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Abstract

Traditional public transport systems are most often insufficient to pro-
vide a good transport service to everyone. Especially, it is not always
possible for elderly and disabled persons to use the regular system con-
sisting of timetabled services operating along fixed routes. Normally
there is some specific service, often called paratransit, offered to these
groups of customers. Such transport services provide better service to
these customers, but to a higher cost. This thesis considers planning and
evaluation of public transport services that are based on the concept of
a dial-a-ride service. This kind of service is suitable for elderly and dis-
abled and often operated as a door-to-door service, where customers are
served on demand and rides are coordinated via a call-center.

The thesis is divided into two parts. In the first part, a modeling sys-
tem for simulation of dial-a-ride services is presented. It can be used as a
tool to study how different ways of operating a dial-a-ride service, affect
the performance and efficiency of the service. This system is used to
evaluate how algorithmic changes, based on ruin-and-recreate methods,
can improve the replanning of already inserted requests, and thereby im-
prove the scheduling. The modeling system is also used to examine the
effects of using zone-based distance estimates instead of true, address-
based, distances when computing the schedules. The results show that
only small differences are found.

The second part of the thesis concerns an extension to dial-a-ride ser-
vices. By combining a dial-a-ride service with a fixed route service, an
integrated dial-a-ride service is created, where some part of each journey
may be carried out by the fixed route service. An exact mathematical
formulation of this problem is presented and it is shown that the for-
mulation is strengthened by valid inequalities, variable substitution and
subtour elimination constraints. Simulations of an integrated service are
also performed to analyze and evaluate how the attractiveness and oper-
ating costs of the service depend on how the demand responsive service
is operated.
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Populärvetenskaplig sammanfattning

Den här avhandlingen behandlar anropsstyrda former av kollektivtrafik,
s̊adana som till störst del används inom den särskilda kollektivtrafiken
(exempelvis färdtjänst). Anropsstyrda trafikformer förekommer dock
även inom den allmänna kollektivtrafiken. I avhandlingen används ma-
tematisk modellering och simulering som verktyg för att planera och
utvärdera anropsstyrda former av kollektivtrafik.

I avhandlingen beskrivs ett system för simulering av den form av an-
ropsstyrd trafik som används inom färdtjänsten. Systemet kan användas
till att studera hur olika utformningar av trafikformen p̊averkar pre-
standa och effektivitet. Det här systemet används till att studera vilka
effekterna blir av att p̊a olika sätt förändra de planeringsmetoder som
idag används för att planera inkomna uppdrag. Resultaten visar att en-
kla förändringar av befintliga planeringsmetoder kan öka effektiviteten.
Systemet används ocks̊a till att studera vilka effekterna blir av att
använda zonbaserade avst̊and i planeringen istället för exakta, adress-
baserade, avst̊and.

Förutom att studera hur anropsstyrda trafikformer kan planeras och
utvärderas s̊a behandlar avhandlingen även hur en s̊adan trafikform kan
kombineras med linjebunden kollektivtrafik, och p̊a s̊a sätt skapa en in-
tegrerad (kopplad) trafikform. Detta är en trafikform där n̊agon del
av varje resa kan utföras med den linjebundna trafiken. Avhandlingen
beskriver hur problemet med att planera resor i en s̊adan trafikform kan
modelleras matematiskt. Dessutom utförs simuleringar av en integrerad
trafikform för att utvärdera hur service och kostnad för trafikformen
beror p̊a hur den anropsstyrda trafikformen som används är utformad,
vilken sorts fordon som används och vilken serviceniv̊a som erbjuds kun-
derna.
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1 Introduction

The road based transportation system is a key issue for social and eco-
nomic development in almost all developed countries. Focus has often
been on improving the traffic system on behalf of private transportation.
However, private cars cause problems, most of all in forms of congestion
and negative environmental impact. Despite of this, the demand for
personal mobility increases, and thereby the problems caused by road
traffic. This is why public transportation gets a more and more impor-
tant role in reducing these problems.

Increased demand for public transportation opens up for lower head-
ways and a more efficient use of the vehicles. Because of this, the level of
service can improve with an increased demand (Mohring, 1972), which
is hardly the case for private transportation. This emphasizes that when
the demand of personal transport increases, so does the importance of
a well functioning public transport system.

To be a well functioning public transport system, the system must
give a high level of service and be available to as many citizens as possi-
ble. Public transport systems are evolving towards more flexible service
concepts, in order to better serve the needs of the population, to cap-
ture additional travel demands from other transportation modes and of
course to increase profitability (or to reduce the need of subsidies). De-
spite efforts of making public transport services more available, many
persons cannot use the normal public transport services. It is there-
fore necessary to introduce some form of transportation service that is
specially designed for these customers. This service is often called para-
transit. It is normally demand responsive and is used as a complement
to the regular, fixed route, service to build a local public transportation
system that satisfies the mobility needs of the whole population. The
three countries that for the last decades have had the most extensive
paratransit systems are Canada, Sweden and the USA. However, during
the last decade a substantial development of such systems have occurred
also in many other countries (Westerlund, 2006).
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1. INTRODUCTION

About one million people in Sweden have problems using the regular
public transport services, due to some physical or mental impairment
(Finnveden, 2002). Out of these, approximately 340,000 (3,7% of Swe-
den’s population) have a special needs permit, allowing them to use the
paratransit system (SIKA, 2009b). However, this type of transportation
is often quite expensive.

In Sweden, the paratransit trips account for less than 1% of all pub-
lic transport trips that are performed. Still, this form of service use
15% of the total tax subsidy spent on public transport systems (SIKA,
2009a). This emphasizes the importance of securing that the paratran-
sit is carried out in such an efficient way as possible. The net cost for
producing nearly 11,000,000 one-way paratransit trips in Sweden during
2008 was approximately e 270,000,000 (SIKA, 2009b). This corresponds
to an average net cost per trip of some e 25, which can be compared
to e 1.10 which is the net cost per trip in the regular public transport
system (SIKA, 2009a).

This thesis is about finding planning improvements to existing para-
transit systems. Optimization and simulation are used to study how
such improvements can be made, and the effects of them.

The remainder of this thesis is organized as follows. In Chapter 2,
the process of planning public transport systems is described, both for
fixed route services and demand responsive services. Chapter 3 presents
the dial-a-ride problem, which is essential for the rest of the thesis.
Chapter 4 describes the concept, and planning, of an integrated dial-
a-ride service (a combination of a fixed route service and a dial-a-ride
service). In Chapter 5, the objectives and contributions of this thesis
are presented. Summaries of the included papers are also given, as well
as thoughts about future research in this area. Finally, five papers are
included in the thesis.

2



2 Planning of Public Transport

To be able to discuss how a transportation system can be improved, one
must first have an understanding of how such systems work and how they
are planned. This chapter gives an introduction to planning of public
transport systems. Both fixed route services and demand responsive
services are covered.

2.1 Fixed route services

Planning of fixed route public transport services is often done as a se-
quence, or iterative process, of several different tasks. This section de-
scribes the optimization problems that are part of the planning process
for such services. These problems can be divided into two levels, strate-
gic and operational, and involves the following problems:

• Strategic planning

– Network design

– Frequency setting

– Timetabling

• Operational planning

– Vehicle scheduling

– Crew scheduling

– “What if”-problems

This is the same process as described in Ceder and Wilson (1986),
with the addition of the ”What if”-problems. A more detailed flowchart
of the whole planning process for planning of fixed route services, in-
cluding input and output to and from the different steps, can be found
in Ceder (2003).
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2. PLANNING OF PUBLIC TRANSPORT

As input to the strategic planning, it is essential to have good infor-
mation about the travel demand in the area. For this purpose, matrices
describing the trip-demand between all origins and destinations (OD-
matrices) are used. Each entry in such a matrix describes the number
of passengers wanting to travel between a given origin and a given desti-
nation (points or zones) in the network during a given time period. All
steps in the strategic planning process are based on the OD-matrices.
Due to this, it is important that the OD-matrices contain as accurate
data as possible. The problem of estimating OD-matrices for transit
networks is described, for example, in Wong and Tong (1998). This
problem is however not considered to be part of the strategic planning,
but more regarded as information gathering for the strategic planning.

The network design problem is to create an overall layout of the
public transport network, in such a way that the implementation costs
are minimized. Since the network design affects frequency setting and
timetabling, as well as vehicle and crew scheduling, it is a very important
step in the planning process.

The frequency setting problem is to find optimal service frequencies
for all routes in a given network, see e.g. Borndörfer et al. (2008). The
frequency setting must be made in a way that satisfies the transportation
demand. The problem has two contradicting objectives, to minimize the
operating costs and to minimize user inconvenience.

The problem known as the “Transit Route Network Design Prob-
lem” often includes both the actual network design problem as well as
the frequency setting. A good overview of this problem is presented in
Fan and Machemehl (2004). To solve the transit route network design
problem, genetic algorithms have often been used (see e.g. Chakroborty,
2003; Fan and Machemehl, 2006; Pattnaik et al., 1998), and in Fan and
Machemehl (2008), a tabu search heuristic is compared to a genetic al-
gorithm.

Given decided routes and frequencies, the last problem in the strate-
gic planning of a fixed route service is to create detailed timetables. Also
in this problem the objective can be focused on operator or customer
costs, e.g. to minimize the number of vehicles or to minimize the transfer
times. In the timetable construction it is determined which stops that
shall become time points, fixed in the timetable, and how much slack
time each time point should have allocated. Timetable construction,
with synchronization of transfers, is e.g. studied in Domschke (1989),
Desilet and Rousseau (1992), Voß (1992), Liu and Wirasinghe (2001)
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2.2. DEMAND RESPONSIVE SERVICES

and Teodorović and Lučić (2005).
In the operational planning, timetables are the basis from which ve-

hicle schedules and crew schedules are created. Besides these scheduling
problems the operational planning also includes a number of “what-if”-
problems (what happens if this occurs...). This is a class of problems
that can occur at any time and that demands fast solutions. Examples
of such problems are what shall be done if a vehicle breaks down or if a
driver calls in sick?

2.2 Demand responsive services

Fixed route services are not always enough to satisfy the needs of all
customers who want to use public transport. Demand responsive ser-
vices are therefore often a necessity to satisfy the whole population. It
is in this way a supplement that can fill the gap between fixed route
mass transit and the regular taxi service, in terms of both flexibility and
cost. In this section, various forms of demand responsive services are
described.

Demand responsive services can be available for a general public,
whereas the concept of paratransit only applies to a known group of
customers (with special needs permits). The term ”demand responsive
service” can describe many different services. The definition by Kirby
et al. (1974) states that a demand responsive service is a service that
”provides door-to-door service on demand to a number of travelers with
different origins and destinations”. However, the door-to-door part of
this definition is usually not so strictly followed. Many demand respon-
sive services do not pick-up and drop-off passengers at exact addresses,
but the service still responds to a certain demand at a specific time. For
this reason, a better description of a demand responsive service is that it
offers flexible routes and schedules and that it at least partially responds
to requests from passengers. Some forms of demand responsive services
are operating along a predetermined path (similar to a fixed route ser-
vice), while others are more to be considered as area covering services.
The main forms of demand responsive services are:
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2. PLANNING OF PUBLIC TRANSPORT

• Hail-a-Ride is a service based on fixed routes operating in urban
areas. Passengers are picked up and dropped off anywhere along
the route. This kind of service often offers transportation between
housing-areas and healthcare, schools, shopping centers etc. Since
this service is still quite like a fixed route service, it is the least
flexible form of demand responsive services.

• Route deviation is a service based on fixed routes. The service
is normally used in low-density areas, which also implies a low
frequency of the service. Passengers, who are not able to reach the
ordinary bus stops, can call in a request in advance so that the
system notifies the bus driver that a passenger wishes to be picked
up on the deviation part of the route. Unless a request is made,
the bus travels the ordinary way (without the deviation).

• Dial-a-Ride is a service for which passengers call in requests in ad-
vance, specifying between which two locations (addresses or stops)
they whish to be served. Vehicles are operating within a specified
geographical area, either large regions (such as that of an entire
city) or small, just operating between two given stops. Minibuses
are often used for this service.

• Multi-hire taxi is a service that operates as a normal taxi, but
a vehicle can be shared by several passengers traveling between
different origins and destinations. Often, this service does not
require customers to call in their requests in advance, requests can
be made on the road (directly to the driver). This is the most
flexible form of demand responsive service.

The route flexibility and timetable flexibility of these different ser-
vices are presented in Figure 2.1. From the same figure, it can also be
seen that the relation between cost and level of service is described in
the same way. This means that it is expensive to offer high flexibility
(i.e. a more personalized service) to the customers. It should be noted
that depending on how a Route deviation service is operated, the flexi-
bilities, level of service and cost of the service can vary a lot. Therefore,
Route Deviation can be placed in the figure anywhere from the fixed
route service up to the truly flexible services, depending on how many,
and what kind of, deviations that are allowed.

As can be seen in the descriptions of the demand responsive services,
there are some similarities between multi-hire taxi and dial-a-ride ser-
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2.2. DEMAND RESPONSIVE SERVICES

Multi-hire Taxi

Dial-a-Ride

Fixed Route

Truly

flexible

services

Variants of

fixed route

service
Hail-a-ride

Fixed Route with

route deviation

Demand responsive service

Route flexibility 

or 

Cost per passenger trip

Timetable flexibility 

or 

Level of personalized 

service

Figure 2.1: Relationship between route flexibility and timetable flexibil-
ity, and between cost per passenger trip and level of personalized service,
for the demand responsive services

vices. This is also the case for the operational planning of these services.
Throughout the remainder of this thesis, any service where requests are
called in and passengers can travel between any locations of their choice
(within the service area) is called a dial-a-ride service.
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3 The Dial-a-Ride Problem

The problem of planning a dial-a-ride service is known as the dial-a-ride
problem (DARP). This is a specific version of the pick-up and deliv-
ery problem with time windows, which itself originates from the vehicle
routing problem first described in Dantzig and Ramser (1959). The
most common application of the DARP is within transportation of el-
derly and disabled. In such applications, travel requests from individual
passengers, or groups of passengers, are to be served. For each request
there is a specific origin and destination defined.

What really characterize the DARP from any other pick-up and de-
livery problem is the consideration of user inconvenience, stated as wait-
ing time, travel time or deviations from desired departure and arrival
times. These aspects are taken into account to reflect the necessity of
balancing user inconvenience against minimizing the operating costs,
when transporting passengers.

Dial-a-ride services can be operated according to one of two modes,
static or dynamic. The static mode is when all requests are known in
advance, which also allows vehicle itineraries to be planned in advance.
In the dynamic mode the number of requests gradually increases as the
customers call in requests and the planning starts before all requests
are known. For both cases, it is often assumed that the service is op-
erated by a homogenous vehicle fleet based at one single depot. This
is surely a simplification of real systems, which often involves several
depots and vehicle types differing in size and ability to serve customers
in wheelchairs.

There are normally two objectives from the operators’ point of view
as well as two from the customers’ point of view that can be part of the
overall objective of a DARP. Out of the operators’ perspective, the goal
is to minimize the total number of vehicles needed as well as the total
usage (travel time or distance) of those vehicles. From the customers’
perspective, the goal is to minimize service time deviations and ride
times (Fu and Teply, 1999).
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3. THE DIAL-A-RIDE PROBLEM

An interesting way to improve the flexibility of a dial-a-ride service
is to allow passengers to transfer between vehicles. This is for exam-
ple studied in Cortés et al. (2010), where such a service is formulated
mathematically.

For more information about the DARP, two references are especially
recommended. That of Cordeau (2006) presents a mixed-integer for-
mulation of the static DARP. Studying this formulation gives a clear
picture of how the practical problem can be modeled mathematically. A
survey, describing different ways in which the problem has been tackled
earlier is given in Cordeau and Laporte (2007).

3.1 The static DARP

The single-vehicle case

In the beginning of the development of solution methods for the DARP,
cases with one single vehicle were often assumed. The aim was in gen-
eral to minimize the travel distance (or time), and sometimes customer
inconvenience.

The work of Psaraftis (1980) examined both the static and the dy-
namic version of the single-vehicle, many-to-many, immediate request
DARP. Dynamic programming is used and time windows are not con-
sidered. In Psaraftis (1983a), the same problem (with the static case) is
addressed with a heuristic solution approach. In Psaraftis (1983b) the
work of Psaraftis (1980) is extended to also consider time windows, but
now only the static case is considered. The backward recursion used in
the previous work is also changed to a forward recursion.

Desrosiers et al. (1986) propose an exact solution method based on a
forward dynamic programming approach, while Healy and Moll (1995)
uses a heuristic solution method based on an extension of local search
procedures. The local search is called “sacrificing”. The search strategy
alternates between an optimization phase and a sacrifice phase that is
used to diversify the search.

The multi-vehicle case

For real world applications, the DARP with multiple vehicles is more
interesting than the single vehicle case. A vehicle fleet is considered to
be homogenous if all vehicles are identical in terms of cost, drive time,
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3.1. THE STATIC DARP

capacity etc. If this is not the case, the vehicle fleet is heterogeneous.
In Toth and Vigo (1997), a case with a heterogeneous vehicle fleet is
considered. They also deal with multiple depots as well as non-depot-
based vehicles.

Jaw et al. (1986) describe a heuristic approach to solve a static DARP
with a heterogeneous vehicle fleet. The heuristic is called “Advanced
dial-a-ride with time windows” (ADARTW). It is an insertion heuristic
that inserts every new customer in the way that minimizes the additional
cost caused by the insertion. In Alfa (1986) this heuristic is adopted to
a real-world problem considering transportation of elderly in Winnipeg,
Canada. In this real world application, the vehicle fleet is heterogeneous
since some vehicles are equipped to transport wheelchairs. The heuristic
is modified in some minor ways, e.g. to set for each customer a maximum
ride time that is proportional to the direct ride time. Also in Psaraftis
(1986) the ADARTW is used and compared to another heuristic devel-
oped by the same authors.

Ioachim et al. (1995) use a cluster-first, route-second, approach to
solve a static case of the DARP with a heterogeneous vehicle fleet. They
investigate the effect of using mini-clusters of requests that are geograph-
ically and temporarily cohesive. The cluster-first, route-second approach
is also used in several other studies, e.g. for the case with a heteroge-
neous vehicle fleet the work of Borndörfer et al. (1999), and for the case
with a homogenous vehicle fleet that of Baugh et al. (1998).

During the last decade, the interest in heuristics, and especially
metaheuristics, has increased dramatically. This is something that has
been quite noticeable in the work regarding DARP. Since the DARP
is a computational demanding problem, the use of heuristics has domi-
nated during the last years. Tabu search is an often used metaheuristic
for solving the DARP. Cordeau and Laporte (2003) use a tabu search
algorithm on several different data sets for a case with a heterogeneous
vehicle fleet. To model the DARP in a more realistic way, the authors
use the time windows for pick-up nodes and drop-off nodes in different
ways. For outbound trips they let users define time windows on the
arrival times and on inbound trips on the departure time. In addition
to this there is also an upper limit of the ride time of any user as well
as constraints regarding vehicle capacity and route duration. During
the search, relaxations of vehicle capacity and time window constraints
are allowed. Other authors have used the same data as Cordeau and
Laporte (2003), e.g. Bergvinsdottir et al. (2004) who use a genetic algo-
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3. THE DIAL-A-RIDE PROBLEM

rithm for a case with a homogenous vehicle fleet, and Attanasio et al.
(2004) (for the dynamic DARP).

Diana and Dessouky (2004) propose a regret insertion heuristic for
a case with a homogeneous vehicle fleet. The focus is to limit the my-
opic behavior that many other insertion heuristics have. A case with
a heterogeneous vehicle fleet is considered in Xiang et al. (2006). The
heuristic proposed improves the solution using local search combined
with a diversification strategy. Melachrinoudis et al. (2007) propose for
a case with a heterogeneous vehicle fleet both a mixed-integer program-
ming model and a heuristic based on tabu search.

In most papers dealing with dial-a-ride systems, static travel times
are assumed. However, in Fu (2002a) is a static DARP with a heteroge-
neous vehicle fleet modeled using stochastic and time-dependent travel
times. With travel times modeled as random variables, the problem
turns probabilistic. Another aspect of probability is that addressed in
Ho and Haugland (2009), where a static DARP with a heterogeneous
vehicle fleet considered. The special problem addressed here is that all
potential requests are known in advance, but that each request will be
made with a certain probability. This is an instance of the DARP es-
pecially useful when creating vehicle routes to be used for a given time
period (more then just at one particular time). Reoptimizations are
not considered on daily basis, only removals of customers not requiring
service are allowed. In this way the problem is to create robust routes.
Regarding the heuristics, a tabu search heuristic and a heuristic that
is a hybrid of tabu search and GRASP (Greedy Randomized Adaptive
Search Procedure) are used.

Some work is also done entirely on exact solution methods for the
multi-vehicle case. For the static DARP with a heterogeneous vehi-
cle fleet, the work of Lu and Dessouky (2004) and Cordeau (2006) are
good examples. Both these articles present solution methods based on
branch-and-cut algorithms. The formulation of Cordeau (2006) is also
strengthened by a number of valid inequalities. A branch-and-cut algo-
rithm for the static case with a homogenous vehicle fleet is presented in
Ropke et al. (2007).
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3.2. THE DYNAMIC DARP

3.2 The dynamic DARP

Madsen et al. (1995) developed a solution algorithm called ”REBUS”
based on an insertion heuristic. REBUS was intended to be used for
planning of a dynamic dial-a-ride service, transporting elderly and dis-
abled in Copenhagen, Denmark. A heterogeneous vehicle fleet is as-
sumed and the algorithm is based on an insertion heuristic that can
provide response for insertion of a new request in less than one second.
This is often needed in this form of applications to be able to provide
quick response and good service to the customers.

Also the work of Dessouky and Adam (1998) describes a system
based on an insertion heuristic for the dynamic DARP with a hetero-
geneous vehicle fleet. A neighborhood search is used to improve the
solutions obtained.

As for the static case, a form of cluster-first, route-second approach
has also been used for the dynamic case. One algorithm first decides to
what vehicle a new request shall be assigned, and then another algorithm
calculates a new route for that vehicle. Such an approach is for instance
taken in the work of Teodorovic and Radivojevic (2000), based on fuzzy
logic, and in that of Colorni and Righini (2001), where a branch-and-
bound algorithm is used for the routing.

Tabu search is also used for the dynamic DARP. Attanasio et al.
(2004) use a parallel implementation that is based on the work done by
Cordeau and Laporte (2003) for the static DARP.

Some specific versions of the DARP are also studied. Both the work
of Fu and Teply (1999) and that of Xiang et al. (2008) concern instances
of the dynamic DARP that are time-dependent and where stochastic
events occur (Xiang et al. 2008 extend the algorithm for the static DARP
presented in Xiang et al. 2006). One more unusual example is the work of
Coslovich et al. (2006) that regards an application where some customers
can be “unexpected” in the way that they can place requests directly to
the drivers.

All the papers mentioned in this literature review of the DARP are
also presented in Table 3.1 where it is described whether they concern a
static or dynamic case, the kind of vehicle fleet considered and whether
they present an exact mathematical model or a heuristic.
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3.3. SIMULATION OF DIAL-A-RIDE SERVICES

3.3 Simulation of dial-a-ride services

When taking a dial-a-ride service into operation, it is not only important
to be able to solve the DARP in an efficient way, it is also important
to know how different ways of operating the service affect customers
and operators. Such effects are often studied by simulation. Simulation
studies of dial-a-ride systems were made early in e.g. Heathington et al.
(1968), Wilson et al. (1969) and Gerrard (1974), and the work of Wilson
and Hendrickson (1980) presented an early review of models used to
predict the performance of dial-a-ride services.

It can also be important to have knowledge about under what con-
ditions a dial-a-ride service can be a better alternative, for the operator,
than a fixed route service. The changes in usability of a dial-a-ride
service, depending on the number of passengers have been studied in
e.g. Bailey and Clark (1987) and Noda et al. (2003). Bailey and Clark
(1987) studied the interaction between demand, service rate and policy
alternatives for a taxi service. In Noda et al. (2003), immediate-request
dial-a-ride systems and fixed route systems are compared through sim-
ulation. The aim is to compare the usability and profitability of the
dial-a-ride systems to that of the fixed route systems. Usability is de-
fined as the average time between that a request occurs until it is carried
out, and profitability is defined as the number of requests occurring in a
time period per bus. The result of their study states that if the number
of vehicles remains unchanged, the usability of a dial-a-ride system de-
grades quickly as the number of requests increases, since many requests
then are denied. If the number of buses increases while keeping the
ratio of requests and vehicles fixed, the usability of the dial-a-ride sys-
tem improves faster than for the fixed route system. This is due to the
advantage of having more possible combinations of vehicle itineraries.

Also in Quadrifoglio et al. (2008) is simulation used to study the
effects of a dial-a-ride service. How time window settings and zoning
versus no-zoning strategies affect the total trip time, deadhead miles
and fleet size are studied. Diana et al. (2006) study the problem of how
to determine the fleet size needed to provide a given level of service. A
continuous approximation model is used instead of simulation to deter-
mine the number of vehicles needed to give a predefined quality of the
service.

In Deflorio et al. (2002) a simulation system is proposed that is able
to evaluate quality and efficiency parameters of a dial-a-ride service. The

15



3. THE DIAL-A-RIDE PROBLEM

system can simulate a number of uncertainties caused both by passengers
and drivers. Another simulation system is described in Fu (2002b). 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. 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.
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4 Planning of an Integrated Dial-a-Ride

Service

Instead of offering a demand responsive service operating door-to-door,
some interest has also been focused on the possibility to combine a de-
mand responsive service with a fixed route service, creating an inte-
grated dial-a-ride service. This chapter describes previous work done on
combining different public transport systems, and it also describes how
integrated dial-a-ride services can be operated. Further, it also discusses
the design of a general framework for planning of such systems.

4.1 Integrated public transport services

Coordination between different fixed route services is not anything new.
For example, planning of buses arriving at train stations with coordi-
nated timetables between the buses and the trains have been done for
quite some time. The problem of scheduling an integrated service con-
sisting of two fixed route services, train and bus, operated by two differ-
ent operators is for example studied in Martins and Pato (1998) where
the problem is to design a feeder bus network to a given rail transit line.

Some work is also done on integrated public transport systems where
a fixed route service and a demand responsive service are combined. The
purpose is often to reduce the costs for transportation of elderly and
disabled, but there are also some works focusing on a general public and
not only paratransit customers.

Two of the earliest papers discussing integrated public transport sys-
tems are Potter (1976) and Wilson et al. (1976). Potter (1976) describes
an integrated system where 45 dial-a-ride vehicles and 36 express buses
are operated in Ann Arbor, Michigan. The dial-a-ride vehicles are as-
signed to different zones, and act as feeders to the fixed route service, as
well as they can serve intrazonal travel requests. In time periods with
low demand, connections between different dial-a-ride vehicles are also
made. The work of Wilson et al. (1976) is focused on algorithms for
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4. PLANNING OF AN INTEGRATED DIAL-A-RIDE SERVICE

planning the journeys. The problem has a passenger utility function as
objective, and this function is maximized subject to a series of level of
service constraints. A trip insertion heuristic is used to schedule both
passenger and vehicle trips.

There are also some more resent works on integrated services. A
mathematical formulation of the problem of planning how requests shall
be served, and vehicle itineraries created, in an integrated public trans-
port service is presented in Liaw et al. (1996). In Hickman and Blume
(2001), a heuristic is used to schedule the integrated trips in a way
that minimizes the operator’s costs, subject to passenger level of ser-
vice constraints. Both the operators’ and the customers’ perspectives
are considered also in Aldaihani and Dessouky (2003). The objective
function contains two measures of performance, total travel distance of
demand responsive vehicles and total travel time of passengers. The pro-
posed heuristic is tested on real-life data obtained from Antelope Valley
Transit Authority.

Some work also focus on the actual design of integrated services.
Horn (2002) studies the way a dial-a-ride system interacts with long-
distance transportation systems. The procedures used for planning jour-
neys combined of fixed route and demand responsive modes are then
further described in Horn (2004). The work of Aldaihani et al. (2004)
considers a special type of service that does not accept ride-sharing and
where each demand responsive vehicle is assigned to a certain geograph-
ical zone. Their model determines the optimal number of zones. Also
Ceder and Yim (2003) deal with how a service should be designed. The
paper describes how a demand responsive service is to be designed to
feed a train station. In this study, simulation is used to compare the
effects of ten different routing strategies.

The increasing interest for flexible forms of public transport services
has led to planning methods for such services being developed. However,
in the literature review, no work has been found that focuses on how
to design an overall framework for planning of such services. Since the
interaction between the different parts in an integrated service is very
complex, it is difficult to assess how changes in one part affect the total
service, and thereby the customers as well as operators. This is the
reason to why a framework, for how the planning should be done, is
important for the development of planning systems for integrated dial-
a-ride services, and for deployment of such services. By this reason, the
remainder of this chapter describes the design of such a framework, and
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discusses different aspects of planning an integrated dial-a-ride service.

4.2 The integrated dial-a-ride service

Integrated services built up by demand responsive and fixed route ser-
vices can be designed in a number of ways, with respect to what type
of demand responsive service that is used. For elderly and disabled to
be able to use the integrated service, it is essential that the service can
be provided very close to the exact addresses of the origins and des-
tinations. The demand responsive part of the service must therefore
be an area-covering service, e.g. a dial-a-ride service. In the integrated
dial-a-ride service, a user can travel with the demand responsive service
to, or from, a transfer point connecting the demand responsive service
to the fixed route network. At transfer points is it possible to change
between a demand responsive vehicle and a fixed route vehicle, and vice
versa. The journey can also include transfers between fixed route lines.
A typical passenger trip, including two demand responsive trips and one
fixed route trip, is described in Figure 4.1.

Origin

Destination

Flexible route for the demand responsive service
Transfer point between a fixed route and the demand 
responsive service

Bus (or other fixed route service)

Origin/Destination
Other passengers' origins/destinations

Figure 4.1: Illustration of an integrated dial-a-ride service
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4. PLANNING OF AN INTEGRATED DIAL-A-RIDE SERVICE

Alternative use of the integrated dial-a-ride service includes only one
demand responsive vehicle in addition to the fixed route service for travel
from an origin to a destination, or one single demand responsive vehicle
taking the passenger all the way from origin to destination. The usage
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.

The fixed route service can be of any kind suitable for urban traffic,
for example bus, tram or light rail. In many cities however, buses are
dominating. Regardless of the type of fixed route service being used, it
is important that it is based on highly frequented routes. If routes with
low departure frequencies are used, coordination at the transfer points
must be made between the vehicles, and in this way complicating the
construction of integrated journeys. The use of low frequented routes
without any coordination to the demand responsive vehicles increases
the transfer times, which means that passengers have to wait by them-
selves at the transfer point. This is not acceptable for some customers.

Since an integrated service only uses the expensive dial-a-ride service
for parts of the journeys, it takes benefit of the cost-efficiency of the fixed
route service and the flexibility of the dial-a-ride service, as illustrated
in Figure 4.2. Due to this, it has the potential to provide transportation
of elderly and disabled to a lower cost than a dial-a-ride service. Some
persons are not able to use a fixed route service (not even for a short
part of a journey), these persons must also in an integrated service be
transported door-to-door.

Fixed Route

Cost per passenger trip

Level of service

Integrated service

Dial-a-ride service

Figure 4.2: Illustration of the benefits of an integrated service
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Also other people than elderly and disabled can be potential users
of an integrated service, due to the fact that such a service offers an
increased accessibility to the public transport system. The possibility
of door-to-door transportation in the public transport system makes it
in some cases an attractive alternative to taxi service. For a somewhat
higher fare than that of the normal public transport (but lower than
that of a taxi service), any customer can be allowed to use the integrated
service.

4.3 A framework for planning of integrated services

When planning an integrated dial-a-ride service, all the problems in-
volved in planning of the fixed route service and of the dial-a-ride service
are to be considered. Figure 4.3 describes the various problems involved
in planning of a fixed route service, a demand responsive service and
an integrated service. Many of these problems are quite complex. The
fact that the different problems also interact with each other further
complicates the planning.

Vehicle scheduling

Crew scheduling

Operational planning
Planning of a fixed 

route public transport 

service

Planning of a demand 

responsive service

Strategic planning

Network design

Frequensy setting

Timetabling

Vehicle scheduling

Crew scheduling 

Assigning passengers 

to vehicles

Operational planning

Interaction in the 

strategic planning of an 

integrated service

Strategic planning

Design of the demand 

responsive service

Interaction in the 

operational planning of 

an integrated service

Figure 4.3: The planning process for fixed route services, demand re-
sponsive services and integrated services
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4. PLANNING OF AN INTEGRATED DIAL-A-RIDE SERVICE

Due to the fact that the problems are difficult and complex, comput-
erized tools are necessary in the planning process. When planning any
public transport service today, several different tools are usually used:
some for analyzing demand, some for strategic planning and some for
operational planning. Analyzing demand, and the effects on availabil-
ity to the service depending on different scenarios, is often done in a
geographic information system (GIS), whereas other analyses of more
operational character often are made using other tools.

If operators of public transport will be able to implement integrated
services in large scale, they need tools for both strategic and operational
planning. Several tools exist today for the separate problems. With a
graphical interface and a simple way to handle all the necessary data,
there are good possibilities to create a framework that can be of great
help in planning of integrated public transport. The problems involved
in both strategic and operational planning highly depend on each other.
This makes it likely that there can be great advantages of having one
framework for studying many different aspects of planning an integrated
service. It is preferable that such a framework can handle as many
problems as possible of the ones involved in the planning process.

Three different components should be included: a GIS, optimization
tools and simulation tools. The framework must have the possibility to
handle and analyze several types of data. Most of this data has one
common feature, information about geographically referenced locations.
For this reason, a GIS is suitable as part of the framework. The com-
plex structure of the included problems emphasizes the importance of
optimization tools in both the strategic planning and in the operational
planning. To analyze the effects of a chosen design of the service, a
simulation tool should also be part of the framework. The GIS can be
seen as the central part of the framework. It is used to prepare input
to, and visualize output from the optimization and simulation tools. A
schematic description of the framework is shown in Figure 4.4.

How the optimization and simulation modules interact can be seen
from two perspectives. The first is to first find an optimal solution to
a specific case, and then simulate what effects this solution has on the
performance, customer behavior etc. To give an example to this, assume
that we are given a new suggestion for how frequencies and timetables
of a given network can be changed. Interesting to simulate in such a
situation can for example be how the customers will behave and what
choices they will make, i.e. to find the answer to the question of how
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Figure 4.4: A schematic description of the information flow in the
framework

the demand is affected. The second perspective is to find a good overall
design by the use of simulation, and then use optimization to find the
best solution to a specific instance of the given design. In both cases,
one can iterate between the optimization and simulation phases.

The two perspectives discussed above can in Figure 4.4 be seen as the
two possible directions to iterate between the different modules of the
framework. In the framework, a model of the real world is represented
in the GIS. Even though the model is a simplification of the real world,
it can (and should) include much more information than needed by a
specific optimization or simulation tool. For example, assume that the
information needed for a specific optimization tool is taken from the GIS
to the optimization module. The optimization tool in question is used
and the results are sent to the simulation module (or directly back to
the GIS module). In the simulation module it can then be studied what
effects the new results have on the overall performance of the service.
In this module, most of the input is taken from the GIS. The results
obtained from the optimization tool complement the data from the GIS

23



4. PLANNING OF AN INTEGRATED DIAL-A-RIDE SERVICE

and the output of the simulations is then visualized in the GIS.
The various steps in the planning process use the separate modules in

different ways. In the first step of the strategic planning (network design
and design of the demand responsive service), the GIS can many times be
used as the actual planning tool. For the frequency setting, timetabling
and the steps in the operational planning, the optimization tools are
used. For all steps, the effects of the solutions can be studied through
simulation, and for most steps, simulations are done to see what the
effects are for the passengers (or potential passengers). But for vehicle
scheduling and crew scheduling, simulations are also made to find out
how sensitive the solution is to different disturbances. In different ways,
simulations can be useful in all steps of the planning process.

To create a system, in which it is possible to work according to the
described framework, there are many ways to put tools for optimization
and simulation together, in a user-friendly environment. In the described
framework, new intelligence in form of planning tools, are added to the
GIS. These new tools together with the original possibilities of the GIS
create the components of the framework in the way described in Figure
4.5.

For most of the optimization tools, the underlying mathematical
models have already been studied extensively. The new kind of model
needed specifically for integrated dial-a-ride services is that to use for de-
termining which vehicle that shall pick up a customer, at what transfer
point (if any) the transfer to the fixed route shall take place, which vehi-
cle the passenger shall transfer to from the fixed route and at what trans-
fer point (if any) this shall be done. This includes creating itineraries
for all demand responsive vehicles.

4.4 Benefits of the GIS module

The use of GIS in transport planning, can be motivated from two per-
spectives, as explained in Berglund (2001). From the perspective of the
users familiar to spatial analyses in GIS, a common opinion is that GIS
often lack sufficient tools for studying mobility. From this perspective,
the aim is therefore to include new modeling tools for such purposes in
existing GIS. The other perspective is that of transport modelers want-
ing to use a GIS as an aid to visualize modeling results or to prepare
input data to other planning tools. From this perspective, the aim is
often to simply transfer (and transform) data from a planning tools to a
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Interface
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tools

GIS

Tools for: 
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·
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·

Data structures

Visualization

Manual 

planning tools

Simulation 

tools

Optimization 

tools

Figure 4.5: Description of the components in the framework

GIS, and vice versa. Tools for transport planning are usually restricted
to only handle information needed for the specific planning situation
the tool is intended for, i.e. the information needed by the algorithm.
A framework used for planning and analyzing many different problems
must be able to include much more information. One example is the rep-
resentation of networks. In most transport planning tools the network
is represented by links and nodes where each link connects a from-node
and a to-node, but without describing the actual geometry of the link.
In this way, each link is actually described as a straight line between the
two connected nodes. However, in a GIS also the geometry of the links
are easily represented.
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The way in which the geometry of objects is described is important in
a number of situations. To use a GIS as the central part of the framework
gives the possibility to use different levels of details for different analyses
and planning tools. For an optimization tool in which a high level of
detail is not needed, the geometry can be simplified before it is sent
from the GIS to the optimization module. At the same time, all details
are still available if needed for analyzing the results. In this way, the
information can be taken from the GIS and transformed in a suitable
way for each respective tool. Even though the data is used in many
levels of detail in different tools, every type of object only needs to be
represented in one single database. This is something that simplifies
the management of such data and reduces the risk of inconsistency. It
reduces redundant information (duplicates), but there is also a risk that
unnecessary information (that is not used by any tool) is kept in the
database.

When creating a modeling tool, there are also other advantages of
using an existing GIS to include the tool in, instead of creating a separate
system. The fact that any data with geographical information at any
time can be added to a GIS gives a great flexibility for what kind of
analyzes that can be made. The benefits of using the existing interface
of a GIS are also not to be neglected. A well functioning interface is
of course very important to create a user-friendly environment. The
possibilities of good visualization of the data used in the operations,
as well as of the results, are also essential for this kind of analyzes. A
GIS is not intended for a specific planning or analyzing situation, and
is therefore easy to adapt and include in new tools.

To include a self-designed tool, or to connect the GIS to existing
software, can be done in several ways. There are basically three ways
to add new functionality to a GIS, as described in Berglund (2001).
First of all, data can be exported from the GIS to an external tool and
vice versa. In this way all computation is done in the external tool.
As an example, input data can be prepared in the GIS, exported to
the external tool and used there, thereafter imported back to the GIS
for visualization or further analyzes of the results. In this way, the
functionality of the external tool is actually never added to the GIS.
The second way is to add macros written inside the GIS. Such macros
are often simple to create, but they often require relatively large amount
of computational time in relation to what the code performs. For this
reason, macros are generally only used for short and simple programs.
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The third and final way to add new functionality is to fully integrate
the previously external tool inside the GIS. Providers of GIS often offer
developing tools to simplify integration of own designed tools or other
existing software.
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5 The Thesis

This thesis concerns planning of paratransit services, often operated
as dial-a-ride systems, and how such services can be combined with
a regular fixed route public transport service. The work is based on
mathematical modeling and simulation studies. This chapter includes
the objectives and contributions of the thesis, as well as summaries of
the included papers and thoughts about future research in this area.

5.1 Objectives

The main objective of the thesis is to develop and evaluate planning
methods to improve and assess the efficiency of dial-a-ride services in-
tended for elderly and disabled. The first part of this thesis studies how
the planning of an existing dial-a-ride service can be improved. The ob-
jective is to construct a tool with which various ideas for improvements
can be tested and to show how the planning can be improved. The sec-
ond part considers how to make fixed route services more accessible to
elderly and disabled by combining a fixed route service and a demand
responsive service. The objective is in this part of the thesis to describe,
mathematically, the problem of planning requests in an integrated ser-
vice, and to show what effects different designs of an integrated service
have on customers and operation costs.

5.2 Contributions

The thesis makes the following contributions:

• It presents a simulation platform for simulation of dial-a-ride ser-
vices. The system gives the possibility to simulate the operation of
dynamic dial-a-ride services with multiple and heterogeneous ve-
hicle fleets with possibly different schedules and depots. Through
such simulations it can be studied how changes to cost structures,
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service levels and planning methods affect the efficiency of the ser-
vice.

• It shows that small algorithmic changes to existing planning sys-
tems can provide a more efficient scheduling of requests in para-
transit systems. By using ruin and recreate methods in the replan-
ning of already inserted requests, better schedules are obtained.

• It presents how to evaluate different distance estimation methods
in dial-a-ride planning. The evaluation shows that for a service
operated as normally done in Sweden today, the use of zone-based
distances causes no major effects on the service compared to using
address-based distances.

• It presents an exact mathematical formulation of the integrated
dial-a-ride problem. Valid inequalities, variable substitution and
subtour elimination constraints are presented to strengthen the
formulation.

• It clarifies the importance of the design of the demand responsive
part of an integrated transport system, and presents guidelines to
operators about how to implement an integrated transport system.

• It shows how GIS can be a valuable tool for preparing and pre-
senting data, when planning any public transport system, and it
introduces a framework for planning of integrated transport sys-
tems.

5.3 Summary of papers

Five papers are included in this thesis. Paper I-III concerns planning of
paratransit systems operated as dial-a-ride services. Paper I describes
a modeling system for dynamic dial-a-ride services. This system is then
used in Paper II – III. Paper II evaluates how different reoptimization
methods, based on ruin and recreate methods, can improve the schedul-
ing of a dynamic dial-a-ride service and Paper III studies what effects
that can be seen from using zone-based distance estimates, instead of
address-based distances, in the planning of such a service.

In Paper IV-V, integrated public transport systems are studied. Pa-
per IV presents an exact mathematical formulation for the problem of
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planning requests in an integrated dial-a-ride service. In Paper V, sim-
ulation is used to investigate the consequences of different designs of
integrated services.

Following in this section are brief summaries of the five papers. There
are co-authors to all of the papers. Therefore, it is also specified how
the author of this thesis has contributed to each paper.

Paper I:

A Modeling System for Simulation of Dial-a-Ride Services

Paper I describes a modeling system, called DARS, for simulation of
dial-a-ride services. It is developed as a stand-alone system and enables
studies of various forms of dial-a-ride services, with the main perspective
coming from existing Swedish paratransit services. It can be used as a
tool to understand and study how different system designs and different
ways to operate a dial-a-ride service affect the performance and efficiency
of the service. The system simulates the operation of a dynamic dial-
a-ride service operating with multiple fleets of vehicles with different
capacities, schedules and depots.

We describe the different modules forming the system and the pos-
sible use of the system. DARS gives the possibility to investigate how
the setting of service parameters and operation parameters affects the
total cost for the operator and level of service for the customer. DARS
also provides the possibility to study what effects that are inflicted on
the solution (how the service is affected) by changes in heuristics and
algorithms for computing travel schedules.

This paper is co-authored with Jan T. Lundgren and Magdalena
Högberg. The author of this thesis has contributed to the paper as
main author and by major involvement in the research planning.

Paper I is submitted to:

• Public Transport

31



5. THE THESIS

Paper II:

Improving Paratransit Scheduling using Ruin and Recreate

Methods

Paper II considers the replanning phase in planning of a dynamic dial-a-
ride service. In some dynamic dial-a-ride services, replanning of inserted
requests might be allowed as long as given constraints regarding time-
windows are fulfilled. In this paper we evaluate how various ruin and
recreate methods can improve the replanning phase of such a service,
and thereby improve the quality of the solutions. Several methods are
proposed, and the modeling system DARS (presented in Paper I) is used
for the evaluation. We show that changes to existing scheduling heuris-
tics can increase the efficiency of the service. Two cases, with different
forms of costs inflicted on the vehicles, are evaluated and significant im-
provements are found in both cases. The best results of our study are
found with ruin methods based on removal of sequences of requests.

This paper is co-authored with Anders Peterson. The author of this
thesis has contributed to the paper as main author and by major in-
volvement in the research planning, in the modeling, simulation work
and in the analysis of the results.

Paper II is submitted to:

• Transportation Planning and Technology

Parts of the content of Paper II have been presented at:

• EURO XXIII (23rd European conference on operational research),
Bonn, Germany, July 5-8, 2009.

Paper III:

Effects of Distance Estimation Methods in Dial-a-Ride

Planning

Paper III evaluates what effects that can be seen from aggregating
demand-points into demand-zones and using distance estimates between
zones instead of exact distances between demand-points. When aggre-
gating demand-points into zones, a trip between two zones is assumed to
take a certain time independent of where in the zones the actual pick-up
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and drop-off points are located. Such estimated distances are often used
in practical planning today.

Practitioners have for some time pointed out that this approach
might introduce errors in the created vehicle schedules, since actual drive
times may be underestimated or overestimated. It is believed that this
can result in schedules that are inefficient, or difficult to maintain. Over-
estimated drive times can inflict a lot of waiting time on the vehicles,
while underestimated drive times can cause the vehicles to be late, which
causes waiting times for the customers.

To study the effects of such distance estimates, simulations are per-
formed using DARS (presented in Paper I) based on historical, real-
world, data from the city of Göteborg. A method is presented of how to
evaluate the results of the simulations, and the results show that only
small differences are found.

This paper is co-authored with Magdalena Högberg. The author of
this thesis has contributed to the paper as main author and by major
involvement in the research planning, in the modeling and in the anal-
ysis of the results.

Parts of the content of Paper III have been published in:

• Lo, H.P., C.H. Leung and S.M.L Tam (Eds.) Proceedings of the
13th International Conference of Hong Kong Society for Trans-
portation Studies, Transportation and Management Science, Hong
Kong, China, 2008, pages 751-759.

Parts of the content of Paper III have been presented at:

• The 13th International Conference of Hong Kong Society for Tran-
sportation Studies, Transportation and Management Science, Ho-
ng Kong, China, December 13-15, 2008.

Paper IV:

The Integrated Dial-a-Ride Problem

Paper IV presents an exact mathematical formulation of the Integrated
Dial-a-Ride Problem (IDARP). This problem is to schedule requests in
a system combined of a dial-a-ride service and a fixed route service. In
such a service, some part of each journey may be carried out by the
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fixed route service. The IDARP is a generalization of the DARP. An
arc-based formulation is proposed, and it is shown how the model can be
improved by arc elimination, variable substitution and the introduction
of subtour elimination constraints. Small instances of the IDARP can be
solved using an exact solution method, and one such instance is studied
as an example. The paper also describes how input and output data can
be created and visualized in a geographic information system.

This paper is co-authored with Henrik Andersson, Jan T. Lundgren
and Peter Värbrand. The author of this thesis has contributed to the
paper as main author and by major involvement in the research plan-
ning, in the modeling and in the analysis of the results.

Paper IV is published in:

• Public Transport, 1(1), 39-54, 2009.

Parts of the content of Paper IV have been presented at:

• CASPT 2006, 10th international conference on computer-aided
scheduling of public transport, Leeds, UK, June 21-23, 2006.

• Transportforum, Linköping, January 10-11, 2007.

Paper V:

Evaluation of an Integrated Public Transport System:

a Simulation Approach

Paper V studies an integrated public transport service through simula-
tion. When designing an integrated service, it is important to analyze
and evaluate how the attractiveness and operating costs for the service
depend on the type of demand responsive service used, the design pa-
rameters related to the vehicle fleet, the structure of the transportation
network and on the service commitments made to the passengers. In
this paper it is shown how simulation can be used to perform such anal-
yses. 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 system. The results show the
importance of the design of the demand responsive part of the integrated
service.
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This paper is co-authored with Jan T. Lundgren and Peter Värbrand.
The author of this thesis has contributed to the paper as main author
and by major involvement in the research planning, in the modeling, in
the simulation work and in the analysis of the results.

Paper V is published in:

• Archives of Transport. 20 (1-2), 29-46, 2008.

Parts of the content of Paper V have also been published in:

• Jaszkiewicz, A., M., Kaczmarek, J. Źak and M. Kubiak (Eds.)
Advanced OR and AI Methods in Transportation, Proceedings of
the 10th Jubilee Meeting of the EURO Working Group on Trans-
portation: “Advances in Modeling, Optimization and Management
of Transportation Processes and Systems - Theory and Practice”
and 16th Mini-EURO Conference: “Artificial Intelligence in Trans-
portation”, Poznan, Poland, 2005, pages 271-275.

• Simulations of an integrated public transport service. FINAL
Delredovisning 9. In: Slutredovisning av FINAL-projektet: full-
ständig integrering av anropsstyrd trafik och linjetrafik, Trans-
portidé, Uppsala, 2005.

Parts of the content of Paper V have been presented at:

• 10th Jubilee Meting of the EURO Working Group on Transporta-
tion: “Advances in Modeling, Optimization and Management of
Transportation Processes and Systems - Theory and Practice”,
Poznan, Poland, September 13-16, 2005.

5.4 Future research

To improve practical planning of dial-a-ride services, future research
should be focused on three issues. The first issue regards better replan-
ning of already inserted requests. This issue has been studied earlier,
but more can be done considering practical data sets. In practical dy-
namic dial-a-ride services, there is often a large part (in Sweden about
60 %) of the requests that are known a day in advance. Therefore it
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is likely that combinations of static and dynamic solution approaches
can be useful. One suggestion is to use a metaheuristic for long term
replanning and ruin and recreate methods for short term replanning. In
this way, two reassignment procedures are run in parallel, enabling more
computation time for the metaheuristic, but without the possibility to
consider requests to be served in a near future in the metaheuristic.

The second issue regards the objective of the planning. When using
different time windows for insertion and reassignment of requests (as is
done in most systems operating in Sweden), or in any service where the
replanning possibilities are small, it is not sure that it is always best
to find the best solution given the known set of requests. It would be
interesting to study what effects can be seen of searching for as flexi-
ble solutions as possible, or rather to balance the generalized cost of a
solution to how flexible the solution is for new requests to be inserted
into.

The third issue regards how the settings of various service parameters
in a dial-a-ride service affect the efficiency. This is something that should
be studied, most likely by use of simulation, and that can give decision
makers valuable information in their effort to make the right prioritizes
(regarding both political and operational matters).

Regarding integrated dial-a-ride services, two issues for future re-
search are identified. The first is that if it should be possible to imple-
ment such services in large scale, operational planning systems must be
developed, and for that, more efficient methods for planning of travel re-
quests are needed. The work of finding such methods should be focused
on heuristic approaches that are able to handle large (real-world) data
sets.

The second issue to study is how the cost for operators is affected
by the introduction of an integrated dial-a-ride service. It should be
evaluated what kind of economic savings that can be made if customers
that today use the paratransit (with special needs permits) instead can
use an integrated service. Such studies are needed to describe the pos-
sible benefits of an integrated service to local authorities and operators
of public transport.
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Vinnova, Vägverket och Stiftelsen Teknikdalen.

Wilson, N. and C. Hendrickson (1980). Performance models of flexibly
routed transportation services. Transportation Research Part B 14,
67–78.

Wilson, N., J. Sussman, L. Goodman, and B. Higonnet (1969). Simula-
tion of a computer aided routing system (CARS). In Proceedings of
the third conference on Applications of simulation, pp. 171–183.

Wilson, N., R. Weissberg, and J. Hauser (1976). Advanced dial-a-ride
algorithms research project: Final report. Technical Report 76-20,
Massachusetts Institute of Technology, USA.

Wong, S. and C. Tong (1998). Estimation of time-dependent origin-
destination matrices for transit networks. Transportation Research
Part B 32, 35–48.

Xiang, Z., C. Chu, and H. Chen (2006). A fast heuristic for solving a
large-scale static dial-a-ride problem under complex constraints. Eu-
ropean Journal of Operational Research 174, 1117–1139.

43



BIBLIOGRAPHY

Xiang, Z., C. Chu, and H. Chen (2008). The study of a dynamic dial-
a-ride problem under time-dependent and stochastic environments.
European Journal of Operational Research 185, 534–551.

44




