
Advanced OR and AI Methods in Transportation 

A GIS APPROACH TO EVALUATE BUS STOP ACCESSIBILITY 

Giuseppe SALVO1, Simona SABATINI2 

Abstract. This paper proposes a methodology to assess public transportation 
access in urban area by using a geographical information system based on 
pedestrian network with presence of the obstacles. This methodology allows to 
plan the “optimal location” of the new bus stops or to modify their location so as 
to serve most of users in the urban area. Its goal is to get ready a support system 
for planners, policy makers, transport operators and disability organizations to 
evaluate the access to public transport system in urban areas 

1. Introduction 
Buses have been the main public transport system in most cities, and bus-stops are the 
places where passengers and buses meet each other. In today’s society everyone should be 
able to access the bus system and obtain the benefits it offers. Accessibility to public 
transport is important because it is the default means of travel for everyone. A number of 
changes to technologies and infrastructure have been developed in the attempt to make 
public transport system accessible: low floor buses, fully-accessible bus stops etc.  

The paper details the process for designing an accessible bus system and explains the 
nature of the accessibility problem with respect to making bus stops fully accessible and it 
reports on aspects of the passengers. 

It considers the pedestrian access infrastructure, that is essential link between the origin 
of the trip and the transit stop, and their maintenance to show what can be done to help 
people for improving their facility to travel around urban area.  

The experimental phase of the study compares the performance of different bus stop in 
public transport network in Palermo  

The focus of this paper is not on design of stops or bus shelters, but rather on evaluation 
of walkways for users to urban transport system. 
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2. Bus location 
The service offered by urban public transportation, besides the coverage of the network, 
route frequency, price, availability of service routes etc, includes accessibility to bus stop. 
Every transit trip begins and ends with pedestrian travel. Good pedestrian facilities often 
make the trip to stops more enjoyable, thus making it easier for people to choose both 
modes of transportation to go to work, shopping, or other activities. All transit facilities and 
the transportation routes that lead to them have need to be safe, convenient, and accessible. 
If people do not feel safe or comfortable walking to stops, then they are likely to choose 
other modes of travel, such as a car. 

In the current appraisal planning methods, to design the bus stops location some 
parameters are only considered as such the distance from origin/destination trip to the bus 
stop and the walking time. 

The bus stops are chosen like centre of circle where the length of radius defines service 
quality, excluding pedestrian’s real path, presence of possible obstacles (physical barriers) 
and population density or workplace near bus stop. 

Computer science offers the possibility of accessibility appraisal at the transport system 
for users by associating digital images, cartographic elements (walkways), and database. In 
order to design and verify bus stops location and them distance, it allows to get ready an 
efficient and efficacy system. 

In this study a model of calculation the real path as the shortest distance from all 
residents or units of service to bus stop was created.  

This model uses a database of bus routes, timetables and stop locations together with 
local demographic details and information on important facilities such as education, 
employment, leisure and health, and use a GIS interface to show result. 

3. Bus stop accessibility 
A good bus accessibility is an essential part of any successful urban mass-transit system. 
What constitutes "good," however, depends upon your point of view. From the perspective 
of the city agency that is responsible for its management, a good accessibility is one that 
has low maintenance requirements and is vandal-resistant. From the user's point of view, an 
ideal accessibility is one that allows visibility and easy access to the bus, is comfortable and 
convenient, provides clear information, and is safe. 

Good locations for bus shelters are near retail stores that have products related to bus 
riders' needs (e.g. bakery, flower shop, newsstand, etc.) and are open late at night; near 
office building entrances within view of a security guard; near street vendors; and in 
conjunction with other amenities such as telephones, benches, and so on.  

Specific guidelines for locating bus shelters are noted below:  
Bus shelters near intersections should be set back from the crosswalk approximately 10 

feet to avoid conflicts with pedestrian traffic. If a bus stop is on the far side of an 
intersection, the shelter should be located a minimum of 40 feet from the crosswalk to 
allow adequate room for the bus to stop. 

A distance of 3 feet should be allowed between the bus shelter and the curb for free 
movement in boarding and exiting from the bus. 
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Bus shelter should have their long side parallel to the sidewalk to minimize interference 
with pedestrian traffic. 

Exit and entry openings should be oriented so that people are protected from the wind. 
However, it is important to keep the side of the shelter facing the street open to allow 
passengers to board or exit the bus easily. 

Elements such as information kiosks or vendors that can obstruct the view of oncoming 
buses should be located "down-stream" from the shelter. 

The research team decided to adopt methodology in a extremely busy road corridor in 
Palermo. The route was chosen for the following reasons: 

• A number of shops and public offices were located along the route. 
• This route and vehicles using it is a typical of Palermo City’s urban transport 

network. 
• The short route would also enable effective monitoring. 

3.1. Socioeconomic data 

The travel demand is generated by the localization of buildings/land-use (housing, 
population density, shops, workplaces, service and recreation), as well as investments and 
restrictions in the traffic network 

Socioeconomic data is vital for determining locations for transit routes and facilities. 
Often, socioeconomic spatial data resides in a zonal layer that may cover a very large area. 
While socioeconomic data aggregated to these large zones are useful for regional analyses, 
they can’t support a analysis of accessibility to bus stops. 

The research team recognized this problem in analyses using current socioeconomic 
data at the census tract level.  

To solve the problem, a GIS tools was used with land-use information to disaggregate 
the census data. Census data maps are plotted in the GIS based on population density areas, 
where each zone contains such attributes as population, percent of working age, housing 
units, and employment. 

3.2. Route-buffer catchment areas 

Walkable catchments can be mapped to show the actual area within a five-minute walking 
distance from a bus stop or ten minutes from any major transportation stop such as a rail 
station. It is simply a technique for evaluating how easy it is to move through an urban area 
and access to transit facilities. 

This section presents three ways of determining catchment areas around bus stops. 
The simplest approach to building transit catchment areas is to create a buffer around an 
entire route. The buffer is centred on the route of interest and is defined by the maximum 
distance that riders find convenient to walk to and from the system. 

In the analyses a distance zone of 300 meters has been used, which corresponds roughly 
to a 5 minute walk at 4.5 km/h. 

This approach assumes that all locations within the buffer are accessible to the route. 
This assumption may overestimate accessibility because the approach don’t take account 
connectivity of pedestrian network.  
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The approach is commonly used, for example, to design future transit routes for which 
bus stop locations are not yet known or when bus stop locations are not available in the 
GIS. 

The second empirical approach is to create a buffer around each individual bus stop 
with radius as walking distance. It’s shown as a circle with a radius of a 300 m drawn 
around a bus stop and requires the availability of coordinate locations for each bus stop. 
Though the approach improves the accuracy of the analysis, don’t take account connectivity 
of pedestrian network and may make a mistake as well as route buffer approach. 

In the analyses the number of men and women living within a circular distance zone 
around each respective bus stop studied have been added up.  

An other approach is to identify all links in the pedestrian network around bus stop that 
can be reached by walking along the network for less than the specified maximum walking 
distance (300 m in this study). This approach requires network analysis tools and a accurate 
knowledge of network condition. 

GIS can be used to overlay the catchment areas onto a layer that contains demographic 
data (with traffic analysis zones, for example). The GIS can then estimate potential people 
and jobs within walking distance of a bus stop based on the fraction of each demographic 
area. 

Fix as: 
 L =  the total length of buffer around each individual bus stop with radius as walking 

distance, 
 Lf =  the total length of pedestrian network that are within the maximum walking 

distance of a bus stop; 
the fraction Lf/L shows evaluation parameter for each bus stop. 

Complete descriptions of each bus stop and station have been added as attribute data. 
The collected information may also include any attribute information available from the 
agencies; such attributes may include handicapped accessibility, and the availability of 
shelters and benches.  

4. Case study 
Methodology set up has been carried out on a high residential and commercial density 
district of Palermo. In road network run at least 5 bus lines that connect the district with 
principal urban area of Palermo. The study takes into account two phases: first step of bus 
stops location and, for each, drawing radius’s circles equal at 150 m (fig. 1).  

Second step, potential demand has been analyzed by taking data of population density, 
shops number and typology, or workplaces etc. and their location has been brought back in 
a GIS. In the considered zone, the inquiry results, presented into database connected to a 
GIS, have showed the majority of residences compared to demand generated by 
commercial business. Most of that, for typology and dimension, are to service users that lie 
in an area can be traveled over feet. 
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Figure 1. Least cost path through walk network 

The accurate survey of pedestrian network round the bus stop has allowed data 
collection about each link. Moreover, this survey has been directed towards the calculation 
of cost function that depends by kinetic energy, length, aspects of footways, maintenance 
issues, kerbs, gradients, pedestrian traffic signals, etc, and GIS can calculate the least cost 
path through walk network (fig. 1). 

At the end of this phase, the elaboration of cost function has allowed to identify links 
that connect each residence with the examined bus stop, with constraint of a maximum 
length of 150 m. 

The GIS has enabled to identify a catchment area more close at pedestrian flow 
conditions. 

Potential demand of public transport results from a query between socio-economic data 
and polygonal figure representative the real catchment area. 

Accessibility measures for individual bus stops can be prepared by repeating this 
analysis for each stop (fig. 2). 

 

 Figure 2. Comparison between approach for circle and approach for pedestrian 
network. 
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The experiments confirmed the benefit of methodology for good quality design for 
accessible public transport systems 

Planners and operators should note that using accessible vehicles (for example low-floor 
buses) is necessary but not sufficient for such an accessible system. 

Transit professional will improve the level of analysis by developing, improving and/or 
expanding the use of GIS in the planning process. 
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