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Abstract 

(for dissemination) 

This deliverable describes the second public release of the set of 
developed tools, including tools for collective tagging; applications for 
participatory sensing; tools for assessing data quality; tools for 
integration of data from available sources and data exchange between 
platforms; services and tools for routing for people with limited mobility; 
tools for visualisation of wheelmap tagging states and histories; tools 
for supporting awareness raising and collective action.  

The Deliverable thus comprises the second version of tools to be 
piloted for collectively gathering and sharing spatial information for 
improving accessibility, integrating newly acquired external data, 
showing the overall status of the coverage of accessibility information, 
comparative analysis between regions, and routing and navigation 
support.  

For every task of WP3, the deliverable first describes the starting point 
that was reached after the first release of tools. Next it describes what 
the task has achieved in the reporting period, its current functionality 
and status. The third section relates the next steps of development, as 
far as now known and not depending on decisions to be taken within 
the agile development process. 
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Executive Summary 
The initial prototype of the Collective Tagging tool as described in deliverable D3.3 was a 
mobile application which aimed at including several functional aspects including the use of 
templates, tag recommenders and web services. It mainly addressed the objective of 
providing accessibility-related tags to points of (public) interests. Responsible partner 
University of Heidelberg (UHei) initiated a discussion whether this should remain the right 
objective in view of the further improvement and extension of existing tagging tools such as 
the Wheelmap, and newly arising tools such as Hürdenlos1 in Heidelberg. A decision was 
taken that a more innovative and fruitful focus would be to let the tagging tools primarily 
address information related to routing and navigation. In the result, the collective tagging tool 
has been re-imagined to become a three part service which allows ordinary users to record 
permanent and temporary obstacles regarding traversability and walkability, which can then 
be viewed by other users and – if permanent – become integrated into the OSM dataset. 
Later in the reporting period, Mapping for Change applied the UCL-based Sapelli platform for 
developing a specific tagging application focussing on the recording of physical challenges of 
hiking trails in the UK. It was important that for the on-site entry of issues the Sapelli interface 
is fully functional even without an internet connection. Using the public API of the collective 
tagging tool developed at UHei, it is possible to directly import features recorded in the 
Sapelli platform into the collective tagging tool system and thus be integrated into OSM. 

With regard to the Participatory Sensing task, the previous reporting period resulted in a 
conceptual design and a wire-frame mockup of a participatory sensing tool. The intended 
subsequent implementation of the tool retarded due to unavailable technical staff at the 
respective UCL department. Meanwhile, a first implementation of the mockup as described in 
D3.3 has been realized.  

The Quality Assessment task brought forward two different tools for the visualisation of the 
quality and availability of OSM data. The first tool is called the OSM Quality Assurance 
Editor. It considers individual OSM objects of a certain type, and visualises their existence or 
features of their attribute value on a geographical map. For example, one can mark all 
streets on a map that have no sidewalk attribute. This way one can get an idea about the 
general coverage of the OSM data with regard to sidewalk mapping. The second tool is 
applied on an aggregate data level. A first version had been presented in D3.3. This so-
called OSMatrix tool has since been extended both on its client- and server-side. Applied to 
the previous example of sidewalk data it can be used to show statistics like the degree of its 
coverage in a hexagonal net on top of a geographical map. In the same way, one can now 
visualise the degree of availability of sidewalk attributes like surface, smoothness, and 
incline. 

The main work of the Data Integration Task in the reporting period was devoted to making 
the Viennese kerb data set available within OSM so that it can be utilised for routing and 
navigation. One challenge was to associate the point data representing dropped kerbs to the 
correct streets, or ways, in OSM. This matching is mandatory because the routing and 
navigation algorithms traverse the OSM networks of streets, and they should find information 
about possible street crossings via opposite dropped kerbs along the roads. The matching 
task proved to be surprisingly complex and difficult to achieve. Finally, we were able to match 
all points to their respective streets with an accuracy that seems to be close to 100%. Better 
than expected at the previous review meeting, the underlying process can in large parts run 
autonomously, with the exception of a few manual operations. We are currently in the 
process of making the dropped kerb data officially available in the OSM database. The OSM 
community has established very strict rules and a code of conduct for the acceptable intake 
of new data, particularly for so-called bulk-imports, i.e. the automatic import of a massive 
amount of data. Every such import must be agreed within the community by consensus, and 

                                                 
1
  http://www.heidelberg.huerdenlos.de  

http://www.heidelberg.huerdenlos.de/
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any critical opinions must be respected. The duration of this process cannot be predicted as 
it is based on the consent of the OSM community.  

In the last quarter of the reporting period, IAIS has started a project-wide process of 
deliberately selecting successive new data integration tasks. The initially wider options were 
reduced to elevation data, which would allow deriving slope data for sidewalks. Fortunately, 
for the Cities of London and Vienna there are suitable, albeit technically different, kinds of 
elevation data available. IAIS started some preliminary inspections of both data sets and 
found that both data sets are suitable for deriving slope values with sufficient accuracy. 
Practically, we had to start with one of the datasets, and the project concordantly decided for 
London. 

The Routing and Navigation algorithms utilise the Heidelberg-based, publicly available 
OpenRouteService (ORS), which itself runs on top of OSM. The achieved routing 
functionality has progressed in various ways in this reporting period. The wheelchair profile of 
the routing tool, and the algorithms, are able to consider more kinds of accessibility- and 
mobility- relevant data such as sidewalk attributes like incline and surface and location and 
height of dropped kerbs where available. Furthermore, it has increased its geographical 
scope from the individual pilot sites to the whole of Europe, Asia and Australia. The client 
interface received a modern-looking style. A very valuable functional extension is the 
“Accessibility Analysis” tool. For a given location, this tool visualises which other locations 
can be reached with a wheelchair in incremental numbers of minutes. In the reporting period, 
the navigation service and mobile application have been considerably enhanced and 
additional functionality added. Like the routing tool it is now able to consider wheelchair 
parameters such as slope, surface of the sidewalk, etc. Major improvements have been 
made regarding the calculation and provision of landmark based navigation instructions. The 
user interface has been improved in style and user experience. 

In the previous progress report, IAIS had sketched the modern dashboard-based architecture 
of a new visualisation tool substituting the initially prospected tool GeoTemCo. This new 
architecture has been implemented, and then instantiated with a tool for viewing Wheelmap 
tag information of POIs and descriptive statistics of spatial areas for selectable temporal 
intervals. When using the tool and selecting historical data from OSM, IAIS observed that 
running the respective queries in the original OSM database was too slow. This was 
particularly the case owing to the user interface being reactive to changes in the visible part 
in the map. This means that any time the user zooms in or out, or drags the map a bit aside, 
a new OSM query will be started receiving the data for the new map pane. The given 
reactivity of the original OSM did not seem to be acceptable for users of the visualisation 
tool. This was a critical point of the visualisation tool development. The only viable solution 
seemed to be the development of the project’s own database comprising all accessibility-
relevant data of the original OSM database. This new database (called OWH – OSM 
Wheelmap History) is a considerably smaller subset of OSM, and by including appropriate 
indices is optimised for the required queries of the visualisation tool. A consequence of this 
approach is that the derived mirror-database of the project must eventually be synchronised 
with OSM. IAIS has realised synchronisation mechanisms such that OWH runs behind OSM 
only in a “distance” of approximately one minute. 

In the Awareness Raising domain, the most important and successful CAP4Access action 
so far has been the MapMyDay campaign which ran from December 3, the International Day 
of Persons with Disabilities, until December 17, 2015. This campaign was carried out in 
cooperation with the World Health Organization (WHO), the International Bureau of 
Education of UNESCO (IBE-UNESCO), the International Telecommunication Union (ITU) 
and with support of the Special Rapporteur for People with Disabilities of the United Nations. 
MapMyDay had a twofold purpose – first to gather as much information on the wheelchair 
accessibility of places worldwide in a short period of time and to raise awareness for 
accessibility issues among a broad, global audience. The tools deployed for the purpose 
consisted of a carefully designed website including a localisable map, a “social wall” 
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displaying all social media posts using the #MapMyDay hashtag, a range of sources for 
media representatives and local activists, a long list of testimonials in advert-style from 
prominent supporters, and links to social media channels. Twitter and Facebook, in 
particular, were used stratregically for reaching multipliers, the success of which is 
demonstrated by messages received from EU Commissioner Marianne Thyssen, the Special 
Advisor on Disability Issues to the U.S. Government Judith Heumann, the German Foreign 
Ministry, the Mayor of Calgary, the German Olympic Sports Federation, the City Councillor of 
Toronto, the City of Santa Monica, California, The Rick Hansen Foundation of Canada, 
Lonely Planet, OpenStreetMap Foundation and Directions Magazine. In the two weeks that 
the campaign ran, more than 20,000 new places were added to Wheelmap.org, and the 
visibility that Wheelmap.org and the crowdsourcing approach to booasting accessibility 
gained from the MapMyDay campaign were tremendous. 

The table in Exhibit 1 gives an overview of the new tools developed in each of the seven 
“technology strands” of the project and the main platform on which they have been launched. 

Exhibit 1: Matrix of Tasks and Tools 
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0 Introduction 

This Deliverable describes the second public release of the set of developed tools, including 
tools for collective tagging; applications for participatory sensing; tools for assessing data 
quality; tools for integration of data from available sources and data exchange between 
platforms; services and tools for routing for people with limited mobility; tools for visualisation 
of wheelmap tagging states and histories; tools for supporting awareness raising and 
collective action.  

The Deliverable thus comprises the second version of tools to be piloted for collectively 
gathering and sharing spatial information for improving accessibility, integrating newly 
acquired external data, showing the overall status of the coverage of accessibility 
information, comparative analysis between regions, and routing and navigation support.  

For every task of WP3 (except for T3.4), the deliverable first describes the starting point that 
was reached after the first release of tools. Next it describes what the task has achieved in 
the reporting period, its current functionality and status. The third section relates the next 
steps of development, as far as now known and not depending on decisions to be taken 
within the agile development process. 

Because no version of chapter 2 “Participatory Sensing“ had been made available at time of 
submission, the part of the Deliverable dealing with Task 3.4 “Applications for participatory 
sensing” will be submitted separately as a stand-alone document (D3.4b). 

 

1 Collective Tagging 

In deliverable D3.3 a tagging system was described which was in the form of a mobile 
application (also presented in Bakillah et al. 20152). This tool was developed as an initial 
prototype which aimed at including several functional aspects including the use of templates, 
tag recommenders and web services. When looking at the user stories identified for the 
Collective Tagging task highlighted in D3.3 it is clear that a number of these can already be 
suitably addressed by existing tools such as Wheelmap3 and Heidelberg Hürdenlos4. One 
area that these tools do not address is in regard to outdoor spaces and getting from point a 
to point b. Such information (i.e. the location of barriers such as gates or surfaces that are 
impassable to some wheelchair users) is highly important for the routing and navigation tools 
but is still sparse within the OSM dataset. Therefore a decision was made to focus on the 
identification of these types of obstacles as opposed to providing a tool that allows users to 
tag information about places which is already well covered by the aforementioned services. A 
summary of the reasoning behind this decision are as follows: 

 Well established tools and services are already available for the tagging of accessibility of 
places (i.e. Wheelmap and Heidelberg Hürdenlos). Work is already being undertaken 
within the consortium to integrate such services together and the introduction of a new 
tagging tool could dilute the effectiveness of these blue-ribbon services. 

 For tools such as routing and navigation, knowledge about the presence of obstacles in 
an environment is even more important than the presence of accessible facilities within 
target destinations as such information is needed to ensure that the route used avoids 
inaccessible areas.  

                                                 
2
  Bakillah M., Mobasheri A., Rousell A., Hahmann S., Jokar Arsanajni, J. and Liang S. 2015. Toward a collective tagging 

Android application for gathering accessibility-related geospatial data in European cities. The 18th AGILE International 
Conference on Geographic Information Science. Lisbon, Portugal 

3
  http://wheelmap.org  

4
  http://www.heidelberg.huerdenlos.de  

http://www.agile-online.org/Conference_Paper/cds/agile_2015/shortpapers/109/109_Paper_in_PDF.pdf
http://www.agile-online.org/Conference_Paper/cds/agile_2015/shortpapers/109/109_Paper_in_PDF.pdf
http://wheelmap.org/
http://www.heidelberg.huerdenlos.de/
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 Based on feedback from target user groups (i.e. National Trails in the UK) a tool for 
highlighting obstacles along pathways would be of great benefit for not only allowing 
organisations to address problem areas, but to also allow people to see if there are likely 
to be obstacles along a path they wish to take. 

Based on these factors, the collective tagging tool has been re-imagined to be a three part 
service which allows users to record obstacles encountered in the environment which can 
then be viewed by other users and can be integrated into the OSM dataset. Key features of 
the system as identified by project partners, members of the OSM community, and end users 
will be described in more detail within this chapter. This extends the original mobile app/web 
service concept regarding the tagging service and introduces a web map component for the 
easy visualisation of obstacles that could cause problems for people traversing the 
environment. 

Within initial specifications, key requirements for the collective tagging service were that the 
system should be easy to use and provide flexibility so that users are free to enter 
information that does not necessarily fit with existing terms whilst still ensuring that the 
information provided can be added to OSM. As will be discussed shortly, the system aims at 
circumventing the restrictive nature of only allowing users to contribute using specific tag-
value pairs by making use of a two-tier data entry approach which is already present within 
the OSM structure.  

In addition to the Tagging system developed, Mapping for Change have made use of the 
Sapelli platform for developing a tagging application also focussing on the recording of 
obstacles in the environment. The primary reason for making use of this system as opposed 
to the obstacle tagging tool described above is that the interface is fully functional even 
without an internet connection., Although a connection is not required to create the obstacles 
on the device, it is required for showing already recorded obstacles and the base map of the 
interface. The Sapelli implementation will be discussed in more detail later in this section. 

 

1.1 System requirements 

The development of the tagging tool has revolved around the basic principle of development 
in the CAP4Access project – the specifications have been identified through pilot sites and 
enhancements made in a fluid and cyclic style. Through communication with the pilot sites, 
the key requirements for the system have been identified as follows: 

 Users should be able to record using free text any obstacles they encounter in the 
environment; 

 The facility to record an image of the obstacle should be included; 

 Obstacles should be able to be marked as temporary in nature if applicable; 

 Users should be able to see what obstacles have already been tagged in the service 
and possible obstacle candidates in the OSM dataset; 

 The ability to record obstacles in situations where internet connection is not available 
is essential; 

 The service should be provided in all languages for the pilot sites (English, German 
and Spanish); 

 The information regarding obstacles should be entered into the OSM dataset. 
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1.2 Developments in second prototype 

As the second prototype of the collective tagging tool has re-imagined and replaced the tool 
developed in the first prototype, an extensive amount of development has been conducted. 
The core of these developments has been: 

 Creation of a web service to handle recording of obstacles in the environment; 

 Development of an Android app to allow users to record obstacles in the field; 

 Implementation of a web interface allowing users to view obstacles that have been 
recorded. 

In addition to the core developments that are delivered as part of the second prototype, 
extensive work has also been carried out in preparation for the ultimate functionality of the 
tool – the transfer and insertion of the collected information regarding obstacles into the 
OSM. As such, although this functionality is not yet available in the second prototype, the 
concepts will be discussed in this deliverable as it forms a key component of the tool as a 
whole and extensive work has already been performed in preparation of this final act.  

The new system has been designed to be easy for users to use in terms of both contributing 
data (there is no longer the need to select areas to download and enter data into relatively 
complex form structures) and for viewing information that has been entered (via a dedicated 
web site). In addition, a public API has been developed which allows anyone to access the 
data that has been entered into the system. This is particularly useful for integrating the 
tagging service with other tools, such as the navigation app. For example, within the 
navigation app it is envisioned that users can record an obstacle that they encounter en-
route, and by making use of the tagging service API the navigation app only needs to be 
concerned with providing the user interface and transmitting the required description and 
location to the tagging service. The obstacle would then be available for all applications that 
make use of the tagging service for viewing obstacles. An overview of the system 
architecture can be seen in Exhibit 2. 

Exhibit 2: System architecture 

 

Each of these developments will now be discussed in greater detail, starting with the 
underpinning concept of how data is intended to be inserted into OSM. 
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1.2.1 Recording Obstacles in OSM 

As previously discussed, the tagging methodology in the new implementation of the 
collective tagging tool focusses on the recording of information regarding obstacles in the 
environment. A key issue identified early in the project was that even with guidance, novice 
users tend to enter data incorrectly into the OSM dataset. Therefore, rather than relying on 
users entering data using the correct semantics, it was decided that a two-tier entry process 
would be used whereby users with expertise as to the presence of obstacles in an 
environment (an observer) provide information to a second person who can interpret this and 
enter it into the OSM dataset in the correct format (the recorder).  

Exhibit 3: two tier data entry approach 

 

As such, a two-tier system takes advantage of the strengths of each user whilst avoiding 
problems created by their weaknesses. Obviously there are some drawbacks to such a 
method, primarily revolving around misinterpretation and time scales. In a single user 
approach the information is made available (normally) immediately after it is entered into a 
system. In the two user approach however, after the observer enters information there will 
likely be a delay before the recorder inserts the information into the destination dataset. The 
other issue lies in the fact that sometimes the observer will provide information that is either 
vague or incorrect, and thus the recorder will either unknowingly enter incorrect information 
or will have to verify what is to be entered. 

The concept of using a two-tier approach to allow novices to contribute information to OSM 
without having to actually use the tagging mechanism has already been implemented in the 
OSM interface in the form of “Notes”. These Notes can be created by anybody (a login is not 
required) on the main OSM interface and appear as point markers with textual information 
assigned to them. This textual information aims at allowing an experienced OSM editor to 
add relevant tags or features to the dataset to represent missing or erroneous information. 
As an example, say a viewers (but not editors) of OSM looked at their local area and found 
that an access ramp has been constructed next to some steps. Using the Note system, they 
can create a Note at the location of the new ramp with text such as “An access ramp has 
recently been built alongside the steps”. An OSM editor could then see this Note (either  
when browsing the map or having subscribed to an RSS feed of new Notes in the area) and 
make the necessary changes to the feature. Once corrected, the editor can mark the Note as 
“completed” and it will be hidden from the OSM interface. Alternatively, they can add a 
comment to the Note if they require additional information, or if there is a particular reason 
not to update the OSM dataset. 
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Exhibit 4: OSM Notes 

 

Within the tagging system, the textual information provided by users will be added to the 
OSM dataset via the Notes interface. Please note that only a permanent obstacle should be 
uploaded to OSM (temporary ones should not be uploaded as OSM in general should not be 
used to hold features that are temporary in nature). The tagging service will create a Note on 
the OSM using the API provided. The primary benefits of using such a method are: 

 Users of the tagging tool do not need an in-depth knowledge of how to enter 
information into OSM. 

 Users are free to enter a description which is not tied to a predefined structure (i.e. 
the templates discussed in deliverable D3.3). 

 Information is entered into OSM by knowledgeable users of OSM editors and so it is 
more likely that the information entered will be in the correct format and without 
syntactical or semantical errors. 

 Complex matching algorithms are not required as the creation of features/tags are 
performed by experienced humans. 

During an initial investigation into the feasibility of such an approach, discussions with 
members of the OSM community highlighted several concerns that need to be incorporated 
into the Tagging System before it creates Notes. 

 The Notes should be associated to a user account (a single one for the entire tagging 
service in this case) and not anonymously so that they can be traced back to the tagging 
service. This is so that accountability can be made in case of problems with the Notes 
created. 

 Users must accept the OSM terms regarding data submission else the data provided in 
the Notes cannot be transferred to the OSM. 

 The creation of the Notes should be performed in one centralised system (i.e. a web 
service that is communicated with) and not created by the app itself so that it can be 
easily altered and turned off if required. 

 Additional information regarding the source of the information (the app) should be 
added to the Note to inform the editor where (the service) the Note was generated. 
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 Methods must be implemented that attempt to reduce the replication of requests for 
inclusion of information that is already present in the OSM. 

Two of these concerns have already been addressed in this delivery of the tool: the use of a 
centralised service for creating the Notes, and the implementation of methods to reduce 
duplication. Due to the inherent nature of the Tagging System with a core web service for 
storing and obtaining obstacles, the Notes will inherently be created from a centralised 
service (the tagging web service) and not from the app or web interface. The reduction in 
duplicate entries has been addressed through the presentation of obstacles that have been 
recorded by others within the system and by also presenting potential obstacles on the 
interface that are already present in the OSM (i.e. gates and cobblestone surfaces). 

1.2.2 Obstacle Recording Service 

The Obstacle Recording Service is the web server component of the tagging system and 
handles all storage and retrieval of obstacle information. Any obstacle that is recorded in the 
system is passed to the Obstacle Recording Service via the publicly accessible API. When 
information is required about obstacles, the data is obtained again via the API. 

As well as processing data relating to obstacles, the web service also requests information 
relating to Mapillary images and OSM features from the respective services. OSM features 
are obtained from an almost real-time copy of the OSM database held at UHEI (called 
hstore) and Mapillary tracks and images are obtained from the Mapillary API which is 
updated whenever new images are submitted. The primary benefit of using the OSM 
database held at UHEI is that the data can be directly queried using more complex SQL 
statements as opposed to other methods (such as in Overpass) where only simple queries 
can be executed. In the case of the other methods, a delay is introduced based on the need 
to execute multiple queries as opposed to just one being needed for the hstore database.  

The key functionalities of the recording service are: 

 Obstacle recording is performed in a single centralised service meaning that changes to 
the recording process can be made easily without (necessarily) a need to re-download 
the app. 

 Data from Mapillary and OSM is converted into a GeoJSON format and filtered to reduce 
the amount of data transmission. 

 The API is public meaning that additional services can make use of the data entry 
process and view obstacles that have been recorded. 

1.2.3 Obstacle Tagging App 

The Android app developed as part of the obstacle tagging system primarily focusses on the 
collecting of obstacle information in the field. It is a map based app where users are asked to 
enter a textual description of any obstacles that they encounter in the environment, along 
with uploading an image of the obstacle and marking whether it is temporary in nature 
(Exhibit 5). Once this information has been entered, the user selects to upload their 
obstacles to the web service at their own time of choosing. The information entered is 
geolocated to a point using the device’s GPS sensor. In the event that the GPS location is 
not accurate, the user can manually reposition the obstacle by moving the identification 
marker on the map. 
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Exhibit 5: Obstacle information entry screen 

 

As a means of reducing replication of obstacles stored in the system, the map not only 
shows the obstacles that the user has recorded but also those recorded by others and 
possible obstacles that have been identified from the OSM dataset (Exhibit 6a). Selecting 
one of these obstacles displays the information that has been entered about it (Exhibit 6b). 
This was identified as a key requirement in terms of contributing data to OSM as editors 
would likely get frustrated if there were persistent requests to add information that was 
already present. 

Exhibit 6: a) main screen/obstacles map, b) obstacle description 
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(a) (b) 

The key functionalities of the mobile tagging application in the second prototype are: 

 The user can enter a textual description of an obstacle and mark whether it is temporary. 

 An image can be taken of the obstacle and stored with the textual description. 

 A background map shows the user their current surroundings and any pre-existing 
obstacles (from other users or OSM). 

 Information can be uploaded to the server any time after an obstacle has been recorded 
meaning that a data connection is not required at the time of recording. 

 Users can correct the position of the obstacle in the event of incorrect positioning due to 
poor GPS accuracy. 

1.2.4 Web Interface 

The web interface portion of the system is primarily used as a means of viewing the 
obstacles that have been recorded in the system (Exhibit 7). The main use case of the web 
interface (available in English, German and Spanish) is to allow users to look at an area that 
they intend on going to and seeing if there are any obstacles that they should be aware of. 
To allow them to make more informed decisions, it is possible to view any Mapillary imagery 
that is available in the area. In addition to being able to view data from these sources, it is 
also possible for users to mark temporary obstacles as “removed”, create new obstacles, and 
to report images uploaded to obstacles as inappropriate.  

Exhibit 7: Web interface screen 

 

 

1.2.5 Viewing obstacle information 

Obstacles that have been recorded in the tagging service (and those identified in OSM) are 
presented on the map using markers which can be clicked to display information about the 

obstacle. Different markers are used for the different “types” of markers (  permanent,  

temporary,  temporary but removed,  possible obstacle obtained directly from OSM).  
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Exhibit 8: Obstacle web interface obstacle information 

 

Once a marker is clicked on (thereby changing colour to ), information about the obstacle 
including when it was recorded, the description, whether it is temporary or not, and any 
image that is associated with it are all displayed in the information pane on the left of the 
window. When clicking on an obstacle obtained directly from OSM, only the value of the tag 
that deemed it an obstacle is displayed. For example, a node selected as it has the tag 
“barrier”→”kissing_gate” would simply have a description of “Kissing gate” displayed in the 
information pane. Linear OSM obstacles are displayed as a solid line the same colour as the 
marker used for the OSM point obstacles and are interacted with in the same way. 

1.2.6 Removal of temporary obstacles 

When recording an obstacle in the service it is possible to mark it as a temporary obstacle. 
Such obstacles include road works that close a footpath or damaged sidewalks that are 
waiting for repair. As these obstacles at some point will disappear from the environment, it is 
important that they can be removed from the system. This can be accomplished by clicking 
on the “Remove obstacle” link which then asks the user to confirm that the obstacle is no 
longer present before it is marked as “removed”. This link is only visible for obstacles that 
were marked as temporary when they were created. Once removed, the obstacle can be 
seen again by clicking on the “Show removed obstacles” option at the top of the window, but 
it will be displayed using a different marker to indicate that it has been removed. 

1.2.7 Reporting of “Inappropriate” Images 

Due to users being able to take images of an obstacle, it may be the case that an image is 
used that is inappropriate. There are several reasons as to why an image could be seen as 
inappropriate including the inclusion of people’s faces, presence of copyrighted material (i.e. 
company logos) or may in general cause offence. Due to the participatory nature of the 
tagging service, although it is unlikely that such images are uploaded and thus displayed on 
the site, there is still a risk that someone will contribute such imagery. As such, a link 
(“Report image”) is provided which can be used to report an image and remove it from the 
service. Clicking the link will display a dialogue asking the user to confirm that the image 
should be flagged (Exhibit 9), and upon clicking “Proceed” the image association with the 
obstacle is removed and thus no longer displayed on the service. 
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Exhibit 9: Obstacle web interface confirm inappropriate image reporting 

 

 

1.2.8 Viewing Mapillary Information 

One of the main use cases of the obstacle tagging service is to allow users to see if there are 
any obstacles around an area that they are intending to visit. To better allow them to make 
more accurate assessment as to whether the obstacle will cause them a problem, the web 
service also allows the user to view collected Mapillary data for the region of the map. By 
clicking on one of the Mapillary tracks (shown as a blue line) the location and direction of 
images associated with that track are displayed. If the user clicks one of the icons 

representing a Mapillary image location ( ) then the image is displayed in the info pane to 
the left of the window along with when the image was captured. Clicking on this image opens 
up a larger version of it in the window. All communication with the Mapillary service is 
conducted via the tagging API (as described earlier). 

Exhibit 10: Obstacle web interface Mapillary track and images 
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Exhibit 11: Obstacle web interface large Mapillary image 

 

 

1.2.9 Key Functionalities 

The key functionalities of the web interface are: 

 Obstacles are obtained and displayed on a map from the tagging service and OSM 

 Information regarding the textual description, date the obstacle was recorded and 
associated imagery are displayed to the user 

 Temporary obstacles can be marked as no longer present and are then hidden from the 
map unless explicitly requested (via the display layers checkboxes) 

 Allow the reporting of inappropriate images 

 Places and locations can be searched for and then displayed on the map 

 The language of the interface can be changed to German, English or Spanish 

 Users can view Mapillary tracks and the corresponding images to make a more informed 
decision about the severity of obstacles. 

1.2.10 Summary of Developments 

This section has described the new developments with regards to the collective tagging tool. 
The system extends (and replaces) the basic principles of the original tagging service 
detailed in D3.3 in that it allows users to record information about accessibility whilst out in 
the environment. However, a new direction has been taken in that the tool now focusses on 
recording obstacles rather than recording information that contribute to accessibility of 
places. Although this means that there is likely to be less richness in data collected, it is more 
likely that there will be a greater volume as it is a simpler system and requires less “form-
filling” by the user. The presence of obstacles is also more important for tools such as 
wheelchair routing as it concerns features that are present along routes as opposed to the 
target locations. 

In summary, the development that has been conducted since D3.3 is as follows: 

 Implementation of a web service that records textual descriptions and images of 
obstacles encountered in the environment. Although the methods regarding Note creation 
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on OSM have been discussed, only the initial system architecture has currently been 
developed. The actual integration will be conducted in the next stage of development.  

 Provision of a multi-lingual web map that displays the information gathered and allows 
users to view Mapillary imagery as a means of personal assessment regarding the 
severity of the obstacle for their own circumstances 

 Development of an Android mobile application for recording of obstacles within the 
environment as they are encountered 

As mentioned, although this moves away from the concept of recording information that can 
allow the identification of accessible places, it was felt that recording obstacles would be a 
more reasonable task for users. The overall intention of the tagging service is to make use of 
the OSM Notes system to allow experienced OSM editors to add the information provided in 
the textual descriptions to the OSM dataset. 

1.3 Sapelli 

Mapping for Change (MfC) recently applied an additional platform called Sapelli in their 
social tagging activities. Sapelli is a free, open source platform that facilitates mobile spatial 
data collection and sharing. The platform is intended to enable communities with varying 
needs and abilities to engage in mobile data collection in a wide variety of scenarios and 
contexts, through highly configurable icon-driven user interfaces. Sapelli runs on Android 
phones and tablets, and is designed to be generic and therefore makes as few assumptions 
as possible about how it is to be used, instead providing an array of features to be chosen for 
inclusion by the designer of a Sapelli survey5 One specific characteristic of Sapelli is the fact 
that tagging can take place even when no Internet connection is available. Collected tags will 
be archived later when a connection will become available.  

A typical Sapelli survey (or project) takes the form of a pictorial decision tree. The tree 
represents a question with a predefined set of answers organised in a hierarchical structure 
(Exhibit 12a). The leaves represent the most specific answers or classifications, while the in-
between nodes represent categories or groups that lead to these final answers. Users 
navigate the decision space by repeatedly “tapping” images to select child nodes until they 
reach a leaf node (Exhibit 12b). Sapelli supports multiple decision trees in sequence and 
thus it can collect answers for multiple questions. To create a Sapelli survey one must first 
design a model of the data they wish to collect, and then translate this model into a Sapelli 
project. Sapelli makes this translation easy by offering a bespoke interface for each data type 
a collector is likely to want to obtain using a mobile platform. The sequence of interfaces that 
will be presented to the user in the project, and thus also the data model itself, is described in 
the project's XML file. Sapelli XML provides a set of predefined building blocks called fields 
(for example, <Choice>, <Audio>, <Photo>, <Location>, <Text>, and <List>) to describe 
surveys consisting of one or more forms. The XML file describing the data model, along with 
any project-specific resources such as images and sounds; can then be loaded onto Android 
devices that will be taken into the field. When the time comes to collect data, the project is 
run using the Sapelli Collector application and the user is presented with a series of 
interfaces, each corresponding to a point in the data model. 

The transmission of complete records is handled autonomously by the Sapelli platform, 
which periodically checks for connectivity and determines the most appropriate means by 
which to transmit the compressed data back to the data collection server. The transmission 
of basic form entry data (that is, time stamps, decision tree selections, coordinates, text 
input, and so on), which requires little bandwidth, happens independently of larger chunks 
such as photos and audio recordings. 

                                                 
5
 http://wiki.sapelli.org 
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One of the motivations for utilising Sapelli within CAP4Access is that it facilitates offline data 
collection and autonomously detects synchronization opportunities and then chooses 
between alternatives (including SMS) depending on availability, bandwidth, cost, and so on. 
This was particularly pertinent in the use cases described in Deliverable 2.1, where network 
connectivity was, in some cases, non-existent.  In addition, the ability to design text-free 
surveys based on touch-interaction with pictorial decision trees allow users,  such as young 
children, the elderly, and people with bad eyesight or other disabilities, who might sometimes 
be excluded, to collect georeferenced data, pictures, and audio recordings through an 
interface devoid of any textual or numerical elements. However, Sapelli also supports 
conventional textual forms—containing widgets like checkboxes, text fields, and so on. 

Having deployed Sapelli in two different cases within CAP4Access additional functionality 
and extensions were identified as needed. One related to the visualisation of data collected 
by the Sapelli Collector application - participants involved in data collection were particularly 
keen to be able to see the data collected. Secondly the ability to rapidly install the application 
and associated files across multiple devices for use in the field was deemed necessary, 
particularly where volunteers were not in possession of smartphones and needed to borrow 
project phones.  
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Exhibit 12: Decision tree co-designed with workshop participants: a) hierarchical structure b) icon flow 
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An extension to GeoKey, the data repository used by Community Maps was developed to 
enable us to automatically instantiate a GeoKey project based on an uploaded Sapelli project 
and therefore overcome the fact that projects in each are compiled and configured in 
different ways. By developing the GeoKey-Sapelli extension users are able to visualise data 
collected via the Community Maps interface (Exhibit 13). In addition, data can be shared via 
the Geokey API or exported in various formats and shared with other systems and 
applications as has been applied within the project by the Collective Tagging Web interface. 
In that instance, a CSV file exported by the Sapelli project is imported via a web interface on 
the obstacle tagging web server and the data converted into obstacles which are then stored 
in the obstacle tagging database. These obstacles are then available through the obstacle 
tagger API. 

To make it easier to distribute Sapelli projects (surveys) across multiple devices the Geokey-
Sapelli extension also makes it easy to generate QR codes which point to a download link of 
a previously uploaded Sapelli project. By scanning such a code in the Sapelli app the project 
is then automatically downloaded and installed on the user’s device. 

 

1.4 Next steps 

Now that for the Tagging System developed in Heidelberg a stable core system has been 
implemented, feedback will be gathered from the end users with regards to further 
requirements. Already planned development includes creating the Notes on OSM when 
permanent obstacles have been recorded as this is not yet fully implemented. Before this can 
be deployed however it is important to review what data has been submitted in the initial 
testing period to ensure that it is suitable for the Note system. If not, methods need to be 
implemented to either inform the user what needs to be entered, or the system needs to 
automatically format the data entered before submission to the OSM Note service. In 
addition, the concept of two-way communication between users of the tagging service and 
the OSM editors who are updating OSM based on the Notes created will be looked into. This 
communication is envisioned to be facilitated through the comments that can be added to 
Notes. This will mean that if the editor is unsure about what is being referred to in the textual 
description, they can ask questions to clarify and an observer can provide any additional 
information. 
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Exhibit 13: Community Maps visualisation of Sapelli data collected by: a) participants of co-
design workshop b) part of the National Trails accessibility audit   
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2 Participatory Sensing 

No version of the chapter has been made available by the project partner responsible at time 
of submission. 
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3 Data Quality Assessment 

The further development of tools for data quality in the course of the reporting period was 
mainly governed by the need to identify regions that are of poor data quality for wheelchair 
routing purposes in order to support the OpenStreetMap community to fill these data gaps. 
For the OpenStreetMap community, it is extremely valuable to have tools available that 
tellingly inform users about the quality and availability of data with regard to areas and 
attributes in order to ignite effective data acquisition processes. 

Since it is important to have a micro- and a macro scale perspective on the data 
completeness, we are developing tools that allow evaluating data quality on object level and 
on an aggregated (hexagons with 1km diameter) level. 

3.1 Object based quality analysis of OpenStreetMap 

The trustworthiness of the accessibility ratings given to locations is the key aspect of the 
relevant user stories for data quality. Beyond that, data quality is also an important aspect for 
routing and navigation applications, since computed routes can only be as good as the 
quality of underlying road network data. Thus visualizing the completeness of 
OpenStreetMap road network data, which is relevant for wheelchair routing, is useful for 
three purposes: (1) evaluate which level of quality can be reached for computed wheelchair 
routes, (2) inform users and developers of the wheelchair routing application about the 
completeness of relevant data and (3) motivate the OpenStreetMap community to acquire 
missing data. 

For all these purposes, indicators that visualise the completeness of attributes on the level of 
single road network elements (i.e. street segments) are one of the best suited options to 
provide in-depth information. Thus, in joint efforts with the OSM community, we have 
implemented the analysis of the attribute completeness on the level of street segments for 
the most important attributes needed for the current implementation of wheelchair routing in 
OpenRouteService. We call this method object level based quality assessment. The 
respective tool is called the Quality Assurance Editor6 (cf. Exhibit 14). 

Relevant properties for wheelchair routing and navigation applications are: “show streets 
without sidewalk tags”, “show streets without incline tag”, “show ways without surface tag” 
and “show ways without smoothness tag”. Features (ways/streets) where the selected 
tag/information is missing are shown in red colour. The direction of how streets are digitized 
is shown by a blue arrow in order to allow to judge about the street side for cases where this 
matters (e.g. sidewalks). Within the editor it is possible to directly add information to ways 
that have been detected as incomplete (cf. Exhibit 15). 

 

                                                 
6
  http://editor.osmsurround.org/#  

http://editor.osmsurround.org/
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Exhibit 14: Screenshot of the OSM Quality Assurance Editor showing streets without 
information about sidewalks in Vienna 

 

 

Exhibit 15: In-built editor in OSM QA editor to enable user to directly add identified missing 
data 

 

The application supports multiple languages, including English, German, Portuguese, and 
Romanian. Spanish is the only pilot site language that is not yet supported. Currently 
supported OSM tags are: 

 sidewalk7; 

 surface;8 

                                                 
7
  Possible values: left|right|yes|no|both 
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 smoothness;9 

 incline.10 

3.2 Area Aggregated Quality Assessment – OSMatrix 

As a second approach for quality assessment in terms of checking the completeness of data, 
we have developed the web-based tool OSMatrix11, which allows users to understand e.g. 
the level of sidewalk data completeness in a given city/region on an aggregated level. This is 
different from the object-based approach where the availability of information regarding 
concrete sidewalk/route objects were analysed. Using OSMatrix could be beneficial for 
piloting activities whereas the pilot site planners can query OpenStreetMap data and 
visualize the degree of sidewalk information existence in a certain region of interest. This 
would allow identifying the areas that data are mostly missing and plan for data collection 
procedures. On the other side, OSMatrix would also allow users to identify regions where the 
relevant sidewalk information for routing and navigation of people are sufficiently available. 

Technical details of the system architecture of OSMatrix have been presented in Deliverable 
3.3 (section 4.2.2). The works for preparing the geo-database of OSMatrix as well as the 
server side codes and settings are finished at the date of this current report. The client-side 
(user interface) of the system is partially ready, meaning that it currently provides the 
capability of analysing the statistics of the total number of sidewalk information for one of the 
pilot cities: Heidelberg, as well as three relevant and important attributes of sidewalks: width, 
incline and surface texture. 

Exhibit 16 shows an example of the system portraying the total number of sidewalk 
information (tags in OpenStreetMap related to sidewalk information) for an area of 
Heidelberg city centre in Jan 2016. The sample area is divided into hexagonal cells with the 
size of 1 km. Each cell shows a value representing the aggregation of the total number of 
tags in OSM related to sidewalk attributes in that hexagon. 

OSMatrix is aimed to provide functionality for comparing the data completeness (e.g. 

sidewalk information) for a specific region with different timestamps. This would allow the 

possibility of visualizing and understanding the trend of data enrichment. In the CAP4Access 

project, it will allow the pilot site planners to get an overview of the results and outcome of an 

organized data collection event. Exhibit 17, shows an example of the same query (total 

number of sidewalk information) of Exhibit 16, but for a larger spatial extent around (and 

including) Heidelberg for two different timestamps (04.08.2015 and 07.01.2016). As the 

figure shows, the enrichment of the total number of sidewalk information between these two 

dates is obvious. Note the newly coloured cells as well as the change of colour to darker 

tones.  

                                                                                                                                                      
8
  Possible values: paved, asphalt, concrete, paving_stones, cobblestone, concrete_plates 

9
  Possible values: excellent, good, intermediate, bad, very_bad 

10
  Possible values: incline of the street segment given in [%] 

11
  http://alborz.geog.uni-heidelberg.de/osmatrix/   

http://alborz.geog.uni-heidelberg.de/osmatrix/
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Exhibit 16: OSMatrix showing total number of sidewalk information in Heidelberg 

 

 

Exhibit 17: Total number of sidewalk information around Heidelberg for different timestamps 

 

 

Furthermore, at the current stage OSMatrix provides the functionality of visualizing the 
completeness of sidewalk features with three main attributes: width, incline, and surface 
texture. Exhibit 18 and Exhibit 19 show the results of querying width and surface texture 



CAP4Access – D3.4  

Public Page 31 of 103 22/01/2016 

 

attributes for the Heidelberg region, respectively. As presented in Exhibit 18, there is no 
sidewalk width data available in OpenStreetMap for Heidelberg. The only positive result 
belongs to Waghausel, a small city close to Heidelberg (Light yellow-coloured cell in the 
lower left corner). Regarding sidewalk surface texture, Exhibit 6 shows that no sidewalk 
surface texture information are recorded in OpenStreetMap dataset in Heidelberg and only 
few data are available in some cities nearby. For sidewalk incline,OpenStreetMap has not yet 
any data available for the area of Heidelberg and its surroundings.  

Exhibit 18: OSMatrix showing total number of sidewalk width information around Heidelberg 
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Exhibit 19: OSMatrix showing total number of sidewalk surface texture information around 
Heidelberg 

 

 

3.3 Next steps 

3.3.1 Visualisation of quality parameters in OpenRouteService 

Depending on the remaining resources and decisions taken in the consortium, we plan to 
integrate a simple method of visualising data completeness of selected feature classes in 
OpenRouteService as optional background information. The resulting visualisation would 
look similar as in the quality assurance editor. This would give users of ORS more immediate 
feedback on the possible quality of the computed routes within their selected regions. 
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3.3.2 Completing OSMatrix 

Concerning the different sidewalk attributes that OSMatrix supports, we would need to add 
the following sidewalk attributes in the near future: 

 smoothness; 

 curb/kerb. 

The availability of the above-mentioned attributes within the OSMatrix is planned to be 
finished by end of Jan 2016 for Heidelberg pilot city, before being applied to the remaining 
pilot cities. In the next step, we would enrich the database of OSMatrix with data for the three 
other pilot site cities: London, Vienna and Elche; and provide the same functionalities for 
query and visualization of sidewalk data completeness (at aggregated level). 

Regarding the possibility of performing space-time comparisons with multiple timestamps 
(more than two), we have faced some technical programming problems with the web client 
for the matter of performing temporal analysis. It is planned that the mentioned functionality 
would be implemented for all pilot cities by end of March 2016. 

Since the hardware resources (e.g. Server disk and CPU) for running OSMatrix are limited, 
we are not able to provide the tool for the whole Europe. Therefore, we have decided to 
apply the tool for the four pilot cities. For this reason, efforts would need to be made in order 
to allow integration of data for selected cities into the OSMatrix database, because the 
current database schema of OSMatrix does not support this. Regarding adding more 
attributes, less effort are needed. This is due to the fact that the processing codes for 
querying and calculation are used for any type of attribute. Only certain classes for each 
attribute need to be adjusted and processed. 

 

3.3.3 The Remaining Data Quality Elements 

Existing methods and approaches need to be used and/or adjusted for assessing two 
remaining data quality elements which are of main importance for routing and navigation: 
positional accuracy, and topological consistency. This task would be started after the data 
integration of sidewalk objects with OpenStreetMap has happened and been checked for 
consistency. This is of utmost importance because topological inconsistencies would cause 
the routing service to fail in generating the most suitable and efficient route. The plan for 
performing the analysis of positional accuracy and topological consistency of integrated 
sidewalk objects into OSM is to finalize it by end of June 2016. 
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4 Data Integration 

Data integration in the context of this project means that a relevant geo-referenced data set, 
provided in some source format, shall be made available in the project’s OSM target format. 
As the OSM project is a community driven project this includes a discussion with the 
community about the details of the target format, particularly its semantics. This may result in 
a new tool, such as a new converter from a specific format to the OSM format, which might 
be applied to any data set in the original format, and which may be made available to the 
OSM community in order to make the efforts for the tool development sustainable. In other 
cases, the result might not be a fully automatic tool, because parts of the process make 
some “manual” work unavoidable.  

In the following sections, we will start with a brief review of the status of data integration 
activities that we had reached with the first release as described in the previous Deliverable 
D3.3. We will then present our work with a rich Viennese kerb data set as our main data 
integration activity of the second year of the project. The envisioned next steps are discussed 
in third section of this chapter. 

4.1 Starting Point after Release of First Prototype 

In deliverable D3.3 for the first prototype we already described the data integration tool POI-
Checker12, which has been developed and provided by Sozialhelden. This tool is helpful 
when new POIs (points of interest), or new attribute values of an existing POI shall be 
permanently stored in the OSM database. POI-Checker helps to check that every new entry 
will be  consistent with already existing objects in OSM. It helps to avoid introducing 
duplicates or modifying the wrong objects. We also discussed some external data sources as 
candidates for being adopted for the project: 

 The Great British Public Toilet Map provided by the Nominet Trust.The typical use case 
would be: “given my current location, show me the closest nearby toilet locations 
matching my preferences”. 

 The Open Access Project, also funded by the Nominet Trust, provides accessibility 
information about events in the UK. 

 Transport of London makes some of its transportation-related data available as open 
data.  

 Sozialhelden established a new website which informs in real-time about broken lifts in 
Berlin’s tram and underground stations. 

 Archdiocese Vienna had collected a list of more than 50 barrier-free churches in Vienna.  

 The City of Vienna is running one of the most advanced Open Government Initiatives 
worldwide. We became particularly interested in their provision of a seemingly very 
accurate and complete data set about dropped kerbs for the whole City of Vienna. 

The consortium discussed these options, and then agreed to invest its data integration 
resources (from IAIS) first in making the kerb data available in OSM, so that in the next step 
these data can be taken into account for OSM-based routing and navigation applications in 
their respective tasks. The data set and general issues of its integration into OSM were 
already described in D3.3. 

 

                                                 
12

  http://Poichecker.de  

http://poichecker.de/
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4.2 New Developments 

The data integration development between February and September within this reporting 
period was almost exclusively devoted to the Viennese kerb data. In parallel, as a very light 
side activity, with ZSI taking the initiative, the aforementioned data about Viennese churches 
has been integrated into OSM.  

4.2.1 Barrier-free Churches in Vienna 

The sector “Pastoral care for impaired persons” of Archdiocese Vienna had collected a list of 
some 50 barrier-free Roman-Catholic churches in Vienna. On their homepage13, they provide 
a link to a GoogleMap page14 showing these churches as clickable pins. We were able to 
receive a pdf-file with a list of all these churches. A typical entry in the list includes the name, 
postal address, email-contact, phone, and website of the respective church. 

Exhibit 20: Barrier-free churches in Vienna 

Liesing – Maria, Mutter der göttlichen Gnade  

1230 Wien, Färbermühlgasse 6, Tel. 869 03 65,  

E-Mail: kontakt@pfarre-liesing.at,  

Homepage:www.pfarre-liesing.at 

 

 

The idea then was to convert the pdf-file into a CSV file so that it would be suitable for 
directly applying the POI-Checker tool to uniquely identify every church – given its name and 
address – as one of the existing OSM objects. However, the manual transformation of the 
pdf-data into the right CSV format required by POIChecker proved to be quite cumbersome 
and time-consuming. So it was decided to directly use the available information about 
wheelchair accessibility to tag the churches within OpenStreetMap (Wheelmap) without 
applying POIChecker. We found that the use of POIChecker is probably only recommended 
for larger datasets (1000+ entries) due to the necessary efforts of data preparation, which do 
not pay off for small data sets.  

 

4.2.2 Integration of Kerb Data 

We already described the data for dropped kerbs as they became available from Open 
Government Data of the City of Vienna in D3.3. To make this document self-contained, we 
will first briefly summarise properties of these data and the general approach to make them 
available in OSM as discussed in D3.3. We will then present the progress we’ve made after 
the first project review.  

Starting Point after Release of First Prototype 

Every single kerb data record defines the geographical coordinates of the point where the 
kerb is dropped. In addition, the record specifies the height of the kerb with one out of 4 
values: 0 (kerb is 0cm), 3 (kerb up to 3 cm), 5 (kerb up to 5 cm) or “not lowered”. Of course, 
these points could easily just be imported into OSM as new point data. However, the purpose 

                                                 
13

  http://behindertenseelsorge.at  
14

  https://mapsengine.google.com/map/edit?mid=zLlX6z6QjqLI.k0qPDh2AFYmo  

http://www.pfarre-liesing.at/
http://behindertenseelsorge.at/
https://mapsengine.google.com/map/edit?mid=zLlX6z6QjqLI.k0qPDh2AFYmo
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of utilising these data is to make them useful for routing and navigation, which is based on 
the network of streets. . Therefore kerbs must somehow be assigned to “their” respective 
streets. Another reason is that this way of data integration is more likely to be accepted by 
the OSM community, since an import of plain isolated points would not well integrate with the 
existing OSM dataset. 

Exhibit 21: The coverage of the Vienna City district with kerb data 

 

The dataset contains a total of 36,985 records, most of which (27.168) are in the 3cm-class, 
6,324 of which in the 0 cm-class, and 1,146 in the 5cm-class. 2,347 (6%) are in a separate 
class with locations where the kerb is not lowered at all, even if there might be traffic lights or 
zebra crossings. These locations are particularly interesting, since non-dropped kerbs may 
be a major obstacle for wheelchair users. 

As dropped kerbs at a crossing are meant to allow crossing a street they are typically located 
immediately opposite to each other at both sides of the street. These two dropped kerbs form 
a pair that belongs together as the passage of the street at the respective crossing. In OSM, 
streets are usually modelled as lines (ways). The location of a dropped kerb will become an 
attribute of a node that is contained in a way. . 

Exhibit 22 shows a crossing with dropped kerb data points as it would be “seen” by OSM, 
respectively by a “computer algorithm”. In D3.3 we’ve described the potential difficulties of 
correctly assigning the dropped kerbs to the correct streets. Our intuition would say that just 
from looking at and studying Exhibit 22, it would be very hard to derive any assignment with 
a sufficient certainty. In D3.3, we stated: “In particular, we do not think that any good 
heuristics can be derived to handle such a case.”  

Consequently, in D3.3 we have proposed a scheme for the work after the first review that 
envisioned a proceeding that would start with the most simple (certain) assignments, and 
incrementally progresses with more complex cases, until in the end remaining very complex 
cases would have to be dealt with manually. We also proposed a crowdsourcing approach, 
including focussed groups for the manual capturing of assignments.  
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Exhibit 22: OSM streets (ways) and dropped kerbs (green stars) as “seen” by OSM 

 

 

Actually, in D3.3 we foresaw 4 incremental steps: steps 1 and 2 to be dealt with 
automatically, and steps 3 and 4 involving manual operations. It is illustrative, to exactly cite 
steps 3 and 4 here: 

In the third stage, the class of remaining complex cases needs further consideration. One 
strategy would be to leave assignments completely unresolved and instead foresee a manual 
inspection. A second strategy could be to make assignments for individual kerbs of the 
complex situation that seem undisputed, and only leave the rest for manual inspection. A 
third “optimistic” strategy could try to assess the overall situation, (such as the one in Exhibit 
22 in this report), and mark it as “passable”, if the kerbs of the crossing seem to be quite 
complete. Of course, to define this concept heuristically may prove to be very difficult.    

The fourth stage would address any remaining manual inspection. This would apply primarily 
to those kerbs that were kept unresolved, but secondary also to those that led to marking the 
street as “passable”. It would definitely be a good idea of organising such manual inspection 
systematically by planning mapping parties. 

Accordingly, in February 2015, we still believed that the problem of kerb integration was 
computationally intractable, and could only be automated to a certain degree, leaving much 
room for further manual operation.  

New Developments 

In the reporting period we achieved better results than we could imagine at the end of the 
previous period. In fact, we were able to identify a sufficiently effective set of heuristics which 
eventually facilitated assigning almost all kerb locations to “their” streets without on-site 
inspections. 

New heuristics were added incrementally when detecting frequent situations by visual 
inspection that were not yet handled satisfactory by the existing mechanisms. Finally, there 
was also a list of situations that was manually edited on screen for specific locations. 
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Actually, we cannot prove that this assignment is 100% correct in all cases. Manually 
checking all assignments would clearly not be within our scope of action. In the process of 
developing heuristics, we visually inspected many crossings, particularly more complex ones, 
by looking at OSM maps, Google Earth maps, Cadastre maps of Vienna, and tried to figure 
out rules for the kerb assignments to the involved streets. Actually, our manual inspections 
revealed that the sum of all derived rules together with manual correction of some specific 
locations has reached a stable state with a correct matching of kerbs to streets in the range 
of 99.x%.  

Description of the Matching Process 

Initially we were given a set of geographical point locations of dropped kerbs, and the task of 
integrating this information in an appropriate way into OSM. The solution of this task 
encompasses the following three subtasks that will be described in more detail: 

1) Find pairs of dropped kerb locations by 

a. Constructing an initial set of candidate pairs 

b. Removing elements out of candidates 

c. Taking the remaining pairs as the solution 

2) Match pairs of dropped kerbs to ways in OSM that are being crossed. 

3) Find an appropriate representation within OSM. 

Finally the resulting representation is integrated into OSM. 

Initially we are given a set of isolated points that have no formal relation between each other, 
cf. Exhibit 23. 

Exhibit 23: A Set of Dropped Kerbs as Geographical Points 

 

Each star in this image corresponds to a dropped kerb location and the colours decode the 
heights of the kerb: green = 0cm, blue = 3cm, yellow = 5cm and red = not lowered. One 
might also add a nice background image of OSM to these stars as in Exhibit 24. 
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Exhibit 24: A Set of Dropped Kerbs as Geographical Points, with OSM Map Rendering as 
Background 

 

After some experimentation we found that the construction of initial candidate pairs of 
dropped kerbs can reasonably be based on the Delaunay triangulation. This method is a way 
of covering as much area as possible of a given plain with non-overlapping triangles the 
corners of which are a set of given points. The Delaunay triangulation (left side of Exhibit 25) 
is the dual “partner” of Voronoi diagrams (Exhibit 25, middle). Each point of the plain in the 
Delaunay triangulation is connected with neighbouring points by lines that form perpendicular 
bisectors with the sides of the Voronoi cells (Exhibit 6, right). While Voronoi cells in some 
sense optimise the surrounding areas of all points towards a most fair distribution, the 
Delaunay triangulation is connecting all points in the most effective “overall” way.  

Exhibit 25: The Duality of Delaunay Triangulation and Voronoi Diagrams
15

 

 

 

Exhibit 26 shows the Delaunay Triangulation for our sample set of points of dropped kerb 
positions. Initially, all lines connecting points are possible candidates of pairs of dropped 
kerbs.  

                                                 
15

  https://de.wikipedia.org/wiki/Delaunay-Triangulation  

https://de.wikipedia.org/wiki/Delaunay-Triangulation
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Exhibit 26: A Set of Dropped Kerbs Connected by Delaunay Triangulation 

 

As a first heuristic to reduce this set of candidates, we chose to let the initial set of candidate 
pairs consist of all edges in the Delaunay triangulation with a length of at most 50 meters: 
“matching pairs with a distance of more than 50 meters are highly improbable”. For the 
above example this essentially yields the candidates as shown in Exhibit 2716. 

Exhibit 27: A Set of Connected Dropped Kerbs, each Distance < 50m 

 

 

The constant value of 50 meters was chosen by trial and error. This can be interpreted as 
saying that a street which is “crossed by a pair of dropped kerbs” will never be wider than 
50m. This seems to be a sufficient choice for an upper bound. For the given 36’985 dropped 
kerb locations this yielded a total of 36’859 initial candidates of pairs. Exhibit 28 shows the 

                                                 
16

 The attentive reader might note that a few more lines were removed in Exhibit 8 that did not satisfy the 50m criterion. This is 
in fact true related to the two lower crossings, where some inner lines were eliminated according to other heuristics, too 
distracting to be further explained here.  
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Delaunay triangulation and the set of resulting initial candidates for a larger area in the centre 
of Vienna: 

Exhibit 28: Delaunay Triangulation (left), and Set of Initial Candidates, after Removal of Lines > 
50m (right) 

 

After the initial set of candidates had been created it was lessened by a semi-automatic 
process. This can be described as a repeated cycle of visually identifying frequent patterns of 
“wrong pairings” and inventing and implementing rules to avoid these. In this way the number 
of candidates got smaller and smaller over time. This was always connected with an 
extensive visual validation of the results and sometimes discarding or modifying the filtering 
algorithms that were previously implemented. After some iterations of this process we also 
started removing specific wrong pairs by hand. This manual filtering was no longer 
automated in any way. After a while, this resulted in a very stable set of pairs of dropped 
kerbs in which the further search for remaining errors became a really hard task. Some 
situations were left ambiguous without harm, where different persons might even argue 
about the correct solution. 

In the following we will provide some examples of the heuristic filtering rules that were 
applied: 

1) Removing diagonals in squares: 

       

2) Disconnecting certain dense connected subgraphs: 
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3) Removing redundant connections at low angles: 

  

 

 

In the result there were 30,555 (83%) matchings of dropped kerbs left. 6,304 (17%) out of the 
initial 36,859 candidates had been filtered out. Within the 6,304 discarded pairs there were 
316 (1%) that have been selected by hand. 

After the pairs of dropped kerb points were created the next step was to match them to the 
corresponding streets in OSM that they facilitate crossing. Before this can be done it is 
necessary to choose a subset of ways out of OSM that can be used as the target set of 
streets. We used ways in OSM with a highway-tag, but with the corresponding value not 
referring to objects that one would not count as a regular street: track, path, corridor, 
platform, footway, pedestrian, steps. 

The matching of these selected streets and pairs of dropped kerbs is basically a geometric 
intersection of the corresponding geometries. The only additional constraint is that the angel 
between the way and the pair of dropped kerbs must be at least 15°. It is not necessary that 
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every pair of dropped kerbs is matched to a way. On the other hand a single pair might be 
assigned to more than one way. 

For example, have a look at the matched pairs of dropped kerbs and their intersections with 
target ways in Exhibit 29. The yellow rhombuses mark the locations where a street 
represented in OSM can be crossed. Until now they are matched to the street that is being 
crossed. But from the perspective of a routing application – which is drafting a travel route 
within a network of ways – the ways that are “realising” such a crossing are of more interest. 

Exhibit 29: Intersection of Linked Dropped Kerbs with OSM Ways 

 

 

Exhibit 30: Intersection of Linked Dropped Kerbs with OSM Ways 

 

For further clarification, we will look at the situation in Exhibit 30, which only shows the 
dropped kerb locations (blue stars), their matching to a pair (green line), the target streets 
(grey lines) and the location where the target way can be crossed (yellow rhombus). But 
actually, within OSM, we may have another way that is factually “realising” this crossing. It 
can be seen in Exhibit 31 (pink line). 
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Exhibit 31: Another Way Realising the Crossing 

 

In case of such a realising way we are assigning the information about dropped kerbs to it. In 
the above example this would yield the following result, where the blue circles (on the pink 
line) show the location where the dropped kerbs will be located on the way, and brown 
arrows point from the original location of a dropped kerb to its embedding on the realising 
way, cf. Exhibit 32. 

Exhibit 32: A Pair of Linked Dropped Kerbs and its Embedding 

 

Recall that the possible categories of target ways consist of all ways in OSM having a 
highway-tag with a key not in (track, path, corridor, platform, footway, pedestrian, steps). The 
candidates for realising ways (e.g. the pink way above) are defined differently. Here we use 
ways with a highway-tag having a value in one-of (footway, pedestrian, cycleway). Ways with 
highway=cycleway are contained in both sets of ways, but apart from that they are disjunct.  

In the following figures, blue lines will represent ways with highway=cycleway, grey lines will 
represent the remaining target ways and pink lines will represent the remaining realising 
ways.Exhibit 33 provides an example of a cycleway that is actually used both as a target way 
(being crossed, on the left side) and also as a realisation way (crossing a street, on the right 
side): 
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Exhibit 33: A Cycleway in a Dual Role: Realising and as Target 

 

 

Exhibit 34 shows that a dropped kerb in the original dataset can be embedded in multiple 
ways in OSM: 

Exhibit 34: A Dropped Kerb Emdedded in Multiple Ways 

 

 

It is not the case that every pair of dropped kerbs has a realising way. In Exhibit 35 we see a 
crossing with two matchings. One of these has a realisation while the other has not: 

Exhibit 35: A Crossing with Two Matchings and One Realisation 
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There are also crossings having no pair with a realisation at all: 

Exhibit 36: A Crossing with No Realisation 

 

 

Actually, the example in Exhibit 36 is the “normal case”. For the vast majority of pairs of 
dropped kerbs there is no realisation for the crossing. This is related to how sidewalks are 
modelled in OSM. In the centre of Vienna there are a lot of sidewalks modelled as separate 
ways and there we will often find a realisation. But in the larger part outside of the centre 
separate OSM-ways for sidewalks are usually not present. The latter situation is the more 
common overall situation in the OSM dataset. This is the very reason, why the routing and 
navigation algorithms for wheelchair users (and pedestrians) are still founded on the network 
of streets. Would a complete network of sidewalks be available then the algorithms could 
directly operate on this network. In consequence, our approach of providing information 
about possible crossings of streets does attach this information to the streets but via the 
concept of realisations also attaches it to the respective true objects if they exist and are 
explicitly modelled in OSM. 

The whole process of integrating dropped kerbs in Vienna started out with 36,985 point 
locations of dropped kerbs. The “actually relevant unit of data” turned out to be pairs of 
dropped kerbs that had to be constructed in the first place. This construction started with 
36,859 candidate pairs (Delaunay Triangulation) and after filtering 30,555 pairs of dropped 
kerbs remained. Out of the latter there were 23,847 (64% of total locations) pairs that have 
been matched to a target way in OSM. Afterwards there were 4,513 (12%) pairs of dropped 
kerbs for which a realising way was found in OSM. 

When finally the computed information is inserted into OSM there will always be a reference 
stored to the source of the dropped kerb data (in our case: “source=wien.at”) and the IDs of 
the corresponding data points (SISID = ID within source data set). The exact way in which 
the information is inserted into OSM depends upon whether or not there is also a realising 
way. If there is no realisation (e.g. left side in Exhibit 37), then “the yellow rhombus will be 
inserted”. If there is a realisation (e.g. right side in Exhibit 37), then “the blue circles will be 
inserted”.  
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Exhibit 37: Examples without (left) and with (right) realisation 

 

 

More exactly there will be nodes in OSM at the corresponding locations that will carry the 
information.  

In case there is no realising way than there is a single node in the target way at the location 
of the yellow rhombus. Such a node will get the greater height of the corresponding kerbs, 
although in most cases paired dropped kerb locations have the same height. This node will 
be also marked as a crossing within OSM.  

If there is a realising way, then both blue circles will be inserted into the realising way. In this 
case each of the two nodes in OSM has a unique counterpart from the dropped kerbs, and it 
will receive the height of this.  

 

4.3 Next steps 

After successfully matching the kerb data with OSM streets, and initiating the process of 
making the new data publicly available to the OSM community, the whole project had to 
decide about the further work of the data integration task.  

The choices were the ones described at the beginning of this chapter, and four new ones. In 
the course of the year, two very relevant datasets became newly available, one for the UK, 
including the City of London, and one for the City of Vienna. Both data sets provide very 
accurate elevation data, which will allow deriving information about the vertical slope of 
streets and sidewalk segments – very significant information to be made available for routing 
and navigation. As already designed, the profile of the project’s routing App allows each 
individual to set a parameter for the steepest, acceptable slope. Utilising the elevation data 
we would compute for every segment of a street or sidewalk its maximum slope and take this 
into account in the routing algorithm. It has to be decided whether the slope attribute should 
become part of the street or the sidewalk information. As described elsewhere, sidewalks 
themselves are not first-class objects like streets but attached to streets as attributes. In 
general, assigning the slopes directly to sidewalks would be more accurate. One would 
thereby also be able to adequately deal with rare situations where the street and its 
sidewalks could have different slopes. 

 London (UK) Elevation Data. In September 2015, the UK Environment Agency 
announced17 to make their LIDAR (Light Detection and Ranging) data available for 
everyone to use for free. Since September 30, 2015, their elevation data for over 70% of 
England, which sums up to some 11 Terabytes of data, including the greater London 
area, was made available through UK’s Open Data Portal18. Data is available at 

                                                 
17

  https://environmentagency.blog.gov.uk/2015/09/18/laser-surveys-light-up-open-data/  
18

  https://data.gov.uk/dataset/lidar-composite-dsm-1m1  

http://environment.data.gov.uk/ds/survey#/
https://environmentagency.blog.gov.uk/2015/09/18/laser-surveys-light-up-open-data/
https://data.gov.uk/dataset/lidar-composite-dsm-1m1
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aggregated resolutions of 2m, 1m, 50cm, and 25cm, which is sufficiently accurate for 
precisely deriving the maximal slope of sidewalk/street segments. The Environment 
Agency plans to also make available more exact tiled LIDAR data for specific regions and 
times, as well as the original point clouds of the LIDAR measurements. For us, the 
already available aggregated information will do just fine. 

 Vienna Elevation Data. The Open Government Portal of the city of Vienna also offers an 
elevation model with comparable accuracy. The elevation model is derived from the 
Vienna multi-functional map (Mehrzweckkarte)19. The elevation data in this map comes 
from two alternative sources. Most elevation data has been collected and computed from 
exact surveying. The elevation data in this category has an accuracy of +/- 10 cm. In 
areas without more buildings – i.e. without reference points - , such as rural areas or 
forests, elevation data have been measured by airborne Laser technology. These data 
still have an accuracy of +/- 20 cm, and of +/- 1 m in very steep landscapes.  

The two other data sources of potential interest that became newly available are both from 
and about Vienna in Austria. 

 The Graphenintegrations-Plattform Österreich (GIP.at) is the intermodal, official traffic 
reference system of Austria. It comprises all transportation routes, their connections, and 
all information relevant for routing and navigation. For the purposes of CAP4Access, we 
would receive access to the data, and actually already got access for checking the data 
for this study. In general, OGD Vienna planned to make the data set generally available 
as open government data at January 1, 2016, provided that all provinces of Austria will 
have reached a required state of completeness and quality for their data. At the time of 
writing this report (as of January 10, 2016), the last information on the GIP.at homepage 
is still the announcement of its forthcoming release as open government data, but no 
actual release. If available, CAP4Access could utilise the complete GIP.at data about 
Austrian sidewalks.  

 Vienna Parking Spaces for Mobility-Impaired Persons20.. 

The consortium as a whole decided to address the elevation data sets next because of their 
high relevancy and utility. The follow-up question arose: where to start, with the London or 
the Viennese data? The priority was then given to London, because Vienna had just been 
“served” with a new data set with the kerb data. Vienna will, however, not be the “looser” – 
we are convinced that once the method for matching London’s elevation data with London’s 
OSM street data becomes available, the same method can be effectively re-used for the 
respective data in Vienna without long delay.  

Apart from this new task we’ll have to follow-up the task of making the kerb data available to 
the OSM community. The OSM community has set-up strict steps and procedures for the 
integration of new data and attributes21 and the automated editing of data22. In particular, the 
introduction of new concepts and data must be based on consensus and community buy-in. 
So the first step is to explain the kind of data, its source and quality, and how we handled it in 
order to provide it in its targeted OSM format. This communicative act is the next essential 
step. If and when we will be able to reach consensus cannot be said in advance.  

 

                                                 
19

  https://www.wien.gv.at/stadtentwicklung/stadtvermessung/geodaten/mzk/produkt.html  
20

  https://open.wien.at/site/datensatz/?id=4315e096-f51e-4b56-8235-57be9789a62c 
21

  http://wiki.openstreetmap.org/wiki/Import/Guidelines 
22

  http://wiki.openstreetmap.org/wiki/Automated_Edits_code_of_conduct 

https://www.wien.gv.at/stadtentwicklung/stadtvermessung/geodaten/mzk/produkt.html
https://open.wien.at/site/datensatz/?id=4315e096-f51e-4b56-8235-57be9789a62c
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5 Routing and Navigation 

5.1 Developed tools 

The further development of routing and navigation tools in the course of the reporting period 
was continuously governed by the user stories “Getting to an accessible facility” and 
“MyAccessible Navigation” that have been described in Deliverable 2.4. 

5.1.1 The Routing Tool 

Within the CAP4Access project the tool development for routing and navigation serves the 
purpose of enabling end users to search for accessible routes in unfamiliar regions. It is an 
important distinction to make that routing and navigation are separate tasks in terms of 
cognitive way-finding. The purpose of the routing tool is to find an optimal route depending 
on specified user profiles/parameters (such as maximum slope, curb height, type of surface). 
The navigation tool then uses the computed route to give the user instructions that help them 
to find their way to the target destination. 

As documented in the First Release of Tools on Platforms deliverable (D3.3) the routing 
system has been implemented using OpenRouteService23 (ORS). ORS is a web-based 
routing service that allows the generation of routes between a start and an end point. In this 
regard, it is very similar to the most popular web-based routing services, such as Google 
Maps or Bing Maps. 

A major difference of ORS over the mainstream routing services is that it is purely based on 
Open Data, namely OpenStreetMap (OSM). The big advantage of this, beside of being 
independent of any company/commercial interests, is that OSM is driven by a community of 
volunteer mappers who (admittedly in an ideal scenario) collect exactly the data which is 
needed and where it is needed, even when it is required for a special purpose, such as 
wheelchair routing. 

The OSM community has currently an average size of approximately 20,000 people who 
make at least one contribution to the OSM per month. The tagging scheme of the OSM is 
highly flexible and thus allows for extensions even for highly specific use cases such as 
accessible route planning. 

Current status 

ORS supports several specific routing profiles, such as car, bicycle (including mountain bike, 
race bike, bicycle tour), pedestrian, and truck (including filters for length, height, width and 
weight of restricted roads). Furthermore, intermediate points may be specified, as well as 
areas to be avoided. Moreover, users can specify whether they prefer the shortest or fastest 
route. 

As ORS is based on OSM, everyone is free to contribute new data or to update outdated 
data. In addition, ORS may be freely used for non-commercial purposes. It supports most 
languages spoken in the European Union, including those of the four pilot cities in the 
CAP4Access project (English, German and Spanish). ORS is developed and maintained at 
the University of Heidelberg. As stated earlier, ORS is still in a development phase itself. 

ORS may be reached via the URL http://openrouteservice.org/ and has more than 1,000 
unique visitors per day. The beta version of the wheelchair profile is advertised directly on 
the ORS main page, containing a hyperlink to a version of the service which has the 
wheelchair profile enabled (http://openls.geog.uni-heidelberg.de/wheelchair-test/). 

                                                 
23

  http://openrouteservice.org/contact.html#top  

http://openrouteservice.org/
http://openls.geog.uni-heidelberg.de/wheelchair-test/
http://openrouteservice.org/contact.html#top
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While the wheelchair profile is still in beta status and computed routes are not yet optimal 
due to missing relevant data in OSM, the fact that a routing system explicitly provides an 
option that computes the best possible route based on the available data can be considered 
a powerful tool for raising awareness itself. It is a showcase that accessible route planning is 
at least to a certain degree possible and may encourage more popular routing service 
providers to also consider a wheelchair profile as an option within their services. 

Exhibit 38 shows a comparison of an example route in the pilot city of Heidelberg for 
pedestrian and wheelchair profile. On the one hand, it may quite easily be seen that for this 
specific route wheelchair users have to suffer a massive detour which is caused by a close-
by bridge that cannot be manoeuvred with wheelchairs due to steps. This example shows 
that the routing tool in specific cases may be both a tool to inform mobility restricted people 
about the best possible routes from A to B, and a tool that may be used by activists and 
politicians to raise awareness about existing barriers within cities and regions. 

Exhibit 38: Comparison of the shortest routes applying pedestrian (410m, 5 minutes) and 
wheelchair profile (2km, 25 minutes) 
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New features since the first release of tools on platforms 

The extension of OpenRouteService, which does  the OpenStreetMap data import with 
regard to accessible routing has been improved so that it now considers more of the 
information that is already available in OpenStreetMap. The OpenLS API (the API 
implemented by the ORS) has been extended for relevant wheelchair parameters, such as 
incline, surface and height of sloped curb. The wheelchair option has been integrated into the 
main interface of OpenRouteService. 

Moreover, since the first release of tools on platforms, the wheelchair profile has progressed 
from prototype status (covering only the 4 pilot cities) to beta status, covering the whole 
Europe, Asia and Australia. Due to memory limitations of the available IT infrastructure at 
Heidelberg University, America and Africa are currently not supported (as is the case for the 
ORS service as a whole). 

The web client of ORS has been completely redesigned accommodating its look and feel to 
user experiences of modern web applications. The background map has also been improved 
with regards to several aspects of map readability. Furthermore, the function “accessibility 
analysis” has also been implemented for the wheelchair profile. The latter function will be 
described in a separate section. 

The wheelchair profile 

This section describes the current implementation of the wheelchair profile in detail. Relevant 
OSM tags have been identified earlier24. 

                                                 
24

  Neis, A. & Zielstra, D. (2014): Generation of a tailored routing network for disabled people based on collaboratively collected 
geodata. Applied Geography. Vol. 47, pp. 70–77. 
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Avoid steps at all costs 

The wheelchair routing profile avoids steps at all costs – OpenStreetMap tag: 
highway=steps: 

Exhibit 39: Wheelchair profile – avoid steps 

 

Prioritisation 

The wheelchair profile is configured to compute (little) detours if they lead to a route which is 
more suitable for a mobility restricted person. Current types of ways are preferred ways: 
footways, pedestrian areas, living streets, roads with explicit info that a sidewalk is available, 
and footway crossing. 

Exhibit 40: Wheelchair profile – accept little detours if convenient 

 

 

In contrast to preferred ways, a number of types of ways which should be avoided have been 
specified, including tunnels, bicycle only routes, trunk roads, and primary roads explicitly 
tagged as having no sidewalk. 

Exhibit 41: Wheelchair profile – avoid inconvenient ways 

 

Filtering of surface/smoothness 

5 different options may be specified by the users of ORS for the surface/smoothness of ways 
that is acceptable for them on their route. In contrast to earlier considerations we have 
decided to prefer this graduated approach over an approach where the users can select all 
surface types they feel comfortable with. The reason is our belief that this simplifies the user 
interface, particularly against the background of a huge list of possibly available OSM tags. 
With this approach the user only needs to decide for one option that they feel comfortable 
with: 

 concrete, asphalt 

 flattened cobblestone and better 

 cobblestone and better 
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 compacted and better 

 flexible (all surfaces) 

Exhibit 42: Wheelchair profile – apply surface restrictions 

 

A current shortcoming is that in case of streets with sidewalks, because of the current lack of 
“sufficient” sidewalk data the surface/smoothness values still in most cases will refer to the 
street and not to the sidewalks. In the OSM wiki there is already some documentation about 
how to map these properties specifically for sidewalks. However, the OSM contributors have 
not yet considered to map the attributes very often. As the map evolves and more data 
specifically for sidewalks becomes available the attribute analysis may easily be switched to 
sidewalk analysis. Meanwhile, ways that are explicitly assigned to pedestrians (such as 
footways, paths) are already correctly considered by the routing engine. 

Filtering of steeps road segments 

Users of the ORS wheelchair profile may specify the maximum incline that is acceptable for 
them on their route: 

 max. 3% 

 max. 6% 

 max. 10% 

 max. 15% 

 flexible (all inclines) 

Exhibit 43: Wheelchair profile – apply slope restrictions 

 

A major shortcoming of this option is the rare availability of the incline information in 
OpenStreetMap – only 0.2% of all ways in OSM are annotated with the necessary 
information. Even in these cases there is some data heterogeneity – but this can be dealt 
with in the source code of the application. However, in the Work Package “Tool development 
for data integration” relevant available elevation data sets for the pilot sites of London and 
Vienna have already been identified and necessary tools for the integration of these datasets 
into suitable OSM tags will be developed in the next stage of the project. 

Filtering of ways with too high dropped kerbs 

Users of the ORS wheelchair profile may specify the maximum height of a dropped kerb that 
is acceptable for them on their route: 

 max. 3cm 

 max. 6cm 



CAP4Access – D3.4  

Public Page 54 of 103 22/01/2016 

 

 max. 10cm 

 flexible (all kerbs) 

It has already been identified that point-based dropped kerb data became available as an 
open data set in the city of Vienna. The integration of this dataset into OSM (i.e. the 
assignment of the point data to their respective ways) as part of the Task “Tool development 
for data integration” is currently being finalized. However, making these new data officially 
available in OSM requires the following of specific OSM community procedures such as 
announcing the concept in the OSM community and searching consensus. Meanwhile, we 
will try to identify a technical way of evaluating and testing the curb data availability for 
wheelchair routing. 

Exhibit 44: A map showing all positions of dropped kerbs contained in the open dataset of the 
city of Vienna 

 

 

A first test has already proven the applicability of the integrated data for wheelchair routing. 
Exhibit 45 below shows an example. 

Exhibit 45: A route resulting from the option “all kerbs” selected and a route with a necessary 
detour if “max. 3cm” is selected as the acceptable height of the kerb 

 

 

The workflow for data integration of the dropped kerbs has been presented at the European 
Data Forum 2015.25 

OSM tags currently considered in wheelchair routing 

The following list contains all OpenStreetMap tags that are currently considered by the 
wheelchair routing profile. It is important to note that the parameters surface and smoothness 
do refer to the actual way, not to the sidewalk. If a sidewalk is available in OSM as a 
separate geometry element then the sidewalk would prioritized and its attributes would be 
used. The rare cases where a sidewalk and its attributes (surface/smoothness) exist in OSM 

                                                 
25

  Voss, H., Hahmann, S., Mobasheri, A., Rousell, A., Spindler, R. (2015). Utilizing Viennese Geographic Open Government 
Data for Better Inclusion of Mobility-Impaired Persons. European Data Forum (EDF) 2015, Luxembourg. 

http://2015.data-forum.eu/sites/default/files/Utilizing%20Viennese%20Geographic_submission_38.pdf
http://2015.data-forum.eu/sites/default/files/Utilizing%20Viennese%20Geographic_submission_38.pdf
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as additional attributes for the way are not yet handled. For the way types pedestrian, track, 
footway and bridleway, this procedure does not make a difference, as on these types of way 
there is no additional sidewalk. However, for the remaining ways the assumption is used that 
the surface conditions of the respective sidewalks are the same as on the corresponding 
streets. 

Parameter OSM Tag (if several 

values possible, they are separated 

by a “|” or by a note) 

Unit 

Type of street highway = living_street26  

Sidewalk sidewalk = left|right|yes|no|both  

Footway footway = left|right|yes|no|both  

Surface surface = paved27  

Smoothness smoothness = good28  

Incline incline = * [%] 

Kerb kerb = * [m] 

General Access wheelchair=yes|limited|no 

foot=yes|no 

 

 

Accessibility analyses 

OpenRouteService also provides a tool that can be used for performing accessibility 
analyses, meaning that users may specify a certain point on a map and ORS then computes 
regions that may be reached within the available street network using a maximum distance 
or a maximum time. This feature has been available for pedestrians before, but has now 
been extended to the wheelchair profile. Particularly the comparison with the pedestrian 
profile makes this a powerful tool (1) to search for majors barriers that make certain areas 
difficult to reach for wheelchair users, (2) for politicians and activists to communicate how 
barriers affect the locomotion of wheelchair users and (3) for the wheelchair users 
themselves to easily find out which regions they will be able to reach within a certain amount 
of time from a specific point (e.g. a potential new flat or the office of a potential new 
employer). 

The following exhibits show a comparison of the areas that may be reached by a pedestrian 
from the given point within 3, 6, 9, 12 and 15 minutes and the areas that may be reached by 
a wheelchair user within the same amount of time. The main reason for the much smaller 
areas of the wheelchair profile is a bridge over the river Neckar in Heidelberg that can only 
be crossed using steps – the same reasons which caused the route detour for wheelchair 
users shown earlier. 

                                                 
26

  Further values: primary*, primary_link*, secondary*, secondary_link*, tertiary*, tertiary_link*, unclassified*, living_street, 
pedestrian, residential,service, track, footway, cycleway, bridleway, steps (* nur, wenn für Fußgänger/Rollstuhlfahrer 
zugänglich). 

27
  Further values: paved, asphalt, concrete, paving_stones, cobblestone,concrete_plates. 

28
  Further values: excellent, good, intermediate, bad, very_bad 
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Exhibit 46: Comparison of accessible areas from a given point in 15 minutes times – pedestrian 
profile vs. wheelchair profile 

 

 

 

This example underlines that also the accessibility analysis may be a powerful tool to raise 
awareness about existing barriers in (European) cities and regions. 
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Open Location based Services (Open LS) specification 

The implementation of the API of the ORS has already been described in Deliverable 3.3 
(section 6.2.1) in more detail and therefore will not be discussed here. Developers can use 
the URL http://openls.geog.uni-heidelberg.de/osm/routing/determineroute as an OGC 
OpenLS compliant interface to access the ORS for their own implementations. The ORS 
supports the following route parameters:  

 start point, end point, intermediate point(s) 

 preference: shortest/fastest route 

 surface/smoothness, incline, dropped kerb 

 route type: pedestrian, car, wheelchair, bike, etc. 

 

5.1.2 The Navigation Tool 

The Navigation tool for CAP4Access is a combination of a mobile tool and a web service that 
makes use of the OpenRouteService to provide users with an easy to use and targeted 
navigation experience to get from their current location to a target destination. As discussed 
in previous reports, the main aims of the Navigation service are to: 

 Provide routes for users with restricted mobility (via the ORS) 

 Allow users to change routing preferences to better suit their personal abilities 

 Provide navigation instructions in a way to make navigation easier for pedestrians 

 Allow users to select Wheelmap locations as target destinations 

 Implement an interface for selecting the target destination via a map or address search 

 Display nearby public toilets 

A number of these features were already implemented in the first prototype, with that release 
seeing a system comprised of both the mobile application and web service but with limited 
functionality. In the first prototype a system was available that fulfilled all of the above criteria 
with the exception of provision of routes for people with restricted mobility and the use of 
navigation instructions targeted at pedestrians as opposed to road users. In this second 
prototype, these two main functionalities have been introduced. 

Developments for the Second Prototype 

In the second prototype, the navigation service and mobile application have been enhanced 
and additional functionality added. The main enhancements are: 

 Usage of wheelchair parameters (slope, surface etc.) 

 Calculation and provision of landmark based navigation instructions 

 Additional interface items to improve user experience 

These enhancements will now be discussed in more detail. 

Use of Wheelchair Profile 

Since the implementation of the wheelchair profile within the ORS for the second prototype, 
the functionality is now available to generate wheelchair specific routes through the ORS 
API. This extended API is now used for the navigation service route generation and the 
wheelchair parameters are passed when requesting the route from the ORS. In the previous 
prototype of the navigation service, the ability to change and store personal preferences was 
already available but they were not used in the route generation due to a lack of functionality 

http://openls.geog.uni-heidelberg.de/osm/routing/determineroute
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in the ORS API. Since the first prototype, the navigation web service and mobile application 
have both been modified to allow the use of this information in the route generation. The web 
service has had the API extended to facilitate the passing of wheelchair parameters and in 
turn transforms and transmits this data to the ORS API. The parameters which can be 
selected within the Navigation app and used in the routing profile are: 

 Surface type 

 Incline 

 Curb height 

In addition, it is now possible within the app to select whether to use the wheelchair or 
pedestrian routing methods. When the user selects to use pedestrian as opposed to 
wheelchair routing, the route generated is based on the ORS pedestrian route graph as 
opposed to the wheelchair graph. This means that the parameters such as slope and 
avoidance of steps are not taken into account in route generation. The functionality of the 
wheelchair routing is described in more detail in the corresponding section of this report. The 
instructions generated are no different if the user selects wheelchair or pedestrian routing – 
the only difference is in the route generation itself. 

Provision of Pedestrian Navigation Instructions 

To better suite pedestrian navigation, instructions are provided in a landmark based format 
as opposed to the distance/direction method used in many car based navigation systems. 
The use of landmarks in navigation instructions has several benefits: 

 The landmarks identify a specific geographic location29 which means that a highly 
accurate GPS lock is not required for the user to know exactly when to turn (though a 
relatively accurate GPS position is needed to determine which section of the route the 
user is travelling). 

 People are generally not very good at judging distances30 and so removing the need for 
judging how far you must travel before turning is beneficial. 

 Use of a suitable landmark reduces ambiguity in the instructions given (the user should 
be able to better distinguish between the correct turn if more than one are present in the 
area). 

The selection of a suitable landmark for an instruction is not a trivial matter and a complex 
algorithm has been implemented (as presented in Rousell et al. 201531). This algorithm 
makes use of OSM features stored in a PostGIS database external to the navigation service 
which is queried using SQL to generate a selection of landmark candidates. These 
candidates have metrics calculated which contribute to the suitability of the feature as a 
landmark. These metrics are:  

Distance – the distance of the feature to the decision point. It is assumed that closer 
features would be more suitable as landmarks. 

Position – the location of the feature in relation to the approach to the decision point (before, 
alongside or after). Features that are located before the turning point are seen as more 
suitable than those positioned after it. 

                                                 
29

  Siegel A. W. & Whie S. H. 1975. The development of Spatial Representations of Large-Scale Environments. Advances in 
Child Development and Behaviour. 9-55 

30
  Proffitt D. R. 2006, Distance Perception. Current Directions in Psychological Science. 15(3):131-135 

31
  Rousell A., Bakillah M., Hahmann S. and Mobasheri A. 2015. Extraction of landmarks from OpenStreetMap for use in 

navigational instructions. The 18th AGILE International Conference on Geographic Information Science. Lisbon, Portugal 

http://www.agile-online.org/Conference_Paper/cds/agile_2015/posters/57/57_Paper_in_PDF.pdf
http://www.agile-online.org/Conference_Paper/cds/agile_2015/posters/57/57_Paper_in_PDF.pdf
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Visibility – whether the feature can be seen (it is not obstructed by other features) as the 
decision point is approached. In the case that a feature is not visible, it is excluded from the 
candidate pool. 

Type – the generic type of the feature (shop, hotel, playground etc.). Some types of features 
are more likely to be salient in the environment through appearance or use than others. 

Uniqueness – the number of features of the same generic type are present in the area. 
Features that appear less often than others would be more unique and thus more suitable as 
a landmark.  

These metrics are combined to give an overall suitability score, with the highest scoring 
feature in the area being used as the landmark in the instruction. One of the primary benefits 
of the method implemented in the Navigation Service is that it relies only on the OSM dataset 
and the route being traversed. Previous methods identified in the literature32 33 34 rely on 
either datasets that only cover a small region or need the provision of information regarding 
the visual appearance of features in the environment which can be highly time consuming to 
collect. The method used here is more closely related to studies where the generic feature 
types are used (i.e. Duckham et al. 201035) and makes use of the OSM dataset (as in Dräger 
& Koller 201236). 

An example of the landmark extraction process will now be presented. The first stage is to 
identify the decision point and a reference point along the route before that decision point. In 
this example a point 50m from the decision point (where the user should turn right) has been 
derived. A buffer around the decision point is then created (in this case 100m) and any 
feature within or intersecting this buffer is selected as a possible landmark candidate. 

The next stage is to derive the various metrics for each of the features (see Exhibit 47). The 
distance (a), position (b) and visibility (c) are all calculated within the PostGIS SQL query. 
The feature type weight (d) and uniqueness (e) metrics are calculated on the server within 
the code. 

Exhibit 47: Landmark detection example a) distance b) position c) visibility d) salience e) 
uniqueness f) overall suitability 

a)  

green = close, red = far 

b)  

green = before, red = after, orange = alongside 

                                                 
32

  Elias B. 2003 Extracting landmarks with data mining methods. Springer Berlin Heidelberg 
33

  Nothegger C., Winter S. and Raubal M. 2004. Selection of salient features for route directions. Spatial Cognition & 
Computation: An Interdisciplinary Journal. 4(2):113-136 

34
  Raubal M, and Winter S. 2002 Enriching wayfinding instructions with local landmarks. In: Egenhofer MJ, Mark DM, eds. 

Geographic Information Science. Boulder, CO: Springer Berlin Heidelberg. 243–59. 
35

  Duckham M, Winter S, and Robinson M. 2010 Including landmarks in routing instructions. J Locat Based Serv; 4(1):28–52.  
36

  Dräger M, and Koller A. 2012 Generation of landmark-based navigation instructions from open-source data. In: Proceedings 
of the 13th Conference of the European Chapter of the Association for Computational Linguistics. Avignon, France: 
Association for Computational Linguistics; 757–66. 
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c)  

green = visible, red = not visible 

d)  

green = suitable feature type, red = less suitable 

e)  

green = unique, orange = less unique, grey = 
not accounted for (due to non-visibility) 

f)  

green = suitable as landmark, red = not suitable 

 

After the metrics have been calculated, they are combined to determine which feature can be 
seen as the most suitable (Exhibit 10f, dark green feature). In the case of the example here, 
the large feature below the turning point is selected as the most suitable. In reality, this 
feature is the Covent Garden underground station in Greater London, which would likely be 
the landmark used in navigation instructions provided by a person in the area. 

Comparison with other routing services 

To further show the differences between the landmark based instructions and other routing 
providers, a brief comparison has been undertaken. The services used are Google Maps, 
Nokia Here!, and the MyAccessible.EU Navigation Service. The start and end location used 
are the same in all instances, and the routes generated following the same path as much as 
possible (Exhibit 48). The start location used is 8 Eversholt St., London (just outside Euston 
Train Station) and the destination is Camden Market (56 Camden Lock Place, London). 
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Exhibit 48: Route between Euston Station and Camden Market in the ORS 

 

 

Google maps: three instructions  

Walk north-west on Eversholt St/A4200 towards Lancing St 

Continue onto Camden High St/A400 

Turn right onto Buck St 

 

Nokia Here: five instructions 

Head northwest on Eversholt Street. 

Turn left onto Eversholt Street. 

Turn right onto Camden High Street. 

Take the street on the left, Camden High Street. 

Turn right onto Buck Street. 

 

MyAccessible.EU Navigation Service: 23 instructions 

Continue forward after the Euston Xpress convenience store, following Eversholt Street. 

Continue forward before the traffic signals, following Eversholt Street. 

Continue forward by the Everslot Groceries convenience store, following Eversholt Street. 

Continue forward after the newsagent store, following Eversholt Street. 

Turn left before the Palsat vacuum cleaner store, following Eversholt Street. 

Turn right before the Palsat vacuum cleaner store. 

Turn right after the Costa cafe. 

Turn left. 

Veer right. 

Turn right, following Camden High Street. 

Turn left. 

Turn right by the Superfi hifi store. 
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Turn right after the Superfi hifi store. 

Turn left before the Boots pharmacy. 

Turn left after the Camden Deli cafe, following Plender Street. 

Turn right before the Chicken Village fast food, following Camden High Street. 

Continue forward after the Paddy Power bookmaker store, following Camden High Street. 

Continue forward after the Camden Maharani restaurant, following Camden High Street. 

Continue forward after the Burger King fast food, following Camden High Street. 

Continue forward after the O2 mobile phone store, following Camden High Street. 

Continue forward, following Camden High Street. 

Continue forward after the Punky Fish clothes store, following Camden High Street. 

Turn right after the ALDO shoes store, following Buck Street. 

 

From these results it is clear that the Navigation Service provides many more instructions 
than Google and Nokia. Although this is beneficial in terms of ensuring that the user follows 
the correct route, it can also be detrimental if the instructions are situated in close proximity 
to each other as quickly changing instructions could be confusing. In some instances, the 
instructions are not equally distributed along the route and instead are clustered around 
complex environmental structures such as intersections that involve the crossing of multiple 
roads. Currently, each of these intersections is seen by the navigation system as a decision 
point and thus an instruction is generated. Methods are currently being developed which aim 
at reducing and conjoining the number of instructions generated at such complex structures 
which should hopefully make the navigation process easier.  

Exhibit 49: Landmark selection for route 

 

 

Although currently there are issues relating to the complexity of the route in terms of volume 
of instructions, it is clear that the Navigation Service provides much richer individual 
instructions than the other two services. For instance in the Google Maps example, the 
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instructions only use street names, and occur only at points where the user should make a 
change in street/direction. Though this simplistic method reduces the complexity of the 
instructions, it would be very easy for a person to miss a turning or take the wrong street as 
street name signs are not always highly visible. In the Nokia Here! route, more instructions 
are given but two of these fall in close proximity at a complex street intersection. Again 
though, only street names are used (alongside distance and estimated times) which means 
that taking an incorrect turn or missing the intended turn could be frequent occurrences. In 
the MyAccessible.EU Navigation Service route, landmarks are used (where available) for 
instructions. For example, at the final turning point, in both the Google and Nokia routes only 
“Turn right onto Buck Street” is presented. In the Navigation Service however the instruction 
is “Turn right after the ALDO shoes store, following Buck Street” which not only tells the 
person which street to turn onto, but also gives a concrete anchor for them to know when 
they should be turning. The point used as the landmark can be seen in Exhibit 12 as the red 
circle. Also, the Navigation Service provides instructions at points where the user could make 
a turn but they should continue forwards (“Continue forward after the Punky Fish clothes 
store, following Camden High Street”). These instructions not only ensure that the person 
stays on course, but also provides reassurance to them that they are on the correct path. 
The feature used in this instruction is highlighted in Exhibit 12 as the blue circle. 

Navigation App User Interface Enhancements 

As well as now providing landmark based instructions, the interface of the Navigation App 
has also been updated to provide additional information to the user (Exhibit 50). The new 
features implemented are: 

 A compass showing the user which direction they should be heading 

 Progress bar portraying how far the user has to go until the turning point 

 The ability to view an overview map displaying the current position and route 

The inclusion of some of these new features was based on feedback from in-house testing of 
the navigation tool. 

Exhibit 50: Navigation instruction interface 
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Compass 

The compass display has been implemented to show the user which direction it is to the next 
turning point. Although this may not be exactly the same direction that the user can travel 
along a footpath (if there is a slight change in angle along the route this is not seen as a 
turning point) it provides enough information to make sure that the user is not heading in the 
opposite direction to what they should be travelling. To use the compass, the user should 
attempt to align the solid black arrow with the arrow shown at the top of the circle. This 
makes use of the GPS and any compass instrument that the device may have and so 
assumes that the user is holding the device at the front of their body. 

Progress bar 

The progress bar at the top of the navigation screen provides information to the user 
regarding how far along the route they have travelled and how much farther it is until the next 
turning point. The bar is split into multiple segments with each segment indicating a portion of 
the route between decision points. As the user progresses along the route, these grey bars 
are filled.  

Overview map 

Though the primary interface for navigation is via the textual instruction and the direction 
arrow, it was felt that providing an overview map indicating the route and the user’s position 
would be beneficial (Exhibit 51). Rather than using this as the main interface, the user can 
click on the map button to show the route and their current location. The view automatically 
centres on their current location but the user can pan the map using their finger. To return to 
their current position on the map, the user can click on the re-centre button. Returning to the 
main instruction interface is accomplished suing the directions button. 

Exhibit 51: Route overview display 

 

Summary of Developments 

Since D3.3 a number of additional functionalities and enhancements have been made to the 
first prototype. These additions include: 
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 Taking into account the wheelchair specific parameters provided by a user when 
generating a route 

 Generation of landmark based navigation instructions using only the data available in 
OSM and the route being traversed 

 Additional user interface visuals for enhancing the user experience of the navigation app. 

 

5.2 Next steps 

The main existing research and development challenges for the full implementation of a 
wheelchair route planner using OSM have been published at the GI_Forum37. 

A part of the underlying research and development tasks has already been documented in 
Deliverable 3.3. However, since a significant share of these tasks requires more resources 
than have been available during the last year of the project, they are still open. For the sake 
of completeness the most important open steps will be documented in the next sections. 

5.2.1 Next Steps for Routing 

Further OSM tags to be considered in the Wheelchair profile 

This section contains a list of OSM tags that are not yet considered in the wheelchair profile, 
but would be recommended to be considered to improve the route calculation (Exhibit 52). 
Apart from the fact that full implementation of these tags requires additional efforts, another 
reason, why they have not yet been implemented is that in particular for these tags data 
completeness is very low. This is also the main reason why further work to support the OSM 
community in the acquisition of relevant data is needed. 

Exhibit 52: Relevant routing network parameters and corresponding OSM tags 

Parameter OSM Tag (if several 

values possible, they are separated 

by a “|” or by a note) 

Unit 

Sidewalk, width sidewalk(:left|:right):width = * [m] 

Sidewalk, surface sidewalk(:left|:right):surface = paved38  

Sidewalk, smoothness sidewalk(:left|:right):smoothness = good39  

Steps step_count = *  

Step height step:height = *  

Ramps highway = steps 

ramp = yes 

ramp:wheelchair = yes 

ramp:stroller = yes 

 

Crossing highway = crossing or footway = crossing 

crossing = traffic_signals|uncontrolled|island 

 

 

                                                 
37

  Hahmann, S., Bakillah, M., Mobasheri, A., Rousell, A. (2015): Integrating options for wheelchair users into an open route 
planning service: state-of-the-art and open challenges. Poster. GI Forum 2015. Salzburg, Austria. 

38
  Further values: paved, asphalt, concrete, paving_stones, cobblestone,concrete_plates. 

39
  Further values: excellent, good, intermediate, bad, very_bad 
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Information Enrichment of OpenStreetMap 

Since the completeness of necessary data in OpenStreetMap is very poor for some attribute 
types, further tools need to be developed that support the OSM community in the process of 
data acquisition. Some possible methods that we are currently testing are described in the 
following sections. 

Sidewalk information 

Information on sidewalks (existence of sidewalks, surface, smoothness and sloped kerbs) is 
required for wheelchair and pedestrian route calculation. We are currently analysing the 
results of an experiment that applies a new crowdsourcing approach to the acquisition of 
required data. These activities benefit from the 2014 founded project Mapillary40, where a 
community collects street level imagery under an open license. The OSM community already 
uses this imagery within their editing tools. However, our experience from mapping events 
during the project has shown that sidewalk mapping requires deep knowledge about the 
OSM tagging scheme. Thus, we have run an experiment where people tagged street level 
images for the presence of sidewalks independently from using the OpenStreetMap tags. 
The speed of the contribution of the crowd to this task was quite promising. We are now 
working on a suitable (and ideally automated) way to transfer the acquired information to the 
OSM data model. Exhibit 53 shows the experiment interface setup and the GIS tool that 
supports the analysis of the results.. The approach has been presented to the public at the 
1st International Land Use Symposium41. 

Exhibit 53: Experiment setup (left) for sidewalk detection using crowdsourcing
42

 and 
visualisation (right) of point of street level images (red arrows) and reference sidewalk data 

(green lines) 

  

Incline information 

The incline of streets and ways is a relevant parameter for route calculation for mobility 
restricted people. In order to allow them to specify the maximum degree of incline they feel 
comfortable with, it is important to have information about incline available per street 
segment. 

In an ideal case such information may be derived from high resolution digital terrain models. 
Unfortunately, these models are not open data for most regions in the world. Thus, we have 
tested an approach that derives incline information from GPS data that has been collected by 
the OpenStreetMap community. While originally this data has been collected for mapping 
streets in 2D space, a large share of the data has elevation information and is thus suitable 
for such an approach. We could show that this approach slightly outperforms the current best 
open data terrain models in terms of accuracy. However, in terms of coverage this approach 

                                                 
40

  http://www.mapillary.com/map  
41

  Hahmann, S. (2015): Detection of Urban Street Properties using Georeferenced Images and Interpretation from the Crowd. 
1st International Land Use Smyposium (ILUS 2015). Dresden, Germany. 

42
   http://www.mapillary.com/map/im/gelLFVmZVo97sBDVoezvNg  

http://www.mapillary.com/map
http://www.mapillary.com/map/im/gelLFVmZVo97sBDVoezvNg
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does currently not reach the same rate of completeness since GPS data is not yet available 
for all streets. 

Exhibit 54: A 3D visualisation of the GPS data (right) and visualisation of correctly and 
erroneously estimated inclines on the level of street segments 

    

The results of the experiments have been presented to the public at two conferences43. 
Moreover, a full article for a scientific journal is currently under review. 

In the next phase of the project, we will test input data on incline provided by the Data 
Integration task that is based on high resolution terrain models, which are available for two of 
the CAP4Access pilot sites (Vienna and London). 

Separate Sidewalk Routing Network 

Derive Sidewalk Geometries 

In order to make better route descriptions it is advantageous to derive a pedestrian routing 
network that has separate geometries for sidewalks. This network can be derived using 
some assumptions (e.g. the average distance between a sidewalk and certain type of road) 
and the sidewalk attributes added to the roads in OpenStreetMap. A possible approach has 
already been described in the literature44. The approach would need to be implemented 
considering aspects of computing performance. 

Exhibit 55: The network of streets (blue lines) and the sidewalks derived from available 
attributes (red lines) 

    

 

Routing through Areas 

An open issue in OpenRouteService is with regards to routing through polygonal areas (such 
as market places). In those circumstances, rather than providing a route which goes across 

                                                 
43

  John, S., Hahmann, S., Zipf, A. (2015): Automatisierte Ableitung des Gefälles von Straßen und Wegen aus OpenStreetMap 
GPS-Tracks. 59. Deutscher Kongress für Geographie (DKG 2015). Berlin, Germany. 

John, S., Hahmann, S., Zipf, A., Bakillah, M., Mobasheri, A., Rousell, A. (2015): Towards deriving incline values for street 
networks from voluntarily collected GPS data. Poster. GI Forum 2015. Salzburg, Austria. 

44
  Neis, P. and Zielstra, D. (2014): Generation of a tailored routing network for disabled people based on collaboratively 

collected geodata. Applied Geography, 47, 70-77. 
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the open area, the route unsuitably follows the border of it (Exhibit 56). There are several 
possible algorithms (such as a skeleton or a raster subgraph, cf. Exhibit 57) that have 
already been tested at University of Heidelberg to allow for such across-polygon routing. A 
good solution that fits the context of accessible routing needs to be identified and 
implemented into the routing engine of the ORS. 

Exhibit 56: Current output of the routing algorithm when passing an open space (left), desired 
routing output (right) 

 

Exhibit 57: Two possible solutions for the abovementioned problem: introducing a raster (left) 
or a skeleton (right) as a subgraph 

 

 

User tests 

The wheelchair profile is currently available within a beta instance of OpenRouteService45 
and is advertised via the main web site of OpenRouteService. ORS is currently counting 
about 1000 unique visitors per day. We are encouraging our users to report feedback to 
openrouteservice@geog.uni-heidelberg.de or to our public development repository at 
github46. 

 

                                                 
45

  Available at: http://openls.geog.uni-heidelberg.de/openrouteservice-test/  
46

  https://github.com/GIScience/openrouteservice/issues  

mailto:openrouteservice@geog.uni-heidelberg.de
http://openls.geog.uni-heidelberg.de/openrouteservice-test/
https://github.com/GIScience/openrouteservice/issues
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5.2.2 Next Steps for Navigation 

The next stages of development for the navigation service will be to implement two primary 
tasks: 

 Allow the recording of obstacles whilst navigating 

 Update the landmark selection algorithm based on findings from a scientific study. 

Recording of obstacles 

The recording of obstacles whilst navigating will make use of the API developed within the 
Collective Tagging task. By using this API, obstacles can be recorded and functionality 
triggered for insertion into the OSM without the need to redevelop the tagging functionality. In 
terms of development within the navigation app, functionality will be required to provide an 
interface for users to enter the required information about the obstacle and then transmit this 
information to the tagging service. Additional functionality should be implemented in the route 
generation code to take into account obstacles that have been entered by the user when a 
route is regenerated as at that point they will not yet be included by the routing service (there 
is a delay in terms of the data actually being entered into the OSM and then being included in 
the routing graph). This could be accomplished by the navigation mobile app storing data 
about obstacles encountered by the user and then passing these as areas to avoid when 
generating a route. 

Update of landmark selection 

Currently the selection of particular generic feature types for landmark candidates has been 
defined based on a simplistic investigation of available feature types present in the OSM. It is 
likely the case however that other features could be seen as landmark candidates and it may 
even be a case that these differ between locations or based on the mobility of users. 
Therefore an investigation is currently underway which aims at identifying the suitability of 
features for landmarks based on feedback from the population. This study will be primarily 
undertaken between UHEI and MfC and results inserted into the navigation service. The 
investigation will not only aim at identifying features that could be used as landmarks, but 
also as to whether there is a difference in perception between location (between the pilot 
sites) and between wheelchair and non-wheelchair users. 
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6 Visualisation 

At the end of the previous reporting period, as described in D3.3, we had started with the 
development of the new visualisation platform that had been suggested as substituting the 
originally planned platform GeoTemCo. This new dashboard-based software development 
framework has now been established, and will be further addressed in section 6.1. Next we’ll 
present the actual visualisation tool from a user’s “how-to-handle-it” point of view in section 
6.2. Already earlier in 2015 it became obvious that the reactivity of the user interface would 
be too slow because dynamically generated requests from the original OSM database took 
too much time for the access and delivery of spatio-temporal data as required by our 
application. OSM is optimised for accessing geographical data and speedy visualisation of 
maps. Although OSM also provides access to the complete history of objects and their 
attributes, we had to realise that its interfaces to access these historical data are not efficient 
enough for our demands. As modifying the relevant OSM-born implementations was 
obviously not a valid choice, the only chance we saw was to build our own stripped-down 
and optimised mirror of the OSM database, comprising all data and services relevant for our 
visualisations. This new database and its services, which provide superior efficiency, are 
described in section 6.3. Next steps of our development will be sketched in section 6.4. 

 

6.1 Starting Point after Release of First Prototype 

Our visualisation tools shall facilitate the browsing of accessibility tags and provide statistical 
information. Given the visible extent of the map, the statistics will show, for example, the 
overall number of accessibility-tagged objects, and the overall or relative number of red, 
green, orange and grey tags. One shall also be able to query these statistics for any past 
temporal interval. E.g. if there was a mapping event on 14 July, 2010, then one can receive 
the statistics of this very day. Or one may retrieve the statistics of all July, 2010, or of 2010 
until now, etc.  

Actually, the first prototype was a skeleton of a modern dashboard-based visualisation 
component, comprised of a set of software components, libraries and services. From the 
components and options of a modern dashboard-based visualisation system, which were 
envisioned in D3.3, the following ones have become part of the current revised visualisation 
platform. 

The map component of the user interface is based on OpenLayers, which is an open source 
JavaScript library developed as an Open Source Geospatial Foundation project (OSGeo). 
OpenLayers supports various formats for geographical data, including KML, GML, 
GeoJSON, and various standards from the OGC (Open Geospatial Consortium). 
OpenLayers utilises jQuery for user communication, which is the most popular JavaScript 
library in use today. 

AngularJS, also referred to as just Angular, is an open-source web application framework 
maintained by Google and a community of individual developers and corporations, which we 
apply as the basis for our visualisation dashboard. Its objective is to simplify the development 
of interactive interfaces built into a single web page (so-called single-page applications), as 
well as their testing and adaptation. Some efficiency measures and precautions facilitate high 
interactivity and user experience. Angular’s code is licensed under the MIT license, and the 
documentation is licensed by CC BY 3.0. 

Within an Angular application, an asynchronous communication between the web page and 
its server can take place with the Ajax (asynchronous JavaScript + XML) technique. This is 
necessary in our application, for example, when the user zooms into a map, and the 
application shall then show updated statistical information about the now smaller, zoomed 
area.  

http://en.wikipedia.org/wiki/Open_source
http://en.wikipedia.org/wiki/JavaScript
http://en.wikipedia.org/wiki/JavaScript_library
http://en.wikipedia.org/wiki/JavaScript_library
http://en.wikipedia.org/wiki/Open-source_software
http://en.wikipedia.org/wiki/Web_application_framework
http://en.wikipedia.org/wiki/Single-page_application
http://en.wikipedia.org/wiki/JavaScript
http://en.wikipedia.org/wiki/XML
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For graphical charts, we intended to base our work on the rich chart library D3.js47, or D3 for 
short (Data Driven Documents). Meanwhile, on top of D3 a newly derived library has been 
developed, which wraps the code of D3 and thus makes the construction of and the 
interaction with charts even more comfortable. This new library is called C348.  

At the start of the reporting period, these were identified as the tools to be used for the 
visualisation components of the project.  

 

6.2 The Visualisation Components 

6.2.1 From the Use Case to the New Tool 

The further development of visualisation components in the course of the reporting period 
was continuously governed by the implementation of the “Annika use case” that was already  
described in D3.3. In this use case, Annika wants to learn about the coverage within her city 
regarding accessible places and regarding the percentage of already accessibility-tagged 
places. She also wants to compare these statistics with that of a neighbouring town. The use 
case has always been a helpful and challenging basis for establishing and stabilising the new 
software environment.  

Exhibit 58 with the original sketch of the interface with regard to the first step (show statistics 
about my town) shall remind us about the concept. The starting point is that Annika is looking 
at a map of Wheelmap.org. Here, she has the option to open a new browser window that will 
show her statistics about the tagging of the region of her interest. This new window was 
sketched to look like illustrated in Exhibit 58.  

Basically, the visualisation shall show the numbers of green-, orange-, red-, and grey-tagged 
PoIs in the area of interest. It should also be possible to specify a number of days, in order to 
provide statistics of the newly tagged points of the respective colours within the previous 
specified number of days days. 

Exhibit 58: First Step in Annika’s use case. Show stats about “my town”. 

 

 

                                                 
47

  http://d3js.org/  
48

  http://c3js.org/  

http://d3js.org/
http://c3js.org/
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In the second step, Annika wants to compare her home town with another town. Another 
town (area) can be selected in the sketch of the interface by pushing the “+ area” button. As 
illustrated in Exhibit 59, in the new frame that pops up it is possible to specify a new area by 
selecting it from a pull down menu for countries or districts, or by searching it in the map by 
panning and zooming operations. After doing so, there would be two window frames aside or 
below each other, each with a map and the respective statistics. 

Exhibit 59: Second Step in Annika’s use case. Show stats about “the other town and compare” 

 

6.2.2 The New Tool 

When starting the new visualisation tool, there are three different options: (1) the tool shows 
a preconfigured default map, (2) the tools shows the map extent that was defined in 
Wheelmap, or (3) the tool shows no map, as illustrated in Exhibit 60. After starting the tool, 
users may explicitly select a map by specifying a location by its name, by clicking on one of 
the preconfigured (favourite) places, or by clicking the GO-button for selecting a 
preconfigured default map. 

Exhibit 60: Start screen of the new visualisation tool 
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Exhibit 61: Screen after selection of Elche area, time interval, and bar charts 

 

Now imagine to have selected the Elche area as one of the project’s pilot sites, cf. Exhibit 61. 
In addition, you selected the temporal interval starting from March 13, 2015, until now. So 
you want to get statistics about all tags that were created beginning with that date. You might 
first want to see the statistics using bar charts, so you select it with one of the radio buttons 
for the statistical charts, which may be toggled between “bar charts, pie charts, tabular 
charts”. In addition, you might have selected a “cluster” representation of the tags on the map 
from the parallel set of radio buttons for “Cluster, Heatmap, Donut Clustering, Off”. In the 
result, you’ll see the screen as exhibited in Exhibit 61.  

It tells you that 337 places out of a total of 729 places in the area have received a non-grey 
colouring since March 13, 2015. In contrast to the icons in the Wheelmap platform, the icons 
on the map of this visualisation tool will be clustered if there are too many icons overlapping. 
Of course, the colouring of a cluster represents the type of its elements as red-, green-, 
orange, or grey-tagged objects. The encircled number tells how many elements of its type 
exist in the area represented by the cluster.  

We have deliberately chosen to make this representation differ from the one in Wheelmap 
which will not aggregate its tags, and always keeps showing the exact iconised category of 
its tag like “restaurant”, “barber shop”, etc. In contrast, the description in the statistical 
visualisation is explicitly meant to show aggregated information. It shall explicitly not allow 
repeating and showing all the details that can be seen at Wheelmap. Consequently, even 
when you zoom into the map until clusters start to comprise only one single object, they are 
still represented as clusters with an encircled number one, and not with their subject category 
as in Wheelmap. This situation is illustrated in Exhibit 62. 

Now let’s continue with the exploration of the Elche data. On March 14, 2015, the local 
CAP4Access members from Elche had gathered a number of people, including many 
wheelchair users, to introduce them into the project’s ideas and practices. They became 
active as a Tagging Party, and very successful as such. Exactly how much can be seen from 
the screen shown in Exhibit 63. Here, the temporal window has been narrowed down to 
March 14, 0h – March 15, 0h, 2015, so it exactly shows only the tags that were created 
during March 14, 2015. As a convenience, the grey part of the bar chart has been eliminated 
by clicking on the colour rectangle below the bar. The effect is that no grey clusters will be 
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shown on the map. In general, every individual bar can be (de-)selected in the same way. 
Analogously, clusters of certain colours can be (de-)selected by clicking on pieces of the 
cake in pie charts or on rows in the tabular charts. 

Exhibit 62: Map with clusters down to size 1 

 

As Exhibit 63 shows, the Tagging Party has created a total of 132 new accessibility tags. 
Thereof, 30 objects received green, 63 orange, and 39 red tags. The relatively low number of 
green tags can be explained by the fact that places visited by the Party were exclusively in 
the old town of Elche. So they are relevant because highly frequented, but old city parts are 
often (still) less accessible than newer ones.  

Exhibit 63: Statistics showing the results of the Elche Tagging Party from March 14, 2015 

 

 

Compared with the total number of 56 tagged objects before the Party, as can be seen from 
Exhibit 63, the Tagging Party achieved a progress of some 140% within one day. The good 
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news is also that the tagging activity in Elche did not stop after the Tagging Party. This can 
be deduced by a simple calculation. As we showed above, the complete number of tagged 
objects from March 13, 2015 until present was 337. We deduce the 132 objects from the 
Tagging Party and find that after the party another 205 objects were newly tagged. So, the 
Tagging Party seems to have had a great, sustainable effect in terms of awareness raising. 

Exhibit 64: Statistics showing the Elche Tagging before the Tagging Party 

 

 

To place Elche in the context of its geographical surrounding one could now zoom out in the 
map, which will automatically be reflected in the adapted bar chart and the new clustering for 
the actually shown area, as can be seen in Exhibit 65. 

Exhibit 65: Statistics recalculated after zooming out 

 

 

As another example, Exhibit 66 shows the result of the Tagging Party which took place 
October 13, 2015, in Heidelberg. A total of 205 new tags were created in wide areas of the 
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city, but most can be located in the historic centre. The pie chart informs about the relative 
distribution of newly tagged objects in terms of their type (colour).  

Exhibit 66: New Tags on Heidelberg Tagging Party 13, October, 2015 

 

 

We want to mention another practical detail: The URL of a visualisation page includes 
visualisation parameters such as geographical coordinates and temporal interval. 
Consequently, one can save the URL of any given visualisation and re-open it any time later. 
For example, the URL of the visualisation from Exhibit 66 is: 

http://kdcap4access.iais.fraunhofer.de/exc4avis/app/visualisation.html#/?swLatLon=49.3816
46387844796,8.61577033996582&neLatLon=49.42576960715556,8.714818954467772&as
of=2015-10-13%2000:00&until=2015-10-14%2000:00 

We will probably apply some tool that will automatically make this URL shorter, like e.g. 
bitly49. 

 

6.3 Achieving Performance through a Local OSM 

Database  

It became evident early within the reporting period that directly querying the OSM database 
for the accessibility relevant features from our visualisation tools would not become 
comfortably efficient. One must bear in mind that we not only want to access the currently 
valid objects but also need access to the full history of all objects when requesting data for 
specific temporal windows. The problem is that the access to these objects is only possible 
through the OSM API, which proved to be too slow for our purposes.. 

The only solution that we could envision – despite the one of accepting the unsatisfactory 
performance of the visualisation tools – was to create our own database as a reduced copy 
of OSM, optimise this new database for the queries that we need, and host and continuously 
update the database on our own server50. Actually, just creating a copy of OSM is 
comparably easy. However, we had two further objectives in mind. One was to reduce the 
number of objects considerably by only including in our database accessibility-relevant 
objects, i.e. those that are selected by Wheelmap.org for tagging. The selection of these data 
will be described in section 6.3.1. The other objective was to keep the data in a relational 

                                                 
49

  https://bitly.com/  
50

  Towards the project’s end we’ll have to decide about the future of this server and service. 

http://kdcap4access.iais.fraunhofer.de/exc4avis/app/visualisation.html#/?swLatLon=49.381646387844796,8.61577033996582&neLatLon=49.42576960715556,8.714818954467772&asof=2015-10-13%2000:00&until=2015-10-14%2000:00
http://kdcap4access.iais.fraunhofer.de/exc4avis/app/visualisation.html#/?swLatLon=49.381646387844796,8.61577033996582&neLatLon=49.42576960715556,8.714818954467772&asof=2015-10-13%2000:00&until=2015-10-14%2000:00
http://kdcap4access.iais.fraunhofer.de/exc4avis/app/visualisation.html#/?swLatLon=49.381646387844796,8.61577033996582&neLatLon=49.42576960715556,8.714818954467772&asof=2015-10-13%2000:00&until=2015-10-14%2000:00
https://bitly.com/
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database (Postgres) in a data model that is optimised for our spatio-temporal queries. This 
data model will be described in section 6.3.2. 

Now, given such a local database, with sufficient performance, how do we maintain it by 
handling changes and updates that very frequently occur in the original OSM database. Our 
local database, which we called OWH (OSM Wheelchair History) must obviously be 
synchronised with updates of OSM. How close it should follow OSM is principally a matter of 
choice. Section 6.3.3 will describe the implemented updating process, which actually follows 
OSM within a minute. Practically, this means that newly generated tags of a Tagging Party 
would be available in our local database roughly one minute after appearing in OSM. 

Exhibit 67: The OSM-OWH architecture  

 

Exhibit 67 illustrates the resulting architecture and processes in a nutshell. On the left side in 
green rectangles, Wheelmap users and other users add or change nodes and tags in OSM. 
These modifications are not immediately integrated into the OSM database but preliminary 
stored in so-called changesets. Edits can only be added to a changeset as long as it is still 
open; a changeset can either be closed explicitly, or it closes itself if no edits are added to it 
for a certain period of inactivity51. Closed changesets will then become integrated into OSM, 
i.e. their contents becomes part of OSM and visible for all users. Individual tags of Wheelmap 
and most other individual users will not be kept open but closed immediately so that the new 
tags usually become “visible” within a minute.  

Once in a week all modifications of the week are comprised into a full dump of OSM, the so 
called Planet Full History (aka full planet). The API of the full planet allows downloading  the 
full set of OSM data from outside. Our local database OWH is re-built every time when the 
new full planet becomes available. During each week, it will keep up-to-date with OSM data 
every minute by catching the actual minutely changesets.  

OWH thus basically represents a minutely-updated subset of the OSM nodes that are 
relevant for accessibility. OWH provides its own API to our visualisation and statistics 
services. It allows answering space-time related queries regarding accessibility in a timely 
manner, such as 

 What percentage of POIs in a certain area had information about wheelchair-accessibility 
at some point in time? 

 How many POIs have been enhanced with information about wheelchair-accessibility 
within a certain time interval, or since a certain date until now? 

                                                 
51

  http://wiki.openstreetmap.org/wiki/Changeset  

http://wiki.openstreetmap.org/wiki/Changeset
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6.3.1 The Data stored in OWH 

In Wheelmap, places are tagged regarding their accessibility with the wheelchair tag52. 
Although OSM generally foresees to tag nodes as well as ways with this tag, Wheelmap has 
applied it until very recently53 only to nodes (POIs) and not to ways. 

Exhibit 68: Wheelmap POI Filter - List of all Objecs (Key-Value pairs) tagged in Wheelmap 

 

Exhibit 68 shows a complete list of all POIs, or more technical: key-value pairs, which are 
presented for tagging in Wheelmap. The majority of POIs are amenities (46 different types of 
these), such as amenity=cafe or amenity=theatre, and shops (45 different types), such as 
shop=florist or shop=deli. There are a total of 130 different kinds of POIs, also related to 
leisure activities and public transportation. This set of POIs will be called “Wheelmap POI 
Filter” further on. 

It would have been an obvious choice to exactly take the same set of POIs as elements of 
OWH. However, it occurred to us that the set of POIs selected by Wheelmap is somewhat 
“arbitrary” or “fuzzy” in some circumstances. At least, one could argue in many cases about 
the inclusion or non-inclusion of various elements. There is a reasonable probability that 
some such arguments will eventually lead to modifications, mostly extensions, of the current 
list. We have therefore decided to stay on a safer side, and right from the beginning choose a 
larger set of POIs, which in all cases make some sense to be included in the list of 
accessibility relevant POIs. Exhibit 69 provides the set of 216 additional POI-types that we 
did include in OWH in addition to those from Wheelmap. Contemplating, e.g., the list of 
shops in both versions, we observe that shop=car and shop=car_repair are present in 
Wheelmap, and that shop=car_parts additionally appears in OWH. For us, there seems to be 
no apparent reason why the last one should be excluded. A further argument applies here. 
While Wheelmap does not include the tags listed in Exhibit 69, other related platforms or 
individuals may well assign the wheelchair tag to those Exhibit 69 objects. Hence, once the 
Wheelmap POI Filter would be extended to include such objects it may well find them 
already tagged by other users outside of the Wheelmap platform. 

                                                 
52

  http://wiki.openstreetmap.org/wiki/Key:wheelchair  
53

  We will come back to this issue in section 6.4 

http://wiki.openstreetmap.org/wiki/Key:wheelchair


CAP4Access – D3.4  

Public Page 79 of 103 22/01/2016 

 

The complete set of tags in OWH, comprising the original 130 POIs from the Wheelmap POI 
Filter plus the 216 additional POIs listed in Exhibit 69, will be called Wheelchair History POI 
Filter, or OWH-POI-Filter for short. 

Finally, as a last precaution, we want to make sure that OWH will include all objects that 
have a wheelchair tag assigned, i.e. OWH comprises all objects 

 given by the Wheelchair History POI Filter (which already includes those given by the 
Wheelmap POI Filter)  

 that have had a wheelchair tag at least once in their history. 

Exhibit 69: The Superset of Wheelmap Tags as used in OWH 

 

 

6.3.2 The Data Model of OWH 

The OWH target table for the contained OSM nodes has three classes of columns, cf. Exhibit 
70: 

 All common attributes54 of the mapped OSM elements: 

o nodeid, version, changeset, timestamp, visible, lon, lat, uid, user, where 

 (nodeid,version) is the primary key  

 neither (nodeid,changeset) nor (nodeid,timestamp) are unique  

 The accessibility relevant node-tags by using a column named by the key of each tag that 
contains the corresponding value (or NULL if the node does not have the tag). The keys 
of these tags are:  

o Name (The name of the POI), wheelchair (for the accessibility values) 

o The category of the POI: shop, amenity, public_transport, highway, railway, 
aerialway, aeroway, natural, building, office, tourism, leisure, historic, sport 

o If a version of a node has a tag with one of these keys the corresponding values 
will always be included – it is not necessary that this key-value-pair falls within 
the OWH- POI-Filter. 

                                                 
54

  http://wiki.openstreetmap.org/wiki/Elements#Common_attributes  

http://wiki.openstreetmap.org/wiki/Elements#Common_attributes
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 The third set of columns contains derived information, basically for the purpose of making 
queries to OWH more efficient. 

Exhibit 70: Excerpt of an OWH Table 

 

 

Please note that one of the POIs in Exhibit 70, Universum der Energie, which is a tourist 
attraction, has a wheelchair key with value “yes”. Three different versions of this node exist. 
The value “yes” first occurred in its 2nd version (row 17), and was kept in its 3rd version (row 
18). 

The third set of columns with derived information introduced by us – basically for making 
queries more efficient –, contains the following elements.  

 Running sequence within wheelchair history:  

o history_seq (provides a unique key in combination with nodeid) 

 Some processed values derived from the tags: 

o wheelchair_valid (cleaned version of wheelchair-tag) 

o wheelmap_poi_tags, other_poi_tags (concatenations of tags) 

 Effective position to be used for visualisation:  

o last_visible_lon and last_visible_lat  

 Some 0-1-valued flags for easier and faster selection of particular nodes/versions: 

o last_visible, last_vis_in_changeset, wheelchair_node, valid_wheelchair_node,  
wheelmap_poi_node, other_poi_node, wheelchair_version, 
valid_wheelchair_version, wheelmap_poi_version, other_poi_version  

 

We will not go into all technical details for all these elements of the third set of columns here, 
but just provide three examples. 

 history_seq was introduced as OWH’s own, internal version numbering. We were 
surprised to see that objects in OSM not always start with version 1. Exhibit 71 shows an 
object for which only version numbers 18, 19, and 20 exist. OWH’s history_seq will 
accordingly introduce sequence numbers 1, 2, and 3 for this object. In OSM, sequence 
numbers may also show gaps. OWH’s history_seq will continue with a consecutive 
numbering in these cases. Having to deal with the OSM’s flaws in its versioning system 
clearly puts a burden on the query algorithms.  

 wheelmap_poi_tags, and other_poi_tags serve to assign an object directly to the right 
filter that is passes. As in the statistics we need to select tags that are “official” Wheelmap 
tags, we distinguish here between Wheelmap tags and the rest. The value under column 
wheelmap_poi_tags for an object is the concatenation of key-value pairs of the category 
tags for a Wheelmap-POI, null otherwise. Making this distinction between Wheelmap and 



CAP4Access – D3.4  

Public Page 81 of 103 22/01/2016 

 

Non-Wheelmap objects explicit avoids looking-up “membership” tables every time when 
accessing an object.  

 It seems very plausible that the exact positions of objects may sometimes vary along 
their versions. It makes sense to assume that – when a position is changed - in almost all 
cases the position becomes more accurate than before. Exhibit 71 shows an object (rows 
2-4) whose position was slightly changed in the course of its 3rd and 4th version (which 
actually became history_seq versions 2 and 3 as the object does not have a version 1). 
OWH introduces the tags last_visible_lon and last_visible_lat as the coordinates of the 
last existing version. These last coordinates will be directly available for all previous 
versions. So if the visualisation of a previous version of an object will select the 
coordinates for placing an icon on the map it will have immediate access to 
last_visible_lon and last_visible_lat within the same data record. 

Exhibit 71: Optimisation Tags in OWH 

 

 

The phenomenon of coordinate changes in the vast majority of cases justifies our heuristic 
rule that newer coordinates are normally the more accurate ones. Moreover, this assumption 
is supported by research55. Within OSM one can, however, also find curiosities which are 
hard to explain. Some nodes in OSM “travel” quite a lot over time/versions. Exhibit 72 shows 
how the “Asia Express”, a chicken grill with nodeid 666139774, paces through 19 different 
locations over its 20 versions.  

                                                 
55

  Haklay, M., Basiouka, S., Antoniou, V., Ather, A. (2010): How Many Volunteers Does it Take to Map an Area Well? The 
Validity of Linus’ Law to Volunteered Geographic Information. The Cartographic Journal. Vol. 47, No. 4, pp. 315–322. 
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Exhibit 72: A Travelling Node in OSM 

 

 

6.3.3 Synchronisation of OSM and OWH 

In the introduction to section 6.3 we already described the overall architecture and interaction 
of the OWH and OSM worlds. We have seen that OWH closely “follows” OSM in its updating 
process so that changes in OSM are reflected in OWH usually within a minute. We will now 
look a little deeper into some details. 

From time to time, and of course at the start of OWH, we fully (re-)build the Wheelchair 
History and OWH respectively whenever a new OSM planet full history becomes available. 
The OSM planet is re-computed every week, so with OWH we could do the same. 
Technically, doing this every week is not strictly necessary. During the week, OWH is 
updated through the continuous uptake of changesets from OSM. This could continue for 
more weeks, or theoretically, forever. Practically, however, it is safer in the long run to fully 
synchronise the Full Planet and the OSM as well as OWH databases in the same manner. 
When updating OWH from the Full Planet the following steps occur:  

1. download of the current version of OSM planet full history  

 runtime varying: 1h 45m – 3h 15m 

2. extracting the nodes according to the OWH-Filter 

 runtime ≈ 16h 

3. loading the result into OWH, constructing constraints and indices  

 runtime ≈ 5m (Oracle), ≈ 20m (PostgreSQL, runtime could be downgraded 

from initially 2h to 20m in the course of the year) 

 All in all it takes approximately 24h to build a new version of OWH.  
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 Since a new version of the OSM full history is usually available on Wednesday around 
noon, a full (re-)built version of OWH becomes available around Thursday noon.  

These high runtimes can partially be explained by the bulk of data that has to be processed: 

 The size of the downloaded and compressed Full Planet file (bz2) is 66 GB. 

 If decompressed the size of the OSM-file is 1.2 TB. Decompression takes ≈ 10 h of time 
and the file contains 1.485 bill. lines (xml). Usually the bz2 file is not decompressed to 
hard-disk. The OSM objects in this file are serialised.  

 The textfile of OWH has a size of 3.5 GB and contains 20 mill. lines. 

 In the Oracle database OWH takes 4.9 GB of space. The table alone takes 3.1 GB. 
Another 1.8 GB is needed for creating B-Tree indices, primary keys, and Bitmap indices. 

Once a new version of OWH has been built it needs to be updated by integrating the stream 
of changesets. Unfortunately, also here a complication arises because „clean“ incremental 
updates are not possible solely based on the latest changesets. Consider a node that 
already existed in OSM for a while but did not fall within the Wheelchair History Filter prior to 
a new changeset. In order to confirm to the rule of having all versions of a node in OWH it is 
necessary to fetch and add all previous versions of the node from OSM (which are not 
contained in the new changeset).  

It is also necessary to keep track of all node-ids that are already in OWH. It is not enough 
just to look at wheelchair-tag and POI-Filter. A node that once was in the POI-Filter or had a 
wheelchair-tag might not be any more in a new version (especially for wheelchair-tag this 
might lead to wrong information for the „current“ version).  

 

6.4 Next steps 

Visualisation is a kind of open-ended task. At one point in time, a certain particular 
visualisation may seem to be perfect – until the next idea for an extension or a variant 
occurs. With our current state of the visual tool we are not yet at “the point of perfect”. 
Several issues have already been raised from our user community by utilising the project’s 
agile development tools. In the course of the next months we will polish the existing tools, 
and we will also add some new tools and functionality. Exactly which ones will be decided 
within the consortium. 
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7 Awareness raising and collective action 

Awareness raising is a fundamental component of all the tools being developed for 
CAP4Access and not the stand-alone outcome of any one tool. At the outset of the project it 
was decided by the consortium that given the awareness raising component of all the 
CAP4Access tools in development and the existence of tried and true tools such as 
Wordpress websites and social media no specific tool would be developed within the project 
solely for raising awareness for accessibility. Because of this there has not been a “second 
release” of tools with regard to awareness raising, but instead a continuation of the use of 
awareness raising tools already in place during the first year of the project.  

 

7.1 MyAccessible.EU Website 

The MyAccessible.EU website continues to be a useful tool for spreading awareness about 
CAP4Access topics. The most important new development with regard to the website is that 
a German and a Spanish page for articles that are specific to the German, Austrian or 
Spanish pilot sites have been added. Traffic to the website fluctuates quite a bit and reaches 
its peaks each time a new article is published, as one would anticipate. This indicates that 
the efforts on social media and other channels promoting each new article are successful. As 
the CAP4Access activities at the pilot sites increased and the new tools were being tested 
during this second year of the project there was also more to report about to the outside 
world. Also, more members of the consortium contributed to various blog articles in the 
second year, giving the website a more varied tone.  

The Campaigns section of the website contains four campaign papers targeting local 
activists keen to advance accessibility related activities in their city or region. The papers 
make concrete proposals for: 

 Organising Mapping Events using Wheelmap; 

 Convincing local public transport providers to share their data on the operating status of 

elevators – information which is essential for the ability of people in wheelchairs (or 

otherwise limited mobility) to move throughout the city; 

 Sharing existing sources of data on wheelchair accessibility with Wheelmap.org; 

 Promoting use of mobile ramps for more accessibility. 

The four campaign papers are reproduced in the annex (section 9.1). 

 

7.2 Social media 

7.2.1 Twitter 

Another effective tool for raising awareness for the CAP4Access topics continues to be 
Twitter. Using this tool the project is able to call attention to its pilot site activities, draw 
visitors to the MyAccessible.EU website when new articles are posted there and interact 
closely with a varied and international community of individuals and organisations active in 
the fields of disability rights, accessibility, open data and mapping. 

The MyAccessible.EU Twitter account was tremendously useful for the “MapMyDay” 
campaign, which will be discussed below in greater detail. When launching the “MapMyDay” 
(MMD) Twitter account, nearly all of the MyAccessible.EU followers were followed by MMD 
account. This gave the campaign immediate and international visibility on Twitter in a very 
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short time, making it possible for the MMD account to gather almost 550 followers in the 
single month of the campaign’s duration. Many of these followers were instrumental in 
quickly spreading the word about the campaign globally.  

The organisations from all over the world that follow the MyAccessible Twitter account were 
the starting point of the extensive mailing list of organisations and institutions that received 
detailed information about the MMD campaign, which is included as an attachment. A large 
number of these organisations reported on the campaign on their websites and social media 
channels and/or participated in the campaign in other ways. The MMD Twitter account will be 
continued to be used even now that MMD campaign is officially over. Its focus will be 
broadened to cover all kinds of international Wheelmap and related activities. This is a very 
useful additional tool, since the existing Wheelmap Twitter account is in German because it 
caters to the large and very active German Wheelmap community. The MMD account will 
continue to tweet and retweet about relevant topics in English, making it well suited to an 
international community and for broad awareness raising activities in a way that the 
MyAccessible.EU account cannot.   

7.2.2 Facebook 

The MyAccessible.EU Facebook page was discontinued this year, as was proposed at the 
last review meeting. The Facebook page was not able to motivate the kind of interaction and 
following that is necessary for such a page to be useful. The typical CAP4Access activities 
and the make up of its consortium do not lend itself to the kind of content necessary to 
activate Facebook users, something that only became clear in the course of trying it out.  

On the other hand, the “MapMyDay” campaign created just the right kind of content for a 
Facebook page. The activities for MMD on Facebook will be discussed in more detail below.  

 

7.3 “MapMyDay” 

The most important and 
successful CAP4Access tool for 
awareness raising so far has been 
the “MapMyDay” (MMD) 
campaign which ran from 
December 3, the International Day 
of Persons with Disabilities until 
December 17, 2015. This 
campaign was carried out in 
cooperation with the World Health 
Organization (WHO), the 
International Bureau of Education 
of UNESCO (IBE-UNESCO), the 
International Telecommunication 
Union (ITU) and with support of 
the Special Rapporteur for People with Disabilities of the United Nations. MMD had a twofold 
purpose - first to gather as much information on the wheelchair accessibility of places 
worldwide in a short period of time and to raise awareness for accessibility issues among a 
broad, global audience. In the two weeks that the campaign ran, more than 20,000 new 
places were added to Wheelmap.org, a huge increase in comparison to the 300-500 hundred 
new places that are added per day normally. The visibility that Wheelmap.org and the topic 
of accessibility gained from the MMD campaign were tremendous. An extensive list of 
newspapers, websites, blogs as well as radio and television programs that reported about 
the campaign has been compiled.  
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7.3.1 “MapMyDay” Website 

A new website was made for the “MapMyDay” campaign under www.mapmyday.org. A 
requirement of the World Health Organization as a partner in the campaign, was that the 
website be made available in the six official United Nations languages (English, French, 
Spanish, Arabic, Russian, Chinese). Because of the strong German speaking community 
around Wheelmap, German was included as a seventh language.  

Exhibit 73: “MayMyDay” website 

 

 

The website has a map segment that can be localized to the wishes of the user, so that he or 
she can mark the wheelchair accessibility of a place there directly, without first having to 
access Wheelmap.org. A counter shows the exact number o f places that are being added to 
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Wheelmap during the campaign, a “social wall” shows all the social media posts with a 
#MapMyDay hashtag and the user friendly website contains every kind of information 
needed for taking part in the campaign as an individual mapper, as a group and as a 
business or NGO partner. Information for the press and other media can also be found on 
the website.  

The website will stay online, even now that the official phase of the MMD campaign is over. 
Work is under way to change the website so that it will show everything that happened during 
the campaign: the activities, the people and organisations involved and its impact. The 
website can always be revived in its campaign format for future use, for example for new 
mapping campaigns. In this way the MMD platform can continue to be a sustainable and 
effective tool for creating awareness for accessibility by addressing a broad global audience 
in a variety of ways. 

7.3.2 Further Development of Wheelmap for MapMyDay 

In order for the Wheelmap apps to be readily usable around the world for the global 
campaign, the existing translations of the Wheelmap apps were corrected, completed and 
updated. Additionally, 7 new languages were added, bringing the total to 29 languages on 
the apps. This development has greatly increased the potential reach of Wheelmap, making 
the tool available to whole new audiences. Another development that was implemented for 
MapMyDay was a Wheelmap widget that enables the accessibility map to be embedded 
directly into other website easily. This gives cities, tourism agencies, businesses and 
organisations the opportunity to promote the use of Wheelmap and awareness for 
accessibility topics in their regions and among their networks. 

7.3.3 Testimonials 

A large number of prominent supporters were mobilized for the “MapMyDay” campaign. 
Supporters sent their photos and statements in as to why accessibility is important. These 
photos and statements were put together into images in the style of all the MMD materials. 
These supporters played in 
important role in spreading the word, 
in motivating people to get involved, 
in giving the campaign greater 
credibility and in making it fun and 
serious simultaneously.  

Because the Sozialhelden network 
is concentrated in Germany, the 
majority of supporters came from 
Germany but a number of persons 
of note from outside of the country 
were also involved. Among those 
were Philippe Pozzo di Borgo, the 
man whose story was told in the 
very successful movie “Les 
Intouchables”, Dr. Danielle Sheypuk, 
a psychologist who was also the first model in a wheelchair to participate in the New York 
Fashion Week and Yuval Wagner, an Israeli disability rights activist and president of the 
organisation Access Israel.  

In addition to these personalities the campaign was also able to draw support from people 
who do not have a disability. The international soccer star Christoph Metzelder, the writer 
and journalist Andrew Solomon, Berlin’s governing mayor Michael Müller, the enormously 
popular YouTube star Simon Unge and the talk show host and comedian Eckart von 
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Hirschhausen are examples of celebrities without disabilities who wholeheartedly supported 
the campaign.56 

Members of the German Bundestag 

All the members of the German parliament received a letter from Willi Brase, the Chairman of 
the Committee for Citizen Engagement, informing them of the MMD campaign and asking 
them to spread the word to their constituents. A surprising number of members of parliament 
thereupon did take action and posted information about the campaign on their websites or 
spread the word via social media. The postings that we have been made aware of are 
included in the lists of websites and social media posts that are attached to this deliverable. 

7.3.4 MapMyDay on Social Media 

Facebook group / event page 

The MapMyDay campaign was able to attract a community of 1,600 followers for the page 
within only one month because of the nature of the  message and the goal of the campaign. 
MMD was created as a social media campaign from the outset, with content being produced 
that was specifically suited to this medium. The entire event was on based on large numbers 
of people taking part as individuals or as groups. The feeling of being part of a global event, 
of working together on a project with other people around the world and of being able to 
make a difference by doing something very simple were the driving forces behind the event. 
Being able to use Facebook as a tool to activate and motivate large numbers of people in a 
very short time proved to be a very important factor in the success of MMD. The Facebook 
page can be found at: https://www.facebook.com/mapmyday/?fref=ts. 

Prominent supporters  

Due to a very extensive publicity campaign MMD was able to reach some very influential 
organisations and individuals who shared the campaign with their followers on Facebook. 
Among these were the European Commission, EU Commissioner Marianne Thyssen and the 
Special Advisor on Disability Issues to the U.S. Government, Judith Heumann. What follows 
are screen shots of some of the most prominent Facebook supporters: 

Exhibit 74: Prominent “MayMyDay” supporters from the policy domain 

  

                                                 
56

  The entire gallery of supporters with their statements can be found here:   
https://www.flickr.com/photos/sozialhelden/albums/72157658748784874/with/22941896865/ 

https://www.facebook.com/mapmyday/?fref=ts
https://www.flickr.com/photos/sozialhelden/albums/72157658748784874/with/22941896865/
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The people from the Accessible Icon Project, whose new accessibility icon is slowly replacing 
the traditional wheelchair symbol, were also enthusiastic about the campaign and helped to 
spread the word to the United States as well.  

#MapMyDay Hashtag 

The #MapMyDay hashtag had been used on social media channels 5,641 times by 
December 18, 2015, mostly on Facebook and Twitter. On December 3, the focus day of the 
campaign, the hashtag was used so often that it was one of the top trending hashtags on 
Twitter in Germany all day. The hashtag continues to be used now, but of course not to the 
extent in which it was used during the actual campaign. A complete list of the posts and 
tweets using the #MapMyDay hashtag is enclosed as an attachment. Some of the highlights 
of the Twitter activities which showed the extent and reach of the campaign included tweets 
from the German Foreign Ministry, the Mayor of Calgary, the German Olympic Sports 
Federation, the City Councillor of Toronto, the City of Santa Monica, California, The Rick 
Hansen Foundation of Canada, Lonely Planet, OpenStreetMap Foundation and Directions 
Magazine (for geospatial information).  

7.3.5 Business and NGO partners 

In addition to the Geneva-based UN agencies, the “MapMyDay” campaign was able to 
interest a wide variety of businesses and organisations to take part as partners. These 
partners participated in a variety of ways. Examples include Wall AG, the advertising agency 
for the public transportation system in Berlin, which proved an especially supportive partner. 
On December 3, large posters with testimonials for MMD by German celebrities were posted 
in subway stations throughout Berlin. Wall AG produced these poster free of charge for the 
campaign. Particularly impressive were the additional MMD posters that were placed on 
huge billboards on one of Berlin’s main thoroughfares on December 3.  

The Scout Group, of which the very popular German real estate platform 
ImmobilienScout24 is a part, was very supportive in spreading the word to their vast 
networks of customers, suppliers, renters and agents (~1.34 million contacts). In two 
newsletters, with a blog post and in frequent social media posts this partner communicated 
very extensively about the campaign and its goals. In addition, ImmobilienScout24 called 
upon its employees to mark 3 places on Wheelmap on their way to or from work on 
December 3. The British real estate platform The House Shop was also very supportive on 
social media and organized a mapping event with its employees to mark places in the vicinity 
of its offices. Other examples of businesses that partnered with #MapMyDay by calling upon 
their employees and networks to participate, were multinationals such as Google, Allianz, 
and Telekom Deutschland. 
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The European Network for Accessible Tourism, Ashoka, the world’s largest international 
disability rights NGO, cbm, and Access Israel are examples of organisations that also 
joined in to make the campaign a success.57 

 

7.4 Regular Wheelmap mapping activities 

In addition to the extensive MapMyDay campaign, “regular” Wheelmap mapping activities 
took place throughout 2015 as well. The following table lists these events: 

Exhibit 75: Selected Wheelmap mapping parties in 2015 

Date Type Organisation Location 

2015-01-30  Mapping event HWR Campus Lichtenberg Berlin / DE 

2015-04-08 Mapping event DRK Volunta / DJH 
Korbach 

Korbach / DE 

2015-04-18 Mapping event  Furtwangen / DE 

2015-04-24 "Leos go Wheee!" - Mapping Leo Club Rotterdam Rotterdam / NL 

2015-04-25 Mapping event Jusos Pforzheim Pforzheim / DE  

2015-05-05 Mapping event Self-help contact point 
Krefeld 

Krefeld / DE 

2015-05-09 "Leos go Wheee!" - Mapping Leo Club Rostock 
Warnemünde 

Rostock, Warne-
münde / DE 

2015-05-15 "Leos go Wheee!" - Mapping Leo Clubs Sweden Sweden 

2015-05-15 "Leos go Wheee!" - Mapping Leo Club Poznan Poznan / PL 

2015-05-20 + 

2015-05-31 

"Leos go Wheee!" - Mapping Leo Clubs Austria Wien / AT 

2015 May  Mapping activities Volunteering Agency 
Magdeburg e.V. 

Magdeburg / DE 

2015-7-3 British / German high school 
event on accessibility 

British Council, German 
Tourist Office 

Sophie Scholl 
School, Berlin / DE 

2015-7-10 Social Day ImmobilenScout24 Immobilen Scout GmbH/ 
Sozialhelden e.V. 

Berlin / DE 

2015 January – 
July 

Mapping activities Geriatric care nurses of 
BBS Prüm 

Prüm / DE 

2015-7-26 Mapping event for Americans 
with Disabilities Act Anniversary 

20 participants Washington D.C. / 
USA 

2015-7-29 Mapping event Individual Lüneburg / DE 

2015-9-3 Mapping event Caritasverband Steinfurt Ochtrup / DE 

2015-9-14 - 
2015-9-18 

Social Day Aramark Holdings Germany 

2015-9-26 Social Day SOTEGI Stuttgart / DE 
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  A complete list of the businesses and NGOs that were partners of the MMD campaign can be found at: 
http://mapmyday.org/en/partner/overview. 

http://mapmyday.org/en/partner/overview


CAP4Access – D3.4  

Public Page 91 of 103 22/01/2016 

 

7.5 Miscellaneous examples of awareness raising for 

Wheelmap.org 

In the course of the last year there were also examples of how other organisations, 
completely unrelated to CAP4Access or Wheelmap helped to raise awareness for Wheelmap 
and accessibility issues. We mention three of these occurrences as examples of how  

The world’s largest hotel search site, Trivago, published two articles on traveling with a 
wheelchair on its German site. Wheelmap played an important role in both of these articles: 

 http://checkin.trivago.de/2015/10/27/reisen-mit-rollstuhl-tipps-reiseplanung/ 

 http://checkin.trivago.de/2015/10/26/rollstuhlgerechte-hotels-deutschland/ 

A call upon local politicians in Mallorca to use and promote Wheelmap on the popular 
vacation island was a welcome shout-out for the online map and accessibility issues:  

 http://www.mallorcazeitung.es/meinung/2015/09/10/barrieren-abbauen-
informationslucken-schliesen/38536.html 

7.5.1 Disability Mainstreaming 

After a meeting with the Deutsche Bahn’s CEO, Rüdiger Grube, in mid 2014, Sozialhelden 
followed up with further conversations and communication aimed at improving the company’s 
accessibility for wheelchair users. In mid 2015, Deutsche Bahn, Germany’s largest public 
transport provider, announced an open data initiative to make existing data freely available 
and to enable other parties to use the data for the sake of creating better services for railway 
customers. In this vein, in December 2015 an API with information regarding the operating 
status of elevators was published. Sozialhelden will intensify the cooperation with Deutsche 
Bahn in working with this information. As part of their efforts, Deutsche Bahn will further 
improve the quality of existing information by upgrading elevators with technical devices 
enabling the elevators to report themselves as operating or not. 

7.5.2 Policy recommendations 

Until the end of 2014, the European Commission’s regulations allowed for any railway station 
which caters to less than one thousand passengers per day to be inaccessible (see TSI 
PRM). Sozialhelden contacted European Commission (Directorate General for Mobility and 
Transport, Unit B.2) and formulated its concerns about possible conflicts of this regulation 
with the UNCRPD.  

From 2015 on, the new ‘rule of prioritization’ (1000 passenger rule) determined that member 
states can decide themselves at which size (measured by number of passengers) railway 
stations should be renewed first. Sozialhelden intensified its efforts to make small stations 
accessible so that people in more rural areas can be mobile and independent as well. There 
have been several contacts with federal representative for people with disabilities, with 
representatives of Deutsche Bahn and the Federal Ministry for Transportation. Finally, in mid 
2015, the Minister for Transportion announced a 50 million Euro program for modernising 
stations with less than a thousand passengers per day, combined with matching funding of 
another 50 million Euro spent by Deutsche Bahn.58 
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  http://www.ksta.de/wirtschaft/verkehrsminister-alexander-dobrindt-100-millionen-euro-zur-modernisierung-kleiner-
bahnhoefe,15187248,31356848.html  

http://checkin.trivago.de/2015/10/27/reisen-mit-rollstuhl-tipps-reiseplanung/
http://checkin.trivago.de/2015/10/26/rollstuhlgerechte-hotels-deutschland/
http://www.mallorcazeitung.es/meinung/2015/09/10/barrieren-abbauen-informationslucken-schliesen/38536.html
http://www.mallorcazeitung.es/meinung/2015/09/10/barrieren-abbauen-informationslucken-schliesen/38536.html
http://www.ksta.de/wirtschaft/verkehrsminister-alexander-dobrindt-100-millionen-euro-zur-modernisierung-kleiner-bahnhoefe,15187248,31356848.html
http://www.ksta.de/wirtschaft/verkehrsminister-alexander-dobrindt-100-millionen-euro-zur-modernisierung-kleiner-bahnhoefe,15187248,31356848.html
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7.5.3 Master thesis on Wheelmap and city development 

To further explore ways for motivating city administrations to further improve their 
accessibility with the help of Wheelmap information, Sozialhelden supervised a master 
thesis59 regarding this topic. The thesis was finished in early 2015 and was rated with the 
highest possible grade. 

Abstract: “Crowdsourcing is basically a bottom-up based process, where an online crowd 
fulfils a certain task collectively and voluntarily. This happens already frequently without the 
impetus of an official urban planning institution. Via an inductive approach it is going to be 
analysed first, to what extent Crowdsourcing is already part of the everyday work of German 
urban administration and second, how this situation will change in the future. The 
collaborative online map Wheelmap, which depicts public places according to their 
accessibility with a wheelchair, is used as a case example. The study focuses on Berlin, 
Munich, Hannover, and Kiel, because the users of the Wheelmap are the most active there. 
The methodology is based on semi-structured interviews with experts. The interviewed cities 
perceive the Wheelmap as an additional source of information about accessible places for 
technophilic people, who are mobility impaired in the short-term or in the long-term. It can 
also contribute to the formation of a society, which is more inclusive. Due to the limited 
influence of the urban administration the Wheelmap’s descriptive illustration does not induce 
an actual pressure to remove physical barriers. In general, Crowdsourcing is a rather new 
topic for the interviewed persons in the urban administrations. In the future it will become 
more important, for example to make usage of local knowledge within the framework of 
public participation processes.”  
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8 Summary 

The initial prototype of the Collective Tagging tool as described in deliverable D3.3 was a 
mobile application which aimed at including several functional aspects including the use of 
templates, tag recommenders and web services. It mainly addressed the objective of 
providing accessibility-related tags to points of (public) interests. Responsible partner 
University of Heidelberg (UHei) initiated a discussion whether this should remain the right 
objective in view of the further improvement and extension of existing tagging tools such as 
the Wheelmap, and newly arising tools such as Hürdenlos60 in Heidelberg. A decision was 
taken that a more innovative and fruitful focus would be to let the tagging tools primarily 
address information related to routing and navigation. In the result, the collective tagging tool 
has been re-imagined to become a three part service which allows ordinary users to record 
permanent and temporary obstacles regarding traversability and walkability, which can then 
be viewed by other users and – if permanent – become integrated into the OSM dataset. 
Later in the reporting period, Mapping for Change applied the UCL-based Sapelli platform for 
developing a specific tagging application focussing on the recording of physical challenges of 
hiking trails in the UK. It was important that for the on-site entry of issues the Sapelli interface 
is fully functional even without an internet connection. Using the public API of the collective 
tagging tool developed at UHei, it is possible to directly import features recorded in the 
Sapelli platform into the collective tagging tool system and thus be integrated into OSM. 

With regard to the Participatory Sensing task, the previous reporting period resulted in a 
conceptual design and a wire-frame mockup of a participatory sensing tool. The intended 
subsequent implementation of the tool retarded due to unavailable technical staff at the 
respective UCL department. Meanwhile, a first implementation of the mockup as described in 
D3.3 has been realized.  

The Quality Assessment task brought forward two different tools for the visualisation of the 
quality and availability of OSM data. The first tool is called the OSM Quality Assurance 
Editor. It considers individual OSM objects of a certain type, and visualises their existence or 
features of their attribute value on a geographical map. For example, one can mark all 
streets on a map that have no sidewalk attribute. This way one can get an idea about the 
general coverage of the OSM data with regard to sidewalk mapping. The second tool is 
applied on an aggregate data level. A first version had been presented in D3.3. This so-
called OSMatrix tool has since been extended both on its client- and server-side. Applied to 
the previous example of sidewalk data it can be used to show statistics like the degree of its 
coverage in a hexagonal net on top of a geographical map. In the same way, one can now 
visualise the degree of availability of sidewalk attributes like surface, smoothness, and 
incline. 

The main work of the Data Integration Task in the reporting period was devoted to making 
the Viennese kerb data set available within OSM so that it can be utilised for routing and 
navigation. One challenge was to associate the point data representing dropped kerbs to the 
correct streets, or ways, in OSM. This matching is mandatory because the routing and 
navigation algorithms traverse the OSM networks of streets, and they should find information 
about possible street crossings via opposite dropped kerbs along the roads. The matching 
task proved to be surprisingly complex and difficult to achieve. Finally, we were able to match 
all points to their respective streets with an accuracy that seems to be close to 100%. Better 
than expected at the previous review meeting, the underlying process can in large parts run 
autonomously, with the exception of a few manual operations. We are currently in the 
process of making the dropped kerb data officially available in the OSM database. The OSM 
community has established very strict rules and a code of conduct for the acceptable intake 
of new data, particularly for so-called bulk-imports, i.e. the automatic import of a massive 
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amount of data. Every such import must be agreed within the community by consensus, and 
any critical opinions must be respected. The duration of this process cannot be predicted as 
it is based on the consent of the OSM community.  

In the last quarter of the reporting period, IAIS has started a project-wide process of 
deliberately selecting successive new data integration tasks. The initially wider options were 
reduced to elevation data, which would allow deriving slope data for sidewalks. Fortunately, 
for the Cities of London and Vienna there are suitable, albeit technically different, kinds of 
elevation data available. IAIS started some preliminary inspections of both data sets and 
found that both data sets are suitable for deriving slope values with sufficient accuracy. 
Practically, we had to start with one of the datasets, and the project concordantly decided for 
London. 

The Routing and Navigation algorithms utilise the Heidelberg-based, publicly available 
OpenRouteService (ORS), which itself runs on top of OSM. The achieved routing 
functionality has progressed in various ways in this reporting period. The wheelchair profile of 
the routing tool, and the algorithms, are able to consider more kinds of accessibility- and 
mobility- relevant data such as sidewalk attributes like incline and surface and location and 
height of dropped kerbs where available. Furthermore, it has increased its geographical 
scope from the individual pilot sites to the whole of Europe, Asia and Australia. The client 
interface received a modern-looking style. A very valuable functional extension is the 
“Accessibility Analysis” tool. For a given location, this tool visualises which other locations 
can be reached with a wheelchair in incremental numbers of minutes. In the reporting period, 
the navigation service and mobile application have been considerably enhanced and 
additional functionality added. Like the routing tool it is now able to consider wheelchair 
parameters such as slope, surface of the sidewalk, etc. Major improvements have been 
made regarding the calculation and provision of landmark based navigation instructions. The 
user interface has been improved in style and user experience. 

In the previous progress report, IAIS had sketched the modern dashboard-based architecture 
of a new visualisation tool substituting the initially prospected tool GeoTemCo. This new 
architecture has been implemented, and then instantiated with a tool for viewing Wheelmap 
tag information of POIs and descriptive statistics of spatial areas for selectable temporal 
intervals. When using the tool and selecting historical data from OSM, IAIS observed that 
running the respective queries in the original OSM database was too slow. This was 
particularly the case owing to the user interface being reactive to changes in the visible part 
in the map. This means that any time the user zooms in or out, or drags the map a bit aside, 
a new OSM query will be started receiving the data for the new map pane. The given 
reactivity of the original OSM did not seem to be acceptable for users of the visualisation 
tool. This was a critical point of the visualisation tool development. The only viable solution 
seemed to be the development of the project’s own database comprising all accessibility-
relevant data of the original OSM database. This new database (called OWH – OSM 
Wheelmap History) is a considerably smaller subset of OSM, and by including appropriate 
indices is optimised for the required queries of the visualisation tool. A consequence of this 
approach is that the derived mirror-database of the project must eventually be synchronised 
with OSM. IAIS has realised synchronisation mechanisms such that OWH runs behind OSM 
only in a “distance” of approximately one minute. 

In the Awareness Raising domain, the most important and successful CAP4Access action 
so far has been the MapMyDay campaign which ran from December 3, the International Day 
of Persons with Disabilities, until December 17, 2015. This campaign was carried out in 
cooperation with the World Health Organization (WHO), the International Bureau of 
Education of UNESCO (IBE-UNESCO), the International Telecommunication Union (ITU) 
and with support of the Special Rapporteur for People with Disabilities of the United Nations. 
MapMyDay had a twofold purpose – first to gather as much information on the wheelchair 
accessibility of places worldwide in a short period of time and to raise awareness for 
accessibility issues among a broad, global audience. The tools deployed for the purpose 
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consisted of a carefully designed website including a localisable map, a “social wall” 
displaying all social media posts using the #MapMyDay hashtag, a range of sources for 
media representatives and local activists, a long list of testimonials in advert-style from 
prominent supporters, and links to social media channels. Twitter and Facebook, in 
particular, were used stratregically for reaching multipliers, the success of which is 
demonstrated by messages received from EU Commissioner Marianne Thyssen, the Special 
Advisor on Disability Issues to the U.S. Government Judith Heumann, the German Foreign 
Ministry, the Mayor of Calgary, the German Olympic Sports Federation, the City Councillor of 
Toronto, the City of Santa Monica, California, The Rick Hansen Foundation of Canada, 
Lonely Planet, OpenStreetMap Foundation and Directions Magazine. In the two weeks that 
the campaign ran, more than 20,000 new places were added to Wheelmap.org, and the 
visibility that Wheelmap.org and the crowdsourcing approach to booasting accessibility 
gained from the MapMyDay campaign were tremendous. 

The table in Exhibit 1 gives an overview of the new tools developed in each of the seven 
“technology strands” of the project and the main platform on which they have been launched. 

Exhibit 76: Matrix of Tasks and Tools 

 

Because no version of chapter 2 “Participatory Sensing“ had been made available at time of 
submission, the part of the Deliverable dealing with Task 3.4 “Applications for participatory 
sensing” will be submitted separately as a stand-alone document (D3.4b). 
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(IAIS)

Wheelmap, 

Community 

Map, 

GeoTemCo

Routing & 

Navigation


# My 

Accessible.EU 

navigation tool 

(UHei)             

# Reachability 

Analysis (UHei)



CAP4Access – D3.4  

Public Page 96 of 103 22/01/2016 

 

9 Annex 

9.1 MyAccessible.EU Campaign Papers 

9.1.1 Mapping parties 

First page 
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Second page 

 



CAP4Access – D3.4  

Public Page 98 of 103 22/01/2016 

 

9.1.2 Transport providers’ data on operating status of elevators 

First page 
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9.1.3 Sharing data on wheelchair accessibility 
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9.1.4 Mobile Ramps 
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