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INTRODUCTION  
 
This paper aims at describing the approach followed 
for the setup of the demonstration campaign, and to 
show if and how the results of the AIV phase of the 
prototype developed during the NADIA Project 
timeframe, match with the results of a 
sperimentation in a green area of a urban 
environment.  
According to the project schedule, we are writing 
this paper during the users validation test campaign 
and we are starting a more deep technical 
demonstration aiming at the identification, 



 

 

according to the users feedback and the derived 
technical requirements, of the mix of enabling 
technologies that will allow the design of the future 
NADIA platform. For this reason we will present 
only the preliminary technical assessment, based on 
the tests done inside a controlled environment. 
According to these results we will present an 
assessment for  the design of the demonstration 
campaign, that will be ended at the time we will 
present this paper. The project experimental phase 
will indeed allow to highlight how the disable 
citizens can take advantage of the system by 
overcoming day-by-day mobility’s problems, 
evaluating also the positive psychological impacts 
due to the improvements in autonomy, social 
integration and quality of life after, an investigation 
in a real urban environment. 
 
 
THE AUTONOMY OF THE DISABLED 
CITIZENS 
 
As full citizens, people with disabilities have equal 
rights and are entitled to dignity, equal treatment, 
independent living and full participation in society.  
A clear acknowledgement of the needs of an 
impaired citizen indicates the level of integration 
within the society. A classification of the users 
needs, based upon Maslow’s Hierarchy (Maslow’s 
Piramid in Fig.1) can be summarized as follows: 

1. needs of sustenance: food, refuge, etc.. 
2. needs of safety and security (even through 

assistance): highlighted since the end of 
XIX century and it is topic of debating after 
the second world war 

3. needs of emancipation: a modern topic that 
reflects the need of inclusion within the 
society from an active and productive point 
of view (work, learning, mobility, etc..) 

4. New needs (related to self actualisation) for 
being included as full citizens: sports, 
leisure, etc.. 

The NADIA project is focused to the needs n°3 and 
n°4 in which we can identify a common basis: 
autonomy in terms of mobility. The possibility to 
move in autonomy infact, allows the active 
inclusion in the society.   
There are two key aspects that affect the mobility of 
a person in a given environment: the locomotion 
ability and the capability to perceive different 
elements in the environment. The locomotion ability 
is intended as the possibility to physically move. On 
the other hand, the perception ability impacts the 
real possibility to reach the desired destination, 
through the knowledge of reference points and 
obstacles along the path. People affected by specific 
pathologies or disabilities, with a reduced ability to 

move or to perceive the environment, suffer from 
low autonomy in mobility. 
 

 
Fig. 1 Maslow’s Hierarchy of Needs 

 
Specifically, concerning people using wheelchair, 
the real possibility to move is often subject to the 
presence of obstacles and barriers or to the difficulty 
to reliably identify a known accessible route. As a 
matter of fact, people with reduced mobility move 
almost only in limited environments, typically close 
to their home. Regarding blind people the possibility 
to move through environments or routes that are not 
safe or not familiar can become also a risk.   
In addition to that, it should be taken into account 
that any technological solution devoted to the 
barriers reduction or in general to life improvement 
has to consider the social and emotional aspects that 
come out with a day by day use, since the adoption 
of a device built specifically for the disabled (i.e. 
special transport vehicles) can sometimes stir up the 
user refusal, as it highlights even more the 
“diversity” feeling. Everyday a person with 
disabilities has to control all the action that he is 
able to complete in autonomy, because, sometimes 
even a small act, for example going out for a walk, 
hides insurmountable obstacles. 
The current technology can solve these problems 
that are not only problems in practice but also 
psychological, because the existence of an obstacle 
and the failure in its overcoming gives strength to 
feelings of inadequacy of living within a society. 
 
NADIA: A PLATFORM  BASED  ON USERS 
NEED 
 
The NADIA (NAvigation for DIsability 
Applications) Project responded to the call for 
proposal of the Italian Space Agency (ASI) 
concerning the “Satellite Navigation Applications 
for Disabled Citizens”. Thales Alenia Space Italia is 



 

 

the Prime Contractor and unique interface to ASI, 
leading a mixed team composed by Industries, 
University and Users Associations.  
The main objective of the Project is to provide the 
Target Users (blinds and disabled on wheelchair) 
with the possibility to experience end-to-end 
solutions and prototype products improving 
mobility in secure and safe conditions.  
 
The NADIA project is structured into 6 phases 
compliant to the ECSS standard: 

�  Phase 0: Scenario Analysis; 
�  Phase A: Application & Critical Products; 
�  Phase B: System Engineering; 
�  Phase C: Demonstrator Design; 
�  Phase D: Development, Integration and 

Verification-Validation; 
�  Phase E: Demonstration and Pre-Operative 

Project. 
 

Starting with the identification of the user needs and 
requirements, the project went through the 
specification of the system and the system 
demonstrator.  
The NADIA project is based on those premises, 
where the user with his/her problems is in the 
middle: the core idea of a platform gathering 
different information, technologies, experiences but, 
above all, creating a network among the different 
opportunities and the civil society sectors in a more 
“open” way. The technologies offer a lot of 
capabilities but they are nothing if they are not 
integrated at different level with the layers of the 
civil society such as Public Administrations, User 
associations, etc..  
 
The identified user needs can be summarised as 
follows: 

·  autonomy; 
·  security and safety of the users and users 

familiars; 
·  communications and services exploitation; 
·  wide integration; 
·  improve and diffusion of the “universal 

design” concept.  
 

The main element for the NADIA platform success 
is surely the identification of the Target Users needs 
and their translation into system requirements 
(services,  subsystems and prototypal elements) that 
will constitute its demonstrator. 
So the users themselves, have to contribute to the 
identification of the possible scenarios, following 
the process reported in Fig. 2. 
 

 
Fig. 2 - Process of Interaction with users 

 
The users were not simple commissioners, but they 
were critical controllers during every phase of the 
project, verifying the effective compliance to their 
needs.  
The users presence is guaranteed by the presence of 
two important Italian entity, involved in the 
thematic of disability: 

�  FISH (Federazione Italiana per il 
Superamento dell’Handicap) a federation 
of about 1500 users association with the 
objective to improve the everydaylife of all 
the citizens with disabilities granting a real 
integration; 

�  AIAS Ausilioteca a public service 
providing consulting activities regarding 
technical aids for disabled persons. The 
centre's aim is to ensure autonomy and 
independence for persons with physical 
disabilities. Particular relevance is given to 
the areas communication and 
environmental control, as well as game 
control for children. 

The presence of FISH and AIAS Ausilioteca grants 
the achievement of the project’s objectives, because 
only who has a daily contact with disabilities can 
convey real needs and suggest approaches, to 
develop a “users focused” solution.  
The proposed applications present as main element 
within the solution value chain, the supply of high 
accuracy, availability and continuity of information 
during all the user’s path. The user journey could 
interest different environments, each of them 
characterized by it’s own peculiarities with different 
impact on the technological choices for the 
assurance of security, safety, service guarantee, 
quality and reliability:  

�  outdoor urban 
�  rural 
�  canopy environments and urban canyons 
�  indoor (public or private sites) 
�  etc.. 
 

Nowadays, the information on the accessibility of 
public places, are unfortunately: 



 

 

�  not updated, 
�  fragmentary,  
�  in a not standardized format, 
�  not suitable for access with ICT devices or 

in electronic format. 
   
NADIA architecture has been derived to solve the 
above constraints. The platform will be a realization 
of an end-to-end solution representing a valid 
support to the disabled people activities considering 
satellite navigation applications as the core of the 
system.  
The NADIA architecture (Fig. 3) is based on a 
Multi-Function Navigation and Communication 
Infrastructure that will manage the functionalities 
strictly related to navigation, connecting Service 
Centers, each one realized on specific user, 
application requirements and specifications and user 
terminals.  
This kind of architecture, based on a single 
Infrastructure and different specific Service Centers, 
will increase the scalability and flexibility of the 
system because the common functionalities are 
associated to a unique logic layer and the 
specialized functionalities are associated to different 
entities, each one designed “ad hoc” to satisfy the 
needs of the different user disability. 
 
 

 
Fig. 3 – NADIA platform logical architecture 

 
 
In the Fig. 3 the logical/functional blocks grant 
different functionalities in the service chain towards 
the disabled user.  
 
The functional block Signal In Space (SiS) 
identifies the space segment of the platform, i.e. the 
current satellite systems, used as the basis on which 
the necessary applications have to be built.   
 
The functional block Multi-Function Navigation 
Infrastructure (INM)  is the key element for all 
those functionalities strictly tied to the navigation, 
but not only. All the information and/or elements 
that can be a common resource for the involved 
actors merge within it. 

The Multi-Function Navigation Infrastructure aims 
also at using in a efficient and effective way, the 
data and the information sent to the different Service 
Centres, so improving the quality of service.   
Navigation functionalities able to strengthen the 
positioning information are: 

·  AGPS (Assisted GPS) Server on site, that 
allows to: 

o Upgrade the connected receiver 
sensitivity,  

o Reduce the  “Time to First Fix”. 
The AGPS will allow also to determine the 
user position in light-indoor environments. 

·  Through an EGNOS server connection, by 
different means (for example SISNeT), it is 
possible to include in the set of assistance 
data, transmitted to the user terminals, also 
the differential corrections WAD and also 
the EGNOS integrity information, obtaining 
the content of the so called  “Enhanced A-
GPS”.  

·  The Multi-Function Navigation 
Infrastructure is connected to the national 
geodetic networks to represent a link system 
with other sources of augmentation data, 
that will be validated and certified following 
standard procedures, or standard de-facto 
(eg. Sansò protocol).  

 
Moreover, Local Elements management of those 
specifically addressed to the satellite navigation, to 
the ones addressed to the navigation in general 
(including the indoor/seamless), to the ones 
supporting the mobility (information, maps, pre-
calculated itineraries, etc.) and over to the multi-
service elements. A local element can generally 
satisfy specific needs of some user groups having 
more accuracy, integrity and availability. Those 
infrastructures are often accompanied by a 
communication network, fix or mobile, used as 
transport vehicle of augmentation information.  
The developed local elements can be divided into 
two typology: 

·  Local Elements for the satellite navigation 
based on the GNSS technologies usage (i.e. 
reference stations, pseudolites, etc.);  

·  Local Elements for navigation and mobility 
but not specific of the satellite navigation. 
All the technologies HW and SW strictly 
tied to the navigation and to the mobility 
also hybridized with the aim to guarantee a 
service more reliable, seamless also in 
indoor scenarios.   

 
Finally, Instrument for the management and 
monitoring of the provided information:  

·  Quality management and monitoring;  



 

 

·  Accounting and billing management; 
·  Service Centres Database management; 
·  Database for added value Information; 
·  GIS server and map Database. 
 

All the information provided by the INM 
infrastructure are accessible trough the web service 
paradigm in order to improve flexibility. In 
particular different positioning augmentation 
information can be provided directly to 
authenticated users terminals through a unique 
interface: 

o RTCM2.3 messages 
o SISNeT Messages 
o Text data 
o Meteorological data 
o Data from other geodetic networks (EUREF 

trough NTRIP protocols) 
 

 

 
Fig. 4 – INM web caster structure logic 

 
The functional block Service Centre is responsible 
of the management of all the functionalities related 
to the specific service aspects for a user category. 
The service centre manages the data acquired from 
the Multi-Function Navigation Infrastructure, 
specializing them, taking into account the user 
typology and the service category.  
The service Centres is:  
 

·  tied to high specialized content providers; 
·  provided with proprietary local elements 

able to grant specific services as extension 
of the communication coverage, 
indoor/seamless navigation, etc. 

Some of the functions implemented by Service 
Centres are: 

o PreTrip: the possibility for the user to have 
a planned path without barriers or obstacles; 

o Standard routing through safe paths; 
o Instant rerouting in case unannounced 

obstacles; 
o POI management and users POI signaling; 
o Authentication for INM services; 

o Routing to a fixed destination (take me 
home request); 

o Emergency call taking into account users 
position; 

o Billing and users information management. 
 
Functional Block User Terminal and sensors of 
different typology and addressed to three different 
service category, classified upon the interaction with 
service Centres or upon the terminals 
functionalities:  

·  Base service  
·  Strengthened service  
·  Interactive service  
 

The user terminal can integrate some of all the 
existing technologies (GNSS receivers, DGPS and 
RTK receivers, interface GSM/GPRS/UMTS, Wi-Fi 
antenna and modules, etc.). 
Two kind of users terminal were developed: 

o The user terminal for disabled on 
wheelchair (TUDM), 

o The terminal for blind users (TUN). 
 
 
 

 
Fig. 5 – A snapshot of the GUI of the terminal 

system for disabled on wheelchair 
 
 
 
The functionalities developed for the two, different 
system terminals, match with the functionalities of 
the service centres, but in addition the terminals 
have their own specific “users focused” 
functionalities. For example, the terminal for people 
on wheelchair (as depicted in Fig. 5) as a SW 
module that control the attitude of the wheelchair 
and the accelerations during the motion, in order to 
prevent accidents or to allow a faster intervention, 
once an automatic signalling with the position 
information is sent.  
 



 

 

 
Fig. 6 – TUDM prototype installed on electrical 
wheelchair 
 

 
Fig. 7 – TUN Prototype 

 
Last but not least, the NADIA platform design 
included also research and development activities. 
Those activities aimed to identify useful innovations 
to be tested within the demonstrator: 

o Development of algorithms for the 
enhancement of the integrity availability 
(Horizzontal Trust Level, HTL): the 
objective is to provide an additional 
“integrity like” information based on 
hybridization of GNSS signals with INS  
platforms;  

o Seamless NavCom: to develop a seamless 
Navigation System hybridizing GNSS 
signals with low cost RFID technology; 

o Navigation Information supporting security 
policies; 

o Local Obstacle Detection (Fig. 8): to 
develop a device to help blind people to 
detect obstacles along the path using 
ultrasound sensors; 

o Man to Machine Interface: Development of 
high configurable gateway for the use of 
different sensors (disability adapted) by 
means of a unique interface. 

 

 
Fig. 8 - Local Obstacle Detector 

 

 
Fig. 9 – MMI gateway 

 
THE DEMONSTRATION:  FROM THE 
VALIDATION PHASE TO THE ON FIELD 
TESTS 
 
A demonstration phase represents the way to 
achieve different important goals. 
The main objective was the prototype on field 
testing, to gain technical experience about the 
performance of the overall system and equipment. 
The next goal was the usage of the prototype in a 
real environment to demonstrate the responsiveness 
to the user needs. The navigation capabilities were 
demonstrated both in outdoor and in indoor 
scenarios. Infact, two real use cases were designed:  

�  a tour within a green area in Roma, 
presenting paths with different 
characteristics (open sky, canopy, multipath, 
etc..), for outdoor/urban environment tests 
(green area within EUR district, Roma);  



 

 

�  the navigation inside an indoor environment 
(considering seamless transitions from 
outdoor to indoor) in order to arrive to a 
meeting room  inside TASI premises.  

 
This process was divided into different steps. 
The first step started with the AIT and AIV phase. 
After the integration of the demonstrator each 
subsystem was tested (INM, Local Elements, 
Service Centres and Users terminals) inside a 
controlled environment: 

o A reference system including different 
scenarios (open sky, multipath, urban 
canyon) was prepared for the true path 
estimation; 

o Different users terminals configuration 
(based and interactive) were prepared;  

o The accuracy of the different positioning 
techniques were compared (DGPS, 
EGNOS, SISNeT RTK, etc..).  

 
The tests were performed in order to validate the 
mix of navigation and hybridized technologies 
chosen to fulfil the users requirements. Moreover 
also the terminal system functions were stressed. 
The approach followed for the validation and 
verification (respect to the positioning accuracy o 
the navigation techniques) was organised in the 
following steps: 

1. Creation of a reference path through RTK 
acquisition (centimetric accuracy); 

2. Transformation of the acquired positions 
from WGS84 to a local reference System 
(East North Up , ENU); 

3. Verification and statistic elaboration of the 
accuracy of acquired data along the path 
(dynamic acquisitions) and on control points 
(static acquisitions). 

 
The GNSS analyzed technologies were the 
following: 

�  Code Differential acquisitions 
�  Phase Differential acquisitions 
�  EGNOS acquisitions 
�  SISNeT acquisitions 

 
Fig. 10 – DGPS accuracy on measured baseline 

in ENU reference system 
 

 
Fig. 11 – DGPS accuracy on a control point 

 

 
Fig. 12 – RTK loss of lock 

 



 

 

 
Fig. 13 – SISNeT accuracy on measured baseline 

in ENU reference system 
 
The preliminary verification tests (some snapshots 
from Fig. 10 – DGPS accuracy on measured 
baseline in ENU reference systemto Fig. 13) 
demonstrated that the choice to select DGPS and 
EGNOS (and SISNeT) data processing strategy for 
the positioning of user system terminal suits best 
with the urban environment and the users 
requirements. Those technologies gave also better 
results once opportunely integrated with other 
technologies such as inertial measurement sensors 
or RFID for seamless navigation (Fig. 14).  
 

 
Fig. 14 – Seamless Navigation test environment 

 
Another goal takes into consideration also the point 
of view of Administrations, Public Entities and User 
Associations in order to gather recommendations, 
indications and their valuable feedback. Moreover, 
all the demonstration experience were effectively 
exploited to promote and seek further involvement 
in the project. 

 
Fig. 15 – Accuracy of seamless transition from 

open sky through canyon to indoor (RFID 
positioning) 

 

 
Fig. 16 – Estimated integrity level respect the 
real path measured through RFID positioning 

techniques and IMU 
  

The users were the prime actors during the users 
validation phase: they used the terminals (Fig. 17) 
and the functionalities on their own and after a brief 
induction, showing satisfaction for the level of 
autonomy that the prototype provided. 
The NADIA demonstration phase confirms that the 
users play a central role in the project, acting as 
critical controllers during every phase of the project 
and verifying the actual compliance of the 
developed system to the needs they expressed. 
 

 
Fig. 17 – A snapshot of users validation test 
performed in Roma (green area within EUR 
district) 



 

 

 
 
 
The last step is to perform a more intensive data 
acquisition within the scenario of users validation, 
in order to consider the navigation and 
communication performances in real urban 
environment. 
Within the demonstration area some paths with 
heterogeneous characteristics have been selected: 

�  Open sky; 
�  Canyon and canopy; 
�  Multipath. 
 

Those paths were georeferenced through an RTK 
survey (centimetric accuracy using a Leica 
GRX1200 rover connected via NTRIP protocol with 
an EUREF reference station) and a set of different 
positioning techniques comparison in terms of 
accuracy will be performed: 

�  Standalone positioning vs. EGNOS 
positioning (using a low cost receiver and a 
professional receiver) vs. DGPS (code) 
positioning; 

�  Assisted GPS positioning for Time to First 
Fix (TTFF) assessment; 

�  EGNOS SIS vs. EGNOS SISNeT; 
�  SISNeT from ESA server vs. SISNeT 

redirected from INM CASTER; 
�  DGPS from a far reference station (TASI 

premises) vs. DGPS from a local element 
(INM local element connected to INM web 
CASTER). 

 
Seamless navigation tests and HTL performance 
evaluations will be performed in other testing areas 
(TASI premises and TASI urban surroundings). 
 

 
Fig. 18 – Demonstration test area and path 

within EUR district (Roma) 
 
The different measurement chain were tested in 
parallel through the use of and antenna-splitter that 
divided the data streams in 2 or 4 different signals, 

comparing different HW Commercial Off The Shelf 
(COTS) receivers (from low cost to professionals): 

�  EMTAC BTGPS (EGNOS enabled or 
standalone) 

�  u-blox AEKR 
�  Septentrio Polarx2e configured as rover in 

different modalities (EGOS enabled, 
SISNeT enabled, DGPS rover, RTK rover)  

 

 
Fig. 19 – TASI urban surroundings scenario for 

AGPS test 
 
Finally, the test on communication chains will be 
performed in terms of latency of transmission for 
the communication of the terminal systems with 
service Centres, INM (INM caster) and external 
information providers (AGPS servers, SISNeT data 
server) during the acquisition of: 

�  Maps GML files; 
�  RTCM 2.3 corrections; 
�  Assistance data; 
�  Users POI; 
�  Emergency signalling. 

 
The considerations resulting from the on field 
demonstration will bring suggestion for the future 
project development. 
 
CONCLUSIONS 
 
The NADIA project starts from the emotional needs, 
and the user and his/her disability are never 
forgotten: it’s a platform concept based on different 
technologies, different experiences but, above all, 
that tries to create a network with the civil society 
sectors in an “open” approach. All the current and 
future solutions are useful only if integrated with the 



 

 

different layers of the civil society as Public 
Administrations, users Associations, etc. because an 
important concept, learned during the project, is 
that, even if the technology development can 
provide very efficient, innovative and useful tools, 
only the integration with the civil society will lead 
to an universal design for a real inclusion. This 
concept can be highlighted by the following Fig. 20, 
that shows how  a mother with a baby carriage or a 
person with shopping bags encounters the same 
barriers of a disabled on wheelchair or a blind 
person, moving in a urban scenario.  
 

 
Fig. 20 – Accessibility requirement comparison 
(image from http://www.lacittaditutti.org) 
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