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MTA SZTAKI — Introduction 0 S

B Established in 1964 B Basic research
W  Computer science
W Systems- and control theory

B EU Centre of Excellence
in IT, Computer Science

and Control " Engineering and business
_ _ intelligence
B Basic and applied ® Machine perception and human-
research computer interaction
B Contract-based R&D&I B Applied research and
activity mainly on complex Innovation
systems, turnkey W Vehicles and transportation
realizations SySteme _ . -
_ ® Production informatics and logistics
B Transferring up-to-date ® Energy and sustainable
results to industry and development
universities ®  Security and surveillance

W Networking systems and services,
distributed computing
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MTA SZTAKI — Introduction 0 S

Key figures B Basic research
B Budget = Computer science
W 11 MEuroslyear W Systems- and control theory
® ~30% basic funding u _Engi_neering and business
intelligence
B Staff ® Machine perception and human-
m 220 computer interaction
B International reputation B Applied research and
% CIRP Innovation
2 IFAC ™ Vehicles and transportation
systems
" IEEE W Production informatics and logistics
= IMEKO W Energy and sustainable
W acatech development
= KVAB W Security and surveillance
W 45 EU VI projects W Networking systems and services,
® 12 H2020 projects distributed computing
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EMI-Research Laboratory on Engineering &
Management Intelligence

 Head of Laboratory: Dr. Jozsef Vancza

e EMIP’s mission

Research and elaboration of techniques applicable for handling
complex production and business systems working in an
uncertain, changing environment, with special emphasis on
manufacturing automation, production informatics, operation
research, artificial intelligence ad machine learning approaches,
balancing the aspects of optimization, autonomy and
cooperation.

e Main research areas

modelling, control and optimization of technical and business
processes

handling changes and disturbances in complex systems

distributed modelling of extended enterprises and production
networks

modelling and simulation of large production and business
systems, digital factories
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MTA
Towards Cyber-Physical Production Systems (CPPS) @sm“'

e CPPSs consist of

— autonomous and cooperative elements and subsystems = CIRP Annals - Manufacturing Technology

— that are getting into connection with each other

— in situation dependent ways,

- 0n and aCross a” Ievels Of prOdUCtlon ’ L. Monostori (1)*>*, B. Kidar (2)*, T. Bauernhansl ““, S. Kondoh (2)%, S. Kumara (1)",
G. Reinhart (1), 0. Sauer (3)", G. Schuh (1), W. Sihn (1)%, K. Ueda (1)"!

—_— fro m p ro Ce SS .eS y th ro u g h . m.aC h i n e S an d p ro d u Cti O n Syste m S y ;f-l'rr:;:;afer Project Centre for Production Management and Informatics, Institute for Computer Science and Control, Hungarian Academy of Sciences, Budapest,
u p to p r O d u Ctl O n an d I O g I Stl C S n etWO r kS ) ® Department of Manufacturing Science and Technology, Budapest University of Technology and Economics, Budapest, Hungary

€ Fraunhofer Institute for Manufacturing Engineering and Automation, (IPA), Germany
d University of Stuttgart, Germany
i

ELSEVIER journal homepage: http://ees.elsevier.com/cirp/default.asp

Cyber-physical systems in manufacturing

of Advanced Industrial Science and Technology (AIST), Japan
ate University, USA

1
- - =1 5 Institute of Machine Tools and Industrial Engineering, Chair of Industrial Engineering and Assembly Technology, Technische Universitdt Miinchen, Germany
[ ] C P P S S ar e C ar aC t e r I Z e y t e I r a I I ty t O " Fraunhofer Institute for Optronics, System Technology and Image Processing (10SB), Karlsruhe, Germany
! Fraunhafer Institute for Production Technology, (IPT), Germany
1RWTH Aachen University, Germany

— directly acquire physical data by using sensors and act on the g e s s s
physical world by using actuators,

— analyze and store the acquired data and interact both with the
physical and the virtual world,

— are networked spontaneously amongst each other and with
global information systems by wired or wireless
communication means,

— use worldwide available data and services,
— have smart, multi-modal human-machine interfaces.
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Our approach and

Research areas

Manufacturing process
planning

Process management
and control

Robotics and
mechanisms

— Including human-robot
symbiosis

System design

— Reconfigurable
manufacturing

Production planning and
scheduling

Production and logistics
networks

Energy system
management
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competences to/in CPPS

Execute
&
Control

General requirements

» Multi-objective optimization

Adaptivity, robustness

Safety and security
Sustainability

Handling complexity, efficiency
Decentralization, collaboration, cooperation

MTA
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Methods and tools

Digital twin

— Discrete-event simulation
— Agent-based simulation
— Geometric modelling

Mathematical and
constraint programming

Statistical machine
learning

Scheduling theory

Game theory, mechanism
design

Sensor networks
0T, cloud computing
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MTA
Working with Digital Twin ) St

* Modelling, configuration and design, analysis of production systems

Value Chain
* Methodology z
. . . Product
_ Discrete-event simulation models S
— Engineering models Production
« CAD and mechanism models ez
] . SCM
— Multi-agent approach, more and more Product Chain terial & "
PLM o Supply
* Maintaining digital twin/thread simulation CAM N Asset Chain
: : Product Process Production ' ; =
— Linked with actual system — always up-to-date S e M Manufacturing e S
. . ; esign
— Along the whole engineering process i :
— Along the whole life-cycle S Build
* Professional and own toolset Commission
— Siemens’ PLM software
Operation &

- Mathematica and its Linkage Designer PPN\ MIRC
— Mathematical programming environments

— Anylogic’s agent technology

Maintenance
Decommission
Disposal &

Recycling
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MTA
Digital Enterprise Technologies: simulation @SZTAK'

 Discrete-event simulation
— Re-usable modules
— Automated model building
— Experiment design
— Matching of real and simulated system

» Day-to-day industrial consultancy

W, Modellek HOYA surfacing machineUtiliz. = © | th ModellelcHOYA surfacing operatorWorkload = =
ey ey oy prr— Frm——y pr——p—— e e =i C—rrT—

*nghlmﬁiﬁ@lEEEﬂ+@©ﬂ ‘
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_f f 8 g i ] : =
T il el @10e: Sl o UG (M " U ModellekHOYA_ ° -
i L;r;[_gm:;‘”me ) el el A S T - E
i FELLLL L 'FsLm%T,[_,.::z:\_E_ TE - I IHHHI
s o o A s _'?_7 i ModellekHOY mes = B
u ™ b e = ) .
Ml . : = kinell = i -
. 2 T h : M ‘ .
I Crrrrribrbiand -
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Real World

SCADA Automatic generation of the Mirrored
Mirrored SCADA GUI SCADA GUI
Real

¢ Database with the
actual state of the
real world

¢ Mirror of the MES
GUI for simulation

control
* DB and socket
Simulation connection with
model of simulator
ro % the factory software
EX
oy
=F .
1 Virtual World
| |
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MTA
Production planning and scheduling %

 Multi-criteria, efficient and robust systems ;;:I-_ﬂ'.,_.*_fgﬁ“::'--'--'ﬂﬁ-ﬂ:—f--*-==m=-'-"2mg-*;ﬂ%%%§%ﬂﬁ
- R PR e L L T S e i ST e

— Key to network-level robustness il FEEQE Eﬁﬁmﬂﬂﬁnﬁ%fﬁm&f

« Consistency between planning and scheduling ===g R T A e L L

— Automated model building

Advanced human-machine interface

-~ Responsiveness
— Safeguards

— Multi-mode visualization

System integration and workflow

Continuous support, maintenance and adaptation

Custom-tailored vs. generic tool-based approaches

From theory to industrial applications (and back)
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Robotics & mechanisms

* Planning, simulating, validating robotic system behavior

&

e “Zero-programming”
— Departing from product and resource models
— Executable robot code (+ work instructions)

 Verification before physical commissioning
— Geometric reasoning

— Optimization
» Task sequence, path, joint movement, cycle-time

— Right-first-time design
— Shorter development and test lead times

 Remote laser welding (RLW)
— With Jaguar LandRover and Comau

Research Laboratory on Engineering and Management Intelligence
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../../../../Projects/RLW_Navigator/figures_videos/Videos/final best video/RLW_OLP_highRes_ENG.mp4
../../../../Projects/RLW_Navigator/figures_videos/Videos/final best video/RLW_OLP_highRes_ENG.mp4

Human-robot collaboration

e Combining the best of two worlds
— Repetability, speed, precision vs.
— Flexibility and adaptation

Automation also on small scale

Working together in shared workspace

Human safety first

&

= |EC-61499 function blocks compliant

= Smart algorithms encapsulation

= Adaptation via event-driven behaviours
= Zero robot programming to end users

= Multimodal programming in real-time

Demo type:

Novel intuitive interfaces
— Smart phone

— Gesture

— Voice

— Augmented reality

Zero-programming
— Instruction and O

y‘i“b
— Robot code generation f
Sl @

SYMBIO-TIC

Case studies in assembly

Research Laboratory on Engineering and Management Intelligence

= Supervisory control

Decision support

o 1¥ demo Human-Robot
© 3“demo Control
. 0 i Z .
= Intuitive support S >0 = | ocation-aware
= Portal for end users =5 Real-World =t = Task-specific
= D i k S 3 AR = Multimodal
ynamic tas 03 Demonstrators P 2 < 3 ultimoaa
planning/re-planning o) g =l " In-situ assistance
% > @ 8 ; n
O (9]
=t =

SYMBIO-TIC Safe
Environment

MY s )

X ;
Active Collision Data '%‘/pg_.
Avoidance uartory
Visual

—— Haptic

= 3D models of structured environment
= Point-cloud images of human workers

<

Dissemination | Exploitation and Standardisation | Project Management

2018-09-05
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ADVANCE—Advanced Predictive-Analysis-Based
Decision Support Engine for Logistics

* Application scenario:
LTL hub-and-spoke

network I Depot A

* One major player

g SCaANNEd

ng —
> S
LT

ENh-

o o

operating central hub

» Local enterprises contracted
with collection and delivery

* Required: balanced utilisation of transportation assets

» Key problem of legacy processes:
transparency impaired by established practice

« Solution components:
- modeling and prediction
human-interpretable decision support

transparency tailored to needs of specific user groups

“What is displayed”
» hub overall or depot
+ service type

key to flexible infrastructure: developing and running dataflows

complete dataflow-oriented environment—continued in reactive

programming famework development

Research Laboratory on Engineering and Management Intelligence

in detail

Status bars:

« display status information in colou

«+ clearly shows difference between
what is done and what is still ahea

« alignment of bars assists user in cc
what needs to be compared

« alignment of rulers assists estimat

of numbers at a glance
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MTA
Energy systems, smart grid/city @szm«

Smart energy-positive public lighting system (GE)

— Stochastic machine learning o
— Control of energy flow |
— Communication network
— Smart user interface

[ kWh]
T —

« Demand-response management e e o]
-~ Renewables
— Demand aggregation NN
— Tariff optimization A A

PV grid

— Local and global control
(0 0)

» Towards smart grid/city/transport and urban factories R | J 1
» Maintenance planning & scheduling 268 EC ‘—@ ””””””””””””””””””””””””””””” "
. . ‘ N
— Distance, special resources, teamwork é |¥a @ I
— Sources of uncertainty (humans, weather) patey HhT | ¥J: :
— Gamesa (wind farm), E-on (national service system)
208
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MTA
E+grid—intelligent energy-positive street lighting @szmkl

« Adaptive: lighting according to traffic and environmental conditions

* Energy-positive: produces more energy than it consumes in a year 10,3

* Prototype system configuration:
— 191 intelligent LED luminaires (6,4 kW)
— Roof-mounted PV panels (21 kWp total, 3 different technologies)
- Battery storage (18 kWh total, 2 different technologies)
— At a research campus of the Academy

» Central controller implemented at SZTAKI
— Monitoring and controlling the lighting system
— Forecasting energy production & consumption
— Optimizing energy flow to minimize energy cost
— Web-based user interface

Research Laboratory on Engineering and Management Intelligence 2018-09-05 15



MTA
: : @ SZTAKI
Demand—response management In smart gI’IdS
» Stackelberg game approach to demand response management
— Energy retailer sets time-of-use tariff

— Consumers schedule their consumption to minimize cost & maximize utility

— Bilevel programming solution approach
» Conversion to single-level QCQP using primal-dual reformulation
» Solved using successive linear programming
» Outperforms earlier approaches based on the KKT reformulation

» Selected challenges for future research
— Identifying consumer models from historical data
— Models for specific applications (industries, HVAC, etc.)

— Extension to stochastic variant

Research Laboratory on Engineering and Management Intelligence 2018-09-05 16



MTA
Machine learning, data analytics, big data & satnn

RDI for Manufacturing Industry

- Failure recognition, prediction | e it pond

— Predictive maintenance |

— Lead time prediction

_ Stock level prediction, optimization gl LT -

_ Decision support in production control I AT

_ Explorative data analysis i TR e R

— Data filtering, pre-processing e
Solution methods ‘ 1 T -

e

— Stochastic modeling & control

— Statistical machine learning

— Simulation-based approaches

— Signal processing

— System identification

— Mathematical programming, optimisation

Dust density interpolated
- ~

500

Map latitude [m]
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MTA
CPPS pilot system for production and logistics %

« Human-robot collaborative assembly
— Reconfigurable workstations
— Sensors: point cloud, visual, RFID, force, torque
— Multi-modal human-robot communication
— Warranted safety

— Automated assembly planning
» CAD - robot code, work instructions

— Automatic off-line programming

 Internal logistics with autonomous AGVs
— Localization
— Dynamic pick-up and delivery
— Path planning
— Centralized and distributed control

 Digital twin
— For designing structure and planning behavior
— Automatic calibration

[MTA SZTAKI] [Gép&Daruy] &7
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CPPS pilot system for production and logistics

MTA
SZTAKI

. Production line

[conventional)
Robotised cell

[conventional)

Server room

12.7m

Open floorspace

AGY test and

power docking
darea

Collaborative

workstations
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CPPS service: |oT, cloud manufacturing

» General vs. specific services
— Like GE’s Predix, HITACHI's Lumada

e Trust
— Openness, sharing of data vs.
— Private data, security, safety

 Reliability and responsiveness

« Service definition and management

 Affordability

© sy - baman asto B Moo HED: 192162020 (B EETBRAK B R0 X
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(o6l Stakeholder

-
.
Sematic process
Inference, /
Ontology
Cloud management

Manufacturing
Conceptual
Model : ,"’

\
)

Algorithms,
Libraries,
® Patterns

Web access,
Digital factory
dashboard,

Collaboration

., Transformation,

Digital factory
representation,
Process simulation

Auditor

Clustering,

Deep Learning

&

Certification Authority e
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EPIC Center of Excellence

« EU 2020 “Spreading Excellence”
Teaming project (2017-2024)

* Leading-edge knowledge centre of
cyber-physical production systems
 Members
— MTA SZTAKI (host)
— Fraunhofer IPA, IPK, IPT, Austria

— Budapest University of Technology and
Economics

— National Research, Development and
Innovation Office (NKFIH)

e Mission
— Accelerate innovation,

— realize industrial solutions,

— train new generations of highly qualified
professionals,

— support the development of a sustainable
and competitive European manufacturing
ecosystem

Research Laboratory on Engineering and Management Intelligence

Robust cooperative and
coordinated control in
cyber-physical systems

Collaborative robotics,
human-robot symbiosis

MTA
SZTAKI

Cooperative and adaptive
production networks

Situation-aware, resource
efficient and robust production
planning and control

Extensively monitored,
controlled and pluggable
machine tools and systems

Advanced technologies for

Advanced ICT technologies, flexible production systems

pilot CPSS demonstration systems
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Thank you for your attention
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