
 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

 

 

 

Deliverable D.1.5 

System Architecture 

WP 1 – Definition of use cases, requirements 
and system architecture 

Task 1.4 - System architecture 

 
Revision: [FINAL] 
 
Authors: 
Pedro Santos (FRAUNHOFER) 

Martin Ritz (FRAUNHOFER) 

Oliver Posniak (FRAUNHOFER) 

 

Dissemination level PU (public) 

Contributor(s) 

Andrés Navarro (Vicomtech) 

Anestis Trypitsidis (EPSILON) 

Bruno Simões (Graphitech) 

Martin Ritz (Fraunhofer IGD) 

Oliver Posniak (Fraunhofer IGD) 

Petr Aksenov (TU/e) 

Reviewer(s) 
Bruno Simões (Graphitech) 

Martin Ritz (Fraunhofer IGD) 

Editor(s) Oliver Posniak (Fraunhofer IGD) 

Partner in charge(s) Fraunhofer IGD 

Due date 30-May-14 

Submission Date 6-Jun-14 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 2 of 72 

 

REVISION HISTORY AND STATEMENT OF ORIGINALITY 

 

Revision Date Author Organization Description 

1 29-12-2013 Bruno Simões Graphitech NA 

2 30-12-2013 Federico Devigili Graphitech NA 

3 30-12-2013 Matteo Eccher Graphitech NA 

4 09-01-2014 Andrés Navarro Vicomtech NA 

5 06-03-2014 Petr Aksenov TU/e NA 

6 10-03-2014 Bruno Simões Graphitech NA 

7 23-04-2014 Bruno Simões Graphitech NA 

8 06-05-2014 Bruno Simões Graphitech NA 

9 19-05-2014 Oliver Posniak Fraunhofer NA 

10 20-05-2014 Matteo Eccher Graphitech NA 

11 23-05-2014 Bruno Simões Graphitech NA 

12 30-05-2014 Oliver Posniak Fraunhofer NA 

13 02-06-2014 Martin Ritz Fraunhofer NA 

14 03-06-2014 Bruno Simões Graphitech NA 

15 04-05-2014 Oliver Posniak Fraunhofer NA 

16 05-06-2014 Bruno Simões Graphitech NA 

 

 

Statement of originality: 
This deliverable contains original unpublished work except where clearly indicated otherwise. 

Acknowledgement of previously published material and of the work of others has been made through 

appropriate citation, quotation or both. 

Moreover, this deliverable reflects only the author’s views. The European Community is not liable for any 

use that might be made of the information contained herein. 

 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 3 of 72 

 

Table of content 

 

TABLE OF CONTENT ................................................................................................................................................. 3 

1. INTRODUCTION .................................................................................................................................................. 5 

 SCOPE OF THE DOCUMENT ...................................................................................................................................... 5 A.

 ORGANIZATION OF THE DOCUMENT ....................................................................................................................... 6 B.

 OVERVIEW OF UML FORMALISM ........................................................................................................................... 6 C.

2. SYSTEM ARCHITECTURE ................................................................................................................................. 8 

 OVERVIEW ............................................................................................................................................................... 8 A.

 EXTERNAL FRAMEWORKS AND LIBRARIES ........................................................................................................ 11 B.

 PERIPHERALS........................................................................................................................................................ 12 C.

 PRIVACY AND SECURITY ...................................................................................................................................... 14 D.

3. CLIENT SIDE: C-SPACE MOBILE APPLICATION ..................................................................................... 16 

 MOBILE ARCHITECTURE OVERVIEW .................................................................................................................. 16 A.

 PRESENTATION MODULE ..................................................................................................................................... 17 B.

 AFFECTIVE MODULE............................................................................................................................................. 22 C.

 SMART-ROUTING MODULE ................................................................................................................................. 24 D.

 C-SPACE SOCIAL MECHANISMS MODULE ............................................................................................................ 26 E.

4. SERVER SIDE: C-SPACE CLOUD SERVICES ............................................................................................... 29 

 SERVER ARCHITECTURE OVERVIEW ................................................................................................................... 29 A.

 3D RECONSTRUCTION AND NOTIFICATION SERVICE......................................................................................... 32 B.

 4D CONTENT STREAMING SERVICE .................................................................................................................... 37 C.

 RECOMMENDER SERVICE ..................................................................................................................................... 42 D.

 EGNOS LOCATION SERVICE ................................................................................................................................ 48 E.

 MULTIMEDIA CONTENT SERVICE ........................................................................................................................ 51 F.

 CROWDSOURCING/GAMIFICATION SERVICE ...................................................................................................... 53 G.

 GEOVIDEO SERVICE ............................................................................................................................................. 56 H.

5. USE CASE SCENARIOS .................................................................................................................................... 59 

 ARCHITECTURE AND URBAN PLANNING ............................................................................................................. 59 A.

 MOBILE ADVERTISEMENT .................................................................................................................................... 64 B.

 INDIVIDUAL CONTENT CREATION & CULTURAL TOURISM ................................................................................. 66 C.

6. REFERENCES ..................................................................................................................................................... 72 

 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 4 of 72 

 

Acronyms 

 

CA Consortium Agreement 

QRM Quality and Risk Manager 

GA Grant Agreement 

PC Project Coordinator 

TB Technical Board 

TL Task Leader 

WPL Work Package Leader 

GRAPHITECH or GT Fondazione Graphitech 

VICOMTECH Fundacion Centro de Tecnologias de Interaccion Visual y Comunicaciones 

Vicomtech  

GISIG Geographical Information Systems International Group Associazione  

Amitié AMITIE SRL  

FRAUNHOFER Fraunhofer-Gesellschaft zur Förderung der angewandten Forschung e. V. 

TU/e Technische Universiteit Eindhoven  

EPSILON 

INTERNATIONAL 

Epsilon Internasional Anonymi Etaireia Meleton Kai Symvoulon (Epsilon 

International Sa)  

TECHNIPORT TECHNOPORT SA  



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 5 of 72 

 

1. Introduction 

This document details the software architecture of the c-Space framework and follows the scenarios as 

described in detail in Section 5. The design pursues a modular methodology based on a federated 

approach to collect, process and distribute 4D reconstructions and multimedia content. This allows 

creating a logical layer between existing services, exposing data and functionalities via communication 

protocols such as GeoVideo, JSON, XML, OpenLS, etc. The framework follows a multi-level structure. At 

the lowest data level there will be the data repositories which are available through OGC™ GeoVideo, 

JSON, and XML. The middleware level then builds on top of data level. A number of c-Space services are 

implemented at this level (see Section 4.a). Additionally this document also defines the detail of the c-

Space client’s application that supports data access and management, as well as access to a 

crowdsourcing experience. Different devices have their own applications and each of them is connected to 

same middleware as it is required for Service Oriented Architecture (SOA). The various software 

components are described from a technological standpoint with support of diagrams which highlight 

different modules, software interfaces as well as communication protocols used. 

What makes c-Space different from currently available solutions is the emotionally driven reaction of the 

system depending on the user’s emotional feedback, such as facial emotions, allowing it to meet the 

user’s expectations accordingly (see Section 3.c for details). Additionally, c-Space aims to provide high-

accuracy positioning based on reliable EGNOS/EDAS services in a Navigation-as-a-Service (NaaS) approach. 

3D reconstruction and projected augmented reality will then crystalize on a reliable high-accuracy 

positioning. 

 Scope of the document a.

This document defines the c-Space system design. The architecture comprises client and server parts of c-

Space which are developed in three work-packages:  

 WP2 (4D model reconstruction from heterogeneous sources) 

 WP3 (c‐Space mobile client) 

 WP4 (c‐Space content server platform) 

The document also serves to ensure a smooth interaction between work-packages as well as to improve 

the fine grain planning and scheduling of developments and interdependencies of different system 

modules. In addition one of the main focal points of this document is to make sure the necessary 

requirements of the planned three project demonstrators are met by a system design that is efficient, 

robust and scalable.  
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 Organization of the document b.

The document is organized as follows: after this first introductory chapter, Section 2 provides a general 

overview on the system architecture, including technologies, services and frameworks. 

The design of the c-Space infrastructure, its implementation as services and modules, is then detailed in 

Section 3 and 4. Section 3 provides a description of the c-Space mobile client side, including involved 

modules, while Section 4 describes the server-side counterparts. 

The three different use case scenarios (referred to as pilots) are highlighted in Section 5 from a technical 

perspective through the use of component diagrams or UML-specific modelling techniques wherever 

appropriate. This level of granularity is essential to make sure that development of the different 

components can proceed independently, based on a solid understanding of the different public interfaces. 

 Overview of UML formalism c.

Within this document descriptions are on a conceptual level, whereby in each sub-chapter the system 

design is specified, wherever appropriate, through UML diagrams, providing different “perspectives” of 

the c-Space system. 

UML-models clarify the functionalities of each subsystem, their interfaces and data flow and 

communication ways. Wherever appropriate the details of the system design are specified by structure 

diagrams, that describe what is present in the system, and behavior diagrams, describing what must 

happen in the system. In this document, we are using sequence diagrams to define what happens in the 

system, and which entities interact in what sequence with each other. 

 

Figure 1: UML Sequence Diagram example. 

A sequence diagram is a kind of interaction diagram that shows how processes operate with one another 

and in what order. It is a construct of a Message Sequence Chart. A sequence diagram shows object 
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interactions arranged in time sequence. It depicts the objects and classes involved in the scenario and the 

sequence of messages exchanged between the objects needed to carry out the functionality of the 

scenario. Sequence diagrams are typically associated with use case realizations in the Logical View of the 

system under development. Sequence diagrams are sometimes called event diagrams, event scenarios, 

and timing diagrams. 

It shows, using parallel vertical lines (lifelines), different processes or objects that live simultaneously, and, 

as horizontal arrows, the messages exchanged between them, in the order in which they occur. This allows 

the specification of simple runtime scenarios in a graphical manner. 
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2. System Architecture 

This chapter gives an overview regarding the technologies used in a Top Down structure. At first, the 

overall architecture is shown, focusing on the interplay between the server side, consisting of services and 

exposed to the client side via the CAI interface, and the client side represented by the c-Space app 

together with all sensors, in turn serving as information source to the server modules. 

The architecture is designed to meet current requirements for mobile applications, including scalability 

towards a high number of mobile users (and involved traffic), and robustness in the presence of a high 

usage of the system to guarantee availability of all services. 

In this section, hardware interfaces on the client side are presented. Both input and output devices are 

used in the project context. Security concerns that come with the use of such devices are also discussed, 

e.g. when using projection hardware to show user-related information in public. 

The following subsection provides an overview of each service within the infrastructure. 

 Overview a.

The architecture can be divided into three layers, Presentation layer, Data layer, and Application layer, as 

indicated on the right side of Figure 2. 
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Figure 2: c-Space Architecture. 
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The CAI interface in the application layer wraps the different services and provides a common interface to 

the mobile clients. The various services accessible through the CAI include: 

Recommender System (RS) Service 

The RS Service will combine the information provided about the local attractions and transportation 

facilities, and will use an extensive model of information about the users of the c-Space application in 

offering them a unique opportunity to experience a personalised touristic service that will take into 

account the fast changing nature of the above information. The RS-Engine Module on the c-Space 

server and the Smart Routing Module on the c-Space client will be responsible for the process. 

Points of Interest (POI) Service 

This component will be responsible for keeping up-to-date the information about local POIs. When 

available, a connection to a local touristic service will be established to monitor the available 

information about the local POIs in real-time. Otherwise, a pre-defined collection with the information 

and the descriptions of local POIs in the area will be loaded into and made available in the POI Module 

on the c-Space server. Besides, in all cases Google Maps will be used for gathering information on 

POIs. 

Weather and Transportation Services 

The above services will be responsible for keeping the information up-to-date about local public 

transport, driving conditions, taxi services, as well as about the conditions of walking and riding routes 

in the touristic area. When available, a connection to a local web-service providing this information 

will be established and the services will be consulted in real-time for the status of the information 

required. In all cases, Google Maps and a global weather channel (to be chosen) will be used as 

possible providers of the corresponding information. 

Map Service 

In the Cultural Heritage pilot, the user is guided to specific POIs. The routing functionality is provided 

by the transportation service, which itself makes use of publicly available geographic map data. The 

components of this service are responsible for supporting the user navigation with customized maps, 

e.g. historical maps. 

CrowdSourcing / Gamification Service 

This component will be responsible for increasing user engagement through specific mechanics, like 

levels, missions and rewards. The game missions will consist in a list of tasks which the user will have 

to complete in order to obtain a reward. Each task will request the user to upload some type of 

content (photo, video, etc.). By doing this, it will be possible to obtain data that otherwise could be 

difficult to acquire. This service will also track the contribution activity of a user. 

The Gamification service will be linked to the User Profile, i.e. it will be possible to look at the list of 

the user contributions (content uploaded) and completed missions. 
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User Profile Service 

This component will be responsible for storing and communicating the general information about the 

c-Space users. The stored information will be limited to static or nearly static user data, such as the c-

Space username, age, gender, educational degree, nationality, or language preferences, which will be 

necessary for the successful and independent use of the c-Space client application on different target 

devices. 

EGNOS Service 

EGNOS currently offers two choices, when it comes to toolkits available: 

EGNOS SDK: The EGNOS SDK applies the full theory of EGNOS and GPS starting from the raw data 

provided by a GNSS chipset, on a broad set of platforms (iPhone, Android, Blackberry and Windows 

Phone). The caveat is that as, so far, GPS chips inside smartphones are "black boxes", the only way to 

retrieve the GPS raw data needed to apply EGNOS corrections is to rely on an external GNSS receiver 

connected to the smartphone by Bluetooth. 

The SIGNATURE toolkit provides EGNOS corrections for Android phones. It applies correction data 

received via the internet (SISNeT) to the GPS position calculated by the phone's internal GNSS chipset. 

The toolkit consists of a library of functions which can eventually be integrated directly in the 

Application Programming Interface (API) of the mobile phone operating system. Application 

developers can simply request a position using the API and the API will return the EGNOS improved 

position, without the need for an external GNSS receiver. 

Content Service 

Provides a web interface for all user-exposed tasks that involve exchange of data, first for information 

to be uploaded from the user device to the c-Space repository, including images, videos, or for textual 

information provided by the user, and second to convey information from the system to the user that 

then is presented on the mobile device. Generally speaking, this service wraps access to the data 

repository. 

GeoVideo Service 

GeoVideo Service (GVS) is responsible for providing access to live or archived video data and 

associated technical and geospatial metadata, and will be the define protocol to be used to upload 

new videos to the framework. The GVS service is composed of: A video stream; Textual data in a 

caption stream (e.g. GPS data, camera states and characteristics, XML data); A combination of a video 

stream and associated textual data.  

3D Reconstruction Service 

This service converts input material provided by several users, such as videos and still images, in 

combination with available meta information like GPS position and orientation of the users’ devices, 

to a 4D geometry stream. This process involves aligning heterogeneous sources of videos and still 
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images in space and time, correlating data to dynamic scene objects and filtering out irrelevant 

content, as well as foreground/background extraction to optimize for reconstruction quality at 

minimum time consumption. The resulting 4D geometry streams are input to the Geometry Encoder 

module which takes care of compressing the large amount of data for efficient transport. 

Repository Structure 

The CAI database will be designed in such a way as to fit the most generalized cases possible. At 

minimum, it will support all the scenarios described by the project's DoW document. At the same 

time, it will storing additional information in the same entities/tables, as well as allow for future 

extensions, to accommodate any new needs that may arise during the course of the project. 

The RDBMS of choice is PostGIS 2.x, which is essentially a suite of GIS extensions to PostgreSQL, 

allowing for 2D and 3D geometries definition and GIS enabled queries. 

All business functionality involving the database will be implemented using J2EE technologies. The 

database tables will be mapped to matching Java Beans using JPA 2.0, relying on Hibernate as the JPA 

implementation. In addition, Hibernate Spatial will also be used, allowing GIS specific database 

columns/functions to be mapped/accessed by JPA. Querying and writing from/to the database will be 

performed via the Spring Data JPA framework, allowing easy, even declarative, query creation, hiding 

complex SQL query syntax from the developer. 1,2,3,4 

Notification Service 

Reconstruction is asynchronous in relation to material uploaded by users, hence there is need for a 

notification whenever new 4D reconstructions relating to the user’s input are ready to be viewed. 

Also, users need to be informed if the quality of their input is sufficient or if more material, e.g. from a 

certain view on a POI, is required. This is handled by a specific service. 

 External Frameworks and Libraries b.

The various APIs that will be integrated into the corresponding modules include: 

● YouTube Data API (v3): it allows YouTube functionality incorporation into a third party application. 

It can be used to fetch search results, based on criteria, and to retrieve, insert, update and delete 

resources like videos and/or playlists. It offers implementations in various languages, including 

                                                           
1 PostGIS: http://postgis.net/ 

2 JPA: http://www.oracle.com/technetwork/java/javaee/tech/persistence-jsp-140049.html 

3 Hibernate: http://hibernate.org/ 

4 Spring Data JPA: http://projects.spring.io/spring-data-jpa/ 

http://postgis.net/
http://www.oracle.com/technetwork/java/javaee/tech/persistence-jsp-140049.html
http://hibernate.org/
http://projects.spring.io/spring-data-jpa/
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Java. It currently does not support searching videos by location, a feature that was available in 

previous API versions, but was deprecated. 

● Spring Social: A Java based framework, built on top of Spring, which allows a third party Java 

application to connect with Software-as-a-Service (SaaS) API providers, such as Facebook, Twitter 

and LinkedIn. 

● Google Custom Search JSON/Atom API: It allows third party applications to retrieve and display 

Google Custom Search results grammatically, including image search results in JSON or Atom 

format. 

● Google Places API: a service that returns information about Places (establishments, geographic 

locations, POIs, etc.). It allows for “Place photos” searching, i.e. photos related to Places in 

Google's Place database. 

● Google Maps API: a service that allows planning routes over the map of an area, between a 

number of geographic locations. Depending on the area in question, the service includes public 

transport information, current road traffic information for car navigation, and walking routes. It 

also allows the application to plan the time required for making a particular trip using the 

specified means. Besides, its functionality is often considered in combination with Google Places. 

● Panoramio API: A REST API that easily allows retrieving Panoramio photos, by various search 

criteria, including bounding boxes. 

 Peripherals c.

A goal of c-Space is the creation of an affordable tool that enables a true immersive experience with 

augmented and projected content. With such goal in mind, c-Space will be designed to interface with a set 

of emerging devices; that can change how users interact in augmented reality environments. There are 

two categories of devices that will be considered in c-Space: input devices (to capture the user’s state and 

the surrounding world) and output devices (to augment the surroundings and to support the user 

interaction). 

Input devices 

Video camera (Smartphone front camera, augmented reality glasses camera) 

The access to front-video cameras will enable a set of disruptive features that can be of great aid for 

its users (most in what concerns the recommender system). Psychological and emotional state will be 

analysed so the user can benefit even more from the surrounding environment. For example, if the 

user is sad or tired, the system could suggest and schedule a visit to a spa that is nearly located, 

assuming that the user has the time and specific budget required. 
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Location sensors (Internet-based, GPS, etc.) 

Location sensors are an important component in every aspect of the c-Space pipeline. Location 

sensors affect the accuracy of the results of the following systems: 3D reconstruction service, 

recommender service, and projective augmented system. Although GPS sensors embedded in 

smartphones provide a good accuracy, we will also test the use of external GPS devices to support 

indoor user location. 

Kinetic sensors (Leap Motion, Myo, hellonod) 

Wearable kinetic sensors will change the way users interact with ubiquitous interfaces. Two devices 

that are currently aimed by c-Space and that will be tested are the Myo armband and hellonod. 

The Myo armband is a wearable device that uses muscles electrical activity to wirelessly control a 

computer, phone, or digital content. With the wave of the hand, it will transform how users interact 

with the digital world. The hellonod is a wearable ring that can transform a finger into a 3D mouse. 

Brain computer interfaces (iFocusBand, Emotiv EPOC, MUSE) 

Brain computer interfaces (BCI) can be used to interpret distinct brain patterns, shifts and signals — 

usually generated by voluntary user actions — as commands that can be used to guide a computer or 

other device. Non-invasive techniques use a cap or helmet to detect the signals through external 

electrodes. A wide list of wearable devices for consumers is promptly available in the market (e.g. 

iFocusBand, Emotiv EPOC, MUSE). 

 

Figure 3: MUSE. 

Output Devices 

Augmented reality (AR) displays (Google glasses, SpaceGlasses, etc.) 

Augmented reality displays can be rendered on devices resembling eyeglasses. Most of the existent 

versions employ cameras to intercept the real world view and re-display its augmented view through 

the eye pieces and devices in which the AR imagery is projected through or reflected off the surfaces 

of the eyewear lens pieces. Although Google Glass is not intended for an AR experience, there is large 
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group of third-party developers that are pushing the device toward a mainstream AR experience. After 

the debut of Google Glass many other AR devices emerged as alternatives. Most promising Google 

Alternatives can be listed as Vuzix M100, Optinvent, Meta Space Glasses, Telepathy, Recon Jet, Glass 

Up, and K-Glass. These displays will be used together with pico projectors to provide more 

individualized content visualization. 

Pico-projectors 

Pico-projectors, also known as handheld projectors, are companion products for portable devices such 

as cameras, tablets, and mobile phones. These pico-projectors provide a convenient way to quickly 

project the content created on these devices onto any surface such as walls, notebooks, or airplane 

food trays, as well as, a new array of portable projection screens sized and designed for pico-

projectors and presenter mobility. 

A challenge about pico-projectors is that pico-

projectors incorporate focusing lens that typically 

provide only a manual dial to adjust the focus of the 

projected image. This limitation raises a critical 

barrier to dynamic projects, since users have to 

readjust the focus if the distance to the projected 

surface changes. Yet, an opportunity exists to 

automate the lens focus using a small 

microcontroller, a rangefinder, a lookup table or 

polynomial equation to convert projection distance to lens focus position, and a closed-loop motion 

system consisting of a piezoelectric SQUIGGLE micro motor and TRACKER non-contact position sensor 

(New Scale Technologies, 2014). An alternative that could be used to establish focus is to use the 

mobile device camera, instead of a separate rangefinder. This will be a temporary solution since we 

expect pico-projectors to soon integrate this feature. 

 Privacy and Security d.

Services 

Security is divided into various layers, and will be implemented for each one. Namely: 

● Operating System layer: Key based SSH will be used for remote logins, which can be further 

enhanced by allowing only specific users and/or hosts. In addition, a firewall will be activated, 

enforcing strict rules, especially in terms of inbound traffic. Any operating system security updates 

available must also be consistently applied. 

● Database layer: PostgreSQL (which is the RDBMS of choice) will be configured to accept 

connections from the minimum number of hosts possible, which means that only c-Space modules 

will be able to access it. 

Figure 4: Smart Devices SmartQ U7. 
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● Application server security: Tomcat (or any other J2EE compatible application server, for that 

matter) will reside behind an Apache web server and inter-connected with each other using a 

suitable connector plug-in (e.g. mod_jk). This way, Apache, which can be further configured to 

apply stricter security policies, will act as a buffer zone, further protecting the J2EE server. Digital 

certificates can also be used, if so required, to enforce SSL/TLS based connections. 

● Application security: The framework on which all application security will be implemented (e.g. 

any Web GUIs, Web services, etc.) will be Spring Security, a Java based framework built on top of 

Spring. It offers a wide range of options for implementing security, ranging from maintaining the 

users and roles in a simple XML file inside the application, to using external LDAP servers and 

building custom security rules to control each application aspect. 

User privacy (sensitive data) 

The CAI will strive not to store sensitive information, such as credit card numbers, third party passwords 

etc. Of course, even some of the data required by the c-Space platform, such as the username/password, 

or the user's activity history (tours taken, places visited, itineraries, etc.) should be considered relatively 

sensitive and kept private for the most part. In any case, the services described above will ensure that the 

system and the CAI in particular, will remain a 'black box' to the outside world, accessible only by the 

various APIs provided. 

Pico-projectors 

The views of the pico-projector as a personal device brings a new concept of augmented reality 

applications, in which real objects are overlaid with additional information projected on objects of 

interest. Where “traditional AR always requires a head-mounted display or a handheld device serving as a 

“magic lens” limit the view to a single user equipped with either of these devices” (Rukzio, Holleis, & 

Gellersen, 2012), mobile projections are visible to everybody in same moment and path new way in the 

augmentation of the surrounding environment with new scenarios for collaborative experience. 

The social impact of Personal Pico Projection is something that will be investigated within c-Space. The use 

of projective interfaces exposes the user to the risk of projecting sensitive information (e.g. phone 

number) unintendedly, which open up new privacy challenges. Recent studies have proposed techniques 

to blurring sensitive information on larger displays (Berger, Kjeldsen, Narayanaswami, Pinhanez, 

Podlaseck, & Raghunath, 2005). c-Space adopting and develop similar measurements in projective 

scenarios. 

The invasiveness of projected content could also bring annoyance to other people in the vicinity, or lead to 

"visual pollution" (BBC News, 2008). Moreover, more powered projecting devices with the potential to 

project from a long-range distance can be even dangerous for other users. Hence, it is necessary to create 

some normative policy to regulate the use and the power of projectors in certain scenarios like streets, 

where drivers or passengers could be temporarily blinded by projector moves. The c-Space application will 

implement smart interfaces that will help users maintaining the good practices related to the use of pico-

projectors. Alerts will be presented to the when certain (heuristic) scenarios are detected. 
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3. Client Side: c-Space Mobile Application 

In this section we take a look at the c-Space mobile client and its core features. The mobile application 

depicts 3D and 4D scenes in an Augmented Reality environment, based on information retrieved by 

various sensors. The location, emotions and preferences of the user are the key to visualize the correct 

graphic elements. Additionally a recommender system filters the display data based on the user context 

and preferences. The processing takes place on the device’s CPU and GPU. 

 Mobile Architecture Overview a.

The c-Space mobile application will be available on Android and iOS, both tablets and smartphones. It will 

combine the use of the feature-rich Android/iOS framework APIs and the use of native components for 

CPU and GPU intensive operations. The diagram below describes the based architecture diagram, on 

which the c-Space mobile client shall be built. 
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Figure 5: Android and iOS-base architecture diagram. 

The c-Space client architecture crystalizes on a module design pattern to divide the system functionality 

into independent and interchangeable modules. These modules contain the implementation of certain 

aspect of the global functionality and expose an interface that defines its interaction. 

There are modules that require access to common hardware resources. Without a proper design, involved 

models might not work properly or can create conflicts. An example is the inner work of the augmented 

reality and affective modules. These modules required the use of the device camera to track objects and 
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estimate user affect, respectively. Hence, a resources layer has to be created to handle to access to device 

hardware components and to support modules with shared functionality. 

In addition, the mobile application has to support external devices for projection and stereo images, as 

well as wearable devices for more enriched interactions with the system, such as Google Glasses and BCI’s. 

Although data captured by the sensors is stored locally on the device, information required by the AR 

environment, like the spatial temporal models and textures, is retrieved from the cloud through a 

synchronization feature. 

Figure 6 depicts the architecture block diagram of the c-Space mobile client that pieces together a 

presentation module, an affective module, a smart routing module and API’s for data exchange and social 

interaction. Each of these modules is then described in detail. 
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Figure 6: c-Space mobile client architecture diagram. 

 Presentation Module b.

Graphical interfaces keep changing, improving user interaction, mainly focusing on gestures and “natural” 
user movements recognition. This grants a high level of accessibility for the user and the possibility for the 
developer to integrate multiple technologies into a single interface. 

New mobile technologies for the visualization of data are trying to replace current displays. Pico-
projectors, with their reduced dimension offer a viable display method that can easily be integrated with 
mobile devices. Additionally to this trend, portable Augmented Reality (AR) systems, together with mobile 
AR applications, are being developed and improved, like AR glasses. 

c-Space will use input and display technologies like the ones described above. That will include mainly 
Glasses and Pico-projectors. Also the application will implement a natural user interface that will grant 
improvements in terms of usability with the new modality of interaction. 
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Using improved input and output methods, in combination with a user interface designed with the new 
technologies in mind, will revolutionize the way users visualize and create information. There will be no 
more limited interactions with the mobile screen for the user. 

The presentation module is the component of the c-Space client application that interfaces with the user, 

and that is responsible for forwarding actions to the respective processing module. The presentation 

module includes tasks like illumination and color correction, data management, the graphics pipeline, and 

a sub-module for augmented reality. Furthermore, it implements all the mechanisms to access, interact 

with and manage external devices. Figure 6 depicts the overall architecture of the presentation module. 
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Figure 7: Presentation Module. 

The libraries used by this module are the Android SDK for general interaction, OpenGL ES API for data 

display, devices Libraries for visualization and command input. 

Augmented Reality Sub-Module 

The augmented reality component will operate through Vuforia SDK and requires the following core 

components: 

 Camera, the camera component ensures that every preview frame is captured and passed 

efficiently to the tracker; 

 Image Converter, the pixel format converter converts from the camera format to a format 

suitable for rendering and for tracking; 

 Tracker, the tracker component uses computer vision algorithms to detect and track real-world 

objects in camera video frames; 

 Video Background Renderer, the video background renderer module renders the camera image 

stored in the state object. 
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First the application initializes all the above components. In order to do so, all key steps are performed 

through a shared resources layer, in the application code. For each processed frame, the state object is 

updated and the applications render method is called. In the application logic, we continuously query the 

new state object, process the new input data and render the overlay. 

The targets recognized by the mobile client application are stored on a cloud database. The cloud 

database can be created and accessed using a Web Services API. Targets are queried at runtime of the 

application using the cloud recognition feature that performs a visual search in the cloud using sent 

camera images. In addition to the target data, the provisioned targets can contain metadata which is 

returned upon query. Figure 8, packs the architecture for the augmented reality sub-module. 
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Figure 8: AR module. 

High Performance 3D Rendering 

The 3D rendering system, see Render Graphics block in Figure 8, will take advantage of latest GPU mobile 

technology improvements and mobile-integrated pico-projectors. The performance of the new mobile 

phones will enable the rendering of complex models with realistic illumination. c-Space will take 

advantage of image analysis on the GPU to provide realistic scene illumination of objects rendered on top 

of real camera images. Objects will be rendered with the latest techniques using OpenGL ES 2 and GL 

shading language (GLSL). 

“OpenGL® ES is a royalty-free, cross-platform API for full-function 2D and 3D graphics on embedded 

systems - including consoles, phones, appliances and vehicles. It consists of well-defined subsets of desktop 

OpenGL, creating a flexible and powerful low-level interface between software and graphics acceleration. 
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OpenGL ES includes profiles for floating-point and fixed-point systems and the EGL™ specification for 

portably binding to native windowing systems. OpenGL ES 2.X enables full programmable 3D graphics”5 

The use of shaders will provide high performance, high quality customizable renderer specifically 

developed to optimize rendering with projection technology on different surfaces. Additionally, shaders 

will be used to perform color and illumination correction, which are later explained into more detail. 
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Figure 9: Architecture of the 3D render block. 

Figure 9 extends the mobile client architecture by providing more details on the 3D render module. Within 

the render module, the rendering pipeline (see Figure 10) will account for the following steps: 

1. The frame buffer is cleared. 

2. The visible objects are transformed base on localization and orientation of the device provided by 

sensors and localization services. 

3. Objects are rendered with textures and light information provided by the Light Detection System. 

4. The frame buffer is corrected with the correction buffer provided by the Color Correction System. 

                                                           
5
 http://www.khronos.org/opengles/ 
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Figure 10: 3D rendering pipeline. 

Background Color Compensator (BCC) and Visual Enhancement Engine (VEE) 

Hard-mounted projectors, such as those found in movie theatres and conference rooms, nearly always 

project onto a white screen. Accordingly, these projectors are tuned assuming a white surface. The mobile 

nature of pico-projectors means that they can project anywhere, whether it is on the background of an 

airline seat or the orange wall of a living room. Without accommodating for the different background 

colors, the user may experience viewing issues such as inaccurate color reproduction and reduced 

contrast. Additionally, we believe that BCC should also be tightly coupled Visual Enhancement Engine 

(VEE) technology, which allows the color-compensated video to be further enhanced to provide the 

highest 'effective lumens,' critical to the user's viewing experience. 

 

The use of forward facing camera together with an integrated pico-projector enables the possibility to 

analyze the camera frame buffer and correct the color of the projected 3D objects, in function of the type 

of surface to be rendered to. The color correction system will analyze camera data and build a per-pixel 

full-frame color correction buffer to apply to the final rendering. By evaluating hue and luminance of the 

surface it is possible to correct projector luminance and color output to seamlessly project on different 

kind of surface with less difference on the quality of the rendering on black, white or colored surfaces. For 

example, after projecting a white 3D model, the mobile applications performs tests using the mobile 

camera, to detect if the project object color changed. Object parameters are readjusted in order to 

improve the final color of the object projected. 

By analyzing mobile device camera frame buffer, assuming the mobile device supports such functionality, 

it is possible to detect the scene light and, in the case of projected augmented reality, to provide better 

rendering of objects. More specifically, we analyze the relationships between color channels (red, green, 

blue) to obtain basic illumination parameters like light color and intensity for better rendering of objects. 

On top of this, with quantization, edge detection and shadow detection algorithms it is possible to detect 
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position of lights in the scene, if any. With full information on scene illumination in conjunction with 

parameterized shader materials the rendered object can be modified to blend better with the real scene. 

That is, a red object when projected over a blue surface might require color corrections in order to remain 

red after projected. 

 Affective Module c.

The Affective Module will provide emotional information that will be used to adapt presented content. 

This module will measure emotional data from different sources like the facial image capture or bio signals 

from external devices, combine them through a multimodal fusion process and, based on the developed 

emotional model and considering context information, offer the application the emotional information 

through its interface. 

Affective computing tries to bring user affect into the development of interactive systems. Although 

related studies can be found since the 50s, it was formerly introduced in the 90s by Picard (Picard, 1995), 

and has been a growing research topic over the last decades with a focus on several challenges (Tao & 

Tan, 2005): affective recognition, affective understanding, affective models, multimodal affective 

processing, and affective interaction. 

On the development of the c-Space Affective Module, research will be centered on the measurement of 

the emotional state of the user, the fusion of this measurement from different sources and the 

recognition and interpretation of the affective state based on a model. 

A wide diversity of approaches can be found on measuring the affective state of the user, following in 

most cases processes and techniques focused on the scenario where they were used On (van den Broek, 

2011), van den Broek presents a framework to process affective information, the Affective Signal 

Processing, which from a closed loop model perspective presents a set of tools and guidelines to process 

affective signals and to asses emotional features through pattern recognition techniques. 

Fusing affective information from multiple sources will result in a more robust affective system. 

Multimodal affective recognition can be approached at different abstraction levels, as presented by 

Vidljiounaite et al. in (Vildjiounaite, et al., 2009) together with a framework that supports multiple 

classification methods. 

Interpreting user emotional states requires from a defined computational model of the emotion, which 

describes the underlying emotion theory. There are a wide number of psychological emotion theories and 

computational models on the literature, which in most cases do not share common concepts or terms. 

Hence, Reisenzein et al. have proposed in (Reisenzein, et al., 2013) a systematization of emotion theories 

which leads to their formalization, allowing their implementation on several architectures. 

Many systems have been developed that react, relate or influence emotion. However, a few attempts can 

be found on the literature on defining a generic architecture to implement an affective computing system, 

as the unified software architecture that Clay et al. present on (Clay, Couture, & Nigay, 2009). This 
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architecture divides the affective process from an abstraction perspective in three steps: capture, analysis 

and interpretation levels; and will be used as a starting point on the design of the c-Space Affective 

Module architecture. 

Affective computing is an emerging technology that suffers from a lack of standardization. However, the 

W3C Emotion Incubator Group has defined a general-purpose emotion annotation and representation 

markup language, EmotionML6 that allows interaction and communication between affective systems. The 

c-Space Affective Module will use an affective state description that follows the EmotionML principles, 

allowing a trivial serialization to the markup format. 

The development of the c-Space Affective Module will provide an innovative framework where affective 

processing can be performed at different abstraction levels, supporting multimodal affective recognition 

and allowing the definition of a custom affective model. 

This framework is divided in several components: affective measurement, affective multimodal fusion, 

affective recognition and affective interpretation; making use of defined affective features and model, as 

shown in Figure 11. 
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Figure 11: Affective module. 

                                                           
6
 http://www.w3.org/TR/emotionml/ 
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The Affective Module will run as part of the c-Space Mobile Application. On such an application, the 

affective components will run distributed over different platform levels, improving overall performance. 

Hence, highly parallelizable computation, as the facial emotional measurement, will run on the GPU, while 

the computational intense fusion and recognition process will run as native code. 

The modular communication is taken over by the exposed API, as shown in Figure 12. 

Affective module

Affective API
Affective

interpretation

Affective

recognition

Dalvik VM

JNI Wrapper

Affective library API

Affective libraries

Facial

measurement

Affective 

fusion
Biosignal

measurement

Affective

Kernels/

Shaders

 

Figure 12: Affective Module: Frameworks used. 

Having initially targeted Android an iOS as the client mobile operating system, standard Android SDK and 

NDK and iOS SDK will be used to generate Affective Module libraries. Moreover, in order to perform 

computation on the GPU, GPGPU frameworks like OpenCL7 and Renderscript8 will be considered over 

usage of OpenGL ES API9. 

 Smart-Routing Module d.

The Smart-Routing module will be responsible for the communication between the user and the 

recommender engine resting on the c-Space server. The module will keep and handle all information 

about the user’s current tourist profile, such as demographics data, general interests and preferences, 

available transportation facilities, as well as will list more specific preferences that the user wants to see 

                                                           
7
 https://www.khronos.org/opencl/ 

8
 http://developer.android.com/guide/topics/renderscript/index.html 

9
 http://www.khronos.org/opengles/ 
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and experience during a particular tour. Information on both financial and time restrictions that are valid 

for the current trip will also be stored. The module will stay aware of the current geographical location of 

the user, which will be updated through the location detection component, and will be informed about 

the user’s affective state, provided by the Affective Module. The module will also contain certain details 

and preferences of the other members of the group for whom the current tour will be planned. The 

module will be responsible for leading the user through the tour, for collecting and processing feedback 

about the current conditions, and for sending to and receiving from the server or the other c-Space client 

modules various updates about changes into the actual information about the user’s conditions or the 

tour’s content. 

The above information will be passed to the Smart-Routing Module by the c-Space client’s input 

capabilities, such as a GUI, gesture/speech input, the Affective and the Sensor modules and other sources 

of input implemented on the running device. Information will also be requested from the server side, 

where the general details of the user’s c-Space profile and their previous uses of the c-Space application 

will be stored. Certain information may also be acquired from the user’s profiles in third party applications 

such as social networks. All incoming data (both newly arrived and updates to existing pieces) will be 

arranged within the module as shown in Figure 13. A description of the data that will be considered has 

been reported as part of D1.3. 

The module will handle all the necessary and actual information about the user and the user’s conditions 

and situation during the tour at run-time, such as completing a step in a tour or upon receiving explicit 

input from the user. It will also communicate the data to the RS-Engine Module on the c-Space server, for 

collecting feedback and for generating or updating the current tour based on the submitted information. 

Alike, upon receiving and processing the details of the generated tour or an update to the program of the 

currently running tour (Tour Program), the module passes those details to the c-Space Presentation 

module. 

The Smart-Routing Module also receives and communicates updates in the case when changes to external 

information involved in the currently running tour arrive, such as public transport delays, weather 

conditions, etc., in which case the user may be prompted to confirm the changes or request an update, so 

this information will also be communicated to the c-Space client modules responsible for interacting with 

the user. 
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Figure 13: The organization of the Smart routing module of c-Space. 

 c-Space Social Mechanisms Module e.

As social media permeates all spheres of our lives and these applications generate considerable 

percentage of Internet traffic, content streams remain fragmented thus limiting the discover of interest-

based relevant content to their users. In c-Space, we consider interest as an individual experience, 

continuously stimulated by relevant content discovery. 

Existent limitations to interest-based discover content are attributed to single-platform access that 

inevitably leaves a proportion of interest-based content underexposed, as well as to structural constraints 

inherent to a rigid hierarchical architecture, limited interaction (Van Dijck, 2009), inhomogeneity of cross-

platform social media, lack of cross-platform interaction mechanism and control over the content. 

With this module, we focus on how data from social networks can improve user experience and boost 

creativity. Although society often thinks of creative individuals as working in isolation, intelligence and 

creativity result in large part from interaction and collaboration with other individuals. Much human 

creativity is social, arising from activities that take place in a context in which interaction with other 

people and the artifacts that embody collective knowledge are essential contributors. Hence, one of the 

most critical components of the c-Space application is its social dimension. 
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This component will foster the creation of communities by capitalizing on interest-based relevance as a 

key component to enhance user experience. Interest-based relevance modeling will be extracted from 

user interaction in a cross-platform social media Big Data repository. To address cross-platform Big Data 

challenges, it will rely on cloud computing to perform computationally intensive operations such as 

searching, data mining, and data processing at large scale. User interaction will be geared to enable 

preferred topic filtering, flexibly shifting participation roles, notifications, and navigation through external 

data sources. 

Apart from the spatial navigation, which is intrinsically associated with the features described in the 

previous section, the c-Space application will introduce novel mechanisms to foster temporal dimension 

i.e. real-time interaction across various platforms. On one hand, it will focuses on a notification system’s 

ability to provide invitation opportunities to novice users to engage in a sustained interaction with and 

through the interface. It should also serve to inform experienced users – in real-time – about ongoing 

activities that might be of interest. On the other hand, it should not force users to take an immediate 

action; freeing them from the constant urge to pay attention to content streams. Additionally, it will also 

account for the dimensions of perceived interactivity proposed by (Bucy, 2004) by implementing the 

following interaction mechanisms: 

1) Subscription management: defines a set of features necessary to subscribe (or unsubscribe) to 

specific topics and user-related activities. Subscription topics are subdivided into two categories: 

topics expressed through well-defined user search rules (e.g. expression matching), which can also 

employ the use of tags – tag subscription; and topics emerging from content analysis performed 

by cloud computing services, to discover new interest-aware topics that have good coverage and 

acceptance. c-Space will also create a unique set of functionalities that are geared towards a 

seamless access to non-interoperable data and an environment to reduce information overload 

for users to make their reading-data discovery more effective. 

 

2) Content management: delivers a set of features to manage subscriptions’ content, e.g. features to 

automatically bring to the top the latest and the most relevant items by clearly marking those that 

have been read. Three main components are: activity buzz, content filtering, and analytics-

oriented content management. 

 

a. Activity buzz. Primes all items classified as important. The algorithm used to select 

relevant items is based on several factors such as: the most read items, created by 

"opinion makers" and user acceptance. It also provides a short glance of recent social 

media content. This feature aims to create a sense of community, encourage discussing 

commonly read content, and to support serendipity. 

 

b. Content filtering. Through this feature users can define priority schemes for processing a 

subset of information while ignoring its complementary set, that is, to prioritize or exclude 

content using a set of conditional rules. Additionally, information concerning the usage of 

this feature is gathered and processed by the analytics-oriented content management 

module, to obtain further insights. 
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c. Analytics-oriented content management. For analytical purposes, c-Space will also 

implement a tag cloud per user to create an automatic profile that maps user’s interests. 

The user profile will include additional statistics that will be calculated and presented, 

such as activity frequency, number of recommendations of items related to a specific 

topic, and public information extracted from the platform profile, etc. Exploring tags’ 

statistics page could result in different outcomes: users can decide to remove a tag that 

was apparently not followed by a significant number of users, or adopt a tag that was 

highly used by others; alternatively users can decide to change their reading habits after 

discovering that an important tag had diverged interpretations by the community. 

 

3) Content interactivity: Several mechanisms will be implemented to provide higher levels of user-

content interactivity. From the main screen, users can access all the content – i.e. user profiles and 

thread messages with a one-click mechanism. They can reply and/or identify the source, medium, 

destination, and message. 

The overall block diagram that describes this module is: 

Mobile Interface Mobile Backend
Mobile 
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Interest-based 

Subscription 

Module

User 

profile

Social News 

Aggregator

Social Media 

Stream

Web

Interest-based 
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Figure 14: Social Media Module. 

Mobile backend will connect the mobile interface to the CAI, where all analytics are performed. Mining 

module will provide data to specific Subscription module requests. Data from third party services will be 

gathered by the Social Media Service. Twitter4j is one of the libraries that will be used. This library allows 

an easy interface with the Twitter API. Access to other social networks will be implemented natively using 

their APIs. 
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4. Server Side: c-Space Cloud Services 

 Server Architecture Overview a.

c-Space will rely on the use of REST Architecture for Web Services. REST stands for Representational State 

Transfer - a set of architectural guidelines expressed as Resource-Oriented Architecture (ROA). ROA is 

based upon the concept of resources; each resource is a directly accessible distributed component that is 

handled through a standardized common interface. It relies on a stateless cacheable client-server 

communications protocol - and in virtually all cases, the HTTP protocol is used. A system that conforms to 

the following set of principals is said to be "RESTful": 

 All components of the system communicate through interfaces. 

 Each component is uniquely identified through a hypermedia link (URL). 

 A client/server architecture is followed (web browser and web server). 

 All communication is stateless. 

 The architecture is tiered, and data can be cached at any layer. 

The motivation behind the use of REST web services is that it makes complex things simpler. Hence, it 

facilitates its use by third-party apps that can benefit from the c-Space services. 

The services provided by c-Space are unassociated, loosely coupled units of functionality that are self-

contained. The services provided by c-Space are: 

 Recommender Service. The recommender service will account for interactions that are crucial for 

a tourist experience, and yet typically ignored in existing tour recommendation systems. The first 

source is psychological in nature and refers to the dynamic needs of an individual. This refers to 

needs for entertainment, relaxation, new information, social interaction, physical exercise, and 

fresh air, which are key drivers of peoples’ leisure activities and give rise to saturation effects and 

variety seeking contributing significantly to the value of an overall experience. A second source of 

interaction concern semantic relationships between (cultural) objects at sites visited on a tour. 

 

 3D Reconstruction Service. In c-Space, video streams recorded through mobile devices are sent to 

a central service with distributed resources. This service will create, in nearly real time, a 

continuously evolving 4D model (3D plus time) of the corresponding real scene. The output will be 

stored and made available for streaming. 

 

 4D Content Streaming Service. The output of the reconstruction is a 3D model describing both the 

static and the dynamic scene, which is changing over time and thus poses a challenge to memory-

efficient representation in a file format. This service exploits redundancy of static parts of the 
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model, which then, in analogous way to video compression, are stored once explicitly and, in 

terms of relative changes, for the following frames. Additionally, the service takes into account the 

hardware limitations of the target device, hence optimizing the content to specific memory and 

storage limitations. 

 

 GeoVideo Service. This service will encode positioning and tagging information within the video 

stream and define the transport protocol used to upload this information to the central service, 

according to the GeoVideo Web Service. A significant contribution to standardization is also 

expected as result. 

 

 Location Service. Fast and precise pose estimation of the user’s point of view is essential to c-

Space to ensure a realistic experience within the AR scene. In recent years, besides the use of 

embedded GPS receivers, a number of alternative techniques have been developed to localize 

users, such as A-GPS (assisted GPS) technologies (e.g. as those available on popular devices such 

as iPad), to compensate for unavailability of GPS signal to improve precision. This service will 

access satellite data from EGNOS (European Geostationary Navigation Overlay Service) through 

SISNeT, a service developed by the European Space Agency (ESA) that provides real-time, Over- 

The-Air (OTA) access to EGNOS Signal-In-Space (SIS) data. This will improve GPS accuracy without 

requiring an EGNOS compatible receiver since only a connection to the Internet is needed. This 

service will also augment information from GNSS with positioning information extracted from 

images captured by mobile phone cameras. 

 

 Multimedia Content Service. The service will support the mobile application with additional 

content that will complement the main product of c-Space: 4D Content creation and visualization. 

This service will target mostly annotations like historic images, descriptive text, URLs, audio, and 

video that indirectly augment the scene by providing the user with a context. 

 

 Crowdsourcing/Gamification Service. This service implements one of the strategies adopted by c-

Space to foster crowdsourcing activities, which leverages people's natural desires for competition, 

achievement, status, self-expression, altruism, and closure. A core gamification strategy rewards 

players who accomplish desired tasks. 

Figure 15 depicts shared resources between the c-Space services. Next, we identify the components 

involved for each service as well as their interaction. 
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Figure 15: c-Space Server Architecture. 
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 3D Reconstruction and Notification Service b.

Figure 16 highlights how the 4D Reconstruction module is embedded in the overall architecture. When 

new user data like videos or still images are available, the 4D Reconstruction module is informed (as 

indicated by the trigger signal), and newly available data is fetched from the GeoVideo and Content 

Services and considered in the computation of 4D geometry streams, which in turn are passed on to the 

Geometry Encoder Module. 
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Figure 16: 3D Reconstruction Service. 

The process of reconstructing static geometries from images has been improved by the development of 

powerful feature extractors invariant to a wide class of image transformations (e.g. rotations, scales, 

brightness or contrast, and viewpoint) (Lowe, 2004), (Mikolajczyk, et al., 2005). SIFT (scale-invariant 

feature transform) was a breakthrough algorithm which has become popular for many computer vision 

applications. Matching large collections of images is time-consuming. To speed up the matching process, 

recent work has used ideas from the text-retrieval community to create much more efficient image 

matching algorithms (Chum, Philbin, Sivic, Isard, & Zisserman, 2007), (Nister & Stewenius, 2006), (Matusik, 

Buehler, Raskar, Gortler, & McMillan, 2000). Given a set of input images in a community photo collection, 

Structure from Motion (SfM) is able to reconstruct a sparse geometric model consisting of the 3D positions 

of matching image features. First approaches exist that are able to perform SfM for hundreds of thousands 

of images on a cluster (Agarwal, Snavely, Simon, Seitz, & Szeliski, 2009) or single system with highly 

parallel computations performed on multiple GPUs (Frahm, et al., 2010). Multi-View Stereo (MVS) 
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techniques (Seitz, Curless, Diebel, Scharstein, & Szeliski, 2006) take a set of images with known camera 

parameters as input, determined in a previous image bundling step, e.g. using SfM. Given the camera 

parameters for each image, depths are computed through triangulation along viewing rays per pixel, and 

used to construct a dense 3D object model. 

One example of a MVS approach is (Goesele, et al., 2010), where a massive number of images available 

online in community photo collections is used to find large subsets of images of the same scene or object 

that have been captured with much overlap and under compatible lighting, weather, and exposure 

conditions, similar resolutions and parallax large enough between the cameras. Very recently, the 4D 

Cities project has demonstrated the possibility to view a progression of registered photographs showing 

the evolution of a site over time (Dellaert, 2007), (Schindler, Dellaert, & Kang, 2007). 

With regard to 4D reconstruction from video, i.e. time-varying 3D reconstruction, Stoykova et al. identified 

five categories of approach in the field of 3D time-varying (4D) scene capture technologies (Stoykova, et 

al., 2007), which are 1) Single-camera technologies, 2) Multi-camera techniques, 3) Holographic 

techniques, 4) Pattern projection techniques, and 5) Time-of-flight range imaging. Categories 3, 4 and 5 

require special hardware and are not of interest in the context of the c-Space project. 

Category 1 (single-camera approaches) comprises techniques that use an image sensor positioned at a 

single perspective, possibly acquiring image data over time and thus drawing conclusions on structure in 

the scene observed along the time dimension, as opposed to using several viewpoints (category 2). 

Single-camera approaches try to model certain aspects of the human vision system in order to acquire 

geometric information, also called shape. Most of the techniques found in this category are called after 

the source of information they evaluate, such as shape-from-shading (Zhang, Tsai, Cryer, & Shah, 1999), 

shape-from-texture (Lindeberg & Garding, 1993), shape-from-defocus/focus (Subbarao & Surya, 1994), 

and shape-from-motion (a good overview for the latter can be found in (Schmid, Mohr, & Bauckhage, 

2000) and (Deriche & Giraudon, 1993). Shape-from-motion methods are the more general and preferable 

ones in this category. 

Category 2 (multi camera technologies) comprises techniques that reconstruct 3D from multiple image 

streams being shot from more than one camera position at a time. One major group of techniques 

representative for this category is Multi-view Stereo (MVS), as described above. 

In contrast to 3D reconstruction from a set of static photos, using videos instead shows some advantages, 

such as a potentially better coverage of the scene objects and thus a higher reconstruction rate, since 

redundancy of data can be used to obtain better visual quality and open up the possibility to record scene 

dynamics. 

3D Reconstruction Module (Service Layer, Service library) 

For the first prototype, we will focus on techniques from category 2, multi camera technologies. The 

workflow will consist of several consecutive steps, starting with the determination of camera parameters 

for each qualifying frame or still image, as well as the derivation of knowledge on position and orientation 

of camera viewpoints related to each other using above described bundling technique. One practical 
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implementation achieving this task is VisualSFM (Wu, 2011). Since it is necessary to gather image 

information from sources spread over a possibly large area, sources will also be related to each other 

within a global context as well using (A)GPS information, for instance. Following this step is the creation of 

a dense geometry model using MVS techniques, e.g. as in (Goesele, et al., 2010). 

During further development of the prototype, we will apply techniques from category 1 (single-camera 

approaches), which are suitable for parts of the scene where there are less than three relevant sources 

available. This will eventually lead to a better coverage of 4D reconstruction despite heterogeneous source 

image material through combination of reconstruction data created using techniques from both 

categories. 

Conventional 3D reconstruction of an object at a certain point in time, resulting in one static 3D geometry 

model, will be taken to a whole new level by c-Space: rather than static objects and scenes, dynamic 

objects will be identified and reconstructed as time-varying geometry stream. Just like a video can be 

explored along its time dimension, geometries of dynamic objects will be experienced continuously over 

time as they reveal their dynamics, and in addition, choosing a perspective from which to observe the 

objects will be up to the user to decide, independent of the time line. 

Reconstructing time-varying 3D models of an event, i.e. a 4D (space + time) model, draws from a variety of 

heterogeneous input data sources. These include high quality video streams (e.g. from broadcast 

cameras), low quality video streams (e.g. captured with individual attendees’ cell phones), and images 

from various sources (e.g. online community photo collections or specifically captured images such as 

press images). 

The heterogeneous nature of image sources requires that we face challenges such as the need for 

synchronization of different video streams in order to align different sources of data on the desired object 

to be reconstructed during a desired time interval. Also, those segments of video streams must be 

identified that relate to the same object(s), since reconstruction requires at least three images from 

different overlapping perspectives, and in our case, for each point in time throughout the whole sequence 

to be reconstructed. In addition, video typically exhibits more compression artefacts and lower resolution 

in contrast to static image data. 

Yet another challenge is the sheer amount of data that needs to be handled, explaining the need for 

compact encoding algorithms of time-varying 3D geometry streams at the end of the 4D reconstruction, 

provided by the Geometry Encoder Module (4.c). 

Prior to reconstruction, data suitable from the vast amount of all possible heterogeneous data sources is 

chosen that leads to maximum quality reconstruction, by exploiting precise positioning and orientation 

information encoded within video streams by c-Space clients as detailed in WP3. 

Separation of dynamic content from static content is performed for both still images and the frames of 

available video streams, and time and space coherence is established using available metadata 

information on video frames or still images. In the following, no distinction is made between video frames 
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and still images, since both are used in the same way as an image source describing the state of an object 

or scene in 2D at a certain point in time. 

The video streams that then are aligned along the time axis are subsequently split into coherent segments 

of video covering a certain time period without breaks, and several segments that overlap over a certain 

time period are compared to identify common scenes and objects covered by at least three segments. For 

those segments, the intersection set of frames covering the same object in time is identified and extracted 

from the video, indicated by “Frame Splitter” in Figure 17. 
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Figure 17: 3D Reconstruction Module. 

For each point in time where at least three frames can be extracted covering the same object or scene, a 

static/dynamic filter extracts dynamic foreground parts of each frame that will lead to the reconstruction 

of dynamic scene content, e.g. persons or moving objects. While dynamic objects will be reconstructed for 

each time step, static background geometry (e.g., the inside of a stadium or a stage, according to the 

scenario) will be generated once per scene to reduce computation overhead since its geometry is less 

likely to change. However, whenever a better coverage of the background content is detected in one of 

the frames, the new content is used to enhance the quality of the background geometry. 
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To obtain 3D geometry models for each set of frames (both for dynamic and static content), an MVS 

process is started. These processes will be highly parallelized to minimize overall time consumed by 

generation of geometries for different dynamic objects over a set of distinct consecutive points in time. 

The computed geometries are consolidated using redundancy among several reconstruction methods 

(single view/multi view). For the first prototype, only MVS is used as a reconstruction method. 

Upon completion of geometry reconstruction, textures from suitable image sources are mapped on the 

final geometry models. Results from dynamic and static parts are then fused again in 3D, and aligned along 

the time axis. 

The result is a set of 3D geometry models for each dynamic object identified in the scene, where each 

model represents the corresponding object at a certain point in time, in analogy to how every video frame 

corresponds to the state of the depicted object at one point in time, in 2D. The number of geometry 

models in this set depends on the number of frames in the intersection set of streams that show the same 

object, i.e. the number of distinct points in time within the time sequence for which a frame exists. 

A set of geometries corresponding to the same object, and ordered in time, is a geometry stream. Every 

successfully reconstructed geometry stream is forwarded to the Geometry Encoder Module (see 4.c). 

Notification Service 

Once a mobile device user uploads a video to the CAI, along with its meta-data, that video enters the 

processing work-flow. This includes 4D processing, which is a resource expensive process, both in terms of 

the processing power needed, as well as time required to finish the process. 

Time can range from a few minutes to several hours. Be that as it may, the mobile device user cannot 

simply wait, in real time, for the video to finish processing, so that the final result can be reviewed. For 

that reason, the whole 'upload-process-review result' work-flow should be asynchronous, starting from 

the moment the video has finished uploading. 

This creates a need to let the user know when the video has finished processing. This requirement can be 

fulfilled by using the notion of 'Push Notifications'. The main idea behind this concept is that the server (in 

this a suitably built module around the CAI) will keep track of the videos being processed, and once a 

video is complete and is returned to the CAI, the notification module will send a (platform specific) 

message to the device from which the video was uploaded. 

All major mobile device providers (Apple, Google, and Microsoft) provide their respective 

implementations of push notifications. More specifically: 

 Apple offers the 'Apple Push Notification Service', 

 Google offers the 'Google Cloud Messaging for Android' 

 Microsoft offers the 'Push notifications for Windows Phone 8' 

General depictions of each service can be seen in the following diagrams: 
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Figure 18: Apple Push Notification Service. 

 

 

Figure 19: Google Cloud Messaging for Android. 

 

Figure 20: Microsoft Push Notification Service. 

 4D Content Streaming Service c.

Over the decades, we have seen a massive growth in the popularity of 3D graphics applications. These 

include visualization of large scientific datasets, visualization and navigation of large architectural spaces 

or large outdoor scenes, etc. Yet, nearly all 3D applications are rendered using content stored in the local 

file system. There are several reasons that have contributed to the low popularity of the client-server 

model for 3D applications. The speed and latency of computer networks compared to that of the graphics 

technology, the low Internet penetration, and the high cost of broadband Internet access, have been the 

leading reasons. Hence, there were no effective means for streaming bulk virtual environments over the 

network. However, the connectivity landscape is changing at fast pace. It is expected that 60 percent of 

the world's population will be covered by LTE in 2018, and more important, at flexible prices. 
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Figure 21: 4D Content Streaming Service. 

Rendering streamed geometry could be preferable to local rendering in many situations, since it can 

unleash an unlimited number of new possibilities if combined with emerging trends like Big Data and the 

Internet of Things. On the one hand, large models need not be completely downloaded in order to be 

visualized. This comes in handy when models are too big to fit the memory or to be stored locally. On the 

other hand, having a cloud repository for all the models and assets enables the content provider to 

consolidate and manage all content at the same place. Moreover, the provider could stream the content 

based on the capabilities and connection speed of the client - detail levels will depend on the type of 

client. Additionally, this cloud-like environment is also useful in case of dynamic data. The data can be kept 

consistent as it needs to be updated only at one place. The clients automatically receive the most recent 

data available. For example, this is very useful in cases where data is received and needs to be transmitted 

in real-time like in 4D models data. 

Additionally, to achieve an efficient visualization of spatial-temporal 3D models on a mobile device, there 

are some features that have to be met. On the one hand, the framework has to support the 3D 

visualization on devices with low processing capabilities. The visualization should be progressive rather 

than exporting the entire model at once, to avoid memory or storage limitations. And, a mechanism for 

the creation of multiple levels of detail should be provided, to enable large scale visualizations while 

balancing both the memory footprint and the amount of information that can be visualized. 

The c-Space streaming framework will account for an adaptive and progressive transmission of geometry, 

built on top of three processes. A process to generate multiple levels-of-detail (LODs) optimized for its 
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target device, a transmission process that uses target-aware optimized compressed forms, and a data 

structure for receiving and exploiting the LODs transmitted will be developed. 

The actions are the following: the client sends to the server its hardware specifications, and then the 

server transmits an optimized model that takes into account the network limitations and gives priority to 

the temporal dimension of the model as well as the client location/point of view. Figure 22 depicts a block 

diagram that describes the interaction between the c-Space application and the streaming service. 

The 3D reconstruction system generates PLY models that are then parsed by the PLY multi-file parser, 

encoded into an internal representation by the Animation Encoder, which is then optimized into a to 

device specific representation by the Stream Encoder / Optimized (SEO). The SEO receives as input the 

information about the target device and the model to be transferred. 

In this section, we describe the streaming module. This phase consists of accessing and maintaining 

geometry through web services, and then visualizes it within the c-Space client application. 

Streaming 
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GT
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Figure 22: Streaming module. 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 40 of 72 

 

Below we explain the implementation details of the different layers of our architecture. 

Streaming Service (Service Layer) 

To efficiently support data exchange between the server and client, the whole 3D model will not be 

transferred. On the one hand, this facilitates the visualization of large size models when using a limited 

network bandwidth. On the other hand, it eases on mobile hardware requirements necessary to store and 

visualize the information. Additionally, it uses a centralized data management approach to ensure the data 

integrity at every single moment and from various locations. 

The Service Layer is the component of the server that handles the encoding and streaming of 3D models. 

The encoding process takes into account the limited and heterogeneous capabilities of the mobile devices, 

and finds the balance between the performance and the amount of geometry that they can display. To 

efficiently stream large datasets, the service layer has to evaluate, in real time, the client Field of View 

(FOV) and the mobile FPS rate. The FOV is used to sort the list of points that has to be sent, hence it does 

not need to be very accurate. The network bandwidth and the FPS rate will be used to encode the 

resolution of the 3D model to be streamed. 

The sequence of request and responses will be as follows: the mobile client requests a specific model, 

then the service assigns a univocal identifier to the client and creates its personal user structure. The 

structure holds the information about the model chosen by the user, as well as its identification number, 

the last known frames per second value, the last known camera view, and other variables that trace the 

user's activity. The Service Layer retrieves the model from the Data Layer and starts the encoding process. 

The encoding process defines the operations necessary to downscale the 3D models. A downscaled model 

of the first time frame is used during the first interactions to benchmark the network and the device 

capability. The downscaling factor is initially set to 512, which means that we will be streaming 1/512 of 

the original model total size. 

At each iteration, the server updates the downscaling factor to a smaller value and streams the new set of 

points. Since downscale factors do not share common points, points are never sent twice. 

The process repeats until the client frame rate reaches an acceptable minimum or the downscaling factor 

is equal to 1. If the frame rate received from the client is greater than the minimum acceptable, the 

downscaling factor will be divided in half. Otherwise we define the current downscaling factor as the 

baseline. 

Once the average downscaling factor has been defined, the encoding process starts the stream of the 

animated model. A parallel thread is used to load only the time frames needed from the Data Layer. The 

transfer is divided in three different blocks. The first block contains the list of points that are missing, and 

the remaining blocks contain a list of bits that are used to identify points that changed or can be purged 

from the device's memory. If we use the same structure to create, read, update and delete (CRUD) 

geometric primitives, the transfer size would be up to 70% bigger. On the one hand, the current structure 

defines the transfer size to be directly proportional to the number of elements to be transferred, and zero 
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when two or more consecutive frames are equal. On the other hand, it does not require mobile devices to 

waste computational cycles managing the data, which instead are necessary to visualize large datasets. 

Geometry Encoder Module (Data Access Layer) 

The aim of this layer is to provide access to specific time frames of a 3D model. The underlying idea is to 

break down data as much as possible while maintaining all the original properties of the model. 

This layer generates and provides access to an optimized version of a point cloud animation. It is divided 

into two components: the first one parses the ply geometry files while the second thread calculates the 

differences between different frames. Some optimization will be implemented to speed up the operation. 

Application Layer (Mobile) 

The Application Layer (mobile client) runs two main processes: one that manages the exchange of data 

(stream) and another one for rendering the geometry. The first process is responsible for establishing a 

connection with the server and for receiving the streamed geometry. The rendering thread is responsible 

for the visualization, as well as for handling the user interaction with the 3D model. The information about 

field of view is stored in a shared memory with the first process and sent to the server when necessary. 

The information about the field of view is not a necessary requirement, but it is useful to optimize the 

stream. In fact, the information about the field of view will be sent only after considerable changes. 

The sequence of request and responses are. First the mobile application sends the information about the 

field of view to the server, as well as the desired model. The information is then stored at the service level. 

After the initial negotiation, the service layer initiates a benchmark operation that is completely 

transparent to the client that normally receives and renders the model. The only difference is that during 

the benchmark the service layer has to wait a few a CPU cycles before sending additional data to the 

client, to avoid affecting the frame rate 

The mobile application will use two different structures to store 3D points. The first one will be used as a 

temporary buffer to store the last frame received. The second will be used directly by the renderer thread. 

The temporary structure can be manipulated in two different ways, depending on whether we receive the 

entire model or not. In the first case the old indexes are purged from the main structure and replaced with 

the new ones. If instead the streamed geometry belongs to a specific time frame, then we simply update 

the list of points. New points are stored in an empty location when no free indexes are available. All 

structural updates are performed in O(1) (constant time independent of the number of indices) because 

the local indexes match the ones being manipulated in the Service Layer. Even the indexes of the removed 

points have a correspondence in the final buffer (zero index), which allows the maintenance of a good 

performance without wasting memory or the necessity to rebuild the whole structure. 
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Figure 23: 3D Geometry Streaming. 

This service will require the use of the PCL (Point Cloud Library) library, to handle some of the 

communications. 

 Recommender Service d.

The Recommender Service will be responsible for the c-Space smart routing recommender process. The 

service will rely on three building blocks: a POI Service, a Transportation Service, and an RS-Engine Service. 
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Figure 24: Recommender Service. 

POI Service 

The POI Service will be responsible for all the data regarding the points of interest (POIs) in the touristic 

area in question. First, it will store information about the details of the POIs themselves, such as their 

locations, opening times, pricing policies, a list of activities they offer and so on. This, mostly publicly 

available data will be acquired and updated from external resources. When available, local data pools with 

additional information about local POIs will also be used. The second category of information will be a 

combination of a knowledge base of existing connections between POIs, such as when two or more POIs 

are known to be offered together in the same bundle, which will be considered together with a knowledge 

base of previously offered complete tours, with references to the details of the listed POIs. This 

information will be mainly learning-based and it will be collected and updated as a result of offering 

previously generated tour and the feedback from the users. Besides, if external knowledge bases with 

similar relevant data exist and can be provided about the POIs over a certain area, they can also be 

included. Examples of cultural sources that will be provided and their details have been included as part of 

D1.4. 

The POI Service will communicate with the RS-Engine Service in two ways. In the first case, it will receive 

requests from the RS-Engine Service to provide information about specific POIs, matching the conditions 

of the request, and will provide to the RS-Engine information about a set of independent or connected 

POIs, or a complete Tour, if a match between the requested POIs and a previously used tour is found in 
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the knowledge bases. In the second case of a (real-time) update to the information about a particular POI, 

which it will receive via the POI Service component, it will processes and save this information accordingly 

and will further communicate it to RS-Service for further distributing it to the clients. Besides, the POI 

Service also receives information from c-Space client apps regarding the feedback and experience with a 

certain tour, which it processes and stores accordingly. The organisation of the POI data communication 

process is depicted in Figure 25. 
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Figure 25: The organization of the POI Module on the c-Space server. 

The following figure allows for a hierarchical POI structure (via the 'TREE' self-referencing relationship). 

Each POI can belong to a country. It can also have opening hours attached to it (in the case, for example, 

of a museum). 

Activities (such as events, guided tours, shows etc.) can be related to one or more POIs, and vice versa, in 

an ordered fashion (if required). Each activity can have one or more prices (such as entrance fees), 

attached to it. 
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Figure 26: UML table diagrams for POI. 

Transportation Service 

The Transportation Service provides access to information regarding all transportation-related facilities in 

the touristic area in question. The data in the module will be organised into three logical parts. The first 

part will contain all data about the road network, which will mainly be used for the driving transportation 

mode. This data will be accompanied by information about parking lots and run-time information about 

the situation on the road, such as traffic congestion and road accidents. The second part will store all 

information about the use of local public transport, which may include a set of available routes, lines, 

stops, stations, etc., as well as a description of facilities available at each of them. This part will be 

supported by updates on the up-to-date situation at each segment. The third part will describe walking 

routes available in the area. This type of data will also be supported by information about the weather. An 

organisation of the data collections and communication is depicted in Figure 27. 

The Transportation Service will communicate with the RS-Engine Service in two ways. In the first case, it 

will receive a request for transportation options between a given set of POIs (e.g., their locations, opening 

times, duration of visit) and will send to the RS-Engine a route connecting the given set. In the second 

case, it will receive an update on the current situation with a particular transportation segment, such as 

traffic congestion or a public transport delay, which it will process and communicate to the RS-Service for 

further action and distribution to the clients. 
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Figure 27: The organization of the Transportation Service on the c-Space server. 

Below transportation means are depicted (such as buses, taxis, metro, etc.) and can be described using the 

relevant entity. They can also be ordered as part of a tour (which can also include POIs). 

 

 
Figure 28: UML table diagrams for Transportation Module. 

RS-Engine Service 

The RS-Engine Service will be responsible for generating and updating personalised tours over the touristic 

area in question based on the information provided by the Smart Routing Module (Client side) and the POI 

Service and the Transportation Service. 

The RS-Engine Service will receive information from a client application, which can be either a request for 

a new tour or will contain an update on the actual information about a currently ongoing tour. In either 
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case, the module will request and receive from the POI Module the actual data about the POIs matching 

the request. The returned POIs will be arranged into a sequence in the corresponding step of the 

recommender process of tour generation (RS-step). Where possible, an entire Tour already arranged into 

a sequence will be returned. The module will then request from the Transportation Service (an update on 

the) information about the transportation options for the chosen set of POIs, which will be arranged into a 

set of trips connecting the listed POIs from the sequence. The next RS-step will arrange the connections 

between the POIs accordingly, taking into account both their characteristics and the transportation 

facilities to be completed. The generated tour candidate will undergo a number of verification and 

constraint checks by the RS-Engine, which will also arrange it into a final tour and will send it to the client. 

The RS-Engine will also be receiving update from the POI or the Transportation service about changes to 

real-time information, which it will be broadcasting to the c-Space clients. In case the updated item is 

involved in the ongoing tour, the RS-Engine will be requested to suggest an update on the remaining part 

of the tour, for which the recommendation process will be executed on the new updated conditions. An 

organisation of the data collections and communication process within the RS-engine Service is illustrated 

in Figure 29. 

Information involved in the recommendation process will be diverse. There are a number of basic 

techniques such as demographic, collaborative and content filtering that are employed by recommenders. 

Previous research has shown that a single technique, e.g. collaborative filtering, may not be the most 

suitable recommendation approach for touristic and leisure contexts (Felfernig, Gordea, Kannach, Teppan, 

& Zanker, 2007). Other examples of dealing with touristic recommendations indicate that various 

combinations of the approaches are possible: from an independent application of several techniques with 

a subsequent comparison and merging (Garcia, Sebastia, & Onaindia, 2011), to using knowledge-based 

recommendation by matching a user profile to a POI profile (Towle & Quinn, 2000), to agent-based hybrid 

recommendation (Batet, Moreno, Sánchez, Isern, & AïdaValls, 2012). To produce a suitable 

recommendation algorithm for the case of c-Space, a dedicated research will have to be performed that 

will aim at identifying the role of affective states and the corresponding dynamically changing needs of 

users (that is, the information in their user profiles) in the performance of each recommendation 

technique and their combinations. Accordingly, multiple iterations will be done over the user data, as well 

as over the POI and Transportation resources, in order to respond to the requirements identified. 
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Figure 29: The organization of the RS Engine Module on the c-Space server. 

 EGNOS Location Service e.

As already mentioned, EGNOS offers two different toolkits that enable location precision enhancement: 

the EGNOS SDK and the SIGNATURE tool. Each one offers a different approach to solve a specific problem. 

The SDK operates either using additional hardware (a GNSS receiver) connected to the mobile device, if 

the end user wants to receive real, raw, EGNOS satellite data. Alternatively, it can connect, via the 

Internet, to the SiSNet service (which requires a username/password credential set), and retrieve an 

enhanced position. The latter offers lower accuracy compared to direct satellite data. It is compatible with 

Windows Phone, Android and iOS. 

The SIGNATURE tool, built for Android devices, utilizes solely the SisNet service, receiving the EGNOS 

enhanced position over the Internet. 
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Figure 30: EGNOS Location Service. 

Whichever one is finally chosen and used, it will be integrated (as a software only library, or as a software 

library/hardware combination) into the following, general, work-flow: 

 The mobile device user initiates a location aware activity (e.g. video recording, photo taking) 

 Once that activity is complete, the user wishes to upload the location aware material to the c-

Space CAI, using the mobile c-Space application. 

 Before uploading, the mobile c-Space application connects to the c-Space custom EGNOS library 

and feeds it with the location attached to the material, as logged by the mobile device's internal 

GPS receiver. 

 Depending on the chosen implementation (SDK/SIGNATURE), the library will internally perform 

different functions, namely: 

 EGNOS SDK: The SDK connects to either the EGNOS satellites (if an external hardware receiver is 

used), or to the SiSNet service (requiring only an internet connection), and requests the enhanced 

precision location. 

 SIGNATURE Tool: The tool connects to the SisNet service, transmits the internally computed GPS 

position, and requests the enhanced precision location. 

 The c-Space mobile application receives the new, enhanced precision, location, and transmits it 

along with the material to the CAI. 

It must be noted that among the two solutions (EGNOS/SIGNATURE) the preferred one is the second, due 

to the first one's need for additional hardware. However, at the time of writing, access to SIGNATURE's 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 50 of 72 

 

source code has not been granted. Either way, the library will be designed in such a way as hide the 

chosen implementation from its users, allowing swapping the SDK with the SIGNATURE took, if it becomes 

available. 

Below the figure depicts the content of the location tables. The content defines the relevant information 

which is needed to be collected by the smart device of the c-Space users. Along with all the other, the 

EGNOS location will be stored. 

 

Figure 31: UML table diagrams for Outdoor location service - EGNOS Service. 

The sequence diagram of the EGNOS service is depicted in Figure 30. The main steps of the diagram are as 

follows: 

1. The application will request the location 

2. The smart device will provide the current GPS position 

3. The location module consists of a library of functions that can eventually be integrated directly in 

the Application Programming Interface (API) of the mobile phone operating system 

4. After a simply position request (via API) the EGNOS service will improve the position and send it 

back to the application and save it along with other important information. 

 

Figure 32: EGNOS Service Sequence diagram. 
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 Multimedia Content Service f.
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Figure 33: Multimedia Content Service. 

The Multimedia Content Service will be responsible for delivering non-geometrical content to mobile 

applications. Content will be delivered in the form of annotations (historic images, maps, descriptive text, 

ads, URLs, audio, and video) or navigable geographic maps. 

A large quantity of maps will be immediately available for the areas covered by the c-Space pilots. The 

access to these maps will be provided by GeoServer – a tool to manage and provide access to maps. 

Remaining information will be available in the form of annotations. In a short term vision, the information 

will be collected from sources like Google Places. In a long term vision, c-Space will reply on its 

community. The next figure depicts the components of the server that are relevant to this service: A map 

service (GeoServer) for accessing maps; A user profile service for authentication and CRUD operations; and 

a service to access non-geometrical UGC. Access to geometry reconstructed using the c-Space technology 

is not provided by this service. 

The database “Image Repository” will provide storage for both historical images and maps. The content of 

this database can be accessed as a row data (Content Service) or in a tiled format (GeoServer). The 

database “Audio/Video/Text Repository” will provide store textual documents, audio and video files. This 

content will not be used in the 3D reconstruction process. Instead, it will augment the geometry with 

technical information. The information about the author of the dataset or the person responsible for its 

maintenance can be retrieved from “User profiles” database. Privacy mechanisms can be imposed to 

protect sensitive data. 
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Figure 34: UML table diagrams for User Profile. 

Above the figure illustrates the UML table diagram for user profile. Each user has his/her own profile, 

comprising of some basic demographic info (gender, country of origin etc.), which, can of course, be 

extended later on, as well as system related info (etc. such as username, password). 

The next diagram highlights the Multimedia Content Service’s CRUD interface. First, users can discover 

resource by passing bounding box, hence by its location. Then they can use getResource to access specific 

resources. Finally, privileged users can upload and update resources via updateOrUploadResource. 
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Figure 35: Sequence diagram for content authoring 
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 Crowdsourcing/Gamification Service g.

Gamification is the use of game mechanics in non-game contexts to improve user engagement, data 

quality, timeliness, sustainability, and user learning. Recent gamification strategies aim to leverage 

people's natural desires for competition, achievement, status, self-expression, altruism, and closure. A 

core gamification strategy is rewards for players who accomplish desired tasks. Types of rewards include 

points (Sutter, 2010), achievement badges and levels (Hamari & Eranti, 2011), the filling of a progress bar 

(O'Brien, 2010), etc. 

c-Space will implement a set of gamification strategies aiming at strengthening the community and at 

promoting the maintenance of a digital database. c-Space will target different groups of user and 

participation roles in order to maximize the potential of the framework. A game-strategy will be 

implemented to foster user engagement. Missions will be created by SMEs and authorized individuals. 

The interaction between the user and the c-Space framework can be initiated in three different ways. 

 The user initiates interaction (searches for a specific topic or location related quiz, randomly 

selects a new mission). This kind of interaction will be stimulated through a global classification 

system and small rewards (e.g. gadgets associated to SME-sponsored missions). 

 The system triggers location-based notifications. For example, if the user is visiting a place and is 

near to a certain monument, then the c-Space application sends him a notification – I challenge 

you with a quiz. If the user doesn’t know the answer then he/she is invited to visit the place for 

more information. 

 The user is invited by other users to complete a quiz or mission, e.g. using QR codes or direct 

invitations through the application. 

 

Figure 36: UML table diagrams for Gamification Service. 
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Above the figure depicts the table diagrams for Gamification Service. Particular, a user can participate in 

one on more games, via the 'gamification' relationship. A game can (and should) have a number of rules 

attached to it, rules that are, in fact, re-usable, since they can be attached to many games. 
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Figure 37: Gamification (User Perpective). 

Figure 37 depicts in detail how the gamification process works from a user perspective. The user does 

login as receive a set of goals according to one of the previous three scenarios. Missions are validated by 

analyzing the position and content uploaded by the user. Companies and privileged users can benefit from 
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crowdsourcing content by creating attractive challenges around a certain area, with the goal of gathering 

enough content to reconstruct the area or point of interest. A notification will be sent once their object is 

reached – successful reconstruction of the point of interest. Finally the model can be used for diverse 

purposes, e.g. games, demonstrations, art, etc. 
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Figure 38: Gamification (SME perspective). 
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 GeoVideo Service h.

Another type of spatial data that is becoming frequently captured is that of spatial video (OGC - 

GeoVideo). Nowadays, it is common for video to be geo-referenced and stored in large archives for users 

of expert systems to access and interact with. c-Space consortium will contribute to the GeoVideo Web 

Service (GVS) - namely, for the standardization of geo-referenced live video streams. 

What has been largely overlooked is a spatial approach where the inherent geographical extent recorded 

in each video frame is modelled. While this modelling approach has not been fully realized, it does exist in 

a GIS form, where the spatial context of video is defined in a structure called a View-Cone, (OGC OWS-3, 

2005, Lewis, 2006). This is the only standardized implementation of spatial video to date. 

On the development of the c-Space GeoVideo service, we will focus on encoding of the position and 

tagging information within the video stream and then upload it to the central service according to 

GeoVideo Web Service. The geo-referenced video service will be compliant to the OGC GeoVideo Web 

Service specifications. 

The GVS service will run on the CAI of c-Space and will be used by the mobile application. We will develop 

and deploy the c-Space GVS service and also develop the appropriate schema for video geospatial 

metadata. In addition, the service will provide access to video data including geo-location information. The 

service will provide an interface, for the c-Space user, requesting a stream of video data. This service must 

be able to serve both stored and live video data. 
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Figure 39: GeoVideo Service. 

Below the figure illustrates the UML diagram for media files. Specifically, mobile devices are described via 

the 'device' entity. Uploaded content (or any other content, for that matter) can be connected to a device, 

using the 'media' entity, which contains detailed information about that content (format, type, aspect 

ratio, country, network via which it was obtained etc.). If additional information is required, it can be 

arbitrarily stored in the 'metadata' entity, using key/value pairs. Uploaded content can (and will, in most 

cases) be tied to a specific location, using the corresponding 'location' entity and the relationship between 

the two. 

A GeoVideo Service (OGC) provides access to live or archived video data and associated technical and 

geospatial metadata. The Figure 40 describes the discovery process using (GVS)  and Figure 41 the 

authoring process. 

Mobile 
Application GVS

Video 
Service

getGVSObjectDescr()

ArrayOfCObjectDescr

getCamerasFromQuery()

ArrayOfCCamera

getFeedsFromQuery()

ArrayOfCFeeds

Request URL

Video Stream

 

Figure 40: Mobile application discovery of 

video data. 
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Figure 41: Mobile application video upload. 
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Figure 42: UML table diagrams for Media files. 
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5. Use Case Scenarios 

The c-Space technology arises from three different scenarios that have been identified and are explained 

in the following sections. These scenarios are including the generation of 4D models of a corresponding 

real scene. The 4D models can be continuously enriched with new 4D models that are created by the c-

Space system from videos and images which users are sharing with the c-Space framework. The resulting 

4D models can be added in an augmented reality environment and enriched with additional content (e.g. 

additional Information about the represented scene). 

 Architecture and Urban Planning a.

The functional recovery, the rehabilitation and the re-use of some old buildings and architectonic 

structures emerging in the city of Genoa is a big challenge. In fact it is necessary to find updated uses, 

matching with the present needs whilst at the same time not to distort and change irrevocably the 

character of the old structures that still remain as relicts in the city. 

This is also the case of the military architecture, moreover accompanied by additional and demanding 

features: structures very big and strongly characterized and difficult to adapt, bad conservation state after 

a long period of disposal, high costs for recovery and maintenance, apparent incompatibility with present 

uses and needs. 

The challenge is double: on the one hand the requalification (functional and architectonic) at the building 

scale; on the other hand its presence within the urban body and, in case, in its surrounding landscape, to 

be used as a chance for urban and social re-qualification of a district. 

Indeed c-Space can offer an important help in such a direction. The key aspect of the project for doing it is 

its capability to offer new tools that enrich the surrounding space, creating a new context that joins 

together reality and creative content. The newly created scene becomes a “virtual stage” for augmented 

reality. 

Finally, the above shown situation would be, in terms of appeal and of physical location, also a perfect 

stage for the design of an urban game. This opportunity will be verified together with the teams 

responsible for the other use cases, for checking the most promising conditions for such an application. 

The process carried out to create synergy between the c-Space project and the Genova Municipal 

administration, that is facing the challenge of a renovated future for the urban walls, has led to individuate 

the following elements that must be developed: 
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 the two different possible “horizons” to approach the problem, that is: an architectonic scale (the 

building of the fortress and its modelling) and an urban/landscape scale (the fortress in its 

surrounding context, the walls, the landscape model) 

 the best location to start the implementation of a “Genova case”, with a choice that was 

motivated by dimensions and aspect of the building, appertaining areas, position and panorama 

In this moment, c-Space can give strong support to add value to the work that must be done at the two 

above outlined scales (building, landscape). That is the reason why the two use cases developed in the 

Genova pilot will investigate those different scales. 

Architecture and Urban Planning sequence diagram (SME view) 

The workflow for this pilot is illustrated in two sequence diagrams, since it can be seen from two different 

perspectives: the one of SMEs that create content, and the citizen perspective, that utilizes content 

created. Figure 43 represents the SME perspective. 

The first step is to acquire image data needed by c-Space for generation of 4D content, e.g. by a drone 

flight covering the whole scenery with images and videos. The SME then logs into the c-Space front-end, 

and uploads all relevant data to the internal c-Space system (described as actor ‘back-end’ in the sequence 

diagram). Once the upload has completed, the reconstruction algorithm is automatically triggered. Upon 

completion of the reconstruction process, the resulting 4D stream is assigned to the profile of the user 

corresponding to the SME, and the user is notified about the availability of the 4D content. The preview or 

full model is then accessible to the user for download. 

All steps from uploading image data to downloading the current version of the resulting reconstruction as 

4D model are shown in the diagram as repeatable block. The corresponding workflow can be seen as a 

feedback cycle: while the reconstruction does not yet match the user’s expectations, or there is new data 

available from the user, additional content can be uploaded to c-Space and will extend the data set 

already present in the system. 

A new reconstruction based on the additional material, integrated with existing image data and based on 

previously computed 4D models, is then computed and will eventually be available to the user for 

download. 
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Figure 43: Architecture and Urban planning (SMEs). 
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Architecture and Urban Planning sequence diagram (citizen view) 

The citizen perspective is illustrated in Figure 44. In contrast to the view of SMEs, the citizen view does not 

involve the user to provide image data. Instead, the system makes use of the user’s current location to 

provide available information on the user’s mobile device. 

After logging in, the user’s position is queried by the c-Space App, and forwarded to the CAI, which then 

determines available POIs as well as a tour representing a path to direct the user from POI to POI. 

The path together with available POIs is then provided graphically to the user over their mobile device. 

When selecting one of the POIs, available content is requested over the CAI, and then streamed to the 

mobile device. Rendering is performed in accordance to the user’s orientation, considering sensor 

information provided by the device. 

Similarly, if the user requests to view old images (respectively future projects) showing the scene, 

available information is fetched and overlaid while constantly matching the user’s orientation relative to 

the scene in order to create an augmented reality experience, overlaying existing imagery over reality in 

real-time. 

When the user selects a new POI from the map, information on the POI is retrieved over the CAI, and the 

position of the new POI relative to the one currently viewed is shown. 
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Figure 44: Architecture and Urban planning (citizens). 
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 Mobile advertisement b.

The sequence diagram that describes the mobile advertisement pilot is shown in Figure 45. The idea of the 

pilot at Technoport is a virtual presentation of innovative products and services from hosted companies to 

people visiting the incubator. When walking around in our cafeteria/co-working/meeting space on 2nd 

floor of the building, the people will be surrounded by advertising material projected on a table, ground or 

wall (virtual billboard). That augmented-reality based 3D advertising material will showcase the start-up 

companies supported by the incubator, based on advertising content supplied by the entrepreneurs.  

Based on the background of the visitor, the languages spoken (there will be text in English or French 

available in the presentations), time constraints and fields of interest, recommendations will be made to 

have a look first at X, then at Y, etc. To suggest a tour the user’s emotion will be captured so the c-Space 

tool can modify the suggested tour based on these emotions. The 3D/4D content people can interact with 

in the virtual exhibition will be recommended to them by the recommender system in c-Space. 

The user will be guided to the next personally fitting advertisement. This advertisement will be presented 

to the user through the augmented reality display and the emotions of the user while looking at the 

advertisement will be captured again and considered by the c-Space tool. The system will thus adapt the 

advertisement to each specific person and to a specific context, providing them with the most relevant 

content among the different showcases available to them in the global virtual exhibition. In addition, 

people will be invited by the system to make/project/select some comments in relation with a given 

content, e.g. “I like it”, “this is interesting”, “I don’t understand”, “I want to know more”. The virtual model 

of the advertisement will be transformed and updated while the user is walking around the 

advertisement. 

The user can interact with the virtual advertisement, e.g. change the colour on the fly. After this the user 

will be guided to the next advertisement based on his emotions. The c-Space app is searching the stored 

advertisements and projecting the selected advertisement on the augmented reality display. 

At the end of the virtual visit, the recommendation system will suggest follow-up activities to the people, 

e.g. go and visit the companies they had most interest in (provision of contact details and location, e.g. we 

suggest that you meet Mrs X at Agilis Engineering and this is where you can find her) or will make 

suggestions for further relevant virtual presentations not yet seen (e.g. “thank you for using c-Space. Next 

time you visit Technoport, we suggest you have a look at...”). 
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Figure 45: User Interaction and Mobile Advertisement.
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 Individual content creation & cultural tourism c.

Standard tourist packages are losing appeal, as tourists increasingly seek dynamic and individual solutions 

that are tailored to their needs, interests and resources (time and money). Starting from this viewpoint, a 

software component can be developed to create highly personalized cultural routes throughout a real 

space.  

Through c-Space clients, content creators can access digital content, reference it to the real space (e.g. an 

old picture can be referenced to a real building), and cross-link it to create a network of geographical and 

logical hyperlinks. This information network is used by c-Space to create highly personalized “cultural 

paths”, highly dependent on personal profiles, through “smart” routing between sites, locations or 

activities, by accounting for psychological factors (e.g., need for entertainment, relaxation, new 

information, physical exercise etc.) and relationships between (cultural) objects or sites. This also allows 

creating a variety of different business mechanisms of relevance for SMEs, based on the offer of services 

(e.g. for temporary refreshment, relaxation or entertainment) according to the location and preferences of 

the user throughout a cultural tour. 

A precise knowledge of position, context and profile of each user can be used to create narratives to be 

presented to the user by an “augmented” assistant. This will help them appreciate their surrounding scene 

through available multimedia information (e.g. audio, graphics, pictures, 3D models, videos). This 

information is shown in a projective augmented space, e.g. by projecting specific content on the floor or 

around the user, augmenting existent content and enabling new form interaction, at individual and social 

level. 

Below there is a description of the smart routing and the cultural tour process, which is illustrated in 

Figure 46. 

Login; submit c-Space app settings 

If c-Space app is used for the first time, it will ask the user to configure the look and feel. These 

settings will then be saved on the server and loaded for this user on whichever instance of c-Space 

(different device, public device, etc.). Later into the use, this information can be updated by the 

user explicitly. 

Submit long-term user information 

If c-Space app is used for the first time, it will ask the user to give some static, “always valid“ 

information about this user, such as gender, age, general interest categories, physical constraints 

– a complete list of required input will be determined at a later stage of the project, as a result of 

the experiments and measurement phase. Since this info changes rarely, it will be stored on the 

server side as well. This way it will be device-independent and can always be retrieved on 

whichever instance of c-Space (different device, public device, etc.). Since this information is 
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privacy-sensitive, the corresponding explanations will be provided to the users during the first-

use. Later into the use, this information can be updated by the user explicitly. 

Submit mid-term user information 

This is provided once at the beginning of a trip, as the entry conditions for the entire trip: 

duration, budget, wish-list of things to see (must-see, would-like-to-see, etc.) – a complete list of 

required input will be determined at a later stage of the project, as a result of the experiments and 

measurement phase. Since this information is related to one single trip instance, it will be stored 

on client. 

Submit short-term user information; Submit custom constraints 

This information will be requested for a logical trip unit (e.g. at the start of a day). Custom 

constraints for the corresponding trip unit, such as a restricted map area or some pinned POIs that 

must be included or excluded explicitly (can be a list, via a map, etc., but that's a UI level so no 

further details) will also be specified at this stage. Since this information is related to one single 

trip instance, it will be stored on client. 

Send all collected information to Server 

The information is passed to the server for the following trip recommendation, and will include – 

user-id (for long term info), mid-term, short-term, custom constraints, current location, current 

affective state, etc. 

Request POI information 

RS-Engine will request the necessary POI details, as per the submitted selection, preferences and 

constraints. The result will be a list of POIs, in their defined data structures and in accordance with 

the conditions. The returned result can also be a sequence of POIs with links between them, if a 

match to the knowledge base has been identified, or a collection of independent POIs if the links 

between them are unclear. 

Request information about transportation and weather  

This information will be requested for the POI collection returned in the previous step. The result 

will be a collection of routing options based on the provided details of nodes and preferences. 

Verify/Check tour 

The results returned so far will be checked by RS-Engine for consistency and matching of all needs, 

meaning, interests, affective state, and any other verification that will be necessary to perform on 

the retrieved tour candidate. No new data will be requested at this stage. 

Steps on POI + Transportation may need to be repeated for further fine-tuning them depending on 

further analysis of needs and the returned solution, and in accordance with the recommender 



 

FP7-ICT-2013-10 
ICT-10-8.1 - Technologies and scientific foundations in the 

field of creativity  
 

 

Page 68 of 72 

 

algorithm involved. After the verification step, the resultant tour will be sent to the client, as 

Retrieve Tour. 

Begin tour 

When the tour begins, the data about the currently scheduled POI in the tour programme will 

requested, streamed and visualised on the client. 

Feedback 

After each POI is completed, optional feedback about the completed step can be provided and 

stored on the server. If an update is desired on the remaining program, the corresponding info will 

be sent to the server together with a new location + affective details, and an updated tour will be 

generated, after which the now updated tour will continue, as Continue Tour. If no feedback or 

updates are specified, the current tour will continue, as Continue Tour, as planned. 

Updates on POI + Transport + Weather information 

If there is a run-time update on the public information, it will be distributed to active clients. If the 

tour that will be currently running on a client contains the part that received the update, the 

remainder of the tour will need to be recalculated and sent to the client, after which the tour will 

continue, as Continue Tour, with these corrections 

End-Tour feedback 

When the tour completes, the Smart Routing Module will generate the entire feedback for the 

tour's duration and experiences, and will send it to the RS-Engine and the POI Modules for further 

processing.
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Figure 46: Smart Routing System, Advertising and Cultural Tour Sequence Diagram.
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