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Cyber-physical systems of 
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Smart growth

Safety

Sustainability

Grand Challenges

FORMATION OF SMART CITIES  -
EVOLUTION OF SYSTEMS OF INNOVATION 

Smart 
ecosystems
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Requirements are based on research at URENIO, a laboratory of Aristotle University 
conducting research on intelligent cities since 2000 



R1. Strategy development by city ecosystems



A hundred 
principal

ecosystems in 
cities

Area-based 
ecosystems, 
defined by 
districts &  
neighbourhoods

➢ Central Business District
➢ Housing districts
➢ Technology districts
➢ University campus
➢ Recreation areas
➢ Open and public 

Shopping malls
➢ Port areas

Vertical
ecosystems, 
defined 
by activities 

➢ Manufacturing sectors
➢ Construction
➢ Finance
➢ Service sectors 
➢ Trade and wholesale
➢ Education 
➢ Health, Social care

Network-based 
ecosystems, 
defined 
by utility and 
other networks

➢ Transportation 
➢ Energy provision 
➢ Water provision 
➢ Waste management
➢ Telecom
➢ Broadband

The city is a heterogeneous system: a system of ecosystems



Digital transformation is fragmented into ecosystems / vertical markets

Very low interoperability 

Interoperability across 
vertical smart city 
markets:
➢ Infrastructure: 

Broadband networks 
and sensors 
networks

➢ Cloud: Storage, VM, 
RAM, and 
applications 
environment



R1: Strategy development at the level of city ecosystems 

City district: 
Challenges -
Analysis

Objective A1

Action A1.1

Assess A1.2

Action A1.2

Assess A1.2

Objective An

Action An

Assess An

•Objective A1

•Objective A2

•Objective An

City District-
Challenges

•Stakeholders
•Users

•Actants

•Institutions

Ecosystem 
setting •Opp. A1-Public 

grant

•Opp. A2- Donation

•Opp. An - H2020

Valorise

opportunities

•Assess A1

•Assess A2 

•Assess An

Assessment

TRADITIONAL CITY PLANNING: STATE-LED, 
IERARCHICAL, TOP DOWN SMART CITY PLANNING: COLLABORATIVE, 

VALORISING OPPORTUNITIES, BOTTOM UP



DIAGNOSIS

STRATEGY ACT PLAN IMPLEM ASSESSMENT

SWOT

DELPHI

SCENARIO 
BUILDING

BALANCED 
SCORECARD

BENCHMARKING

Skills: Turn strategic planning to digitally assisted (see OnlineS3)



R2. Integrated cyber-physical projects



https://visionzeronetwork.org/about/what-is-vision-zero/

Integrated cyber-physical projects may cover an entire ecosystem

https://visionzeronetwork.org/about/what-is-vision-zero/


https://amsterdamsmartcity.com/projects/city-zen-virtual-power-plant

Integrated cyber-physical projects may cover an entire ecosystem

https://amsterdamsmartcity.com/projects/city-zen-virtual-power-plant


R2: Double integration of components, intra digital and inter-digital

C
en

tr
al

 c
it

y 
d

is
tr

ic
t

Te
ch

n
o

lo
gy

 
d

is
tr

ic
t

U
n

iv
er

si
ty

 
ca

m
p

u
s

Layer II: INNOVATION INSTITUTIONS AND SYSTEM

Layer I: THE CITY 
People, Activities, Infrastructure
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Layer III: BROADBAND, SENSORS, APPLICATIONS, CLOUD   

Intelligence Co-creation

Networks. Synergy. 
Open decision-making

DisseminationE-learning

Integration into the urban digital 
system

Into the city district: integration of urban, 
innovation and digital systems 

Source:  http://www.cisco.com/web/about/ac78/docs/Living_PlanIT_SA_Handouts_C-scape.pdf



INFRASTRUCTURE FOCAL CYBER-PHYSICAL PROJECTS

UTILIITIES: TRANSPORT AND ENERGY CITY DISTRICTS AND CAMPUS

Skills: Vary per type of smart city project



R3. Group of e-services per ecosystem



A group of digital services is needed to transform a city ecosystem

13 digital services for 
smart transport

https://www.smartcitylab.com/

https://www.smartcitylab.com/blog/mobility/the-solutions-of-the-smart-city-to-the-challenges-of-urban-mobility-infographic/


• Organisation

• Investment

• Value proposition

PROVIDER

• Components

• SOA / Microservices

• Technologies

X-SERVICE
• Individuals

• Businesses

• Ecosystems

USER

BUSINESS 
MODEL

APPLICATION
COMPONENT MODEL 

(SOA or MS) QUALITY MODEL

SOFTWAR
E model DATA 

MODEL

Impact metricsService context 

Each digital service needs a combination of complementary models
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R3: Development of models and combination of digital technologies



ONTOLOGY V1

Consider 
similar apps

3-LAYER 
architecture

Use NPD 
methods

ONTOLOGY V2

Mock-up

Users 
feedback

FINAL 
ONTOLOGY

Flowchart 
diagram

Skills (1): applications design

USER-
DRIVEN 
DESIGN



https://exploring-data.com/vis/programming-languages-influence-network-2014/

Skills (2): applications programming and development

C
Python 
Java
JavaScript
PHP

https://exploring-data.com/vis/programming-languages-influence-network-2014/


R4. Data collection, storage, and open access 



The functioning of cities and city ecosystems generate volume data

Information service based on a network of wireless sensors (Libelium) that measure air
pollution (CO2, nitrogen oxides, microparticles, pollen) and send measurements to a
central hub. Data are presented on digital and physical displays, pc, and smart phones.

The city becomes a measurement system: 
Data -> Modeling -> Forecasting



R4: Development of data repositories, collecting & redistributing data



Skills: Data science, analytics, AI-based prediction and optimisation



R5. Governance of operation and impact



City’s digital spaces and 
smart environments 
Broadband, sensors, cloud, data, 

software applications
e-services

City
A system of systems:

Routines within subsystems 
Challenges, problems, needs 
Networks, externalities, advantages
Performance KPIs (economy, living, 

utilities, government)

Innovation circuit 1

Subsystem of economy

Subsystem of living

Subsystem transport / utilities

Subsystem of governance

Innovation circuit 3

People / organisations

Innovation circuit 2
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Investments, infrastructure, 
institutions

City’s innovation system
R&D funding (public / private)
Innovation funding (VC, angels)
Innovation infra (Labs, SCPs, TTO)

Innovation institutions
STEM skills and education 
Specialised service providers 
Innovation regulations, IPR

Governance requires understanding how smart cities work

Cyber-physical system: 
innovation & performance



SHARED SPACES
Disruptive Innovation

Sharing economy – New growth 
models - Smart growth

Business growth platforms

Business over Business

P2P production, demand driven

ENGAGEMENT SPACES
Social Innovation

Social innovation and citizen 
non-profit networks

Mapping and motivation for 
participation and change

Real-time safety and security 
systems in the public space of 
cities

Πηγή: Oskam, J., & Boswijk, A. (2016)

AWARENESS SPACES
Innovation for Sustainability

Sensor networks, real-time alert 
Behaviour adaptation to 

external conditions
Awareness and solutions about 

the environment, pollution, energy 
saving, CO2 emissions, climate 
change

Monitoring the impact: new models of growth, living, and sustainability



Baseline 
performance of 

intelligent city drivers

Action plan for change

Human 
resources, 
knowledge

Innovation 
system 

performances

Digital infra 
and e-services 

Improvement of the 
urban system

INVESTMENTS

in human 
resources, 
education

INVESTMENTS

in research  
and 

innovation

INVESTMENTS

in digital 
infra and e-

services

Economy

Quality of life

Infrastructure 
and utilities

Participatory 
governance

R5: Measurement, assessment, feed-back

X
ECOSYSTEM

District

Sector

Network



Requirements 
are driven by the interoperability and integration of 
heterogeneous urban, innovation, and digital systems

Skills
at the crossroads of engineering, information 
technology, and social sciences


