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Being a human is 
hard, being a bot 
should be easy.

As the world progresses, it is becoming 
LQFUHDVLQJO\�GLIˋFXOW�WR�EH�D�KXPDQ��:LWK�WKH�
ULVH�RI�DXWRPDWLRQ�DQG�DUWLˋFLDO�LQWHOOLJHQFH��
PDQ\�MREV�WKDW�ZHUH�RQFH�GRQH�E\�KXPDQV�

DUH�QRZ�EHLQJ�GRQH�E\�PDFKLQHV��(YHQ�LQ�RXU�VSDUH�
WLPH��ZH�DUH�RYHUZKHOPHG�E\�FRPSXWHUV��:KHUH�ZH�XVHG�
WR�EH�GRPLQDQW�LQ�FUHDWLYH�WKLQNLQJ�GXULQJ�D�JDPH�RI�
FKHVV��WKH�QRZ�PRVW�XQOLNHO\�PRYHV�DUH�EHLQJ�DFFXVHG�
of cheating, embroiling the chess world in the biggest 
FKHDWLQJ�VFDQGDO�LW�KDV�VHHQ�LQ�\HDUV���

%XW�LV�LW�UHDOO\�WKDW�EODFN�DQG�ZKLWH"�$UH�KXPDQV�WKH�
GLVSRVDEOH�HOHPHQW�LQ�WKLV�ZRUOG"�7R�PH��WKLV�QHJDWLYH�
PHVVDJH�RI�WKH�DGDSWDWLRQ�RI�DXWRPDWLRQ�LV�DW�WKH�
KHDUW�RI�WKH�PLVSHUFHSWLRQ�RI�ZKDW�ZDQW�WR�DFKLHYH�
IURP�DXWRPDWLRQ��QRW�WR�DXWRPDWH�WKH�KXPDQ��EXW�WR�
VWUHQJWKHQ�WKH�KXPDQ���

,Q�PDQ\�ZD\V�PDFKLQHV�DUH�PRUH�HIˋFLHQW�WKDQ�KXPDQV��
FDQ�ZRUN����KRXUV�D�GD\��DQG�DQDO\VH�GDWD�ZLWKLQ�
VHFRQGV��%XW�QRQH�RI�WKHVH�WHFKQRORJLHV�FDQ�DXWRPDWH�
HQWLUH�MREV��UDWKHU�MXVW�MRE�WDVNV��7HFKQRORJLHV�RQ�
WKH�IDFWRU\�ˌRRU�FDQ�ȤWKLQNȥ�WR�D�FHUWDLQ�H[WHQW�DQG�
HPXODWH�FHUWDLQ��VLPSOH��W\SHV�RI�DFWLRQV��EXW�WKH\�PRYH�
DFFRUGLQJ�WR�WKH�SURJUDPPH�ZULWWHQ�E\�WKH�HQJLQHHU��
7KURXJK�WKLV�SURJUDPPH��WKH�KXPDQ�GRHV�QRW�QHHG�WR�
SHUIRUP�WKDW�ERULQJ��UHSHWLWLYH�WDVN��DQG�WKHUHIRUH�GRHV�
WKH�FRPELQHG�IXQFWLRQ�TXLFNHU��7KHUHIRUH��DXWRPDWLRQ�
RXJKW�WR�KHOS�KXPDQ�EHLQJV�VR�WKDW�WKH\�FDQ�JHW�PRUH�
GRQH�E\�VDYLQJ�WLPH��

:KLOH�WKH�WLPH�VDYLQJV�UHDOLVHG�E\�GLIIHUHQW�FRPSDQLHV�
PD\�EH�D�IHZ�PLQXWHV�RU�D�IHZ�KRXUV�D�GD\��HYHU\�VHFRQG�
FDQ�DGG�XS�WR�ELJ�VDYLQJV�RYHU�D�ZHHN�RU�D�\HDU��$V�D�
UHVXOW��HPSOR\HHV�DQG�FXVWRPHUV�VDYH�WLPH��KDYH�OHVV�
VWUHVV�DQG�KDYH�PRUH�PHDQLQJIXO�LQWHUDFWLRQV�ZKHQ�
WKH\�GRQȢW�KDYH�WR�ZRUU\�DERXW�WHGLRXV�SURFHVVHV�EHIRUH��
GXULQJ��RU�DIWHU�DQ�LQWHUDFWLRQ���

7KLV�PD\�JLYH�XV�KXPDQV�D�FKDQFH�WR�UHFODLP�RXU�JDPH�
of chess…  
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Research Engineer
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MANUFACTURING 
PROCESS 
AUTOMATION
A NEW APPROACH TO YIELD 
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Smart sensors 
do not just 
sample the 
environment 
and generate 
data but 
also create 
information 
to draw 
meaningful 
insights.
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FEATURED

Manufacturing automation (MA) 
has been around in some form 
since early 1900 focusing on 

the support, or elimination, of manual 
operations, most recently by utilization 
of robots or dedicated mechatronic 
solutions. Traditionally, reduction 
of cost and increase in production 
throughput have been among the main 
drivers for production automation in the 
Industry 3.0 era. MA focuses on longer 
production runs where robots perform 
repetitive, sensor-controlled operations. 
Furthermore, it involves the labor-
intensive development of dedicated 
control software with a relatively long 
ramp-up period (days/weeks).

Recently, companies have been driven 
toward automation due to new triggers 
such as labor shortage, competition, 
reshoring, resilience, local production, 
and production independence. 
Traditionally, MA was investigated by 
CJH�NBOVGBDUVSJOH�mSNT�UP�BTTFTT�UIF�
QPUFOUJBM�CFOFmUT�PG�NBTT�QSPEVDUJPO��
Nowadays, small and medium scaled 
companies are also interested in 
FYQMPSJOH�UIF�CFOFmUT�PG�BVUPNBUJPO�
as technological advancements 
IBWF�JOEVDFE�nFYJCJMJUZ�JO�BVUPNBUJPO�
solutions. Within Industry 4.0, the 
development of automation solutions 
for small to medium-sized production 
SVOT�JT�TFFO�BT�B�TJHOJmDBOU�PCKFDUJWF��
This builds the client’s expectation of 
automated systems that involve the 
least programming, ramp-up, and 
maintenance efforts.
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Opportunities
Current technological developments 
deliver many of the building blocks 
required for the MA solutions of 
tomorrow. Modern system hardware is 
packed with a wide range of sensors. 
These sensors create much more data 
than can be seen on human interfaces. 
Additionally, it also helps to monitor the 
internal functions of the system. Older 
IBSEXBSF�JT�SFUSPmUUFE�XJUI�NPEFSO�
sensors to get insight into production 
quality and throughput. All this data can 
be made available to support automation 
processes. With the help of ERP/MES 
software systems, hardware from the 
QSPEVDUJPO�nPPS�DBO�CF�DPOOFDUFE�UP�
form a larger cluster of cyber-physical 
systems. Data created in individual 
production steps can be shared to up 
and downstream locations to streamline 
the production process. Smart sensors 
do not just sample the environment and 
generate data but also create information 
to draw meaningful insights. For 
example, smart camera sensors cannot 
only see RGB values but also interpret 
clusters of RGB values to recognize 
objects. Cobot (and robot) hardware 
and software are being supplemented 
with different types of safety systems 
UIBU�BMMPX�FGmDJFOU
�TBGF
�BOE�GFODFMFTT�
implementation. Sensor data / 3D CAD 
models assist automated robotic systems 
in making decisions based on a logic 
GSBNFXPSL��"SUJmDJBM�JOUFMMJHFODF�BOE�
machine learning strategies are being 
developed for automated systems 
to make decisions in a relatively 
unstructured environment where it is 
JNQPTTJCMF�UP�EFmOF�B�MPHJDBM�GSBNFXPSL��
The use of supercomputers to simulate 
a factory in a virtual environment 
(also known as digital twins) has 
shown promising results in predicting 
QSPEVDUJPO�nPX�BOE�JEFOUJGZJOH�QPUFOUJBM�
bottlenecks or breakdowns over a long 
time frame.

Challenges
Most of the production plants were 
OPU�EFmOFE�PO�B�ESBXJOH�CPBSE�
but gradually grew to their current 
composition. Additionally, human 
worker tasks are often easy to execute 
for humans but hard to program as 
automated solutions. This includes 
DPNQMFYJUJFT�TVDI�BT�EFBMJOH�XJUI�nFYJCMF�
or randomly shaped products or making 
decisions based on unstructured data. 
Usually, manufacturing tasks can be 
categorized as primary and secondary 
tasks. The secondary tasks do not 
contribute directly to the process goal, 
but it is essential for the primary task to 
be carried out. These secondary tasks 
can be intuitive for operators, but usually, 
it is challenging to integrate the primary 
and secondary tasks seamlessly into 
automated systems. 

Transformation to automated systems 
does not just involve reduction in labor 
dependency, but the management 
will also have to foresee recruiting 
the missing skills. For instance, the 
company will have an increased demand 
for maintenance engineers and robot 
programmers.

Finally, uncertainty often accompanies 
this transition. Globalization has led to a 
wide-scale increase in demand in most 
production sectors. This, in turn, would 
force the manufacturers to increase the 
reliability of the processes. Any failure 
might result in a production halt and 
considerable loss, while the chance 
of failure might be tough to predict 
before the actual implementation of 
the system. The economic aspect of 
automation also takes a massive toll on 
the investigation, implementation, and 
maintenance. Theoretically, any type of 
task can be automated, but the reliability, 
nFYJCJMJUZ
�BOE�SPCVTUOFTT�EFUFSNJOF�UIF�
cost of these systems. A preliminary 



Transformation to 
automated systems does 
not just involve reduction in 
labor dependency, but the 
management will also have 
to foresee recruiting the 
missing skills. 
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Manufacturing Automation Cycle- 
High-level process cycle to achieve the 
objective of manufacturing automation.

5

and detailed study is necessary to 
ensure the system designer presents 
a fail-proof solution. The total cost of 
transition should include the expenses 
of research, simulation, fabrication, 
and implementation. Finally, process 
automation heavily relies on the product’s 
nature. Working products with rigid 
OBUVSF�BOE�EFmOJUJWF�HFPNFUSZ�JODSFBTF�
the likelihood of automated operation. 
While on the other hand, products with 
TPGU�OBUVSF�BOE�OPO�EFmOJUJWF�HFPNFUSZ�
limit the possibilities/increase the 
complexity of automation.

Manufacturing Automation
Identifying potentially interesting 
processes for automation can be 
compared to the recruitment process 
for a company. The HR department 
assesses the candidate on several 
MFWFMT
�GSPN�mOEJOH�UIF�SJHIU�mU�XJUIJO�
the company regarding intellectual 
capabilities to a personality test. 
Similarly, not every process is 

suitable for automation at the present 
moment. The decision to proceed with 
automation for a process depends on 
several aspects, such as assessing 
the harmful effects of a process failure 
and its countermeasures beforehand. 
It could also depend on technological 
capabilities; for example, the packaging 
and material handling process in meat 
production possesses a high potential 
for automation due to the current maturity 
of solutions in the industry. On the other 
hand, considering the current availability 
of technology, the deboning process 
is far from reach due to the cognitive 
complexity involved in the process.  

When looking at the automation of 
cognitively demanding manufacturing 
operations, mimicking human 
operations to automated counterparts 
is often too complex. In such cases, a 
detailed task decomposition helps the 
designer identify all the relevant task 
SFRVJSFNFOUT
�SFEFmOJOH�UIF�PQFSBUJPO�

suitable for automated systems and 
thereby considerably reducing the 
complexity of operations. It is essential 
to have a structured tool that can be 
used to assess the production unit (or 
FWFO�TNBMMFS�TFDUJPOT
�UP�mOE�UIF�SJHIU�
processes for automation. From a high-
level view, using such tool results in 
automation projects with the following 
CFOFmUT��

 • Minimal or reversible effects in 
case of a system failure

 •
 • Straight forward (or) binary 

decision-making points
 •
 • Standardized operating methods
 •
 • Independence in processing 

(i.e., Lower interference with 
preceding or succeeding 
processes)

1

2

3

4

Identify

Improve Analyse

DevelopImplement
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Examples 

(IIHFW�RI�YDULDEOHV�LQ�DXWRPDWHG�V\VWHPV
Material handling of apples in a factory using machine learning 
(for object detection) on a moving conveyor can be compared 
to a rover dedicated to pick up apples from a forest can involve 
a world of variables thereby making the system more complex.

(IIHFW�RI�WDVN�FRPSOH[LW\�RQ�DXWRPDWHG�V\VWHPV
Welding of sheet metal assemblies with individually shaped 
parts involves a lot of variables. Each part deforms differently, 
which is quite straightforward for manual working. But, for 
an automated system, this corresponds to irregular welds. 
Therefore, a detailed analysis must be made in terms of 
gripping forces, weld gun dynamics, and material deformation, 
to ensure error-free operation.

5HDOL]LQJ�WKH�EHQHÀW�RI�XVLQJ��'�&$'�PRGHOV�WR�
VXSSRUW�DXWRPDWHG�V\VWHPV
"VUPNBUJOH�UIF�QSPDFTT�PG�BQQMZJOH�UIF�mOBM�UPSRVF�UP�CPMUT�DBO�
CF�SFMBUJWFMZ�FBTZ��5IJT�JT�QSJNBSJMZ�EVF�UP�UIF�SJHJE�BOE�EFmOFE�
geometry of the bolts, and its peripherals. Additionally, 3D CAD 
models of the bolt and the main assembly can be imported to 
ensure that the robot approaches the correct bolt, at the correct 
location and with the correct angle.

(IIHFW�RI�VWDQGDUGL]HG�SURGXFW�JHRPHWU\�LQ�
DXWRPDWLRQ
"VUPNBUJPO�PG�NBUFSJBM�IBOEMJOH�TZTUFNT�XJUI�EFmOJUJWF�QSPEVDU�
geometry (boxes, cartons etc.). While, automating the material 
handling of vacuum packed meat products can involve a much 
higher level of complexity.



DIGITAL TRANSFORMATION 
REQUIRES A 

DIFFERENT VIEW 
ON LABOUR

Process Processes, collaboration, ways of working, quality of work, execution

Organisation & People Focus, motivation, roles, tasks and responsibilities, skills and 
knowledge, communication, vision

Technology Technology status, technology landscape, digital transformation 
awareness, knowledge and understanding

Information & Data Information availability, data sharing

MOM Maturity Levels 1 2 3 4 5

Digitization is top priority for the 
industry. Why? The continuously 
changing customer demand 

and increasing expectations for 
product diversity, quality, safety and 
TVTUBJOBCJMJUZ��5IJT�SFRVJSFT�FGmDJFOU
�
effective and adaptive manufacturing 
processes.

The transformation to a desirable level of 
digitization is a major challenge for many 
companies. The phased and structured 
implementation of new technologies in 
UIF�QSPEVDUJPO�EPNBJO�UIBU�CPUI�mU�UIF�
needs of the current situation and also 
contribute to desirable professionalism, 
is challenging enough.

The human factor plays an important 
role within manufacturing processes 
today and will continue to do so for 
the foreseeable future. Of course, 
UIF�QMBZJOH�mFME�JT�DIBOHJOH�BOE�B�
digitized production environment 
places different demands on workers in 
terms of knowledge and skill levels, but 
people will continue to be indispensable 
for manufacturers and production 
companies.

I am happy to share my vision and 
insights from years of working with 
manufacturing clients. Core to this vision: 
Digitalization of the production domain 
calls for focus on all POTI aspects 
(Process, Organisation, Technology and 
Information). This article focusses on the 
organizational or people aspect.

HOW IS THE DIGITAL TRANSFORMATION WITHIN 
MANUFACTURING AFFECTING THE INDUSTRY’S WORKFORCE? 

THE IMPLICATIONS COULD BE MORE FAR-REACHING THAN 
SUSPECTED, THOUGH. 

HOW CAN 
MANUFACTURERS 
ANTICIPATE THIS?

7

Note: The Fraunhofer Innovation 
Platform for Advanced 
Manufacturing & CGI were 
present on the CGI Manufacturing 
Inspiration day in Utrecht to 
highlight our partnership. Please get 
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DIGITAL TRANSFORMATION 
REQUIRES A 

DIFFERENT VIEW 
ON LABOUR

Process Processes, collaboration, ways of working, quality of work, execution

Organisation & People Focus, motivation, roles, tasks and responsibilities, skills and 
knowledge, communication, vision

Technology Technology status, technology landscape, digital transformation 
awareness, knowledge and understanding

Information & Data Information availability, data sharing

MOM Maturity Levels 1 2 3 4 5

Figure 1: POTI aspects

Digital transformation is not 
just technology and data.
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What key workforce-related 
developments do we see? 

$JLQJ�ZRUNIRUFH��
Over the past decade, the labour force, 
measured by ages 15 to 75, has grown 
by more than half a million people. 
This growth will decrease to only 130 
thousand people in the next 10 years. 
The effect of a higher retirement age is 
minimal. This means that the number of 
people between the ages 15 and 75 will 
also continue to decrease. At the same 
time, the proportion of older people 
within the labour force is increasing.  In 
general, older workers work less often 
and also fewer hours per week. Whether 
this aging will lead to a shortage of 
workers depends on the number of 
people working, the number of hours 
that people work and labour productivity 
needs versus actual labour productivity 
(source CBS).

The digital transformation of the 
production domain will not result so 
much in higher labour productivity, but 
SBUIFS�JO�IJHIFS�MBCPVS�FGmDJFODZ�BOE�
effectiveness. In other words: The ability 
to achieve the same production with less 
labour. But does that fully mitigate the 
adverse effects of aging? Digitalisation 
of the production domain requires a 
TJHOJmDBOU�JOWFTUNFOU�UIBU�XJMM�IBWF�UP�
show returns, leading to pressure on the 
revenue model. Possible consequence 
is the need to produce more which again 
increases the need for labour....

7LJKW�ODERXU�PDUNHW��
Currently, the labour market is already 
tight. One of the implications of this for 
employers is the challenge of remaining 
relevant and interesting enough for 
the current population of employees. 
With the departure of employees, a lot 
of knowledge and experience often 
walks out the door, leading to capacity 
challenges, but also jeopardizing 
competitiveness. So it is important to 
retain existing employees. We see that 
turnover is relatively low in companies 
that continuously pay attention to 
employee well-being. However, 

employee well-being is not only 
JOnVFODFE�CZ�QSJNBSZ�BOE�TFDPOEBSZ�
CFOFmUT��1BZJOH�BUUFOUJPO�UP�UIF�QFSTPO�
behind the employee and their needs is 
BMTP�JNQPSUBOU��B�TVGmDJFOUMZ�DIBMMFOHJOH�
role in line with the employee’s needs 
and capacity, including associated tasks 
and responsibilities keeps motivation and 
commitment high. This is exactly why the 
human factor is an important part of my 
vision. Fortunately, digital transformation 
offers plenty of opportunities for 
employees to advance to appropriate 
and challenging roles.

1HHG�IRU�NQRZOHGJH�
UHWHQWLRQ�DQG�GHYHORSPHQW��
A higher degree of digitisation within 
production requires personnel with 
a higher level of knowledge and 
competence. This does not necessarily 
mean different personnel, but it does 
mean that continued development of 
the skill and knowledge level of the 
current workforce should be high on the 
agenda of manufacturing companies 
in the industry. There will have to be a 
shift to a different type of workforce as 
the production environment continues 
to digitise. It is important to ensure the 
right balance between the “maturity” 
of the production environment and the 
duties and responsibilities of employees. 
A clear and concrete transition plan 
of digital production maturity helps 
tremendously in this regard.

Focus on recruitment of new employees 
remains as important as ever. More 
and more manufacturing companies 
are therefore looking to connect with 
colleges and universities to get students 
excited about jobs within manufacturing. 
When students can be involved early on 
in the process of digital transformation at 
manufacturing companies and make a 
TJHOJmDBOU�DPOUSJCVUJPO
�JU�JODSFBTFT�UIF�
likelihood for employers to hire them as 
employees thereafter.

Manufacturing companies suffer from 
the loss of valuable knowledge when 
employees leave and try to secure 
this knowledge in various ways. Digital 
transformation offers opportunities and 

solutions for this as well.  Examples 
range from basic solutions such as 
securing knowledge in processes, 
nPX�DIBSUT�BOE�JOTUSVDUJPOBM�WJEFPT��
Similar solutions are often found in 
manufacturing companies that are still 
relatively low on the maturity ladder. But 
we also see the securing of valuable 
process knowledge using Digital 
5XJOT
�.BDIJOF�-FBSOJOH�BOE�"SUJmDJBM�
Intelligence being applied more and 
more. A positive consequence of the 
growth in digital maturity. Thus, by 
recording important process actions 
and events by employees, valuable 
information is retained for manufacturing 
companies.

Wrap up / Key Take-aways

Digital transformation is a must for 
manufacturing companies. On the one 
hand, to respond to rapidly changing 
market dynamics in order to maintain 
a competitive position and on the 
other, to increase labour productivity 
to compensate for the tightness in the 
labour market, partly due to an aging 
population.

Digital transformation is not just 
technology and data. A clear and 
concrete transition plan of digital 
manufacturing maturity includes all 
the four POTI aspects and guarantees 
necessary focus on the organization and 
employees of manufacturing companies. 
A phased approach consistent with 
vision and strategy provides solutions 
in the area of knowledge retention and 
development.
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In�UIF�����T
�UIF�mSTU�JOEVTUSJBM�SPCPU�
arm was introduced at General 
Motors. Now, over seven decades 

and tons of research and development 
activities later, the industrial robot 
became an irreplaceable part of 
the manufacturing landscape. 
These robots are operationally 
excellent, multifunctional, come with 
increasingly user-friendly software, 
and can sometimes directly interact 
with its end-users, such as machine 
operators or production workers. For 
long, manufacturers used industrial 
robots to maximally automate their 
mass production systems in a pursuit 
of reducing costs and becoming a 
fully automated ‘lights out factory’. 
However, diversifying customer 
demands, reducing batch sizes, and 
skyrocketing product variations require 
manufacturers to drastically increase 
UIF�nFYJCJMJUZ�PG�UIFJS�QSPEVDUJPO�TZTUFN�
UP�SFNBJO�DPNQFUJUJWF��5P�CVJME�nFYJCMF�
production systems, high alignment 
between end-user and machine 
capabilities is essential. In this article, 
we explain why end-users are highly 
important for sustaining human-robot 
systems and why this urges for more 
end-user involvement. We introduce 
the idea of ‘end-user involvement 2.0’, 
showcase what it could look like, and 
advice manufacturers how they can 
closely involve end-users in the design 
of futureproof human-robot systems.

Given that most industrial robots are 
as robust as the product variation and 
issues they are programmed for, end-
users are essential to make industrial 
SPCPUT�VTBCMF�GPS�nFYJCMF�QSPEVDUJPO�
purposes. Ideally, end-users work 
closely together with industrial robots, 
oversee its functioning and product 
nPX
�TPMWF�VOGPSFTFFO�JTTVFT
�BOE�
reparametrise or reprogram the robot 
application. To assure that end-users 
can sustain such a role over time, 
it is important that working together 
with industrial robots is perceived as 
challenging but manageable due to the 
QSFTFODF�PG�TVGmDJFOU�EFDJTJPO�NBLJOH�
opportunities. It is also important that 

the robot application triggers end-users 
to stay alert for the robot’s movements 
and potential error. If end-users’ work 
perceptions or alertness are at risk, 
chances are they get demotivated, 
stressed, or injured to an extent they 
cannot sustain the robot application. To 
safeguard end-users’ work perceptions 
and alertness, it is important they are 
closely involved in the design and 
redesign of their human-robot systems.  

At the moment, end-users’ involvement 
is often limited. In the robot 
implementations we came across, 
production managers and engineers 
dominated the decision-making process. 
In some instances, end-users had one 
or a few opportunities to share their 
ideas, suggestions, and advices with 
the decision-makers who, in their turn, 
would implement or ignore the received 
input. Once the robot applications were 
decided upon and developed, end-
users had limited to no opportunities 
to change it. This form of end-user 

involvement, which we refer to as 
‘end-user involvement 1.0’, could result 
in suboptimal work perceptions and 
alertness if decision-makers misjudge 
their end-users’ perceptions. It might 
lead to the design of technically-sound 
robot applications that, in hindsight, 
cannot be sustained over time. Here, we 
present an alternative approach, namely: 
end-user involvement 2.0. 

In end-user involvement 2.0, the 
decision-making power is redistributed 
to an extent that end-users become co-
designers that have a say in the design 
and redesign of the robot application. 
They will play an integral part in the 
robot implementation process and be 
equipped with the opportunity to adjust 
and align the robot application with their 
perceptions. The differences between 
end-user involvement 1.0 and end-user 
involvement 2.0 are summarized in table 
1. To test if end-users and manufacturers 
DPVME�CFOFmU�GSPN�NPSF�FOE�VTFS�
involvement, we ran an experiment.     

End-User 
,QYROYHPHQW����

End-User 
,QYROYHPHQW����

Position in Implementation Design Phase Integrally

Decision-Making Power Advisory Co-Designer

Flexibility Robot Application Fixed Adjustable

Table 1: Comparison End-User Involvement 1.0 and End-User Involvement 2.0 

;V�I\PSK�ÅL_PISL�WYVK\J[PVU�Z`Z[LTZ��OPNO�
alignment between end-user and machine 
capabilities is essential.



To safeguard end-users’ work perceptions 
and alertness, it is important they are 
closely involved in the design and redesign 
of their human-robot systems.

A manual workstation and three 
collaborative workstations were 
built in a lab environment at Saxion. 
The collaborative workstations 
were equipped with a collaborative 
robot (Universal Robots 5) and had 
different levels of decision-making 
opportunities: low, medium, and 
high. Based on the level of decision-
making opportunities, end-users 
were allowed to design their human-
robot task allocation, manipulate the 
robot’s speed, and adjust the robot’s 
programs. Demonstrations, work and 
safety instructions, and workplace 
assistance were provided in all 
instances.  

Students from regional universities 
and community colleges joined the 
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experiment. All students had no 
recent working experiences with 
robotics. To discover if these end-
users would produce better and 
more sustainable with the robot, we 
MFU�UIFN�FYFDVUF�B�OVNCFS�PG�nFYJCMF�
assembly tasks. They would conduct 
these tasks at the manual work station 
mSTU��"GUFS�UIBU
�UIFZ�DPOEVDUFE�UIF�
same tasks at one of the collaborative 
workstations.    

We looked into how decision-making 
opportunities were leveraged, what 
the design of the human-robot looked 
like, end-users perceptions (work 
perceptions and alertness) and 
performance outcomes (productivity 
and reliability).  

Based on 80 work sessions, we learnt 
that high end-user involvement could 
CF�CFOFmDJBM�GPS�CPUI�FOE�VTFST�BOE�
manufacturers. Higher levels of end-
user involvement enabled end-users to 
EFTJHO�NPSF�FGmDJFOU�UBTL�BMMPDBUJPOT�
and meet similar productivity outcomes 
compared to the manual production 
method – working together with the robot 
resulted in less product defects across 
all levels. We also found that higher 
FOE�VTFS�JOWPMWFNFOU�XBT�CFOFmDJBM�
for the end-users’ work perceptions. 
It prevented end-users from feeling 
constrained in their decision-making. 
"OE�BMUIPVHI�XF�EJE�OPU�mOE�BOZ�XPSL�
perception improvements, the absolute 
majority of the end-users agreed that 
working with the robot would allow them 
to sustain their work activities better. 
We did not encounter notable alertness 
differences across end-user levels, but 
XF�EJE�mOE�UIBU�IJHIFS�MFWFMT�PG�FOE�VTFS�
involvement required more alertness. 
The robot sometimes functioned too fast 
or robot applications became unstable 
when parts of the programs were 
adjusted incorrectly. 

Finally, we noticed that design 
opportunities were not always used 
or used constructively. For instance, 
a third of the end-users who had the 
opportunity decided not to redistribute 
the task allocation between the robot 
and themselves, suppressing personal 
strengths. Furthermore, only halve of 

Description of the Experiment



The absolute majority of the 
end-users agreed that working with the 
robot would allow them to sustain their 
work activities better.

14

the end-users that we allowed to modify 
the robot application’s program actually 
changed it themselves, asked for 
assistance, or came up with suggestions. 
Sense of time pressure played an important 
part in preventing end-users to change the 
robot application’s program. End-users’ 
limited working experience with robots 
could be an alternative explanation and 
stressed the importance of proper training 
and workplace support. These lab insights 
lay a base for how manufacturers can 
implement end-user involvement 2.0 into 
their production systems. More information 
about this experiment can be found in the 
green box on the previous page.

Manufacturers interested in end-
user involvement 2.0 should focus on 
organizing three important conditions. 
Firstly, it is important that the end-
users structurally receive the (shared) 
decision-making opportunities and 
time necessary for affecting the robot 

application. One way to do this would be 
to include a few end-users in the project 
team overseeing the use of the robot. 
Secondly, the end-users must acquire 
the necessary knowledge and skills to 
make informed decisions regarding the 
robot application. These competencies 
go beyond maintaining and adjusting the 
robot application and should also include 
defending work perceptions and mental 
alertness. Thirdly, a solid support system 
must be available to proactively assist 
end-users in their decision-making. 
Technical support and safety ques could 
be provided by engineers while the 
safeguarding of mental alertness and 
proper work perceptions could be done 
by human resource professionals.  

To summarize, modern industrial 
robot technology offers an important 
opportunity for manufacturers to solve 
QSPEVDUJWJUZ�BOE�nFYJCJMJUZ�JTTVFT�BOE�
remain competitive. In this article, we 

About Research Group 
(Lectoraat) Employability 
Transition 

Research Group Employability 
Transition is part of Saxion University 
of Applied Sciences’ School of Applied 
Psychology and Human Resource 
Management. Driven by the mission 
to prepare workers and organizations 
	QSPmU
�OPO�QSPmU
�BOE�HPWFSONFOU
�
for a hightech future, the research 
group functions as a solid bridge 
between academia and professional 
QSBDUJDF��#Z�VOJUJOH�EJGGFSFOU�mFMET�
of expertise in multidisciplinary 
projects, the research group strives 
towards practical and evidence-based 
solutions to sustainably optimize 
business, technology, work, and 
human capital. More information about 
the research group can be found in 
the article “Technology: not good, or 
bad, or neutral, but always... human!” 
on page 31 of this magazine issue.  
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stressed the importance of end-users to 
leverage robot technology potential. Lab 
mOEJOHT�XFSF�QSFTFOUFE�BOE�JOEJDBUFE�
the added value of end-user involvement 
2.0. We hope to have inspired 
manufacturers with our take on end-user 
involvement and invite them to follow suit.
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Socially responsible manufacturing 
mSNT�DBO�DVMUJWBUF�B�QPTJUJWF�CSBOE�
image, boost customer loyalty, 

and attract top-tier employees to ensure 
lasting success. 

Is no secret that the manufacturing 
sector at large is one of the world’s major 
contributors to environmental degradation. 
The social cost of many manufacturing 
operations, vital to modern society though 
they might be, is simply too high to ignore. 
5IJT�JT�XIZ�NBOVGBDUVSJOH�mSNT
�OP�
matter the size, must invest in sustainable 
innovation, philanthropic responsibility, 
and human equity.  

Corporate social responsibility (CSR) 
goes hand-in-hand with socially 
responsible practices to help cultivate a 
positive business reputation. As a form of 
self-regulation, CSR goes beyond legal 
mandates to incorporate industry best 
practices and initiatives such as charity 
programmes and investment in greener 
production systems. To that end, CSR 
is inseparably tied with various other 
mission-critical functions, such as brand 
management, supply chain management, 
and risk management. 

Most conversations about CSR concern 
large global enterprises. After all, 
their activities have by far the greatest 
impact on society and the environment. 
Furthermore, they attract far more media 
attention than their smaller counterparts, 
thus making CSR a practical necessity. 
4NBMM�NBOVGBDUVSJOH�mSNT
�PO�UIF�PUIFS�
hand, often fear they lack the resources 
necessary to adopt more sustainable and 
equitable processes. 

In spite of these concerns, the business 
considerations for CSR for SME 
NBOVGBDUVSJOH�mSNT�BSF�FWFSZ�CJU�BT�
important as they are for large enterprises. 
Indeed, there are countless new start-ups 
appearing in the space that make a point 
of exploiting more sustainable production 
opportunities. Any hesitance to do so 
can be countered by the fact that CSR is 
not a destination, but rather a journey of 
continuous improvement. 

88% of consumers1 were more likely 
to buy from companies with an 
environmentally friendly and ethical 
track record.

Sustainable brands are 
TVYL�WYVÄ[HISL�
There is no denying that investing in 
areas such as reducing a company’s 
carbon footprint or reducing its negative 
social impact can be costly. That 
said, strategic investment in CSR is an 
investment in long-term success. The 
main reason for this is that customers 
are far more likely to do business with 
brands that help them live sustainably. 
One study of 1,004 respondents in the 
US and the UK even found that 88% 
of consumers1 were more likely to buy 
from companies with an environmentally 
friendly and ethical track record.

Of course, no business wants to risk 
disappointing such a huge majority of 
their customers. In the era of social media 
and online reviews, such disappointments 
BSF�ESBNBUJDBMMZ�BNQMJmFE�BT�XFMM��
Even while it might only be a minority 
of customers who spend time trawling 
through a company’s environmental 
record before making a purchase 
decision, it is vital to remember that the 
internet has given everyone a voice. 
Thus, brands that fail to demonstrate their 
efforts to become more environmentally 
sustainable and improve their societal 
JNQBDU�XJMM�TPPO�mOE�UIFNTFMWFT�JO�UIF�
limelight for all the wrong reasons.

Extending CSR across 
supply chains  

CSR is not just about what an 
organisation does internally. A company 
might have the most robust internal 
policies in its respective market, with 
regards to sustainability and equitability, 
yet weak links might persist somewhere 
down the supply chain. Manufacturing 
mSNT�IBWF�JU�IBSEFS�UIBO�NPTU�JO�UIJT�
respect, since their supply chains are 
often highly complex and rely heavily on 
raw materials that are not always easy 
or even possible to source sustainably. 
For example, many ubiquitous consumer 
goods, such as smartphones, use 
lithium-ion batteries. However, not only 
does the extraction and processing of 
lithium consume huge quantities of water 
and energy – lithium-ion batteries also 
require graphite, the mining of which 
can have catastrophic impacts on local 
environments2 and public health. 

The importance of human equity 
across supply chains can also not be 
underestimated. Many manufacturers 
outsource some of their operations 
to factories and suppliers that do not 
meet satisfactory employment or safety 
standards. For example, if a serious 
accident that results in loss of life occurs 
in a factory with inadequate safety 



17

standards, the reputational fallout may 
also extend to any brands that outsource 
their manufacturing there.  

Given such examples of just how 
vulnerable supply chains can be, it is 
essential that manufacturers, regardless 
of their size, take the utmost care with 
regards to who they do business with. 
This is why know your customer (KYC) 
and due diligence checks are some of 
the most important processes in supply 
chain management, not to mention how 
deeply tied they are to CSR. After all, few 
things damage a brand’s image more 
than having their labels associated with a 
major human tragedy. 

Attracting top-tier talent   

CSR is not just important to customers 
and stakeholders, but also to employees. 
After all, it is common sense that, when 
an employee believes their company is 
trying to have a good impact on their 
community, they will likely be happier 
and more productive. This means 
manufacturers should also take a 
strategic approach to communicating 
their efforts to employees, which is why 
CSR starts with strong leadership. 

Becoming more attractive 
to resellers   

While an increasing number of 
manufacturers sell directly to consumers, 
most SMEs depend more on wholesalers 
and retailers. Yet these industries are 
BMTP�JOWFTUJOH�JO�$43
�IFODF�UIF�CFOFmUT�
of extending CSR across supply chains 
cuts both ways. As such, a manufacturer 
with a proven track record in adopting 
sustainable and ethical business 
practices presents a far more attractive 
business opportunity to resellers. In fact, 
given the increasing importance of CSR 
in today’s supply chains, manufacturers 
can safely assume that any resellers 
they hope to work with will be even more 
aware of sustainability and business 
ethics than consumer audiences. 
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That said, it remains a common 
misconception that employees are really 
only concerned about their salaries. The 
truth is, that when employees feel their 
businesses are socially responsible, 
they are likely to have a greater sense of 
belonging. This translates into a stronger 
connection to the company which, in 
turn means an increased likelihood of 
companies retaining the best talent – i.e. 
people whose own ideals align with those 
of the brand. 

With environmental and social 
sustainability being top of mind among 
today’s jobseekers, the need for CSR 
from an HR perspective is clearer than 
ever. However, according to one survey 
PG��
����PGmDF�XPSLFST�JO�UIF�6,
�UIFSF�
remains a serious gap between what 
employees want and the actions their 
employers are taking, with 83% of 
workers reporting that their companies 
BSF�OPU�EPJOH�FOPVHI�UP�mHIU�DMJNBUF�
change4. Another study, by the IBM 
Institute of Business Value in 2021, 
found that 71% of people considered 
environmentally sustainable companies 
to be more attractive employers5. 

Recent studies have consistently shown 
that employees from line managers all 
the way up to senior managers are more 
engaged and more productive when they 
are fully aware of their employer’s CSR 
initiatives. This translates into enhanced 
productivity and helps to foster an 
environment of sustainable innovation 
and continuous improvement. 

To communicate these efforts, senior 
executives should regularly share tangible 
evidence of the positive outcomes of their 

Both retailers and wholesalers are 
becoming increasingly wary of where 
and how the products they sell are 
sourced. Major scandals, such as the 
2013 horse meat debacle3, have served 
to further raise awareness to the need 
for transparency across supply chains. 
Such supply chain abuses now mean 
that retailers are especially careful when 
conducting due diligence checks. For 
manufacturers, this means they must 
have comprehensive CSR programmes 
in place, as well as the documentation 
and evidence to demonstrate their 
efforts, if they hope to pass such tests.  

83% of workers reporting that their 
companies are not doing enough to 
ÄNO[�JSPTH[L�JOHUNL4.
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CSR initiatives and invite employees to 
share their own thoughts and ideas on the 
matter. After all, improved sustainability 
ultimately comes down to motivation 
and smarter decision-making, hence the 
central role of strong leadership. 
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Enhanced customer reach and loyalty

Reduced risk across supply chains 

Increased employee satisfaction 
and retention

How CSR adds real business 
value    

Adopting environmentally sustainable 
business practices, bolstering diversity 
and inclusion, and engaging in 
philanthropic initiatives does not come 
cheap. But then neither should these 
things be considered merely as cost 
centres or minimum legal requirements. 

Corporate social responsibility is not 
BCPVU�DIPPTJOH�CFUXFFO�QSPmUBCJMJUZ�BOE�
doing business sustainably. It is about 
harmonising the two with a view to long-
UFSN�TVDDFTT��.BOVGBDUVSJOH�mSNT�NVTU�
MPPL�CFZPOE�UIFJS�FDPOPNJD�BOE�mOBODJBM�
aspects, as these are not the only things 
that add value. History has proven 
time and again that organisations with 
strong track records in environmental, 
social, and governance (ESG) aspects 
consistently perform better over the 
longer term than their non-sustainable 
competitors. 

To summarise, such companies boost 
MPOH�UFSN�QSPmUBCJMJUZ�BOE�SFEVDF�SJTL�CZ�
MFWFSBHJOH�UIF�GPMMPXJOH�LFZ�CFOFmUT�PG�
adopting effective CSR programmes: 

71% of people considered 
environmentally sustainable 
companies to be more attractive 
employers5. 

'PS�NBOVGBDUVSFST
�UIPTF�CFOFmUT�BSF�
simply too important to ignore. Adhering 
to legal regulations and universal trade 
and industry standards is just the 
beginning.  
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SHELTERSUIT 
FOUNDATION:

AS[OV\NO�^L�SP]L�PU�[OL�5L[OLYSHUKZ��H�YLSH[P]LS`�YPJO�ÄYZ[�^VYSK�JV\U[Y �̀�[OLYL�HYL�Z[PSS�
homeless people freezing to death on the streets. In Enschede in 2014, Bas Timmer’s 
best friend’s father died of hypothermia. This shocked Bas into taking action. 

(SYLHK`�Y\UUPUN�OPZ�V^U�JSV[OPUN�SPUL��)HZ�^HZ�\UPX\LS`�X\HSPÄLK�[V�KLZPNU�H�WYVK\J[�
that could help prevent homeless people from freezing to death. The Sheltersuit was born, 
immediately offering warmth, shelter, and dignity to the homeless. 

Sheltersuit was founded and established 
in Enschede eight years ago, producing 
products that offer an immediate, 
short-term solution to a long-term global 
problem. They have now expanded 
their operations to Cape Town and New 
York, and plans are underway for the 
establishment of Sheltersuit in the United 
Kingdom.  

The organisation: 
Sheltersuit Foundation 

Sheltersuit was founded by Bas Timmer 
in 2014, with the aim of giving back 
to society. Youp Meek, Partnership 
Manager at Sheltersuit, explains, “Bas 
struggled with the dilemma of selling 
upmarket clothing on the one hand, while 
on the other, he recognised that many 
people throughout the world have no 

money at all to buy warm clothes and are 
therefore at risk of hypothermia. When 
the homeless father of his best friend 
was frozen to death, Bas came up with 
the Sheltersuit: a jacket with a zippable 
sleeping bag.” 

Sheltersuit is an organisation with clear 
goals. Firstly, to produce responsible and 
sustainable clothing with little impact on 
our planet and huge impact on end-
users. Secondly, as much as possible, 
they collaborate with local suppliers. 
Sheltersuits are produced locally, often by 
former refugees and also disenfranchised 
people who have struggled with 
access to the labour market. The suits 
are distributed through humanitarian 
organisations, who are well-placed to 
know the needs of their communities 
and possess the infrastructure to ensure 
seamless distribution.  

BECAUSE EVERYONE DESERVES 
SHELTER, WARMTH, AND DIGNITY
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6867$,1$%,/,7<

The act of issuing a Sheltersuit forms a 
dual purpose. It allows social workers 
to more readily come in contact with 
homeless people, making it less likely 
that these people will slip through the 
cracks unnoticed. Then, as this moment 
of contact increases, so too does 
the homeless person’s willingness to 
accept help. Youp gives an example: 
“In January, we went to Rotterdam to 
hand out suits through a humanitarian 
organisation. One of the volunteers there 
came to us and said: “I actually have to 
thank you; you guys saved my life. I used 
to walk down the streets with a sleeping 
bag from Action. I didn’t want to hear 
anything about the homeless shelter. 
Then I met someone from this shelter 

who said, “If you come with me, you’ll get 
a cup of coffee and something warm.”” 
He went to the homeless shelter and 
spoke to the people there and was given 
a Sheltersuit. For the next three days, he 
slept on the streets in his Sheltersuit. He 
felt warm and safe, feelings he was not 
accustomed to having. He decided to 
work as an experienced volunteer at that 
homeless shelter himself. He also started 
sleeping there, and last summer, we had 
a housewarming, because he became 
eligible for Housing First – a Rotterdam 
housing organisation for homeless 
people, and he was allocated his own 
place to live. It is stories like this that 
energise us, encouraging us to continue 
the work we have started. “

I actually have to thank you; 
you guys saved my life. I used 
to walk down the streets with 
a sleeping bag from Action. 

The products 

A Sheltersuit offers shelter and warmth 
to the homeless in colder climates. It is 
a windproof and waterproof jacket with a 
zipper at the bottom, to which a sleeping 
bag can be attached. The hood protects 
the face from rain and streetlights and 
allows people to lie relatively covered. 

There is also a variant for warmer 
climates: the Shelterbag. This is basically 
a single-person tent with a sleeping mat 
in it. Also the Shelterbag features a large 
hood, which is designed to cover the 
head. The Shelterbag is lighter in weight 
than the suit, and therefore easier to 
carry for those who move a lot.
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The production process 
The Sheltersuit Foundation has three pillars: 

The products are made of residual 
materials from donations by high-end, 
often local, suppliers. “The willingness to 
donate is great; it’s a big problem it’s a big 
problem that they’re eager to help solve.” 

The Sheltersuit production process 
consists of approximately 120 steps. The 
mSTU�TUFQ�JOWPMWFT�DVUUJOH�UIF�QBUUFSO�GPS�
the outer layer, cutting about 250 layers 
at once with a hand-cutting machine. 
After that, the lining is cut. Then the suit 
goes into production. The production 
process consists of seven to nine 
stations, with everyone simultaneously 
making a different part of the suit. Finally, 
the entire suit is assembled, and the 
snap fasteners are hammered in. 

5HSXUSRVH�IRU�SXUSRVH�
upcycling residual material

Sharing shelter:
Providing warmth, because 

everyone deserves that

2SSRUWXQLWLHV�DQG�GHYHORSPHQW��
Creating new jobs for people with a 
distance to the labour market, like 

former refugees

Sheltersuits are available in a range of 
sizes, from Small to XXL, so they can be 
sure to have the optimal size for each 
PG�UIFJS�DMJFOUT��*U�UBLFT�BCPVU�mWF�IPVST�
to make one suit and the cost price is 
about €300. Having the objective of 
making their production process more 
FGmDJFOU
�UIJT�DPTU�QSJDF�XJMM�EFDSFBTF�
in the future. This year, Sheltersuit will 
produce a total of 5,000 suits and their 
goal is to annually make 20,000 suits 
XJUIJO�mWF�ZFBST��

In Enschede, there are currently 18 
people employed in the Atelier, with a 
further 20 volunteers, and nine people 
JO�UIF�PGmDF��i"T�PVS�TFDPOE�QJMMBS�
indicates, the Atelier employs many 
former refugees, especially from Syria 

and Eritrea, some of whom are very 
experienced in the clothing industry. 

Having run an Atelier in Damascus 
for renowned clothing brands, with 
a production line of 300 employees, 
our key people know exactly how 
things are supposed to run. They have 
considerable experience in the clothing 
industry, and they are willing to share 
their skills and knowledge with us. We 
also help for example young people 
with a depression, who work with us as 
B�EBZUJNF�BDUJWJUZ��8F�PGUFO�mOE�IFMQFST�
in unusual places. For example, we had 
a retired woman working with us. She 
felt lonely and unhappy at home and 
because sewing was her hobby, she 
wanted to support us with that.”
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The future 

Currently, Sheltersuit is almost 
entirely dependent on donations and 
HJGUT��4PNFUJNFT�UIFTF�BSF�mOBODJBM�
contributions by companies or 
individuals, sometimes a donation is 
done in the form of joint distribution of 
UIF�TVJUT
�TVQQPSUFE�XJUI�B�mOBODJBM�
contribution, or by (temporarily) 
taking over part of the production free 
of charge. Another form of income 
for the foundation is generated by 
‘remanufacturing’ a product. Youp 
explains: “We have, for example, made 
orange high visibility jackets into sports 
bags for a construction company. They 
then bought them back from us and gave 

them to their staff. A short while later, 
I received photos of 1,500 employees 
as they walked into the gym with their 
SFnFDUJWF�PSBOHF�CBHT��TVQFS�DPPMþw��

In order to generate an extra income 
stream, Sheltersuit launches a clothing 
label for end-consumers too. The 
clothing and accessories will entirely be 
made from dead stock material.   

With regard to technology, Sheltersuit 
hopes to make the production process 
FWFO�NPSF�FGmDJFOU�JO�UIF�GVUVSF��'JSTU�TUFQT�
in this direction have already been taken, 
with a recent move to a larger location 
in the current establishment, Spinnerij 
Oosterveld in Enschede, and therefore 
more production capacity. A next step 

could be an automated cutting machine.  
On a social level, the people of 
Sheltersuit hope to contribute to 
activating the business community to 
make their production process more 
sustainable: “In the end, textile industry 
is one of the most polluting sectors. We 
hope to motivate companies to take 
responsibility in combatting pollution.” 
Furthermore, they hope to become active 
on every continent, bringing people 
together to provide everyone of us with a 
bit of dignity. 

:RXOG�\RX�OLNH�WR�UHDG�PRUH�RU�FRQWULEXWH�\RXUVHOI"���https://sheltersuit.com/
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ADVANCED
MANUFACTURING
PROGRAM (AMP)

AMC NU

Together with regional government 
and partners, the Fraunhofer 
Innovation Platform for Advanced 

Manufacturing (FIP-AM) has developed 
the Advanced Manufacturing Program 
(AMP) to establish a transitional 
framework towards Manufacturing 
4.0 and empowering manufacturing 
industries in the Eastern part of the 
Netherlands.

The Advanced Manufacturing Program 
(AMP) provides subsidies through the 
RegioDeal supported by the Province of 
Overijssel and the Dutch state. It aims to 
encourage rapid development of Twente 

and other regions in the East Netherlands 
by forming an Advanced Manufacturing 
hub with an outward looking European 
image. With this the AMP greatly 
enhances the region’s reputation and 
business climate. 

Within the AMP, the Fraunhofer 
Innovation Platform for Advanced 
Manufacturing at the University of Twente 
develops innovation projects around 
manufacturing technology themes. 
Every AMP project is built around solid 
industrial collaboration, empowering 
companies with relevant knowledge 
and new technological and industrial 

The Advanced Manufacturing Program (AMP) is a funding program that helps us 
support you in your transformation to Manufacturing 4.0. This is made possible 
through the Regio Deal supported by the Province of Overijssel and the Dutch State.

Powered by: Regio Deal Twente

methodologies, Through the hub, these 
can be shared with other high-tech 
manufacturing industries in the region.  

Member companies of the AMP 
DBO�TPMWF�UIFJS�TQFDJmD�UFDIOPMPHZ�
problems and answer their market-
oriented questions. This is achieved by 
developing and creating demonstrators 
that offer participating companies direct 
technological insight. FIP-AM then 
utilises workshops and master classes to 
further disseminate this newly acquired 
knowledge.



TOPIC 01_ DON’T WAIT, INNOVATE!
AND WE ARE HAPPY TO HELP YOU WITH THAT!

TOPIC 03_ SUSTAINABILITY AS AN INTEGRAL 
PART OF YOUR PROJECT
BECAUSE SUSTAINABILITY IS MORE URGENT THAN EVER

TOPIC 02_ ADVANCED 
MANUFACTURING 
CENTER
WHICH DEMONSTRATOR WOULD 
YOU LIKE TO SEE?

*U�DBO�CF�EJGmDVMU�UP�DPOEVDU�BO�
innovation. Often a new idea arises to, for 
FYBNQMF
�QSPEVDF�NPSF�DPTU�FGmDJFOUMZ
�
reduce material waste, or simplify the 
production process, but people do not 
always know how to take the next step 
in this process. Which and how many 
people are needed for this innovation 
project? What budgets are available 
and is that enough? What timeframe 
is feasible? In practice, regular daily 
business often takes over in terms of 

Sustainability can relate to various 
aspects, with the common denominator 
being the contribution to a healthy 
earth with thriving inhabitants and 
well-functioning ecosystems. Literally 
it means ‘durable’ or ‘long-lasting’ . 
This can be all about the technological, 
economic, ecological, political or social 
mFME�EFWFMPQNFOUT�

Sustainability in your project can 
therefore relate to a sustainable 

You’ve probably heard of it: soon we will 
open the doors of our own Advanced 
Manufacturing Center! This state-of-the-
art industrial test-before-invest facility 
opposite the University of Twente offers 
manufacturing companies extensive 
opportunities for industrial research 
projects. Our projects always have a 

prioritisation, and new, valuable ideas 
unfortunately remain on the shelf. 

In a free of charge exploratory meeting, 
we shine our light on your idea and 
support you in the next steps. We are 
KDSS\�WR�DVVLVW�\RX�DV�DQ�H[WHUQDO�
innovation manager, extra R&D 
capacity, project manager or as a 
gateway to other specialist parties 
�ÀHOG�ODEV��SURIHVVRUV��HQJLQHHUV��RU�
RWKHU�H[SHUWV���Our hours can be paid 
for with the support of the AMP.

deployment of people, reducing the 
consumption of raw materials and 
materials such as gas and electricity, or 
being able to use a certain component 
more sustainably (= for a longer term).  
It can also be about a truly more 
environmentally friendly production 
process.

'R�\RX�QHHG�KHOS�ZLWK�\RXU�
VXVWDLQDELOLW\�LVVXH"�:H�FDQ�DOVR�
VXSSRUW�\RX�KHUH�

demonstrator as an end result: either a 
tangible demonstrator, or a digital proof-
of-concept solution. 

:KLFK�GHPRQVWUDWRU�ZRXOG�\RX�OLNH�
WR�VHH�LQ�RXU�$0&"�/HW�XV�NQRZ��ZH�
DSSUHFLDWH�\RXU�LQSXW���

Elias Rouchoue.rouchou@utwente.nl +31 (0)6 4876 7414 28
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Would you like to know more 
or do you have any specific 
innovation ideas around 
these topics? Contact Elias!



FROM TRUCKDRIVER TO 
3D PRINTER OPERATOR 

Cooperation between 
Lucrato and SDD 

Due to a work-related accident, Ronald 
was unable to do this work as a truck 
driver anymore and he unwillingly ended 
up at home. This he experienced as 
extremely frustrating and undermining. 
He did not have the slightest idea what 
kind of work he was able to do, no more 
than what he wanted to do. 
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When truck driver Ronald van Huffelen became the victim of an accident, 
OL�[OV\NO[�OL�^V\SK�UL]LY�ÄUK�H�QVI�HNHPU��9LHK�ILSV^�OV^�OL�MV\UK�
OPZ�UL^�QVI�HZ�H��+�WYPU[LY�VWLYH[VY��

Ronald came into contact with Lucrato. 
Lucrato is a government-subsidized entity 
that works for the municipalities of Epe, 
Apeldoorn, and Heerde. It helps and 
guides people who are jobless because 
of physical or other disabilities, in their 
TFBSDI�GPS�B�GVMmMMJOH�KPC��5IF�QPXFS�PG�
Lucrato is the ability to see the talent 
of the people they help and not their 
disabilities. Within their network, they look 
for a company or institution that matches 
best the person they are trying to help.   

Author:

Gerrie van Coeverden 
Marketing & PR,
SDD and AMR Europe
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And so Ronald joined up with SDD in 
Emst (belonging to the municipality 
of Epe). SDD is a distributor of print 
mOJTIJOH�TPMVUJPOT��UIFZ�BTTFNCMF�
and distribute binding,  cutting, and 
folding machines. SDD is a progressive 
company, willing to create new jobs 
when necessary and desirable. 

During the time that Ronald was looking 
for a suitable job, SDD-subsidiary AMR 
Europe was just trying to fathom the 3D 
QSJOUFS��mOE�PVU�XIBU�ZPV�DBO�EP�XJUI�B�
3D printer and how to deploy it in favour 
of your production process. Subsidiary 
AMR Europe has sold and distributed 3D 
printers since 2015. 

Press Trim Module 

Now we need to bridge the gap to 
the Press Trim Module (PTM). The 
PTM is a module sold worldwide by 
SDD to major printer companies such 
as Canon, for inline use behind their 
production printers. The PTM contains 72 
components, which SDD previously had 
made by suppliers.  

An example of a component is a part 
with conical holes, made out of  POM 
(polyoxymethylene, a very strong 
plastic). The cost of making this part 
used to be very high. 

The supplier made use of subtractive 
production techniques: sawing, cutting, 
milling, and drilling.

Ronald’s day-to-day work gives SDD: 

Lightweight components 

Effectively manufactured 
components 

Stronger components than 
before because of the 
honeycomb structure 

Causes for the cost-ineffective 
production were: 

 • Small production series  

 • Laborious product   

 • Expensive material  

 • High amount of material used by 
the supplier

3D printing as an alternative 
production method 

Because of the small annual amount 
needed, SDD started to look for an 
alternative way to produce the above 
component.  

The alternative was: 3D printing, 
also called additive manufacturing. 
Production series below 3000 items 
NBLF��%�QSJOUJOH�QSPmUBCMF��

Ronald proved to be the ideal person 
for SDD to operate 3D printers. Ronald 
found it exciting to learn something new 
but also stressful at times. However, he 
persisted and has worked as a 3D print 
operator for almost two years now. He 
communicates with his superior about 
the work for the day every morning and 
prints 2000 components every month.  
Ronald thrives at SDD and is happy that 
he has a job close by.

Advantages of 3D printed 
components  

SDD produces most 3D-printed parts with 
ABS-A100 (acrylonitrile butadiene styrene). 
This is a material SDD was awarded HB 
DFSUJmDBUJPO�GPS��	)#�TUBOET�GPS�)PSJ[POUBM�
Burning Test and gives information about 
UIF�nBNF�SFTJTUBODF�PG�B�NBUFSJBM
���

ABS-A100 is strong, abrasion-proof and 
very useful for 3D printing.  

Further advantages of 3D printing for 
4%%�BSF�nFYJCJMJUZ�JO�NBUFSJBM
�nFYJCJMJUZ�JO�
design, and the ease of prototyping new 
components. 

Last but not least, the 3D printed 
components give less wear and tear 
in the machines than the subtractively 
manufactured POM components. 

For questions, email: 
LQIR#DPUHXURSH�FRP��
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TECHNOLOGY: 

“Technology is neither good nor bad; 
nor is it neutral” (Kranzberg)

Within the Research Group 
Employability Transition at 
Saxion University of Applied 

Sciences, we conduct practical research 
into themes at the intersection of people, 
work, and technology. Together with 
organisations and knowledge institutions, 
we work on approaches and tools 
to shape lifelong development, an 
inclusive society, and people-centred 
technological innovation. 

We study the adoption and 
implementation of technology for 
employees. After all, it is not the 
technology itself, but the way in which 
it is used, that determines the extent 
to which the effects are experienced 
as positive, negative, or neutral for 
employees. Therefore, we consciously 
look at dealing with the use of technology 
in general, particularly in the production 

NOT GOOD, 
OR BAD, 
OR NEUTRAL, 
BUT ALWAYS... HUMAN! 

QSPDFTT��4QFDJmD�SFTFBSDI�RVFTUJPOT�BSF�
for example:  

 • What are the effects of this 
technology on the quality of the 
work of our employees and how do 
we secure this?   

 • How can we use this technique to 
increase the quality, accessibility, 
and sustainability of our jobs, and 
thus our production capacity?   

 • How can we create meaningful and 
decent work?  

Formulating and answering these 
questions is increasingly important due 
to the digital transformation. Within the 
digital transformation, developments in 
SPCPUJDT
�BSUJmDJBM�JOUFMMJHFODF
�BOE�WJSUVBM�
and augmented reality play an important 
role. This requires from us, the Research 
Group, both good knowledge of the 
employee (work psychology), as well as 
of the possibilities, opportunities, and risks 
of technologies. Emerging technologies 
also often have a direct impact on the 
production process and the work of the 
experts, and sometimes lead to suboptimal 
cooperation between human and machine. 
But they also offer opportunities! 

/XXN�&ROORX
Associate Lector, 
Strategic Human Resource Management 

6MRHUG�GH�9ULHV
Senior Researcher, 
Inclusive Technology & Human 
Centered Work Design
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When HR is not involved, this can lead to non-optimal deployment of employees in the production process, which reduces the 
quality of work and reduces the autonomy. The effects on the quality of work depend on how the cobot is used.

In principle, jobs can be enriched with 
the use of technology, which increases 
opportunities on the labour market 
and the quality of work, especially for 
people who are currently experiencing 
a distance to the labour market. It is 
important to pay attention to maintaining 
the vitality of employees and the chance 
to have employees develop in the 
workplace and to keep them sustainably 
employable. For a large group of people 
XIP�OPX�mOE�JU�EJGmDVMU�UP�DPOOFDU�
to the labour market, new forms of 
work can arise. This group receives 
EJHOJmFE�BOE�NFBOJOHGVM�FNQMPZNFOU�
and is challenged to develop further. 
However, raising awareness about 
and acting upon the possibilities (and 
possible risks) of this technology is a 
major challenge. This is not always done 
optimally, which means that companies 
miss opportunities to strengthen 
their company and their employees. 
With people-oriented technology 
development, we try to contribute to 
ensuring that current employees remain 
connected and/or that new employees 
with a distance to the labour market, 
for example due to a physical, sensory, 
intellectual, or psychological work 
impediment, are connected, and that 
this is continuously well monitored and 
supported at work.

Who are we?  

At the Saxion Research Group 
Employability transition, we, Sjoerd 
de Vries and Luuk Collou, together 
with a large group of colleagues, are 
conducting research into the ways 
in which technology can be used in 
a people-oriented way. Under the 
leadership of professors Stephan 
Corporaal (Human Capital) and Jan 
Willem de Graaf (Brain & Technology), 
our mission is to contribute to the quality 
of work with practice-oriented research, 
in which lifelong development is a given, 
and technology strengthens the human. 

One of the places where we do this 
research, is the Technohub INclusieve 
Technologie (TINT) in Apeldoorn. TINT 
is a collaboration between public-private 
parties, such as Aventus, Lucrato, VDL, 
and IJssel. TINT focuses on sharing 
knowledge and practical applications 
of inclusive technology. Inclusive 
technology offers a solution to people 
with a distance to the labour market, 
who, for example, can do assembly 
work thanks to instructions by a beamer 
that projects on the worktop. More on 
visually projected instructions will come 
later. Inclusive technology can also be 

used for people are at risk of getting a 
distance to the labour market. With this, 
technology can make working more 
pleasant and valuable for everyone. 
With the use of augmented reality, 
for example, via an Operator Support 
system (OSS), tablet or smart glasses, 
cognitively intensive work processes can 
be made easier. With an exoskeleton, 
physical work processes can be 
supported in a similar way. By involving 
people in the (re)design of production 
solutions from day 1, work processes can 
be better tailored to the person. 

5IF�5*/5�XBT�GPVOEFE�XJUI�mOBODJBM�
support from A+O Metalektro and aims 
to make and keep people sustainably 
employable. We do this by making 
knowledge with regard to the use of 
inclusive technology easily accessible, 
and with support and guidance for 
companies and employees in the TINT 
Lab. In the TINT Lab, companies, 
employees with and without occupational 
disabilities and other interested parties 
can experience the possibilities of 
Inclusive Technology and together with 
stakeholders we look for solutions for 
practical issues. 

7(&+12/2*<�	�,1129$7,21



HCD often consists of 3 phases: 
inspiration, ideation, and implementation. 
With this, an issue related to human-
technology interaction in the workplace 
can be investigated.  

Each step can be taken and competed 
multiple times if a solution has not yet 
been fully achieved yet. The end user 
(the operator, the job seeker with an 
impediment) participates in the design 
of a (technological) solution in several 
iterative steps.  

The HCD method and the above 
approach sounds logical and is 
essential to achieve human production 
processes. Unfortunately, in reality this 
is still far from being applied in every 
case. If this method is used though, 
we see wonderful results. At Lucrato, 
for example, the assembly of door 
locks was investigated. A complex 
work process for employees with, for 
example, concentration problems, or 
employees who are afraid of making 
mistakes. To solve this, the entire work 
process has been shaped in such a 

The Human Centred Design approach (HCD) is always used as methodology. This turns out to work very powerfully. For 
each issue, all relevant stakeholders are involved during various solution steps, from, for example, an operator to a job-
seeking candidate with an impediment, or from an older employee with RSI symptoms to an engineer. HCD is based on 
the principles that  

d) rapid iterations 
and prototyping are 

deployed. 

a) the underlying problem must be 
solved, not the symptoms;  

c) solutions always require 
system thinking;   

way, that it is easy for everyone to follow 
the process through small steps (see 
mHVSF��
��5IFZ�BSF�OBNFMZ�TVQQPSUFE�CZ�
visually projected instructions and motion 
detection, based on the needs of the 
employee. The result is that employees 
are less likely to get distracted, are able 
to go back and forth through the steps, 
and thus have control over the work 
process and by camera detection and 
EJSFDU�GFFECBDL�UIF�OVNCFS�PG�nBXT�
will reduce. HCD of cognitive support 
ensures in this way that people with a 
lacking or lower level of education can 

b) when designing 
solutions, the people 
who (can) start using the 
solution must be central;  

33



still do more complex work, the work 
is regarded nicer (more autonomy is 
experienced), and people can develop in 
the workplace. 

Other examples of human-centred 
inclusive technology are cognitive 
support through AR, training and 
education with VR, digital work 
instructions, the use of an exoskeleton, 
and 3D printing of tools. It could also 
consist of a translation device or noise 
cancelling headphones. 

*U�PGUFO�QBZT�PGG�UP�mSTU�UBLF�B�TUFQ�CBDL�
and look carefully at which solution can 
be most effective for a certain situation. 
Sometimes it is a simple adjustment 
in the workplace (colour coding, more 
poka yoke - or error-proof organising), 
sometimes it means looking differently 
at the different processes and jobs, 

redesigning work, and, for example, 
cutting a complex process into less 
complex stages, so that the production 
line is improved, and more people 
DBO�CF�FNQMPZFE�JO�B�EJHOJmFE�XBZ��
Participants of TINT can experience what 
can be achieved with each technology in 
the lab, they can study several modules, 
and participate in a learning community 
where they work with students and 
employees of TINT on projects and 
practical cases of companies. 

Conclusion 

All the time, working on human-centred 
technology development requires careful 
analysis and organisation of the entire 
“system”, including the employee, 
UIF�XPSL�QSPDFTT
�BOE�UIF�TQFDJmD�
technology. Ready-made solutions are 
usually not available. In this way working 

with the HCD method also requires the 
employer and the entire organisation 
to look at (some) business processes 
differently, for example by dividing them 
up (“carving” them) and thus involving 
a larger group of people (with support) 
in the labour process. This makes this 
method intrinsically interdisciplinary: 
psychology, (technical) business 
administration, and engineering, 
amongst others, are involved. All these 
disciplines are important to bring this 
knowledge into practice. Developing an 
inclusive work culture and guiding the 
organisation in this, plays an important 
role when implementing the solutions. 
All these therefore are central to our 
research. As a result, the human capital 
solutions that are created in this way not 
only have an impact on the employment 
issue, but actually also have a very direct 
social impact.  

Via an OSS, cognitive support in the form of augmented reality allows more complex tasks to be done by more people and 
reduces errors.

7(&+12/2*<�	�,1129$7,21
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THE REVOLUTION OF INDUSTRY 4.0 AIMS NOT ONLY AT 
DIGITALISATION AND AUTOMATION OF MECHANICAL PROCESSES; IT 
CAN ALSO AUGMENT HUMAN WORKFORCES BY EMPOWERING THEM 
WITH DATA-DRIVEN INSIGHTS. THE CONCEPT OF DIGITAL TWINNING IS A 
GOOD EXAMPLE OF THIS. THE AIM OF DIGITAL TWINNING IS TO PROVIDE 
PURPOSE-DRIVEN INFORMATION,  TO MAKE THE JOBS OF THE 
WORKFORCE EASIER AND THEIR WORK MORE SUSTAINABLE.

HOW DIGITAL TWINS 
ARE AUGMENTING 
THE HUMAN WORKFORCE



Digital twinning is 
arguably the holy grail 
of manufacturing 
innovation for a 
number of reasons.
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The need for digitisation in the 
manufacturing sector is currently 
clearer than ever, but not as a 

means to replace people. It is to give 
them a greater sense of purpose, 
perspective, and priority. After all, 
manufacturers face growing pressures 
to adopt more sustainable business 
models, while also accommodating a 
soaring demand in a constantly evolving 
global economy. As a result, production 
environments and supply chains alike 
have become incredibly complex, and 
it has never been more important to 
have the right information on hand at the 
right time to support informed decision-
making.

Data has become the world’s most 
valuable resource. With the right 
tooling in place, data becomes the 
fuel driving not just automation, but 
also informed decision-making, and 
continuous improvement. In the age 
of IIoT-connected machines and 
information systems, manufacturers 
now have the opportunity to gather data 
more effectively and transfer that into 
useful information for the workforce. 
What matters even more, though, is that 
they have the means to transform this 
information into actionable insights.

How digital twinning 
facilitates decision-making 
in modern manufacturing

As a virtual representation of a real-world 
object or environment, a digital twin 
can address possible consequences of 
adjustments in the current system based 
on measured data. In manufacturing, this 
might be in a virtual representation of a 
particular product, machine, production 
MJOF
�PS�FWFO�BO�FOUJSF�TIPQ�nPPS�

There is, however, much more to digital 
twinning than simply creating a digital 
equivalent of a real-world object. A true 
digital twin continuously synchronises 
operational data from its counterpart, 
to provide an accurate, relevant, and 
current representation of this information, 
that is valuable and tailored to the 
workforce. 

Digital twinning is arguably the holy grail 
of manufacturing innovation for a number 
of reasons. It allows for more than only 
the primary function of a digital twin: 
providing a digital representation of a 
physical object. Digital twinning namely 
also aims to combine measured data 
with data generated during the design 
phase of the object, which subsequently 
allows for a simulation of real-world 
scenarios and to show simulated data. 
This enables to facilitate a continuous 
feedback loop that can be used for 
validation, optimisation, and simulation - 
without affecting the daily operations. 



Digital twinning 
enables engineers and 
technicians to test 
proposed changes 
to machine settings 
and production lines 
in a risk-free virtual 
environment.

In manufacturing, one of the most 
important use cases for digital twinning 
is decision support. After all, there are 
NBOZ�GBDUPST�UIBU�JOnVFODF�UIF�PVUDPNFT�
of decisions in production environments, 
that are often not explicit. Digital twinning 
supports decision-making by showing 
possible outcomes of decisions and, 
in this way, it largely eliminates the 
possibility to misinformed changes in live 
production environments. 

Many production lines depend on highly 
specialised, proprietary equipment 
that is not only extremely expensive, 
but also hard to operate and maintain. 
As such, any changes need to be 
tested thoroughly before they can be 
safely applied in a real-world scenario. 
Ineffective changes could lead to 
standstill or unwanted situations on 
UIF�TIPQ�nPPS��%JHJUBM�UXJOOJOH�FOBCMFT�
engineers and technicians to test 
proposed changes to machine settings 
and production lines in a risk-free virtual 
environment.

In addition to reducing risk by 
thoroughly testing proposed changes, 
digital twinning also gives technicians 
the opportunity to evaluate different 
scenarios in order to continuously 
optimise production lines. 

Empowering purpose-driven 
implementation

When augmented by real-time data 
gathered from industrial IoT technology 
PO�UIF�TIPQ�nPPS
�XPSLGPSDFT�DBO�FRVJQ�
themselves with foresight with a degree 
of accuracy that simply wasn’t possible 
before. This allows them not only to get 
a clearer understanding of the purpose 
of any proposed implementations, 
but also the requirements of those 
implementations, along with their 
anticipated results.

This is best achieved by following a 
model based on purpose, perspective, 
and priority. The purpose of a project can 
CF�EFmOFE�BOE�FWBMVBUFE�JO�B�USBEJUJPOBM�
workshop- or interview-type setting, 

preferably involving all stakeholders - 
from company owners to workers on 
UIF�TIPQ�nPPS��1FSTQFDUJWF�DPNFT�GSPN�
having the required information available 
and represented in the required and 
appropriate way to make an informed 
decision, hence the role of digital 
twinning. Finally, priority helps determine 
the amount of detail that is required for 
the user.

The traditional approach of process 
formalisation focuses on enhancing 
QSPEVDUJWJUZ�CZ�EFmOJOH�QSPDFTTFT�BOE�
analysing activities. This approach is 
inherently limited, when it comes to 
the effective implementation of new 
technologies. Processes must also 
CF�EFmOFE�CZ�NFUSJDT�MJLF�RVBMJUZ
�
sustainability, time factors, and 
QSPEVDUJPO�nFYJCJMJUZ��"GUFS�BMM
�NPEFSO�
production environments are dynamic 
and often unpredictable, hence the need 
to have access to the right information at 
the right time. Combined with purpose-
driven information management, 
digital twinning can help overcome 
those hurdles and drive continuous 
improvement in the era of Industry 4.0.
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The University of Twente is a leading research university focusing on technical 
KL]LSVWTLU[Z�HUK�[OLPY�PTWHJ[�VU�WLVWSL�HUK�ZVJPL[ �̀�;OPZ�PZ�YLÅLJ[LK�PU�<;»Z�
extensive offerings of technology focused bachelor’s, master’s, and postdoctoral 

educational tracks. Our understanding of our world — including where we work or will 
work — has led to a unique vision for education: one that combines technology and 
engineering along with behavioural and social sciences. In this way, we are able to address 
complex issues never seen before by mankind; it takes creative, cross-disciplinary thinking 
[V�ÄUK�Z\JO�ZVS\[PVUZ��0U�VUL�VM�[OLZL�VMMLYPUNZ��`V\�JHU�LUOHUJL�`V\Y�RUV^SLKNL�HUK�ZRPSSZ�
in a two-year Research Programme known as an EngD (Engineering Doctorate) Degree.  

Most relevant to advanced 
manufacturing, the Engineering 
Doctorate (EngD) programme in Energy 
and Process Technology focuses on 
science-based design of new processes, 
products, materials and/or prototypes. 
The developed products and processes 
are to be used in various branches 
of industry and technology, including 
nutrition, energy, transportation, 
packaging, membranes, water recovery, 
polymers, chemical processes, etc. 
The research-based design is driven by 
the industrial and societal needs. The 
developed technological innovations 
BSF�TXJGUMZ
�BGUFS�UIF�QSPKFDU�mOBMJTBUJPO
�
available on the market and can be 
used by the companies, engineers, and 
society.  

The 2-years post-master EngD 
QSPHSBNNF�DPOTJTUT�PG�UIF�mOBM�EFTJHO�
project, which is conducted in close 
contact and collaboration with industrial 
partners, and a tailor-made educational 
component to enhance the knowledge, 
design, and professional skills of the 
student. The in-depth technological 
research on the project is performed 
using state-of-the-art techniques and the 

infrastructure of the university and the 
involved commercial partner. The high-
tech facilities, laboratories, monitoring 
and measurement systems and sensors, 
numerical and analytical tools are widely 
used to provide top technological 
design.  

In the parallel line to the investigated 
project, the EngD student follows 
courses on the master and post-master 
level (e.g., courses given by ISPT or 
J.M. Burgerscentrum) and participates 
in national and international symposia 
and conferences. Each student receives 
a package of specialised tailor-made 
DPVSTFT�TQFDJmD�UP�UIF�EFTJHO�QSPKFDU�
subject and to the background, 
knowledge, and interest of the student. 
Professional and career development 
courses are included.  

The technological design is done under 
the guidance of the experts in the 
mFME
�J�F�
�UIF�VOJWFSTJUZ�QSPGFTTPS�BOE�
company supervisor. After successful 
completion of a EngD programme, the 
student is entitled to use the academic 
degree of Engineering Doctorate (EngD).

0RUH�LQIRUPDWLRQ�DERXW�WKH�SURJUDPPH�FDQ�EH�IRXQG�RQ��
https://www.utwente.nl/en/education/tgs/prospective-candidates/engd/
programmes/energy-and-process-technology/
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HUMANISING 
AUTOMATION:
AN INCLUSIVE 
APPROACH TO 
TECHNOLOGY
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"OZ�FGmDJFOU�QSPEVDUJPO�MJOF�
depends heavily on repeatable 
processes, such as moving parts 
from one part of the line to the 
next. Carrying out these tasks 
NBOVBMMZ�NJHIU�CF�TVGmDJFOU�GPS�
smaller production lines, but it 
soon becomes impractical at 
scale. Without the help of industrial 
robots and real-time, data-
driven insights, it is never long 
before manual workers end up 
being overburdened. When that 
happens, production cycles get 
longer, manufacturers fail to meet 
growing demands, and people end 
up being overworked. 

Reducing 
manufacturing 
cycle times 

The rapid evolution of technology, 
particularly in the context of 
manufacturing, has led a lot of people to 
question their own futures in the sector. 
Many workers fear their professional 
lives are under threat in the age of 
lights-out manufacturing and automated 
production lines.

The reality is much more nuanced. 
Automation does not create nor replace 
jobs – it transforms them. Automation in 
manufacturing is not necessarily a binary 
process, but a way to augment human 
capabilities to better meet the challenges 
of scale and agility in today’s market. 

Automation in manufacturing 
is not about replacing human 
workforces, but about 

augmenting people’s capabilities, 
improving cycle times, and more. 

There are many ways to implement 
BVUPNBUJPO�PO�UIF�TIPQ�nPPS
�BOE�NPTU�PG�
them centre around improving the worker 
experience rather than removing it. Here 
are a few examples: 

The fourth industrial revolution is 
now well underway. We live in an era 
EFmOFE�CZ�BVUPNBUJPO
�DPNQVUBUJPOBM�
intelligence, and big data. Sensors and 
apps have come to play a central role 
not just in manufacturing, but in every 
industry, and even in our personal lives.
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Machines do not make mistakes, 
but they are only as effective 
as the people who use them. It 
still falls to people to ultimately 
decide what works best and what 
does not. However, armed with 
data-driven insights directly from 
UIF�TIPQ�nPPS�HJWFT�XPSLFST�UIF�
visibility into production lines they 
need to make informed decisions. 
Automation makes it possible to 
create products to the exact same 
TQFDJmDBUJPOT
�XJUI�NVDI�MPXFS�GBVMU�
tolerances. At the same time, real-
time data gives workers the insights 
they need to iteratively improve their 
production processes.

Improving 
production quality 
and accuracy 

Perhaps the greatest human 
CFOFmU�PG�BVUPNBUJPO�JT�UIF�
greater reliability of production 
lines. After all, machines breaking 
down, leading to disruptions 
BDSPTT�UIF�TIPQ�nPPS
�JT�B�TJUVBUJPO�
that no one wants. Automated 
systems, such as environmental 
sensors and actuators, eases the 
burden on maintenance teams by 
enabling predictive maintenance. 
This allows teams to quickly 
identify processes or equipment 
that is at risk of failure before it 
actually fails and leads to serious 
QSPCMFNT�PO�UIF�TIPQ�nPPS�

Enhancing 
production line 
reliability 

It is, of course, true that 
automation can and does replace 
DFSUBJO�UBTLT�PO�UIF�TIPQ�nPPS��
For workers, that is not necessarily 
a bad thing either. A lot of 
manufacturing tasks are inherently 
repetitive and boring, and few 
would claim to enjoy carrying 
them out manually. Moreover, 
if a task is too burdensome, it 
increases the risk of burnout and 
accidents. By eliminating such 
tasks, workers can take on more 
creative, decision-based roles, 
such as optimising production 
lines or ensuring quality control. 

Eliminating 
repetitive and 
boring tasks

Automation is undeniably the 
future of manufacturing, but its 
role is still widely misunderstood. 
Rather than replacing workers, 
automation offers numerous 
opportunities to enhance human 
aspects of manufacturing, thus 
increasing job satisfaction and 
making it possible to meet the 
challenges of scale in a constantly 
evolving market.



INDUSTRY 5.0:

HOW LICHTWERK AND
LIGHTGUIDEAR PUT PEOPLE 
F IRST WITH TECHNOLOGY
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The fourth industrial revolution 
(Industry 4.0), characterised by 
the increasing importance of 

digitalisation and technology at the 
core of production and production 
systems, is fundamentally changing 
the way manufacturing works. Digital 
technologies are helping manufacturing 
companies adapt to the increasing 
customer demand for smaller runs of 
increasingly complex products, more 
varied and personalised ranges, and 
higher quality requirements.

The emergence and integration 
PG�UFDIOPMPHJFT�TVDI�BT�BSUJmDJBM�

intelligence, Internet of Things, digital 
twinning, augmented and virtual reality, 
3D printing, digital work instructions, 
personalised interfaces, and big data 
make companies feel the pressure 
to work radically differently, which is 
exacerbated by problems in the supply 
chain, labour market shortages, and 
the energy crisis. And all this at an 
unprecedentedly fast pace! 

Due to the fast pace and unpredictability, 
there is a chance of losing sight of the 
human factor. That is why more and 
more companies are resolutely playing 
the card of Industry 5.0, in which smart 

collaboration between people and 
technology is the engine for sustainable 
growth and a resilient industry. 

Lichtwerk makes complex 
work accessible 

Based on a ‘Go Digital, Stay Human’ 
strategy and approach, Lichtwerk 
(www.lichtwerk.io) supports companies 
in the implementation of smart inclusive 
technologies, such as LightGuide 
Augmented Reality. Lichtwerk provides 
advice, infrastructure, and training. The 
innovative approach and solutions are 
applicable in all sectors, as permanent 
support or as training. 

LightGuide Augmented 
Reality 

Together with the American partner 
LightGuide (www.lightguidesys.com), 
Lichtwerk develops versatile projection-
based Augmented Reality solutions 
for the manufacturing industry. Work 
instructions are projected step by step 
on the workstation by means of icons, 
photos, videos, pick-to-light methods ... 

With pick-to-light, employees 
receive visual instructions for 
picking various components in 
different quantities. Numbers 
and locations are dynamically 
projected onto the work space.
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Through vision systems and measuring 
devices, interactivity and feedback are 
built in. This increases the competencies 
of employees and leads to higher 
QSPEVDU�RVBMJUZ
�NPSF�nFYJCJMJUZ�BOE�
scalability. Untrained operators can learn 
new tasks faster and companies can 
guarantee quality up to 100%, even for 
the most complex assignments. 

By using AR workstations and digital 
work instructions, companies are 
therefore achieving a double goal: they 
BSF�UBLJOH�TUFQT�JO�UIF�mFME�PG�EJHJUJTBUJPO�
and technological transformation 
(Industry 4.0), while at the same time 
strengthening their human capital 
(Industry 5.0). 

The LightGuide platform integrates 
with numerous hardware and software 
solutions, including MES systems, PLCs, 

and peripherals such as coupling tools. 
The ‘low-code’ visual user interface also 
enables companies to draw up, adapt, 
and improve digital work instructions 
based on data and real-time analytics.  

Impact study 

Lichtwerk considers it important to be 
a partner in various research projects 
in order to promote the exchange of 
knowledge between industry, research 
centres, and academia. 

A study conducted by the Catholic 
University of Leuven (Huang, 2018) in 
collaboration with Mariasteen, a Belgian 
Work Integration Social Enterprise 
(WISE) and important supplier to various 
Belgian, Dutch, and international 
production companies, shows that the 
well-being of employees increases 

through the use of LightGuideAR: 
operators experience less stress and 
complexity, and more autonomy and 
empowerment. The quality of the 
work they deliver is also higher: fewer 
mistakes are made and there is more 
‘quality by guidance’. Finally, the 
SFTFBSDI�mOET�UIBU�UIF�UFDIOPMPHZ�BMTP�
has a positive impact on productivity: the 
use of LightGuideAR increases the agility 
BOE�FGmDJFODZ�PG�BO�FOUJSF�EFQBSUNFOU�
in a company. A similar study in the 
Netherlands (Bosch and van Rhijn, 2017) 
DPOmSNT�UIF�SFTVMUT�PG�)VBOH�	����
�
 

Versatile applications  

In recent years, LightGuide has 
been used by numerous leading 
manufacturers in a large number of 
sectors, including automotive, aviation, 
electronics, food, the medical sector, 
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and the manufacturing industry. 
Wherever complex manual work can be 
found, the LightGuide system ensures 
JNNFEJBUF�SFTVMUT�PO�UIF�GBDUPSZ�nPPS��

Lichtwerk has also already implemented 
the technology at customers in various 
sectors and for very diverse and versatile 
applications. For example, the assembly 
of tram panels, an assignment from 
Hydro Extruded Solutions, is done with 
the help of interactive work instructions. 
5IF�QSPmMFT�BSF�QSFTTFE�JO�UIF�GBDUPSZ�JO�
Harderwijk and are assembled by means 
of friction welding. They are milled and 
painted at an external party, after which 
UIF�mOBM�BTTFNCMZ�UBLFT�QMBDF�XJUI�UIF�
support of the LightGuideAR platform. 

The production of so-called bed beams 
for MedTech company Heyer also takes 
place with the help of the augmented 

reality solution. The bedside wall 
panels for hospitals provide electricity, 
alarms, data transfer, and diagnostics, 
and are often room- or department-
TQFDJmD��5IBOLT�UP�UIF�WJTVBM�BOE�
interactive support of the LightGuideAR 
platform, the installation of the technical 
components is done by employees with 
a distance to the labour market and 
the quality is 100% guaranteed. For 
example, more than one thousand ‘series 
of 1’ bed beams have already been 
produced, including for hospital AZ Delta 
in Roeselare (Belgium). 

The technology is not only used for 
permanent support, but also for training, 
up-skilling, and re-skilling employees. 
For example, the LightGuide technology 
ensures that shortly educated operators 
or employees with a distance to the 
labour market can (continue to) hold 

relevant positions in an increasingly 
digitising and automating production 
environment. 

People-centric technology 
for a sustainable and 
resilient industry 

People-centredness, like sustainability, 
is no longer an option, it is a necessity. 
Companies understand that creating 
sustainable products, services, and 
production systems is the new norm for 
survival in the manufacturing industry 
and come to the realisation that a 
people-centred approach to digitisation 
and technologization is crucial. 
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/LHYHQ�%RVVX\W��
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*Source: The State of Human Factory Analytics, 
Kearney, 2018

www.lightguidesys.com www.lichtwerk.io

72%* of factory tasks are 
performed by humans. 
AR gives them the power 
to succeed.

LightGuide is the global leader in projected AR. The LightGuide 
AR software platform and solutions are deployed across more 
than 200 customers in more than 36 countries. Lichtwerk is the 
o΍cial LightGuide channel partner for Belgium, the
Netherlands and neighboring countries.
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DIVE IN 

TWENTE
The student team of Fraunhofer 

Innovation Platform for Advanced 
Manufacturing have undertaken a 

SFTFBSDI�QSPKFDU
�QSPQPTFE�BOE�mOBODFE�
by Gemeente Enschede, Twente 
Board, University of Twente, Fraunhofer 
Innovation Platform (FIP) and Keeping 
Talent in Twente (KTIT). It aims to explore 
the topic of diversity and inclusion in the 
workforce in the Twente area, focusing 
on manufacturing, engineering and 
software companies from the region. 
Members of the junior research team 
are Amalia Balan (Master Student of 
Communication Science) from Romania, 
Carithea Richard (Master Student of 
Industrial Design Engineering) originally 
from Jamaica, and Daria Lungu (Master 
Student of Business Administration) from 
Romania. Dive in Twente, as the project name 

suggests, required the research team to 
identify current diversity levels, measure 
the target group’s attitudes and beliefs 
about social phenomena and most 
importantly, interactively devise best 
practices in how to inform, coach and 
persuade companies to increase their 
diversity and inclusion levels. 

The objectives of the project were 
investigated by the main research 
question: “What are the differences in 
attitudes towards employment diversity of 
manufacturing companies in the Twente 
area in 2021- 2022?” This question was 
the driver of the study for over 9 months. 

According to University of Twente 
statistics, during the 2021-22 period, 
over 12,000 talented young students 
commenced their studies within the 
educational institution, with 32% of them 
coming from abroad. It is relevant to 
mention that prior to this research, no 
TDJFOUJmD�QBQFST�PS�TUVEJFT�IBE�CFFO�
conducted on the topics of diversity 

The demographics 
of participants 
told a clear story.

The team of Dive in Twente.
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The data indicates 
that 38% of the 
employees in 
manufacturing, 
engineering 
and software in 
Twente come from 
an international 
background. 

and inclusion of the workforces of 
manufacturing, engineering, and 
software companies in the Twente 
area. 

According to statistics, there is an 
increasing number of current local 
employees who are on the point of 
retiring. This has created a high demand 
GPS�OFX
�ZPVOH�FNQMPZFFT�UP�mMM�UIF�
vacancies left by retirees. What do 
regional companies do to facilitate the 
hiring of young talent? How do they 
expand industries and encourage the 
development of communities? 

The ongoing transition to a more 
technological base within the industry 
comes with challenges that could, 
perhaps, be best addressed by a more 
youthful workforce, who are more tech 
savvy, more attuned to change, and 
because they are less set in the ‘old way 
of doing things’, are more adaptable. 

Only 3.6% of the people who work 
in the Twente area have a different 
culture. Our research was able to shed 
light on current diversity readiness in 
local companies and devise a set of 
‘best practices’ for each stage, with an 
emphasis on the challenges presented 
by the ‘attraction’ and ‘retention’ stages.

The collecting of data for research 
purposes was conducted by the 
Research Team in two phases. Firstly, 
we compiled a list of all manufacturing, 
engineering and software companies 
in the Twente region, comprising 90 
DPNQBOJFT��*O�UIF�mSTU�EBUB�DPMMFDUJPO�
phase, six companies were chosen at 
random, and were each invited to a 
GPSUZ�mWF�NJOVUF�JOUFSWJFX��0VS�HPBM�XBT�

to explore, in depth, each company’s 
experience with diversity and inclusion, 
gathering as much information as we 
could elicit. Based on the data we 
collected and the resulting analysis, the 
research team created a template for 
the second data collection phase. This 
was in the form of a survey which aimed 
to collect opinions from the remaining 
companies, asking them about common 

aspects framed by participants in the 
interview session and also examine 
unique viewpoints. In total, over a third of 
the companies from the region took part 
in this research.

,FZ�mOEJOHT�PG�UIF�SFTFBSDI�JOEJDBUF�UIBU�
manufacturing, engineering and software 
companies from the Twente region are 
reasonably diverse in many aspects and 
not at all diverse in others. Surprisingly, 
over 63% of the participants in the study 
claim that the main spoken language in 
their company is English, which is a solid 
indication that businesses are embracing 
international norms. It also exhibits a 
willingness to make foreign workers 
feel included in the work environment 
and facilitates an atmosphere of 
inclusiveness within teams. In this 
portion of the research, it appears the 
companies are diverse. 
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Linda van Asselt  
Programme Manager talent   

However, language was not the only 
focus of this study. Diversity is a 
broad topic and this research also 
focused on gender, ethnicity and age 
elements. The data indicates that 38% 
of the employees in manufacturing, 
engineering and software in Twente 
come from an international background. 
Additionally, the female representation 
in the manufacturing, engineering, and 
software companies from the region was 
24%, and the male representation was 
registered to be 76%.

No company involved in this project had 
B�%JWFSTJUZ�0GmDFS�JO�UIFJS�PSHBOJ[BUJPO��
To be more precise, when participants 
were asked, “Who is responsible for 
integrating international new hires?” 
in 30% of cases, the HR department 
was mentioned as taking the lead.  
Unfortunately, the second most common 
answer was ‘no-one’. 

The demographics of participants told 
a clear story. Their job titles were CEO, 
Director, HR Managers. 19% of them are 
EU citizens, 81% are Dutch citizens and 
there was not even one participant from 
a non-EU country. Internationalization is 
represented only by EU citizens. 

5P�TVN�VQ�UIF�mOEJOHT��B�DPOTJEFSBCMF�
number of participants disagreed with 
the statement “My work-place is very 
diverse in terms of gender.” When asked 
their feelings on the statement, “My 
management team is diverse in terms 
of gender”, the most common answer 
was “I disagree.” When similar questions 
were asked about the international 
aspect of the management team, the 
answers again registered “disagree” as 
the most common response. 

5IFTF�mOEJOHT�XFSF�UIF�CBTJT�GPS�UIF�mOBM�
EFMJWFSBCMFT�PG�UIJT�QSPKFDUT
�TQFDJmDBMMZ�
an academic paper, a board game, 
and a tool kit, designed to facilitate 
and trigger open discussion within 
regional companies, teaching them 
how to level up their current diversity 
levels. We have compiled the most 
interesting insights into our list of best 
practices which were unearthed by our 
study. These are included in a booklet 
especially designed to offer guidance 
for companies by informing them and 
coaching them to the most appropriate 
and practical solutions for their individual 
needs.
 
Dive in Twente is an invitation to get 
inspired, to enhance and improve your 
working culture by becoming a ‘local 
ambassador’ for our region.

We are very pleased 
that we contributed 
to the DIVE study. 
The results are truly 
valuable, because 
it gives us insights 
in the workforce 
(arbeidsmarkt) of 
Twente. Now we 
know where can we 
W\[�V\Y�QVPU[�LɈVY[�
to change it for the 
better. Also we are 
very happy that 
we can integrate 
the game in the 
pilot project about 
internationalisation.”

��

Author:

$PDOLD�%DODQ�
Junior Researcher for 
Dive in Twente
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HUMANISED 
PRODUCTION 

WILL BE YOUR NEXT
COMPETITIVE 

ADVANTAGE 

When you think about optimising 
production processes, utilising digital 
technologies will be vital for connecting 
IIoT systems and drawing data insights 
by advanced data analytics or even 
machine learning. All companies are 
heading in this direction. However, what 
not all companies are aware of is - how 
to guarantee the ultimate success of 
their entire businesses by considering 
how humans use these machines or 
digital applications. Doing so empowers 
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$XWKRU� individual workers and therefore 
empowers companies. It is challenging 
to make human–machine teams work 
OPU�POMZ�NPSF�FGmDJFOUMZ�CVU�BMTP�NPSF�
happily together. Here, I would like to 
share some thoughts on how humanised 
production will be your next competitive 
advantage. This short piece is based 
on our close watch of the industry as 
XFMM�BT�PG�mWF�&6�GVOEFE�)PSJ[PO������
research projects (A4BLUE, Factory2Fit, 
INCLUSIVE, HUMAN and MANUWORK, 
2016–2020). 

Yes, you are right. It will still take some 
time before the entire manufacturing 
industry fully embraces the 4th Industrial 
Revolution. Yet we are already headed 
into the 5th Industrial Revolution – using 
EJHJUBM�UFDIOPMPHJFT�UP�CFOFmU�QFPQMF�

and society. To me, it is important 
to recognise that we cannot wait for 
Industry 4.0 to be fully implemented 
before we start to think about Industry 
5.0. In fact, if you have recently 
embarked on digital transformation, then 
now you must think about converging 
Industry 5.0 with Industry 4.0. This 
means designing and operationalising 
three core elements: human-centricity, 
sustainability, and resilience in 
production processes and even in the 
business value model (I will explain in 
detail elsewhere). This will allow you to 
CF�nFYJCMF�BOE�BEBQUBCMF�JO�ZPVS�GVUVSF�
human-machine production processes 
toward a more sustainable society. 

While offering humanised production 
that may make you a more attractive 

-DQHW�;XH�
Research Scientist, 
Fraunhofer Innovation Platform 
for Advanced Manufacturing 
at the University of Twente
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Myth No.1

Your team members are 
comfortable working with AI 
and cobots or making sense 
of data from dashboards. 

No, they are not. Not all of them, not at 
the same level, and they might not all 
react comfortably to such developments. 
Often, the instinct is to suspect or reject 
these digital technologies – holding 
pen and paper still feels most reliable. 
However, to win back the time that is 
lost in copying information from the 
paper document to paper document or 
in printing orders, you must convince 
people to try out these new tools.

Emotional commitment
Convincing everyone on board is 
everything but a key start for digital 
transformation. Getting employees 
to recognise the true value of digital 
technologies by onboarding them 
at different speeds could massively 
improve production performance. 
Viewing technologies as competitors 
or replacements is common. Such 
instinctive resistance is not inherently 
related to age, but to mindset. It relates 
to how mentally ready to embrace such 
technologies an employee might be and 
how they view themselves using these 
technologies at more advanced stages. 
Map out the emotional commitment to 
understand these values that exist in 
your team and across your organisation. 
Identify the incentives that will help your 
employees to become willing to try these 
technologies and adapt their practices. 

Myth No.2

+XPDQ�ZRUNHUV�FDQ�ÀJXUH�RXW�
for themselves naturally how to 
work with digital technologies.

The reality is that human employees are 
often not sure about their new roles and 
new expectations in such human–machine 
teams. New questions are often raised 
such as: where are you to locate human 
beings when humans and machines team 
up as colleagues? Helping employees 
to feel more relevant and that their 
contributions are valued on top of using 
machines. It is more than bringing human 
intelligence back into the loop. It is about 
augmenting human intelligence with 
digital technologies so that humans and 
machines can work together well within a 
new production norm.

+LÄUPUN�[OL�YVSLZ�VM�
machines and humans
While managers often worry about how 
to make the most of human intelligence 
in human-machine teams, production 
managers must start paying attention to 
how the team members in their groups, 
those in marketing and sales, and even 
customers will react to such technologies. 
These processes release humans from 
repetitive work and empower them to 
be responsible for more valuable work 
such as reducing production incidents. 
4IPQnPPST�OFWFS�MBDL�FNFSHFOU�NPNFOUT�
that need human’s thinking outside of the 
box. Human workers’ years’ experiences, 
intuition, and insights cannot be replaced 
by the analytical capabilities of AI 
applications. Imagine a situation in which 
TIPQnPPS�PQFSBUPST�OP�MPOHFS�OFFE�
to worry about making mistakes when 
reading notes from the previous midnight 
shift. Using smartphones to receive 
OPUJmDBUJPOT�XIFO�OFFEFE�DBO�TBWF�
time and energy. Imagine a production 
manager who can understand the matrix 
of machine downtime and so predictable 
on-demand supply will become 
manageable. Imagine a sales department 
that has access to live production data 
and can give promises to clients upon 
which they can deliver. 

Myth No.3

Once human workers 
are upskilled, production 
performance will improve. 

Human workers may need a long-
term incentive to gain a strong sense 
of belonging. The new value they 
contribute needs to be recognised in 
the production process.

Empower humans by 
digital competence
It is essential to recognise the value that 
humans add to these new production 
processes. The growing value is variable 
and will be improved by the digital 
competence scheme. As mentioned 
earlier, mapping differing reactions 
to these technologies, the digital 
competence will take effect when they 
are customised accordingly. Systematic 
assessment of physical, cognitive, and 
psychosocial human factors will guide 
steps of personal progression along 
acquisition of digital skills. Approaches 
such as Operator 4.0 will help managers 
to understand the working situation and 
their employees’ capacities within a 
new complex digital environment. For 
FYBNQMF
�VOEFSTUBOEJOH�QSPmMFT�SBOHJOH�
from collocative operators to analytical 
operators helps managers to customise 
FBDI�FNQMPZFF�T�QSPmMF�UP�UIFJS�GVUVSF�
USBJOJOH�QSPHSBNNF��*OWJUF�TIPQnPPS�
operators to be part of decision-
making teams and acknowledge their 
contributions. Other pilot experiments, 
such as the Factory2Fit project, aim 
UP�QSPWJEF�B�EBTICPBSE�GPS�TIPQnPPS�
operators to help them understand their 
well-being and work performance both 
between and during work shifts.  

Investing in your employees will enable 
them to work happily and attract future 
talent. Through this, employees will 
become motivated, driven and on a 
mission to learn new skills they need 
in the future. Digital transformation can 
CFOFmU�JOEJWJEVBM�FNQMPZFFT�JO�UIJT�XBZ�
XIFSF�UIF�DPNQBOZ�FWFOUVBMMZ�nPVSJTIFT.

working environment, what does this 
actually mean for you at your company? 
Digital transformation doesn’t mean 
losing jobs; instead, it means creating 
more opportunities. Many employees 
may disagree, however. Myths abound 
that managers might neglect diverse 
employees before embracing digital 
technologies. Below, we identify these 
myths, and these are followed by some 
takeaway messages.
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THE USE OF NEW TECHNOLOGIES CAN MAKE THEIR HUMAN OPERATORS 
MORE EFFICIENT, DECIS IVE, AND PERHAPS EVEN SMARTER.  BUT IT IS ALSO 
HUMANS WHO CAN TAKE TECHNOLOGY TO THE NEXT LEVEL THROUGH 
SMART APPLICATIONS. THIS IS A LEVERAGING EFFECT THAT OFFERS 
ENORMOUS POTENTIAL IN THE MANUFACTURING INDUSTRY, PROVIDING 
REASON FOR THE INNOVATION CENTRE PERRON038 IN ZWOLLE TO INVEST 
HEAVILY IN MAN AND MACHINES.  

THE SYNERGY BETWEEN

HUMAN & 
MACHINE
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Getting inspired, 
learning, and actually 
testing, in a factory 
of the future. 

Students working with a robot at Perron038. Photo: Perron038
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If companies work together on 
developments with new technology, 
this leveraging effect is even stronger. 

Perron038, the innovation centre in 
Zwolle, works from this starting point. 
With 21 partners from the region, in the 
former NS building they work with and 
learn from the latest technology for the 
manufacturing industry. This initiative 
is growing and is preparing for the next 
step: the construction of a state-of-the-art 
facility that SMEs and students from the 
region can make use of. Getting inspired, 
learning, and actually testing, in a factory 
of the future. 

From theory to best 
practices  

At Perron038, companies, students, 
and teachers work with a large range 
of technologies. The starting point for a 
project is always a problem statement 
coming from a business. Partners 
such as Windesheim (research groups 
Industrial Automation and Robotics and 
Plastics Technology) and the Fraunhofer 
Innovation Platform for Advanced 
Manufacturing at the University of 
Twente (FIP-AM@UT) approach issues 
GSPN�B�	TDJFOUJmD
�SFTFBSDI�QFSTQFDUJWF��

The Perron038 associated companies 
contribute knowledge and best 
practices. In the three years since the 
start of the initiative, successful use 
cases, demonstrators, and teaching 
materials have been developed. “The 
knowledge gained is shared among the 
partners and companies from the region 
during events. A formula that works 
and is valuable, but it’s time for the next 
step,” says Piet Mosterd, board member 
of the Perron038 Foundation and Director 
External Affairs at AWL-Techniek.  

Physical factory as the next 
step 

That step is the construction of a 
physical production facility, consisting 
PG�mWF�EJGGFSFOU�MBCT�GPDVTJOH�PO�B�
TQFDJmD�UFDIOPMPHZ��1SPKFDU�NBOBHFS�
Marco van Wijngaarden explains: 
“Think, for example, of additive 
manufacturing, robotics & logistics, and 
vision technology. The labs are part 
of an integrated, data-driven factory 
concept. That is exactly what makes 
this innovation facility unique.” Van 
Wijngaarden is involved in the project 
through his role as Consultant Smart 
Industry at Hollander Techniek. In the 
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lab, every company can work on their 
own problem or research question. 
This can be for different objectives: for 
research, to test, or to gain knowledge 
and inspiration. The interaction 
between man and machine is one of 
the important focus points within the 
project. That is why, in addition to the 
wide range of physical possibilities in 
the factory, training courses at different 
MFWFMT�BSPVOE�UIF�mWF�GPDBM�UIFNFT�BSF�
being developed within the Perron038 
Academy. 

With this concept, Perron038 is able to 
help the manufacturing industry in the 
(Eastern) Netherlands to answer their 
EJHJUJTBUJPO�PS�PUIFS�TQFDJmD�RVFTUJPOT
�
by means of demonstrations, workshops, 
BOE�TQFDJmD�USBJOJOH�DPVSTFT��5P�UIJT�
end, cooperation and connection is 
sought with other initiatives, such as 
the FIP-AM@UT. An important aspect 
is that the facility is also available to 
students, and research and educational 
institutions. 

European subsidy  

This facility requires a substantial 
investment. For part of this investment, 
in 2021 Perron038 applied for a subsidy 

(REACT-EU). In response to the Covid-19 
pandemic, the European Social Fund 
made money available to accelerate 
the digital transition at companies. 
Perron038’s application is one of the 47 
projects awarded funding in the east of 
the Netherlands. The remaining part of 
the investment comes from Perron038 
JUTFMG�BOE�JUT�BGmMJBUFE�QBSUOFST��

Actually getting to work  

With several machine builders as 
QBSUOFST
�UIF�mSTU�TUFQ�o�GPSNJOH�B�QSPKFDU�
team – was quickly taken. They are 
currently developing a plan for the layout 
PG�UIF�GBDUPSZ�BOE�UIF�TQFDJmD�NBDIJOF�
choices. Project manager Marco: “We 
are, however, involving more companies. 
This facility is built for a broad range of 
SMEs in the region. Therefore, we asked 
50 companies in the manufacturing 
industry which technology is important 
to them and how they would like to use 
the facility. We take their responses into 
account for our plans.”  

Wilbert van de Ridder, R&D Engineer 
at AWL-Techniek, is one of the people 
involved and responsible for the 
robotics & logistics lab. “In this lab, 
we want to develop a set-up in which 

companies can actually work on an 
assembly issue. For example, we start 
with a case of Zehnder from Zwolle. We 
are investigating possible solutions to 
automate their highly lean optimised, but 
manual assembly process. We develop 
and test possible solutions, but also gain 
insight into further implications for the 
process, the product, and the company. 
And, very important is also the impact on 
the people within the organisation. This 
offers an excellent opportunity to make 
man and machine work better together 
and learn from each other.” 

Preparations for the factory of the future 
in Zwolle are in full swing. Construction 
will start in 2023 and the project group 
has the ambition to have the factory up 
and running in the second half of the 
year. 
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