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Abstract 

Eurofins is one of the world's largest laboratories which, among other things, offer chemical and 

microbiological analyses in agriculture, food and environment. Several 100.000 tests of various foods 

are executed each year ŀǘ 9ǳǊƻŦƛƴǎΩ ŦŀŎƛƭƛǘȅ ƛƴ WǀƴƪǀǇƛƴƎ ŀƴŘ the current processes include much 

repeated manual tasks which could cause ergonomic problems. The company therefore wants to 

investigate the possibilities of utilizing Human-Robot Collaboration (HRC) at their facility. Human-

Robot Collaboration is a growing concept that has made a big impression in both robot development 

and Industry 4.0. A HRC approach allow humans and robots to share their workspaces and work side 

by side, without being separated by a protective fence which is common among traditional industrial 

robots. Human-Robot Collaboration is therefore believed to be able to optimize the workflows and 

relieve human workers from unergonomic tasks. 

The overall aim of the research project presented is to help the company to gain a better 

understanding about the existing HRC technologies. To achieve this goal, the state-of-the-art of HRC 

had to be investigated and the needs, possibilities and limitations of HRC applications had to be 

identified at EurofinsΩ Ŧŀcility. Once these have been addressed, a demonstrator could be built which 

could be used for evaluating the applicability and suitability of HRC at Eurofins. 

The research project presented used the design science research process. The state-of-the-art of HRC 

was studied in a comprehensive literature review, reviewing sterile robots and mobile robotics as 

well. The presented literature review could identify possible research gaps in both HRC in laboratory 

environments and mobile solutions for HRC applications. These areas studied in the literature review 

formed together the basis of the prepared observations and interviews, used to generate the 

necessary data to develop the design science research artefact, the demonstrator.  

ABB's software for robotic simulation and offline programming, RobotStudio, were used in the 

development of the demonstrator, with the collaborative robot YuMi chosen for the HRC 

implementation. The demonstrator presented in the research project has been built, tested and 

refined in accordance to the design science research process. When the demonstrator could 

illustrate an applicable solution, it was evaluated for its performance and quality using a mixed 

methods approach. 

Limitations were identified in both the performance and quality of the demonstrator's illustrated 

HRC implementation, including adaptability and sterility constraints. The research project presented 

could conclude that a HRC application would be possible at a station which were of interest by the 

company, but would however not be recommended due to the identified constraints. Instead, the 

company were recommended to look for stations which are more standardized and have less 

hygienic requirements. By the end of the research project, additional knowledge was contributed to 

the company, including how HRC can affect today's working methods at Eurofins and in laboratory 

environments in general. 

Keywords 
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1 Introduction 

This chapter presents a purpose description about the research, including research objectives and 

expected results. Finally, the structure of the report will be presented. 

1.1 Background 

Eurofins is one of the world's largest laboratories with over 35,000 employees in 44 countries and 

with more than 400 laboratories worldwide. Eurofins consists of three divisions: Eurofins 

Environment, Eurofins Food & Feed and Eurofins BioPharma, each of which has several business 

areas. In Sweden, they offer chemical and microbiological analyses in agriculture, food and 

environment. Within their areas of expertise there are also analyses of, among other things, fuel, 

medicines, milk and product testing. For them are customer focus, quality, competence and team 

spirit, and integrity important. 

EurofinsΩ ŦŀŎƛƭƛǘȅ in Jönköping executes several 100.000 tests each year of various foods. The current 

processes include much repeated manual tasks which can cause ergonomic problems. Often are 

these repeated tasks recurring and to counteract such problems Eurofins are interested in 

investigating HRC. The company finds HRC as a more flexible, safer and efficient solution which is 

also easier applicable compared to traditional industrial robots. Human-Robot Collaboration is a 

growing concept that has made a big impression in both robot development and Industry 4.0, thus 

arose the great interest to contribute to this study. The company wants the possible HRC 

implementation to be easy applicable, adaptable and mobile. 

1.2 Aims and objectives 

The aim of this research project is to help the company to gain a better understanding about the 

existing HRC technologies. The project outcomes should be used as a foundation for recommending 

and evaluating HRC solutions ǘƘŀǘ ŀǊŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ 9ǳǊƻŦƛƴǎΩ facility. The means to achieve this 

goal has been divided into several objectives for the project, presented below. 

Project objectives 

1. To investigate the state-of-the-art of HRC in industry in general and for laboratory environments 

specifically; 

2. To investigate the needs, possibilities and limitations of HRC implementations at EurofinsΩ 

laboratory facility in Jönköping; 

3. To build a demonstrator emulating 1-2 HRC implementations, which will be used for evaluating 

HRCΩǎ ŀǇǇƭicability and suitability at EurofinsΩ ƭŀōƻǊŀǘƻǊȅΤ 

4. Optionally, if possible and there is time, the demonstrator will be built at the University of 

Skövde and shown at ASSAR industrial arena. 

Existing research are more focused on HRC applied in traditional industrial environments, while 

EurofinsΩ facilities consist of laboratory environments. The challenge will be to implement HRC in a 

laboratory environment where the HRC application has to have great accuracy, very smooth 

movements and consider the hygienic issues which are present, in order to be suitable for a confined 

environment that the laboratory comes with. Eurofins has the desire for the HRC implementation to 

be mobile as well, but this fall outside the scope of the project and will therefore only be optional. 
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Note that the demonstrator will be primarily virtual, a physical demonstrator is only optional and will 

depend on the time it takes to complete the virtual version. Human-Robot Collaboration can 

sometimes be associated with HRI which has its similarities. However, the research project will not 

address HRI, but focus only on HRC. 

1.3 Expected research result 

The final demonstrator is expected to illustrate a HRC application that can be easily placed at 

9ǳǊƻŦƛƴǎΩǎ workstations. The demonstrator will show how a collaborative robot can be utilized in a 

laboratory environment, which is different from a typical industrial environment. The final design 

should be able to fit well within the limited space of the laboratory workstations while ensuring high 

precision of its tasks and smooth movements.  !ǎ ǇŜǊ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ƪƴƻǿƭŜŘƎŜ, applying mobility 

into a HRC solution in a laboratory environment is carried out for the first time. Therefore, it is 

expected that limitations and design improvements required for a successful implementation will be 

identified; which can be considered as a unique scientific contribution. 

1.4 Report Structure 

! ōǊƛŜŦ ŎƘŀǇǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ ƛǎ ǇǊŜǎŜƴǘŜŘ ōŜƭƻǿΣ ǎƘƻǿƛƴƎ ǘƘŜ ǊŜǇƻǊǘΩǎ ǎǘǊǳŎǘǳǊŜ ŀƴŘ specifies what 

kind of reader is recommended to read for each chapter. 

Chapter description Recommended type of readers 

1 Introduction All readers. 

2 Theoretical framework of collaborative 

robotics:  

Presentation of relevant theory around the 

project. 

Readers who are not familiar with HRC.  

3 Literature review:  

Oversees previous studies related to the project. 

Readers who are interested in similar studies 

previously done and knowing the motive for this 

work. 

4 Methodology:  

Describes the usage of the design science 

research methodology in the project. 

Readers interested in the chosen methodology 

that is being used in the research project. 

5 Collection of data and analysis:  

Presents the data generated from observations 

and interviews. 

Readers interested in the data collection process, 
where various data generation methods and 
analyses were used. 

 
6 Demonstrator development:  

Presents the development process of the 

demonstrator. 

Readers interested in the development of the 
demonstrator. 

  

7 Evaluations and discussions:  

Contains the evaluation of the artefact and the 

research project, as well as discussions on HRC. 

All readers. 

8 Conclusions and future work: 

Conclusions of the project done.  

All readers. 
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2 Theoretical framework of collaborative robotics 

This chapter introduces the term collaborative robotics which will be utilized in the project, defining 

HRC and presenting different collaborative robot features. 

2.1 Defining Human-Robot Collaboration 

In the past, human and robot workspaces has been separated due to the safety risks it could bring if 

a worker were to be within the robotΩǎ workspace while it is still in an automatic mode. Industries are 

striving toward more flexible and efficient manufacturing, making significant changes in order to 

have a smarter production. This transition of production methods has made industrial robots less 

restricted and opened new tasks for them to perform. These tasks make use of both human and 

robot expertise, combined in a work collaboration. According to English dictionaries, the literal 

definition of collaboration is: 

άThe action of working with someone to produce something.έ 

(Oxford Dictionaries, n.d.) 

This definition is what HRC aims for, focussing on the possibility for human and robot to work hand in 

hand. Human-Robot Collaboration is a young but highly discussed term in which the HRC level can be 

defined as the level of system autonomy or the level of interaction the human operator has with the 

system (Bechar and Edan, 2003). KUKA, a robot manufacturer company, believes that HRC is a 

revolutionizing production methodology which increases flexibility in production, relieves workers 

from unergonomic tasks, reduces risks of injuries and infections, gives high-quality performance of 

reproducible processes, and increases productivity (KUKA, n.d.). 

What differs HRC environments from traditional work environments is that human workers and 

robots can share workspaces without having to be separated by protective fences. The workflow can 

ǘƘŜǊŜŦƻǊŜ ōŜ ƻǇǘƛƳƛȊŜŘ ŀƴŘ ƭƛƎƘǘŜƴ ǘƘŜ ǿƻǊƪŜǊΩǎ ǿƻǊƪƭƻŀŘΣ two advantages of using HRC. A typical 

human-robot workspace is shown in Figure 1 where assembly of bevel gears is done using HRC.  

 

Figure 1 Human and robot working together in a HRC environment. (KUKA Systems & KUKA 

Industries, 2016) 
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As new procedures become possible with the use of HRC, safety becomes a major issue. The human 

worker and the industrial robot can no longer be separated if they are to collaborate and the existing 

barriers must be replaced with new safety systems. Collaborative robots with built-in collision 

detection features are one of many new systems which can detect and avoid moving obstacles, as 

well as to reduce the harm made to humans if an impact were to be inevitable. 

2.2 Collaborative robot features 

In 2013, the Robotic Industries Associations (RIA) announced the approval and adoption of ANSI/RIA 

R15.06-2012. It was a new robot safety standard which allowed, among a number of things, a new 

concept of collaborative work between a person and a robot. The safety standard includes proper 

instructions on how to integrate robots into factories and work areas safely, as well as how to make 

use of their embedded safety features. The ANSI/RIA R15.06-2012 safety standard is an adoption of 

ISO 10218:2011 Parts 1 and 2, which are described by the International Organization for 

Standardization (ISO) as the following: 

ISO 10218:2011 Part 1: This part of ISO 10218 specifies requirements and guidelines for the 

inherent safe design, protective measures and information for use of industrial robots. It 

describes basic hazards associated with robots and provides requirements to eliminate, or 

adequately reduce, the risks associated with these hazards (ISO, 2011a). 

ISO 10218:2011 Part 2: This part of ISO 10218 specifies safety requirements for the integration 

of industrial robots and industrial robot systems as defined in ISO 10218-1, and industrial robot 

cell(s). The integration includes the following (ISO, 2011b): 

a) The design, manufacturing, installation, operation, maintenance and decommissioning of 

the industrial robot system or cell;  

b) Necessary information for the ones mentioned in a);  

c) Component devices of the industrial robot system or cell. 

According to the ISO standards, a robot must fulfil at least one of four features in order to work as a 

collaborative robot: Safety Monitored Stop, Hand Guiding, Speed and Separation Monitoring, and 

Power and Force Limiting. 

2.2.1 Safety Monitored Stop 

A collaborative robot with the safety monitored stop feature makes it similar to traditional robots in 

how it operates but is more flexible. While traditional robots are fenced and need to be manually 

stopped by the human operator before entering the robotΩs workspace, a collaborative robot with 

this feature will automatically stop when thŜ ƘǳƳŀƴ ƻǇŜǊŀǘƻǊ ŜƴǘŜǊǎ ǘƘŜ ǊƻōƻǘΩǎ ǿƻǊƪǎǇŀŎŜ. This 

feature makes use of safety devices that detect operators within its proximity and is suitable in 

processes where the operator needs to perform tasks on parts while they are inside ǘƘŜ ǊƻōƻǘΩǎ 

workspace. This feature can be used through safety-rated control systems, if using traditional robots, 

or through an inherently-safe design in a collaborative robot. (ISO, 2011a; ISO, 2011b; OMRON, 

2016a) 
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2.2.2 Hand Guiding 

This collaborative feature is often used as a teaching method when teaching robots new tasks. By 

releasing a certain amount of their motion control, human operators are able to manually move the 

robots. This too can be applied to both traditional and collaborative robots, with only a difference in 

their safety requirements. It should be noted that hand guiding is only a feature which is used for 

hand guiding and path teaching, and therefore does not make the robot collaborative in any other 

way. (ISO, 2011a; ISO, 2011b; OMRON, 2016b) 

2.2.3 Speed and Separation Monitoring 

²ƛǘƘ ǘƘŜ {ǇŜŜŘ ŀƴŘ {ŜǇŀǊŀǘƛƻƴ aƻƴƛǘƻǊƛƴƎ ŦŜŀǘǳǊŜΣ ǘƘŜ ǊƻōƻǘΩǎ ŀŎŎŜƭŜǊŀǘƛƻƴ ŀƴŘ ǎǇŜŜŘ ŀǊŜ 

controlled through the use of monitoring equipment such as lasers or vision systems. The monitoring 

equipment tracks the position of the human worker and as the distance changes between the robot 

ŀƴŘ ǘƘŜ ǿƻǊƪŜǊΣ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ŘƛǎǘŀƴŎŜΣ ǎƻ ǿƛƭƭ ǘƘŜ ǊƻōƻǘΩǎ ǎǇŜŜŘ ŎƘŀƴƎŜΦ ¢ƘŜ ǎŜǇŀǊŀǘƛƻƴ ŘƛǎǘŀƴŎŜ 

gets lower as the worker gets closer to the robot which itself slows down. If the separation distance 

were to be below a protective distance, the robot will stop its current movement and wait until the 

separation distance is above the protective distance. (OMRON, 2016c) 

This feature is similar to the Safety Monitored Stop feature, in that the robot stops if a human worker 

ǿŜǊŜ ǘƻ ōŜ ǿƛǘƘƛƴ ǘƘŜ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǊƻōƻǘΩǎ ǿƻǊƪƛƴƎ ŀǊŜŀΣ ƻǊ ǿƛǘƘƛƴ ƛǘǎ ǇǊƻǘŜŎǘƛǾŜ ŘƛǎǘŀƴŎŜΦ ¢ƘŜ 

difference is while a robot with the safety monitored stop feature has to be given a signal to resume 

operations, a robot with this other feature does not. The robot will constantly work at a certain 

ǎǇŜŜŘΣ ǾŀǊƛŜŘ ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƘǳƳŀƴ ǿƻǊƪŜǊΩǎ Ǉƻǎƛǘƛƻƴ ŀƴŘ ǘƘŜƛǊ ǎŜǇŀǊŀǘƛƻƴ ŘƛǎǘŀƴŎŜΦ ¢ƘŜ ǎǇŜŜŘ 

and separation monitoring feature are therefore suitable for operations with a frequent worker 

presence. (ISO, 2011a; ISO, 2011b) 

2.2.4 Power and Force Limiting 

The power and force limiting feature encourage collaborative work between human and robot in a 

shared workspace. A collaborative robot with this feature can work alongside humans without any 

additional safety devices (ISO, 2011a; ISO, 2011b). With inbuilt force sensors they can feel abnormal 

forces in its path and stops if there is an excess of force met. This allow human workers to make 

contact with the collaborative robot and with the shared work piece without any interruptions or 

safety risks occurring (OMRON, 2016d). This is the feature that most people relate to collaborative 

robotics with plenty of examples of force limited robot models already in the market, shown in Table 

1 and Figure 2. 
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Table 1 Examples of force limited robots in the market. 

Robot Company Reference 

UR family Universal Robots (Universal Robots, 2017) 

Baxter and Sawyer Rethink Robotics (Rethink Robotics, 2016) 

LBR iiwa KUKA (KUKA, 2017) 

YuMi ABB (ABB, 2014) 

CR-35iA FANUC (FANUC, 2015) 

 

 

Figure 2 (a) UR3. (b) Sawyer. (c) LBR iiwa. (d) YuMi. (e) CR-35iA. 
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3 Literature review 

This chapter presents a comprehensive literature review in HRC, reviewing its criteria as well as its 

current use and development. The chapter also reviews various implementations of mobile robotics. 

The review will demonstrate that there is a possible research gap in HRC implementations in 

laboratories and mobile HRC applications, which will be further described in the review conclusion.  

3.1 Brief history 

The idea of physical interaction between a human and an autonomous industrial robot in a shared 

ǿƻǊƪ ǎǇŀŎŜ ŘŀǘŜǎ ōŀŎƪ ǘƻ мффсΣ ǿƛǘƘ ǘƘŜ ƛƴǾŜƴǘƛƻƴ ƻŦ ǘƘŜ ǘŜǊƳ ΨŎƻōƻǘǎΩ ό/ƻƭƎŀǘŜ Ŝǘ ŀƭΦΣ мффсύΦ 

Intended to improve ergonomics for human workers by using robot collaboration, the robots had to 

ōŜ ƳŀŘŜ ǎŀŦŜ ŜƴƻǳƎƘ ǘƻ ƴƻǘ ōǊƛƴƎ ƴŜǿ Ǌƛǎƪǎ ŦƻǊ ǘƘŜ ǿƻǊƪŜǊǎΦ /ƻōƻǘǎ ǿŀǎ ŘŜǎŎǊƛōŜŘ ŀǎ άAn apparatus 

and method for direct physical interaction between a person and a general-purpose manipulator 

controlled by a computerέ ό/ƻƭƎŀǘŜ ŀƴŘ tŜǎƘƪƛƴΣ мфффύΦ ¢ƘŜ ŦƛǊǎǘ Ŏƻōƻǘǎ ŘƛŘ ƴƻǘ ǳǎŜ ǎŜǊǾƻǎ ŀƴŘ 

therefore did not generate any movement, making it psychically passive. Instead, movement was 

provided by the worker and therefore assured human safety. 

In the early 2000s, more cobot models were developed and a draft safety standard was published in 

2002, but for Intelligent Assist Devices (IAD) which were an alternate term for cobot used by General 

Motors (Akella et al., 1999; Robotic Industries Association, 2002). In later years, more companies 

joined the fray of collaborative robotics. KUKA, a German manufacturer of industrial robots and 

solutions for factory automation, released the LBR 3 cobot in 2004 and continued its development 

throughout the years, releasing the LBR 4 by 2008 and finally the LBR iiwa in 2013 (DLR, n.d.). During 

the same period, Universal Robots, FANUC, ABB, Rethink Robotics and others released several 

commercial collaborative robots, from the UR-series starting in 2008 to the FANUC CR-35iA released 

in 2015. 

3.2 State-of-the-art of Human-Robot Collaboration 

The following section will review how HRC is defined and utilized by various researchers, developing 

collaborative HR systems that are adaptable, accurate and/or reliable for human workers. According 

to Chandrasekaran and Conrad (2015), because of the increasing demand of new applications, the 

collaboration becomes more important in order to relieve the human worker and place the 

responsibility on the robot. Safety, efficiency, ergonomics, flexibility, programmability and 

adaptability are all highly demanded in today's processes. In order for HRC to meet the demand, it is 

vital that the human worker have high confidence in their robot co-worker and that the robot should 

not just be collaborative, but also be able to understand their human co-worker which requires 

higher cognition capabilities. It is also alleged by Lenz and Knoll (2014) that perception, recognition, 

dynamic and adaptive motions, and communication are important requirements to enable HRC. 

Augmented Reality (AR) and Text-To-Speech (TTS) technologies are two examples that has been 

proposed to enhance the interaction experience in collaborative tasks (Green et al., 2008). 

Capable of carrying out tasks in complex and unstructured environments is a challenge for robots 

applied in HRC applications, while still being safe and interactable with human workers. Integrating 

multiple sensor subsystems and algorithms has therefore been worked on in order to enhance the 

robot's capabilities, making it more efficient in performing tasks while still being safe and easy 
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manageable. Several methods were proposed, including tracking algorithms, collision avoidance 

algorithms and interpreters which handles voice and gesture commands. The results showed that the 

robots' interpretative ability can be done more accurate by using gestures, sounds and other 

communication and interaction methods, thus optimizing their collaborative performance. (de Gea 

Fernández et al., 2017; Maurtua et al., 2017). 

In Zanella et al. (2017) work, a criterion is defined for HRC applicability and suitability in applications. 

The researchers found that there was no proper method to identify the benefits of using HRC in an 

application in production and therefore suggested a methodology to analyse and justify the benefits. 

The proposed methodology is structured by two phases: Phase A which reduce collected data to an 

appropriate amount and identifies suitable cells to apply HRC, and Phase B which evaluates which 

workcell is most suitable for a HRC implementation, in terms of feasibility and benefit. The collected 

data from Phase A should describe the characteristic aspects of the analysed cell, including 

ergonomics, room availability and operating time. With the collected inputs can each workcell be 

ranked for its HRC suitability and the inputs most relevant can be taken into consideration in Phase B. 

In Phase B, the evaluation considers the following key parameter: Technological complexity, HRC 

Relevance, Benefits/Costs indicator, Ergonomics & Safety and Logistics Interface. It is a cyclic phase 

which can be reused until a HRC application has been selected, for each iteration of the analysis, the 

more detailed becomes the design and layout. 

Another study was done by Sadrfaridpour and Wang (2017) which focused on making collaborative 

robots interact more closely and effectively with human workers by utilizing HRI. They proposed an 

integration of HRI factors, physical and social, into the robot motion controller for HRC assembly 

operations. They meant to further augment each HRI factor and tried, among other things, to make 

the collaborative robot to choose paths and constrain its control by using a computed metric of the 

human ǿƻǊƪŜǊΩǎ ǘǊǳǎǘ ƛƴ ǘƘŜ ǊƻōƻǘΦ ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǎƘƻǿŜŘ ǘƘŀǘ ōȅ ŀǳƎƳŜƴǘƛƴƎ ǘƘŜ ǇƘȅǎƛŎŀƭ 

ŀƴŘ ǎƻŎƛŀƭ ŦŀŎǘƻǊǎ ƻŦ IwL ŀƴŘ ǳǘƛƭƛȊƛƴƎ ƛǘ ƛƴ Iw/Σ ǘƘŜ ƘǳƳŀƴ ǿƻǊƪƭƻŀŘ ǿŀǎ ŘŜŎǊŜŀǎŜŘ ǿƘƛƭŜ ǘƘŜ ǊƻōƻǘΩǎ 

usability was increased, compared to if the robot velocity were manually adjusted. Their study also 

ǎƘƻǿŜŘ ǘƘŀǘ ŀ ƘǳƳŀƴΩǎ ǘǊǳǎǘ ƛƴ the robot increased by using their framework, while the general 

efficiency in assembly time remained the same.  

Tsarouchi et al. (2016) worked on a decision-making system which assigned sequential tasks from a 

work process to a robot and a human, utilizing HRC. To make the interaction between the robot and 

the human possible when performing the sequential tasks, a depth sensor were used together with a 

gesture handler software tool. The decision-making algorithm evaluates multiple criteria when 

allocating the HR tasks. It considers whether the resource is suitable to execute the task, if the 

resource is available for the execution of the task, and the time the resource needs to execute the 

task. When executing the HR tasks, the safety in the collaborative workspace had to be considered 

and hand gestures representing start and stop were used to solve the issue. This were not a certified 

solution but was declared in the paper that the safety aspects ǿŜǊŜ ƻǳǘǎƛŘŜ ǘƘŜ ǿƻǊƪΩǎ ǎŎƻǇŜΦ ¢ŜǎǘŜŘ 

in an assembly cell, the results showed that the algorithm could allocate the tasks intelligently and 

enable a collaboration between a robot and a human. Compared to manual assembly, the workload 

of the human operator was reduced considerably, making it possible for the human operator to work 

with other tasks in parallel. Tsarouchi et al. (2016) considered, amongst other things, that their work 

contributed with a more natural way of interaction when switching between human and robot tasks, 

using hand gestures. 
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As recent research has sought to further enable HRC into production operations, has safety also 

become an increasingly important factor. Michalos et al. (2015) dealt with the design of HRC 

assemblies in their paper. To ensure hǳƳŀƴ ǎŀŦŜǘȅ ŀƴŘ ǘƘŜ ƻǾŜǊŀƭƭ ǎȅǎǘŜƳΩǎ ǇǊƻŘǳŎǘƛǾƛǘȅ, different 

strategies have to be carried out based on the specification of the assembly process. The paper 

discusses, among other things, about HRI and collaboration where a HRI system can be categorized 

based on the interaction level. The interaction could be done with a common task and workspace, a 

shared task and workspace, or a common task and a separate workspace, shown in Figure 3. 

 

Figure 3 Taxonomy of HRC tasks and workspaces. (Michalos et al., 2015) 

Different safety strategies were discussed as well, including: crash safety, active safety and adaptive 

ǎŀŦŜǘȅΦ ¢ƘŜǎŜ ǘƘǊŜŜ ǘȅǇŜǎ ƻŦ ǎŜŎǳǊƛǘȅ ŀƛƳ ǘƻ ŜƴǎǳǊŜ ƻǇŜǊŀǘƻǊǎΩ ǎŀŦŜǘȅ ƛƴ ŘƛŦŦŜǊŜƴǘ ǿŀys, limiting the 

force of the robot, detecting imminent collisions, avoid collisions through corrective actions, etc. By 

examining three pilot cases, Michalos et al. (2015) concluded that there were four different variables 

which affect the requirements to have a safe and productive HRC assembly: 

¶ The type of the robot (dual/single arm) 

¶ TƘŜ ǊƻōƻǘΩǎ ǇŀȅƭƻŀŘ ŀƴŘ ǇƻǿŜǊκŦƻǊŎŜ ǘƘŀǘ ƛǘ Ŏŀƴ ŀǇǇƭȅ  

¶ TƘŜ ǇŀǊǘΩǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ όƎŜƻƳŜǘǊȅκǿŜƛƎƘǘύ  

¶ The assembly/manufacturing process used, considering the end effector and ǊƻōƻǘΩǎ Ƴƻǘƛƻƴ 

A review of safe HRC were done by Robla-Gomez et al. (2017) and they brought up key elements that 

have contributed to HRC development, including safety frameworks, collision systems, light weight 

structures (commercial collaborative robots), collision avoidance systems and vision systems. In their 

paper, they discussed methods which were used to estimate the degree of injury by human-robot 

collisions, as well as methods to minimize these injuries and even systems used to avoid collisions 

from occurring. The review showed several injury indices which were commonly used in other 

studies to assess human-robot collisions, including the HIC (Head Injury Criterion) index. However, 

the paper pointed out that these indices was originally developed for other means, such as to 

evaluate head injuries following car collisions, and were therefore not perfectly suitable in relation to 

industrial robots. Instead, these indices were useful to evaluate new safety systems. In injury 

minimization, several methods using mechanical systems were reviewed and Robla-Gomez et al. 

(2017) could conclude that viscoelastic covering, an impact force reduction cover which maintains 

contact sensitivity, is sufficient to absorb impact forces and together with absorption elastic systems 

it presents even better results. Commercial light robots implement these methods to be safer in 

human-robot collaborative tasks. 
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άΧ ŀ ǎŜŎƻƴŘ ƪŜȅ ŀƛƳ ƛƴ ƘǳƳŀƴ Ǌƻōƻǘ ŎƻƭƭŀōƻǊŀǘƛƻƴ ƛǎ ǘƻ ŜƴƘŀƴŎŜ ǎŀŦŜǘȅ ǘƘǊƻǳƎƘ 

the implementation of collision avoidŀƴŎŜ ǎȅǎǘŜƳǎΦέ όwƻōƭŀ-Gomez et al., 2017) 

Finally, the paper discussed about human-robot collision avoidance systems and the various pre-

collision strategies that has been proposed in this topic. Several different hardware has been tested 

in earlier works, including motion capture systems, local information sensors, artificial vision systems 

and range systems. Certain strategies even used a combination of vision and range systems to 

combine 3D and 2D information. However, for HRC safety there has not been much work reported 

using this strategy. The review also included and discussed the emergence of RGB-D devices, which 

has made it easier to extract 3D information from a workspace. Robla-Gomez et al. (2017) explain 

that while it is a technology still progressing, it is proposed in works as a possible solution to extract 

more comprehensive information from robotic industrial environments, even though these devices 

were not originally intended to be used in that field. 

3.3 Sterilize robots 

In laboratory environments there is an important issue with hygiene. The same issue applies in the 

field of food production and operating rooms, where all tools used for making contact with the food 

or patient must be free of living microorganisms. The tools must, in other words, be sterilized and 

both traditional industrial robots and collaborative robots working in such environments are no 

exception. There are various methods to sterilize tools, including steam sterilization, hot-air 

sterilization, fractional sterilization, chemical sterilization, radiation sterilization and plasma 

sterilization. In the food industry, for example, the grippers of a robot could be washed down with 

industrial detergents and pressurized hot water in order to be sterilized. However, often are robots 

difficult to sterilize due to their technical design or their size, containing electronic and 

electromechanical components which could be damaged and having rough surfaces which foreign 

objects could be attached on when treated with traditional sterilization methods. Robotic 

manipulators, vision systems and end-effectors or grippers must therefore have a better hygienic 

design in order to be sterilized without an issue. One common solution, for medical robots 

particularly, is therefore to provide them with a sterile drape before being used, either covering 

portions of the robot or all of it (Hagn, 2014; Watanabe, 2015; Giorgi, 2016; Winer, 2017). 

3.4 Mobile robotics 

As the company was interested in having the HRC implementation mobile, a literature review was 

conducted on how mobility was implemented in robots in other studies. This section presents 

publications which have used technologies to make industrial robots mobile, including Autonomous 

Industrial Mobile Manipulators (AIMM) and rail-guided tracks. For instance, Andersen et al. (2013) 

present a fast calibration method for when an AIMM moves to a new station and must be calibrated. 

The method is based on QR codes and the study proposed that the QR codes are placed at each 

station, visible for the robot. This requires that the AIMM knows where the QR codes are placed and 

must have a camera that can read them. The calibration method was tested both in a laboratory and 

in an industrial environment. The result showed that an AIMM could be calibrated in less than 1 

second, with a calibration accuracy of ±4 mm. Compared to existing calibration methods, the 

proposed method showed to be less precise than previous methods. However, the proposed method 

were instead at least 10 times faster than previous methods, thus being a great improvement in 

terms of time. 
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Another way to make robots mobile in an efficient way is presented in Carvalho et al. (2017) work, 

where an autonomous rail-guided robot named DORIS is presented. The robot is designed to inspect 

and monitor Oil and Gas facilities, navigating through the facility using teleoperation via Wi-Fi and 

maps the environment with the use of a laser scanner. TƘŜ ǊƻōƻǘΩǎ ŦŜŀǘǳǊŜǎΣ ŘŜǎƛƎƴΣ ǊŜŎŜƴǘ 

development and field test results are presented in the paper and both advantages and drawbacks 

are discussed. TƘŜ Ǌƻōƻǘ ǿŀǎ ŎŀǇŀōƭŜ ƻŦ ƳƻǾƛƴƎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǊŀƛƭΩǎ ǇŀǘƘΣ ǇǊƻǾƛŘing with real time 

sensor data and autonomously detect audio and video anomalies.  

Tian et al. (2014) worked on rail-guided robot as well and proposed a method for improving the 

automated assembly systemΩǎ position accuracy. They used a multi-station method to control the 

industrial robot, where certain positions on the rail are defined as stations and the robot switch 

stations whenever its working piece is beyond the roōƻǘΩǎ ǊŀƴƎŜΦ ¢ƘŜ ŎŀƭƛōǊŀǘƛƻƴ ƻŦ ōƻǘƘ ǘƘŜ Ǌƻōƻǘ 

and the stations calibrated the robot system and according to the study it gained significant 

improvements. With the proposed calibration method, the position accuracy was reduced to less 

than 0.3 mm, compared with 2 mm before calibration. 

3.5 Review conclusions 

With new application rising in industries, the demand on safety, efficiency and adaptability will keep 

increasing. The robot's collaborative capability as well as its understanding and the human worker's 

trust are all vital in order for HRC to be successful and keep being successful. Several methods have 

been used for this purpose in previous works, including integration algorithms, AR and TTS 

technologies, impact absorption coverings and vision systems. 

Human-Robot Collaboration has been studied and practiced in numerous academic publications. 

However, there is a gap in HRC research focusing on laboratory environments. Unlike traditional 

industrial environments, laboratory environments can be more confined with close proximity to 

human workers, fragile equipment and high demand on hygiene. This gap is planned to be addressed 

in the research while finding a robust solution to an existing real-world problem at Eurofins. In 

comparison, there may be other possibilities and limitations for HRC in a laboratory environment. It 

is therefore expected that the research performed will, together with the developed demonstrator, 

contribute with valuable data and insight for the research community. 

In the hygienic field, covering robots with sterilized drapes is a common solution in order to make 

them hygienic, as traditional sterilization methods could damage the robot's interior. However, 

drapes can limit the robot's mobility and its built-in systems, such as sensors, which can be a major 

issue for collaborative robots. This will therefore be addressed in the research project and 

considered when looking at appropriate robots for the HRC implementation, looking at how each 

collaborative robot is hygienic. 

Another possible research gap found in the existing literature is the use of mobile solutions for HRC 

applications specifically. The client is interested in having the collaborative robot mobile to enable it 

to work in two different stations and such applications has vaguely been researched in earlier works.  

By addressing this as well as the HRC research gap, will valuable scientific data be generated and 

open up new research directions. 
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4 Methodology 

In this section the chosen methodology for the research project is presented and argued for its 

appropriateness. 

4.1 Design Science 

The άŘesign and creationέ research strategy, also known as design science, is a development 

methodology that aims to create new artefacts. There are different types of artefacts that can be 

developed and according to March and Smith (1995), it includes constructs, models, methods and 

instantiations. Constructs are abstract ideas which are applied in certain IT-related domains, such as 

device concepts. Models are combination of constructs, forming patterns that can be used to gain a 

better understanding and develop solutions, such as a data flow diagram or a storyboard. Methods, 

or methodologies, are forms of procedures for accomplishing or approaching problems using IT, 

including production guidelines of models. Finally, instantiations are computer-based systems that 

can display constructs, models, methods, ideas, genres or theories and justify their functionality. An 

artefact that is developed through design science research must display academic qualities as well as 

being a proper scientific contribution, to be considered as a product made from research (Oates, 

2006). 

The design science research method is found suitable for the project because an artefact is to be 

developed in the form of a computer-based system, in other words, an instantiation. Through the 

artefact, valuable data of academic quality will be generated which will become a contribution to the 

research community. 

Hevner et al. (2004) presented seven principles for evaluating research using the design science 

strategy. These are shown in Figure 4 and are presented in the following subchapters, each followed 

by ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊƛƴŎƛǇƭŜ. The seven principles are highly regarded within the 

research comƳǳƴƛǘȅ ŀǎ άƛƴǘŜƎǊŀƭ ǘƻ ǘƻǇ ǉǳŀƭƛǘȅ ŘŜǎƛƎƴ ǊŜǎŜŀǊŎƘέ (Hevner and Chatterjee, 2010). A 

research using the design science method should therefore adhere to each of the principles. 

 

Figure 4 The seven design science principles. 
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4.1.1 Design as an artefact 

The first principle states that the research using the design science methodology has to develop a 

viable artefact, such as a construct, a model, a method, or an instantiation. An artefactΩs usability is 

dependent on the people and the organization, therefore, in order to develop and implement an 

artefact successfully it is very important to have a good perception for the organization and see what 

is suitable for them (Hevner et al., 2004; Hevner and Chatterjee, 2010). 

In the proposed research an artefact of the instantiation type will be developed and evaluated. The 

artefact is in the form of an emulating demonstrator for illustrating possible solutions of HRC 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ƛƴ ǘƘŜ ŎƭƛŜƴǘΩǎ ŦŀŎƛƭƛǘȅ. This can be used to justify their suitability and further 

analysis. 

4.1.2 Problem relevance 

The second principle means the IT solution should be developed towards important and relevant 

business problems. It is the design science researchΩǎ objective, as well as to obtain knowledge. 

Technical issues together with organisational and user-based procedures must be addressed, to be 

accepted by the users (Hevner et al., 2004; Hevner and Chatterjee, 2010). 

The proposed research has its focus on addressing an existing problem at Eurofins, where they 

require a solution for replacing repeated manual labour which may cause ergonomic problems 

through a suitable HRC. By investigating the needs, possibilities and limitations of HRC 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ŀǘ ǘƘŜ ŎƭƛŜƴǘΩǎ ŦŀŎƛƭƛǘȅΣ the technical issue can be identified and get the developed 

artefact to fall within the scope of the organization and its user acceptance. 

4.1.3 Design evaluation 

The third principle states that an artefact has to be thoroughly evaluated to justify its utility, quality 

and efficacy. Evaluation enables the design science research to answer its fundamental questions and 

when processed, the convergence between the artefact and its aimed work environment should be 

considered (Hevner et al., 2004; Hevner and Chatterjee, 2010). 

By developing a demonstrator which will emulate a proposed HRC implementation, the proposed 

solution can be effectively evaluated for its utility, quality and efficacy. The target workstations will 

be integrated into the simulation environment to ensure that the demonstrator emulates a real-

world scenario and help answer the question whether a HRC implementation is possible and 

recommended at the stations which were of interest by the client. 

4.1.4 Research contributions 

The fourth principle points out that research using design science has to give clear and verifiable 

contributions in the fields of the design artefact, foundations and methodologies, to be considered as 

effective research. At least one of these contributions has to be included in a research project using 

design science, however, the artefact itself that is being developed usually falls within one of the 

contribution categories. By putting the artefact into practice and utilize it in order to find a solution 

of an identified problem, it can contribute with valuable information for the research community 

(Hevner et al., 2004; Hevner and Chatterjee, 2010). 
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The main contribution for this design science research will be the demonstrator, as a design artefact. 

The research aims to contribute with further knowledge of HRC applications within laboratory 

environments and mobile integration possibilities for collaborative robotics. The applicability of a 

HRC implementation will be investigated in a laboratory environment, identifying possible needs, 

possibilities and limitations that may be relevant for laboratories in general. Regarding mobility will 

different integrations be investigated as well, such as rails or wagons. The advantages and 

disadvantages of different integrations will be identified and compared. Finally, by using the 

developed demonstrator, possible solutions for ǘƘŜ ŎƭƛŜƴǘΩǎ ƛǎǎǳŜs can be evaluated and the 

generated data along with the design will become valuable contributions for the research 

community. 

4.1.5 Research rigour 

The fifth principle states that rigorous methods are necessary to use in both the development and 

evaluation of the artefact in design science research. The research should be processed with well-

defined and motivated methods, testing and evaluating the artefact within a suitable environment 

(Hevner et al., 2004; Hevner and Chatterjee, 2010). The interplay between relevance and rigour can 

cause conflicts in the design science research, but according to Applegate (1999), it is both possible 

and required. 

A quantitative approach will be used when developing and evaluating the demonstrator artefact. 

However, the research involves the collaboration between a robot and a human worker, encouraging 

HRC in a laboratory environment. Qualitative processes are therefore necessary as well due to both 

technological and human factors have to be considered when researching and developing such 

applications.  The research project will therefore be approached with a mixed use of both qualitative 

and quantitative methods. 

The work will be processed using a design science research process, a well-developed cyclical process 

method which is presented in subchapter 4.4. The demonstrator will illustrate a virtual environment 

which emulates the expected real-life implementation of the HRC application. The demonstrator will 

therefore allow for an easy and safe testing and evaluation of the HRC implementation via a virtual 

environment. Employees at the company will be involved when evaluating the developed artefact, 

analysing and discussing the performance and quality of the ŘŜƳƻƴǎǘǊŀǘƻǊΩǎ ǾƛǊǘǳŀƭ ŎƻƴǘŜƴǘ ŀƴŘ 

simulation. 

4.1.6 Research as a search process 

The sixth principle says that available assets should be utilized when searching for a desired artefact 

solution, while satisfying the requirements of the issue. Design science methods are used for finding 

solutions to a problem. The design artefact that is first developed is tested and evaluated, using the 

data and knowledge gained to develop an improved version of the artefact which is again tested and 

evaluated. For each cycle of testing and evaluating, the scope of the search should be expanded and 

refined, as well as making the artefact more applicable to the implementation (Hevner et al., 2004; 

Hevner and Chatterjee, 2010). 

The process of developing the demonstrator will base its research on theories and instantiations that 

worked on relevant research fields, including collaborative robots, mobile robotics and 

requirements/limitations from laboratory environments. By evaluating these theories and 
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instantiations can an initial design of the emulating demonstrator be formed. With a design, the 

demonstrator can be developed, tested and evaluated, expected to simulate a collaborative robot 

moving between two workstations in a laboratory environment. 

4.1.7 Communication of research 

The seventh and last principle states that the design science research has to be presented to 

technology-oriented and management-oriented audiences in an efficient way. What this means is 

that the research presented should include enough technical details and organisational factors to 

enable the technical audience to further develop the finished research. The managerial audience on 

the other hand should receive the necessary details that allow them to commit the organization to 

continue developing and implementing the artefact (Hevner et al., 2004; Hevner and Chatterjee, 

2010). 

The research and development on the emulating HRC demonstrator will be evaluated together with 

ǘƘŜ ŎƻƳǇŀƴȅΩǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎΣ ƻǇǘƛƻƴŀƭƭȅΣ ŀǎ ǿŜƭƭ ŀǎ ǿƛǘƘ ǊŜǎŜŀǊŎƘ ǇŀǊǘƴŜǊǎ ƛƴǾƻƭǾŜd in other HRC 

research projects. The emulating demonstrator will provide with data from tests which can be 

evaluated together with partners from the company and the university. By doing this the research 

will process in the right direction and encouraging further development and commitment. 

4.2 Data collection and analysis 

In order to create the IT artefact as well as evaluating it, certain data must be generated and 

analysed. Suitable data generation methods and analysis techniques for the research project will be 

briefly introduced and argued for their appropriateness, including semi-structured interviews, 

participant observation and quantitative data analysis. The data to be collected will be briefly 

introduced as well. 

4.2.1 Semi-structured interviews 

Given the few number of workers ǎǘŀǘƛƻƴŜŘ ŀǘ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ǿƻǊƪ ŀǊŜŀ, semi-structured interviews will 

be used as a data collection method to gather valuable data for the research project. Interviews are 

conversations between a researcher and an interviewee with discussion topics planned by the 

researcher. It is a suitable data collection method in order to acquire detailed information and 

answers on complex question, which could involve emotional information that the interviewee 

would not willingly answer to on paper. By being semi-structured, the interview will still be planned 

with certain topics, but the order of questions is not determined and the interviewee can answer the 

questions more in detail, which could unearth more relevant questions that can be added during the 

interview (Oates, 2006). The semi-structured interviews will be used to: 

¶ identify requirements and limitations of HRC in laboratory environments; 

¶ identify trust, expectations and fears from human workers towards collaborative robots; 

¶ obtain feedbacks on developed designs. 

Semi-structured interviews are expected to be a suitable method for the research project because for 

its flexibility. With little experience in HRC, especially within laboratory environments, using semi-

structured interviews could provide with a deeper understanding of the scientific field by allowing the 
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interviewees to introduce issues which might not have been thought of. As a preferred recording 

method, the field notes method will be used when having the interviews (Oates, 2006). 

4.2.2 Participant observation 

Another data collection method that will be used in the research project is the participant 

observation method. This method is used to gain a better understanding of what is occurring in a 

process, by observing and noting down as much as possible about the process. It is important to pay 

attention by both watching and listening to everything that is occurring and reflect on it. By acting as 

an overtly complete observer, people will be informed that everything taking place will be observed 

but the observer will not participate in any way (Oates, 2006).  

By acting as an overtly complete observer in a participant observation, the necessary data from the 

existing work flows can be obtained in the research project. The data is necessary because before the 

demonstrator can be developed, the existing work flows must first be identified in order to 

determine the ergonomically undesirable movements and which tasks is applicable for a 

collaborative robot. Instruction videos on the existing work flows has already been provided by the 

company. This will make the observation easier and more justifiable, by comparing the observations 

on site with ǘƘŜ ǾƛŘŜƻǎΩ ƛƴǎǘǊǳŎǘƛƻƴǎΦ 

4.2.3 Data to be collected 

Through the semi-structured interviews and participant observations, various data will be acquired 

for the research project. The data will be necessary when developing the artefact and when 

evaluating its performance. Both observations and interviews will generate certain data. The 

observation data will inform about the existing work flow and its procedure, while the interview data 

will present scales of trust, expectations and fears of collaborative robots. By dividing the 

observation data into a hierarchy of lesser tasks, additional data will be extracted. These lesser tasks 

could be, for example, the press of a button or to pick up a tool in the existing work procedure. The 

extracted data can then be more easily observed to generate ergonomic data, in other words, 

identifying the data which contains ergonomically undesirable movements. The final data to be 

ƎŜƴŜǊŀǘŜŘ ƛǎ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ŘŀǘŀΣ ŎƻƴǘŀƛƴƛƴƎ ǘƘŜ ŀǊǘŜŦŀŎǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜΣ including its utility, quality 

and efficacy. Using quantitative methods, the evaluation data will be analysed to tell whether the 

artefŀŎǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛǎ ǎǳŦŦƛŎƛŜƴǘ ŜƴƻǳƎƘΦ 

4.2.4 Quantitative Data Analysis 

When the artefact is developed, it must be evaluated. To confirm its performance, a quantitative 

data analysis is required. Quantitative data analysis searches for patterns in numeric data in order to 

draw conclusions from it (Oates, 2006). The data could include the number of times an operator uses 

a tool, the time in seconds it takes to complete a task or the number of times an operator performs 

movements identified as unergonomic. Continuous data is a type of data that can be analysed and is 

measured with considerable accuracy. It could, for example, include process times measured in 

milliseconds. 

The evaluation data generated ŘǳǊƛƴƎ ǘƘŜ ŀǊǘŜŦŀŎǘΩǎ ŜǾŀƭǳŀǘƛƻƴ will contain continuous data, among 

other things, and the project research will use quantitative methods to analyse it. The simulated 

ǊƻōƻǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜ ǎƘƻǳƭŘ ōŜ ŀƴŀƭȅǎŜŘ ǘƻ ŎƻƴŦƛǊƳ ƛǘǎ efficacy, comparing its process time with the 
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average process time of the existing station. The time it takes to configure the robot should be 

analysed as well, as it may be related to the average performance of the HRC implementation. 

4.3 Validity 

In order for the research design to be a generalizable and proper research, common threats to 

internal and external validity has been considered. Instrumentation for example is a threat toward 

the internal validity where measuring devices used for the observations could be inaccurate. This 

could affect the demonstrator later developed, where the simulation would not represent reality if 

the dependent variables are incorrect. This threat will be taken care of through careful inspections of 

the tools being used and if uncertainty arises, another person may be invited to perform the same 

inspection and the conclusions can then be compared. Another threat to internal validity in the 

research design is the reactivity and experimenter effects. Because the participant observation will be 

done acting as an overtly complete observer, the people being observed might change their 

behaviour when performing their tasks. They might want to look good and try to perform better, 

doing their tasks differently from how they usually do it and show a different performance rate. This 

threat will affect both the artefact design and its performance demand during the evaluation, 

therefore, the people who are being observed will be informed of the purpose of the observation 

and that their participation will be anonymous and will not affect their relationship with the 

company. 

Too few participants are a threat toward the external validity and may be relevant for the semi-

structured interviews. Given the few number of participants planned on being interviewed, it will be 

difficult to justify that the result is statistically significant. It will therefore be noted in the research 

that the interview data will be used primarily for the creation of a suitable HRC application, rather 

than being shown as a generalizable statistical data. 

4.4 Research plan 

When performing a design science research, more knowledge about the issue presented and 

necessary data will first be collected in order to come up with a suggestion and develop an artefact. 

IƻǿŜǾŜǊΣ ŘǳǊƛƴƎ ǘƘŜ ŀǊǘŜŦŀŎǘΩǎ ŘŜǾŜƭƻǇƳŜƴǘ ƻǊ ǿƘŜƴ it is evaluated can possible constraints be 

identified which contributes with further knowledge. With the gained knowledge, new data might be 

collected and the artefact can be refined, the process begins anew. TƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎŜŀǊŎƘ ǇǊƻŎŜǎǎ 

will therefore be cyclical, illustrated in Figure 5.  
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Figure 5 The design science research process.  

Originally from Takeda et al. (1990), and further developed by Peffers et al. (2007) and Vaishnavi and 

Kuechler (2015). 

Each process step will give an output which will be used in the next step. The proposal output will 

arise through collected information, gained from literature reviews and generated data. The proposal 

will lead to a suggestion, both well connected, and extract a tentative design. The tentative design 

will then be used in the Development step, where an artefact will be created. Using mixed methods, 

the artefact will be evaluated and if its performance is good enough, the research will finally reach a 

conclusion. If concerning constraints are, however, identified during the Development or Evaluation 

step, the information gained will be fed back and processed in an iterative cycle. The Conclusion step 

will both conclude the research and present obtained knowledge to be used by others, such as 

researchers or companies working within the research area (Holm, 2017). According to Johannesson 

and Perjons (2014), the five process steps will likely be given different amount of time and 

consideration depending on the task given for the research. 
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5 Collection of data and analysis 

This chapter describes the preparation work, as well as the acquisition of necessary data for the 

project and how the data obtained is analysed. As earlier mentioned in section 4.2, certain data must 

be generated and analysed in order to create the IT artefact, as well as evaluating it later in the 

development process. Semi-structured interviews and Participant observations were said to be used 

and the goal is to collect the data presented in section 4.2.3. Observations will be the foremost 

method used for the data collection because of its necessity when creating a simulation which 

replicates the existing work stations. The observation data will be collected from working stations at 

Eurofins' facility which were of interest by the client. 

5.1 The stations 

The first station, the application of diluted food on plates, includes dilution, planting and dispersion 

in its process. First, the sample food is diluted with the use of Dilucup wells, the more the test sample 

needs to be diluted, the more wells are used. The Dilucup wells are shown, among other equipment, 

in Figure 6. 

 

Figure 6 Dilution station for food sample testing. 

After the dilution the sample needs to be applied on plates for further treatment. When applied, the 

sample should be spread throughout the base of the plate. The second station manages water 

samples instead and processes the samples by filtering the water through valves, shown in Figure 7. 
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Figure 7 Filtration equipment, placed at the water filtration station. 

5.2 Observation data and reflection 

Observations were performed not only by observing the workers at the stations, but also by watching 

instructional videos. The videos were prepared by the company to make the education easier when 

new workers start working at their stations. Using the observations, the work process could be 

identified and documented. On the other hand, in order for the observation data to be easier to 

analyse later, it was divided into smaller tasks. The description of each task is shown in Appendix A ς 

Station tasks. 

A robot placed on the food dilution station would most likely be able to perform the entire work 

process on its own, with the right conditions. By installing a pipette tool on one arm of the robot and 

also implementing a signal transmitter between the robot and the dilucup well shaker, the robot 

would be able to handle the tasks on its own. However, it is the preparation at the beginning of the 

work process that is questionable whether if the robot should be handling or not, a collaborating 

with a human operator might therefore be suitable. 

For the water filtering station, a robot would probably need the assistance of a human operator. 

Several tasks during the work process include inspections that need to be done by a human operator. 

This station would therefore be in a greater need for a HRC implementation, if a robot is to be used. 

5.3 Interviews 

When preparing the interview questions, it is important to know what the purpose should be behind 

the questions. Certain themes were therefore thought out that are relevant in discussions about 

HRC:  

¶ Expectations, what the company and its workers expect from a collaborative robot;  

¶ Requirements, what the client requires from the collaborative robot; 

¶ LimitationsΣ ǿƘŀǘ ƭƛƳƛǘŀǘƛƻƴǎ ŜȄƛǎǘ ŦƻǊ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴΣ ōƻǘƘ ƛƴ ǘƘŜ ǊƻōƻǘΩǎ ŎŀǇŀōƛƭƛǘȅ ŀƴŘ ƛƴ ǘƘŜ 

ŎƭƛŜƴǘΩǎ ǊŜǎǘǊƛŎǘƛƻƴǎΤ 

¶ Reliability, how trustworthy the human worker finds the robot; 

¶ Fears, what the human worker fear about robots. 
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The interview questions were divided and aimed toward two different groups of people, workers 

ǎǘŀǘƛƻƴŜŘ ŀǘ 9ǳǊƻŦƛƴǎΩ ŦŀŎƛƭƛǘȅ and representatives from robot manufacturer companies. The reason 

this is done is to identify thoughts and values from people with different backgrounds. In addition, 

some questions are more targeted to people with a particular background and therefore need to be 

divided. But as the interviews are directed towards two different groups of people, one needs to be 

aware of what kinds of bias they might bring. While EurofinsΩ workers may be biased towards their 

own well-being, the manufacturers' representatives may be biased toward their own products, 

something that has to be considered. The prepared questions can be found in Appendix B ς Interview 

questions while the following subchapters will present a summary of the answers which was received 

by the interviewees, as well as an interview discussion in the last subchapter, 5.3.3. 

5.3.1 LƴǘŜǊǾƛŜǿƛƴƎ 9ǳǊƻŦƛƴǎΩ ŜƳǇƭƻȅŜŜǎ 

For the interviews at the company, the questions were prepared with a focus on expectations, 

requirements, reliability and fears. The questions were made in mind that only short answers were 

required, as the company could not put aside time for the workers to be interviewed and had to be 

interviewed while they were still working. Before each interview, the following were presented to 

the interviewees to clarify about the purpose of the interview as well as their rights: 

1. The purpose of the interview is to gain a better understanding of the workstations at 

9ǳǊƻŦƛƴǎΩ ŦŀŎƛƭƛǘȅΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǿƻǊƪŜǊǎΩ trust, expectations and fears towards 

collaborative robots.  

2. The answers given will be noted down with the approval of the interviewee.  

3. The interviewee will be anonymous, and their answers will not affect their relationship with 

their associated company in any way.  

4. The interviewee can, at any point during the interview, cancel their participation and abort 

the interview. 

The first questions included a couple of close-ended questions, focussing on their work stations and 

experience. These aimed to be easy for the interviewees to relieve possible pressure on them at the 

beginning of the interview. This would make them readier for the more complicated and sensitive 

questions later in the interview, all of which are open-ended questions. 

The first questions asked about whether there are any quality standards, if any issues have been 

experienced at the work stations and if the interviewee had any previous experience of industrial 

robots. In terms of standards, they have one for everything which are documented as well, including 

how the quality is measured. These must be followed but it was thought that the best is to learn by 

doing the quality measurements themselves, as the standards are easy to learn. In addition to the 

standards, there are specialists stationed at the facility that may be asked if a problem should arise. 

When asked about earlier issues at the stations, not much were said except for minor issues which 

does not occur often. Besides for sample and cleaning issues, the most protruding issues seems to be 

the dilucup well shaker and the pipette tool. One of the dilucup well shakers has an issue of shaking 

too violent, resulting with samples spilling out of the wells and is therefore not used that often. As 

for the pipette it can mess up sometimes where, for example, the sample can get stuck in the straw. 

Regarding the third question about previous experience of industrial robots, the answers were varied 

where some workers has seen a robot and while others have not. For those who had earlier 

experience, it was through real encounters and videos. 
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The next questions thereafter were open-ended and focused on the interviewee's thoughts and 

feelings. When asked about what they think of when mentioning collaborative robots, it was thought 

to be a robot that can help the human worker in some way and has different routines compared to a 

traditional industrial robot. Being able to collaborate was a clear assumption about their function, 

though none assumed how they exactly collaborated. There were uncertainties, however, whether a 

robot could handle all the tasks at certain stations at the facility. It was thought possible but 

debatable whether it can handle the amount of work while still be able to meet the required 

precision. The food dilution station and its careful tasks were taken as an example multiple times, 

where the organizing of plates and changing of straws between each dilution were among the tasks 

thought to be difficult for the robot. It was also questioned how a robot would affect the workflow. 

This was a recurring response when the interviewees were asked if they could think of any issues if a 

robot was installed in their work area. Again, it was mentioned was that the robot could interrupt the 

workflow, due to unplanned stops of the robot. Another issue that was thought of was that certain 

tests could be affected by the robot, as robots were thought to be not as careful with hygiene 

compared to human workers. The feeling of unreliability presented itself as the interviewees were 

asked about how they felt if they were to work next to a collaborative robot. The feeling would not 

be because of fear for becoming injured, but rather if the robot will be able to perform its assigned 

tasks. A calm feeling was shown as well among the interviewees, as it was explained that if there are 

no protective fence, then there is probably a reason for that. 

Closer to the end of the interview, the interviewees were asked which station they considered was in 

most need of an automation solution. The interviewees explained that both stations were of great 

need for an automation solution, as both require a lot of labour when large amounts of samples 

arrive for process. Summer was mentioned as a labour demanding period, due to more tests being 

taken from beaches, pools, etc. However, the water filtration station was slightly more often 

suggested, not because of necessity but because of its suitability for a robot implementation. The 

motivation was that it has a lot of repeated tasks which are straightforward as well. 

The final question asked which work method the interviewees thought to be the most cost-efficient 

one for the company, manual or automated. The general assumption presented was that an 

automated solution will cost more in the short term while utilizing manual work will cost more in the 

long term. Therefore, an automated solution was thought to be the most cost-efficient method in 

the long run. However, it was also suggested that work done manually could be more efficient, as 

robots may not work as fast as human workers and the process time would therefore increase. 

The interviews were brought to a close by asking the interviewees if they had any other points they 

would like to mention, which has not yet been addressed. Two particular comments were pointed 

out. The first was a suggestion of other stations that were considered to be in more need for an 

automation solution. The other was an opinion that a robot application in their laboratory 

environment might require both an engineer and a microbiologist for the implementation, as the 

company have different values compared to a traditional industry. 

5.3.2 Interviewing company representatives 

The research project was given the opportunity to interview representatives from two robotic 

manufacturers, ABB and FANUC. The questions prepared for these people focused on hygiene, 

laboratory environments and mobile robots, to get a better insight into the subjects from their 
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experience. .ŜŦƻǊŜ ǘƘŜ ƛƴǘŜǊǾƛŜǿΣ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ǿŜǊŜ ǇǊŜǎŜƴǘŜŘ ǘƘŜ ƛƴǘŜǊǾƛŜǿΩǎ purpose, which 

was to gain a deeper insight into HRC. It was also explained that laboratory environments were of 

particular interest and the answers would be used to strengthen the report made for the 

dissertation. Finally, it was clarified that the answers would be anonymous to the extent that only 

the name of the company that the representative is associated with would be mentioned as a 

reference. The following subchapters provide a summary of the answers from each company and the 

questions can be found in Appendix B ς Interview questions. 

5.3.2.1 ABB 

The interview started off by asking the interviewee if their collaborative robot was classified as 

hygienic. It was explained that the YuMi robot has surfaces that are durable and unhygienic 

substances can be wiped away if necessary, however, that case does not apply to all surfaces. A 

solution for these surfaces, that is being used, is to cover them with sterile socks. The socks have 

primarily been used on the robot to cover its hands, arms and body, while its tools for instance are 

already sterile.  

Moving on to the next topic, laboratory environments, the interviewee were asked whether their 

collaborative robot has previously been installed in a laboratory and what challenges they saw in 

such environments. The respond was that the YuMi robot has been installed in a number of 

laboratory environments. The locations could not be mentioned, however, the tasks could and 

included: 

¶ handling of materials; 

¶ machine tending; 

¶ pick and place, at an advanced level. 

It was described that the YuMi robot's main task is to relieve the human worker from laborious and 

exhausting work, by following ergonomic process steps when performing tasks together with the 

human worker. As a supplier, the company sees the challenge of understanding the industry within 

such environments. It is important to think about the way the robots are automated and be able to 

speak in the client's language who is positioned in this environment, describing it as a whole new 

playing field with new values. The advantage of the YuMi robot, on the other hand, is that it can 

share tasks in a completely new way, enabling it to more easily engage this industry compared to 

what traditional industrial robots have been able to do before. 

The interviewee was finally asked what mobile solution was recommended for a robot, if requested. 

The question has apparently been brought up on several occasions before and the answer would 

depend on how much workload there is on the robot. For example, if 70% of the workload is being 

used on one station it is relevant to ask if the robot could be made mobile, in order to take 

advantage of the remaining 30%. The following solutions would be suggested in turn, based on its 

suitability and investment: 

1. The first thing you look at is whether it is appropriate to use a pedestal with four wheels at 

the stations which are asking for a robot. This solution implies both a low investment and can 

be arranged from day 1; 

2. The next solution which has been investigated is to place the robot on a turntable. The 

turntable could be done both manually rotatable or motorized; 
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3. The next proposed solution would be to use a drive unit in the form of, for example, a rail; 

4. As a final proposal, the robot could be placed on an AGV unit, a solution used abroad but 

requires higher investments. 

The interviewee also stated that soon, a single-arm version of the YuMi robot will be released which 

will open up new application capabilities, both by using it alone as well as in conjunction with the 

two-armed robot. 

5.3.2.2 FANUC 

Asking about hygiene classification, it was explained by the interviewee at the beginning of the 

interview that their collaborative robots were not classified as hygienic, presenting their CR35 robot 

as an example. It is wearing foam rubber protection in green, which means that it can never be 

classified as a robot for "clean room environments". The smaller CR4 and CR7, on the other hand, are 

only green coloured and therefore the possibility is greater, but no classification tests have yet been 

done. 

Going to the next topic the interviewee could, unfortunately, not answer if they had any 

collaborative robot installed in a laboratory environment where there are cleanroom requirements. 

As for installing a robot in a laboratory environment, the interviewee believed that the challenge is to 

have a robot with both smooth and durable surfaces which can withstand strong cleaning products, 

which must usually be investigated and tested on a case-by-case basis. In traditional industrial 

environments, it is not priority one to be able to thoroughly clean the robot. 

Finally, the interviewee was asked what they would recommend if a mobile solution was requested 

and the interviewee responded that it would greatly depend on which solution is most appropriate 

for the customer's application. If the customer has stations that do not need to be in operation at the 

same time, a wagon could be a good solution. Should the robot instead be able to serve two stations 

or more but not exactly at the same time, could a rail/ turntable be a good solution for the robot 

instead. The interviewee also mentioned that the price difference between a manually movable unit 

and a drive unit, such as a rail, depends on the motorization. Servomotors are such an example and 

the price depend on the size of the engine needed, among other things. The interviewee thought it 

to be difficult to say a precise price difference, but that such a solution was obviously more 

expensive. However, it could be beneficial at the same time to have the robot managing its 

repositioning by its own, as it will not require human presence to perform it. 

5.3.3 Interview conclusions 

The semi-structured interviews were prepared in order to identify how trustworthy a collaborative 

Ǌƻōƻǘ ǿƻǳƭŘ ōŜ ƛŦ ƻƴŜ ǿŜǊŜ ǘƻ ōŜ ƛƳǇƭŜƳŜƴǘŜŘ ŀǘ 9ǳǊƻŦƛƴǎΩ ŦŀŎƛƭƛǘȅΦ The interviews were also 

conducted to gain a deeper insight into the topics that were of interest to the project's research 

study, namely HRC in laboratory environments and mobile robotics. IǳƳŀƴ ǿƻǊƪŜǊǎΩ ŜȄǇŜŎǘŀǘƛƻƴǎ 

and requirements, among other things, were looked at when investigating the trustworthiness of 

robots. It was clear that people could assume the purpose of collaborative robots and did not show 

any kind of concern about safety risks, however, people were more often concerned about the 

ŎƻƭƭŀōƻǊŀǘƛǾŜ ǊƻōƻǘΩǎ ŀǇǇƭƛŎŀōƛƭƛǘȅ. A HRC implementation were agreed to be possible but it was 

rather debateable whether it could satisfy both the necessary performance and quality, and not 

affecting each other in a negative way. People could claim that an implemented robot could interrupt 
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the workflow through unplanned stops, not be as efficient as human workers are and that it should 

be implemented in simpler stations which have a lot of repeated and straightforward tasks. 

Collaborative robots, whose in-built functions were developed to relieve the human worker from 

laborious and exhausting work while ensuring their safety, seem to have the trust it needs to work 

beside a human worker. However, the lack of confidence people has for robots is an issue just as 

important as safety. Without confidence, an HRC application will not be as efficient as intended. Lack 

of confidence may be more relevant in workplaces where there are higher quality requirements and 

a further study would be proposed to confirm that there is a general lack of confidence toward 

collaborative robots in high-quality work environments, such as laboratories. 

The next topic that were of importance, and coincide with quality, was hygiene. It is an important 

quality requirement in laboratory environments and sterile solutions does not seem to have had 

much attention in the development of collaborative robots, which was clearly shown during the 

interviews with the robot manufacturer companies. None of the companies could say to one 

hundred percent that their collaborative robots were hygienic; all they could motivate was how some 

surfaces of the robots were durable to be treated with detergents. Other surfaces may for example 

be covered with sterile socks, which was also shown as a common solution during the literature 

review. When asked about the challenges of installing a robot in a laboratory environment, one of 

the companies did mention that the challenge would be to develop a collaborative robot with 

smooth and durable surfaces that can withstand detergents, indicating that sterile properties on the 

robots are a known problem among them. Sterile socks are a suitable solution that exists today, but 

if sterile socks would be a hindrance to the functionality of collaborative robots in the future, there 

could be an opportunity for further research and development in making all surfaces of a 

collaborative robot sterile applicable. 

When it comes to laboratory environments, interesting comments came up there as well. One of the 

companies did mention that their collaborative robot has been implemented in a number of 

laboratory environments. As a supplier, however, they saw it challenging of understanding the 

industry within such environments. The way the robots should be automated and be able to speak in 

the client's language are both different compared to traditional industries and therefore described it 

as a whole new playing field with new values. What was interesting about it was that a similar 

comment was mentioned among the interviews with the workers at Eurofins. There, it was also 

mentioned that they have different values than other traditional industries and it was suggested that 

both an engineer and a microbiologist can be used when developing a HRC application, to close the 

ƎŀǇ ƻŦ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŜŀŎƘ ƻǘƘŜǊΩǎ ǾŀƭǳŜǎ and come up with better HRC applications. 

Finally, when asking about mobile solutions, three factors were recurring: price, workload and 

independence. The price is obviously important for companies that purchase the service and 

depends on the desired application, including the products and installations required. The second, 

and most discussable, factor is the workload. Both companies considered that the mobile solution to 

be proposed depends entirely on the workload, where several examples of solutions were suggested 

during the interviews. Independence, which coincides well with both price and workload, aims at 

how much the robot should handle its own movement on its own. While it is costlier to make a robot 

independent, it is a factor worth considering when, in such cases, it requires less human presence to 

carry out the movements. 
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6 Demonstrator development 

In this chapter the creation of the demonstrator is described, including the procedure, methods used 

and a presentation of the final demonstrator. 

6.1 Necessary material and choice of collaborative robot 

Before the development of the demonstrator could begin, tools necessary for the project had to be 

acquired. In addition to measuring equipment and other materials, a simulation development 

software and an Integrated Development Environment (IDE) are required in order to create the 

virtual environment and be able to program the virtual robot. Which simulation environment and 

programming language to use may depend on which collaborative robot the customer is interested 

in, as several of the robot manufacturing companies have their own simulation software and 

programming language for their robots. Following a discussion with the company, it appeared that 

ABB's collaborative robot was considered appropriate and the software RobotStudio 6.06 were 

chosen to be used for the project. 

RobotStudio is ABB's software for robotic simulation and offline programming. Its programming 

language is called RAPID and ƛǎ ǳǎŜŘ ǘƻ ŎƻƴǘǊƻƭ !..Ωǎ ƛƴŘǳǎǘǊƛŀƭ Ǌƻōƻǘs. As for the robot, the IRB 

14000 will be used, also known as YuMi. 

6.2 Method on approach 

With the use of the generated data, a demonstrator can be developed in ABB's RobotStudio software 

which simulates a HRC implementation at Eurofins' facility. Before the simulation of the two 

suggested stations can be jumped into, however, it is a good idea to get a basic idea of what needs to 

be implemented in a simulation. When a project involves the programming of a robot, there are 

features of simulation tools that do not always need to be applied, such as the work environment or 

interactable objects. The reason for this is because in several automation implementation projects, 

developers only need to think about getting the robot to move to the specified positions and uses 

the simulation tool to verify that the robot is moving properly before trying it out in a real 

demonstration cell. In a demonstrator, on the other hand, more factors need to be considered in 

order to illustrate to the client a realistic representation of a proposed implementation, without 

having to use resources to build a real demonstration cell. A simulation should include: 

¶ A suitable robot for the application; 

¶ Robot movementsΣ ƛƭƭǳǎǘǊŀǘƛƴƎ ǘƘŜ ǊƻōƻǘΩǎ ŜȄŜŎǳǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƪ ǇǊƻŎŜǎǎΤ 

¶ Tools necessary for the tasks; 

¶ A work environmentΣ ǊŜǇƭƛŎŀǘƛƴƎ ǘƘŜ ŎƭƛŜƴǘΩǎ ǎǇŜŎƛŦƛŜŘ ǿƻǊƪǇƭŀŎŜΤ 

¶ Interactable work objects, allowing the simulation to illustrate how the robot will interact 

with existing work objects.  

The mentioned features require the developer to build the work environment and objects 

ƎǊŀǇƘƛŎŀƭƭȅΣ ǇǊƻƎǊŀƳ ǘƘŜ ǊƻōƻǘΩǎ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ǎƛƎƴŀƭǎΣ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ƭƻƎƛŎ ƛƴǘƻ the simulation 

in order to make the objects interactable. These features could, for example, be relevant in sales to 

illustrate automation solutions, while the method is less relevant if a robot cell has already been 

ordered and the contract has been signed.  
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Following discussions with those involved in the project, it was suggested that at the beginning of the 

demonstrator development one of the appointed stations should be focussed, working on the key 

tasks at the station that the robot must be able to perform. For this reason, the food dilution station 

was chosen as it was of higher interest for an automation solution from the client and the water 

filtration station were questioned for its robot applicability, explained in chapter 5.2. 

6.3 Development 

A collaborative robot implemented in the food dilution station should be able to handle the dilution 

process of food samples, including the management of sterile straws and the pipetting process. The 

following subchapters will describe the objects created for the demonstrator, the tools and the 

ǊƻōƻǘΩǎ ǘŀǎƪ ŜȄŜŎǳǘƛƻƴΦ 

6.3.1 Work environment and objects 

To make the demonstrator lifelike, several work objects were created in the virtual environment. 

Some of the objects are an interpretation of existing objects from the station, while other objects are 

of individual design. Work objects used in the food dilution station are shown in Figure 8, of which 

object (b) is of own design due to the lack of existing straw feeders at the work station. 

 

Figure 8 (a) A red box containing an open bag with food sample. (b) A straw feeder with a straw 

placed on its holder. (c) An open plate and a sterile spreader tool. (d) Dilucup wells placed on a 

holder. 

Work object (b) is a box with legs, a lid and a mouth on the bottom where straws are coming out and 

placed on a holder. The purpose of the design is to make the sterile straws more easily accessible for 

the robot. Work objects shown in (a), (c), (d) and the straw in (b) are interpretations of existing work 

objects and tools used at the station. The existing objects were measured, and the measurements 

were used for the creation of the 3D-models. 
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6.3.2 Robot tools 

At the food dilution station there is one tool repeatedly used, the pipette tool. It is used for 

transferring the diluted food samples between sample bags, dilucup wells and plates. Due to the 

frequent use of the tool at the station, it was considered appropriate to design a new tool for the 

robot, instead of trying to teach the robot to use the existing pipette tool. A simple design of a robot 

pipette tool is shown in Figure 9 and illustrated on the robot in Figure 10. 

 

Figure 9 Pipette tool design (left side) and an existing ABB gripper tool (right side). 

¢ƻ Ƴƻǳƴǘ ŀ ǎǘǊŀǿ ƻƴ ǘƘŜ ǇƛǇŜǘǘŜ ǘƻƻƭΣ ŀ ƎǊƛǇǇŜǊ ǘƻƻƭ ƛǎ ǳǎŜŘ ǿƘƛŎƘ ƛǎ ǇƭŀŎŜŘ ƻƴ ǘƘŜ ǊƻōƻǘΩǎ ƭŜŦǘ ŀǊƳΦ 

The gripper is an existing 3D-model within the RobotStudio software and is commonly used by the 

YuMi robot. In the simulation, the gripper will be used for picking up straws from the straw feeder 

and then mount them on the pipette tool. The pipette tool will then use the straw to suck up the 

dilution tests, pour them into the next specified location and throw the straw through air pressure 

installed in the pipette tool. 

6.3.3 Simulation 

With the robot, work objects and tools prepared, the virtual station was built, illustrated in Figure 10. 

Everything is placed on a table whose dimensions correspond to the existing table used in the 

existing station. To ease the work at the start of the demonstrator's development, the robot was not 

placed on a wagon but instead mounted on the table. 
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Figure 10 Work station illustration. 

As for the work process at the station, the robot was to focus on the dilution process and the 

planting of samples on plates. Both the preparatory work and the dispersion step (refer to Appendix 

A ς Station tasks under Food dilution station) was chosen not to be performed by the robot. These 

steps are suggested to be performed by a human worker instead, to allow the worker to have a 

controller role both before and after the robot performs its tasks. This method is motivated to justify 

the appropriateness of a HRC implementation at the station where the human worker and the robot 

performs tasks suitable for them. Such collaboration would in such cases be in need of a button or 

the like, to allow the worker to signal the robot when the worker's tasks are performed and the robot 

can begin its own work process. However, because a human worker is not implemented in the 

demonstrator and the station is already prepared with the necessary materials, it was decided not to 

implement such a button. 

²ƘŜƴ ǘƘŜ ǾƛǊǘǳŀƭ ǎǘŀǘƛƻƴ ǿŀǎ ǎŜǘΣ ǘƘŜ ǊƻōƻǘΩǎ ƳƻǾŜƳŜƴǘǎ ŀƴŘ ŀŎǘƛƻƴǎ ǿŀǎ ǇǊƻƎǊŀƳƳŜŘ ǳǎƛƴƎ ǘƘŜ 

RAPID language. Digital signals were also implemented to allow each arm to know when an action 

should take placeΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǿƘŜƴ ǘƘŜ ǊƻōƻǘΩǎ ƭŜŦǘ ŀǊƳ ǎƘƻǳƭŘ ƎƛǾŜ ǘƘŜ ǎǘǊŀǿ ǘƻ ǘƘŜ ǊƛƎƘǘ ŀǊƳΦ 

Implementing logic into the simulation was also necessary to make the objects interactable, or the 

gripper would never be able to grab the straw in the virtual environment, among other things. All 

necessary logic was implemented using functions available in the RobotStudio software. 

6.3.4 Mobility 

hƴŜ ƻŦ ǘƘŜ ŎƭƛŜƴǘΩǎ wishes was to have the HRC implementation mobile. A mobile solution was 

therefore implemented for the robot after it could perform its tasks in the simulation. A rail with a 

turntable was first modelled and tested, shown in Figure 11. It proved to be a possible solution to 

allow the robot to work at several locations, being able to move along the rail as well as to rotate 

180°. However, it was concluded that the solution was still limited and too costly compared to if a 

wagon was used instead, which would allow the robot to be moved to any station at the facility. 
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Figure 11 Robot mounted on a turntable, mounted on a rail. 

¢ƘŜ ǊŀƛƭΩǎ ŎƻƴǎǘǊŀƛƴǘ ǿŀǎ ƴƻǘŜŘΣ ŀƴŘ ŀ ƴŜǿ ŘŜǎƛƎƴ ƻŦ ŀ ǿŀƎƻƴ ǿŀǎ built. The new design emulated a 

simple pedestal with wheels, shown in Figure 12. A move mechanism was implemented in the 

demonstrator to make the wagon moveable. 

 

Figure 12 Robot mounted on a wagon, moved from position (a) to (b) during simulation. 

The wagon would take the robot to a certain position in front of the station where its targets would 

ōŜ ǊŜŀŎƘŀōƭŜΦ .ȅ ŎƻƳǇŀǊƛƴƎ ƛǘǎ ƻǿƴ Ǉƻǎƛǘƛƻƴ ǘƻ ǘƘŜ ǘŀōƭŜΩǎ ǇƻǎƛǘƛƻƴΣ ǘƘŜ Ǌƻōƻǘ ǿƛƭƭ ƪƴƻǿ ǿƘŜǊŜ ƛǘǎ 

targets are even if it is moved to different positions. This configuration, however, is not properly 

illustrated in the demonstrator, only illustrating the robot being moved to a pre-defined position. 

This is an issue for the demonstrator as it will be questioned whether it is realistic or not, because of 

the human factor. It cannot be ensured that the robot will be positioned exactly at the same place 

every time, requiring additional tools to pinpoint its position compared to the table.  

Configurations are traditionally done manually where an operator would guide the robot to where 

their work area is positioned in the x-, y- and z-axis. In order for a robot to figure this out by itself, a 

Ǿƛǎƛƻƴ ǎȅǎǘŜƳ ǿƻǳƭŘ ōŜ ƴŜŎŜǎǎŀǊȅΦ .ȅ ƛƳǇƭŜƳŜƴǘƛƴƎ ŀ Ǿƛǎƛƻƴ ŎŀƳŜǊŀ ƛƴ ƻƴŜ ƻŦ ǘƘŜ ǊƻōƻǘΩǎ ǘƻƻƭǎ ŀƴŘ 

adding a reference point on the table, it would allow the robot to update its configurations. The 

reference point could, for example, be three pins placed on the table: a centre pin, a pin toward the 

x-axis and a pin toward the y-axis. This, however, will not be covered in the report since mobile 

robotics was only optional and is not included in the project's aims and objectives, thus beyond the 

scope of the project. 
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7 Evaluations and discussions 

The following chapter evaluates the demonstrated HRC implementation, analysing its performance 

and quality. In this chapter there will also be a discussion about how an implementation of HRC can 

affect today's working methods, both at the company and at laboratory environments in general. 

Finally, the chapter will return to the chosen research methodology's principles, the design science 

principles, to justify that the project has been carried out using a practiced research method as a 

basis. 

7.1 Artefact evaluation 

When the first draft of the demonstrator was complete, the client was consulted regarding the 

proposed HRC implementationΩǎ performance. The response was that the client thought that it 

would require the presence of a human worker too often and would therefore not be considered 

sufficiently worthwhile. The robot would have to be able to take care of the preparatory work, such 

as opening the sample bags, and process the dispersion step as well. While the dispersion step could 

indeed be assigned to and performed by the robot, the preparatory work process would however 

prove to be difficult for the robot to perform. The robot has only one gripper and it would be difficult 

for it to open the sample bags properly, among other things. 

By evaluating the demonstrated HRC implementation, its performance can be confirmed, and it will 

be shown whether the client's assumption is the case. The HRC implementation will be evaluated for 

its performance and quality in the following subchapters. The evaluation will look at how utilizable 

and efficient the implementation is, as well as if the quality of the processed samples meets the 

companyΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ 

When evaluating a simulation, it is important to be aware of the limitations that simulations come 

with. Simulations are excellent to use when analysing problems and illustrate solutions, especially 

when the available resources are limited. Validating a simulation, however, often requires a lot of in-

built data, such as weight on objects, to achieve a great degree of confidence in its representation of 

real-world dynamics. Simulations are therefore sometimes met by scepticism from some audiences 

and should therefore be evaluated with this in mind. 

7.1.1 Performance 

When looking at the HRC implementationΩǎ performance, representative data is required that can be 

compared to equivalent data generated from the existing station, such as cycle times. Quantitative 

methods can be used to generate the evaluation data and evaluate them. The cycle time was first 

looked at and the first draft of the demonstrator illustrated a cycle time of 97.5 seconds, which was 

the time it took for the two-armed robot to dilute and plant a food sample into three plates with 

three different levels of dilutions. Using a stopwatch, several similar scenarios were observed at the 

existing station. The average time it took for human workers to manually complete the same work 

sequence was 24.2 seconds, around four times faster than the demonstrator. It was also identified 

that around 3.7 seconds could be added for each additional plate, in other words, around 27.9 

seconds for four plates and around 31.6 seconds for five plates. Note, however, that a stopwatch was 

used, and the times that were just mentioned may have uncertainty errors due to the human error. 

The scenarios that were observed were also not exactly the same as the demonstrator's illustration 

and therefore the numbers mentioned should not be taken as the precise times. Regardless, the 
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measured times does show the overall difference in performance between the demonstrator and the 

human workers. 

The cycle time were clearly more efficient when processed by a human worker. The demonstrator 

can be adjusted to process the tasks at a higher rate, however, the collaborative robot will probably 

never be able to reach the same efficiency as the human worker. 5ǳŜ ǘƻ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǊƻōƻǘǎΩ 

purpose of collaborating with human workers and possibly performing more delicate tasks compared 

to traditional industrial robots, collaborative robots are not meant to work at high speeds to ensure 

people's safety as well as to avoid errors occurring in the quality of the work materials. But what 

about the lead time? The human worker assigned at the station is responsible for other stations as 

well and could therefore leave the food dilution station idle occasionally. The station could be empty 

for several minutes which was demonstrated during an observation where the station was idle for 

eight and a half minutes. The worker could perform, among other things, tasks at the station 

positioned before the food dilution station. These tasks included preparatory work for the food 

dilution station, such as applying stretch codes on the plates later used in the food dilution station. 

Therefore, another proposal to save time in the workflow could be to let the human worker take care 

of the preparatory work for the food dilution station, while the robot takes care of the dilution 

process. 

Since the human workers have so such a varied work while stationed at the food dilution station, is 

ergonomics really a problem? Although the station itself is repetitive, the work process in general for 

the human worker is more varied due to the responsibility of other stations. The workpieces and 

tools at the station are also not heavy, which is another important factor in ergonomics. According to 

human workers who have experience in the food dilution station, the station does not feel 

unergonomic, thanks to the varying tasks. Rather, the human worker has to move a lot instead and 

keep track of many things at different stations, which can be anxious for the head after a while.  

Why one person is responsible for multiple stations are due to the limited number of workers at the 

work area. Usually it is between two to six human workers in the work area and four people was 

considered to be optimal, then they usually do not experience as much stress during the day. On the 

other hand, there is a lack of space at some stations. For example, there is a station that prepares 

one sort of sample test that can only be performed by a single worker. If more than usual of that kind 

of sample test needs to be processed, it can become stressful for the worker stationed there. It can 

also be stressful in the workplace if human workers need to take care of several orders in a short 

period of time. There are samples that last only for a short time and therefore need to be processed 

quickly. There are also other samples that the customer has paid to receive a response within a short 

period. Finally, if a person becomes ill, it will be stressful for the workgroup due to the fact that they 

become understaffed, which has a greater impact in small working groups. 

One major problem seems to be the shortage of labour. Due to the limited number of workers, the 

workflow can easily be affected by: 

1. A big order with short life span; 

2. Many requested tests of a single type; 

3. Staff shortages, due to sick leave. 

Therefore, a HRC implementation could ease the stress as the workplace would receive increased 

labour that is always available. 
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7.1.2 Quality 

The quality of the HRC implementation was evaluated next and the demonstrator was analysed 

whether it illustrated the quality the company required. To evaluate the quality of the HRC 

implementation, each work step that the collaborative robot performed in the demonstrator was 

analysed together with employees at Eurofins. The reason for this decision was because if the quality 

was analysed by the developer of the demonstrator alone, potential quality constraints may be 

missed, as there is a risk that the developer will turn a blind eye to certain process steps in the 

demonstrator. The people who participated have experience in the station which were emulated and 

a better understanding of how important certain requirements are at the station, for example, how 

sensitive it is with hygiene.  

When the quality of the proposed HRC implementation was evaluated together with the participants, 

several discoveries were made. Pointed out in Figure 13, four issues were identified in the 

demonstrator ǿƘƛŎƘ ǉǳŜǎǘƛƻƴŜŘ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǊƻōƻǘΩǎ ǎǳƛǘŀōƛƭƛǘȅ at the food dilution station, 

explained below. 

 

Figure 13 Issues identified through the demonstrator. 

a) Currently at the existing station, the straws are not removed from their sealed plastic packages 

until being used, to keep them sterile. If the straws are to be stored in a straw feeder which 

feeds out the straws instead, to make the robot's work process easier and smoother, there will 

be a higher hygiene risk where the test results from the processed samples may be affected. It 

will be required that the straw feeder is sterile, but even then, it is questionable whether such a 

concept would be approved by the ŎƻƳǇŀƴȅΩǎ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ. 

b) The bags with food samples that arrives to the station comes in different amounts and sizes. 

Without being properly placed and opened, it will become difficult for the robot to take the 

initial sample. The HRC implementation currently takes the initial sample from a predefined 

position in the workspace, it will be an issue if the sample is not reached each time a new 

sample bag is taken to the station. A solution for this constraint would be to implement a vision 

ǎȅǎǘŜƳ ǘƻ ǘƘŜ ǎǘŀǘƛƻƴ ǿƘƛŎƘ ŎƻǳƭŘ ǇƛƴǇƻƛƴǘ ǘƘŜ ǎŀƳǇƭŜ ōŀƎΩǎ ǇƻǎƛǘƛƻƴΣ ōǳǘ ŀƎŀƛƴΣ ǘƘŜ ǎŀƳǇƭŜ ōŀƎǎ 

would still have to be somewhat properly placed at the station and opened by a human worker.  
































