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EIGHTH INTERNATIONAL CONFERENCE INPUT 2014  

SMART CITY. PLANNING FOR ENERGY, TRANSPORTATION AND SUSTAINABILITY OF THE 
URBAN SYSTEM 

This special issue of TeMA collects the papers presented at the Eighth International Conference INPUT, 2014, 

titled "Smart City. Planning for energy, transportation and sustainability of the urban system" that takes place in 

Naples from 4 to 6 of June 2014.  

INPUT (Innovation in Urban Planning and Territorial) consists of an informal group/network of academic 

researchers Italians and foreigners working in several areas related to urban and territorial planning. Starting 

from the first conference, held in Venice in 1999, INPUT has represented an opportunity to reflect on the use of 

Information and Communication Technologies (ICTs) as key planning support tools. The theme of the eighth 

conference focuses on one of the most topical debate of urban studies that combines , in a new perspective, 

researches concerning the relationship between innovation (technological, methodological, of process etc..) and 

the management of the changes of the city. The Smart City is also currently the most investigated subject by 

TeMA that with this number is intended to provide a broad overview of the research activities currently in place 

in Italy and a number of European countries. Naples, with its tradition of studies in this particular research field, 

represents the best place to review progress on what is being done and try to identify some structural elements 

of a planning approach.  

Furthermore the conference has represented the ideal space of mind comparison and ideas exchanging about a 

number of topics like: planning support systems, models to geo-design, qualitative cognitive models and formal 

ontologies, smart mobility and urban transport, Visualization and spatial perception in urban planning innovative 

processes for urban regeneration, smart city and smart citizen, the Smart Energy Master project, urban entropy 

and evaluation in urban planning, etc.. 

The conference INPUT Naples 2014 were sent 84 papers, through a computerized procedure using the website 

www.input2014.it . The papers were subjected to a series of monitoring and control operations. The first 

fundamental phase saw the submission of the papers to reviewers. To enable a blind procedure the papers have 

been checked in advance, in order to eliminate any reference to the authors. The review was carried out on a 

form set up by the local scientific committee. The review forms received were sent to the authors who have 

adapted the papers, in a more or less extensive way, on the base of the received comments. At this point (third 

stage), the new version of the paper was subjected to control for to standardize the content to the layout required 

for the publication within TeMA. In parallel, the Local Scientific Committee, along with the Editorial Board of the 

magazine, has provided to the technical operation on the site TeMA (insertion of data for the indexing and 

insertion of pdf version of the papers). In the light of the time’s shortness and of the high number of contributions 

the Local Scientific Committee decided to publish the papers by applying some simplifies compared with the 

normal procedures used by TeMA. Specifically: 

− Each paper was equipped with cover, TeMA Editorial Advisory Board, INPUT Scientific Committee, 

introductory page of INPUT 2014 and summary; 

− Summary and sorting of the papers are in alphabetical order, based on the surname of the first author; 

− Each paper is indexed with own DOI codex which can be found in the electronic version on TeMA  website 

(www.tema.unina.it). The codex is not present on the pdf version of the papers.   



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

 

SMART CITY  
PLANNING FOR ENERGY, TRANSPORTATION AND  
SUSTAINABILITY OF THE URBAN SYSTEM 
Special Issue, June 2014 
 
 

Contents 
 
 
1. The Plan in Addressing the Post Shock Conflicts 2009-2014.  

A First Balance Sheet of the Reconstruction of L’Aquila  1-13 
Fabio Andreassi, Pierluigi Properzi    
 

2. Assessment on the Expansion of Basic Sanitation Infrastructure.  
In the Metropolitan Area of Belo Horizonte - 2000/2010  15-26 
Grazielle Anjos Carvalho    
 

3. Temporary Dwelling of Social Housing in Turin.  
New Responses to Housing Discomfort  27-37 
Giulia Baù, Luisa Ingaramo    
 

4. Smart Communities. Social Innovation at the Service of the Smart Cities 39-51 
Massimiliano Bencardino, Ilaria Greco    
 

5. Online Citizen Reporting on Urban Maintenance:  
A Collection, Evaluation and Decision Support System  53-63 
Ivan Blečić, Dario Canu, Arnaldo Cecchini, Giuseppe Andrea Trunfio    
 

6. Walkability Explorer. An Evaluation and Design Support Tool for Walkability  65-76 
Ivan Blečić, Arnaldo Cecchini, Tanja Congiu, Giovanna Fancello, Giuseppe Andrea Trunfio     
 

7. Diachronic Analysis of Parking Usage: The Case Study of Brescia  77-85 
Riccardo Bonotti, Silvia Rossetti, Michela Tiboni, Maurizio Tira    
 

8. Crowdsourcing. A Citizen Participation Challenge  87-96 
Júnia Borges, Camila Zyngier    
  

9. Spatial Perception and Cognition Review.  
Considering Geotechnologies as Urban Planning Strategy  97-108 
Júnia Borges, Camila Zyngier, Karen Lourenço, Jonatha Santos    



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

10. Dilemmas in the Analysis of Technological Change. A Cognitive Approach  
to Understand Innovation and Change in the Water Sector  109-127 
Dino Borri, Laura Grassini    
 

11. Learning and Sharing Technology in Informal Contexts.  
A Multiagent-Based Ontological Approach  129-140 
Dino Borri, Domenico Camarda, Laura Grassini, Mauro Patano    

 
12. Smartness and Italian Cities. A Cluster Analysis  141-152 

Flavio Boscacci, Ila Maltese, Ilaria Mariotti   
 

13. Beyond Defining the Smart City.  
Meeting Top-Down and Bottom-Up Approaches in the Middle  153-164 
Jonas Breuer, Nils Walravens, Pieter Ballon    
 

14. Resilience Through Ecological Network  165-173 
Grazia Brunetta, Angioletta Voghera    
 

15. ITS System to Manage Parking Supply:  
Considerations on Application to the “Ring” in the City of Brescia  175-186 
Susanna Bulferetti, Francesca Ferrari, Stefano Riccardi    
 

16. Formal Ontologies and Uncertainty. In Geographical Knowledge  187-198 
Matteo Caglioni, Giovanni Fusco    
 

17. Geodesign From Theory to Practice:  
In the Search for Geodesign Principles in Italian Planning Regulations  199-210 
Michele Campagna, Elisabetta Anna Di Cesare    
 

18. Geodesign from Theory to Practice:  
From Metaplanning to 2nd Generation of Planning Support Systems  211-221 
Michele Campagna    
 

19. The Energy Networks Landscape.  
Impacts on Rural Land in the Molise Region  223-234 
Donatella Cialdea, Alessandra Maccarone     
 

20. Marginality Phenomena and New Uses on the Agricultural Land.  
Diachronic and Spatial Analyses of the Molise Coastal Area  235-245 
Donatella Cialdea, Luigi Mastronardi    
 

21. Spatial Analysis of Urban Squares. ‘Siccome Umbellico al corpo dell’uomo’  247-258 
Valerio Cutini    
 
 
  
 



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

22. Co-Creative, Re-Generative Smart Cities.  
Smart Cities and Planning in a Living Lab Perspective 2 259-270 
Luciano De Bonis, Grazia Concilio, Eugenio Leanza, Jesse Marsh, Ferdinando Trapani    
 

23. The Model of Voronoi's Polygons and Density:  
Diagnosis of Spatial Distribution of Education Services of EJA  
in Divinópolis, Minas Gerais, Brazil  271-283 
Diogo De Castro Guadalupe, Ana Clara Mourão Moura    
 

24. Rural Architectural Intensification: A Multidisciplinar Planning Tool  285-295 
Roberto De Lotto, Tiziano Cattaneo, Cecilia Morelli Di Popolo, Sara Morettini,  
Susanna Sturla, Elisabetta Venco    
 

25. Landscape Planning and Ecological Networks.  
Part A. A Rural System in Nuoro, Sardinia  297-307 
Andrea De Montis, Maria Antonietta Bardi, Amedeo Ganciu, Antonio Ledda,  
Simone Caschili, Maurizio Mulas, Leonarda Dessena, Giuseppe Modica,  
Luigi Laudari, Carmelo Riccardo Fichera    
 

26. Landscape Planning and Ecological Networks.  
Part B. A Rural System in Nuoro, Sardinia 309-320 
Andrea De Montis, Maria Antonietta Bardi, Amedeo Ganciu, Antonio Ledda,  
Simone Caschili, Maurizio Mulas, Leonarda Dessena, Giuseppe Modica,  
Luigi Laudari, Carmelo Riccardo Fichera    
 

27. Sea Guidelines. A Comparative Analysis: First Outcomes  321-330 
Andrea De Montis, Antonio Ledda, Simone Caschili, Amedeo Ganciu, Mario Barra,  
Gianluca Cocco, Agnese Marcus    
 

28. Energy And Environment in Urban Regeneration.  
Studies for a Method of Analysis of Urban Periphery  331-339 
Paolo De Pascali, Valentina Alberti, Daniela De Ioris, Michele Reginaldi    
 

29. Achieving Smart Energy Planning Objectives.  
The Approach of the Transform Project  341-351 
Ilaria Delponte    
 

30. From a Smart City to a Smart Up-Country.  
The New City-Territory of L’Aquila  353-364 
Donato Di Ludovico, Pierluigi Properzi, Fabio Graziosi    
 

31. Geovisualization Tool on Urban Quality.  
Interactive Tool for Urban Planning  365-375 
Enrico Eynard, Marco Santangelo, Matteo Tabasso    
 
 
 



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

32. Visual Impact in the Urban Environment.  
The Case of Out-of-Scale Buildings  377-388 
Enrico Fabrizio, Gabriele Garnero    

 
33. Smart Dialogue for Smart Citizens:  

Assertive Approaches for Strategic Planning  389-401 
Isidoro Fasolino, Maria Veronica Izzo    
 

34. Digital Social Networks and Urban Spaces  403-415 
Pablo Vieira Florentino, Maria Célia Furtado Rocha, Gilberto Corso Pereira    
 

35. Social Media Geographic Information in Tourism Planning  417-430 
Roberta Floris, Michele Campagna    
 

36. Re-Use/Re-Cycle Territories:  
A Retroactive Conceptualisation for East Naples  431-440 
Enrico Formato, Michelangelo Russo    
 

37. Urban Land Uses and Smart Mobility  441-452 
Mauro Francini, Annunziata Palermo, Maria Francesca Viapiana    
 

38. The Design of Signalised Intersections at Area Level.  
Models and Methods  453-464 
Mariano Gallo, Giuseppina De Luca, Luca D’acierno    
 

39. Piano dei Servizi. Proposal for Contents and Guidelines  465-476 
Roberto Gerundo, Gabriella Graziuso    

 
40. Social Housing in Urban Regeneration.  

Regeneration Heritage Existing Building: Methods and Strategies  477-486 
Maria Antonia Giannino, Ferdinando Orabona    
 

41. Using GIS to Record and Analyse Historical Urban Areas  487-497 
Maria Giannopoulou, Athanasios P. Vavatsikos,  
Konstantinos Lykostratis, Anastasia Roukouni    
 

42. Network Screening for Smarter Road Sites: A Regional Case  499-509 
Attila Grieco, Chiara Montaldo, Sylvie Occelli, Silvia Tarditi    
 

43. Li-Fi for a Digital Urban Infrastructure:  
A Novel Technology for the Smart City  511-522 
Corrado Iannucci, Fabrizio Pini    
 

44. Open Spaces and Urban Ecosystem Services.  
Cooling Effect towards Urban Planning in South American Cities  523-534 
Luis Inostroza    
 



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

45. From RLP to SLP: Two Different Approaches to Landscape Planning  535-543 
Federica Isola, Cheti Pira    
 

46. Revitalization and its Impact on Public.  
Space Organization A Case Study of Manchester in UK,  
Lyon in France and Łódź in Poland  545-556 
Jarosław Kazimierczak    
 

47. Geodesign for Urban Ecosystem Services  557-565 
Daniele La Rosa    
 

48. An Ontology of Implementation Plans of Historic Centers:  
A Case Study Concerning Sardinia, Italy  567-579 
Sabrina Lai, Corrado Zoppi    
 

49. Open Data for Territorial Specialization Assessment.  
Territorial Specialization in Attracting Local Development Funds:  
an Assessment. Procedure Based on Open Data and Open Tools 581-595 
Giuseppe Las Casas, Silvana Lombardo, Beniamino Murgante,  
Piergiuseppe Pontrandolfi, Francesco Scorza    

 
50. Sustainability And Planning.  

Thinking and Acting According to Thermodinamics Laws  597-606 
Antonio Leone, Federica Gobattoni, Raffaele Pelorosso    
 

51. Strategic Planning of Municipal Historic Centers.  
A Case Study Concerning Sardinia, Italy  607-619 
Federica Leone, Corrado Zoppi    
 

52. A GIS Approach to Supporting Nightlife Impact Management:  
The Case of Milan  621-632 
Giorgio Limonta    
 

53. Dealing with Resilience Conceptualisation. Formal Ontologies as a Tool  
for Implementation of Intelligent Geographic Information Systems  633-644 
Giampiero Lombardini    
 

54. Social Media Geographic Information:  
Recent Findings and Opportunities for Smart Spatial Planning  645-658 
Pierangelo Massa, Michele Campagna    
 

55. Zero Emission Mobility Systems in Cities.  
Inductive Recharge System Planning in Urban Areas  659-669 
Giulio Maternini, Stefano Riccardi, Margherita Cadei    
 
 



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

56. Urban Labelling: Resilience and Vulnerability  
as Key Concepts for a Sustainable Planning  671-682 
Giuseppe Mazzeo    
 

57. Defining Smart City.  
A Conceptual Framework Based on Keyword Analysis  683-694 
Farnaz Mosannenzadeh, Daniele Vettorato    
 

58. Parametric Modeling of Urban Landscape:  
Decoding the Brasilia of Lucio Costa from Modernism to Present Days  695-708 
Ana Clara Moura, Suellen Ribeiro, Isadora Correa, Bruno Braga    
 

59. Smart Mediterranean Logics. Old-New Dimensions and  
Transformations of Territories and Cites-Ports in Mediterranean  709-718 
Emanuela Nan    
 

60. Mapping Smart Regions. An Exploratory Approach  719-728 
Sylvie Occelli, Alessandro Sciullo    
 

61. Planning Un-Sustainable Development of Mezzogiorno.  
Methods and Strategies for Planning Human Sustainable Development  729-736 
Ferdinando Orabona, Maria Antonia Giannino    
 

62. The Factors Influencing Transport Energy Consumption  
in Urban Areas: a Review  737-747 
Rocco Papa, Carmela Gargiulo, Gennaro Angiello    

 
63. Integrated Urban System and Energy Consumption Model:  

Residential Buildings  749-758 
Rocco Papa, Carmela Gargiulo, Gerardo Carpentieri    
 

64. Integrated Urban System and Energy Consumption Model:  
Public and Singular Buildings  759-770 
Rocco Papa, Carmela Gargiulo, Mario Cristiano    
 

65. Urban Smartness Vs Urban Competitiveness: 
A Comparison of Italian Cities Rankings  771-782 
Rocco Papa, Carmela Gargiulo, Stefano Franco, Laura Russo    
 

66. Urban Systems and Energy Consumptions: A Critical Approach  783-792 
Rocco Papa, Carmela Gargiulo, Floriana Zucaro    
 

67. Climate Change and Energy Sustainability.  
Which Innovations in European Strategies and Plans  793-804 
Rocco Papa, Carmela Gargiulo, Floriana Zucaro    
 



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

68. Bio-Energy Connectivity And Ecosystem Services.  
An Assessment by Pandora 3.0 Model for Land Use Decision Making  805-816 
Raffaele Pelorosso, Federica Gobattoni, Francesco Geri,  
Roberto Monaco, Antonio Leone    
 

69. Entropy and the City. GHG Emissions Inventory:  
a Common Baseline for the Design of Urban and Industrial Ecologies  817-828 
Michele Pezzagno, Marco Rosini  
 

70. Urban Planning and Climate Change: Adaptation and Mitigation Strategies  829-840 
Fulvia Pinto  

 
71. Urban Gaming Simulation for Enhancing Disaster Resilience.  

A Social Learning Tool for Modern Disaster Risk Management  841-851 
Sarunwit Promsaka Na Sakonnakron, Pongpisit Huyakorn, Paola Rizzi    
 

72. Visualisation as a Model. Overview on Communication Techniques  
in Transport and Urban Planning  853-862 
Giovanni Rabino, Elena Masala    
 

73. Ontologies and Methods of Qualitative Research in Urban Planning  863-869 
Giovanni Rabino    
 

74. City/Sea Searching for a New Connection. 
Regeneration Proposal for Naples Waterfront Like an Harbourscape:  
Comparing Three Case Studies  871-882 
Michelangelo Russo, Enrico Formato    
 

75. Sensitivity Assessment. Localization of Road Transport Infrastructures  
in the Province of Lucca  883-895 
Luisa Santini, Serena Pecori    
 

76. Creating Smart Urban Landscapes.  
A Multimedia Platform for Placemaking  897-907 
Marichela Sepe    
 

77. Virtual Power Plant. Environmental Technology Management Tools  
of The Settlement Processes  909-920 
Maurizio Sibilla    
 

78. Ecosystem Services and Border Regions.  
Case Study from Czech – Polish Borderland  921-932 
Marcin Spyra    
 

79. The Creative Side of the Reflective Planner. Updating the Schön’s Findings  933-940 
Maria Rosaria Stufano Melone, Giovanni Rabino    



TeMA Journal of 
Land Use, Mobility and 
Environment
 

 

 
TeMA Journal of Land Use Mobility and Environment INPUT 2014 Eighth International Conference INPUT - Naples, 4-6 June 2014 

 

80. Achieving People Friendly Accessibility.  
Key Concepts and a Case Study Overview  941-951 
Michela Tiboni, Silvia Rossetti    
 

81. Planning Pharmacies: An Operational Method to Find the Best Location  953-963 
Simona Tondelli, Stefano Fatone    

 
82. Transportation Infrastructure Impacts Evaluation:  

The Case of Egnatia Motorway in Greece  965-975 
Athanasios P. Vavatsikos, Maria Giannopoulou    
 

83. Designing Mobility in a City in Transition.  
Challenges from the Case of Palermo  977-988 
Ignazio Vinci, Salvatore Di Dio    
 

84. Considerations on the Use of Visual Tools in Planning Processes:  
A Brazilian Experience  989-998 
Camila Zyngier, Stefano Pensa, Elena Masala   

 



TeMA
 

 
 

 
Journal of 
Land Use, Mobility and Environment  

TeMA INPUT 2014 
Print ISSN 1970-9889, e- ISSN 1970-9870  
 

SPECIAL ISSUE  

DOI available on the online version 
 
Licensed under the Creative Commons Attribution 
Non Commercial License 3.0 
www.tema.unina.it 
 

Eighth International Conference INPUT 
Smart City - Planning for Energy, Transportation and Sustainability  
of the Urban System  
 
Naples, 4-6 June 2014 
 

 

LI-FI FOR A DIGITAL URBAN 
INFRASTRUCTURE 

A NOVEL TECHNOLOGY FOR THE SMART CITY 
  

 
 

CORRADO IANNUCCIa, FABRIZIO PINIb  

 a Eau de Web SC 
strada Maior Gheorghe Șonțu 8, ap. 3, 011448 Bucharest  

e-mail: office@eaudeweb.ro 
URL: http://www.eaudeweb.ro 

 
b ICT and strategy consultant 

e-mail: fabrizio.pini@gmail.com 
 
 
 
 
 
 

 
ABSTRACT 
The process of “building a smart city” implies that the way a urban area provides its traditional functions be properly re-designed, 
in order to meet the often conflicting requirements of furthering the economical development and of improving the quality of the 
life. ICT can make available methodologies and tools able to support such process, as far as the new solutions are carried out 
within a global vision of the task to be carried out i.e. within a system approach. 
In such context, even traditional infrastructures as the streetlamp system of a city can reveal interesting opportunities, when 
coupled with updated technologies. Here, the potential benefits of moving to the LED technologies are presented. The relevance 
of Li-Fi technology is pinpointed. in relation to the ability of efficiently install wireless links for data transfer without increasing (or 
also reducing) the microwave background in a urban area.  
Also the data collection can be improved leveraging upon the already installed streetlamps: the ever increasing amount of 
sensors (required for many functions, from street security to environment protection) can be deployed without further waste of 
urban 3D space. 
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1  INTRODUCTION  

"Smart city" is a concept practically ubiquitous in the scientific literature. This is a clear signal of 

interdisciplinary nature of the related researches, ranging from urban planning to ICT applications and to 

new hardware systems (sensors, processors, etc.).  

Such relevance basically derives from the following points: 

− the urban areas are steadily and quickly expanding, because they are able attract and include both 

people and economic activities; 

− some estimates indicate that by 2030 urban areas will globally host about 5 billion people (UNFPA, 

2007); out of a foreseen world population of about 8.4 billion, the share of urbanized population will be 

in the range 78% to 85% in America and in Europe while 48% to 55% in Africa and in Asia, as shown 

in Fig. 1 (UNDESA, 2012; UNDESA, 2013);  

− on the basis of such estimates, the urban population will grow by 100% in Africa and Asia during the 

time interval from 2000 to 2030, even if the rate of urbanization is steadily declining in every region 

since 1960; the governance of the city has to meet new challenges at unprecedented quantitative and 

qualitative scales (UNFPA, 2007); 

− among such challenges, the most relevant ones appear to be those related to the quality of citizens' life 

and to the environmental management; any new development in such fields provides significant 

improvements to the many facets of the urban governance. 

As a matter of fact, the urbanization process is two-faced:  

− it provides more job opportunities, on the basis of the many relationships that can be established in the 

city; the economic development has been constantly based upon the enlargement of the urban areas; 

− on the other hand, it challenges the social and ecological resilience of the interested areas; the city 

usually tends to have a footprint greater than the area delimited by its own borders.  

The key point is that the city (from the megacities to the small neighborhoods) is a system of systems with 

its own dynamic features. This implies that any "local" solution has to be designed taking into account the 

"global" context. Specifically, the deployment of new “smart” solutions both is caused by and impacts upon 

the evolution of the urban ecosystem in its amplest meaning (Bonomi and Masiero, 2014).  
 

 

Fig. 1 – Ratio of the urban population to the total population, 1950 - 2050, by major geographical areas 
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2 SMART CITIES AND ICT 

It should be noted that the concept of "smart city" is not completely defined in itself; however, such concept 

is necessary, in order to correctly evaluate the technological developments (as those here dealt with in the 

following). The term “smart city” started to show up in the literature in the last quarter of the past century. 

Since then and up to our days, so many definitions have been suggested that Nam and Pardo (2011) claim 

the term “smart city” is definitely a fuzzy one. Papa et al. (2013) provide a global review of such definitions, 

analyzing the scientific literature on an interval of more than thirty years.  

Nam and Pardo (2011) aim to set up an operational definition through the observations of the relevant 

features of what appears to be a “smart city”. Basically, they observe that the following factors are 

necessary for a “smart city”: 

− technology (infrastructures of hardware and software);  

− people (creativity, diversity, and education);  

− institution (governance and policy).  

It is easy to recognize that such list include all and only the components of an abstract information system, 

as usually described by IT scholars. A direct link appears to emerge between urban planning and informatics. 

As well known, ICT is the application side of informatics; from such point of view, ICT is the enabling 

component of the migration of an urban area to the status of “smart city”.  

However, in order to establish a smart city (or to recognize an already established one), even if necessary 

such factors become sufficient if and only if some sort of threshold is reached. Given the interrelationships 

among the above mentioned factors, a city is “smart” when such factors are able to provide sustainable 

growth and to improve the quality of the life. Therefore, adopting a systems view (on the basis of the 

seminal works of Forrester, 1969 and of Mc Loughlin, 1969;  the ideas of Batty and Longley, 1994, could also 

be taken into account), it can be said that in its development the city “diverges” along a new path and 

evolves to the state of “smart”, only if the combined pressure of such ICT-enabled factors is modulated over 

a certain amount.  

Furthering the earlier work of Fistola (2001), namely the vision of M.E.-tropolis, Annunziato (2012) suggests 

a three-level framework for the structural analysis of the “smart city” including: 

− city government, where the administrative services are made available;  

− city operation, where the management of the different utility networks is integrated; 

− city life, where the citizens interact with the administration and access the utility networks. 

As far as ICT is referred to as the enabling technology of the “smart city”, a special role is given to the data 

acquisition, to the decision support and to the feedback loops that carry out command and control actions. 

Specifically, the city operation level requires an extensive exploitation of sensors, distributed over the 

territory of the city and able to provide data flows whose time- and space-frequencies are dictated by the 

rate of evolution of the urban processes. The information carried by such data fluxes links the citizens’ needs  

(the city life level) to the administrative decisions (the city government level), improving the global system 

performance. The sheer amount of data to be collected and processed can be intimidating; accordingly, 

many R&D efforts have already been devoted to such issue (labeled as “Big Data”) and various solutions 

(often derived by a fruitful cross-fertilization of different scientific sectors) are being available for concrete 

applications (Manyika et al., 2011). However, it should be noted that the problem has to be dealt with from, 

at least, two different points of view: 

− the data collection from the real world; 

− the extraction of the information content from the collected data. 
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The latter point relies upon the balance of the (steadily decreasing) processing and storage costs vs. the 

(quickly increasing) available amounts of Big Data. Such balance is mostly carried out in the virtual world (i.e. 

it mainly involves knowledge) and therefore it is not physically bounded. On the contrary, as far as the 

involved sensors require physico-chemical interactions, the former point is strongly influenced by the finite 

amount of available matter and energy, whose eventual shortage will be experienced in the real world and 

firstly in the urban areas. Moreover, the spatial dimension too is a finite resource in such context. In relation 

to the ever increasing spectrum of urban processes to be monitored, it cannot be assumed an unlimited 

proliferation of sensors. The technological efficiency of the sensors appears to be a limiting factor on the 

path to the “smart city”, at least on the medium to long range. Therefore the relevant stakeholders (from 

city administrators to urban planners and to final users) should be aware of the actual opportunities of 

deploying “multi-targeted” or “clustered” sensors and, moreover, of embedding such sensors into already 

existing utility networks. In the following, reference will be made to the urban street lighting, for sake of 

brevity. However, such reference can be easily extended to other utility networks. Anyway, it should be 

noted that the ICT-enabled management of the urban street lighting is currently assumed as necessary for 

the “smart city”, aiming to the environmental protection in terms of reduced energy consumption (Gargiulo 

et al., 2013). 

3 NETWORKING THE SMART CITY 

In the following, it will be outlined how new streetlamps can improve the life experience in the smart cities 

of tomorrow. The different lights source technologies (gas, mercury light, sodium light, etc.) adopted in the 

past have a low energy performance and a long switch on/off time (of the order of minutes) as their a 

common characteristic. Therefore, R&D efforts have been focused on removing such constraints. US DoE 

(2013) has analyzed the various light sources, whose capabilities are shown in the following Fig. 2, where 

the black rectangles represent the efficacy (in terms of lm/W) of conventional lamps or LED packages. The 

luminaire efficacy (depicted by the shaded regions), refers to the whole system (including electrical, thermal, 

and optical losses). 

Fig. 2 –Range of efficacy for various light sources. 
 

Among the technologies referred to in Fig. 2, only LED is expected to substantially increase the efficacy in 

the near future.  The forecast of efficiency of white LED lamps has also been investigated by US DoE (2012) 
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in its multi-year Program Plan. It should be noted that white color can be provided relying on two basic 

approaches: PC (Phosphor Coated) packaged LED and CM (Color Mixed) LED. 

In the past years (up to 2005) there weren’t differences between CM- and PC- based solutions; the efficacy 

differences were based on the color temperature. On a 10-year horizon, the CM-based solution will reach 

more than 250 lm/W and will be the dominant one. It should be noted two interesting features: 

− in the past, the efficacy of a LED source was dependent on the color temperature (warm or cool); on 

the medium term, the efficacy will depend only on the adopted solution (CM or PC); 

− for a given color temperature, in the past the efficacy was irrespective of the solution (PC or CM); on 

the medium term, the best efficacy will be provided by CM. 

A LED light source can achieve very short turn on/off time and can be easily dimmed. It is useful to clarify 

that in the LED technology the flux is assumed to be either absolute or relative. The absolute flux is 

measured in lumen (lm), according to the international system of units (SI). The relative flux is measured as 

a ratio of the actual value to a reference value; such reference value is established on the basis of standard 

conditions: lifelong continuous service, room temperature, forward current intensity, etc. Therefore, the 

relative flux can achieve values greater than 100%, if the reference conditions are modified. 

For instance, a commercial LED lamp (CREE, 2013) has a reference value of 260 lm. Such reference value 

implies a forward current of about 710 mA and a voltage of 2,9 V. Its voltage can be increased up to 3.35 V, 

achieving a relative flux of 325% (obviously, this value can be hold for a very short time interval). On the 

other hand, its voltage can be decreased, up to 2.65, with a corresponding relative flux of 15%. 

With a view to signal modulation, it is important to pinpoint that the relative flux is a quasi-linear function of 

the forward current. 

Therefore, the LED lamp shows two characteristics: 

− the relative flux is a quasi-linear function of the forward current; 

− the relative flux can be modulated over a quite wide range of values. 

Those two characteristics, coupled to the other ones (in particular, the short switch time), allow the 

exploitation of the LED light as an information carrier at access network level. 

Telecom services are provided by 2 infrastructure levels: access network and core network. Wireless or radio 

technology are the best solutions, at access network level, to meet the needs of mobile information sharing 

(of utmost relevance for the “smart city”, where the amount and the topology of the users to be connected 

are always subjected to quick and substantial changes). In the  literature, the term radio  pertains to GSM, 

UMTS and LTE technologies utilized on distances from 100 m up to 35 km (Pini, 2010) while with the term 

wireless refers to transmissions on distances up to 100 m (as those commonly involved in a urban area). 

The high-speed links at the core network level are mostly provided by optical fibers. 

The wireless transmissions usually exploit the frequency bands of 2.4 and 5 GHz of the electromagnetic 

spectrum. The related wireless technology is based on the IEEE 802.11x set of standards and it is known as 

Wi-Fi. However, it has to be noted that such frequency bands are heavily accessed, for voice as well as data 

networking. Therefore, even if many cities have already installed extensive Wi-Fi networks on their territory, 

such frequency bands can be seen as a quite limited resource, with possible service problems on the 

medium-to-long term.  

Some other solutions, globally referred to as NFC – Near Field Communication, can be of value on the very 

short distances (Iannucci and Pini, 2013). However, the scarcity of available band has to be globally dealt 

with. This appears to be feasible by relying on the high spatial resolution of the physical mesh whose nodes 

are exactly the thousand of streetlamps above mentioned. With such approach, the streetlamps host the 

wireless access points. Usually, a Wi-Fi technology is exploited; however, as far as the streetlamps are 
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equipped with LED sources, wireless web access points can efficiently be based upon a more novel 

technology: Li-Fi (Light-Fidelity), whose name was coined in 2011 by Harald Haas of the University of 

Edinburgh.  

Li-Fi is the emergent technology that uses the fast light variations to transmit data, instead of 

radiofrequencies. From 2012 to 2016 EPSRC, the main UK government agency for funding research and 

training in engineering and the physical sciences, is devoting 4.6 million GBP to a large project targeting 

such technology (UP-VLC, 2012).  

The light is the portion of the electromagnetic spectrum that can be received directly by human eyes. Its 

wavelengths range from 380 nm to 760 nm, i.e. a bandwidth from 400 to 790 THz (1 THz = 1000 GHz). 

Light has been used to transmit information since many centuries, by fire signals and later also by lamps and 

Morse code. More recently, since the sixties of the past century, light is being used in optical fibers with a 

bandwidth from 100 Mbps up to 1 Tbps; light is also exploited for point-to-point wireless transmission in LoS 

(Line of Sight) up to few kilometers using laser-based, stabilized optical systems; the associated costs can 

often be an issue. 

Nowadays, LED lamps have opened a new scenario. LED can achieve a much faster switch on/off time than 

traditional lamps and this characteristic is compliant with the request of broadcasting solution. LED-based 

services are available in a fraction of price, weight and volume required by other solutions.  

The lesser useful range of LED is not really an issue; on the contrary, when the access points are hosted by 

the streetlamps (therefore in a high-density mesh) the interferences are much less in Li-Fi than in Wi-Fi. This 

aspect allows a novel usage of the thousand of streetlamps already installed in each medium-sized city: 

mainly relying upon its much faster switch on/off time, LED technology can be exploited in order to support 

the data networking (Daukantas, 2014). The usage of LED source in streetlamps has been reported 

achieving up to 500 MBps, i.e. 4 Gbps (Rani et al. 2012; Dutta et al. 2013, Sharma et al. 2014). In the above, 

the relevance of data networking for a “smart city” has already been pointed out. 

The communication channel can be depicted in a very simplified way on the basis of the following 5 main 

elements: a) Channel coding device (data stream to light levels); b) LED; c) Medium (between LED and the 

Receiver); d) Receiver; e) Channel coding device (light levels to data stream). 

A)  CHANNEL CODING DEVICE (DATA STREAM TO LIGHT LEVELS) 

This element adapts the info stream to the LED behavior. An info stream typically is a continuous flow of bits 

(0 and 1) coded with 2 voltage levels (for example 0 is coded with 0 volt and 1 is coded with 3 volt) that has 

to be adapted to flickering required for the LED.  

The impulse to drive the LED are defined symbols and are obtained through a process called modulation. 

The starting point is a simple level conversion, according with two light level (L0 and L1) that have to be 

correlated to 0 and 1 bits. So if the Info flux is 1 Gbps the Light flux is 1 Gsps (Giga symbol per second). If 

the environment and the receiver support multi-level lights, the light levels available to transmit the info can 

be more than 2; for example 4. If 4 levels (L0, L1, L2, L3) are used while maintaining the same symbol rate, 

the info flux can be double. To achieve this symbol-to-level conversion the LED driver chip has to be more 

complex because it has to store 2 bit and to allocate the right impulse level for the LED. This modulation 

technique can be enhanced up to 256 levels.  

According to signal theory, the numbers of symbols to be adopted in the modulation process is function of 

number of bits that every symbol has to carry. This can be expressed as: 

#S=2#b 

where #S is number of symbols and #b is the number of bit to be carried for each symbol.  
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The modulator is flexible and can performs several MS (Modulation Schemes) according to the number of 

symbols adopted. Usually MS1 uses 2 symbols, MS2 uses 4 symbols and so on. 

B) LED 

In this paper, the term LED can refer to a single LED device or to a set of LED devices arrayed in a given 

pattern. Anyway, each LED can be described in terms of:  

− frequency of emission (color); 

− intensity of emission (discrete light levels described before); 

− relative position within the LED pattern. 

For instance, the pattern of LED, according with the utilization of the streetlamp, can be a 10 x 10 matrix or 

greater. 

The LED emitter device is equipped with ad hoc mirrors and lens to optimize the light flux. Mirrors and lens 

are passive component that address and focus the emitted energy in the direction designed. They, as the 

antenna in radio wave communications, play a key role in defining the signal attenuation from the 

transmitter to the receiver (i.e. the link budget). 

C) MEDIUM (BETWEEN LED AND THE RECEIVER) 

The medium between LED and receiver is very important because it determines the throughput of the 

system; it is obviously the air (when dealing with streetlamps) and its main parameters are distance and 

weather conditions. The distance and the weather conditions constrain the choice of the modulation 

technique to be adopted. Gebhart et al. (2004) carried out test measurements in order to evaluate the FSO 

(Free Space Optic) in fog conditions.  

It was found that fog can cause an attenuation of about 200 dB/km (attenuations up to 500 db/km have 

been reported). Taking into account the typical height of a street lamp, the above implies a fog-related 

attenuation of about 5 dB. On the basis of the foreseeable interval of attenuation, the Channel coding device 

has to adapt the numbers of levels to be used in the modulation scheme. If the Medium between LED and 

the Receiver produces a low attenuation (in the best weather conditions), the modulation scheme can use 

several light levels; on the contrary, if the attenuation is high (e.g. during fog phenomena) only 2 light levels 

can be used.  

To achieve this smart modulation scheme it is necessary to predefine an attenuation measure tool. To such 

purpose, a Dedicated signal or a Check attenuation pattern are usually set up. A Dedicated signal can be 

provided by a dedicated LED of a color not used for info transmission or by a shared (on a time basis) LED 

of a color used to transmit. The Check attenuation pattern is a pattern not used for user info exchange. 

Typically, a Li-Fi application exploiting the streetlamps is a Point to Multipoint; accordingly, the smart 

application scheme has to be adopted for each link of each user. 

D) RECEIVER  

The receiver is the sensor that converts the optical flux into an electrical signal (as a webcam). The sensor 

element is provided by a photodiode; it is built as a LED but it works in the opposite mode. In this contest, it 

is worth noting  that the receiver is a pattern of photodiodes that reconstruct the n-dimensional signal. 

Nowadays, low price web cams have a resolution of 16 Mpixels; the transformation from optical signal to 

electric impulse is simply a commodity. 
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E) CHANNEL CODING DEVICE (LIGHT LEVELS TO DATA STREAM) 

This component performs the reverse function of the correspondent one in the transmission phase.  

4 SENSING THE SMART CITY 

As pointed out in the above, Li-Fi is able to provide a valid solution to the problem of the scarcity of available 

band, moving from radio-frequencies to the visible portion of the electromagnetic spectrum, thus relaxing a 

strong physical constraint to the data exchanges related to the life of a smart city. Accordingly, the network 

can support a higher number of users. However, another physical constraint has to be dealt with: the 

footprint of many different sensors. As far as the capture of data and the information generation is entrusted 

to automated sensors, the 3D space required by such sensors in a city cannot be neglected or given for 

granted, even if the new generations of the devices are steadily increasing their level of miniaturization 

(Borga, 2014). 

It should be taken into account that the recent IPv6 protocol (based on 128 bits) allows to assign about 3.4 

× 1038 addresses; therefore, the IoT (Internet of Things), where every object of the real world can be 

uniquely identified and the interaction M2M (Machine –to-Machine) is natively supported, is going to be an 

operational ecosystem. The plenty of possible IPv6 addresses translates into a density of about 6,6 × 1023 

objects potentially indentified per square meter of Earth surface; as a consequence, there is no more a ICT 

limit (inside any horizon of interest) to the amount of sensors (static as well as mobile) deployable in a 

urban area. Therefore, a proper planning and design of the sensors is mandatory.  

Again, the infrastructure of the streetlamps can be of help, at least as the static sensors are concerned. It 

can be safely assumed that each streetlamp is de facto connected to a power grid of some sort or to a bank 

of solar cells, thus meeting the basic requirement of the power source needed by every static sensor. 

Moreover, each lamp has to be designed to bear dynamical stresses related to various natural or man-

induced phenomena (temperature, wind shear, road traffic, etc.). The necessary mechanical structure shows 

in general many unused surfaces, where it is easy to implant the needed sensors (possibly, without 

expanding the global footprint. 

As a result, it can be envisaged an enhanced streetlamp with several add-ons, e.g.: 

− sensors: weather measures (temperature, humidity, pressure, ..), pollution measures (PM10, CO, ..), 

audio and video surveillance, localization monitoring (GPS); 

− network devices: electricity connection, solar cells, batteries; Ethernet link (copper or fiber);  

− access point devices: Wi-Fi; LTE base station (additional cellular operator coverage), Li-Fi. 

Relying upon the available surface (also clustering the add-ons in suitable ways), the configuration of each 

streetlamp can be tailored in order to meet the local requirements. In the following, more information is 

provided about some add-ons. 

4.1.  SOLAR CELLS 

The solar (photovoltaic) cells are designed to convert the energy of solar light into electricity, therefore they 

are useful where a power source is not available or reliable. The solar cells are quickly evolving. either in 

technology and in performance. In the eighties, about five different solutions were available, with a 

conversion efficiency of about 8 to 13%; currently, the efficiency is usually about 18% (as in the case of 

Panasonic HIT – Heterojunction), while very high performance solar cells can achieve an efficiency of more 

than 40%. 
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Thermophotovoltaic cells exploit heat differentials, instead of the direct light. The device has two layers. The 

first layer converts the sun light into thermal energy and emits the thermal energy based on black body 

emission frequency, i.e. according with its temperature, mainly in the infrared bands of the spectrum. This 

first layer has a very high conversion efficiency. The second layer is a traditional solar cell but optimized to 

work with a single frequency radiation, i.e. the one emitted by the first layer. This tuned solar cell has 

theoretically a conversion efficiency higher than traditional ones. Multijunction solar cells are solar cells 

composed of one layer over the others where each layer is optimized for a single optical band. A  5-junction 

solar cell can achieve an efficiency of  up to 38.8% (NREL, 2014). 

4.2.  WEBCAMS 

Webcams (i.e. videocameras sending live or still images over Internet protocols) can be used to capture 

information for many purposes, e.g. traffic monitoring, accident signaling and video surveillance. Their 

quality parameters can vary in a wide range: number of dimension (2D or 3D); view format (16:9 or 4:3); 

image resolution (from 640 x 480 to 1280 x 800 and over); frame recording (from 30 - 60 to over frame per 

seconds); minimum illumination (up to zero lux). Most of webcams currently have a color depth of 24 bits, 

i.e. 8 bits for each fundamental color of the RGB scheme (Red, Green, Blue). 

If equipped with infrared LED (standalone or as backup of LED on streetlamps), webcams can capture 

information also during the night hours. When combined with LED lights, a webcam can be used (as a 

receiver) to communicate in Li-Fi technology. In order to achieve high speed transmissions, the color depth 

of the webcam is crucial, as well as the turn on/off time of the LED light.  

4.3.  GPS (GLOBAL POSITIONING SYSTEM) 

The GPS system (as well as its analogous GLONASS and Galileo systems) provides positioning services, 

supporting the assessment of the geo-coordinates of a given point on the Earth surface. The telecom 

industry exploits GPS also for network synchronization at nanosecond level. It is worth noting that deploying 

the GPS on the streetlamps helps to minimize the interference among Wi-Fi hotspots and allows an easy tool 

to keep updated the database (the infrastructure components are tagged with their geo-coordinates that are 

steadily provided by the GPS; any change of such tags implies a modification of the infrastructure and vice-

versa). 

Another very important application is the development of the Ground-based Regional Augmentation System 

(GRAS) using GPS-RS (GPS Reference Stations) (Loiacono et al. 2009). GRAS is meant to increase the 

precision of GPS localization and to reduce the TTFF (Time To First Fix) of the users near a given streetlamp. 

The basic concept is that the GPS-RS deployed over the streetlamp assesses its position through the GPS 

satellite constellation and compares it with its nominal position, as detected at the installation phase 

(measure of position via topographic technique). This comparison produces the error measurement that can 

be uploaded to a database and be available to others GPS utilized by users in the area of the streetlamp. 

The final results are that the users reduce the TTFF and achieve a greater precise positioning measure. 

4.4.  SMARTPHONES 

A mobile phone in itself is not a sensor; however, when augmented with the advanced functionalities that 

are implied by the term “smartphone”, it constitutes a fundamental component of the system described in 

the above. Apart from managing the interface between the system and the human users, the smartphone 

carries sensors, interacts with the hotspots hosted by the streetlamps and therefore produces data that can 
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be sent over the network and shared with other users (both humans and machines), e.g. the accelerometer 

sensor can be exploited to measure wind shear or vibration in the street caused by heavy vehicles or 

earthquakes. 

 

 

 

 

 

 

 

 
Tab. 1.  List of sensors carried by a Samsung Galaxy S4 (Operative System Android 4.3) 

 

Tab. 1 lists the sensors carried by a typical smartphone, together with the level of relevant electrical currents. 

Being the voltage given (it depends on the model of the smartphone), such currents are proportional to the 

energy demands and therefore provide the relative load of the sensors: it can be noted that the energy 

demands are quite low and therefore the sensors can easily be deployed in clustered or packed arrays. 

4.5. LTE ENB (RADIO ACCESS POINT) 

The network technology called eLTE (evolved Long Term Evolution) is the state of art of commercial mobile 

phone services. As other previous technologies (GSM, UMTS, ..) it is based on BTS (Base Transceiver 

Stations) that set up bidirectional links with mobile phones. In the eLTE terminology, the BTS are called eNB 

(enhanced Node B). The streetlamps can be equipped with eNB to increase the radio coverage, to reduce 

the average radio pollution and to increase the bit capacity. 

5 CONCLUSION 

Li-Fi shows very interesting features that can usefully exploited in order to support the networking and the 

sensing of a “smart city”. Together with other  technological developments (as those mentioned in the 

above), Li-Fi provides a consistent set of tools apt to increase the quality of life in a urban environment, 

mainly in terms of available information and of accessible services of interest of the citizens. The relevant 

financial investments appear to be of limited amount; in any case, some of the investments can have an 

actual return (in terms of added value of the provided services) and therefore public-private partnerships 

can be envisaged.  

However, as already pointed out, paving the path towards the “smart city” implies also the mobilization of 

the human factors (from a local political leadership to a diffused entrepreneurship) as well as the 

improvement of the rules governing the system. The technology can play its role, but nothing more than this 

role. 

 

Sensor Current [mA] Resolution 

Accelerometer 0.3 0.0006 m/s2 

Gravity 12.4 0.0006 m/s2 

Linear acceleration 12.4 0.0006 m/s2 

Gyroscope 3.1 0.0003 rad/s 

Light intensity 0.8 1 lx 

Magnetic field 6.0 0.06 µT 

Orientation 6.0 0.06 µT 

Atmospheric pressure 1.0 1 mB 

Proximity 0.8 8 cm 

Temperature 0.3 0.01 °C 

Relative humidity 0.3 0.04% 
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