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Abstract. Providing a pedestrian accessibility model adapted to various individual needs requires to consider existing interactions between elements of the environment and users’ physical characteristics. In order to assess the potential of a city to welcome everyone, a geographical information system (GIS) is used to both consider environment and users’ interactions. Therefore, a set of data collection protocols and methods have been developed in order to create a specific database dedicated to pedestrian displacements. This database allows us to set up parameters about environment-users interactions in the GIS in order to calculate pedestrian routes following individual characteristics. Otherwise, this model can be used as a decision support system to assess the degree of accessibility for all of different sections and neighbourhoods of the study area. 
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Introduction
	Nowadays, in many countries, laws[footnoteRef:1] as well as urban and transportation planning consider pedestrians as a set of users with different characteristics. Some can walk without constraint; others need some help (e.g. with stick, crutches, rollator). People in a wheelchair or travelling with a pushchair are also taken into account. From this point of view, pedestrian users are not unique but rather diverse with a range of physical abilities. In the framework of social and territorial cohesion policies, cities have to be able to welcome everyone. Indeed, each one can one day be in a situation of temporary handicap (Minaire, 1991; Bodin, 2007; Thomas, 2003) –carrying packs, pushing a wheelchair, a pushchair or a trolley, wearing heels– and be not enough strong or healthy to crossover some obstacles which were invisible the day before. Moreover, many countries (162 in May 2014[footnoteRef:2]) have ratified the United Nations Framework Convention on the Rights of Persons with Disabilities (2006). This implies among other that public spaces have to be designed to be accessible to all (Matthews et al., 2003; Grobois, 2010; Amiaud, 2012). However, urban spaces cannot be cleared of all obstacles: favourable spaces for some are not always for others (Klein et al., 2011). In addition, to enhance pedestrian mobility, it is important to have a fine knowledge about the level of accessibility at different scales for different people. That is why, when trying to measure the accessibility of urban spaces, the users’ point of view must be explicitly considered. While measures of pedestrian accessibility are mostly based on an average user or a very specific target audience (i.e. wheelchair users or elderlies), the approach proposed in this communication is more inclusive. Therefore, we will tackle disability as the result of an interaction between the urban environment and users’ capabilities. The main issue of this communication is about how to integrate in a geographical information system (GIS) the interactions between pedestrians and environment taking into account all kinds of users. To tackle this challenge, we propose to replace the standard user by a set of users defined by their own characteristics.  [1:  e.g. Luxembourg: Code de la route grand-ducal [Luxemburgish Traffic Code], law of May 26th, 2009, art. 2 and 103; France: Code de la Route [Traffic Code], ordinance of November 12th, 2010, art. 11; etc.]  [2:  United Nation, accessed the 04/09/15: 
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=IV-15&chapter=4&lang=fr] 

Methodology
	The proposed approach was carried out on Luxembourg-City. This medium-sized city is well adapted for such an experiment with a varied environment composed of several natural, topographic and anthropological constraints. The proposed methodology is divided into 3 main steps. 
(1) Based on topographic and road maps databases, we have built a specific pedestrian network in a GIS by integrating pavement, pedestrian streets and all the elements that can be passed through by pedestrians (Victor et al., 2014). Open spaces, like places, have also been integrated after being converted into linear sections. Finally, an adapted geographic database details finely the characteristics of the environment crossed by the pedestrians like the types of section (pavement, zebra crossing, pedestrian street, footbridge, etc.) or the slopes. 
 (2) In order to complete this database with more refined data, we developed a specific data collection process, taking the form of an urban audit. That way, properties or elements impacting pedestrian accessibility can be collected on each segment. This data collection was conducted in a way of catching all the potential obstacles for pedestrians which are not present in classical databases. First, a survey grid allows to identify the properties and the state of the street (width of pavement, coating, slope, etc.) and to locate urban facilities (street lamp, bench, bin), amenities (shop, restaurant, terrace) and greenness (tree, shrub). One survey grid is fulfilled for each section of the pedestrian network. Then, the data are extracted from the grids and imputed in the GIS database in order to be spatially analysed but also to create parameters of access restrictions. These restrictions can completely denied a section from a path or relatively by adding some extra time or energy consumption following the user’s profile.
(3) Finally, an additional survey was conducted on users with various physical skills to adapt and calibrate restrictions in the model based on their health status and capabilities to move. 
· First step, a questionnaire was conducted to determine users’ profiles. To achieve this, a medical protocol the RAND-36 (Hays, 1998) and some additional questions about their knowledge of the city have been applied. 
· Second step, a face-to-face interview was conducted in form of observed trips after agreeing some departure and arrival points in the city. On the way to, the participant leads the observer to the arrival following the path he would currently take to go there. A discussion follows about the possible difficulties (extra effort, detour, reduction in speed) encountered during the trip but also about their behaviour of walking in the city –relationship with other mode (car, bus, bike), preferred types of space where walking, impact of forecast, etc. On the way back, the observer proposes to follow an itinerary built with the route planner from GIS model. The proposed route respects the individual health status and capabilities to move determined with the first part of the questionnaire. During these courses, an accelerometry tracking has been implemented to measure the speed and energy expenditure of the respondent. Once back to the initial departure point, a second discussion starts to receive some feedbacks about the route proposed by the model. At the end, a comparison between the users’ interviews helps to highlight recurrent unfavourable elements but also criteria of walkability (Alfonzo, 2005; Metha, 2008, Southworth, 2005 and Lo, 2008) for all type of pedestrian users.
3. Results
[bookmark: _GoBack]	Once the model built and completed, we used some statistical analysis to identify the recurrent element specifically presents in this field. A multiple correspondence analysis (MCA) identifies the similar sections in an area following their properties and the elements which could impact the pedestrian users. Then, a spatial analysis allow us to locate these sections. A first cartographic output reveals and locates the nature of spaces following their capacities to welcome, or not, all kind of users (figure 1). Mapping those areas presents a great potential as decision support tool for stakeholders and planners. It reveals and highlights hidden obstacles which can avoid the access to public spaces. Following a geo-statistical analysis of the elements impacting accessibility, four classes of network sections are identified: one favourable and three with different kinds of obstacles. 
[image: ]
Figure 1. Sections accessibility assessment according to individuals’ characteristics in the city centre of Luxembourg
Our results finally confirm that there is no hierarchy between those unfavourable areas, but specify the access characteristics. Indeed, they can be favourable to some and unfavourable to others following their own physical characteristics. 
	A second output offers a route planner application adapted to end-users (figure 2). Beyond, classical shortest paths, our route planner offers over solutions like shortest accessible paths for a given user, or the less consuming energy paths, etc. To deal with the fact that relations between pedestrian and environment are unique following their own physical characteristics, we propose to inform them about routes they can personally handle. Thus, those routes are calculated with many restrictions in function of their state of health and their capacities to move. Those routes can finally deal with users’ desire to optimize their road (time, length, energy expenditure) and their capacity to access urban spaces.
[image: ]
Figure 2. Route choice depending on accessibility. Example of a person in a wheelchair.
The figure 2 highlights hard to impassable obstacles on the “quickest” way for a person in a wheelchair with a moderate status of health. The “the quickest following the user’s accessibility” route will request an extra effort at the beginning of the trip to cross over the slope but his status of health allows him to endure short distance obstacles. For a person with frailty, this slope would request a report to another mode, the help of someone else to cross over or another route. 
4. Conclusion
	Pedestrian users are defined by various characteristics which are not necessarily ordered. A study by profile shows spatial behaviours varying particularly following several components like moving capacity and health status. The users maintain a sensitive relationship with the urban environment which is not always favourable for walking. This environment can be refurbished respecting norms of accessibility. The variety of users questions the capacity of one place to satisfy everyone. Using a GIS based pedestrian model of accessibility appears as an efficient help in proposing spatial informations for both users and stakeholders. Firstly, the possibility to create adapted routes for users’ characteristics allows to avoid, as much as possible, obstacles and unfavourable areas. Secondly, an accessibility diagnostic , as a decision support tool, helps to locate and prioritise the areas that need to be adapted or refurbished in priority.
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