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Abstract—The past four decades are characterized by the
implementation of digital solutions in the producton sector,
and the advent of robots being used for rigid andast material
handling. This time domain is the implementation phae of the
3¢ Industrial Revolution. By today, we can witness th
evolution (rather than revolution) of new technologes, that
enable far more changes in the digitized factory efronment
compared to the previous transitions. The authors $ected
events and episodes from this time-frame to highlig and give
appreciation to the pioneers of robotics in Hungary The
authors demonstrate the harmonized vision for the ext
decade, how the manufacturing in Europe might deepen
research in Robotics and in Bio-transition in manudcturing.

Keywords—Milestones, success, failures, Technology
Platforms, Vision, Strategic Research Agenda, Roadmap

. INTRODUCTION

This summary lecture from the authors is selecting
exceptional events from the past 4 decades, franinhe
when digital technology has enabled the introductid
electronic controllers, mechatronic devices in
production sector, i.e. in the factory environm#tith such
devices, -as we had called them CNC and PLC cdertsot
very simple mechanical devices, robotic arms witle or
two joints, two degrees of freedom (2DoF) or latch
machines were controlled rather easily. By desiguigital
MSI (Middle Scale Integrated) and LSI (Large Scale
Integrated) components based sophisticated digitalits,
Hungarian scientists had achieved outstanding wexldll
success. By the special occasion of the preseifi¢remte,
celebrating the 70birthday of our professor Imre Rudas,
we can happily congratulate to the pioneers of ¢nat and
praise the scientists and professors that had given
international recognition to Hungarian scientifiesults,
while also building the strong educational basadaching
and educating the next generation of scholars lotics.
There is only a limited chance even to mentiontlad
outstanding events of these 40 years, so it issopel and
biased selection of great experiences of the asithbat is
to be mentioned below.

the

The message to take home is not just a list ofteesm
the past, but also to show the presently activen dppics
for scientists to solve. At this time in Europe @andnost
other continents of the world, the governmentsparghing
and forcing the digitalization of most sectors,elikhe
manufacturing, the education, the governancePetbhably
the fastest return-of-investment (Rol) will comerir the
manufacturing and logistics sector, and the social,
educational changes probably need more time in this
transition. The # Industrial Revolution, also treated as re-
industrialization, highlights the importanceROBOTICS,
and the need for raising robotics to significantly a
dominant effector of modemproduction technology.

Il.  SELECTED EPISODES OF SUCCES

A. Implemeting MSl and LSl based controllers

Middle scale and large scale integrated semiconduct
elements were used in the middle of the beginninthe
seventies. Interpolator hardware allowed fast aretipe
control of 2, later on 3 or more axis for drivingCN
(numerically controlled) machines. A real breakthgb was
achieved when the special interpolator hardware was
extended with the support and services of the first
microprocessors. The Hungarian DIALOG CNC with
advanced human-machine cooperation-oriented dialog
technology reached even the US market. US Presient
Jimi Carter was criticized in the Congress for kegpa
strict export regulation for exporting high-tech ahines,
while witnessing high-tech Hungarian machines being
imported to the States.

B. Implemeting LS, then bit-slice based graphic displays

By utilizing the very same sophisticated hardwafe o
interpolator, vector-oriented graphic displays waesigned
to run CAD (Computer Aided Design) workstations.eTh
bit-slice based technology applied in these disptafered
to outperform the highest benchmarked IBM displays.

C. Implemeting local network-based controllers

Not just our academic institute, but also induktria
electric and electronic companies and factorieskimngrin
cooperation with university teams had shown up very
significant control devices: MMG, EMG, VILATI, MOM
etc. When machineries got bigger and distributee need
for local data networks was serviced with novelalbc
engineered solutions. Very special robotic machinese
designed and implemented, like the transporteueiféells
in the Hungarian Paks atomic power plant.

D. Implemeting standards-oriented local networks

Having witnessed the strong need for being harneahiz
with high-tech US and West-European technical gmis{
research emphasis was placed on getting more iedatv
international standardization, Based on personatacts
and appreciation of key Hungarian scientists, fikefessor
Joe Hatvany and professor Laszlo Nemes, we hadea ra
chance to reach the most up-to-date research telaroad
devoted to define a world-standard for factory lomeea
network development. The General Motors Co. digkcte
research focused on the deterministic data trasgmis
technology (MAP Manufacturing Automation Protocinl)
opposition to the stochastic systems used by alewesty
other computer systems at OEM level. In the Eaditmok
we, Hungarians were the very first to be able to jhose
standardization bodies, and influence the locaireegs to
care for the next generation of upcoming standards.
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E. Joining the EUREKA initiative

Hungary was the first country in the Eastern Blézk
join the West-European EUREKA community. The
German, British, French and Italian high-level stigs
with influence to the local Ministers agreed to pins
international cooperation-oriented tasks for 2 chemefits:

- to skip parallel efforts, and to teach compariiess to
work within international teams. Financing was give
each participating company by its own ministry. The
authors were appointed to support the initializatd such
international efforts in the area of factory auttiora and
robotics.

F. Initiating the ManuFuture Technology Platform

The team of international scientists within the EEXA
FACTORY UMBRELLA pointed out the significant
consequence of factories leaving Europe and beingpsin
the Far-East. The long-term vision was explainedht®
European Commissioners, and the result was to genar
think-tank for defining the needed steps. Sevewsbfean
Technology Platforms (ETPs) were initiated, collegtall
players of a certain field and interest. In formablications
[1] more details were given also for the manufantr
related ETPs and sub-platforms

G. What have ETSto do?

European Technology Platforms are industry-led
stakeholder fora recognized by the EC as key adtors
driving innovation, knowledge transfer and European
competitiveness [2].

ETPs develop vision paper(s), research and inrmvati
agendas (SRAs) and roadmaps for actions at EU and
national level to be supported by both private potlic
funding. They mobilize stakeholders to deliver anesd
priorities and share information across the EU. £8Re
independent and self-financing entities. They cahdheir
activities in a transparent manner and are openeto
members.

ETPs are bottom-up driven expert groups, theirsrate
set in their constitution. Nevertheless, the EP tnedEC
declared a common set of requirements for ETPdefioe
a reliable source for information and Decision Supp
Three major documents are required from each ETeto
fed to the EP, EC decision makers. They must bpeapee
in a straightforward sequence, in harmony with testi
involved within the area in a very broad sense:

* To prepare, to develop a VISION document with a
time-domain of 10 or 10+ years, so that the membfttsat
Platform can share the same view for the futurdagxing
it in a harmonized, detailed view.

* To prepare, to develop a Strategic Research and
Innovation Agenda (SRA,SRIA), listing what are the
missing knowledge and practice solutions builditagks,
that are not yet ready, but are in need to appherasoon in
order to reach the Vision, the visional future eorment
by the end of the next 10 years.

* To prepare, to develop a ROADMAP, that has
scenarios for possible best or worst estimates ostm
probable scenarios, by allocating financial support
manpower and infrastructure parameters togethdr tive
time-duration estimates.

ETPS are also responsible to establish a closasind
— academia- and educational partnership, to halesded
view from many domains.

H. ManuFuture ETP with national support from
member states

From 2003 to 2004 the European ManuFuture
Technology Platform [3] has been involved in the
preparation and development of the Vision 2020 demnt,
followed by the SRA in 2006, and finally deploydukt
ManuFuture Roadmap in 2013 together with the EC's
relevant DGs. These docs had been the fundamental
stepping stones for the EC and EP to launch the 7
Framework Program and the HORIZON 2020 for a pan-
European joint research-development and innovation
program.

As other countries, the Hungarian Government hes al
been pushed by the EC to help the establishméyaiidnal
TPs. The Scientific Society for Mechanical Engiseer
(GTE) [4] had the privilege to be hosting the Mautuke-
HU. The NTP in Hungary had prepared the translatiohn
the working documents, like the Vision and the S&w#l
our Roadmap with national funds estimated for plagas
shown in Figure 1.
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I. Excellencein FP5, FP6, FP7 and Horizon 2020

MTA SZTAKI has been a major winner of EU R&D&I
projects, mainly in the topics of ICT and Factory
automation. Many projects have concluded with Heylel
appreciation. EU Centre of Excellence in Computieixe
and Control, Industrial digitization with integrami of
related technologies has generated a trust withsinidl
end-users, e.g. with robotic laser-welding, implatimeg
Digital Factory, Digital-TWIN solutions, Industry.@ Use-
Cases, or cloud-application in digital factories fapid
prototyping, for one of a kind productions or fonall lots

[5].
lll.  THE PRESENT WORK OMANUFUTURE ETP

The ManuFuture ETP has been an active group of 150+
experts and members starting from 15 years baakn Bfter
the deployment of the ROADMAP in 2008, a large grofi
its members has joined the High Level Group, tlkistrial
Support Group, the Industrial Advisory Group, therbt
Group, for strengthening the ETP, for establishiPs as
EFFRA [6] and for monitoring the progress along the
implementations.

During the past 2 years the new version for a neiox
document was developed, that has a foresight tamefifor
2030. The document reached its ‘Consultation Vetsio
ManuFuture Vision 2030 In March 2019, the HLG of
ManuFuture ETP requested all contributors to digsata
the VISION to all identifiable policy makers. Thethor



uses this INES event to address the audience Wwih t
findings, and to generate appetite for the reamlget hold

of the full text version [7].

A. The structure and content of the Consultation Version

of Vision 2030

The first chapter shows the Manufacturing Industry
Today, while Chapter 2 details the megatrends aiverd
for manufacturing. Chapter 3 gives vision for scersand
models for the future manufacturing processes.ovlisind
strategy are detailed in Chapter 4, and the ViSioitding
Blocks are described in Chapter 5. A short termigat
Chapter deals with Manufacturing&Society relevaadie
the vision. The document is a contribution for fcdil,

economic,
European perspective.

ecologic, and social

orientation from an

B. European Manufacturing - global challenges

This is the backbone of the European economy: 2vith
million enterprises, employing 30 million workehsdustry
4.0 will impact at global level. Presently Europe the

global

leader for the technology and also for its

implementation. At international dimensions Eurigp¢he
world’s biggest exporter, but the decline of addadue
produced by the manufacturing sector is disturbéoghere
is a need to give priority to European manufacturin
Regarding other global areas most of them give prgrity
to digitization and Key Enabling Technologies, KSA,
China, Japan, South Korea, but even South-East Asia

Competition and cooperation both increase at aafjlob
level, and thus the complete manufacturing innowvati
ecosystem needs to be involved for a change.

Today, society and the world economy are undergoing

major changes, driving a social transformatiomgsoirtant
as the first industrial revolution. These changesaaglobal
phenomenon, affecting the way we live, work andaveh
An unprecedented increase in the speed of develupime
science and technology, a fast diffusion of knogkdhe
scarcity of resources and new generation of conssimi
pose challenges and opportunities for Manufacturitgs
will lead to a new paradigm shift at a global level

The following are the most relevant trends andetsv
for the future of European Manufacturing (see Fegiand

Figure 3):
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C. Future Manufacturing Scenarios and Models

Understanding the challenges and the foreseen
opportunities European manufacturing will have volee
to exceed the customer’s expectations in desigaitgand
service, and become even more flexible and adapté#bl
must be user-centric, the customers will have #rakrole
in the value creatiorBionic manufacturing will enhance
and augment relevant human capabilities. Natuneiriess
manufacturing can lead to new frontiegE#cular economy
is a large collaborative endeavor and manufactusiag its
core.Education and life-long learning will become critical
functions, and the new conceptlearning factories will
offer new challenges.
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Aligned with the foreseen evolution of manufactgrin
towards 2030, MANUFUTURE ETP developed four
models (see Figure 4) for the development of value
networks and manufacturing systems: Globally Iretegt
Value Networks (Model 1); Regional Value Creatiam f
Global Markets (Model 2); Regional Value Creatianr f
Regional Markets (Model 3); Regionally Regulatedtival
Value Networks (Model 4). Companies will adapt and
combine these generic models to optimally addnessific
market requirements, product characteristics
manufacturing resources availability.

D. Detailing the RESILIENCE in manufacturing

From the 2010-s the main priority of manufactunives
set to haveompetitivenessDuring the years 2015-to 2020,
the focus was set to hasastainability. In our 2030 vision
we estimate to achievesiliencein manufacturing, having
the following qualifications: GLOBAL, FLEXIBLE, FAS,
MODULAR, NETWORKED, COLLABORATIVE,
INDEPENDENT, SUSTAINABLE, COMPETITIVE.
Circular economy results in energy- and resouriieieficy.

and



IV. PREPARING THESTRATEGIC RESEARCH AND
INNOVATION AGENDA (SRIA)

The ManuFuture ETP’s High Level Group has already
started to work intensively on the SRIA, and plendeploy
it for integrating further, additionally upcomingreas.
Declared R&D&I priorities are: Manufacturing techogy
and processes; Digital transformatioRobotics and
flexible automation; Nano-technology and new materials;
Biological transformation of products, processesand
value creation; Customer driven manufacturing; Huma
Centred Manufacturing; Agile manufacturing systems
design and management; Circular economy, resourde a
energy efficiency; New business logics and models.

Also other ETPs are invited to share and harmahizie
own, prepared SRIA elements. The Europe-wide SRIA o
ManuFuture ETP is now at a first stage, while tleer@n
national SRA has already reached an ARBRIDGED
Version level, coordinated and consortium-led bw,IP
Stuttgart [8]. Several further ETPs, like euROBOSIé&nd
BigDataValue Association (DBVA) had also been wogki
out SRIAs and even suggested ROADMAPs. As can be
seen below joint partnership agreements had been
established among these, with a very strong comenitjto
address Al as a priority needed for supporting both
Robotics, Data Value Creation, Manufacturing, Miil
Transport, etc. in a plan treate a connected European
Al ECOSYSTEM.

A. Robotics

It was also 4 decades ago, when the Hungarian Robot
MRtT Society was founded. Though it dissolved iotoer
engineering societies, key persons had kept up with
innovating: like Prof Imre Rudas had set up robddigs
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with special application areas, and initiated aotimis
laboratory commemorating Prof. Antal Bejczy, a erl
famous (CALTEC and NASA JPL) robotics expert with
Hungarian origin and long-term supporter of the ganman
education in robotics [IROB]. Between 2012 -201i th
excellent robotic centre had published 320+ sdienti
papers. Several scientists and lecturers had thecehto
carry out experiments and gain degrees. An exdellen
example of interdisciplinary topics from Intelligenbotics

is on Teleoperation [9], and for Al, Deep Learniag
Tutorial Survey should be high-lighted [10].

Important lessons learnt form the AUTOMATICA, the
largest European Robotic event bi-yearly in Minchen
where the International Robotic Federation detdile
growing market for industrial and service robotsreve
statistics show, that where robots are installed at
manufacturing sitesmore jobs are opened or created
then lost and that in Europe jobs that dDANGEROUS,
DULL or DIFFICULT for humans, there robots MUST BE
applied and never humans. This is tRebotics LAW for
3D".

Robotic & flexible automation research, innovation
topics are envisages on: Task based programming of robots
(including collaborative robots, so called cobots);
Intrinsically safe robots; Soft robots; Cognitivedasmart
robots; Mobile manipulators for logistics; Robotaswms;
Drones for manufacturing; Robot machine tool; Sthare
autonomy in manufacturing — cobots — cooperative
manipulation; Robot skill acquisition; Augmentinget
human; Reference architectures, Digital Twins,
trust&security, navigation; applications in heattare, in
agriculture, in construction [11]
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Fig. 5. Bio-transformation of products, processes ©IPA



According to a Market research report of
MarketsandMarketsTM the collaborative robot mariset
estimated to be valued at 12,303 million USD by®G2 a
compound annual growth rate of 50.31% between 2087
2025. More and more small and medium sized bussess
applying Cobots, however safety has become a béoribe
availability of these robotics technologies in @imains,
including manufacturing. The reason for this isienber of
technical issues (e.g. some robots can changedyreamic
behaviour) and due to the interpretation and apfdio
problems of current standards. Some projects arkimngp
on these issues to help end users with protocdtswrhight
involve later on the input of accident insurersfesa
verification bodies and national agencies.

B. Biological transformation of products, processes

The transformation can be discussed in 3 layeBso-
inspired manufacturing, “INSPIRATION"; -Bio-integed
manufacturing “INTEGRATION”; and Bio-intelligent
manufacturing INTERACTION layer.

Biological transformation [12], [13], [14] will patuce
decentralized or personalized bio-intelligent addsde by
the integration of technologies and techniques Bgere
5). Selected research priorities are [13]: Bio-irexp
structures, sensors, actuators, additive manufactubio-
based materials, enzymatic processes, micro-bitmesac
smart bio-manufacturing devices, bio-packagingJape
based manufacturing, bio-refineries.

Thanks to the digitization of the industry, gathgrand
storing and evaluating data gets easier and fadfién.that,
the studying of the living environment brings ussdr to be
able to understand what is happening around us. By
understanding the processes, we might be abldlteinte
and make their production technology more effici§t],
[16], [17] The German Ministry had realized earhet
potentials of the biological transformation, andiated a
country-wide BIO-TRAIN project to see a clear pretwf
challenges and opportunities. This vision of Bidtad
Transformation is shown in Figure 6.

Different aspects of the Biological Transformation|

Materials Structures Processes
Substitution | Fuels and chemicals from Metallic foam Bio-based plastics 4
wood-waste and straw Highly porous plastics, additives and (R
lsobutene production lightweight material compounds with g
without fossil fuels modeled after bones optimal recyclability '
UNISHTHT
Adaption Biomanufacturing Bio-inspired machines Self healing materials \ t
of silk proteins Stress oriented structural Transfer of the self- .
Industrial scale silk m design with carbon ['| healing properties of plants J
protein production the lab fibers inspired from trees to technical materials !
18P L EME
Abstraction | Programmable materials Artificial Neural Nets Swarm logistics =
Targeted adaptation of ﬂ Neuro-inspired ~ #& @ g | Transfer of swarm- £ 8%
materials to environ- ‘rﬂ ¢ | algorithms with ® @ _ | intelligence to logistics —
mental changes ' learning capabilities s ® * T | qstems y
L= WE-Nerbund ML
Fusion Living cells on microchips Theranostic implants Brain Computer Interfacing
Toxicity-testing with Medical devices in Communication between
living cells on physical symbiosis between tech- biology and technology
transducers nology and organism
£ TEMT et al. wa

Fig. 6. Biological transformations ©IPA

V. SUMMARY

This conference paper gave a salute to the piomders
ROBOTICS in Hungary on the occasion of th& Bidthday
of Prof. Imre Rudas, and colleagues. The paper also
reflected the present view of scientists on thairfutof
European manufacturing [18], as described in tH8l@N
2030 of ManuFuture ETP. This short paper also shuga
to-date information on the present working proaasshe

= Fraunhofer

strategic research and innovation topics, and g piaiure
on the future of the European robotics' priorities.
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