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Abstract 

The purpose of this article is a scientific reflection on the contemporary transformations in 

managing an urban brand. It is an original interpretation of challenges faced by municipal 

authorities and urban planners in managing an urban image. Urban marketing ensures 

competitive advantage, attracts capital, inhabitants and investments. This article presents 

analysis of the methods of urban brand managing from the point of view of the requirements of 

mass communication. It also characterizes the evolution of marketing methods, purposes and 

effects in planning the directions of spatial development of cities. The contemporary forms of 

urban marketing have been elaborated. Basic discrepancies between traditional administrative 

and bureaucratic approach and pro-social orientation have been indicated and special attention 

was paid to brand's perception from the perspective of an ordinary user of public space. 

Differences between various marketing strategies have been analysed. In the conclusion it has 

been stated that the network society has significantly changed the "traditional" approach to 

urban marketing, in particular to urban brand management in the era of mass communication. It 

determines the relevance of the deliberations which, in the author's opinion, may show both the 

inspiring and application values. 

Introduction  

Urban brand is an ambiguous term, although the opinions questioning the need of urban 

marketing are rare. In purely general terms one may say that it is a set of measures and tools 

used to gain development measures for a city. Marketing is related to urban development in a 

competitive environment where a success of the city is associated with improved living 

standards of the inhabitants, economic and spatial development. The theory of urban marketing 
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emphasizes its practical and operational dimension. Kotler
1
 points out the following operation 

sequences: marketing analysis, marketing planning and control of marketing effects.  

In marketing an urban form is a clear message whose functions are comparable to a product 

brand. It combines identification function (allows standing out in comparison to the competition), 

promotional function (attracts attention of potential clients and encourages to investing), judging 

function (presents unique values related to tradition and culture).  

A strong brand offers competitive advantage, helps in creating positive marketing image, wins 

clients over, builds loyalty, allows identification and recognition of a city or any of its parts
2
. A 

brand also reflects the mental picture of a city created by mass media. Thus, depicting the 

values related to aspirations, life style and culture of the inhabitants
3
 it also carries symbolic and 

emotional values. 

In practical approach, one may come across such terms as: building an urban brand, managing 

a brand, marketing message, brand territory. This broad coverage of the definition of an urban 

brand causes many methodological approaches to urban marketing to emerge.  

The author distinguishes between three basic approaches that seriously affect the planning 

practice and the method of urban brand managing: 

1) traditional approach, which may be characterized as administrative and bureaucratic 

orientation, 

2) social orientation, paying attention to brand's perception from the point of view of local 

communities, 

3) media orientation, characteristic for the modern era of mass communication in the network 

society. 

Significant differences are discernible between the respective approaches, which in urban 

management practice are strongly competitive in specific spatial situations.  

Effective brand management relies on recognition and creative use of the advantages of each 

of the strategies with reference to specific social, economic and cultural conditions of the city. 

Brand management should not be a set of casual actions but a well thought out strategy 

assuming that the execution of development targets of a city will be more effective if the brand 

creating strategy is adjusted to diversified conditions and circumstances. It is particularly 

important in the era of mass communication which strongly influences political, economic, 

cultural life and social relations within a city
4
. 

Administrative and bureaucratic orientation 

In the traditional approach related to urban brand managing, the foreground is created by the 

following aims: 

- attracting the investors (housing, trade and industrial developers), 

- increased tax incomes, 

- inflow of new capitals, 

                                                      
1  

Kotler, 1994, pp. 8-11. 
2
  Bonenebrg, 2014, pp 72.  

3
  Kapferer, 1992. 

4
  Lorimer, Scannell, 2002, pp.26-27. 
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- territorial development of a city, 

- promotion of the existing municipal authorities in order to win the nearest election. 

In Poland this concept of urban brand building is described in the works of Szromnik
5
, Marak

6
 

and Jastrzębska
7
.  

The administrative and bureaucratic orientation defines marketing through the activities of urban 

planners, self-government administration and singled out municipal services and institutions. 

According to Szromik, it is a management process aiming at creating the values exchange and 

an interaction between council entities and their partners
8
.  

A strong brand is to contribute to the attractiveness of a city for selected groups of investors. To 

reach that goal strategies based on analyses, planning and control of promotion programs are 

created. The purpose of such actions is best defined by Markowski
9
, writing that the economic 

sense of urban marketing is manifested in strengthening its economic base and increased 

incomes to the budget. This type of urban brand building is addressed first of all to investors. 

The hopes of urban planners rest on short-term effects (usually measured with the length of a 

term of office): 

- direct incomes to the city budget from corporate income taxes, real estate taxes and through 

new work places increasing the proceeds from income taxes from natural persons, 

- proceeds from fees and charges: stamp duties, market dues, local charges, administrative 

charges, operation and parking fees, etc. 

- proceeds from commune assets: rental, lease, leasing, interest on financial funds. 

This kind of branding is reflected in urban plans, which allot the largest areas to new potential 

investors (mainly housing developers). Therefore, the actions of self-government units are 

mainly focused on finding investors, providing them with assistance, legal and financial facilities. 

A characteristic feature of such actions is their institutional and organizational profile. Those 

actions are based on the engagement of municipal officers and self-government workers of 

state budget companies established in order to "build a strong brand of a city". Their actions 

mainly focus on "clearing the contacts" between municipal authorities and potential investors. 

Local societies recede into the background of such actions, and their current needs are usually 

brushed off with assurances that "in the future they are going to be beneficiaries of those efforts 

of municipal authorities". Marketing promotion also covers a set of tools used by the city to 

communicate with external and internal environment, transmits information which characterize 

its economic and social profile, highlights the strengths, successes, aims and planned facilities. 

These actions are performed by the staff of municipality offices and other subordinate entities.  

The most popular marketing promotion measures include: folders, economic directories, 

investment offers catalogues, advertising publications. These may also include a city logo 

visible in public spaces, and calendars, pens, note pads, conference briefcases, ID badges. 

Popular promotion tools include the Internet and WWW sites. In the process of marketing 

communication, an important role is played by local media, conferences, symposia and press 

                                                      
5
 Szromnik, 2002, pp. 304-305. 

6
 Marak, 1994, pp. 169-171. 

7
 Jastrzębska, 1999, pp. 14. 

8
 Szromnik, 2002, pp. 42-43. 

9
 Markowski, 2002, pp. 108. 
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briefings. Moreover, self-governments promote themselves during various fairs and exhibitions, 

festivities and festivals
10

.  

This type of marketing activity is aimed at winning external investors over. The issue of urban 

space refers mainly to the macro scale, whereas the perception of urban space in the micro 

scale is pushed back in the hierarchy of marketing purposes. 

Social orientation, brand perception from the point of view of local 

communities 

The growing number of self-governments starts to understand the significance of the perception 

of urban space in the micro scale and the influence of such perception on shaping the place's 

brand. The main role here is played by the usable and compositional quality of public spaces. 

The point is that such composition attributes which aroused admiration of inhabitants and 

attracted visitors in the previous centuries should be restored. 

It is a new approach to designing urban space, related to the philosophy of not looking "from 

above", from the perspective of urban planning authorities, but "from the bottom", from the 

perspective of an ordinary user of public spaces. It is believed that such point of view may be 

useful in the spatial policy focused on urban brand building. As Neacsu
11

 emphasizes it, such 

approach is accepted by the inhabitants. 

In modern urban planning, the development of planning procedures based on top-down 

analyses (functional and technical, social and economic) has outstripped the planning methods 

where the main emphasis was on compositional quality, visual order and harmony, understood 

by ordinary inhabitants and passers-by.  

This kind of understanding the urban space is significant for building a brand of a place. Even 

the best advertising and promotion will be ineffective it the space observed with our own eyes is 

squalid, ugly and dangerous. What we see has an objective aspect influencing our attitude 

towards the surroundings. Attractive architecture, friendly and safe public space, interesting 

views, constitutes a marketing communication attracting people to specific places. What people 

feel, has an objective aspect shaping a brand of the place.  

As such, the harmony of urban structure influences social order, and underestimation of the 

attractiveness of public spaces is one of the reasons for failures in building an urban brand. It 

seems to correspond well with the contemporary challenges faced by urban planning - subject 

to standardization and unification and searching for the lost idiosyncratic compositional, ethical 

and aesthetic values. 

This method of building an urban brand is a way of returning to the former, already forgotten 

views on urban perfection. A good example here are the opinions of Ebenezer Howard who 

wrote that both the beauty of a city and a beauty of open, non-built-up space complement each 

other
12

. Raymond Unwin and Barry Parker, in their design of a garden city Letchworth of 1904 

referred to social theories of Edward Carpenter and William Morris. According to them, the 

advantages of a city should be related to the everyday life and be available for all inhabitants. 

                                                      
10

 Daszkowska, 1998, pp. 174. 
11

 Neacsu, 2009, pp. 172-188. 
12

 Howard, 1902, pp. 48. 



 

951 

They believed that social order should be supported by visual quality of buildings, and social 

improvement should be related to "aesthetic control" of construction materials, looks of the 

buildings and their arrangement
13

. These urban concepts emphasized the role of ordinary 

inhabitants in the process of planning and designing a city. The visual form of a city was to 

reflect the function, the spirit and needs of individual inhabitants. Unwin and Parker were 

convinced that urban planning was a "democratic art" expressed by active participation of the 

inhabitants in the city planning process. The role of an urban planner is to provide the buildings 

with physical shapes adjusted to the requirements and aspirations of the inhabitants
14

.  

This approach to city shaping was supported by the belief that in the planning process the most 

important role is played by an architect-urban planner. His or her works also include the ability 

to dialogue with inhabitants, their education "through experiencing the living in a healthy and 

liberated surroundings" and "understanding the differences between the beautiful and the ugly 

architecture" and supporting the inhabitants in developing their aesthetic and ethical 

sensitivity
15

.  

According to Geddes, maintaining the identity of cities by protecting historic buildings and 

historic urban assumptions should make the inhabitants proud and satisfied with their culture 

and history
16

. Patrick Geddes (1854-1932) was the first urban planner who drew attention to the 

social aspect of urban planning. He created the concept of a neighbour unit "house block", he is 

also ascribed the concept of a region and a conurbation in urban planning. When working at the 

Edinburgh University and observing the life of the crowded Old Town, he initiated the 

revitalization of that part of the city by locating attractive, generally available cultural and 

educational facilities there. In 1919-24 he designed the urban development of Mumbai, and he 

created the first complete urban plan based on the neighbour unit concept upon request of the 

mayor of Tel Aviv in the then Palestine, in 1925-31.  

In his urban analyses, Camillo Sitte referred to the aesthetic sensitivity of inhabitants. In order to 

prove that people have a natural talent to urban arrangements, Sitte used to name the 

examples of good locations of monuments in public spaces. The form of such elements was 

supposed to emphasize their extraordinary meaning for the entire urban community, and the 

surrounding public space should be used by all citizens
17

. As such, the aesthetic value itself 

builds a strong urban brand. 

Similar approach is to be found in the works of Léon Krier who assigned special role to public 

spaces and significant urban buildings. He drew attention to the urban context, selection of 

construction materials, the scale and proportions of urban streets and squares
18

.  

An urban brand interpreted in that manner emphasizes the meaning of universal cultural, social 

and artistic values which should join an urban planner and ordinary users of the urban space. It 

is an attempt to oppose to the contemporary urban planning practice which in the "top-down" 

                                                      
13

 Unwin, Parker, 1901, pp. 107-108 
14

 Day, 1981 
15

 Meacham, 1994, pp. 79-84 
16

 Home, 1997 
17

 Sitte, 1979, pp. 14 
18

 Krier, 2001, pp. 12-20 
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political and economic management of a city resulted in a compositional chaos, wasteful spatial 

management that deprived many of cities of their former strong brand.  

In this concept an urban brand is shaped in the direct bond between a person and the city. Such 

bond requires that the person has a direct contact with specific spatial forms, thus providing him 

with specific impressions. Such activity involves positive or negative experiences which combine 

in the general impression on the attractiveness of the city. Such aiming at activities to establish 

specific feelings may be called "experiencing" the city. Theodor Lipps says that experience is 

the basis of cognition, stimulates human psyche
19

.
 
Therefore, it is indispensable to place oneself 

in the situation of an ordinary person, a "man of the street" and look at the surrounding public 

space, buildings' façades and shop windows with his eyes. According to the above, a space 

brand is a specific type of synthesis of aesthetic experiences and functional and usable 

attributes of a specific place that can attract or repel people. Pursuant to that, there can be 

distinguished a range of brand attributes: 

1) spatial attributes: clarity, compositional diversity, colour, articulation, rhythm, material etc., 

2) psychological attributes: emotions caused by the urban surroundings - curiosity, fear, 

admiration, safety etc., 

3) cultural attributes: remembrance, genius loci, cultural heritage, identity, familiarity, etc. 

It is easily discernible that these are quite different criteria than the ones applicable to the 

administrative and bureaucratic approach. It seems that they are of greater significance for 

building a strong space brand. 

They build an authentic competitive advantage, at the same time promoting their unique brands 

originating in the local tradition and identity. Increasing number of self-governments starts to 

understand the importance of urban space perception in the micro scale from the perspective of 

an ordinary user of public space. The author represents opinion that standard planning methods 

at the diagnostic level do not reflect the full picture of the spatial and social reality. The level of a 

micro-scale, the perspective of perception by ordinary inhabitants is an important tool to support 

space brand management. The scheme for achieving perception of a brand from the point of 

view of local communities is based on the following methodological steps: 

- diagnosis of the existing condition: what image of the public space is functioning among the 

inhabitants? 

- performance of analyses at the micro scale level in order to identify the places, whose 

perception is negative, 

- suggestion of improvements in the form of alternative correction designs, as the basis for 

public discussion with the interested users of public spaces. 

During creation of a marketing brand, much importance is attached to diversity, uniqueness and 

individualization of urban interiors. It takes the form of planned strategies which are intended to 

emphasize the local identity of cities and their respective districts. Urban designs should include 

the above mentioned spatial, psychological and cultural attributes used to emphasize the 

differences in social perception of public spaces. 

                                                      
19

 Lipps, 1987, pp. 391-394 
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Highly valued in urban surroundings perception is the uniqueness and individualization of urban 

interiors. Those features should be elements of the planned strategy of management of the 

local brand of respective districts. For this purpose it is necessary to establish local patterns of 

public spaces furnishing, the looks of shop windows, small architecture and architectural details 

valid for different parts of the city. 

Media communication as an element of urban marketing 

Searching for contemporary forms of marketing is more frequently associated with the use of a 

multimedia communication as a tool supporting the process of spatial planning. 

Can mass communication transform the space? How to read the combination of urban planning 

and media communication? Can media communication be a tool to create new needs? We are 

still finding new answers to the questions asked by situationists. Guy Debord used to 

emphasize that a modern city may be called the space of a performance
20

. Landscape 

panoramas have become goods sold to the space consumers - tourists admiring the area 

through the windows of coaches moving from one hotel to another. Such experiences, thanks to 

the development of the tourist industry, have become the standard method of getting to know 

new places, admire the landscapes, have contact with architectural monuments.  

Don Mitchell draws attention to the tendency of transforming municipal public spaces into 

"landscape postcards" deprived of permanent inhabitants, solely intended to be admired by 

tourists
21

. Such "landscape postcards" do not favour the creation of social bonds, do not 

determine the urban phenomenon - promote visual attractiveness at the expense of vital needs 

of the inhabitants, prefer nice, pretty view from solving everyday problems of an urban society. 

Such type of urban policy favours rich investors and does not regard the real standard of life of 

the majority of the inhabitants. According to Mitchell such approach has also its positive sides: it 

is pleasant to walk across elegant shopping districts, visit good restaurants, exclusive clubs and 

galleries, enjoy good entertainment, wide selection of shops, in other words to spend time in 

attractive and safe surroundings. But usually it is forgotten that such attractions have been 

created at the cost of squalid residential districts, collapsing public transport, faulty technical 

infrastructure.  

One may consider to what extend such policy is stimulated by media communication - because 

it is the simplest method to attract tourists and investors to a city promoted as a place of culture 

and entertainment.  

Tourists encouraged by effective marketing most often see the city through the windows of their 

coach. They do not have a chance to get familiar with the actual urban problems. Their 

knowledge about a city is limited to a series of "pictures" they consider to be the urban reality. 

Tourist agencies sell nicely wrapped reality. The wrap is the "beautiful" view, smartly furnished 

hotel rooms, "regional" meals served especially for the needs of the visitors. The selection of 

visited places is closely connected with the media brand of respective locations. A new type of 

feedback between marketing and urban space may be observed.  

                                                      
20

 Debord, 2004, pp. 33-39 
21

 Mitchell, 2003, pp. 9-10 
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From this point of view, urban planning becomes a form of media culture. Selected public 

spaces and building façades become scenery for marketing undertakings. Media addressed to 

mass audience shape the urban planning which, in pursuing a strong brand, needs to adjust to 

the rules imposed by mass media. Marketing communication created by mass media forms new 

cognitive conditions which supplant the traditional methods of urban marketing. Mass 

communication has established new relations between urban planning, media and space
22

.  

Organised in the form of independent elements joined by links, it refers to selected places in the 

urban structure. Such links are meant to draw attention, stimulate emotions, excite interest. The 

purpose of this strategy is to attract clients, make the largest attractions available to the greatest 

number of users. The system is constructed in such manner that the method of use of one 

fragment of the space does not collide with the functionality of other fragments. A representative 

example here are the interiors of huge shopping centres, linked with Internet information on new 

products, special offers and attractions.  

This new method of using the space creates the new rules of urban marketing. A city may be 

"shared" from any place via the WWW network in the form of Google street view and other sites 

of hypertext providing adequately profiled information on city attractions, its history, society and 

economy. 

One should also draw attention to the open character of the WWW. Any attempt of imposing 

specific opinions and assessments by the elites is met with active response of the members of 

the network society whose expectations are most frequently quite the opposite to the 

preferences of the elites. Such phenomena create a specific climate of a sharp exchange 

between the mass culture and the elite culture. In this cycle an urban brand is shaped by: 

-  promotion coded in the form of a media communication (visual and text), 

- marketing communication read by the members of Internet society who attach specific 

meaning to that communication.  

The interpretation of a communication depends on the cultural and social context. Media 

communication may be decoded by recipients within the current set of references. For example 

numerous blogs, "likes" and comments on Internet forums, which shape the opinions of the 

recipients of marketing communications. Opinions formed in mass media are often 

contradictory, still remaining in positive or negative relation with the social and spatial structure 

of the city.  

From this point of view, urban marketing is functioning in two value systems: economic and 

cultural. The sender of a communication (municipality) limits its interest to the economic value, 

whereas the recipient is functioning within the area of cultural or sub-cultural values. Negative 

attitude of the recipients of a communication threatens with media depreciation of an urban 

space and in the consequence attacks the urban brand. Such situations mount challenges to 

spatial planners and municipal authorities who have to react on case to case basis to the 

changing opinions generated in the network society. 

One may observe clear transfer of the main focus of urban marketing to social and cultural 

context dynamically shaped by mass media. 

                                                      
22

 Fukuyama, 2000, pp. 24-35 
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From this point of view, media authorities deform urban space according to their own, changing 

priorities, among which the strategies of consumer policy come to the fore. They have 

dominated the social, cultural, economic and political life. They realize their goals by shaping 

the method of thinking, life style, fashion and introducing new trends. In this reality all is 

changeable and dynamic and requires the urban marketing to react quickly to the changing 

methods of spatial behaviours. Urban space whose promotion cannot catch up with the 

changes loses the strong brand and becomes less popular. 

From this point of view a city may be treated as a media communication carrier which is 

characterised with two significant features. First, in media reception, a city is a reflection of 

mass culture and social experiences. Second, a city is characterised not only by economic, 

social and cultural advantages, but it also allows people to confront their immediate needs with 

the communication created by mass media. Such confrontation is the source of specific spatial 

and economic decisions. It may also replace selected needs with the promise of satisfying those 

needs. From this point of view, an urban brand in the era of mass communication, creates 

reality according to our ideas and at the same time it is a kind of promise of the dreams and 

desires concerning living in a city come true. Therefore, urban marketing as a means of social 

communication enriches both the space and the inhabitants. 

Summary 

The diagnosis of contemporary spatial phenomena in architecture and urban planning taking 

under consideration changes in cultural, social and economic impact caused by the 

development of the information society should form the basis for creating new strategies in 

urban branding. De-industrialization of cities in developed countries, significant mobility of 

workers, development of information and communication technologies and creative industries 

cause changes in settlement preferences. New, image of urban areas created by an appropriate 

urban branding can attract additional population, when places compete for inhabitants and 

businesses. In order to do that effectively, it is necessary to understand the potentials of place 

to be presented to the target groups. Experience shows that not only the positive visual and 

spatial features attract people, but also hard to define “atmosphere”, mood, city narrative, 

related to activities, events and history. The choice of a place/neighbourhood to live in, is often 

based on emotions and impressions. The perception of an urban space is a broad-spectrum 

experience. It can be lived through learning the city’s history, myths, legends, social relations in 

relation to urban space. Furthermore, the approach takes under consideration the view of 

specific groups of inhabitants.  

Contemporary media events, are composed of a sequence of images, which remain the most 

effective medium of mass communication. Referring directly to the emotions, subconscious 

reactions, they have an extremely fast impact and are memorable. Spatial context, including 

architecture, is usually an element of media image: it can play the background role, it can also 

be a carefully designed event scenery. In the first case, it shows the spatial context of events, in 

the second case - it shows the unreal world, but reinforcing the message of the transmitted 

context. 
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Abstract 

The virtual city is no longer an internet affair where you can navigate between fantastic spaces 

and known sites invented by man. 

Today the virtual city is a real physical site linked by the network, which is controlled by the big 

phone service providers offering the necessary connections and bank transfers, financial 

movements and even provide other services to administrate  hotels, restaurants, hospitals, 

schools, universities and other franchise business 

The contemporary urban development contemplates available spaces for the establishment of 

these virtual cities along companies, commerce, different bank entities, organizations, 

corporations and international institutions, offices among others in unbeatable places with all of 

the services provided, equipment, and transportation, which can be managed from the countries 

of origin of the owners companies which act as the business matrix. 

In the same way that Rem Koolhaas explains the “Generic City”, the zone of development 

called Angelópolis is one of the most exclusive commercial zones in Puebla city, México, and it 

was developed in the same manner as in the rest of the world that is, as an urban appendix, 

that normally invades nearby settlements next to the big city and is situated inside the 

metropolis limits in order to establish the physical and demographic continuity in this new sector 

with the rest of the city. 
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These new urban districts developments are very much alike as others in the world, so the 

present paper explains the important characteristics of the Angelópolis zone and the relation 

with the exterior and virtual connections that are being now generalized among the planet. 

 

Keywords: virtual city, metropolis, architecture 

Introduction 

Within the great amount of models for urban development and most recently there is always 

planning, a series of strategies for intervention on the part of the state, within the framework of 

the planning system available in each country, a city or rather an appendix of the city with the 

infrastructure and the services “of world-wide status” to mainly turn them cities competitive and 

creative, interconnected with the world for the free and expeditious development of economic, 

financial and commercial activities. 

This type of city has been replicated everywhere containing principles and characteristics of the 

cities that served as model as the case of Manhattan, whose “components are European; but, 

kidnapped of its context and transplanted to a mythical island” (Koolhaas 1978), developing 

infrastructures and the more complex and sophisticated communications network that took step 

to the most modern fragment of the world in the first two thirds of the XX century.  

Again and back from Europe this motivated the creation for new sectors in Paris and London 

where the districts of the “Tete of the Defense and The City” were impelled respectively and 

soon this same model replicated back  everywhere. As seen in the models developed in Hong 

Kong, Shanghai, Singapore, Tokyo, Sidney, Istanbul, Seoul, Taipei, Beijing or Bangkok. 

 This model gave birth to the global city where the best opportunities are offered to make 

business, with open markets, little barriers for commerce, with access to information and 

technology, to foreign investments and the financial markets, with great life quality, very 

attractive cultural and fun centers with great processes of gentrification and cosmopolite 

behavior, being calm and safe cities. 

But as most of the cities and mainly the megacities of the first and the third world present high 

criminality indexes, insecurity, violence, with insufficient and bad equipped communication 

routes, with great turnpikes, infrastructural systems in the heat of deterioration or on the verge 

of collapse, with great urban problems, marginalization, dirt and poverty, and have had to create 

somewhat isolated districts to try to correct what it is not possible to be avoided even by 

implementing more public policies in these megacities.  

From the enclosed walled ghettos types of residential housing it then became a city or fragment 

of the city protected by a virtual wall with a certain accessibility restrictions, with the goal to 

create safe surroundings for trading, to make businesses, to obtain cultural experiences and for 

entertainment, where the value of glamour (Plaza Cerezo 2002), reinforces the best commercial 

centers, with the most exclusive boutiques, the best universities and hospitals, the accessibility 

to internationalized financial and banking centers, as well as equipment and services of the first 

level, that are supported by the development of informatic technologies.  
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Puebla City is situated in the high plateau central valley of México, surrounded by mountains. 

Puebla is the first and main city towards the south and southeast of the Mexican Republic, 

becoming an obligatory walkthrough for the transit of people and merchandise from and towards 

Mexico city. It occupies the the 4th place of importance at a national level, although it is in the 

9th place at the GDB (Gross Domestic Product) level with 3.2% contribution according to the 

information of INEGI in 2014 (National Institute of Statistics, Geographic and Information). The 

level of backwardness in the far away zones is pitiful and remains abandoned for the part of 

government programs. Due to the importance of the commercial activities in the 1990´s the city 

acquired an intervention on infrastructure and services as well as for basic equipment in the 

form of urban development plans. Inside these there was considered anew zone of 

development in the metropolitan area of Puebla city, which is the reason of this text.  

 

Figure 1. Puebla city, Mexico 

 
 

 

 

Of the 59 metropolitan zones of the country, the one situated between Puebla-Tlaxcala 

occupies the 4th place with a population of 2,728 790 according to INEGI. In recent years 

Puebla has become an immigration zone according to 2010 census, counting 130,190 people 

coming to live in the city and surroundings in only one year. The most important migration 

comes from Mexico city, which prefer to establish in this new zone of development called 

“Angelópolis”.   
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Figure 2. Puebla as the 4th metropolitan zone of importance  

 
 

In the zone of Angelópolis a development of this fragment or appendix of the city has been 

created, as has happened in several other cities of the country and in many others around the 

globe, that although these are immersed in the metropolitan limits many of them have had to 

develop outside the municipal limits invading the neighboring municipalities.   

All these micro cities follow the same pattern anywhere around the world, and are developed in 

the same way, as if reading a “booklet” not yet written but followed in all the cases.  

The work that appears here describes the Angelópolis zone and its development becoming a 

generic city (Koolhaas, 2006) where the convergence in the configuration of this zone, actually 

has forced to undress the identity and has undergone a process of globalizing homogenization 

where there is a subtraction of the “substance of the physical, the historical, and the context of 

the real thing,” which could be transmitted to the rest of the Puebla city, its surroundings and its 

essence.  

Precedents  

Against the urbanization of the modern characterization, especially functionalism and zoning, 

also known as the American urbanism, several writings started to appear warning of the danger 

posed by modern principles concerning development and permanence in the big cities.  

Jane Jacobs wrote a premonitory book entitled: the death and life of great American cities 

(1961), which established four essential traits for life and survival of cities 1) high population 

densities and intense activities; 2) mixed use; 3) a compact and friendly urban tissue for 

pedestrians; 4) conservation of existing buildings against the modern euclidian zoning.  

Robert Venturi in his book Complexity and Contradiction in Architecture (1966) and Learning 

from Las Vegas (1972) questioned the fragmented and autocratic nature of architecture and the 

modern planning declaring that "... main street is almost alright ..." placing the value of the main 

street with mixed use of commercial accent above the precepts of modern urbanism.  

James Howard Kunstler in his book The City in Mind (2003), places the discussion of the 

contemporary planning, pointing as examples the cities of Atlanta and Las Vegas, then in his 

book The Long Emergency and the documentary The End of Suburbia, demonstrates the 

connection between planning models dependent on the automobile with the oil crisis and 

climate changes and foretells that at some point these suburbs will disappear and asks: "...what 

will be the physical, economic and social impact of their abandonment?" and finally in his book 

The Geography of Nowhere undertakes the contemporary landscape: "...we have created a 
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tragic suburban landscape with an architecture ´comic strip´, useless cities, destroyed and 

desolate spaces where we live and work ...we have created a landscape of frightening places, 

and as a result we have become a nation of frightening people". 

The urban planner and theorist Leon Krier from Luxembourg, showed the evils of modern 

urbanism with its dissected cities in sterile zones of a single use, which caused social, economic 

and cultural dysfunction, he always promoted the restoration of the traditional European city 

model.  

Andres Duany and Elizabeth Plater-Zyberk, disciples of Krier, designed and built a town in 

Florida that was paradigmatic: the Seaside where they put into practice principles for 

sustainable development and contemporary urbanism, in the same way they founded together 

with colleagues in 1992 in the United States an association called "New Urbanism" (NU), a 

movement that promotes sustainable, equitable and predictable settlements under a traditional 

model of mixed use and respect for the pedestrian.  

 

Figure 3. Seaside, Florida, built by Robert S. Davis and designed by architects Andres 

Duany and the Elizabeth Plater-Zyberk. Started in 1981 
 

 
 

Rem Koolhaas in his book "The Generic City" (2006) argued that modern urbanization and 

contemporary urbanism had been stripped of their identity facing homogenization and similarity 

with the new cities of the world, that globalization had skirted to make similar or generic cities 

worldwide, remaining the physical substance of the historical, and the context, rather than what 

is done by new architects and urban planners. Such previous substance will be exhausted 

against the model of continuous population growth.  

While it is true that the generic city began in the United States (Manhattan), it is so deeply 

rooted that these can be found in Asia, Europe, Australia and Africa and already their 

populations reaches over 15 million inhabitants, and while some countries are ashamed of 

these developments, others aspire to have a generic city, that places them at the level of these 

global apparently successful cities.  
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The generic city is crossed by cyberspace and is a place of distended and weak, small 

emotions, discreet and mysterious sensations, it is sedated, only seen from a sedentary 

perspective of individual "moments", distanced  to create a trance of aesthetic  experiences  

almost unknown.  

This generic city is already perceived in third world cities, in the fragments or appendix of the 

city that have been developed in recent days and which the Angelópolis zone in Puebla is 

already appearing.  

New City centrality   

Angelópolis is an area that originated as a result of the inclusion of the development of the 

Angelópolis State Development Plan, implemented in 1993 by the Governor Manuel Bartlett, 

under his management during his six - year period, which was also the first that arose in Puebla 

state. The zone to be developed was referred to 14 municipalities of which Puebla and San 

Andrés Cholula (Cabrera, 2008) was directly involved because of the large territory contribution 

under that plan.   

This region located on the south-west of Puebla city, is the one that has been consolidated in 

the last two decades, and has experienced a similar development that occurred in the cities of 

Mexico, Guadalajara and Monterrey, which through various urban development programs, they 

arranged a sector on the outskirts of the city, whose features make it stand out over the rest of 

the city, as is the case of the regions of Santa Fe, Zapopan and San Pedro Garza García 

respectively.  

These urban changes began to be implemented in the early 80 's of the twentieth century. In 

Mexico the first zone that was built was Santa Fe, located on the northwest of Mexico City, after 

the creation of an urban development plan in the early seventies, on a land which was used as 

garbage dump. After the removal of these dumpsites a boom manifested in the area, which 

forced the authorities to conduct the urban development plan called ZEDE Santa Fe (1987). By 

1994 the regent of the DF and the national president, Camacho Solis and Salinas de Gortari 

respectively, prompted the eviction of the residents of the area to make way for the construction 

of the Santa Fe Mall and the Mexico-Toluca highway, gaining with this a much greater surplus 

value that, although over the years began to show a few shortcomings, its growth has not 

stopped.  

In Guadalajara, Jalisco, something similar happened, the city experienced a remarkable growth 

extending to Zapopan, the neighboring municipality, where there is now installed some of the 

most privileged facilities of the metropolitan zone including cultural, educational, health, 

services, residential area, commercial, corporate and various public and private institutions.  

The situation is repeated in the north of the country in the city of Monterrey, which is one of the 

largest metropolitan areas of Mexico as urban sprawl has spread to 12 municipalities, a 

situation that required the implementation of various urban development plans, and then came 

the creation of the Macro Plaza in 1983. Currently this region spreads with more strength to the 

municipality of San Pedro Garza Garcia for which a plan with a vision towards 2030 was 

created.  
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Figure 4. Induced growth in the south of Puebla city. 

 

Actions taken in the development zone of Angelópolis  

In an attempt to try to compensate a little shortage of green areas, projects and actions 

undertaken by the present government try to provide green spaces, recreational areas, bike 

paths, and through the rescue and rehabilitation of city parks. 

To implement control programs, regulation and improvement of cities there is the creation of 

global systems of public information for the  digitized management and actions that allow the 

monitoring levels of energy consumption, pollution, volume of waste, critical states, 

consumption of water, waste levels of natural resources, physical risks, solid waste, mobility, 

transportation and urban planning, among others, which are being now implemented in cities 

around the world. 

There are networks and / or international organizations conformed by various countries in the 

same region or global reach to help its members for making their cities and regions sustainable. 

It is about sharing digital information to implement measures aimed at reducing CO2 emissions, 

forming resilient, ecomóbil, biodiverse cities, with efficient and productive resources, with a 

green economy and intelligent infrastructure, allowing the coordinated actions between the 

different levels of government orders. 

The smart city stablishes a set of tools for evaluating the energy of the city, controlling 

emissions, air quality, atmospheric monitoring,  and the measures to be taken for motor 

vehicles, as well as incorporating energy efficiency systems in the productive activities. 

At a global scale it has been determined that smart cities will be those that ensure a sustainable 

and coherent mobility with urban development. It's not about placing peolple using buses in 

more buses, but the real challenge is people that is using cars make use of public transport, a 

problem suffered in this region and that occurs around the world, in fact there is really a very 

few number of cities that have approached to this goal, and without doubt these are regions that 

have sufficient economic solvency to implement such actions. 

Intelligent mobility is an efficient and appropriate system designed for the city. The is a single 

longitudinal road in the Angelópolis zone, which is the axis on which development is 

established, and two other transverse roads to release all the traffic that accumulates; the 

problem is that this design is classic, and it does´t provide exclusive lanes for massive public 

transport, creating road conflicts at certain times of day, where both private and public vehicles 

compete for a placein the road, trying to gain lost time in order to reach their destinations. 
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Brazilian architect Jaime Lerner, promoter of the green city in Curitiba, Brazil says that "all 

mobility systems either pedestrian, bicycle, bus, metro or car, can coexist as long as they do not 

compete for the same space". 

It is now a urbanized sector, but to become a smart city it is required to learn to face and 

properly resolve problems, conisdering climate change, against inequality, implementing new 

technologies, to achieve a compact and connected city, walkable, safe, multimodal scheduled 

and centralized, we must aspire to cities designed and governed holistically, only then we can 

achieve the goal of an intelligent city. 

The development Angelópolis area  in Puebla has entered this kind of urban changes, following 

the "booklet of competitive and creative cities", extending to areas that had survived because 

they were always cultivated land and had a high agricultural productivity, an because these land 

was identified by all urban development plans of both the city of Puebla and by the neighboring 

municipality, labeled as an "ecological reserve zone" with free areas with physical enviable 

characteristics, belonging to San Andres Cholula, until an expropriation decree was issued to 

wrest the land to the peasants and expel the residents of the area. At first under the pretext of 

building a paying road or highway, which immediately was granted, between the cities of Puebla 

and Atlixco, the respective expropriations were carried out and by 1993 the whole area was 

expropriated for the urban development to be held as "new urbanism" under a perfectly 

preconceived plan, with national and international advisors. For the sale of the lots a trust that 

sought to recover the investment in infrastructure and services that the government promoted 

was created, but as always only served to disguise fraudulent business and to enrich a few 

"investors and politicians". 

All this legal process of dark business gave way to a development process, which changed the 

rural structure to urban, spreading along the Via Atlixcáyotl, an avenue that became the 

backbone for the development of the zone.  

 

Figure 5 Atlixcáyotl Territorial Reserve. 
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The sector was boosted after the creation of two transverse roads which over the years became 

a fundamental part of site development, as well as being instrumental in the plan of invasion 

and expropriation of a common land for agricultural use addressed when "Atlixcáyotl Territorial 

Reserves" were formed. 

The privileged conditions of Angelópolis, with all kinds of services and first class infrastructure 

that is available in the area, have generated  an attraction for investors of local, national and 

even foreign origin, and now given to the task of developing large buildings, residential and 

commercial places and all kinds of buildings with pleasing architectural designs that makes this 

one of the most exclusive and prestigious strips of the city.  

It is the area with more benefits in recent years and therefore It is the establishing site for 

shopping centers, private schools and government buildings, renowned hotels, car dealerships, 

private hospitals and the most prestigious residential neighborhoods in Puebla.   

The type of architecture that develops in this area is global in nature, without identity and 

without any respect for nature and green areas. This has been implemented more than 

anywhere else, as mentioned by (Kunstler, 2010), the cult for the car above any other 

consideration, the urban layout is throttled, and the creation of remote residential areas of the 

city are encouraged, but these are isolated with a single use and extremely dilated.   

The new urban developments have only contributed to deteriorate both natural and built 

environments according to Kunstler (2010), these actions are "... the biggest waste of resources 

the planet has ever experienced". 

As mentioned, this urban development project was promoted by the government under the 

name "Urban Megaproject" with the firm conviction to achieve two purposes, one was to be a 

trigger for local development and social welfare and another one to promote the trading of land 

in the region towards the real estate sector to develop these housing, social facilities and 

commercial areas.  

 

Figure 6. Zona de desarrollo Angelópolis (2014) 
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Facing the imminent growth of the city because of many factors such as population growth and 

depletion of living spaces available in the city of Puebla, there was the need to expand to the 

neighboring municipality of San Andres Cholula as an extension of the city itself, and this 

brought a long border legal dispute with the neighboring municipality, snatching this land and 

absorbing their royalty payments of property taxes, water, building rights, land use and others.  

This type of intervention of urban character was not presented in the city since the decades of 

the 1950's and 1940'sy when residential development La Paz and San Manuel were planned.  

With the arrival of investors, after the ease or gift from the government which granted the 

development in the area, urban growth went out of control, as it was intended in the program 

management, as market forces and promoter groups took place, they could not contain any 

intention of being overrun by urban regulation and planning  referred to in that project.  

Changes in land use and ease of use for a space detonated the interests of those involved, to 

sell to the highest bidder different properties, a situation in which the state government was 

directly involved.  

The result, as expected, reduced considerably the areas designed according to the program for 

green areas, but economic interest, corruption and other tricks of the authorities to avail 

themselves were an integral part of the changes, even the allocation of certain land use sectors 

were no respected, the construction of all types of interests for investors were allowed, 

repeating again and again and as a result the original idea of the program of land management 

was radically altered. 

 

Table 1. Relation between expected and destined hectare 

Land use Expected hectare Destined hectare Percentage 

Housing 520.26 429.22 -17.49 

Roadways 263.36 111.08 -57.82 

Commerce 69.70 155.52 +123.12 

Green areas 162.38 137 -15.63 

 

This also caused not to be built some works proposed in the plan as the case of the 

neighborhood center (CIPAC), the "Quetzalli College", a Water Treatment Plant and a Sports 

Unit, however the land was not free, because it was donated by the government to the Federal 

Electricity Commission (CFE) to install there , pylons, which were not built and instead a couple 

of buildings of the same company were built, another part was donated to a particular who 

ordered the construction of the Angeles Hospital, another donation was to establish the Children 

's Rehabilitation Center Teleton (CRIT) and so on, beneficiaries were also Universidad 

Anahuac, Universidad  Iberoamericana, Universidad de las Américas Puebla, private schools 

established its campus in Puebla, other institutions were the Mexican Red Cross and the 

Business Coordinating Council of Puebla.   

Initially within the modifications made to the Urban Development Plan, the government 

considered three large areas to establish three universities, two private and one public, the 

Instituto Tecnologico de Estudios Superiores de Monterrey Campus Puebla (18.7 has.), the 

Universidad Iberoamericana Campus Puebla (18.05 has.) and the Benemérita Universidad 
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Autónoma de Puebla, respectively.; for the latter finally two areas where donated for the Faculty 

of Communication Sciences (5.2 has.) and the Complejo Cultural Universitario (15.3 has.).  

For a city, or a global city area it is also required a good concept and the architecture developed 

within place, an architecture that handles elements that highlight achieving a good configuration 

of both the industry and the same city, where modern and developing area joins with the 

historic, where you can find complementary areas or branches of the great cities with it is 

internationally renowned brands and companies.  

This means, as well as in almost all of the cities of the country, in Puebla there is no relationship 

between the historic center and the central axis of development, a problem of planning, 

because both spaces are working  independently and in part due to economic and technological 

conditions.  

The homogeneity of the city is of great importance and should not separate modern historical 

spaces; returning to the previous example, Puerto Madero is a place where corporate buildings, 

office buildings, homes, museums, art galleries, universities, banks, restaurants, cinemas and a 

nautical club coexist,, surrounded by large green spaces and nature walks, gaining value to the 

history of the place through existing natural spaces (Alustiza, 2007).   

Real estate companies are largely responsible for these events, whose main product are the 

residential areas, but at this rhythm in a few decades overexploitation will generate problems of 

all kinds.  

We should think on the harmonic and homogeneous spaces  where interaction is possible in all 

involved sectors, representing great progress and the development of the city towards a global 

modernity.  

To avoid reaching this circumstances, it is urgent a change in thinking and acting of policies, 

investors and the professionals responsible for the development of various projects, architects, 

engineers and planners, thinking about the progress and welfare of the population, without 

ignoring the issue related to environmental care and arrangement of green areas, parks and 

recreation centers within the development zone and generally of the city, searching for a 

favorable balance in all aspects, population, territory, city, environment and messy growth.   

The urbanistic project  

The Angelópolis zone that was visualized as a project that would provide solution and order to 

the growth and expansion of the city, somehow failed, the opportunity was lost to be that urban 

development detonator axis, where the key was to create an organizing area around the 

concept of a sustainable city, because of the inattention and inefficiency of the state to lead a 

project of this importance and hierarchy according to the new needs that a sustainable 

development demands, that is industries without smokestacks, economic and ecological 

transportation, job opportunities and study within the sector to avoid large journeys, appropriate 

energy saving technologies, recycling and reuse of wastewater and in general for environmental 

protection, reduction of urban traffic, pollution and noise, construction of cycle trails, generation 

of recreational and cultural spaces, enough green areas and parks, generating its own energy 

and in short everything that leads to an environmentally responsible urban development.  
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Figure 7 Urban vs rural reticulation scene. 

 

 

The roads as backbones 

Regarding the construction of the two main roads on this side of the city, they had great impact, 

beginning with the development of  the Puebla-Atlixco highway, while producing the 

expropriation of large land adjacent to the road axis, excellent opportunity for sale by real estate 

agents, who took the opportunity and conditions for conducting illegal transfers and fraudulent 

sales, leading to a situation out of control for the government for this sector compared with what 

was originally proposed.  

The improvement of the highway included moving the car tax booth about 5 kilometers in the 

direction of Puebla-Atlixco, from its original location, so this road became an important urban 

road which was called Via-Atlixcáyotl, and began the construction of schools, cultural facilities, 

universities, health, government buildings, commercial, residential, and corporate buildings, 

among others, and the best infrastructure services that distinguishes the zone from the rest 

from the city.  

It usually happens that after the construction of a major highway as in this case the Via-

Atlixcáyotl and to the south-west the Periferico ecologico, the other important road section, 
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became the object of new establishments and development occupying suburban space which 

over the years has been almost completely urbanized.  

At that time because of the growth of the zone required construction of other roads as 

connection points around the different constructions and thus appeared: Boulevard del Niño 

Poblano, Cúmulo de Virgo avenue, Sol-Hidalgo avenue, Andrómeda, Municipio Libre, Kepler, 

Orión Norte y Sur, General Emiliano Zapata avenue, and finally the western arc of the 

peripheral ring, which was supposed to limit the development of Angelópolis, which never 

happened, was built. It is from this point and limiting to the highway Puebla-Atlixco, that began 

with the housing residential development, consisting of small type cluster divisions, with 

services and amenities of first class, so far, perhaps being the most important, the metropolitan 

zone called Lomas de Angelópolis, which was supposed to have a concept of "Self - Sufficient 

City, " which to date continues to grow without stopping.  

 

Figure 8 Vialidades principales de la zona, Vía Atlixcáyotl y Periférico Ecológico (2014) 

 
 

At the same time in the central line the commercial buildings, equipment and services started 

and other secondary streets where created where private buildings benefit from the 

infrastructure installed. It is in this space where the sector is freed from the captivity center of 

the straitjacket identity, which can be seen as changing according to your needs, which is a 

characteristic of the generic city (Koolhaas, 2006). 

 

The role of government in the sector development 

The reasons of the problems concerning the irregularity in urban settlements  are many and the 

most important has  to do directly with problems of corruption within government agencies 

responsible for territorial issues, breaking the rules and failing to follow building regulations, and 
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other series of illegal acts that are permitted in the middle of all these problems, hence the point 

of (Koolhaas, 2006) who says that the generic city is also a haven for the illegal.  

The growth of the city depends on the willingness of urban land, this has been potentially 

reduced. In the study area and all the others is essential the substantial relationship between 

city and free territory, that somehow it is a brake for the development of the urban area, which 

grows uncontrollably and without regulating this situation. Once again should be implemented a 

development plan to reorganize the different growth sectors that ultimately will be reflected in 

the delimitation of the urban area.  

As already discussed the development of the zone is characterized, among other things, for 

housing developments in the form of clusters, the clearest example is the case of Lomas de 

Angelópolis, causing a segregation of the urban area, restricting communication and 

socialization, both of the population and at the urban structural level. This situation is somehow 

a fault of the government authorities that have allowed this segregation in exchange of the 

economic benefits obtained from the investors who have achieved that status. It is very clear 

that access to this privileged space and services of the sector are outside the scope of certain 

settlements that are part of the same area, but they are in different economic circumstances 

with respect to the strip outside the Via Atlixcáyotl, it is a problem of social differences that 

should not happen, in the sense of homogenization of urban structure working together, since 

each of the existing sectors are an integral part of the same city.  

On the other hand many of the reasons that have pushed for the construction of clustered 

divisions, are directly the problems of insecurity and urban violence to which they are exposed, 

hence people was looking for a safer place with restricted access and 24 hours surveillance 

inside a walled space (new trend of housing developments) that almost always meet these 

conditions, gradually creating urban segregation as mentioned above.  

The sector has not been developed in an integral way it is more a region that has gained a great 

value, which seeks to extract the greatest economic benefit in the short and medium term. It is a 

strip where settlements are preferably for the upper classes, where they feel more identified 

according to their social and economic status indirectly causing social exclusion. It is a sector 

that the governments devotes many resources to further enhance the area, devoting fewer 

resources to the rest of the other zones, however in this sumptuous investment it is hardly 

included a proper management of the environment and landscape, these being a factor of major 

concern.  

There is no effective legislation, or specific instruments for spatial planning and urban 

development for authorizations and permits to be regulated, so that the buildings become low 

energy consumption, low water consumption, which do not emit pollutants, involving 

ecotechnical systems and selfsufficient, and in general that these include environmental 

protection measures. 

For the development of the Angelópolis plan to be executed accordingly, besides the 

participation of the government, there was also encouraged the participation of public and 

private agencies as well as the community to achieve the proper development that was 
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intended, which over the years, as has been commented, it went out of control in the face of the 

multiple horizontal and vertical developments that were built, accelerating the pace of growth of 

the city in this sector.  

It is evident that the community participation never worked, or maybe this community even tried, 

so the integral proposal faded away, naturally the lack of leadership and poor decisions of the 

authorities were an important factor in this uncontrolled process and of course the cooperation 

of everyone involved also had a lot to do, because they were concerned with other interests, 

especially the economic ones.  

The Angelópolis zone is still in development and will continue to extend apparently to the south-

west, as has been marked by the different establishments, especially housing development of 

Lomas de Angelópolis whose boundaries do not seem to end in the municipality of San Andrés 

Cholula. It is a situation that might compromise the urban structure even more than already is, if 

the authorities’ don´t implement some development proposals to regulate such a situation.  

It seems that the development project was only a pretext to establish a new space in an isolated 

zone that sooner or later would detonate the commercial boom currently happening, looking to 

emphasize the city into other different aspects rather than their original historic ones, this is 

mainly occurring as can be seen in the establishment of shopping centers, educational 

institutions, business centers and more.   

Investment and trading  

The zone of Angelópolis, to achieve this it is required a lot of control, organization and work of 

urban character, positioning areas of interest to really become an attractive place to visit and 

not only depending on commercial areas.  

It is also through the media and especially with the support of the internet, that can be known 

what is built in other countries, what is fashionable, and in this way is how these interesting 

architectural designs reach the generic city resulting in despicable copies of other buildings 

(cloned architecture) located in the most important cities around the world with an advanced 

development, but for the local community it is interesting as they don´t know the origin of these 

projects.  

Finally , we must add that the city or a sector of the same city in development, which is 

considered to be of high value must not only be focus for investors, products, information, 

consumers or have the latest technology, among other benefits but must also have the power to 

export things that are from the local community as products, services, culture, broadcasting the 

place to be known to the world, which today is easier thanks to technology and media 

communication that reach almost every corner of the world, thus becoming, a competitive global 

sector.  

The Modern cities are characterized by high consumption of land, water and energy, but there is 

no implementation of an awareness of energy saving, consumption reduction, recycling, care of 

natural resources and all other factors that contribute to the maintenance and care of the 

environment.  



 

972 

Anywhere in the world has become a very important issue the conservation of the natural 

heritage, so planned developments should necessarily contemplate areas for parks or gardens 

and application of green technologies (water treatment, cleaning rivers, defined and authorized 

landfills, recycling and reuse, etc.) creating environmental awareness among the population, 

actions that will be reflected in the quality of life of society, social welfare and the image of the 

city.  

Currently the issue of the environment should be taken with great interest in large metropolitan 

areas, it is common that lack of projects that help counteract this problem, and the lack of 

natural reserves. Globally major cities have begun to implement in their buildings technologies 

to reduce energy consumption, they have seen the empowerment of green areas, water 

treatment, generating its own energy and other techniques showing concern for the 

environment.  

Regarding the Angelópolis zone there is still time to think of measures for a responsible 

environmental management, starting with the implementation of a council for the Environmental 

Urban Plan that is responsible for the management and development of such projects but also 

to put into practice these properly, with references highly available and knowledge on the 

subject, obviously supported and backed by municipal and state political union in addition with 

the collaboration of the public to access and approval of the implementation of any of the 

proposed projects , reflected in a process of positive transformation in the urban theme.  

It can be seen how this uncontrolled growth has been dismantling the existing urban fabric and 

ending with the well-founded architecture, the presence of large buildings created hardly taking 

into account the harmful or negative effects they generate much less the implementation of 

technologies associated with the reduction of such effects or the use of ecologic instruments 

that contribute to energy saving and environmental care.   

The sector will continue to grow so it is important to take into account the environmental issue, 

because neither the government nor the investors are aware of this problem, because it is 

becoming an emergency situation not only in Puebla but also  worldwide. The demand for 

space, as mentioned before, is very high and the interest prevailing over the environmental 

consciousness are those relating to economic interest, that is to say, developers are more 

concerned about how to recover and get more economic gain of the investment made, and as 

can be imagined this situation will end up impacting the quality of life of the population and 

among other things, also end up affecting the urban image.  

Independently of the irregularity in the settlements, the Angelópolis zone is a sector that, 

despite the great development that are carried out, there are no good policies for the 

implementation of sustainable elements, although resources exist, there are hardly spaces 

contemplating  this important factor and this is of great concern not only at the local level but 

also global.  

The sustainable resources are the ones that makes a city to stand out, so to be at the level of 

recognized cities worldwide that are noted for their level of development in many ways, it is time 

that the strip that occupies the Angelópolis zone begins this implementation, within the multiple 
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developments related to the collaboration of environmental care and not only to seek economic 

benefits. 

Final discussion  

The scattered and sparsely metropolitan cities of recent days have grown too much and 

suffered of many urban transformations, which have required municipal areas of the 

surrounding to solve their services and also are following guaranteed models of intervention 

trough strategies of intervention of the state under a system of planning and urban projects to 

develop specific plans and all sorts of planning instruments for certain areas to make them 

competitive and creative cities.  

The state strategy has been to facilitate in the first place, spaces for commercial activity for all 

social and economic groups, and where the architecture is associated with foreign capital, but 

without suitable control or regulated and ordered growth of the city.  

Moreover, there is still time to correct things towards the re composition, with the firm intention 

of achieving an expansion with an image and contemporaneity in the globalization process in 

which we live through the implementation of new development programs that take into account 

all factors related to the  green zones, good public transportation, recycling, good energy use, 

walkable areas, variety and effectiveness of accessible public spaces, proper balance, compact 

cities, greater social contact along with privacy (individual)  improved, cleaner cities, greener 

and silent, efficient, beautiful and desirable , because a contemporary sector cannot be the only 

factor or example for the construction of different or new architectural or urban theory.   

The cities or cities appendices for development follow the same pattern of the great metropolis, 

hence the generic term, because it is where contemporary architecture is housed, with big 

skyscrapers and colorful and great designs and complex forms, they become the most 

important financial and commercial centers, acquiring the best value and prestige. Angelópolis 

zone is still in development but is in the process of becoming a generic city, because for the 

past two decades has been the most developed region that has become the most important 

sector of Puebla.  
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Abstract 

According to Marshall McLuhan's theory of media, in which he claims that the media have 

become prostheses of human senses, nowadays we are witnessing the growing domination of 

mobile devices over most human activities in daily life. Why are social media so important in our 

lives? There are growing groups of application developers who offer brand new solutions which 

on the one hand can help us in our daily lives, but on the other they have a potential to disturb 

them, too. Some of these solutions offer a very interesting option of creating the so-called 

augmented reality, which enables us to gain access to a lot more data existing and circulating in 

our surroundings. Even social media can be used in addition to real architecture for building a 

new spectrum of impressions related to a place or city. It is the time for competition in which 

creativity can show us a new scenario for the future. The article is a subjective set of selected 

cases demonstrating the use of technology in devices, such as smartphones or tablets, and the 

potential of applications which use cellular networks to transmit data. They can be used for 

redefinition of the concept of experiencing the city and urban structures. This viral experience 

can shape new relationships and dependencies between people, media content, social network 

and urban spaces. How far will we go in the future? Which of these new phenomena will prove 

to be unimportant and will disappear as unnecessary? Gradually, as time goes by, we will find 

out. 

The city as a collective living structure is the place of producing experience and consuming art 

which is based on the urban scale as the background for acting pedestrians; it may be seen as 

a kind of a digital game. The presented content may lead to the conclusion that, as humans, we 

are dependent or at least very attached to new technologies that allow us to define our identities 

and the position in the progress of civilisation. 

mailto:piotrcelewicz@hotmail.com
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Mind extension 

Walking down a street heading for work or strolling crowded streets of numerous towns or 

metropolises, all the time we see a great number of people who – marching energetically, 

chasing time, are on the way to some places or destinations, and – while moving – they talk to 

themselves or to others, an earphone plugged into the ear, bent over the screens of their 

mobiles, with their thoughts as if anchored at some other, seemingly very distant, places, 

looking totally indifferent to their surroundings or to the reality in general. One feels tempted to 

ask Quo Vadis? Is this the norm, since the majority of people act this way? This article 

endeavours to give account of the present situation and make a contribution to the discussion 

on the role of mobile technologies distributing media contents in our daily lives. The subjective 

selection of examples for discussion is aimed to demonstrate the diversity and the wide range of 

applications of the IT technologies, products and software, which use a great variety of sensors, 

contents and information. In combination with data processing algorithms, devices such as 

smartphones
1
 may replace senses – like prostheses – serving the purpose of contact with the 

surrounding world on many levels. The current validity of the problem and the ubiquitous 

presence of the devices in question make the issue familiar to most of us, so it requires some 

comment, scientific research and a debate on the future trends of technology and civilisation 

evolution. The examples of applications and mobile device software selected for description 

offer a new way of exploring spaces, cities and architecture, a new way of interacting with other 

people and groups, contributing to rapid dissemination of data and accessing information. What 

are the benefits and what are the hazards related to using these merged real and virtual worlds, 

which exist almost simultaneously? The presented examples and reflections have served 

formulating certain conclusions and taking a stand in the broad discussion accompanying the 

process of familiarising the general public with information technology.  

Information civilisation 

“[…] The language of architecture is undergoing constant change. New technologies may bring 

people and culture together in a way that would be unique in the human history. I particularly 

believe in the value of these possibilities.”
2
 

[Renzo Piano] 

Confronting the world described in contemporary literature, particularly in science fiction, with 

the real life at the time of booming advanced technology freely available to the information 

society,
3
 we may come to the conclusion that the future predicted by various visionaries is 

                                                      
1
 Smartphone – [smart + phone]; these are devices used for telephone conversations but not only to this purpose. Their 

advanced functions include additionally sending messages, surfing the internet, applications enabling using them as 
digital tablets or even notebooks; absence of a keyboard is in this case compensated by the touchscreen. The devices 
now feature high-resolution screens which provide high quality images, where – at the first glance – it is impossible to 
distinguish individual pixels. Moreover, smartphones have operating systems, digital picture and film cameras, sensors 
and gyroscopes, so it is possible to download software onto them – applications which use the above-mentioned 
components and nowadays often replace much bigger devices.  
2
 Renzo Piano’s statement. [*unless stated otherwise, all the quotations have been rendered into English by the 
translator of this text] 

3
 “Theories of society development define the information society as the next stage of society development, following 

the industrial society. It is also called the post-modern or post-industrial society. From the point of view of the division of 
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happening now, right in front of us, making us eye witnesses of the events. Development of the 

civilisation coupled with the progress in electronics enable a revolution in the scale of the whole 

era. Using digital media and the content offered in the global Internet network has annihilated a 

lot of barriers in the scale of the whole world. The revolution is happening in every aspect of 

human life, and absence of borders for information flow and computerization of daily life create 

a new order and new interdependencies within social hierarchies. Statistics collected by the 

Main Statistics Office in Poland
4
 in 2015 show that 61.5% businesses were using mobile 

broadband connections, and 75.8% households had access to the internet, 71.0% of which – to 

broadband internet. The characteristic and relevant features of information society are: a highly 

advanced sector of services using digital media (banking, finances, telecommunication, 

information technology, research and development as well as management), knowledge-based 

economy and the high average level of education in the society. The social structure in turn is 

characterised by decentralisation and revival of local communities.  

The contemporary world is dominated by information and codes, which are present almost 

everywhere – both as metaphors and as digital content projected in a small scale and in a large 

format. It has been made possible by the omnipresent media as well as by the incessantly, 

unconsciously processed data – ubiquitous computing,
5
 which does not require supervision and 

which is done by machines and computers.  

Marshall McLuhan
6
 was a visionary of digital media and the author of the saying that “the 

medium is the message.” He proposed that digital media in principle serve transmission of 

information. His other claim was that “The aim of the new media is to provide the recipient with 

the full spectrum of sensual experiences by combining auditory, visual and tactile sensations, 

i.e. to create a situation allowing the recipient to get involved in the message.”
7
He defined digital 

media as a prosthesis familiarising humans with technology, which may be used depending on 

the task to be performed, up to the point where it will replace some of the senses.  

A renowned media theoretician Lev Manovich defined five criteria affecting the shape of the 

new media, with the reservation that not all the criteria must be met at the same time. The first 

one is numerical representation – the digital form, as opposed to the analogous form of the 

traditional media. The latter may be digitalised and thus transformed into the digital form. 

Another feature of digital media is modularity. Components of digital media are used to create 

other components of a higher order, which phenomenon may be very well illustrated by the 

                                                                                                                                                            
labour within the society, the information society would be the one in which 50% plus one person or more, among the 
professionally active people, are employed in the information processing sector. Daniel Bell defined the work of a pre-
modern person as an interplay between a human and nature, in the case of a modern man it used to be the interplay 
between man and inanimate nature, whereas the work of a post-modern man is the interplay between humans.” 
https://pl.wikipedia.org/wiki/Spo%C5%82ecze%C5%84stwo_informacyjne, as of 15th March 2016.  
4
 http://stat.gov.pl/obszary-tematyczne/nauka-i-technika-spoleczenstwo-informacyjne/spoleczenstwo-

informacyjne/spoleczenstwo-informacyjne-w-polsce-w-2015-r-,2,5.html 
5
 Ubiquitous computing or pervasive computing, also prevalent processing – a concept illustrating the use of computer 

devices in all possible areas of life, especially the use of mobile devices, such as mobile phones, portable computers or 
PDAs and wireless networks. The term is also extended to refer to using devices of the presence of which or at least the 
operational rules of which an ordinary user is unaware; these are processors embedded in numerous daily use devices. 
http://pl.wikipedia.org/wiki/Przetwarzanie_bez_granic.  
6
 Herbert Marshall McLuhan (1911 – 1980) developed the concept of viewing the world as a global village, still 

considered one of the leading authorities in the field of media. 
7
 K. Loska, Dziedzictwo McLuhana – między nowoczesnością a ponowoczesnością, Wyd. RABID, Kraków 2001, p. 80 

https://pl.wikipedia.org/wiki/Społeczeństwo_informacyjne
http://pl.wikipedia.org/wiki/Przetwarzanie_bez_granic
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principle of creating a hypertext in the form of a code or a coded recording of a digital image in 

the form of series of signs. Other features are automatization and variability. The digital form 

offers the opportunity of performing automated actions, which may be compared to colour 

correction in a photo-editing programme. Objects in the new media are not single, but they often 

exist in an infinite number of versions. Marcos Novak is of the opinion that computer culture 

turns every stable value into a variable. The last feature of the new media is, according to 

Manovich, transcoding, i.e. the option of translating one media form into another, which is 

possible owing to the digital form and the recording in many formats. As may be concluded from 

the above text, digital media may be related to autonomous processes and occur in different 

forms, they may be easily copied, edited and compiled.  

The remarkable phenomenon of smartphones 

The rapid development of mobile telephony has been observed since the 90s of the 20
th
 

century, and now the great technological race is still going on, bringing new solutions for the 

beneficiaries of the progress. Once the mobile phone had become an easily available, handy 

and popular device, manufacturers of these devices started adapting them to new functions, 

which in turn generates increased demand as more and more people feel the need to possess 

the “Swiss Army knife” securing survival in the urban cyber-jungle. Due to its properties, the 

smart and mobile phone is slowly taking over the market previously dominated by personal 

computers or later on by notebooks. The devices’ ever larger and more efficient screens are 

even pushing the currently popular digital tables out of the market. Hardware is not everything, 

equally important is the software. The market of applications (software) operating on mobile 

devices is growing very fast, offering more and more sophisticated functions and uses. 

Development of the LTE
8
 Internet is also helping to cope with the increasing amount and size of 

transmitted content that may be packed into the phone or even into the “pocket.” On the one 

hand, the devices and data transmission have become more accessible, but on the other, this 

universal presence may soon become a nightmare invading our last bastions of privacy and free 

time. In consequence, we might risk a thesis that the smartphone as a new icon of the 

contemporary world replaces our senses – my smartphone is my sense. 

Portable devices have one great advantage over stationary ones – they can be taken almost 

everywhere. It is thanks to them that several daily tasks that once could only be done at one’s 

desk (mail, bank transfers, looking up information, social networking) are now possible while 

travelling in the car or on a tram. Moreover, the use of such functions as inter alia geotagging 

(determining the location of a device or its owner by giving its latitude and longitude 

coordinates) has created the options of totally new social interactions. Find my phone, show my 

location to my closest or selected friends, search for friends or events in the nearest area are 

just a few of the functions offered by applications which may positively affect developing social 

interactions. Popularity of mobile devices (telephone, tablet, laptop) gives their users access to 

                                                      
8
 Wireless fast internet operating on radio connections of mobile telephony.  
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the “omnipresent”
9
 Internet and media content while they are “on the road.” Moreover, they 

provide users with additional layers of information displayed simultaneously on the screen, 

overlaid on the image of the real world, in the form of the so-called augmented reality.
10

 The 

small mobile phone screens or the slightly larger ones of tablets or computers, or even special 

glasses, in combination with large-format display boards, may create a system of urban media, 

which will become a consistent whole in the future. We surround ourselves with screens of great 

potential like with windows opening out into the world. The prevailing amount of transmitted 

content are dynamic graphics, therefore the digital media must be considered an open film or a 

series of images, never in the scale of a single shot. Similarly, Ingarden’s aesthetic experience 

of looking at a sculpture is an experience in time, in which the observer is moving. The same 

refers to large-format media in the scale of a place, which we observe from various distances, 

often in motion.  

Adopting the perspective of an urban space researcher, I decided first to observe and later on to 

describe the effect of the smartphone on experiencing and perception of spaces and places. I 

did not mean using the map like a GPS device, I wanted to explore the character of the 

functioning sense, the sensor for other senses – sight, hearing and touch.  

Apps 

Applications, i.e. programmes functioning within the operational system of a device, such as a 

computer, tablet or smartphone, which deploy complicated electronics for the purpose of using 

its properties depending on the needs. They usually deploy more than one feature, enable 

interpretation of information obtained from sensors, facilitate things or offer the user some 

entertainment. The software may not always be useful; sometimes it gives the impression of 

being completely useless, yet it is the level of clients’ satisfaction and approval that counts as 

the measure of popularity, which translates into profits for their developers. The market of 

games and other software for mobile devices is not created by the corporations manufacturing 

the devices, but by ingenious developers who work on commission or implement their individual 

ideas on a freelance basis. Applications may be divided into groups performing specific 

functions, and the processor may generate the illusion of a more real device, once attributed to 

specific devices.  

The contemporary photo camera market reacted fast and with determination to the new trends – 

the growing popularity of photography, blogs and related ideas – by creating “compact cameras 

with the function of a phone.” In most cases, however, manufacturers tend to implement a 

                                                      
9
 Wireless internet – the transmission of signals is done in a bilateral way due to the exchange of data between mobile 

phone networks. One of the fastest at present and at the same time one of the most popular solutions is the LTE 
internet and virtual discs with data saved in “clouds.” 
10

 Augmented Reality (AR) is the area of research which combines two worlds – the real and the virtual. AR does not 

create a complete new world (in the way Virtual Reality does), but complements what we already know by overlaying 
virtual images on the image of the real world. Most experiments in this area consist in using the images of the “real” 
world and complementing them with computer-generated graphics. /http://blog.antropologia-
internetu.pl/2011/01/27/augmented-reality-rzeczywistosc-rozszerzona/. For example, putting on a pair of semi-
transparent glasses, an AR user may watch as the world goes by in the streets of a city together with the elements 
generated by the computer overlaid on the actual image of the world. 
http://pl.wikipedia.org/wiki/Rzeczywistość_rozszerzona.  

http://pl.wikipedia.org/wiki/Rzeczywistość_rozszerzona
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reverse solution – they pack a digital matrix and a modest-size lens into the small telephone 

case. The apparently limited ability of such devices to capture reality is often compensated by 

the software which allows quick and easy correction of deficiencies, instant retouch or even 

“developing the RAW negative”
11

 in a “digital dark room,” or producing effects similar to the 

ones obtained by using Photoshop. Sightseeing in cities nowadays does not entail carrying 

huge cameras with lenses, and the fact that everybody around possesses and uses some small 

portable device develops communities focused around certain specialised portals, such as .e.g. 

Instagram, and popularises photography as such in the world.  

At present, smartphone apps may be classified into several groups. Mono-functional apps 

replace one device, such as e.g. flashlight, photo camera, film camera, map or Internet browser, 

which are probably useful while sightseeing in a city or creating documentation, making notes 

etc. There are, however, other apps using more functions, which make them more useful and 

handy. Applications using location maps and information on geographical coordinates of the 

place where a picture was taken may be useful at the moment of locating the shot images. In 

turn, social portals in the version on-line or in the form of a programme provide access to 

numerous smartphone components replacing other devices. A further evolutionary stage which 

may be observed are applications enabling users to play games or interact with other users 

within the city or in an open area. Apps for sports people, such as endomondo
12

 or strava,
13

 

allow them to share their sports achievements or results, and thus foster competition, not 

necessarily simultaneously, or offer motivation to beat the result of a specific person. Sports 

performance may also be visualised in time. It is a form of social interaction within a specific 

group of people.  

Apps supporting social portals (Facebook, Twitter, Instagram, Snapchat and others) allow their 

users to react instantaneously to posts or events, to share posts, photos etc., which permits 

immediate and global dissemination of information and, in consequence, making it look like a 

living and vital structure. Additionally, providing information on your location to a group of friends 

enables planning a spontaneous meeting if someone is in the vicinity. Some apps, like e.g. 

Happen, make it possible to find people among the ones who we meet accidentally while being 

at a specific place and time. Their functioning is based on measuring distances. Geotagging 

allows its users to find a car to rent for a few hours which is parked somewhere in the area. The 

system is being developed by BMW and has become very popular in German metropolises. 

Keyless access to the cars is made possible owing to a smartphone app.  

Getting a taxi has never been so simple as by using the apps developed by the international 

network  Uber. The software finds the address where we are and monitors the route taken by 

the car which is coming to us or which is to take a person or package to a specific address.  

There is yet another interesting group of applications allowing the use of augmented reality 

(AR), which may be displayed e.g. on the screen of a mobile device or even on glasses (e.g. 

                                                      
11

 Developing a digital image file corresponds to developing an analogous negative in a dark room. During the process 

it is possible to introduce tone or colour corrections, use filters and obtain various effects.  
12

 Application for runners documenting the route, running time etc.  
13

 Application for runners and cyclists documenting the running route and time, the cycling route and vital data related 

to the physical condition of the user while doing the exercise; additionally, it enables competition with other users, e.g. 
registering the record times on certain routes or distances.  
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Google Glass) specially made for this purpose. During the last biennale in March, students of 

the Academy of Fine Arts in Kraków prepared the application called Memorystream, enabling its 

users to complement the scenery of the sculptures located in the generally accessible space of 

Matejko Square with images generated live, which could be watched on the screen of a mobile 

device like a film created simultaneously to supplement the real picture.  

In order to vamp up certain special events or places in a city, we may have to use new 

techniques inviting the audience to a more active participation, such as e.g. media screenings. 

Specially developed software enables users to control and manage media content during 

temporary events. An example of such realisation is the Ars Electronica Center building in Linz, 

Austria, which has a media façade turning into a projection screen during events of special 

significance for the city. The audience, the participants, may overlay their content onto the 

projected images or take part in a game. It is a very interesting concept, positively affecting the 

development of local identity of the place and community.   

Expo Milan 2015 

The World’s Fair EXPO 2015 took place in Milan in the Republic of Italy between the 1
st
 May 

and 31
st
 October 2015. The exhibition was exploring the theme: Feeding the Planet, Energy for 

Life. 147 countries participated in the exhibition, which was visited by millions of people. In order 

to help the visitors to explore the exposition and to navigate their way through the programme of 

events, the organisers offered a very interesting solution – Expo Milano Official App (Fig. 1 – 

8). The mobile app, which I decided to download and use during my stay at Expo 2015 in Milan 

between the 29
th
 and 31

st
 October 2015, performed many functions facilitating moving around 

the frequently crowded area, which I found very useful. There was also another app (Expo 2015 

Milano Live) for people who could not come to Milan, yet they wanted to participate in selected 

events live, though via their mobile devices.  

In order to use the application, first of all one must own a smartphone, next – they should 

download the app from the appropriate distribution platform (Apple, Google Play etc.) and install 

it. As far as the technical requirements are concerned, the software installation proceeded in a 

standard way, the app was available for all mobile platforms. Additionally, if the device had 

access to Wi-Fi or LTE Internet, the app also offered access to the most recently updated news. 

Geotagging, combined with the Bluetooth technology, helped to determine the location of the 

user, which was necessary for selecting the events taking place nearby. Once the user had 

created and verified their personal account, the software was ready for use. The first convenient 

function was the option of buying tickets on-line, which eliminated the burdensome queueing. 

The individual profile enabled selection and recording of interesting events. The main menu 

offered quick access to tabs, such as maps, events, trips, community, full Expo programme and 

guidance on how to get to places, the latest news and partners. Suggestions of interesting 

places to visit were presented in an attractive way (Fig. 3). Such a huge event required that 

visitors should be able to get there conveniently and fast, so the app also offered guidelines on 

how to use different means of transport (Fig. 4). Combining the app with geotagging allowed 

precise navigation within the closed area. The Bluetooth communication enabled sending 
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messages about events taking place close to the current location of the user, who was 

subsequently redirected to the website providing more detailed information on this event and – if 

interested – they could go to the specific place where it was happening. The app offered 

suggestions of numerous smaller or larger scale events, it also featured certain variable 

components which were only available in the electronic form. Cyclic events were grouped in a 

way that made it easy to see when the next one was going to take place (Fig. 7)  

 

Figures 1, 2 y 3. Screenshots of application Expo Milano Official App 

 

Source: Smartphone screenshots of application Expo Milano Official App 

Figures 4, 5, 6. Screenshots of application Expo Milano Official App 

 

Source: Smartphone screenshots of application Expo Milano Official App 
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Figures 7, 8. Screenshots of the application. Figures 9 The UK Pavilion 

 

Source: Smartphone screenshots of application Expo Milano Official App, fig. 9 photo taken by the author with his 

smartphone 

Summing up my experiences with using the application, I would like to highlight the usefulness 

of this solution, which made the progress of my visit to the Expo much more efficient. I was able, 

for example, to change plans quickly to take part in an interesting event taking place nearby, 

because I had instant access to the information about it. I saved a lot of energy, as I did not 

have to cover excessive number of kilometres unnecessarily walking the Expo area. An 

indisputable advantage is having all the information on just one device, without needless flyers, 

which is also relevant in the context of thinking seriously about sustainable environment. On the 

other hand, though, it should be mentioned here that using the app shortens considerably the 

working time of the smartphone, which may not be forgotten.  

As a user, I would like more such applications – helping pedestrian participants in events to 

navigate their way – to be developed. I can responsibly state that for me using the Expo Milano 

Official App software was like prosthesis, extension of access to information and assistance in 

many situations.  

Efficiency 

Novelties in the world of electronics and media, flooding the market incessantly, are developed 

following the market rules, i.e. somebody must pay for them to be created. They may contain 

advertisements or have no such content. It sometimes happens, however, that some individual 

people driven just by their passion create such solutions at a very low cost. All these paths lead 

  fig. 9 
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to one thing – usefulness. We may only assess whether certain solutions are useful or not if we 

consider them in the context of a given situation and a specific user. There are also concerns 

that we will transfer too large a section of our real lives into the digital zone. Coming back to 

Marshall McLuhan’s theory, we could introduce the concept of the prosthesis quality and 

evaluate it along the adopted criteria. Today, we may use virtual guides and thus experience 

spaces or sightsee in cities in a totally new fashion. Observing the current technological 

progress, we may predict an extensive and dynamic growth in this field in the future, especially 

when it comes to combining the real and virtual worlds, both in the micro- and macro-scale, in 

relation to the user, closer or more distant space, panoramas, regions or even the whole globe.  

Proficiency or Addiction 

A few months ago I was watching a group of young people of about 15 years of age as they 

met. All of them said hallo to one another and then, standing in a circle, they turned their eyes 

back to their own worlds enclosed in the large screens of their telephones. They were totally 

engrossed in these worlds, while at the same time not quite consciously participated in a kind of 

pseudo-conversation, giving only a small part of their attention to the not very attractive meeting 

they were having with their friends in reality. Is it giving up on real life, an addiction they are not 

aware of or a temporary excessive relish in using the showy technology? Is it just a creation of 

an illusionary life to run away from the grey and mundane reality or maybe a reaction to the 

world because it does not quite fulfils our expectations? At present, young people only want to 

do things which will be appreciated by a larger or smaller community.  Having at hand a mobile 

device that enables sending a photo or a film to the internet network and social portals, we may 

see almost in an instant whether the actions we have documented find interest or recognition in 

our circle. Time will tell which road we will take and how we will use technology to shape reality 

in the future.  

The article is a contribution to the discussion on the development of digital media, which are 

now a part of our daily lives. I would like to put forward the question whether technology leads to 

social exclusion or, on the contrary, offers a new type of trans-community contacts? We see a 

growing role of social media, which have now become a large part of our daily reality. On the 

one hand, it could be said that media destroy what has been once developed. On the other 

hand, if we treat them as a tool, they may also help to build a new society. We are living at the 

times in which initiatives created at the grass-roots level are growing in significance, and 

therefore this is where we should be looking for development trends in the years to come.  
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Abstract 

In the last years the broad potentiality and utility that geo tracking systems can offer have been 

explored in research fields not only related to geography, but medicine, leisure and tourism as 

well. Although this technology has been employed in mobility and transportation system 

analysis, there is still a lack of studies in the urbanism field. 

This research seeks to evaluate the accuracy of geo-positioning technology tools in the analysis 

of peoples’ movement and flows in the city. Therefore, we have performed an experiment using 

Campus Mobility, an open source application for Android smartphones developed by the 

Mobility, Transport and Territory Studies Group (GEMOTT) of the Autonomous University of 

Barcelona (UAB) based on SpaceMapper by John Palmer. While activated, the app tracks and 

records automatically spatiotemporal data from volunteers’ smartphones every two minutes 

through the GPS. By the end of the experiment, a large dataset with more than 47.000 entries 

has been generated, including geographical position (latitude and longitude), date and time 

(timestamp) as well as an anonymous user ID. Additionally to the experiment, a survey has 

been applied to volunteers in order to contrast and complement results from automatically 

gathered data and users answers. 

From the obtained dataset, we have investigated users’ paths, movement and meeting points 

analytically and graphically, aiming to recognize patterns in volunteers’ displacement and to 

detect possible anomalous data. For the graphic analyses we have created data visualizations 

in addition to dynamic maps that have been developed using ArcGIS and CartoDB tools. Both 

outcomes were combined in order to gain a deep understanding on the shortcomings and 

possibilities that geo-positioning technology tools offer to urban investigation field. 

Finally we conclude that, despite minor errors, geo-position technology tools provide new great 

possibilities for city flows and mobility studies, being able to gather automatically a very large 

amount of detailed data that would be impossible to collect without an automated process. GPS 

tracking can be considered a powerful resource for urban studies, although those tools are not 

entirely accurate if applied to a very small scale analysis. 

Introduction 

Networks based on new information technologies provide the organizational basis for the 

transformation of productive relations of social and spatial base, where information flows 

construct a new flexible production system. Architects and planners have tried to analyze its 

function and the residents’ impression about the city, in order to stimulate the diversity of large 

cities in detriment of the urban planning of the 1950s, where the automobile was the main actor. 

In this context, Jacobs (1961) studied the major American cities from the perception of the daily 

activities of neighborhood, in order to assess the living situation and security in the streets of 

cities. On the other hand, Lynch (1960) analyzed the visual appearance of cities and the 

importance of understanding these urban environments through the construction of mental 

maps and surveys of participants. 

This study aims to evaluate the accuracy of geo-positioning technologies equipped on mobile 

devices as an analytical tool in urban planning and mobility of citizens. Specifically, we studied 
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the mobility of master and doctoral students within the metropolitan area of Barcelona. The 

central point is Barcelona School of Architecture (ETSAB), located in Campus Sud of 

Polytechnic University of Catalonia (UPC), the college town of Barcelona. In the experiment, 

participants installed Campus Mobility application on their smartphones. This application 

automatically tracked and recorded the geographical position of users each two-minutes for one 

week. These records generated an enormous dataset which was analyzed statistically and 

graphically. Furthermore, a survey about participants’ activities and travel habits was made, 

which served as complementary information. This research proves that geo-positioning 

technology could be an effective tool to investigate various aspects of the city. And the patterns 

of behavior which were extracted from geo-positioning data could help decision makers to plan 

cities  according to the habits of citizens. 

State of Art 

Studies related to application of tele-monitoring technology 

Shoval et al. (2014) in their literature review regarding GPS, RFID, mobile and new 

technologies, mentioned that the share of the articles published in human geography journals is 

less than 13% of the total articles that made use of GPS and other tracking technologies. Health 

and transportation studies accounted for the major part of related publications. As for the field of 

mobility and transport, it is worth to mention the study conducted by Bohte and Maat (2009). 

Their study combines the techniques of tele-monitoring GPS, GIS tools and a web application in 

which participants interacted with each other. 

Despite the significant technical advances, the uncertainties about the utility of urban remote 

sensing (Donnay, 1999) still exist. Shoval et al. (2014) are also concerned about the violation of 

privacy in research using tracking technologies, and as well as the shortage of funding to 

implement those researches. While Longley et al. (2001) emphasized the unreliability of remote 

sensing, in terms of defining the boundaries
1
 of objects and clarifying the category of each zone. 

Besides, as Longley (2002) criticized, the infrequent collection of auxiliary information, such as 

the population census or registration of property. 

 

Limitations and potentials of tele-monitoring techniques 

The use of GPS has been proved by several researchers as a powerful tool for tele-monitoring, 

however, it must be combined with other traditional techniques and cannot replace those 

traditional methods (Spangenberg, 2014; Van der Spek et al, 2009; Zhang, 2013; Palmer et al, 

2013; Nitsche et al, 2012); Van der Spek et al, (2009) used GPS technology to capture 

pedestrian paths in historic centers and show them on maps. These researchers believed that 

this new tool allowed them to compose the spatial and temporal data, spatial conditions, 

demographic and social information of participants, and the characteristics of movements. In 

spite of these advantages, there are some limitations of this technology, because the collected 

data are very specific, and difficult to interpret. 
                                                      
1
 The capability to outline the exact boundaries of the existing urban construction, roads and green areas, as well as 

different uses. 
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Spangenberg (2014) indicated the limitations on signal-loss and complexity of cleaning the data. 

This was the reason why many results have just been reduced to a simple display of routes. 

The study of Gutmann et al. (2008) refers to the rights of privacy, since in many cases, 

researchers might collect data that reveals other information about the respondent, or some so 

called "intruders" tried to get these information intentionally. Moreover, the reduced samples of 

participants in most investigations, makes difficult to deduce general patterns of behavior: 14, 

20 and 55 participants in the studies held by Nitsche et al. (2012), Shoval (2010) and 

Spangenberg (2014) respectively. Nitsche et al. (2012) provided incentive or reward financially 

with vouchers or free transportation bonds for collaboration of volunteers, in order to encourage 

their participation in research. Another way to expand the volume of the samples is to utilize the 

Volunteered Geographic Information (VGI). Goodchild (2007) mentioned that it contains 

geographic information produced voluntarily by the individuals or public, such as web pages or 

geo-tag. 

In order to reduce these limitations, sensors and wearable
2
 devices are increasingly used to 

identify and locate the mobility on a map. However methodologies of using GPS or 

accelerometer (ACC
3
) separately face three major challenges (Zhang et al, 2013): low accuracy 

in identifying displacement, low capability in recognizing the details of mobility, and the 

complexity of generating data. Thus, incorporating accelerometer with GPS, allows to measure 

rotational and translational forces, when the GPS signal is very low or zero. 

 

Methods for analysis and data representation 

There are various methods for analyzing data which is generated by applications of tele-

positioning technologies. Bohte and Maat (2009), after removing invalid data, classified series of 

points or track-points
4
 into movement or stable situation, by measuring distance between points 

and the points’ change of location after a certain period of time. In addition, to classify the 

movement in different modes of transport, they considered the maximum speeds and means of 

each movement, the proximity of those points starting positions and destinations of public 

transport stations. Palmer et al. (2013), in their experiment The Human Mobility Project, 

collected location data and mobility of different participants, while asked participants about their 

mood in association to different locations. From the obtained data, they have been able to 

obtain maps of the areas of activity per day and per hour, inferring which kind of place might be, 

such as the workplace and home. 

Finally, as to the methods of representation, Ramakrishna et al. (2013) displayed a system of 

visualization which was based on spatiotemporal data combined with open source technologies, 

and web frameworks
5
. It created a powerful system of visualization online. The system was 

                                                      
2
 The term refers to the set wearable electronic devices that are attached to some part of the body, continuously 

interacting with the user and with other devices in order to perform a particular function, such as measuring vital a 

whining or register shifts. 

3
 ACC is an instrument for measuring acceleration, typically that of an automobile, ship, aircraft, or spacecraft. 

4
 Trackpoint is each point where information relating to x and y coordinates, time and travel speed are stored. 

5
 web frameworks is a software framework that is designed to support the development of web applications 

including web services, web resources and web APIs. 
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used to view the history of emergency calls by Los Angeles Fire Department (LAFD) and 

identified previous patterns of incidents from the data. This case demonstrates the effectiveness 

of the system. In addition, this system observes several interesting inferences about LAFD 

operations, such as LAFD takes higher times to respond to localities that lie in the boundary of 

the city as opposed to ones that are in the center. 

Objectives 

This research seeks to evaluate geo-positioning tools’ precision in the study of people’s 

mobility, displacement and flows in urban environments. For that end an experiment based on 

Campus Mobility, a mobile application that monitors and stores spatial-temporal data from users 

through mobile phone’s GPS, was carried out. Master and doctoral students from ETSAB have 

voluntarily engaged in the experiment. Additionally, a survey was applied to the participants. 

From the dataset gathered during the experiment, users’ paths, displacement and stationary 

points were studied analytically and visually, aiming to determine geo-positioning technologies’ 

potentialities and weaknesses as a tool for urban studies. 

Based on all the information and data generated by participants, we can draw conclusions 

regarding the value of geo-positioning technologies tools in the study of urban flows and 

mobility, as well as if they offer valuable elements to analyze the way we use the city. 

Methodology 

Data acquisition - Campus Mobility experiment 

Participants, UPC master students and doctorates, installed Campus Mobility app on their 

smartphones. The application had to be activated during all the period that the study lasted, one 

week long. It automatically recorded the users’ geographical position every two minutes if there 

was sufficient signal available. In addition, participants could indicate their last trip transport 

mode. An extensive dataset with more tan 47,000 records was obtained during the experiment 

week, it included information about geographical position (latitude and longitude), timestamp 

(date and time), and an anonymous ID code. With this information, we could calculate speed 

and acceleration. 

 

Survey 

A survey was applied to the same group of 21 participants of the GPS tracking experiment. The 

survey was divided in different sections: Mobility, where participants were asked about the kind 

of transportation used and times of travelling; activities, considering complementary activities 

realized during the week of the experiment around the ETSAB (within a radius of 15 minutes 

walking); demography and Android version used for the experiment. 

 

Data Validation Methodology 

From the obtained dataset, participants with a reduced number of samples and all data 

registered out of the experiment week were discarded, reducing the amount of registers to 

34,402 records. Taking the latitude and longitude recorded by the Campus Mobility app, the 
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UTMX and UTMY coordinates
6
 were extracted. In order to better understand and identify 

possible errors in the data, we have establish two kinds of periods (static and dynamic), initially 

taking as reference periods where users were certainly statics (ex. nightime), as well as 

certainly dynamic periods (ex. time just before classes begin). Following we have plotted 

samples of both periods. 

To detect errors analytically we have calculated the percentage difference between correlative 

points in UTMX and UTMY coordinates. Analyzing the distribution of percentiles, we found a 

threshold of 0.00122 for UTMX coordinates and 0.000222 for UTMY coordinates. This values 

were applied to differentiate dynamic (18,66% of all records) from static periods (81,39 %). 

Afterwards we have analyzed static periods aiming to identify possible variations in the UTMX 

and UTMY coordinates value. Finally we have analyzed dynamic periods, to find possible points 

that were uncorrelated and have progressive in values (positive or negative) in the UTMX 

coordinates. 

 

Visualizations Methodology 

From the data collected during the experiment’s week and after a long process of data cleaning, 

which consisted in cut out data out of the experiment week, as well as to eliminate analysis 

formulas and information regarding speed and time, we have performed graphic and dynamic 

visualizations using simultaneously two different platforms: CartoDB and ArcGIS. 

From the cleaned dataset, we have generated a *.csv file, which included latitude and longitude, 

date, time and an user`s numeric ID. Finally we have produced dynamic visualizations in order 

to see participants paths over maps. At this stage maps were made using CartoDB, an online 

platform that allows the creation of geospatial data visualizations and dynamic visualizations. 

This platform uses OpenStreetMap maps as cartographic basis. Finally the cartography has 

been omitted to preserve participants’ privacy. 

For each research stage and after every advance in detecting erroneous points, we have 

generated new dynamic maps that have been analyzed in detail and which allowed us to 

identify patterns in the spatial distribution of participants’ paths. The main goal of this task was 

to visualize movements and flows spatially aside from detect points which presented random 

behavior and could stand for some issue during register. 

Before inserting the data on ArcGis, all records between 22:00 and 08:00 hours were also 

eliminated in order to preserves participants privacy and to avoid long periods of static 

visualization, since most participants were already at home at that time. After a *.shp file was 

created with this information in ArcGis. From this new file, we generated a map with XY 

coordinates, where X was the longitude and Y the latitude of the recorded points. Finally, all 

points were grouped according to the User ID code assigning them a number and a colour so 

each tracking could be visualized individually. 

                                                      
6
 UTM coordinate system: is a coordinate system which help to identify locations on the surface of the earth. It divides 

the earth into 60 zones. Unlike the geographic coordinate system, UTM adopts “meter” as its unit, instead of latitude-

longitude pairs. This system is widely used in geo-location technologies, such as Google map and satellite image. 
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The cartographic base was only used to corroborate the veracity of the points. After that it was 

taken away so visualization cannot be read on a map preserving participants privacy. All original 

files and maps have been kept confidential. 

 

Results 

Survey Results 

According to the survey, during the week of the experiment, public transport was the most used 

transportation to arrive at ETSAB (tram, bus, train and underground, in ascending order), as it 

can be seen in ¡Error! No se encuentra el origen de la referencia.. Users optimized their 

times by using public transport, since this guarantees an exact time of travel, contrary to cars. 

Also we could find that most of the participants took between 15-30 minutes to get from their 

house to ETSAB. 

 

Figure 1. Transportation and time of travelling 

 
Source: Own elaboration 

 

We analyzed the average speed for each user (¡Error! No se encuentra el origen de la 

referencia.), where it was compared the actual movement speed, the average speed of all 

movements and the average speed for each point. The estimate of the real speed was obtained 

by dividing the distance between the central point of each of the participant’s postal code and 

ETSAB, into the time taken for this trip according to the survey. 
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Table 1. Speed an transportation by user 

 
Source: Own elaboration 

 

The average speed per user shows certain relation between the type of transport used and 

speed obtained, nevertheless values tend to soften since all movements are considered. 

Regarding to improvements in accessibility infrastructure to ETSAB, most participants answered 

they would like a Bicing
7
 station close to the faculty. Other comments included the existence of 

more frequency between buses; improvement to pedestrian’s access; more parking space and 

finishing metro line L9. 

 

Data Analysis Results 

Different situations can be observed interpreting the UTMX and UTMY plotts. In static periods, 

UTMY coordinate has the same value throughout all the term, while the UTMX have a slight 

variation, repeating the same values as it’s shown in Figure 2. It means that the UTMX 

coordinate  in  static periods has a slight data distortion, since it should show the same value 

along the evaluated term. However, in dynamic periods, the plot show a succession of 

correlative and progressive points (positive or negative), in coordinates UTMX and UTMY, 

displaying logical values. 

 

                                                      
7
 Bicycle sharing public transport system 
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Figure 2. Static period UTMX coordinate 

 
Source: Own elaboration 

 

In static periods where UTMY coordinate remains constant, there has been found an error of 

7.49% of all cases (ex. Figure 3). However in UTMX coordinate, where there was a slight 

distortion, such disturbance increases to 55.63% of all cases, so it is considered as distorted 

values and not as errors. 

 

Figure 3. UTMY coordinate error (static period) 

 

Finally, in dynamic periods was obtained an error of 1.83% for the UTMX coordinate (ex. Figure 

4) and an error of only 0.94% in UTMY coordinate. It means that total errors in motion, are only 

2.47% of all cases. 

Figure 4. UTMX coordinate error (dynamic period) 

 
Source: Own elaboration 
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Data in Table 2 show that it’s been detected a higher percentage of errors during static periods, 

due to two main reasons: Firstly there are a greater number of records belonging to static 

periods and secondly, UTMX coordinate has a slight disturbance on its values in those periods. 

Moreover the study carried out has not been able to obtain the same amount of samples of all 

the participants, but not for that reason users with fewer records have obtained greater error 

rates. 

 

Table 2. Total errors by user 

 
Source: Own elaboration 

 

Visualizations Results 

Regarding the results’ visualizations, we have generated dynamic maps based on geographic 

and temporal information from the dataset, which allowed us to visualize users’ routes along the 

experiment week (Figure 5). As in ArcGis, a different colour was assigned to each user, so that 

paths could be easily identified. 

 

Figure 5. Users' routes dynamic visualization in three moments with timeline - CartoDB 

 
Source: Own elaboration 
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Based on the data analysis results we have created a new dataset and subsequently new 

dynamic maps. This time assigning different colours, blue to the points considered “correct” 

(true) and red to the ones considered “wrong” (false), as it can be seeing in Figure 6, to check 

whether points identified as “false” had some sort of exceptional spatial behavior. 

 

Figure 6 "correct" and "wrong" points visualization - CartoDB 

 
Source: Own elaboration 

 

In the case of ArcGis, when observing all points put on the map, some were visibly further from 

the zone where the experiment took place (Figure 7). To corroborate the validity of these points, 

we looked back to the Excel sheet and confirmed that the location before and after these points 

where into the study zone and that the period of time between them wasn’t long enough as to 

perform a trip that long. 

 

Figure 7. Tracked point out of study zone 

 
Source: Own elaboration - Printscreen from ArcGis program 
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As a potentiality, the program permits to generate tracks and visualize them as videos, it also 

permits to configure the speed in which it can be shown. The option to mark tracks with lines 

and by colours according to the user, helps a better association of the movement. Also, being 

able to configure the visualization so it showed the tracks just during a certain period of time, 

helped to have a cleaner and better lecture of the data. 

As a difficulty, special attention must be taken when inserting information about date and time to 

generate the tracks. It is very important keep always the same date and time format in order to 

avoid generating illogical graphic visualizations, such as in Figure 8, where registered points 

were placed randomly. 

 

Figure 8. Recorded points randomly placed, forming a star shape tracking 

 
Source: Own elaboration - Printscreen from ArcGis program 

Conclusions 

This research sought to assess the accuracy of geo-positioning technology tools in the analysis 

of peoples’ movement and flows in the city. Therefore, an experiment using the mobile app 

Campus Mobility has been performed in conjunction with a survey. To that end ETSAB master 

and PhD’ students have  voluntary taken part. 

From the gathered data analysis we can conclude that Campus Mobility app bear minor 

drawbacks when tracking and recording users’ location. First, if the device has not been able to 

locate the user in a particular lapse of time, some points have not been recorded until the 

connection had been restored. Confirming previous studies (Spangenberg, 2014), we have 

observed that some unrecorded data corresponded to underground path segments, due to that 

not all users obtained the same amount of registered points (coordinates). In some cases the 

lapse of time between recorded points was critical. 

Second, we have observed that even when the device remains static, there is a distortion in the 

location, generating an inaccurate recorded position. This distortion is more pronounced along 

the UTMX axis and usually does not exceed ten meters. In some cases, we have detected 
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points that do not correspond logically to users’ paths, presenting exceptional spatial behavior, 

summing up 9.96% in total. 

Regarding data visualization, we concluded that CartoDB generates better graphic 

representations when compared to ArcGis, apart from being simpler to use. The main constraint 

when using ArcGis is that it is too demanding in terms of RAM, resulting in very slow dynamic 

visualizations. Moreover, it is necessary to be very careful when introducing data to avoid the 

generation of mistaken representations. 

Finally we conclude that geo-position technology tools, such as Campus Mobility app, provide 

great new possibilities for city flows and mobility studies, being able to gather automatically a 

very large amount of detailed data that would be impossible to collect without an automated 

process. GPS tracking can be considered a powerful resource for urban studies, although those 

tools are not entirely accurate if applied to a very small scale analysis. 
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Abstract 

Nowadays the possibility of being ubiquitous connected generates new patterns in the relation 

between people and the built environment. In a time when cities around the globe claim to be 

smart, it is crucial to be conscious and highlight the value of its inhabitant’s collective wisdom. 

Technology can improve efficiency in many aspects but cities cannot be understood without its 

people. We are reorganizing our lives around mass mobile communications. Given that the 

research scope needs to be updated. Some studies on the use of mobiles in urban spaces have 

been done, however they have rarely been used to describe this phenomena at a street level, 

understanding how users interact with public spaces (or not), while online. The research sought 

to investigate how the widespread use of smartphones frames people’s behavior and interaction 

with public spaces and create new forms of urban dynamics in the Smart Cities era. In this 

context, we compared the different social groups (tourists, temporary and permanent residents) 

that inhabit the city. Taking El Born area in the city of Barcelona as case study we have 

analyzed the use of public spaces and how mobile technology affects the way people relate to 

the city while online. 

Adopting traditional methods of field observation and combining them with surveys we have 

extended and improved existing methodologies, generating a singular comprehensive dataset, 

mailto:disetectura@gmail.com
mailto:pilar.garcia-almirall@upc.edu
mailto:cpsv.info@upc.edu
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consisting of more than 5000 observations. The analysis of all collected data provided insightful 

outcomes both at street level and from the users’ point of view. The results evince that 

behavioral patterns on the use of technology in public spaces are tightly linked to the social 

group each person belongs to and to the relation each one has to a place.  

Although online information about places is getting progressively more accurate, there is still a 

valuable intangible layer of knowledge held by locals that can not be replaced by any map, 

recommendation system or app. Despite the infinite possibilities of being online, mediated 

perception do not replace the intangible value of face-to-face relations. 

Introduction 

Researchers in the fields of urban planning and physiology have historically investigated about 

perception and how people experience, perceive and navigate the urban landscape. With the 

widespread use of mobile smartphones, tablets, and portable computers, cities are 

progressively turning into the primordial locations for interacting with computing systems (F. 

Bentley et al, 2012). The possibility of being constantly “connected” is affecting and changing 

the way people interact and relate with the environment, and finally altering the city itself, 

reshaping the built environment. Cities around the world are being instrumented with digital 

devices and infrastructure (such as sensors, cameras, …) that generate loads of data and 

enable real-time analysis of city life. The merging of digital and physical spaces conducts to 

innovative socio-spatial practices. This has a huge impact on urban phenomena and on the 

dynamics of inhabiting, meeting, traveling, displacement, work, provisioning, leisure and 

people’s behaviour. Those changes affect not only cities dwellers but the way individuals 

experience places anywhere. Residents and non-residents have a complete different perception 

of the city as well as different needs. Moreover, the digital footprints left by users is allowing to 

study how people move in a city (Girardin, 2008), with an amount of data that was impossible to 

gather in the past. And here is where cross-disciplinarity becomes very important. 

With the present wide use of the term “Smart City”, cities around the world claim to be Smart 

even without defining its meaning. Beyond the idea of a high-tech city, based only in IT 

infrastructures, and having technology, sensors and automate systems as a solution to any kind 

of problem, the real smart city should be based on using networked infrastructures in order to 

generate social, cultural, economic and environmental development (Hollands, 2008). 

According to Anhony M. Thownsend (Townsend, A. M., 2013), we are witnessing the birth of a 

new civic movement, as the smartphone becomes a platform for reinventing cities from the 

bottom up. We are reorganizing our lives around mass mobile communications. Given that the 

research scope needs to be updated. In this research, we have analysed the use of public 

spaces in El Born in Barcelona and how mobile technology affects the way people perceive and 

relate to the city. 

Methodology 

As a case study El Born area in the city of Barcelona was chosen given that its urban fabric 

offers a rich combination of uses and users. This area is part of the Sant Pere, Santa Caterina i 
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la Ribera neighbourhood, included in the old town district Ciutat Vella. This is a lively area that 

combines a variety of uses and users, where an intense touristic activity and a genuine “vida de 

barrio” (local life) takes place. Its streets are mainly pedestrian and its urban fabric is full of 

small squares which are permanence and interaction places generating an intense use of public 

spaces. 

Due to the various aspects that this research seeks to cover, a combination of different 

methodologies was used, addressing qualitative and quantitative aspects, combining different 

data-gathering methods. A brief summary of the methodology can be depicted as follows: 

- Defining observation Spots - Identification of relevant spots for field research 

- Field Observation - Street level direct observation 

- Short Survey - ¿where are you? 

- Residents Questionnaire - Neighbours face-to-face and online questionnaire 

 

Defining Observation Spots 

Firstly we had to identify relevant spots in the neighbourhood where we could implement the 

field research. We sought to identify places with different character such as: a place important 

for the local life; a place important for neighbour’s everyday interaction; a circulation axis in the 

area; a place with high touristic interest and a city landmark in the neighbourhood. In order to 

reflect the neighbours perception about El Born and its character, a brief online survey was 

carried out, where we asked people who live in the area to identify those spots. Based on 

dwellers’ opinion, we defined five case study spots in El Born: (a) Allada Vermell, (b) Forat de la 

Vergonya, (c) Carrer de la Princesa, (d) Passeig del Born, (d) Santa Maria del Mar.  

 

Figure 1. Case study spots 

 

Source: Own elaboration using Mapbox 
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Field Observation Methodology 

Street level direct observation was performed applying traditional methods of observing, 

recording, photographing and counting, in order to gather information on the use of public 

spaces and social dynamics focusing on the use of mobile devices. 

Due to the rich aspects of El Born neighbourhood life and activities, we considered necessary to 

perform the field observation in different times of day and in diverse week days. The main aim 

was to map, quantify and qualify mobile phones activities, comparing the patterns between 

spots and hour of the day. Observation is a fundamental and highly important method in all 

qualitative inquiries. 

The research was developed based in two methodologies (Gehl, 2013 and García Almirall, 

2012). From those methodologies we have learned how to systematize the research in order to 

collect similar information for each observation what makes possible to compare results and 

take conclusions from the collected data. After studying carefully the methodology we have 

created a graphical tool, a record form (Figure 2) including all the activities related to mobile 

phones and maps that we wanted to observe; characteristics about who is performing the action 

and general information about time, weather and place. This record intends to simplify the task 

of writing down the collected information. 

 

Figure 2. Field research records template 

 

Source: Own elaboration 



 

1004 

We have performed different observations in the five case study spots, at different day times 

and week days, summing up 75 observations moments. We have recorded the number of 

passers-by; the amount and kind of mobile phone related activity (talking, texting, holding, 

taking pictures or selfie); the amount and kind of map related activity (holding, looking at); the 

characteristics of the ones performing the activities (male, female, child); if they were alone or in 

groups and in this case which kind of group (solo, couple, mixed group, female group, male 

group, children group or family) they belonged to. The outcome of the Observation is a dataset 

of 5290 entries, corresponding to each observed person. 

Short Survey - ¿Where are you? Methodology 

As the third phase of the field research, a short survey has been done. The answers were 

collected in person with a smartphone connected to internet, filling up an online form, resulting 

in a more efficient data collection. This part of the field research aimed to answer one of the 

most substantial questions of this work: why are so many people staring at their mobile phones? 

It doesn’t matter what they are doing (going up stairs, talking, driving, crossing the street, in a 

bar, in a park, with friends….) they keep staring at the mobile. 

A sample on the use of mobile phones in the five case study spots was done by approaching 

people staring at a mobile phone and asking what they were doing at their smartphone at that 

exact moment (Figure 3). For the purpose of having a direct comparable dataset and a relevant 

number of responses we have collected 100 responses, 20 in each case study point. From the 

103 inquired people, only 3 didn’t want to answer, mainly because of language issues. 

 

Figure 3. Performing the Short Survey 

 

 

Source: Own elaboration 

The short survey was composed by the main question ¿Where are you? Followed by some 

questions regarding the respondent’ origin and place of residence (El Born, Barcelona or 



 

1005 

Other), for how long they have lived in El Born or in Barcelona or, in case of a tourist for how 

long they stayed in the city. We have categorized the respondents according to the time of stay 

(Tourists; Temporary residents; Extended Temporary; Residents and Since Always “toda la 

vida”).  

Residents Questionnaire Methodology 

Lately, a questionnaire to El Born residents was performed. It was addressed to people who live 

(or work) or has lived in the area in the last 3 years. We considered that before this period the 

use of smartphones was not as widespread as it is today, or that at least less people would 

have permanent internet connection. We also got responses from people living in the area for a 

short period of time (1 to 6 months) in order to compare the way they make use of technology 

for improving their knowledge of the area and how they relate to it. 

The questionnaire intended to gather qualitative and quantitative data in order to better 

understand how dwellers interact with the area and how the use of smartphones is changing 

this relation. It also expected to determine how much residents rely on online information about 

the neighbourhood and the way they normally make use of mobile phones, internet, online 

maps and apps. 

The online questionnaire was active for 21 days (from 25 May 2015 to 15 June 2015). In parallel 

we did the face-to-face questionnaires with neighbours. Finally we have done 12 face-to-face 

questionnaires and collected 48 online questionnaires, summing up 60 answers. 

Analytical Techniques 

The goal of data analysis is to describe, interpret and explain the collected data so that it may 

respond to issues raised in the study. In this research the data gathered during the different 

phases of the Field Research (Field Observation, Short Survey and Questionnaire) was 

analysed using statistic tests. The main analytical techniques applied were: frequency, which 

reveal how the data is distributed with respect to the values considered in the variable; dynamic 

and cross tables. Frequencies can be used to reveal important aspects in the relation between 

users and the built  environment with no need of being combined with other statistical tests, 

(LAY, M. C. D.; REIS, A. T. L., 2005). All the statistical tests were carried out using statistic 

software (such as Excel, SPSS and its open-source version PSPP). 

Analysis and Results  

This study seeks to contribute to identify and understand how new mobile technologies 

influence and affect the relation between people and the built environment taking as a case 

study El Born area in the city of Barcelona.  

Field Observation Results 

In total we have observed 5290 persons (entries). Given that our main goal was to understand 

and recognize patters of activities related to the use o mobile phones and maps in public 

spaces, we created a subset of our data keeping only the entries were the value of the variable 

“action” was different from “no mobile related action”. In total this subset had 707 entries 
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(13.3%). From now on we will call it activity subset. The main (complete) dataset with 5290 

entries is defined as whole dataset. We have performed additional analysis of the activity subset 

separately. 

Table 1. Datasets labels 

 

Source: Own elaboration 

Who & How many? From all the observed persons, the whole dataset (5290 entries), 49.5% 

(2618) were women, 46.5% (2458) man and 4.0% (214) children. 30.28% of all entries were 

alone while 69.72% were in groups. 

Seeking to explain the main characteristics of those people more engaged in the use of mobile 

phones, we have contrasted the percentage of woman, man and children from the whole 

dataset with the activity subset. Figure 4 suggests that the women are the ones more likely to 

be using the mobile phone in public spaces.  

 

Figure 4. Percentage of woman, men and children - whole dataset vs activity  subset 

 

Source: Own elaboration 

 

Following the same idea, we have compared the percentage of people from each kind of group 

from the whole dataset with the action subset Figure 5. Here the percentage of observed people 

alone (solo) was 30.3% (in the whole dataset) and 50.6% if we take in consideration only the 

subset. The difference is even more pronounced if we look at families: 6.8% (whole dataset) 

and 2.8% (action subset). That divergence indicates that someone is more likely to perform a 

mobile related activity while alone (solo), than when in groups or in family. 
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Figure 5. Kinds of group - whole dataset vs activity subset 

 

Source: Own elaboration 

When? Analysing the data we can identify some patterns. The rate of entries distributed in the 

different day time when looking to the whole dataset (15.16% morning; 40.68% midday and 

44.16% evening) is very similar to results of frequencies analysis when we look only to the 

activity subset (14.99% morning; 45.26% midday and 39.75% evening). 

Where? Something similar occurs to the distribution of occurrences among the five places as 

shown in Table 2 

 

Table 2 Whole dataset vs activity subset - frequencies by place 

 

Source: Own elaboration 

What? In what regards to mobile phone or map related activities, 13.3% (707 out of 5290) of all 

the observed people were performing some of the possible activities (holding map, looking a 

map, holding a mobile, looking at or texting, talking on mobile, taking a picture, taking a selfie). 

If considering only the activity subset, the most frequent performed activity is looking at the 

mobile or texting (38.19%), followed by holding a mobile (24.61%). The most unusual activity 

observed is taking a selfie representing only 0.42% of all the activities (Figure 6). This 

percentage decreases to 0.06% when looking at the whole dataset. 
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Figure 6. Activity subset - activities percentage 

 

Source: Own elaboration 

Performing a crosstab with the variables place and action kind data from the activity subset, 

gave us the base to come out with several results Table 3. 

 

Table 3. Activity subset - crosstab - place*action kind 

 

Source: Own elaboration 

 

Looking first at activities related with maps, some expected results could be observed. The most 

touristic place, Santa Maria del Mar, had the higher score of people holding a map 41.96% of all 

the people holding a map, followed by Carrer de la Princesa, with 26.79%. A different pattern is 

observed when considering the action looking a map. This action is still prevalent in Santa 

Maria del Mar, with 34.38%, but it rises from 2.68% (holding a map) to 25.00% (looking a map) 

in Forat de la Vergonya. A possible explanation is that Forat, not being a touristic place, leads 

people to feel more “lost” and so having the need to look at a map to find their way. In relation to 

Carrer de la Princesa we assume that the high scores - 26.79% (holding a map) and 21.88% 

(looking a map) –, apart from its morphology and circulation axis character, are due to its 

proximity to Picasso Museum, and the total lack of “clues” about where it is. This outcome 
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confirms the on site experience, given that in some observation days we had to answer the 

question - Where is Picasso Museum? – four times even before starting to record. 

Turning to mobile related activities, we can note that holding a mobile was more frequently 

observed in Carrer de la Princesa (28.74%), it may refer to its physical attributes, been like a 

connection corridor, without welcoming areas to stay; so people do not feel comfortable to do 

other actions. 

Texting or looking at the mobile was the most observed action, with 38.19% of all entries from 

the activity subset. Its distribution in percentage in the five places is quite similar to the 

distribution of people by places (see Figure 7), what suggests that it is a very common activity 

that is performed disassociated to the place character. A diverse behaviour can be observed in 

the distribution of frequencies of talking on mobile. Although it follows the same pattern in Allada 

Vermell, Carrer de la Princesa and Forat e la Vergonya, Figure 7 shows that the frequency 

increases in Passeig del Born and decreases in Santa Maria del Mar. A possible reason is the 

impressive and monumental character of the church, that might keep people’s attention, instead 

of talking on the phone! 

 

Figure 7. Frequencies of "texting or looking at a mobile" and "talking" action from the 

activity subset compared to frequencies of people in different places 

 

Source: Own elaboration 

Short Survey Results 

The aim of this research phase is to determine if the people using the mobile while walking on 

the street are in “another world” or if they are somehow relating to the city and their 

surroundings trough mobile phones as well as identify patterns of behaviour, understanding if 

there is some relation among the use they do of their smart phones, places and time. 

In total we have inquired 100 persons, 20 per place, being 46% women and 54% man. 27% of 

the respondents live in El Born, 36% in other neighbourhoods of Barcelona and 37% in other 

city or country. 

As a starting point, a frequency analysis was done and the outcome is reflected in Figure 8. 
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Figure 8. ¿Where are you? - different answers in % 

 

Source: Own elaboration 

From all the answers, we can clearly see that the two more frequent answers are using 

Whatsapp (38.0%) and using GoogleMaps/GPS (27%). 

The analysis of answers related to activities and the respondents’ place of residence can 

be seen in  

Figure 9. As expected, no people from the neighbourhood were looking for directions 

(Google maps or GPS) neither for TripAdvisor tips  ( 

Figure 9). 

 

Figure 9. Activities by place of residence 

 

Source: Own elaboration 
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A very insightful result was to discover that people living for a longer time in El Born were found 

doing the most diverse kinds of unexpected activities, such as watching movies, playing, 

listening to music or talking by Skype on the street. One raised reason for this behaviour is that 

they might feel as confortable in the area as they feel at home, so they extend their home 

activities to the neighbourhood public space. Another possible reason could be due to the very 

compact and high density (20.482 hab/Km
2
, according to the Inhabitants Municipal Census, 

Statistics Department of Barcelona City Council) characteristics of the area (Sant Pere, Santa 

Caterina I la Ribera), and the probable reduced size of residences, so that they find the need of 

having more space outside. Although we consider that this kind of behavior relates more to the 

relation each person has to the area, this phenomenon was more frequently observed in less 

touristic places such as Forat de la Vergonya and Allada Vermell. 

Residents Questionnaire Results 

Looking first at “how connected” are the residents of El Born, the great majority of the 

respondents (81.7%) have (always) internet connection in their smartphones. When asked 

about using internet connexion in public spaces, more than 50% of the respondents would use it 

regularly (26.67% always and 26.67% very often). With regard to the way dwellers usually look 

for a service or a restaurant in El Born, the majority would still prefer to ask to a friend or 

neighbour rather than relying on internet. This preference is more accentuated in the case of 

looking for a restaurant (45% ask friends vs 28% internet). One possible reason for this 

difference may be that, since it involves personal taste, people would rely more on friends’ 

opinions than in internet recommendations. Although nowadays there are many very well 

developed recommendation and reviews apps where you can see people opinions and reviews 

about places, and even the profile of reviewers, you can never be sure if you share the same 

taste or preferences with them. 

In what concerns to the use of Google Maps or GPS, when asked about how they find their way 

in El Born, the great majority (66.7%) of residents answered that they already know it so they do 

not need help. The second more popular answer was using GoogleMaps or GPS (15%). No one 

(0.00%) use a paper map.  

With regard to the use residents do of their mobile while in the street or in public spaces, the 

questionnaire revealed that the main use is Whatsapp (48.33%). 

 

Figure 10. Questionnaire - Use of mobile on the street 
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Source: Own elaboration 

Figure 10 provides synthetized information about the possible uses respondents may do of their 

mobile phones while on the street and how often they would do so. 

Conclusions 

This research explored, from the point of view of users, how they make use of mobile phones in 

public spaces and how they relate and interact with places. In addition we have identified how 

new technologies is altering this relation and compared different social groups (tourists, 

temporary and residents) that inhabit the city. 

Adopting traditional methods of observation and combining it with surveys, questionnaires and 

maps we have extended and improved existing methodologies to meet our own goal. We 

generated a valuable dataset including more than 5000 entries about the way people use 

mobile phones in public spaces.  

Here, we summarize the main conclusions of this thesis: 

- The patterns of mobile phones use do vary according to the character of the public space 

where users are, but mainly due to the relation users have with each place. 

- The use of mobile phone patterns is different among diverse groups of users (residents, 

temporary and tourists). 

- Individuals tend to make different uses of their mobile phone if they are alone or with someone 

else. 

- People tend to use internet recommendations but they still prefer and trust better, whenever 

possible, in information from friends or colleagues. 

- People living for a longer time in a place would rely more on self-knowledge about the area or 

in friends’ tips than on internet recommendations when looking for a restaurant or service in this 

area. 

- The most widely used app in public spaces (concerning the case study) is Whatsapp, followed 

by GoogleMaps or GPS. 

- One of the most insightful conclusions was that the way people use smartphones in public 

spaces is more strongly related to the affinity and relation each person has with this place than 

to the place itself. Performed actions tend to correspond to people’s perception of places, as 
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well as how they feel about it. Someone would act completely different when feeling confortable, 

related or connected to a place than when feeling strange, lost or insecure. 

This research confirms that even though people thoroughly use and trust internet information, 

whenever it comes to recommendations, if possible, people would still rely more on friends’ or 

colleagues’ opinion rather than on internet. Despite the very refined recommendation systems 

existing, that allows us to see other people’s opinion and reviews about places, experiences 

and things, and also reviewers profiles, one can never be sure to share same taste or opinion 

with them. 

Summarizing this conclusion, internet does not replace direct contact; instead it adds a new 

source of information, adding layers of the virtual city to the physical one. Although this 

information is getting progressively more accurate, there is still a valuable intangible layer of 

knowledge about places held by locals that can not be replaced by any map, recommendation 

system or app. Our cultural references also influence the way we experience a place and 

settling roots enables us to have unique experiences and assign special significance to places. 

Despite all the infinite possibilities that being online can mean, there is still nothing comparable 

to really being in a place, experiencing it, feeling it and getting to know it and have face-to-face 

relations with people. Hardly the value of being somewhere sharing experiences with real 

people could be ever replaced by mediated perception. 

Limitations & Future Work 

In this research we have created a comprehensive dataset, allowing us to have a deep 

understanding of how the use of new mobile technologies affects the relation between people 

and public spaces. Notwithstanding, when interpreting the results, we should take into account 

that they reflect the specific reality of the case study site and it might be biased towards people 

from a specific age range. 

The methodology, however, has a broader value and could be applied to other contexts in 

forthcoming researches. For future work we would like to reply this research in other locations, 

sampling more diverse people in terms of age and nationality, as well as to explore the dataset 

performing comparisons among the different locations. 
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Abstract 

This paper presents the outcomes of a three-year research project developed by the Politecnico 

di Milano, Dipartimento di Architettura e Studi Urbani (DAStU), in collaboration with Telecom 

Italia. Looking at territorial smartness from a spatial perspective, that leaves aside the purely 

technological aspects, the research aims at exploring different ICT potentialities: from new uses 

of space, to socio-economic and physical regeneration. With this goal, it reflects about the 

possible updating of concepts, which are widely used in urban planning: 

(i) from smart city to smart region, to deal with the regional scale of contemporary cities, thus 

including peripheral and marginal ‘in-between’ spaces; 

(ii) from urban nodes to urban digital nodes, to design multi-scalar smart spaces able to 

integrate traditional and digital services; 

(iii) from Internet of Things to Internet of Places, to make spaces able to interact through (at the 

same time) real and virtual experiences of users. 

These theoretical references are explored within the scenario of the metropolitan region 

between Milan and Turin. According to these issues, this paper presents the research process 

to the UDN localization along the infrastructural bundle between Milan and Turin: from the 
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identification of urban/infrastructural nodes, to the selection of potential Urban Digital Nodes. 

Furthermore, it highlights the UDN contribution to a smart region development through the 

spatial implementation of an Internet of Places. 

Urban Nodes in the Metropolitan Region between Milan and Turin  

In the traditional geographical and urban planning culture, nodes generally correspond to places 

within physical space connected to both infrastructural and social networks, and hierarchically 

provided with different sizes, shapes and functionalities. They are characterized by the 

polarization of a high density of flows and functions, as well as by the facilitation of exchanges 

and connections. They thus impact on the organization of the local space and on the relations 

(material and immaterial) between places and different subjects (Moretti, 1999). Within the 

research ‘Digital Services and Territorial Innovation. The case of the Metropolitan Region 

between Milan and Turin’ (developed by the Politecnico di Milano, Dipartimento di Architettura e 

Studi Urbani, in collaboration with Telecom Italia), these nodes are considered as urban, not 

only according to their physical density or their location within the urban fabric, but also to their 

intensity of existing and potential relations. 

This concept is intrinsically multi-scalar, because it is declined in relation to territorial 

components which may assume different sizes according to the scales used for their 

observation: micro/local, meso/urban, macro/wide (in its turn, articulated into regional, macro-

regional, global). From the services in neighborhoods, the main functions in cities and 

metropolitan areas, the urban poles in regional and macro-regional systems, to the territorial 

platforms formed by metropolitan regions in the global space. The reference scale affects the 

size of urban nodes, that ranges from a point dimension to an area one. At the local scale, they 

can be identified with a single building or an open space; at the urban scale, they can extend to 

a system of buildings or open spaces; at the wider scale, they can expand to the entire urban 

fabric (Morandi et al., 2016).  

In order to overcome the ‘not-places’ dimension that frequently affect them (Augé, 1992), urban 

nodes can be considered as ‘places’ when meaningful practices take place (Malpas, 2012; 

Norberg-Schulz, 1988). For instance, through infrastructural connections, settled activities, and 

environmental relations, as well through their integration with shared strategic visions and 

design solutions at urban and architectural scale. To these conditions, urban nodes can be 

considered territorial landmarks that, at different scales, integrate different categories of user 

flows (both, insiders and outsiders), and condense several activities and functions, often 

representing interfaces between local and global systems. Furthermore, they can be 

opportunities for the retraining, regeneration and reconstruction of both physical spaces and 

local socio-economic relations (Morandi et al., 2016). 

On the background of these references, the research applies its reflections to the spatial 

configuration of the Northern Italy city-region’s sector between Milan and Turin. This is a wide 

area, where the recent completion of the infrastructural bundle (such as, the motorway and the 

new high-speed railway) is producing significant physical and socio-economic changes between 

the main nodes (related to long and fast networks) and the intermediate ones (related to short 

and slow networks). That is, in-between places, which risk being affected by segregation 
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processes or, otherwise, being excluded from different programmes (environmental, socio-

economic, productive, and touristic) supported by the new infrastructures (Morandi et al., 2016).  

The Northern Italy city-region is a polycentric metropolitan system whose boundaries are difficult 

to distinguish. It is a wide urbanized area (consisting of a network of cities, characterized by 

different size and importance), that is connected by an articulated system of infrastructures, and 

that directly relate to other major world city-regions because of its economic value. Within this 

context, the research spatial reference to the metropolitan region along the Milan-Turin axis 

relate to its singular richness of existing (material and immaterial) networks and nodes: 

(i) a system of larger and smaller urban centers closely integrated with the framework of 

historic communication routes and the agricultural landscape; 

(ii) large centralities consisting of new suburban commercial and service platforms; 

(iii) equipped sites for logistics; 

(iv) ecological networks and natural connections (such as, rivers and mountains); 

(v) infrastructural corridors (long and fast networks, such as the 5th and the 24th European 

Corridors, partially built, as well as short and slow networks consisting of canals, local roads 

and regional railways with historic origins, but in recent decades often penalized by current 

development strategies); 

(vi) new spatial configurations related to knowledge networks and information streams; 

(vii) cultural and functional collaborations (such as, the Alta Scuola Politecnica (ASP) 

between the Politecnico di Milano and the Politecnico di Torino; the joint venture between 

the Chambers of Commerce of Turin and Milan; and the MiTo Settembre Musica Festival); 

(viii) events celebrated in the two main urban poles (such as, the 2006 Winter Olympics and 

the 150th anniversary of Italian Unification in 2011 in Turin, and Expo 2015 in Milan). 

Therefore, this wide area does not correspond to the organization of local authorities
i
, but it is 

recognizable in terms of the existing spatial and socio-economic dynamics (De Magistris and 

Rolando, 2011). 

According to these different categories of networks (material and immaterial), in the previous 

two phases the research focused on functional networks made by university campuses and 

exhibition centers
ii
. In this last phase, it instead focuses also on landscape and transport 

networks, and not only on functional ones, by taking into account:  

(i) for what is concerning transport networks, the system of motorways, regional roads, high-

speed railways, historical railways, and regional cycle-paths; 

(ii) for what is concerning landscape networks, the system of rivers and canals; 

(iii) for what is concerning functional networks, the system of service, commercial, logistics, 

and productive platforms. 

Referring to these systems, the final research phase at first tries to define criteria for identifying 

real urban nodes within the metropolitan region between Milan and Turin with relation to: 

(i) interchanging transport and/or landscape networks; 

(ii) close but not interchanging transport and/or landscape networks; 

(iii) local functional networks; 

(iv) supra-local functional networks. 

According to these criteria, potential urban nodes could be recognized in: 
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(i) the railway stations, from the one of Milan Porta Garibaldi (to the East) to the one of Turin 

Porta Susa (to the West);  

(ii) the motorway toll-houses and rest-stops, between the urban road gates of Milan Certosa 

(to the East) to Turin Giulio Cesare (to the West); 

(iii) the existing service, commercial, logistics and productive platforms, such as for instance 

the Vicolungo Outlet Village, or the Novara Interport; 

(iv) broadening the spatial observation from the Milan-Turin infrastructural corridor, the Milan 

Malpensa and the Turin Caselle international airports, which connect the metropolitan region 

with other nodes of global urban networks, and which integrate local systems of 

interchanging roads, motorways, and railways. 

From Smart City to Smart Region. From Urban Nodes to Urban Digital 

Nodes (UDNs) 

Whilst the development of the first digital city schemes led to the growth of a virtual, completely 

spaceless, city dimension, the current challenge is the real transfer of this digital system of 

information and services to physical places. This transfer may modify material space uses, 

organization and planning, and it may increase the level of economic, environmental, and social 

sustainability of cities (Fusero 2008). Accordingly, the research shares the criticisms brought 

against the concept of urban smartness (such as the risks of an excessively technocratic and 

market-oriented approach to city management and planning, and of an increasing social 

segregation in city use). At the same time, it acknowledges the potentials of the smart city 

concept (such as spatial regeneration, economic and social innovation, as well as 

environmental sustainability). Within this context, it aims at exploring the spatial effects of digital 

services at different scales (local, urban, regional); and at understanding how mobile services 

can encourage new spatial uses, new collective behavior, and better quality of places. This is, 

not only in main inner cities, but also in small villages, as well in suburban and in-between areas 

(Morandi et al., 2016). 

Taking the excessive fragmentation of technologies and the continuous overlaps among digital 

infrastructures (as well as their indifference to the specificities of places) into account, the 

research aims at encouraging the coordination and integration of several service platforms, and 

at promoting site-specific services. With regard to these goals, the two concepts of urban digital 

nodes and Internet of Places have been introduced. The metropolitan region scale of the 

research spatial scenario requires the enlargement of these reflections and these concepts from 

smart city to smart land by disrupting the localistic logic that is usually adopted by single 

municipalities and frequently risks penalizing both technological and socio-economic 

development (Bonomi and Masiero, 2014). That is, from a smart city to smart region, brought 

about by paying particular attention not only to the main urban centers, but especially to the 

suburban and intra-urban areas, as well to small villages in peripheral spatial contexts
iii
 

(Morandi et al., 2013). In particular, the potentialities of wider-scale smart programmes and 

projects relate to the involvement of these marginal areas (often penalized by high levels of 

digital divide) in socio-economic innovation processes and in spatial regeneration plans, also 
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thanks to the ICT development. Digital technologies may be considered opportunities for a 

spatial rebalancing (at local, urban, and regional scales) by making single places (which are 

network nodes) equipotential, independently of their effective spatial location. By the way, the 

conceptual transition from smart city to smart region implies not only the necessary reference to 

a new spatial scale, but also the transfer of methodology and contents to low-density (and 

sometimes low-digital) areas (Morandi et al., 2016). 

For what is concerning the evolution from the urban nodes concepts to the urban digital nodes 

concept, UDNs are physical places, which are located in proximity of (material and immaterial) 

network junctions. They are urban because they are characterized, on the one hand, by 

compactness and density of architectural components and urban fabrics or of physical flows, 

and on the other, by high level of exchanges and relations activated by their functional mixing. 

At the same time, they are digital because they integrate physical and virtual dimensions by 

providing traditional and ICT services, which are site-specific and location-based, in order to 

encourage social inclusion, economic innovation, and spatial regeneration. Differently from 

traditional urban nodes, UDNs are made of both material and digital components, and they are 

featured by high spatial quality. However, as traditional urban nodes, UDNs are located in 

accessible places, characterized by high densities of flows (of people, goods, and information), 

which they provide different services to, and they are multi-scalar. From territorial platforms 

formed by large metropolitan regions in the global space – such as for instance the entire San 

Francisco Bay Area, that is the world capital of digital and sharing economy and society – to 

innovative services in city neighborhoods – such as for instance the IIT McCornick Tribune 

Campus in Chicago, where the tube station has been integrated by university facilities provided 

with digital devices and applications.  

At the urban and neighborhood scale, UDNs could be located in: 

(i) new buildings in public spaces or in open spaces to be improved; 

(ii) new buildings in brownfield sites to be transformed; 

(iii) existing spaces in abandoned or partially used buildings to be recovered. 

Designed as smart spaces based on the interaction between humans and sensors, UDNs could 

provide different kinds of users with ICT services through a coordinated system of applications. 

These APPs could offer augmented reality experiences through NFC technology, thus 

encouraging innovative – dynamic and interactive – uses of physical spaces (situated 

cognition). 

Through ICTs, UDNs offer site-specific and location-based services for personal devices, which 

can directly link virtual worlds with the real world, and are able to enhance people-place-people 

relationships. By integrating physical and digital dimensions, UDN approach could contribute to 

the theoretical debate on the potential transfer of the enhancement of city performances through 

the virtual dimension, produced by new technologies, to the physical one, beginning with the 

innovation of space uses and organization driven by ICTs. At the same time, they could provide 

the opportunity to experiment with the use of the Internet to promote local interactions among 

individuals, and to stimulate the development or reinforcement of communities (Morandi et al., 

2016). In this perspective, the research deals with two of the main risks and criticalities of the 

smart city approach, related to the quality and sociality of spaces. On the one hand, the lack of 
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urban form responses to new social relationships offered by ICTs. On the other, the reduction of 

people to service addressees, without the mediation of physical places or persons, thereby 

compromising traditional systems of social relationships within the space (Paris, 2014).  

The UDN Pilot Projects within the Metropolitan Region between Milan and 

Turin: Rho Fiera Expo 2015, Novara, Villarboit, and Settimo Torinese 

Within the research spatial scenario of the metropolitan region between Milan and Turin, the 

urban digital nodes concept refers to an urban space extended to a wide scale by the current 

phenomenon of city regionalism (Scott, 2001; Hall and Pain, 2006; Herrschel, 2010). That is, to 

an urbanity dimension related not only to physical features, but also to use and relation 

intensities. A conceptual milestone of UDNs is their replicability as regards goals, targets and 

basic components, as well as their adaptability to different physical and socio-economic 

contexts. After testing methodologies and contents within the Milan urban context in its previous 

phases, the last research part aims at applying and verifying these approaches, procedures and 

matters at the wider scale of the potential smart region. Along the infrastructural bundle 

between Milan and Turin, a system of potential UDNs is selected in order to check the research 

methodologies and contents for what is concerning localization and service endowment of 

Urban Digital Nodes: 

(i) the Rho Fiera Expo 2015 railway station (in red in Figure 1); 

(ii) the Novara railway station (in yellow in Figure 1); 

(iii) the Villarboit motorway rest-stop (in green in Figure 1); 

(iv) the Settimo Torinese motorway toll house (in blue in Figure 1). 

 

Figure 1 The location of potential UDNs within the metropolitan region between Milan and 

Turin 

 

 

 

 

 

 

 

 

 

 

 

Source: authors’ elaboration 
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The suburban Rho Fiera Expo 2015 railway station intercepts Italian high-speed trains, 

international trains to Europe, regional and suburban trains, Milan underground trains, two 

motorways to France and Switzerland, a system of provincial roads connecting Milan with its 

surrounding cities (Figure 2). This is an important interchange node, and it is one of the main 

city-gates at a European level, located along the North-Western axis (Bolocan Goldstein et al., 

2011). Consequently, this is the axis where the Malpensa international airport is located, as well 

as several important urban functions and large urban change projects. Among them, in the 

station surroundings, the new Milan Trade Fair exhibition center (opened in 2005), the Expo 

2015 site, and the future post-event research and innovation district are situated, mainly 

attracting the following users: not only inhabitants, but also commuters, students, local workers, 

and tourists (for business or for leisure). 

The urban Novara railway station, that is located in one of the medium-seized cities of the 

Northern Italy city region, intercepts a system of historical railways to Milan, Turin, Biella, 

Mortara and, in the future, the Malpensa international airport (Figure 3). At the same time, the 

location of the entire city is strategic, as it is situated at the crossing point between two 

important European corridors: the 5 (Lisbon – Kiev, partially operated) and the 24 (Genoa – 

Rotterdam, under construction). As the urban development is strictly related to this existing and 

coming infrastructural system, the historical center and the main university campuses of the 

Università del Piemonte Orientale are situated in the station surroundings. An interchange node 

for both people flows from nearby small cites and to nearby large cities, mainly attracting the 

following users: not only inhabitants, but also commuters and students. 

 

Figure 2 The spatial and infrastructural context of the potential UDN connected to the 

Rho Fiera Expo 2015 railway station  

 
 

Source: authors’ elaboration 
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Figure 3 The spatial and infrastructural context of the potential UDN connected to the 

Novara railway station 

 

 

 

 

 

 

 

 

 

 

 

Source: authors’ elaboration 

 

The inter-urban Villarboit rest-stop, that is now referred only to the Milan-Turin motorway, also 

intercepts a system of (local and rural) roads and paths (Figure 4). It is immerged in the 

fascinating landscape of a rich agricultural area, even crossed by the Canale Cavour and its 

related landscape networks, mainly attracting the following users: commuters, local workers and 

tourists (mostly for leisure). 

Finally, the suburban Settimo Torinese toll house along the Milan-Turin motorway (Figure 5), 

endowed with a motorway bus stop, is located in-between a residential area and an industrial 

district, mainly attracting the following users: not only inhabitants, but also local workers and 

tourists (mostly for business). 

 

Figure 4 The spatial and infrastructural context of the potential UDN connected to the 

Villarboit motorway rest-stop  

 
Source: authors’ elaboration 
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Figure 5 The spatial and infrastructural context of the potential UDN connected to the Settimo 

Torinese motorway toll house  

 

 

 

 

 

 

 

 

 

 

Source: authors’ elaboration 

 

Within the system of urban nodes identified by the research in the metropolitan region between 

Milan and Turin, these four (above mentioned) are selected for the development of UDN pilot 

projects according to different reasons: 

(i) their interaction with infrastructural corridors; 

(ii) their articulation among different kinds of infrastructures (such as roads and railways); 

(iii) their distribution among different spatial and socio-economic contexts (that is, urban, 

suburban and intra-urban); 

(iv) their equidistance. 

On the basis of this selection, the research is now completing its investigation beginning with 

the best localization of these potential UDNs, as well with the definition of their functional 

components by declining site-specific and location-based services, both traditional and digital. 

This research activity integrates top-down and bottom-up approaches: 

(i) on the one hand, by developing traditional few to many design processes; that is, looking 

from above, using different tools (by experts); 

(ii) on the other hand, by giving an important role to final users on a many to many logic (for 

instance, by administering questionnaires); that is, walking through, doing direct experiences 

(by users). 

The UDN Contribution to a Smart Region Development: the Internet of 

Places 

According to the multi-scalarity of UDNs, a smart region could be considered both in relation to 

its single components (through local-scale services, such as public spaces and facilities directly 

integrated and empowered by ICTs) and in its overall extension (through large-scale services, 

such as physical and digital infrastructures at the overall regional level). The research proposes 

to provide existing spatial networks and nodes with digital services, as if they were hypertextual 
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references that favour immaterial enlargement of physical places. It highlights the analogy 

between spatial networks and nodes (made by infrastructures, environment resources, or main 

urban functions), and digital networks and nodes (represented by the Internet). These 

integrated (spatial and digital) networks and nodes could be considered as milestones for the 

development of a regional smartness governance and agenda, by contributing to a rebalance 

between major urban centers and intermediate places (Morandi et al., 2016). 

Waiting for an imminent definition (at the same time, top-down and bottom-up) of site-specific 

and location-based services provided by the UDNs (also thanks to the collection of users’ 

questionnaires), the research can anticipate them through some theoretical references. The 

integration of mobile telephones with web-based services and applications generates ubiquitous 

social contacts, as well as ubiquitous access to cyberspace, which may be considered a new 

urban domain (Mitchell, 1995) and favours the development of augmented urban spaces (Aurigi 

and De Cindio, 2008). At the same time, ICTs can enable people who stay or move in space to 

interact with each other or with places where they are immersed. They can directly transmit 

information related to physical spaces, or socially share information received by a myriad of 

sensors located in physical spaces. This relationship between people and places within the 

urban environment has analogies with the growing Internet of Things concept and towards the 

Internet of Cities one (related to the development of increasingly connected self-sufficient urban 

poles consisting of systems of intelligent components) (Guallart, 2012). Therefore, this 

relationship may give rise to an Internet of Places concept. This notion refers to groups of users 

with common interests who may share real-time information about built or unbuilt places; that is, 

an instant social community created by people sharing interests in specific places (Morandi et 

al., 2016).  

The post-industrial society, which has replaced the centrality of manufacturing activities with the 

development of a service economy, has been otherwise termed the ‘information society’ or 

‘communication society’, that is, the ‘knowledge-based society’. These concepts express a 

transition from industrial capitalism, based on the construction and distribution of material 

products, to cognitive capitalism, which is oriented to the development and dissemination of 

information and expertise. Knowledge results from information shared through polycentric and 

global networks provided by ICTs, which have disrupted the traditional organization of polarized 

and hierarchical Fordist society (Rullani, 2004). The evolution of the economic and social 

system, the spatial dynamics and technology development that have arisen in recent decades 

require enlargement of the concept of community services, which in contemporary cities is 

articulated into different forms. It integrates material services located in space (such as schools; 

cultural, social and sport facilities; public green areas) with immaterial services unrelated to 

physical places (such as, partially, welfare and health); that is, it merges fixed services with 

mobile ones (such as services provided through telecommunication systems using different 

kinds of personal devices). Mobile services, in particular, empower traditional relationships 

between services and users by favouring immediate accessibility to and sharing of information, 

as well as flexible use of smarter spaces. On the one hand, the boom in mobile services 

enables (anytime and anywhere) close and distant relations between things and places, or 

between experiences and knowledge. On the other hand, the analogy between physical and 
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virtual networks, or between nodes/places of material networks and nodes/sites of Internet 

networks, requires exploration about existence and meaning of relations between physical 

spaces (of urban, suburban and intra-urban areas) and virtual spaces of ICTs. This is another 

way to approach the suggested analogy between the Internet of Things (a concept frequently 

exploited by research and innovative productions) and the Internet of Places (a new concept 

that still needs to be explored) (Morandi et al., 2016). 

The space-time extension of experiences and information provided by digital devices introduced 

in the past fifteen years enables recognition of close analogies between immaterial 

communications networks and material networks which innervate physical space (Ferraris, 

2014). That is, it allows places to sediment and provide more detailed and stratified data and 

information, and to integrate the experimental field of the Internet of Things (on which innovation 

in industrial production is taking place) towards the new frontier of the Internet of Places. ICT 

services contribute to the development of social spaces by improving the spatial quality and the 

social value of places. Consequently, digital services can be considered innovative location-

based services, where location is not only a position but also a stronger relationship between 

users, devices and surrounding spaces. At the same time, spaces which are shared (physically 

or virtually) by people through ICTs can be considered digital nodes: places which in a general 

sense can furnish services, both physical or digital, to people through the direct interaction 

between users and the digital infrastructures provided by the space itself, and which may 

therefore enhance their role. Conceiving the metropolitan region between Milan and Turin as a 

network of physical nodes potentially enriched by ICTs, and consequently as a network of digital 

nodes, these places can be considered by analogy Internet sites, which could be directly 

accessed by users with their mobile devices in order to obtain and share information. 
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i
 Which includes two Regions (Lombardy and Piedmont), three Provinces (Biella, Novara and Vercelli), two new 
Metropolitan Cities (Milan and Turin) and dozens of Municipalities. 
ii
 At the beginning, however, the research took place only within one of the two main urban poles of the metropolitan 

region between Milan and Turin. The very first research phase focused on the Città Studi university area in Milan. This 
area was chosen to experiment with the use of mobile devices to improve the performance of university services, both 
traditional and digital. At the same time, it was chosen also to explore the new relations between large urban functions 
and their spatial contexts, as well between people and places enabled by ICTs. In the second research phase, the 
spatial area of the experimentation was extended from the scale of the Città Studi university campus to the scale of the 
Milan urban sector in which university facilities (such as, the Bovisa campus) and exhibition centers (such as, the Milan 
Trade Fair and the Expo 2015) are located. 
iii
 This large scale approach is rare, as the majority of smartness programmes and projects in Europe (which have been 

until now launched) refers to an urban scale (Associazione Nazionale Comuni Italiani, Osservatorio Nazionale Smart 

City, 2014; Directorate-General for Internal Policies, Policy Department, 2014).  
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Abstract 

The Pilgrimage sites (Mina, Arafat and Muzdalifah) located in the southeast part of the holy city 

of Mecca, Saudi Arabia, or “Hajj Sites” as it is known, are one of the most important annual 

assembly areas for Muslims from all over the world and being visited by millions of pilgrims 

every year to perform the Islamic pilgrimage (Hajj). The sites have undergone significant 

change in land cover since the government embarked on a course of intense development 

projects 20 years ago, as a result of the increase in the number of pilgrims every year. 

Considering lack of studies that measure and evaluate land cover changes of the sites, this 

study detects, analyzes and evaluates land cover changes in Hajj sites from 1997 to 2013 using 

Landsat images of four different time periods, i.e., Landsat Thematic Mapper (TM) of 1998, and 

Lamdsat Enhanced Thematic Mapper Plus(ETM+) of 2003, 2008 and 2013. The supervised 

classification methodology has been employed through testing its different techniques to obtain 

the best possible result; the images of the study area were categorized into five different 

classes’ namely Built-up areas, Street, Mountain, un built-up and Vegetation. The comparison 

(pixel by pixel) was used to land cover changes detection. Generally, the results show a 

noticeable increase in area on both built-up and street due to the rapid development in the 

areas with decrease in vegetation and un built-up. The provided information, combined with the 

field observation work is essential for assist future planning and decisions in one hand, and on 

mailto:aeimam@kau.edu.sa
mailto:cpsv.info@upc.edu
mailto:josep.roca@upc.edu
mailto:cpsv.info@upc.edu
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the other hand can play an important role in quantifying and understanding the relationship 

between population growth (pilgrims) and land cover changes.  

Introduction  

Each year, over 3 million Muslims perform the Hajj (Islamic pilgrimage) to Mecca and surrounds 

including Hajj sites called (Mina, Arafat and Muzdalifa). It is the world's largest gathering of 

Muslims and the biggest annual gathering in the world (CNN, 2011). Thus, it presents specific 

logistical challenges for the government of Saudi Arabia. According to the Saudi Press Agency, 

as recently as 1950 the number of pilgrims during Hajj was less than 100,000. That number 

doubled by 1955, and in 1972 had reached 645,000. In 1983, the number of pilgrims coming 

from abroad exceeded one million for the first time (Chalmers, 2011). In recent years, Saudi 

Arabia has hosted over 1.5 million pilgrims from abroad as well as another million from within 

the Kingdom. This vast number of pilgrims in a limited geographic areas and specific time has 

created myriad challenges for the Saudi government. The sites have undergone significant 

change in land cover since the government embarked on a course of intense development 

projects 20 years ago, as a result of the increase in the number of pilgrims every year. 

Considering that the measurement and monitoring of land cover changes in any area are crucial 

to government officials and planners who need updated information for planning and 

management purposes (Yeh et al., 2001). The main objective of this paper is to detect, identify, 

and measure the composition of land cover changes of Hajj sites using multi-temporal satellite 

imagery. Such information is fundamental for a better understanding the relationships and 

interactions between humans and the natural environment (Dewan et al., 2009). Furthermore, 

change detection means the process of identifying differences in the state of an object or 

phenomenon by observing it at different times (Singh, 1989). However, a variety of digital 

change detection techniques has been developed in the past three decades (Nori et al., 2008), 

remote Sensing data and techniques, in combination with GIS and landscape metrics, are 

fundamental to analyze and characterize Land Cover and its changes (Fichera et al., 2012). In 

fact, multi-temporal RS datasets, opportunely processed and elaborated, allow mapping and 

identifying landscape changes, giving an effective effort to sustainable landscape planning and 

management (Dewan et al., 2009). The availability of time-series dataset is essential to 

understand and monitor the urban expansion process, in order to characterise and locate the 

evolution trends at a detailed level. In fact, during the last three decades, satellite time series as 

Landsat images have been exploited in several studies (Masek et al., 2000; Yang and Lo, 2002; 

Yuan et al., 2005). By means of the integration of remote sensing and GIS techniques, it is 

possible to analyze and to classify the changing pattern of land cover during a long time period 

and, as a result, to understand the changes within the area of interest (Fichera et al., 2012). 

Islamic Pilgrimage 

The performance of the Hajj (Islamic Pilgrimage) to Mecca is the fifth pillar of Islam after the 

profession of monotheistic faith, acceptance of the daily ritual of five prayers, giving of alms and 

fasting of Ramadan. Able Muslims who fulfill certain conditions are obligated to perform Hajj 
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once during their lives. It falls during the Islamic lunar month of Dhu'l-hijjah
1
 each year , It is a 

set of acts of worship involves several rituals and praying designed to be performed in Mecca 

and its surrounding sacred sites located about 5 miles from Mecca and known as (Mina, Arafat 

and Muzdalifah), with the goal to bring the faithful closer to God 

In Islam, pilgrimage is an essential practice. For Muslims, the origins of the Hajj and the holy 

places of Mecca lie deep in the primeval past. According to the Qur’an, Abraham and his son 

Ishmael laid the foundations of the Ka‘ba in Mecca, offering the structure to Allah: “when 

Abraham was raising the plinth of the House with Ishmael, (he prayed): ‘Accept this from us, O 

Lord’” (Qur’an, 2:127).
2
 Later Islamic tradition claimed that Adam had already hallowed the site.

3
 

But the cult dedicated to the worship of Allah degenerated, and the Meccans “exchanged the 

religion of Abraham and Ishmael for another.”
4
 

As the host city of the Ka‘ba, Mecca had been a pagan pilgrimage site since antiquity, and was 

likely in use as such for millennia before Muhammad. There is little doubt that pre-Islamic Arabs 

had a cult of stones at the site of the Ka‘ba.
5
 The Qur’an takes note of this, even mentioning that 

the months for pilgrimage were matters of common knowledge (Qur’an, 2:197). 

The pre-Islamic pilgrimage was composed of a series of rituals. Muhammad took those 

traditions and reoriented them away from the worship of idols toward the worship of Allah. In 

effect, “the later Muslim tradition ‘harmonized’ the Islamic version of the complex by identifying 

each of its elements with some incident in the Abraham legend, which was itself enriched by 

association with otherwise inexplicable practices in the Hajj ritual.”
6
  

Study area 

The Hajj sites are located in the southeastern part of the Mecca. It covers area between 21°N 

latitude and 39°E longitudes with an area of approximately 113km². The sites are covered by hill 

and desert terrain around them, and have an average temperature of 40˚C in summer and 30˚C 

in winter. the past 20 years, Mecca and Hajj sites have experienced rapid urbanization and 

exhibit a wide variety of land use and land cover types, as they are the most revered holy 

places of the international Muslim community, receive more than 3 million visitors annually, 

embracing the rituals of the Hajj pilgrimage (Alqurashi and Lalit, 2014). The sites include three 

places called Mina, Muzdalifa and Arafat, the nearest to Mecca is the narrow valley of Mina, 

which lies about 7 km north-east of the Great Mosque and it is surrounded by high and steep 

rocks and its eastern canonical border is a dry riverbed. 6 km further to the east one finds the 

plane of Muzdalifa, a wide valley with a little hill, which is enclosed by some rocky mountains, 

forming a narrow pass. Through this the path of the pilgrims leads a further 7 km to the east to 

                                                      
1
 The Islamic calendar, Muslim calendar or Hijri calendar (AH) is a lunar calendar consisting of 12 months in a year of 

354 or 355 days. It is used to date events in many Muslim countries (concurrently with the Gregorian calendar), and 
used by Muslims everywhere to determine the proper days on which to observe the annual fast (see Ramadan), to 
attend Hajj, and to celebrate other Islamic holidays and festivals. 
2
 Quotations from the Qur’an are from Ahmed Ali, Al-Qur’an: A Contemporary Translation, rev. ed., 9th paperback 

printing (Princeton, N.J.: Princeton University Press, 1993). 
3
 F. E. Peters, The Hajj: The Muslim Pilgrimage to Mecca and the Holy Places (Princeton, N.J.: Princeton University 

Press, 1994), 7. 
4
 Ibn al-Kalbi, quoted in Peters, Hajj, 21. 

5
 Peters, Hajj, 21. 

6
 Ibid., 31. 
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the valley of Arafat enclosed in the West by a dry riverbed and in the east by a comparatively 

low mountain range (Figure 1).  

 

Figure 1. Mecca and hajj sites map 

 
Source: http://www.mapsofworld.com/saudi-arabia/maps/makkah-map.jpg 

Material and methods  

Database preparation  
Landsat Thematic Mapper at a resolution of 30 m of 1998, 2003, 2008 and 2013 were used for 

land cover classification. The satellite data covering study area were obtained from the USGS 

Earth Explorer site (table 1). All four images were geometrically corrected and rectified to UTM 

zone 37. These data sets were imported in ENVI software version 5.1. The sub-setting of 

satellite images were performed for extracting study area from both images by taking geo-

referenced out line boundary of sacred sites district in Mecca as (Area of Interest), which was 

obtained from the official Mecca municipality webpage. The filling Gaps process was applied to 

both images of 2003 and 2008 using a technique developed by Scaramuzza, et al (2004) in 

order to correct the failure of the sensor of Landsat 7 Enhanced Thematic Mapper (ETM) 

occurred on May 2003 (Chen et al., 2011). Furthermore, Images resolution of Landsat 7 

Thematic Mapper Plus (ETM+) has been enhanced through the pan-sharpening method 

through the merge of multispectral bands with the 15-meter panchromatic band, without losing 

the RGB information from the original multispectral three-band 30-meter composite. The 

objective of the sharpening was to improve the spatial resolution of the multispectral imagery, 

while preserving the spectral information in homogeneous areas (King and Jianwen, 2001). 
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Table 1. Dataset used for this paper 

Source: Author preparation 

 

Images classification  

To work out the land cover classification, supervised classification method with maximum 

likelihood algorithm was applied in the ENVI 5.1 Software. It is one of the most popular 

supervised classification methods used with remote sensing image data (Rawat and Kumar, 

2015). This method will classify the image based on the training sets (signatures) provided by 

the user based on his field knowledge. The training data given by the user guides the software 

as to what types of pixels are to be selected for certain land cover type (Hegazy and Kaloop, 

2015). The classification finally gives the land cover image of the area. Five land cover classes 

namely vegetation, built up, street, un-built-up and mountain were identified in the study area 

(table 2). The classified images provide all the information to understand the land cover of the 

study area(Figure ). However, considering that no land cover assessment is completed without 

checking their accuracy of the classified images that generated from the classification process 

(Mustapha et al., 2011), In this study the confusion matrix method through the ground truth data 

was applied to the classified images in order to calculate and tabulate the overall classification 

accuracy and Kappa Coefficient. 

 

Table 2. Description of these land cover classes 

Land Cover 

Classes 
Description 

Built-up Residential, commercial services, industrial, mixed urban or built-up land 

Street Including all roads network 

Un-Built-up Bare soil, sandy soil, desert, open land 

Vegetation Trees, agriculture area, vegetated area 

Mountain Hill, large rock, rugged terrain 

Source: Author preparation 

 

Change detection analysis 

Change detection analyses describe and quantify differences between images of the same 

scene at different times (Hegazy and Kaloop, 2015). The classified images of the four dates can 

be used to calculate the area of different land covers and observe the changes that are taking 

place in the span of data. This analysis is very much helpful to identify various changes 

Year Satellite
Sensor type 

(Dataset)
Acquisition 

Date
Spatial 

Resolution

1998 LANDSAT_5 TM 8/25/1998 30 m

2003 LANDSAT_7 ETM+ 8/15/2003 30 m

2008 LANDSAT_7 ETM+ 8/28/2008 30 m

2013 LANDSAT_7 ETM+ 8/26/2013 30 m
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occurring in different classes of land use like increase in built-up area or decrease in vegetation 

area and so on. There are many methods of change detection available (Lu et al., 2004). In the 

case-study here described, the methodology followed has been the “Post-classification 

comparison”, This method detects changes in land cover type comparing pixel by pixel the 

classified images. Jointly with “Post-classification comparison”, a GIS has been combined, to 

efficiently integrate land cover maps and to quantitatively reveal the change dynamics in each 

category. The advantage of GIS techniques it’s not only linked to exploitation of database 

capabilities, but also to the ability to manage different land cover maps by means of typical 

operators like “intersect” and “union”, in order to easily evaluate the amount of change [Petit and 

Lambin, 2001].  

Results and discussion 

Land cover changes 

The results coming from the study here described were diagrammatically illustrated in (Figure 2 

and 3). The statistics and the percentages of land cover change are registered in (Tables 3). It 

is clear from the table that there was a considerable change in land cover in sacred sites during 

the 20-year study period. Built-up area increased by approximately 5.6 km² (147.54%). There 

were also a little increased in both vegetation and street cover by approximately 0.14 km² 

(3.39%) and 0.46 km² (7.17%) respectively. Mountatin is the dominant land cover class in the 

area because of its geographical location on the Al-Sarawat Mountain range (Alqurashi et al., 

2014), the un-Built-up class forms another major class of land cover. Un-Built-up cover showed 

a decrease of -8.55 km² (-27.3%) as a result of the increase in the others classes. Mountain 

cover strangely showed an increase of 2.35 km² (3.48%) especially between 2008 and 2013, 

which could be because of the demolish work to provide more space for pilgrims. It is noticed 

that most of change occurred in Built-up area was between 1998 and 2003 at range of (80.81%) 

and that because Mina had the project of the improved permanent tents project started in 

respond to the fire broke in 1997 and finished in 2001. On the other hand there was fluctuate in 

vegetation cover area as showed the table that there was a decrease (-6.45%) between 1998 

and 2003 and an increase of (22.78%) between 2003 and 2008 and a little increase of (3.72%) 

between 2008 and 2013.   

 

Table 3. Results of land cover classification showing area change and percentage 

change 

land cover

1998 2003
Change 

between 1998-
2003 by %

2008
Change 

between 2003-
2008 by %

2013
Change 

between 2008-
2013 by %

1998 - 2013 Total change 
Area Area Area Area

Km² % Km² % Km² % Km² % Km² %

Built_up 3.80 3.36 6.87 6.07 80.81 8.16 7.22 18.85 9.40 8.31 15.19 5.60 147.54

vegetation 4.07 3.59 3.80 3.36 -6.45 4.67 4.13 22.78 4.20 3.72 -9.99 0.14 3.39

street 6.39 5.65 6.49 5.74 1.46 7.01 6.20 8.09 6.85 6.06 -2.28 0.46 7.17

mountain 67.54 59.71 64.96 57.43 -3.82 64.06 56.63 -1.39 69.89 61.79 9.10 2.35 3.48

un_built_up 31.32 27.69 31.00 27.40 -1.02 29.21 25.83 -5.75 22.77 20.13 -22.07 -8.55 -27.30

Overall Accuracy 84.64 84.80% 83.56% 83.72%

Kappa Coefficient 0.808 0.810 0.7945 0.7965

Source: Author preparation 
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Figure 2. Classification from the satellite image 

 

Source: Author preparation 

 

Figure 3. maps of the major land cover types and the changes from 1998 to 2013 

 

Source: Author preparation 
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Accuracy assessment  
Accuracy assessment of the land cover classification results obtained showed an overall 

accuracy of 84.64%, 84.8%, 83.56% and 83.72% for 1998, 2003, 2008 and 2013 respectively 

(Table 4). 500 samples were selected randomly in order to examine the image classification 

accuracies. The producer’s and user’s accuracies showed the highest percentage in the urban 

class, however, the accuracies of vegetation class also showed a high percentage because the 

vegetation gives a unique spectral reflectance in the near-infrared bands. The low percentage of 

producer’s accuracies was found in street class because of the mixed pixels with other classes. 

Finally, the producer’s accuracies of mountain and soil class showed high percentage while the 

user’s accuracies showed low percentage value. 

 

Table 4. Summary of classification accuracies 

 
Source: Author preparation 

 

Figure 4. Maps of the three Hajj places inside sacred district 

 

Source: Author preparation 
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The three hajj places  

As mentioned before that the sacred district includes three places called Mina, Arafat and 

Muzdalifa. Each one has its land cover character depending on the ritual assigned there (figure 

3). In this study we have also mapped the land cover changes for each place separately in 

order to understand better land cover changes of the whole sacred sites district. Therefore, 

results show that most changes in Mina, Muzdalifa and Arafat was an increase in the built-up 

cover by approximately 1.83 km² (104.01%), 0.82 km² (273.88%) and 0.38 km² (107.68%) 

respectively. The highest change was between 1998 and 2003 as a result of the tent project 

mentioned before. Moreover, vegetation cover has increased in Muzdalifa by approximately 

0.02 km² (65.97%), where in Arafat the vegetation cover had fluctuate during the period of study 

(Table 5,6 and 7). 

 

Table 5. Mina land cover changes by km² and by percentage 

km2 % km2 % km2 % km2 % km2 %

Built_up 1.76 22.54 3.36 43.01 3.53 45.27 3.59 45.98 1.83 104.01

un_built_up 0.75 9.64 0.17 2.13 0.13 1.61 0.12 1.52 -0.63 -84.24

vegetation 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

street 0.41 5.26 0.41 5.26 0.43 5.49 0.46 5.84 0.04 10.93

mountain 4.88 62.56 3.87 49.59 3.71 47.54 3.64 46.62 -1.24 -25.47

Mina

Land cover categories 
1998 2003 2008 2013 Change 98-13

 
Source: Author preparation 

 

 

Table 6. Muzdalifa land cover changes by km² and by percentage 

km2 % km2 % km2 % km2 % km2 %

Built_up 0.30 2.56 0.76 6.51 0.81 6.94 1.12 9.59 0.82 273.88

un_built_up 2.22 18.99 2.04 17.44 2.00 17.14 1.72 14.72 -0.50 -22.49

vegetation 0.04 0.32 0.06 0.54 0.10 0.87 0.06 0.54 0.02 65.97

street 0.89 7.64 0.89 7.64 0.90 7.66 0.93 7.99 0.04 4.53

mountain 8.23 70.48 7.93 67.87 7.87 67.40 7.85 67.16 -0.39 -4.71

Muzdalifa

Land cover categories 
Change 98-131998 2003 2008 2013

 
Source: Author preparation 

 

 

Table 7. Arafat land cover changes by km² and by percentage 

km2 % km2 % km2 % km2 % km2 %

Built_up 0.35 3.29 0.43 4.14 0.57 5.47 0.72 6.84 0.37 107.68

un_built_up 2.87 27.39 3.69 35.22 2.89 27.53 2.64 25.15 -0.23 -8.16

vegetation 2.76 26.31 2.26 21.58 3.22 30.73 2.62 25.03 -0.13 0.00

street 1.02 9.72 1.05 10.06 1.07 10.25 1.90 18.12 0.88 86.46

mountain 3.49 33.29 3.04 29.00 2.73 26.04 2.61 24.90 -0.88 -25.21

Change 98-13
Land cover categories 

Arafat

1998 2003 2008 2013

 
Source: Author preparation 
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Conclusion  

Gathering information about land cover change from multi-temporal satellite images helps to 

understand the nature of such changes, where they are occurring, how much they have and 

development. Furthermore, the use of remote sensing in combination with GIS technologies is 

fundamental to analyze and characterize land cover changes. This study was successfully able 

to detect land cover changes of sacred district area in general and the three hajj places in 

specific  and found that the area of the built-up has increased whereas the area of un-built-up 

and vegetation has decreased within the period 1998-2013. On the other hand the street 

network has increased also as a result of the increase in Hajj sites facilities. This work shows 

that even the event of Hajj is temporary (only one week a year), the land cover is continue 

changing more and more. Future work with more satellite images and ground truth data may 

help to map the land cover changes with maximum level of accuracy. Thus, the present study 

illustrates that remote sensing and GIS are important technologies for temporal analysis and 

quantification of spatial phenomena which is otherwise not possible to attempt through 

conventional mapping techniques. Change detection is made possible by these technologies in 

less time, at low cost and with better accuracy. 
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Abstract 

Currently most of the growth of the human population takes place in the cities. Urban areas 

become more densely populated. Simultaneously cities are recognized as the leading 

producers of CO2 emissions. For these reasons, in the coming years, reducing energy use and 

mitigating air pollution in the cities will be critical.  

For decades, urban planners have attempted to make cities more sustainable and energy 

efficient. However, understanding the complex interactions among all factors, the environment 

and urban microclimates on citywide scales is a complicated challenge. 

Only in recent years development of computer programs in BIM standard have enabled 

comprehensive large-scale simulations and analyzes of urban environments.  

3D-CAD software modeling tools includes an interactive virtual environment that examines the 

dynamic physical processes associated with energy use and pollutant dispersion in settings 

ranging from neighborhoods to cities and metropolitan areas. 

Energy inventory in an urban scale, organized by the municipal authorities is nowadays the 

most justified. With the capabilities of modern software such task is feasible and economically 

viable. Inventory should based on simplified models of the buildings with the most important 

parameters such as: 

 basic dimensions and volume of buildings 

 description of thermal insulation of the building envelope 

 surface and thermal properties of windows 

 the source of heating and hot water 

 the solution of ventilation system in the building 

Introduction - urban projects with the task of reducing CO2 emissions 

More and more urban authorities take comprehensive actions to reduce CO2 emissions. The 

activities undertaken directly are intended to reduce CO2 emissions by investing in thermal 

renovations and modern HVAC systems equipment. The indirect actions have to alert the local 

mailto:markiewiczprzem@gmail.com
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communities that they need radical changes in terms of energy efficiency. They also point to 

savings potential in increasing the energy efficiency. 

The most important operations [1] require in the initial stage a detailed inventory of the 

individual buildings, including their energy parameters: 

 Thermal modernization of municipal and private buildings is contribute to improving their 

energy efficiency, and thus to reduce the energy consumption and the cost of its purchase. 

As a part of the modernization measures are carried out replacement of windows, thermal 

insulation of walls, roofs and modernization of central heating 

 Comprehensive modernization of street lighting is taken in order to reduce electricity 

consumption for lighting purposes of urban spaces. The investment allow for a significant 

improvement in energy efficiency of street lighting and significantly improve the standard of 

lighting and security on the streets. 

 Change of the sources of heating systems in a single-family and multi-family buildings with 

heating furnace which use coal as a fuel. It is assumed that activities related to the change of 

fuel used and modernization of boiler, undertaken by the inhabitants from inspiration or with 

the support of the community will help to reduce emissions associated with the burning of 

coal for heating purposes. 

 Changing of the behavior of inhabitants aftermath of promotional and educational information 

conducted by the municipality. This activity will be carried out various stocks of promotional 

and educational informations, designed to raise awareness of the inhabitants of the potential 

energy savings possibilities, that binds to the thermal efficiency of buildings, the change of 

the fuel used to heating, the use of renewable energy and a change in behavior. 

 Monitoring of energy consumption. Start of the system of monitoring of media consumption, 

based on remote meter reading, which will allow the creation of a territorial unit of a 

comprehensive energy management system and identify potential energy savings 

opportunities. According to the data from the literature, the start of monitoring of electricity 

consumption allows to achieve savings of at least 5% level. These savings result from a 

change in the way on which consumers use energy, from organizational changes and from 

formal and legal rules (adjustment of tariffs, capacity ordered). 

Energy inventories in the urban scale are becoming an essential element of all these activities. 

Integrated Energy Design - IED 

Evaluation and verification of buildings, both existing and newly designed in terms of their 

energy efficiency requires to use an Integrated Energy Design (IED) principles. 

In the case of newly designed buildings Integrated Energy Design (IED) means adopting the 

following rules [2]: 

 IED process is based on the well-proven observation that changes and improvements in the 

design process are relatively easy to make at the beginning of the process, but become 

increasingly difficult and disruptive as the process unfolds.  

 IED aims to collaborate in the design team (builder, architect, engineer) from the earliest 

stages of the project. 
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 IED also focuses on the influence each part of the design has on the whole construction. 

E.g. ventilation strategies will have an effect on the thermal indoor climate, fire conditions 

and is affected by daylight. 

 IED requires to shift the main burden of work on the stage of conception and introduction of 

appropriate tools supporting the design in the form of specialized software. 

In the case of inventory of existing buildings Integrated Energy Design (IED) means introduction 

to project not only the dimensions of the building but also the physical data of building materials, 

layer systems with thicknesses of individual layers, the parameters of heating, ventilation and 

hot water installations, etc. 

Thus inventory of existing buildings with their energy aspect on the urban scale requires, like 

the design of individual buildings , reorganization of process of creating virtual spatial map of 

the city. 

The necessary tools 

BIM - Building Information Modeling [3] means to create, using the appropriate software, a vast 

database to accurately define each part of the building (construction materials and their 

properties, equipment, etc.), and structured in three-dimensional space as a virtual 3D model. 

Designing a building as a virtual spatial model, in which are conducted all the parameters of a 

real object, such as eg. A layer partitions with specific materials and their physical properties, 

performance, prices, etc. BIM allows already at a very early stage of planning to carry out 

various types of analysis and simulation. 

BIM is a tool, which, as in the case of newly designed buildings can be used for 3D inventory of 

existing buildings. 

Following parameters (the most important among others) should be defined already in the early 

stage of development of the design concept of the building: 

 carefully parameterized construction of the building envelope (layered structures for all 

partitions) 

o predetermined thicknesses of the individual layers of partitions 

o certain building materials, along with their associated physical parameters (calculated 

heat transfer coefficient, density, etc.) 

 window holes with the specified parameters of windows and doors frames 

o the windows surface 

o physical parameters of windows and method of fixing them in the wall 

 construction of the building, as a significant mass which is accumulating heat, diverse as 

structures with a different weights 

o heavy (concrete structures), > 400 kg/ 1 m
2
 of usable space 

o medium (masonry structures), 250-400 kg/ 1 m
2
 of  usable space 

o lightweight (wood- and metal-frame structures), < 250 kg/ 1 m
2
 of usable space 

 level of air infiltration through the building’s partitions in a hourly energy balance and total air 

infiltration (ACH) to the following distinction: 

o up to 0,6 l/s,m
2
 is a low value (for passive building) 
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o up to 1,0 l/s,m
2
 is an average value (as in a low-energy reference building) 

o from 1,5 l/s,m
2
 is a high infiltration (as in a building with a standard mechanical 

ventilation) 

o from 3,0 l/s,m
2
 is a very high infiltration (as in a building with natural, gravity ventilation) 

 

After creating a virtual building model in BIM software we can then converts it into so-called 

BEM model - Building Energy Model  [4]. This step requires to model the virtual 3D building as 

accurately as posible and then bring in 2 additional types of data: 

 Data related to a specific location: 

 geographic location and terrain altitude 

 statistical average weather data 

o air temperature 

o relative humidity 

o sunlight (depending on the angle of the sun for a given location) 

o speed and direction of the prevailing winds 

 nearest surroundings of the building 

 degree of horizontal shading 

 Indoor air data with projected temperatures in interiors with different functionalities 

BEM (also like a BIM) is a tool, which as in the case of newly designed buildings can be used 

for 3D inventory of existing buildings. 

There is not a big problem (either necessary time or technical) to collect these data from 

existing buildings. So the principles of integrated energy design can be effectively used also for 

inventory and projects in urban scale. Such a task involves on assigning to the individual, 

inventoried buildings more data than in the case of just purely virtual model with shape data 

only. These data, in the case of urban inventories must be collected (parallel to measurements 

of existing buildings) as a appropriate surveys and application informations, on the kind of 

checklist. 

In the energy inventories in urban scale (before starting work) it is important only to determine 

the required degree of accuracy and degree of approximation accuracy of the results. 

Sample group of four buildings 

As an example of the procedure of creating an energy inventory map of the city it was taken 4 

similar buildings, differing in technical parameters.  

 The first of the buildings is energy-efficient building in “low-energy standard NF40” [5] ,  

o very good level of thermal insulation  (for walls, roof, windows and doors) 

o mechanical intake-exhaust ventilation system with heat recovery 

o building located on the north-south axis with large south windows 

o temperature zoning 

o gas furnace with an efficiency of over 90% of the total system, etc. 

 The second buildings is a building identical to the first but with a different orientation relative 

to the east-west direction (rotated by 90 degrees). 
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 Third of the buildings is a building identical to the first but with unheated basement, with area 

of 85,0 m², where there is a garage for 2 cars and cellars. 

 Fourth of the buildings is a traditional building, with a standard technology solutions, with 

natural gravity ventilation, correct with obligatory Building Law in Poland. 

o smaller windows area 

o air tightness on a level n50 = 3.0 ac / h (building with gravity ventilation) 

o heat transfer coefficients on much worse level than in a reference building (for walls, roof, 

windows and doors) 

o gas furnace with an efficiency of 80% of the total system 

o building without temperature zoning  

o energy-consuming bulbs in lamps, etc. 

 

Models are simplified although have parameterized parameters such as: 

 thermal insulation of external elements of the buildings 

 main construction  materials with physical properties,  

 surface and thermal properties of windows 

 design assumptions for ventilation, heating and hot water installations 

 description of the technical building equipment and lighting 

 

These four examples show that collecting such data in the form of a questionnaire takes a very 

short time and it can be applied to any existing building. Also simplified dimensions of the 

building are available relatively fast and allow you to quickly perform virtual computer model of 

the building. 

Based on basic dimensions and collected data each of the four buildings has been modeled in 

the BIM standard computer program - Archicad 19 [6].   

Energy efficiency analysis of these four buildings, have been prepared in specialized computer 

program for energy analysis - Design Builder [7]. 

Description of a basic reference building model  

In the comparative analyzes in the urban scale, which are prepared to promote buildings with 

high energy efficiency and to draw attention to substandard buildings, there is need to adopt a 

point of reference. In the example, shown in this article as a reference point, there is a family 

residential building with a low-energy standard. 

The level of energy efficiency of buildings consists of many factors. To determine the degree of 

influence of each of them, as a point of reference was designed original reference building that 

meets the requirements for a low-energy buildings. Then, in this building, introducing a variant 

design solutions, were conducted comparative studies and research on the profit and loss of 

energy, final energy consumption and the level of comfort and overheating. 
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Basic model Building is a semi-detached single family house with 170 m² living area. A building 

with a simple geometry has been chosen in order to keep the envelope area evaluation 

transparent. One storey and the attic is located inside the thermal envelope.  

 On the ground floor there is a living room and kitchen with dining area and an additional 

room that can be serve as office work place or additional guest room. Bathroom and W.C. on 

the ground floor, in particular version of a building without a basement, is intended to perform 

additional functions, ie. laundry and space for two-circuit boiler for central heating and hot 

water. At the entrance vestibule first part was planned as a kind of sluice, recommended in 

our climate zone. The open staircase separates optically the open living part. 

 The usable area of the ground level corresponds to floor plan on the 1st floor, which was 

located more intimate part of the house - master bedroom with adjoining bathroom with a 

W.C. and two children's rooms and a bathroom with W.C. available from the corridor. To 

achieve the necessary amount of functional space under the roof slants, the construction of 

a pitched roof was raised on the walls on a height of 1,0 m under the eaves. 

 

Figure 1. Horizontal plans of the ground floor and attic of the reference building 

   

Source: original project by the author 

 

Analysis of insolation and daylighting 

In Poland, residential buildings should be ensured duration of sunshine at least 3 hours in the 

days of the equinoxes (March 21 and September 21) in the 7.00-17.00. You can verify this by 

performing an analysis of insolation, which allows you to observe the buildings in the real 

situation in order to verify the conditions of sunlight at a particular location (geographic location) 

and time interval [8].  

Exemplary analysis of sunlight for 4 buildings were prepared using ArchiCAD, with the following 

parameters: 

• geographical location of the model and the parameters of the sun for the location in Krakow 

• the date: March 21 

• the time intervals:7.00 / 9.00 / 11.00 / 13.00 / 15.00 / 17.00 
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The analysis of insolation should be supplement with the analysis of daylighting. 

Daylighting analysis is performed in order to check the quantity and distribution of natural light in 

the individual interiors. 

Such analysis allows to determine the best and worst part of the building in terms of lighting. 

Such analysis allows to select or change on the basis of allocation of rooms, surface glazing 

and choose the optimal distribution of furniture and workstations. On this basis, you can choose 

the destiny of rooms, evaluate the surface of windows  and choose the optimal location of 

furnitures and workstations. 

The daylighting analysis does not show the average annual lighting only lighting for specific 

conditions. 

 

Figure 2. Exemplary analysis of sunlight for 4 buildings, date: March 21, time: 15.00 

and daylighting analysis of a ground floor of reference building 

 

 

 

 

Source: original project by the author, author's analysis in the Design Builder software 

Final energy consumption analysis 

In the analysis of the annual final energy consumption for 4 buildings, the total energy demand 

has been divided into the following components: 

• the energy needed to operate electrical appliances, 

• energy needed for lighting, 

• energy needed to heat the building 

• energy needed for hot water production 

The results of analyzes of the annual final energy consumption for four example buildings are 

shown below. Due to the reduction of an article capacity, in the diagram shows only the first 

reference building. The other three buildings were analyzed in the same way (Table 1). 
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Table 1. Summary of the results of analyzes for the four buildings 

of the annual final energy consumption 

 

 

 

 

[Wh/m
2
] 

1 

Reference  

building in “low-

energy” standard 

2 

The same building 

but rotated by 90
o
 

3 

Building with 

unheated 

basement 

4 

Standard, 

correct with 

obligatory 

Building Law 

Room electricity 17 065,63 17 065,63 16 927,71 17 058,40 

Lighting 7 414,30 7 362,00 7 574,48 11 503,56 

Heating (Gas) 12 341,76 

= 100% 

14 467,80 

= 117% 

17 923,82 

= 145% 

38 084,71 

= 309% 

DHW (Gas) 13 042,05 13 042,05 13 909,07 14764,83 
 

Source: author's analysis in the Design Builder software 

 

Changes in final energy consumption for heating in the second building with orientation rotated 

by 90° stem from the fact, that basic reference house (with recommended south orientation) has 

the largest glazed area on the south side. If you change the orientation of the largest area of 

glazing, the profits from the sun decreases, and at the same time energy consumption for 

heating increasing. 

Changes in final energy consumption for heating in the third building (with a cold basement) 

stem from the fact, that the basement ceiling is not insulated from the side of unheated 

basement space and it is a reason of a strong loss of heat from upper heating level to down. 

In the fourth building (with increased energy consumption) consumption of energy for heating 

rises three times above the level in the reference building. Final energy needed for hot water 

increased due to the lower efficiency of the heating system than at reference building. Final 

energy to electrical equipment remained unchanged, while the energy needed for lighting 

increased due to the use of energy-consuming light bulbs. 
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Figure 3. Analysis of the annual final energy consumption for the first, reference building 

 

 
 

Source: author's analysis in the Design Builder software 

 

 

More detailed analysis 

Energy inventorys of buildings, depending on their degree of accuracy, also allows a more 

detailed analysis.  

Figure 4 shows the analysis of energy consumption, on the example of the reference building, 

divided into individual month periods. 

Chart, showing monthly losses through partitions and ventilation allows for the conclusions - the 

high value of the losses by ventilation during summer time is caused by increased exchange of 

air through a system of mechanical ventilation supply and exhaust, in order to reduce the 

temperature indoors. If we assume a building ventilation by opening windows, it is the energy 

that we can draw from the account statement. 
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Figure 4. Analysis of monthly energy loss in a building - first building (low-energy standard): 

 

 
Source: author's analysis in the Design Builder software 

 

We can also reduce analysis time in a building only to a winter time and compare it with a 

similar analysis of the building No. 4 with a gravitational ventilation system (Figure 5)  

Characteristic for the first energy-efficient building is the analysis of energy losses, carried out 

only for the winter period from 1 October to 28 February. It shows a relatively large energy 

losses through the window. These losses do not stem from the bad performance of windows 

used only with very high performance thermal insulation of external walls, with the result that the 

proportion of energy loss through windows grow.  

Below, the analysis of the traditional building shows that the total energy losses are much 

higher than in the first building - energy-saving. You should also pay attention to the change in 

the proportion of the percentage ratio of heat loss through the various partition in both buildings. 

 

Figure 5. Analysis of energy lost through the partition in the winter 

 
 

a) First building (low-energy reference building): 

 

 

 

 

 

 

 

 



 

1048 

b) Forth building (traditional building with gravity ventilation): 

 

 
 

Source: author's analysis in the Design Builder software 

 

Conclusions  

The results of above example analyzes can be used in many ways according to the needs. 

Placing parameterized models to the oriented map, with location of the sun and the local climate 

parameters allows creating the energy map of the city. One or more parameters - such for 

example like the amount of energy needed for heating can be assigned to a specific building on 

the city map. On such way it is easy to convert traditional map into the energy map - just by 

assigning corresponding colors to the digital data. Simultaneously modern engineering software 

allows to enter data relatively quickly and easily. 

No doubt it would be very beneficial if every building in the city held a kind of file with such 

energy analyzes, at the same time reflected graphically on the city map.  

Main, modern analysis and simulation tools and skills for the evaluation and design of urban 

projects should concern of thermal energy and solar impact: 

 Energy/Thermal Maps - estimation of energy consumption and heating demand of the urban 

fabric and quantification (estimation) of energy demand, use as a support for energy action 

plans 

 Solar Access - number of hours of direct sun (or accumulated shadow), solar accessibility 

maps of urban areas through hourly shadow maps, quantification of surfaces interested by 

direct sun or shadow, shadow density maps on open areas and superimposition of hourly 

shadow maps, use for evaluation of solar accessibility conditions of urban forms or design 

projects. 

 Solar Irradiation - solar irradiation maps of urban areas with quantification of collected 

irradiation on surfaces (roofs, open spaces, etc.) for the estimation of possible solar energy 

production. 

 Thermal Discomfort Critical maps, showing potential thermal discomfort on open areas, use 

for programming punctual interventions on urban spaces 
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Virtual modeled city also allows further, detailed analysis depending on our needs, like: 

 Wind simulations - the effect of wind between buildings 

 Sound simulations - reconstruction of existing and simulation of future soundscapes in the 

urban environment 

 Visibility Analysis - quantification of visible objects in the urban landscapes and degree of 

visibility of a selected object from the surrounding  

 Sky View Factor - quantification of sky view factor on the ground, on roofs, on the entire 

urban area. 

 Urban Accessibility and Connectivity - the graph of the street network, which allows the 

development of connectivity and accessibility indicators,  

 etc. 

 

By consuming energy, materials, and land, construction and housing is responsible for a 

considerable proportion of environmental burdens in a densely polulated, industrialized country 

like Poland. Therefore, this field of action has key importance for sustainable development.  

Sustainable development has to be achieved in real fields of action.  

The owners of apartments and houses play a key role in influencing one-off (at the construction 

stage) and ongoing (in the building operation phase) energy and material flows. This 

group, however, is highly heterogeneous.  

Analysis of these strategies delivers the basis for linking them to indicators and tools for 

identifying and influencing environmentally relevant effects. 
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Abstract 

The valorisation of the urban heritage is presently one of main topics discussed, mostly in the 

theme related conferences, treaties, conventions and programs. Mobile platforms (especially 

smartphones and tablets) may be very useful technological means for the agents in the territory. 

Admitting these assumptions, we created an information model for a mobile application (app) 

development, with a specific theme (water and city) that represents and describes architectural 
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elements of a city. The selected architectural elements are those related with the water supply 

system in Lisbon built from XVIII to the XIX century. 

The inclusion of these elements in a mobile platform requires 3D modelling, improving the 

visualization and alphanumeric information access (e.g. historical) very useful to the agents (in 

particular to the city visitors). 3D models were created based on terrestrial and UAV surveys, 

considering rapid and authentic data acquisition. The stages of building the models were: i) 

Data acquisition (UAV - flight planning and image acquisition); ii) Data processing; iii) Data 

visualization (App/AR). The created models are very realistic. However, the results may differ 

when processing the data in different software, especially concerning the level of detail. The 

technical challenge is to simplify the models to use in mobile platforms and maintain the level of 

realism. The Communication will present a case study of 3D modelling with UAV data and their 

representation in an Augmented Reality environment through mobile platforms. 

Introduction 

The comprehension of an individual’s mental images of the urban systems and their elements 

(which may change if the circumstances of observation are different); the level of those images 

and their quality; and the development and inter-relations, all contribute to build a wider 

satisfactory physical environment for everyone. Modelling, or remodelling, should be 

accompanied by a definition of a “Visual Plan” for the city or metropolitan area: embracing a set 

of recommendations and controls that would be concerned with the visual scale in urban form, 

illustrating the relevant public images, basic visual problems, opportunities, critical elements of 

the images, interrelationships of elements with their detailed qualities and possibilities for 

transformation (Lynch, 1960). According to Golledge (1997) if we are aware of people’s 

preferences, perceptions and attitudes, better matches can be made between planning and 

policy making, addressing the population’s needs (for whom plans are  made). Knowing 

something about people’s perceptions, preferences and images, provides fundamental 

information that complements planners’ and managers’ intuition guidelines and legal restrictions 

(Gärling and Golledge in Golledge, 1997). 

The effectiveness of external representation is influenced by how it supports cognitive 

perceptions (Hahn and Kim, 1999 in Khatri et al., 2006). Perceptions capture an extensive 

range of sensory variation having a huge epistemological importance, being at the very source 

of all human empirical knowledge. From a cognitive point of view, the structure of geographic 

information and cartography can provide auspicious premises to approach how humans 

perceive, represent and interact with their spatial environment, regarding the valuable evidence 

to the properties of the underlying mental structures and processes for spatial cognition 

(Berendt et al., 1998).  

Zhang (1997, 2001) in Khatri et al., (2006) argues that “Most work in cognition assumes that the 

mind has mental representations analogous to computer data structures”. As in cognitive 

mapping, in Geographic Information Systems (GIS), physical objects are usually associated with 
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geometry and position. Computers allow us to conduct reproducible experiments, introduce or 

modify variables and change conditions in a way that is not possible in the physical world itself. 

Technological advances, especially regarding the ability to extend (represent) the physical world 

and computer modelling capabilities, have led to the creation of an increasing number of models 

of objects and environments (Koller et al., 2009). The use of Digital Representations (DR) in 

research offers a number of advantages, especially the ability to create detailed models of 

possible pasts and futures. By modelling a number of different variables, we can test and 

change them to explore different hypothetical situations. This is, of course, impossible in the 

real world, as circumstances on site are unpredictable and constantly changing (Eve, 2012). 

Schematic approach to model, represent and visualise 3D objects in an 

AR environment 

The “Águas Livres” Aqueduct System, deactivated for approximately 50 years, is presently an 

important historical and cultural heritage structure in Lisbon. The existence of this system for 

water distributing (through gravity) is not obvious in the city, especially because it is not visible 

(mostly underground), even if having contributed to define, in part, the evolution of the territory 

(concerning water supply and especially the structure impact as contributing to define the city 

morphology). The use of technology applied to cultural heritage has enormous advantages to 

better visualise and comprehend the importance of such elements, and recognise the 

connection between the structural elements (visible) and areas (supplied, known by its path). 

The use of technology applied to CH has enormous advantages to better visualise and 

comprehend the importance of such elements. The figure 1 schematically synthesises the 

methodology, procedures and fluxes of data carried out for several experiments developed 

concerning the visualization of 3D models, gathered (internet catalogues) or produced, using 3D 

modelling software or 3D scanning (terrestrial or aerial - UAV) to be visualised in an AR 

environment.  
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Figure 1. Schematic approach to gather/model and visualise 3D objects in an AR 

environment 

 
Source: Authors. 2016 

 

Considering the fluxes of data, based on digital cartography, in the case of the 2D vector, the 

volume associated with alphanumerical “z” values can been created (in the case of a building 

having, for example, the number of floors, the user can assign a medium height and multiply to 

calculate an estimation of the building’s volume), while on raster documents (e.g. satellite 

imagery or ancient cartography) the process requires 2D/3D drawing and eventually adding 

texture (e.g. building façades) or other features (e.g. audio or video). In the case of a built 3D 

model (e.g. internet catalogues), it may be necessary to convert or adapt to other formats, 

compatible with the AR application to be used in the mobile device. A 3D scan can be carried 

out using several techniques, geomatics, sensors and terrestrial or aerial platforms, taking into 

consideration scale and object availability. The UAV point cloud extraction by image-matching 

overlapped images produces rapid data acquisition and processing results. In view of the high 

Level of Detail and the large amounts of data retrieved in the models produced, it is frequently 

necessary to filter and down sample to further improve the performance of the model, especially 

in mobile platforms (considering the graphics and processor capacity). The models produced 

required some adjustments regarding graphic correction, scale and positioning. Once the 3D 

model has been imported to the AR application, a marker can be defined (e.g. satellite imagery, 

ancient map or a touristic map, as in previously to examples) or visualised over a certain 

chosen surface. However, in the case of not using AR markers, the visualisation in the field may 
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be associated with real coordinates (a georeferenced 3D model) and eventually enable the 

possibility to access more information about the object. 

The experiments permit verifying the potential of this technology as parts of an ongoing mobile 

application development. It is intended to integrate the most adequate solutions for the mobile 

application and therefore understand the potential of these technologies when applied for 

heritage valuation. It is planned to direct specific interviews and/or inquiries to validate these 

assumptions not only to common users but also specialised technicians, opinion/decision 

makers, promoters and other stakeholders. 

3D data acquisition and modelling 

The most prominent manifestation of humans’ pattern recognition capabilities concerns 

visualisation, revolutionising our behaviour and way of communicating, travelling, organizing 

and even managing space (Portugali, 1996). 3D representations generate more intuitive 

methods of interaction between the user and the represented data. 3D environments can 

increase the engagement of the user, making it much easier to understand, interact and 

participate by visualizing interactively, for example, volumes, textures, shadows, sights and their 

relation. This principally occurs because of its high level of similarity to reality, congregating 

detailed information (Level of Detail - LoD) and volume property, stimulating more enthusiasm 

and simplifying creative solutions for detected problems after a walk-drive-fly-through re-

presentation (embodying the user in that environment or presence), improving comprehension 

and communication (adapted from Geertman, 2002; Crampton, 2001; Neves and Camara, 

1999; Jacobson, 1992 in Zhang, 2004). Thus, 3D representations and analysis tools are more 

adequate for volume variation and enrich the spatial representations (Zhang, 2004). 

The technical-scientific advances of measuring the physical world and computer modelling 

capabilities, have led to the creation of an increasing number of high quality 3D models of 

existing cultural heritage objects and environments. These are often supplemented by additional 

metadata information, as well as synthetic reconstructions of missing data. Heritage 

representations depend on efficient access, interoperability and scientific endorsement of the 

3D models.  

Progress in geographic information acquisition and development (hardware and software), 

allows innovative perspectives for territorial management using third dimension, enabling 

advanced possibilities of visualisation and analysis in virtual, immersive, or mixed environments 

(Valencia et al., 2015). The association of 3D modelling and cultural heritage has been growing 

in interest, partly due to the broader use of LiDAR (laser scanning) and photogrammetry. These 

technologies allow to record objects remotely, efficiently and accurately, often difficult to perform 

with previous survey methods (Dore et al., 2012). 

There are obvious advantages in conventional airborne remote sensing and the very high-

resolution satellite imagery. However, Unmanned Aerial Vehicles (UAV) photogrammetry 

introduces a flexible, low-cost and rapid response alternative to other traditional methods such 

as the ground acquisitions and manned vehicles, producing large-scale topography or detailed 

3D models, as a main or complementary solution. The rapid and high frequency of data 

acquisition, and the spread of low-cost platforms combined with SRL cameras and GNSS 
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systems (e.g. GPS, GLONASS, BeiDou for navigation, point cloud coordinates and possibly 

geopositioning) constitutes some of the main characteristics for the success of this technology 

(Nex and Remondino, 2014).  

3D point cloud data automatically generates 3D models, including: Digital Terrain Models (DTM 

- plain terrain), Digital Surface Models (DSM - including the elevations of objects above the 

ground), and 3D models (from isolated or collective objects). 3D point clouds are mostly 

generated directly from a laser scan or through stereo image matching, processing imagery 

algorithms by overlapping (terrestrial or airborne). This means that it is possible to acquire 

relevant urban parameters at low-cost, from 3D point cloud data acquisition to the extraction of 

parameters (Tenedório et al., 2014). 

UAV 3D data acquisition 

To conduct the UAV survey, the following steps in data acquisition were taken: Flight plan 

parameters (height, overlapping, time, focal distance, camera data, spatial resolution) and 

collecting data survey (concerning planning aspects such as safety, interferences and 

calibration). 

 

The UAV survey was conducted in September of 2015 at a height of 50.3 meters and gathered 

198 images with the following parameters:  

- Resolution of 5456 x 3632 pixels;  

- Focal length of 16 mm; 

- Pixel size: 4.4 x 4.4 um; 

- Overlapping: 75% and 65% (lateral). 

Based in the information collected through UAV was conducted several experiments using 

different advanced processing software for to develop the 3D models of the Lisbon aqueduct 

structures. The workflow processes and results are quite dissimilar regarding Agisoft Photoscan 

and Bentley. 

i) Agisoft Photoscan 
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Figure 2 UAV data acquisition in Mãe de Água reservoir (Lisbon Aqueduct Structure): 

Setting the UAV flight plan (left) and camera locations (right). 

 

 

Source: images from the authors. 11-09-2015. 

 

Procedure workflow: 

A) Loading photos; inspecting loaded images and removing unnecessary images; 

B) Aligning photos; 

C) Building dense point cloud; 

D) Building mesh; 3D polygonal model; 

E) Texturing the 3D model; 

F) Calculating DEM and DTM; 

G) Ortho image; 

H) Export results. 

Area:  298.000m x 309.000m 

Dots: 105 million dots 

Average density: 1747,104 point/m2 

Size: 2,6GB 

ii) Bentley ContextCapture 

Procedure workflow: 

A) Loading photos (georeferenced); 

B) Aerotriagulation; 

C) Building mesh (47 tiles); 

D) Final product (texture automatic added); 

E) Export results. 
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Area: 298.000m x 309.000m 

Dots: 680 million dots 

Average density: 13829,761 point/m2 

Size: 18,5GB 

Considering the same base information the workflow is more extend in the Agisoft than in 

Bentley and for the same area and data (number / quality of images), the Bentley creates a 

tiling mesh superior in density and overall number of point cloud, however the size is also 

higher. The results can be visualised in the figures 3 and 4 with approximately the same angle 

permit to verify that they are quite dissimilar, especially when observed in detail and without 

texture.   

 

Figure 3. 3D modelling form the Mãe de Água (Lisbon Aqueduct System) and detailed 

area results using Agisoft Photoscan software 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: images from the authors. 12-03-2016 

 

Figure 4. 3D modelling form the Mãe de Água (Lisbon Aqueduct System) and detailed 

area results using Bentley software 

 

 

 

 

 

 

 

 

 

 

 

 
 

Source: images from the authors. 12-03-2016. 
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When placed side by side and compared both models produced, there are substantial 

differences visible (figures 3 and 4) especially in the detailed area without texture (bottom down, 

right images). However, the size of the model produced and structure (tiled) can constitute a 

difficulty to represent in an Augmented Reality (AR) environment, especially when using mobile 

devices. 

3D modelling and visualisation in an Augmented Reality environment 

The visualisation of 3D models in an AR environment can be achieved by recognising features 

of an image such as a city map which is free and available. The existence of this structure in the 

city is not obvious, especially because it is not visible (mostly underground) and the main 

objective was to visualise the structure and 3D models of their elements using a mobile device 

and AR environment, enabling the possibility to access more information about the object. This 

procedure is carried out with the digitalisation of the city map and the definition of samples of 

image targets, which will then be detected by the AR software development kit allowing for the 

3D objects rendering on top of it, by the recognition of key elements in the image target. 

 

Figure 5. Mãe de Água reservoir 3D model and AR environments using the city map as a 

marker 

 

 

Source: images from the authors. 17-10-2015. 
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Figure 6. 3D models (terrestrial and using UAV) from the main structural elements of the 

Lisbon Águas Livres Aqueduct 

 

Source: images from the authors. 17-10-2015. 

 

This way, users are able to simply open the application (App), point the camera at the paper city 

map and visualise the 3D models that represent the different elements of the aqueduct system 

(e.g. main aqueduct, reservoirs and fountains) and access additional multimedia information 

related with each one of these elements (e.g. description, photos, historic cartography), as well 

as manipulate the 3D model (e.g. 3D rotation, zoom).  

Figure 7. Ancient cartography georeferenced with the aqueduct path 

 
Source: image from the authors. Cartography: Planta Geral da Cidade de Lisboa (1868), Câmara Municipal de Lisboa. 
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Figure 8 Detail of the 3D representation of the Lisbon Digital Terrain and the plan of the 

Lisbon Águas Livres Aqueduct. 

 
Source: images from the authors. 17-10-2015. 

 

Besides the visualisation of the 3D models of the aqueduct elements, the importance of 

identifying the heritage corridor and its configuration led to the use of the dataset with the 

representation of the entire system path, identifying sections which are both over and 

underground, and the ones which can be visited. This information was gathered using 

georeferenced ancient cartography (Figure 7). AR techniques were also used to overlay the 

Lisbon Digital Terrain Model (DTM) on the city map (distributed freely in paper) to evaluate the 

earth surface and recognise the parts which were over (+) and under (-) the ground (Figure 8). 

Conclusion 

The Geographic Information Technology advances are placing the world on a fast track to 

having knowledge of where all physical objects are located on the earth not only in present (and 

real) time, but also in the past or the future, especially regarding the interaction of web-based 

and mobile technologies (Sui and Goodchild, 2011).  

The advantages of using 3D point cloud meshes and UAV systems consist of the ability to 

rapidly gather higher temporal and spatial resolution information, practically on demand (high 

frequency). In addition, the user can collect and process, very rapidly, authentic 3D data at a 

low cost, especially when compared with traditional methods. However, 3D scan technics 

cannot be applied to digitally recreate and represent past (disappeared) or future (planned) 

objects. The integration of 3D modelling with GIS permits the association between the high 

capacity of human perception and visualisation (3D) with the strong capability of spatial query 

and analysis of GIS. AR environments allow the user to combine the virtual data to the real 

world (in place), using mobile platforms. In this way they allow for a better understanding of the 
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elements of visible and non-visible cultural heritage, not only in the present, but also in the past 

and future (re-present). 

The use of advanced processing software for 3D modelling available in the market may produce 

different results regarding the same base information. The most visible differences between the 

software used consist in higher level of detail, but also in size. To reproduce 3D models in and 

Augmented Reality environment, the model size constitutes an important advantage to the 

usability of the application when applied to mobile platforms. The technical challenge is to 

compact the information and maintain the level of quality. 

These emerging representations of the physical (regarding external affordances at different 

moments) and even the mental world (through internal minds or 

imagined/simulated/synthetized) are also creating the opportunities for the development of 

virtual and real environments (mixing DR with the real world), not only on desktop computers, 

but growing also to people’s daily using mobile devices (with the potential of being mobile and 

gradual increase in use). 

Uncertainty remains to understand people’s overall perceived added value attributed to cultural 

heritage, through technology resources and digital representations. The interaction between the 

human/device/mixed environments can be applied for the majority of users. However, this 

interaction is dissimilar and inapplicable, presently, to all devices (regarding their 

characteristics) and should be available to everyone as part of the democratic access to 

technology and information. Nevertheless, technology is in a constant state of change and this 

means becoming reachable in a geometric progression. These are the main topics currently 

under debate within the principal scientific events, which allow for the prediction of a nearly 

revolutionary combination between the real and VE, especially applied to cultural heritage 

(Tenedório et al., 2014). 
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Abstract 

This paper is the presentation of the results and developed tasks in the framework of the 

research project titled City without barriers. Tool for the evaluation and visualization of the 

accessibility into public space, using TLS, GIS and GPS Technologies,
1
 developed during 2014 

and 2015 by the authors and others researchers and technicians in the Centre of Land Policy 

and Valuations (CPSV) and the Virtual City Modelling Lab (LMVC) of the Technical University of 

Catalonia (UPC) 

The main goal of the applied research project was the development of a tool to assess the 

degree of accessibility and calculate optimal routes in public space, and above all their 

incorporation into an integral system (tool), with accessibility information, services, and 

support's content. 

This tool has been developed in two formats, Web platform and App, and the App can be 

downloaded in situ and remotely via Web.  

This has been achieved, by steps, and the first one has been the development of a 

methodology to facilitate universal access to public space, evaluating and obtaining optimal 

routes for the users. This methodology has been based in the use of ICT, specifically the 

                                                     
1
 Financed in the framework of the Call 2013, of the Program RecerCaixa (RecerCaixa and ACUP) 

mailto:blanca.arellano@upc.edu
mailto:blanca.arellano@upc.edu
mailto:josep.roca@upc.edu
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terrestrial laser scanner (LTS), a tool of high precision that allows obtain information of the 

space with a high degree of accuracy and high quality and get measurable information directly, 

combined with Geographical Information Systems and GPS. 

The starting premises were: 

1. Increasing the information about accessibility to urban spaces, based on new demands, 

demographic changes, legal requirements or elder people and moving/visual disabilities 

needs. 

2.  Developing technological and strategic progresses in order to highlight universal accessibility 

and its associated information, as a need and an added value to the city. 

Background and literature review 

One of the main objectives of any society should be providing an accessible and barrier free 

environment, to all persons with any physical handicap or functional diversity, in order that they 

can move with freedom and without any kind of annoyance. Regarding the possibility of use of 

the public space, others studies have advanced in the need that any disabled or aged person 

must not be excluded from accessing to any place, neither in "physical terms" nor in “knowledge 

terms.” for example to the build heritage. (Alonso, 2010: Del Moral et al, 2010) 

The importance of groups of people with disabilities or motor disabilities, and the elder people is 

increasing, so supply and existing services in urban areas, must adapt to the new requirements, 

but should also consider the group with visual disabilities, often not considered when looking for 

solutions to urban accessibility. Also do not forget that this issue is not a problem unique to 

these groups, but should be seen as a general problem for all people. 

In quantitative terms, according to the census of 2011 Spain has a population of 46.8 million of 

inhabitants, of which over 3.5 million suffer permanent disabilities, almost 8 million are over 70 

years and nearly 8.5 million suffer from disabilities or temporary decrease (INE, 2001), which 

means that almost 35% of the population faces accessibility barriers on a daily basis, that 

percentage may be increased in the coming decades, if deemed progressive aging of the 

population of our country. In addition it is estimated that there are over 65,000 people with 

vision problems (ONCE), but keep in mind that "are for different reasons and at different levels," 

and order two million Spaniards with poor eyesight to retinal diseases. In the European context 

in general the situation is similar; Europe's population tends towards a functional, cultural and 

territorial diversity. (ECA, 2003)  

The existence of physical barriers is a problem not only for these groups, but for all citizens and 

therefore should be avoided. In all cases the barriers cause limitations and exclusions of certain 

groups of people, constituting a non-acceptable “indirect discrimination.” (Ley 51/2003)
2 

The 

removal of barriers physically and through of information, are fundamental in the new technical 

developments. Also is important the improvement in the case that is not possible the access to 

some specific place. In this order the same Law forces since 2011 to meet the basic conditions 

of accessibility to all existing products and services that are capable of “reasonable adjustment.” 

                                                     
2
 LIONDAU (2003) Spanish Law on Equal Opportunities, non-discrimination and universal accessibility for Persons with 

Disabilities 
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(Roca, 2013) in this context and applications to evaluate accessibility and give alternatives or 

solutions acquire great significance.  

From that perspective, in necessary consider the need that the offer and the services in the 

urban space should fit those new needs, but also including the group with visual disabilities, 

often excluded when researching urban accessibility solutions. 

Traditionally the evaluation of accessibility towards people with disabilities has been based on 

audits as a tool, using the check-list to check compliance with accessibility requirements, in 

most cases matching with the regulations. (Biere et al, 2010) One of the most obvious 

disadvantages of this type of methodology is that it not take into account the quality of access, 

and the diagnosis is reduced to an absolute value: accessible or not, without indicating how 

accessible. To overcome the limitations of this approach yes/no, have defined methods, such as 

the framework for the assessment of accessibility developed by Church and Marston in 2003, in 

which, in addition to verification of compliance, including a series of classical forms to assess 

the accessibility and determining a “relative accessibility.” This methodology provided a more 

systematic and accurate measurement and assumed a tool to measure the impact of 

accessibility improvements assuming an aid to decision making. (Biere et al, 2010) One of the 

most interesting innovations of this methodology for application in heritage sites, is the fact that 

the measure of the 'Attractiveness' to assess the accessibility of persons with disabilities is 

included for the first time. Consider this value is critical when accessibility historically unique 

cultural assets are valued. The translation of this methodology to the field of construction carried 

out under the POLIS project (Sakkas and Perez, 2006). 

The theoretical and technical-scientific previous investigation made in our centre has been the 

start point for this project. The most important experience was developed in the context of the 

PATRAC Project,
3 

in which two analysis tools were developed, one indoor and the other urban. 

In both cases working on 3D models obtained with TLS, calculating the optimal route regarding 

specific routes previously defined in the case of the building and over a mesh routing (also 

predefined) in the urban case. 

In the case of the building, the tool used the RV (combined with GIS) to present information 

more accessible to the user, making diagnosis easier and understandable. With the introduction 

of the databases in the workflow (with weighting values of accessibility for each element of the 

route), the tool was able to be useful for different historical buildings that can be integrated into 

the tool, following the designed protocol of data generation. (Biere et al, 2010) 

In the urban case the result enables to the user make a query for optimal route between two 

existing points of interest in the old town of Tossa de Mar, and get a result in the form of 

itinerary that allows to take into account the parameters of physical accessibility that himself has 

entered at the system to do the consultation. (Queralto and Valls, 2010) The result is obtained, 

from the pre elaborated Formula to calculate the best route, considering all the parameters of 

the system; distance, maximum slope, street width, etc.  

Images of both applications are shown in the next figures. 

 

                                                     
3
 http://www.patrimonioaccesible.com Financed in the framework of the Call INNPACTO projects of 2007, by the 

Spanish Ministry of Science and Innovation and FEDER. 

http://www.patrimonioaccesible.com/
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Figure 1. Interface of the tool analysis of 
accessibility in interiors routes  

Figure 2. Web Interface tool of urban  
accessible optimal routes 

Vista 2D de la ruta 

a diagnosticar

  
 

Source: CPSV’s own elaboration in the framework of the PATRAC Project. (MICINN 2007 - 2009) 
 
 

Development 

With all these previous considerations, it was considered to work using the Terrestrial Laser 

Scanner (TLS) -a high precision tool that allows to do real physic uprisings in a precise and high 

quality way and to obtain measurable information directly-  and the Geographic Information 

Systems and GPS. It was considered that these technologies had to be integrated, as well as 

developing an integral methodology to evaluate physical accessibility, under the “Design for 

everyone” frame, that allows to diagnose problems of accessibility and to provide added 

information about physic environment to the users. 

In order to develop this methodology, it was necessary to integrate to the 3D models –obtained 

from TLS- the ponderation parameters of the difficulty of each point, furnishing and trees on the 

terrain –among others- by identifying the elements and the value load in each case and for each 

detected kind of user. 

In order to achieve the objective of the project and specially the basic product, the evaluation 

tool, was decided to work on two cases that would serve as prototypes: Lesseps square and 

Fossar de les Moreres.  But it was also considered a previous  step of diagnostic, applicabilities 

and global specification for the cases, which goal was to rethink the cases and identify the most 

appropriate that could improve the final results.  

In this way –as it was reported in the annual report of the first year of the project- regarding the 

first case, Lesseps square, due to the problems to get data –it was under works- one 

considered as an alternative the Parc Güell,  but the authorization was not achieved. It caused 

to decide the access to Castell de Montjuïc (Figure 3), because of its importance for the city, its 

complex accessibility and routes –with specific conditions- and green and tree areas. For the 

second case, el Fossar de les Moreres (Figure 4), we verified the validity, but we considered a 

bigger scope with a route from Plaça de l’Àngel, to Marquès d’Argenteria street, to Passeig del 

Born and to Mercat. (Figure 5) 
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Figure 3. Montjuïc, Figure 4. Original case, Figure 5. Extended case, with urban route 

    

Source: Own elaboration 

Diagnostic, applicability, and global specification 

The first of the definitions in this sense was the rethink of the initial studied cases and the 

identification of the fittest cases that could improve the final results. As it has been explained in 

the previous section,  the case of Lesseps square had to be removed by the access to Monjuïc 

Castle and it was decided to extend the case of  Fossar de les Moreres to a route from Plaça de 

l’Àngel, Marquès de l’Argenteria street, Passeig del Born and Mercat. 

Likewise, in order to diagnose the specific needs, we developed activities to identify, analyse 

and define the user’s requirements and the evaluation criteria of the needs and accessibility 

traits. Based on these it was lately developed the assignation of values to weigh the 

accessibility, to each pixel of the 3D model, for each kind of user. 

Once defined the cases was made the process of scanning, following the previous developed 

methodology by the LMVC, and after was developed the process of classification, including 

detection of elements, furniture, trees, etc. This process required the detection, at the same 

time, of zones with problems or lack of information (Figure 6), because these cause the 

sidewalks and tree wells are poorly defined. That situation requires a solution to complete the 

empty data, with additional scanning, because If we want to analyse the accessibility to scan 

through all traffic areas. For that reason is necessary take new scan positions. 

 

Figure 6. Areas with lack of information 

 
Source: Own elaboration based in TLS 
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Once are finished the 3D models the classification process can be finished, in a different steps, 

including elements vectorization (Figure 7) or definitions of specific geometries, for exemple 

cylindrical (Figure 8).  

 

        Figure 7. Classified furniture vectorised             Figure 8. Cylindrical elements 

  
Source: own elaboration 

 

I in the case, of cylindrical elements, was used the next parameters to make the identification: 

 Words (Trash containers): 21cm <Radi < 25cm // h_max = 1m 

 Low pylons: 11cm <Radi < 15cm // h_max = 40cm 

 PilonHigh Pylons: 4cm <Radi < 5cm // h_max = 90cm 

 lights: Xcm <Radi < Xcm // h_max = Xm 

 Ventilation: 33cm <Radi < 34cm // h_max = 1.35m 

To generate the evaluation formula, in both cases (Montjuïc and Born) we have worked on 

specific features for three types of users: pedestrians –without movement disabilities or minimal 

degrees-, disabled –people with movement disability, elder people, mothers with baby strollers, 

etc. - and wheelchair users. For all those, we have incorporated the difficulty degree, proximity 

or remoteness to the elements, on the base of the ponderation methodology developed by 

Consuelo Del Moral (2010). Regarding this was necessary an adaptation about the criteria in 

order to adapt concepts regarding facilitator objects, no facilitator ones, and handicaps.  

Once identified and separated each group of elements was assigned the values to calculate the 

accessibility, for each one. In the next table are detailed the values for the parameter slope. 

 

Table 1. Values assigned for the parameter slope 
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Source: Own elaboration 

 

In addition, for each Kind of potential users we defined their own parameters, such as the width 

of the road space, as you can usually considered a pedestrian walking in the middle of a rather 

large space, but another pedestrian impaired vision prefer circulate near the facades of 

buildings, or elderly citizens would appreciate finding banks to rest along their journey. 

These values were finally incorporated to the 3D models to be able to calculate based on an 

automatic formulation, defining any initial point and several destinations. For example, for the 

case for Argenteria-Born, the Market itself, Santa Maria de Mar, or el Fossar de les Moreres, 

etc. One of the validation tests of the tool was made with Professor Del Moral to verify the 

implemented calculation process and to test the app in situ. 

Data collection and post process to the studied environments 

A survey on the studied cases has been done by using the technology of scanning the surface, 

which has allowed documenting the pre-existence in both places. In order to be able to work 

lately with GNSS (Global Navigations Satellite Systems), it has to be done a geo-reference of 

the information by using control points. This technology allowed to obtain a cloud of points that 

contains information of the X, Y and Z coordinates for each one; the colour RGB (Red, Green 

and Blue); and the coordinates of the normal vector to the plane that form a point with his 

neighbours. 

On its side, during the second year of the Montjuïc records, because of the complexity -as for 

example its slopes-, we had to consider other variables. The distance between the positions 

could not be the same for all the cases –we had to approach till 5 m of distance in certain 

points-, the alignment had to respond to different parameters as well, etc.  

In the case of the Born as in Montjuïc, although programmed positions of the scanner to 

achieve a full pattern, with no hollows nor mistakes, we had to view additional positions to 

correct small mistakes in the models. 

Once the data collection work was ended, post process began. Its particularity and its new is 

that once the 3D model for each case is ended (cleaned, depurated, fixed, etc.), the work for the 

generation of the MDT began. From the point clouds obtained by scanning, the plane of earth 
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was classified by the RANSAC (Random Sample Consensus) algorithm, where the major plane 

matches the pavement, and the rest are possible obstacles to the circulation. 

During a first phase, we made a net of routes, in order to work the evaluation of the 

accessibility, on a vector format, but lately we decided that those had to be obtained directly 

from the traits of each terrain and taking in account their particularities, furnishings, trees, etc. 

Development of the tool to evaluate urban environments 

We worked at the same time with the generation of data of the previous phase. And, in fact, 

much of the evaluation values and calculations were incorporated to the pixels of the 3D 

models, from and advanced step of the post process done during this phase and which 

identified the elements and separated them in different models, to which lately values for 

weighting were added. 

In a first step, we proved several software and we began the process of generation of 

processed information from TLS in order to introduce it to the routes in SIG. At the same time, 

we worked on designing the module of optimal routes. But, finally, we worked on the MDT of 

every case, by evaluating the optimal routes without the need of generating them previously in 

vector format, as the routes could be automatically obtained by identifying the elements 

separately, defining the slopes values, identifying the obstacles and assigning values, all these 

calculated taking into account all points of the model instead of previously defined routes.  

In order to introduce the cloud of points into a GIS (Geographic Information System), they have 

had to transform into a LAS format, used to store aerial LIDAR data. Once they have been 

incorporated to the system, the clouds of soil points have been rasterized and, so, reclassified 

by slopes and the cloud of points, being positive if they ease mobility or negative if they don’t.   

When one compares the height difference between the two raster layers (pavement and 

obstacles), one gets the height of the obstacles, and then only those who affect users remain 

(below 2 m).  In order to calculate the optimal route, it has been weighted the usability of the 

different pavements by giving weights (the higher the more difficult), according to the studied 

users. So, it has been stablished a weight for light slopes up to 6%, mid slopes up to 12%, high 

slopes up to 18% and scales, slopes between 45% and 100%. 

Regarding obstacles, the weighs have been stablished according to the distance. So, the closer 

positive obstacles, the lesser weight assigned, and the closer negative obstacles, the higher 

one. Finally, taking into account the obtained weighs (slopes, positive and negative obstacles), 

we have final weighs for each of the users, which have allowed to get the following direction 

from any point to the different stablished destinies. 

It is important to mention that the calculation work of the optimal routes, different to each of the 

three kind of described users (pedestrians, disabled people and wheelchair users), can be done 

in an automatic way as a direct consequence of the previous process of assigning values to 

each of the pixels that conform the MDT, on which one can calculate these optimal routes. 

Design of the Integrated System 

Here was developed the system design. We worked in an integrated way with phase; 

developing technological solutions, ended with the elaboration of the Web and the App. 
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The web platform design was defined on the base of the user’s basic requirements, according 

to the pre-stablished types and the destination chosen point. The origin point can be anyone in 

each case.  In order to achieve this, we need to draw the paths that correspond to the routes, 

from any point (no previously defined) in the studied scope, following the rules given by the 

calculation of optimal routes. It was used the Netlogo language (Figure 9), developed at the 

Northwestern University,  which is specialized in Agent Based Models. The result of this could 

be executed on the web in a Java applet, but because the security issues, the decreasing use 

of the plug-in, and the slow to execute, we decided to rewrite the program by using the latest 

web multiplatform technologies (Javascript and HTML5), which ae capable to run in newest 

navigators on several OS, as in mobile devices.  

The final result to view the routes on the web platform (desk) was developed in Processing 3.o 

language (developed at Massachussets Institute of Technology). This language uses the Java 

Virtual Machine, and makes it easy to create the applications in real time.  Once  the 

functionality of the NetLogo prototype is  implemented, the code is compiled in Javascript and 

the result is shown as an canvas element of HTML5, where graphics ae drawn and interaction 

is possible, with the mouse o the touch screen, according to the device (Figure 10).  With this 

procedure, once the user and the destination point are defined, when clicking on any random 

origin point, it generates immediately the optimal route for every case. 

 

Figure 9. NetLogo Aplication (Java) Figure 10. HTML5 View 

  
Source: Own elaboration 

Regarding the app, we decided to work on the base of the plugin Maps Online 

(http://u3d.as/5YJ), developed by Unity Technologies, that allows to add interactive maps (such 

as Google Maps and Google Earth) to the applications that can be designed for the Android 

system and which have been used as a base to the GPS localization for mobile devices.  

Applied criteria for its development have been the same to the platform web, taking in account 

the three kinds of users and destinations. Anyway, it is important to notice that from the web 

http://u3d.as/5YJ
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project, one can download executable file, but it has been given the option to use the mobile 

device GPS or not. 

Figure 7. Pedestrian, Sta. Maria. Figure 8. Disabled, Fossar. Figure 9. Wheelchair, Born 

   
Source: Photography of the author 

Pilot proves, spread and exploitation has been developed 

Regarding the tasks about validation, once the web tool and the App were developed, tests 

were done in situ in order to evaluate the effectiveness of that one. Other validation tests of the 

tool was made with Professor Del Moral’s  participation, the last week of the project during her 

visit to Barcelona to verify the implemented calculation process and to test the app in situ. 

 

Results and futures proposals 

The major new of the project, from a scientific perspective, is the integration of methodologies to 

analyse the reality, with the goal to achieve improvements in the information accessibility and 

added information about urban space and, ultimately, the calculation of optimal routes for the 

best displacement in the studied environments.  

In order to calculate this, it has been necessary a previous development of a whole 

methodology for the evaluation of the accessibility to the spaces and the generation of added 

data, which comes from cloudpoints to generate the 3D models and which, later, has required 

the identification and classification in groups of the diverse being elements (soils, furnishing, 

trees, etc.) with the goal to be able to load them with information, assigning to each pixel 

specific values (0, 1, etc.), according to access difficulty for each one of the three kind of 

selected users. Finally, once loaded all the information, the formula is developed to calculate 

the routes. The new part of this methodology compared to other developed and use previously 

by CPSV is that it does not require a previous draw of specified routes, in a vector way, but the 
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results are effectively the optimal calculated routes based on the whole added information by 

each pixel of the model.  

The main achieved contribution by the project is the development of a tool of evaluation for the 

accessibility degree and calculation the optimal routes for users with functional diversity (based 

on the three predefined groups) and its incorporation to a whole system at disposal on mobile 

devices and contents and services that can be downloaded in situ remotely via web.  

We’ve got a first product that allows improving certain aspects regarding information and 

support for the whole access to the public space and the obtaining of routes for three specific 

kinds of users. Probably the most remarkable aspects under the perspective of the achieved 

progress during the development is the possibility to calculate the accessibility evaluation from 

any point of the work area, and not only from predefined routes –as it was been done in 

previous CPSV projects. So, the applications become a real utility for the users from both areas, 

not only from restricted specific points but from the whole scope and from any location in each 

of them.  

This evaluation and calculation tool and its implementation through the Web and App, both 

available on line, are useful to ease the access and understanding for every people who visit 

both worked cases. There is the possibility to expand easily, and as a result of the project it has 

been developed the methodology that will allow export the calculation criteria almost 

automatically to the possible future areas that one would want to develop. 

Anyway, we can deduct from these three kind of users previously explained that people with 

visual disabilities have not taken into account, but criteria for their incorporation have been 

considered, and methods to incorporate information in these cases have been worked. In this 

way are remarkable the works developed by Narzt and Wasserburger (2013) explaining 

experiences of how to incorporate information obtained from visual disabled people, by 

recording their experiences and reactions to problems in real environments, and by playing 

these responses on sound devices.  

With this consideration, it is evident that there is an open branch for future development, based 

on the addition of the use of sound information to the calculation tools, which allow other ways 

to perceive and enjoy the space by visual disabled people. 

It is obvious that there is still a way to advance from the perspective of improving the aspects of 

localization in situ on mobile devices for this kind of products, to be really massive and 

commonly used and with a level of accuracy higher than the one they currently have and for 

these kinds of Apps can be part of a kind of service, available for the people in the Smart Cities 

frame. In this sense is possible work in new future proposals. 
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Abstract 

The social preferences of individuals have been traditionally identified through traditional means 

using field techniques such as direct interviewing, observation and people-counting. The virtual 

layer of the social system currently allows new ways to identify the most preferred urban areas 

or venues. With that in mind, this paper aims to study how data from two Location-Based Social 

Networks: Foursquare and Twitter can shed light on empirical and theoretical observations 

about the spatial patterns characterizing where people tend to be and socialise in a tourist city.  

The methodology proposed consists of three stages. First, a self-developed desktop application 

retrieves geospatial data from the selected social networks. Then, the dataset obtained is 

organised and sorted. Finally, the georeferenced data is visualised and analysed and the trends 

are noted and discussed. To that end, the city of Benidorm was selected as a case study and 

the data was collected during the off-peak tourist season. The results demonstrate a correlation 

between the empirical assumptions and the findings from the social networks analysis about 

people’s preferred places. Foursquare provides a ranking of urban spaces and venues related 

to tourism, and the location of the tweets confirms the seasonal nature of Benidorm. Despite the 

fact that information from location-based social media has to be treated carefully, since each 

service has its own unique purpose, the method proposed has proven to be effective and 

reliable to depict a representative sample of people’s social patterns and preferences in tourist 

cities. 

Introduction 

This study addresses the possibility of identifying social preferences in cities by using social 

media data. Particularly, the case study of Benidorm as the paradigm of a mass tourism 

destination in the Costa Blanca. 

The Smart citizen, named as the user who connects to the surrounding reality via their mobile 

device, "interacting with all agents and city services" (Gowex, 2013, pp.45) is the leading role in 

the virtual city. Their interests and preferences are revealed online and this data provides 

information on how and when urban spaces are used. . Thus, social infrastructure of the city 

has long been involved in the fields of architecture and urban design and, recently, digital 

technologies have extended architecture and urban design’s reach (McCullough, 2005, pp. 47). 

These networks —in this context, digital social-networks— contain fundamental information to 

discern the relationship between the virtual and the physical means by which citizen’s exchange 

information and socialize. Authors like Chombart (1976, pp. 14) state that "the more the needs 

of mass communication are developed (...) the less person to person communication takes 

place" highlighting the fine line between socialization in the virtual context and what really 

happens in the physical context. 

Digital social networks such as Facebook, Foursquare and Twitter are considered as new data 

sources (Adnan, et al., 2014; Gantz and Reinsel, 2011). This fact is a consequence of an 

emergent shift in the use of devices, browsing from PCs to mobile devices such as tablets and, 

more frequently, smartphones (Mazzocola, 2014). Thus, the consideration of social media data 

as a new source for the study of urban dynamics and analysis comes after the development of 
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devices that allow sharing location via GPS. Therefore, each activity can be shared online —

with its location values (latitude and longitude)— as part of the physical place’s digital overlay 

(Beltrán, 2012). Although in this paper the application of social media data is related to the 

study of preferences in tourist destinations this new sources of data could boost knowledge in 

diverse fields (Kim, et al., 2010) such as the scientific as it occurs in (Cranshaw et al., 2012; 

Noulas et al., 2013; Roick and Heuser, 2013; Serrano-Estrada et al., 2013; Williams, 2012) and 

even the marketing sectors (Beltrán, 2012; Reed, 2014) 

This new sources add extra information to the analysis of urban phenomena and are useful as 

supplement to traditional methods used for the study of social patterns and organisation of the 

city. Specifically, these data, allows research on the relational aspects of social structures as 

well as GPS tracking methods have been used for research about human mobility flows in cities 

(Palmer et al., 2013; Shoval et al., 2014; van der Speck et al., 2009). 

Even when we need to assume that this data source has not been developed for statistical 

purposes, this research evaluates some qualitative aspects in order to gain a wider perspective 

on the social preferences of people in a tourist destination. Therefore, although some limits 

must be recognised —not all people use smartphones and social media, not all tourists use 

roaming services during their travels and not all tourist landmarks are registered on social 

networks— results are very descriptive of what happens in the physical reality and work as a 

tool to understand social interaction and popular spaces in the city.  

The case study, Benidorm, represents a sun and sea tourism model, which for the last 40 years 

has provided tourist services aimed at this niche market, which justifies its dynamic population 

and territorial growth (Vera Rebollo, 2011). Benidorm’s population in 2011 was 47.722 national 

residents and 28.961 registered foreign residents. It offered 72.841 places —at hotels, hostels, 

guesthouses, tourist apartments and campings—, and achieved a hotel occupancy rate of 

almost 93% in August and September, during the high season, when the floating population 

sometimes even exceeds the permanent residents (Sanchez Galiano, 2013, pp. 64). In the 

December and January – off peak season- the occupancy rate was 60% (Benidorm Townhall, 

2012, pp. 35; INE, 2013). This city has been widely studied by local researchers because of the 

interesting tourist model that it has developed. Relevant authors in the local forum -such as 

Mario Gaviria or José Miguel Iribas- have defended this model as one of the most sustainable in 

terms of urban development and also for its efficiency as a city that works as a tourist industry 

(Gaviria, 1971, 1974; Iribas, 1997, 2005). This popular destination in the southern east Spanish 

coast owes its tourist model to the development of one of the most innovative urban plans of the 

mid-twentieth century. This plan –Masterplan of Benidorm in 1956- designed an urban 

expansion where tourist accommodation and facilities could be developed in the nearest area to 

the seafront. For this reason, Benidorm is considered a paradigm for mass tourism (Claver-

Cortés, et al., 2007; Iribas, 2005; Ivars i Baidal, et al., 2013; Obrador, 2012) 

Methodology, materials, data sources and tools 

Two models of interaction of the virtual citizen with the city of Benidorm are considered using 

data from two social networks. The first model of interaction studies the physical environment of 

the city through the popularity of their spaces. In this sense, the social network Foursquare 
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(2014) provides information to identify where people go, and which are the most visited places 

in the city —social preferences—. From these data it is possible to read out the synergies that 

exist between places that are predominantly visited and those which are not, as if it were a 

public cognitive map, thereby the city is “understood not as a material element itself”, but in 

terms of how it is perceived by its inhabitants and visitors (Lynch, 1985, pp. 12). This approach 

comprises two facets: one composed of “people with their preferred places” in the city, instead 

of merely describing the identity of the place itself (McCullough, 2005, pp. 182). The second 

interaction model reveals the perception and ultimately the emotions that Smart Citizens share 

using text format in the virtual city by analysing data retrieved from Twitter (2014).  

 

Table 1. Information obtained from Foursquare and Twitter 

Fousquare Twitter Information provided 

Visits and check - ins Tweet Reviews and comments 

Latitude  Latitude Geographic reference about 

the place where the 

information is provided from Longitude  Longitude 

Place of origin Place of origin Locals or tourists 

Venue name Date and time 

Specific features Category  Id number 

Sub - category Username  
 

Source: Author’s own. 

 

The procedure used to address this research consists of three parts: data collection, data 

classification and data representation. First, a computer application extracts data from social 

networks —Foursquare and Twitter— found within the area defined as an area of analysis. 

Twitter geolocated points from which users have sent tweets are obtained through the social 

network, unlike Foursquare, where it is possible to know the number of people —Smart 

citizens— who have visited places in the city. The information offered from both social networks 

is summarized in the Table 1. 

The geographical area of analysis is covered by the urban fringe given that  most tourist 

attractions are located in this catchment area:  300m wide from the coast heading inland from 

the city of Benidorm and extending longitudinally covering both beaches; Levante —2.084 

meters long— and Poniente —3,100 meters long— (Benidorm, 2012, p. 10). 

To obtain the data, the computer application requires a list of coordinates —latitude and 

longitude— previously defined, from which the search is done on both social networks. For 

these sites 2141 coordinates  have been specified, using a search radius of 25 meters, allowing  

the study area to be covered as a whole (Figure 1). Thus, for each coordinate a request is made 

to the corresponding API —Application Programming Interface—, each equivalent to a social 

networking search request. It is important to note that the net result of the serialization 

coordinates also includes the maritime area because the points Foursquare georeferenced, 

corresponding to the two beaches, are slightly away from the front of the promenade toward the 

coast. 
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Figure 1. Simple mesh: interaction between search radios 

 
Source: Author’s own 

 

In the case of Twitter only the data of the last tweets — dynamic data — are obtained, not the 

most important, which are usually those that have been referenced more times — static data —. 

Thus, the data obtained from one day to another are completely different, which allows us to 

observe the evolution and participation patterns of users that otherwise would not be seen. 

The time factor is taken into account in order to clarify the scope of the data search by 

requesting every day for four consecutive weeks-from 17 February to 17 March 2014, 

corresponding to the low season in the tourism sector. 

In a second phase, the data obtained above are organized into two types of files: the first is a 

file format spreadsheet which for Foursquare are distinguished by the following headings: -

venue- place name, number of visitors per location, category, subcategory, latitude, longitude, 

and the origin of users; and in the case of Twitter, the following: tweets, latitude and longitude of 

the point of origin of the tweets, plus the date and time in which they have occurred. The second 

file contains the geographic coordinates of the points in the city from which the visitors 

registered - Foursquare -; and shared tweets-Twitter-. 

And finally, the geo-referenced colour coded data are represented on two separate Benidorm 

maps in order to visualize the results of the study. In the first map, each Foursquare venue is 

represented by a circle whose radius corresponds to the number of visitors. The colour code 

represents the category, i.e., the type of activity carried out at the place.  In the second map, 

Twitter data is represented, specifically the origin point of tweets in order to detect the 

concentration of users in the aforementioned defined study area.   
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Results 

Foursquare 

 

The “Outdoors and recreation” category received the greatest number of visitors and the 

subcategory “beaches” was the most popular with more than 3,900 visitors. This fact highlights 

the relevance of this unique natural space within an urban environment as a place to spend 

time, enjoy and visit in the tourist city. Moreover, the second most relevant venues in terms of 

number of visitors are included within the category “food” and the subcategory “tapas 

restaurant” was the most preferred by more than 1,000 visitors. This is explained because 

restoration is considered here as a leisure activity. It includes sub- categories such as ice-cream 

shops and fashionable gastrobars. 

Both results, together with the third category in terms of number of visitors —nightlife spots— 

explain the preferences for leisure and the wide variety of possibilities that a tourist sun and sea 

destination can offer.   

Moreover, in the cartographic representation of the data (Figure 3) there is a higher 

concentration of visitors corresponding to the far end of the Playa de Levante seafront 

promenade away from the city centre as well as a notable diversity of categories of venues. 

 

Figure 2. Relationship between the number of visitors by categories and subcategories 

of Foursquare (venues). 
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Source: Author’s own 

 

 

 

Figure 3 Representation of -venues- Foursquare places in relation to the colour of the 

category to which they correspond and the total number of visitors recorded in each 

place until 17 March 2014. 

 
Source: Author’s own 

 

Twitter 

The greatest number of Tweets (Figure 4) are located in the area where the two beaches, 

Poniente and Levante, and the historic city centre converge. This means that people 
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congregate in this area of the city at this time of year indicating the presence of virtual 

socialization and civic character. 

 

Figure 4 Geolocation points of origin of the tweets shared by users of Twitter during the 

period from February 17 to March 17, 2014 

 
Source: Author’s own 

 

Discussion 

The city of Benidorm offers interesting results regarding the location of tweets sent: more tweets 

were produced from the historic downtown area of the city than from any of the beaches. 

This may be due to seasonal demographic reasons, given that the data was logged during the 

tourist low season when the traditional centre has more permanent residents compared to the 

beach areas whose residents are mostly seasonal or tourists and, as you would expect, this 

area has fewer residents during the tourist low season. Additionally, many tourists may not have 

mobile internet access outside their hotel or apartment. 

A further interesting result is offered by Foursquare in the case of Levante Beach where there is 

notable activity in terms of data logged regarding food, outdoor and recreation, and nightlife 

spots.  

Regarding the disadvantages of the chosen social networks, on the one hand, we should note 

that Twitter text messages do not usually refer to specific places and many users use this 

network as a public chat forum and therefore we can only observe the presence and interaction 

of users in a particular place. Because coordinates of many tweets cannot be extracted, the 

master coordinate is considered valid to this research, that from a practical standpoint is 

estimated as valid as possible coordinates resulting from Twitter because it brings together the 

comments made in near locations. Moreover, the venues that Foursquare includes are mostly 

city spaces that are known, popular on the web, —i.e. Levante and Poniente promenades, 
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Plaza Triangular—, socially relevant, therefore, it is important to consider that there are other 

places that are not recognized by Foursquare. 

Our grid conducts searches in circular areas, therefore the data located at its edges may not be 

comparable to data obtained elsewhere on the grid. For this reason, different measures are 

used for graphics, reaching the conclusion that the most appropriate scale is 100 meters of 

diameter (which guarantees more than one point grid). 

Conclusions 

The beach area of Levante seafront is the most frequented by visitors registered in Foursquare, 

mainly due to the variety and quantity of activities it registers compared to the Poniente beach. 

Regarding the total number of visitors up to March 17, 2014, Levante Beach is the most socially 

relevant site, with a remarkable differentiation of all venues in Foursquare, confirming 

Benidorm’s image as a sun and beach tourism model. Additionally, Twitter’s results show that, 

in low season, the social activity of the city is concentrated in the historic downtown area, where 

the permanent population is mainly based. 

 

This study has validated that social networks, such as Twitter and Foursquare, can be used as 

tools to identify, through virtual reality, what happens in the physical reality of cities. Twitter 

sheds light on the question about the location of social relations in the city, whereas Foursquare 

provides information on the preferred or socially relevant areas of a city. 
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Abstract 

The purpose of the article is to define the relationship between property issues and new urban 

experiences it creates. The article is divided by chapter 3. The first presents the background 

and urban issues that led to the questioning and, more specifically, the issue of keeping a 

portfolio of real or virtual way under pressure from the major urban issues. The second part 

defines the concept of heritage and its representation in a virtual world. We rely heavily on 

Unesco's work on the preservation of digital data as well as the collective work of Petauque 

(FR) on the question of meaning to the stored information. Finally, we present the risks of the 

theory made facing the ground in describing the example of Godin Familistère project that 

underlies all of our research. It is clear that the article is based on actual experience and is 

therefore a posteriori looking for experienced face the reality of the Brussels urban governance. 

Contextualization: heritage, urban issues and memory 

Our paper deals with the questioning of the city, technologies and their relationship to heritage. 

Thanks to some semantic proposals, we will try to change the way people see heritage 

protection standards according to urban upheavals that emerge with new technologies and in 

the context of sustainable new change necessary for the durability of urban projects which turn 

cities into permanent experimental laboratories. 

Our article is based on a practical approach, after a "life-size" experience lived between 2008 

and 2012 as part of the work carried out by the team of Cooparch-RU cooperative town 

planners. This work is complemented by an essential and detailed experience feedback leading 

to a more theoretical approach of the notion of sign and medium which is widely based on the 

mailto:pascal.simoens@umons.ac.be
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current discussions about the concept of storing information related to new means of 

reproduction and transcription of memory space. In this regard, and in order to better 

understand the issues which led us to find a medium that would enable us to respect the 

memory of a symbolic city site while offering to that place the ability to shift to safeguard the 

strength of evolution of an urban area of more than one million inhabitants. We have used the 

most recent that technology could offer to retranscribe the architecture in data and pictures. 

When decision time becomes a factor ; the example of the Godin factory that we will study 

raises the crucial question of the role of material heritage in the city within the meaning of such 

citizenship in relation to urban issues that are constantly in motion and that also define this 

citizenship. This approach might be more emotional than it was supposed to be, but we still try 

to show that the essence of the real estate is not always in the bricks. In this case, technology is 

designed to increase the memorial value and may even become its rescue guarantor. 

Nowadays, technology offers a new era to specialists of town planning and architecture ; that of 

concrete real-life virtuality thanks to an almost unlimited computing capacity. Some new 

solutions were used in this experiment such as laser scanning, satellite geotagging, 3D graphic 

representation and integration of geotagged databases. However, in this case, technology is 

only a medium faced with a much more important stake whose issues and potential risks we are 

trying to synthetise in these words: data storage. 

If our work as a practitioner of the city allowed us to convince the local authorities of the 

relevance of the storage process of an architectural memory by virtualization tools as part of a 

scientific and technical approach to the preservation of patrimonial memory, we were faced with 

the inability of the authorities to ensure data continuity and preservation, as if the transfer from 

paper to bits was a revolution in itself. It seems to be in the light of feedback, including from 

MIT, we will also relate in the article to make clear the real issues of our specifically Brussels 

approach. 

Who would dare destroy a high social value heritage? 

If the memory of a city is important, its development is essential and is the guarantee of 

continuity and therefore of the sustainability of that memory. 

The first step of our experimental approach has first been confronted with the question of the 

value of a site, the Godin Familistère in Laeken (Brussels), the work of Jean-Baptiste Godin 

who also created the Familistère de Guise, a utopia based on Fourierists precepts. 

The second step of our approach consisted in specifying the value of the urban project through 

its impact on the scale of the Brussels metropolitan area and in the context of frantic territorial 

competition where sustainable development of the city was the main issue. An increase in value 

thanks to which we can judge the relevance of the constraints of maintaining or not the 

architectural heritage in comparison with the urban project. 

The third and final step consists in defining a medium to reconcile both patrimonial issues and 

those of the city without forgetting the importance of the definition of this medium, its use and 

sustainability. This is about the point of interface that the integration of new technologies 

emerges in connection with new memorial approaches to Familistère bricks. 
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A social experience catalyst factory in a city traumatized by Brusselization 

The object of our approach was the analysis of all the workshops of foundry and production of 

the famous Godin stove whose only branch of Guise
1
 factory was developed in Laeken 

(Brussels) from 1858 to 1968. The site is located along the Willebroek canal connecting 

Brussels to Antwerp and along the Senne, one of the three rivers that irrigate Brussels and its 

region. Surrounded by infrastructures (city entrance highway, Schaerbeek-formation station, 

greengrocer’s evening market), the site was initially devoted to an exporting counter cwhich was 

wisely nicknamed 'the Indiennerie' well defining its business purpose. When Godin purchased 

the site, he gave it another form of activity through the creation of a foundry to manufacture the 

famous stoves name of their inventor. After the closure of factories and in spite of a thirty-year- 

lethargy, the heritage value of the site and more specifically of some buildings like the copy of 

Familistère was highlighted among others by G. Vanderhulst who wrote several notes about this 

by the Royal Commission for Monuments and Sites of Brussels region, including that of 2006. 

He uses explicit terms, removing any ambiguity as to the expected quality of the place: "The site 

of the former GODIN stove factory is, in many ways, exceptional at the  regional, national and 

international levels. It deserves a major legal protection despite its sometimes disturbing state of 

degradation, and following real estate projects
2
. ". At that time, the site was still under a 

development of low quality and most polluting industrial activities with no connection with those 

initially organized: vehicle boning, tyre traffic, etc. Some warehouses were transformed to allow 

the setting-up  of cold rooms or other storage spaces. 

Worse, buidings with an affirmed patrimonial nature were neglected, among others two 

particularly significant: 

• The first one concerns the Familistère itself, classified in August 1988, and exact reproduction 

of a block of Guise Familistère. This building was not subject to the same social fervour as 

Guise complex, as shown by its desertion by workers at the plant permanent closure. However, 

nowadays, it still creates a force recalling Godin intentions, his social and cooperative approach. 

It still reminds us that when it was closed down, 263 employees were still cooperators of the 

building. It is undoubtedly the heritage object contributing to the unique identity of the Laeken 

site and JB Godin major work on Guise site which an application for registration on the 

UNESCO list isunder consideration. 

• the second building of major historical interest is the Indiennerie located in the heart of the 

manufacturing workshops and whose construction predates Godin arrival. This 3-floor-building 

was profoundly transformed by Godin who had self-conceived cast-iron columns put in to 

reinforce floors for stoves storage. Forestry identity resulting from the abundance of columns 

earned him the nickname "Cathedral". 

The rest of the initial Godin site extending over more than 4 hectares gathers 19th century 

industrial buildings of the 19th century which had already been heavily reshaped. On this last 

point, and according to the full maintenance of the site defenders, opinions differ. While 

architectural and industrial value is interesting from Brussels point of view, this architecture is 

                                                      
1
 Located in French Thiérache, Aisne Department 

2
 Note presented by the CRMS in August 2006 
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relatively trivial (Cooparch, 2008) when compared to other Belgian examples of brick buildings 

and industrial framework made of wood. 

After 40 years of lethargy, that is to say a quarter of their history, the factory and the Brussels 

Familistère see a new page in their history started at the dawn of the 21st century. Indeed, the 

industrial site is indeed a major urban issue to the north entrance of Brussels urbanization, 

based on the reconquest of the channel. The site is opposite the royal property, adjacent to 

Schaerbeek train station (future Hub TGV) and close to the morning market whose 

infrastructures also seem doomed to rapid change. The takeover of the site by the real estate 

and commercial developer Equilis
3
 is crucial as it provides a solution significantly contributing to 

the achievement of Brussels Region objectives by creating on the Godin site a new shopping 

centre and hundreds of accomodations and the adjoining land . 

The commercial project which will be inaugurated in 2016 has required many negotiations 

before entering its present stage of construction
4
 and has raised the question of the overall 

heritage value of the entire complex. 

Negotiations between the commercial developer, the Brussels Region and heritage institutions 

to which we have actively contributed took place from 2008 to 2012. The major challenge 

consisted in finding the general balance between the intrinsic value of the site at the level of the 

history of the city and the need for the last-mentioned to fight on equal terms for the commercial 

development of the north of Brussels, on an inter-regional level. 

These negotiations led to the acknowledgement that, although the Region had to respect the 

memory of the site and protect more specifically some buildings of unquestionable historical 

interest related to Godin's history as well as to the history of the Brussels industry, the issues 

and the economic and urban impact of the setting up of a shopping centre were higher. Heritage 

fanatics have undoubtedly risen up against this form of 'heritage enhancement' reeking of 

Brusselisation in link with sinister memories of dismantling of facades which are still 

nonchalantly stocked on some Belgian wasteland.This is a justified perception of the problem 

based on a traditional interpretation of the heritage questioning in Brussels and it is in this 

context that our involvement with the introduction of digital tools has changed the perception of 

the solutions put at authorities disposal which, so far, have not managed to decide between the 

urban project and enhancement heritage hence running the risk of seeing northern Brussels 

urban development biased. 

A site, a major urban issue 

This craze for heritage site was paralleled (from the mid 2000s) by a proposal from the property 

developer Equilis to build a commercial complex of more than 35,000 m² instead of Godin 

workshops. At the same time, all the heritage preservationists got wind of the project then called 

"Under the Sky". 

But what matters is to estimate the importance of this project as part of the development of the 

metropolitan urban area of Brussels. Indeed, in the early 2000s and for the first time after a 

                                                      
3
 Belgian company of commercial real estate development and combined projects.The main shareholder   is Mesdagth 

family,Carrefour Partner and Champion supermarkets owner. 
4
 Dokxs Brussels Project Art & Built 
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drastic exodus of the population to the outskirts which had begun in the 1970s
5
, the Brussels 

Region has the prospect of seeing increase in its population by more than 310,000 people, that 

is to say 1/3 of the population in the early 2000s. The Federal Planning Bureau projects an 

increase of over 15,000 inhabitants / year for the next 20 years including 170,000 between 2010 

and 2020
6
. In some regional towns, the annual demographic growth rates are above 4%. 

Brussels will have never been so populated than it will be in 2030 with over 1.3 million 

inhabitants, which will give way to a heavy change in urban balance and will therefore have an 

impact not only on public transport as new metro lines will have to be created, but also on the 

housing and services, among other comercial, in other words, our main topic. PRDD
7
 clearly 

defines these issues as it will create 90,800 flats by 2020 as well as services going with these 

developments. 

In this context, the commercial project called DOCKS Bruxsel is one of the elements of urban 

and service mix for the north face of the Brussels Region which will be supplemented by 

industry, housing, offices and sports infrastructures. But even more, this programme is part of a 

major territorial competition for the capture of new Brussels residents of whom over 40% will be 

located in the north face of the city thanks to different projects which are currently in progress 

such as the new district around the future stadium. This territorial competition is expressed by a 

border war between Flanders and Brussels with the Uplace project on the other side of the 

Brussels ring road, a commercial project whose concept developed along the Brussels ring road 

is still expected so fa
8
r with more than 55,000 m² of retail shops for more than 190.000m² of 

constructed floor surface
9
s. The stake of this territorial competition is the capture of wealth 

faced with the principles of sustainable development, including that of mobility. Finally, on a 

regional territorial scale, if Brussels inhabitants gradually rediscover a long-neglected valley that 

was long neglected, it is because this space is the only space of mixed reconversion in a region 

which increasingly focuses on administrative services. But all of these issues should not eclipse 

the question of housing which gets out of reach of the middle classes. The channel is expected 

to meet one of the five regional challenges which consists in curling its population growth. 

These issues have crystallized on the Godin site whose seduction weapon materialized by the 

offer of a new shopping centre which had a much more important impact on the urban territory 

than the scale of the site itself. The point of the topic on protection of a heritage site was not 

only the risk of developing a few thousand square meters of shops instead of historic buildings 

of some value, but rather the orientation of the sustainable running of the city for the next 30 

years. Not to mention the fruitless territorial competition between Flanders and the Brussels 

Region. 

                                                      
5
 « Record number of inhabitants in Brussels-Capital Region », IBSA, information note, April 2012  

6
 We can see that Brussels has undergone a positive demographic growth for the last 3 centuries, except at the 

beginning of the 19th century and between 1975 and 1995. Particularly, we notice that more than 1,250, 000 inhabitants 
lived there in 1945, that is to say less than the population expected by 2040. Source : Cooparchr-RU, « Estimation of 
the capacity of RBC densification according to accessibilty and heritage criteria. » Study for the Office of the President, 
2012 , Brussels 
7
 Regional Plan of Sustainable Development, Brussels Government, 26 the September version  

8
 Reverse gear for Uplace, Brussels Inter Environment, www.ied.be, artcile published on 4th June 2014 and consulted 

on 1st April 2015 . 
9
 «Fact and Figures Uplace Machelen, WWW.uplace .eu .Site consulted on 26th March 2015.  
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A well-considered choice offering all the territorial resilience capabilities 

It is at this stage that the question of the resilience capability of a regional territory must be 

asked and when political choices have to be tackled. These choices are as complex as the city 

is but their challenges can be understood provided a transversal approach is developed. 

The first challenge is urbanity that defines what makes the city a city, that is to say a place of 

mixed mesh with surrounding neighbourhoods. The shopping centre project adapted to town-

planning restraints imposed by the Region, is a project interfaced with different neighbourhoods 

which are under renovation or constantly evolving. But above all, this project offers the 

possibility of an intra-regional catchment while providing a real multimodality of moving as 

opposed to "everything for the car" of the nearby ring road. Thus, the creation of infrastructure, 

private or public, has often been a catalyst to develop other urban spaces in major cities. The 

process was the same in this case with, in addition, a guarantee of giving better value to the 

sustainable development policy suggested by the Region. But the most important resilient 

feature of the project is undoubtedly its integration into the complex maze of the present city. 

The project is not an extension of the city but rather a mutation faced with demographic issues 

and the point of the channel reconquest as a physical structure of regional identity. It is no 

coincidence that 3 town planners Secchi VIGANO - Djamel CLOUCHE and Kristin Jensen, 

selected to consider the future of Brussels in 2040
10

, based their reflection on its relief and 

valleys to develop their own vision of the territory regional. 

From Brick to digital time, which place should we leave to memory? 

The shopping centre project thus made all its sense at that specific location and was all the 

more economically valued in terms of present and future urban challenges. However, politicians 

could not make the same mistakes as in Brussels past by demolishing the heritage value of the 

site. It is in this context that  a solution based on digital technologies emerged. It required above 

all a redefinition of the concept of heritage and of the medium in which it fitted. 

 The issues of value and heritage protection are relatively recent. In this regrad, we would like to 

recall that although the Royal Commission for Monuments and Sites was established almost 

immediately after the Belgian revolution (January 7, 1835), it was not before the mid-70s that 

the definition of heritage widened to social questions. A palace revolution which allowed the 

development of research on this subject and enabled to make the link between a building or a 

place and its inherent story : the true story. This new approach is completed by the collective or 

inhabitants’ right of initiative to legally claim the classififcation of the building. 

Today, this social and contextual issue is part of the concept of classification and opens the field 

for new ideas, whatever the heritage (material or immaterial). Faced with these many questions, 

we were commissioned by the developer of the future shopping centre and by the Brussels 

Region Heritage Minister to offer a satisfactory solution to all parties. A feat which was 

supposed  to meet urban challenges without denying the heritage site value, and as we will 

                                                      
10

 Brussels 2040, 3 visions for a metropolis, BOZAR architecture, exhibition catalogue from 16 
th March to 15 th April 2012, ed… Brussels-Capital Region, 2012 
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realize  later, especially its memorial value in terms of its social value which is intimately linked 

to the history of Guise site. 

Before taking up to this challenge, it appeared useful to us to define the various types of assets, 

in addition to that relating to the brick and whose intrinsic value was, as noted above, highly 

subjective. Godin site was the ideal study case as Godin himself attached little importance to 

architecture, convinced that what mattered was the social use of the building and not its 

architecture in itself.  

Setting new values to define heritage, a transition to better understand the digital approach. 

"This historical study of the former Godin plants in Laeken-Brussels allowed to glimpse the 

importance, not only of Godin character, by the specificity of his socialist utopian ideology and 

technical innovations, but also of the Laeken site and of its Familistère, as messenger of a 

memorial value which is more social than historical, aesthetic or technical. Indeed, even if the 

only other example of this type with a factory familistère, the Guise site in France, we have 

noticed that architecturally, technically and aesthetically, the Laeken site is less developed than 

that of Guise while in Grand Hornu, Bois-du-Luc, or in Guise, the intention to town planning is 

clear in the layout of the site. In the case of the Laeken site, we can not say that an overall 

projection is present from an architectural and urban point of view. 
11

" 

This was the conclusion given to the heritage value by Cooparch architects and town planners 

in 2008 before demolition. However, this conclusion could only be partial as it did not answer 

the question of maintaining the memory of the site and its social role in the global history of the 

atypical course of the manufacturer and utopian JB Godin. We had to tackle a new problem : if 

the building disappeared, a significant piece of the scientific potential of research ideas on 

Godin would also also risk disappearing. The danger of losing forever the potential of an 

analysis of the running of the plant and the inner social relationships was too important to be 

overlooked. It was a matter of a production process in the plant that could not be dissociated 

from workers who were at the same time cooperators of the Brussels Familistère. From this 

unanswered acknowledgement in 2008, it was necessary to open the reading field of historical 

memory for heritage preservation. The goal of our evaluation was to solve the equation between 

urban and heritage issues. A process that could not content iself with already proven solutions 

and which was also supposed to convince of the accuracy of the development of new specific 

criteria. The immateriality of relationships at work in a building site or geographic location were 

indissociable. Our role was to develop a solution offering to any researcher the opportunity to go 

on studying the site, but taking into account the fact that the site would not physically exist (in 

part) on a territory. A very singular definition which is specific to the architectural and social 

Godin site issues but also an approach that we thought should be compared to the 

archaeological approach that collects, reads and destroys to better understand. This purpose 

was ambitious and, as far as we knew, unique of its kind in Belgium. It required a bit of 

adventure and great conviction to convince institutional actors of the relevance of a new 

theoretical approach to the preservation of material heritage through digitization. In an 
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 Cooparch-RU, « the site of the former Godin factories in Laeken, historical and contextual », p.63, 10th November 
2008 
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underlying way, we had to define the heritage criteria which would allow to highlight the 

elements that form the base of this new memorial dematerialized approach. 

Far from a wish to theorize about the concept, we turned towards the current research on the 

definition of digital records and their preservation. Here is a summary of these researches as 

well as their risks and potentialities.  We realize the synthesis below, also revealing their risks 

and potential. 

 

About the value of a brick, virtual or real 

Our criteria were defined by the cultural context in which the project came within and, more 

generally, the question of historical memory in Europe. The concept of heritage is closely linked 

to the culture of the society in which it lies. It is therefore difficult to extract from it and the new 

memorial digital approach is all the more difficult to develop that Europe is probably one of the 

continents that resists digital innovations the most. Experimentation of age-old arts and heritage 

fields such as architecture has evolved very little since the French Revolution (G. GIOVANNONI 

1998)
12

. Indeed, before any specific approach to the issue of Godin factory preservation, we 

had to carry out a work in order to objectivize the method in relation to targets and invariants, 

that is to say memory preservation methods. 

To demonstrate and implement a digital method of preserving architectural data, we drew our 

inspiration from studies carried out through similar questioning within the framework of the 

preservation of written data while bearing in mind the suspensive condition to preserve this 

specific heritage especially considering the deterioration in the quality of paper. This approach 

is complemented by an analysis of the work carried out by UNESCO about the issue of digital 

memory and its preservation conditions in the context of the digital age, regardless of the work 

to preserve. 

 

Preserving the architectural heritage today 

Architecture, like any art, is no exception to the rule when it comes to developments in the new 

information society that allows to dematerialize, but can architecture actually be dematerialized 

to be lived? Asking this question is in itself a questioning of heritage conservation principles as 

applied today in most heritage services in Europe. Yet, the Venice Charter which was approved 

May 31
13

, 1964, that is to say 30 years before the opening of the Internet to the public, remains 

highly relevant today. However, it deserves a new interpretation whih would refound the 

challenges of architecture preservation for future generations. A second reading of the original 

text
14

 seems necessary, incorporating the new digital paradigm. Here is an extract from the 

Venice Charter preamble : 

"Imbued with a spiritual message from the past, the monumental works of people remain a living 

witness to their old-age traditions. Humanity, (...) must hand them down in the full richness of 

their authenticity. It is therefore essential to release and make public on an international level 
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 International Conference of Architects and Historic Monuments Technicians, Venise, 25-31 May 1964, ICOMOS, 
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the principles which should govern the preservation and restoration of monuments, while 

leaving each nation the task of ensuring their enforcement under its own culture and traditions. 

(...) Our assessment criteria were defined as follows: cultural and societal  heritage value  and 

memory dynamic value. " 

We will bear in mind this specific issue which underlies the need for a living and adapting 

heritage to reallocate, as described in art.5 from the 'preservation' chapter as well as in the art.9 

from Restoration chapter, enacting the rules of all existing restorations and defining restoration 

principles as an exceptional operation that cannot distort the heritage of primo historicity. In 

addition, the act of restoration ends where the assumption begins, as far as conjectural 

reconstitutions are concerned. Heritage is therefore defined by material issues included in a 

cultural context that is by definition moving and evolving. So much that, according to culture and 

the country concerned, the value of content is more important than the container. Nicolas 

Fiévé
15

 shows so by the exemplary reading of the value of heritage in Japan and offers a new 

approach to the architectural heritage as a component part of the artistic and cultural heritage, 

without dominating it. 

The interpretation of the Venice Charter is complex and, above all, as cultural as societal. It 

varies and adapts to suit the needs, requirements or policies. It therefore seemed to us useful to 

analyze the issue of the Laeken site with a less sensitive approach and analyzing what the 

studies through the memory retention generally experiencing the brunt of the digital 

transformations. With this approach, we have been able to better understand the principles of 

cultural and societal values in the memory and its preservation methods for hardware. A 

theoretical approach to better define the concepts of heritage preservation facing the digital 

challenge. This approach was then used to make choices in full knowledge of the facts. 

Among form, sign and medium, whixh space for memory in the digital 

age? 

Definition: document 

As above-mentioned, it appeared useful to test the idea that an architectural heritage can be 

maintained in a different wayin comparison with traditional methods of preservation and 

restoration such as the ones generally carried out in Europe. This idea sets the built heritage in 

a broader reflection on memory and its meaning in the context of urban transformations which 

are increasingly important in order to meet both demographic and climate problems. 

Architecture and heritage thus take up on a new form, including syntactic, by simply becoming a 

"document" illustrating the scope of the story it contains if not totally devastated and lost. It is 

the price to pat for the issue of the cities resilience. A notion that appears, among others in 

Pédauque RT collective (2003) whose interest was to develop a reflection on the interaction 

between the memory elements (books, documents, scripts, ...) as an object of analysis and 

digital technologies. The document is no longer a simple object, it becomes a semantic 

definition covering a general term which includes much wider criteria. The study demonstrates 
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that the document changes form and meaning in the Digital Age, opening a new chapter with 

the possibility of opening new areas of approach. These are often still largely undeterminate at 

a time in history when digital technologies do not allow referential stability through the constant 

evolution of technologies. On the other hand, this instability offers new reading fields such as 

the development of the process of the digital documenting architecture. 

The filing process of Godin site in Laeken comes within these principles and proves so: the 

building becomes an archive document. However, this would not be the first time a building is 

digitized and an architectural model can also become an archive document like the pieces of 

writing of an architect on the design of a project. However, this definition of architecture as a 

document has offered us the opportunity to get ourselves out of an analysis by traditional 

methods of preservation of architectural heritage. By objectivizing  the request,  does Godin 

have more social than architectural value? " 

 

Decomposition: form, sign and medium 

In order to better define the interest of this comprehensive approach for the Laeken site, we had 

to decode the Godin architectural production process, his writings (Social Solutions, 1880
16

) and 

his social goals
17

 which  made his  cultural and societal values highlighted. 

To set architecture and link it to a documentary context, we must redefine the architectural 

object through what makes up the digital document with its archive features . Architecture must 

then be supplemented by the analysis of its level of documentary compatibility, drawing 

inspiration from Pédauque works 
18

defining the form, sign and medium: 

• Form: certainly the easiest to define, but insufficient by itself to translate a building into a 

document. It is commonly translated as an object, material, manipulable or at least tactile. 

We should however note that today, the Oculus Rift type technologies (developed by Oculus 

VR) or HoloLens 
19

(Microsoft), virtual and augmented reality glasses, offer a new field to 

manipulate virtual objects. Meanwhile, these technologies are no longer toys for gamers but 

connected objects that could become everyone's daily life within a period of no longer than 5 to 

10 years. This technological contribution offers a new dimension to the tools available to 

researchers and should force us to reconsider all the available media, whether we are an 

architect or a historian. In this sense, the frontier between the two fields gets very tenuous and 

probably obsolescent in the coming years. These tools will necessarily redefine the meaning 

and the definition of the senses of touch, hearing as well as the visual immersion capacity 

defining the real-life experience of a building, real or not. 

• The sign : the authors define the signs of a document, which characterizes it as real-life carrier 

of the intentionality and making the document inseparable from the context in which it is 

produced so that it keeps its meaning.  

Except considering the last 20 years and the apparition of cultural globalization, which gives 

way to a more   generic production, architecture has always been a carrier of the meaning that 

                                                      
16
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defines a programme in symbiosis with its place. The form, drawings, the programme of a 

building are certainly a form of sign through the document, which, in this case, is defined by the 

building façade. In the case of Godin site in Laeken (Brussels), the meaning of the place is the 

copy of Guise Familistère, place of life and workers’ cooperation. This listed building could be 

demolished. The second element which gave sense to the principles set up to respect heritage 

was the 'Indiennerie', the first building that was purchased by Godin and turned a bit in a rush to 

make it operational as soon as possible faced with social and political unrest of the Second 

Empire, and with anti-bourgeois Godin stand
20

. A political situation that forced him to consider 

an economic retirement outside the French borders and a fast setting up iof his factory in 

Belgium. This building is immediately transformed by Godin to be reassigned to the new storage 

activity of stoves waiting for being shipped through the port of Antwerp. A change implemented 

a few years before the construction of other industrial buildings. And beyond the temporal 

contextualization, the building and its conversion by Godin, demonstrate a real technical clear-

sightedness by the constructive choices he has brought to the building. 

• The medium: the  definition of the medium is also  interpreted as an information and 

communicating  elemen,t a communication that allows the creation of relationships and social 

experiments through the document (ibid.). 

This reading is well suited to architecture and even comes within the basis for the goal of any 

architect wishing to offer any conceptual thinking (the building) to the community, the city or 

territory. Whatever the time, architecture has always been subject to sensory experiments 

around the containers and the content. However, today, these elements are changing in one 

respect : the sensations of these contents can be rewritten digitally and even increased. As a 

result, architecture is no longer the only link with an experimental wrapping of sensations 

considering that a virtual space can cause the brain to forget that sensory wrapping is virtual for 

real sensations. The collective work "Mobility and hybrid courses
21

" under the supervision of P. 

Laudati, D. Laousse and K. Zreik makes it clear especially as, nowadays, the question is 

whether the terms of augmented and virtual realities are still appropriate to describe this type of 

interaction where the virtual partly creates reality. 

In the light of new research on digital issues, the analysis of this dissection of the document 

shows that digitalization of space in society, in the social, lived and built senses, enable us to 

place architecture as the structure of documents-items that meet transportable criteria of writing 

and semantics. The "reader" can take this new approach over all the more easily that all 

documents can now be on the same medium. Indeed, the emergence of standardization of new 

technologies such as 3D digitization of spaces by lasers can create an image of an existing site, 

in all its dimensions and on a precision scale which could not even have been considered 5 

years ago. These data are transcribed as a piece of information whose meaning has grounds 

for existence only if they recover form, sign and medium as already specified, but transposed 

into digital codes. This new approach which remains experimental, only makes sense thanks to 

the level of definition that technology can achieve when it comes to the plotting of buildings and 
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may define a level of sufficient analysis to scientific research. Indeed, the degree of accuracy 

achieved today, and the imprecision that goes with it, is the millimetre and paradoxically offers a 

precision of detail that any plotting made by man could ever reach. The paradigm of the building 

or monument plotting therefore changes to be given a scientific paper value, accurate and true 

reflection of reality. Then virtualization technologies offer the opportunity to bring the destroyed 

or disappeared building back to life. One cannot deny the interest that this type of monument 

plotting might have had considering the patrimonial massacres recently carried out by the 

Islamic State against Persian architecture in Syria. The Syrian issue shows the concrete 

relevance of digital archiving. An approach that is defined on the basis of principles of preserved 

memory, and which, above all, offers the potential for subsequent rebuilding according to  the 

strict rules of the Venice Charter, as all plans of the original situation exist and are available. 

Similarly, another example is the Mostar Bridge (16th century), which was destroyed during the 

Balkan War and rebuilt by the international community, based on historical documents. These 

two contemporary examples seem to demonstrate the relevance of digital technology allowing 

the setting up of documents, with the advantage of full reversibility. 

Transposing a building as a simple document while having the ability to experience it as part of 

a virtually reconstructed item with the same characteristics as the ones of the real or rebuilt item 

as it is commonly done, opens a field for the architectural archiving concept. This is a question 

which must be considered  through the urban transformations that are growing faster and faster. 

This new definition contrasts with or challenges the very definition of the document as heritage 

and history professionals interpret it nowadays, most of the time in paper form for lack of bricks. 

Tomorrow document can be defined thanks to its digital nature, as a state, sometimes 

temporary, sometimes permanent, but still reversible and convertible (Dominique Cotte, 2004)
22

. 

The technical-theoretical approach defined at that moment cannot relegate to a position of 

secondary importance other aspects such as culture or societal /living memory. Elements of 

architectural experience and that can not be neglected in the entire setting-up of the semantic 

reading of a built "document". This is the case, for example, of collective actions and real-life 

working experience in a factory which, at first, seem difficult to reflect in a virtual transcription. 

Therefore, the creation of an architecture-document can only be one of the components of the 

memory of the deconstructed place. Other elements become a necessary complement to the 

understanding of a whole so that the experience can really be 'augmented' 

Corporate and cultural value of memory 

Corporate 

Assuming that heritage lovers put up with this new systemic paradigm of the building turned into 

a  memory document whose qualities reveal a moment in time and that this building could be 

maintained or converted to data, themselves reconstructible according to the requirements of 

Society, should this theoretical principle be developed in parallel with the redefinition of heritage 

preservation rules in order to give the same preservation status to data as the one given to a 
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historic building protected by its listing? An approach that can only be undertaken on a world-

wide scale and by UNESCO in particular which has been taking an active interest in this issue 

since 2003
23

 and has materialized in the Declaration of Vancouver
24

 in 2012, a fundamental 

declaration in the definition of preservation of digital documents but alsowhe it comes to free 

access to them. On the occasion of this agreement, UNESCO explicitly acknowledges that 

digitization prevents scanning documents of inestimable value from being handled and thus 

deteriorated further. Obviously, the approach remains essentially linked to the new form of 

digital and artistic documents whose only substance is dematerialized without physical medium. 

However, a new reading of the founding texts can provide a genuine interest in the issue of 

physical assets such as architecture. This is what is specified by a good management of reliable 

digital content which is essential for sustainable development by also emphasizing the need to 

develop an emergency digitization programme aimed at preserving documentary collection 

threatened by natural disasters or armed conflicts. An approach that seems premonitory today 

when we see what is going on in Syria. 

The interpretation of this Agreement may be put into perspective with the interpretation of the 

question of architecture in the form of two concepts which are part of our foremost 

preoccupations as far as our approach is concerned: 

• The first one is about the architecture built in analogical form, and whose value is the very 

presence on a territory or city. All traditional heritage protection rules are implemented here. 

• The second one concerns the digital heritage, either in analogical form (plans, drawings or 

models) or digital (plans, models, ...) for reasons of preservation and availability of that memory. 

In addition, the process of digitization in order to preserve an analogical paper, here in the 

architectural form, shows the interest of the archiving concept even before the possible 

disappearance and enhancement of the quality of the digital document as a scientific protection 

element. 

 

Cultural 

If the societal value of heritage can be defined at the level of questioning the evolution of our 

society, the cultural definition of heritage enables us to better understand the nuances of the 

more local issues and, therefore, often tinged with emotions. However, we cannot initially 

extricate ourselves from the cultural question initially at the level of the group forming a society 

of individuals bound by the same cultural values. These values can be expressed on the scale 

of a country that we will call a "society", offering specific reading of the historical memory. For 

example, Japan differs from European culture by the meanings given to heritage objects and 

their containers, in this case, buildings. Closer still is the question which still currently arises in 

France when it comes to the heritage value of the buildings defining the industrial period. A 

period for which France found it difficult to get rid of the traditional notion of heritage, namely  

churches, castles and bricks from all other times than the 19th and 20th centuries which were 

industrial ground. Indeed, how to classify and restore the machinery of a colliery knowing that it 

will never function any more for what it was dedicated to at first? What about the social heritage 
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of a public space, a place of social struggles which must be altered to allow the transition of 

modernity through a LRT
25

? 

In other respects, architecture is an element of everyday cultural experience and sometimes 

subject to aesthetic modes that define its method of preservation. The example of the love-hate 

of Belgium towards the Art Nouveau just after World War II and until the 1980s shows that the 

value of heritage is not intangible, poured in cement. This period of determination to destroy the 

pre-war heritage is also a specific time of Belgium's history that was dedicated body and soul to 

modernity. It is therefore not neutral for the Belgian history of building preservation, and through 

its mechanisms, it reflects its time. 

Property assets are not only a preserved architectural style. In some cases, it can represent a 

collective social history despite its architectural trivialization, which is partly the case for the 

Laeken Godin site.  Architecture then becomes carrier of meaning not for its intrinsic qualities, 

but for what it represents. 

The publication about community centres in the French-speaking Community (Tatiana Willems, 

Renaud Zeebroek
26

) shows without a shadow of a doubt that the content (cooperatives, meeting 

rooms, shops ...) was more important than the container. And if Hendrik Defoort, in the same 

book, describes the significant role of avant-garde buildings such as the community centres of 

Brussels by Horta and the Vooruit in Ghent both designed to impress the European Socialists, 

they nevertheless remain exceptional compared to the hundreds of other cooperatives houses 

built in the late 19th century or early 20th in Belgium whose architecture is much darker or even 

ordinary. 

Mr. Halbwachs offers us an even subtler definition of the concept of memory in his book entitled 

"collective memory"
27

 . Here is an extract: 

"If between the houses, streets and groups of their inhabitants, there were only an accidental 

relationship of short duration, men could destroy their house, their neighbourhood and build 

others on a different level; but if stones agree to be carried, it is not ²easy to "change the 

relationship that has developed between stones and men. When a group of people lives for a 

long time in a location suited to their habits, not only their movements but also their thoughts are 

set on the succession of material images that represent their external objects (...) Stones and 

materials will not resist you, but groups will do so and you will meet with the resistance, if not of 

stones, at least of their old layout. 

The description of the relationship between bricks and the social content of these is explicit and 

sums up the question of bricks as storage medium. If this makes indissociable the relationship 

between social history and the building-container, what Halbwachs could not predict is the 

emergence of technologies offering the opportunity to immerse ourselves once again in 

architecture and living environment. Let’s imagine ourselves going for a life-size walk in the 

community centres of Brussels, in full immersion. A unique experience that would undoubtedly 
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bring out a new imagination and integrate the architectural dimension of brilliant speech on the 

balcony of Emile Vandervelde Square. Today, all this is technically possible and gives a new 

dimension to the historical social approach, written in its original urban context. 

Our architecture-document approach is also defined through the approach to preserving the 

true story which can only be partially transmitted through oral tradition or written work / 

recordings. This living memory thus becomes document and the architecture document 

completes knowledge while allowing to make tangible complementary experience in the sense 

of hearing and eyesight, by "virtual" touch. The process that we develop weaves still its real 

hybridization as the document can take any form, at different moments of the life of the building 

or city : paper project, constructed member, protected or virtualized element. Whatever its 

condition, the document-building offers thanks to current technologies a true-life 

experimentation: from 3D model to virtual reconstruction and sensory immersion. This is also 

the purpose of the laboratory implementation DéVisu (arch. SKOPE / T'Kindt) from the 

University of Valenciennes, in Wallers. 

The advantage of this approach is the emergence of a development concept of a virtual sensory 

experience, complemented by written and sound contributions thanks to which a place and its 

social history can be translated. If technological contributions of today undoubtedly allow so, this 

approach must be balanced by the collective imagination that needs to project collectively and 

not individually in a space in order to live and share space-time in its most instantaneous and 

indissociable. In the publication Heritage and collective life (Coll. 2005)
28

, Nicolas Robert J. and 

Alexander Pouleur share with us the experience of Albert 1
er

  Square in an interview 

summarizing the limits of sensory and virtual approach: " Albert 1
er

 Square is two things to me. 

Ball game. I attended dramatic struggles of pelota. "Pelota ", it also reminds me of a department 

store which was there and was kept by Marcel Crohez. It was the "Bon Marché". Pierre Crohez 

who was president of the literary artistic circle of Charleroi, with whom I had some very 

interesting conversations, precisely because he was as keen on the arts and literature  as I was. 

And he is a selfless man, a great man of taste (...). 

Then, another memory, it was in 1960, the famous 60 strike during which Arthur Gailly had 

gathered leftists throughout the region around him. Yes, it was in 60. No, it's earlier, it's earlier. It 

is not during the Royal case. It's not in 1950? 51 or 52 when Belgium took a stand in favour or 

against Leopold III. There was an open air rally, It was really crowded. The place was full to 

bursting, it was crammed full. A word would have been enough to turn those who were there 

into real revolutionaries, the people were so excited. "
29

 

Thanks to this extract, we can understand and define the possibilities and limitations offered by 

virtualization of the building which became document. Limitations which must be assessed at 

the level of digitalization systems that are now available to us. Indeed, these limitations develop 

and enrich so much true-life experience that they lead us to rethink the limits of 

experimentation. On the one hand, the place can be restored in every detail, including the 

Charleroi house of cooperatives that was demolished in 1961 to give way for the first Charleroi 
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24-floor "skyscraper" which gave A. Gailly the opportunity to express himself on the balcony. On 

the other hand, if his speech was probably not recorded, at least as far as what interests us is 

concerned, it could be reinterpreted according to the basics of the entirely or partially  written 

speech. So here we are in this vanished square with its old buildings disappeared, living again 

the militant speech of bygone days. The virtual reconstruction of the space is an unquestionable 

challenge to contextualize this speech. However, and after having read the quoited testimony, 

nothing can express the relationship between the two actors of the artistic circle of Charleroi. 

Virtual world cannot transfer the feelings shared between the two characters of the time. The 

limits are at people's souls door. 

From memory value to its preservation 

The complex process of digital archiving 

New technologies offer the incredible opportunity to develop our senses through immersion in 

architecture, virtual, but lived. Combined with other media such as written/ spoken  or sound, 

they reveal the potential of augmented experience. An experience that must be considered in its 

proper place, next to the living heritage of buildings that must clearly be preserved. However it 

is impossible to deny that faced with the evolution of the city and when a building is loaded with 

more stories than bricks, the idea of virtualization can be presented as a specific solution as it 

allows everything to remain in the memory without tarnishing the evolution of the city. It is this 

approach that we developed for the Laeken Godin Site archiving. 

Godin site was, above all, a relatively traditional production site for its time and showed, 

allowing for exceptions, no outstanding architectural characteristics. The main buildings such as 

the Indiennerie and the Familistère were preserved and strengthened beyond the traditional 

classification protection measures of classification by changing the plotplan initiated by the 

commercial developer, in order to give meaning to the history of the place by the presence of 

signs of production spaces in the network of public spaces. We have developed a 

comprehensive digitization strategy of the plant production site. A plot made to a definition of 

the degree of laser permissible error lasers within 3 mm, to meet all carpenters’ drawings  on l 

foundry workshops load bearing timbr structures. Additionally, a sensitive approach of the life in 

this building was filmed through the visit of experts describing step by step the architectural 

elements and  general feeling. A photographic report and monitoring of demolitions, step by 

step, by the archaeological services of the Brussels region completed this work and helped to 

create a large database on the site at the same time technical, scientific and sensible. 

It also seemed very important to us to link these data to the development of the site in the 

proposed shopping centre. This model has thus been designed to be "lived" through a 

geolocated smartphone thanks to which we can virtually move with ease and in all simplicity in 

old buildings ... while doing our shopping. This last step remains unresolved and may be 

checked at the opening of the site. 

But most important was to coordinate information with the Godin Foundation based in Guise 

(FR) and to provide copies of all stored data. While this innovative and unusual approach was 
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accepted by the heritage services of the Brussels Region
30

, it was not the same for all the 

archiving services of these data. We were faced with the biggest current problem which is the 

management of digital data storage and its preservation. A concern joining UNESCO’s 

(Vancouver, 2004) stating that digital preservation should be a development priority and 

specifying that investments in infrastructure are essential to ensure the preservation of 

documents and their long-term accessibility. Additionally, we were also faced with a lack of 

understanding from actors and still more, from the administrative system on which they 

depended. Once more, UNESCO made the point by stating in the Charter of the digital memory 

the need for educational and training projects for data professionals which must be developed 

and disseminated to prepare and convince them to implement the data digitization and storage 

according to the needs of governments and citizens. 

The question of data preservation and storage is an even more crucial issue than the memory 

digitization. This approach is still much debated and for a reason that has not been solved to 

date : the definition of a universal storage medium. The principle of universality requires the 

creation of a new language such as digital Esperanto. However, such an approach seems 

difficult to organize in a digital world that is in its semantic infancy. There are many codes like 

HTML
31

, but which are not languages strictly speaking. Thus, in the context of digital plans 

documents, if a model compatible with all, namely AUTOCAD size dwg and .dxf type there is at 

the same time countless numbers of other coding systems associated with non open source 

software. In this context, the universal compatibility remains apious hope, since the transfer of a 

coding system is a source of losses and interpretations. However, the biggest problem is of 

another type and is related to the physical storage of data. Indeed, on the one hand, the 

solution of mastery of language can now be bypassed with the availability of the software and 

its ad hoc version ; on the other hand, these elements must be preserved in the long term in the 

same way as the paper serves as a universal medium  for all languages and requires specific 

conditions to ensure its preservation. However, no physical medium can guarantee to date data 

perpetuity. The obsolescence of these is programmed if we can’t ensure the maintenance of all 

media that can read them. A problem that is not new with the audio recordings and their various 

magnetic reading media created since the 1930s, with the particularity that currently reading 

materials vary or change every 5 years. Therefore, the maintenance of digital data and the 

continuity of its reading are now a real unsolved problem, probably owing to technologies which 

are still at the dawn of their development and thus not stable. 

This issue was recently raised by Kate KONDAYEN in an article in the Harvard Gazette (May 8, 

2015) in which she describes the difficulties to keep in working order all the different reading 

systems aimed at reading or transcribing the stored data. It helps to understand how recorded 

or digital data storage strategies require an original process which is always questioning. 

This was also the case for the point of this paper, namely digital data produced on the Godin 

Familistère in Laeken. As much on the scale of the city of Brussels as for the Godin Foundation, 
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we have received no guarantee of data preservation process nor of their integration in Brussels 

city or Aisne Department archives services which are still questioning the matter. 

From our side, we had attempted to provide data across multiple formats for which we had 

guaranteed the original value of the data. We had also planned the integration of a data 

conversion software so that they could not be damaged during the transfer. These data were 

made available (and duplicated for security reasons) for the services that manage storage 

without really knowing what would be done with them. 

Conclusion: A peculiarity, new paradigms 

The Godin Familistère site in Laeken was then dismantled. The remarkable buildings of the 

industrial and social history of this site, however, were maintained and better valued than in the 

original project. All Heritage initiative launched by the Brussels Region has also developed a 

new approach to the definition of the memory of an architectural place and its way of archiving. 

However, the coherence of approach was confronted with the question of memory itself, now 

institutionalized (city, foundation), but has not yet incorporated the paradigms of holding digital 

data. The significant risk of data loss could paralize a new approach to the archiving of the city 

which is today a major issue of urban resilience faced with  demographic, technological and 

climate issues. A singular paradox where the city wants to be smart but forgets its memory if 

there is no way of knowing of how to preserve it. This article tries to demonstrate the essential 

link between the emergence of a new approach to urban memory compared to its mutations. If 

Europe has valued property assets so much that they were made part and parcel of their 

cultural DNA, European cities also face the necessary development in their urban fabric to 

adapt themselves to change as it has always been the case. 

A memory that can only be of value if the actors of the city and of architecture accept to turn 

fresh eyes to the size of the architectural object. An object that is no longer only confined to 

three dimensions of reality. This manyfaceted document can also group new forms of integrated 

sensory dimensions and restores both the container and contents. To paraphrase a few 

buzzwords which are very judicious here : just like an augmented experience, nowadays, cities 

offer all digital conditions of former, present and future experience. This perspective offers a 

new historical and archaeological approach of buildings which have recently disappeared and 

can still remain present in the form of lines of code. The codes themselves are a source of 

virtual architecture whose experience complemented by signs, text, sound and customs offers 

an immersion of which all the specialists in the history of cities and architecture dream, for lack 

of architecture turned into a museum. The risks of secularization of the cities and their growing 

difficulties in adapting to the changes are not trivial and it is through this approach that the 

innovation process of the Leaken Godin site digitization fits. Otherwise, it seems to us that the 

transformation stakes have priority on memory, this is what we call the instinct of survival. And 

rather than reject this new dimension of heritage development, it seems possible to open the 

field of mutation in cities without tarnishing their history. 

Furthermore, wa have to admit that this approach requires new rules, themselves modelled on 

the rules of data preservation in libraries and on the development of the concept of architecture-

document. A document whose preservation rules are the essential condition for its relevance. 
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We have shown that the field of research on the concept of digital document is still far from 

unanimous, already underlining the need to rethink the city archiving, all pieces of information 

taken into account, these data which found the city and format its history. 

All these concepts refer to the social and corporate dimension making up the urban fabric. On 

the scale of the city feelings and experience, this concept of the document-architecture provides 

the ability to enhance the value of experience without tarnishing the future, two positions that 

cannot be dissociated from the inhabitants’ well-being. In the end, nobody is custodian of the 

heritage value of a building; the heritage quality of property can only be measured in the long 

term whereas the city must develop faster and faster. The creation of architecture-documents, 

architecture is one of the ways of reconciling the paradigms that seem irreconcilableat first 

glance. 

Finally, this approach has the advantage of putting forward a paradox in the digital era: the villa 

has never been in  greater need for libraries and archivists. However, nowadays, storing data 

remains today a test subject that can only be stabilized in a context in which technologies are 

stable. This is not the case today. The role of the archive staff is crucial for the sustainability of 

data to be stored in the future. 

As a conclusion, our intention was to share an atypical and necessary experience facing a new 

context for Brussels: a growing city battling for territory but which still has to preserve its history. 

However, to preserve its history. Our new contribution was undoubtedly a look through what 

digital technologies offer ,allowing a shifting in the questioning towards a new space: the virtual 

and memorial town, one being inseparable from the other. 
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Abstract 

On the urban areas there are sources of information about the exposition to environmental 

allergens and others potential factors of allergies, such as: weather conditions, vegetation, 

urban morphology, etc. For the last two years we have been developing, together with the “La 

Fe” Hospital of Valencia, the Cartography Institute of Valencia (Instituto Cartografico 

Valenciano), and the Polytechnic University of Valencia (UPV), a mobile phone App to help 

citizens to avoid high environmental allergens exposure areas while they are walking around the 

city. The App uses modified grid calculations where impedances have been calculated based 

on the variables that affect allergens exposure: temperature, humidity and wind direction, 

pollution level, trees, pollination, season period, pet areas, fountains and water surfaces. 

People’s allergy information and the factors that have effects on the allergens exposure were 

agreed by a group of specialized doctors. The design follows the recommendations of the 

Agency of Health Quality of Andalucia (Agencia de Calidad Sanitaria de Andalucia). R-ALERGO 

mailto:rtemesc@urb.upv.es
mailto:hernandez_dol@gva.es
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is the first App to avoid the exposure to air allergens in Spain. The App works following 4 steps: 

1
st
 Patient profile; 2

nd
 Definition of the origin-destination of the route; 3

rd
 Calculation of the route 

with the lower exposure to allergens; 4
th
 Specific recommendations for users. The App R-

ALERGO is developed following the concept of other applications dedicated to improve life 

quality of citizens and recovering, by using the idea of Smart Cities, the link between medicine 

and health, with the purpose of achieving more responsible cities towards their citizens. 

Project Background 

According to estimates by the World Health Organization, the world's population in 2050 will 

reach nine million six hundred thousand inhabitants (Gonzalo et al, 2013). Most of this 

population will live in cities especially developed countries of North America and Europe, and a 

significant percentage, in other growing countries. Meanwhile, experts say that in the coming 

years 50 percent of the population will suffer from some type of allergy and this will be 

enhanced by both genetic factors and by environmental factors. In urban environments, these 

data are likely to be higher as quoted by the Spanish Society of Allergology and Clinical 

Immunology (SEAIC), city dwellers suffer more allergies than rural residents (Zubeldia et al. 

2012). Increased exposure to allergenic species, pollution and global warming accelerates the 

pollination of plants and trees, makes cities are particularly conducive to the development and 

enhancement of these diseases environment. 

As we see, the influence and importance of the physical, economic and social environments 

that make up our urban environments is enormous in relation to the welfare and health. Not just 

is a factor that directly affects the health of the people, but also presents an opportunity to 

develop habits or lifestyles. In that sense, the model city or urban policies that each municipality 

carried out, are crucial in the development of this pattern of healthful behaviour. 

Without going back too far back in history, the works of Friedrich Engles (1844) "The conditions 

of the working-class in England", works for Barcelona of Ildefonso Cerdá (1856) in his 

"Statistical Monograph of the working class", the Madrid studies of Dr. Felipe Hauser and Kobler 

(1902) "Madrid from medically-social view" or the work of Dr. Vicente Guillen y Marcos (1889) 

"Valencia as winter season. study of medical topography and climatotherapy "they are 

precedents for these concerns hygienists contribute to consolidate during the nineteenth 

century a current of thought very attentive to improving living conditions and health of people in 

urban environments. Not in vain we can say that the revolution that gave birth to the modern 

movement in the twentieth century and spread throughout the world, had as its a fulcrum the 

struggle to reduce infections and epidemics favoured by the precarious conditions living in 

highly industrialized cities in Europe. 

Two centuries later, the interest in improving living conditions in urban environments is still a 

major concern. According to the Report of the Commission on Social Determinants of Health of 

the World Health Organization (2008), public health research carried out for more than three 

decades show without doubt as the state of health of a given population is because, especially 

to employment and working conditions, housing, the environment, and many other social 

factors. Living in a poor neighborhood polluted or not have adequate environmental conditions 
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determines both the poor health of these people and the emergence of inequality in the 

population. Health inequalities, generically, has an important geographical component. 

In this line, the use of mobile technologies and Big Data in dealing with health problems has 

opened a field of research and development known as Health Apps that in recent years has 

grown exponentially (Constantine, 2015) and can transform the way in which health services 

are provided in the world. Some of these applications have tried to incorporate the spatial 

component, ie the geographical position of the user as variables that clearly affects health 

conditions. User positioning allows you to set both temporal correlations with other components 

(season, time of day, ...) and physical (temperature, humidity, ...) opening the opportunity to 

performing calculations where the profile of the combined user and the environmental 

conditions that is found in. 

Against a backdrop of budgetary pressures and chronicity higher, the Health Apps opens 

opportunities for new and more efficient ways of working (Mediavilla, 2016). However, the 

explosion of health-related apps to those that we referred above also have some risks if not 

dealt with with proper rigor. The privacy policy of sensitive data used and the scientific 

verification of the effectiveness of the application are presented with some of the weaknesses 

that this industry currently offers mobile applications. 

With this background, the objective of "RALERGO" project is defined in a very simple way: 

create a mobile application that allows the user to calculate the most healthful from the point of 

allergenic view route, avoiding potential exposure to factors that worsen their status health, to 

moving within the city. This project is a collaboration between a research group in the 

Department of Urban Planning at the Polytechnic University of Valencia and Research Group 

Allergology (GIA) University Hospital and Polyclinic La Fe, and has been made possible by a 

grant acquired in a public call for the realization of "New project preparatory activities 

coordinated between researchers from the UPV and researchers from Hospital Universitari i 

Politècnic / IIS La Fe". 

 

Aim of the project 

The objective of this project is to develop an application for mobile devices that allow citizens to 

help her get around the city is compatible with your situation regarding allergies. For this 

application must first obtain a series of data related to the physical conditions of the user (sex, 

age, body mass ratio, allergies, intolerances, regular medication ...). These data will be 

complemented with the origin-destination user relying on the geolocation of the mobile device. It 

will be understood as the most favourable route, less likely to reproduce that allergic episodes 

attending to personal, environmental and urban conditions. Thus it is intended that the patient 

falls a therapeutic step in the allergic condition being treated, thereby improving the quality of 

life of citizens.  

 

Determination of the working environment and involved variables 

As it has been stated in (Temes et al, 2016) the urban environment that was chosen for the 

development of this project was the municipality of Valencia for three basic reasons: for being 
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the largest and most densely populated city on the Region of Valencia; by having a variety of 

urban environments (coastal, contact the garden, interior, ...) in which to experience the 

effectiveness of the application; and for having the platform "Valencia OpenData" computerized 

management repository that facilitates urban bigdata publicly a significant amount of information 

that makes possible the development of a work of these characteristics. From the selection of 

the urban environment, one of the key issues was the decision on the main variables to be 

taken into account for synthesizing the urban environment and assess the greater or lesser 

allergic potential of the different routes as possible to the city. To define these variables specific 

work made by the medical equipment Service Allergies Faith that was later contrasted with the 

team from the Polytechnic University of Valencia, to analyze the real possibilities for measuring 

such variables in urban locations with held update intervals up to 6 hours. The consensus of 

those requirements reflected variables were determined in the Table1. 

 

Table 1. Types of allergic conditions and geographical and environmental criteria 
adopted for the design of the application 

 

Allergy 

Geographical condition 

adopted for the type of 

allergy 

Type of condition on 

street segment 

Epithelia 

Avoid travel on streets where 

there is proximity or tangency 

with solar or areas where dust 

and debris suspended (solar, 

clearings). It is recommended not 

walk through parks, orchards and 

gardens frequented by animals. 

Avoid areas of animal hoarding: 

kennels, zoo, veterinary clinics, 

stables, dog hair salons and dog 

off-leash-area 

For each section of street it has 

taken account of its tangency, 

coincidence perimeter or inclusion 

of any of the points or foci of 

possible concentration of epithelia 

exposed in the previous column. 

Has been considered a spreading 

factor that models the effect of the 

prevailing wind every 6 hours along 

the length of the street. 

Insects 

Avoid travel on streets where 

there are trees or tangents to 

parks, gardens, orchards. Avoid 

wet areas where there is a 

permanent accumulation of 

water. the season flowering 

periods of trees areas by the 

potential increase o insect near 

them  

It is taken into account for each 

street segment for the presence of 

potential sources of insect 

concentration, thereby increasing 

the impedance transit. These 

variables are in turn conditioned by 

the season, which modifies the 

intensity of said impedance. 

Several factors dispersion (radius 

of influence, effect of wind...) are 

considered to focus for modelling 

dynamic presence of insects 

around the focus points " 
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Mushrooms 

Avoid traffic on streets where 

there are trees in general or 

tangents to green areas, 

orchards. especially damp, shady 

areas where there is constant 

water as water bodies, ditches, 

orchards is also avoided. The 

humidity increases the risk of 

allergy to fungi. 

 

In this case we have identified all 

sections of the streets of Valencia 

that are favorable or foci are 

tangent to the appearance of 

fungus, as described in the 

previous column. Also, every 6 

hours are considered the average 

humidity of the city and wind 

direction data according AEMET. 

Regarding the winds, they will take 

into account the “Levante” and 

“Poniente” his greatest influence 

regarding humidity 

Pollens 

Avoid traffic on streets where 

there are trees of a particular 

species according to the allergic 

profile of the person. Humidity 

and “Levante” wind reduce the 

presence of pollen in the air, and 

the west wind increases. the 

season will be considered 

regarding the flowering season of 

the species that it affects the 

individual. 

 

To model the presence of pollen in 

the streets has made a survey of 

all tree species in the city, including 

its geographical position, family, 

pollination period based on data 

from the pollen calendar of 

Valencia and studies in the 

Department of Botany of the 

Faculty of Sciences of the 

University of Valencia. The total 

species have been taken into 

account for the calculation, the 

following families: Cupressaceae 

and laurel of India, olive, pine, 

plane tree, bitter orange, bottle 

tree, white acacia, cinnamon, tree 

of love, hackberry, negundo maple, 

grasses, parietaria, urtica, plant, 

llantago, red and plum palmae. All 

these species represents more 

than 80% of those in the city. To 

model the dynamic range effect of 

pollen on the streets depending on 

the wind has considered the 

confinement factor of each section 

(height-width ratio of the street) in 

combination with the prevailing 

wind every 6 hours. 

Methodology and system used 

The way to approach this objective is based on the use of spatial analysis technology supported 

networks. In this case, it is the problem of a transportation network analysis but with 

modifications. If the calculation is based only on the road network and its characteristics (speed, 

direction, stops ...) in this case for a transport network, they have to take more variables that 

model the network and represent the individual movements. 
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The network of the city streets 

To answer wing question of what is the healthiest way from the point of view allergenicity, 

according to the profile of each user, the network computing technology is used. This 

technology is able to model two types of networks. On the one hand the geometric network that 

is a rigid policies in terms of movement, but flexible structure in design and connectivity 

between nodes is concerned. On the other Transport Network effectively representing the main 

features of the flow through a given area. In our case the network used to simulate traffic 

through the city has been offered by the cartography "CARTOCIUDAD" developed by the 

Valencian Cartographic Institute in the area of the city of Valencia and coordinated with the rest 

of the territory by the National Geographic Institute. Such mapping has been complemented by 

the pedestrian sections of the database Open Street Map and an additional delineation on the 

last orthophotograph city. Together we have developed a network dataset with over 15,000 

sections. 

 

The modified impedance 

In studies of the urban traffic (road and pedestrian), usually road networks in the city can be 

considered, in a simplified form, as a set of nodes connected by arcs (streets). When a flow 

passes (pedestrian or vehicle) through these arcs between node and node, there is an 

opposition to displacement named impedance. Impedance is defined as the cost representing a 

displacement along an arc and is usually measured in terms of invested time or distance. 

Impedance factors usually considered are: the slope of the street, average daily traffic of 

vehicles, pavement quality, road width, .... In our case it uses modified impedance factors 

specifically designed for assess the allergic potential of the sections of the streets. Thus 

increasing allergic potential factors in each section of street to increase or modify its impedance 

making them less favourable for transit by the user. For example, if a street that has an olive 

grove and the user confirms allergy to the species, the length of the street will be incrementally 

modified by a certain percentage to inhibit the passage through the arc. 

 

Data used as a basis 

The initially agreed definition of variables, determine the selection of a data set whose objective 

was to model the operation, from the point of view of allergy urban environments. To do this, the 

main data were implemented in the process: woodland, environmental data, pollution, vacant 

lots, parks, water bodies and concentration of animals. 

To model the trees in the city cartography of the City of Valencia, available via the portal 

"Valencia Open Data" (2016) was used, where it is possible to have the position of all the trees 

in the city divided by species. This source, after was enriched with attributes of periods of major 

pollen explosion in the city of Valencia, based on data collected from the sensor of the 

municipality of Burjassot (Valencia), during the years 1998 to 2003 and conducted by the 

Department of Botany of the Faculty of Sciences of the University of Valencia. 

The meteorological prediction data necessary for the application were obtained through the 

State Agency of Meteorology (AEMET, 2016). The Metrological prediction informs us the 
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temperature data, wind direction and relative humidity necessary for modeling impedances 

associated with the sections. Unfortunately in the city of Valencia there is a sufficiently 

extensive network of collectors of meteorological information to allow us to specify the 

information by sectors or neighborhoods so it has had to resort to a generic media information 

value for the entire city. This aspect is a clear limitation on the application that we hope can be 

overtaken when a regular update available meteorological data in a smaller scale within the 

urban environment. 

Data on green areas as well as solar and edges with the orchard were obtained from the 

mapping of the Valencian Cartographic Institute, in its CV05 series and complementarily 

mapping of the General Directorate of Land Registry (2016). Regarding apposition "pipi can" 

and the sheets of water available information on "Valencia open data" (2016) was used. The 

position of dog hair salons was obtained from georeferencing postal address once located. 

Meanwhile, pollution data come from the statistical data of daily mean intensities (IME) of the 

City of Valencia (2016). These data have been further processed depending on the relationship 

of confinement (height / width) of each street. 

In Table 2 the formulas used in the calculation of impedances, where the value "L" refers to the 

length of the segment in meters. To this value we add different impedances depending on the 

allergic profile of each case. also the possibility of combination between them will be 

considered: 

Table 2. Formulas for calculating the impedance of each section 

Allergic. Impedance formula 

Epithelia L + L (solar) + L (Parks) + L (pipican) + pollution 

Insects L + L (tree) * (Insect Factor) + L (water) * (Insect Factor) + L (Parks) * 

(Insect Factor) + pollution 

Mushrooms L + L (tree) * (Moisture Factor)) * (Factor Levante) + L (parks) * (Moisture 

Factor)) * (Factor lift) + L (water) * (humidity factor) * (Factor Levante) + 

pollution 

Pollens L + L (tree) * (Factor pollen) * (Factor species) * (Factor Poniente) + 

pollution 

Ácaruses L + L (solar) * (Factor Levante) * (Moisture Factor) + pollution 

Pollution L*(form-factor intensity) 

 

Where:  

L(tree) = length section affected by the cup of the species 

L (Parks) = length affected by orchard street, parks and gardens. 

L (water) = Tranche affected by mass of water with 15-meter buffer. 

L (pipican) = Stretches affected by buffer 30 meters from pipican. 

L (solar)) = length of road affected by a lot. 
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Factor station: 1 (autumn, winter), 1.5 (spring, summer). 

Bug Factor: 1 (autumn, winter), 2 (spring, summer). 

form-intensity factor (Factor IMD) / (length / section). 

up factor 0.9 if predominantly easterly wind blows. 

Factor setting 1.1 if predominantemene west wind blows. 

Moisture Factor: 1 (<65%), 1.1 (65-75%), 1.2 (> 75%) relative humidity in% 

Pollen Factor: 1 (<65%), 0.9 (65-75%), 0.8 (> 75%) relative humidity in%. 

Factor species: 1 without flowering, 1.5 to bloom. (According to the calendar of flowering) 

IMD factor: 1.1 (low), 1.2 (medium), 1.3 (high). 

Pollution: pollution impedance for that segment. 

 

Arcgis Server (Network Analyst) 

To calculate the optimal paths are available the support of the infrastructure of the Valencian 

Cartographic Institute. On their servers, the institute hosting the map data and processes the  

requests. The application has been implemented on Arcgis Server 10.3.1 and the Network 

Analyst extension. The calculation of the impedances is programmed so that every 6 hours the 

information is updated as it is the time interval in which AEMET provides meteorological data. 

After that update, new values for each stretch of road depending on weather forecasting data 

received from the AEMET, service form we are obtained the information. In this way we can 

obtain a geometric pattern intentionally distorted depending on the impedances taken into 

account for the assessment of each route. The data requests are made via URL using the 

HTTP protocol and REST services to a NAServer (service network analysis ArcGIS for Server) 

service, returning that server the result, later, the client application draws on the screen of the 

user terminal the route. This REST service receives the request starting point and output as well 

as allergens user profiles (the parameters are embedded in the URL using the POST method) 

and triggers a server-geoprocess that resolves the path, returning the same in the standard 

JSON. 

 

App Development 

The application is programmed with SENCHA ExtJs that provides the necessary components to 

build the application, under these components the mapping api (OpenLayers) embeds all within 

HTML to get the advantage of being multiplatform. Later the open development framework 

Apache Cordova is used to generate the necessary packaged app stores for iOS and Android. 

From the application, once grubbed up the services of geolocation assets, is responsible for 

managing user profiles and launch requests to the server. This development contains a custom 

interface using components SENCHA, from which it all the functions are performed. The main 

functions are to store the user profile allergenic and ask the points of origin and destination for 

the calculation. All this information is embedded in a URL using the POST method and sent to 

the server. This receives the profile and the points of origin and destination of the route to 

calculate impedance and processes a final result of adding all impedances by those affected. 

Once each section has an assigned path impedance as "that lower cost", ie the sum of all the 
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impedances of the sections is the smallest possible, between the source and destination is 

calculated. 

 

Distinctive quality and clinical evaluation 

The growth of mobile applications for health in recent years has been very important. According 

to reports from the Institute for Healthcare Informatic (Constantine, 2015) there are more than 

165,000 health-related applications available and at least 500 million people worldwide who 

uses it today. In turn one of 10 applications of this nature has the characteristic of emitting a bio-

feedback of some parameter of the patient. However, despite this important development, the 

vast majority of them are not subject to regulatory processes. In a recent study environment 

related to diabetes (Blenner, et al. 2016) applications has been observed that 81% of 

applications had no privacy policy. The rest, which itself had not protect user privacy so that 

80% was collecting personal information and 50% shared them with others. 

We understand it is essential to ensure the safety of consumers by providing information on its 

limitations and safeguard the information that is required to generate a user profile. To this end, 

the app RALERGO is being subjected to an audit carried out by the Health Quality Agency of 

Andalusia responsible for the only Spanish mark (Distinctive "AppSaludable") in terms of quality, 

the mobile applications related to health. The audit valued aspects of design, quality and 

information security, confidentiality and privacy, and service delivery. 

Another aspect that contrasts with the proliferation of these applications is the absence of 

clinical evidence that is demonstrative of the efficiency of the project. According to a study 

based on applications available to address mental health problems, only 2 of 3000 had proven 

effective in clinical trials (Marzano et al., 2015), in our case the project is in the design phase of 

a process clinical validation in order to test the usefulness of the application. To this porpoise, it 

poses a clinical study with allergic to dust mites, pollens, epithelia or fungi, which use the 

application to choose their movements for several days at different times of year people. After 

the use of the application will be passed satisfaction questionnaires, as well as information 

about symptoms, medication requirements, school / work performance and quality of sleep. 

Although the application is designed to choose the path less allergen exposure, it could also be 

applied in reverse to identify the routes with allergen exposure. This modification could be used 

in clinical research by providing a model of allergen exposure in real life and not in camera as 

usual. 

Conclusions  

The project is now operational in their first versions, both available in the Google Play and App 

Store. Right now we try to improve the quality of data related to weather conditions and make 

more useful the recommendations in a complementary way that the app gives, once you've 

defined your allergic profile. Meanwhile, we have obtained a first assessment by the audit, and 

verified 32 points have pointed out weaknesses in 3. These reference points: 

 Some inconsistencies of running the app, due to internal programming problems have been 

solved 
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 Need to make it compatible with versions of operating systems Android and iOS prior to the 

last, (iOS 9.2 and Android 3.4 SDK 25) 

 Requiring the user may promptly informed of the changes made as a result of a malfunction 

of the application. 

The use of mobile technologies in addressing health problems can transform the way in which 

health services are provided in the world. Health applications represent a technological tool to 

help inform and support citizens in self-management of their health and wellbeing, providing 

information and recommendations. GIS, in this case are presented as a fundamental tool to 

spatial dimension to the set of variables that are shown as priority for allergic conditions. It has 

shaped a line of work that has opened the door to further technology-based collaborations 

between the two research groups, based on improving the quality of life of people inside the 

city. 
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Abstract 

Barrier free tourism is increasingly getting a greater attention by the tourist industry, not just for 

the added value given to the touristic experience, but because of the difference and 

specialization on a wide market share that the Spanish touristic sector has not been able to fully 

take advantage of yet. Following this idea, the National Plan for Smart cities (Plan Nacional de 

Ciudades Inteligentes) stands up for smart touristic destinations where innovative technologies 

should play an important role to improve accessibility. The development of the mobile phone 

App “Barrier Free-Valencia” intents to offer a useful tool to walk through the city of Valencia 

guaranteeing a 100% barrier free route. The methodology used for the development is based on 

the combination of a systematic field work, using free access information provided by the 

Municipality of Valencia, and calculations based on the Dijkstra algorithm (1959) implemented 

on a GIS software. To calculate the route, it is used the impedance or crossing difficulty concept 

where the different urban barriers and low comfort situation areas are identified. The main data 

used are: presence of lower sidewalks, path narrowing, slopes, steps and noisy pavement. After 

this data has been identified, the routes are divided into accessible, passable, and not 

accessible. It is necessary to work on the idea of creating representative single line grids of 

sidewalks and, therefore, of real paths followed by urban citizens. By doing so, more data can 

be collected to build a complete Smart City grid. The development of Apps such as Barrier Free 

will help on the evolution towards more inclusive cities. An idea that is the basic line of our 

investigation. 

Introduction 

It has been more than 35 years since September 1980 in Manila (Philippines), within the Manila 

Declaration made by the World Tourism Organization (OMT), was associated for the first time 

the term accessibility tourism. This declaration recognized tourism as a fundamental right and 

mailto:rtemesc@urb.upv.es
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key vehicle for human development and recommended to member states regulating tourism 

services pointing the most important details of tourist accessibility. Since then, there has been a 

important step forward at least in the legislative recognition of the need to guarantee 

accessibility to urban and improvement which results into society as a whole and not limited or 

segregated as until recently it came doing. This recognition has made view that accessibility is 

just one of the key factors of the concept "quality tourism" that gives guarantee an easy and 

natural consumption of different types of types of tourism. In this line the "accessible tourism", 

also called "tourism for all" was incorporated into the Spanish Tourism Plan Horizon 2020 

(Consejo Español del Turismo, 2007), in one of its lines of action called "AM3 Accessible 

tourism - tourism for all". More recently, accessibility has been associated with the concept of 

"smart city" and has become a hallmark of inclusivity, open and able to function as a platform for 

coexistence cities, but also of economy and creation innovation. As we noted on the recent 

National Plan of Smart Cities (Ministry of Industry, Energy and Tourism, 2015), not seem to 

exist a consensus on the concept of intelligent city or the minimum elements that must be 

present in a city in order to be considered as such. It can be agreed that the application of ICTs 

to improve the quality of life of the inhabitants ensuring sustainable economic, social and 

environmental development are elements common to all definitions. However the National Plan 

uses a fairly comprehensive definition proposed by the Technical Group Normalización 178 of 

AENOR (AEN/CTN 178/SC2/GT1 N 003), in which accessibility as a broad concept 

encompassing both physical access within urban environments such as access to information is 

clearly highlighted: 

“Smart City It is the holistic view of a city that applies ICTs to improve the quality of life and 

accessibility of its inhabitants and ensures sustainable economic, social and environmental 

development in continuous improvement. An intelligent city allows citizens to interact with a 

multidisciplinary and accommodates in real time to their needs time, efficiently in quality and 

cost, offering open data, solutions-oriented citizens and people services, to resolve the effects 

of growth of cities, in public and private spheres, through the innovative integration of 

infrastructure with intelligent management systems.” 

In this context, it is understood that tourism should play a key role in promoting smart cities, 

especially in countries like Spain where no city is outside them. Particularly tourism of Valencia 

is presented with significant opportunities in attracting the demand generated by the group of 

people with disabilities. Just in Europe there are more than 138 million people-of which more 

than one third are disabled and the elderly remaining 65 years. The main markets for tourism to 

Valencia -United Kingdom, France, Germany, Italy and Spain are the countries with the largest 

population of people with accessibility requirements. Meanwhile, the percentage of people over 

60, who in 2000 was 11%, will double going on to 22% of world population in 2050. This will 

mean two billion people and two billion opportunities for the tourism sector. Our research is 

based precisely on these precedents and tries to contribute to the objective of achieving smarter 

tourist destinations, working especially through the implementation of new technologies to 

improve urban accessibility. 
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Some data on disability in Valencia 

Enjoy an accessible city, achieving the elimination of barriers to personal autonomy and free 

movement of citizens, it should become one of the main objectives of any policy that seeks to 

improve coexistence, social welfare and citizen solidarity. The Convention on the Rights of 

Persons with Disabilities adopted by the United Nations General Assembly on December 13, 

2006 and ratified by Spain, establishes the obligation to undertake or promote research and 

development, and promote the availability and the use of new assistive technologies, including 

information and communications, mobility aids, devices and suitable for people with disabilities, 

as well as the obligation to take appropriate measures to ensure access, under equal 

conditions, the environment physical, transport, information and communications. Among the 

measures taken should be included therefore the identification and elimination of obstacles and 

architectural barriers, both in the urban environment and in official buildings. 

Meanwhile, and referring to people, the prevalence of disability is very significant. According to 

the INE, drawn from the "Survey on Disability, Personal Autonomy and Dependency Situations" 

(Catalan and Abellan, 2008), we sheds very illustrative data shown in Table 1. 

 

Tabla 1. Disability data by age 

Interval Disability 

Between 6 and 44 30 in 1.000 

Between 45 and 64  100 in 1.000 

Between 65 and 79  245 in 1.000 

Between 80 and 90  649 in 1.000 

 

Source: “Survey on Disability, Personal Autonomy and Situations of dependency ". 2008 

 

The overall method for Valencia is 99 people in 1000. This figure means that 10% of people in 

our Region has some kind of permanent restriction. This figure corresponds exactly to the 

global prevalence of disability highlighted by WHO, which is also 10%. 

In Spain the number of wheelchair users is between 400,000- 500,000, predominantly chronic 

disease (severe bone and joint diseases, neurological diseases, lower limb amputations, heart 

or lung disease or severe restriction with aerobic capacity, senility), although It should also be 

considered temporary use of wheelchair due to illness or accident. The number of persons 

directly or indirectly affected by disability-related issues, is much broader and more significant 

beyond that resulting from the application of such figures. This suggests that efforts to improve 

accessibility in cities, redound positively in the vast majority of citizens in one way or another will 

be beneficiaries of such actions. 

 

Valencia city of accessible urban tourism 

Valencia is a city that in the last 10 years has been a substantial turnaround revealing himself 

as one of the most important urban tourist destinations in Spain. According to data from the 

latest official tourism statistics, 2015 was a year of sustained growth for Valencia with 1,700,000 

passengers. This figure is achieved thanks to a breakthrough in international tourism above 8%. 
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In particular, after 15 years of efforts, Valencia has established itself as one of the 

Mediterranean cruise destinations. According to the figures recorded by Turismo Valencia, 

since 2000 it has grown from 20 stopovers at the port that left 10,219 cruise passengers, the 

195 scales that brought 373,013 passengers in 2014, according to data from Port Authority. 

These figures represent a growth of 900% in the number of ships and more than a 3,500% 

increase in the number of passengers in just fifteen years (Figure 1). 

 

Figure 1. Valencia cruise tourism growth in 2014 

 

 

Source: Tourism Statistics, 2014. Ports and Tourism Valencia 

 

The city has improved its offer of infrastructure for cruises, adapting to the trend of the industry 

and the technical requirements of ships. Now, it is shunted to work on improving accessibility in 

general and in particular for urban visitors. Just keep in mind that in the last two years around 

30% of tourists visiting Valencia had more than 55 years, being especially cruise passengers, a 

group of tourists whose average age has been over 50 years (Figure 2). 

 

Figure 2. Average age tourists in Valencia, 2010-14 

 

 

Sources: Tourism Statistics, 2014 

 

The correlation between aging and disability is evident. Currently, 63% of people with 

disabilities are more than 45 years and it is likely that the incidence of disability continues to 

grow, since many people develop disabilities at an advanced age. According to a recent study 

on the economic impact and travel habits of accessible tourism in Europe in 2011, there were 

138.6 million people with accessibility requirements in the EU, of which 35.9% were persons 

with disabilities between 15 and 64 years of age and 64.1% of adults 65 and older. (European 

Commission, 2014). 
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Considering all these antecedents, the main purpose of this project "Barrier-Free Valencia" is 

trying to respond directly to the potential demand for urban accessibility that has been 

increasing in recent years through the use of new technologies. To do this, we are designing a 

mobile application that enables users of it to pass through the city of Valencia selecting routes 

100% accessible to people so peramente or temporarily, have reduced mobility. These routes 

are complemented with specific medical recommendations for users based on their reduced 

mobility condition. Thus complementarily we contribute to: improving self-esteem of those users; 

contribute to increasing their autonomy; identify the least accessible areas of the city providing 

them with visibility to face their improvement; associate tourism of the city of Valencia the added 

value of quality of life, health and wellness. 

Methodology and technology used 

This project has been possible thanks to the momentum gained for support for performing new 

preparatory activities coordinated between researchers from the Polytechnic University of 

Valencia (UPV) projects and the Institute of Health Research - Hospital Universitari i Politècnic 

La Fe (IIS / HUP La Fe), within the framework of the activities of the Campus of International 

Excellence VLC / CAMPUS. In the development of this project it has the technical support of the 

Valencian Cartographic Institute and the collaboration of the City Council of Valencia through 

their platform "Valencia Open Data". The way to address this objective has been based on the 

use of spatial analysis supported (Network Analysis) network technology already implemented 

by the authors of this paper on previous occasions (Temes and Moya, 2014). In this case, it was 

to solve the problem of an analysis of transport network regardless the directions of the streets 

previously assessing the degree of accessibility of the same and thus establishing "barriers" for 

those points where accessibility us can guarantee. 

 

Mapping and data used 

For network modeling it has been used mapping "CARTOCIUDAD" developed by the Valencian 

Cartographic Institute in the area of the city of Valencia and coordinated with the rest of the 

territory by the National Geographic Institute. Such mapping has been complemented by the 

pedestrian sections of the OpenStreetMap database and a delineation of the city last 

orthophotograph. Collectively it has developed a topological network with over 15,000 sections 

that has been supplemented with the "Open Data" of the City Council of Valencia. Still, all this 

information has been insufficient to model with accuracy urban pedestrian network as these 

maps only reflect the axes of the tracks, but is not on them crosswalks, recces, obstacles, etc. 

To do so it has had to be developed extensive fieldwork throughout the city in which they are 

working mainly students of the School of Architecture of Valencia. This work, in the first instance 

has focused on developing a pilot area to serve as a reference to assess the goodness of the 

method used and its effectiveness. Here we describe this area of study. 
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Used variables 

To calculate availability have found two types of variables that affect the result of the different 

routes: the physical and street typology. 

Next, in Table 2 the different variables taken into account to model detailed network: 

 

Table 2. Types of variables taken into account for the design of the application 

Element. Description 

Recess In crosswalks, or places to leave the sidewalk recesses are decreases curbs where 

a person in a wheelchair, for example, is able, independently, to overcome this 

barrier  

Width Sidewalks or streets of less than 1.20 will consider them as are not accessible to 

wheelchairs, strollers, walkers, …. 

Slopes The sections of streets or accesses (overpasses, ramps, ...) with slopes greater 

than 6% consider them as not accessible.. 

Steps The sections of streets a step more than five centimeters consider as not 

accessible. 

 

From the identification of each of these variables on mapping has been considering the current 

legislation on accessibility both at Valencia with the Order of 9 June 2004, the Department of 

Land and house, by the Decree 39/2004 of 5 March, the Consell de la Generalitat develops, on 

accessibility in urban areas, as state-level with the Order VIV/561/2010, of 1 Feb., establishing 

the basic technical document accessibility and non-discrimination for accessing and using 

developed public spaces is developed. From that legislation it has considered two levels of 

accessibility: friendly spaces and practicable spaces. It means a space adapted (art.2 Order 

June 9, 2004) those spaces, installation, building or service shall be considered suitable if it 

meets the functional and dimensional requirements that guarantee their independent and 

comfortable use by people with disabilities. Meanwhile spaces are considered practicable 

(Article 2 Order June 9, 2004), when the nature of, even without complying with all the 

requirements that make it adapted, allows independent use by persons with disabilities. It may 

be used to satisfy minimum character in projects and renovation of consolidated urban spaces. 

Operating test pilot on Zaidía and Benicalap Districts 

The choice of the area to develop the project pilot test is justified based on their representative 

value for hosting major morphologies present in the city of Valencia. From the scoping study 

that was timed to coincide with the sum of six census tracts districts Zaidía and Benicalap, 

fieldwork took place for a week using instructions previously designed to collect all the 

information making the most time spent. This information was then restored in a CAD program 

with the goal of building a tramero that could be categorized as three types of accessibility, 

allowing calculate routes based on this classification. Routes calculable categories were: 

• Shorter route 

• Practicable route 

• Accessible route  
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Figure 3. Study area. City of Valencia 

 
Source: Authors 

 

From the dimensional point of view, the test area consists of a total of 4175 segments with a 

total length amounts to 183,035 meters (Figure 4). Usually in reachability analysis we are used 

to working with single-wire axis representing the axis of the streets. Now in this case it is 

necessary to clarify that for the lifting of this mapping has had to return on every street 

sidewalks on both sides because they could be situations of different accessibility in each case. 

 

Figure 4. Study area. Single-wire axis 

 

 
Source: Authors 
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Once restored street in a CAD software, files a GIS software were exported to proceed with a 

review of the topological sections in order to detect the following errors (Figure 5): 

• Discontinuous stretches that not joined into the network 

• Lack of intersection at cross sections 

• Lack of connectivity between end stretch 

Topological record review was conducted through Arcgis 10.3 software. To do this, previously a 

geodatabase with all of the axes was designed and submitted to the following rules of 

topological validation: 

• Must not overlap 

• Must not have dangles 

• Must not have pseudonodes 

• Must not self-overlaps 

To review whether those rules are fulfilled errors that are detected and reflected in the figure 5: 

 

Figure 5. Study area. Point and line errors 

 

 
Source: Authors 

 

From the detection of such errors it proceeded to correct them using the tools of topological 

validation of Arcgis. Regarding their compliance with the first rule (Must not overlap), 6 

intersections sections that should be merged into one single detected. 

With regard to compliance with the second rule (Must not Have dangles), many errors (293 

nodes), among which nodes were detected that do not intersect. Now, they were counted as 

errors all nodes final section of the study area. These were discarded and attention on other 

dangle nodes. To resolve these errors is performed in individual cases: 

• A Snap with a tolerance of 0.5 meters (two nodes within 0.5 meters merge into one) 
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• A Extend 0.5 meters, extends 0.5m sections until it intersects with another so that there 
is connectivity 

• A 0.5 meter Trim, cut slice up 0.5 sections to avoid small stretches of road that are 
delineating errors. 

Concerning the third rule (Must not Have pseudo nodes) put on notice about the points where a 

section begins and ends and where two nodes. It really is not an error affecting the operation of 

calculating routes, but causes data redundancy is best to remove. In this case we eliminated the 

nodes 1904 fictitious intersections that have occurred. 

With regard to the latter rule (Must not Self-Overlap), it has not detected any error. Once 

corrected mapping, classification and statistics sections of this street map types defined by the 

axis is reflected in Table 3 and Figure 6: 

 

Figure 6. Stydy area. Axis classification 

 

 

 
Source: Authors 
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Tabla 3. Estadística de los tramos de la zona piloto 

 

Tipus Lenght (m) % Total 

Tours accesible sidewalks 125.497 68,55 

Accesible routestrought pedestrian walkways 29.335 16,02 

Inaccesible tour 4.630 2,53 

Practicable tour 8.178 4,47 

Crosswalk with recess 14.842 8,11 

Crosswalk wioth recces 365 0,20 

Proposed new crosswalks 75 0,04 

Total 183.085 100,00 

 

From the review and correction of the back, it has proceeded to the creation of a rutero using 

the ArcGIS Network Analyst. Once it built has carried out the verification of the calculation 

operation performed several routes by checking the result of the three types of categories: 

shorter, accessible and practicable route. Following is the example of one of those verified in 

the pilot study tours (Figure 7) 

 

Figure 7. Study area. Calculating a route type 

 
Source: Authors 
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The lengths of the calculated routes are: 

 

Table 4. Lengths basic calculation 

 

Route Lenght (m) % more than shortest 

Shortest Route 3.613   

Practicable Route 3.757 3,99 

Accesible Route 4.114 9,50 

 

Conclusion 

Accessible tourism, acquires a predominant role in the tourism industry, not only by providing 

added value to the tourist experience, but also by the differentiation and absolute expertise in a 

broad market segment not currently sufficiently addressed by the Spanish tourism sector . The 

tourist accessibility has gone on to become an intrinsic factor in tourist quality can no longer 

conceive of quality tourism, when it is not accessible to all. Is because of this reason that both 

the design and rehabilitation of facilities or tourism resources shall prevail technical criteria that 

make a space and its use, contemplating at all times the principle of Design for All or Universal 

Accessibility accessible concept directly related to the accessibility unnoticed. Achieve smart 

tourist destination through the contest cutting-edge technology infrastructure. The next steps of 

this project go through: 

 Set up a meeting with the coordinator of the physically disabled in the Valencia Region 

(COCEMFE) face to present the project confederation and has formed a working group 

in order to incorporate the suggestions and considerations that may provide for future 

users 

 Extend the pilot to the entire city of Valencia, incorporating information on accessibility 

of the main tourist destinations. for this we contact the Municipality of Valencia as this 

information is available for all equipment and museums. 

 Designing the application interface, ensuring compliance with the main standards of 

accessibility (Accessibility Programming Guide for iOS and Android User Interface 

Guidelines) and translate the app at least into Valencian and English. 

In short, the "Barrier-Free Valencia" project aims to increase the autonomy of visitors in our 

cities and are part of the action lines which aim to achieve more integrated and more inclusive 

cities tourists. 
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Abstract 

Data acquisition using Unmanned Aerial Vehicles (UAVs) is currently a fast and low-cost Remote 

Sensing approach. UAVs have become standard platforms for applications in photogrammetric data 

capture. This capture is still only feasible for small areas, around dozens of hectares. In view of our 

description, we can say that the data obtained using UAVs are useful for 3D urban modelling, i.e., 

buildings and urban areas, with a view to support large scale urbanism and urban planning studies. 

The data were gathered from RGB UAV imagery at a height of 100 meters covering the city centre of 

Loulé, Portugal. To conduct the UAV survey the following steps were followed from data acquisition 

through processing 3D urban models: a) establishing flight plan parameters (height, overlapping, time, 

focal distance, camera data, spatial resolution) and collecting data survey (regarding preparation 

mailto:ja.tenedorio@fcsh.unl.pt
mailto:rossana.estanqueiro@fcsh.unl.pt
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aspects such as safety, interferences, and calibration); b) loading photos; inspecting loaded images 

and removing unnecessary images; c) aligning photos; d) building dense point clouds; e) building a 

mesh; building a 3D polygonal model; f) texturing the 3D model; g) calculating DEM and DTM; h) 

creating an orthoimage; and i) exporting results. After processing the data, we arrived at two highly 

accurate 3D urban models. Taking these results into consideration, we have integrated them into 

urban plans in order to show their usability in the planning process of a city. 

Introduction 

The history of cities follows cycles. Sometimes these cycles imply progress, and sometimes they imply 

decline, considering only the extremes. Each cycle reflects  in different scales and dimensions, and 

at different rhythms  the importance of local political decisions when it comes to city planning. 

Planning a city is an established practice that should result in the desired evolution models. As a 

general rule, those models correspond to urban plans that are created mostly based on qualitative 

assumptions. Those models embody the dominant ideas that result from the interpretation of the spirit 

of the Law, the debate around technical solutions, and public participation. 

However, in light of the recent theories on urban dynamics, we can employ quantitative models that 

disclose the self-organization of systems, cities, and territories. These models make extensive use of 

spatial modelling in a Geographic Information Systems environment and rely on the simulation of 

future urban growth based on the historical information provided by the observed geographical 

changes. When, for example, any changes in land use are quantified and subsequently confronted 

with the changes that had been foreseen in the plans, quantitative modelling conditions are created, 

thus promoting the dialectic between those models. Therefore, it is not a matter of confronting 

qualitative and quantitative models to eliminate the relevance and/or the excessive weight of one type 

over the other. On the contrary, what is at stake here is assessing the potential of each type of model 

and use the outcome of that assessment for improved technical efficiency at the time territorial 

management tools are created, monitored, and evaluated. 

Taking into consideration what was just said, we would like to highlight the following aspects that are 

important for this analysis and for city planning purposes: i) these plans are designed based on 

geographic information; ii) this geographic information supports the 2D and 3D representations of 

cities; and iii) these 2D and 3D representations require fast and low-cost information acquisition 

methods (Tenedório et al., 2014) taking into consideration the speed at which the city’s functions and 

morphology change. Theoretically, an urban plan is a formal tool whose aim is the efficiency of a city. 

Bearing this in mind, two questions might be asked: What is a smart city plan? Is a smart city plan 

technology-based? The answers to these questions are complex. A smart city corresponds to a vision 

of urban development that implies the usage of very different technologies. These technologies should 

promote urban quality of life, i.e., they should aid in the analysis and management of the efficiency of 

a city’s performance through local departments information systems, e.g., in the fields of energy, 

transport, water, green spaces, heritage, urban revitalization, urban services in general (education, 

health, culture, public participation in the discussion of city plans, entertainment and leisure, etc.). In 

no way can technology be seen as a means of dematerializing urban services; there can be no virtual 

cities without technology (Tenedório et al., 2014). 

According to Batty (2014: p.1) «(…) the smart city is the automated city where the goal is to improve 

the efficiency of how the city functions. These new technologies tend to improve the performance of 

cities in the short term with respect to how cities function over minutes, hours or days rather than over 

years or decades». Batty’s statement encompasses the notion of speed that currently explains much 

of the functioning of a city. The short period of time in which events develop is presently one of the 

main factors that explain urban change. Computation is part of the smart city concept (Batty, 2013). 

For that reason, we can say that the smart city is the aim and technology is a tool employed to achieve 

that aim. The role played by computation is of such importance that we cannot talk about the 
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dematerialization of urban plans or about virtual urban plans without accepting the processes of 

virtually representing urban metabolism. Let us look at the case of energy performance and the use of 

solar energy. Mapping photovoltaic potential in urban areas uses the solar model to identify building 

tops for the installation of solar panels (Brito et al., 2012). We cannot think about applying the solar 

model without considering the 3D representation of urban buildings made with the information 

obtained by LiDAR or without considering computation to simulate the photovoltaic potential. This 

case clearly illustrates the role that data acquisition technology and computation play for the benefit of 

the smart city. 

Technologies used to acquire urban geographical information are an irreplaceable tool for the creation 

of information on the city. They also feed the computation of urban data as well as the 2D and 3D 

representations that are necessary to create urban plans. UAVs (Unmanned Aerial Vehicles) are 

currently a very fast and low-cost information acquisition technology. UAV technology draws from the 

knowledge provided by previous technologies, such as photogrammetry and information acquisition by 

LiDAR (Light Detection And Ranging) (Colomina & Molina, 2014). UAV technology allows for a good 

cost-time relationship, since it combines low cost and fast information acquisition. The little time 

needed for the survey, as well as the frequency with which we can obtain data are two of the most 

important capabilities of this technology (Colomina & Molina, 2014; Haala, Cramer, & Rothermel, 

2013). 

UAV technology is the ultimate technology for urban data acquisition by remote sensing. Data 

modelling for 3D urban representation is achieved based on photogrammetry principles. That type of 

data modelling is particularly important for the generation of consistent geographic information, namely 

for the analysis of urban revitalization areas. Urban revitalization can have many positive effects, 

namely: reduced urban sprawl, improved quality housing, improved cultural and social amenities, etc.. 

In Portugal, urban revitalization has been present in the city’s policies over the last few years, mostly 

due to the economic and financial crisis and the consolidation of this new ‘paradigm’ for the 

construction of the city. That built heritage is usually associated with the centre of Portuguese cities, 

and therefore with their urban origin, regardless of their size and relative historical value. This paper 

summarizes the process of data acquisition using UAV and 3D modelling in an extensive 

computational environment.   

 

Study area 

The case study on which we worked in 2016 corresponds to part of the historical centre of Loulé 

(Study Area, ARU) in the District of Faro, Southern Portugal (Figure 1). This part of the historical 

centre is located in the urban revitalization area of Loulé. 

The concept of ‘Urban Revitalization Area’ (ARU) was born in Portugal with Decree-Law no. 307/2009 

of 23
rd

 October, which defined the Legal Framework for Urban Rehabilitation (RJRU). Thus, paragraph 

2(b) of article 2 states that ARU is ‘the territorially delimited area that, due to the insufficiency, 

disrepair, or obsolescence of the buildings, infrastructures, collective equipment, and collective urban 

and green spaces, namely regarding their conditions of use, solidity, safety, aesthetics, or salubrity, 

justify an integrated intervention, which may be delimited in its own instrument or correspond to the 

area of intervention of a detailed plan for urban rehabilitation.’ ARU should then be understood as a 

parcel of land that belongs to the city and is in need of recovery or revitalization. We would like to 

highlight that ARUs are areas with great potential in terms of urban dynamics, where intervention is 

urgent. In order to intervene in those areas, the usage of Geographic Information Technologies (GIT) 

is significant because it not only facilitates the access of interested citizens to information, but also 

aids in the promotion of those areas, which are usually uncharacterised and lifeless. 
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Figure 1. Location of the study area in Loulé, Portugal 

 
Source: Authors. 2016 

 

The intervention area (Figure 2) of the urban revitalization of Loulé (named ‘Urban Revitalization 

Area’, or Área de Reabilitação Urbana  ARU  in Portuguese) corresponds to the historical centre 

of the city and is located in the parish of São Clemente, which is the seat of the municipality with that 

same name. It encompasses a total of 10 hectares, with 27 blocks, around 438 buildings, and a 

resident population of 440 thousand inhabitants, composed of 229 families, according to the 

Population Census of 2011. This area includes the whole perimeter inside the city walls, the Mouraria 

(old Moorish quarter), and the surrounding public space that includes Praça da República, Largo Gago 

Coutinho, Avenida Marçal Pacheco, Praça D. Afonso III, Rua da Barbacã, and Largo Dr. Bernardo 

Lopes.   

In terms of historical heritage, this area also includes a number of buildings classified as National 

Monuments, such as, for example, Igreja Matriz (the main church of the parish), the castle, and the 

portal and stone cross of Igreja da Misericórdia (another church). The Ermida Nossa Sr.ª da 

Conceição (a chapel) is a Public Interest Building. And the Café Calcinha (a café) is a Municipal 

Interest Building. Besides these classified buildings, other places have a historical and heritage value, 

such as the Mercado Municipal (the municipal market), the Jardim dos Amuados (a park), the 

Convento Espírito Santo (a convent) and the Cerca do Convento (the fence of the convent), the 

Alcaidaria (the old city governor’s house), the Ermida da Nossa Sr.ª do Pilar (a chapel), the Paços do 

Concelho (Council buildings), the Bicas Velhas (old water pipes), and the Banhos Islâmicos (old 

Muslim baths).   
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Figure 2. Location of the study area in Loulé, Portugal 

 
Source: Authors. 2016 

 

ARU integrates part of the Special Area of Protection and has an urban morphology where the line of 

the walls, distinguishable from some remaining parts, defines the limit of the expansion of the old town 

to the North, West, and South. We can see that only to the East did the construction of the market (in 

beginning of the 20
th
 century) trigger the renovation of the Medieval urban fabric and the subsequent 

development of that area. 

Data acquisition by UAV remote sensing  

The UAV flight (Table 1) was planned to survey ARU’s data. A quadcopter micro drone equipped with 

a Sony A5100 camera, an RGB sensor, and a 16 mm focal length camera were used. 
 

Table 1 Summary of the UAV flight characteristics 

  

 
 

 

 

 

 

 

 

 

Source: Authors. 2016 

Flight characteristics  

Data 15/10/2015 

Number of photos 252 

Altitude 138 m 

Spatial resolution 3.42 cm 

Longitudinal  overlapping 90% 

Transversal overlapping 40% 
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The flight resulted in 252 photos with 90% longitudinal overlapping and 40% transversal overlapping. 

Spatial resolution was 3.41 cm, which was therefore adequate to model urban data for the creation of 

3D models for the extraction of detailed information (Tenedório et al., 2014; Haala, Cramer, & 

Rothermel, 2013). From the total of 252 aerial photos obtained, 51 were used to model a sample area 

(Figure 3) focused on the castle of the city of Loulé (a very important urban landmark for the 

configuration of the original urban morphology). 

3D data modelling  

The smart city urban plan requires high-quality information based on computational processing. This 

may originate two types of products: 2D ortho-images and 3D urban models. Using those products we 

can then measure and extract urban parameters, such as building façade height, building volume, 

solar exposure, public spaces, green areas, urban sustainability indicators, among other pieces of 

quantitative information that are useful for the plan. Besides the extraction of the abovementioned 

parameters, 3D visualization is fundamental for the promotion of the plan at different stages of the 

planning process, for example, at the time of public participation in the debate on urban revitalization 

proposals. In this section, we show that it is possible to model UAV-obtained data assessing their 

quality. 

The complete sequence of the processing and modelling procedure consists in the following stages: 1) 

loading photos; inspecting loaded images and removing unnecessary images; 2) aligning photos; 3) 

building dense point clouds; 4) building a mesh; building a 3D polygonal model; 5) texturing the 3D 

model; 6) calculating the Digital Surface Model (DSM) and the Digital Terrain Model (DTM); and 7) 

creating an ortho-image. The software Agisoft PhotoScan was used for computational processing.  

The essential stages of the creation of this model are: 

 Aligning photos: at this stage, matching points between photos are searched, creating the first 

scattered point cloud, which enables the calculation of pitch angles and the relative position of the 

photos. After this stage, Ground Control Points are associated by identifying them in the photos. 

 Building point clouds: this is made after photo calibration and the creation of a point cloud in the 

previous stage; the software creates a point cloud that may vary in terms of density according to 

the selected parameters and that enables the subsequent construction of a polygonal mesh that is 

representative of the covered area. 

 Creating the DSM: this is made from the polygonal mesh of the point cloud, and may become a 

DTM in case the points of the point cloud that correspond to a building or vegetation are filtered. 

 Creating an ortho-image based on the DSM or on the polygonal mesh. 

All these stages were subject to quantitative assessment based on the technical report produced by 

the software. For the error analysis (Table 2), 14 Ground Control Points (GCP) of the whole area were 

used, covered by 252 photos. The results of the error analysis are in compliance with the reference 

values for the production of very high resolution ortho-images. A visual comparison between the 

geometry of the ortho-image and a vectorial map (Figure 3) was also carried out. This vectorial map 

was produced according to standards issued by the body that regulates national cartography 

(General-Directorate of the Treasury) to integrate the national cartographic series on a 1:2000 scale 

(SCN2k). The aerial coverage that originated that vectorial map was performed in 2008, in the 

Hayford-Gauss Datum 73 Reference System, replaced by the PT-TM06-ETRS89 System. The 

conversion between the Hayford-Gauss Datum 73 Reference system and the ETRS89-TM06 System 

was carried out through a polynomial transformation.  
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Table 2 Ground Control Points (GCP) and error analysis 

Source: Authors. 2016 

 

Figure 3 Ortho-image with overlapping of the vectorial map 

 
Source: Authors. 2016 

GPC ID XY error (cm) Z error (cm) Error (cm) Projections Error (pixel) 

2 0.883367 0.15217 0.896378 12 0.065 
4 0.296492 -0.0176378 0.297016 13 0.062 
5 0.175913 0.0310803 0.178637 11 0.069 
8 1.67871 0.671731 1.80811 8 0.086 
9 0.261196 -0.222981 0.34343 14 0.057 
10 3.52824 -0.490272 3.56214 15 0.152 
11 3.92666 0.634293 3.97756 22 0.138 
15 1.49882 -0.121902 1.50377 4 0.053 
16 1.34727 -0.0350472 1.34772 12 0.055 
21 0.869971 0.0865473 0.874265 8 0.046 
24 1.2787 0.249891 1.30289 15 0.063 
26 1.05798 -0.557513 1.19588 14 0.154 
29 1.03796 -0.223301 1.06171 9 0.121 
30 0.981831 -5.93E-03 0.981849 17 0.090 

Total 1.71687 0.339623 1.75013  0.1 
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A visual observation shows a very high correlation between the vectorial map and the urban objects 

represented by the ortho-image. In fact, this observation confirms what had been determined by the 

error analysis (Table 2). Taking this assessment into consideration, this product can be used in an 

urban setting, namely for morphological analysis. 

Building on the DTM we can explore information that might be interesting for urban analysis, such as 

the extraction of polylines (Figure 4) and consequently the calculation of profiles (Figures 5 e 6). 

 
Figure 4 Ortho-image with polylines extracted from the DTM 

 

 
Source: Authors. 2016 

 
Figure 5 North-South profile obtained from polylines extracted from the DTM 

 

 
Figure 6 East-West profile obtained from polylines extracted from the DTM  

 
Source: Authors. 2016 
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Three-dimensional models, such as the DSM, with geometry and surface texture, enable the study of 

urban roughness and are very important for planning and heritage conservation purposes (El 

Garouani, Alobeid & El Garouani: 2014). The DSM is particularly important for urban analysis, namely 

in terms of: intervisibility mapping, identifying the skyline, calculating urban volumes, building 

orientation, urban risk modelling, flood risk mapping, architectural visualization, among other 

applications. The analysis of the shape and morphology of the city, namely its historical centres, 

frequently uses three-dimensional information with DSM. Figure 7 shows a part of ARU of Loulé 

modelled based on 3D data obtained by UAV. 

 

Figure 7 DSM of an urban historical area surrounding Loulé castle  
 

  
 Source: Authors. 2016 

 

Ultimately, 3D modelling of UAV data serves the three-dimensional representation of urban objects 

both inside the urban fabric (Figure 8) and isolated. 

 

Figure 8 3D model of Loulé castle and its urban surroundings 

 

 
Source: Authors. 2016 
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The creation of a 3D model of Loulé castle and its urban surroundings (Figure 8) made use of 51 

aerial photos as mentioned before. From those aerial photos with 90% longitudinal overlapping and 

40% transversal overlapping, a cloud with 23116106 points, 2311901 vertices, and 4616659 faces 

was created. 

Conclusions: modelling UAV data for analysis and urban planning 

The importance of 3D data obtained by UAV for urban analysis, and consequently for the design of 

urban plans, was made evident in the previous sections although it has some limitations. On the one 

hand, data obtained by UAV may support urban databases with low-cost 3D information albeit 

confined to small geographic areas. Computation is still limited when it comes to dealing with large 

volumes of data, which would be required for wider areas. On the other hand, UAV technology that is 

affordable to local administrations has also very specific limitations: low UAV autonomy to cover vast 

areas, and heavy computational processing. 

In spite of the limitations we have identified, we would like to stress the advantages of modelling UAV 

data for urban analysis and for the creation of city plans: i) low cost; ii) undemanding in terms of 

human resources; iii) possibility of creating 3D urban models to make measurements and extract 

interesting parameters; iv) permanently updateable; v) monitoring extreme weather events with urban 

impact (floods); vi) creating and maintaining digital archives of urban evolution. 

Data acquisition and modelling technology promotes the implementation of the idea of smart cities. In 

fact, UAV for surveying and mapping may contribute to generate data and information that will serve 

the dimensions of city smartness.   
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