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2 INESC TEC PRESENTATION 

2.1 Profile, vision and mission 

INESC TEC is a private, non-profit association dedicated to scientific research and technological development, 
technology transfer, advanced consulting and training, and pre-incubation of new technology-based companies. 

The University of Porto, INESC, the Polytechnic Institute of Porto, the University of Minho and the University of 
Trás-os-Montes e Alto Douro are INESC TEC’s associates. Presently, INESC TEC’s main sites are located in the 
cities of Porto, Braga and Vila Real. By the end of September 2019, INESC TEC’s 13 R&D Centres hosted 720 
integrated researchers (329 PhDs), including R&D employees, academic staff, grant holders and affiliated 
researchers. INESC TEC’s team also includes trainees and technical and administrative support staff. 

INESC TEC’s vision is to be a relevant international player in Science and Technology in the domains of 
Computer Science, Industrial and Systems Engineering, Networked Intelligent Systems, and Power and Energy. 

As an institution operating at the interface between the academic and business worlds, bringing academia, 
companies, public administration, and society closer together, through its “managed science” model, INESC TEC 
leverages the knowledge and results generated as part of its research, in technology transfer projects, seeking 
impact both through value creation and social relevance. 

The dual mission of INESC TEC is to excel in research, seeking social relevance and international influence, and 
to foster pervasive intelligence, contributing to the competitiveness and internationalisation of Portuguese 
companies and institutions. 

The merit of INESC TEC in the accomplishment of its dual mission has been formally acknowledged by the 
Foundation for Science and Technology, with the institute’s recognition as Associate Laboratory, and the 
Portuguese Ministry of Economy, with its recognition as Technology Interface Centre. 

2.2 Managed science model 

 Knowledge value chain 

INESC TEC’s management and operational model implements the concept of end-to-end knowledge value chain, 
driving knowledge from its generation in research activities to its valorisation through a mix of processes of 
technology transfer. 

 

Figure 2.1 - End-to-end knowledge value chain: an integrated two-way pipeline 
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The concept is illustrated in a very simplified manner in the figure above, which presents a view of the knowledge 
value chain as a seamless integration of four stages – knowledge production, applied research, development, 
and technology transfer. Each is associated with a range of Technology Readiness Levels (TRLs) and major project 
and funding typologies. As with any model depicting a complex reality, the divisions between stages are fluid. 

 Centres, Clusters and TEC4s 

Research at INESC TEC is undertaken by its 13 Research Centres, organised in four stable structures called 
Clusters: Networked Intelligent Systems (NIS), Power and Energy (PE), Industrial and Systems Engineering (ISE) 
and Computer Science (CS). The interaction with the main market application areas is articulated by five 
initiatives called TEC4: TEC4SEA, TEC4HEALTH, TEC4AGRO-FOOD, TEC4ENERGY and TEC4INDUSTRY.  

 

Figure 2.2 - Putting pervasive intelligence to work 
 

The Centres are INESC TEC’s R&D organisational base units, each focused in specific scientific and technological 
domains and responsible for its own planning, strategy and resources, and reports directly to the Board regarding 
its budget and performance indicators. 

The Clusters bring together Centres in specific thematic domains, and are responsible for the research and 
development strategy and long-term planning in their domains. Performance indicators are consolidated at 
Cluster level to enable proper planning and accompaniment of the forthcoming periods. Each Cluster is directly 
coordinated by a Member of the Board, with the support of a Cluster Council, composed by the Centres’ 
Coordinators. 

The TEC4 initiatives articulate INESC TEC’s activity towards the market, defining market strategies and planning 
the interaction with the main market application areas. A TEC4 initiative structures and provides coherence to 
INESC TEC’s activity towards specific markets, integrating and articulating the competencies of the relevant 
Centres. A TEC4 is fundamentally driven by a market application domain perspective, where multidisciplinary 
interventions are usually necessary, instead of a science perspective. A TEC4 initiative establishes a network of 
external contacts and dialogue with industrial partners and brings back major challenges and the identification 
of opportunities to the multiple Centres. The TEC4s are flexible, evolving and adaptive to external conditions and 
internal response. While seeking impact of research in real world multidisciplinary environments, the TEC4 
initiatives allow INESC TEC to address broad societal challenges. Each TEC4 initiative has a management 
committee, composed by its Coordinator, a Business developer and representatives of the relevant Centres. Each 
TEC4 reports directly to a Member of the Board. 

2.3 Organisational structure 

The figure below presents a simplified view of the institution’s organisational structure. The high-level 
management of INESC TEC is undertaken by a Board of Directors, composed of nine members, and an Executive 
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Board, composed of four members from the Board of Directors. The Boards act in coordination with the Council 
of R&D Centres, meeting every other week with the Centre Coordinators and Service Managers. This ensures 
institution-wide coherence in vision, policy and operations, and joint responsibility and commitment in both 
strategic and operational management decisions. 

 

Figure 2.3 - Organisational Structure 
 

The external Scientific Advisory Board is composed of internationally recognised scientists from prestigious 
institutions, experts in INESC TEC’s fields of competence that support the institution in its search for continuous 
improvement and excellence, building a vision for future research through a valuable benchmark at an 
international level. The external monitoring, orientation and evaluation of the innovation and technology 
transfer activities are entrusted to the Business Advisory Board, where the economic sectors of relevance to 
INESC TEC are represented. 

The Scientific Council is an internal body responsible for monitoring and guiding scientific and technical activities, 
and it includes one representative from each Centre’s committee and three additional members appointed by 
the Administrative Board. The Conflict of Interest Management Commission is appointed by the Board to 
implement the institute’s Policy on Conflict of Interest. The Data Protection Officer leads the implementation 
across INESC TEC of the General Data Protection Regulation. 

A streamlined and dynamic team of highly qualified technical and administrative personnel provides support to 
INESC TEC’s activities. A comprehensive set of support services, presented in the table below, is organised to 
support the R&D Centres across the domains of Business Development, Organisation and Management, and 
Technical Support. Furthermore, each research Centre has its autonomous administrative support, also with 
highly qualified staff. 
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Table 2.1 - Support Services 
 

Business Development  Organisation and Management Technical Support 

SAL: Technology Licencing Office  

SAAF: Funding Opportunities Office 

SRI: International Relations Service 

SCOM: Communication 

AG: Management Support 

AJ: Legal Support 

CF: Finance and Accounting 

CG: Management Control 

RH: Human Resources 

COORD SEC: Secretarial Coordination 

SAS: System Administration  

SIG: Management Information Systems  

SRC: Networks and Communications 

SGI: Infrastructure Management 

2.4 Policy priorities 

To accomplish its mission, INESC TEC defines the following policy priorities: 

 Excellence in research, talent development, and innovation; 

 Full coverage of the knowledge value chain; 

 Integration and multi-disciplinarity; 

 Scale, density, and critical mass; 

 International visibility and presence. 

 Excellence in research, talent development, and innovation 

INESC TEC creates new knowledge and technology to improve products, processes, services and business models, 
contributing to the competitiveness of companies and institutions, and benefiting society. This knowledge is built 
upon a base of rigorous scientific research, and in a dynamic research environment that enables the institute to 
engage and foster the development of excellent researchers. The commitment to the reinforcement and 
internationalization of INESC TEC’s research infrastructures is essential to ensure the competitiveness of this 
research environment. Initiatives such as the creation of a research data repository and the active participation 
in the Portuguese node of the Research Data Alliance, led by INESC TEC, contribute to strengthening the 
alignment with open science policies. The reinforcement of the international recognition of its researchers, 
through high impact publication profiles, international awards, or ACM and IEEE Fellowships, plays a major role 
in maximizing the impact of the institute’s excellent research. 

As part of its strategic partnerships with associated Departments, Schools, and Higher Education Institutions, 
INESC TEC seeks to continuously bring valuable contributions to their PhD and Masters Programmes. INESC TEC 
assists more than 20 PhD programmes, typically involving over 300 students, about 60 concluding their theses 
every year. Every year the institute’s researchers supervise over 600 master’s students. The strengthening of 
INESC TEC’s involvement in PhD and Masters Programmes is essential to its ability to attract and involve young 
talent in conducting and disseminating excellent research while leveraging Higher Education Institutions 
intervention. 

INESC TEC’s focus on finding solutions to important problems, along with its culture of collaboration with 
industry, provides an ideal environment for innovators. On an international level, the build-up of its positioning 
as an interface organisation of excellence, is key to expanding the ability to partner with international 
organisations to provide them unique knowledge and relevant technology for innovation, generating and 
transferring socially relevant results. On a national level, the participation in initiatives such as CoLABs also 
contributes to this consolidation, while simultaneously allowing the strengthening of the collaboration with other 
national R&D organisations. 

The reinforcement of its global dynamics of excellence is a permanent priority for the institution, whose 
expansion in recent years required a renewed attention to some of its fundamentals, in particular to its human 
resources management, science management and advanced training models, as well as to research ethics and 
gender equality policies. 
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 Full coverage of the knowledge value chain 

The success of INESC TEC’s managed science model relies on the ability to easily enable flows from upstream to 
downstream along the knowledge value chain, and feedbacks in the reverse direction. In fact, the interaction 
and collaboration with industry is also essential for the identification of new research lines, and the valorisation 
of research results, through processes such as technology licensing, collaborative development, advanced 
consulting, training, and spin‐off launching, is key to the economic sustainability of the institute. 

In order to excel in this dynamics, INESC TEC is increasingly challenged to ensure that individual researchers focus 
where they feel more comfortable to perform at their best, while at the same time Centres develop the broad 
spectrum of activities and the critical mass that allows knowledge to flow not only within each Centre, but also 
between Centres, so that INESC TEC as a whole is able to fully accomplish its dual mission. 

 Integration and multidisciplinarity 

INESC TEC pays constant attention to its integration dynamics, as the institution and its context evolve, and its 
resources are accordingly renewed, strengthened and recombined. The Clusters and the TEC4 initiatives are key 
instruments to support INESC TEC’s policy for achieving institutional cohesion and maximising synergies, 
differentiation and impact. Overall, this policy seeks to strengthen the ties among Centres, by deepening cross‐
fertilization, originating new science by fusion of knowledge and skills, and conducting multidisciplinary research 
and innovation by truly multidisciplinary teams. 

The institute strives to foster this meeting of different scientific disciplines, a key enabler of its impact in practice 
through science-based innovation. The implementation of initiatives that encourage and support the interaction 
among Centres is key to enable the integration of the institute’s diversity of deep scientific knowledge into 
multidisciplinary solutions that transcend traditional technological divides. The Clusters and the TEC4 initiatives 
play a key infrastructural role towards this purpose, as well as other instruments, such as the Internal Seed 
Projects, which support inter-Centre research, junior researcher development, and proof-of-concept activities. 

 Scale, density, and critical mass 

INESC TEC’s ambitious vision and mission require a level of scale and density that can only be made possible 
through its multi-institutional base model. The resource endowment collaboratively brought to INESC TEC by its 
associates and privileged partners is continuously leveraged by the institute to sustain a level of growth and 
densification in the areas of knowledge that are critical for its activity, which is not only unique in the country, 
but also increasingly relevant in the international arena. One of the institute’s key priorities for the future is a 
consistent effort to focus its activities and attract leading researchers to further reinforce its critical mass. 

 International visibility and presence 

Excellence in science and technology nowadays requires collaboration and strong partnerships with leading 
international research institutions and companies. INESC TEC’s international projects and activities are crucial to 
securing the status of international player, ensuring the institution’s effective participation and recognition in 
the international arena. INESC TEC permanently directs significant efforts to its international activities, so that 
they continue to play a major role in the institution. 

In this context, the first and foremost undertaking is the consolidation of the massive presence in European 
research and innovation, including the strengthening of collaborations with international companies. INESC TEC’s 
active participation in the European Knowledge and Innovation Communities (KICs) – EIT Raw Materials, EIT 
Manufacturing and EIT Digital – has a highly relevant role in this domain. A second step is the strengthening of a 
base of operations outside Portugal, to increase the capacity to promote projects, secure funding, and attract 
human resources at an international level. The operation in Brazil, with the creation of INESC P&D Brasil and its 
recognition by the Brazilian Science and Technology agencies as a Brazilian ICT (Institution of Science and 
Technology), and the creation of INESC Brussels Hub  and a service for international relations must be understood 
under this perspective. The India Office also aims to develop relevant bridges with important companies and 
public actors and support the attraction of students and post-docs. The continued involvement in the Portuguese 
Government’s International Partnerships with MIT, CMU and UT Austin, and in particular the hosting at INESC 
TEC of the national leadership of the UT Austin Portugal Program, play a key role in the development of 
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collaborations with the United States. Other initiatives, such as the AIR Centre or the CENTRA network of 
excellence, foster the collaboration with partners from an even broader spectrum of geographies. 

2.5 Main initiatives for 2020  

Looking beyond from 2020, INESC TEC has committed to a set of critical institutional initiatives that will enable 
the institute to strengthen its intervention capacity in the national and international Science and Technology 
systems, and its ability to carry out its mission in the benefit of society in the forthcoming years. 

These initiatives are summarized next, under the following categories: managed science model, structural 
initiatives, internationalisation, internal activities, support structure, infrastructures, large events, calls of 
strategic importance, and contributions for public policy. 

 Managed science model 

o Strengthening of the institute’s scientific strategy, driven especially by the strategic planning 
and management efforts carried out at Cluster level, under the new model of Cluster 
coordination by a Board member with the support from a senior researcher; 

o Implementation of the new TEC4 model, aiming at enhancing the articulation of INESC TEC’s 
activities with its key markets, under the leadership of a coordinator and the support of a 
business developer for each TEC4, starting with the refinement and implementation of each 
TEC4’s strategic agenda; 

o Improvement of the strategic integration of the key internal R&D organisational units – 
Centres, Clusters and TEC4s – and the institute’s science and innovation activities, including 
the organisation of TEC4Clusters internal workshops; 

o Reinforcement of INESC TEC’s research team with the recruitment of researchers for key 
strategic areas, in line with the government policy for scientific employment. 

 Structural initiatives 

o Approval and implementation of a Code of Ethics, to publicly clarify and internally strengthen 
the ethical and deontological principles of the institute and its members, especially in R&D 
activities, and establishment of an Ethics Committee, following the ongoing open discussion 
of a draft proposal to be concluded in early 2020; 

o Implementation of gender balance policies, as the result of the activity of the Gender Equity 
Working Group, created in 2019; 

o Implementation of a set of social responsibility policies, following the assessment performed 
in 2019 by a group of INESC TEC volunteers, and the subsequent creation of the Social 
Responsibility Technical Committee in October 2019. 

 Internationalisation 

o Entry into full operation of INESC Brussels Hub, the Brussels representation of INESC Coimbra, 
INESC ID, INOV INESC, INESC MN, and INESC TEC, set up in 2019 to reinforce the institutes’ 
positions in European programmes, increase their visibility and credibility in key areas, 
represent them in European platforms, groups and structures, and provide their researchers a 
permanent physical space for support and representation; 

o Formalization of a new service to reinforce the management of International Relations, which 
will also integrate the Brazil and India offices and INESC Brussels HUB; 

o Consolidation of INESC P&D Brasil, with the formal entry of new associates; 

o Intensification of the participation in the European Knowledge and Innovation Communities 
(KICs) EIT Raw Materials, EIT Manufacturing and EIT Digital; 

o Continued hosting of the national leadership of the UT Austin Portugal Program by INESC TEC; 
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o Active participation in the AIR Centre (Atlantic International Research Centre), being INESC TEC 
a founding member and part of its Coordinating Committee, namely through the co-
organization of two workshops in the USA, with UT Austin and UPenn, with a view to creating 
an AIR Centre hub in the USA, and the entry into operation of the data infrastructure 
AIRDataNet, coordinated by INESC TEC and Minho Advanced Computer Center (MACC); 

o Implementation of a set of MoUs with research organisations from Japan (AIST and NICT) and 
India (NIO, NCPOR, IIT Goa, NIT GOA and TERI); 

o Active participation of INESC TEC in EARTO (the European Association of Research and 
Technology Organisations) in its first full year as a member. 

 Internal activities 

o Second call for Internal Seed Projects, again aiming at supporting internal exploratory R&D 
projects (in the categories of inter-centre research, junior researcher development and 
commercialization proof-of-concept), launched in late 2019 and with results to be known in 
2020; 

o Visit of INESC TEC’s new Scientific Advisory Board in October 2020 for the periodic review and 
discussion of the institute’s scientific strategy. 

 Support structure 

o Implementation of the new model for Human Resources management, aiming at reinforcing 
the strategic management and development of careers in the institute, following the 
recommendations of the diagnostics initiative carried out in 2019; 

o Strengthening of the institute’s sponsored research pre-award function, reinforcing its team 
and leadership, and focusing namely on improving its strategic articulation with external 
stakeholders and internal processes all across the organization; 

o Launch of a major initiative to restructure the institution’s information systems; 

o Systematisation of the institute’s support to entrepreneurship and spin-off creation activities; 

o Refinement of the institute’s data protection policy and practices, benefiting in particular from 
the innovative collaboration with ISPUP – Instituto de Saúde Pública da Universidade do Porto, 
under the Memorandum of Understanding signed in 2019. 

 Infrastructures 

o Launch of the construction of a new technological infrastructure in the Industry 4.0 domain, 
aiming at expanding the already existing iiLab – Industry and Innovation Lab and covering areas 
such as Cyber Physical Systems (CPS) & Internet of Things (IoT), Business Intelligence & 
Decision Support Systems, Advanced Automation & Industrial Robotics, Mobile Robotics & 
Internal Logistics, Industrial Vision Systems for Inspection and Quality Control; 

o In addition to the continuous improvement of the existing laboratories, conclusion of the 
significant upgrades in the Energy and Sea infrastructures in the scope of projects SGEVL, 
TEC4Sea, and EMSO-PT. 

 Large events 

o Celebration of INESC TEC’s 35th anniversary, including the organization of a diversified range 
of commemorative initiatives, some more focused internally, in particular its special 
quinquennial get-together, and others more open to the exterior; 

o Active involvement in the celebration of INESC’s 40th anniversary; 

o Organization of the Autumn Forum, in which the institute will again seek to actively make a 
contribution to public policy debate, by inviting relevant actors to present and discuss their 
views on topics of relevance for the country; 
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o Promotion of open days, organised by an increasing number of INESC TEC centres and clusters, 
inviting society, academia, industry and media to visit the institute and become acquainted 
with its main science and innovation contributions, following a tradition of openness and 
accountability; 

o Hosting of the 2020 meeting of the CENTRA partnership, the first to be held in Europe. 

 Calls of strategic importance 

o Submission of proposals in the last calls of H2020 and P2020, which will be of very high 
importance for the period of bridging to the new funding programmes; 

o New call for proposals from FCT, the first after 2017; 

o Participation in the call for renovation of the Associate Laboratory label and funding, following 
the FCT evaluation process – whose outcome was nonetheless considered a disappointment 
by the institute and was the object of a rebuttal. 

 Contributions for public policy 

o Active involvement, in 2019 and 2020, in providing contributions to administrative 
simplification in the area of Science and Technology at a national level; 

o Continuing involvement in the update of the regional and national smart specialization 
strategies in the institute’s areas of expertise; 

o Major developments likely in the eight CoLABs that INESC TEC is associated with, opening 
opportunities for the institute to expand its research in the CoLABs’ areas of application, 
strengthen knowledge sharing and enhancement, contribute to the creation of highly qualified 
jobs for its young talent, and overall strengthen its position as an interface institution of 
excellence; 

o Technical coordination by INESC TEC, in partnership with University of Minho, in acquiring the 
EuroHPC supercomputer for the Minho Advanced Computer Center (MACC), Deucalion, the 
second largest computer in the world based on ARM processors, with a hybrid architecture, 
combining several avant-garde architectures, which will be installed by the end of 2020. 

2.6 Research and innovation goals 

The institution’s scientific objectives defined for 2018-2022 are aligned with its vision and mission, and in 
particular with the commitment to fostering pervasive intelligence. This is enabled by the structures and 
processes put in place at INESC TEC to promote and facilitate multidisciplinary cooperation, which allow linking 
sensors, communications, hardware and software systems, data, knowledge, models, decision and action. 
INESC TECs high-level scientific objectives, defined at Cluster level, are summarised below with each Cluster’s 
vision and research priorities (more details can be found in the Clusters and Centres sections): 

 NETWORKED INTELLIGENT SYSTEMS - For the next years the cluster envisions smarter and smaller 
collaborative systems, the convergence of deep learning and communications, and the ubiquity of 
computer vision. The cluster will continue addressing futuristic scenarios in which collections of 
networked systems - autonomous, carrying sensors, communications enabled - collect information in 
extreme environments such as the deep sea or the human body, and process it using artificial 
intelligence tools. Four main research lines will be active: sensing, communications, computer vision, 
and autonomous systems. The main expected outcomes for 2020 include the following: graphene-based 
sensors and antennas, optical and electrical sensing microdevices, CAD for cancer analysis, automatic 
audio-visual content manipulation, self-learning communications for extreme and immersive 
environments, autonomous system for underwater inspection, and a deep-ocean robotics observatory.  

 POWER AND ENERGY - The Cluster’s vision is aligned with the EU policies for digitalization, energy 
efficiency and increase in Renewable based Energy Sources (RES) integration, and includes as main 
challenges the transformation of the energy sector through synergies between advanced mathematical 
modelling and digital technologies, the full decarbonization of the power system with novel solutions, 
and the bridging of the gap between research results and industry business cases with a 
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multidisciplinary approach. The Cluster has defined the following main research lines: (1) towards 100% 
RES integration and massive integration of power electronics‐based interfaces; (2) large-scale modelling 
and optimization of energy systems; (3) data-driven methodologies for energy systems; (4) asset 
management and predictive maintenance; (5) cybersecurity and Internet of Things (IoT) for critical 
infrastructures (electricity generation, transmission and distribution). 

 INDUSTRIAL AND SYSTEMS ENGINEERING - The Cluster envisions a fully integrated supply chain across 
different industries (e.g., manufacturing, process industries, retail, health and mobility).  The cluster will 
also consolidate the leadership in knowledge generation and technology transfer on digital 
transformation, advanced analytics and integration of advanced manufacturing technologies and new 
business models, helping companies to fully embrace the 4th industrial revolution. Customer‐centric 
and real-time supply chain optimisation, as well the decentralized decision-making, will only be possible 
with highly flexible, realocable, adaptable and intelligent automation, control and robotics. The use of 
collaborative robots (mobile and manipulators), smart sensor networks, industrial vertical IoT‐based 
information architectures and Human‐robot interface and responsive collaboration plays an important 
role in these processes. Furthermore, the cluster will focus on the development and implementation of 
intelligent systems, automation, management and decision support systems, among other technological 
solutions, fostering the resilience, resource efficiency, competitiveness, circular economy and 
sustainability towards an effective bio-economy. The Cluster has defined the following strategic 
research lines: (1) Operations Management in manufacturing and services for responsive, sustainable 
and resilient operation; (2) Operations Research and Management Science for empowering decision 
support in a digitised industry; (3) operational and strategic architectures for a data-driven industry; (4) 
Human Robot Collaborative workstations; (5) Technology-enabled service design and innovation. 

 COMPUTER SCIENCE: Computing became fully decentralized, mobile, increasingly autonomous, and 
ubiquitous reaching all appliances, devices and living beings. As a result, current information and 
communications systems present many hard and intricate challenges associated to scalability, security 
and criticality. The ever-increasing amounts of generated data embody a wealth of information that 
needs to be properly and timely mined and analysed. This challenges our capacity to filter, curate, store, 
process, query and visualise unprecedented volumes of data from diverse sources and formats. In 
addition, the economic value of the data, trade and state secrets, and individual rights require data 
manipulation to comply with demanding levels of privacy. Smarter and autonomous systems in critical 
realms such as utilities, health care, transportation and finance require dealing with new, and often 
unanticipated, sorts of risks that challenge the best practices of software engineering, network and 
information security and human-computer interaction. 

These scientific objectives are complemented by knowledge valorisation and technology transfer targets, 
structured namely by TEC4 initiatives. Five initiatives are organised to address innovation challenges in the main 
target market domains in 2020: 

 TEC4SEA - Bringing the digital world to a sustainable sea economy; 

 TEC4AGRO-FOOD – Co-shaping the digital (r)evolution in agro-food and forestry; 

 TEC4INDUSTRY – Collaborative value chains for an innovative, human-centred and sustainable industry; 

 TEC4ENERGY – Decarbonization and digitalization of the energy sector; 

 TEC4HEALTH – User-centred ICTs to improve health care and personal wellbeing. 

The initiative TECPARTNERSHIPS is dedicated mainly to promote and support new projects in all other sectors 
and to explore new market segments and incubate new potential TEC4’s until they reach a qualified maturity 
level.  
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3 INESC TEC CLUSTERS 

As mentioned in Section 2, research at INESC TEC is structured in four Clusters - Networked Intelligent Systems 
(NIS), Power and Energy (PE), Industrial and Systems Engineering (ISE) and Computer Science (CS), which are 
presented in the following sections. 

3.1 NETWORKED INTELLIGENT SYSTEMS  

Coordinator: Manuel Ricardo 

Core Centres: Centre for Applied Photonics (CAP), Centre for Biomedical Engineering Research (C‐BER), Centre for 

Robotics and Autonomous Systems (CRAS), and Centre for Telecommunications and Multimedia (CTM). 

 Presentation  

The Cluster on Networked Intelligent Systems (NIS) envisions to work "towards autonomous networked 
intelligent hybrid systems enabled by ubiquitous sensing and processing of information”. NIS plays an important 
role in scientific areas related to: 

 Networking, by interconnecting agents which interact and communicate mainly over 
wireless networks; 

 Intelligence, by developing the capability of agents to sense, perceive, navigate and learn from past 
experiences in order to enhance their ability to meet objectives;  

 Systems, by aggregating sensing, computation, communications and navigation components into 
agents and interrelating agents so that they can inter-operate in environments such as the deep sea or 
the human body. 

NIS consists of 4 INESC TEC research centres addressing complementary scientific domains: 

 CAP addresses optical sensing, optical imaging, and microfabrication of devices; 

 C‐BER addresses bio-instrumentation, biomedical imaging, and neuro‐engineering; 

 CRAS addresses robotics and autonomous systems operating in complex environments for data 
gathering, mapping, inspection, surveillance, and intervention; 

 CTM addresses electronics, radio and optical communications, communications networks, multimedia 
technologies, computer vision, and intelligent information processing. 

NIS uses algorithms, statistics, simulation and machine learning to address problems related to both fundamental 
theory and systems implementation. The application domains of NIS scientific results include underwater 
robotics for environment protection and resource exploitation, flying or terrestrial robotics for surveillance of 
borders, distributed sensing for monitoring intelligent cities, multimedia content analysis, multi-sensor 
monitoring of human health, and distributed robotics for provisioning of adaptive telecom infrastructures. 
Therefore, the research activities of NIS are related to the field1 of Engineering and Technology including the 
following: 2.2 - Electrical engineering, Electronic engineering, Information engineering; 2.6 - Medical engineering; 
2.7 - Environmental engineering. The publications of NIS contribute to scientific fields related to Signal 
Processing, Electronics and Computers, Interfaces and Multimedia, Telecommunications, Intelligent Systems, 
and Control and Robotics.  

The Cluster NIS Council is composed of the following members: Manuel Ricardo (coordinator), Andry Pinto 
(assistant coordinator), Aníbal Matos, Aurélio Campilho, Carlos Pinho, Eduardo Silva, Filipe Ribeiro, Hélder 
Oliveira, Ireneu Dias, Jaime Cardoso, João Paulo Cunha, Luís Pessoa, Paula Viana, Paulo Marques, and Rui 
Campos. 

                                                                 

 
1 DSTI/EAS/STP/NESTI(2006)19/FINAL, Working Party of National Experts on Science and Technology Indicators, 
http://www.oecd.org/science/innovationinsciencetechnologyandindustry/38235147.pdf 
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 Context 

The technology research is entering on an Era2 where (1) public funding structure is being replaced by challenge–
driven funding calls released by public organizations to foster science and innovation as a governmental response 
to grand challenges such as, climate change, energy and food scarcity, (2) an increasing focus on applied research 
motivated by commercial targets is predicted due to industry-funded research that will be soon a main source 
of R&D funding for universities and institutes, and (3) a state of hyper-competition where the pressure to 
demonstrate research impact will continue to rise. 

The reports from the ‘Future Today Institute’3 and OCDE4  confirm that emerging technology empowering digital 
experiences have steadily disrupted organizations, global markets and people’s health, and it will likely influence 
business, government, education, media, and society in the coming years. Relevant research areas include the 
following: 

 Computer vision appears in many forms, being identified as a key technology in a wide range of fields, 
such as recognition systems, agriculture, advertising, media industries, entertainment, broadcasting, 
health, transportation, or the defence and national security sector. Robotic’s vision will play an 
important role in autonomous vehicles, allowing the interaction of the robots in human environments. 
But impact will be broader and affect other sectors of the society as the huge amount of multimedia 
information made available, together with the growing sensorization of the electronic gadgets and of 
the environment, creates new opportunities for the creation of context and semantically aware 
multimedia applications.    

 Autonomous Underwater Vehicles (AUVs) are explicitly identified as a trend for a host of purposes, from 
environmental mapping to safety and security. Likewise, autonomous ships, autonomous land vehicles, 
and drones also play a key role in several domains, from construction, city planning, agriculture, 
defense, and national security, among many others. Autonomous vehicles are now a trend in the 
automobile industry, presenting relevant scientific challenges. 

 Biosensors find a central role in bio-interfaces laminated onto our skin, and health technologies and 
wearables. Ultrathin electric mesh, pressure-sensitive fabrics, optical sensors, and bio-acoustic sensing 
arrays will soon provide a persistent window into our health. 

 Biomedical engineering is a relatively new and interdisciplinary field. Sitting at the cross-section of 
medicine, biological science, and engineering, biomedical engineers design the advances in equipment, 
devices, and computer systems to improve human health. The future of medicine will mean 
personalised medicine, hand-held diagnostic platforms, wearable monitoring devices, and other 
technological advances to make healthcare more effective, cheaper and convenient. 

 Communications have relevant challenges related to the design of networking solutions that address 
the exponential traffic growth in the Internet, namely video and bandwidth-hungry applications, and 
the emerging communication needs in remote environments, namely at sea. Softwarization of the 
communications networks, from the application down to the physical layer, will change the current 
networking paradigm. High flexibility and real-time reconfiguration of the communications network 
according to the context will become a must. As such, the novel networking solutions need to be smart 
and take advantage of Software Defined Networking, Network Function Virtualization, and machine 
learning techniques to make wireless networks context-aware and reconfigurable in real-time.  

According to ESPAS’ (European Strategy and Policy Analysis System) projections to 2030, the technological 
progress is expected particularly with regard to Internet of Things (IoT), AI, advanced robotics, wearables, 5G 
communications, and 3D printing.  Moreover, The BOHEMIA study5 is the main EU strategic foresight study in 

                                                                 

 
2 Research futures, Drivers and scenarios for the next decade  Full report, Published by Elsevier, February 2019, 
www.elsevier.com/connect/elsevier-research-futures-report 
3 https://futuretodayinstitute.com/2018-tech-trends-annual-report/  

4 OECD Science, Technology and Innovation Outlook 2016, https://www.oecd-ilibrary.org/docserver/sti_in_outlook-2016-5-
en.pdf?expires=1572433337&id=id&accname=oid029566&checksum=0F65E3A701F36B52C9C7037E1EFFC62A 
5https://ec.europa.eu/info/research-and-innovation/strategy/support-policy-making/support-eu-research-and-innovation-policy-

making/foresight/activities/current/bohemia_en  

https://futuretodayinstitute.com/2018-tech-trends-annual-report/
https://ec.europa.eu/info/research-and-innovation/strategy/support-policy-making/support-eu-research-and-innovation-policy-making/foresight/activities/current/bohemia_en
https://ec.europa.eu/info/research-and-innovation/strategy/support-policy-making/support-eu-research-and-innovation-policy-making/foresight/activities/current/bohemia_en
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support of the Commission's proposal for Horizon Europe - the EU framework program for research and 
innovation 2021-2027. As part of its recommendations, the BOHEMIA study identified 19 likely future scenarios 
with disruptive implications and associated priority directions for EU research and innovation. They cover a 
variety of potential future scenarios including the desirable, challenges and threats. 

 

Figure 1- Technology tipping points. Source: World Economic Forum 

Among those 19 scenarios, it is worth highlighting those, which are aligned with the NIS vision: 

 The electrosphere of sensors. Miniaturization and energy self-sufficiency of microsensors allowing the 
generation of massive amounts of data. As also clear from the targeted scenario, “The benefits of diverse 
sensors and networks across the key policy fields can hardly be overemphasized. Remote sensing is the 
front end of the big data revolution, a field of fierce international competition.” 

 Ubiquitous expert systems. Expert systems used routinely to predict and manage all kinds of situations. 

 Precision medicine. Using a variety of technologies to anticipate and cure illnesses. 

 Assisted living. New services and technologies such as robot assistants, and virtual trainers. 

 Emotional intelligence online. Data availability and the progress in processing capabilities have led to a 
qualitative leap in the understanding of emotions. Sophisticated emotion markers and the means to 
interpret them are widely available. They include many face/gesture-recognition devices embedded in 
personal systems, such as wearables and portable brain-reading helmets, as well as third party systems 
such as cameras and other scanners.   

 New Knowledge Systems. Abundant data, real-time and historical, are easily accessible through AI 
devices. As knowledge becomes pervasive people lead more productive fulfilling lives.  

 Vision and contribution 

3.1.3.1 Future vision of the domain 
The Cluster NIS will work towards futuristic scenarios in which collections of cooperative systems, 
communications enabled and carrying advanced sensors, collect information also in extreme environments such 
as the deep sea or the human body, and process it by using artificial intelligent tools. The Cluster NIS research 
activities, for the next five years, will be dominated by 3 main vectors: 

 Smaller, long endurance, collaborative and intelligent systems. For the coming years, several advances 
and breakthroughs are expected in the field of networked devices. It is expected that robots will sense, 
communicate in real-time, cooperate and enter into previously unreachable environments. Bio-sensing 
will evolve from macro to nano dimensions, smart peripherals will appear in large number, and medicine 
will become more personalized. 

 Ongoing convergence of deep learning and communications. Besides transporting significant amounts 
of data, today's communications systems also generate huge amounts of data which can be used to 
enhance the design and management of communications networks, when combined with advanced 
machine learning methods. Furthermore, recently developed end-to-end training procedures offer new 
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ways to jointly optimize the components of a communications system. Also, in emerging application 
fields of the communications technology, such as smart cities or internet of things, machine learning 
methods are of central importance. 

 The ubiquity of Computer Vision. The current wave is the integration of AI in many areas of our society. 
Computer vision, powered by deep learning, will reach an high level of maturity and integration. This 
will impact on the amount of information that can be provided and used by intelligent systems to detect, 
recognize and understand situations, events or threats, and to automatize preventive actions or interact 
with elements in extreme environments. 

3.1.3.2 Cluster contribution 

The main research goals of NIS until 2025 are the following: 

 Graphene based devices and antennas. To develop novel sensing devices and antennas integrating 
optics and graphene. 

 Optical and electrical microdevices for theranostics applications. To combine diagnostic and 
therapeutics capabilities of novel devices for personalized health care. 

 CAD Cancer. To develop decision support systems, with a performance similar to expert medical 
doctors, on the detection and diagnosis of breast and lung cancer.  

 Content Manipulation. To devise methodologies and develop algorithms and tools for context-
metadata-aware automatic content manipulation. 

 Self-learning Communications for Immersive and Extreme Environments. To take advantage of 
Software Defined Antennas, Radios, Networks, context-aware applications, and Machine Learning and 
Artificial Intelligence techniques as major tools towards the holistic optimization of the communications 
stack.  

 Autonomous underwater inspection and intervention system. To develop a multi-robot long term 
system for inspection and maintenance of underwater infrastructures. 

 Deep ocean robotic observatory. To develop a deep ocean observatory based on robotic assets - 
landers, profilers, AUVs - and auxiliary devices. 

The Cluster NIS is creating relevant experimental platforms which will help meeting some of the above goals:   

 The TEC4SEA. It is a unique and pioneer infrastructure in Europe to support research, development, and test 
of marine robotics, telecommunications, and sensing technologies for monitoring and operating in the ocean 
environment. The first phase of the infrastructure implementation (specification, procurement, deployment 
and validation) will be completed in 2020, and includes back-office laboratories upgrade, underwater remote 
facilities (mobile robotic and fixed platforms) and support and control facilities (ocean, land-to-ocean, and 
on-shore operations support). This infrastructure will contribute to establish INESC TEC as an international 
reference in R&D technologies and solutions to address the deep-sea challenges, as well as empowering the 
Sea Economy through sustainable approaches for exploring and exploiting living and non-living ocean 
resources. 

 The ATLANTIS. It is a pioneer pilot infrastructure capable of demonstrating key enabling robotic technologies 
for inspection and maintenance of offshore wind farms. ATLANTIS will be installed in Portugal from 2020 to 
2023, and it will play an important role in connecting the market needs and user’s expectation to robotic 
applications from the research, technology developers and system integrators, by accelerating the roll-out 
of maritime robotic technology to end-users through real-world demonstrations open to all communities. 
The emphasis of ATLANTIS will be on demonstrating and validating capabilities, which will provide a context 
and real data to support further developments related to all research lines of the Cluster NIS. 
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 Cluster research lines 

A Research Line in Cluster NIS can be characterized by a set of related research topics, each of them addressed 
by a group of researchers. The Clusters NIS has 4 main Research Lines: Sensing, Communications, Computer 
Vision, and Autonomous Systems. 

 

 

Figure 2 - The NIS Research Lines and their related Research Topics 

Rl1 - Sensing 

Definition of the Research Line 

This research line focuses on developing novel sensing solutions targeting ultra-high sensitivity sensors for 

structural health monitoring, biomedical and environmental applications. Novel approaches combining several 

principles and methods, smart spectroscopy (LIBS, UV-VIS coupled with artificial Intelligence algorithms), low 

power implantable sensing and neurostimulation microsystems, wearable and human implementable devices, 

various imaging principles and techniques (hyperspectral, digital holography, LIDAR 3D, turbid lens), compressive 

sensing techniques, with the potential of being integrated with hybrid microfabricated devices, are the core of 

the research line activity. 

 

Alignment with the Cluster vision 

The RL contributes to the Cluster vision by means of the novel sensing components, algorithms and its 

combinations that constitute advanced perception systems to interface with real-world systems operating in life 

and biomedical applications and extreme environments, providing new sources of information, relevant to 

Precision Medicine, Assisted Living, and Ubiquitous expert systems and autonomous systems. 
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Main research challenge 

The main challenge is the design of multi-parameter sensing devices and systems based on multi-technology 

platforms, artificial intelligence and signal processing algorithms and applying various sensing and detection 

principles in a synergetic way. 

 

Objectives for 2020 

The main objectives of this RL are the following: 

 Optical-graphene-microphone. To fabricate graphene oxide films in optical fibers by chemical processes 
and use these sensors for ultrasonic and optical microphones applications; 

 Optofluidics and sensing. To fabricate hybrid devices that combine optical layers with fluids handling 
capabilities (made by femtoetching), tri-dimensional structures using multi-photon polymerization, 
structures supporting whispering gallery modes, together with functionalities such as 
micromanipulation and analysis of living cells. Other sensing mechanisms based on strong optical 
localization and quantum effects to increase sensing sensitivity will be pursued; 

 Low power micro sensor human implementable. To develop low power implantable sensing and 
neurostimulation microsystems, wearable and human implementable devices, that enable personalized 
medicine as well as integrated diagnostics and therapeutics. 

Rl2 - Communications 

Definition of the Research Line 

This research line is focused on devising solutions for the communications systems of the future, from the 
physical layer to the networking layer to the application layer, considering both terrestrial and maritime 
environments. At the physical layer, it considers the development of miniaturized antennas and antenna arrays 
up to sub-THz, optical-wireless interfaces, signal processing techniques with a special focus on localization and 
beamforming, and embedded and adaptive systems based on dynamic reconfiguration and adaptive transparent 
acceleration. At the networking layer, this RL is focused on wireless networks and mobile communications, 
extending infrastructure networks and enabling the Internet of Everything in terrestrial and maritime 
environments, contributing to truly ubiquitous connectivity. This includes the design of novel algorithms and 
mechanisms and requires theoretical and simulation modelling, implementation, and experimental evaluation 
of communications networks and their elements. At the application layer, the RL aims to develop new strategies 
for capturing, producing, sharing and accessing information from users’ own perspectives, in scenarios such as 
social media, creative environments, media industries, culture, sports, industrial systems, robotics, and 
wellbeing, including the delivery and access to content through different networks and distribution mechanisms, 
creating interactive, virtual, and immersive environments. 

 

Alignment with the Cluster vision and contribution 

The RL contributes to the Cluster vision by means of the hardware and wireless networking components that 
enable the sensing, computing, and communications subsystems forming the networked intelligent systems, and 
the new approaches to deal with multimedia content in heterogeneous environments, supporting different 
communications networks and devices. 

 

Main research challenge 

The main challenge is the design of self-learning communications systems that can support different types of 
services and data in Immersive and Extreme Environments, considering that the current learning algorithms in 
mobile and wireless systems are immature and inefficient.  

 

Objectives for 2020 

The main objectives of this RL are the following: 

 Novel antennas and optical-wireless interfaces. Prototype demonstration of (1) antenna radiation 
pattern steering control through an FPGA implemented digital beamforming method using a 16-element 
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antenna array operating at 5 GHz, (2) sub-THz (300 GHz) 1x4 antenna array substrate integrated with 
Uni-Travelling Carrier Photodiode (UTC-PD) sources for high-speed optical-wireless interfaces and (3) 
electrical and optical modulation of a 10 GHz resonant tunnelling diode photodiode oscillator with 
64QAM-OFDM modulation; 

 Flying Access Point Placement taking advantage of Machine Learning Techniques. To develop novel 
algorithms and mechanisms enabling self-learning wireless networks in terrestrial and maritime 
environments, including a a multi-UAV placement algorithm based on deep reinforcement learning, a 
height optimization algorithm for aerial networks in maritime environment, and a flying gateway 
positioning algorithm for flying backhaul multi-hop networks; 

 Tool for automatic content creation. Devise methodologies, algorithms, tools, and approaches for 
context-metadata-aware automatic content creation and multimedia data visualization and content 
navigation. 

Rl3 - Computer Vision  

Definition of the Research Line 

Computer Vision is a key technology in a wide range of fields. In the context of NIS, Computer Vision encompasses 
various fields including health, multimedia and robotics. In health, computer vision and machine learning, 
powered by deep learning, we will conceive and develop algorithms and architectures for the early detection, 
diagnosis and prognosis of different types of cancers. In multimedia, we will develop algorithms to enable 
multimedia content understanding, including identification and recognition of objets, regions of interest, 
relevant features and events that enable infering high level concepts from the content. In robotics, underwater 
imaging solutions and algorithms will be investigated for improving the reliability of perceptual 2D/3D 
information captured by AUV/ROV during tasks related with 3D mapping, object recognition and manipulation, 
and close-range navigation. 
 

Alignment with the Cluster vision and contribution 

Intelligent processing of image data is fully aligned with the Cluster vision allowing to make contributions in the 
fields of health, multimedia and robotics. In this RL we develop artificial intelligence methodologies, computer 
vision and multi-modality big data approaches. Data to be used in the different scenarios may include images, 
videos, audio, liquid biopsy, biological data and sensor data. This holistic view enables us to learn powerful 
features and understand relationships between multi-sensing and multi-modal settings. 

 

Main research challenges 

There are several research challenges in Computer Vision. Particularly within the NIS Cluster we face the 
following challenges: 1) Create explainable and uncertainty aware deep learning architectures; 2) Conceive and 
create intelligent computer vision architectures achieving functionalities and performances close to humans; 3) 
Conceive and create intelligent approaches to enable inferring high level concepts by using a multimodal 
approach.  

 

Objectives for 2020 

The main objectives of this RL are the following: 

 Cancer detection and diagnosis based on artificial intelligence and computer vision. To develop AI and 
CV methods for the design of CAD systems for early detection, diagnosis and genotype cancer 
prediction. 

 Improving Multimedia content understanding for enhanced personalised access and re-purposing. To 
develop methodologies and develop algorithms for multimedia content description that enable context-
metadata-aware content access, manipulation and creation. 

 Improving the 3D visual information based on AI algorithms for underwater manipulation. To develop  
AI methods for combining sparse 3D with texture information for enhancing both precision and accuracy 
of 3D perception obtained by a  new version of MARESye imaging system, a innovative hybrid imaging 
system for 2D/3D visual acquisitions for harsh underwater environments.    
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Rl4 - Autonomous Systems 

Definition of the Research Line 

This research line addresses the development of innovative robotics solutions for operation in complex 

environments – relevant examples are underwater environments, and particularly deep-sea water. Novel 

developments in multi-sensor perception, cooperative robotic systems, navigation, guidance and control, robotic 

autonomy, and data fusion are the main research topics included here. This research line also includes activities 

related to the development of key components of field going robotic platform addressing topics such as 

persistent operations, underwater robotic data and energy mules, operations in non-segregated space, or 

collaborative mapping and learning. 

 

Alignment with the Cluster vision and contribution 

The RL contributes to the Cluster vision in two different levels. Due to its integrating nature, autonomous robotic 

solutions require and benefit with the developments from the other NIS research lines. However, more 

significantly this RL has multiple connections with the other RLs in cutting edge research topics such as machine 

learning, advanced and real time perception or long term robotic developments. 

 

Main research challenges 

The main challenges are related to the design of autonomous robotic solutions capable of robustly operating in 

harsh and dynamic environments with great levels of efficiency and effectiveness. Such solutions require the 

development of novel perception algorithms, navigation and guidance solutions, as well as autonomous 

command and control systems. 

 

Objectives for 2020 

The main objectives of this RL are the following: 

 Autonomous navigation. Development of navigation systems for operation in underwater confined 
volumes; development of short-range acoustic high precision positioning systems; 

 Long-term deployments. Development and field-testing of docking systems for AUVs; 

 Platforms and operations. Implementation of a robotic lander network; field-testing of the cooperative 
operation of surface and underwater vehicles for deep-water operations. 
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3.2 POWER AND ENERGY 

Coordinator: Luís Seca  

Core Centres: Centre for Power and Energy Systems (CPES) 

 
Associated Centres: Centre for Industrial Engineering and Management (CEGI), Centre for Telecommunications 
and Multimedia (CTM), Artificial Intelligence and Decision Support Laboratory (LIAAD), Centre for Robotics 
Autonomous Systems (CRAS), Centre for Information and Computer Graphics Systems (CSIG), High‐Assurance 
Software Laboratory (HASLab), Centre for Enterprise Systems Engineering (CESE). 

 Presentation  

The Cluster is focused on traditional and emergent areas of power and energy systems, for planning and 
operation purposes, with an emphasis on renewable energy sources (RES) integration, electric vehicles (EV) 
deployment, distributed energy resources (DER) management, demand response (DR), smart grids and energy 
analytics, through steady-state and dynamic network analysis, reliability models and tools, optimization, soft 
computing and data science. 

CPES is the core Centre of the Cluster, as it is clearly, where the sector critical mass is concentrated, but the 
evolution of the energy system, particularly the electrical power system, has supported the involvement of other 
competences, held by associated Centres, due to the multidisciplinary nature of the problems and opportunities 
to address. There are already examples of this collaboration and joint projects, in the areas of information and 
communication technologies (CTM), data science (LIAAD), data platforms and hubs (HASLab), asset management 
(CEGI) and combined energy and process optimization in industry (CESE). More than sharing projects, the goal is 
to foster a multidisciplinary approach to support current applied research and technology transfer, but most of 
all, to design the scientific strategy for this particular domain, distributed among the different Centres of the 
Cluster, that will guarantee the creation of new knowledge to support the future challenges of a digital and 
decarbonized energy system. 

The Cluster coordination was recently changed, and so the council is still under invitation, being the objective of 
the coordinator to start 2020 with a new team, including representatives from other centers to foster a truly 
multidisciplinary approach to the topic. To support the Cluster activity, David Rua (PhD from CPES) was invited 
to assist the coordinator. 

 Context  

The European Energy Policy6, in 2007, established four main goals: (1) internal energy market to ensure fair and 
competitive energy prices for consumers, fight energy poverty and promote cross-border trade, (2) secure 
energy supply, (3) reduce greenhouse gas emissions with investment in energy efficiency and RES and, (4) 
develop energy technologies according to the strategy outlined in the European Strategic Energy Technology 
Plan (SET Plan).  

The SET Plan identified research, development and innovation (RD&I) priorities for public and private partnership 
in order to achieve EU climate and energy goals and to strengthen industrial competitiveness. In the past 10 
years, RD&I achievements were observed across 14 low-carbon energy technology sectors the SET Plan covers7, 
such as RES technologies, smart cities and communities, energy efficiency in buildings and industry, e-mobility. 
In September 2015, the European Commission (EC) published a Communication8 defining the new European 
research and innovation strategy for the coming years, named integrated SET Plan. This document defined 10 
actions to accelerate the energy system transformation and create jobs and growth. Some of these actions are: 
reduce the cost of key RES technologies; create technologies and services for smart homes; increase the 

                                                                 

 
6 An energy policy for Europe. COM(2007) 1 final - Not published in the Official Journal 
7 Quental, N., et al. (2017). The Strategic Energy Technology Plan. Luxembourg: Publications Office of the European Union 
8 Towards an Integrated Strategic Energy Technology (SET) Plan: Accelerating the European Energy System Transformation. C(2015) 6317 
final 
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resilience, security and smartness of the energy system; make European industry less energy intensive and more 
competitive: increase competitiveness in the global battery sector to boost e-mobility.  

In November 2016, the EC proposed an ambitious “Clean Energy for All Europeans” package9 with three main 
goals: priority to energy efficiency, global leadership in RES and consumer’s empowerment. The result was a 
legislative framework with eight proposals to facilitate the clean energy transition and that will define the 
European Union (EU) research agenda for a long-term horizon. Energy efficiency is recognised as a source of 
energy and a 30% binding target will be defined for 2030 at EU level (amendment of Directive 2012/27/EU). The 
“Energy Performance of Buildings” Directive (2010/31/EU) was also amended by 2018/844/EU to introduce 
targeted improvements with the vision of a decarbonized building stock by 2050, encouraging the use of 
information and communication technology (ICT) to optimize its operation and interact with the grid. For RES, a 
new Directive will set new and binding targets for 2030 of at least 32% and increase the level of ambition for the 
transport, heating and cooling sectors. The electricity market design initiative aims to adapt the current market 
rules to new realities (e.g., local flexibility management), whilst empowering consumers (e.g., local energy 
communities, new energy services) and extracting full benefits from cross-border competition. 

As consequence of this EU energy policy, several countries are increasing RES integration significantly, which is 
leading to fundamental changes in European electricity markets and power systems, motivated by its variability 
and uncertainty, as well as by its decentralized nature. These characteristics require new and flexible rules for 
operating electrical grids and energy markets, which must enable a cost-effective and transparent deployment 
of these renewable based technologies. 

In order to support this long-term vision, the EC promoted Vision 205010 elaborated by the European Technology 
and Innovation Platform of Smart Networks for Energy Transition, which identifies the following R&D challenges 
for the decades to come: (1) integrated energy systems (e.g., storage, power conversion, demand flexibility) with 
local/regional black-start and self-healing capabilities; (2) integration of mitigation measures in power system 
operation and planning under adverse weather and other hazards; (3) seamless operation through fully 
interoperable and networked sub-systems allowing the coupling of all energy carriers (e.g., electricity, heat, gas); 
(4) peer-to-peer transactions integrated with centrally and locally-controlled electricity grids. 

The building blocks of this Vision 2050 are: 

a) Cost-effective integration of the different energy networks and using new infrastructures for mobility; 

b) Higher degree of automated management and control of all energy network users; 

c) Efficient wholesale markets in a context of nearly 100% RES mix; 

d) Development of local energy markets providing high quality and economical supply for local prosumers; 

e) Digitalization to support the provision of new services, while ensuring data privacy and ownership for 
all stakeholders and enhancing cybersecurity; 

f) Development of infrastructures to accommodate high penetration of RES with the associated power 
electronics, monitoring and control equipment and to exploit available pan-European grid capacities; 

g) Efficient use of energy in different sectors: buildings, industry agriculture, transports. 

 

This vision traces one core concept for the energy system of the future, which is Digitalization. In this logic, the 
Digital Single Market11, adopted in May 2015, recognises the major role of ICT in improving the energy efficiency 
and the impact on climate change12. Standardization of solutions and the interoperability across services and 

                                                                 

 
9 Clean Energy for All Europeans, https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans 
10 Bacher, R., de Nigris, M., Peirano, E., et al. (2018). ETIP SNET Vision 2050. INTENSYS4EU Project and ETIP SNET. 
11 A Digital Single Market Strategy for Europe, COM/2015/0192 final 
12 Mid-Term Review on the implementation of the Digital Single Market Strategy A Connected Digital Single Market for All. COM(2017) 228 
final 
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datasets are key concepts towards this economy. This digitalization priority is also highlighted by several 
European associations such as EDSO for Smart Grids13, EURELECTRIC14 and ENTSO-E15. 

In Portugal, investment in energy efficiency and RES remains a priority as specified in the National Research and 
Innovation Strategies for Smart Specialization (RIS3) and in the National Strategy for Energy (ENE 2020), that 
resulted in the establishment of the PNAEE (National Action Plan for Energy Efficiency) and the PNAER (National 
Action Plan for Renewable Energy). Recently, the renewable energy association (APREN) published a study 
showing that hydropower, onshore wind and solar PV, together with offshore wind, are a cost-effective solution 
in scenarios of higher decarbonization16. Moreover, the National energy sector is entering in a key stage with the 
impending roll-out of the smart metering infrastructure, concession of low voltage grids and pilots promoted by 
the Energy Regulator about dynamic network-use tariffs and flexibility from large consumers.  

 Vision and contribution 

3.2.3.1 Future vison of the domain 

The PE Cluster vision is aligned with the EU policies for digitalization, energy efficiency and increase RES 
integration, as described below in the following strategic research vectors. These vectors highlight the main 
challenges envisaged by the core Centre and define the requirements that other scientific competences, located 
in the associated Centres, need to develop to be able to respond to the future requirements of the sector. 

TRANSFORMING THE ENERGY SECTOR THROUGH SYNERGIES BETWEEN ADVANCED MATHEMATICAL 
MODELLING AND DIGITAL TECHNOLOGIES 

The digitalization of the energy sector requires a multidisciplinary approach and co-creation of new business 
models. Technology from other domains, namely internet-of-things (IoT), sensors, blockchain and big data 
platforms, need to be adapted and, in some cases, enhanced to comply with specific requirements and contribute 
to consumer empowerment, feasibility and replicability of new business models, smart grids and buildings. 
Digital solutions provide additional monitoring and control capabilities that create technical conditions for new 
business models, enable different stakeholders to create their value, and simultaneously maintain high levels of 
cybersecurity and data privacy in critical infrastructures like the electrical grid. 

Nevertheless, digital technologies are only a fundamental infrastructure to integrate advanced mathematics17, 
such as mathematical distributed optimization, data-driven optimization, hybridization of classical mathematical 
optimization, metaheuristics and/or machine learning, data assimilation and control theory. Basic research in 
this area will increase the competitiveness of the PE Cluster and its Centres and materialize the application of 
artificial intelligence (AI) in the energy domain, covering human-centric and grid-centric use cases. To maximize 
the R&D impact in a sector characterized by several cognitive bias from decision-makers and to have steep 
learning curves, R&D in data visualization, advanced training procedures for human operators (e.g. augment and 
virtual reality) and novel cost-benefit and multicriteria analysis methodologies for new technology, are essential. 
Finally, scalability is a critical barrier and should be tackled at low TRL, e.g. through high-performance computing, 
quantum programming and exploit distributed approaches with graphics processing unit (GPU).    

CREATING A FULL DECARBONIZED POWER SYSTEM WITH NOVEL SOLUTIONS 

The full and enduring decarbonization of the power system requires significant advances in the state-of-the-art 
and a combination of new computational, hardware and regulatory solutions. This future scenario is composed 
by a massive connection of power electronics interface generation, active participation of RES and consumers in 
ancillary services, integration of multi-energy carriers, cross-border exchange of energy and data.  

The R&D needs will be identified by preliminary studies (simulating alternative operation scenarios) that will 
evaluate the electric power system behavior and anticipate the requirements that industry will have in the 
                                                                 

 
13 European Distribution System Operators for Smart Grids. Digital DSO’ – a vision and the regulatory environment needed to enable it. 
Position Paper, 7 Jan. 2016. 
14 The power sector goes digital - Next generation data management for energy consumers. A EURELECTRIC report, May 2016. 
15 ENTSO-E R&I Roadmap 2017-2026. http://riroadmap.entsoe.eu/wp-content/uploads/2016/06/entsoe_ri_roadmap_2017-2026.pdf 
16 Renewable Electricity in the Portuguese Energy System until 2050. APREN – Portuguese Renewable Energy Association. May 2018. 
17 National Academies of Sciences, Engineering, and Medicine. (2016). Analytic research foundations for the next-generation electric grid. National Academies 
Press. 



 

INESC TEC Activity Plan for 2020 - Extract 21 

upcoming years. This should include new planning and operational methodologies for the electrical 
infrastructure, focused on distributed control architectures and expansion of pan-European grids. Moreover, it 
should consider ICT and mission-critical IoT to increase grid resilience under extreme weather and hazard 
scenarios and contribute with predictive strategies procedures for black‐start, self‐healing and islanding 
operations in systems dominated by grid inverter-based generation.  

In a system with high RES integration, a paradigm shift from deterministic to stochastic approaches for both 
interconnected and isolated systems (e.g., islands) is mandatory. This will require new mathematical algorithms 
based on convexification and decomposition techniques and human-in-the-loop approaches, which provide fast 
and clear advices, and handle local technical problems that may be created by DRES.    

BRIDGING THE GAP BETWEEN RESEARCH RESULTS AND INDUSTRY BUSINESS CASES WITH A 
MULTIDISCIPLINARY APPROACH 

Concepts such as microgrids, multi-microgrids and active grid management have been implemented successfully 
in different pilots along Europe and technically supported by industrial actors (e.g., EDP, EFACEC, Siemens, GE). 
However, two main barriers remain to achieve replicability and scalability: (a) regulation has been a bottleneck 
for this paradigm to scale up; (b) cybersecurity and interoperability have also limited the implementation in the 
field of these innovative concepts.  

In this context, new regulatory frameworks should be proposed to support disruptive models, such as peer-to-
peer trading, but taking into consideration the fundamentals of the electrical system, i.e., to satisfy with the 
proper quality of service the end-user needs. This should cover different areas, such as power systems, 
economics and behavioral sciences. Combining domain knowledge from electric power systems with other areas, 
particularly cybersecurity and interoperability through ontologies and cross-domain IoT, will allow creating the 
market conditions for large-scale deployment and replicability of concepts developed by CPES in previous 
European and national projects. 

3.2.3.2 Cluster contribution 
One of the key objectives for the PE Cluster is to continue and improve the process of associating other Centres 
of INESC TEC, addressing the vision described previously, where the scientific competences of other Clusters will 
help to maximize the impact of the research and innovation in this field. The PE Cluster identified inside INESC 
TEC the following list of key competences to realize its Vision: 

 O&M and asset management – CEGI 

 Data mining, machine learning and deep learning – LIAAD, CTM 

 Operations research – CEGI, CESE 

 Blockchain, big data and human-computer interaction – HASLab, CSIG 

 Cybersecurity – CRACS, HASLab, CTM 

 Internet-of-things – CTM 

 Robotic autonomous systems – CRAS 

 Fiberoptic and non-intrusive sensors – CAP 

 Cluster research lines  

The main multidisciplinary strategic research lines (RL) for the PE Cluster are summarized below. 

RL1 - Towards 100% RES integration and Massive integration of power electronic‐based interfaces 

Definition of the Research Line 

This Research line will explore the knowledge that has been internalized over the years in CPES on the impacts 
of integrating large shares of renewable based generation, particularly the challenges of operating a system that 
depends on variable resources and that is losing a very important characteristic, that is mechanical inertia. In 
fact, a network that has a significant part of its electricity generated by distributed power electronics inverters, 
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connected at different voltage levels, requires a completely different set of tools to allow a stable and resilient 
operation of the electrical system. 
  
Alignment with the Cluster vision 

This RL will design the functionalities that guarantee a very relevant part of the decarbonization of the power 
system, namely because it will explore alternative system operation that requires new technical and business 
models, where the competences from other research Centres will be fundamental.  

Main research challenges 

The main challenge for this research line is the design of the requirements for a safe connection of an all new set 
of distributed energy resources under a profound technological revolution, in addition to a flexibility that will 
mostly be set over end users availability to participate in the operation of the electrical system. 

Objectives for 2020 

For 2020, the Cluster will start by identifying the opportunities that recent advances in technology provide, from 
RES to electric mobility, to start designing new interconnection requirements that will foster the participation of 
all stakeholders in the electrical system in a safe way and finally to develop advanced control strategies and 
interfaces to include in power converters, that allow end users to provide ancillary services to the system without 
losing comfort and economical benefit.  

RL2 - Large-scale modelling and optimization of energy systems 

Definition of the Research Line 

This RL is fundamental for the development of the electrical system since the unbundling of the system and will 
continue so in years to come, as the integration of distributed energy resources poses significant challenges for 
network planning and operation, that can only be anticipated by thoroughly designing models to support 
simulation and to design adequate optimization tools. 
 
Alignment with the Cluster vision 

The adequate modeling and optimization of the electrical system are basic conditions to this new operation 
paradigm, based on distributed energy resources. This process involves a significant use of computationally 
efficient algorithms that integrate different sources of uncertainty and that will benefit from the fundamental 
knowledge that other Centres will bring to the Cluster.  
 
Main research challenges 
The major challenges come from the lack of adequate information from manufacturers on the characteristics of 
emerging technologies, what constitutes a difficulty in the accuracy of the models to use under simulation. This 
will foster the use of data driven approaches, based on historical data (whenever available), and also a close 
interaction with manufacturers to allow a realistic representation of the system. 
 
Objectives for 2020 

For modeling purposes, a deep review on existing and upcoming technological solutions is mandatory to define 
the basis of new simulation models that will support representativeness of the network components. The Cluster 
will explore INESC TEC participation in some technological Colabs, by evaluating the capabilities of new resources 
such as electrochemical storage and solar photovoltaics. Still under this RL, related to the development of 
optimization techniques, the solution of large‐scale non‐convex optimization and learning problems with 
decomposition techniques and distributed computing will be explored. 

RL3 - Data-driven methodologies for energy systems 

Definition of the Research Line 

The digitalization of the energy sector requires novel data-driven methodologies for forecasting, optimization 
and prescriptive analysis, which enables the creation of new services for end-users. Improvement of RES, load 
and market prices forecasting skill by developing distributed and privacy-preserving statistical learning 
algorithms that explore geographically distributed time series data. 
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Alignment with the Cluster vision 

This RL is the step stone for the digitalization of the energy sector and requires a multidisciplinary approach and 
co-creation of new business models that will largely benefit from the presence of other research Centres (like 
CEGI and LIAAD) to improve knowledge and techniques that CPES has been exploring over the last 3 years.  
 
Main research challenges 
The main challenge for this research line is the lack of domain knowledge that other researchers from other 

Centres, that are fundamental for the implementation of some of these tools, have. This will require a significant 

cooperation effort between all researchers involved, being the first big challenge present in the H2020 

Interconnect project, where 4 Research Centres will cooperate in what can be considered the most relevant EU 

project ever held by INESC TEC, with 51 partners and where data driven methodologies will anchor the expected 

developments. 

 

Objectives for 2020 

This work will involve the competences of HASLab, using blockchain and smart contracts technology to create 

data marketplaces, bearing in mind the creation of representative use cases for the energy sector. The further 

development of AI techniques, related to exploitation/exploration of knowledge from past experiences, i.e., 

decisions made by human operators, will also be enhanced together with LIAAD. This research will be focused 

on two core concepts: (a) quantification of similarity between system operating states and, (b) use of 

reinforcement learning to learn and improve from human actions, contributing to improve the acceptance of 

new methodologies by the end-user. These R&D results will be applied to different energy domains: energy 

efficiency (e.g., new energy services), grid operation and electricity markets. 

RL4 - Asset management and predictive maintenance 

Definition of the Research Line 

Utilities are facing the need to improve asset management policies, in order to increase their availability and 

reduce CAPEX and OPEX. The inclusion of new assets, with significant uncertainty in life cycle, together with 

completely new operation strategies for more conventional assets, makes this RL fundamental for the operation 

of the electrical system of the future. 

 

Alignment with the Cluster vision 

The Cluster envisages the development of new business models that explore flexibility over all stakeholders in 

the electrical system. This flexibility will necessarily depend on assets condition and maintenance, so despite this 

digital transformation, with cutting-edge business models, explores digital platforms, it will have to run over 

existing and upcoming physical assets that will be the levers of this change. This makes this RL one of the most 

important to fulfill the Cluster vision. 

 

Main research challenges 

The main challenges come from the lack of data from many of the assets and lack of casuistic for the different 

scenarios to study, in a system under a profound change. These difficulties require the application of advances 

methodologies to guarantee representations and also the identification of the critical characteristics that sensors 

and measurements must assure. 

 

Objectives for 2020 

Joint research work between CEGI and CPES, combining data-driven and engineering-based methods for the 

descriptive and predictive analysis of asset condition, and studies to evaluate the impact of maintenance actions 

in assets’ failure rate and degradation curves are foreseen. The software developed by CPES for long-term 

adequacy and reserves evaluation will be enhanced with the reliability models and maintenance policies 

developed by CEGI for each individual asset. 
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Assets inspection will be improved by distributed fiber optics sensing, combined with drones and visual images 

processing with deep learning methods for automatic classification, by combining the competences of CAP, CRAS, 

CTM and domain knowledge from CPES for problem formulation and results interpretation. Interoperable, plug-

and-play, non-intrusive and cost-effective smart sensors technologies are also of key importance to extend the 

asset monitoring capabilities in low voltage levels (where most problems occur).  

RL5 - Cybersecurity and IoT for critical infrastructures (electricity generation, transmission and 
distribution) 

Definition of the Research Line 

The increasing use of digital equipment and ICT exposes the electrical grid, a critical infrastructure, to 

cyberattacks which can cause massive and long-lasting power outages with enormous societal impact. This RL is 

focused in security architectures and measures to improve power system resilience, on the customers and on 

grid sides and to assess their effectiveness in different contexts, such as microgrids, substations and IoT.  

 

Alignment with the Cluster vision 

Towards a human-centric energy ecosystem, research in IoT should design an interoperable IoT solution between 

devices, systems and domains (e.g. buildings, digital platforms, smart grid) by making use of standards, 

ontologies and abstraction layers, as well as considering security and privacy-by-design practices. 

 

Main research challenges 

In this RL, the main challenge comes from the requirement that critical systems have in terms of security and 

interoperability. Many of the existing solutions use proprietary communications and technology, making some 

of the measures difficult to apply.  

 

Objectives for 2020 

For 2020, the activity in this RL will include topics such as: (1) development of methods to assess security risks to 

the electricity grid, from generation to consumption, considering dependencies between the different 

stakeholders (CTM, CRACS); (2) design of a security architecture that protects against future, sophisticated 

cyberattacks for different smart grid, generation and smart buildings use cases (CRACS, HASLab, CTM); (3) include 

the impact of cyberattacks in distribution operator training simulators (CPES, HASlab). 
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3.3 INDUSTRIAL AND SYSTEMS ENGINEERING 

Coordinator: Bernardo Almada Lobo 

Core Centres: Centre for Enterprise Systems Engineering (CESE), Centre for Robotics and Intelligent Systems 
(CRIIS), Centre for Industrial Engineering and Management (CEGI), Centre for Innovation, Technology and 
Entrepreneurship (CITE) 

 Presentation 

The Cluster Industrial and Systems Engineering at INESC TEC (c_ISE@INESC TEC) aims to research and innovate 
in systems and services applied to the management of value streams, from the individual organisation to 
networks and chains. The activities of the c_ISE@INESC TEC cover the design, implementation and improvement 
of systems for decision support, operations automation, management and intelligence and in the provision of 
innovation management & technology transfer consultancy services in Industry, Retail, Healthcare, Energy, 
Mobility and Transports, Agriculture and Forestry. c_ISE@INESC TEC provides intellectual leadership in complex 
decision-making issues faced by different types of industries based on developing and advancing systematic 
modeling and solutions. 

The C_ISE@INESC TEC wants to position INESC TEC internationally as a leading research Centre in industrial and 
systems engineering and as a first choice for supporting organisations to achieve high‐levels of sustainable 
innovation and performance. It consists of four INESC TEC Centres addressing complementary scientific and 
technological domains: 

 CESE, addressing Manufacturing and Services Operations Management, Enterprise and Industrial ICT, 
Collaborative Networks and Supply Chains and Manufacturing Intelligence; 

 CRIIS, addressing of Industrial Robotics, Collaborative Robots, Mobile Robots and Intelligent Sensors and 
Dynamical Systems; 

 CEGI, addressing Service Science and Design, Decision Support, Performance Assessment, Asset 
Management and Prescriptive and Predictive Analytics; 

 CITE, addressing Innovation Management, Technology Management and Technology Entrepreneurship. 

The four core Centres of C_ISE@INESC TEC undertake research, technology transfer, consultancy services and 
executive education in complementary research domains strongly coupled and coordinated. 

The Cluster uses a range of research methodologies and approaches to fulfil its mission namely: Systems Design, 
Modelling, Mathematical Programming, Optimization, Simulation, Analytics, Information Management, Data 
Mining, Knowledge Discovery, Machine Learning, Model Based Predictive Control, 3D and Active Perception, 
Multimodal Sensor Fusion, Design Science and Explanatory Research, Creative Thinking and Problem Structuring. 

 Context 

Future European industry has to combine high and widespread productivity with a high level of environmental 
and social sustainability. This will mean moving from local optimization – for individual factories or clusters of 
firms - to complex systems optimization, with major impacts on the way supply chains and factories are designed, 
on the technologies used, infrastructure and wider government policies.  

This is being addressed by the movement Industry 4.0 which is revolutionizing the shop floor of manufacturing 
plants, but the same technologies are impacting all sectors (e.g., retail and health). The proper deployment of 
these technologies is paramount in the pursuit of many national and European priorities, particularly those 
related to sustained, inclusive and sustainable economic growth. Therefore, some of these technologies are 
being thoroughly studied from the lens of operations management and decision support, namely collaborative 
robots, machine learning and blockchain.  

In order to make more supported and informed decisions, there is a need to conveniently extract knowledge 
from data that could be leveraged to increase efficiency and growth of businesses, and promote sustainability.  
Moreover, the next generation of robots is able, in a variety of degrees, to work side by side with humans. This 
poses a variety of new challenges to managerial decisions, such as task allocation, scheduling, plant layout, and 
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ultimately the acquisition of these robots. Robotics is also transforming industry/agriculture/forestry by 
automating processes, reducing the labor costs, human effort, and increasing the efficiency.  Robotics 
Technology will become dominant in the coming decade. It will influence every aspect of work and home. 
Robotics has the potential to transform lives and work practices, raise efficiency and safety levels, provide 
enhanced levels of service and create jobs. Its impact will grow over time as will the interaction between robots 
and people. However, more research is needed to move robotics technologies to new contexts like industry 4.0 
and agriculture/forestry 4.0 contexts, these technologies need to be more safer, modular, cost-effective, plug-
and-play, smarter, and reliable.  

Beyond the manufacturing operational aspects of industry 4.0, the digitalization of the economy is a global trend 
of major transformative character, comprising all areas of daily and professional life. Businesses, consumers and 
industry are increasingly using digital technology to grow, overhaul workflow, and to develop new products and 
services. Increased efficiency and scale from digitalisation will impact supply chains and potentially make certain 
layers redundant. Thus, digitalisation can lead to a new era of automation enhancing and augmenting relevant 
human capabilities with new technologies. This will clearly have disruptive effects on the labour market: a future-
oriented and lifelong-learning employment and education strategy will be essential to re-train and up-skill people 
for the new jobs created by digitisation. Integration of an increasingly digital world, connecting the data streams 
from new product development and design (ET), including CAD and PLM systems, to the production and resource 
planning (IT), such as ERP and MES, and real-time analysis of manufacturing data from the shop floor (OT), IoT 
sensor and machine tool data, is an essential requirement for success in the competitive marketplace. However, 
this integration is far from trivial and new platforms that promise to ease the integration have yet to prove their 
capabilities. The agility of today’s supply networks and flexible manufacturing systems makes companies and 
business units equipped with different systems and resources have to work together. However, in many large, 
as in some small and medium-sized, corporations this presents an internal challenge that needs to be addressed 
in order to really profit from the developments and promise of Industry 4.0.  

The developments on the industrial side are accompanied by tremendous changes in the retail sector that will 
face a predicted growth of e-commerce — in the US in 2018 it reached $500 billion, rising from 13.8% in 2015 to 
17.1% in 2020 in the UK. In this setting, more than half of incurred delivery costs are associated to last mile 
delivery and 1/3 to line haul. The remaining costs are associated to collecting and sorting items. While delivery 
costs are perceived by supplier and consumer, other externalities such as air and noise pollution or 
traffic congestion, resulting for the additional number of vehicles required for deliveries are perceived and have 
a negative impact on all the society. It is therefore crucial to address the new problems arising from this 
paradigm, both in terms of planning, scheduling and definition of new business models that capture the novelty. 
Most of the problems will be NP-hard, highly stochastic, dynamic and will request for treatment and analysis of 
paramount information to better understand customers demand. Related to this, mobility is a major challenge 
that must be addressed altogether. Shared mobility is a competitive market, where two main factors influence 
demand: fleet availability and pricing. In these systems pricing can be an effective demand management tool 
when integrated with fleet management. Despite a growing interest, research is still mostly segregated by 
specific issues, often not considering relevant realistic system requirements. Also, in urban mobility, the 
challenges are increasing very fast, fostered by the availability of huge volumes of data, produced by a variety of 
devices, sensors and ITS (Intelligent Transport Systems). Systems’ interoperability and semantic integration of 
the data produced by the different systems is of major importance in order to extract relevant knowledge. Part 
of this knowledge is applied in the development of algorithms that aim to optimize the resources involved in the 
provision of the service and improve the quality of the service.  

Along with these challenges, and deeply engrained in them, innovation plays a vital role in the global 
economy. Technological innovation is the process where an organisation embarks in a journey where the 
technology is the base of the innovation strategy and a critical success factor for sustainability and 
competitiveness. However, the full potential of technological innovations can only be achieved if technology is 
appropriately adopted and diffused.   

New technology developments, such as digital technologies enable new value chain and business models. New 
business models provide opportunities to frame how value can be realized from existing assets and can also 
provide conceptualizations of new applications providing cross fertilization of the value. Business model thinking 
gained momentum, and now provides a means to address the new boundary and industry-spanning 
transformations. The strategic alignment between emerging technology enabled services and business model 
innovation must be promoted. A systematic promotion of innovation requires a comprehensive system 
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of management as well as an orchestration of an effective living systems on individual, organisational and 
ecosystem level. The configuration of Innovation & Technology Management Systems is a key factor for 
achieving organisations innovation goals and objective. 

 Vision and contribution 

The Cluster has a vision of an ever-integrated supply chain across different industries (e.g., manufacturing, 
process industries, retail, health, mobility).  The Cluster will also consolidate the leadership in knowledge 
generation and technology transfer on digital transformation, advanced analytics and integration of advanced 
manufacturing technologies and new business models, helping companies to fully embrace the 4th industrial 
revolution. 

C_ISE will undertake multi-disciplinary, system-oriented research and technology development for the strategic 
and operational management of enterprises and networks. Its research will focus on connected and high 
customizable and sustainable transformation systems, helping companies from different sectors to achieve 
personalised and complex products and services, and to be flexible and resilient in their operations.  

Customer‐centric and real-time supply chain optimisation, as well the decentralized decision-making, will only 
be possible with highly flexible, realocable, adaptable and intelligent automation, control and robotics. The use 
of collaborative robots (mobile and manipulators), smart sensor networks, industrial vertical IoT‐based 
information architectures and Human‐robot interface and responsive collaboration (where robots respond in 
real time to the movement of the worker) plays an important role in these processes and are key aspects of the 
Vision of the Cluster. Furthermore, the Cluster will focus on the development and implementation of intelligent 
systems, automation, management and decision support systems, among other technological solutions, 
fostering the resilience, resource efficiency, competitiveness, circular economy and sustainability towards an 
effective bio-economy.  

In order to achieve the plenitude of this vision the impact in the overall decision-making strategies has still to be 
analyzed. On one hand, focusing on the production link, the main contribution will be to evolve decision making 
tools that will have to deal with production technologies with high flexibility, capable of performing different 
tasks with minimum reprogramming, of sensing the environment and working in environments designed for 
human-use. This new paradigm represents a challenge for the traditional production process modelling 
techniques, where machines are almost static resources and the flexibility is completely provided by the human 
resources. On the other hand, focusing on the entire supply chain, the Cluster will explore the developments of 
the blockchain to address the new challenges brought up by on-demand external logistics.  

Naturally, innovation has been recognised as a catalyst for future development of business and societies. 
However, in many cases, the question of a structured and supported process is left unanswered. From ideation 
to exploitation phase of innovation value chain, there is in fact a need to set up the right environment that 
supports a holistic culture of ideation and innovation within an organization. Clearly, technological innovation 
does not guarantee business success. The design of the strategies to ‘go to market' and 'capturing value' is a key 
factor for value creation. In the current context of rapid technological evolution, the Cluster ISE adopts a service 
design and innovation perspective to leverage technology to devise new service solutions as enablers of value 
co-creation for customers and other relevant actors in the service ecosystem.  It is of paramount importance to 
conduct studies on how technology enabled service innovation leads to organizational change and how public 
policy can promote systemic transformation. For that end, the Cluster, follows a multidisciplinary approach, 
bringing together technology, management, marketing, and design with a service perspective, to cover the 
different facets of service design and innovation, from an in-depth understanding of customers and other 
relevant actors, to creating and testing innovative solutions, and to following their implementation in 
organizations and fostering service system transformation. 

 Cluster research lines 

This Cluster reached a maturity level that can respond to the challenge of creating a high impact research 
program towards a sustainable supply chain paradigm, beyond productivity improvement. The following 
strategic research lines are transversal to the current and emerging demands regarding the major trends of 
digitisation of industry and Industry 4.0 in both manufacturing and services. The four Cluster Centres develop 
research along their own strategic research lines. Some of these research lines involve joint research activities 
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that converge into the cohesive research lines of the Cluster. The remaining research lines are more or less 
confined to the specific centres (centres research).  

Cohesive strategic research lines (core) 

RL1 – Operations Management (in manufacturing and services) for responsive, sustainable and 
resilient operations 

Definition of the Research Line 
This strategic line of research adopts a holistic and integrated view of operations that leads to more efficient or 
effective processes for the creation and delivery of goods and services. It studies innovative or traditional 
processes for the design, procurement, production, delivery, and recovery of goods and services. This research 
entails the control, planning, design, and improvement of these processes. Specific research topics include: 
factories design and layout planning; retail and production operations management; advanced production 
planning and scheduling; navigation, localisation and coordination of mobile robots, and real-time performance 
monitoring and optimization. This line develops inter-disciplinary research activities on the: (i) design of the 
technology, (ii) design of the human and organisational environment, (iii) task allocation and scheduling, (iv) 
operations planning, (v) socio-economic assessment and technology management, and (vi) sustainable business 
models.  
 
Alignment with the Cluster vision 
Research in this line is centred on intelligent manufacturing technologies and methodologies, developed on top 
of analytical modelling approaches.  
 
Main research challenges 

 To consider responsiveness, sustainability and resilience as meta-criteria for operations optimization; 

 The myriad of sensors and other data collection technologies existing today, enable remote monitoring 
of production processes and should be the basis for real-time planning; 

 The ready availability in quality and quantity of real-time and historic data from the shop-floor together 
with management data demand state-of-the art planning and scheduling systems; 

 Digital products and services disclose new levels of complexity and variability. 

Objectives for 2020 

 New integrated predictive and prescriptive models for asset management and distribution planning; 

 Evolve real-time planning and scheduling systems to work with: other data collection tools (e.g. MES) 
within an Internet of Things environment; tailored production processes, for small series, high-
customization; 

 Conduct research on emerging topics, such as automation, e-commerce and shared economy, and 
target top high-ranked Operations Management journals (e.g. M&SOM, POM, JOM, IJOPM). 

RL2 – Operations Research and Management Science: decision support in a digitised industry  

Definition of the Research Line 
This research line contributes to the methodology of operational research and to the practice of decision making, 
leveraging the science of optimal decision making. Modelling techniques or creative algorithms drawn from the 
fields of mathematical optimization, statistics, simulation and computer science are proposed. In addition, 
integrated and innovative forms of Optimisation / Decision Support Systems (DSS) are also researched, that 
complement quantitative methods and algorithms with an active “participation” of human decision-makers. 
Interfaces design and other ways to address the human dimension in DSS development are an important topic 
towards a human-centred digital industry. 
Specific research topics include: business analytics, optimisation methods, simulation tools, machine learning, 
model-based digital-twins, multi-criteria decision under uncertainty, soft operations research, modelling 
subjectivity/intuition, visual thinking, performance assessment through Data Envelopment Analysis and 
econometric and statistical techniques. 



 

INESC TEC Activity Plan for 2020 - Extract 29 

Alignment with the Cluster vision 
To achieve the plenitude of the vision of the Cluster for an ever integrated customer-centric real-time supply 
chain, decision making strategies and tools need to be evolved.  In this context Decision Support Systems play a 
very important role, taking advantage of the fast digitalisation of the manufacturing environments, exploring 
powerful quantitative models and algorithms, and fostering the active “participation” of human decision-makers. 
C_ISE has a long inter-disciplinary research and development experience in these areas, providing modern 
companies with integrated systems capable of modelling and solving the complex problems that emerge from 
this new reality. 
 

Main research challenges 

 Deal with uncertainty poses significant challenges for decision-making processes, either at a more 
strategic level (e.g., for digital supply-chain design) or at a more tactic or operational level, with planning 
or scheduling activities; 

 Need for agile and real-time decision-making processes, based on sophisticated models and advanced 
analytical methods that promote efficiency, flexibility and agility of industrial companies and networks; 

 SMEs find existing solutions still too complex and call for further developments towards simplification, 
modularity and implementation support tools. 

Objectives for 2020 

 New mathematical programming-based algorithms (matheuristics) closer to real-world needs that deal 
with uncertainty (robust optimization and stochastic optimization); 

 Hybridize optimization and machine learning techniques and propose new integration schemes 
between these two streams; 

 Cross-fertilize simulation and optimization techniques to address the increasing complexity and scale of 
decision-making. 

RL3 - Operational and strategic architectures for a data-driven industry 

Definition of the Research Line 
Research on digital architectures and operational elements for industrial applications addressing the design and 
use of new (ICT) architectural concepts at the strategic and operational levels. 
 
Alignment with the Cluster vision 
The changing context of manufacturing requires new design knowledge to inform the development of 
management systems as well as execution systems in the context of the increasing adoption of data-driven 
manufacturing. This poses demands for architectural concepts involving the so-called cyber-physical systems and 
the industrial internet of things. One concrete example of this research topic completely aligned with the vision 
of c_ISE’s is the design of architectures that are able to integrate factory’s horizontal and vertical information 
flows. For instance, the success of industrial and mobile robotics application is heavily dependent on the 
integration with the connected factory of the future. In fact, the role of robotics in the Industry 4.0 is an open 
challenge that requires a change of approach from a work-cell integration to a factory or even inter-factory level 
integration. Therefore, in the mobile robotics sector, the approach will explore the concept of a robot as a mobile 
sensor that can dynamically populate the digital shadow of the manufacturing plant. Another example is the 
development of European wide digital platforms e.g., for large scale pilots.  Large scale integration of 
heterogeneous architectural elements such as digital twins, process / workflow models, data models, and 
applications is a challenge in terms of design knowledge, infrastructure deployment (IoT, blockchain, big data 
architectures) and business model design. 
 
Main research challenges 

 Novel architectures for Cyber-Physical Systems and (Industrial) Internet-of-Things; the focus is on 
devising new ways of integrating computing and communication with physical and virtual elements 
(digital twins) and processes across all levels of production, from processes through machines up to 
production and logistics networks; 
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 Architectures for efficient large amounts of streaming data collected from machines and processes; 
combination of off-the-shelf big data technology and in-house developments to support different types 
of data sources, including IoT, as well as other decision support technologies, including analytics, 
optimization and simulation, delivered as part of enterprise and industrial systems; 

 New concept and architectures for multi-organisation digital platforms; from traditional supply-chains 
to virtual markets, the Cluster intends to devise new ways of combining semantic, blockchain and 
machine learning technologies to improve existing and foster new business models. 

Objectives for 2020 

 Increase the research on data and information management to support the effective application of 
Advanced Manufacturing Technologies; 

 Increase the research efforts on systems integration operations towards efficient manufacturing; 

 Develop new architectural concepts involving cyber-physical systems and industrial internet of things. 

RL4 - Human Robot Collaborative workstations 

Definition of the Research Line 
This research line addresses new challenges for Manufacturing and Smart Production Systems. It is focused on 
developing cognitive, sensitive, collaborative and safe robotic-based workstations. These advanced automation 
technologies for manufacturing applications will support agile production, digital transformation and smart 
sensing related with Human-Machine interaction. 
 
Alignment with the Cluster vision 
Customer‐centric and production will only be possible with highly flexible, re-allocable, adaptable, collaborative 
and intelligent robotics. The use of industrial collaborative workstations with smart sensors, vertical integration 
and IoT‐based information architectures plays an important role in these processes and are one of the several 
contributions of the Centre to the Vision of the Cluster. Furthermore, increased flexibility of Human Robot 
collaborative workstations presents a new set of challenges for the design and planning of future flexible 
production systems, and therefore provide new research lines for the others Centres in the Cluster.  
 
Main research challenges 

 New human-machine interfaces, both based on mixed augmented reality techniques and physical 
interaction, and on the development of new horizontal and vertical plug-n-play mechanisms that allow 
easy and fast deployment and reallocation of robotics solutions at the shop floor. 

 New robot programming techniques, both based on CAD and programming by demonstration 
techniques. This research line will continue to focus on developing a skill-based programming solution, 
that creates an abstraction layer (both for the hardware and software) allowing the operator to program 
the industrial robot at the task level. 

 Human-Robot Collaborative Cells will be key to Future production plants. Typical scenarios are those 
related to assembly lines. Despite already existing several collaborative robots deployed at the shop 
floor level, it is not yet possible to take full advantage of the collaborative factor, especially due to the 
unpredictability of human behavior, which limits the speed of operation of these solutions. Therefore, 
on of the main focus of this research line, and drawing on the experience gained during the execution 
of some research projects such as FlexCoating, COBOTIS and ColRobot, will be to develop tracking 
systems that allow perceiving the operator intentions and adapt the robot trajectory and behavior in 
accordance. Furthermore, this mechanism conjugated with other results already achieved, merged with 
standardized safety sensors,  will allow pushing the current industrial solutions to a new level of 
collaboration and coordination between robots and operators. 
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Objectives for 2020 
This line will continue to focus on the research for new robotic and industrial automation technologies, that are 
both aligned with the best practices of the Industry 4.0 initiative, and with the market demands, especially from 
SMEs, that yearn for the development of more agile, scalable and more interconnected manufacturing solutions. 
It is expected that some of the developed technologies can reach quasi-industrial TRLs and that they can be 
integrated into demonstrators arising either as direct results of research projects or direct contract services with 
enterprises (ScalABLE4.0, FASTEN, MANUFACTUR4.0, PRODUTECH-SIF, among others) or as CRIIS' own initiatives 
for technology dissemination through iiLAB. With this objective in mind, it is anticipated that the most focused 
research areas, related with robotic collaborative workstations, for 2020 will be: 

 To improve robot interaction and collaborative capabilities, including the development of new decision-
making strategies; 

 To develop intuitive mechanisms for robot programming and task reconfiguration; 

 To enhance the safety of human-robot collaboration. 

RL5 - Technology-enabled service design and innovation 

Definition of the Research Line 
This research line focuses on concepts, theories and methods for service design and innovation in technology 
enabled contexts. This research lines adopts a service logic perspective, broadly defining service the application 
of competences to enable value co-creation, where the distinction between products and services is blurred as 
products can be viewed appliances for service provision. In the current context of rapid technological evolution, 
this research line therefore adopts a service design and innovation perspective to leverage technology to devise 
new service solutions as enablers of value co-creation for customers and other relevant actors in the service 
ecosystem.  This research line also studies how technology enabled service innovation leads to organizational 
change and how public policy can promote systemic transformation. 
This research line adopts a multidisciplinary approach, bringing together technology, management, marketing, 
and design with a service perspective, to cover the different facets of service design and innovation, from an in-
depth understanding of customers and other relevant actors, to creating and testing innovative solutions, and to 
following their implementation in organizations and fostering service system transformation. 

Within this scope, several areas are covered: 

 Studying customer experience and customer/citizen engagement with new technology enabled service 
environments (e.g. such smart energy services). This is crucial to gain an in-depth understanding that 
feeds and inspires the design and innovation process, as well as to evaluate the impact of the new 
solutions; 

 Studying the challenges of implementing new technology enabled service solutions and how it requires 
organizational and technological change towards achieving strategic and operational alignment 
between both; 

 Advancing methods and tools for creating new technology enabled services, such as smart service 
solutions, technology enabled healthcare services, or service platforms for healthcare ecosystems; 

 Analyzing how new technology enabled service can foster service system transformation at the 
individual, organizational and ecosystem level, as well as how to develop service design and innovation 
capabilities in organizations to promote ongoing transformation; 

 Exploring how public policies can promote technology enabled service system transformation and 
institutional change at the individual, organizational an ecosystem level; 

 Although not exclusive, this research line has had a particular focus on healthcare and the energy, as 
these are sectors going through dramatic service system transformation leveraged by technology. 

Alignment with the Cluster vision 
This research line adds the technology enabled service design and innovation and service system transformation 
to the ISE Cluster. This research line also brings service systems thinking and value-cocreation perspective. 
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Main research challenges 

 Strengthening the conceptual and methodological foundations of service design and innovation, as key 
areas of service science; 

 Understanding and designing for the customer experience and customer engagement with new 
technology enabled services, namely smart energy services; 

 Leveraging technology paradigms shifts to envisioning and implementing new value co-creation service 
solutions, such as smart services and data analytics; 

 From technology enabled service innovation to service system transformation at the individual, 
organizational, and ecosystem level; 

 Promoting the strategic alignment between emerging technology enabled services and business model 
innovation;            

 Innovating increasingly complex service systems, namely the design of service platforms for service 
ecosystems; 

 Designing public policy for institutional change and service system transformation. 

Objectives for 2020 

 Strengthening the research teams’ International collaborations, and foster the completion and start of 
new PhDs; 

 Submission and funding of new European projects in this area; 

 Publication in key outlets of service research and innovation management such as Journal of Service 
Research, Journal of Service Management, Creativity and Innovation Management, Research Policy, 
among others. 

 Structural actions planned for 2020 

 Continue the implementation of the current iiLab.  Throughout 2020, iiLab will have new demonstrators, 
higher number of visits from companies, new technology-transfer projects, high-level training and 
education programs; 

 Starting of the new iiLab in cooperation with several Centres and in a new building (from September 
2020 onwardS). The objective is to implement an efficient and attractive innovation laboratory to serve 
as a show room for private and public companies interested on the implementation of Robotics, 
Automation and Industrial Internet-of-Things technologies. Furthermore, the new iiLab will have to 
define and disseminate attractive and innovative training and education programs to be delivered to 
operators working with advanced manufacturing technologies in manufacturing context; 

 Coordinate INESC TEC participation in EIT Manufacturing activities and iMan Norte Hub. 
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3.4 COMPUTER SCIENCE  

Coordinator: Rui Oliveira   

Core Centres: Centre for Research in Advanced Computing Systems (CRACS), Centre for Information Systems and 
Computer Graphics (CSIG), High-Assurance Software Laboratory (HASLab) and Laboratory of Artificial Intelligence 
and Decision Support (LIAAD)  

 Presentation 

The mission of the Computer Science Cluster is to achieve international excellence in both fundamental and 
applied research, with strong emphasis on technology innovation and transfer that benefits society at large. 

Our commitment encompasses many core areas from programming languages and rigorous software 
development to complex information systems, from data processing to large scale computing, from embedded 
systems to virtual environments, and from security to quantum computing, with the goal of bringing better 
intelligence into everything. 

The Cluster addresses diversified, heterogeneous and yet complementary research areas. Its overarching 
research topics are: 

 Artificial Intelligence 

 Cybersecurity 

 Parallel and Distributed Systems 

 Information Management and Systems    

 Software Engineering 

 Computer Graphics and Virtual Environments 

The Cluster is strongly involved in Technology Transfer activities, either as Advanced ICT Consulting or Innovative 
Systems Development, in areas such as Agriculture, Electronic Government, Energy, Healthcare, Earth and Ocean 
Observation, Industry, and Telecommunications.  

 Context 

Computing is reaching all aspects of modern life. With the advent of the Internet of Things, it is expected that in 
the next years we will find computing devices embedded in all sorts of equipment and appliances. This trend will 
reach also living beings and particularly humans, giving rise to a potentially intense cyber-bio-physical 
interconnectivity and interplay. 

The presence of all these sensors and computing devices produce enormous amounts of data, challenging the 
current information extraction tools and creating opportunities for new generation machine learning and data 
mining approaches and help shape the decision support instruments of the future.  

On the other hand, the misuse of data poses risks to individual privacy and challenges society fundamentals, as 
seen recently in some social platforms and in election manipulation with fake news. Therefore, ensuring personal 
privacy, data security and information trustworthiness becomes a priority in our digital world. 

Interaction between man and machine is changing and is becoming more immersive and inclusive, merging 
virtual and real worlds, a move seen at computer gaming, but that will reach other levels of society. 

Society is reacting to this new digital world and efforts are being made to reap the benefits and minimize the 
risks. As a consequence, public funding is being structured accordingly. 

The forthcoming Horizon Europe research program, for the period 2021-2027, will have a budget of €97.6 billion 
and will be organised in three pillars, the most relevant of which is the Global Challenges pillar. This pillar will 
support research related to societal challenges, setting EU-wide missions with ambitious goals organised in 5 
different topics, each with intervention areas relevant to the Cluster, some of which are highlighted bellow: 

 

https://ec.europa.eu/commission/sites/beta-political/files/budget-may2018-research-innovation_en.pdf
https://publications.europa.eu/en/publication-detail/-/publication/b46756ae-f1f6-11e8-9982-01aa75ed71a1
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 Health: tools, technologies, and digital solutions for health; 

 Inclusive and secure society: cybersecurity; 

 Digital and industry: artificial intelligence and robotics; digital technologies; next generation internet; 
high performance computing and big data; space; 

 Climate, energy, and mobility: smart mobility; 

 Food and natural resources: environmental observation; 

Some examples of missions that have been proposed and that could be relevant to the Cluster are: 

 Before 2030, 1000 cities in Europe should offer life contexts in a virtual city, including participation in 
science, culture and the arts, by using interactive and mobile technologies; 

 By 2030, build an open inclusive and safe digital society, namely with public digital services better and 
more secure than private digital services; 

 By 2030, build a universal quantum computer and place it on the cloud; 

 Establish integrated data capture, analysis and visualization systems that enable prevention, 
interception and early treatment of diseases, which account for 80% of healthcare costs; 

Besides Horizon Europe, in the period 2021-2027, there will be other EU funding programs that can be relevant 
to the Cluster, namely: 

 The European Defence Fund, with an overall budget of €13 billion, that aims to boost Europe’s ability to 
protect and defend its citizens, and that will offer EU funded grants for collaborative projects addressing 
emerging and future defence and security threats and aiming to bridge technological gaps; 

 The new Digital Europe Program, with €9.2 billion, that aims to bring the benefits of the digital 
transformation to all European citizens and businesses, and that will boost investments in high-
performance computing and data, artificial intelligence, cybersecurity and advanced digital skills; 

The national and regional funding programmes are also aligned with the European strategy. For instance, the 
regional smart specialisation strategy EREI Norte 2020 selected several domains to foster regional development, 
namely: 

 Healthcare and Life Sciences 

 Culture, Creation and Fashion (*) 

 Sea Resources and Economy (*) 

 Human Capital and Specialised Services (*) 

 Mobility and Environmental Industries 

 Advanced Manufacturing Systems (*) 

 Food and Agri-environmental Systems 

 Symbolic Capital, Technologies and Tourism Services (*) 

 

ICT are explicitly referred in most of them as enabling technologies (marked with asterisk). Nevertheless, ICT can 
also play an important role in other domains. Similarly, the national research and innovation strategy for smart 
specialisation ENEI, which aligns with regional and sectoral strategies, identifies ICT as one of the 15 smart 
strategic priorities.  

All of these European, national and regional funding programmes open a wide variety of opportunities for Cluster 
intervention in its core research areas. 

https://publications.europa.eu/en/publication-detail/-/publication/b46756ae-f1f6-11e8-9982-01aa75ed71a1
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 Vision and contribution 

3.4.3.1 Future vision of the domain 
Computing became fully decentralized, mobile, increasingly autonomous, and ubiquitous reaching all appliances, 
devices and living beings. As a result, current information and communications systems present many hard and 
intricate challenges associated to scalability, security and criticality. The ever-increasing amounts of generated 
data embody a wealth of information that needs to be properly and timely mined and analysed. This challenges 
our capacity to filter, curate, store, process, query and visualise unprecedented volumes of data from diverse 
sources and formats. In addition, the economic value of the data, trade and state secrets, and individual rights 
require data manipulation to comply with demanding levels of privacy. Smarter and autonomous systems in 
critical realms such as utilities, health care, transportation and finance require dealing with new, and often 
unanticipated, sorts of risks that challenge the best practices of software engineering, network and information 
security and human-computer interaction. 

3.4.3.2 Cluster contribution 
The Computer Science Cluster is in a unique position to address many of the technological and societal challenges 
mentioned above, due to the complementary competences of its core research Centres. In general, the Cluster 
contributes with the areas of Artificial Intelligence, Parallel and Distributed Systems, Information Management 
and Systems, and Computer Graphics to the scalability challenges, with the overarching area of Cybersecurity to 
the challenges of security, and by and large combining Software Engineering, Distributed Systems and Virtual 
environments to the development of critical systems and infrastructures. 

This wealth of knowledge is often enriched with the contributions from the other three Clusters and leveraged 
through the market pull of all TEC4 initiatives that, albeit with different emphasis, depend on the Cluster’s 
strategic research lines presented next. 

 Cluster research lines 

The Cluster activities are focused on three main research lines described next. As will be clear, these naturally 
are fully aligned with the Cluster’s vision. 

Rl1 - Big Data and Machine Learning 

This research line addresses the challenges of the management, analytics and visualisation of stationary and 
streamed data sets brought by the unprecedented volumes of information and the increasing pervasiveness of 
smart devices. Big Data and Machine Learning are nowadays prevalent topics in both current and forthcoming 
European framework programmes and central to any sizeable ICT project. This is also a research line strategic for 
all research centres of the Computer Science Cluster. 

With respect to data management, the aim is to provide the next-generation of software-defined storage 
solutions that can automatically adapt to heterogeneous data-intensive workloads and their specific 
requirements in terms of efficiency, security and dependability. At the database level the goal is to combine the 
scalability of NoSQL systems with the functionality of relational and transactional database management systems 
favouring analytic workloads. At the analytics level the focus is on complex networks dynamics, multi-label 
classification for high speed data and self-tuning machine learning algorithms. 

Rl2 - Privacy-Preserving Computing 

This research line aims at devising new algorithms and techniques for computation that preserves the 
confidentiality/privacy of the data as well as, in some specific use cases, of the algorithms themselves. This is to 
be done considering several trade-offs balancing security, performance, scalability and power consumption.  
Since the adoption of the European General Data Protection Regulation (GDPR) that imposes several constraints 
on the manipulation of personal data most of the existing analytics algorithms and technologies over personal 
data become inappropriate and therefore useless. This has raised enormous challenges, as fundamental 
techniques such as computation over encrypted data, multi-party computation, and verifiable outsourced 
computation need to be made usable and scalable to complex multi-administrative domains, so that privacy 
preserving computation can be a commodity. 
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Rl3 - Virtual Environments 
This research line aims at developing novel methods and tools for intelligent immersive virtual environments, 
enabling advanced and inclusive HCI with multi-sensorial immersion in augmented and virtual reality. Within the 
Cluster’s vision the target is threefold: advanced training, industrial digital twins and large-scale interactive data 
visualisation. 

To this end , the approach to work on the integration of games in educational/training information systems, on 
the creation of software techniques for procedural content generation and better data analytics, on approaches 
for better human-computer interaction with games and e-Learning systems, like the use of multisensory VR and 
AR techniques, and on combination of these lines with novel pervasive technologies.  

 Structural actions planned for 2020 

The Cluster’s general R&D objectives for 2020 essentially carry from previous years and focus on the sustained 

growth of the Cluster’s performance across the research to innovation value chain. This is to be assessed by i) 

the increased focus on first tier and high impact publication venues and broader international visibility and 

notoriety, ii) the continued leadership and participation in European research and innovation actions, and 

networks of excellence, and iii) a growth in the knowledge and technology transfer contracts with industry. To 

this end, a set of actions are planned: 

 Organise international scientific events, participate in scientific societies, and make available online 
demonstrators, software packages, datasets and other resources of interest to the community in 
general; 

 Increase the number of PhD students; 

 Strengthen the collaboration with international universities and research institutions by means of the 
exchange of researchers, seed projects and joint project applications;   

 Promote cross-cutting research initiatives, such as INESC TEC’s Data Science Hub, in areas such as 
cybersecurity, green energy, and healthcare; 

 Seek stable long-term technology transfer collaborations with international large ICT companies leading 
to high impact in real-world applications; 

 Expand and reinforce the Cluster’s participation in the Data Science Hub initiative. 

 


