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Abstract. Integrated public transportation service is a new interesting form of 
service combining a fixed route service with a demand responsive service. The 
aim of this work is to find guidelines to help operators of public transport to 
design this service. It is then important to analyse and evaluate how the 
attractiveness and operating costs for the service depend on the type of demand 
responsive service used, and on design parameters related to the fleet of vehicles, 
the structure of the transportation network and the personal service commitments 
made to the passengers. The evaluation is made using simulation and the 
LITRES-2 public transport modelling system. Computational results are 
presented. 

1. Introduction 
This paper concerns the development of integrated public transport services. Our interest is 
to integrate a fixed route service and a demand responsive service (DRS), and in this way 
taking benefit of the cost-efficiency of the first service and the flexibility of the second 
service. 

A main focus group for this integrated service is elderly and disabled people with 
special needs permits allowing them to use a taxi (multi hire taxi) for approximately the 
same prize as that of a journey with the normal public transportation (fixed route bus 
service). The cost for the municipalities and the operators of public transport can be 
significantly reduced if some portion of these persons can utilize the integrated service 
instead of using taxi service the entire way. 

In a number of situations, other travellers can also have interest in an integrated service. 
Examples include bad weather, when carrying a lot of baggage, when there is a long way to 
the nearest bus stop, safety reasons (late at night), and satisfying demand in low-density 
areas where no public transport is offered. Integrated service can also be used to substitute 

                                                        
1 Linköpings universitet, Dept of Science and Technology, SE-601 74 Norrköping, Sweden, 
carha@itn.liu.se janlu@itn.liu.se petva@itn.liu.se 



272 C. H. Häll et al. 

parts of a fixed route service. This can reduce operating costs and increase the level of 
service for the ordinary public transport customers. 

The aim of our work is to find guidelines to help operators of public transport to design 
an integrated service combining a fixed route bus service with a DRS. This is done by 
evaluating the effects on availability, travel time, cost and other service indicators for 
variations in the design and structure of the service, using a simulation model. The goal is 
to design a transportation service that gives the regular public transport riders an increased 
service level, attracts some of those persons in hold of special needs permits, and 
contributes to an overall cost-efficient public transport. 

2. The integrated service 
The integrated service can be designed in a number of ways, primarily depending on how 
the DRS is organized. The fixed route service is intended to have highly frequented routes. 
Routes with lower departure frequencies should not be used since these increases the 
transfer times and complicates the construction of integrated journeys. 

Demand responsive service is a label used for many different services. According to the 
definition of Kirby et al. [2] a demand responsive transit service is a service that "provides 
door-to-door service on demand to a number of travellers with different origins and 
destinations". The door-to-door part of this definition is usually not so strictly followed. 
Many services do not pick up and drop off passengers at exact addresses, but the service 
still respond to a certain demand at a specific time. A better description of the service is that 
it offers flexible routes and schedules and that it at least partially, respond to requests from 
passengers.  

If elderly and disabled shall be able to use the integrated service, it is essential that the 
service can be provided very close to the desired points of origin and destination (or even at 
the exact addresses). The DRS must therefore be an area covering service and there are two 
main services of interest. These two are Dial-a-Ride and Multi hire taxi.  

Dial-a-Ride is a type of service where passengers can (and in most cases should) call in 
requests in advance. Normally this service operates between two scheduled stops, and the 
most common is to let the vehicle travel freely within a corridor between the two stops, 
rather then along a fixed route. In some cases of this service hails enroute are also 
responded. Multi hire taxi operates as a normal taxi, but the vehicle can be shared with 
other passengers travelling between other pick-ups and drop-offs. This is the most flexible 
form of DRS. 

Other forms of demand responsive services are Hail and Ride, and Fixed routes with 
route deviation. Hail and Ride is a fixed route service where passengers can be picked up or 
dropped off anywhere along the route, i.e. embarking and disembarking are allowed 
anywhere along the route. A Fixed route with route deviation is normally used in low-
density areas, which also implies a low frequency of the service. Since both these forms 
still are based on fixed routes, these are the least flexible forms of DRS and do not cover as 
large areas as the first two services mentioned. 

The integrated service is intended to be used in such a way that the user can travel with 
the DRS to a transfer point connecting the DRS to the bus network. If necessary, the 
passenger can then transfer again from another point in the bus network to a second DRS 
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vehicle, operating in an other area of the city, and with this vehicle travel to the destination. 
The journey can of course also include transfers between bus lines. A typical route, 
including two DRS vehicles, is described in Figure 1. 

 
 

  
Figure 1. Description of how the integrated service is intended to work. 

Alternative use of the integrated service include only one DRS vehicle in addition to the 
fixed route bus service for travel from an origin to a destination, or include one single DRS 
vehicle taking the passenger all the way from origin to destination. 

The relative use of these alternatives depends on the demand pattern, the cost structure 
and on the service levels offered to the customer. These factors also affect the overall 
performance of the integrated service. When planning and designing an integrated service it 
is therefore very important to analyse and evaluate how different customer services and 
operation parameters affect the attractiveness and efficiency of the integrated service. 

3. Evaluation scenarios 
We have evaluated the effects on attractiveness and operating costs for an integrated public 
transport service, given various alternatives of the design of the service. We estimate how 
many passengers that will be attracted by the service offered, and how many of these that 
can be served, based on personal preferences and cost-minimization behaviour. The 
operating costs consist of a fixed part related to the service offered and a variable part 
related to the passengers’ use of the service. 

The main question in the design of the integrated service is what type of DRS that 
should be used. In addition, there exist a number of design parameters related to the fleet of 
vehicles, the structure of the transportation network and the personal service commitments 
made to the passengers. The design parameters include: 
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• Number and type of DRS vehicles 
• Capacity of the vehicles 
• Number of meeting points 
• Location of meeting points 
• Number of interchange nodes 
• Location of interchange nodes 
• Maximum total travel time 
• Maximum travel time for DRS 
• Time-window for pick-up 
• Pricing policy for the integrated service 

 
The effects are analysed using the LITRES-2 public transport modelling system [1], 

developed by the Commonwealth Scientific and Industrial Research Organisation. This 
system uses simulation to describe how travel requests are being executed, given a set of 
possible transportation modes. LITRES-2 takes the passengers’ perspective and simulates 
the route choices and use of the services based on experienced generalized costs, consisting 
of monetary costs and travel times. The planning of the fleet of vehicles is made as a 
consequence of the passengers’ choice. A modelling improvement would be to also include 
the operator’s perspective in the decision process concerning how a journey (or request) 
shall be carried out. With this perspective the possibilities of coordination and level of 
usage of the vehicles can be more accurately studied. 

Since LITRE-2 simulates the way people choose to travel given a number of 
alternatives, it seem suitable for planning and analyzing scenarios of the following kind: 

• Introducing new types of services 
• Changes to existing services (public transportation network, timetables etc.) 
• Inter-modal coordination 
• Changes to fare structures 
• Changes in the distribution of transport demand 
 
In our case LITRES-2 is a suitable tool since we want to study how different parameters 

affect the efficiency when introducing a new, multi-modal public transportation service. 
When using LITRES-2 several kinds of input data are essential. A road network consisting 
of a set of nodes and a set of directed links are used for estimating travel times and for the 
routing of vehicles. The region that the road network describes must be divided into several 
polygonal zones. These zones are used as spatial reference when defining the demand as 
well as for defining fare structures. Regarding the demand a number of OD-matrices can (at 
least one must) be defined. 

Different market segments can be defined to describe the behaviour of different types of 
travellers. The most important to define for each market segment is the set of modes 
acceptable to members of the segment. Also costs of waiting, walking and transiting must 
be defined. 

For the fixed route service, all stops and timetables as well as fares between the 
different zones must be defined. For all vehicles belonging to a DRS-fleet, information 
regarding passenger capacity, the mode or modes that the vehicle can offer, the start and 
end times of the operating shifts and terminal nodes must be specified. 
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We have used data from a medium sized Swedish town (Gävle) with about 90 000 
inhabitants. The demand of transportation is defined with respect to 104 zones and the total 
demand during one day comprises 17 000 public transport journeys. The demand is defined 
by 15 OD-matrices representing different time periods during the day. All persons 
requesting public transport are assumed to belong to one out of two market segments. The 
differences between the segments are assumed maximal walking distances and walking 
speeds. The segment with lower values on these two parameters can in this way represent 
elderly or disabled people, persons with a lot of luggage etc. In our tests we assume that 
10 % of all requests belong to this segment. 

Through the town there are three major (high frequented) bus lines. The DRS used in 
our case is an adaptation of a Dial-a-Ride service. The idea of this adaptation is to get a 
DRS operating without timetable, but with predetermined “meeting points” of which only 
those points where customers have ordered a journey will be visited. Since it is necessary 
that the service is provided very close to the requested origin and destination, there must be 
a large number of meeting points. Tests of letting the DRS pick up and deliver passengers 
at their exact addresses have also been made. In this way the DRS resembles the Multi hire 
taxi, but with the possibility of using the fixed routes as a middle part. The computational 
tests clearly show the importance of the fundamental design of the demand responsive 
service. The numbers of meeting points and interchange nodes as well as the pricing policy 
strongly affect the attractiveness of the service. The simulations also indicate the proper 
values of the various design parameters. 

References 
[1] M. Horn. Multi-modal and demand-responsive passenger transport systems: a 

modelling framework with embedded control systems. Transportation Research Part 
A, 36(2):167-188, February 2002. 

[2] R. Kirby, K. Bhatt, M. Kemp, R. McGillivray, and M. Wohl. Para-Transit: Neglected 
Options for Urban Mobility. The Urban Institute Washington D.C., 1975. 


