, which therefore leads to needing someone with competence in 

construction the fence, building the fence and also electrical designing, so a cobot is simplified 

in this way.” 

 

 

When implementing cobots the developer highlights the recurring actors involved which are the 

user, who could do it themselves, the integrator, who has the role on the market to integrate the 

robot by building the automation and then there are the developers who construct the robots and 

deliver the robot products. (Developer) 

 

The respondent states that the more time that passes the knowledge and competence is growing 

internally amongst the organizations which reduce the number of actors in the implementation 

process. Other than that the competence required to implement a cobot is to a large extent the 

same as when implementing a traditional robot. (Developer) 

 

 

A user states that the actors involved would be the cobot user, the robot integrator, which has the 

competence of programming and hardware development, as well as the cobot developer who are 

the ones to deliver the cobot to the cobot integrators. The needed competence in IT, production 

technique, internal logistics in material supply, programming as well as educated operators in 

order to launch the cobot if it stops. (User) 

 

A user about actors as well as skills to implement a cobot: 

 

“I have checked this on the manual side in the production and the automatic, the actors required 

is the product engineer, the production engineer, the logistics engineer, and the maintenance 

engineer. They have to work very tight, and in order to be able to work more virtual to be able 

to verify everything before we go and test things physically, I would like any of these 

stakeholders, or together to have the knowledge to both provide input and read off this virtual 

world. Therefore, competence in the simulation/ virtual digital world is very important. 

Preferably, I would have liked all these engineers mentioned to understand each other and the 

virtual world.” 

 

Another user states that there is no specific competence or actor that is needed to implement a 

cobot. It is usually the same for a traditional industrial robot as well as a cobot, The needed 

competence to be able to conduct this implementation, is engineering education, not more than 

that. (User) 
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5 ANALYSIS 

 

In this chapter, an analysis of the collected data based on prior research and the empirical findings 

of the study will be made. With the research questions in focus, the relevant information will be 

emphasized in the comparison between primary and secondary data in order to find a solution to 

the research questions. 

 

5.1 An integration process for implementing a cobot 

 

In this thesis, respondents of the interviews were asked how an implementation process works in 

a practical aspect when investing in either an industrial robot or a cobot. As earlier presented in 

the frame of reference, Granlund & Friedler (2012) state that it is important to have a strategy in 

automation, which was the primary focus of this study.  

 

There are two ways of implementing cobots presented in the theoretical framework of the 

study. Figure 2 explains how the procurement process is used to acquire certain industrial 

equipment or machines. It is presented in nine phases from pre-study to testing the product in a 

start-up process (Bellgran & Säfsten, 2005). The other way of implementing is presented 

in Figure 4 which is the development model applied in this study. It is based on seven steps 

which originate in a preliminary study and ends with a production phase where the implemented 

equipment is being used in the production. This model has several phases that can be adjusted to 

a cobot implementation process (Bruch, et al., 2016). 

 

 

 
Figure 4- The development model, modified from (Bruch, et al., 2016). 

The theoretical aspect of implementing industrial equipment such as machines or robots is based 

on a modified version of Bruch et al. (2016) model referred to as the development model, 

illustrated in figure 4 in this thesis. It consists of seven steps which begin with a preliminary 

study which involves planning of the implementation where the equipment and specifications 

are mapped out. This phase of the implementation process also involves making a schedule, 

budget and a plan of the project performance. It also involves selecting the right type of people 
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for the project based on the competence required as well as setting realistic goals and specific 

targets of the project (Bruch, et al., 2016).  

 

The second step is defined as a concept study in which where ideas are generated regarding the 

conceptual results for the product equipment in question. This step involved assembling a 

steering team with the supplier. It also includes assessing a variety of user needs while also 

identifying critical issues and challenges, available skills, and new manufacturing methods 

(Bruch, et al., 2016). 

 

Step three involves activities regarding the selection of the suppliers which leads to signing an 

agreement between them and the user. This phase begins by selecting a supplier who is the fit 

according to the documentation of step two. As well as selecting a supplier other contracts need 

to be agreed with subcontractors to form a mutual time schedule and create procedures for 

information management (Bruch, et al., 2016). 

 

The next step is where formal collaboration is initially introduced. Mainly it involves the 

customer and supplier where the meetings involve setting a budget, agreeing on design regarding 

the product itself and potential added equipment such as attachments on robot arms. It also 

involves risk analysis (Hedberg, 2006).  

 

Step five is where the equipment is assembled, and the software is programmed. Meanwhile, the 

operators are given instructions and education in operating the new equipment in preparation for 

deployment. A mutual plan is assembled for the installation while production is prepared 

logistically before a FAT is conducted (Bruch, et al., 2016). 

 

The sixth step is where further development is made by continuously training and preparing staff 

before an SAT is conducted. When this is accomplished and approved the equipment is delivered 

to the user (Bruch, et al., 2016). 

 

In the step that concludes the implementation process, the objective is to solve any complications 

identified by the SAT. When these are resolved the equipment can be updated. By creating 

guidelines, a distribution of knowledge to external parts, such as employees who were not 

initially involved in the project is provided (Bruch, et al., 2016). 

 

5.1.1 Integrator 
 

In the empirical study, the respondents were able to present a process of implementation based 

on their point of view. The main aspects and factors will be presented in the categories which 

were earlier applied in the empirical result. 

 

Preliminary study: In accordance with the respondents in the integrator category of the 

implementation process, it begins with a preliminary study where a request is made by the client 

who will eventually use the product. The study originates from an assessment of the tasks that 

the cobot is required by the user to perform. This step concludes in assessing whether the 

automation process is achievable or not. A way of testing the capabilities is recommended by an 

integrator to possibly rent or borrow a cobot if possible, to see if the requirements from the 

customer, could be an actual possibility. 

 

Investment analysis: The second step involves making an assessment of the potential value in 

investing in a cobot. At this stage, the production is analyzed primarily from a financial point of 
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view to determine whether there is a possibility to improve efficiency while also gaining profit 

long-term. 

 

Ergonomics and quality: The next matter to consider is ergonomics and potential waste. An 

assessment is also made to ensure that the quality of the products that the cobot will be involved 

in producing retain the same quality or improve it, not the contrary. Even productivity is 

considered at this stage of the process regarding how much the cobot could benefit the number 

of units produced per time-unit, and also the total amount per day, shift or year. 

 

Risk and safety: The step are the risk and safety assessment. The developer states that this is a 

pivotal part of the implementation process since cobots role is to be of service to humans. With 

this factor in mind, safety is highly important. This could be done either in an office environment 

or in a test center which the developer could provide for users making the investment. The 

important factor at this stage is that the robot can move freely without fences controlling the 

range. The reason being that it is important before the cobot is deployed into production, to 

eliminate safety risks such as sharp edges on the arm grips and the strength and force of the grip. 

The specifications of the software and hardware could be optimized if the customer opts to utilize 

the test center. It provides a view of potential challenges which could be fixed at an early stage. 

 

Cost analysis: For the cobot to be invested in the integrators agree that a cost analysis is 

important to determine whether the investment is profitable for the enterprise. In this step, the 

assessments required are the ones of the enterprise. First and foremost, it is about the cost of the 

robot. The question is if the tasks could be performed by a traditional robot and whether that 

would lower costs. Then there is the matter of efficiency. When investing in a cobot, one needs 

to improve the production line being used at the time. An integrator states that for the investment 

to be profitable the assessment must include factors such as time, number of operators, 

productivity, efficiency and service costs. Even if the cobot is acquired to improve one 

production line, all of the lines have to be assessed in order to determine which production line 

would benefit most from a cobot. If the production line intended has a bottleneck, somewhere 

during the production process, it needs to be analyzed because even if the cobots tasks happen 

prior to the bottleneck it could ruin the efficiency intended by the investment. 

 

Programming: The second step of the implementation process involves the development and 

design of the application which is going to steer and manage the finished article when delivered 

to the customer. It involves lead programming which determines the robots steps, capabilities in 

force, strength, and repetition and reaches. This is done by manually moving the robot in the 

desired steps and by interpretation saving the movement piece by piece. It also includes security 

measures to determine whether the tasks pose any type of risk since it will be collaborating in a 

close manner with humans. In this step, it is pivotal to be creative and assess all the possible 

angles. According to an integrator, the whole investment is a waste if the cobot is used only for 

moving objects from point A to point B. When implementing a cobot into production, it is 

important to benefit from everything that it has to offer. 

 

Constructing and assembling: After negotiations are concluded, the final parts of the integrators 

begin. This involves constructing and assembling the cobot itself. The different aspects of this 

step are mounting the cobot, incorporate the finished software which is the programming and 

application for it and constructing the gripper fingers which could consist in a few variations 

depending on the tasks set out to perform. The gripper fingers are custom designed and 

constructed by the integrators in order to accommodate the users’ needs. The last stage of 

implementation could be optional. In some cases, integrators are involved in installing the cobot 



- 47 - 

 

at the customer’s enterprise and deploy it into production. However, this is rarely the case which 

concludes the role of the integrator after construction and assembly. 

 

 

5.1.2 Developer               
 

Initial contact: The developer’s involvement in the implementation process becomes active at 

the very beginning. Since the developer creates the robot, they are the primary source of robot 

parts other assets needed. It begins with initial contact from a potential customer. Then there is 

a mutual analysis of the implementation with the customer and eventually integrators. 

 

5.1.3 User 
 

Proof of concept:  The first step from the user side of the implementation is to be able or even 

know if it is possible to implement a cobot or any equipment in the production, a method called 

proof of concept is performed to assess if it is possible to implement the robot.  

 

Requirement specification: A requirement specification is crucial in order to get what is wanted 

in the production through automation. In order to have a successful implementation, it is crucial 

to have a plan and also to know what is required for the implementation. Such as knowing what 

you want, what you do, have a good partnership with external actors such as the cobot integrators 

if this is decided. Having a realistic time frame due to the fact that more time than anticipated 

needs to be planned, due to the fact that the project will take up a lot more time than expected. 

 

Build the workstation: The third step is to build the station where the robot is going to be placed, 

the workstation, gripper, fixture as well as the palette before the programming of the cobot takes 

place. When the programming takes place, the cobot will be programmed to mount lock cylinders 

as well as dynamic programming that will make robot be able to pick objects as well as altering 

shape, weight, and object. 

 

Educate employees: An education of the employees is needed to both prepare them for 

automation in the production that will occur without fences, but also to know how to handle the 

cobot. In order to work with the cobot, an employee must know the differences between a cobot 

and a traditional industrial robot as well as to expand the knowledge in order to prepare the 

operators to work with the cobot. This is an important step in order to grant the safety as well as 

how the treatment of the cobot will be. Some employees might be afraid of the cobot for different 

reasons, it could be because it does not have a fence, but also because employees will believe 

that the cobot will replace them as workers, it is important in this case for the operators to be 

prepared. 

 

 

5.2 Particular skills and actors required when implementing in a cobot 

 

Within this topic, different actors and necessary skills are presented. In the theory chapter, it is 

mentioned that different members with different competences are needed.  

 

For the user, the actors needed are the specialist, purchaser, technical specialist as well as the 

sustainability specialist. For the supplier, three main categories such as commissioner, the seller 

as well as specialist are needed, and the competences needed in programming, application and 

automation engineer as well as machine builder. In order for the user and suppliers to have a link, 
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a project manager as well as steering group is made and will be the ones who deny or accept 

certain activities that could occur (Bruch, et al., 2016).  

 

User: Mostly, the users are dependent on the integrator, but in some cases, the user has the 

competences of the integrators and decides to perform the integrators implementation tasks by 

themselves. Most commonly today, the integrators handle the implementations phases where the 

users do not have the competence to perform, so the competence is bought in through integrators. 

The requirements specification is needed in order to be clear on what the integrator needs to do, 

and this is done by the users. In order to complete this requirements specification, competences 

about the technical work at the company needs to exist.  

 

Integrator: When the user is missing the competence in certain phases of the implementation 

process, the integrator comes in. The needed competences in order to implement the cobot at the 

user’s site, the integrators require advanced knowledge of safety, programming, CE marking, 

sensors as well as the risk analysis. The actors involved in this kind of implementation process 

are the customer, who is in this case represented as the user, who is the one that is looking to 

solve a problem through automation, there is also the integrators themselves who are responsible 

for the purchases from the developers that could be the robot, grippers as well as the 

manufacturing of the fingers of the gripper. The integrator is also responsible for the 

programming of the robot.  

 

Developer: From the developer’s point of view, the competence needed for a successful 

implementation process, knowledge in robot programming, safety, electrics, mechanics as well 

as PLC steering is needed. It is also important to have someone specified in risk analysis, due to 

the fact that it is the most crucial part needed for the implementation. The crucial actor that is 

needed for the implementation according to the developer are the integrators that have been 

educated by the developers in programming, simulation as well as installation, so high demands 

are set on the integrators. Mostly, the integrator is responsible for the installation phase as well 

as delivering the robot from the developer to the users. There are two ways of implementing a 

cobot, one way is through the integrators and the other is by the users themselves internally. In 

some cases, the users already have the competences required for a cobot installation. 

 

From a theoretical point of view, the competence required to conduct an implementation process, 

through the development model, is categorized in different roles. As a whole the workgroup 

should be cross-functional and have a mixture of skillsets needed for the project (Bruch, et al., 

2016).  

 

In the category were suitors are representing users of the equipment, the required competences 

are of a purchaser, sustainability specialist, end user and a technical specialist. Each of the roles 

requires different types of knowledge. For instance, the sustainability specialist needs knowledge 

in safety and the environmental aspects, while the end user could assume the role of a co-

implementer, operator as well as co-designer. Other roles could be the ones of production and 

process technicians and utilities specialist. The reason being, that the implementation process, 

requires knowledge of the production equipment (Bruch, et al., 2016).  

 

The category involving the roles representing the supplier are the seller, technical specialist and 

the commissioner. The seller is required to have experience in purchasing combined with 

knowledge in the technical aspect of the process. The technical specialist has the same 

requirements as earlier mentioned regardless of which category the role is suited for in a specific 

implementation process (Frej, et al., 2017).  
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A middle ground is required in order to optimize the process. This link between the user and 

supplier is represented by a steering group. It consists of as well as the project managers. They 

make decisions on which activities to approve or deny with the projects interest in mind. This 

role is usually occupied by the project manager or an external consultant (Bruch, et al., 2016). 
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6 DISCUSSION 

 

The contribution of this thesis is creating an implementation process specifically for cobots 

which does not exist to this day. The thesis also defines the main differences between a cobot 

as well as a traditional industrial robot to note that an implementation of these two does not 

have the exact same steps, and require different skills as well as actors. The 

RQ’s will be answered by comparing and analyzing prior research and the empirical data that 

was gathered through interviews of developers, integrator as well as users. 

 

Different users as well as integrators were interviewed, but only one cobot developer. The 

reason for this was that the access of other cobot developers was limited. Neither the 

supervisors nor the author of the thesis could provide other cobot developers. This could limit 

the thesis since only one developer’s perspective was incorporated. While other developers 

were unavailable, there are plenty more active. A future study could have an improved result 

by possessing a larger amount of developers to provide information in order to get a wider 

perspective of what the development steps in the process could consist of. However, the 

developer’s involvement is quite limited which could mean that no further information would 

be provided by interviewing more than one. 

 

A common risk when conducting interviews is that the respondent might have a misguided 

understanding of what the questions mean. A few of the respondents interpreted the questions 

differently than others. The reason for this could be identified from their experiences, the type 

of industry they are involved in, background, as well as what role the respondents have at 

their respective enterprises. One of the respondents had a different way, compared to the 

others, of defining what a cobot is. This generated a different image of the implementation 

process as well as what competences are needed to manage the cobot investment. Due to the 

different definitions and inequalities, varied opinions about cobots were stated. One 

respondent even discussed which factors make the cobot collaborative, which is something 

that could be studied in the future. 

 

One of the respondents mentions that an implementation process for cobots is almost the same 

as for the traditional industrial robot, which has an existing implementation process. It is 

important to separate the differences and impressionable factors regarding the cobot and the 

traditional industrial robot respectively. Since they are different in the way they work, 

perform tasks, and regarding safety, they cannot be considered the same. It is, for that reason, 

important to prepare the employees for these differences as well as handle the safety questions 

different than with a traditional industrial robot since they need to be handled in different 

ways. 

 

It was stated by respondents that some users have the competences needed to install and 

implement a cobot which have not been involved in this thesis. This thesis has incorporated 

users that are dependent on the integrators. However, in future studies, it could be interesting 

and resourceful to interview users who are more involved in the process. By accessing the 

information from users who possess the competence to integrate a cobot, it could make the 

implementation process more effective and perhaps also exclude some actors, or limit their 

involvement. The process of implementing cobots could differ from the implementation 

process stated in this thesis since there are aspects that were unavailable to account for in 

creating the implementation process of this particular thesis. 

 

There were some difficulties creating the implementation process. The reason for that is that 
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there is limited information on how to specifically implement cobots. From prior studies, 

implementation processes are discussed mostly in general when implementing industrial 

equipment which makes it harder to compare to what is practically conducted in today’s 

industry when the specific equipment consists of a cobot. The respondents who have the 

experience of implementing cobots have good insights in what is required for the process to 

be successful which has enabled a clearer image of what is specific for implementing cobots 

compared to other industrial equipment. However, on a large scale, plenty of the steps are 

similar and in some identical. 

 

There is a certain resemblance between the compiled model for implementing cobots and the 

development model by Bruch (2016) in general (Bruch, et al., 2016). However there is a lot 

more work to be done with the cobots as opposed to other industrial equipment. The different 

stages of the implementation process involve deeper tasks than other industrial equipment 

which requires more actors and a broader spectrum of knowledge. For instance, the stage 

involving risks and safety has more aspects and angles to cover as well as a higher risk which 

requires more work and more input from different sources. The reason being, that the cobots 

work a lot closer to humans, with no restraints such as fences or sensors, leading to abrupt 

stops when an operator is at risk. The complexity of introducing a relatively new type of 

industrial equipment as the cobot represents in this thesis, leads to a bigger amount of 

uncertainty. Since there is very limited information on how to implement cobots, it is normal 

to make the assumption that it should be done in a traditional way. It does however require 

time and plenty of research to perfect the implementation, which this thesis has contributed to. 

From an analytic point of view, throughout the timeline of this thesis, it has become clear that 

the goal should be to limit the amount of actors involved in the process. In order to achieve 

this however, it is required that the actors that do continue to carry the process forward are 

thoroughly educated. 

 

By analyzing the data from the conducted interviews, plenty of information has been 

extracted regarding the actors and roles required to conduct an implementation of cobots. 

While there are only three types of actors involved in the process, they do fill plenty of 

different roles within the categories. A respondent stated that as a developer, they have a level 

of responsibility for educating the integrators. In the process, the integrators have a pivotal 

role and are the ones who have the most, and the highest complexity of tasks. The result is 

dependent on their effort and ability. For the process to be more time efficient and of the 

highest quality, the integrators need to educate the user, which is represented by the enterprise 

implementing the cobot into their production. If the user has more knowledge about the 

implementation process, some of the tasks that are now performed by the integrators could be 

passed on. Some examples of these tasks are the installation, some of the programming, and 

testing the equipment. This would enable the integrators, who have the most knowledge at 

present, to work on optimizing the process and to a greater extent educate others.  
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7 CONCLUSIONS AND RECOMMENDATIONS 

 

This chapter will conclude the thesis as well as an answer to the research questions asked. 

Recommendations will also be stated later on in order to have a possibility for future research. 

 

7.1 Cobot implementation process 

 

This section will present the result of the first research question. 

 

Research Question 1 – How is an integration process for implementing a cobot represented in 

the manufacturing companies? 

 

A compiled process based on the analysis is presented below, figure 22: 

 

 
Figure 22- The implementation process for cobots in manufacturing companies. 

Different steps in the process are presented, and all of the steps are completed by different actors.  

 

The initial contact is performed between the developer as well as the customer, the customer 

could both be the integrator or the user directly. This is where the first contact between the 

developer as well as the integrator/ user is done. 

 

The proof of concept is performed by the user to be able to know if it is possible to invest in a 

cobot or not, it is important to know if a cobot is a right choice to implement. This is all decided 

regarding what the user is looking for in a robot. 

 

The requirement specification is performed by the user in order to get what is wanted from the 

production through the implementation of the cobot. 

 

The preliminary study is performed by the integrator. The user states what the requirement 

needed is necessary for the cobot that is going to be implemented. 
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The investment analysis is performed by the developer in order to create an assessment of the 

potential values of implementing in a cobot.  

 

The ergonomics and quality are also performed by the developer, this is where the ensuring of 

quality, productivity is made as well as the ergonomics. 

 

The risk and safety are performed by the developer is the last step where the involvement of the 

developer is in this process, the last step of the developers is vital due to the fact that the cobot 

is tested before being placed in the production. Safety risks are estimated and challenges that 

could occur in the user’s site can be prevented at an early stage. 

 

The build of the workstation is performed by the user, and this is the stage of the building of the 

cobot depending on where it will be placed, different adjustments might be performed. The 

station, fixture, gripper as well as the palette is assembled. 

 

The cost analysis is also performed by the integrator, it is important to determinate if the 

investment is profitable for the users. The cost of the robot is the significant factor in this step 

questions to ask could be if the tasks can be performed by the cobot be performed by a traditional 

industrial robot? If yes, would costs be lowered? Is the production line being improved? Is the 

cobot improving the production line due to the benefits of the cobot. 

 

The programming is performed by the integrators, in this stage, all of the programming of the 

cobot is completed, the movement of the robot, strength, reach repetition as well as the capability 

in force. It is important in this step to ensure safety as well as benefit from the cobot to all it has 

to offer. 

 

The conducting and assembling are the last step performed by the integrators; this is where the 

cobot is assembled as well as conducted. The robot is mounted, incorporate the finished 

programmed software is incorporated and the conducting of the gripper is done. The grippers 

design is depending on the work tasks and needs. 

 

The education of employees is the final and last step of the process itself as well as the user is to 

educate the employees. The employees need to be prepared to work with a robot that is not 

fenced, which is something new in the production today, and they will learn how to handle the 

cobot. The ensuring of the safety of the employees will be achieved as well as the employees 

learn that the cobot is not implemented to take over the job of the operator, it is here to support 

the operator. 

 

7.2 Required actors and skills 

 

This section will present the result of the second research question. 

 

Research Question 2 – What particular skills as well as actors are required when implementing 

in a cobot in the manufacturing companies?  

 

The skills as well as the actors required when implementing a cobot will be presented by the 

previously mentioned roles, in order to get different perspectives. The mentioned skills, as well 

as actors are vital in order to have a successful implementation of a cobot. The implementation 

process for cobots in manufacturing companies including the roles is presented below in figure 

23. 
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Figure 23- The implementation process for cobots in manufacturing companies including the roles. 

 

User: Due to the fact that users usually buy competences missing for the implementation, the 

integrators have the most knowledge that will be required in order to implement a cobot. In order 

for the integrators to do a good job, competences from the users such as requirement specification 

competence of the company as well as competence about the technical work are necessary. As 

mentioned by Bruch et al. (2016), the user will require actors such as the purchaser, technical 

specialist as well as the sustainability specialist.  

 

Integrator: When the user does not have the required competences needed to implement the 

cobot, the integrators are bought by the users. The needed competences in order to implement a 

cobot is an advanced knowledge in programming as well as safety, knowledge in CE marking, 

risk analysis as well as sensors is mandatory. The actors needed from the integrator’s perspective 

is the customer, who is presented as the user, who wants to solve a problem through automation, 

the integrators themselves who are responsible for the purchaser of the developers which usually 

is the robot itself, the gripper and the manufacturing of the fingers for the gripper. The integrator 

also needs a programmer, who is responsible and needs competences in programming.  

 

Developer: The competences needed for a successful implementation is knowledge in 

mechanics, electrics, security, programming, risk analysis as well as PLC steering. The actors 

needed to perform this implementation is the integrators who have been educated by the 

developers in the necessary skills needed such as programming, installation of the root as well 

as simulation. The integrators are also responsible to deliver the cobot from the developer to the 

user’s site.  

 

7.3 Comparison between implementing cobots and traditional industrial equipment 

 

There are at this point in time very few differences separating the respective implementation 

processes. However, the ones that do exist are quite pivotal regarding the cobot implementation. 

The biggest differences are the risk and safety assessment and the education of operators. An 

example of why the stage of educating employees is both important and quite complex is that the 
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usual approach to industrial robots is to keep away from them since they carry plenty of risk to 

the human. Since there is usually some sort of safety equipment which puts a distance between 

robot and operator, it is hard to adjust the mindset of the employees to interact with the cobot in 

a close manner. To enable building a trust in the employees toward the cobot, they need to know 

plenty about how it operates and its capabilities.  

 

The second pivotal stage in the implementation process is risk and safety which differs a lot from 

the traditional equipment. The reason is coherent with the education stage since it involves the 

safety assessment. Since the cobot works freely without any physical barriers, the safety 

assessment needs a different approach. There is limited knowledge at the moment about cobots 

in general which creates more difficulties. What is done in this stage at present might not be the 

process in the future, because it is fairly new in the industry.  

 

Another factor that separates the two implementation processes is the installation at the 

customers’ enterprise since there is no need for major alterations of the workstation in order to 

incorporate external safety equipment such as fences or robot cells. Most cobots, when delivered, 

are programmed to perform the tasks needed and only require a power source to be deployed in 

production. This could in the long term allow more users to perform the installations themselves, 

assuming the cobot is the version that is easy to use. This also includes the programming. If the 

programming could be made simpler, it will, with provided education, allow the user to perform 

it themselves. 
 

 

 

7.4 Recommendations  

 

Throughout the thesis observations have been made by the author regarding areas that could be 

furtherly researched and developed. This section will present the potential and recommendations 

for such a study. 

 

In this thesis, only one developer was interviewed due to a limited access. Future studies could 

incorporate more cobot developers in order to get a wider perspective of what influence and 

involvement the developer has in the implementation process. There could be different insights 

and perspectives depending on which developer is being interviewed. The result could differ and 

be quite interesting when comparing different developers’ experiences, definitions, views on the 

process, competences as well as thoughts on which actors could be involved. 

 

In todays’ implementation process regarding cobots it is getting more common that the users 

perform some of the integrator’s tasks. Certain enterprises provide internal education in order to 

prepare their employees for this process. By increasing the knowledge and building competence 

they enable themselves to meet the requirements to implement the cobot without external actors. 

What could be interesting to study in the future is how some enterprises reach the required levels 

of qualification to conduct their own implementation. What are they doing differently compared 

to others who are dependent on the integrators? Could the integrators assume another role which 

is more educational as opposed to operational? Since this thesis only involved users who depend 

on the integrators it would be the next step to assess which factors allow some enterprises to 

exclude them. 

 



- 56 - 

 

8 REFERENCES  

 

Sveriges Rationaliseringsförbund , (1984), Framgångsrik automatisering-med människan i 

centrum. Malmö: Liberförlag. 

 

ABB, (2019), "Det här är vi - kort om ABB". [Online]  

Available at: https://new.abb.com/se/om-abb/kort 

[Använd 04 04 2019]. 

 

ABB, (2019), "Koncerngemensamma forskningscentra". [Online]  

Available at: https://new.abb.com/se/om-abb/teknik/forskningscentra 

[Använd 04 04 2019]. 

 

Alvesson, M. & Sköldberg, K., (2008), Tolkning och reflektion: vetenskapsfilosofi och kvalitativ 

metod. Lund: Studentlitteratur AB. 

 

Anandan, T. M., (2014), "ROBOTICS INDUSTRY INSIGHTS", u.o.: Robotic Industries 

Association. 

 

Assa, (2019), "Om Assa Abloy". [Online]  

Available at: https://www.assaabloyopeningsolutions.se/sv/local/se/om-oss/om-assa-abloy-

group/ 

[Använd 04 04 2019]. 

 

Baek, S. & Shea, R. N., (2016), "DEMYSTIFYING COBOT SAFETY: THE FOUR TYPES 

OF COLLABORATIVE OPERATIONTYPES". [Online]  

Available at: https://blog.universal-robots.com/demystifying-cobot-safety-the-four-types-of-

collaborative-operation 

[Använd 29 03 2019]. 

 

Bahrin, M. A. K., Othman, M. F., Azli, N. H. N. & Talib, M. F., (2016), Industry 4.0: a review 

on industrial automation and robotic. Jurnal Teknologi, 78(6-13), p. 137–143. 

 

Bayram, B. & Gökhan, I., (2018), Advances in Robotics in the Era of Industry 4.0. i: "Industry 

4.0: Managing The Digital Transformation". u.o.:u.n. 

 

Bellgran, M. & Säfsten, K., (2005), Produktionsutveckling. i: Utveckling och drift av 

produktionssystem. Lund: Studentlitteratur, pp. 167, 168, 169. 

 

Blomkvist, P. & Hallin, A., (2014), Metod för teknologer - Examensarbete enligt 4-fasmodellen. 

Lund: Studentlitteratur AB. 

 

Bolmsjö, G. S., (2006), Industriell Robotteknik. i: 3:4 red. Lund: Studentlitteratur AB, pp. 12, 

39, 45-47. 

 

Bruch, J., Rösio., C, Kurdve., M, Bengtsson, M., Granlund, A., Dahlquist, E., Swanström, L., 

(2016), Development of robust production equipment. A guide to strong collaboration between 

users and suppliers, 1(1:1), pp. 12-29. 

 



- 57 - 

 

Bruno, G. & Antonelli, D., (2018), Dynamic task classification and assignment for the 

management of human-robot collaborative teams in workcells. The International Journal of 

Advanced Manufacturing Technology, 98(9), p. 2415–2427. 

 

Bryman, A., (2008), Samhällsvetenskapliga metoder. 2:8 red. u.o.:Liber AB. 

 

Bryman, A. & Bell, E., (2013), Företagsekonomiska forskningsmetoder. Upplaga 2 red. Malmö: 

Liber AB. 

 

Clodic, A., Alami, R. & Chatila, R., (2017), Key elements for human–robot joint action. 

In Sociality and Normativity for Robots (pp. 159-177). Springer, Cham. 

 

Cobotics, (2019), "Cobotic". [Online]  

Available at: https://www.cobotic.se/home 

[Använd 04 04 2019]. 

 

Denscombe, M., (2010), "The Good Research Guide: For Small-scale Research Projects". Fourth 

Edition red. Maidenhead: McGraw-Hill Education. 

 

Frej, E. A., Roselli, L. R. P., Almeida, J. A. d. & Almeida, A. T. d., (2017), "A Multicriteria 

Decision Model for Supplier Selection in a Food Industry Based on FITradeoff 

Method", Mathematical Problems in Engineering, 2017. 

 

Frohm, J., (2008), "Levels of Automation in Production Systems, Doctoral thesis, Department 

of Product and Production Development", Göteborg: Chalmers University of Technology. 

 

Garcia, E., JIMENEZ, M. A., SANTOS, P. G. D. & ARMADA, M., (2007), "The Evolution of 

Robotics Research", The evolution of robotics research. IEEE Robotics & Automation 

Magazine, 14(1), pp. 90-103. 
 

Granlund, A. & Friedler, N., (2012), "A model for the formulation of an automation strategy", 

In 4th World Conference P&OM/19th EUROMA Conference, Amsterdam, 1-5 July 2012. 
 

Gualtieri, L., Rauch, E., Rojas, R., Vidoni, R., Matt, D T., (2018), Application of Axiomatic 

Design for the Design of a Safe Collaborative Human-Robot Assembly Workplace. MATEC Web 

of Conferences, Volym 223, pp. 1-8. 

 

Hedberg, J., (2006), "Factory Acceptance Testing Guideline", u.o.: SafeProd. 

 

Helms, E., Schraft, R. D. & Hagele, M., (2002), rob@work: "Robot assistant in 

industrial environments". In Proceedings. 11th IEEE International Workshop on 

Robot and Human Interactive Communication (pp. 399-404) 

 

Holme, M. I. & Solvang, K. B., (1997), Forskningsmetodik – Om kvalitativa och kvantitativa 

metoder. Upplaga 2:13 red. Poland: Studentlitteratur. 

 

Huber, M., Rickert, M., Knoll, A., Brandt, T., Glasauer, S., (2008), Human-robot interaction in 

handing-over tasks. Munich, Germany, Interactive RO-MAN 2008 - The 17th IEEE International 

Symposium on Robot and Human Interactive Communication., p 107. 

 



- 58 - 

 

IFR, I. F. o. R., (2018), "Demystifying Collaborative Industrial Robots", Frankfurt. 

 

Isikli, E., Yanik, S. & Cevikcan, E. U. A., (2018), Project Portfolio Selection for Transformation 

Era. i: Industry 4.0: Managing The Digital Transformation. u.o.:u.n., pp. 105. 

 

Johansson, G. & Torkelsson, R., (1995), "Öka automatiseringen vid givna seriestorlekar", 

Göteborg: Institutet för verkstadsteknisk Forskning. 

 

Kadir, B. A., Broberg, O. & Souza da Conceição, C., (2018), Designing human-robot 

collaborations in industry 4.0: explorative case studies, u.o.: Proceedings of the DESIGN 2018 

15th International Design Conference. pp. 604-606. 

 

Lasi, H. o.a., (2014), Industry 4.0. Business & Information Systems Engineering, 6(4), p. 239–

242 . 

 

Lemaignan, S., Mathieu W., E. Akin S,. Aurélie C., (2016), "Artificial cognition for social 

human–robot interation: An implementation", Artificial Intelligence 247 (2017) 45-69, 

Toulouse, France. 

 

Lihui Wang, X. V. W., (2018), Cloud-Based Cyber-Physical Systems in Manufacturing. 

Stockholm: Springer. 

 

Matthias, Kock, Jerregard & Lundberg, K. &., (2011), Safety of collaborative industrial robots, 

u.o.: IEEE International Symposium on Assembly and Manufacturing (ISAM). 

 

Mohamed, M., (2018), Challenges and Benefits of Industry 4.0: An overview. International 

Journal of Supply and Operations Management, 5(3), pp. 256-265. 

 

Morris, T. & Wood, S., (1991), Testing the survey method: continuity and change in British 

industrial relations. Work Employment and Society, 5(2), p. 259–82. 

 

Mtek, (2019a), "OUR APPROACH". [Online]  

Available at: https://mtek.se/pages/about-mtek/ 

[Använd 04 04 2019]. 

 

Mtek, (2019b), "MTEK 4ZERO SERVICE". [Online]  

Available at: https://mtek.se/mtek4zero/ 

[Använd 04 04 2019]. 

 

Nitsch, V., (2012), "Haptic human-machine interaction in teleoperation systems", u.o.: 

Sudwestdeutscher Verlag F. 

 

Ore, F., (2015), "HUMAN − INDUSTRIAL ROBOT COLLABORATION", Västerås: 

Mälardalens University. 

 

Park, S., (2016), "Development of Innovative Strategies for the Korean Manufacturing Industry 

by Use of the Connected Smart Factory (CSF)", Procedia Computer Science 91 (2016)   744 –  

750  Chungcheongnam-do: Elsevier B.V. 

 



- 59 - 

 

Patel, R. & Davidsson, B., (2003), Forskningsmetodikens grunder - Att planera, genomföra och 

rapportera en undersökning.. Lund: Studentlitteratur AB. 

 

Peshkin, M. & Colgate, J.E., (1999), Cobots, Industrial Robot: An International Journal, 26(5), 

335-341. 

 

Robotdalen, (2019a), "Robotdalen utvecklar nya innovativa robotlösningar". [Online]  

Available at: http://www.robotdalen.se/sv/om-robotdalen-robotdalen-ar-en-satsning-pa-fler-

nya-robotinnovationer 

[Använd 04 04 2019]. 

 

Robotdalen, (2019b), "CRTC - Collaborative Robot Test Center". [Online]  

Available at: http://www.robotdalen.se/sv/crtc 

[Använd 04 04 2019]. 

 

Russell, L., (2015), "What does "End-to-End" really mean?". [Online]  

Available at: https://www.comcasttechnologysolutions.com/blog/what-does-end-end-really-

mean 

[Använd 16 03 2019]. 

 

Salkin, C., Oner, M., Ustundag, A. & Cevikcan, E., (2018), A Conceptual Framework for 

Industry 4.0. i: Industry 4.0: Managing The Digital Transformation. Cham: Springer 

International Publishing AG., pp. 3- 6. 

 

Saunders, M., Lewis, P. & Thornhill, A., (2009), Research methods for business students. 5 red. 

University of Surrey: Prentice Hall. 

 

Scania, (2019a), "Om Scania". [Online]  

Available at: https://www.scania.com/se/sv/home/experience-scania/about-us.html 

[Använd 04 04 2019]. 

 

Scania, (2019b), "Scania Södertälje". [Online]  

Available at: https://www.scania.com/scaniasodertalje/sv/home/om-scania-sodertalje.html 

[Använd 04 04 2019]. 

 

Schenk, J. & Rigoll, G., (2010), Mensch-Maschine-Kommunikation: Grundlagen von sprach- 

und bildbasierten Benutzerschnittstellen.. u.o.:Springer. 

 

Shravani, K. & Rao, S. .. B., (2018), Introducing Robots without Creating Fear of Unemployment 

and High Cost in Industries, u.o.: International Journal of Engineering Technology Science and 

Research. pp. 1133-1134. 

 

Siciliano, B. & Khatib, O., (2016), Handbook of Robotics. 2nd edition red. Berlin: Springer, p. 

1437. 

 

Sjölinder, B.-A., (1980), Omställbar automatisk montering. Stockholm: Sveriges 

Mekanförbund. 

 

Smit, J., Kreutzer, S., Moeller, C. & Carlberg, M., (2016), "Industry 4.0", European Parliament.: 

u.n. 



- 60 - 

 

 

Svenning, C., (2003), Metodboken. Samhällsvetenskaplig metod och metodutveckling. Klassiska 

och nya metoder i informationssamhället. Eslöv: Lorentz Förlag. 

 

Svenska Kraftnät, (2017), "Kontroll och provning", u.o.: Svenska Kraftnät. 

 

Sveriges Rationaliseringsförbund, (1984), Framgångsrik automatisering-med människan. 

Malmö: LiberFörlag. 

 

Thurén, T., (2007), Vetenskapsteori för nybörjare. Malmö: : Liber AB. 

 

Tsarouchi, P., Matthaiakis, A.-S., Makris, S. & Chryssolouris, G., (2016), Human – robot 

interaction review and challenges on task planning and programming, vol. 29 red, International 

Journal of Computer Integrated Manufacturing, 30(6), pp. 580-589. 

 

Wang, S., Wan, J., Li, D. & Zhang, C., (2016), "Implementing Smart Factory of Industrie 4.0: 

An Outlook". International Journal of Distributed Sensor Networks, 12(1). pp. 2. 

 

Wang, S. o.a., (2015), Industrial robot components assembly based on machine vision 

technology. Modular Mach. Tool Automat. Manuf. Techn., Volym 8, pp. 107–110. 

 

Winroth, M., Säfsten, K. & Stahre, J., (2007), Automation strategies: existing theory or ad hoc 

decisions?, u.o.: Int. J. Manufacturing Technology and Management. pp. 106-107. 

 

Volvo Group, (2019), "Volvosteget". [Online]  

Available at: http://www.volvosteget.se/om-volvosteget/utbildningsorter/volvo-powertrain-

koping/ 

[Använd 04 05 2019]. 

 

Voorberg, W., Bekkers, V. & Tummers, L., (2014), A Systematic Review of Co-Creation and 

Co-Production: Embarking on the social innovation journey, u.o.: Public Management Review 

Volume 17, 2015 - Issue 9 pp. 1333-1357. 

 

Yaskawa America, I.-. M. R. D., (2019), "What is a Collaborative Robot (Cobot)?", America: 

Yaskawa. 

 

Yaskawa, (2018), "Collaborative Applications". [Online]  

Available at: 

http://zoomin.idt.mdh.se/course/PPU418/dokument/5%20Collaborative%20applications.pdf 

[Använd 22 03 2019]. 

 

Yin, R. K., (2003), Case Study Research: Design and Method. 3 red. London: Sage. 

 

Zafarzadeh, M. & Jackson, M., (2013), "Automation from lean perspective-potentials and 

challenges", Proceedings of the 11th International Conference on Manufacturing Research, 

Bedfordshire: Cranfield University, UK.. pp. 437-442. 

 

Zhedong, Z., (2007), "Automatisering av slutförpackning", Eskilstuna: Mälardalens Högskola. 

 



- 61 - 

 

Zhou, K., Taigang Liu, K. & Lifeng, (2015), Industry 4.0: Towards future industrial 

opportunities and challenges. Zhangjiajie, 12th International Conference on Fuzzy Systems and 

Knowledge Discovery. 

 

  



- 62 - 

 

 

9 APPENDICES  

 

9.1 APPENDIX 1 – Interview Questions 

 

Traditional industrial robot 

 

• How does the work when getting a robot into production today? 

o How does the process of implementing a robot work today? 

o What skills and knowledge are required? 

 

• Which actors are involved in this implementation? Before integration, during and after. 

o How much is the company dependent on external parts, system integrators and 

consultants when it comes to the installation of the robots? 

Collaborative robot 

 

• How would you define a cobot? 

o What does your company expect from a collaborative robot? 

o Why is it preferred to implement a robot in the industry?  

 

• How does the process of implementing a cobot work? 

o What are the main choices, steps, and factors involved when implementing a 

cobot? 

 

• What are the most important steps when implementing a cobot? 

o How are the steps determined when implementing a cobot? 

o Does the company work mainly with this internally or with external parts such 

as system integrators and consultants when it comes to the installation of the 

robots? 

 

• Which actors are involved in this implementation? Before integration, during and after. 

o What skills are needed for implementation and who is responsible for 

developing them? 

o How do you determine the roles of the implementation? 

o Who is responsible for the daily cobot implementation in the company? 

 

• What are the necessary skills, backgrounds, experiences and education required to 

implement, develop and maintain to keep an acceptable level of cobot performance? 

o What kind of competence is required in such an implementation process for 

cobots? 

o When maintenance is required, is special competence required? 

 

• Has the implementation given value to the company when it comes to the 

implementation process? Was it cost-effective?  
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o How is the effectiveness of the cobot implementation measured? 

o How long did it take/ will it take back the investment? (In year) 

 

• How would you define the pros and cons of the cobot you have / will implement? 

 

Comparison / Challenges 

 

• How was the implementation of cobots different from the implementation of traditional 

industrial robots? 

o What were the main differences? 

o How has a cobot changed your production compared to a traditional industrial 

robot? Pros and Cons? 

 

 

• What challenges do you face today when implementing a cobot in production? 

o How are the challenges dealt with when investing in a cobot? 

o Are there any lessons learned after the implementation of a cobot? 

 

• Is there anything you would like to add that you think would bring value to my study? 

 

• If there is no answer to any question, who do you think I can contact about this? Can I 

get a contact person? 
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9.2 APPENDIX 2 – Translation of the interview Questions to Swedish 

 

Traditionell robot 

 

• Hur går arbetet till med att få in en robot i produktion idag? 

o Hur fungerar processen för att implementera en robot idag? 

o Vilka färdigheter och kunskaper krävs? 

 

• Vilka aktörer är involverade i denna implementering? Före integrationen, under och efter.  

o Hur mycket är företaget beroende på externa parter, system integratörer och konsulter 

när det kommer till installationen av robotarna? 

 

Kollaborativ robot 

 

• Hur definieras en cobot hos er? 

o Vad förväntar sig ert företag från just en kollaborativ robot?  

o Varför väljs det att implementera en robot från början? 

 

• Hur fungerar processen för att implementera cobots?  

o Vad är huvudvalen, stegen och faktorerna som involveras när en cobot 

implementeras? 

 

• Vilka är de viktigaste stegen vid implementering av en cobot? 

o Hur bestäms stegen när man implementerar en cobot? 

o Jobbar företaget i huvudsak med detta internt eller med externa parter som system 

integratörer och konsulter när det kommer till installationen av robotarna? 

 

• Vilka aktörer är involverade i denna implementering? Före integrationen, under och efter.  

o Vilka färdigheter behövs för genomförandet och vem är ansvarig för att utveckla 

dem? 

o Hur bestämmer man rollerna för genomförandet? 

o Vem ansvarar för det dagliga cobot-genomförandet i företaget? 

 

• Vilka är de nödvändiga färdigheter, bakgrund, erfarenheter och utbildning som krävs för att 

implementera, utveckla och underhålla för att bibehålla en acceptabel nivå av cobot 

prestanda? 

o Vilken typ av kompetens krävs i en sådan implementationsprocess för cobots? 

o Vid underhåll krävs det särskild kompetens?  

 

• Hur har implementationen gett värde till företaget med tanke på implementationsprocessen? 

Alltså kostnadseffektiv? (Cost effective) 

o Hur mäts effektiviteten på cobot implementationen? 

o Hur lång tid tog det/ kommer det att ta att få tillbaka investeringen? (I år)  

 

• Hur skulle du definiera för-och nackdelar med den cobot ni har/ ska implementera? 

 

Jämförelse/ Utmaningar 

 

• Hur var implementeringen av cobots annorlunda jämfört med implementeringen av 

traditionella industrirobotar? 
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o Vad var huvudskillnaderna? 

o Hur har en cobot förändrat er produktion jämfört med en traditionell 

industrirobot? För-och nackdelar? 

 

• Vilka utmaningar, svårigheter möter man idag när man implementerar en cobot i 

produktionen? 

o Hur hanteras utmaningarna när man investerar i en cobot? 

o Finns det några lärdomar som tagits efter att en cobot implementerades? 

 

• Finns det något du skulle vilja lägga till som du anser skulle ge värde till min studie? 

 

• Om det inte finns något svar på någon fråga, vem tror du att jag kan kontakta angående 

detta? Kan jag få en kontaktperson? 

 

 


