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I 

MODELAÇÃO DE SMART CITIES COM O CITYGML 

 

 

RESUMO 

Smart city é uma ideia multifacetada, englobando várias dimensões complementares entre si. O 

conceito remete para a relação articulada e bidirecional entre informação e tecnologias de comunicação 

e as dimensões urbanas. 

Embora ainda em desenvolvimento, os modelos CityGML constituem já uma realidade em várias 

cidades. A sua capacidade de articulação de informação interoperável em múltiplas escalas e temas, 

permite a assistência em processos de decisão relativos às várias componentes da cidade. 

A dissertação foca-se na avaliação dos impactos globais e locais dos modelos CityGML no 

planeamento da smart city e realça como esta poderá ser incorporada nas várias políticas públicas 

adotadas em Portugal. 

Aplicações de modelos CityGML enquadrados em cada dimensão da smart city (ambiente, mobilidade, 

estilo-de-vida, cidadãos, administração e economia) serão apresentados e posteriormente discutidos 

relativamente à possível extrapolação para Portugal. Adicionalmente, políticas e acordos 

internacionais, que vão de encontro à implementação da smart city no país, serão explorados e 

debatidos. 

Conclui-se que, relativamente ao planeamento de smart cities, os modelos CityGML podem estabelecer 

considerações importantes para Portugal, cujas políticas se encontram em promoção da execução de 

uma smart city. 

As conclusões retiradas conferem uma relevância significante aos modelos CityGML. Sendo uma 

ferramenta de modelação de livre acesso envolvendo uma vasta comunidade de criadores, o CityGML 

oferece provas substanciais para modelar cada um dos componentes da smart city. A implementação 

destes modelos aliados às políticas e objetivos Portugueses rumo à smart city irá ter um impacto 

preponderante na transformação da vida urbana no país. 

 

Palavras-chave: Smart City, CityGML, modelação, sistemas de informação, políticas, dimensões. 
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MODELLING SMART CITIES WITH CITYGML 

 

 

ABSTRACT 

The smart city concept is already widespread and multi-faceted, comprising several complementary 

definitions and dimensions. The idea of a smart city takes us into the articulated and bidirectional 

relationship between the exchange of information, ICT and urban dimensions. 

Despite its continuous need for development, CityGML models are already a reality in numerous cities. 

They have been mainly used to assist in decision-making processes regarding a variety of a city’s 

components by effectively articulating open, interoperable, multi-scale and multi-purpose information. 

The dissertation focuses on assessing the global and local impacts of CityGML models in planning a 

smart city and highlighting how they can be embraced in Portugal with all its current national public 

policies. 

CityGML applications fitting each dimension of a smart city (environment, mobility, living, people, 

governance and economy) will be presented and further reviewed to demonstrate their possible 

extrapolation to real use cases in Portugal. Additionally, policies and established international 

agreements to advance towards smart city goals in Portugal will be exploited and debated. 

The results conclude that while planning a smart city, CityGML models can draw considerations on 

future adjustments onto the Portuguese case, whose policies are also leading to goals towards a smart 

city. 

The outcome brings significant relevance to CityGML models. A free access modelling tool involving 

vast communities of developers, CityGML provides good grounds to model every component of a smart 

city. Implementing these models embedded in Portugal’s policies and specific goals towards a smart 

city will have a transformative role the country’s urban life. 

 

Key words: Smart City, CityGML, modelling, information systems, policies, dimensions. 
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1 INTRODUCTION  

1.1 PROBLEM FRAMEWORK 

The modern city is considered a hub connecting the government and its citizens in terms of economy, 

transportation, communications, technology and services. It is also considered as a focal point for 

creativity and entrepreneur spirit which stimulates a higher concentration of citizens. For this same 

reason, there is a growing need for a carefully thought out urban planning engaging not only the already 

existing borders of the city but also its continuous growth (Pinto, 2017).  

Nowadays, with the significant growth of the urban population and all the environmental concerns about 

the future of planet Earth in addition, the concept of smart city has become a highly spoken subject 

(Ballas, 2013). This can be verifiable in numerous countries including Portugal. However, it should be 

investigated if smart city initiatives are actually legislated by the country’s own public authorities. 

Although the definition of smart city has generated distinct opinions, all of them represent the idea of a 

sustainable city going far wider to integrate characteristics such as mobility, environment, public 

services and economy with public opinion and increase transparency of public governance (Chourabi 

et al., 2012). 

The smart dimension of the concept refers to the previously mentioned set of characteristics integrating 

an ICT (Information and Communication Technologies) dedicated infrastructure, which collects the data 

from the several city components to deliver to other processing or modelling tools for analysis by the 

responsible entities (Harrison et al., 2010). Rather than using different models for different components, 

to process and analyse information, the CityGML (City Geographic Markup Language) model allows to 

effectively gather all the information. However, the question of whether it is the best approach to improve 

the planning and management of a smart city, remains to assess. 

CityGML is an open multi-purpose and multi-scale model and exchange format that scaffolds a 3D 

geospatial visualization for analytic and simulation functionalities. It enables to articulate information 

regarding the physical components of a city such as vegetation, digital terrain models (DTM), roads, 

land parcels and water bodies in an homogenized model (Standard et al., 2012). It aims to reach a 

common definition of basic entities, attributes and relationships of a 3D city model (Prieto, Izkara and 

Javier, 2012). 

Based on the standard GML3 (Geographic Markup Language 3) of the Open Geospatial Consortium 

(OGC), the language used for these models grants them an open vendor-independent and 

interoperable nature. The latter implies exchanges between a range of models or similar ones from 

several different vendors, or even revisions from already developed applications. These models can, 

afterwards, be specialized in a particular application to support either simple or complex 3D geometry 

and topology, which turns it into a great advantage for city modelling (Standard et al., 2012).  
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CityGML modelling is already in an advanced phase of its development relying on at least 29 use cases 

that are part of more than 100 applications (Biljecki et al., 2015). These models are an open and useful 

way to store and exchange all the components of a smart city in one unique representative model that 

can be updated by everyone and for everyone. 

1.2 RESEARCH OBJECTIVES AND QUESTIONS 

Bearing in mind both previously characterized concepts and their present and future relevance, the 

dissertation focuses on the following main objectives: 

1. To assess if the CityGML model is effective in planning and managing smart cities by 

a. determining modelling applications fitting one, or more, of the representative 

components of a smart city and  

b. comparing the model with similar others (approaches and standards). 

2. To investigate the development of strategic policies towards smart cities, particularly those that 

have been explicitly formulated and implemented by the Portuguese Municipalities and central 

Government. 

1.3 METHODOLOGY 

To defend the claim that CityGML is indeed a good approach for the planning and management of smart 

cities, examples will be presented and examined in detail where the model is employed to fit each 

dimension of the smart city. These examples will be evaluated when it comes to their exportability using 

Portuguese datasets. Furthermore, other models and approaches will be characterized for the 

establishment of a comparison between them and CityGML. 

The second research question will be assessed through the analysis of some of the Portuguese 

legislations and formally established goals towards the smart city concept. 

1.4 OUTLINE 

The remaining structure of this thesis is divided in seven chapters.  

Chapter 2 introduces the background for the smart city concept, starting with the layout of some general 

concepts and expands into interpretation and characterization of the dimensions that describe this 

principle adopting the European Smart City Index. The chapter later develops to some uses and 

limitations of adopting the idea expanding to the potential for its future uses. Still in this chapter, there 

is a sub-chapter (2.6) where some of Portugal’s policies and legislations towards the smart city, or its 

dimensions, are presented. 

Chapter 3 presents the background for CityGML modelling introducing some initial general concepts 

about these models and how they are built and developed, their potential applications and limitations. 

In the end, future appliances and improvements are mentioned. 

Chapter 4 compares the CityGML standard and other possible standards and progresses to contrast 

the use of CityGML models with similar approaches. 
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Chapter 5 focuses in presenting CityGML approaches/examples that fit one or more of the dimensions 

of the smart city, finishing with its application to articulate all the components in a single 3D city model. 

Chapter 6 discusses the applicability or the ability to extrapolate the CityGML applications (presented 

in  chapter 5) for a Portuguese use, bearing in mind that the conceptual connection among all the 

components of a smart city and the CityGML models is established in chapter 6.7. This chapter finishes 

with interpreting and clarifying in what way do the legislations and goals presented in chapter 2.6 lead 

to solutions towards a smart city and ensure its continuity and development. 

Chapter 7  sums up the main goals and ideas discussed in this dissertation as well as its outcome 

concluding with further suggestions for future work.  

2 BACKGROUND CONCERNING SMART CITIES 

According to the United Nations World Urbanization Prospects (United Nations, 2018) in 1950 30% of 

the world’s population lived in urban areas. In 2018 the number rose up to 55% and it is expected to 

increase up to 68% in the year 2050.  Currently, the most urbanized regions in the world are North 

(82%) and Latin (81%) Americas and Europe (74%). However, some cities in Asia and Europe have 

experienced a population decline in recent years due to economic contraction and natural disasters, 

therefore, the low-income and lower-middle-income countries are the ones where the most rapid 

urbanization is expected to happen in 2050 (United Nations, 2018). 

The urban growth is closely related to three sustainable cornerstones: economic, social and 

environmental developments (Caragliu, del Bo and Nijkamp, 2011). However, the planning of a smart 

city should articulate these pillars in order to reach a governance system based on sustainable 

principles, maximizing the economic opportunities, minimizing environmental damages and favouring 

the emergency of a certain sense of citizenship. Due to the similarity of most cities with complex systems 

described by intricate connections between their different components and individuals, it is important to 

develop and establish dynamic mechanisms considering the population’s growth and needs as well as 

involving them in the decision-making processes (Fernandes, 2017). 

Batista e Silva et al., (2012), stresses the difference between intelligent and smart cities: while literature 

research in smart cities highlights embedded systems, sensors and interactive media (Steventon and 

Wight, 2006), intelligent cities rely more on collective/collaborative intelligence, innovation systems and 

web-based collaborative spaces.  

Although there are numerous conceptual definitions linked to the smart city idea, it is generally agreed 

that their fundamental aim is to meet the expectations of a sustainable, and economically developed 

city where the citizens take part in its development processes.  

2.1 GENERAL CONCEPTS 

Although fairly established and often linked to the technology industry, the concept underlaying smart 

city supersedes the application of technologies to cities and is presently far more extensive and complex 

to define. 
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Even though the significance and characterization of a smart city may vary, it is commonly accepted 

that it embraces the ability of the city to dynamically adapt by collecting information from a series of 

sensors so that it can be used to generate decisions in a variety of situations. Its ultimate goal is to 

create an environment for information sharing, collaboration and interoperability so that the city can 

learn and evolve from itself (Fernandes, 2017). 

Several pillars sustain the smart city structure and, consequently different authors have different 

conceptualizations. Quoting O’Grady and O’Hare, (2012 ) “there is neither a single template of framing 

a smart city, nor a single-size-fits-all definition of it.”. An International Business Machines (IBM) 

corporate document, (Harrison et al., (2010)) define smart city as an “instrumented, interconnected and 

intelligent city”:  

• “Instrumented” concerns the capability of capturing and integrating the live real-world data 

through sensors, meters, personal devices and similar technologies;  

• “Interconnected” relates to the means of integration of the collected data into a computing 

platform, allowing the communication of such information among the various city services; 

• “Intelligent” highlights the use of complex systems for analysing, modelling, optimizing and 

visualizing services to improve the operational decisions. 

When it comes to urban planning the term smart city is often approached as an ideological dimension 

according to which being smarter entails strategic directions. Governments and public agencies are 

embracing the notion of smartness at all levels in order to distinguish themselves, their policies and 

programs by targeting sustainable development, economic growth and better quality of life for their 

citizens (Ballas, 2013). 

The definitions presented in Table 1 underline the current broader concept of smart city which is no 

longer limited to the diffusion of Information and Communications Technology (ICT) but is also spanning 

over to community needs. Some authors go even further to consider the inhabitants of these cities as 

their main protagonists who shape it through their continuous interactions. According to Winters, (2011) 

smart people generate and benefit from the social capital of a city which means that the community of 

a smart city needs to feel the desire to actively participate and promote a smart growth.  
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Table 1 - Definitions of a Smart city adapted from Albino, Berardi, & Dangelico, (2015) 

Definition Source 

“A city is smart when investments in human and social capital and traditional 

(transport) and modern (ICT) communication infrastructure fuel sustainable 

economic development and a high quality of life, with a wise management of natural 

resources through participatory governance.” 

Caragliu, del Bo and 

Nijkamp, 2011 

“A city well performing in a forward-looking way in economy, people, governance, 

mobility, environment and living, built on the smart combination of endowments and 

activities of self-decisive, independent and aware citizens. Smart city generally 

refers to the search and identification of intelligent solutions which allow modern 

cities to enhance the quality of the services provided to citizens.” 

Giffinger et al., 2007 

“Smart cities are the result of knowledge-intensive and creative strategies aiming at 

enhancing the socio-economic, ecological, logistic and competitive performance of 

cities. Such smart cities are based on a promising mix of human capital (e.g. skilled 

labour force), infrastructural capital (e.g. high-tech communication facilities), social 

capital (e.g. intense and open network linkages) and entrepreneurial capital (e.g. 

creative and risk-taking business activities).” 

Kourtit, Nijkamp and 

Arribas, 2012 

“Smart cities of the future will need sustainable urban development policies where 

all residents, including the poor, can live well and the attraction of the towns and 

cities is preserved. […] Smart cities are cities that have a high quality of life; those 

that pursue sustainable economic development through investments in human and 

social capital, and traditional and modern communications infrastructure (transport 

and ICT); and manage natural resources through participatory policies. Smart cities 

should also be sustainable, converging economic, social and environmental goals.” 

Thuzar, 2011 

 

According to Newman, (1999), a city is conceived by sociologists, planners and engineers as a seat of 

“political chaos”, a circuit and, hopefully, as a community. One of the strongest themes running through 

the literature on urban sustainability is the need to solve environmental problems and to view the city 

as an ecosystem. 

Newman, (1999) proposes an Extended Metabolism Model (Figure 1), which has been already refined, 

though rarely if ever used in policy development for city planning. Just like a human body’s metabolic 

processes or that of an ecosystem, these physical and biological processes convert resources into 

useful products and wastes. In this case the city has inputs such as land, water, food, energy, materials 

and other resources, that through the existing settlement dynamics (transportation, economic and 

cultural priorities), can be transformed in profits (health, employment, education, housing among others) 

and/or waste outputs (solid and liquid waste, toxics, sewage and greenhouse gases).  
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Figure 1 - Extended Metabolism Model from Newman, (1999) 

A smart city is hence compared to an ecosystem where all the transformation processes can 

compensate each other to balance the resources’ inputs and outputs effectively minimizing the waste 

outputs. A smart city, when well designed and planned, is a self-regenerative city working by itself with 

all its contributors (Newman, (1999)). 

2.2 EUROPEAN SMART CITY INDEX 

The Centre of Regional Science at the Vienna University of Technology has identified the  six essential 

components as the pillars in which the smart city must rely in order to reach success when implementing 

the concept (Giffinger et al., 2007). These components integrate an assessment methodology to rank 

the “smartness” of a city (Giffinger et al., 2018) and can be schematically represented in Figure 2.  

 

Figure 2 - Smart City components resumed from Giffinger, Kramar, Haindlmaier, & Strohmayer, (2018) 

Although this is but one of the possible representations to break down the broad concept of smart city, 

for structure purposes this is going to be the representation/organization utilized throughout the rest of 

this dissertation. 
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2.2.1 SMART ECONOMY 

Through the use of ICT, a smart economy is innovative and sustainable considering the social-political 

feature of the city. This facet of a smart city relies mostly on innovation, by exploring the creative and 

innovative potential of ICT skills, entrepreneurship, productivity, labour market flexibility and 

international integration (Giffinger et al., 2018). The practice and application of e-business and e-

commerce as well as the use of collaborative simulation models are some of the main goals for a smart 

economy (Fernandes, 2017). 

Circular economy is also a concept that can be linked to a smart economy, since it is all about a 

framework for a restorative and regenerative economy where everything is a resource for something 

else, therefore, leading towards a sustainable economy where there is no waste. The general idea 

behind circular economy is to rebuild the production and consumption of products in order to use 

sustainable materials, minimize waste and bring back end-of-life products into the economic circle 

(Lankester, 2018). The adoption of a circular economy can bring numerous benefits: 

1. Resource benefits – by improving resource security and decreasing import using innovative 

technologies (EEA, 2016); 

2. Environmental benefits – reducing greenhouse gas emissions by waste recycling. Keeping 

materials in the loop would also help with environmental impacts of mining primary raw 

materials, often outside Europe (EEA, 2016); 

3. Economic benefits – by offering a platform for innovative approaches, such as technologies 

and business models to create more value from fewer natural resources (EEA, 2016); 

4. Social benefits – by developing a more sustainable consumer behaviour and increasing job 

opportunities (EEA, 2016). 

The main difference between a circular and a linear economy is that while the first one endorses a cycle 

of five actions – production, distribution, consumption, re-use/repair/recycle and recycling sector – the 

latter supports itself in five different pillars – resource extraction, production, distribution, consumption, 

waste – producing more waste which, as opposed to a circular economy, is not reutilised (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3 - Differences between linear (left) and circular (right) economies (adapted from Sand 

& Birch, (2016)) 
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According to Apostol, Bălăceanu, & Constantinescu (2015), the concept of smart economy is deep-

rooted in the stimulation of entrepreneurship for a smart, sustainable and inclusive growth of economy 

by exploring the creative and innovative potential of ICT skills specific to human capital. Therefore, this 

dimension is then associated with the presence of industries in the field of ICT or employing ICT 

production processes (Giffinger et al., (2007)). It is then fair to say that the concept refers to policies 

that inspire innovation and creativity combined with scientific research, care for the environment and 

technology and always integrating the public needs and opinion. 

The initiative Startup Lisboa was developed to serve as an urban incubator for start-ups developing 

strong IT products where office space, support services and financial backup are provided by Lisbon’s 

Municipality and other partners which promotes the articulation between ICT and a growing smart 

economy. The program was itself a winning project of the Participatory Budget (CML, 2013). 

2.2.2 SMART PEOPLE 

This is a crucial pillar to hold the evolution of a city. Hence, it is fundamental that the citizens of a smart 

city are aware of parameters such as mobility, health and safety, economy, sustainability, facility 

management and their potential to motivate the community to actively participate and promote the city’s 

(smart) growth. In order to so, they must acquire e-skills, lifelong learning and the knowledge for 

managing human resources so that an open-minded and creative society may rise. One that promotes 

innovative thinking. (Fernandes, 2017). 

Nam & Pardo, (2011), describe the smart people factor as the comprise of various aspects such as 

lifelong learning, social and ethnic plurality, flexibility, creativity, open-mindedness and participation in 

public life and public discussion. Therefore, the label “smart city” should refer to the ability of intelligent 

people to generate clever solutions to urban problems. These solutions should be supported with 

individual and collective knowledge provided by the government. 

Albino, Berardi, & Dangelico, (2015) advocate that smart people generate and benefit from a smart city, 

describing it as an acting magnet for creative people and workers establishing a virtuous circle making 

them smarter and smarter.  

Participation is key to achieve a smart city and it is crucial to use tools and solutions to co-involve the 

citizens in its projects. These tools involve the promotion of co-responsibility and commitment between 

the municipality and its citizens, building partnerships with civil society and using IT to achieve 

transparency, simplification, collaboration and better community engagement, therefore, it is necessary 

to develop citizenship and raise well informed and active citizens. 

According to Coe, Paquet and Roy, (2001) a smart city will be a city whose community has the desire 

and willingness to learn, adapt and innovate. People need to be able to use technology in order to 

benefit from it. An educated society relies mostly on a participative society with constant access to 

information and eagerness to learn about the city’s needs and performance.  
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The Lab Living approach is an application which turns the city into a space where there is room for 

innovation and co-creation with the citizen’s direct involvement in local urban solutions. These can then 

be exported to a larger scale. In other words, it is a user centred research method where there is room 

not only for cooperation but also collaboration from its test subjects (citizens) (Prandi et al., 2013).  

The Lisboa Participa initiative is a portal that allows every citizen from Lisbon to give his opinion, 

suggestion, vote for potential measures, or even access open data about subjects happening in the city 

such as municipal housing and collective facilities, hygiene and urban cleaning, street lighting, mobility, 

underground or open ground works and environment and green spaces. The program allows people 

not only to participate and collaborate with the Municipality but also to be informed of what is happening 

in Lisbon (CML, 2019). 

2.2.3 SMART MOBILITY   

According to Chede, (2011) one of the many challenges that cities face nowadays is their urban mobility 

(or immobility) represented through the existing chaotic traffic and the currently inefficient public 

transportation. A recent study led the by International Business Machines (IBM) involving 20 countries 

showed that traffic is one of the main concerns of a city’s inhabitants, and that the travel time between 

two destinations inside the same city is frequently one of the biggest motives of dissatisfaction and 

stress, generating huge losses in productivity and life quality. The study’s results ranked the six worse 

cities – Beijing, Mexico City, Johannesburg, Moscow, New Delhi and São Paulo. Although they all had 

a huge and quick economic growth, such wasn’t accompanied by the development of their 

infrastructure. It was estimated by the United Nations estimates that in 2050 over 70% of the world’s 

population will be living in cities, hence overflowing even more their urban infrastructure. 

It is Chede's, (2011) assessment that there is no longer room and time for long and big urban 

interventions but, instead, it should be looked for the articulation between the digital and physical world 

when it comes to improve urban infrastructure and transportation systems. This is where the component 

of smart mobility steps in and makes quite a significant difference.  

Smart mobility is based on the development, improvement and use of the ICT to support and integrate 

transportation and logistics’ systems, thus reaching a more efficient and effective mobility. To improve 

a city’s mobility is to ease traffic and parking problems (typical of big cities and metropoles) and promote 

the reduction in emission of greenhouse effect gases. The city will then rely on smart transportation 

systems, mixed-modal accesses, clean and non-motorized options among others, all this while having 

an integrated ICT network that allows their optimization and maintenance (Chede, 2011). 

A sustainable (smart) transportation system is affordable, operates fairly and efficiently, offers a choice 

of transport mode, and supports a competitive economy as well as balanced regional development. All 

this as it works on limiting emissions and waste within the planet’s ability to absorb them using 

renewable resources (European Union, 2009). 
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In Chede, (2011) are defined some basic steps to implement a smart transportation model.  

a) To develop a strategy that considers the possibility of using innovative technologies that can 

change the way the transportation system is currently managed; 

b) To adopt a “customer-centric approach” for transportation systems; 

c) To promote an integrated mobility system that not only includes public but also private 

transportation (cars and bicycles); 

d) Manage effectively the whole transition in a smart and effective way and do not try to develop 

everything at the same time. 

The difference between a smart mobility designed city and a “normal” city is precisely the fact that there 

is no connection between technology with urban infrastructure and transportation services. Hence, 

there is no room for auto-improvement or easier (and smarter) access to transportation systems. It is a 

city unprepared for non-motorized and renewable energy means of transportation. Consequently, 

nowadays, it is a city that stopped in time. 

There are already some strongly developed mobility programs in some areas of Portugal, for example 

the initiative MobiCascais, which consists in an integrated mobility system including a mobile application 

merging the data and information coming from the utilization of buses, trains, bicycles, electric chargers, 

parking of shared car systems (Ferreira da Rocha, 2018).  

Lisbon is also a good example of a city moving towards a smart mobility. It has been developing electric 

mobility sharing vehicles (bicycles, scooters and cars) and improving public transportation systems and 

infrastructures. An additional recent advance is the creation of the Navegante Pass which allows the of 

use all public means of transport (bus, train and ferry) within Lisbon’s Metropolitan Area with a single 

transportation pass.  

2.2.4 SMART ENVIRONMENT 

A smart environment agenda concerns the implementation and effective use of policies specifically 

focused on environmental management such as the investment in renewable energies, measurement 

and control of the pollution levels, construction of green buildings, investing in green urban planning 

policies and reducing total energy demand. The main goal is to enable our environment to be greener, 

cleaner and healthier. This can be achieved with smart buildings and energy and through the creation 

of low-carbon neighbourhoods designing a city as environmentally sustainable as possible.  

A sustainable smart city happens to be a city where digital technologies come together with 

environmental directives to synchronize urban processes and infrastructures in order to improve 

resource efficiency, distribution of services and urban participation (Gabrys, 2014).  
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There is a difference between an environmentally smart city as oposed to a “normal” one. According to 

Gabrys, (2014), while (“normal”) cities are viewed as centres of economic growth and innovation, they 

are characterized as sites of considerable resource use and greenhouse gas emissions and are 

therefore seen as important zones for implementing sustainable initiatives, thus developing a more 

sustainable and efficient city than ever before (an environmentally smart city). 

Gabrys, (2014), presents the CSC’s (Computer Sciences Corporation) project (within Cisco’s CUD – 

Connected Urban Development - initiative) which puts forward a vision for a near future, where 

computing oriented programs and mechanisms can be of use for increasing a city’s sustainability. The 

project also uses the smart city as a key to address issues of climate change and resource shortages 

and where sustainable urban environments may be achieved through intelligent digital architectures. 

When it comes to sustainable projects in Portugal, there is the example of the city of Évora with an 

initiative called InovCity consisting in the use of smart meters for transmitting the consume of water and 

lighting of each building. It also involves the programming of home appliances to work in more 

convenient schedules, the management of the real time consumption in order to minimize its costs and 

the control of normal versus renewable energy production (Ferreira da Rocha, 2018). Another example 

is the control of the irrigation system in Castelo Branco which is said to have saved almost 20% of water 

since its application (Ferreira da Rocha, 2018).  

2.2.5 SMART GOVERNANCE 

Smart governance requires an aware government willing and capable to working at three different 

levels: inside the city for its citizens, coordinating its policies with the central Government and 

maintaining the door open to collaborate with governments from other regions or countries (Fernandes, 

2017). 

Smart governance is fundamental to execute, manage and develop intelligent policies to lead a city 

towards a smart city (Fernandes, 2017). Therefore, leaders should be able to coordinate the interaction 

of technological components with political and institutional elements as well as with their citizens. 

According to Albino et al., (2015), smart governance relates to a government that encourages the 

ridding of barriers related  to language, culture, education and physical and/or non-physical disabilities. 

Concomitantly, the concept of smart governance is also associated with the engagement of various 

stakeholders involved in decision-making processes and management of public services. The authors 

emphasize also, the concept of e-governance as an ICT-mediated governance, which is fundamental 

to bring smart city initiatives to the citizens as well as to maintain the transparency of the decision and 

implementation processes.  

The smart governance reinforces the understanding of a smart city as a citizen-centric and citizen-

driven engaging key factors such as political awareness, public and social services and an efficient and 

transparent administration (Albino et al., (2015)). Through its promotion of civic engagement it is 

possible to achieve a more democratic, resilient and, therefore, attractive city.  
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Nam & Pardo, (2011), defend that the consideration of stakeholders is fundamental to the architecture 

of a smart city since successful initiatives are the result of a coalition of business, education, government 

and individual citizens. Therefore, the notions of smart governance and smart people should be 

analysed and developed together since one cannot exist without the other. 

Coimbra has a project called The Things Network, which translates in an Internet of Things (IoT) 

network, to be utilised by citizens and stakeholders (government and public and private companies). 

For this, sophisticated sensors are embedded in vehicles, traffic lights and other city devices 

transmitting valuable data to a platform that processes the information in order to monitor all these 

elements allowing owners and developers to improve or fix them in real time (Ferreira da Rocha, 2018).  

2.2.6 SMART LIVING 

Lombardi, Giordano, Farouh, & Yousef, (2012), describe smart living as the proportion of the area for 

recreational sports and leisure use, number of public libraries, total book loans and other media, 

museum visits, theatre and cinema attendance. It also implies the investment in intelligent technologies 

in order to improve the population’s sustainable lifestyle quality hence encompassing a huge impact on 

people’s behaviour and social habits, which will influence their feedback and contribution towards the 

evolution of a smart city (Fernandes, 2017). In other words, it regards the quality of life of each citizen 

of the city. 

This dimension relies mostly on the government’s commitment in improving the level of public services 

as well as their articulation. In other words, smart living implies investing in cultural and leisure facilities, 

health conditions, individual security, housing quality a facility, touristic attractiveness, utility networks 

and social cohesion. This investment implies the progressive integration of the public sector in order to 

offer and maintain the expected high level of public serves. 

Lisbon’s considerable progress towards a smart living dimension is the already announced (by the 

newspaper Observador in Caetano, (2019)) new app developed by the Municipality. According to the 

director of Lisbon’s Urban Management, João Tremoceiro, this application is declared to unite all the 

city’s existing services from transportation up until cultural activities happening nearby the user. The 

idea is to connect all the “three hundred information systems that exist so far and integrate them all in 

one” (Caetano, 2019). The application will connect all the Municipality’s intern systems combining also 

the data received from those systems with smart sensors which will be distributed throughout the city. 

There are also some mentions for the ability of this app to become a platform where the citizens can 

share opinions with the rest of the community as well as with the Municipality (Caetano, 2019). This 

application demonstrates Lisbon’s Municipality willingness to offer its citizens the access to various 

services provided throughout the city.  
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2.2.7 OTHER INDEXES 

It is worth mentioning that there are other ways to break down the concept of smart city. One example 

already working in Portugal is the Índice de Cidades Inteligentes 2020, coordinated by Catarina Selada 

from INTELI (Selada, 2012). It segregates the smart city concept into five dimensions: 

• The Governance dimension is sub-divided in public participation, public services, transparency 

and urban policies (Selada, 2012); 

• The Connectivity/Integration dimension encompasses ICTs and intelligent networks or grids 

(Selada, 2012); 

• The Sustainability dimension involves environmental sub-divisions such as energy, water and 

waste, buildings, mobility, air and emissions and biodiversity and ecology (Selada, 2012); 

• The Inclusion dimension regards sub-components like social and digital cohesion, cultural 

diversity, social innovation and entrepreneurship (Selada, 2012); 

• The Innovation dimension is sub-dimensioned in competitiveness, green economy, creative 

economy, social economy and technology (Selada, 2012). 

The goal of this project is not only to locate Portuguese cities strategically, but also to generate 

recommendations that should be followed in order to encourage the intermunicipal cooperation through 

the building up or reinforcement of cooperative projects (Selada, 2012). 

Apart from the two previously mentioned indexes there are numerous others aiming to break down the 

broad concept of smart city (Figure 4). However, they characterise the same ideology using different 

approaches for its illustration.  

 

Figure 4 - Existing smart city indexes (source Myeong, Jung and Lee, (2018)) 
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In Table 2 it is possible to highlight the existing correlation between the two previously presented 

indexes describing the smart city. 

Table 2 - Correlation between the dimensions of the Índice de Cidades Inteligentes 2020 and the 

European Smart City Index 

Índice de Cidades Inteligentes 2020 European Smart City Index 

Governance Smart governance and smart people 

Connectivity/Integration Smart mobility and smart living 

Sustainability Smart environment 

Inclusion Smart people and smart governance 

Innovation Smart economy 

2.3 BENEFITS AND USES 

One obvious benefit in investing in smart cities is the increase and improvement of the quality of life 

and services, since most operations regarding city services will be done in a more efficient and effective 

way thus creating a city able to improve and adapt itself almost instantaneously. This is achieved by 

the use of sensors that are spread throughout the city and linked to computerized systems able to solve 

immediate problems, create hypothetic complex urban scenarios and develop innovative responses in 

accordance (Fernandes, 2017). 

GlobalSign’s company blog (Low, 2018) sustains that smart cities and smart technology have offered 

many practical, and economic advantages on the recent years in the following four main areas: security, 

water and waste efficiency, increase awareness to traffic and infrastructure issues, transportation. 

2.3.1 SECURITY 

One of the priorities of a city is to ensure the safety for its citizens which can be achieved through a 

highly important component of a smart city’s project: the developing of advanced security systems by 

introducing the use of Close Circuit Television Cameras (Low, 2018). 

Although security measures are not entirely new, the improvement of these systems with facial 

recognition technology will be an enormous contribution to help identifying individuals prior the crime 

occurs. These cameras will have added features such as smoke alarms to ensure fire monitoring, air 

quality measurement and doors’ lock and unlock systems depending on perceived situations (Low, 

2018).  

2.3.2 WATER AND WASTE EFFICIENCY 

The concept “smart water” means the ensuring of effective and efficient management of water and 

wastewater through a dedicated infrastructure (Low, 2018). 
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GlobalSign (Low, 2018) proposes the use of smart water grids as an option to ensure quality, security 

and consumption safety. Their proposal includes water transportation monitoring to ensure that the 

water reaches its destination and avoid over-allocation. Another solution pointed out is the use of smart 

pumps and valves that can assess environmental conditions and sensor signals, therefore, adjusting 

their activity accordingly. This greatly diminishes the amount of water and energy wasted in each 

process and increases efficiency at the same time (Low, 2018). 

2.3.3 INCREASE AWARENESS TO TRAFFIC/ INFRASTRUCTURE ISSUES  

This is perhaps one of the most known benefits of a smart city: the ability to monitor certain traffic 

patterns and common congestion points through sensors located inside of cars. The data can be 

gathered by sensors and selecting an area where traffic or road need to be reshaped for the public 

good (Low, 2018). 

Smart technology can also be utilised to monitor deteriorating equipment, such as traffic lights and 

pedestrian signals, or even to detect the effect of traffic on environmental conditions (Low, 2018). 

2.3.4 TRANSPORTATION 

As stated above, the ability of a city to provide efficient and effective services to its citizens is key and 

the transportation of goods, services and people is almost what makes a city “move”. However, the 

inefficient transportation, which is an issue in a lot of cities whether due to traffic or to the increase of 

harmful emissions, is still one of the top government priorities (Low, 2018).  

According to GlobalSign’s company blog (Low, 2018) one way to achieve the optimization of travelling 

is through mobile apps giving estimates for trains, buses and other public transport options. This simple 

step could make the difference in choosing whether to take an individual means of transportation or a 

public one. Another important trend is the increasing shift to electronic vehicles, decreasing air pollutant 

emissions. As of right now, many states are creating “power strips” or large areas filled with charging 

stations for electric vehicles in major areas of the city to encourage their use, there is also the trending 

alternative of renting bicycles (Low, 2018). 

2.4 LIMITATIONS 

Scholl et al., (2009) studied challenges of e-government key projects and found that stakeholders’ 

relations are one of the critical factors to determine success or failure of such projects. These “relations” 

refer to four main issues: cooperation among stakeholders, leadership support, alliances’ structure and 

the diverse jurisdictions working. It is also important to diagnose and correct possible external pressures 

that may occur on the political side e.g. policy agendas and politics that may affect the outcomes of IT 

initiatives). 
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Regarding the implementation of the smart city, Hollands, (2008) highlights the following aspects that 

may elicit conflict between environment sustainability and economic growth: 

• The “splintering urbanism” effect (coined by geographers Steven Graham and Simon Marvin) 

which refers to ways in which infrastructures, including ICT, can fragment the experience of 

whole urban regions both economically and socially;  

• The growing contrast between creative classes and IT illiterate sections of the population;  

• The social inequality and urban gentrification. 

The current movement between entrepreneurs and “civic hackers” is identified by Fernandes, (2017) 

as a barrier to the success of the smart city concept. These identities, whose main concern is to amplify 

the concept of “natural sociability” of a city, defend that instead of having big data stored, the focus 

should be on building sharing mechanisms by investing in collaborative networks, as opposed to the 

creation of data monopolies defended by entrepreneurs and companies. To sum up the preference lies 

in decentralized and democratic alternatives contrasting with computational visions that are managed 

by centralized authorities. 

Another possible limitation of a smart city expressed in Fernandes, (2017), is the potential to amplify 

violence through the intensification of social, cultural and economic differences that may emerge 

between some cities or even countries.  

Although not considered as a limitation per se, privacy and confidentiality issues might arise. It is fair to 

advise that the disproportionate and undue use of technology must be carefully monitored with a critical 

view on the subject of use and implementation when it comes to the sharing and collaboration of 

information defended by the smart city ideology. 

2.5 FUTURE USES  

Quoting GlobalSign’s company blog (Low, 2018), smart cities are already getting recognition for their 

countless benefits. The concept will be an investment in the future, aimed to increase the efficiency and 

sustainability of life support systems and improve people’s quality of life.  

Currently, there are already considerable investments in smart technologies and in smart city projects. 

One of the pioneer ones being the Smart Nation initiative announced in 2015 by the government of 

Singapore. This initiative has the main goal of transforming the city of Singapore in the first intelligent 

city in the world by 2025. The plan involves the development of an intelligent operational system for the 

whole city which will able it to be controlled just like a computer’s software. The Government of 

Singapore intents on developing a 3D virtual map of the city composed by layers representing the city’s 

buildings, terrain and other information publicly available. Right now there are already some minor 

service test applications using the system: elderly homes, health care and others. The Jurong Lake 

District is considered as the living laboratory for these intelligent projects with the intention of amplifying 

all at a national level. 
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In the future a plan to promote public participation assuring transparency to the planning process is 

needed and in the context of intelligent cities this plan should be more interactive, informative and self-

explanatory. According to Batista e Silva et al., (2012) an intelligent plan for an intelligent city should be 

kept and maintained by an ongoing evaluation, an evaluation that takes advantage of plan monitoring 

and, by doing so, allows the adjustment of its characteristics and parameters in real-time. In other words, 

it will able to process information in order to give input on plan improvements and adjustments in the 

course of its implementation. 

As for the relationship government-citizens, the power to decide will be switched with the power to 

transform through an active multilevel cooperation. 

According to Batista e Silva et al., (2012), when it comes to the future format for city plans, these will 

be digital and web based. The main questions regarding their design will be centered on tools made 

available to increase collective intelligence (different attitudes and dimensions) and on governance tools 

to explore artificial intelligence and modelling. This will improve a more participative attitude on 

information in order to trigger urban creativity. It is then imperative that we switch from the “traditional” 

format of planning and start adapting to new ways of representing, analyzing and monitoring city plans 

such as simulation and other technological methods. 

2.6 SMART CITY PUBLIC POLICIES IN PORTUGAL 

In Portugal, and according to the Juridical Regime for the Instruments regarding Territorial Management 

(RJIGT) the instruments used in the System for Territorial Planning act on three distinct levels : National, 

Regional and Municipal, having each one of them different Development Programs (Figure 5) (DGT, 

2006). 

 

Figure 5 - Scales for the Portuguese Territorial Planning (according to RJIGT) (adapted from MAOTDR, 

(2006)) 

The National Programs allow for the definition of guidelines used for Regional and Municipal 

Development Programs (DGT, 2006) which should be always coordinated with each other. At this level 

of planning, it is possible to establish the ground rules for a cluster of smart cities, a smart country. 

The Program implicated in the Regional level defines the rules for space management articulating them 

with the national policies for economic and social development, thus establishing fundamental 

guidelines for the Municipal Programs (DGT, 2006). 



 

32 

The Intermunicipal scale instruments ensure the correct articulation between the regional programs and 

the plans for the municipalities in order to enable a more homogeneous area development and foster 

national cohesion. It comprehends areas including adjacent municipalities. 

At a Municipal scale, there are more detailed plans for a strategic development of land use and its 

regulations (DGT, 2006). This is, most likely, the fittest level to work towards a smart city. It includes 

three important Development Plans (the Municipal Master Plan, the Urbanization Plan and the Detailed 

Plan). The Municipal Master Plan establishes the territorial development strategies, land use policies, 

territorial and urban planning policies and the existing options for managing public amenities and the 

interdependency relationship with the adjacent municipalities integrating and articulating the guidelines 

set by the national, regional and intermunicipal programs. The Detailed Plan develops the rules 

regarding the deployment of infrastructures and the design of public spaces. It also defines the 

requirements of said infrastructures to be correctly integrated in the urban landscape as well as for the 

optimal location and urban insertion of public spaces, amenities and other activities of public interest. 

Although the Municipal level might be prone to more direct approaches to achieve a smart city, the 

National and Regional Programs are crucial to its development since they work on establishing and 

articulating the base rules that constitute the backbone of a well-planned city. Therefore, to move 

towards the implementation of the smart city, it is necessary to act at these four scales for territorial 

planning, which can, and should, be complemented and articulated with Portugal’s national policies and 

goals as well as the international agreements that are already established. 

2.6.1 THE NATIONAL PROGRAM FOR THE PLANNING OF TERRITORIAL POLICIES 

PNPOT (Plano Nacional da Política de Ordenamento do Território) is the National Program for the 

Planning of Territorial Policies, in other words, it states the strategies and guidelines that are to be 

implemented for Territorial Planning at a National level (MAOTDR, 2006). These strategies have a time 

horizon of 2025. 

According to DGT, (2018) the program divides itself in ten Commitments for the Territory which are 

operationalised in five Intervention Domains: 

1. D1 – Natural Domain – to optimize and adapt natural resources and the landscape through 

their ownership and capitalisation; 

2. D2 – Social Domain – to improve and develop the education system, social inclusion and 

upgrade the access to public services; 

3. D3 – Economic Domain – to promote economic innovation and attractiveness as well as 

endorse Portugal’s inclusion in globalization processes and increase a circular economy; 

4. D4 – Connectivity Domain – to strengthen the connection between citizens and 

companies/institutions through a digital services network; 

5. D5 – Territorial Governance Domain – reinforce the cooperation and territorial culture by 

enabling institutions, promoting the decentralization and build up a better policy for 

territorialisation. 



 

33 

Each Intervention Domain comprises political measures adding a total of 50 political measures which 

respond to Territorial Challenges.  

It is relevant to highlight the Intervention Domain promoting Territorial Governance (D5), where one of 

its measures (5.7) clearly states the goal of promoting intercity cooperation in order to achieve a 

sustainable smart city. This measure was already adopted in international protocols such as the Agenda 

2030 for the Sustainable Development, ONU’s National Report, the Amsterdam Pact, the Urban Agenda 

for the European Union and the New Urban Agenda III (DGT, 2018). It aims to have an urban 

development relying in a more transparent, flexible and decentralized intercity governance, allowing 

new levels of communication, the exchange of knowledge and responsibilities between entities with 

different capabilities. 

The current rapid urban expansion, backed up with the weak quality of urban, environmental and 

architectonic spaces, generated a growing need for a policy focused on the resolution of persistent 

necessities such as difficult accesses, poor housing quality, considerable levels of degradation in the 

existing buildings, increasing levels of energetic consumption and the need to revive commerce and 

stimulate the industry and services as well as reducing pollution levels, dealing with environmental 

problems and counteract the severe use of private transportation. 

The urban policy should favour citizen-oriented governance actions and collaborative processes 

promoting the attendance of institutions and citizens in creation and decision procedures, therefore 

providing a bigger sense of belonging and harnessing socio-economic and environmental 

developments as well as urban sustainability. It also comes with the objective of reinforcing the 

importance of urban spaces and their ability to adapt and respond to future challenges:  

• in social inclusion – for a more just and equitable city, including planning processes focused on 

social well-being and allowing access to equipment’s and public spaces; 

• in housing – for the right to an accommodation and solving energy efficiency deprivations;  

• in health – by favouring natural landscapes and cleaner cities with better air and water quality;  

• in mobility – by favouring transportation alternatives that are safer and cleaner preferring public 

and multimodal solutions with low carbon emissions;  

• in the economy – stimulating reuse, recycling and minimizing waste with less environmental 

and financial losses;  

• in resiliency – for a better ability to adapt and reduce climate change promoting energetic 

policies to decrease greenhouse effect emissions;  

• in technological and digital intelligences – enabling the development of innovative solutions, 

service digitalisation and business transparency. 
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The operational objectives included in this political measure are: 

1. Establishing collaborative projects through the development of community centred actions 

supported by cooperation and urban creation; 

2. Developing a more sustainable and resilient urban environment; 

3. Promoting social inclusion and the access to a better housing quality; 

4. Promoting the city’s decarbonisation in the transportation, housing and economic sectors as 

well as in public buildings and spaces; 

5. Stimulating the reuse and recycling in production, distribution and consumption processes; 

6. Increasing the energetic and water efficiency as well as ecosystemic services; 

7. Increasing the institutions and citizen’s role in creation and decision procedures; 

8. Promoting social, economic and ecological innovation. 

2.6.2 INTELLIGENT TRANSPORT SYSTEMS AND SERVICES (ITS) 

The Portuguese Law nº 32/2013 published on the 10th of May recognizes employment and the utilization 

of intelligent transport systems and services, on road transport, and in the intermediary with other 

transports such as ferries and trains. This Law comes from the European Parliament’s Proposal 

nº2010/40/EU and its adoption in Portugal is implemented via collaboration between transportation and 

engineering companies (either from the public or private sectors) and some entities from the National 

Technological and Scientific System (SCTN) (ITS Portugal, 2019). 

This Law aims to make use of telematic services and other types of communications with vehicles, 

between vehicles (for example, car-car) and between vehicles and infrastructures. However, its use is 

not bound to cars only, but instead, it comprises the use of ICT technology in sea, railway and aerial 

transport, being able to extend its uses from passenger to freight transport (ITS Portugal, 2019). 

ITS intends on providing its users with innovative services regarding the different existing means of 

transport, converting their use in a more safe, articulated and intelligent one. It also reveals itself as an 

essential requirement to optimize the “outcomes” that derive from businesses competitiveness and 

when it comes to social, economic and territorial cohesion (AMT, 2017).  

The Activity Plan of the Portuguese Authority for Transportation Mobility (ATM) (AMT, 2017) expressed 

that one of the main responsibilities of the ITS (whether it is sea, ferry, road or air transportation and 

their associated infrastructures) is to provide a more inclusive, efficient and sustainable mobility for all 

the citizens.  

The development of ITS technologies is also integrated in the concept of Industry 4.0 which is the name 

given to the 4th Industrial Revolution. A Revolution that merges the already existing production methods 

with the recent developments achieved in ICTs. This initiative is integrated in the National Strategy for 

the Economical Digitalization, formulated by the Ministry of Economics, and intends on generating the 

necessary conditions for the evolution of our industry and services by engaging both public and private 

sectors in the appreciation, promotion and investment of the digitalization of Portugal’s economy (AMT, 

2017).  
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In AMT, (2017), it is also mentioned the European Union’s challenging goals of decarbonising its own 

economy, reducing its harmful emissions, adapting to climate and environmental changes and adopting 

more natural energy resources all these associated with both the Industry 4.0 initiative and the smart 

city concept. 

2.6.3 PORTUGUESE NATIONAL REPORT ON THE IMPLEMENTATION OF THE 2030 AGENDA FOR 

SUSTAINABLE DEVELOPMENT 

The report was elaborated on the occasion of the Voluntary National Review at the United Nations High-

Level Political Forum on Sustainable Development by the Ministry of Foreign Affairs. Its main goal is to 

report on Portugal’s status in the implementation of the 2030 Agenda for Sustainable Development. 

It is a universal agenda, based on 17 Sustainable Development Goals (SDGs) and 169 targets to be 

implemented by all countries. This Agenda calls for the integration of the SDGs into policies, procedures 

and actions developed at the national, regional and global levels. In fact, it should be highlighted  its 

universal dimension which is to be implemented by all parties and not just the developing countries 

(Ministry of Foreign Affairs, 2017). 

The Ministry of Foreign Affairs was responsible for coordinating the national position for the drafting of 

the 2030 Agenda. However, it is stated that its implementation at a national level brings new challenges, 

which will require remodelling of institutional models to reflect and meet the inherent cross-sector 

coordination requirements. The implementation of these policies will be carried out by the Ministry of 

Foreign Affairs alongside with the Ministry of Planning and Infrastructures (Ministry of Foreign Affairs, 

2017). 

In this document some of the most relevant Sustainable Development Goals that will contribute to 

polices towards the development of a smart city are (taken from Ministry of Foreign Affairs, (2017)): 

• SDG2 – End hunger, achieve food security and improved nutrition and promote sustainable 

agriculture; 

• SDG6 – Ensure availability and sustainable management of water and sanitation for all; 

• SDG7 – Ensure access to affordable, reliable, sustainable and modern energy for all; 

• SDG8 – Promote sustained, inclusive and sustainable economic growth, full and productive 

employment and decent work for all; 

• SDG9 – Build resilient infrastructures, promote inclusive and sustainable industrialization and 

foster innovation; 

• SDG11 – Ensure sustainable consumption and production patterns; 

• SDG13 – Take urgent action to combat climate change and its impacts; 
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2.6.4 LAW FOR THE GENERAL FUNDAMENTALS REGARDING PUBLIC LAND POLICY, TERRITORIAL 

PLANNING AND URBANISM 

This Law aims to value land potential while maintaining its use and function (environmental, economic, 

social and cultural) and guaranteeing its sustainable, equal and legal developments as well as 

promoting the rehabilitation of damaged territory, adapting illegal urban areas and reinforcing national 

cohesion (Artigo 2º).  Some of its relevant general principles comprise: 

1. Responsibility, by allowing a previous evaluation of the interventions that will occur and could 

have a relevant territorial impact or even compensate for the damages that might affect the 

natural, cultural and landscape heritage (Artigo 3º alínea b)); 

2. Coordination and compatibility of the existing territorial policies with socio-economic 

development policies, respecting public and private interests as well (Artigo 3º alínea d)); 

3. Simplify and coordinate the different procedures regarding Public Administration aiming to get 

closer to a citizen decision level (Artigo 3º alínea e)); 

4. Stimulate citizen participation by reinforcing the access to information and to intervene in the 

elaboration, execution and evaluation processes regarding territorial plans (Artigo 3º alínea g)); 

Every citizen has the legal right to intervene and take part in the administrative procedures regarding 

land, territorial planning and urbanism. In other words, they have the right to participate in operations 

such as land occupation and transformation being allowed to present proposals, suggestions and 

complaints as well as be responded accordingly. Public entities have the duty to allow access to 

documental information regarding the previous processes (Artigo 6º nº2). 

This Law also refers to the need for distinguishing and classifying land use in rustic or urban (Artigo 10º 

nº 2) where 

1. Rustic stands for the land suitable for agriculture, cattle breeding, forests and to the 

conservation, appreciation and exploitation of natural, geological or energetic resources. It can 

also be destined for natural and cultural spaces, tourism and leisure activities (Artigo 10º nº2 

alínea a)); 

2. Urban stands for land which is totally or partially developed as urban or built (Artigo 10º nº2 

alínea b)). 

The System for Territorial Planning is also approached in this Law. The land policy for territorial planning 

and urbanism is developed through instruments for territorial planning which can be embodied in: 

a) Programs, used to establish the strategic guidelines for territorial development and their 

programmed directives or define the level of spatial detail for the national policies in each level 

of planning (Artigo 38º nº1 alínea a)); 

b) Plans, stating concrete options and actions when it comes to territorial planning and 

management as well as the definition of land use (Artigo 38º nº1 alínea b)). 
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The System for Territorial Management formulates itself by coordinating both previously mentioned 

instruments at a national, regional, intermunicipal and municipal level, considering the nature and the 

territorial relevance of public interest as well (Artigo 38º nº2). It is also the responsibility of the 

Government and local autarchies to promote, execute, monitor and assess all these instruments, 

elaborating a final report regarding their situation as well as the current condition of the land, territorial 

planning and urbanism. This report has to be presented from the Portugal’s Government to the National 

Assembly every two years (Artigo 72º). 

This Law also states that all the programs and plans are to be published in the National Official Journal 

and accompanied with their corresponding approval act and later publicised in the National System of 

Territorial Information (Artigo nº74). The Government and the local autarchies should make available 

online the administrative information regarding land uses, territorial planning and urbanism, without 

putting at risk any national defence or public safety interests (Artigo 75º nº1).  

The Law states that it is mandatory the release of information regarding: 

a) Administrative regulations and territorial plans and programs including all the related documents 

(Artigo 75º nº2 alínea a)); 

b) Procedures respecting the formation and actions of these programs and plans (Artigo 75º nº2 alínea 

b)); 

c) Decisions related to the programming and execution of the territorial plans (Artigo 75º nº2 alínea 

c)); 

d) Procedures respecting the prior verification of urban operations and their final decisions (Artigo 75º 

nº2 alínea d) e e)); 

e) Contracts signed with the government, local autarchies or with private entities (Artigo 75º nº2 alínea 

f)); 

f) Reports on the execution of the territorial programs and plans regarding urban operations (Artigo 

75º nº2 alínea g)); 

g) Monitoring actions related to the activities of land use as well as its occupation and transformation 

(Artigo 75º nº2 alínea h)). 

The Law also states that it is required for a property to be registered and georeferenced (Artigo 76º). 

As the name clearly states, the Law describes and offers the fundamentals regarding land, territorial 

planning and urbanism, considered as the main guidelines for these policies. However, there are 

established regulations that put into practice and further develop these guidelines such as the Juridical 

Regime for Urban Development and Edification (RJUE), the Juridical Regime for the Instruments 

regarding Territorial Management (RJIGT) and the Juridical Regime for Urban Rehabilitation (RJRU). 

These, require a more proactive attitude from the municipalities. 
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2.6.4.1 Juridical Regime for Urban Development and Edification (RJUE) 

The Juridical Regime for Urban Development and Edification (in portuguese Regime Jurídico da 

Urbanização e da Edificação – RJUE) comprises the administrative operations regarding urban 

management such as permits, asking for previous information, authorizations and land acquisition. 

Although it accommodates private initiatives (supervised according to the public Administration), it can 

also endorse public initiatives (for example coming from the municipalities) since most of the time urban 

interventions are promoted by the Administration when private household construction works, public 

amenities as well as the construction of public and economic housing are regarded. This Regime allows 

for an unsystematic approach for urban development and edification since it relies mostly on an case-

by-case assessment of the projects (Oliveira, 2016). 

2.6.4.2 Juridical Regime for Urban Rehabilitation (RJRU) 

The Juridical Regime for Urban Rehabilitation (in portuguese Regime Jurídico da Reabilitação Urbana 

– RJRU) comes as a counteract for urban development based on urban expansion (and all its inherent 

costs: territorial, financial, environmental and even social) favouring urban rehabilitation instead. This 

allows for the consolidation and occupation of built territory articulated with the intervention in other 

existing spaces inside the city (Oliveira, 2016). 

This Regime promotes the rehabilitation of degraded urban areas, the improvement of housing 

conditions, the ability to ensure, protect and develop the appreciation of the country’s heritage, the 

development of the environmental, cultural, social and economic sustainability of green areas and the 

qualification and integration of vulnerable urban areas through the promotion of social inclusion and 

territorial cohesion (Artigo 3º alíneas b), d), g), e k)). 

2.6.4.3 Juridical Regime for the Instruments regarding Territorial Management (RJIGT) 

The Juridical Regime for the Instruments regarding Territorial Management (in portuguese Regime 

Jurídico dos Instrumentos de Gestão Territorial – RJIGT) represents a more active role from the 

municipalities by programming and coordinating the series of territorial interventions highlighting the 

systematic execution of the designed plans and programs narrowing the execution units (Oliveira, 

2016). This Regime ends up defining and articulating the main regulations regarding territorial planning 

and management from a regional to a national scale (Oliveira, 2016).  
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3 BACKGROUND CONCERNING CITYGML 

3.1 GENERAL CONCEPTS 

CityGML is an open, multi-purpose and multi-scale model that can be used for geospatial 

interoperability, data sharing and database modelling. It provides a basis for 3D geospatial visualization, 

analysing, simulation and exploitation tools and offers possibilities for numerous and varied spatial 

analyses (Nouvel et al., 2013).  

As mentioned above the CityGML data models consist of a core module and thematic extension 

modules. The core module comprises basic concepts and components of the CityGML data model and 

the extension modules deal with specific thematic fields of the virtual 3D city model including: 

Appearance, Bridge, Building, City Furniture, City Object Group, Generics, Land Use, Relief, 

Transportation, Tunnel, Vegetation, Water Body, and Textured Surface (Figure 6). There is also the 

possibility of developing and adding Application Domain Extensions (ADEs) which can specify additions 

to the CityGML data model (Gozdz, Pachelski, Oosterom, & Coors, (2014). 

 

Figure 6 - CityGML modules from Standard, Kolbe, Nagel, & Standard, (2012) 

Based on the standard GML3 (Geographic Markup Language 3) of the Open Geospatial Consortium 

(OGC), CityGML focuses on five main aspects of 3D city models (Salleh and Ujang, 2018): 

• 3D Geometry – all the geometric properties of the model; 

• Semantics – the characteristics of each object which can be sorted in five classes making use 

of the taxonomy concept: buildings, vegetation, waterbodies, artefacts, transportation facilities 

(streets and railways); 

• LoD (level of detail) – the resolution and scale for the represented objects. It allows the 

multiresolution modelling of the objects; 

• Appearance – the handling of how CityGML displays the 3D model texture wise; 

• Topology – refers to the mechanism used to store the interrelations between objects in the 3D 

city model. A comprehensive topology offers consistency and connectivity between the 

individual elements of the model. 
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GML3 is an XML-based abstract format for the specification of spatial data formats. In other words, it 

functions as the XML “grammar” defined by the OGC to express geographic characteristics. This format 

is open vendor-independent and it is based on ISO standards, which means that it can be extended 

and specialized to a specific application or domain and supports simple and complex 3D geometry and 

topology (Kolbe, Gröger and Plümer, 2005).  

CityGML has the ability to represent the spatial as well as the semantic properties structured in five 

consecutive levels of detail (LoDs). These levels go from LOD0 - corresponds to the representation of 

the landscape in a generic way – all the way up to LOD4 – representation of architectural models 

(interior) with a very high class of accuracy. In Figure 7 there is a little representation of this LOD 

concept and how it evolves from LOD0 to LOD4. 

 

Figure 7- Illustration of LODs from Standard, Kolbe, Nagel, & Standard, (2012) 

As it is shown in Figure 7, it is possible to identify and relate these Levels of Detail to urban instruments 

that aid the planning of a city, or parts of it, for instance: 

LoD 0 – Municipality scale – City’s Master Plan or other local or sub regional plans; 

LoD1 – City scale – City’s Urbanization Plan; 

LoD2 – Areas of the city – Urbanization Plan or Detailed Plan of some of the areas of the city; 

LoD3 – Building – Projects regarding the building’s construction, expansion, modification or 

even redesign; 

LoD4 – Residential Area Scale – Architecture, interior and rehabilitation plans among others. 

CityGML focuses mainly on constructing 3D GIS models targeted on the management of multi-scale, 

large areas and geo-referenced 3D models and is able to characterize the thematic properties and 

logical interactions of the elements in those models (Kolbe, Burger and Cantzler, 2009).  It works on 

implementing several novel concepts to support interoperability consistency and functionality.  

The data utilised is supported by classified attributes which are specified as Code Lists or Dictionaries. 

These data structures enumerate all possible values of the attribute assuring the same name is used 

for the same notion. 
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As mentioned above, one of the features of CityGML is the coherent modelling of semantics and 

geometrical/topological properties. The model consists of two hierarchies: the semantic and the 

geometric-topological, where the corresponding objects are linked by relations. The advantage of this 

approach is that it can be navigated in both hierarchies and between both hierarchies (Kolbe, Gröger 

and Plümer, 2005). 

CityGML documents can be generated from programs such as CityEditor, Random3Dcity, RhinoCity, 

AutoCad so they can, afterwards, be processed using APIs such as citgml4j, CodeSynthetis XSD, ogc-

schemas and numerous others. These models can be visualized in a broad range of applications such 

as Google Earth and ArcGIS, although they cannot be rendered directly on the web browser due to 

memory constraints and sometimes plug-ins might be necessary (Standard et al., 2012). 

3.2 BENEFITS AND USES 

The 3D representation of the different and useful thematic objects relevant for city models enables the 

monitoring, managing and even preventing of some undesired outcomes. It also provides and facilitates 

the visualization system of the city/street which aids with the necessary assessments and the evaluation 

and recollection of information from the analysed model (Kolbe, Gröger and Plümer, 2005).  

CityGML enables the possibility of having a flexible and interoperable access to 3D city/street models 

which allows the constant updating of the represented parameters. All things considered, CityGML’s 

complete representation of the city topography/structures “as observed” offers full spatial coverage of 

a city’s district providing it with information regarding build-up environments (buildings, infrastructure) 

as well as natural features (vegetation, water bodies and terrain) (H.Kolbe, 2018). 

CityGML can model semantics useful in the support of numerous applications such as navigation, urban 

planning, real estate management, training simulators, mobile communication, architect and urban 

planning, tourism, cadastre and mapping and environment protection (H.Kolbe, 2018). In conclusion, 

with CityGML we are able to articulate and integrate all the previously listed applications and ensure 

they can be updated and last throughout the years. 

In CityGML, objects are classified according to their describing attributes which are restricted to a 

number of discrete values. For example, the type of roof can have attribute values such as saddle back 

roof, hip roof, semi-hip roof, flat roof, pent roof or tent roof, if any of these attributes is misspelled or 

typed with a different name the interoperability notion of CityGML will cease to exist. Therefore, 

CodeLists and Dictionaries were created representing external files enumerating all the possible values 

for these attributes and assuring that the same name is used for the same notion. These Dictionaries 

and CodeLists can be further extended and refined by users and can have references to existing models 

(Standard et al., 2012). 
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When compared with other 3D model formats CityGML presents itself as an advantage since its spatio-

semantic model is able to produce object modelling at various degrees of complexity with respect to 

geometry as well as semantics. It also grants the coherent aggregation and integration of data from 

multiple sources and the representation of geometrical and semantic attributes of the city along with 

their interrelationship to other objects (Chaturvedi et al., 2017). 

These models support taxonomical class and class aggregation hierarchies, general associations 

between object classes and, in contrast with other exchange formats, do not require to split up data on 

the city to a multitude of files but instead keep everything grouped consistently within one framework 

(Kolbe, Burger and Cantzler, 2009). This ontology provides a standardized interface to 3D city modelling 

and, in principle, allows running the same applications on models of different cities worldwide (Kolbe, 

Burger and Cantzler, 2009) granting the possibility to link any CityGML feature to more specialised and 

functional models or external data sources (H.Kolbe, 2018). 

The advantages of adopting CityGML models can also be seen from a social and economic point of 

view. For example, with these models data providers (for example the municipalities) are able to create 

3D models with a detailed level of information, which surely will be required or useful for a wide range 

of applications making it profitable for companies to create more advanced applications that exploit 

semantic information including ways of using it (H.Kolbe, 2018). 

3.3 LIMITATIONS 

According to Zhao, Stoter, & Ledoux, (2014), although 3D city models based on the CityGML standard 

are becoming increasingly available, in the past few years some visually satisfied 3D city datasets show 

weak or invalid geometry and sometimes are even standard contradicting thus prohibiting the 

processing and analysis of those same models and forces an intensive repair work on the model to be 

conducted which happens more than we can imagine as sometimes it is current practice of city 

construction focusing mainly on the visual appearance of the model rather than on the “correctness” of 

geometrical-topology structure. However, as visually appealing as it may seem, it conducts to a failure 

in analysis applications. 

Another error source that might constitute a CityGML model’s limitation is its very own optimization to 

reduce the data size (Zhao, Stoter and Ledoux, 2014) due to the often production of degeneracies when 

the modelling is unknowingly done. Although there are some proposed methods for the repair of these 

degeneracies, these approaches are not yet enough for 3D city models since they are aggregated and 

more complex representations of the city. 
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According to Zhao et al., (2014) three types of errors can occur in a CityGML model: 

o Invalid geometry: errors of geometric-topological nature that could involve intersections, 

overlapping of surfaces or even points that share the same coordinates; 

o Weak aggregation: weak link aggregation of geometric objects even though they are valid. For 

example, a specific object represented by the aggregation of others with lower dimensional 

boundaries needs a correct aggregation or else it won’t be correctly visualised. These errors 

limit the use of geometry in applications which prefer compact input such as solid models.  

o Standard contradictions: since the geometric form used to represent a feature is specified in a 

certain thematic model a representation contradicting that same standard will cause problems 

in the downstream applications. 

Although it is planned for the ability of exchanging data between functional models/external data 

sources, often the change of data models and exchange formats in between the processing steps can 

result in the loss of data due to limited modelling powers or expressivity of modelling formats making it  

difficult to preserve the object identities (H.Kolbe, 2018). 

One other feature important to help with the decision making in monitoring processes in a number of 

areas (energy, transportation, urban planning and etc) is the possibility of being able to analyse the 3D 

city model’s evolution over a given period of time, as well as to update or edit that same model without 

negating modifications made by other users. According to Nguyen, Yao, & Kolbe, (2017), for now, this 

might constitute a problem since CityGML elements belong to a hierarchical structure containing multi-

level deep associations which can be basically considered as a graph. To date no known algorithm is 

capable of detecting spatio-semantic changes in CityGML documents. A frequent approach is to replace 

the older models completely with the newer ones, however, this not only costs computational resources 

but also loses track of collaborative and chronological changes.  

One possible future problem of CityGML models could be the misuse of data or its use for the wrong 

purposes. Although the openness and transparency of information is considered a good improvement 

added with these models, when used for the wrong reasons it can lead to legal problems or the evasion 

of privacy of its citizens which is considered a huge limitation. 

Although CityGML is able to represent a physical and geographical description of the city, it is not able 

to represent or describe its activities (economic, social, etc…), public services, companies or even 

people’s actions. This comes as a limitation of the approach, since, sometimes, a physical description 

of the city by itself might not be enough and could further be complemented with characteristics such 

as its occurring activities, provided services or living people, resulting in a more thorough model than 

the first one. 
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3.4 FUTURE USES AND IMPROVEMENTS 

Future uses of CityGML include considering it as a base information model for virtual 3D city models 

with specific applications such as environmental simulations like noise emission mapping, cultural 

heritage (considering the city’s development along time), utility networks (essentially pipes, pipe 

tunnels, roads, railroads and connectors transforming devices) and homeland security (H.Kolbe, 2018). 

Although there are a lot of approaches when it comes to 3D building modelling for CityGML not all of 

them are sufficiently developed to be utilised at a professional level (Geiger, Benner and Haefele, 2015). 

In order to extend and improve its disseminated use in the future, several publications (some of them 

further mentioned) focused in the improvement of specifications and the development of ADEs for 

CityGML models. For example, some progress was obtained in what regards the repair routines such 

as triangulation regularization, intersection and decomposition in order to improve the 3D city model. 

H. T. Kolbe et al., (2009) state that future applications for semantic 3D city models should be able to 

work with datasets of many different cities. The achieved models can and should be used as an 

integration platform for urban information that many users and systems have shared access This 

evolution will require the guarantee of a high degree of interoperability in order to not being locked-in to 

one vendor system. 

In Blut, Blut, & Blankenbach, (2017) a mobile application for large 3D CityGML models on smartphones 

is presented. Even though there are some obstacles regarding memory storage, unprepared mobile 

processing units and display sizes the research not only addresses responses to these issues but also 

states that an Android app is already being developed using Java programming which will easily allow 

transporting the application to other platforms. 
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4 CITYGML MODELS VERSUS SIMILAR APPROACHES  

Apart from CityGML modelling, there are not only other possible exchange standards which can be 

used for 3D content visualizing, but also different types of modelling that should be taken into 

consideration.  

4.1 CITYGML STANDARD VERSUS OTHER EXCHANGE FORMATS 

Since it is not efficient to visualize 3D content directly from CityGML, Prieto et al., (2012) analyse the 

possible contrast between different 3D standards to which export the geometry and the appearance of 

CityGML (exchange formats) and CityGML’s own standard (Figure 8) detailing the features each 

standard supports. 

 

Figure 8 - Comparison between the different 3D exchange formats for CityGML models (source Prieto et 

al., (2012)) 

The most relevant open formats which can interoperate with CityGML are KML, X3D, VRML and 

COLLADA (Prieto, Izkara and Javier, 2012).  

Similarly to CityGML, KML is another OGC standard, focused on providing structures to represent 

multimedia associated with a 3D model and it is also the standard adopted by popular applications such 

as Google Earth. COLLADA is applied to facilitate sharing and reuse of 3D content between different 

tools and content creators. VRML is able to express interactive 3D dimensional object models whereas 

X3D, the successor of VRML, is an open standard to represent and communicate 3D scenes and 

objects based on XML, this means that through its use we can store, have access and play 3D content 

in real time over the internet (Prieto, Izkara and Javier, 2012). 

Through the analysis of Figure 8, Prieto et al.,( 2012) concludes that KML and COLLADA standards 

are designed for 3D world browsers so the export from CityGML is limited. X3D has a geospatial 

component and is able to represent different levels of detail, which brings it closer to the CityGML 

representation philosophy. In conclusion the X3D standard is a more adequate approach to represent 

3D models on the web since it is compatible with HTML. However, since this standard is designed to 

represent geometry there might be a loss of semantic information during the conversion. 
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4.2 CITYGML MODELS VERSUS BIM 

3D city models are becoming more common and popular in Europe, the Middle East and Far East but 

the United States has not yet made a lot of advances focusing  mainly on the BIM (Building Information 

Technology) technology (Kolbe, Burger and Cantzler, 2009). 

Building Information Modelling (BIM) is a 3D modelling procedure that describes the geometric and 

semantic properties of a building and monitors its life-cycle. It complies with the IFC standard which is 

a standardized open data model developed by the International Organization BuildingSMART (Floros, 

Ellul and Dimopoulou, 2018). 

The IFC, similarly to the building module of CityGML, describes buildings as semantic objects with 

properties and relations and can, therefore, be considered as Building Information Models. However, 

IFC lacks concepts for spatial objects such as streets, vegetation or waterbodies, so it is not appropriate 

for the representation of complex cities (Kolbe, Gröger and Plümer, 2005).  

A significant difference between IFC and CityGML is the way building models are geo-referenced. IFC 

uses local cartesian coordination systems and geographic coordinates taken on the site and CityGML 

uses directly global coordinates regarding the given reference coordinate system (Geiger, Benner and 

Haefele, 2015). 

According to Stouffs, Tauscher and Biljecki, (2018) there is some research in order to generate methods 

towards CityGML-IFC integration. These can be divided in two different approaches:  

• Through the development of Application Domain Extensions (ADEs) of the CityGML model 

for integration of IFC format data. This may come as an advantage since it supports specific 

purposes such as enhancing its usability for particular applications. They also allow the 

nearly lossless and strict conversion from IFC to CityGML; 

• Through unidirectional transformation of IFC building models into CityGML models. 

According with Stouffs, Tauscher, & Biljecki, (2018) there are already 17 publications regarding the 

development of CityGML and IFC integration/conversion methods some of which are summarized in 

Table 3, taken from Jusuf, Mousseau, Godfroid, & Soh, (2017). It is important to mention that these 

approaches worked within the defined circumstances and were developed for very specific cases and 

situations. 
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Table 3 - Approaches that enable the CityGML and IFC Integration/Conversion (adapted from Jusuf, 

Mousseau, Godfroid, & Soh, (2017)) 

Author CityGML and IFC Integration/Conversion Method Deliverable 

Bahu and 

Nouvel 

(2015) 

Application Domain Extension (ADE) Focus on Energy domain, i.e., Energy 

ADE 

Kolbe (2007) Use CityGML model as source for the generation of 3D 

visualization through potralaying method 

Potralaying method on CityGML 

model 

Van Berlo 

and de Laat 

(2011) 

Unidirectional transformation from IFC to CityGML CityGML extension for IFC, called 

GeoBIM extension 

El-Mekawy, 

et al (2012) 

Unidirectional transformation from IFC to CityGML Schema matching of IFC and 

CityGML model schema, with three 

matching levels: “full (direct)” match, 

“partial” match and “no” match 

Donkers 

(2013) 

Extraction and mapping of IFC semantics to CityGML 

semantics, followed by geometric generalization using 

Boolean and morphological operations 

Automatic generation of IFC model 

from CityGML LOD3 model 

El-Mekawy, 

et al (2012) 

Unified Building Model (UBM) through reference 

ontology, removing relationships between model 

classes then rebuilt them with Unified Modelling 

Language (UML) 

Unified Building Model (UBM) method 

 

In conclusion, both BIM and CityGML are applied for similar application purposes, such as planning, 

asset management, infrastructure and building performances. However, they are not only used for 

different intended purposes but they have significant differences in their modelling paradigms and 

software tools (Ohori et al., 2013). Although CityGML has also a Building module, it can only represent 

buildings as a homogenous part of the city and not with the same detail as BIM models, so while 

CityGML focuses mainly on constructing 3D GIS models targeted on the management of multi-scale, 

large areas and geo-referenced 3D models, BIM has a more detailed approach since it is used in 

architecture and construction buildings. There is also the fact that CityGML includes different LoDs to 

join concepts from the scale of a city or district to a building, being able to join GIS and BIM concepts 

in a single data model (Prieto, Izkara and Javier, 2012). 

The integration and modelling between BIM and CityGML models is considered one of the priorities for 

the future cooperation between city and building design since the ability to convert data in a consistent 

matter could generate 3D city models able to represent an entire city, including also detailed geometric 

and semantic information regarding its elements (Floros, Ellul and Dimopoulou, 2018). 
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In the future, a collaboration will be required between with all stakeholders – building designers, BIM 

model creators and users of the resulting CityGML data – in order to identify a solution that best fits 

existing requirements and workflows when it comes to IFC and CityGML integration and conversion 

methods (Floros, Ellul and Dimopoulou, 2018). 

4.3 CITYGML MODELS VERSUS URBAN PLATFORM BY UBIWHERE 

Founded in 2007, Ubiwhere is a company focused on Research, Development and Innovation of 

software-based solutions in areas such as Smart Cities, Telecom and Future Internet and New 

Technologies. It has offices opened in Aveiro, Coimbra, Porto, Lisboa, Cologne and Paris (Ubiwhere, 

2018). 

Ubiwhere has in its pocket some successful cases of applications regarding smart city projects made 

right here in Portugal (Ubiwhere, 2019): 

• Águas do Porto – the creation of an app that allows its consumers to make an efficient water 

consumption management which will allow its users to monitor daily the consumption of water 

in their houses, leading to the adoption of more environmentally friendly behaviours; 

• Poupa Energia – a public portal that provides all the offers of electricity and natural gas sellers 

available in the liberalised market. This platform provides relevant information related to 

energy efficiency with tips promoting behavioural changes in order to reduce energy 

consumption in the daily routine; 

• Porto Air Quality – the deployment of 75 air quality stations that are able to monitor, in real 

time, the environmental conditions of the city. The data obtained by these stations can be 

linked with other data collected from other ICT systems for different purposes (traffic, energy, 

electricity, etc) and therefore analysed altogether. 

The company has developed one model that could also be used for the planning and monitoring of 

smart cities called Urban Platform (Ubiwhere, 2018).  

The Platform represents the city as an integrated system, comprising components such as: smart 

tourism, smart waste, smart lamppost, smart bike sharing, smart traffic, smart air quality, smart noise 

and smart parking. All these, assembled in an easy and very friendly platform that allows the planning 

and managing of a city (Ubiwhere, 2019).  

The modelling of this platform involves the contribution of different stakeholders, more precisely three 

SME’s (small and medium-sized enterprises) – Ubiwhere, Martel Innovate and Therapaenis – using 

open API’S and open data (Ubiwhere, 2018).   

Ubiwhere, presents the Urban Platform, as well as other complementary applications, as an already 

developed and highly capable instrument that will provide processing and management of information 

as well as easily understandable models of entire cities and its characteristics (Ubiwhere, 2018). 

However, all these applications do not come for free and although some of them are developed through 

open API’s, maybe the information might not be so interoperable as one would expect it to be.  
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Although CityGML models still have some developing to do, when fully developed they constitute a free 

and open path to represent open data in fully interoperable, multi-purpose and multi-scale models which 

makes it probably a better solution than the Urban Platform, although it would be interesting and even 

better to have a collaboration between both models.  

4.4 CITYGML MODELS VERSUS URBANSIM  

UrbanSim is a platform for supporting planning and analysis of urban development incorporating the 

interactions between land use, transportation, economy and environment. The main goal is to permit its 

users “to learn from the past, inform the present, and shape the future of communities 

everywhere.”(UrbanSim, 2019). It allows urban simulation, 3D visualization, and shared open data to 

grant users to explore, gain conscience of, and develop alternative plans to improve their communities.  

UrbanSim provides two tools to perform all its capabilities:  

• The UrbanCanvas used for scenario modelling with UrbanSim and with almost the same 

properties as CityGML; 

• The Penciler provides rapid site usefulness analysis. 

The UrbanCanvas Modeler is a web-based platform where planners (governments, private or public 

companies or citizens) can generate and analyse multiple scenarios using an interactive 2D and 3D 

mapping environment to manage model data inputs and results. This Modeler is designed to help 

planners manage workflows for developing in and out relevant data to land use and future urban 

development (UrbanSim, 2019). 

Basically, the platform allows its users to design scenarios based on existing and proposed policies to 

simulate variations of land use of transportation plans, to simulate the regional real estate market at the 

level of the individual decision-makers such as households and employers and to use a large and 

flexible portfolio of indicators to provide an overview of the existing conditions and effects of alternative 

scenarios (UrbanSim, 2019). 

UrbanSim gives its subscribers a simulation platform for supporting planning and analysis of urban 

development, incorporating the interactions between land use, transportation, the economy and the 

environment. It was designed for use by the Metropolitan Planning Organizations (MPOs), cities, 

countries, non-governmental organizations, real estate professionals, planners, researches and 

students interested in exploring the effects of infrastructure and policy choices on community outcomes 

such as motorized and non-motorized accessibility, housing affordability, greenhouse gas emissions 

and the protection of open space and environmentally sensitive habitats (UrbanSim, 2019). 

All in all, UrbanSim offers a series of features such as the ability to input data, track its developments, 

edit constraints, create possible scenarios, run multiple simulations on the cloud, visualise indicators 

and model the necessary adjustments (UrbanSim, 2019). 
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Although UrbanSim unites all these advantages, it still has some considerable disadvantages when 

compared to a CityGML model. An example is the fact that it is not an open source model which means 

that whenever the user needs to adjust it or even make a new one from scratch, they are obliged to ask 

UrbanSim, resulting in a permanent dependency between the costumer and the company. There is also 

the downside of not being a freeware platform, this leads to the requirement of the user to pay for 

UrbanSims’s services. Contrasting with UberSim, a CityGML is an open source model and does not 

require any expense made by the user, only knowledge. This enables the option of using a CityGML 

model as a preference as opposed to resorting to UberSim.   

Table 4 depicts a comparison between a few relevant characteristics from each approach. The 

presented information highlights the fact that CityGML and BIM models stand out for being open vendor, 

free and interoperable modelling tools, the big difference between both of them being their 

representation scale (while CityGML is more suitable to model cities, BIM is used for building modelling). 

However, this does not constitute a problem since there are already researches (for example in Floros, 

Pispidikis and Dimopoulou, (2017)) towards the integration of both these models in a single one. 

Table 4 - Comparison between the different modelling approaches 

 CityGML BIM Urban Platform UrbanSim 

Purpose 

City’s physical and 

geographical 

description models 

Building description 

models 

City’s physical and 

geographical 

description models 

City’s physical and 

geographical 

description models 

Represented physical 

entities 

road, water bodies, 

tunnels and 

bridges, city 

furniture, land use, 

buildings… 

Wall, slab, beam, 

door, window, 

column, material, 

textures roof… 

Water bodies, 

vegetation, road, 

tunnels and bridges, 

building, city 

furniture… 

Buildings, vegetation, 

water bodies, roads, 

bridges, tunnels, city 

furniture… 

Degree of Openness 
Big Big Use of open API’s but 

not so interoperable 

Almost none 

Vendor Open Open Lock-in Lock-in 

Possible 

applications/analysis 

solar potential 

estimation, 3D 

cadastre, 

infrastructure 

planning, utility 

management …  

Energy, project 

management, 

quantity surveying, 

project budgeting… 

Incidents response, 

analysis, mobility and 

sustainability.  

Planning analysis 

incorporating land use, 

transportation, 

economy, 

environment. 

Observations 

Can be extended 

with the use of 

ADE’s; 

Has an open 

community of 

developers 

Has an open 

community of 

developers 

Requires paid for 

extra Ubiwhere 

applications to 

integrate and 

complement the 

analysis. 

There are paid for 

courses on how to use 

the UrbanCanvas 

modeler 
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5 CITYGML APPROACHES FITTING SMART CITIES 

CityGML is already viewed as an important source of information for city planning, architecture, 

business development and tourism. Its multi-scale representation of 3D city models allows access to 

the exchange of information and cooperation, transforming these models in an interoperable 

partnership developed between models and users. 

Smart city is an already well-known concept that characterizes the idea of a technological sustainable 

city accomplished by smart governance and economic principles, achieved through citizen collaboration 

and information sharing (Chourabi et al., 2012).  

Analysing both concepts it is possible to consider CityGML as a fairly adequate tool to achieve the goals 

of a smart city since it allows the promotion of collaborative research and application developments in 

areas such as energy, mobility, traffic, security, urban planning and pollution control and impact.  

The smart city concept asks for an integrated analysis of city infrastructure and objectives towards 

sustainability along with the urge for an approach on multiple levels of detail (Ohori et al., 2013). As it 

happens, CityGML is capable of representing 3D city models at various degrees of complexity. These 

can be used as information platforms for complex simulations like environmental analyses or energy 

planning, thus enabling an easier decision-making process.  

In order to connect both concepts it is necessary to demonstrate and prove the possible relationship 

between CityGML and each individual component integrating a smart city. As previously mentioned, 

the dimensions that will be highlighted are the ones specified in the European Smart City Index: smart 

environment, smart mobility, smart governance, smart people, smart economy and smart living. Since 

in chapter 2.2 these same dimensions were highlighted and depicted in detail, in the following chapters, 

examples of CityGML applications that fit, or can in some way enhance these dimensions, will be 

presented and described. 

5.1 BUILDING ANALYSIS FOR URBAN ENERGY PLANNING USING KEY INDICATORS ON VIRTUAL 3D CITY 

MODELS – THE ENERGY ATLAS OF BERLIN 

Nowadays, energy planning has to compare several options such as the exploitation of regenerative or 

natural energies (solar heat and photovoltaic, wind power, tidal energy and geothermal energy), 

construction of alternative usages of supply and utility infrastructures and the development of measures 

to increase energy efficiency. Due to this, energy resources demand and supply, including its spatial 

distribution mostly in urban areas, could be key factors to achieve an environmentally smarter city 

Krüger & Kolbe, (2012).  

The paper presented by Krüger & Kolbe, (2012), focuses on the identification, classification and 

integration of energy-related indicators of buildings and neighbourhoods within 3D building models 

(conformed to the CityGML standard). These indicators will be set into the context of urban energy 

planning within the Energy Atlas of Berlin, thus forming an adequate image of the local energy situation 

for decision making. Furthermore, it is even discussed an approach for extending the CityGML standard 

for storing these indicators which will be given through the development of an ADE. 
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The Energy Atlas of Berlin targets an approach towards the optimizing of decisions on comprehensive 

planning alternatives for energy production, distribution and use within urban areas. It aims on designing 

and developing a strategic tool for transparent energy planning addressing industry’s decision makers 

(suppliers and providers), governments and public administrations. The project comprises different 

decision-making levels concerning strategic energy planning within the City of Berlin from the 

engineering level up to political and entrepreneurial level. The greater the area of responsibility, the 

more spatial aggregation is required to back up the decision making process (Krüger and Kolbe, 2012) 

(Figure 9).  

 

Figure 9 - Levels of decision-making in the Energy Atlas of Berlin from Krüger & Kolbe, (2012) 

The Atlas will further help with the integration, spatial visualization and analysis of energetic and 

environmental information, energy requirements and consumption, energy sources and production and 

also the reductions of greenhouse gas emissions. The project will also encompass application fields 

such as geothermal heat potential, traffic and urban structure and energy characteristics of buildings, 

that is why energy features such as production, distribution and consumption will be identified and 

incorporated in the model. 

The 3D city model of Berlin will be an available core dataset allowing a visual interpretation when it 

comes to the represented urban environment. This dataset provides the geometry of buildings as well 

as their basic semantic information (addresses, usages and heights). Data integration of existing 

energy-related datasets and energy estimation concepts were also incorporated in this 3D city model 

of Berlin: 

• Datasets with solar potentials of the Solar Atlas of Berlin obtained from laser surveying of roofs 

in Berlin, containing the slope and orientation of the roofs, the amount of irradiation, installation 

costs, energy yields and CO2 reduction potentials for different solar panel types; 

• The modelling concept of and ADE which incorporates supply infrastructures and utility 

networks (gas, water, electricity and etc) into CityGML which has contributed to other projects; 

• Concepts for the estimation of energetic rehabilitation state of buildings and heating energy 

consumption were also used. 
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Usually, decision-making in the context of sustainable development is associated with information 

gathering, using qualitative and quantitative indicators and indexes that will summarize, quantify or 

measure relevant information. Applications in solar energy potential analysis and energy demand for 

heating and lighting will be adapted for energy assessment using CityGML-based 3D city models. For 

this reason geometry, topology, morphology and spatio-semantic attributes of single city objects or 

aggregations of them in a neighbourhood, district or city have to be addressed by indicators and 

indexes. 

The paper introduces the indicators and indexes necessary to integrate in this application considering 

the hypothesis of strong correlations between information about residential buildings and their energy 

consumption values and that that information can be derived from geometry and semantics of the virtual 

3D city model, cadastre data and statistical information. However, due to data privacy issues the 

complete city-wide energy consumption data could not be acquired for holistic simulations or analysis 

and the same goes for the future energy consumption estimations, where real values cannot exist. 

The values that were directly taken – elementary indicators (EI) - from the properties of a building are 

the number of storeys, the usage of the building, the construction year and the number of 

accommodation units. From those, complex indicators (CI) were calculated and determined: building 

height, heated volume and the number of adjacent buildings (vicinity) of the building. Indicators 

representing storey height, assignable area, building type and heating energy consumption where 

calculated using formulas that integrated the CIs and EIs. 

These indicators/indexes were thematically and spatially aggregated, since they were on different 

scales. Thematic aggregation can summarize and multiply operations on values of different domains, 

whereas spatial aggregation can use operations to concentrate values within neighbourhoods, districts, 

or the city to one single value. In this application both thematic and spatial aggregations were combined.  

The final step before compiling all the information in one single model, is to classify all the 

existing/obtained indicators/indexes according to their underlaying metric which can be divided in four 

categories – geometry, topology, morphology and spatially related semantic (Figure 10). 

 

Figure 10 - Indicator/Index classification by metric types from (Krüger and Kolbe, 2012) 
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As stated before, since CityGML’s language core does not provide explicit attributes for modelling 

energy consumption of buildings, utility infrastructure distribution and capacities and power stations, 

there is the need to extended its core using an Energy ADE (Krüger and Kolbe, 2012). 

Attending to all the considerations and characterizations presented above it is possible to unite all these 

indicators and indexes in one single UML class diagram concerning Heating Energy Consumption. For 

the construction of a Unified Modelling Language diagram it is necessary to highlight some information: 

• Indicators can be elementary and complex – elementary indicators can give direct access to 

values of a variable which can be an attribute or a property of a CityGML model, whereas 

complex indicators calculate their values by using complex functions and indicators as 

parameters; 

• An index is a special type of indicator that can be derived by applying a simple function on a 

set of indicators. 

It is important to keep in mind the existing hierarchies between elementary and complex indicators 

(complex indicators are sets of elementary, therefore, cannot exist if the elementary indicators don’t 

exist) and that an indicator/index within CityGML has no ability to execute basic functions without a rule 

or calculation (action) attached to it, only holding a descriptive notation of the algorithm within the 

attribute derivationRule. 

In Figure A 1 (Annex A) is represented a final UML with the class diagram of the indicators concerning 

Heating Energy Demand. In this representation each variable includes a priority ranking as well as 

meta-information about its data quality and lineage to establish transparency among the algorithm used 

to determine the value. The value of each indicator/index is defined as gml::MeasureType which 

covers the requirement of basic metric of their values including their measurement unit. Indicators and 

Indexes are defined as feature objects due to their complex functions and configurations. 

The proposed EnergyADE based on the created hierarchy of indicators/indexes is depicted in          

Figure A 2 (Annex A) In this model, a new class Neighbourhood was incorporated as a specialization 

of a CityObjectGroup for modelling higher spatial aggregation levels. The indicator/index classes will 

be assigned to the related specialized ADE class of the energy domain and the cardinality of each 

indicator ranges from 0 to 1 meaning that it can occur one time or not, depending on their availability, 

consequently, linked to the ability of a basic algorithm to obtain values. The notation <<ADEElement>> 

is the name of the generalization for the ADE which follows the currently established convention. 

The project had the cooperation of academic partners from several departments of the Technische 

Universität Berlin and the German Research Centre for Geosciences, it also were involved the industrial 

partners and the city government of Berlin among many others. Its implementation is currently being 

tested in an increasing number of cities around the world (Krüger and Kolbe, 2012). 
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5.2 A PROPOSAL FOR AN IMPROVED TRANSPORTATION MODEL IN CITYGML  

A transportation model designed using CityGML can have many benefits to its management, monitoring 

and improvement. There are already many applications of transportation models constructed for various 

uses. The most evident ones would be common applications such as urban traffic modelling, and cycle 

accident analysis. Additionally, the use of 3D modelling allows the integration of the effects of road 

inclination and vehicle weight in order to optimise for minimum fuel consumption which will translate 

into lower costs than traditional shortest route approaches (Labetski et al., (2018)). 

However, the subject of mobility is not related to just to road traffic but to other means of transport. 

Bearing this in mind, there are some other developed applications that can contribute for a city’s smart 

mobility which can often be forgotten. Examples of these are waterway modelling in order to assess the 

probability of an accident occurring or vessels colliding, or the modelling of roads and waterways 

altogether to appraise the costs of utilising inland waterways or road only transport (Labetski et al., 

(2018)).  

According to Labetski et al., (2018) it is stated by various government agencies and municipalities that 

although many CityGML modules, such as Building, Bridge and Tunnel, are well developed, it was 

noticed that the Transportation model is not sufficient for most transportation applications. This is why 

the article proposes various additions that can be added to improve the model in order to make it more 

useful for future transportation applications: 

a) Multi-LoD modelling of roads; 

b) Carriageway representation; 

c) Detailed intersection modelling; 

d) Introducing waterways as a new sub-class. 

The paper builds on the work previously started by Beil & Kolbe, (2017) and proposes further 

improvements to the transportation model which had several shortcomings such as the inability of its 

network presentation to only supporting one LoD (LoD0), the failure to differentiate between LoDs and, 

finally, the ineptitude to specify how to model intersections and roundabouts. The work was carried out 

with various consultations of various government agencies which invoked use cases (transportation 

applications) to identify and justify their needs. 

According to Labetski et al., (2018), the current implementation of the transportation model includes 

four sub-classes: Road, Track, Railway and Square. For Roads the LoD is limited to a network 

representation at LoD0  and surface representation for LoD1 to LoD4, however there is no distinction 

made between LoD2-LoD4. Beil & Kolbe, (2017) already made some progress in this area by achieving 

Transport as a linear representation for LoD0 to LoD3 – LoD0 (line) and LoD1 (space) represent the 

entire width of the road, LoD2 models more detailed segmentation into TrafficSpaces and 

AuxiliaryTrafficSpaces and LoD3 allows the representation of subtle structures such as manholes or 

damages in the roadway. LoD4 was left out on purpose since it is only useful for representation of 

interior structures in buildings. 
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Although Beil & Kolbe, (2017) made huge progresses, there is still room for improvements which was 

proved in conversations between government professionals (in this use case government 

representatives from the Netherlands that work with roads in practical applications) who are very 

enthusiastic about the idea of integrating their road data within 3D city models. These limitations 

comprehend characteristics such as the incorporation of the representation of parking lots, holes and 

city furniture (Labetski et al.,(2018)).   

Without further ado, a brief explanation of the proposed improvements by Labetski et al.,(2018) will be 

made as well as the necessary tools to achieve them. 

a) One highlighted need has to do with the need for a modelling approach including both polygon 

and line representation and their linkage in a road network, which is required by many 

transportation applications. The model should not only allow this dual representation but also 

its storage at different levels of detail. An example described in this same paper is a polygon 

representation at LoD2 and network representation at LoD3 for the same transportation network 

with a connection between the two of them. 

b) The second issue was the inability to distinguish roads from carriageways and from lanes. This 

is an important element that could be helpful to differentiate between the LoD2 and LoD3 

representations of a road. Carriageways are important for modelling and analysing traffic flows 

and assist in understanding the relation between different thematic uses or for deciding if a road 

should have segregated or integrated traffic, which is also useful to urban planning when it 

comes to design future lanes or pedestrian walkways. 

c) The third improvement pointed out is the road representation when it comes to intersection 

modelling, currently represented by nodes. Nodes do not act just as connections for edges 

(intersections, where roads merge, split or change direction) but also offer significant 

improvements for traffic modelling since they can help in determining if turns at intersections 

collide or if vehicles with large goods can complete a specific turn. This improvement is almost 

mandatory since this representation qualifies the road network as ready for direct use in many 

transportation simulations. 

d) The concept of intersection itself is seen with intense complexity since they are defined 

differently by different users but one thing all these characterizations have in common though, 

is the need for the intersections to be defined as a separate class that can be modelled in 

addition to the roads subclass. These definitions need to be as flexible and open to define for 

all users as possible. There is also the need to add the differences between T-junctions and 

roundabouts and even more so the ones that appear between equal level versus different level 

intersections. A specific spatial point to stop for a traffic light or stop sign is also needed. 

e) Another improvement added is the modelling of water canals, articulating them with roads and 

railroads, thus accounting for cumulative exchanges between transportation methods. 

Waterways cannot be sufficiently represented by WaterBody thematic model in CityGML 

because waterways also require a network representation to support polygon representation. 
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Attending to all the previous needs the following changes or inclusions were proposed to improve the 

proposal of Beil & Kolbe, (2017) (the numbers correspond to changes that displayed in the UML model 

in Figure A 3 (Annex A): 

1. Change the <Geometry> of Network representation from gml::GeometricComplex to be 

gml::Point and gml::LineString – this reduces the representation to edges and nodes only 

2. Add <FeatureType> MotorSquare to introduce parking lots, parking squares and gas stations; 

3. Add <Geometry> WaterWay to introduce water transportation routes such as canals; 

4. Rename <Geometry> Track to Trail which will facilitate its representation; 

5. Add <Geometry> StopLines to keep track of the location of stop lines within an intersection; 

6. Add <FeatureType> Intersection to describe the geometry of an intersection as well as 

TrafficSpace, AuxiliaryTrafficSpace, StopLines and city furniture; 

7. Add a code list for the Intersection Attribute ‘class’; 

8. Change the <FeatureType> of Hole to lod1MultiSurface; 

9. Add multiplicity to the network representation type by setting it to 0 to many (0…*) 

In addition to these changes to the data model, more improvements were added to better specify the 

LoDs for roads: 

• Make explicit the presence of nodes for LoD1 – LoD3 network representation; 

• Introduce the carriageway representation for LoD2 and lane representation for LoD3; 

• Allow the representation of Holes and other damage attributes from LoD1-LoD3. Holes are a 

separate feature represented as a gml::MultiSurface and can be integrated with LoD1. It is 

also proposed that in future work the potential to define a separate set of LoDs for Holes can 

be examined. 

5.3 MODELLING OF URBAN PLANNING ACTIONS BY COMPLEX TRANSACTIONS ON SEMANTIC 3D CITY 

MODELS 

The smart governance dimension revolves mostly around the collaboration between governments, the 

establishment of citizen engagement opportunities, the transparency orientation and open data.  

Considering the current challenges cities face nowadays, such as an ever-increasing population density 

and the expansion of the original urban area, it is necessary prepare and adapt to the new 

circumstances and changed structures. For these, among other purposes, laws and regulations are 

created to define the urban planning actions and measures. While these texts can be easily found, they 

are not so straightforward to programme for computer systems since they require a strict formal 

representation of those same requirements in order to calculate complex scenarios in simulation runs 

(Sindram and Kolbe, 2014).  
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Sindram and Kolbe, (2014) present an ontology for the formal modelling of planning actions as complex 

transactions on the entities of virtual 3D city models, which will comprise the representation of the 

required transactions on the objects of the city model, the preconditions for the applicability of the action, 

the required actual resources such as duration and costs if the actions would be performed in the real 

world. The model relies on the international standard CityGML for the representation of semantic 3D 

city models and allows to map the measures and actions described in legal documents and regulations 

as complex transactions on objects from virtual reality. The concept will be further illustrated with the 

use of strategic planning in an urban quarter in London where decisions on the sensible degree of 

rehabilitation of individual buildings in a socially disadvantage district have to be made. 

The paper introduces the concept of Key Performance Indicators (KPIs) as performance parameters 

that can be calculated on the basis of the semantic 3D city models. Since it is not possible to determine 

the state of a city at future time points, to calculate the effects on the KPIs based on city models, a 

formal data model is needed to model planed actions as transactions on current virtual models. Thus, 

city models for future time points are not generated based on collected data but derived from current 

city models by applying the modelled urban planning actions. Using these future simulations of virtual 

city models, which can be generated from different scenario calculations, it is possible to calculate the 

expected impact of planned actions on the KPIs. 

Planning actions in urban context are defined as the sum of all the intended processes causing a 

geometric or semantic change in the state of the city or its components. Therefore, Sindram and Kolbe, 

(2014) distinguish two types of actions: 

1. Prototypical actions – partly instantiated objects that represent a general framework of an 

action, which still has no direct connection with specific objects in the city. They comprise the 

defined transformation rules; 

2. Specific actions – accomplished prototypical actions with specific parameters from the entities 

of the virtual city model. It is worth mentioning that specific actions are also potential actions 

that are offered to the decision-makers as a preselected set of potentially executable actions. 

The previously presented properties of actions and concepts are then implemented as a UML class 

diagram where the central class is the AbstractAction. The obtained UML class diagram (Figure A 4 

(Annex A)) allows for the modelling of arbitrary deep aggregation hierarchies of actions. 

The following list details the essential elements of actions and their employment in the UML class 

diagram: 

a) Categories 

The actions can be categorised by their mode of operation into three different classifications. Actions 

can extend the existing city system and also its objects (Sindram and Kolbe, 2014). 
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b) KPI’s  

Indicators that serve as performance evaluators for the goals set out to achieve with the performed 

actions. These goals can have different natures and be either politically, economically or personally 

motivated. In the data model the class KeyPerformanceIndicator represents this concept. The attributes 

targetValue and unit store the desired value of the KPI and correspondent unit. The attribute description 

enables a short description of the action. The direction of the action’s impact can be established in the 

attribute impact where the sign ‘<’ stands for a negative change, ‘>’ depicts a positive change and the 

‘=’ shows that the action had no impact on the KPI. Any unknown or uncertain effect on the KPI will be 

represented by the value unknown (Sindram and Kolbe, 2014). 

c) Reference Units 

Actions can be applied to different reference units from the city model, which can range from 

administrative or statistical boundaries, at different scales to specific objects such as buildings or other 

parts of the 3D model. These boundaries can be determined by the availability of input data or by the 

level of detail of the specification of the actions. An advantage of using a combination of the object 

entities in the city (buildings or roads) together with the administrative boundaries is that these levels 

are consistent and persistent, and they also correspond to the specific decision levels representing 

clear responsibilities and jurisdictions (Sindram and Kolbe, 2014). 

d) Operation 

Since an action is capable of performing changes in the city model, it is fair to say that it represents a 

set of at least one or more operations performed on the city model objects. Analogous to the 

classification of the actions into categories, operations can also be divided into three types according 

to their geometry or the attributes of the objects. The delete operation (DeleteOperation) allows the 

removal of values from attributes or even entire urban objects, new attribute values or objects are 

inserted into the existing 3D city model with the insert operation (InsertOperation) and with the update 

operation (UpdateOperation) it is possible to perform any changes to the existing entities.  

Transactions to the reference objects are realized in the UML diagram by the abstract class Operation 

(Sindram and Kolbe, 2014).  

e) Resource 

Represented by the abstract class Resource, this parameter allows for the resources required/resulting 

from an action to be virtually consumed/obtained in the virtual city model. These resources can be of 

material nature.  

To assess the cost-effectiveness of an action, resources can be represented through basic costs, unit 

costs and operating costs allowing the financial impact of a planned action to be estimated for different 

scenarios. 
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After explaining the UML diagram, Sindram and Kolbe, (2014) proceed to utilise it for a use case 

regarding the planning of the energetic rehabilitation in London. The model follows the international 

standard CityGML and is available in LoD2.  

5.4 USING CITYGML TO DEPLOY SMART CITY SERVICES FOR URBAN ECOSYSTEMS 

The real actors of a city’s planning are its citizens. They should not only be informed of what is going 

on in the city but also be ready and interested to collaborate with based feedback about it.  

Prandi et al., (2013), introduce the i-SCOPE (interoperable Smart City services through an Open 

Platform for urban Ecosystems) project methodology and implementations articulated with open 

standards. This project is based on interoperable 3D CityGML UIMs and aims to create a platform 

where it is possible to develop various smart city services.  

The main goal of i-SCOPE is to provide a significant contribution in domain when it comes to smart city 

services. For this, Prandi et al., (2013) resorted to the use of CityGML as key, enabling open standards 

for 3D smart city services. For each service/application field, were proposed ADEs. 

To achieve these objectives, one goal is to create an open ecosystem made of public administrations, 

industries, universities and research centres to capture the user-driven requirements and promote their 

participation by including their feedback (Prandi et al., (2013)). 

The use of 3D visualization provides operators, administrators and citizens with a real reproduction of 

the city environment which will promote its visualization, analysis and information sharing and collecting. 

In the near future, these models will play an important role in our daily lives and become an essential 

part of the modern city information infrastructure by integrating various data from different sources and 

for various purposes for public accessible visualization and many other applications (Prandi et al., 

(2013)). 

Prandi et al., (2013) propose that i-SCOPE uses UIMs en-coded into CityGML format as reference 

system for smart services. It was pointed out that the most common situations, considering i-SCOPE 

pilots, were that the municipalities provided at the disposal of the project information such as: Digital 

Terrain Models (DTM), Digital Surface Models (DSM) and building footprints in 2D. 

The priority service developed into i-SCOPE was to generate a web-service allowing the generation of 

3D CityGML building objects into different LoDs from the datasets mentioned above, which, similarly to 

other projects, will be stored in 3DCityDB, a free and Open Source 3D geo database to store represent 

and manage virtual 3D city models.  

The introduction of ADEs presents itself to transform the 3D model in an interoperable container for 

these smart-services which are not a part of the core features of the CityGML information. These 

extensions allow the description of object and properties not included in the standard. Since i-SCOPE 

aims at providing a significant contribution to standards in the domain of smart cities, extensions were 

developed in the following domains: inclusive routing, solar energy and assessment and noise mapping. 
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The paper mentions the challenges of online-representing these models either from the use of plugins 

(which once more is not so advisable) or with the three different services proposed by the OGC: WFS, 

W3DS and WPS. 

The services foreseen by the platform in Prandi et al., (2013) are: 

• Service for accurate assessment of solar energy potential at building level; 

• Improved inclusion and personal mobility of ageing and disabled citizens through an accurate 

city-level disable friendly personal routing service accounting with urban layout and barriers; 

• Environmental monitoring, through real-time, noise mapping with citizen collaboration who will 

act as distributed sensors city-wide measuring noise levels with their mobile phones. 

These services require some technological and methodological tasks: 

• Definition of the ADEs according to the needed requirements for each specific service; 

• Develop the network of processes and interfaces in order to achieve the provided service; 

• Design the user interface for the citizens in other to use the services in a very easily way. 

For the dimension of smart people, only the third service regarding the crowd source noise services will 

be emphasized from the paper since it translates with accuracy the active role citizens can have in the 

construction of a smart city. 

In order to assess the distribution of noise pollution (in time and space) the i-SCOPE project proposes 

the integration of active participatory ways to monitor pollution developing the NoiseTube. This 

application facilitates sound measuring at any place and any time through a simple mobile app which 

uses simple features such as the phone’s microphone, wireless connection and localisation through 

GPS, transforming the average mobile phone into a highly portable and accessible sound measurement 

device that enables all citizens to measure ambient sound levels whenever and wherever they can 

(Prandi et al., (2013)). 

The other pillar of i-SCOPE’s participatory approach is the NoiseTube website, which collects all the 

measurements and visualises them in their platform. This will allow the construction of noise maps that 

give an average view on the situation and will be available publicly so that the combined noise data and 

3D CityModel become a powerful instrument to understand the city “noise feeling” (Prandi et al., (2013)). 

This is just one of the many applications that involve a direct participation from the citizens. Prandi et 

al., (2013) go even as far as to point out that this collection of information by masses of volunteering 

individuals can sometimes construct information maps or datasets of comparable quality to those 

produced by governments today and can be produced at a lower cost than their peers which can require 

de use of expensive technologies. 
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5.5 THE POSSIBILITIES OF USING CITYGML FOR 3D REPRESENTATION OF BUILDINGS IN THE CADASTRE 

A smart economy is best described by the integration of an innovative (through use of ICT) and 

sustainable economy with the social-political feature of the city bringing together high-productivity, 

competitiveness, innovation, sustainable jobs as well as the concept of digital economy. 

Gozdz, Pachelski, Oosterom, & Coors, (2014), elaborate the possibilities of applying CityGML for 

cadastral purposes highlighting its use to the 3D representation of buildings. The representative use 

case is a practical application of the CityGML-LADM (Land Administration Domain Model) ADE model 

to demonstrate the benefits of establishing relationships between spatial objects from a legal and a 

physical point of view. 

The insight into the third dimension was provided by applying the Land Administration Domain Model 

(LADM) which was officially adopted as an International Standard (ISO 19152:2012) by the OGC (ISO, 

2010). It includes an abstract schema with basic packages related to parties, basic administrative units, 

rights, responsibilities and restrictions and spatial units (parcels, legal spaces of buildings and utilities). 

LADM supports the registration of legal items and constitutes a generic model that can be specified for 

the land administration requirements for a specific use. 

Providing relations between spatial objects from legal and physical points of view represents a huge 

benefit for a various number of applications. The physical objects reference the location and size of the 

parcels whereas the legal information comes with remarks regarding the use of land (private or public 

space and residential, commercial, agriculture, etc) and other applied legislations attached to the parcel. 

When it comes to cadastral requirements, CityGML does not contain features that can describe the 

legal information attached to spatial objects, that is why this paper proposes the integration of the LADM 

and CityGML which will be illustrated in the Polish context and addresses the legal administrative 

concepts defined in Polish national regulations. 

The paper starts with a description of the contents and general concepts of the spatial package from 

the Polish 3D-LADM country profile. This package is modelled in UML and the proposed classes 

representing spatial objects from the Polish land administration, distinguished with the prefix “PL_”, are 

modelled as subclasses of the LADM classes. The Spatial Package makes use of the national code 

lists with predefined values for attributes. 

The presented Spatial Package has the following classes: PL_CadastralParcel, PL_3DParcel, 

PL_LegalSpaceBuilding, PL_Apartment and PL_LegalSpaceUtilityNetwork. The class 

PL_CadastralParcel is an abstract class with two specializations: PL_RestrictedPlarcel, 

PL_UnrestrictedParcel. The PL_UnrestrictedParcel has boundaries determined by social and economic 

purposes of land use, whereas PL_RestrictedParcel represents 3D parcels, building and/or utility 

networks (Figure A 5 (Annex A)). This model was previously elaborated by Góźdź and Pachelski.  

As mentioned before, the CityGML Building Module is one of the most detailed thematic concepts. It 

allows the representation of thematic and spatial aspects of buildings and building parts in five LoDs. 
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The class of the Building Module is called AbstractBuilding which comes from the root class CityObject. 

The class AbstractBuilding is specialized either to Building or to BuildingPart. Both classes comprise 

the following attributes: the class of the building, function, usage, year of construction, year of 

demolition, roof type, measured height and the number of individual heights of the storeys above and 

below ground. It is important to remind that this class does not provide legal information which is needed 

for the 3D cadastre aspects. 

Gozdz, Pachelski, Oosterom, & Coors, (2014), the articulation of the city model with the ADE is made 

through the incorporation of the application’s specific information into the CityGML instance documents. 

The ADE is hence defined in an extra XML schema definition file with its own namespace. The 

advantage for this approach is having the extension formally specified hence providing clear rules on 

modelling the ADE. 

The conceptual integration of the LADM and CityGML is studied drawing particular attention to the 

buildings as cadastral objects with the main purpose of investigating whether the CityGML data model 

could be useful in the representation of geometric and descriptive data about buildings for supporting 

cadastral and administrative tasks. 

Gozdz, Pachelski, Oosterom, & Coors, (2014) present a CityGML-LADM ADE (Figure A 6 Figure A 5 

(Annex A)) aimed at indicating connections between legal spaces occupied by buildings and their 

physical complements. The proposal introduces two classes representing buildings: 

PL_LegalSpaceBuilding and PL_Building. Classes such as PL_Apartment and 

PL_LegalSpaceUtilityNetwork do not appear in the model since they are not within the scope of this 

particular study. 

The class PL_CadastralParcel comprises two specialisations – PL_LegalSpace Building and 

PL_3DParcel – which are subclasses of CityObject, whereas classes PL_Building and PL_BuildingPart 

are defined as subclasses of their counterparts from the CityGML. 

The connection between spatial objects (legal and physical) is represented by a relationship between 

LA_LegalSpaceBuildingUnit (from LADM) and AbstractBuilding (from CityGML). It is important to state 

that the legal space of a building (PL_Building) has to correspond to at least one physical component. 

The model offers also a relationship between a building (or building part) and 3D parcel (PL_3DParcel). 

The previously recommended information about elements and property rights is represented in the UML 

model using separate classes (LA_Party, LA_RRR, LA_BAUnit). The LA_Party is the main class of the 

LADM Party Package while LA_RRR and LA_BAUnit are representations of the LADM Administrative 

Package. 

The paper goes on to present three case studies that are considered as examples for the practical 

usage of the proposed integrated data model based on the LADM and CityGML. 
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5.6 SEMANTIC 3D MODELING OF MULTI-UTILITY NETWORKS IN CITIES FOR ANALYSIS AND 3D 

VISUALIZATION 

Becker, Nagel, & Kolbe, (2013), developed an ADE for representing utility networks using CityGML 

models. This was necessary due to CityGML’s lack of rich information models for multiple and different 

underground structures and the existing ones are tailored to a specific type of application, hence not 

exportable for the integrated representation of multiple and different utility infrastructures. Moreover, 

the articulated relations between networks as well as their embedding into 3D urban space are not 

supported. 

The Utility Network ADE proposed comes as a tool providing the required concepts and classes for the 

integration of multi-utility networks into the 3D urban model. While the core CityGML model covers the 

topological and topographic representations of the utility networks the functional and semantic aspects 

will be defined with the ADE allowing the model (together with the ADE) to serve as a complete 

instrument for complex analyses and simulations. 

It is clearly stated in the paper that the developed data model “is not to replace the other models or 

systems” but to offer a common base for the articulation of the different existing models by facilitating 

joint analysis and visualization of all services. 

After going through the other models, Becker, Nagel, & Kolbe, (2013), do a brief introduction to the 

UtilityNetworkCore (Figure A 7(Annex A)) model for CityGML – Utility Network ADE. This ADE provides 

classes and concepts to model multiple different infrastructure networks and relate them to each other. 

The base class of the NetworkCore model is named NetworkFeature and it is a subclass of the CityGML 

class CityObject establishing the connection between above ground city objects and network structures 

located above and below ground. NetworkFeature is the conceptual leader for the semantic and 

thematic classification and description of network entities. Collections of NetworkFeature can be 

structured into subNetworks developing a hierarchy between classes and subclasses and it is also 

possible for each NetworkFeature to contain others expressed by a self-association named consistOf. 

Each utility element is functionally and topologically represented by the FeatureGraph and as a separate 

graph structure. There is also the ability to distinguish the interior nodes from the exterior ones by 

expressing the first ones with InteriorFeatureEdges and the second ones with Nodes. By using exterior 

nodes it is possible to establish the connection to other NetworkFeatures which can be connected 

through exterior nodes via the InterFeatureLink, hence resulting in a complete NetworkGraph – 

representation of the collection of NetworkFeatures. To connect network explicit elements it is used the 

subclass NetworkLink.  

The previously presented abstract NetworkCore model will now be articulated with the definition of the 

concrete representation of each utility network. The first step was to identify the common elements and 

functionalities of the different types of utility networks. Then they are further specialized to represent 

their distinct properties and characteristics according to each network type and transported material. 
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As stated, there are subclasses inside the NetworkFeature’s class that should be considered. (Figure 

11). 

 

Figure 11 - Specializations (subclasses) of NetworkFeature (source Becker, Nagel, & Kolbe, (2013)) 

Although the utility networks differ when transported goods are concerned, they do have some elements 

in common such as: 

• DistributionElements – used to transport the materials from producer to consumer or to connect 

different network users. These depend highly on the transported material, therefore, the 

modelling of the utility must take these into consideration and, consequently, contemplating the 

transported materials. 

• FunctionalElements – play a role in operation and maintenance of the network; 

• Devices – play an active role in controlling, measuring, storing, transforming or amplifying the 

network; 

• TerminalElements – mark end and enter points of the network; 

• ProtectiveElements – play a role in protection for the network. 

For example when it comes to cable design, it affects if they are for energy supply or for signal 

transmission. However, it does not affect their exterior appearance (shape) which eliminates the need 

for specialization of the class Cable. An example of a data model for the DistributionElements as well 

as their specific classes is shown in Figure 12. 
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Figure 12 - Example of a modelling approach for DistributionElements (source Becker, Nagel, & Kolbe, 

(2013)) 

Apart from the DistributionElements, the utility network also has elements of feeding (sewage or water 

treatment plants), abstraction and control (pressure increase/decrease stations and transformer 

stations) to build its infrastructure. These entities are represented by the class FunctionalElement 

(Figure 11). They can be further classified in order to represent the main elements of utility networks: 

• ComplexFunctionalElements – aggregate NetworkFeatures which build a functional unit such 

as water treatment plants. They can include network entities like pumps or valves; 

• SimpleFunctionalElements – doesn’t contain other entities since they represent useful 

elements for the maintenance and inspection of the transported materials. Some examples 

could be manholes or inspection chambers. 

The other major subclass is Device. Each utility network contains, according to their functionality, 

StorageDevices (battery, reservoirs or underground storages), ControllerDevices (valves, switches, 

MeasurementDevices (pressure sensor, meter, volumetric flow), TechDevices (electrical driven 

controller and measurement devices) and AnyDevice (Figure 13). 
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Figure 13 - Network entities included in the major subclass Device (source Becker, Nagel, & Kolbe, 

(2013)) 

The representative feature class for entities such as water-tap, street light, gas lamp or anything that 

can be represented as the end of a network is denominated TerminalElement (Figure 11). 

The final subclass of NetworkFeature is called ProtectiveElement (Figure 11). This major subclass 

represents all types of elements used to provide protection of some kind, like cable lines, cable 

protection packages or tubes. They are further discriminated into RoundShell, RectangularShell, 

OtherShell, attending to their shape. 

The CommodityType model was also designed using the same principles as the first two models 

(NetworkCore model and NetworkComponents model) only bearing in mind all the different materials 

(liquid, solid or gas) and physical condition (gas, electricity, light and water) that will go through each 

component of the previous two models.   

After developing the model it is time to proceed to its implementation and realization. The NetworkCore 

model and NetworkComponents model were both mapped to a database and stored using the ESRI 

File-Geodatabase format. Just like the three developed data models, the database schema is 

partitioned into three major parts: 

1. The representation of the geometry of the network - components in 2D (polyline, point) and 3D; 

2. The representation of the logical model having the core model in tables; 

3. The representation of the network properties (transported material types) as a relation to the 

networks. 

The interdependencies between networks, the network objects and city objects were identified and 

added, connecting each building of the dataset to the available network which enables the performance 

of complex analysis and simulations from producers to clients. 
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5.7 CITYGML MODELLING FOR SINGAPORE 3D NATIONAL MAPPING  

As mentioned before, all the previously mentioned and described concepts come together to describe 

a smart city and, as well as CityGML was able to fit in each (or several) dimension(s) of the smart city, 

it can aid with the combination of all of them (smart city). 

Soon & Khoo, (2017), present a project started in 2014 developed by the Singapore Land Authority 

(SLA) called 3D National Mapping. It involves the capturing laser scanning data and imagery for the 

whole nation of Singapore to construct and manage a 3D map and has broadly adopted the CityGML 

standard having implemented 8 out of 13 of its thematic modules.  

The thematic modules used in this project were Building, Bridge, CityFurniture, Relief, Transportation, 

Tunnel, Vegetation and WaterBody. This approach enables the modelling and managing 3D 

topographic features more efficiently since it will allow the combination of any modules assumed 

necessary for a specific application. 

As previously stated, CityGML is not only a 3D model but also an information model that allows its 

extraction despite the used operating system utilised. For these models to be personalized to a specific 

application additional localised CodeLists have been defined during the project and annexed to the 

existing ones. The added localised attributes for these classes have been added with the prefix “sla” for 

Singapore Land Authority. 

All models in the project have a unique identifier (gml:ids). To maintain the relationship between the 

object and the database from where it comes from, external references were created. In this way, if an 

update propagated from additional data is required, the reference connects the 3D object to its external 

data (Standard et al., 2012). In Soon & Khoo, (2017), the cross-referencing between LoD1 and LoD2 

models has been established through the creation of external references between both the models for 

Building and Transportation modules. All the models were arranged into 1km x 1km tiles, each one with 

its unique identification, in order to cover the entire nation and to manage it in a more efficient way. 

The Relief covering of Singapore was created from point clouds and represented in triangulated 

surfaces in LoD0 having no higher LoDs been produced for this module. 

LoD2 Building models were conceived from aerial images and point clouds. They comprise attributes 

such as Class, Usage and Function which were taken from the already existing 2D building footprints 

currently available in the Singapore National Spatial Data Infrastructure (NSDI). These footprints were 

also utilised to develop LoD1 building models with their heights obtained from the airborne point cloud 

data. Since there were over two hundred thousand building models for the whole nation, each building 

corresponds to one CityGML file allowing a more flexible way to manage the models needed for specific 

applications (Soon & Khoo, (2017)). 

 

 



 

69 

Using airborne data collection to produce the Building models limited the level of detail of these models 

up to LoD2 due to the fact that this technique is efficient to map the nation at a macro scale but not at 

a micro level, which translates in its ineptitude to represent windows, doors and other features 

necessary to represent a building at a LoD3. Therefore, only LoD0 to LoD2 Building models were 

designed (Soon & Khoo, (2017)). 

The mobile point clouds obtained were employed to model LoD0 (3D linear network), LoD1 (includes 

TransportationComplex such as road and excludes green areas and parking lots) and LoD2 (further 

classifies TransportationComplex in TrafficAreas and AuxiliaryTrafficAreas) Transportation. It LoD2 

includes LoD1 plus other transportation features such as green areas and parking lots (Figure 14). 

 

 

The CityFurniture is based on Explicit Geometry rather than Implicit Geometry. This means that the 

model is based on absolute coordinates as opposed to be based on a local coordinate system. The use 

of this Geometry requires the actual object to be modelled which may cause overload to the 

performance. However, with the models arranged in 1km x 1km tiles the performance for the 

visualisation of CityFurniture should be acceptable. 

In LoD2 Bridge, a bridge model merges the main structure of the bridge (Bridge) and its elements such 

as its supporting pillars (BridgeConstructionElement).  

When it comes to representing the WaterBody model, since no data regarding the depth of the natural 

water bodies was collected, the model was produced up LoD1 and in one single CityGML file due to 

the fact that there are few water bodies in Singapore. 

The Vegetation, instead of SolidaryVegetationObject, is represented as PlantCover since tree modelling 

is a gigantic exercise by itself. To minimize time and cost it was decided to model the vegetation for the 

entire nation up to LoD1 Vegetation as PlantCover. 

 

 

 

 

Figure 14 - Transportation models in LoD0 (left), LoD1(centre) and LoD2(right) (adapted from Soon & Khoo, 

(2017)  
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After modelling, Soon & Khoo, (2017) proceed to validate the obtained results since their analysis and 

simulation depend entirely on the quality of the models. The open-source software tools used to validate 

include: 

• FZK Viewer – used to check if the models are produced to the correct theme; 

• 3D CityDB Importer/Exporter – used to validate whether the developed models are compliant 

with CityGML and if they can be later imported into the database;  

• CityDoctor and Val3dity – employed to validate the geometries and semantics of the models. 

They ensure the correct topology between the geometries. 

Soon & Khoo, (2017), further analyse the data management aspect of these models. In order not to be 

always importing and exporting models every time there is a change to be applied, some managing 

models were looked into. For this, a framework was established to update the models directly to the 

spatial database using GIS software such as Bentley Map Enterprise.  
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6 CITYGML’S CONTRIBUTION FOR SMART CITIES  

Throughout chapter 5 are presented and described CityGML models fiting one, or more, dimensions of 

the smart city concept. However, most these models were developed either for an individual application 

or for a specific city. In this sub-chapter it is intended to demonstrate that these appliances are possible 

to be extrapolated to Portugal, with similar characteristics, same uses and outcome. 

6.1 SMART ENVIRONMENT 

The ADE developed for the Energy Atlas of Berlin (chapter 5.1) focusses on the identification, 

classification and integration of energy-related indicators of buildings and neighbourhoods allowing the 

performance of energy system modelling, analysis and simulation using the standard language and 

format CityGML. By being able to control and monitor these indicators, it is possible to regulate and 

optimize the energy consumed and produced by these agents.  

The ADE will enable the almost accurate estimation for the consumed, produced and wasted energy 

from all the composing sectors (housing, commerce, industry, agriculture, transportation and so on) of 

a city and these values could be accessible to all the interested entities so as to raise awareness of 

how much energy is being wasted or superfluously consumed or even for companies to adjust their 

production to more accurate levels in order to satisfy the demands. 

The application enables governments and energy producing companies to regulate the needs of the 

citizens and articulate those necessities with the unnecessary production of energy or even the 

increasing investment in renewable sources of energy, which can lead the city on the right path towards 

an environmentally smarter city. 

Regarding the software tools and UML class diagrams it is possible to state that, at first sight, all these 

seem exploitable to any other city that possesses the mentioned datasets. For example, in Portugal, all 

the parameters/indicators are possible to be calculated using the same exact formulas expressed in the 

article and the classes and attributes represented in the UML diagrams in Figure A 1 and Figure A 2 

(Annex A) can also be attained using Portuguese datasets. For example Features such as the 

NumberOfStoreysIndicator, ConstructionYearIndicator, BuildingTypeIndicator, HeatedVolumeIndicator 

among others, are related to the calculated indicators and indexes, meaning that as long as it is possible 

to calculate these same parameters for Portugal, these can also be introduced in the already existing 

model. 

6.2 SMART MOBILITY 

The improvements proposed in chapter 5.2 for the Transportation model come as big contribution to its 

implementation for future transportation applications using this CityGML module. The paper endorses 

the idea that CityGML is not only useful to promote a smart mobility, but also shows that there is already 

a huge investment taking place from governments and experienced developers. 
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The application introduces important improvements for a transportation model such as the modelling 

(and articulation) of roads at various levels and a detailed modelling of the existing intersections creating 

a model capable of representations from LoD0 to LoD3. These can help the progress of the 

transportation model to a superior one, capable of not only representing visually transportation 

characteristics but also the information and integration of their behaviour and performance. 

Although there are already some developed transportation applications in cities such as Cascais and 

Lisbon, these are not articulated not only among themselves but also between means of transport (there 

are different applications for each different transportation vehicle) which can constitute one of the 

problems regarding Portugal’s mobility. The use of the CityGML could enable the articulation of all the 

information collected from the existing applications in a single one. 

The enabled representation of the roads at multiple levels of detail by the introduced improvements 

would facilitate the monitoring and control of accidents and allow Portugal to have better road 

maintenance as well. 

The applicability of these tools for a Portuguese example would be possible with the possession of the 

necessary datasets since all the software tools are currently available. For example, the classes and 

features presented in the UML diagrams, have potential to be exported for a Portuguese model because 

FeatureTypes such as Trail, Square, Roads and Railway also exist in Portugal. However, in Portugal 

the need to introduce waterways as a new sub-class wouldn’t be much of a priority as it is in the 

Netherlands. 

6.3 SMART GOVERNANCE 

The model presented in chapter 5.3 will allow planners to work with high level transactions directly 

corresponding to legal measures and actions instead of individually manipulating many objects, 

attributes and relationships within a system and then having to simulate the outcome for a real-world 

situation. The use of this model will allow planning authorities to model and simulate urban operations 

and verifying their compliance with the legal urban planning instruments that already exist. It will also 

enable for the information about these operations to be represented and accessed in an easier and 

more attractive way. Urban planners and decision makers are increasingly making use of 3D city 

models, such as this one, as information hubs for different simulation models. 

The model was developed for a generic purpose being later adapted to the use case of London. 

Therefore, it is possible to export this same application using Portugal’s case incorporating the currently 

used legal planning instruments to aid with simulations regarding a numerous amount of applications 

such as urban, energetic or risk management drills. 

The UML diagram presents only generic classes which can be used with datasets from Portugal as 

well. The only concept that could be more abstract would be the key performance indicators (KPIs), but 

even those could be changed according to the user and the given characteristics of the destination 

model. 



 

73 

The goal of a smart governance is to have a city headed by a collaboration between the government 

and its citizens and the interoperability of the language used in CityGML models will promote that exact 

cooperation. Employing this model will offer the ability for the exchange and access to information 

between all the interested parties as well as the facilitated possibility of performing various simulations 

regarding several components of the city. 

6.4 SMART PEOPLE 

I-SCOPE (chapter 5.4) intends on promoting an active interaction and collaboration between 

administrators and citizens and allows the latter to be the main contributors for its performance.  

The project’s articulation with open standards based on interoperable 3D CityGML UIMs allows the 

creation of a platform where it is possible to deploy various smart city services and where the goal is to 

create an open ecosystem made of public administrations, industries, universities and research centres 

to capture the user-driven requirements and promote their participation by including their feedback. 

The use of 3D visualization provides operators, administrators and citizens with a realistic (as much as 

possible) reproduction of the city’s environment. This will improve its visualization, analysis and 

information sharing and collecting. In the near future, these models will play an important role in our 

daily lives and become an essential part of the modern city information infrastructure by integrating 

various data from different sources and for various purposes for public accessible visualization and 

many other applications. 

I-SCOPE was originally developed by the Institute for Geodesy and Geoinformation Science of the 

Berlin University of Technology. However, the project aims to be the basis for the materialization of 

several future smart services projects and in various countries. This can be Portugal’s case since all 

the software tools and processes described can be utilised for every other country as long as the 

municipalities are able to provide project information such as: Digital Terrain Models, Digital Surface 

Models and building footprints in 2D. 

To thrive as a smart city it is crucial to create an open ecosystem made of public administrations, 

industries, universities and research centres to capture the user-driven requirements and promote their 

participation by including their feedback (smart people). 

6.5 SMART ECONOMY 

According to Gozdz et al., (2014), a cadastre may be established for fiscal purposes, legal purposes, 

to assist in management of land and land use as well as allowing sustainable development and 

environmental protection. However, the current crucial requirement towards cadastral systems is to 

introduce three-dimensional registration, which will help to manage or even to integrate cadastre models 

in business applications offering the ability to enter in the field of e-business by having all these tools 

available online without leaving home. 
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In chapter 5.5, the possibilities of applying CityGML for cadastral purposes are explored and later 

demonstrated to be valuable to employ in 3D modelling of building representation. This conclusion 

allows the possibility of articulating both physical and legal points of view of the modelled objects, which 

can be translated in huge benefits for numerous business applications from commerce to agriculture, 

real estate and for urban development and rehabilitation projects. 

Although de model is developed using datasets from Poland, the same can be carried out for Portugal 

as well, the question whether this information exists and if it is prepared for integrating this model 

however must be addressed.  

As mentioned before LADM is an international standard (ISO 191152:2012) providing a formal language 

for describing existing systems rather than to replace them, in other words it is a generic domain model 

defining itself as a descriptive standard (ISO, 2010) providing a reference model serving two goals: 

• To offer an extensible basis for the development and refinement of efficient and effective land 

administration systems always keeping these information up-to-date; 

• To allow involved parties to communicate based on the shared vocabulary implied in the model 

and being able to provide information from the registers. 

To first adapt this model to Portugal’s case it is necessary to study the fundamental regulations 

(described in chapter 2.6.4) regarding Portugal’s Land Administration in order to be able to integrate 

them in the model.  

Hespanha, (2012) develops a cadastral model for Portugal including Portugal’s land policies and 

managements. This model assumes that an existing Land Administration policy is in place as well as 

its requirements concerning technical, legal and administrative aspects can be searched and reported. 

The model is based on international standards aiming to design an interoperable model which can be 

implemented on a variety of hardware and software platforms. 

The developed LADM (LADM_PT) will cover common aspects of Land Administration with focus on a 

property ownership related to land legal aspects and the required spatial components. Additionally to 

the already existing ISO 191152:2012, Hespanha, (2012) personalised the model to transform it from 

the LADM to LADM_PT by adding classes such as: RealProperty_Level (real properties in the private 

domain), Baldios_Level (communal properties and not considered in the private domain), AUGI (illegally 

constructed areas) and DefferedCadastre(temporary data which can be eventually classified into any 

other level, but for now lacks sufficient information).  

In the LADM_PT country model, the package concerning the legal and administrative aspects is focused 

on Rights, Restrictions and Responsibilities, the LA_RRR core class (as mentioned above there are 

three specialised classes from the generic conceptual UML LA_Right, LA_Registration and 

LA_Responsability).  

 



 

75 

Hespanha, (2012), developed an abstract superclass, not existing in the core package of the LADM, 

representing the main forms of ownership (FormsOfProperty) existing in a given country, each defined 

by a specific legal regime: OwnershipBundle (regulated by private law), PublicDomainOwnership 

(regulated by public law) and CommonOwnership (regulated by a commons specific regime). 

The LADM_PT includes the legal and administrative specializations such as PT_Property (represents 

full ownership), PT_JointProperty (indivisible property shared by joint-owners), PT_CoProperty 

(property shared by several parties), PT_HorizontalProperty (property to an autonomous unit or 

apartment of an urban building) (Hespanha, (2012)). 

Hespanha, (2012), also included a Responsibilities and Restrictions package containing four 

specialized classes: PT_ServientResponsibilities (owner obligations defining accessibility and 

maintenance duties), PT_InformationDuty (the duty of informing the co-owner), 

PT_BuildingMaintenance (the duty to maintain the building in proper conditions) and PT_PublicTaxes 

(property owners should pay annually the Municipal Tax on Immovables). 

This model proves the possibility of exporting the one presented in chapter 5.5, for Singapore, for a use 

case in Portugal, thus enabling the use of CityGML for land and building register in the country which 

can be of much use for Portugal since there isn’t a full and systematic cadastral coverage in Portugal, 

having only just around 50% of its territory covered, and for buildings the number gets even lower 

reaching just around 10% (Julião and Pelegrina, 2015). This model would not only accelerate and 

enhance the cadastral process but also allow the public administrations, stakeholders (public and 

private) and even the average citizen to have access to this information. 

6.6 SMART LIVING 

Smart living entails mostly the people’s access to basic services such as safety, health, education, 

culture etc. These services are no more than hospitals, theatres, schools, risk management facilities, 

and utility networks such as water supply and drainage, waste management, telecommunications, gas 

supply and electricity supply. The developed ADE in chapter 5.6 serves the representation, articulation, 

management and maintenance of utility networks using CityGML. 

Quoting the authors the core CityGML model alongside the ADE’s will “cover the topological and 

topographic representations (…), the functional and semantic aspects (…) allowing the model to serve 

as a complete instrument for complex analysis and simulations” 

Once more, this example can be adapted to a Portuguese use case since the software tools are 

available once the necessary datasets are available. As for the UML models developed either for the 

UtilityNetwork ADE core model or for the added specializations (DistributionElements, Devices, 

FunctionalElements, TerminalElements, ProtecttiveElements), they are also exportable using 

Portuguese (adequate) datasets since all these represent generic objects, as it can be seen in Table 

5, and their shape and geometric dimensions and materials can be modelled according to each specific 

use, even the transported materials can be specified as appropriate. 
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Table 5 – Summary of the involved Elements for the design of an Utility Network  

Specializations of 

NetworkFeature 

Network Entities in the major 

subclass 
Elements or examples 

DistributionElement 

Pipe 
OtherShapePipe, 

RectangularPipe 

Cable  

Canal 
SemiOpenCanal, 

ClosedCanal 

Device 

AnyDevice unknown, Flange, adapter 

StorageDevice 
unknown, StorageBasin, 

Tank, Battery 

ControllerDevice 
unknown, Switch, Valve, 

SlideValve 

MeasurementDevice 
unknown, Switch, Valve, 

SlideValve 

TerminalElement WaterTap, StreetLight, GasLamp  

ProtectiveElement 

RoundShell 

 RectangularShell 

OtherShell 

FunctionalElement 

SimpleFunctionalElement 
manholes of inspection 

chambers 

ComplexFunctionalElement water treatment plants 

 

This is an excellent example of an application where CityGML models and the dimension of smart living 

are combined, developing a data model and geodatabase for representation of different utility networks 

such as water, gas, long distance heating, and power supply. This integrated database should facilitate 

disaster management as well as the simulation of descending effects in case of network failures. 

6.7 SMART CITY 

Considering all the dimensions for a smart city described above and bearing in mind the presented 

practical applications of CityGML models, there is no doubt that they can all be connected to each other 

and could be efficiently linked and enhanced with the use of CityGML models (Figure 15). However, a 

certain hierarchy can be denoted where the smart governance and smart people dimensions are above 

from the four remaining. This can be explained by the fact that with the close cooperation between the 

government and its citizens it is possible to control and improve all the other remaining dimensions 

(smart mobility, smart living, smart environment and smart economy) as it is shown also in Figure 15. 
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Figure 15 - Hierarchy and connection of the smart city and CityGML 

As mentioned before, the concepts of smart governance and smart people depend on one another. For 

a conscientiously active society it is fundamental that the government allows transparency when it 

comes to information sharing, offering them the opportunity to participate and collaborate directly. By 

allowing data openness the government is giving its citizens the freedom to be correctly informed and 

aware of what is happening in their city, offering them an opportunitiy to have an adequate and active 

role and allowing their cooperation side by side with the government. The government and the citizens 

should work together in order to improve and develop the remaining four dimensions: smart mobility, 

smart living, smart environment and smart economy.  

The government has the opportunity to invest in green initiatives, to improve its citizen’s living conditions 

by developing the level of public services, the public transportation systems as well as to support electric 

or non-motorized transportation, to invest in more renewable sources of energy and even to endorse 

projects that promote “smart” or sustainable initiatives. All these decisions can be backed up by the 

citizen’s opinion, when properly justified, as well as their actions towards the promoting of these 

initiatives. 

The development of public transportation systems and electric or non-motorized transportation (smart 

mobility) leads to a growing adoption of renewable sources of energy and, consequently, to a more 

effective control of pollutant emissions (smart environment). For both these dimensions, there is an 

added value in having the support of a smart economy which would enable not only for environmental 

and mobility projects to have financial aid but also to have a bigger collaboration and backup, thus 

promoting their enhancement. 

A smart living comprehends the investment in better life conditions (culture, leisure and transportation 

among others) including people’s primary needs such as security, health and education. Considering 

these necessities as public services they should all be developed by the partnership between the 

government and its citizens. By working on these basic needs it is fair to say that components such as 

the city’s mobility, economy and environment are being improved alongside them. 
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Most these components rely on ICT integrated infrastructures in order to operate, meaning that the use 

of smart sensors for data collection is as essential as the capability to process that same information 

and being able to represent it in a simple and interoperable way. This is precisely the part where a 

CityGML model comes in with its ability to reunite and relate information about various parameters of 

the city in one single open model. 

CityGML models are formed using open tools that can transform these representations to various 

formats producing an interoperable model of the city (and its components) which can be used by 

everyone, for everyone and can even be able to serve as connecting bridge between the government 

and its own citizens.   

The 3D National Mapping developed by the Singapore Land Authority (chapter 5.7) establishes itself 

as a precise example of an appliance of a CityGML model used to unite and articulate all the information 

about a city in one 3D map of the city. 

As mentioned above, the model comprises modules such as Building, Bridge, CityFurniture, Relief, 

Transportation, Tunnel, Vegetation and WaterBody and is able to represent them not only visually but 

also as an information model enabling the input and output of information about each of its defining 

components. CityGML was chosen due to its ability to support interoperability and capture richer 

semantic information. Quoting the authors, “it will promote research and application developments to 

support a smart nation”.  

The model was designed for the nation of Singapore, which means it has its own specificities, therefore, 

locally and additional localised CodeLists were added to it. However, its construction was based on the 

already existing generic modules mentioned above, which makes clear that, just like Singapore was 

able to develop the necessary CodeLists to implement the required details, so is Portugal. It is important 

to stress the existence of a generic modular foundation (in this specific case the LADM) where these 

additional personalised CodeLists will sit on and that there are already numerous developers and 

software platforms that freely expand CodeLists for this and many purposes. 

It is irrefutable that the developed 3D city model of Singapore (chapter 5.7) does not only enable the 

combination of almost all, if not all, of the dimensions of the smart city (Table 6) but it also makes use 

of CityGML to unite and articulate them in one single model which can be consulted by everyone for 

various purposes.  
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Table 6 - Connection between the modules employed for Singapore's 3D National Mapping model and the 

dimensions of the smart city including Singapore’s planned applications for the model (adapted from 

(Soon and Khoo, 2017)) 

Dimensions of 

the Smart City 

Possible combination of CityGML 

modules employed for Singapore’s 3D 

National Mapping module 

Possible Applications in Singapore 

Smart Governance 

Relief (representing the city) + Building + 

CityFurniture + Transportation + Vegetation + 

WaterBody 

• Land and building cadastre; 

• Proposed new developments; 

• Building height control; 

• Collaboration and decision making 

Smart Mobility 

Relief (representing the city) + CityFurniture 

+ Bridge + Transportation + Tunnel + 

WaterBody 

• Development of driverless vehicles 

Smart 

Environment 

Relief (representing the city) + CityFurniture 

+ Transportation + Building + Vegetation + 

WaterBody 

• Tree database for support green 

policies and carbon accounting; 

• Urban Heat Island effect assessment; 

• Analytics on potential for solar energy 

production 

Smart People 
Relief (representing the city) + Building + 

CityFurniture + Transportation 

• Augmented reality and virtual reality; 

• Citizen-driven application connecting 

geo-visualisation, transportation 

networks and services; 

Smart Economy 

Relief (representing the city) + Building + 

CityFurniture + Transportation + Vegetation + 

WaterBody 

• Building cadastre; 

• Investment in new developments; 

• Ability to receive data about business 

analytics, resource planning and 

management and specialised 

services. 

Smart Living 

Relief (representing the city) + Building + 

CityFurniture + Transportation + Vegetation + 

WaterBody 

• Terrain model for flood management 

• Building height information for flight 

safety 

 

Furthermore and although the use cases presented in chapter 5 are portraying applications that can be 

fitted in one of the dimensions of the smart city using CityGML models, it is clear that some of them are 

not just related to one dimension alone (Table 7), this presents itself as an argument for the inevitable 

interconnection among these dimensions and CityGML models.  
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Table 7 - Connection between smart city dimensions in presented each use case 

           Dimension 

Use Cases 

Smart 

Environment 

Smart 

Mobility 

Smart 

Governance 

Smart 

People 

Smart 

Economy 

Smart 

Living 

Energy ADE x 

 

x x x x 

Transportation 

Model 

 

x x 

   
Modelling of Urban 

Planning Actions 

on 3D City Models x x x 

  

x 

i-SCOPE Project x 

 

x x x x 

ADE for Land and 

Building Register 

  

x x x 

 
ADE for Utility 

Networks x 

 

x 

  

x 

 

6.8 PORTUGAL’S CONTRIBUTION TOWARDS A SMART CITY  

It is already common knowledge that there are lot of cities that have objectives going towards a smart 

city in their policies and although it was already demonstrated that Portugal has some implemented 

projects regarding this initiative, one question remains: do Portuguese governmental laws contain any 

established political intentions or strategies to make smart cities a reality? 

Chapter 2.6 offers an overview of some of the Portuguese goals and legislations more relevant to 

proceed towards the plan and implementation of a smart city. 

In chapter 2.6.1 the PNPOT (Plano Nacional da Política de Ordenamento do Território), which is the 

National Program for the Management of Territorial Policies, is presented alongside its Intervention 

Domains and related Territorial Challenges with their associated political measures.  

After a brief analysis on the Program, it is possible to say that almost all, if not all, of the political 

measures established in PNPOT represent resolutions going towards one or more than one of the 

dimensions of the smart city. However, it was possible to highlight measure 5.7 clearly declaring the 

goal of promoting intercity cooperation in order to achieve a sustainable smart city.  

This measure intents on improving social inclusion, housing, health, infrastructures, mobility, economy 

and technological and digital intelligence by working on each of these components of the city. Therefore, 

it is possible to affirm this as a direct measure going towards the materialisation of the smart city in 

Portugal. 
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Chapter 2.6.2 presents the Portuguese Law nº32/2013, recognizing the employment and utilization of 

intelligent transport systems and services (ITS), on road transport and in ferries and trains as well as 

intermediary transportation. As previously mentioned, the Law comes from the European Parliament’s 

Proposal nº2010/40/EU. 

The Activity Plan of the Portuguese Authority for Transportation Mobility (ATM) expressed the intent of 

the ITS (whether it is sea, ferry, road or air transportation and their associated infrastructures) to provide 

a more efficient and sustainable mobility for all the citizens which can also be integrated in the smart 

city’s component describing smart environment. 

It is also mentioned that the development of ITS technologies is also integrated in the concept of 

Industry 4.0 which, generally describing, consists in the merging of the already existing production 

methods with the recent development achieved in ICTs promoting the Portuguese economy towards a 

more smart and digital economy. 

The adoption and implementation of this Law increasingly promotes the concept of a citizen driven 

smart city, where the aim is to serve and connect the city’s inhabitants turning their needs and opinions 

as priorities for the decision-making processes. 

Taking all these observations into account, it is fair to say that both the Intelligent Transport Systems 

and Services (ITS) and the Industry 4.0 are initiatives adopted by governmental entities and are 

intrinsically connected to some of the dimensions of a smart city, namely the smart mobility, 

environment and economy. 

In chapter 2.6.3 are objectively stipulated some of the most relevant SDGs (Sustainable Development 

Goals) taken from the report on the occasion of the Voluntary National Review at the United Nations 

High-Level Political Forum on Sustainable Development by the Ministry of Foreign Affairs. The aim of 

this report is to communicate Portugal’s status regarding the implementation of the 2030 Agenda for 

Sustainable Development. 

Taking all the listed Sustainable Development Goals into account it is fair to say that the 2030 Agenda 

is not only compatible with the smart city approach but also ensures that Portugal (and the rest of the 

participating countries) make that a priority by implementing these guidelines in their development 

policies and regulations. It is worth mentioning that SDG11 clearly states the intention on developing 

smart cities. 

Chapter 2.6.4 highlights Portugal’s further development towards the smart governance dimension. It 

has been mentioned before, that this component relies on the government’s will to share information 

about the city and its ability and willingness to cooperate and collaborate with the citizens. 
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The chapter focuses on the Law for the General Fundamentals regarding Public Land Policy, Territorial 

Planning and Urbanism. The purpose of this Law is to acknowledge and coordinate the use of 

Instruments for Territorial Planning (Plans and Programs), distinguishing between the different types of 

land use (rustic and urban) and help with the coordination between public administrations, 

institutions/companies and citizens when it comes to their intervention and participation in planning 

processes. It also states that it is the duty these administrations (government and autarchies) to 

implement, evaluate and monitor the Instruments for Territorial Planning and urban operations. 

The Law states that each citizen should be provided with the necessary information regarding 

legislations, procedures and assessment reports on the developed and implemented plans and 

programs for territorial planning as well as the contracts and accords for urban operations signed 

between the government, local autarchies and institutions/companies. With the right to access this 

information, they are also legally allowed to intervene through the submission of proposals, suggestions 

and complaints. 

Although the previously mentioned Law establishes the fundamentals (main guidelines) regarding land, 

territorial planning and urbanism, there are established regulations that operationalise these guidelines 

such as the Juridical Regime for Urban Development and Edification (RJUE), the Juridical Regime for 

the Instruments regarding Territorial Management (RJIGT) and the Juridical Regime for Urban 

Rehabilitation (RJRU).  

This Law and its related regulations represent the progress towards the dimension of smart governance 

which is promoted through the sharing of information, and an openness on the part of the government 

to cooperate with its citizens.  

It was mentioned before that, for improving the governance of a city towards a smart one, leaders should 

also be able to coordinate the interaction of technological components with political and institutional 

elements. This brings back the need for “digitalising” and materialising, as precisely as possible, the 

legal qualitative and quantitively parameters described in the plans and programs regarding territorial 

planning in a 3D city model using CityGML which would enable their coordination and further allowing 

their evaluation, monitoring and control of implementation and execution. 

In order to appeal the interest and collaboration of the citizens and possible stakeholders involved in 

decision-making processes and management of public services, the easier the representation and 

access to information the better. Therefore, a CityGML model comprising the previously mentioned 

instruments as well as the land uses would be most beneficial for all the parties involved.  

CityGML would be able to aid with a model combining the regulations for the three represented 

regulations by modelling these characteristics in a 3D city model: 

• RJRU  

o Degraded urban areas or buildings representing the different levels of damaging so that 

their interventions can be prioritised accordingly; 
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• RJUE  

o Ongoing projects and already authorized projects (by the Municipality), including adequate 

reports regarding, starting and finishing dates as well as the current stage of the 

construction, the construction company and main developer and even general information 

about the future building such as the number of floors, height, number of bedrooms etc; 

o Land use (urban or rural and private or public) characteristics as well as land parcels or 

buildings that are available for purchase; 

• RJIGT  

o The city including the policies expressed in the existing Plans and Programs either in 

quantitative (preferred) or in qualitative parameters; 

o Articulation of these Plans and Programs (from a regional scale up to a national scale) with 

the city models developed with the other previously presented characteristics. 

A 3D city model with such information accessible to the public would not only help the citizens to be 

more attentive and have a more active role in the city’s development, by knowing which projects are 

currently being developed or the ones that were already authorized by the Municipality, the prevailing 

regulations or even the urban degraded areas or buildings, but could also aid the stakeholders (public 

or private) to have access to the legal necessary information regarding these same projects as well as 

the opportunity to have a more open and clear process when it comes to urban operations or 

construction projects. This model would also help the Municipality with the legal control and monitoring 

of all the existing projects. 

Chapters 5.5 and 6.5 present models for land and building cadastre using the international standard for 

LADM for Poland and Portugal respectively which could be further utilised to describe and model the 

articulation between the three regulations presented in chapter 2.6.4 (RJUE, RJIGT and RJRU). Both 

these applications represent the possibility of combining a 3D model of the city and the policies 

regarding land administration described in chapter 2.6.4. This would allow the modelling of both legal 

and physical representations of the city. 

7 CONCLUSIONS AND FUTURE WORK 

Succinctly, this dissertation constitutes a scope review about both CityGML and the Smart City concepts 

with the final aim to, not only articulate them among each other and demonstrate that the first one can 

indeed turn a city into a smart city, but also to substantiate their possible applicability in Portugal’s urban 

development and management. These goals were achieved and backed up by real use cases of 

CityGML appliances and Portugal’s policies and legislations. 
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After all the research presented about CityGML and smart cities, it is verifiable that both can help each 

other in mutual cooperation, meaning that the dimensions of the smart city and CityGML models are 

interconnected resulting in a direct correlation (a good performance in one links to improvements in the 

others) among both of them. This is a cooperation that can only occur with a bigger domain over public 

services as opposed to privileging the private sector. 

Some of Portugal’s cities have already a few developed smart initiatives. However, they are not only in 

a small number, when compared to other countries, but they are also scattered all over Portugal and 

use very different applications to work with, which are also independent from each other and have no 

connection whatsoever among them. Although this is a good first step for the implementation of the 

concept it is necessary to advance towards their connection by bringing them altogether in a single 

application that would be able to model, manage and monitor them all. 

It is true that OGC’s CityGML is already in an advance state of development, such that there are 

countless research papers and thesis describing real use appliances in different cities and for various 

uses and subjects. The standard relies on a huge community of software and data developers and 

articulates itself with a distinct number of stakeholders (from public to private). However, more advances 

are needed in order to reach its full potential and gain more acceptance from the stakeholder’s outlook 

when it comes to city development and modelling. 

In chapter 6 the presented stakeholders (governments, public and private companies and even citizens) 

involved in the development of city models demand rapid access to information anywhere at any time. 

However, the visualization of CityGML geometry is still one of the critical issues due to the non-existence 

of an efficient format for visualization since the file size (more or less hundreds of megabytes), the 

structure of the data model (XML-based) and the geometry representation (in GML) are not designed 

taking in the exchange of information in the web. To implement a solution for a more appropriate 

visualization of geometric information of CityGML in the Web 3D framework, key technologies and open 

standards need to be developed and employed in order to offer all the possible features to turn it into a 

front runner standard when competing with others. 

CityGML is able to represent physical and geographical descriptions of the city. However, it is not able 

to describe physically its activities, public services, companies or citizen’s actions and to fully achieve 

an ideal way to represent and enhance a smart city these are crucial characteristics to be included in 

information networks and 3D models since it does not make sense to describe a smart city just by its 

physical characteristics (buildings, roads, etc...) alone, it is also relevant to consider people and services 

as important variables that should be contemplated as its constituting dimensions. There is even the 

possibility of some of these variables representing unpredictable behaviours, so the fact that they are 

not in the least considered in a CityGML model for a smart city should be one of the considered future 

developments in both subject areas.  
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The CityGML models presented in chapter 5 fitting one, or more, dimensions of a smart city are proved 

in chapter 6 to be constructed so generically that they could easily be employed in any other similar 

application having the required datasets and information at hand. However, Portugal currently lacks a 

good system for data information, one that would be more updated, computerised and transparent (with 

due restrictions). This is then proposed as a future work since the CityGML models presented have 

some of these datasets as a requirement and therefore it is crucial for the development of a Portuguese 

smart city using CityGML models.  

According to all the Portuguese legislations, it is valid to state numerous laws and goals regarding the 

establishment of smart cities. If these regulations exist, it is fair to say that the backbone for the 

development of a smart city does exist and it could be enhanced by the use of a single platform that 

allows the exchange of multi-dimension and interoperable information accessible to all the citizens. 

Using the OGC’s standard, CityGML, all this would be possible in a free open source database and 

data modelling. An even further step would be to create a grid with all the existing smart cities where 

they could all be connected and even learn from each other. For this process to occur, all the 

stakeholders would have to collaborate with each other, and further developments would have to be 

made to improve CityGML by creating an efficient visualization of the geometric information contained 

in the model and allowing a team of developers to introduce and improve its modelling abilities.  
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ANNEX 

ANNEX A 

  UML class diagrams for CityGML models/ADEs mentioned in Chapter 5 

Figure A 1 - UML class diagram for indicators/indexes concerning heating energy consumption (source Krüger & Kolbe, (2012)) 
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Figure A 2 - UML diagram articulating heating energy consumption indicators/indexes as an energy ADE 

(source Krüger & Kolbe, (2012)) 
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Figure A 3 - UML diagram of the changes made to improve the transportation model (source Beil & Kolbe, (2017)) 
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Figure A 4 - UML class diagram for the proposed ontology for Modelling Urban Planning Actions (source 

Sindram and Kolbe, (2014) ) 
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Figure A 5 - Package of the Polish 3D-LADM country profile (source Góźdź and Pachelski) 
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Figure A 6 - UML Model for the integration of the CityGML-LADM ADE for cadastral purposes (source Gozdz, Pachelski, Oosterom, & Coors, (2014)) 
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Figure A 7 - UML Model for the UtilityNetwork ADE core model (source Becker, Nagel, & Kolbe, (2013)) 


