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Evaluation of an Integrated Public Transport
System: a Simulation Approach

Carl H. Häll∗† Jan T. Lundgren∗ Peter V̈arbrand∗

Abstract

Integrated public transportation service is a new interesting form of service com-
bining a fixed route service with a demand responsive service. When designing such
a service it is important to analyze and evaluate how the attractiveness and operat-
ing costs for the service depend on the type of demand responsive service used, the
design parameters related to the fleet of vehicles, the structure of the transportation
network and on the personal service commitments made to the passengers. In this pa-
per we show how simulation can be used to perform these analyses. The performed
simulations also give guidelines to help operators of public transport to design the
service. The evaluation is made using the LITRES-2 public transport modeling sys-
tem. The results show the importance of the design of the demand responsive part of
the integrated service.

1 Introduction

Public transportation systems are evolving towards more flexible solutions in order to
better serve the mobility needs of the population and to reduce the costs for transportation.
This paper concerns the development of one such flexible solution called integrated public
transport service. The service is based on an integration ofa fixed route service and
a demand responsive service (DRS). An integrated public transport system can use the
already existing fixed route service for the major part of thejourneys and thereby it only
needs to use the more expensive demand responsive service for shorter distances. In
this way the system takes benefit of the cost-efficiency of thefixed route service and the
flexibility of the DRS.

The main focus group for this integrated service is elderly and disabled people. Today,
most transportation services for these user groups are demand responsive services of a
door-to-door type. The cost for municipalities and operators of public transport can be
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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 travelers 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
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 show how simulation can be used to evaluate the effects on
availability, travel time, cost and other service indicators for variations in the design and
structure of the service. We also want to show what parameters that have a large impact
on the efficiency and availability of the service. By finding these parameters we can give
some guidelines to operators of public transport of how to design an integrated service,
combining a fixed route bus service with a DRS. The goal of the design is 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.

In Section 2, the integrated service is described, and previous research within the area
is presented. Section 3 describes the software LITRES-2 that we have used to perform the
simulations and the input we have used are presented in Section 4. The simulation results
are then presented in Section 5 and the conclusions of this work are presented in Section
6.

2 The integrated public transport service

An integrated service can be designed in a number of ways, primarily depending on how
the demand responsive service (DRS) is organized. The fixed route service is assumed to
include 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. This section describes how an integrated public transport system works and
previous research in this area.

Demand responsive service is a label used for many differentservices. According
to the definition of Kirby et al. (1974) a demand responsive transit service is a service
that ”provides door-to-door service on demand to a number oftravelers 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
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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 inmost 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 thevehicle can be shared with
other passengers traveling 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 deviationis normally used in low-
density areas, which also implies a low frequency of the service. Since both these forms
are based on fixed routes, these are the least flexible forms ofDRS 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
vehicle, operating in another part of the city, and with thisvehicle travel to the destina-
tion. The journey can of course also include transfers between bus lines. A typical route,
including two DRS vehicles, is described in Figure 1.

Origin

Destination

Bus (or other fixed-route service)

Flexible route for DRS

Transfer node between fixed-route and DRS, or 

between diffrent fixed routes 

Origin/Destination

Other passenger's origins/destinations

Figure 1: Description of how the integrated service is intended to work
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Alternative use of the integrated service includes only oneDRS vehicle in addition to
the fixed route bus service for travel from an origin to a destination, or includes 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 analyze and evaluate how different customer services and operation
parameters affect the attractiveness and efficiency of the integrated service.

The goal in scheduling vehicle trips in any transit service,and therefore also in plan-
ning of an integrated service, is from the operator’s perspective to minimize the total cost
of the service, while from the passengers’ perspective it isto maximize the level of ser-
vice; i.e., minimize travel time, transfer time and the number of transfers. Previously
presented models can be characterized by which of these perspectives that are used, and
also by the solution method used.

An integrated transportation problem was studied already in Wilson et al. (1976). The
problem has a passenger utility function as its objective, and this function is maximized
subject to a series of level of service constraints. In this way, the costs of the operator
are not included explicitly in the model. A trip insertion heuristic is used to schedule
both passenger and vehicle trips. Opposite to this, the workof Liaw et al. (1996) has a
model for the integrated problem with the operating costs asits objective. Heuristics are
used to solve both static and dynamic instances of the problem. In Hickman and Blume
(2001) passenger trips are scheduled dynamically, and thereafter the vehicle itineraries
are scheduled. In the method proposed, both transit agency cost and passenger level of
service are explicitly included. Also the work of Aldaihaniand Dessouky (2003) presents
an objective function that contains two measures of performance, minimize total travel
distance of demand responsive vehicles and minimize total travel time of passengers.
The proposed heuristic is tested on real-life data obtainedfrom Antelope Valley Transit
Authority.

Ceder and Yim (2003) studied how a demand responsive serviceis to be designed to
feed a train station in a so effective way as possible. This study is made using simulation.
Ten different routing strategies are simulated. Procedures for planning journeys combin-
ing fixed route and demand responsive modes of this kind are described in Horn (2004).
The tests made with simulated demand shows that the procedures are well suited also for
a real-time traveler information system.

Malucelli et al. (1999) describes a system of fixed routes with route deviations. In
Crainic et al. (2001) it is then described how this type of flexible routes can be combined
with a conventional fixed route service.

Another important problem regarding integration between ademand responsive ser-
vice and a fixed route service is how to design the zones in which the service should
operate, and to decide what geographical areas that are of interest for such a service.
In the work of Aldaihani et al. (2004), the geographical areais divided into zones by a
fixed route grid, where each zone is served by a number of demand responsive vehicles.
The model developed determines the number of zones, demand responsive vehicles, fixed
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routes, and buses in each route. This is done in the way that minimizes the total cost, as
a combination of both the operator’s and the passengers’ costs. It should be noted that
in this model only one passenger (or group of passengers withthe same origin and des-
tination) is served at a time by a demand responsive vehicle.That is, no ridesharing is
allowed.

The effects of the size of service zones are studied in Durvasula et al. (1998). Focus is
on showing that spatial analysis capacities provided by a GIS can be used to support the
operations of a route deviation service. Different design alternatives for the service are
investigated. As a part of this work, the effects on the system depending on the service
zone size are analyzed.

Simulation is used in the previous literature to study the effects of different designs
of dial-a-ride services. The change of usability dependingon the number of passengers is
studied in a few papers. In Bailey and Clark (1987), interaction between demand, service
rate and policy alternatives for a taxi service is studied. Deflorio et al. (2002) proposes a
simulation system that is able to evaluate quality and efficiency parameters of a dial-a-ride
service. The system can simulate a number of uncertainties caused both by passengers
and drivers. Another simulation system is described in Fu (2002). The purpose of this
system is to evaluate what effects new technologies such as automatic vehicle location can
have on a dial-a-ride service. In Noda et al. (2003) the usability of dial-a-ride systems and
fixed route systems are compared through a transportation simulation of a virtual town.
The work of Jayakrishnan et al. (2003) gives a more general discussion about the needs of
a simulation system intended to simulate different commercial fleets and different types
of vehicles and services, such as dial-a-ride.

The feasibility of a checkpoint dial-a-ride system is studied in Daganzo (1984). Cost-
effectiveness is compared both to fixed route services and toa regular dial-a-ride service
operating door-to-door. Other flexible transportation systems such as route deviation ser-
vices have also been studied. A system where each transit vehicle operates with route
deviations in a predefined zone, but operates between zones as fixed route vehicles, are
studied in Cortés and Jayakrishnan (2002). This system gives the possibility of travel be-
tween any two points with only one transit between vehicles.Quadrifoglio et al. (2007)
presents an insertion heuristic for scheduling a route deviation service called ”Mobility
Allowance Shuttle Transit”. The same type of service is studied in Quadrifoglio et al.
(2006) where the relation between the width of the service area and the longitudinal ve-
locity is in focus, and bounds on the maximum longitudinal velocity are presented.

As described in this section, some work has been done on heuristics for scheduling
requests and some on the design of the service. How design parameters affect the effi-
ciency of dial-a-ride services have also been studied. The relations between the design
parameters and the efficiency and attractiveness of an integrated service have not been
studied to any larger extent.
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3 LITRES-2

We have evaluated and analyzed the effects on attractiveness and operating costs for an
integrated public transport service, given various alternatives of the design of the service,
using the system LITRES-2. LITRES-2 is a public transport modeling system devel-
oped by the Commonwealth Scientific and Industrial ResearchOrganisation, see Horn
(2002). 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 basedon experienced generalized
costs, consisting of monetary costs and travel times. The planning of the fleet of demand
responsive vehicles is made as a consequence of the passengers’ choice. A modeling im-
provement is 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.

LITRES-2 simulates the way people choose to travel given a number of alternatives,
and is therefore 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

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 the road network describes must be
divided into several polygonal zones. These zones are used as spatial references when
defining the demand as well as for defining fare structures. Regarding the demand a
number of OD-matrices can be defined. Different market segments can be defined to
describe the behavior of different types of travelers. The most important thing 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. Forthe fixed route service,
all stops and timetables as well as fares between the different zones must be defined.
For all demand responsive vehicles, information regardingpassenger capacity, the mode
or modes that the vehicle can offer, the start and end times ofthe operating shifts and
terminal nodes must be specified.

LITRES-2 consists of two main components, a simulator and a control system. The
simulator models the demand and vehicle movements, and passes the events on to the
control system. Then, the control system plans the journeyson the basis of the events sent
from the simulator, and it also manages the itineraries of the demand-responsive vehicles.
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A schematic sketch of the different parts of the LITRES-2 architecture is shown in Figure
2.

The simulator module consists of several sub-modules, where the two main such
modules are the demand simulator and the network simulator.The demand simulator
transforms an aggregated demand into a steam of travel-requests. These travel-requests
are thereafter sent to the control modules. The aggregated demand model consists of
information regarding market segments, party sizes and time periods, and can be repre-
sented either as OD-models (Origin-Destination) or as SS-models (Source-Sink). The
network simulator tracks movements of demand responsive vehicles, and therefore inter-
acts closely with the fleet-scheduling module.

Demand
models

Network
models

Request
broker

Fleet
scheduler

Journey-
planner

Demand responsive
fleet specifications

Timetables

Travel-
requests

Request
results

Vehicle
locations

Vehicle
dispatches

Simulators

Control
systems

Figure 2: Description of how the components in LITRES-2

The fleet-scheduler and the journey-planner are the centralcomponents of the control
module. The fleet-scheduler manages the deployment of demand-responsive vehicles,
and plans each vehicles itineraries on the basis of trip-requests received from the request-
broker (also part of the control module). The trip-requestscontain information regarding
transport mode and time-windows for departure and arrival.When choosing implementa-
tion for a specific trip, the objective for the fleet-scheduler is to minimize the costs for the
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operator. A sub-problem to this is to find the shortest-time path between successive pair of
stops. In other words, the fleet scheduler’s task is to assigna set of passenger trips to a set
of vehicles, and to construct routes for all included vehicles. The journey-planner plans
multi-leg journeys, with the objective to minimize the generalized cost (see Section 4)
for the traveler. The journey-planner uses a branch-and bound algorithm, where a branch
of the tree represents each possible way of travel between the origin and the destination.
Since it is most likely to find journey alternatives with low generalized costs among those
with a few numbers of legs, the tree of possible journeys is searched with a breath-first
approach. By using this approach a fairly low generalized cost will be found quickly, and
therefore also give an effective value for the upper bound ofthe generalized cost.

4 Test case G̈avle

In our simulation we have used real life data from the Swedishtown Gävle. The network
representing the town of Gävle consists of 4 087 nodes and 9 384 directed links.

The demand of transportation is defined with respect to 104 zones and the total de-
mand during one day comprises 17 000 public transport journeys. The original demand
was given by four OD-matrices representing different time intervals. To get a better ac-
curacy, the demand has been broken down to 19 time intervals,each representing approx-
imately one hour. This is done accordingly to how the demand of public transportation
normally is distributed over a day in Swedish towns of the same size as Gävle. How the
demand varies over the day can be viewed in Figure 3. All journey requests are sent ex-
actly 30 minutes prior to the requested departure time.

Figure 3: Description of how the demand of public transport varies over the day
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All persons requesting public transport are assumed to belong to one out of two market
segments. Most customers belong to market segment 1. Marketsegment 2 represents
elderly or disabled people, persons with a lot of luggage etc. In our tests we assume that
10 % of all requests belong to market segment 2.

The differences between the two market segments are the assumed maximal walking
distances, walking speeds and cost weights for the time-dependent parts of the generalized
cost. In the first market segment, a maximum walking distanceof 1.0 km is used, while
in the second segment 0.2 km is set to be the maximum acceptable walking distance. This
is assumed values of the average of all people belonging to the segment. In reality, this
is of course distributed continuously since some customersaccept even more than 1.0 km
and some less then 0.2 km. For the majority however, the maximum acceptable walking
distance is somewhere in between. Walking speeds are set to 5.0 kilometers per hour for
market segment 1, and 2.5 kilometers per hour for market segment 2. Just as in the case
with maximum walking distances, assumptions are made for the average of all people in
each market segment. Cost weights are set as described in Table 1.

Table 1: Cost weights for the time-dependent parts of the generalized cost

Cost for market Cost for market
Activity segment 1 (SEK) segment 2 (SEK)

Waiting at origin 40 30
Waiting at transfer point 70 70
Walking 60 100
Transiting 50 30

There are three major (high frequented) bus lines, and together these three lines have
128 stops, see Figure 4. On tow-way streets, a bus stop represents the stops in both direc-
tions, even if these are somewhat apart in reality. On one-way streets the bus stops are of
course only used by buses in the stipulated direction. The real timetables have been used.
All the lines are in service approximately from 5 am to 11.30 pm. The cost for using the
bus is set to a fixed amount for each journey-leg with the fixed route service. If a journey
includes two different legs with the fixed route, the total fare is in this way doubled. All
buses are in LITRES-2 assumed to have infinite capacity.

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 closeto the requested origin and
destination, there must be a large number of meeting points.Normally, there are quite
a lot of practical details to take into concern when decidingthe number, and location,
of stops (or as in this case meeting points). However, the exact location and number of
meeting points have not been considered. The decision of where the meeting points should
be located has been made in the following way. First of all, a grid of points, separated by
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Figure 4: Description of the bus network in Gävle

200 meters, has been put over the entire map. All of these points that are within a distance
of 70 meters from any part of the road network have then been chosen, see Figure 5. In
the Gävle case, this makes about 1000 selected meeting points.
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Figure 5: Description of how the number of, and placement of,meeting points has been
decided

5 Simulation results

The simulations have been made with the objective to estimate what effects different pa-
rameters have on the attractiveness and efficiency of the integrated service. The following
parameters have been analyzed:

• Number of demand responsive vehicles

• Capacity of the demand responsive vehicles

• Number of transfer nodes

• Acceptable size of time windows for customers
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• Acceptable travel factor of the demand responsive vehicles(maximum time for a
demand responsive leg, as percentage of the shortest time possible)

• Pricing policy

We have also compared door-to-door service versus the use ofmeeting point as well
as how a service only consisting of demand responsive vehicles, (without any fixed route
service) can handle the transportation demand during periods with low demand. Allowing
the DRS to pick up and deliver passengers at their exact addresses gives a service that
resembles the Multi hire taxi, but with the possibility of using the fixed routes as a middle
part.

The simulations have been performed in such a way that a standard case has been
stated, where values of all the parameters have been set. After that, one parameter at a
time has been changed. In this way the effects of each parameter are made visible as
clearly as possible. The standard case was based on the use ofmeeting points and the
following parameter values:

• 14 demand responsive vehicles were used

• The capacity of the demand responsive vehicles were 7

• 15 transfer nodes (3 kilometers in between) were available

• Acceptable time window for pick up was 100 percent

• Acceptable travel factor of the demand responsive vehicleswas 200

• Fixed cost of the demand responsive service was 5

The results have been evaluated from the criteria below. Foreach criterion the results
have been studied both in total and for each market segment.

• Number of (proportion of) requests accepted

• Generalized cost

• Monetary cost

• Average time consumption for a journey

• Number of journeys with at least one demand responsive leg (DR-leg), (not evalu-
ated for each market segment)

Tests of the number of demand responsive vehicles have been made in the interval
from 1 to 30 vehicles. The number of demand responsive vehicles used has a more or less
linear effect on the number of requests that can be accepted.In this case the popularity
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(and therefore the number of requests) for the demand responsive service is so high that
within ± a few vehicles from the 14 used in the standard case, this can be assumed linear.

The capacities of the demand responsive vehicles used in thesimulations have been 3,
7 and 14 (car, mini bus and midi bus). The tests indicate that vehicles with capacity 7 are
quite enough. Tests with different capacities have also been made with increased travel
factor. These tests show that when the acceptable time for a demand responsive leg of a
journey is increased, there are some positive effects of using larger vehicles. Still, most
of the time these vehicles have quite low level of usage.

Tests have been made for distances of 2, 3 and 4 kilometers in between the transfer
nodes. These distances are approximate since only originalbus stops are used and no new
are added. When altering the distance between the transfer nodes in this way, the number
of transfer nodes is altered between 10, 15 and 27. In addition to this, a test where transfers
were allowed at all (128) bus stops has also been performed. Bus stops at transfer nodes
should have higher standard then ordinary bus stops, and there are therefore economical
reasons to keep the number of transfer nodes down. In the simulations, transfer nodes are
placed more or less equally distributed along the routes. The simulations show that a small
number of transfer nodes work just as well, regarding the number of journey requests that
can be accepted by the operator. The cost for customers usingthe demand responsive
service nevertheless increase somewhat, since the fare partially is based on distance. A
lower number of transfer nodes gives the effect that a lower number of demand responsive
journeys are requested from market segment one. The effect of this is that a higher number
of requests from market segment two can be carried out, as canbe seen in Table 2. This
indicates that the placements of the transfer nodes are moreimportant than the number of
such nodes.

In LITRES-2, the size of acceptable time windows for pickingup customers is given
as a percentage of the shortest possible travel time. Tests have been made in the interval
from 0 percent to 100 percent, which is the maximum size of time window that can be
tested. In our case we have very short journey-legs. This means that even the maximum
time windows still are quite small and makes it hard to detectany effects of the time
window size. With the possibility to study larger time windows it is likely that some
effects would be observed. If the operator is given the possibility to decide what transfer
nodes the customers should use, the effects of the time window size are assumed to be
even larger.

Something that has shown to affect the results quite clear isthe travel factor for the
demand responsive vehicles. The travel factor defines the maximum time for a demand
responsive journey-leg as percentage of the shortest time possible. Tests for the travel fac-
tor have been carried out with values of 200, 300 and 400. The travel factor is a parameter
of great importance when planning any demand responsive service (or integrated service).
How much a demand responsive leg is allowed to be prolonged ofcourse influence how
the itineraries can be put together. Increased acceptance from the customers gives much
better planning possibilities for the operator. When increasing the travel factor from 200
to 300, i.e. by 50 percent, the number of journeys including the demand responsive ser-
vice is increased by 5 percent, see Table 3. At the same time the average travel time for all
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Table 2: Results from simulations of the number of transfer nodes (T-nodes)

Number of T-nodes: 10 Market segment 1 Market segment 2 Total

Accepted requests 14859 811 15671
Acceptance percentage 95.0 52.3 91.1
Generalized cost (SEK) 41.0 61.2 42.0
Monetary cost (SEK) 16.9 38.6 18.0
Time (s) 1723 1877 1731
Journeys including a DR-leg - - 1390

Number of T-nodes: 15 Market segment 1 Market segment 2 Total

Accepted requests 14900 766 15666
Acceptance percentage 95.2 49.4 91.1
Generalized cost (SEK) 41.1 57.7 41.9
Monetary cost (SEK) 17.0 35.5 17.9
Time (s) 1728 1846 1734
Journeys including a DR-leg - - 1359

Number of T-nodes: 20 Market segment 1 Market segment 2 Total

Accepted requests 14912 769 15681
Acceptance percentage 95.3 49.6 91.2
Generalized cost (SEK) 41.0 55.0 41.7
Monetary cost (SEK) 17.0 33.0 17.8
Time (s) 1724 1812 1729
Journeys including a DR-leg - - 1409

those using the demand responsive service in some way, increased less than one minute,
i.e. 55 seconds. To increase the travel factor further, to 400 percent, does not seem to give
the same effect. Only a slight improvement is obtained from this.

Tests of pricing alternatives have only been made on the demand responsive service.
The fixed route service has the same pricing throughout all tests. Regarding the demand
responsive service, the price consists of two parts, one fixed cost and one distance based
cost. The tests concern both these costs. If the cost is set too low (especially concerning
the distance based part of the cost) then the increase in popularity brings the effect that
many chooses to use the demand responsive service even though they do not need to. This
gives the effect that those in need of the service, primarilycustomers from the second
market segment, do not get access to it, see Table 4.

If the demand responsive service picks up and drops off customers at the exact loca-
tion of their origins and destinations instead of at meetingpoints close to these locations,
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Table 3: Results from simulations of the travel factor of thedemand responsive service

Travel factor: 200 Market segment 1 Market segment 2 Total

Accepted requests 14900 766 15666
Acceptance percentage 95.2 49.4 91.1
Generalized cost (SEK) 41.1 57.7 41.9
Monetary cost (SEK) 17.0 35.5 17.9
Time (s) 1728 1846 1734
Journeys including a DR-leg - - 1359

Travel factor: 300 Market segment 1 Market segment 2 Total

Accepted requests 14927 836 15764
Acceptance percentage 95.4 53.9 91.7
Generalized cost (SEK) 41.2 59.1 42.1
Monetary cost (SEK) 17.0 35.9 18.0
Time (s) 1732 1923 1742
Journeys including a DR-leg - - 1422

Travel factor: 400 Market segment 1 Market segment 2 Total

Accepted requests 14925 868 15793
Acceptance percentage 95.4 56.0 91.8
Generalized cost (SEK) 41.2 58.3 42.1
Monetary cost (SEK) 16.9 34.7 17.9
Time (s) 1739 1948 1751
Journeys including a DR-leg - - 1422

this of course gives a better service for the customers. The simulations show that whether
the demand responsive service uses meeting points or picks up and drops off passengers
at their exact addresses, does not seem to give any major differences on the results. This
indicates that the higher service level provided by the door-to-door service can be offered
without any noticeable loss in efficiency, see Table 5. If theoperator is given the possi-
bility to decide which transfer nodes the customers should use, meeting points could be
more beneficial.

The simulations of how the demand responsive service would behave without any
fixed route service during time periods with low demand (early morning and late evening)
indicate some problems. When the demand is sparse and distributed over the entire town,
it is difficult to coordinate the journeys in a way acceptablefor the customers. As a
result of this, the operator of the demand responsive service priorities the demand in
the central areas. Thereby, the customers in the outskirts of the town get an even lower
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Table 4: Results from simulations of the pricing alternatives

Fare base: 0, Fare rate: 15 Market segment 1 Market segment 2 Total

Accepted requests 14849 827 15676
Acceptance percentage 94.9 53.3 91.2
Generalized cost (SEK) 41.1 62.1 42.2
Monetary cost (SEK) 17.0 40.1 18.2
Time (s) 1729 1822 1734
Journeys including a DR-leg - - 1311

Fare base: 5, Fare rate: 10 Market segment 1 Market segment 2 Total

Accepted requests 14900 766 15666
Acceptance percentage 95.2 49.4 91.1
Generalized cost (SEK) 41.1 57.7 41.9
Monetary cost (SEK) 17.0 35.5 17.9
Time (s) 1728 1846 1734
Journeys including a DR-leg - - 1359

Fare base: 25, Fare rate: 0 Market segment 1 Market segment 2 Total

Accepted requests 14817 670 15487
Acceptance percentage 94.7 43.2 90.1
Generalized cost (SEK) 40.5 54.8 41.1
Monetary cost (SEK) 16.7 31.8 17.3
Time (s) 1707 1913 1716
Journeys including a DR-leg - - 1405

level of service. Forcing the operator to accept also journey requests from the outskirts,
would probably lead to a lower level of coordination betweenjourneys and therefore also
a lower level of usage of the vehicles. The total demand is still so large, but sparse, that it
would require a quite large number of demand responsive vehicles. The use of a demand
responsive service without any fixed route service can stillbe possible to operate in an
effective way in smaller towns. In towns of the size of Gävlehowever, it does not seem
suitable.
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Table 5: Results from simulations of door-to-door service,versus the use of meeting
points

Use of meeting points: Yes Market segment 1 Market segment 2 Total

Accepted requests 14900 766 15666
Acceptance percentage 95.2 49.4 91.1
Generalized cost (SEK) 41.1 57.7 41.9
Monetary cost (SEK) 17.0 35.5 17.9
Time (s) 1822 1846 1734
Journeys including a DR-leg - - 1359

Use of meeting points: No Market segment 1 Market segment 2 Total

Accepted requests 14899 755 15654
Acceptance percentage 95.2 48.7 91.0
Generalized cost (SEK) 41.0 55.8 41.8
Monetary cost (SEK) 17.0 35.4 17.9
Time (s) 1722 1822 1727
Journeys including a DR-leg - - 1401

6 Conclusions

The computational tests clearly show the importance of the fundamental design of the
demand responsive part of the integrated service. The number of transfer nodes as well as
the pricing policy strongly affects the attractiveness of the service. The simulations also
indicate the proper values of the various design parameters. We believe that these values
can be applicable for other towns with similar demand structures as Gävle.

The basic idea with letting the demand responsive vehicles operate freely, without
being allotted to any specific part of the town does not seem very successful. The demand
is denser in the central part of the town. By this reason the operator of demand responsive
vehicles chooses to satisfy as much as possible of the demandin that area. This means
that the customers in the outskirts of the town are given a reduced access to the service.
This is especially clear when operating the demand responsive service without any fixed
route service available.

If the operator of the integrated service is given the right to decide at which transfer
nodes the customers should be transferred between the demand responsive service and
the fixed route, and vice versa, substantial positive effects could be expected. The time
windows for pick up of customers have not been possible to setlarge enough. The small
time windows reduce the possibilities for the operator to plan good itineraries.

The possibilities of simulating the behavior of demand responsive services in LITRES-
2 are quite interesting. The software seems useful for a number of studies. The method
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of simulating the effects of one single parameter at a time was important. The effects of
changing the parameters were overall rather small and it could therefore have been very
hard to detect if the simulations had been performed in any other way.

The results of this research can help operators of public transport to introduce an
integrated public transport service. Our results show the possibilities of using simulation
to predict the attractiveness of new services. The results also show which parameters that
have a large impact on the attractiveness of the service and therefore are extra important
to consider when introducing the service.
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