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INTRODUCTION

OpenStreetMap (or "OSM") is an international project founded in 2004 with the goal of creating
a free map of the world. Thimap of the world is freely editable and made by Internet users.
OSM data can be used in a variety of ways, including producing paper and electronic maps,
geocoding addresses and place names, and route planning. However, there is often a lack of
accuracywhen it comes to road accessibility for people with reduced mobility. Hence, The
French Ministry of Environment has been working since 2020 on the design of a data standard,
led by the CNIG and in collaboration with the CEREMA, professionals in the fiedd a
representatives of the people concerned for collecting data on road accessibility, for people with
disabilities or reduced mobility. It is in this perspective thawvill work on the project: "Models
transformation and data integration in OpenStreetfdaaccessibility: feasibility study from the
geostandard". It will be a question of studying the possibilities and measures of merging CNIG
data with OpenStreetMap data in order to improve the accessibility of pathways for people with

reduced mobility.
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l. OVERVIEW OF THE RESEARCH TOPIC

[.1. Context

The setting up of the project of model transformation and data integration into OpenStreetMap
for accessibility is justified by the recent initiative of the Ministry of Environment, in application

of the law of orientation of mobilities (LOM) to facilitate the constitution of a collaborative
database, resulting from a regular and coordinated collection by local communities. This
initiative will lead to the establishment by each community of a highigpom geostandard
database to facilitate road accessibility. Therefore, it will be essential and necessary to be able to
transform and integrate these data infe@5treetMap, which is wheoair project comes from.

It will contribute in an undeniable wayg the resolution of problems such as:

U Road accessibility of people with reduced mobility;

U Lackof geographical accuracy of dataOpenStreetMap;

U Heterogeneity of data quality;

U Evolution of OpenStreetMap for accessibility.

[.2. Problematic

Moving for peope with disabilities is often difficult with a high level of uncertainty due to the
lack of geogrphic accuracy oflata inOpenStreetMap. Accessibility is not yet guaranteed on all
travel routes. Until now, the only sources that could really be used witfficiently high level

of accuracy were proprietary databases, hence the Mobility Orientation Law (published in the
Official Jounal on December 24, 2019) stipulated the obligation for road management
authorities to create databases describing the alotiég®f the route in order to feed the route
planners and allow disabled people to build accessible routes. So, a way must be found to help
communitiego integrate these data into OpenStreetMap. Designing a tool to transform models

and integrate datato OpenStreetMap for accessibility is therefore necessary and imperative.

[.3. Proposedsolution
There is a need to improve the autonomy, safety and fluidity of travel for people with reduced
mobility. To achieve this, the need for an accurate, compreteeasd universally accessible

route planner is clear.
On one hand, itis urgent to collect data from local authorities in the CNIG accessibility standard.
On the other hand, it is necessary to integrate these data into OpenStreetMap in order to:

U Create asafer route calculation for people with disabilities or reduced mobility;
U Reduce the uncertainty and lack of precision of geographical data in OpenStreetMap;

Models transformation and data integratior
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U Ensure the accessibility of routes to anyone in need.

We therefore thought othe project: Models Transformation and Data Integratiom
OpenStreetMagor Accessibily,which fits perfectly with the impetus given by the Ministry of

the Environment to design a collaborative database that meets the needs of people with
disabilities or reduced mobility.his project will help communities to integrate their data directly

into OpenStreetMap in order to make thantessible and usable by all.

. PRIOR RELATED WORK
[1.1. I ndustrial solutions

[I.1.1. Presentation
Until now, the only sources that can really bedus®calculate routes for people with reduced

mobility with sufficient accuracy are proprietary databases.

Wegoto develops solutions for capturing geographical and topographical data in the field. It
assists local authorities in modelling their accessybilatabases and creates mobility databases
for pedestian, scooter and bicycléor private and shared use. Wegoto has several applications
to its credit, including:

U Wegoto: a mobile application to help with soft navigation that allows each user pofile
calculate the most suitable multimodal itinerary and to be guided according to its profile.
It is an itinerary calculator adapted for pedestrians, cyclists, PRMs, the disabled and
transport.

U0 WegoTrack: the software WegoTrack collects all the cartogragdita of the outdoor
pedestrian travel chain in the field. It has an input interface designed as a metaphor of
reality allowing a clear and fast input of the collected data.

i OSM converter: the program converts the data from the WegoTrack collectioargoftw
to OSM format.

We also have the application "Acceslibre": a collaborative platform for accessibibtjows
everyone to inform and consthe accessibility data of ER&hd thus facilitate the movements

of people with disabilities.

[1.1.2. Limits

The solutions developed so far are proprietary and therefore still not accessible to all.

The applications developed by Wegoto undeniably contribute to the improvement of soft

mobility, but are nevertheless limited in certain aspects:
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U Wegoto isnot compleg, he territories where they have actually made the acquisition are
Grenoble and Isére.

U WegoTrack is a proprietary application, so it is not accessible to all communities and it
is the same for their OSM converter.

U Acceslibreis limited and then not suffient to guarantee the safe travel of persons with
reduced mobility because it is just conce

describe th@athway inside those ERP

[I.2. Literature review
[1.2.1. OpenStreetM ap

[1.2.1.1. Presentation

OpenStretMap is a free, editable map of the whole waniak is being built by volunteers largely

from scratch and released with an oentent license. OpenStreetMap is built by contributors,
usually called mappers within OpenStreetMap, who gather informagiativing, cycling, or

walking along streets and paths, and around areas recording their every move using Global
Positioning System (GPS) receivdBrovelli, Codrina, and Coetzee 20190penStreetMap
contains details of much more than just roads. All mappers are free to add any geographic object
they find, ® people have added phone boxes, bus stop, parks, public toilets, places of worship,
and much more. The data and the project are both intended to give mappers as much flexibility

as possible, so they can map features as accurately as they can.

The OpenStretMap (OSM) geographic data model has three principal object types: nodes
(points), ways (polygons and polylines), and relations (logical grouping of all three object types
to express realorld geographical relationships) completed by tags which desewvieeg object
(Pruvost and Mooney 2017)

U Tags: They are "key=value" pairs that can be linked to eacbragic feature in
OpenStreetMap. These attributes describe the geometric object. Both the key and the
value are strings, with a maximum length of 255 characters (including spaces), with one
constraint: each key must be unique for the same element. digaagehic object has no
attributes, most rendering engines will not represent it at all.

U Nodes: a geographic point is called a node, and it is represented by its latitude, longitude,
and as many attributes as necessary. For example, nodes are useddntrsjores, bus
stops, benches, vertices and mailboxes. A node without attributes will always be a sub

element of another element.
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U Way: an ordered list of nodes is called a way. A way has a maximum of 2000 nodes, to
ensure that tools and users are notwhetmed by huge objects that are too difficult to
manipulate. Ways are used to represent linear objects such as paths, roads, railroad lines,
coastlines, and boundaries.

Polygons are not a special type of data at this time: they are simply closed way i.e
last point is merged with the first. They are used to represent buildings, parks, and areas
of a land use plan.

U Relations: a relation is asrdered list of nodes, wayand relations. Each member of a
relation has an optional role that adds infoiorato that sukelement. Like tags, these
roles are stored in strings (limited to 255). Relations can represent road or bike routes,
administrative boundaries or rivers, again depending on the tags attached to them.

U Identifiers: an element in the OpenStMap database, whethdri$ a node, a way, or a
relation is identified by a unique numeric identifier. This identifier has no particular
meaning; it is only used to uniquely identify an element. A relation and a way use these
identifiers to reference ehof its subelements. Two ways meet only if they reference at
least one node identifier (not two nodes with identical coordinates). Similarly, a closed

way representing a surface must reference the same node identifier twice.

OSM Data Model

Node @ O

Tags

Way
Open polyline @ @
O -
Closed polyline @ Tags
Area @ g 6 ~
Relation ( g .
\ @
Tag @ s A | Tags

Figure 1: OpenStreetMap Data Mod@\lericskay 2017)
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[1.2.1.2. Formalised representatioH. Pruvost and P. Mooney, 2017)

We shall now provide a more formalized representation ohSpeetMap.

i In OSM, a node N is a geographic coordinate with tags Nt where the set of tags can be
empty.

U Awayw is an ordered set of nodes (NO, N1, . .-I)rif the way w represents a polyline
feature such as a road or path, then NO is different Momk. However, if the way w
represents a closed polygon feature such as a building or a lake then-MNOENIN
polyline ways, there should always be a minimum of two nodes while for closed polygon
features there should always be a minimum of three nédesy can also have a set of
tags Wt. The set Wt can be empty, but normally it is encouraged that this is not the case.

U Finally, in OSM a relation R is an element representing the logical relationship between
objects. A relation r is represented by acsmitaining at least one object. A relation can
contain any combination of existing nodes, ways and even relations themselves. These
are called members. As is the case with nodes and ways relations can also have a set of
tags Rt associated with them. Asdrefthis set can be empty but this is discouraged.

[1.2.1.3. Types of relations
According to both the OSM Wiki and Taginfo, the five most frequently occurring types of
relations (where Rt contains the tag for type) are outlined as follows:

U Multipolygon: amultipolygon relation can have any number of ways and these ways must
somehow form validings to build a multipolygofrom. Multipolygon relations are used
to represent complex areas. Generally, the multipolygon relation can be used to build
multipolygonsin compliance with the OGC Simple Feature standard. Subsequently
multipolygons allows for the expression of arbitrarily complex relations within OSM.

U Restriction: elations with the type=restriction key allows the modeling of different types
of traffic flow restrictions at junctions, intersections, etc. A turn restriction at a junction
is represented by a relation that has a set of tags describing the type of turn restriction.
This turn restriction relation is not necessarily limited to turns. It canbeagsed in a
number of other situations.

U Route: his type of relation models a regular known line or path of travel. According to
the OSM Wiki routes can consist of paths taken repeatedly by people and vehicles: a ship
on the predefined shipping routesa on a numbered road, a bus on its route or a cyclist
on a national route.

U Pubic Transport: elations with this type=public_transport allow for the description of
relations used in the public transport tagging scheme in OSM. This relation corresponds

Models transformation and data integratior
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to the description of all types of public transport stops, stations, halts, areas or similar. As
stated in the OSM Wiki pages AnNA stop ar.
embarkation and disembarkation of a specific pubtictrs por t v e h (O8Me or ¢
Wiki, OpenStreetMap Relation Tysublic Transport) In the example of a specific
railway line, this includes the adjacent platform, services on that platform, buildings, and
information describing it (platform number, identification, etc.).

U Route Mater: relations of type type=route_master contain all the direction and variant
routes and information belonging to a whole route service. Routes or services are
represented by vehicles that always run the same way with the same reference number.
Each diretion of a route should be tagged as a separate relation. If a route has several
variants (e.g., different way at weekend), these variants should also be in separate
relations.

In addition to relations with the type tag key assigned to one of the fivesvahove, there

are other frequently occurring types of relations in OSM including boundary,
associatedStreet, site, waterway and bridge. However, these types of relations appear much
less frequently within the global OSM database.

[1.2.2. Geostandard
The CNIG Accessibility Standard, also known as geostandard, is a standard for collecting data
on road accessibility for people with reduced mobility or disabilities. The accessibility

information is particularly interested in:

U the path on the road and in thebfic space;

0 Access routes to public transport stations and stops, whatever the mode, including
connecting routes;

U Access to public administrative and social services and more generally to all
establishments open to the public.

The CNIG Accessibility staradd defines the data model and the catalogue of objects required to
describe accessibility for the travel chain in the areas of roads and public spaces, and the built

environment, here restricted tstablishments open to the public (ERP).

It proposes a Is& of essential data to ensure a-btotking path for disabled people or people
with reduced mobility. It includes all the technical and organisational specifications for storing

and exchanging the corresponding geographical data in digital format.

The g®standard defines G8ain types of objects:
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U Paths: it describes physical paths to get from one point to another on foot (or in a
wheelchair, etc.).
U Path_Trunk: @pace opens to the public in which the person moves. The pathway section
combines physical arfdRM - DSP trafficrelated characteristics.
U Node: extremities of a pathway section.
U Obstacle: an element in the pathway that may impede or prevent movement.
U Circulation: a "standard" path on a regular surface, without access equipment. For
example: a patbn a sidewalk, a place, a pedestrian area, etc.
U Access equipment: includes aticesequipment
1 Crossing: ay marked area allowing pedestrians to cross at level the lanes reserved
for road, cycle or public transport traffic.
1 Ramp: a sloping structure ustdcross a difference in level or a change of level
or floor.
Staircase: a structure for going up or down, consisting of a succession of steps.
Escalator
Conveyor belt: flat surface with a translational movement, used to transport
people.
Lift: vertical transport system used to move people up and down.
Elevator: system for overcoming a difference in level, equipped with a platform
or a nacelle.
Entrance: opening allowing passage.
Selective passage: device allowing the passage of pedestrians, but disgpuragi
that of cycles and motorised vehicles.
1 Quai: equipment of a transport mode allowing access to the vehicle.
U PMR parking: vehicle parking space on a road reserved for people with reduced mobility.
U ERP: establishment receiving the public or installatioenoy the public (IOP).
U ERP pathway: pedestrian pathway within the site of an ERP, starting from an entrance or

PRM parking space and ending at an entrance or reception area of the ERP.
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Figure 2 : Conceptual Data Modédor road accessibility (CNIG Accessibility Standard 2021)
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accueilST - booléan
accueilAideAudition : bocléen
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Figure 4 : Conceptual Data Modef ERP (CNIG Accessibility Stanab2021)

[1.2.3. Data integration
Data are different in source, acquisition approach, data model, data format, coordinate and
projection, semantic expression and other aspects. Sothesmultir ce data canot

data fusion directly, we have tefform data integration first.

The task of data integration is to eliminate the differences among-soulite spatial data.
According to certain standards, those msitturce data are integrated into one uniform system,

through which the direct managemant structure of multisource data can be realized.
Content and techniques of multisource data integration (chen et al. 2013)

U Unified Coordinates: iferent data use different coordinates and the current coordinates
in using includes: old BJ54, new BJ%2D80, WGS84 and CGCS2000 coordinate. The
using of CGCS2000 would influence the geometry precision of data in old coordinates,
so unfied coordinates is necessanydathe coordinates can be transferred through three
parameters or seven parameters modadestandard data use Lambert 93 coordinates
and OSM data use WGS84. In arde unify these coordinatesje will use the tool
POSTGIS in which unified coordinates methods have already been implemented.

U Projection Transformationcaording to the mapping pawses and locations, the existing

multi-source data use different projections. It is necessary to set up the corresponding
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relationship ofthe points from different plandgbrough projection transformation. For
vector data, the projection can be transféthgough certain equation. But for raster data,
the new i mage c an @by-pointeontersion, decausd pelmypanh p oi n
conversion may lead to slot and overlap in the new image. So the projection
transformation of image is through reverseadiculation (Shaomei Li, 2004All these
methods aretheoretical so we will use POSTGIS in order to perform projection
transformation.

U Data Format Exchange: Different software and system use different data models to
describe the world, which leads tofdient data formats. The common used data models
are: Arc/InfoMaplinfo, MapGIS, AutoCAD, SuperMap and so on. Each data model has
its own data format anthe exchange methods are ripat m our case we will use the
OSM format, and the CNIG standard formdtich is completely newHence There is
not yet an exchange method for these two formats.

U Data Compression: For the GPS data, the sampling interval is short, so large numbers of
redundant points exist in GPS data, which makes the lines not smoothing after
symbolization and hard to edit. So the redundant points need to be compressed, simplified
and generalized according to the standards of certain scale. The common compression
algorithms include: RamdbouglasPeucker and vertical distanaghich is used to
simplify a polygonor polyline by removing point§ his method is theoreticahdd o e s n 6 t
take in account the semantic associated to the gmamur solution,we will combine

semantics and geometry.

[1.2.4. Data matching
Different data has different wayd expression, and data matching is just to identify the same
feature in differendataets through similarity measurement of geometry, semantics and topology

and build the corresponding relationships (Feng2009).

In general, the matching process @fcior data can be categeed in three waysgeometric,

topological and semantic matching.
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Geometric
matching

Topological
matching

Figure 5: Differentiation of matching

U Geometric similarity measurements are often based upon simple information like
distance, length, a@he or linearity (McMaster1986). Furthermore, combinations and
indices, e.g. the Hausdostistance or Turningrunction, are used to describe and
compare features to each other (Veltkamp and Haged2@0d).

U Topological similarity is often combined Wwitgeometric measurement and depends on
the relationship of features. Therefore, approved approaches are theFpidieon
(Rosen and Saalfeld985) and the Rourdrip-Walk (Filin and Doytsher2000), both
depending on matched nodes and adjacent edges.

U Current research on similarity measurement often deals with semantic matching, usually
based on thematic attributes, data structure ofogéalogies (Weis and Naumann 2004,
Giunchiglia et al.2007).

All these mehods are theoretical, henear solution.

Furthermore,dr different kinds of geographical entities, the corresponding matching algorithms
are different. The point feature is comparative simple which is through location, structure and
semantic similarity. For linear feature, the factors of lacatshape, dimension, direction, and
topology are considered synthetically (Xiaoya An 2011). While the areal feature seldom uses
topology comparing to the linear feature. But the accurate rate of the matching algorithms at
present istdl has a long wayd go, sowe have to improve this iour project. Once the data
matching is finished, the work of data fusion is relatively simple to develop.

[1.2.5. Data fusion

Multi-source data integration eliminates differences and data matching builds the corregpondi
relationship of thesame feature in differentdat®t s, t hese processing do
data qualitatively and still keep their own characters as before. The data fusion is just the
gualitative change step, which gathers the advantagesstihgxilata extremely to obtain better

new data through certain processing.
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Spatial data fusion describes any kind of combination of spatial data from multiple sources. It
targets either the generation of a new data source that is superior to any @utseomthe

extraction of meaningful information with regards to a specific applicdfiofhang 2010)

A spatial data relation is any kind of connection that exists between spatial data. This includes
all associations between spatialtat®ets and between different feature views. Spatial data
relations are essential to the fusion process, because they determine how data can be combined

and which conclusions can be drawn from that combination.

The conventional way to solve a specific spladiata fusion task is to load the desired input data
into a GIS software tool that offers corresponding processing capabilities. Basic fusion
functionality is already provided by major GIS vendors, e.g. available in ArcGIS or the Feature
Manipulation Engie (FME). More specialized tools include the Java Conflation Suite (Blasby
et al. 2003), the Data Fusion System (Stankute and Asche 2012)di\&iannopoulos et al.
2015) or Hootenanny9. We also have QGIS which functio&eagraphic Informationystem

(GIS) software allowing users to analyze and edit spatial informationdgiten to compose

and exporgraphical maps. Moreover, there is GDAdfranslator library for raster and vector
geospatial data formats that is released under an X/MIT styda Spurce Licenday the Open
Source Geospatial Foundatiom our case, in order to perform the fusioh OSM and
Geostandard datawe will use the tool POSTGIS whichs aspatialdatabasextender

for PostgreSQLobjectrelational database. It adds suppfor geographic objects allowing

location queries to be run in SQL.

[1.2.6. Data coverage
A coverageis a mappingf one aspect of data space. It represents a "domain" (the universe

of extent) in terms of characteristics expressing a range of values.

"Coverage" is the term typically applied to the legacy ARC/INFO feature data format developed
by Esri. The ARC/INFCcoverage data model was a revolutionary concept, by storing graphical
information with arenode topology ("ARC") with features linked to ditrtes stored a simple,
singleuser RDBMS ("INFO"). In ARC/INFO, the BUILD and CLEAN commands and overlay
tools such as INTERSECT and IDENM construct and maintain planarcnode topology.

However, in our <case, we damab soveunil studytheaedatsA RC/ | N
coverage between OpenStreetMap and the geostandard on different criteria:
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[1.2.6.1. Territory
OpenStreetMap has a global extent and covers all areas accessible to humans including airspace,

aviation areas, borders, etc...

The geostandard focuses on collecting data for the mobility of people with disabilities and on the

French territory. It covers only the areas and services accessible by PRM.

[1.2.6.2. Degree of information
Geostandard takes into account more attributesi@ldd than OpenStreetMap. It includes fields
for hearing aids, for the presence of visual, tactile and sound guidance systems, and even for

PRM parking lots.
OpenStreetMap is less informative in this sense and just provides basic characteristasof pla

[1.2.6.3. Degree of geographical accuracy
In OSM, the accuracy of thmadasters of the order of one meter. Orthophotos used for plotting

often have a precision of the order of 20 to 50 cm for a pixel.

The degree of geographical precision in the geaard is 10 cm.

[I. PROJECT PLANNING

[1l.1. Gantt diagram
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Figure 6 : Gantt diagram
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[11.2. Pert chart
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Figure 7 : Pert chart
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V. MATCHING STUDY BETWEEN OPENSTREETMAP AND CNIG

Here,we will study in detail tke similarities and differences between OpenStreetMap data and

CNIG data in terms of geometry and semantics.

IV.1. Geometry overview

Geometries, coordinates and references to coordinates, locate objects in space.
IV.1.1. Coordinate system

Geographers useoordinate systems to identify locations, and these systems use abscissa and
ordinate coordinates. Points on the globe are often referenced by longitud&vé@sastand
latitude (NorthSouth). For GPS receivers, the most common standard for determining the

coordinate system and origin of a point is WGS84.

However, units of measure in degrees are not appropriate for measuring surfaces, shapes,
distances and/or directions. Therefore, a projected coordinate system is generally used. This

system allows to perfar analyses on distances or angles and to obtain accurate measurements.

OpenStreetMap is based on GPS measurements and is therefore able to detexd #mel re
WGS84 system. Therojected coordinate system is WGS84/EPSG:4326 measured in.meters

Indeed, thex are different types of projections that focus on different aspects of the world. Some
projections are better suited to a small area, describing it more accurately, while others are more
respectful of distances. Some projections preserve directions,oflingies better preserve shape.
Distortion, or distorted representation of the earth, is always a problem. Because of concerns
about distortion, particular projections, such as the Lambert Projection and the Universal
Transverse Mercator (UTM) Projectionmeaused for small local areas, while other projections,

such as Mercator, are better suited for global projections, while minimizing distortion.

OpenStreetMap is a world map, which justifies the use of the spherical Mercator projection for
map renderingThe CNIG accessibility standard was created to represent the geographical data

of local authorities, hence the use of the Lambert 93 projection.

Data from OpenStreetMap can be reprojected or converted to any projection system and vice
versa. In this projecwe will use QGIS software to bring both types of data to the EPSG:4326

coordinate system.
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IV.1.2. Study of the geometries

In the data format, PostGIS allowsveraltypes of geometriesThese types include point, line
string, polygon, multipoint, muliihe string, multipolgon and geometrycollectidh. Zhang and
Yi 2010).

U POINT: a point represents a single location on the Earth. It is represented by a single
coordinate (including either 2, 3 or 4 dimensions). Points are used to represent objects
when exact contour detail is noaportant at a given scale.

o

Figure 8: Point

U LINESTRING: aline is a path between several points. It takes the form of an ordered
array of two (or more) points. Roads and rivers are typically represented as lines. A line
is said tobe closed if it starts and ends at the same point. It is said to be simple if it does
not intersect or touch itself (except at its ends if it is closed). A line can be both closed

and simple.

Figure 9: Simple norclosed linestmg

U POLYGON: apolygon is represented as an area. The outer contour of the polygon is
represented by a single closed line. Holes are represented in the same way.
Polygons are used to represent objects that are large in size and shape. City limits, parks,
buildings or rivers are usually represented by polygons when the scale is large enough to

distinguish their areas. Roads and rivers can sometimes be represented as polygons.

Figure 10: Polygon defined by exterior ring
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U COLLECTION:there are four types of collections, which group together several simple
geometries:

V MultiPoint: a collection of points.

o
@ o
o

Figure 11: Multipoint with 4parts

V MultiLineString: a collection of lines

N

Figure 12 Simple multilinestring defined by 4 endpoints of 2 elements

V MultiPolygon: a collection of polygons

O

Figure 13: Multipolygon consisting of two elements defined by exterior rings and three interior

rings

V GeometryCollection: heterogeneous collection of any geometry (including other

collections)

In OpenStreetMap,epmetries are defined by the data type (Node, Way, Relation). In the CNIG
accessibility standard, geometries are explicitigcsiped for each type of objedtereare three

main types of geometry: point, linestring and surface.

The following table shows a correspondence study between the geometries of OpenStreetMap

objects and those of the CNIG accessibility standard.
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CNIG OBJECTS AND GEOMETRIES

OSM TAGS AND GEOMETRIES

Obstacle
Geometry. Point

Node
Geometry. Point

Troncon_cheminement

Geometry. Linestring

Ways

Geometry. Linestring

NT ud
Geometry. Point

Node
Geometry. Point

Circulation

Geometry. Linestring

Ways

Geometry. Linestring

Traversee

Geometry. Linestring

Ways

Geometry. Linestring

Rampe

Geometry. Linestring

Ways
Geometry. Linestring

Escalier

Geometry. Linestring

Ways

Geometry. Linestring

Escalator
Geometry. Linestring

Ways
Geometry. Linestring

Tapis roulant

Geometry. Linestring

Ways

Geometry. Linestring

Quai

Geometry. Linestring

Ways
Geometry. Linestring

Ascenceur Node
Geometry. Point Geometry. Point
Elévateur Node
Geometry. Point Geometry. Point
Entrée Node
Geometry. Point Geometry. Point
Passage sélectif Absent
Geometry. Pont

Stationnement Pmr Node

Geometry. Point

Geometry. Point

ERP

Geometry. Surface

Area

Geometry. Multipolygon
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IV.2. Study of semantics of OSM and CNIG data

The aim here is to make a correspondence study on the semantic level between OlgleqpStreet
data and the CNIG accessibility standard data. To davsayill first list the tags specific to
disabled people or people with reduced mobility present in OpenStreetMap and their
correspondences in the CNIG accessibility model. Then, for each objbet GNIG standard

we will give the OSM tags equivalent to each of its attributes when they exist.

The appendigs used in this section were produced in collaboration with Cyril from the company

Wegota

IV.21.0penStreet Map access.i Issibility $tapdantho d e | Y CNI G

IV.2.1.1. Sdewdks

The presence of sidewalks in a street can be defined wghpae c i f isidewatkacg ( f
no/l eft/right/botho) of the street: however,
attributes that are needed to quantife accessibility of the sidewalKBiagi, Brovelli, and

Stucchi 2020)

A sidewalk can therefore be added as an independent way thatllsl pathe street and intersect

it and other streets irhé¢ crossings. The used tags &ré i g h wa y =conibioea witha y 0
fifootway = sidewallo; it corresponds to the objefiCirculationo in the CNIG accessibility
standard. Thetafw i d t h, iremetergprovides the fundamental information on the sidewalk
width; it corresponds to the attribufiel ar g e u r P ais theaC)IE ddcasdibiity standard

The surfaceis an important aspect of sidewalk. it is described by two differentkegsu r f ac e 0

andi s mda hn.e sWmen referred to sidewal ks, fAsurfac

0O Apavedod just indicates that the way is pa\

0O Aasphalto means that is composed of asphal

0 Apaving stoneso means tllanrected, tandithe sudacevie r e d
smooth;

0 Asett o means that it I's covered by natur e

surface than the previous one.

The tag surface corresponds to the attrilfute y p eofShe loljecti Ci r ¢ u Inthé CNdG 0

accessibility standard.

Smoothnesscorresponds to the attribufee t at Re vodtheeobjecti CO r c uinghe i on o
CNIG accessibility standard aneklly describes the accessibility of the sidewalks, since quantify

the quality of the way. The values can be:
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0O fexcellento: for very new asphalt surface
for small wheels like skateboards;

0 goodo: stildl an excell ent acopafesctobhcahi ty f
be present;

U0 A nt er medi atyoétie:paveédhseompronaided, but the presence of some holes
does not compromise thealslity of a wheelchair user;

0O fbado: the way is not accessible to wheelcl

The longitudinal slopeis another importartb characterized the accessibility of sidewalks. The
tagging in the OSM is possible liye keysi i n ¢ | Thentag bas to be inserted on the way of

the sidewal ks or on the nodes of the kerbs.
positive or rgative if the way is upward or downward respectively. The transverse inclination

has also to be considered: it is almost imperceptible for ordinary people walking on the sidewalk
but it can influence and create problems for wheelchairs, especially fricdeones. It is
quantified by the kefi i n c | i n ;econaiderning thesdirection of the way, it is positive for a
downward sl ope toward the right, negative 1in
to the attributefi p e ndf th@ objecti T rcoonn _ Ch e mi in thenENIG accessibility

standard.

IV.2.1.2. Crossing
A crossing is mapped as a separate way from the sidewalks that it connects: it can be represented
with a new way with five nodes, as shown in Figure 14. This is the simplest casephsut

complex cases are based on different combinations of it.

Figure 14: Simple schema of the mapping of crossii@iagi, Brovelli, and Stucchi 2020)
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In the white boxes, there are the letters of the nodes and in the red/blue boxes, the numbers of

the ways.

The crossing (4) shares the first node (A) with the sidewalk (1); node (B) is simply the kerb from
sidewalk (1)to the street, the node (C) is the connection between the crossing and the street (2).
The node (D) is the kerb betweere thtreet and the other sidewd#8), and finally (E) is the

connection between the crossing and the sidewalk (3).

The different nodesequire different tagging schema accordingly to their meaning. B and D are
the nodes that represent the kerbs. Note that in OSM standards, kerbs with steps bigger than 3
cm are considered non accessible to wheelchairs and bicytleg need the use ofelkey

fik e r with a value that can be:

0O ir ai sedo: the step is more than 3 c¢cm and d
0 Al oweredo: t he s tcentpnetersrlesspapdastructurearanep) exist ®
ease the passageiin the sidewalk to the street
O Af l usho: there is not a signi f(BiaggBravellst ep b
and Stucchi 2020)

In the CNIG standard, th@SM tagkerbis equivalent to the attribufeh aut eur dthes saut 0
objectii N o e.0'lk @NIG accessibility standard takes into account only crossing for pedestrian
mapped with the combination of thetdgh i ghway waydi 6 oot way =andcr ossi
it corresponds to the CNIG objgtf r a v e.r s ®e 0

Appendix 1 showthePAM tagswhich are attributes for people with visual impairmentsther
disabilitiesand their equivalents in the CNIG accessibility standarthis case the elements of
interest are th&actile paving and the sound traffic lights.

U Thetactile pavingi s represented with the tag Atact
should be added on the sidewalks and on the nodes that represent thé &arbtake
different values (yes, no, incoot} indicating respectively the presence, absence or
anomaly of the podotactile surfaces on either side of the crosswalk. This tag corresponds
to thefibandeEveilVigilance attribute of the objedd N o e in the CNIG accessibility
standard, when it indicatehe presence or absence of a podotactile surface; and to the
i cont r oditrdolBeEI@En the podotactile surface has an anomaly.

O For the sound traffic lights, the tag to |
where thetagi cr o s si nigc =s it gremsdnt. .1 Gome cases, the signals do not

start automatically, but only by pushing a button: this situation can be mapped with the
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tag fAbutton olpeediffarene dalues of yhersssing tag define the
characteristics of pedesir crossings specific to blind, autistic or reduced mobility
people, and correspond to different attributes of the olfiecivers&o in the CNIG
accessibility standard.

IVV.2.1.3. Obstacles
Barriers or obstacles are mapped in OSM as single nodes. Itas toetio not add this node as
part of the way of the sidewalks, but instead, a node closer to it since they are external elements

and part of the sidewalks. The different types of obstacles have different tags:

U0 Traffic signal s: withdiffeterit ealuds @ccording to theé dighat s i g
and the tagi s u p p o r tto indicgbedhle présence of the pole;
The height of traffic signalsor advertising panels on sidewalks are also an important
element, in particular foblind people. The tagging dtema in OSM starts by creating
the obstacle. Height cdre tagged by the combinationfofs u p p o r tandfiheight | e 0
= mas shown in Figure 18 corresponds to the attribuieh a ut e ur Obobtito s e So |
objecti Ob s t ia thd GNES model.

Al the way = tngoed a5

higuary=foctway
foctwiy=sdawak
surface-paving_stones
smoothress~imermoedate
wigth=1 m

The way IS spit in three-
parnt.

Balom A Altir B arw tagged
a5 reparted

nAB:
l with=09 m

traffic_sign=IT4.303
Wpport=pole
hoigth=2.1m

Figure 15: Example of mapping the height of a traffic s{@mgi, Brovelli, and Stucchi 2020)

U Streetlight: usethetadfgh i g hway r e eplusthedadip@@ pport = pol eo
0 Storm drain: usingthe tdyma n h o | e with thee pasdibitity of adding the size of
the holes, if they are larger than 2 crhistcan be tagged with the kéyob st acl e
descri;ptiono
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U Tree: described witthetagh nat ur al = treeo
All obstacles are modeled in the CNIG accessibility standard thanks to thefolgjdets t .ac | e 0

Obstacles can represent a problem just for some specific type of users. This can be tagged with
the key fobst acl eneexamplerxan oofb sttraacnl sep: o rw hfede, | ¢ h a i
obstacles that stop wheelchgBsagi, Brovelli, and Stucchi 2020)

Appendix 2 presenthe different possible values (yes, no, limited or badj@ivheelchairtag,

that helpto define whethem crosswalk is accessible to people in wheelchairs or not. It
corresponds to the attributBsauteurRessaui andfabaisseTrottoio of the objecti N T dudn

the CNIG accessibility standard. For each value of the wheelchair tag, the two nodes of the

crossing in the CNIG nu®el must be taken into account.

IV.2.1.4. Parkings

A parkingforcarsisnapped i n OSM as aame narteya =w iptadrtakti hneg ot. a
tag associ at ecdpadi ¥ 0i anids at Ipa rchpacgydi sa bd eldibey oi s
the number of lots reserved for people with disability. Generally, this tagging schema is not
sufficient to identify the reserved lots, in pamiar in huge parking areas. This issue can be solved
inserting individually the reserved lots inside a parking area. Adlasea is created and the tag
flamenity = p amdRpianrgk i snpga csepoa caee associdteddis dorrespdnals

to the obgcti St at i on nedmeinnt _tPhVER . Eijite Géshowschew to map PMR

parking spaces

White way: Yellow and Orange way:

amenity=parking amenity=parking_space
capacity=3 parking_space=disabled
; capacity.disabled«2 capacity.disabled»1

Figure 16: Example of mapping the parking spaces reserved for people with dig8llgy
Brovelli, andStucchi 2020)
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IV.2.2.CNIG accessibilitystandard Y OpenStreet Map tags
In this part,we carry out a study of correspondences between the objects of the CNIG standard

and the OSM tags when they exist.

Appendix 3 associates to each attribute of the CNIG model objects an OSM tag when it exists
with a quality of conversion, according to whether the CNIG attributes are easily converted into

OSM tags or not. This appendix clearly shows the lack of equivalence of several CNIG attributes
in the OpenStreetMap model and the presence of several tagriinat are difficult to convert

into OSM tags.

V. IMPLEMENTATION OF TRANSFORMATION MODEL S

V.1. Study environment and tools

Pl postgreSQL is an enterpritevel database that is able to scale efficiently upon the

demands of a single user or multiple users.eBgbling spatial data storage with the PostGIS
extension, PostgreSQL can store a wide variety of geometric objects, such as point, line
polygons, multipoint, multiline, multipolygon, and geometric collecti(Markieta 2012)

It is a powerful, open sourcebjectrelational database system with over 30 years of active
development that has earned it a strong reputation for reliability, feature robustness, and

performance.

Dyt 1S
‘ o L ‘.:_\

PostGIS is an extension of the PostgreSQL DBMS, which enables the manipulation of

geogaphic information in the form of geometries, in accordance with the standards established
by the Open Geospatial Consortium. It allows PostgreSQL to be a spatial DBMS for use in

geographic information systems.

PostGIS can also handle the reprojectionathdas it is retrieved from the database, such that
data can be stored in one common projection, but retrieved in-apesgfied coordinate system
(Markieta 2012)

\& DBeaver

DBeaver is a software that allows you to manage several different databases in a
single aplication, and thus to manipulate data from different sources very quickly. It is based on
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the Eclipse framework, it is open source and it supports several types of database servers like:
MySQL, SQLite, DB2, PostgreSQL, Oracle...

This softwae is used toannect to the GNIGlatabase created in PostgreSQL tanstructure it

QL €] N _ : .
N QGIS is an opeisource GIS software licensed under the GNU public license that can

be used on Windows, Mac and Linux computer systems.

we used it to query, extract, and visualize @genStreetMap da@ndtry to merge them with
thePostgreSQL database. It is a true desktop GIS that can perform adganspdtial analysis

and has a wide range of plugins (>300).

QGIS provides a vast array of functionality which makes it a competitmmofmercial solutions.

Also, due to its opesource roots, users will find direct compatibility with many other epen
source projects such as the PostgreSQL database. QGIS also provides powerful Python scripting
capabilities, making it a viable option foutamating spatial workflows. Lastly, the QGIS
community has a large and growing plugin repository where users can find useful tools or scripts
that enhance the usability and efficiency of Q@V&rkieta 2012)

4

|
= £ JOSM is an editor for OpenStreetMap (OSM) tert in Java. The current version

supportsstandalonegsPX tracks,GPX track data from OSM database and existing nodes, line

segments and metadata tags from the OSM database.
we used this tool to study the geometry of OSM data.

V.2. Creation of the CNIG database

U The CNIG database geosml1 is created in command line in Psql wabntimeand:
createdatabasgeosml,;

U Later on, the POSTGIS extension is added for the manipulation of spatial data with the
commands:
\c geosm1l
createextensionpostgis;

U The creation ofables and constraints is done on dbeaver: to do this, you have to connect

to the database through the dbeaver interface and create the tables either by writing SQL
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gueries or in graphical mode. This is how we obtain the CNIG database show in Figure
17.

Fichiers Edition Navigation Rechercher EditeurSQL Base dedonnées Fenétres Aide

* - ¥ 9 0 sQL - \ppliquer (commit) Retou ere (re - Auto ~ | W geosmi ~ [ public@geosmi = | @ & v i A -
® Navigateur de bases de données = [H Projets = O | IJ <none=Script-2 ] <geosm1>Script-3 public x
* - 7 = = 8 @ Propriétés |5} ER Diagram
Enter a part of object name here T - =
Name: public Namespace ID: | 2200

~ = geosm1 comment t: standard public schema Oowner: postares
~ BnSchemas
~ [ public -~
- B Tables [ Tables Mom de la table Object ID Owner Tablespace Row Count Estimate Partiti
» PR Ascenceur 16K | E3 Views PP Ascenceur 99442 eunice pq default o (]
» FRERP 16K (13 Materialized Views FEERP 99477 eunice pg default o [1
» FREntree 16k [IRIIREEREE FPEntree 99452 eunice pq default o [1
» FNoeud 16K B8 Functions R Noeud 99372 euni pg_default o [1
» EB Obstacle 16K | Bl Sequences FR Obstacle 99 380 pg_default o [
» PP calquel calquet 16K B Data types A calque calque1 99 642 pg_default o [1
» PR cheminement 16K mm aggregate functions P cheminement 99 367 pg_default o [
» FR cheminementERP 16K | |55 permissions PP cheminementER 99 485 pq default o [l
» P cheminement_tronconCheminement 8K | T eaures FF cheminement_ti 29511 paq_default o (]
» FRcirculation 16K EB circulation 99397 eunice pgq default o [1
» Flelevateur 16K PP elevateur 99 447 pg_default o [
» FRentree_ERP 8K FAentree_ERP 99 608 pg default o [1
» PP entree_cheminementERP 8K EBentree_chemine 99 624 pa_default o [l
» FRescalator 16K P escalator pg_default o 01
» FRescalier 16K P escalier pg_default o (]
» FAnoeud_StationnementPMR 8K PP noeud_Stationn pq_default o (]
» FPpassageSelectif 16K PP passagesSelectif pg_default o [1
» EFBqQuai 16K PP quai pg_default o (@]
» FRrampeAcces 16K FRrampeAcces pa_default o [1
M Project - General > B = #+ = = O B spatial_ref_sys pg default 8 500 [1
EB stationnementP pg_default o [l
fome patasouree ¥ tapisRoulant pa_default o 8|
» B2 Bookmarks FRtraversee pa_default 1 8]
» 7 ER Diagrams FBtronconChemine = pg_default o [l

b fimSerinte

Figure 17: CNIG database

V.3. Fusion of the CNIG database with OSM data

V.3.1. Connection to the CNIG database and loading of OSM accessibility data
The insertion of OpenStreetMap data in the CNIG database is done through thmdpéitmps

U Connect to the CNIG database geosm1 on QGIS;
U Load the OpenStreetMap layer and thanks to the Gban extension (previously installed),
search for the area you are interestedsrshown in Figure 18nd oom on the red dot

that appearddere we wantto download the OSM data from Orange.

Figure 18 LoadingOSMdata from Orange

Models transformation and data integratior

in OpenSteetMap for acessibility. o




























































