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Abstract

Eurofins is one of the world's largest laboratorighich, among other thingspffer chemical and
microbiological analyses in agriculture, food and environm8eseral 100.000 tests of various foods

are executedeachyear i 9 dzZNRPFAYy A Q Tl Qefclrérd processesviichide Imudh y 3 |y
repeated manual tasks whictould cause ergonomic problem3he company therefore wants to
investigatethe possibilities of utilizindHumanrRobot CollaboratiofHRC)at their facility. Human

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

and Industry 4.0 AHRCapproach allowvhumars and robos to share theirworkspaces and work side

by sidewithout being separated by a proteeg fencewhich is common among traditional industrial

robots. HumanRobot Collaboratioris therefore bdieved to be able tmptimize the workflowsand

relieve human workers from unergonomic tasks.

The overall aim of the research project presentedtdashelp the company to gain a better
understanding abouthe existingHRQechnologiesTo achieve this goahe stateof-the-art of HRC
had to be investigatedand the needs, possibilities and limitations bfRCapplicationshad to be
identified at Eurofin§ cifty: Once these have been addressaddlemonstratorcould be built which
couldbe used for evaluating the applicability and suitabilityH6tCat Eurofins

The research project presented usthe design science researphocess. The statef-the-art of HRC
was studied in @omprehensive literature reviewreviewing sterile robots and mobile robotics as
well. The presented literature review could identify possible research gaps inHiR€in laboratory
environments andnobile solutions foHRCapplications. These areastudied in the literature review
formed together the basis of the prepared observations and interviews, usedet®rate the
necessary data to develop the design science research artefact, the demonstrator.

ABB's software for robotic simation and offline programmingRobotStudip were used in the
development of the demonstrator, withthe collaborative robot YuMichosen for the HRC
implementation The demonstrator presented in the research project has been built, tested and
refined in accodance 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 the demonstrator's illustrated
HRC implementatignincluding adaptability andterility constraints The research project presented
could conclude that aHRCapplication would be possiblat a station which were of interest by the
company, butwould however not be recommendediue to the identified constraintsnstead the
company were recommended toook for stations which aremore standardizedand haveless
hygieric requirements.By the end of the research proje@dditional knowledge was coibuted to
the company, includingdw HRC can affect today's working meth@dsEurofins and in laboratory
environments in general.
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1 Introduction

This chapter presents a purpose description about the reseanchyding researclobjectivesand
expected resultsFinally, the structure of the report will be presented.

1.1 Background

Eurofins is one of the worldisrgest 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 whiseJssalbusiness
areas In Sweden, they offer chemical and microbiologieaklysesin agriculture, food and
environment. Within their areas of expertisehere are alscanalysesof, among other things, fuel,
medicines milk and product testing. For theirre customer focus, quél, competence and team
spirit, and integrity important.

Eurofin® ¥ lHinQankdpitigéexecutes several 100.000 tests each year of various Towdsurrent
processes include much repeated manual tasks which can cause ergonomic problems. Often are
these repeated tasks recurringnd o counteract such problems Eurofins are interested in
investigating HRCThe company finds HRC as a more flexible, safer and effgméutton which is

also easier applicableompared totraditional industrial robots HumanRobot Collaboration is a
growing concept that has made a big impression in both robot developmentrathgstry 4.0,thus

arose the great interest to contribute to this studythe company wantshe possible HRC
implementationto be easy applicable, adapt@band mobile.

1.2 Aims and objectives

The aim of this research project is thelp the company to gain a better understanding abthg
existingHRCtechnologies.The project outcomeshouldbe used as a foundation feecommendng

and evaluatingHRCsolutionsti K & I NB | LILINE Eability.| THheSmedn# thllacBialaNtRisF A y & Q
goal has beedlivided intoseveral objectivefor the project, presented below

Project objectives

1. To investigate the statef-the-art of HRC in industry in general and for laboratemnyironments
specifically

2. To investigate the needs, possibilities and limitations of HRC implementations at EQrofins
laboratory facilityin J6nkdping

3. To build a demonstrator emulatinty2 HRC implementationsavhich will be used for evaluating
HRQ & itahiliyfand suitabilityt Eurofin® € | 6 2 N> 62 NB T

4. Optionally, if possible and there is time, the demonstrator will be builthat University of
Skovdeand shown at ASSAR industrial arena

Existing research are more focused on H&®lied in traditional mdustrial environmentswhile
EurofingX¥acilities consist oflaboratory environmentsThe challenge will bto implement HRGn a
laboratory environment where the HRC application has to have great accuracy, very smooth
movements and consider the hygiernigsues whiclare present, in order to be suitable for a confined
environment that the laboratory comes witlEurofins has the desire for the HRC implementation to
be mobile as well, but this fall outside the scope of the project andtieliefore only beoptional.

[1]



Note that the demonstrator will b@rimarilyvirtual, a physical demonstrator is ordptionaland will
depend onthe time it takes to complete the virtual versiomlumanRobot Collaboration can
sometimes be associated with HRI which has itslaiities. Howeverthe research project will not
addressHR] but focus only on HRC.

1.3 Expectedesearchresult

The finaldemonstrator is expected to illustrata HRC applicatiorthat can be easily placed at

9 dzN2 WwarksttldEs. The demonstrator will shohow a collaborative robot can be utilized in a
laboratory environment, whichs different from a typicalindustrial environment.The final design

should be able to fit well within thémited spaceof the laboratory workstatios while ensuringhigh

preciionof its tasks and smoottmovements ! & LISNJ G KS NXB a SebpNddgesdilipa 1y 2 4
into a HRC solutiorin a laboratory environment is carried out for the first time. Therefateis

expeced that limitations and design improvements required fisuccessful implementationill be

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

1.4 Report Structure
! ONARST OKFLIWGSNI RSAONARLIGAZ2Y A& LINE asPefiieSwhato St 2 ¢ >
kind of reader is recommended treadfor each chapter

Chapter description Recommended type of readers

1 Introduction All readers.

2 Theoretical frameworlof collaborative Readers who are not familiarith HRC.

robotics:

Presentation of relevant theory around the

project.

3 Literaure review: Readers who are interested in similar studi

Oversees previous studies related to the projec previously done and knowing the motive for tr
work.

4 Methodology: Readers interested in the chosen methodola

Describes the usage of the design science that is being useth the researchproject

research methodologin the project.

5 Collection of data and analysis: Readers interested in the data collection proce

Presents the data generated from observations Where various datageneration methods anc
and interviews analy®s were used

6 Demonstrator development: Readers interested in thelevelopmentof the
Presents the development process of the demonstratot

demonstrator.

7 Evaluations and discussions All readers.

Contains the evaluatioaof the arefactand the
research project, as well aéscussionen HRC

8 Conclusions and future work All readers.
Gonclusiors of the project done

[2]



2 Theoretical frameworkf collaborative robotics

This chapter introduceshe term collaborative robatswhich will ke utilized in the projectdefinng
HRGndpresenting differentollaborative robofeatures

2.1 DefiningHumanRobot Collaboration

In the past, human and robot workspaces has bseparated due tohe safety risk& could bringif

a worker were to be within the robé1dorkspace while itgistill inanautomatic modelndustries are
striving toward more flexible and efficient manufacturing, making significant changes in order to
have a smarter prodttion. This transition of production methods has made industrial robots less
restricted andopenednew tasks for them to perform. These tasks make use of both human and
robot expertise, combined in a work collaboratioAccording toEnglishdictionaries, he literal
definition of collaboration is:

GThe action of working with someone to produce something.
(Oxford Dictionariesn.d.)

This definition isvhat HRGaims for, focussing on the possibility for human and robot to work hand in
hand HumanRobot Collaborationis a young but highly discussed temmwhichthe 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, 200BUKA a robot manufactuer compary, believes tha HRCis a
revolutionizing production methodology which increadsxibility in production relieves workers

from unergonomic tasksieduces risks of injuries and infectiongives high-quality performance of
reproducible processeandincrease productivity (KUKA, n.d.)

What differs HRC environmestfrom traditional work environmerg is that humanworkers and

robots can sharevorkspaces without having to beseparated byprotective fences. The workflow can
GKSNBT2NE 6S 2LIWGAYAT SR | yiRo ativanihies & yising HREtypical NJ S NI &
humanrobot workspace is shown igurel whereassembly of bevel gesis doneusing HRC

Figurel Human and robot working together in a HRC environm@UKA y&tems & KUKA
Industries, 2016)

[3]



As new procedures beme possible with thaise of HRCsafety beomes 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 replacedwith new safety systemsCollaborative robots with butin collision
detection featuresare one of manyew systemsvhich candetect and avoid moving obstacless

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

2.2 Collaborativeobot features

In 2013, the Robotic Industries Associations (RIA) announced the approval and adopthd8I6RIA
R15.062012 It was a new robot safety standard which allowed, among a number of things, a new
concept of collaborative work between a persand 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. TABISI/RIA R15.68012safety standard is an adoption of

ISO 1028:2011 Parts 1 and,2which are described by the International Organization for
Standardization (1SO) as the following:

ISO 10218:2011 Part This part of ISO 10218 specifies requirements and guidelines for the
inherent safe design, protective measurendainformation 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 haza&i3, 2011a)

ISO 10218:2011 Pagx This part of ISO 1021pecifies safety requirements for the integration

of industrial robots and industrial robot systems as defined in ISO 10248d industrial robot

cell(s). The integration includes the followifi§O, 2011b)

a) The design, manufacturing, installation, op&bn, maintenance and decommissioning of
the industrial robot system or cell;

b) Necessary information for thenes mentioned in g

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

According to the ISO standardsrobot must fulfilat leastone of four features in order to worlas a
collaborative robot Safety Monitored StqgpHand GuidingSpeed and Separation Monitoringnd
Power and Force Limiting

2.2.1 Safety Monitored Stop

A collaborative robot with the safety monitored stop feature makes itlginto traditional robots in
how it operates but is more flexible. While traditional robots are fenced and need tmdraially
stopped by the human operator before entering tha&bot@ workspace a collaborative robot with

this feature willautomaticallystop when thS  KdzYly 2 LJSNJ 02 NJ Sy G SME GKS

feature makesuse of safety devices that detect operatomsithin its proximity and is suitable in

processes where the operator needs to perfotasks on parts while they areinsidei KS N2 o620 Q&

workspace. Thishturecanbe used througtsafetyrated control system if using traditional robots,
or through an inherenthsafe design in a collaborative robdtSO, 2011alSO, 2011bOMRON,
20169

[4]
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2.2.2 Hand Guiding

This collaborative feature is often used as a teachmhod when teachingobots new tasksBy
releasing a certain amount @feir 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, 2031 1IDMRON, 2016b

2.2.3 Speed and Separatidvonitoring

2AG0K G0KS {LISSR YR {SLIN}YXiGA2Y az2yAdG2NAy3a TSI idc
controlled through the use of monitoring equipment such as lasefgsion systera. The monitoring

equipment tracks the position of the human worker argithe distance changes between the robot

YR GKS g2N]JSNE GKS aSLINIYGA2Yy RAAGFYOSsT a2 gAf
getslower as the worker gets closer to the robot which itself slows down. If the separation distance

were to bebelow aprotectivedistance, 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 huorkenw

GSNB G2 0SS 6A0GKAY GKS O2tftl 02N iABS NRoz20Qa o2
difference is while a robot with the safety monitored stop feature has to be given a signal to resume
operations, a robot with tts other feature does nat The robot will constantly work at a certain
ALISSRY @GFNASR RSLISYRAYy3I 2y (GKS KdzYly g2NJ] SNRa L.
and separation monitoring feature are therefore suitable for operations with a frequent worker
presence(ISO, 201a; ISO, 2010b

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 devie(ISO, 2011a; 1SO, 20)1kVith 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 emgrruptions or

safety risks occurring (OMRON, 2016d). This is the feature that most people relate to collaborative
robotics with plenty of examples obifce limited robot modelsalready in the marketshown inTable

1 andFigure2.

[5]



Tablel Examples offorce limitedrobots in the market.

Robot Company Reference
UR family Universal Robots (UniversalRobots, 2017)
Baxter and Sawyer Rethink Robotics (Rethink Robotics 2016)
LBR iiwa KUKA (KUKA, 2017)
YuMi ABB (ABB, 2014)
CR35IA FANUC (FANUC, 2015)

(d) (e)

Figure2 (a) URS. (b) Sawyer. (c) LBR iiwa. (d) YuMi. (85BR

[6]



3 Literaturereview

This chapter presents a comprehensive literature reviewlRC reviewingits criteria as well as its
current use and development. The chapter also reviews various implementationslbfe robotics.
The reviewwill demonstrate that there is a possibleesearchgap in HRC implementations in
laboratories and moite HRC applicationg/hich will befurther described in theeview conclusion.

3.1 Brief history

The idea of pysicalinteraction betweena human andan autonomousindustrial robotin a shared

g2N)] aLl O0S RIGSa o101 G2 mMoppoRiaRiKw/ aK3F AYOSTi
Intended to improve ergonomics for human workers by using robot collaboration, the robots had to

0S YIRS &I F¥S Sy2dAK (G2 y20G oNAYy3I ySoAnbdpaiaiua T2 NJ |
and method for direct physicahteraction between a person and a genepalrpose manipulator

controlled by a computér 6/ 2t 3+ 43S FyR tSAK{AYyZI Mphppod ¢KS 7
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 addaét 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., 1999Robotic Industries Association, 2Q002n later years, more companies
joined the fray of collaborative robotic)kUKAa German manufacturer of industrial robots and
solutions for factory automatiojreleased the LBR 3 cobot 2004 and continued its development
throughout the years, releasing the LBR 4 by 2008faxadly the LBR iiwa in 2013 (DLR, nHdJring

the same period,Universal RobotsFANUC ABB Rethink Roboticand othersreleased several
commercial collaborativeobots, from the URseriesstarting in 2008 tathe FANUC CB5iAreleased

in 2015

3.2 Sate-of-the-art of Himan-Robot Collaboration

The following section will reviewow HRC is defined and utilized by various researcherg|agng
collaborative HR systemsahare adaptable, accurate and/or reliable for human workémwcording

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 ordétRato meet the demand, it is

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

not just be collaborative, but also be able to understand their humatwaker which requires
higher cognition capabilities. It is also alleged by Lenz and Knoll (2014) that perception, recognition,
dynamic and adapte motions, and communication are important requirements to enable HRC.
Augmented Reality (AR) and T8xtSpeech (TTS) technologies are two examples that has been
proposed to enhance the interaction experience in collaborative tasks (Green et al., 2008).

Capale of carrying out tasks in complex and unstructured environmeéstachallenge for robat
applied in HRC applicationshile still beingsafe and interactable with human worlkerntegrating
multiple sensor subsystems and algorithms has therefaenbworked on in order to enhance the
robot's capabilities, making it more efficient in performing tasks while still being safe and easy

[7]



manageable. Several methods were proposed, including tracking algorithms, collision avoidance
algorithms and interpretes which handles voice and gesture commanid® results showed that the
robots' interpretative ability can bedone more accurate by using gestures, sounds and other
communication and interaction method#us optimizing their collaborative performanc@e Gea
Fernandez et al., 2017; Maurtua et al., 2017).

In Zanella et ak2017)work, a critetion is definedor HRGapplicability and suitability in applicatien

The researchersofind that therewasno proper methodto identify the benefitsof usingHRC iran
applicationin production and therefore suggested a methodology to analyse and justify the benefits
The proposed methodology is structured by two phagtisase Avhich reduce collected data to an
appropriate amount and identifies suitable cells to BpplIRC, an®hase Bvhich evaluates which
workcell is most suitable for a HRC implementation, in terms of feasibility and benefit. The collected
data from Phase Ashould describe the characteristic aspects of the analysed cell, including
ergonomics, room \ailability 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 considerafibase B

In Phase Bthe evaluation considers the following key parameter: Teabgiohl 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 detailedbecomes the dsign and layout

Another study was done b$adrfaridpour and Wan@017)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 sficinto 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
humang 2 N] SNR& (G NXzAd Ay (GKS NRo2G® ¢KS NBadzZ G 27
YR &2O0AlLf FFOG2NR 2F I wL FyR dzZiAtATAYy3a AG Ay 1
usability was increased, compared to if the robot velocigravmanually adjusted. Their study also
aK26SR GKIF G I thé dabok ificeeasediy Nbingtheir kayhework, while the general

efficiency in assembly time remained the same.

[N

Tsarouchi et al(2016)worked on a decisiomaking system which assigned sequehtasks 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 decisioraking 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
andhand gesturesepresentingstart andstopwere used o solve the issuelhis were not a certified
solution but was declared in the paper that the safety aspgc&NBE 2 dziaA RS (G(KS 62NJ] Q
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 operatowas reduced considerably, making it possible for the human operator to work
with other tasks in parallellsarouchi et al2016)considered, amongst other things, that thevork
contributedwith a more naturalvay ofinteraction when switchindgpetween human and robot tasks,

using hand gestures

[8]



As recent research has sought to further enablRCinto production operations, hasafety also

become an increasingly important factavichalos et al.(2015) dealt with the design of HRC
assemblies in their papeTo ensure izY' 'y &l ¥FSdeé | yR (KS 2dffenatt { aea
strategies have to bearried out based on the specification of the assembly procése. paper

discusses, among other things, abdiiRl and collaboration where a HRI system cawcdtegorized

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

shared task and workspace, or a common task and a separate workspaeen inFigure3.

Common task & workspace
N

Shared tasks
& workspace

Shared tasks &
workspace

(=

Robot active

Robot non-active

Common task & s.,eparate workspace

Figure3 Taxonomy of HRC tasks and workgsa¢Michalos et al., 2015)

Different safety strategies were discussed as well, including: crash safety, active safety and adaptive
al¥Steod ¢KSaAS GKNBS GeLlSa 2F &S OdzNRAys dmitihgithe (2 Sy
force of the robot, detecting imminent collisions, avoid collisions through corrective actions, etc. By
examining three pilot caseblichalos et al(2015)concluded that there were four different variables
which affect the requirements thave a safe and productive HRC assembly:

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

1 TKS NRo20Qa LIeft2FrR YR LRSNkTF2NOS GKIFG AdG O

f TKS LI NI Qa OKIFNIOIGSNRAGAOAE 03S2YSIUNRBK@GgSAIKGD

1 The assembly/manufacturing process used, considering the end effectoNdné 2 G Q& Y2 G A 2

A review ofsafe HRC were done BRoblaGomez et al(2017)and they brought ugkey elements that

have contributed to HRC development, includirsdesy frameworks, collision systems, lighteight
structures (commercial collaborative robatgpllision avoidance systems and vision systdmgheir

paper, they discussed methods which were used to estimate the degree of injury by hroban
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 humanbot collisions, including the HIC (Head Injury Criterion) index. However,
the paper pointed out that these indices wasiginally developed fo other means, such a®
evaluate head injuries following car collisipaad were therefore not perfectly suitable in relation to
industrial robots Instead these indices weraiseful to evaluate new safety systems. In injury
minimization, several methadusing mechanical systems were reviewed and RGblaez 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 absorptionetystiems

it presents even better results. Commercial light robots implemttieise methods to be safer in
humanrobot collaborative tasks.

[9]
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the implementation of collision avdidy OS & & & (i Sohdedat al. R01Z)0 f |

Fnally, the paperdiscussedabout humanrobot collisionavoidance systesrand the various pre
collision strategies that has been proposed in this topic. Several different hardware has been tested
in earlier worksjncluding 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 beem work reported

using this strategy. The review also included and discussed the emergence-bf &viBes, which

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

that while it is a technology still progreisg, 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 that field

3.3 Sterilizerobots

In laboratory environments theres 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, bézstrand

both traditional industrialrobots and collaborative robotsvorking in such environments are no
exception. There are various methods to sterilize tools, including steam sterilizationaihot
sterilization, fractional sterilization, chemical stemation, 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 sterilitkmivever,often arerobots
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 methoBobotic
manipulators, vision systems and eaffectors or gripperanust therefore have a better hygienic
design in order tobe sterilized withoutan issue One common solution, for medical robots
particularly, is therefore to provide them with a sterittape 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

Asthe company was interested in havitige HRC implementation mobile, a literatureview was
conducted @ how mobility was implemented in robots in other studiddis section presents
publications which have usddchnologies to make industrial robots mobile, includfgtonomous
Industrial Mobile Manipulator¢AIMM) and rail-guided tracks For instanceAndersenet al. (2013)
present afast calibration methodor 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 requirdsat 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 of4 mm Compared to existing calibration methodd)e
proposed methodshowed to bdess precis¢han previous methods. Howevehe proposed method

were insteadat least 10 times fastethan previous methods, ts beinga great improvement in
terms of time.

[10]



Another way tomake robots mobile in an efficient way presented irCarvalhoet al. (2017)work,

where anautonomous raiguided robotnamed DORIS is presented. The robot is designed to inspect

and monitor Oil and Gas fidities, navigaing through the facility usinteleoperation via Wi and

maps the environmentwith the use ofa laser scannerTKS NR o620 Qa TSI ddNBax
development and field testesultsare presented in the paper and both advantages andwuthacks

are discussedlK S NRB 620G gt a OFLIOES 27F Y2 O hywhh réaktime dza K 2 dzi
sensor data andutonomouslydetectaudioandvideoanomalies

Tian et al.(2014)worked on railguided robot as well and proposednaethod for impioving the

automated assembly syste@nhposition accuracyThey used a muitation 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 thé ® 1 Q&4 NI} y3Sd ¢ KS OF f A 6 NI & .
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, comparedith 2 mm before calibration.

3.5 Review conclusien

With new application rising in industries, the demand on safety, efficianchadaptability 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 hatbods
been used for this purpose in previous works, including integration algorithms, AR and TTS
technologies, impachbsorptioncoverings and vision systems.

Human-Robot Collaboratiorhas been studied and practiced in numerous academic publications
However, there is a gap in HR&searchfocusingon laboratory environmentsUnlike traditional
industrial environments, laboratory environments can be more confinétth wlose 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-veadd problem at Eurofinsin
comparison, there may be other postitiés and limitations for HRC in a laboratory environment. It

is therefore expected that the research performed will, together with the develagpedonstrator,
contribute with valuable data and insight for the research community.

In the hygienic field, aeering 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 andsibuilt-in systems, such as sensors, whéan 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 possibleresearchgap foundin the existing literaturas the use of mobile solutions f&f{RC
applicationsspecifically The client is interested in having the collaborative robot mobile to enable it
to work in two different stationgnd suchapplicationshas vaguelypeen researcheih earlier works

By addressing this as well as the HRC researchvgépsaluable scientifidata be generatecind
open up new research directions.
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4 Methodology

In this section the chosen methodology foretihesearch projects presentedand argued for its
appropriateness.

4.1 Design Science

The & &sign andcreatioré research strategy, also known asign science is a development
methodology that aims to create newartefacts There are different types of artefacts that can be
developed andaccording toMarch and Smith (1995}t includesconstructs models methodsand
instantiations Constructs are abstract ideas which are applied in certaialdifed domains, such as
device concepts. Models are combination of constructs, forming pattidraiscan be used to gain a
better understanding and develop solutions, such as a data flow diagram or a storyboard. Methods,
or methodologies, ardorms of procedure for accomplishing or approachingroblems using IT,
including production guidelines of rels. Finally, instantiations are computesised 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 gaslitiet as

being a proper scientific contribution, to be considered as a product made from res@aaths,

2006)

The design science research methedound suitable for the projectecausean arefact is to be
developed in the form of @omputerbasedsystem, in other wordsan instantiation. Through the
artefact, valuable dateof academic qualityvill be generatedvhichwill become a contributiorto the
research community

Hevner et al. (2004presented seven principles for evaluating research usingdissign science

strategy Theseare shownin Figure4 and are presentedin the followingsubchapters each followed

by KS LINRP2SOGQa Ayl S Nagd&enlpingifey arehighlylirég&rded INthirytleA LI S
researchcomfdzy Aie & GAYyGSANIt (FHeina hhd [Chidtefjek, P@IOARS & A Ay
research using the design science method should therefore adhere to each of the principles.

Design science principles

Q Design as an artefact

Q Problem relevance
Q Design evaluation

Q Research contributions

Q Research rigour

Q Research as a search process

Q Communication of research

Figure4 The seven design science principles.

[12]



4.1.1 Desigras an artefact

The first principle tates that the research using the design science methodology has to develop a
viable artefact, such as a construct, a model, a method, or an instantiationité&acd® usability is
dependent onthe people andthe organization, therefore, in order todevelg and implementan
artefactsuccessfullyt is very importantto have a good perception for the organizatiand see what

is suitable for then{Hevner et al., 2004; Hevner and Chatterjee, 2010)

In the proposed reseah an artefact of the instantiation type will be developed and evaluatElde
artefact is in theform of an emulating demonstratofor illustrating possible solutionsof HRC
AYLIX SYSy Gl GA2ya A Vhis Gk De uSdd Agdsyifyl their sulalility farid Afuitler
analysis

4.1.2 Problem relevance

The second principle meanke IT solutionshouldbe developed towards important and relevant

business problems. It is théesign science resear@bjective as well as to obtain knowledge.

Technical issuestiether with organisational and usbased procedures must be addressed, to be
accepted by the user@evner et al., 2004; Hevner and Chatterjee, 2010)

The proposed research has its focus on addressing an existing problem at Eurofins, where they
require asolution for replacingrepeated manuallabour which may cause ergonomic problems
through a suitable HRC. By investigating the needs, possibilities and limitations of HRC
AYLX SYSy Gl GA2ya Ithe techical isshiean Beyiderified ahd ¢ thd devieldped
artefact to fall within the scope of the organization at&luser acceptance.

4.1.3 Design evaluation

The third principlestates that an artefact has to be thoroughly evaluated to justify its utility, quality
and efficacy. Evaluation enablestHesign science research to answer its fundamental questions and
when processed, the convergence between the artefact and its aimed work environment should be
consideredHevner et al., 2004; Hevner and Chatterjee, 2010)

By developing ademonstratorwhich will emulate aproposedHRC implementatignthe proposed
solution can be effectivelyevaluatedfor its utility, quality and efficacy. The target workstations will
be integrated into the simulation environment tensurethat the demonstratoremulatesa real
world scenarioand help answer the question whether a HRC implementat®rpossible and
recommended at the stations which were of interest by the client.

4.1.4 Research contributien

The fourth principlepoints out that research using design science hasite glear 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, howevethe 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 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 agtiglits within laboratory
environments andmobile integrationpossibilites for collaborative roboticsThe applicability of a

HRC implementation will be investigated in a laboratory environment, identifying possible needs,
possibilities and limitationghat may be elevant for laboratories in generdRegardingnobility will
different integrations be investigated as well, such as rails or wagdhs. advantages and
disadvantages of different inggations will be identified and comparedFinally, byusing the
developal demonstrator possible solutiondfor G KS Of A S vath Oéevaluaied aiz the
generated data along with the design will lm®me valuable contributios for the research
community.

4.1.5 Research rigour

The fifth principle states thatigorous methods are nessary 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., 208, Hevner and Chatterjee, 2010Jheinterplay between relevance arvigour can

cause conflicts ithe design scienceesearch, but according tApplegate (1999)it is both possible
andrequired

A quantitative approach will be used when developing andlwting he demonstrator artefact
However,the researchinvolvesthe collaboraton between a roboanda human workerencouraging
HRC in a laboratory environmer@ualitative processes are therefore necessary as @l to both
technological and humarfactors have to be consideredwhen researching and developing such
applications. The research project will therefore be approached with a mixed use of both qualitative
and guantitative methods.

The work will be processed using a design science reseavchgyra welldeveloped cyclical process

method which is presenteth subchapte#.4. The demonstrator will illustrate a virtual environment

which emulates the expected relifle implementation of the HR@pplication The &emonstrator will

therefore allow for an easy and safesting and evaluaibn of the HRC implementatiovia a virtual
environment Employees at the company will be involved when evaluatimgdevelopedartefact,

analysing and discussing tiperformance and quiy of the RSY 2y a i NI 2 NDa @A NI dz
simulation

4.1.6 Researclas 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. Des@ence 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 ach cycle of testing and evaluating, the scope of the search should be expanded and
refined, as well as making the aflact more applicable to the implementatiditievner et al., 2004;
Hevner and Chatterjee, 2010)

The process of developing the demonstratal 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 @ 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 reseeh

The seventh and lagprinciple statesthat the design science research has to be presented to
technologyoriented and managementriented audiences in an efficient way. What this means is
that the research presented should include enough technicalidetand organisational factors to
enable the technical audience to further develop the finished research. The managerial audience on
the other handshould receive the necessary details that allow thenteonmit the organization to
continue developing andriplementing the artefac{Hevner et al., 2004; Hevner and Chatterjee,
2010)

The research and development on the emulating HRC demonstrator will be evaluated together with
GKS O2YLI yeQa NBLINBaSyiGldA@Sas 2L ARiydthertHRE a4 ¢
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 encouragfagher development and commitment.

4.2 Data collectiorand 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 pribjeet wi
briefly introduced and argued for their appropriateness, includsgmistructured interviews
participant observationand quantitative data analysisThe data to be collected will be briefly
introduced as well.

4.2.1 Semistructured interviews

Given the éw number ofworkersd G I G A2y SR | G { KmiStuoiuied intende@siil 6 2 N |
be used as a data collection method to gather valuable data for the research plogectiewsare
conversations between a researcher and an interviewee withud&on topics planned by the
researcher. It is a suitable data collection method in order to acquire detailed information and
answers on complex questionyhich could involve emotional information that the interviees

would not willinglyanswerto on paper By beingsemistructured the interview will still be planned

with certain topics, but the order of questions is not determined and the interviewee can answer the
guestions more in detail, which could unearth more relevant questions that can be addied) doe

interview (Oates, 2006)The semsstructured interviews will be used to:

1 identify requirements and limitations of HRC in laboratory environments
1 identify trust, expectations and fears from human workers towards collaborative rpbots
1 obtain feedba&s on developed designs

Semistructured interviewsire expected to be a suitable method for the research project because for
its flexibility. With little experiencén HRC, especiallyithin laboratory environments, usingemi
structuredinterviewscouldprovidewith a deepemunderstanding othe 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, thefield notesmethod will be used when having the intervie{@ates, 2006)

4.2.2 Participant observation

Another data collection method that will be used in the research project is ghdicipant
observationmethod. This method is used to gain a better understanding of what is occurring in a
process, by observing and noting downnagch as possible about the procefisis important to pay
attention by both watching and listening to everything thiatoccurring and reflect on it. By acting as
anovertly complete observepeople will be informed that everything taking place will heserved

but the observer will not participate in any wé@ates, 2006)

By acting as anvertly complete observeén a participant observationthe necessary data from the
existing work flows can be obtained in the research project. The data is necbssarnse before the
demonstrator can be developedhe existing work flow must first be identified in order to
determine the ergonomically undesirable movementsd which tasks is applicable for a
collaborative robot Instruction videos on the existing woflows has already been provided by the
company. This will make the observation easier and more justifiable, by comparing the observations
onsitewithi KS @ARS2aQ AyadaNdzOGA2yad

4.2.3 Data to be collected

Through the semstructured interviews and participantbservations, various data will be acquired
for the researchproject The data will benecessary wherdeveloping the artefactand when
evaluating its performanceBoth observations and interviews will generate certain data. The
observation data will infornabout theexisting work flow and its procedurghile the interview data
will present scales of trust, expectations and fears of collaborative rob&g dividing the
observation data int@ hierarchy of lesser taskadditional data will be extracted. Teelesser tasks
could be, for example, the press of a buttonto pick up a tool in the existing work procedufighe
extracted datacan then be more easilyobserved togenerate ergonomic data, in other words,
identifying the data which containergonomicdly undesirable movementsThe final data to be
ISYSNYGSR A& GKS S@Ifdzad G§A2Yy RI indudingi® 2tytyl qualiywyA vy 3 0 K
and efficacy Usingquantitative methods, he evaluation data wilbe analysed to tell whether the
arteft OG0 Qa LISNF2NXYIyOS A& AdZFFAOASY(H Sy2dAaAKod

4.2.4 Quantitative DataAnalysis

When the artefact is developed, it must be evaluated. To confirnpet$ormance a quantitative
data analysiss required.Quantitative data analysisearches for patterns in numeric dataorder to
draw conclusions from {{Oates, 2006)The data could include the number of times an operator uses
a tool, the time in seconds it takes to complete a tamkthe number of times an operator performs
movements identified agnergonomic Continwus datais a type of data that can be analysed and is
measured with considerable accurady could, for examplejnclude process tims measured in
milliseconds.

The evaluation data generateRdzNA y3 G KS | NIvifs ohtaihicéntinuofsiatéamzngl A 2 y
other things, and lte project research will use quantitativeethods to analyse .itThe simulated
NPOo23GQa LISNF2NXI yOS &K 2efi€aly, condparihgyits fracesStime Wwith theD 2 y F A |
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average process time of the existing station. Theetiit 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 eternal validity has been considerebhstrumentationfor 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 wawdt represent reality if

the dependent variables are incorredthis threat will be taken care of through carefudpectionsof

the tools being usednd if uncertainty arises, another person may be invited to perform the same
inspection and the conclusigrcan then be comparedAnother threat to internal validity in the
research design is theactivity and experimenter effectBecause the participant observation will be
done acting as arovertly complete observerthe people being observed might chandeeit
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 ffermance 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 itheelationship with the
company.

Too few participnts are a threat toward the external validity and may be relevant for the semi
structured interviewsGiven the few number gbarticipants planned on being interviewed, it will be
difficult to justify that the result is statistically significaftt.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 beingshown asa generalizablstatistical data.

4.4 Research plan

When performing a design science researaimpre knavledge about the issue presented and

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

| 26 SOSNE RdzZNAY3I GKS | NIitSiFdvahibteddgan oSS fostradn®g & 2 NI ¢
identified which contibutes with further knowledgewith the gained knowledge, new data might be
collectedand the artefact can be refined, the process begins aneftST LINEP 2S5 00G Q& NBASH |
will therefore be cyclical, illustrated iRigureb.
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Figure5 The design scienceesearch process
Originally from Takedat al. (1990), and further developed by Peffers et al. (2007) and Vaishnavi and
Kuechler (2015).

Eachprocessstep will give anoutput which will be used in theext step Theproposaloutput will
arisethrough colleced information, gained from literature reviews angenerated data. The proposal
will lead to a suggestion, both well connected, and extract a tentative deShgntentative design
will then be usedn the Development step, where an artefact will be creatdding mixed methods,
the artefact will be evaluated and if its performanisegood enoughthe research will finally reach a
conclusion. Itoncerning constraints are, however, identified durthg Development or Evaluation
step, theinformation gainedwill be fed back angrocessed in an iterative cycléhe Conclusion step
will both conclude the research amgresent obtained knowledge to be used by others, such as
researchers or companies wonkj within the research are@iolm, 2017)According taJohannesson
and Perjons(2014) the five process steps will likely be given different amount of time and
considerationdepending on theask giverfor 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 analyséd. earlier mentioned in section 4.2, certain data must

be generated and analysed in order to create the IT actefas well as evaluating it later in the
development processSemistructured interviewsnd Participant observationg/ere said to be used

and the goal is to collect the data presented in section 4.2I8e®ationswill be the foremost
method used for the data collection because of its necessity when creating a simulation which
replicates the existing work stations. Tobservation data will be collected fromorking stations at
Eurofins' facilitywhich were of interest by the client.

5.1 The stations

The fist station, the application of diluted food on plates, includisition, plantingand dispersion
in its process. First, the sample food is diluted with the use of Dilucup wedispore thetest sample
needs to be diluted, the more wells are usdthe Diucup wells are shown, among other equipment,
in Figure6.

Figure6 Dilution station for food sample testing.

After the dilution the sample needs to be applied on plates for further treatméfiten appled, the
sample should be spread throughout the base of the pldiee second station manages water
samplesnsteadand processes the samples by filtering the water through vableswn inFigure?.
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Figure7? 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 pany to make the education easiehen

new workersstart workingat 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 died into smaller tasks. The description of each task is shovppendix A

Station tasks

A robot placed on ta food dilution stationwould most likely be able to perform the entire work

process on its own, with the right cortidins. By installing a pipette toan one arm of the roboand
also implementing aignaltransmitter betweenthe robot and thedilucup well shaker, the robot
would be able to handléhe taskson its own. However, it is the preparation at the beginninghef
work process that igjuestionable whether if theobot should behandlingor not, a collaborating

with a human operatomight therefore be suitable

For the water filtering station, @abot would probably need the assistance o& human operator.

Seveal tasks during the work process includspectionghat need to be done by a human operator

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

5.3 Interviews

When preparing the interview questionis,isimportant to know what the purpose should be behind
the questions. Certain themes were therefore thought out that are relevant in discussions about

HRC:

f
il
il

Expectationswhat the company and its workers expect from a collaborative robot;

Requirementswhat the client requires from the collaborative robot;
Limitaton& 6 K|l G fAYAGEOAR2Yy & SEA&D
Ot ASyiQa NBaAaGNROGAZ2YAT

Reliability how trustworthy the human worker finds the robot;
Fears what the human wrker fear about robots.

[20]
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The interview questions were divided and aimed toward two different groups of people, workers
a0FdA2y SR I ( an@ dep@sanfayvésam rédotOarfufadiuér companies The reason

this is done is to identify thoughts drvalues from people with different backgrounds.addition,
some questions are more targeted to people with a particular backgroundrerdfore need to be
divided But asthe interviewsare directed towarddwo different groups of peopleone needs tde
aware of what kind of bias theymight bring. While Eurofin@wvorkers may be biased towards their
own weltbeing, the manufacturers' representatives may be biasenvard their own products
something that has to be considerebthe prepared questions cdoe found inAppendixB ¢ Interview
guestionswhile the following subhapterswill presenta summary othe answersvhich wasreceived

by the intervieweegas well as an interviewiscussionn the last subchapter5.3.3

531 LYUSNIASSHGAYT 9dINBFAYAQ SYLX 28S85S54&

For the interviews at the company, the questiowere prepared with a focus on expectations,
requirements, reliability and fear3.he questions were made in mind that only short answers were
required, & the company could not put aside time for the workers to be intervieased had tobe
interviewed while they werestill working. Before each interviewthe following were presented to
the intervieweego clarify about the purpose of the interview as weals their rights

1. The purpose of the interview is tgain a better understanding of the workstations at
OdzNBFAYAQ FIFOAfAGEXT | atrust Sxkpéctations anil 2earsh tewrgdsii A T &
collaborative robots

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

3. The intervieweewill be anonymousand their answers will not affect their relationship with
their associateccompany in any way.

4. Theintervieweecan, at any point during the interview, cancel their participationl atbort
the interview.

The first questions included a couple of cleswled questions, focussing on their work stations and
experience. Thesaimed to be easyor the intervieweedo relieve possible pressure on theah the
beginning of the interview. Thiwould make themreadier for the more complicated and sensitive
guestionglater in the interview all of which are opeended questions.

The first questions asked about whether there are any quality standards, if any isauebeen
experienced at the wdxr stations andf the interviewee had any previous experience of industrial
robots. In terms of standards, they have ofe everything which are documented as well, including
how the quality is measured. Thesrust be followed but it was thought that thbest is to learn by
doing the quality measurements themselves, as the standards are easy to learn. In addition to the
standards, there arespecialistsstationed at the facility thatmay be asked if a problem should arise
When asked about earlier issuesthe stations,not muchwere saidexcept for minor issues which
does not occur oftenBesidedor sample and cleaningsues the most protruding issues seems to be

the dilucup well shaker and the pipette tool. One of the dilucup well sisdh&s an issuef 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 aboutgvious experiencef industrial robots, the answers weraried

where some workers has seen a robot awtiile others have notFor those who hd earlier
experienceit wasthrough realencountersand videos.
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The next questiors thereafter were openended and foused on the interviewee's thoughts and
feelings When asked about what they third€ when mentioningcollaborative robots, itvas thought

to be a robot that can help the human worker in some way and has different routines compared to a
traditional industral robot. Being able to collaborate was a clear assumpaioout their function,
though none assumed how they exactly collaboratEdere were uncertainties, however, whether a
robot could handle all the tasks at certain stations at the facilitywas thought possiblebut
debatable whetherit can handle the amount of workvhile still be able to meet the required
precision. The food dilution station and its careful tasks were taken as an example multiple times,
where theorganizing of plates and changinfstraws between each dilution were among the tasks
thought to be difficult for the robotlt was alsoquestionedhow a robot would affect thevorkflow.

This was a recurring response when the interviewees were asked itthag think of any issuaga

robot was installed in their work areAgain, itwas mentioned was that the robot couikterrupt 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 ugbt to be not as careful with hygiene
compared to human workerslhe feeling of unreliability presented itsel§ 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 feafor becominginjured, but rather if the robot will be able to perforrits assigned
tasks. A calm feelingas shown as well among the interviewees, as it was explainedfttiagre are

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

Closer o the end of the interview, the intervieveswere askedvhich station they considered was in
most needof an automation solution The interviewees explained thabth stationswere of great
need for an automation solutioras bothrequire a lot of labour when large amounts of samples
arrive for processSummerwas mentioned as a labour demanding peridde to more tests being
taken from beaches, pools, ettlowever, thewater filtration station was slightlymore often
suggestednot because of necessity bbbecause 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 whietork method the interviewees thoughib be the most cosefficient
one for the company, manual or automatedlhe general assumption presented was thamt
automated solutionwill cost more in the short term while utilizing manual work will cost more in the
long term Therefore, @ automated solutionwas thought to bethe most costefficient methodin

the long run.However, it was alssuggestedhat work done manuallould be more efficient,as
robots maynot work as fast as human workeesdthe process time woulthereforeincrease

The interviews were brought to a close by askimg interviewees if they had any other points they
would like to mentionwhich has notyet been addressed. Two particular comments were pointed
out. The first wasa suggestion obther stationsthat were consideredto be in more needfor an
automation soltion. 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 compay 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 robgtto get a bdter insight into the subjects from their
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wasto gaina deeper insight intdHRC It was also explained thaalboratory environments were of
particular inteest and the answers would be usetb strengthen the report madefor the
dissertation Finally, it was clarified thathe answers wuld be anonymous to the extent that only

the name of the company that theepresentative is associatedith would be mentional as a
reference.The followingsubchaptersprovide a summary of the answers from each compamngthe
questionscan be foundn AppendixB ¢ Interview questions

5.3.2.1 ABB

The interview started off by asking the interviewee if theillaoorative robot was classified as
hygienic. It was explained thahé YuMi robot has surfaces that are durable and unhygienic
substances can be wiped awayniéicessary, however, thatase does not apply to all surfaces. A
solution for these surfaces, thas beingused is to cover themwith sterile socksThe socks have
primarily beenused on the roboto coverits hands, arms and bodwhile its tools folinstanceare
already sterile.

Moving on to the next topic, laboratory environmentbe interviewee were asked whether their
collaborative robothas previouslybeen installed in a laboratory and what challenges they saw in
such environmentsThe respond was thathe YuMi robot has been installed in a number of
laboratory environmentsThe locations cdd not be mentioned, howeverthe taskscould and
included:

1 handling of materials;

1 machine tending;

1 pick and place, at an advanced level.

It was described thathte YuMi robot'smain taskis to relieve the human worker from laborious and
exhaustingwork, by following ergonomic process steps when performing tasks together with the
human worker As a supplierthe company seethe challenge of understanding the industmjthin
such environmentslt is important tothink about the waythe robots areautomated and be able to
speak in the client's languageho is positionedin this environmentdescribing ti asa whole new
playing field with new valuesThe advantage of the YuMi robot, on the other hand, is that it can
share tasks in a completely new way, enabiintp more easily engage this industry compared to
what traditionalindustrial robots have been able to do before

The interviewee was finally asked what molstdution was recommended for a robot,réquested.
The question has apparentlybeen brought p on several occasionsefore and the answemwould
depend on how muchvorkloadthere is on therobot. For example, if 70%f ¢he workloadis being
used onone station it is relevant to ask ithe robot could be mademobile, in orderto take
advantage of tk 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 stationswhich are asking for a robothis saltion implies both a low investment and can
be arranged from day 1;

2. The next solution which has been investigated isplace the robot on a turntable. The
turntable couldbe done bothmanually rotatable or motorized;
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3. The nextproposedsolutionwould beto use a drive unit in the form of, for example, a ralil;
4. As a final proposal, the robot could be placed on an AGY a solution used abroad but
requireshigher investmerd.

The intervieweealsostatedthat soon, a singkarm version of the YuMi robot witle released which
will open upnew applicationcapabilities both by using it alone as well & 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 weraot classified as hygienipresenting theilCR35 robot

as an example. It isearing foam rubber protection in greemvhich means thaft can never be
classified as robot for“clean room environmerst. The smaller CR4 andRT on the other handare

only green coloure@dnd thereforethe possibility is greater, but no clafssationtests haveyet been

done.

Going to the next topic the interviewee could, unfortunately, not ansviferthey had any
collaborative robotinstalledin a laboratory environment where there are cleanroom requirements.
As for installing a robot in a laboratory environment, the interviewee beliglatthe challenge is to
have a robotwith both smoothand durablesurfacesvhich canwithstand strong clearing products
which must usually be investigated and tested on a dasease basis. Itraditional industrial
environmentsit is not priaity one to be able to thoroughly clean the robot.

Finally, the interviewee was asked what they would recommendhibaile solution was requested
and the interviewee responded that it woulgteatly dependon which solution is most appropriate
for the customer's applicatiarf the customer has stations that do not need to be in operation at the
same time, avagoncould be a good solutionShould therobot insteadbe able to servéwo stations

or more but not exactly at the same timeould a rail/turntable be agood solution for the robot
instead The interviewee also mentioned thaté price difference between a manualinovable unit
and adrive unit, such as a ratlepends orthe motorization Servomotorsare such an example and
the pricedepend on thesizeof the engineneeded among other thingsThe interviewee thought it

to be difficult to say aprecise price diffeence, butthat such a solution wa®bviously more
expensie. 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 Interviewconclusios

The semistructured interviewswere prepared in order to identify how trustworthy a collaborative

NEo2dG ¢2dfR 0S AT 2yS ¢SNBE (2The iterviewsLifers ¥Soy G SR |
conducted to gain a deeper insight into the topics that were of interest ® flhoject's research

study, namely HRC in laboratory environments and mobile robdticzY I ¥ 62 N] SNE Q S E LJS
and requirements, among other things, were looked at when investigatingrustworthinessof

robots. It was clear that people could assurtiee purpose of collaborative robo&nd did not show

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

O2ftF 062N GADS .NPHRGMpR@entatiadldfere Qdreedi tb helipdssible biitwas

rather debatealbe whether it could satisfy both the necessary performance and qualitg, not

affecting each other in a negative wa8eople could claim that an implemented robot coirterrupt
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the workflow through unplanned stopsot be as efficient as human workeaise and that it should

be implemented insimpler stations which have a lot of repeated and straightforward tasks
Collaborative robotswhose inbuilt functions were developed teoelieve the human worker from
laborious and exhaustingiork while ensuring thir safety, seem to have the trust it needs to work
beside a human worker. However, the lack of confidence pebpkfor robots is an issue just as
important as safety. Without confidence, an HRC application will not be as efficient as intéad&d.

of confidence may be more relevant in workplaces where there are higher quality requirements and
a further studywould be proposed to confirm that there is a general lack of confidetoweard
collaborative robotsn highquality work environments, such as labtories.

The next topic thatvere of importance, and coincide with qualitywas hygiene It is an important
quality requirement in laboratory environmentnd sterile solutiongloes notseem to have ad
much attention in the development of collaborativebots, which was clearly shown during the
interviews with the robot manufacturercompanies 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 we durable to be treated with detergent©ther surfaces may for example

be covered with sterile socksyhich was alseshown asa common solution during the literature
review. When asked about the challenges of installing a robot in a laboratory enviranmea of

the companiesdid 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 thei®terile sockare 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 developmeént making all surfaces of a
collaborative rdvot sterile applcable

When it comes to laboratory environments, interesting comments came up thereell One of the
companies did mention that their collaborative robot has been implemented inumber of
laboratory environments As a supplierhoweve, they saw itchallengng of understanding the
industrywithin such environments.fie waythe robots should beutomated and be able t@peak in
the client'slanguageare both different compared to traditional industries and therefore described it
as a whole new playing field with new value$vhat was interesting about it was that a similar
comment was mentioned among the interviews with the workers at Eurofilere, it was also
mentioned that they have different values than other traditional industded it was suggested that
both an engineer and a microbiologisin be used when developing#RC aptation, to close the
L) 2F dzy RSNE (| Yy Ranyg @meSup Witk beRtdi IKRECNjiphcatighk f dzS &

Finally, when asking about mobile solutiorikree factors were recurringprice, workload and
independence.The pice is obviously important for companies that purchase the service and
depends on the desiredapplication, including the products aridstallatiors required The second,

and most discussabléactor is the workloadBoth companies considered that the mobile solution to

be proposed depends entirely on the workloachere several examples of solutions were suggested
during the interviewslndependence, which coincides well with both price anorkioad, aims at

how much the robot should handle its own movement on its oWfhile it iscostlierto 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 Demonstratodevelopment

In this chapter the creation of théemonstratoris describedincludingthe procedure, methods used
anda presentationof the finaldemonstratot

6.1 Necessary material and choice of collaborative robot

Before the development of the demonstratoowd begin, tools necessary for the project had to be
acquired. In addition to measuring equipment and other materials, a simulati@velopment
software and an Integrated Development Environment (IDE) are required in order to create the
virtual environmen and be able to program the virtual robd#hich 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 seftesad
programming language for their robotBollowing a discussion with the company, it appeared that
ABB's collaborative robot was considered appropriate #mel software RobotStudio 6.06 were
chosen to be used for the project

RobotStudio is ABB's sefire for robotic simulation and offline programminlis programming
language iccalled RAPID anlia dza SR (2 02y (i NPsfAs forthe fdBot, the/IRBIz& ( NR | f
14000 will be used, also &wn as YuMi.

6.2 Method on approach

With the use of the generatedata, 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 inbtowever,it is a good idea tget a basic idea afhat needs to

be implemented ina simulation When a projectinvolves theprogrammingof a robot, there are
features of simulation tools that do not always need to be applied, such as the work environment or
interactable objectsThe reason forhis is becausén several automation implementation projects,
developers only need to think about getting the robot to move to the specified positions a®l us
the simulationtool to verify that the robot is moving properlpefore trying it out in a real
demonstration cé. In a demonstrator, on the other hand, more factors need to be considered in
order to illustrate to the Lent a realistic representation of a proposed implementation, without
having to use resources to build a real demonstration gedlimulation shold include:

A suitablerobot for the application;

Robotmovements Af f dZAGNJI GAy3a GKS NRo2:GQ& SESOdzirazy
Toolsnecessary for the tasks;

Awork environmeni NBLJX AOF GAy3 (GKS Ot ASyidiQa &aLISOAFTASR
Interactable work objectsallowingthe simulation to illustrate how the robot will interact

with existing work objects.

= =4 —a —a A

The mentioned features require the developer tauild the work environment and objects

AN LIKAOFf @Y LINRPINIY GKS NRBoO62GQa Y2 h&anBMtiod | yR 2
in order to make the objects interactabl€hesefeatures could for example pe relevant in sales to

illustrate automation solutions, while the method is less relevant if a robot cell has already been
ordered and the contradbas beersigred.

[26]



Following discussions with those involved in the project, it was suggested that at the begintiiag of
demonstrator developmenbne of the appointed stationshould be focussed, workimgn the key
tasksat the station that the robot must be able toepform. For this reason, thiood dilution station
was choserasit was of higher interesfor an automation solutiorfrom the clientand the water
filtration station were questioned for itgobot applicability, explained in chaptér2.

6.3 Development

A collaborative robot implemented in the food dilution station should be able to handle the dilution
process of food samples)cluding the management of sterile straws athe pipetting processThe
following subchapters will desbe the objects created for the demonstrator, the tools and the
Neoz2iGQa G(lal SESOdaiaAzy o

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 interpretatiofiexisting objectérom the station while other objects are

of individualdesign.Work objects used in the food dilution station are showrfFigure8, of which
object (b) is of own design due to the lack of existing straw fesedethe work station.

Figure8 (a) A red bx containing a openbagwith food sample (b) A strawfeeder with a straw
placed orits holder. (c) An open plate and a sterile spreader t¢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 tlraws 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 3Models.
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6.3.2 Robot tools

At the food dilution station there is one tool repeally used, the pipette tool. It is used for
transferring the diluted food samples between sample bags, dilucup wells and paesto the
frequent use of the tool at the station, it was considered appropriate to design a new tool for the
robot, instead oftrying to teach the robot to use the existipjpette tool. A simple design of a robot
pipette tool is shown irFigure9 and illustrated on the robot ifrigurel0.

Figure9 Pipette tool design (left side) and an existing ABB gripper tool (right side).

¢2 Y2dzyd | &adNlr¢g 2y GKS LIALISGGS G22f3X | 3INRLILISN
The gripper is an existing 3Bodel within the RobotStudio software and is amonly 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 toollhe pipette tool will then use thetraw to suckup the

dilution tests, pour them into the nextpgcified location and throw thetraw 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, illustratétgnrel0.
Everything is placed oa table whose dimensionscorrespond to the existing tablesed in the
existing stationTo ease the work at the start of the demonstrator's development, the robot was not
placed on avagonbut instead mounted on the table.
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Figure10Work station illustration.

As for thework process at the statignthe robot was tofocus onthe dilution processand the
plantingof samples on plateBoth the preparatory workandthe dispersion stegrefer to Appendix
A ¢ Station taskaunder Fooddilution statior) was chosemot to be performed by the robot. These
steps are suggested to be performed by a human worker instead)low the worker to have a
controllerrole both befoe and afterthe robot performs its tasks. This methadmotivated tojustify
the appropriateness of a HRC implementation at the station where the human worker and the robot
performs tasks suitable for thensuchcollaboration would in such cases be in de# a button or
the like, to allow the worker to signal the robot when the worker's taskgparéormedand the robot
can beginits own work process.However, becaus&@ human worker is notmplementedin the
demonstrator and the station is already prepdreith the necessarynateriak, it was decided not to
implement such a button.

2 KSYy (GUKS @ANIdzat adlraAzy ¢la asSiz GKS NeRo20GQa Y
RAPID languag®igital signals were also implemented to allow each arm to know vameaction
should take placE F2 NJ SEIl YLX ST 6KSYy (GKS NRoz2:GQa fSFd | N
Implementing logic into the simulation was also necessary to make the objects interactable, or the
gripper would never be able to grab the strawtire virtual environment, among other things. All

necessary logic was implemented using functions available in the RobotStudio software.

6.3.4 Mobility

hyS 27F { wiShes®ds toSh@vié ShaHRCimplementation mobile. A mobile solutionwas
therefore implemerted for the robotafter it could perform its tasks in the simulation. A rail with a
turntable was first modelled and tested, shownRigure 11. It proved to be a possible solution to
allow the robot to work at several locationseing able to move along the rail as well as to rotate
180°. However, it was concluded thdlhe solution was still limited antbo costlycompared to ifa
wagonwas usednstead, 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.

¢KS NIAfQa O2yaidNIAyYyd o1 a vy duiltSTREnew design emulgt&ldg RS & A -
simple pedestalwith wheels, shown irFigure 12. A move mechanism was implemented in the
demonstrator to make the wagon moveable.

(a)

/

Figurel2 Robot mounted on a wagon, moved from position (a) to (b) during simulation.

The wagon would take the robot to a certain position in fronttad station where its targets would

0S NBFOKFIotSd . & O2YLINARYy3A Ada 2y LRaAldA2y (2
targets are even if it is moved to different positions. This configuration, however, is not properly
illustrated in thedemonstrator, only illustrating the robot being moved to a fefined 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 posiid 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, ¥+ and zaxis. In order for a robot to figure this out by itself, a
GAaA2Y &428a0GSY g2ddZ R 0S ySOSaalNEB® . & AYLI SYSyidA:
adding a reference point on the table, it would allow the robot to update its configuratidine

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-gxis. This, lowever, will not becoveredin the report since mobile

robotics was only optioal and is notincludedin the project'saims and objectiveshus beyond the

scope of the project
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7 Bvaluatiorsand discussions

The following chapter evaluatahe demonstraed HRC implementatiorgnalysng its performance

and quality.In this chapter there will also be a discussabout fow an implementation of HRC can
affect today's working methodsboth at the companyand at laboratory environments in general
Finally, the chapter will return to the chosen research methodology's principles, the design science
principles, to judgfy that the project has been carried out using a practiced research method as a
basis

7.1 Artefact evaluation

When thefirst draft of the demonstrator was complete, theient was consulted regardintpe
proposed HRC implementati@@erformance The respong was thatthe client thought that it
would require the presenceof a human worker too often angvould therefore notbe considered
sufficiently worthwhile. The robot would have to be able to take care of the preparatiork such

as opening thesamplebags, andprocess the dispersion stegs well. While the dispersion step could
indeed be assigned to and performed by the robot, the preparatory work process would however
prove tobe difficult for the robotto perform. The robot has only one gripper and ibuld be difficult

for it to open thesample bags properly, among other things.

By evaluating the demonstrated HRC implementatitsyperformance can be confirmed, aridwill

be shownwhetherthe client's assumption is the casehe HRC implementatiomill be evaluatedor

its performance and qualitin the following subchaptersThe evaluation will lookat how utilizable
and efficientthe implementationis, as well asf the quality of the processed samples meets the
compan?d NXI|jdZANBYSy (4o

When evaluatig a simulation,tiis importart to be aware of the limitations that simulations come
with. Simulatiors are excellentto use whenanalysing problemsand illustrate solutions, especially
when the availableesources ardimited. Validating a simulation, hower, often requires lot of in
built data, such as weight on objects,achieve a great degree of confidence in its representation of
realworld dynamicsSimulationsare therefore sometimes met by scepticism from some audiences
and shouldherefore be evaluated with this in mind

7.1.1 Performance

When looking at the HRC implementatio@erformance, representative data is required that can be
compared to equivalent data generated from the existing station, such as cycle times. Quantitative
methods can be usetb generate the evaluation data and evaluate thefie cycle time was first
looked at and le first draft of the demonstrator illustrated eycle timeof 97.5 secondsvhichwas

the time it tookfor the two-armed robot to dilute and planta food sample ito three plateswith

three differentlevelsof dilutions Using a stopwatchseveralsimilar scenarios were observed at the
existing station.The average time it took for human workers to manually complete the same work
sequence wa24.2 seconds around faur times faster than the demonstratoit 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 plbete, however, that a stopwatclvas
used,andthe times that were just mentioned may hawacertainty errorsdue to the human error.

The scenarios that were observed were also not exactly the same as the demonstrator's illustration
and therefore thenumbersmentioned should not be taken abke precise timesRegardlessthe
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measurediimes doesshow the overall differencen performancebetween the demonstrator and the
human workers.

The cycle time were clearly more efficient when processed by a human wdtlerdemonstrator
can be adjustedto process the tasks at a higher rat@wever,the collaborativerobot will probably
never be able to reach the same efficienay the human worker5 dzS§8 G2 O2ft 1l 02 NJ GA
purpose of collaborating with human workers and possibly performing morealeltasks compared

to traditional industrial robots, collaborative robots are not meant to work at high speeéssare
people's safetyas well as taavoid errors occurring in the qualitpf the work materiad. But what
about the lead time? The human war assigned at the station is responsible for other stations as
well and could therefore leave the food dilution station idle occasion@ti. station could be empty
for several minutesvhich was demonstrated duringn observationvhere the station wasdle for
eight and a half minutesThe workercould perform, among other thingsfasks at the station
positioned before the food dilution stationThese tasks included preparatory work for the food
dilution station,such asapplying stretch codesn the plaes later used in the food dilution station
Therefore, aother proposato sawe time inthe workflow could beto let the human worker take care

of the preparatory workfor the food dilution station while the robot takes care of the dilution
process

Sine@ the human workers have smch avaried work whilestationedat the food dilution stationis
ergonomics really a problem®though the station itself is repetitive, the work process in general for
the human worker is more varied due to the responsipitif other stations The workpieces and
tools at the station are also not heavy, which i®#mer important factor in ergonomicsAccording to
human workers who have experience in the food dilution statithe station does not feel
unergonomic,thanks tothe varying tasks. Rather, the human workes to move a loinsteadand
keeptrack ofmany thingsat different stations which can be anxious for the head after a while.

Why one person is responsible fiowltiple stations are due to the limited numberf aorkers at the

work area. Usually it is between two to six human workers in the work area and four peaple
considered to beoptimal, then they usually do not experience as much stress during theQ@ayhe

other hand, there is a lack of space at sostations For example, there is a station that prepares
onesort of sampldest that can only be performed bysingleworker. If more than usual of that kind

of sampletest needs to be processed, it candmme stressfulfor the worker stationed therelt 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 oustr has paid to receive a response within a short
period. Finally, if a person becomes ill, it will be stressful for the workgiugtothe fact that they
becomeunderstaffed, which has a greater impact in small working gsoup

One major problem seem® the the shortage of labour. Due to the limited number of workérs,
workflow can easily be affected by:

1. A big order with short life span

2. Many requested tests of single type;

3. Saff shortagesdue to sick leave.
Therefore, a HRC implementation couldseghe stress as the workplaceould receive increased
labour that is always available.
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7.1.2 Quality

The quality of the HRC implementation was evaluated next theddemonstrator wasanalysed
whether it illustrated the quality the company requiredo evaluatethe quality of the HRC
implementation, each worlstep that the collaborative robot performedh the demonstratorwas
analysed together with employees at Eurofififie reason for thidecisionwas because if the quality
was analysed by the developer of tlieemonstrator alone, potential quality constraintsmay be
missed, as there is a risk that the developer will turn a blind eyeettain process stepsn the
demonstrator.The people who participatedaveexperiencen the stationwhich wereemulatedand

a better understanding of how important certain requirements are at the station, for example, how
sensitiveit is withhygiene

When thequality of the proposed HRC implementativas evaluated together witthe participants

several discoveries were mad®ointed out inFigure 13, four issues were identifiedn the
demonstratorg KA OK  ljdzSadA2y SR | O2f 4tlthe 2odbd diufiod Statiod2 6 2 (i Q&
explained below

[r—

Figurel3issues identifieditrough the demonstrator.

a) Currently at the existing statiothe straws are not removed from their sealed plastic packages
until beingused, to keepthem sterile If the straws areto be stored in astraw feeder which
feeds out the straws insteado make he robot'swork processasier and smoothetthere will
be a higher hygiene risk where the test results from the processed samples may be affiected.
will be required that the straw feeder is sterileut eventhen, it is questionablevhether such a
concept would be approved by th® 2 Y LI y& Qa ljdz- £t AG& &adl yRINRA

b) The bagwwith food sampleghat arrivesto the stationcomesin different amounts andizes
Without being properly placed and opened, it will become difficult for the robot to thie
initial sampé. 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 ingremvision
224GS8SY G2 GKS aildrzy sKAOK O2dzA R LAYLRAYG GKS
would still have to be somewhat properly placed at the station and opened by a human worker.

[33]
















































