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Towards Cognitive Cybd?hysical Systems

CTS Workshop
Capuchos Convent, Caparig25 Jun 2018

The CTS annual event, held on 25 Jun 2018, was devotiscisssinghe convergence toward€ognitive CybePhysical Systems
It was attended by 29 integrated members and 22 collaborator members. This event constituted an important opportunity for all
members to get better acquainted with the research activities going on in the thematic areas of CTS. For this purposaiiige mo

session included a number of overview presentations:
- Towards Collaborative CybBhysical SystentsL. M. Camarinhdlatos (C8 Director)
- Electronic MicreSystemg; L. Oliveira .
- Electronic Materials and ProcesseB. Louro
- Embedded System&. Gomes
- Signal ProcessirgM. D. Ortigueira
- Energy Efficiency J. Martins
- Control Systemg R. Neves Silva
- Computational Intelligence R Ribeiro
- Collaborative Networkg L. M. Camarinh#latos
- Robotics and Automatiog J. Barata

- Interoperability of Complex
Systemg; J. Sarraipa

A rich set of assets

The afternoon session was devoted to the
creation of interdisciplinary synergies.
This was organized aroundpé@rallel
brainstorming sessions, each involving 8
or 9 participants from different
backgrounds. Participants were divided
into groups following a mix of expertise
areas to facilitate a mukilisciplinary
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perspective. As an introduction, the
Director of CTSummarized the rich set of
assets available in the cer and
emphasized the importancef creating
synergies through interdisciplinarity as a
key success factor.
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The brainstorming sessions took as a leading motivation
the United Nations 2030 Agenda for Sustainable
Development particularly focusing on the challenges:

- 3: Good Health and Weeing

- 6: Clean Water and Sanitation

- 7: Affordable and Clean Energy

- 9:Industry, Innovation and Infrastructure

- 11: Sustainable Cities a@bmmunities

- 12: Responsible Consumption and Production.

The main question for each group was:

Can we (CTS) build a cognitive CPS for this
challenge?

The environment of Capuchos Convent was particularly
inspiring for fruitful discussions. At the end, a rapporteur
from each grouppresented in the plenary a summary of the main conclusions and ideas for a joint plan of actions (pegigos) p
joint project proposals, etc.).
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Electropedia: The World's Online Electrotechnica

Vocabulary

Electropedia is produced by the International Electrotechnical
/ 2YAadaArz2y o0L9/ 0z G4KS 62NIRQA
and publishes International Standards for all electrical,
electronic and related technologies collectively known as
GSt SCyNRf2STB ¢ @ 9f SOUNRLISRAL =
Online, contains all the terms and definitions in the
International Electrotechnical Vocabulary (IEV) which is

published also as a set of publications in the IEC 60050 series.

Electropedia is the world's mostomprehensive online
GSNX¥Ay2t238 RIFEGIOFAS 2V
terms and definitions in English and French organized by
subject area, with equivalent terms in various other languages,
including the Portuguese.

¢tKS g2 NI RQa&
el&trofedhyical teriiiblogy A |
work to produce Electropedia
under the responsibility of IEC
Tedh@dicdl (Cyn2mittge | 1a
(Terminology), one of the 203
IEC Technical Committees
and Subcommittees.

Luis Brito Palma

St SOGNRGSOKy 2t 238 éMemb@BgTEILA y A y 3

(Terminology) in
Portugal

www.electropedia.org

Editorial

In thissecond numbea
larger focus is placed on
several projects where
CTS hasignificant
involvement This active
participation is groof

of CTS vitality and
dynamic performance.
Without any value
judgment it is important
to mentionthe projects
related with the large
wildfires that affected
Portugal with dramatic
consequences.

Being aware that is of
huge importance to
make CTS highly visible
in the Portuguese R&D
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The newsletter editorial
board takes the
opportunity towhish all
CTS members aell
deserved and relaxed
holidays

Joao Martins
CTS Communication Officer

CTS WORKSHORPR1

1 Signal Processing 4
9 SingleCell Image Processot n

R&D PROJECTXRS8

Annual Meeting of Portuguese Research&r®

X c
Wishing you all a great inspiring holidays period!

Luis Camarinha-Matos
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Signal Processing S

In a simplistic vision, Signal Processing (SP) is Mathematical Engineerin wmﬂslMFs
Ad F fA1S I GaYFENNRIFISE 2F Ylye Yl 0
and tools. This brought generality to SP, leading it to be the base of mal
application areas. Currdy it uses: transforms (Laplace, Fourier, Hankel...) .
vectorial, matricial, and tensorial calculus, complex variable functions, s
theory, Galois fields, differential and difference equations, graph theory &
stochastic processes theory, statistics, etat,Bn parallel it became also
source of new mathematical theories, like: Information theory, Wavelel
transform and multiresolution analysis. Many numerical tools currently use:
were developed in SBWe can trace back the origins of SP to the XVI
century, but the most interesting tools were developed by Gauss (he wa
the first to consider a fast way of computing the Fourier transform) anc
Fourier (the Fourier series is one of the most important tools), but also Pror
(that proposed an algorithm for decompimg a function as sum of 02
exponentials, in 1795), Galois (his group theory is the base of the coding

Telecommunications), Euler (he is everywhere, but most interesting transfc_ %0 1000 1f7)\\\

have associated his name), Laplace (probability, transform), Schustemc{qn@ram — 01600 150, 2000

1898), Heaviside, Carson, Wiener, Kolmogorov, Levinson, and manyQ3th€TS, there are .

several persons working in SP and applications, even outside the SP group. The most interesting are belng . -

done in Telecommunications (Marko Beko), Biomddifagineering (Arnaldo Batista), Computation (Raul Rato), Fractlonal

Calculus and Digital Signal Processing (Manuel Ortigueira), and outside the group, Fernando Coito
(Sensors) and José Fonseca (Biomedical Image Procé&®singMD algorithm developed by Rato and M.
Ortigueira was incorporated in the wavelet toolbox of MatLab. The Empirical Mode Decompegititin is

a technique to decompose a given signal into a set of elemental signals called Intrinsic Mode Fuhdfisns

The Empirical Mode Decomgition is the base of the sOF £ f SR-l dd ¥ 806 SNk ya T2 NI &
also a Hilbert Spectral Analysis and an instantaneous frequency computation. An EMD algorithm develope
by R. Rato and M. Ortigueira wagsublished in Mechanical Systems and Sigraftocessing (DOI:
https://doi.org/10.1016/j.ymssp.2007.11.028and incorporated in the wavelet toolbox of MatLab
(https://www.mathworks.com/help/signal/ref/emd.html

rS S NA
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With support of ThomsoiReuters, through free access to the platform
https://financial.thomsonreuters.com/en/products/toolapplications/tradinginvestmenttools/eikon
trading-software.htm| a MSc student associated to the area of Signal Processing is thinothe
development of algorithms to deal with the stochastic aspects in financial analygifRato

Manuel Duarte
Ortigueira

SingleCell Image Processor

In the framework of its collaboration with the Laboratory ¢ : ——
Biosystems Dynamics of Tampere University of Technology, le e
Professor André Ribeiro, the CA3 Group has developed a toolbc ‘ -
al ¢[! .3 yI YSRCelfage Rraessor) th gharéctBriz, S 2% : _ IEeE
the dynamics of multiple cellular processes from the analysis |
images from Liveell timelapse Microscopy. SCIP allows tt
automatic segmentation of cell
borders (with manual correction if
needed) and tracking of cell
lineages over extended periods o
time. Further, it allows the !
multimodal alignment with
functional images (where any o
visible internal cell structure ors o ,
dynamic process can also b ) o St hEe
analyzed). A paper describing thi '
José Manuel toolbox was recently published in === o . e —
Fonseca Bioinformatics (DOI:https://doi.org/10. 1093/b|0|nformat|cs/btv505 Software, manuals and
application example files and images HExfcherichia cotiells are publically available

at: http://www.ca3-uninova.org/project _scipExamples include: detection and segmentation of nucleoids,-rfitigZ Min System,
inclusion bodies, and fluorescent RNA spots.
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https://doi.org/10.1016/j.ymssp.2007.11.028
https://www.mathworks.com/help/signal/ref/emd.html)
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Ciéncia 2018 -

EEEEEEEEENEEEEE
i ; AEEEEEEEEEEEEEEEE
The 2018edition of tthnnuaI Meeting of Portuquese@earcherﬂopk T TTTT 1T EEE
place last July,-2. It aimed to promote the broad debate of the main TTTITITAENCO ntro1™
themes and challenges of the scientific agenda beyond the universe of HEEN 11
research, stimulatig the participation and interaction between ==== c I E N C IA ====

researchers, business sector and general public. In the contextofthe puEEEEEEEEEEE |
definition of missions to be guided by the 2030 agenda of the United EEEEEEEEEEEEN

Nations, based on the 17 Sustainable Development Objectives (ODS), tl ENEENEEEEEEE 1 E
. o ) . . EEEEEEEEEEEEEEEEE
Science 2018 program was organized in sessions designed to stimulate EEEEEEEEEEEEEEEE
(] |
|

debate on the conception of the future 9th European Framework Prograi EEEEEEEEEEEEE
for Research and Innovation, 262028. CTS participated with thrggnt EEEE O = = NN
presentations addressingood Health ad Wellbeing(Challenge 3),

Affordable and Clean Enerdfhallenge 7andIndustry, Innovation and Infrastructur¢Challenge 9).

pr— CyberPhysical Systems in the healthcare and wellbeing area
Tl JOsé M. Fonseca, André Mora, Arnaldo Batista, Tiago Cardoso, Jodo Sarraipa, Luis Palma, Luis
CamarinhaMatos

' The use of information technology lsaan important role in improving efficiency, casffectiveness, quality,
and safety of medical care dediy. Adopting a multdisciplinary approach, the Centre of Technology and
Systems (CTS) of UNINOVA pays a special attention to the application of information technologies to the
healthcare sector. Several initiatives can be found in CTS wherepipsicd systems are developed and applied to improve
citizens health and welbeing. Looking to the typical human being life cycle, we can say that CTS has a contribution on all the stag
from birth to the elderly age. Beginning by the birth, the Uterine Ergol®roject aims at using surface Electromyography for
pregnancy monitoring and preterm risk evaluation, which is one of the most relevant obstetric conditions. The initiatige game
Social Tech Booster finds technological solutions for social causesowitgsters in mind. The technological vehicle has been
(serious) Digital Games for the support of young people with cognitive issues. Closely related with this area are thom efforts
automatic humarY | OKA Y S F RIF LI GA2y | NBI icatiéns dsabiity, hoNBsEyS Secudni Bded dd devites f f
specially designed for humasomputer interaction. To overcome the idea that people with disabilities are not able to perform
design using engineering tools, and in particular CAD tools, a setupewa®ded to empower these persons, being citizens or
workers. The tools developed, based on free software of operating system features (e.g. voice recognition) make possdpéefor
with disabilities or low mobility in the upper limbs to draft and perfotasks otherwise hardly accomplished without any type of
help. Another initiative combines image processing and machine learning for the analysis ofi&fipition pathology images,
facilitating and improving pathologists work on cancer detection.|&8irtéchniques are applied on retinal image analysis for the
detection and evaluation of ophthalmologic pathologies. For the elderly, collaborative-phlysical systems to support ambient
assisted living are being developed. These systems create friemdlpnments that significantly improve citizens safety and
wellbeing on their own residence delaying or even avoiding institutionalization. Furthermore, the initiative ECE (elderly car
ecosystem) supports personalization and dynamic adaptation of heal# services to each individual. The Carelink project is
developing a technological setup that can be worn by Alzheimer patients and ensure their safety. Such device, basedvesr low po
consumption and londjfe battery, will monitor and, in case of riskill issue an alert to family or caregivers.

This talk presergd the mentioned research initiatives, explaining the underlying technologies with specially emphasis on the
collaborations \vith external entities that helpgransposng the research carriedut in CTSo the society.

Affordable and clean energyg A holistic approach
Jodo Martins, Luis Oliveira, Jodo Murta Pina, Luis M. Camariklzos

Current challenges in energy research require a ruiditiplinary approach, holistically combining

contributions from various knowledge areas. In particular, the electrical energy systems are going through

profound transformation which, in addition todiversification of energy sources with progressive increase

of renewable energy, strongly relies on the adoption of novel information and communication technologies
in order to better support demand response, address optimal assets management, proviégemetbrgy services, improve energy
efficiency, and lead to cleaner energy systems. In this context, the Center of Technology and Systems (CTS) of Unipsva develo
cognitive collaborative cybegrhysical systems targeting the new generation of energy syst@onducted research targets multiple
levels of abstraction, coming from fundamental research at low consumption electronic devices, superconductivity devices for
energy, energy harvesting and wireless energy transfer; passing through intelligent ddcgisbsystems such as smart meters,
non-intrusive load monitoring, efficient drives and intelligent inverters; and ending up in complete autonomous energy systems ar
procedures such as renewable energies integration strategies, storage optimizatioithafgafor homes and grid, NZEBuildings
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and their grid interaction issues, community NZEBs, ncias, smart transformers and collaborative smart grids and virtual power
plants. This multievel perspective naturally requires a cyh@hysical sys SYa Q | LILINR | OK 6 KSNB GKS RA
progressively embed more intelligence and autonomy, traditional control models evolve towards flexibtegaeikzing intelligent
collaborative networks. This holistic approach is mandatory to achieve araistaidevelopment needed to improve the efficiency

of the multidisciplinary energy field.

] Cognitive Cyber Physical Systems to Implement Collaborative Smart
LN Manufacturing- José Barata, Luis M. Camarint\atos, Rui NevesSilva

Manufacturing systems are facing many challenges as a result of market and society needs. Personalised
products, extended products, improved quality, rapid response, and other factors are forcing manufacturing
companies to become smarter and more agilee Bimart factory represents a leap forward from traditional
automation to a fully connected and agile system. To achieve this goal we are assisting to a convergence ©
the digital and physical worlds, in which information technologies such as the Cybé&dPBystems (CPS) are fundamental
transforming factors. CPSs are the fundamental basic building modules that can be put together to create highly modular
manufacturing reconfigurable systems. To achieve the next level of SMARTNESS, manufacturing sgdtemisencomposed of
cognitive CPS which will improve intelligence at individual (machine level) and group level. The collaboration betwigemtntell
devices/machinery (Cognitive CPS) is therefore the basis for successful implementations of SmarttMamyiféntelligent

products can also be implemented using the same kind of analogy, in which products become Cognitive CPS that can interact
(collaborate) with other products or entities. Furthermore, the collaborative aspects are at the core of fidgtrieuded

YIydzZFF QG dzNAy3 aeaidsSvyaod Ly FILOGzZ a2yYS AYLRNIFYyGd (1Seg2NRa ¥
K2NRAT 2y 0l AySFINYEBSANEY T KkyRKNB2HzZZIK SyIJAYSSNAYyIES twek A OK | N
networks, where Portuguese research groups play a relevant role. This presentation briefly covers the challenges behind curre
smart manufacturing systems, and how collaborative cognitive CPS can be used to implement them. The experience of thfe Cent
Technology and Systems (CTS) of Uninova in several research projects in thisvdaspagsented and contextualised.

The 6th International Workshop on Numerical Modelling of High Tesrature
H Ts Superconductorgook place last June, 28. This forum organized by CTS members Joao
' 2018 Murta Pina and Anabela Goncalvaddressedadvances in the methods and tools required
M 0 D ELLI N G for boosting the development of superconducting technologies, by fostering discussion and
networking among practitioners in the demanding field of HTS numerical modelling. The
6th International Workshop event held two plenary talkHPC fo solving multiphysics problemsDr. Xavier Saez and
on Numerical Modelling of The open source parallel mulphysics finite element library FEMPAR and its application to
High Temperature Superconductors i ro prof Santiago Badia), one invited tafkagress of Larg&cale and Fast
Electromagnetic Field Analysed Coils Wound with Coated Conductors for Ac Loss and Shielding Current Calcu)addnaral
presentations and 21 poster presentations.

In conjunction with the workshgpa roundtable addressingHightemperature
superconductivity based energy storage for grid applicatiom@s organized under the
auspicious of EERA. European Energy Research Alliance is the largpstesearch
community in EuropeOrganizedn 17 Joint Research Programmes, EERA coordinates
energy research to achieving more efficient and cheaper low carbon energy
technologiesHighly participatedthis roundtable counted with the presence of Rui

Castp (Instituto Superior Técnico, Portugal),
Xavier Granados (ICMAB, Spain), Antonio
Morandi (University of Bologna, Italy), Nuno Souza e Silva (R&D Nester, Portugal) and

Rui Bernardo (EDP, Portugal).

After the workshop the second edition of theternational School on Numerical
Modelling for Applied Superconductivitjoinedtogether38trainees(academiaFCT
NOVA, OxfordUniv, EPFL, Bolonianiv, Univ. Federal FluminenséwenteUniv,
Karlsruhe Institute of Technologgputhwest Jiaotongniv./ industry. Space and

Naval Warfare Systems Center Pacific, Terald@ipland,jJon Beam Applications

Belgiun) and 14 trainers from some of the world's best scientific cen(@anbridgeUniv,
Bolagna Univ, Univ. Federal Fluminense, CERN, EPFL, TridRyear, the school selected issues related with

the design of conductors for nuclear fusion and magnetic levitation machines and devices.
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Innovation [rize

CTS Team, composed oaficisco Marques, Eduardo Pinto, André Lourenco, Ricardo Mendoiighbsé Barata won the
Innovation Prize from the Portuguese Mint and Official Printing HofdCM). The team was awarded with 500 000 Euros for the
projectINTMOB Intralogistics Mobile Assistant Unit for Flexible Manufacturing Systems
The award ceremony took place on 24th May and was presided by the
Portuguese Minister of the Presidency andidinistrative Modernisation,
al NRI al ydzSt [SAdGn2 al NjjdzSaz ¢gK2 ai
institutions need knowledge created at Universities, which enable us to
Y2RSNYATS IyR FyagSNAy3a (GKS INBGAY:
INTMOB projecplans to create and develop an autonomous robot for the
INCM logistic based on the industry 4.0 paradigm. This intralogistics system
for the passport and citizen cards will be composed of several mobile
robots equipped with robot manipulators, and can sieultaneously
operators and transporters. It will ensure the localisation, safety, and
security of the all high value materials to be transported inside the INCM
facility. Moreover workers can be liberated from heavy and repetitive
tasks and be involveith much better qualified tasks. The most relevant
research challenges for this project are: indoor localization, human robot

interaction, integration of the solution into the existing ERP and the
development of an integrated industry 4.0 solution.

Technological Innovation for Industrial and Service Systems

The Advanced Doctoral Conference on Computing, Electrical and Industrial Systems is celebtétingd#ion (DoCEIS 20)9
with a focus on Technological Innovation for Industrial and Service Systammdustry and service sectors are going through
profound transformation towards digitalization and integration of new levels of
GayYl NI ySaaé qih itdés8ial rewiBtion répfesehted by terms such as
Industry 4.0, Smart Manufacturing and Economy 4.0 are an expression of such
transformation. Tis movement is characterized by an increasing digitalization an
interconnection of systems, products, value chains, and business models. The
interconnection between the physical and the cyber worddSyberPhysical
Systems and Internet of Thingsind the integration ofthe s f f SR & SE
GSOKy2f23A8a¢3 | NB OSy i NIDoCEFS2016 piziviBes al el MRV RPII@ S EPERIAIIRET N,
ideal venue for Doctoral Students, Researchers and Academicians from all over [T REEITel REl R G E I E e
world to meet, share, merge, and discussitheork and ideas in a muldisciplinary [ REEREN=REEEIEZeI I A5122101 5 EERTEIE L
context. this event will be a unique opportunity fo

youngengineers to connect with each othe
IMPORTANT DATES =

SylrofAy3a SELISNARSYOS
14 Nov 2018 15Dec 2018 19Jan 2019 9 Feb 2019 internationally active.[ I & a8}
Submission Submission of Noaotification Submission of

counted with 17 presented papers, out of 4
of abstract full paper of authors camera ready submissions from 16 countries.
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