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Executive summary

According to City Metric three million people move to cities from rural areas every week
and it is estimated that cities will be home to 70% of the world population by 2050 (UN -
habitat, 2013). Such intensive growth in combination with global migration cris is requires
upgrading existing infrastructure and developing new ones (urbanisation challenge).
Cities alone will have to spend $350 trillion or seven times the current global GDP in the
next 30 years on urban infrastructure (Accenture, 2011). Better plann ing, integrating a new
ecological context and mediating a range of self -interested stakeholders (citizens, leaders
in cities, architects, etc.) engaged in the urban development are needed to address the
urbanisation challenge , to optimize the costs and all ow continuous value creation for city
developers and citizens.

Information and communications technologies (ICT) and its rapid development in the urban
planning could become a recipe in solving the urbanisation challenge: cloud computing, big
data, Web tec hnologies, mobile connectivity, Internet of Things are providing opportunities

at affordable cost for cities (Accenture, 2011). Moreover, ICT can provide cities with new
ways of interacting and collaboratin g with different stakeholders. Some cities are now
measuring the ICT potential by promoting technology -driven innovations within cities like
open data initiatives  (a.k.a. Open APls, see for instance http://www.amsterdamopendata.nl).
By providing accessto valuable city data, cities enable the creation of new applications and
services, and, in turn, create better ways of living and working. Moreover, involving citizens
and other stakeholders into city development opens an opportunity for collaborative cit vy
development allowing building sustainable smart cities with user -and environment-friendly
infrastructure.

The opportunity of a smart support of the urban development  that exists today has never
been greater. In this context, C3PO aims at providing a Cloud collaborative and semantic
platform for city co -design. The uniqueness of the C3PO platform lies in covering the whole
urban project development process where cities empower, engage and guide different
stakeholders (citizens, decision makers, architects, etc.) to develop an urban project
together. C3PO does not intend to replace or modify existing applications offering unique
but partial solutions of city co -design (simulation tool, open API, 3D modelling and
visualization, gaming tool, etc.). C3PO should be seen as anopen and generic intermediary
that enables the interaction between existing applications through a unique multi -
dimensional semantic repository  (covering the different types of information in city co -
design like GIS, BIM, electricity grids, traffic, etc.). As such, C3PO enables the
capitalization of existing applications and data sources by enabling their integration as
services, or by enablingt hem to exploit the C3PO Open AP |.

This document presents the state of the art in the field of collaborative city design. It
describes methodologies, tools, technologies and trends related to the C3PO project
innovation domain. We describe the technological state of the art of the project partners,
and how their technological competences contribute C3PO. We continue with discussing
methodologies, tools and applications of collaborative city design and with particular focus
on stakeholders of this proposed collaborative city design. We follow with the technological
state of the art in the domains associated with the C3PO platform, look at the data sources
and link C3PO to the closely related projects. We also explore the business opportunities for
C3PO platform, its potential market, customers and competitors, analyse the options of
potential business models relevant for such a solution as C3PO platform.
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1 Introduction

This document is the third and final iteration of the C PO project related state of the art.
It covers both methodological and technological aspects of city co -design, current trends
and related projects upon which C3PO is built as well as future business opportunities for
C3PO.

1.1 C3PO Project in brief

C3PO aims at providing a cloud Collaborative and semantic City Co-design Platf Orm. The
C3PO platform is unique in that it covers the whole urban project development process
where cities empower, encourage and guide different stakeholders (citizens, decision
makers, architects, etc.) to develop an urban p roject together. C3PO does not intend to
replace or modify the existing applications offering unique but partial solutions of city co -
design (simulation tool, open API, 3D modelling and visualisation, gaming tool, etc.) but can
be seen as an open and geneic intermediary that enables the interaction between existing
applications through a unique multi -dimensional semantic repository (covering the different
types of information in city codesign like GIS, BIM, electricity grids, traffic, etc.). As such,
C3POenables the capitalisation of existing applications and data sources by enabling their
integration as services, or by enabling them to exploit the C3PO Open API (ITEA Portal,
2017).

C*PO project consortium includes 21 partner from 3 countries  dBelgium, Finland and Turkey.
Five partners represent cities for C *PO platform pilots & Brussels and Kortrijk (Belgium),
Kouvola and Oulu (Finalnd), Pendik Municipality (Turkey). Read more about the project from
ITEA portal (https://itea3.org/project/c3po.html ) or project website
(https://c3poprojectblog.wordpress.com/ ). Each of the project partners and its related
developments are described in more detail in the section 2 of this deliverable .

C*PO Project in brief
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1.2 Relation to other deliverables

This subsection highlights the principal relationships between thi s deliverable (D2.1, version
03) and other deliverables.

This deliverable serves as a basis and starting point for all the other deliverables of the
project. It describes the existing concepts, competences of project partners, existing
techniques, processes, regulations and methodologies. Moreover, it provides a brief
overview of the related projects and initiatives currently running as well as current vision
of C3PO business model.

1.3 Background

According to World Urbanization Forecast (United Nations, 2014) cities are growing rapidly.
This growth is also supported by immigration flows and will continue in the future (see figure
below). As a consequence, the pressure in terms of different challenges on urbanization:
ecological, infrastructural and economical i n respect to growing costs of the city
maintenance and development, will continue to increase.

Urbanization manifests itself in two ways: expansion of existing cities and creation of new
ones. For exampl e, in terms of c i e thare agpedfgst-1 at i on
growing cities like Istanbul, London, Paris ranked respectively 14 ™, 20" and 25" in a
worldwide study conducted by McKinsey Global Institute in 2012. As existing cities continue
to expand, new ones are being created. Urbanization in d eveloping countries like Turkey or
North African ones has been characterized by the emergence of new cities. For instance,
the new Bosphorus channel in Turkey will be accompanied with the creation of two middle -
sized cities™.

The idea of smart cities has become a globally recognized proposition and a value creator.
The European Initiative on Smart Cities for 2010 -2020 promotes systemic approaches and
organisational innovation, encompassing energy efficiency, low carbon technologies and the
smart management of supply and demand, requesting innovative solutions for water, energy
and transport planning and sustainable development
(http://setis.ec.europa.eu/implementation/technology -roadmap/european -initiative -on-
smart-cities). It is followed by a number of supportive initiatives as for instance global Open
Cities (http://www.openc itiesproject.org/ ) and European project Open Cities
(http://www.opencities.net/ ) aiming at making the urban planning data more open.
European Charter on Participatory Democracy in Spatial Planning Processes has been
approved at European Council of Spatial Planners (ECTP&CEU) in October 2015. Planners
and governments of EU countries are invited to sign it (Brussel Region Prime Minister already
signed the charter in April 2016 ) (LinkedIn, 2016). This indicates the movement on smart
cities initiatives at EU le vel.

! Following the criteria applied by EU medisized cities are those with between 500,000 and 1,000,000 inhabitants (Manville et al., 2014)
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The concept of smart city gave a birth for the entire market of smart city solutions, where
many companies are nowadays operating (IBM, Oracle, Google, General Electric, Cisco and
many others). It is forecasted that in the next 10 years, over $100 billion  will be spent on
core technologies to support smart city development worldwide. The smart city market is
expected to be worth $1,5 trillion by 2020, opening tremendous opportunities for business
(Frost & Sullivan, 2014).
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Smart city market: structure an d growth (Rohling, 2015)

According to the Smarter Cities for Smarter Growth Report (IBM, 2012) cities will need to

continue building on other core services agendas such as energy, water and environmental
sustainability, urban planning and architecture. Th ey will also cultivate a systems level view
of the entire city that allows them to capture the most value from their investments,
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optimizing improvements across different parts of the city (Smarter Cities for Smarter
Growth, IBM, 2012).

The C3PO project aims at research and development of an open platform for urban co -
design. Thus, it is addressing a niche of smart -city market. The platform relies on three
main building blocks:

1. Urban co-design semantic description of multi -dimensional information
(ontologie s),

2. Scalable computing platform and
3. Cooperative urban design process.

These three building blocks will offer the efficient multi  -dimensional information access and
the orchestration of different applications (visualization, simulation, data acquisition an d
participation). Thus, the research and development is related to several topics, including
cooperative urban design process, urban ontology and 3D visualization.

1.3.1 Cooperative urban design process
The key elements of cooperative participation in urban pla nning are:
inclusiveness (who is allowed to participate?),

stakeholders and their representativeness (what kind of groups are represented in
the process and by whom?),

1 expertise (who possesses information and what kind of information is seen relevant
and valuable?),

1 knowledge and understanding about the planning process, interest in or motivation
to be involved in the planning process (Backlund, 2007; Haikid, 2005; Lain e and
Peltonen, 2003; Leino, 2006).

All these elements must be included in the cooperative urban planning and design processes.

According to Fu & Lin (2014) the urban co-design process includes five main stages:

exploration (including stakeholder analysis ); integration (including participatory research

for city challenges); ideation (to generate concept based on analysed data and built

models); implementation (including framing service ecosystem and project pilots);

evaluation (evaluation and testing with public). The co-design platform should communicate

and visualize clearly, what is the exact process and in which phases different stakeholders

can participate. The technical solutions should
to be involved. Multiple different applications and platforms already exist to support these

processes. They are reviewed in the Chapters 3 and 4 of this document.

1.3.2 Standards and initiatives in urban information

There exist several XML-based standard protocols for exchange of urban information. Each
protocol describes a specific dimension of urban information (e.g., OGC - geospatial and
location standards by the Open GIS Consortium; aecXML- BIM information which uses
Industry Foundation Classes (IFCs), LandXML a data structure widely used in infrastructure
planning which the IFC does not yet cover, etc.). Tentative ontologies have also been
developed in areas related to GIS/BIM applications. This is the core theme of Chapter 5 of
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this document.

1.3.3 Visualization and transmission of 3D scenes

Some commercial products already exist for mobile augmented reality architectural
visualization. However, they typically suffer from problems with accuracy and stability
(being based on just compass and GPS), poor rendering quality (visualization not adapted to
real world lighting conditions, not accounting for reflections etc.) and incorrect occlusions
(foreground objects hidden by virtual objects). Improved performance can be obtained by
applying computer vision (for trackin g), image analysis (for rendering) and 3D reconstruction
(for occlusions). Further research problems are presented with handling complex 3D models
in real time on consumer level mobile devices. Making possible the effective transmission
and sharing of complex 3D scenes on various terminals and under different bandwidth
constraints, while fully ensuring the necessary quality of services, requires the deployment
of effective compression technologies (Li et al, 2001). The requirements to be fulfilled are:
(1) scalable/progressive transmission; (2) high speed decoding, in order to make it possible
the deployment of such solutions on mobile devices; (3) support of arbitrary topologies and
geometries. However, the majority of the existing techniques fail from supp  orting the whole
set of the above-mentioned requirements (Siew et al, 2012). In particular, they are
dedicated to manifold structures and thus inappropriate for more generic topologies such
as those encountered in practice. It is discussed more in detail i n Chapter 5 of this
document.

1.3.4 Related trends

Open data-driven smart cities

The global interest in open data is growing rapidly. The Europe Open Data catalogues
(http://lod2.0kfn.org/eu  -data-catalogues/) illustrate the growing European interest in
open data. Many cities (e.g. London 0 http://data.london.gov.uk/datastore , Amsterdam -
http://ww w.amsterdamopendata.nl/ , Seattle - https://data.seattle.gov/ ) and other data
providers (e.g. utility providers or transportation companies) provide access to their data
through interfaces designed for external t hird party developers called Open APIs. The
benefits of Open Data initiatives include: increased transparency in city planning and
development, empowered citizens, fostered innovation and contribution to reforming public
services. In terms of the direct ec onomic benefits from open data in 2014 in the European
Union it was valued around Euro 40 billion and over Euro 140 billion annually across the
whole EU27 economy (Ojo et al., 2015). For instance, London has seen a multitude of new
applications built upon government data. The London Datastore created competition in the
information product market, with several different applications competing for similar space.
Citizens receive greater choice and the private sector grew as a result. For instance, UK -
based public transport data aggregation firm, Placr, achieved a £120,000 turnover within 18
months and several other companies are now following (Accenture, 2011)

The report on open data maturity by European Data Portal (2016) addressed significant
development of national activities on the use of open data. The majority of EU countries
successfully developed an approach to promote open data. As a result the presence of an
open data policy, the use of open data and its impact have been increased in most of the
EU cauntries. Among the top leading countries, who have implemented an advanced open
data policy with extensive portal features and national coordination mechanisms, are Spain
and France.
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EU highlights public open data as one of the priorities for further devel opment. In respect
to this, t he Connecting Europe Facility (CEF) in Telecom is an EU programme aimed at
facilitating cross -border interaction between public sector, citizens and businesses.
Particularly, the programme supports projects aimed to promote int erconnection and
interoperability of national, regional and local networks as well as to enable access to such
networks supporting the development of a Digital Single Market. (European Commission,
2016a) In 2016 3,5 million EUR has been allocated to projec ts on public open Data under
CEF Telecom(European Commission, 2016b)

At the same time there are certain drawbacks with city open data, since é smart ness i s |
equal to open ac c@®sier&Bdivar, 2015epr b Gaderninents should

promote open data usage and needs to open the city data, but it should be done very

carefully in terms of ethical issues, IPRs, privacy and security (Walravens, 2012; Batty et

al., 2012).

Urban planning and simulation tools

Urban design tools are specific techniq ues that can be applied at appropriate stages in the
design or project planning process. These tools can help in understanding the urban context,
encouraging community involvement, increasing the understanding of urban design issues,
describing intended de sign outcomes, establishing design processes, and organizing people
and resources. A classification of urban design tools is given in the urban design toolkit
(Urban Design Protocol Ministry of the Environment, New -Zealand, 2006).

Segments of this market are dominated by major players like:

The BIM (Building Information Modeling) market (dominated by players like  Revit,

Autodesk, Bentley, Trimble, Nemetschek, Catia, Hitachi etc.), is in charge with modeling

the water and energy systems, security -related support, facility maintenance, lighting and

air conditioning at a building level. Steps towards the use of CAD pr oducts at city level are

already accomplished. The anal yst Kat hl een Mahe
more dynamic than ever. It is involved in every aspect of design, building, constructing and

manufacturing Increasingly, CAD is becoming part of a visually connected world that can be

understood and better managed. There are opportunities in new platforms, new

technol ogi es, and new customers in emerging ecoc
industry. 6 (Jon Peddie Research, 2012).

Autodesk, Egi, Bentley, InterGraph, Mapinfo, etc. act in the GIS market, where the
cartography technology is extended to support the inclusion of new city infrastructures
elements, to test and validate their pertinence.

Virtual environments such Second Life that sim ulates the life in a city, or city building
simulation games as SimCity or CitiesXL have a good impact to public, and their example
should be exploited in the real business.

Very few city simulator tools, such as AnyLogic, are destined for urban planners t o
understand how cities are likely to evolve in response to various policy decisions. City
simulators are generally agent -based simulations with explicit representations for land use
and transportation. UrbanSim and LEAM are examples of large-scale urban simulation models
that are used by metropolitan planning agencies and military bases for land use and
transportation planning. Many other sectors of the smart cities are still waiting for being
modelled and exploited in such approaches.
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Virtual and augmente d reality

Various novel visualization technologies have emerged at the market and matured up to
commercial application level in the past few years:

0 Augmented Reality (AR). With Augmented Reality, different stakeholders can
immediately verify the effects of new city plans in previously existing urban
environment, compare between plans and designs etc. Mobile AR enables the plans
to be viewed from any chosen location on -site, while photo based methods are
available for design evaluations at office or home.

(@]

3D Screens. Novel public screen solutions enable crowds of people to compare and
interact with urban planning designs at hot spot locations around the city. The
related tech nologies include auto stereoscopic screens, multi -touch interaction,
virtual 3D as well as Augmented Reality presentations.

[@]3

Data glasses. A whole new generation of data glasses (e.g. wide angle optical see
through), is currently entering the market, even w ith reasonable pricing for
consumer use. Compared to hand-held or screen based solutions, data glasses offer
completely new forms of interaction (e.g. gesture based) and immersive
visualization.

Open and User Innovation in smart city development: civic ope n innovation

Overall, open innovation has received a particular emphasis in the context of smart city
development in the recent years all over Europe and globally. More specifically, it is
reflected in three trends. First, increased interest of citizens to  wards getting access to
administrative data and involvement in administrative decis ion-making (user-involvement).
Second, open data has spread all over Europe and citizens have become widely recognized
as stakeholders of the city. Third, crowdsourcing and participation tools also using mobile
devices are continuously elaborated to make city co -development go beyond traditional
forms of public petitions and civic protests. One of the basic conditions for implementing
open innovation in t he context of urban d evelopment, which implies city administration
involvement, is establishing of culture of openness to insure open -mindedness and
transparency in the entire process. That is why it is so important to develop a platform,
which connects different stakeholders and facilitate their collaborative work. Support of
such a platform by public administration is essential to ensure open collaboration (Barthel,
2013).

Already for many years, management research has been pinpointing the attention to the
concepts of collaborative value creation, democratising innovation processes, and user
involvement. This logic enabled the emergence of user innovation theory and open civic
innovation (Almirall et al., 2014) . If city design is considered as an innovation of a kind,
then t hese two theories allow explaining the need and role of the users (here - stakeholders)
in this process. Both open and user innovation theories tell, that stakeholder involvement is
necessary and inevitable in modern innovation processes (Piller and West, 2014). There is
hardly any entity, which could reach long term success without assessing customer needs,
desires, satisfaction etc. (Piller and Ihl, 2009). A number of empirical studies show that most
successful new products and services have been initiate d by information about user needs,
often referred to as need pull (Baker et al., 1967; Utterback, 1971; Robertson, 1973). In
many cases, technical improvements were realized during the diffusion phase by user
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feedback or re-invention by users (Rogers, 1995 . Or net zeder and Rohrache:

of user innovations show how the users can be involved in the design and dissemination of
technologies at different levels of intensity. For example, early users can start completely
new technologies and designs new products. They can find and test new applications of a
product as well can appropriate unconventional building technologies and design solutions
in the course of collective planning processes. However, as the analysis of literature reveals,
the role of users in innovation processes is much broader than simple direct user
participation. Even without active user engagement, designers are still able to represent
the needs and expectations of future users and match it with the design of a product through
imagination about future uses and users or through the experiences of designers or
producers as users. Users may also try to change or re-design technologies, or block their
usage (Ornetzeder and Rohrache, 2006). There is a number of opportunities for users to
participate in product/service development. Different kinds of contributions by users have
been identified, for instance quality improvement, customization of existing products,
refinements and niche -targeted variety, or breakthrough innovative ideas. S ome of the
authors believe that users do not play a part in the initial generation of new product ideas;
users are only contacted after the company has developed a new solution to evaluate it,
e.g. focus groups (McQuarrie & Mcintyre, 1986). However, von Hi ppel has stated that users
can be perceived as sources of new ideas or inventions (von Hippel, 1977, 1978, 1988).

A dimension of user involvement in open innovation relates to the nature of involvement.
Jespersen (2008) defines five possible user roles that differ in terms of interaction control
as well as task/social orientation:

(@]

User as a resource (unstructured interaction and task oriented)

[@]3

User as a cocreator (structured interaction and task oriented)
0 User as a product (unstructured interaction and soc ially oriented)

0 User as a buyer (structured interaction and socially oriented)

On a theoretical level, these concepts and understanding of collaborative process allows us
speaking of collaborative city de sign dco-design, where user is a citizen.

Emergence of co -design trends

0 User as a O6userd (in the middle of both

di

me I

O0C<design ( €) is a product, service, or organizati ol

professionals empower, encourage, and guide users to develop solutions for themselves. Co -
design encourages the blurring of the role between user and designer, focusing on the
process by which the design objective is created. This process assumes that by encouraging
the trained designer and the user to create solutions together, the final result will be more
appropriate and acceptable to the user. It is generally recognized that the quality of design

increases | f the stakehol dersd interests ar

The citizen involvement in the city planning process has changed dramatica lly throughout
the years. First, the communities grew or emerged with little intentional or longer term
plans 6 only the biggest public buildings were the monuments of establishment. When the
modern cities started to grow the governance drew the plans wit h minimum involvement
from other stakeholders. In the era of representative governing bodies, first the estates,
later the elected city councils have had their say on the city planning. It may be called
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representative participation. Later, as the demand for more direct involvement rose, more
direct hearing and participation of different stakeholders started to become more common.
During the computer and internet era, the methods and means of general participation have
been evolving rapidly. Interaction between experts, planners, companies and decision
makers has increased and taken new forms.

The methods and tools have progressed accordingly. Plans on the papers with technical
calculations and symbols were merely for the experts. Early computers with cl umsy
interaction methods made the interaction even more complicated. The development of
visualisation and simulation tools during the last 20 years has made the representation of
plans more intelligible and comprehensive. The internet has provided city pl anning with a
potentially unforeseen democratic publication and communication media. The extent to
which it is used to actually encourage participation is a matter of cultural and political
change. Currently both the opening of public (and sometimes priva te) data, fast and easy -
to-use simulation tools enables all the stakeholders to see and handle the designed
environment in different planning scenes.
data in one platform and use the demonstrating tools wit h co-design methods to achieve
better planning process.

Internet of things (IoT) for smart cities

I o T i ngobal ikfrastru@ture for the information society, enabling advanced services
by interconnecting (physical and virtual) things based on existing and evolving

Ci PO&:«

interoperable information an(@TU,Qelg).nBuchiglobaltandon t e c |

complex infrastructure is required to enable continuous data gathering and processing
(transforming the physical objects characteristics into digital datab  y using sensors, software
and network connectivity). Urban loTs are designed to support smart city concept through
optimizing the city costs (value for city administration) and continuous interaction between

all the stakeholders and their devices (value fo r all the stakeholders including citizens).
Zanella & Vangellista (2014) describing the case of Italian Padova and its development under
the smart city concept define nine types of services forming loTs for smart cities. Among
them are:

0 Structural health of buildings (meaning automotive monitoring and control of state
of especially historical buildings)

0 Waste management (opening up economical and ecological advantages)

0 Air quality (monitoring and control of air quality collecting also a feedback from
joggers)

0 Noise monitoring (building a noise map, recognizing the noises, linking them with
emergency services)

0 Traffic congestion (monitoring and optimizing traffic by using sensors and gps)

0 City energy consumption (public lighting, transportation, heating and  cooling
systems control)

0 Smart lighting (adjusting lighting to weather conditions, presence of people, etc.)

0 Automation and salubrity of public buildings (controlling the parameters inside

public buildings to optimize the consumption and costs)
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In order to ensure sustainability, the described 10T infrastructure lacks a set of services for
city co-design, which C3PO fills . However, the complexity and need of embeddedness of all
the listed services has to be acknowledged. It is evident that there are huge urb an planning
market needs augmented further to the European initiatives and to the accelerated
expansion of urban areas. Currently, multiple mature business markets reside mostly
separately. They are focused on various domains and start to collaborate in th e domain of
urban planning. These factors support the need for the development of an integrative
platform enabling collaboration via applying systematic approach as currently such a
platform is not yet available.

1.4 Main concepts and terms

3D Scene
(Adminotech and
Playsign)

Augmented reality

Augmented
Virtuality

Big data

Bootstrap

Co-design

PU- Public

Is a description of a 3D space with links to scripts as well as 3D assets,
such as materials, textures, Ul elements, etc. Meshmoon platform
uses TXML format and 3D content is published on the web.

AR is a live direct or indirect view of a physical, real -world
environment whose elements are augmented (or supplemented) by
computer-generated sensory input. Sensory input can be sound,
video, graphics, GPS data or other acquisitions of sensors i.e. heat,
temperature, pressure, etc. Recent technologies have begun to
benefit from 3D data, panoramic images, CAD designs and maps,
which play a major role either as input or as output data. For
instance, 3D visualisations of buildings can be shown to users in order
to enhance the current perception of reality.

Refers to augmenting of predominantly virtual worlds with real world
content. An example of augmented virtuality is using photos and
videos of real people to furnish virtual buildings and ¢ ity models.

Big data is an evolving term that describes any voluminous amount
of structured, semi -structured and unstructured data that has the
potential to be mined for information. It is often described by 4 Vs:

O«

Volume - huge amount of data

Variety - different types/sources of data

Velocity - fast generation and processing of data
Veracity - uncertainty of data

O¢ O« O«

The bootstrap is a computer -intensive tool for answering inferential
questions. The underlying idea of the bootstrap is based on the
substitution and simulation principles. If the experiment cannot be
rerun, the already acquired data can be used and new data can be
created create to come up with an estimate within an acceptable
confidence interval. T h e ougmrandain
sampling from the original data.

Co-Design is a well-established approach to creative practice,
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including especially in the public sector. It is often used as an umbrella term

participation

Core ontology

Design research

Geographical
information system

PU- Public

for participatory, co -creation and open design processes.

In this project the definition used by both the UK Design Council and
The European Design Leadership
Growth and Prosperity®d i sdesigs asd.
community centred methodology that desi gners use to enable
people who will be served by a design outcome to participate in
designing solutions to their problems . (Koskinen & Thomson, 2012)

Core ontology is a basic and minimal ontology consisting only of the
minimal concepts requi red to understand the other concepts (W3C).

Different layers of C2PO information (GIS, traffic, BIM, etc.)
necessitate different ontologies so as to appropriately define the
various objects and relations relevant to their specific domains. Core
ontology for C3PO is aimed to provide a basis from which to build
ontologies for any information layer (domain -specific extensions).

Design research should be regarded as a separate activity from
design practice. It grew out of the need to formally a ddress the
increasing complexity of systems designers were being asked to
create. The increasing complexity of products such as cars, airplanes
and urban areas created a need for new design methods that were
more predictable and more collaborative. The des ign methods
movement grew out of this need, and generated the first cohort of
design researchers focusing on the development of knowledge
instead of artifacts for consumption.

A geographic information system (GIS) is a computer system for
capturing, storing, checking, and displaying data related to positions
on Earthoés surface. GI'S can sho\
map. This enables people to more easily see, analyze, and
understand patterns and relationships.

With GIS technology, people can compare the locations of different
things in order to discover how they relate to each other. For
example, using GIS, the same map could include sites that produce
pollution, such as gas stations, and sites that are sensitive to
pollution, such as wetlands. Such a map would help people
determine which wetlands are most at risk.

GIS can use any information that includes location. The location can
be expressed in many different ways, such as latitude and longitude,
address, or ZIP code. Many different types of information can be
compared and contrasted using GIS. The system can include data
about people, such as population, income, or education level. It can
include information about the land, such as the location of streams,
diff erent kinds of vegetation, and different kinds of soil. It can
include information about the sites of factories, farms, and schools,
or storm drains, roads, and electric power lines. (National
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Head Mounted
Displays

Infrastructure as a
Service (laaS)

Linked data

Mixed Reality (MR)

Ontology

PU- Public

Geographic, 2015)

HMD worn on the head o as part of a helmet, that has a small display
optic in front of one (monocular HMD) or each eye (binocular HMD).
Two main categories of HMD are optical see through (OST), and video
see through (VST) displays.

Infrastructure as a service (laaS) is one of the service models of cloud
computing. laaS provides access to computing resource in a
virtualized environment. Computing resources include CPU cores,
RAM, hard disk or storage space and network components.
Conat mer s donot manage or contr «
infrastructure but has control over operating systems, storage,
deployed applications and possibly limited control of select network
components.

Linked data describes a method of publishi ng structured data so that
it can be interlinked and become more useful through semantic
queries.

Linked Data refers to data published on the Web in such a way that
it is machine -readable, its meaning is explicitly defined, it is linked
to other external d ata sets, and can in turn be linked to from
external data sets (Bizer et al, 2009).

BernersLee (2006) outlined a set o
the Web in a way that all published data becomes part of a single
global data space:

1. Use URIs (Unifam Resource ldentifiers) as names for things

2. Use HTTP (Hypertext Transfer Protocol) URIs so that people can
look up those names

3. When someone looks up a URI, provide useful information, using
the standards (RDF (Resource Description Framework), SPARL (RDF
query language))

4. Include links to other URIs, so that they can discover more things

MR or hybrid reality encompasses both augmented reality and
augmented virtuality, which are merged to obtain a fusion of real
and virtual worlds. In mixed reality, new environments and
visualisations including physical and digital objects interact in real
time. MR does not take place only in the physical world or the virtual
world, but as a mix of reality and virtual reality, encompassing
augmented reality (AR) and augmented virtuality.

An ontology is an explicit specification of a conceptualization
(Gruber, 2010). An ontology describes a set of entities (concrete
and/or abstract) and the relationships they can have with each other
(Guarino, 1998).
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Open data

Linked data
platform

Platform as a
Service (PaaS)

Scene recognition
(BAH)

Semantic
repository

PU- Public

Ontologies are considered one of the pillars of the Semantic Web.
OWL is the W3C ontology language.

Open data is data that can be freely used, reused and redistributed
by anyone - subject only, at most, to the requirement to attr  ibute
and sharealike (Open Data Handbook)

It means:

0 Availability and Access: the data must be available as a
whole and at no more than a reasonable reproduction cost,
preferably by downloading over the internet. The data must
also be available in a convenient and modifiable form.

0 Reuse and Redistribution: the data must be provided under
terms that permit reuse and redistribution including the
intermixing with other datasets.

0 Universal Participation: everyone must be able to use, reuse

and redistribut e - there should be no discrimination against

fields of endeavour or against persons or groups. For
exampl eco@dmemci al 6 restricti
o6commercial & use, or restric

(e.g. only in education), are not al lowed.

Linked Data specification defining a set of application integration
patterns for building RESTful HTTP services that handle RDF
documents. A W3C Working Group operated from June 2012 to June
2014 to publish a specification which is currently a Candidate
Recommendation (http://www.w3.org/TR/Idp/ )

Platform as a service (PaaS) is another service model of cloud
computing. In this model, a cloud provider delivers hardware and
software tools. A PaaS provider hosts the hardware and software on
its own infrastructure. Application developers can develop and run
their software solutions on a cloud platform without the cost and
complexity of buying and managing the underlying hardware and
software layers. With some PaaS providers like_Microsoft Azure and
Google App Engine the underlyi ng computer and storage resources
scale automatically to match application demand so that the cloud
user does not have to allocate resources manually.

Scene recognition in the field of computer vision is defined as the
task of understanding the components of an environment and their
layout captured in images. This task requires analyzing indoor and
outdoor scene images that may be captured by various types of
cameras to detect the objects, places in the camera view and label
them according to a pre -defined classification dictionary.

Semantic repositories are engines similar to database management

systems. They allow for storage, querying, and management of
structured data. The major differences with the DBMS: the y use
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Semantic Workflow

Simulation

Software as a
Service (SaaS)

Stakeholders
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ontologies (allowing automated reasoning about data) and they are

more flexible (possibility to i
ontologies. The main standards for storing and querying semantic
repository are RDF(S) and OWL. Sesame is one of themost popular
semantic repositories that supports RDF(S) and all the major
syntaxes and query languages related to it. GraphD is another
semantic repository, packaged as a storage and inference layer
(SAIL) for Sesame-

Semantic workflows are scientific workflows enriched by using
semantic annotations based on semantic expression languages (OWL,
RDF SPARQL) to describe the workflow elements (data,
computations, results etc). The semantic extension of scientific
workflows allows a number of benefits related to the possibility to
apply reasoning engines (e.g. FACT++) capable of deriving implicit
knowledge from a set of explicit statements. Expressive
representations of workflows based on ontologies, together with
reasoning algorithms for workflow composition (supported by
interactive assistance), workflow validation, automated completion,
metadata propagation, and retrieval, enable users that are part of
the co-design process to easily associate meaning to what the
workflow represent s and exploit this meaning to facilitate the
overall design process.

Is the imitation of the operation of a real -world process or system
over time. (Banks et al, 2001). Simulation in C3PO cover s the
population growth simulation in urban plannin g as described in local
planning process, and also rendering of 3D scenes with elevated
buildings, functional areas (parks, trade centers etc .) streets and
people in a time line.

Software as a Service (SaaS) is a software delvery method that
provides access to software and its functions remotely as s web
based service. The applications are hosted in the cloud and can be
used for a wide range of tasks for both individuals and organizations.
SaaS is someti mes -derhenmd esofttow:
usually priced on a pay-per-use basis or using a subscription fee.

In the SaaS model, cloud providers install and operate application
software in the cloud and cloud users access the software from cloud
clients. Cloud users do not manage the cloud infrastructure and
platform where the application runs. This eliminates the need to

i nstall and run the application
which simplifies maintenance and support. The pricing model for
SaaS applications is typically a monthly or yearly flat fee per user,
so price is scalable and adjustable if users are added or removed at
any point.

There are many definitions of stakeholders. Two important
definitions are: one for Stakeholder as a term commonly use d in
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Structured and
unstructured data

Urban interaction
design

Virtual Reality (not
covered in the

project but usually
confused with AR)

Visualisation

Web rendering
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planning and public policy, and one in public projects theory.

(1) A stakeholder is defined as
in the issues being addressed. In practice, this means anyone could
be a stakeholder because a resident, taxpayer, and concerned
citizen could all have an interest. Because the distinction between
the public and stakeholder can be confusing, it is important to
consider WHY stakeholders should be involved and how they should
be selected. People who convene a collaborative p lanning effort
need to plan this step carefully. (Planning and Urban Design
Standards, American planning association)

(2) For projects, stakehol der s
who are affected by the project, who have influence or power over
it, or have an interest in its su

Stakeholders may be both organizations and people.

Data sources can provide structured or unstructured data.
Structured data refer to information that eithe r does have a pre-
defined data model or is organized in a pre -defined manner.

Examples of unstructured data include images, files and
unstructured text.

Examples of structured data are openGlIS, etc.

Urban Interaction Design is an emergent field composed of three
main elements: technology, society and art. It addresses the
question of how human, as a physical being, interact s with the
technologically augmented, data -rich urban environments that
increasingly characterize cities. Urban Interaction Design (UrbanixD)
draws upon knowledge and approaches from a range of disciplines
involved in the design of urban spaces, connecting them and
establishing their interactions as a principle.

Virtual Reality (VR), sometimes referred to as immersive
multimedia, is a virtual computer simulation environment
immersively simulating the real environment or totally imagined
worlds, by re -creating sensory experiences, such as virtual taste,
sight, smell, sound, and touch. As contrary to augmented reality,
virtual reality replaces the real world with a simulated one.

Visualisation is generally any technique for creating _images,

diagrams, or_animations to communicate a message. In the C3PO
context, visualisation refers more specifically to displaying

( kendering 6 ) of buil dings and plans
graphics.

In Meshmoon means Web Tundra client (WebRocket) implemented
with Javascript, which can render and run scripts in TXML format.
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2 Consortium cumu lative state of the art in each
partner s domain

ASSAR ARCHITECTS (Belgium)

ASSAR ARCHITECTS has over 120 architects applying their expertise to a large range o
disciplines, which ranks it among the largest Belgian architect firms. ASSAR ARCHITECTS
is therefore able to take on large scale projects in different sectors (urban plan ning,
office, housing, security facilities, laboratories, care homes, hospitals and mixed
projects). Since 1985 ASSAR has been pioneer in using 3D modelling and visualization
software, being one of the earlier adopters of Revit and BIM in Belgium.

Main contributions by ASSAR ARCHITECTS to the statef-the art developments of C3PO
project include:

1 Definition of co -design process: phases, necessary data, main activities, best
practices.

T Stakehol derods cl assification and inter

1 Guidelines for architectu ral and urban planning visualization.

In C3PO project ASSAR ARCHITECTS has shared its expertise in the domain of urba
planning and co-design accompanying other companies in the development of relevant
solutions for the smart city market. Assar has also de fined and developed the Brussels
case study, proposing awholeco-d esi gn pr o-ofecsosn ceprt dofwher e
the consortium reveals its added value according to the phase of development of an urban
project and the stakeholders that participate.

Bahcesehir University (BAH, Turkey)

Bah-elehir University (BAU) is a private
European side of Istanbul. BAH has been developing advanced tools and utilizing them in
the C3*PO project:

I Indoor Augmented Reality Software Tool: BAH has developed an indoor AR
application for Android Tablets and demonstrated in Dolmabahce Palace Museum.
This tool is developed in an abstract way which can be easily adapted to different
scenes and contents if data is provided in su fficient amount and quality by the
data owner.

1 Motion and Crowd Analysis Software: This tool can extract flow data, including the
type of objects either vehicle, person, or else, from street cameras.

1 ARKINECT: BAH has developed an AR tool that can utilizea Kinect Sensor. ARKINECT
can be used for body therapy especially for people with diseases like Parkinson,
etc.

91 3D Visualization Tool: BAH develop a 3D visualization tool that can operate fast
enough even in conditions with low computation and storage powe r. This tool has
been experimented in historical sites, like Dolmabahce Palace, on touch screen
devices.
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Barco N.V. (Belgium)

Barco, a global technology company, designs and develops networked visualization
products for the Entertainment, Enterprise and Healthcare markets. Barco has its own
facilities for Sales & Marketing, Customer Support, R&D and Manufacturing in Europe,
North America and APAC. Barco is active in more than 90 countries with 3,300 employees
worldwide. Barco posted sales of 1.029 billio n euro in 2015. The two examples of state -
of-the art developments by Barco include:

I Small deployable immersive space: All current solutions of immersive 3D
visualization are both costly and aimed towards the high -level market, or are not
adequate for the intended use. VR and immersive environments combine advanced
technology with social interaction to analyze complex problems with the help of huge
datasets, and to take quick and accurate decisions. Very powerful, their applications
range from large-scale 3D collaborative viewing rooms to fully immersive spaces
completely surrounding the interpreters with their data. These large -screen visual
display systems show large amounts of data - typically 2.5 to over 4 Mega pixels - on
large flat or curved screens at the same time. They allow multi -disciplinary teams of
up to 20 viewers to effectively visualize and evaluate data. Most systems are tailored
to meet specific needs with the screen size, the depth of the system, and number
and type of projectors customized to provide the optimum display solution. These
large presentation environments usually carry a high price tag, as a dedicated
building is often used to host them. A CAVE display is a multi -sided immersive
environment that offers great levels of immersion . Cave displays can have any
number of sides, ranging from two to six, in any size you want. A CAVE is typically a
large cube-like construction sited within a larger room. The walls of a CAVE are
typically made up of rear -projection screens, however flat p anel displays are
becoming more common. The floor can be a downward -projection screen, a bottom
projected screen or a flat panel display. The projection systems are very high -
resolution due to the

near distance viewing -
which requires very small )
pixel sizes to retain the

illusion of reality. People bl

using the CAVE can see

objects in the air (with

3D glasses), and can walk around them, getting a proper view of what they would
look like in reality. CAVE solutions are used in high -end markets such as Oil&Gas
exploration, Automotive (R&D) and research institutes.

9 Displays and projectors: large arrays of displays and projectors in all sizes are
available on the market. However, solutions that reach the quality needed to build a
small immersive space as foreseen in this project are targeted to high -end markets
and as such have the same setbacks (such as high cost, large size, etc.). Furthermore
these solutions are in most cases custom made to fit a limited purpose. General
purpose commodity displays that are readily available at low(er) cost are also not
useable due to the fact that they are e.g. not seamless, are square or disconnected.
General purpose commodity projectors as are available for e.g. meeting rooms, do
not reach the necessary image quality needed and as such can also not be used.
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Createlli N.V. (Belgium)

Createllids expertise is in creative coll
Examples of CPOrelated developments by Createlli include:

9 co.createlli.com web app organizes collaboration in and between teams of
collaborating organizations and stakeholder groups. It facilitates collaboration on
many different ways (objectives, calendars, meetings, tasks, work plans, documents,
files, discussions, voting, polls).

I The company has high expertise in group creativity and creative collaboration
processes. It facilitates groups from different organizations or communities to get
aligned on projects and work out solutions, despite barriers.

ERARGE (Turkey)

ERARGE, with its 70 employees, is an SMBEvhich has been operating in ICT, security and
defense, energy, construction, oil, manufacturing and mining sectors since 1975. ERARGE
R&D Branch employs experienced researcher
Organization) and withthe contribu t i ons of Bah-el ehir Uni ve
3 PHDs, 2 academicians, 5 experienced and 5 junior researchers working on information
technologies, cryptography, chaos theory, machine learning, smart cards, hardware
security modules, augmented/virtua | reality, 2D/3D image processing and computer
vision, embedded design, simulation technologies, trusted electronics, automation
solutions, biometrics and privacy preservation. ERARGE core research team has
contributed its crypto -devices to literature and market including very fast key generators
(over 500 Mbit/s), true random number generators, mobile security solutions, digital
signatures, and PKI. ERARGE has applied sophisticated theories like chaos and norlinear
systems to security domain and published R&D results in top journals, received PCT
patents and awarded with best papers.

ERARGE is competent in the following research topics and has developed software tools
that can be integrated with other applications within C3PO:

f ChaosE: ERARGE einchaoticiseg-like dymamicsvThe tools in line with
nonlinear dynamics have been applied to model probabilistic behaviours of time -
varying events. In C3PO, ERARGE adapts its chaotic Isingike model -based tool
(ChaosE) on vehi cl eouaimRéndikdisensdelthas heen réaksada
by chaotic billiard dynamics that arises naturally from non -chaotic elements. A
foremost study reported by Suzuki et.al (2013) applied ising -like Dynamics on Kyoto
City traffic data in Japan

9 Bootstrapping Tool: T his tool is based on the substitution and simulation principle
using the already acquired data and cr ¢
(Zoubir and Iskander, 2004). This tool works on any kind of numerical data, like traffic
flow or energy consumption, to approximate measures of an estimator such as its
distribution function.
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1 3D Modelling and Reconstruction Software: ERARGE has a set of utility tools that can
acquire 3D point cloud, extract mesh data and enable image wrapping by using
L e i c a 0 guisiBoD Hatduare.

1 Augmented/Virtual Reality: ERARGE, has a set of utility codes that can convert CAD
drawings to 3D mesh data, pose estimation and visualization tools for Android
platforms. ERARGE has competences in markerless and marker based AR as welas
VR technologies that can be improved or adapted for the project.

FCG City Portal Ltd (Finland)
FCG City Portal Ltd is a joint venture of FCG Finnish Consulting Group and Adminotech
Ltd, providing smart city portal services for public and private  clients. Its service product

is the MAPGETS 3D application platform for professional 3rd party smart city applications
and services.

FCG Design and Engineering Ltd (Finland)

FCG (Finnish Consulting Group) is a multiindustry consulting company operating

wor |l dwi de. The FCGO0 services focus on:
0 Infrastructure, environmental and community planning
0 Urban and strategic planning, GIS

0 Training and capacity building services

0 Public sector services development and

0 Management consulting services

FCG has numerous ogoing city planning and design projects. These range from strategic
planning projects to detailed city architecture and design assignments. Customers include
both cities and other public authorities, who generally buy the preparation work of their
land use plans from private consultants, and private companies in diverse sectors from
retail, real estate and construction to energy and other industries. FCG is owned by the
Association of Finnish Municipal and Regional Authorities.

Lappeenranta University of Technology (LUT, Finland)

Lappeenranta University of Technology (http://www.lut.fi/en/) - (established in 1969) is
a Finnish national university of technology and economics strongly focusing on sustainable
solutions of the future. The LUT team from the de partment of Innovation and Software
involved in C®*PO project supports the consortium from the methodological standpoint as
we |l | as assi st Fi nni sh city trials and
methodologies of business model development and user involvement in innovation process
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as well as collaborative innovation (e.g. such approaches as user innovation, lead users,
beta testers, online communities, motivation in online communities, open innovation).
Among the recent projects of LUT C PO team in this domain are:

T

Open Innovation Academic Network (OI-Net, 542203-LLP1-2013-1-FI-ERASMUS
ENW see www.oknet.eu) developed a European curriculum on open innovation and
has been promoting cooperation on open innovation topics.

Accelerate project (ITEA Project, 12014 ACCELERATE). The project has developed
services based on technological innovation, advanced processes and new software
technologies that enable massive adoption of acceleration knowhow in the
European technological industry.

INSPIRE project (Horizon 2020 research and innovation programme under grant
agreement No 6914400 INSPIRE). NSPIRE seeks to pool knowledge, expertise ani
interest around Open Innovation in SMEs, with a view to providing its target
audience (in particular SMESs) with inspirational good practice cases, tools and
methodologies to implement effective processes to use external knowledge and
strategic collaborations in order to innovate.

In C*PO project LUT has been analyzing the business opportunities for C3PO platform as
well as risks linked to each of the potential strategic options and developing the business
model for C3PO platform as a future business.

Mantis (Turkey)

Mantis is a software company that has expertise in Data Mining, Social Media Analysis,
Semantic Web, Search and Information Retrieval, Speech Synthesis and Recognition and
Image Processing. It has serious knowhow, experience and products from its previous
projects and ongoing works:

1

1
1

=a =

Sakuwassa (The God AHSeeing in Hittite languag €) is a tool to collect and analyze
relative content and news wanted to monitor on the Web.

Sosyal G6z (Social Eye) is a tool to monitor and analyze social networks.

Mansad (Virtual Detective) is a tool to regularly monitor and detect web pages
which have objectionable content and providing to inform the system user about
the activities on these web pages.

Mantam is a general purpose search engine which can be used to perform vertical
as well as ontology based searches.

Manres is a tool to discover illegal use of copyrighted photos and pictures.
DICOMA is a ParEuropean project supported by the ITEAZ2 initiative within the
framework of the Eureka program of the European Commission, devoted to provide
disaster recovery agencies with tools aimed at improving ef ficiency in decision
making processes.

Bl HAP i s a nati onal i nformati on ma p
Development in Turkey.
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Netcad (Turkey)

Netcad was founded in 1989 with 100% nationally-financed capital to develop software
for use in the engineering and project implementation fields such as Geographical
Information Systems (GIS), Mapping, Urban Planning, Civil, Agricultural and Geological
Engineering, Mining and Forestry.

Market share of Netcad Technologies in Turkey has grown to 85% by its solutions in the
scope of Public Enterprises, Municipalities and Private Sector.

Netcad, which has close to 30 GIS and CAD applications for the desktop, web, mobile and
cloud spaces, all of which comply with international standards, develops localized
software in Turkish, English and Russian. Netcad has 20,000 licenses and 100,000 licensed
users in Turkey and abroad.

Some of the C3PO related products are as follows:

0 Netcad GIS. Main Netcad module with capabilities of data read/write,
database access, CAD and GIS operations, raster data read/write options and many
other features. http://portal.netcad.com.tr/display/EN/NETCAD+GIS

o] Planet. Planning solution prepared for carrying out drawings, plan revisions
or amendments of zoning plans used in cities and Regional Planning disciplinary
applications. Planet provides city planners with  fast and accurate plan generation,
plan verification with control accounts, keeping the plan alive and sustainable
with smart objects, visual quality increase with new drawings and output tools,
tracking development of the city by simulating it with 3D mo deling based on plan
conditions. Scenario simulations can be carried out via Netcad Architect, where
many operators and workflows can be freely designed and run over the same data.

o] Analist. Netcad application in which basic and advanced surface analyses,
raster (image) analyses, basic and advanced spatial analyses can be performed.
GIS, CAD, RS analyses are performed together interactively. Precision impact maps
are produced for natural hazards by performing and evaluating together
environmental, topograph ical and hydro topographical analyses as well as basic
surface analyses through digital terrain model (SAM). Surface Analyses, Image
Processing and Remote Sensing Analyses, Spatial Analyses can be performed
with ready operators and workflows. Users can als o code their own algorithms
and integrate into Netcad Architect.

0 Netigma, Netgis Server. Database independent (MS SQL Server, Oracle,
PostgreSQL, PostGIS, IBM DB2) web solutions with the following capabilities:
standard document archiving; log management; user and authorization
management; process management; business intelligence; dynamic form, report,
and map production; multi -language support; spatial data support; tariff manager;
self-documenting capability; self -testing and performance measurement
capability; integrated version management; integration with e -government
services; web browser independent; visual theme support and basic web portal
capabilities.
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NOESIS Solutions N.V. (Belgium)

Noesis is a market leader provider of process integration, design optimization and
uncertainty management engineering software tools. The main tool, Optimus, is a tool
used in engineering to automate the design processes in automotive, aerospace and a
number of other industries. Core expertise thus resides in the following:

9 Process Integration: a company has a large experience in scientific workflows and
how these can be deployed and used in engineering contexts to automate the
product development process (PDP) from conceptual design down to detailed
design and up again to validation and verification of the overall system or product.
This process automation mainly relates to formalization of the design process and
automatization of the computational layer (simulation, models, predictive tools
etc.) on small to large computational infrastructures (HPCs, Clouds etc). As such
the company has also a large expertize on computational architectures, service
oriented architectures and virtualization infrastructures (e.g. cloud and hybrid
clouds, etc). Based on this experienc e, Noesis has been developing semantic
workflows to be used in C3PO.

I Design Optimization: Noesis knows very well that any product design process is
iterative in nature and, step by step, aims at improving and optimizing the
performances of the product or o f the system. For this reason, Noesis has
accumulated a large expertise in numerical optimization algorithms that
automatically and iteratively find the optimal solutions of the design problem at
hand. Based on the process integration layer, the company ha s many analysis
methods and algorithms that can find the optimal solution to the co -design
problem and respect all the problem constraints. Noesis has been exploiting this
experience to support and improve the iterative co -design problem towards
optimal solutions.

I Uncertainty management: the product design process is based on simulation
models that are always an abstraction of the real world. As such, they are perfectly
reproducible (i.e. deterministic) despite the real world is not. In real situations,
the performance of a system is affected by a number of uncertain parameters that
cannot be determined (or kept) exact and constant, even in the best situations
possible. As such, the performance predicted by the numerical models will always
be affected by som e errors. The management of the uncertainty that affects the
numerical models is a key aspect in engineering disciplines and is also called
robustness or reliability, depending on the associated risk level. Noesis has a lot of
experience in managing uncert ainties in engineering and has been exploiting this
experience to properly manage statistical models that are typically part of cityco -
design processes.
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Playsign Oy (Finland)

Playsign is a small 3D application development studio in Oulu, Finland. The product by
the same name is a cloud service for publishing plans for built environments as interactive
functional applications. The offering covers the whole span of urban development
projects with a family of 3 tools: Playsign Create, Experience and Live. Playsign product
was first published in 2016 and is under intensive development during 2017.

Examples of the state of the art developments done linked to project by Playsign include:

- Playsign has been used for City CeDesign in Oulu, with City of Oulu (a C®PO pilot
city)

- Playsign is being integrated with Createlli backends for joint offering of these C  *PO
partners

IN CPO Playsign has participated in the requirements and design work for city co -design
tools. The team has developed the game -like user experiences and tools for urban
planning which are tested in some of the pilots and available for use now.

SIRRIS (Belgium)

Sirris is a research collective center. Sirris has an expertise in data integration and
semantic data. Sirris is also a member of W3C and is an active member of the Spatial data
WG of W3C/OGC.

Studio Dott (Belgium)

Studio Dott is a creative agency active in the design, development and realisation of
human driven products, environments and services. Core expertise is human centered
design: putting stakeholders first throughout the design process. Depending on the type
of project and the stage in the design process focus adapts dynamically;

1 Analysis: gathering insights about, and building empathy with the intended
stakeholder group(s). The analysis phase is a solid foundation for further design.

| Conceptualisation: constructing (some
techniques. These concepts are evaluated with relevant stakeholders, eliciting reactions
and insights.

1 Deployment / engineering & testing: making sure that core elements relevant for
the interaction design are implemented in the intended way.

1 Optimisation: looking at a given product or concept to optimise its user
experience.

An i mportant part of companyds expertise
stakeholders. Users and stakeholders are involved in every stage of this process, through
interviews, observations, workshops and co-creative sessions. From these activities
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workable requirements that inform the design and development of solutions. Managing
this co-creative process with different stakeholder groups, by choosing the right methods
and approaches, is a key expertise of Studio Dott that are beneficial in the C3PO process.

Trimble Solutions Corporation (Former Tekla, Finland)

The company is part of Trimble Navigation Ltd and its name has changed on 1.1.2016 from
Tekla to Trimble Solutions Corporation. The company provides model -based software for
customers in construction, infrastructure and energy industries worldwide.

Tri mbl eds solution for |l ocal gover nment
applications and services for managing built environment data and carrying out planning
and building process tasks from land use planning to building supervision, asset
management and customer service.

Process tasks and customer service activities are supported by modular industry
applications which address each process and user group-specific need. Supported
activities cover: land use planning, mapping, property management, cadastral services,
building control, environmental control, street and park management.

The advanced data management enables modelling and managing of all information
related to natural and built environment and needed in the local government building
process tasks. Companyfd6s technology has e
registers in the same technical platform, which has created an excellent basis for building
process support for local government and enabled sharing of information between
different applications and processes. Geospatial data and functionalities are utilized
throughout the business processes.

Modern customer service can be achieved with ready -made eService tools which can easily
be customized for each customer organization.

VTT Technical Research Centre of Finland Ltd. (Finland)

VTT is a multi-technological contract research organisation providing high -end technology
solutions and innovation services. From its wide knowledge base, VTT can combine
different technologies, create new innovations and a wide range of world -class
technologies and applied research services, t hus i mproving its ¢
and competence. Through its international scientific and technology networks, VTT can
produce information, upgrade technology knowledge, and create business intelligence
and value added for its stakeholders.

In order to allow VTT to carry out the high -risk strategic research necessary to generate
the knowledge and know-how required for fulfilling its public mandate, it receives
substantial funding directly from the Finnish government. This funding amounts to
approx i mately one third of VTTO6s tot al i nc

PU- Public page 28/ 163



ITEA 2 Call 8 | 13016 C3PO N ITEAZ
C3POWR2-D1_2-v03-revO1 PUFINAL oo

SOTA

organisation, its public mandate, its substantial research programmes with dedicated
public funding, VTT Group is the largest public applied research activity in Finland wit h a
staff of 2600 and turnover 280 MO .In the
1000 European R&D Framework Programme projects, within various thematic
programmes.

VTT is one of the worl dés | eading delogy &nd
solutions. Among various application fie
outdoor AR visualisation of buildings and city plans. Throughout years, VTT has produced
world first implementations of mobile AR on PDA (2003), locationing bas ed on Google
Earth maps and GPS (2007), applying mobile AR at construction site with 4D BIM (2010),
taking mobile AR to decision making process in city planning (2012), and most recently,
providing mobile AR as tool for citizens to evaluate alternative cit y plans (2014).

VTTds ARONnSite application relies on featf
accuracy compared to alternative solutions (most typically based on GPS and compass).
Two tracking methods are available according to the situation: full y automatic solution
(based on point clouds, requiring a pre -processing step), and an interactive version
(simple initialisation step performed by the user, but no pre -processing required). In both
cases the tracking performance is very fast, accurate and robust, being tolerant against
occlusions, shadows etc. VTT also provides photorealistic visualization methods, for
example to adjust AR rendering with real world lighting conditions.

VTTOds tracking technol ogy i s pac klangAudmeatsd
Reality). Marker-based version of ALVAR is open sourced and has been adopted by
thousands of users worldwide. The feature based tracking methods are commercially
avail able as ALVAR Mobile and ALVAR Traekiogk
technology is internationally distributed with the AR -Media product family by Inglobe
Technologies (ltaly).
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3 Collaborative city design

3.1 Description of city design process

The planning process varies from one project to another depending on country, region, and
type of project. There are different amounts of stages in certain timescale. Co  -innovation
and co-development with the citizens and stakeholders have increased during the past
years. The challenge in outlining (even in theory) planning involvement, is that the nature
of involvement, whom to involve, what methods to use, duration of involvement and the
authority of the participants vary in different stages of the process.

Archon Fung (2004 as cited by Lindenau & Bohler -Baedeker, 2014) has identified three key
guestions that are intended to help when analysing the level of participation:

Who should be involved?

What is the method of communication and decision -making?

[@]3 [@]3

¢

How much influence and authority do citizens and stakeholders have?

The concept of Sustainable Urban Mobility Planning, which is promoted by the European
Commission, established the principle that the public should be involved from the very
beginning of the (transport) planning process and not only when the plans are largely
completed and only minor amendments can be carried out. (Lindenau & Bohler -Baedeker,
2014)

Who. Participation reflects the overall integration of citizens and groups in planning

processes and policy decisionrmaking and consequently the share of power. A term
commonly referred to in participation research i
group or organisation affected by a proposed plan or project, or who can affect a project

and its implementation. Groups with economic interests such as retailers, shop owners or

local industry can be considered as stakeholders just like groups representing mobility -

related or public interests including mobility, environmental or resident associations. Also

cultural and educational institutions such as schools and kindergartens usually have a stake

in mobility and often call for involvement (Krause, 2014).

It is crucial to involve all different types of stakeholders throughout the planning process,
addressing their specific requirements. This especially concerns groups with less ability to
articulate their concerns or requirements and prevail in comparison to other more powerful
groups. Examples of hard to reach groups are ethnic minorities, impaired people, young
people and the elderly, people with low literacy and apathetic groups. Depending on the
purpose of the participation it may be appropriate to target the involvement of specific
groups, e.g. people with mobility difficulties in a given instance. Thinking about the
justification for giving particular influence to a few members of the population or a few
groups the question of influence can be difficult as well. (Lindenau & Bohler -Baedeker,
2014).

Method. Many European cities exploit new information technology to support their
innovations and new forms of participation in developing the smart city need to be
generated from new forms of ICT. (Batty, M., 2012) In addition, many traditional types of
engagement are and will be used, especially face -to-face meetings and workshops.

In the literature several different approaches to involve citizen and other stakeholders are
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0 Referendum, initiative and recall (Buss, T.F. et al., 2006)

0 Public hearings (Buss, T.F. et al., 2006)

0 Advocacy and public interest groups (Buss, T.F. et al., 2006)

0 Portals and other access points to useful information about any aspect of routine
living and working in cities (Batty, M., 2012)

0 Surveys and focus groups, used increasingly, either by telephone, mail, e -mail,
group distribution or in person (Buss, T.F. et al., 2006). Focus groups can be
widened on larger groups defined as mega focus groups (MFG) allowing all sections
of society to be represented in the participation process. (Ibeas, A. et al., 2011)

0 Workshops, retreats and conferences, increasingly popular in government decision
making (Buss, T.F. et al., 2006)

0 Citizens engaging with crowd -sourced systems in which they are responding to
gueries and uploading information (Batty, M., 2012)

0 Web-based patrticipation, online tools it is p ossible to reach a large amount of users
quickly and cost-efficiently. Online tools enable more easy and effective
participation due to the fact that the users can participate from the place they
want and at the time suitable for them (Nakki and Antikainen , 2008). This is also
seen as largely passive method if there is not any interactivity implemented.

(Batty, M., 2012)

0 The world is more digitally connected than ever before which makes it possible to
utilize smartphones and information technology in applic ations. Gamification can
be used to encourage citizen to solve problems and increase awareness to change
behaviour. (Burdett, et al., 2015)

0 Mapping practices. Approaching urban i nfor mat
Builds on ethnographic-based participat ory design. Personal interview and a
timeline exercise in mapping practices. (Laakso et al., 2014)

0 Citizen advisory boards and partnership (Buss, T.F. et al., 2006)

0 Group facilitation (Buss, T.F. et al., 2006)

0 Time Planning: planning focused on the time s chedules and spatio-temporal
organi zation of peopleds actions (Horelli, L.

0 E-Planning: the use of ICTs in urban planning to foster citizens participation,
including also participation in design and use of digital tools and media content.
Socio-cultural, ethical and political practices are recognized in the planning and
decision making cycle by using digital and non -digital tools. (Horelli, L., 2013)

0 The O6creative corner d cecmbeianteidv eo f6 ttohorlesed d(icsrtei

artifacts, the innovati on tree, the pin -board) to encourage the locals in
formalising, sharing and articulating their ideas. (Mitts, C., 2013)

The figure below gives one possibility about suitable involvement instruments in relation in
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different stages of the planning process an d with different stakeholders.

Overview of engagement techniques in mobility planning (Guidemaps, 2004)
For the purposes of this project, two approaches describing the city design and co -design
processes, which are mentioned in the literature, will be  presented.
3.1.1 City design process cycle

The Figure below demonstrates different phases of city design process as summarised from
Batty et al (2012). Batty et al mainly made their observations in the UK.

City design process cycle - based on Batty et al (201 2)
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