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1. Project execution

1.1. Summary description of project objectives

It is a well-known fact that Europeans are rapaiyng, mainly due to the low birth-rate
and the increase in people’s lifespan. This creptessing mobility problems, as older
people are unable to drive but still prefer to limdow-density suburban locations or in
rural areas with infrequent or no public transpetvice at all. In addition to this, the
reduction in their income levels in the retirem@etriod makes it harder for them to
afford more private modes such as taxis. In Ath&asis, Ankara and other mega-cities,
older, poor and disabled people that do not liveaneas well served by public
transportation, are left with no viable transpgstions. In the Capodistrian Municipality
of Philippi in Greece, consisting of 19 remote agies, some with fewer than 20
inhabitants, often too poor to own a car or too wdlrive, there is almost no public
transportation due to the low population densityr some of these Europeans, a trip to
their Health Care Provider by a taxi may cost aamgart of their income. Similar
situations are also encountered in Cyprus, Portuigdy, France and other EU states, as
well as Turkey and Bulgaria. As a solution, the bfibn project has developed an
innovative transport system based on the paratraoscept. Paratransit is a potentially
attractive alternative to conventional transitcdinstitutes the only transportation option
for the elderly living in rural and suburban areabkgre population density is too sparse
to be supported by a schedule based transit sySteah. paratransit systems were already
in use in low density areas of the Province of Bak and in Cyprus.

Furthermore, paratransit is a flexible system taat accommodate the mobility needs of
elders without having to deal with the delays &f tuses and the trouble of waiting in
bus stops. An advantage of a paratransit systeits smilarity to a taxi, in terms of
service, since it also picks up a passenger frosthéi origin location and delivers
him/her to his/her destination location (door-taaddransportation). The proposed and
developed system serves passengers using a givamenwof vehicles. There are no fixed
routes in such a system and each passenger décsdeiskup and delivery location. He
can also request the observance of a time windevhi®pickup and delivery time. In
many cases however, the passengers may not be iatelgddelivered to their
destination point and may sometimes share thewitdreother people. In this perspective,
paratransit can be classified as a system thatatgsetbetween large transit vehicles
(buses) and single occupant vehicles (cars, takiatually bridges the gap between the
two systems. Similarly, the cost of a paratrangtem lies generally between the cost of
the bus and that of the tax little more than the cost of a bus and a ligkes than the
cost of a taxi.

The InMoSion paratransit system took advantage hef keap in communication,
computational, Geographic Information Systems (GI&]) Intelligent Transport Systems
(ITS) technologies (cell phones, PDAs, Internetecegbnic payment, traveller
information systems and other). The introductiorcommunication-based technologies
accommodates further the development of such amsysthere the passengers would not
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have to plan their trip from the previous day. ¥dhicles could be equipped with a real
time vehicle locator and a communication devicethst the dispatcher can immediately
decide which vehicle should be assigned with thagportation of the passenger either
through the use of an automated help system orughrohis/her experience. The

architecture of the paratransit InMoSion system Iesn based on existing paratransit
systems e.g. Province of Bologna, Italy and oth@mogean countries, the United States
Intelligent Transportation Systems system architect European traveller information

systems and the newly established 511 travellerimition system that is spreading
throughout the United States and will be availablevery state by the year 2010.

In a nutshell, the InMoSion project analyzed tieeds of older Europeans both in rural
and urban environments, designed and developeararansit system that combines
algorithms and GIS databases to compute the optimohility solutions for both
passengers and system operators. The system wdsyatkpon one location —
Municipality of Philippi, Greece — and the resulisre disseminated through workshops
on site, through the project’'s web, as well as ubho conference presentations and
publications. The project can make its servicesilava throughout Europe to
municipalities and other community entities andup® to support the needs of older
people. The InMoSion project can provide suppory aammunity (or municipality,
government agency, NGO) that wants to provide pamait service. Undergraduate and
graduate students have been supporting these cbsead real-life implementation
activities by getting involved from the initial g® of brainstorming and initial
calculations, to the specific system design (esthirient of geographical boundaries,
conduction of research to obtain the needs andepgons of potential passengers,
estimation of the necessary number of vehiclesllef/service provided, pricing terms,
legal issues, financial issues, etc.) all the wayfinal deployment and support. The
support can be provided free of charge in termsystem development, except any local
requirements and other local deployment relatedelesgs (after the end of the EU
funding period).

The main objective of InMoSion has been the devaleq of all the necessary know-

how for effectively supporting any European comnyito deploy a paratransit system to
meet the mobility needs of their citizens (elderimrneed). While the basics of a

successful paratransit application can be gathdreth current experiences and

technological advancement, eventually every comtyumas a specific combination of

traveller profile and paratransit potential, whiglyuire a customized paratransit service
design and implementation.

The following sub-objectives of the InMoSion Scierf8hop have been finalized within
the 30-months project duration:
e Analysis of the user needs for a demand-driventgarsit system in both rural
and urban environments
e Development of an innovative transport system basetthe paratransit concept
e Development and integration of the system regardioigjware, communication
and hardware developments
e Deployment process design and documentation
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e Model deployment in terms of mathematical formwlatiof the problem,
algorithmic implementation and simulation
e Dissemination of project’s ideas and results

1.2. Contractors involved

In sharing the workload, tHeystems Optimization Laboratory (SOL) at théJniversity

of Thessaly, Greecehas lead the research activities, that focusedetwork analysis,
urban networks and transportation systems. SOLigedvboth theoretical and practical
expertise on analyzing such systems and on devejadfective solution algorithms for
them.

The Centre for Research and Technology Hellas - Hellegilnstitute of Transport
(CERTH/HIT) is the National Organization devotedth@® promotion and execution of
transport research in Greece, whose basic targetaseate a centre of excellence in the
field of transport with highly specialized researahd policy development services
offered to government and third party organizatiand bodies and relevant ministries.
The scope of such services covers all areas ofpgmat) in particular the organization,
operation, planning, construction of infrastructuséandardization, economic analysis,
management, vehicle technology, and impact assessmok land, maritime, air, and
multimodal transport services. CERTH/HIT has perfed, and is still active in, more
than 70 European projects and national studiesigBttie coordinator of many of these
projects, CERTH/HIT has a great experience in thantcial management, and raising
financial support for transport infrastructure aadearch.

The Middle East Technical University (METU) is one of the finest research-oriented
higher education institutions in Turkey, famous ftg School of Engineering. The
Department of Civil Engineering has an active Tpamgtion group that produces
research on various transportation related toind, national and international projects
for more than 40 years. More recently, interdisogrly studies among the CE
Transportation group and the Institute for Geodetimd Geographic Information
Technologies at METU have started a study fieldisirtg on better use of technology in
the planning and operation of traffic network syste and development of a
transportation-based database.

The City of Paris Engineering School (EIVP) focuses on the analysis of urban
transportation networks and more exactly on onéhefregions in Paris. The French
research team goal was not only to serve eldetsalba to serve all people in need of
mobility.

The Cyprus Transport and Logistics Ltd. (CTL) is a private consulting company based
in Nicosia, Cyprus. CTL specializes in transportdelong, transportation planning and
transport logistics. Its members and associates 8a20-year experience in analyzing
and modelling transport systems in the United Statel more recently in Europe.
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The Public Transport Authority of Bologna, Reti e Mobilita, (SRM) has a
coordination role between conventional and altéveatansport services. In Bologna an
on-demand service has already been developed gridnmmanted with success, but it is
observed that it is not the right solution for auntainous area in the southern part of the
city.

The Municipality of Philippi , (MP) Greece, consists one of the eleven Capdaafistr
Municipalities of the prefecture of Kavala and hssrved as the main on-site
demonstrator of the InMoSion project.

1.3.Work performed & end results

The activities that took place during the entireation of the InMoSion project primarily
focused on organizing and executing the work athri®al, dissemination and
administrative levels, thus aiming to ensure thst lm®operation between the partners
during the 2,5-years project period and settingfdlbedations for the effective execution
of InMoSion. The most notable activities carriedt @u the first year of the project
comprised the Kick-off Meeting, the elaboration afQuality Handbook, an extensive
literature review for paratransit systems, the syrgtesign methodology and design, the
actual field data collection with the surveys, ttheployment process design for the
paratransit system under development and an iratialysis for the development and
integration of the system. Additionally, dissemiaat activities such as the
implementation of the project’'s own website and ljmalions to scientific fora took
place.

In the last 1, 5 years of the project the consortiacused its work on the development of
the paratransit system, by the deployment desidnrargration of the system (software,
communications hardware etc.).

The most significant activities carried out compdghe development of the operational
paratransit system, the well organized and suaglessplementation of the pilot project
demonstrated in the Municipality of Philippi in @ee and the analysis of user’s
requirements.

The development of suitable algorithms for the irautand scheduling procedure, the
build up of database system, the development diesysnterfaces and build up of
communication system was the specific work perfarme order to ensure the
operational pilot actions of the paratransit system

Also working issues such as the system architedheweenhancement of software and
hardware configurations were performed in orderetsure the success of the pilot
implementation.

The end-result of the project was an operationgtpansit system, demonstrated in the
Municipality of Philippi in Greece, as describeaypusly. During the pilot actions the
consortium contacted surveys (during - after) tee af the innovative transport system
with the passengers, in order to indentify useefgoences, needs and other important
information. The evaluation of the system measwsesh as performance efficiency cost
and pricing, was also one of the main objectivethefconsortium.
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Additionally, dissemination activities such as tihglementation of the project’'s own
website and publications to scientific fora toolagd. UTH, METU and CERTH/HIT
have presented papers concerning the outputs gfrtiject research results in the"™87
and 88" Annual TRB meeting in Washington in 2008 and 2009.

In order to disseminate the pilot action, an opanference was held in the Municipality
of Philippi, where the project consortium preserttesl operational system and its benefit
to the residents. Also, the president of the Athérisan Transport Organization (OASA)
made a presentation for the transport systems éece@r In the actual deployment of the
pilot implementation of the system, the work hasuied on organizing the drivers and
the call centre, on helping customers, on advagishe system, on keeping records of
everyday events and complaints, on collecting dgoiesaires, etc.

1.4. Methodologies and approaches employed

1.4.1. Methodologies
Two methodologies comprise the main outcome of 18Ma.

The first one involves the forecast concerning the transpomatieeds of a specific area
of application. This methodology deals with the ljemn of transportation needs
estimation for the area of application. In the neypality of Philippi there was no way to
retrieve historical data in order to estimate tpamtation needs. A solution to this
problem was the use of survey. A survey can be dtted in many ways. It depends
heavily on the information one needs to extractnfribs analysis. Studies concerning
survey formation can be used in order to assigsinonstruction. In the InMoSion case,
the survey technique used was the stratified sagplvhere two sample size criteria
were used. The first relates to the level of prenigor sampling error) and is set to be
approximately 7%. The second criterion, the comfade level, is equal to 95%. In
accordance with the above criteria, that are ofteed to produce surveys concerning
public opinion, the sample size was approximatétyd the population. The survey was
used to identify:
1. Daily or weekly trip habits (origin, destinatiomne of transit) in order to define a
trip number for every week day
2. The user perception of the most interesting trgiudees for the model
3. Charging Price, in relation to existing means ahsiport for a specific set of
service quality parameters
4. Waiting time (pickup or deliver time windows)
5. Maximum trip travel time in relation to the shotteath distance (taxi time)
travel time.

The second onas the estimation of the profitability concerningpeoposed Paratransit
system. In order to achieve an economically vi&iRT system, it is important to assess
whether the proposed transportation system canrbftgble. Basic elements of the
developed methodology are: trip data, definitionsefvice key parameters and the
convergence process. In the first survey data tisegad and then analyzed, in order to
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infer the population's transportation needs anglieeiquality related factors. The final
step is the convergence process, where a guidedhsisaperformed, in order to define
the critical point where the system becomes prioifita

1.4.2. Approaches employed

For the first methodologgoncerning the transportation needs forecastiag\survey an
appropriate survey for this area was conducted. Mumeicipality consists of 19 villages
with a total population of 10,827 inhabitants, mostvhich are elderly. The purpose of
the survey was to investigate the market potemtial the potential acceptance of the
system in a rural community in Greece. The quesaor was specially designed to
capture the potential acceptance of the inhabitahtthe area towards the proposed
system. Data was collected through face-to-facavigws, carried out by trained people
that had a good knowledge of the area, the availabbdes of transport and the
population’s mobility needs. In order to ensuret tthe results of the survey would be
reliable, a stratified sampling of approximately 2220 questionnaires) of the population
was used. The questionnaire consisted of two pditg: first part included general
guestions for the respondents (such as demographtos second part included questions
that aimed to derive the basic design parametetiseoproposed DRT system that would
affect its profitability. In order to make the gtiesnaire more understandable to the
people, some questions had predefined answersiiaudhoices).

For the second methodologpncerning the estimation of the profitabilityetfollowing
convergence process was presented, that was usadean to identify the profitability
critical points. In order to reach the desirablenpavhere the system would become
profitable, an extensive guided search sequence aeaducted by running multiple
iterations of various dial-a-ride algorithms. TH&nvergence algorithmhas been
designed to reach that point while maintaining tre@ues of the service quality
parameters unchanged.

1.5. Achievements of the project to the state of the art

InMoSion project produced a sequence of sciertiifit-a-ride algorithms that have been
presented in various conferences. A summary okthatgorithms is presented below:

1. The Simple Insertion Heuristic Algorithm

The Simple insertion algorithm that has been useal variation of the one presented by
Jaw. The basic task of that algorithm is to crdafeecific trips assigned to specific
vehicles) an initial solution that can be used asfarence by the proposed Very Large
Scale Neighbourhood VLSN heuristic. VLSN heuristeeds an initial solution because
that initial solution provides the associated deassigned trips for every vehicle to be
used later by théexact 2-vehicle” algorithm. That solution could be easily constedct
by assigning trips randomly to vehicles oy using a fast heuristic to produce it. In the
first case the VLSN heuristic reaches the besttispluwith significant slower rates.
Because of the random assignment, no optimizedigotuwere produced at all or even
any feasible solutions. In the second case (the aisésimple insertion heuristic
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algorithm) the produced solution is at least felasémd generally speaking not far away
from the optimum solution. In that case the VLSNirmgic reaches its own best solution
sooner.

A short verbal description of tHsimple insertion heuristic”algorithm follows. At the
beginning, the algorithm creates empty routes ¥@ryevehicle. After that, for every trip
request the algorithm finds the best position einmis of cost- to insert by searching all
vehicle routes. If that position is found, then thp request is inserted into that position.
If it is no possible to find at least one positiwhere the trip could be inserted, then the
trip request is rejected. At the end of executigpecific trips have been assigned to
specific vehicles.

2. The Exact 2-Vehicle Algorithm

Two exact approaches have been explored in InMo&idfixed Integer Linear Program
(MILP) relying on the formulation of the previousction and an implicit enumeration
based on Psaraftis’ Dynamic Programming (DP) allgori The DP approach, which is
used as part of the VLSN heuristic, is discussage © the nature of the problem, to get
the exact solution for the Dial-a-Ride problem (DARt is necessary to evaluate every
feasible combination of trip requests and vehithas cannot be ruled out, based on some
technique. Given the problem’s combinatorial natiiress obvious that the number of
combinations explodes, making any exact approaclanmegless for realistic size
problems. If somehow that number of combinatioraimminated, then the solution space
is restricted making the effort more promising oahding the solution. Memory
requirements are another issue. There is a nealinbinate memory requirements in
order to execute the algorithm without memory conse Keeping the above
observations in mind, an effort has been madederao enrich our exact algorithm with
features that offer: (a) restriction of the solatigpace as much as possible, and (b) the
independence of memory resources. For those reagsoBd® implementation was
developed by using recursive techniques. The heupart of that algorithm uses the
above referenced exact 2-vehicle algorithm. Thenmdea is to search in a larger
neighbourhood of the solution space. The basic isldmsed on using the analytical 2-
vehicle approach for exploring a large neighbouchadnich classifies it as Very Large
Scale Neighbourhood (VLSN) heuristic. The appro&hcontinuously applying the
above presented exact 2-vehicle approach for epesgible combination of vehicles
routes.

1.6.Impact of the project on its industry and researskctor

The impact of InMoSion has been twofold.
In the area of scientific research, the main impauctiuded the production of:
1. Three new dial-a-ride algorithms and the implemgoneof these algorithms in

order to be usable by a real application.

2. The convergence process and convergence algorithiahus a scientific tool to
the hands of any possible investor in order totifiethe profitably of a proposed
transportation system.
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In the area of the related industry sectors, thie mapact was:
The production of a real operational system appboahat is being used in the
Municipality of Philippi. This application is fullpperational and can be used at a fully
operational environment. In comparison to other m@mcial products it is:

1. Completely open source

2. Completely non depended of any propriety softwaict data

3. Completely web-based application

10
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1.7.Diagrams and photos illustrating the work of the MoSion project logo and
reference to the project public website.
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A screen capture of an origin — destination sed@cti
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A screen capture of InMoSion paratransit system pimgpAdmin — options monitoring
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The structure and dependencies of the InMoSion WRakkages are depicted in the
following figure.
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Photos of the InMoSion kick-off meeting at the prees of CERTH/HIT in Thessaloniki,
Greece. February 2007.

Photos of the InMoSion open conference in the Mpality of Philippi, Greece,
September 2009

T

Project logo:

iInmosion

InMoSion Science Shop websitgtp://www.inmosion.eu

1.8. Co-ordinator contact details

Professor Athanasios Ziliaskopoulos

University of Thessaly

Department of Mechanical and Industrial Engineering
Systems Optimization Laboratory

Pedion Areos, 38834

Volos, Greece

tel: +30-242410-74041

fax: +30-24210-74059

email: ziliasko@uth.gr
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2. Dissemination and use

2.1.Publishable results

In the end of this section four (4) publications arcluded, that can be disseminated to
the broad public with results from the main act@stof the project:

PN

System Design of Paratransit Systems
Analysis of Questionnaires and Simulation of Dataxf Philippi

The Algorithm for the Multivehicle Dial-a-Ride withime Windows
A Scenario-Based Semi-Disaggregate Market Sharm&sbn For A Proposed

Paratransit System For Philippi Region, Greece

2.2. Final Plan for using and disseminating the knowlgé

Section 1 - Exploitable knowledge and its Use
Overview table

Exploitable Exploitable Sect f Tlmfetable Patents or O\g?s r&
knowledge product(s) or a;([:)l?crzii)gn comr?ﬂzzrcial other IPR Partng:(s)
(description) measure(s) use protection involved
Conducting Analysis of surveys 1. Transport n/a none Consortium
detailed surveys on mobility needs
on mobility 2.Econometrics
needs
3. Regional
Planning
Architecture for: High-level 1. Transport n/a none Consortium
paratransit architecture anc
systems functional 2. Regional
specification for. planning
paratransit systems
Deployment Deployment process 1. Transport n/a none Consortium
process design for
paratransit systems: 2 Econometrics
3. Regional
Planning
Paratransit Detailed descriptionn 1. Transport n/a none Consortium
system modules of necessary
paratransit SyS'[em 2_Econometrics
modules
3. Computing
systems
Dial-a-ride Development of 1. Transport n/a none Consortiurp
algorithms new Dial-a-ride
algorithms
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2.Econometrics

3. Computing
systems

4. Mathematics

GIS enabled Development of 1. Transport n/a none Consortium
database new GIS enabled
databases to suppart. g|s
paratransit systems
3. Computing
systems
Interfaces Development of1. Transport n/a none Consortium
new, user friendly
interfaces for web: o Computing
based  paratransitsystems
systems
Communication; Development ofl. Transport n/a none Consortium
new communication
systems for web: o Computing
based  paratransitsystems
systems
3.Communication
systems
Evaluation of Evaluation of 1. Transport n/a none Consortium
system system  measures
measures (performance, 2 Econometrics
efficiency, cost
pricing) 3. Computing
systems
Innovative Development of an 1. Transport n/a none Consortium
paratransit operational
system paratransit system

Description of exploitable results
1. Conducting detailed surveys on mobility needs

The result is the creation of new methodologiesdiata collection and data analysis for

assessing new mobility needs and mobility pattéfhs. leading partner of this initiative

has been METU with the support of the other comsortpartners. The results can be
used as an indicative methodology for similar stadir as supporting academic teaching

input.

2. Architecture for paratransit systems
The result is the design of High-level architected functional specification for

paratransit systems which can be used for implemgsimilar systems in other areas.

The leading partner of this initiative has been UWith the support of the other
consortium partners. The result can be used dyrectimodified in order to meet local
characteristics and needs.

17




InMoSion — Publishable Final Activity Report

3. Deployment process

The result is the documentation of a Deploymentgse design for paratransit systems.
The leading partner of this initiative has been UWith the support of the other
consortium partners. The result can be used dyrectimodified in order to meet local
characteristics and needs.

4. Paratransit system modules

The result is a detailed documentation and desenimf all necessary paratransit system
modules. The leading partner of this initiative bagsn UTH with the support of the other
consortium partners. The result can be used dyrectimodified in order to meet local
characteristics and needs.

5. Dial-a-ride algorithms

The result is the design and development of nevamcid Dial-a-ride algorithms. The
leading partner of this initiative has been UTHilhe support of the other consortium
partners. The result can be used directly or medifin order to meet local characteristics
and needs.

6. GIS enabled database

The result is the development of new GIS enablebdses to support paratransit
systems. The leading partner of this initiative basn UTH with the support of the other
consortium partners. The result can be used dyrectimodified in order to meet local
characteristics and needs.

7. Interfaces

The result is the development of new, user friendtgrfaces for web-based paratransit
systems. The leading partner of this initiative basn UTH with the support of the other
consortium partners. The result can be used dyrectimodified in order to meet local
characteristics and needs.

8. Communication

The result is the development of new communicatigstems and processes for web-
based paratransit systems. The leading partndrifirtitiative has been UTH with the
support of the other consortium partners. The tesan be used directly or modified in
order to meet local characteristics and needs.

9. Evaluation of system measures

The result is the formulation of an advanced euanamethodology for system
measures such as performance, efficiency and castgregarding newly implemented
paratransit systems. The leading partner of thimiive has been UTH with the support
of the other consortium partners. The result candssl directly or modified in order to
meet local characteristics and needs.
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10. Innovative paratransit system

The result is the development of an operationatpansit system. The leading partner of
this initiative has been UTH with the support of thther consortium partners. The result
can be used directly or modified in order to meeal characteristics and needs.

Section 2 — Dissemination of knowledge

The following dissemination activities include alttivities performed by the whole
duration of the project. Dissemination activitieegented in the form of a table, have
been maintained and updated by the UTH, CERTH/HI@ &RM with regular input by
all project partners.

Overview table

Planned, Type of Countries @ Size of Farner

Actual Type audience @ addressed audience responS|bIe /
Dates involved
May 2007 | Project website All All UTH, All

http://www.inmosion.eu

May 2007  Partner’s web-link to project’s All All SRM
website
http://www.srmbologna.it/FAQ.sh

tm

May 2007 | Partner’s web-link to project’s All All CERTH/HIT
website
http://www.hit.certh.gr/site/pageg

enerator.php?id=262

May 2007 | Partner’s web-link to project’s All All UTH
website
http://sol.mie.uth.gr/sol/website/cu
rrent/index.php?page=projects/in

mosion/overview

May 2007 Partner’s web-link to project’s All All METU
website

http://web.ce.metu.edu.tr/index.php
?id=5&agency=3
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May 2007 Partner’s web-link to project’s All All CTL
website
http://www.ctranslog.com/news.htm
I
May 2007 Partner’s web-link to project’s All All EIVP
website
http://lwww.eivp-paris.fr/?id=55
May 2007 | Project logo All All SRM
Entire Give aways, Brochures, Posters Al All All
project Conference posters, CD-Rom
duration
October Mobility Tech, the International Academics: All =70 SRM
2007 Forum on the Technological , Scientists,
Innovation for the Development ofTransport
Mobility and Public authorities,
Transport  “The  technological Transport
innovation in mobility sector in Profession
Emilia - Romagna als
Region”  (Authors:  Tommaso
Bonino, Dora Ramazzotti)
January TRB 2008 Annual Meeting - Academics: All ~110 UTH,
, Scientists,
2008 Conference presentation CERTH/HIT
Transport
“Large Neighbourhood Heuristic | authorities,
Algorithm for Multi-vehicle Dial- = Transport
Profession
A-Ride Problem with Time als
Windows” (Authors: Lois
Athanasios; Ziliaskopoulos
Athanasios; Aifadopoulou
Georgia)
May 2008 10th International Conference oAcademics: All ~170 UTH
Application of Advanced , Scientists,
Technologies in Transportation —
conference presentation “ Design ofransport
a deployable paratransit system for
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rural areas” (Authors: Christin
Mastrogiannidou, Athanasios Loi
Athanasios Ziliaskopoulos)

eauthorities,
5,
Transport
Profession
als

June 2008

7th  European Congress

Exhibition on Intelligent Transport, Scientists,
Systems and Services — conference

presentation “EU Project InMoSio
Science Shop for Innovativ
Mobility Solutions for Mobility
challenged Europeans” (Author
Tommaso Bonino
http://www.itsineurope.com/index.
fm?do=timetable.paper&paperiD=
726

addademics

NTransport
€authorities,

STransport
_ Profession

" als
2

All

~100

SRM

September
2008

Large-scale conference in Philippi

EC
representat
ives (DG

RTD, DG
TREN),

Academics
, Scientists,

Public
authorities,

Governme
ntal,
Ministries,

NGOs,
Transport

authorities,
Transport

Profession
als,
Profession
al

association
S,
European

Transporta
tion
Research

Associatio

Greece,
Italy,

France,
Cyprus,

Turkey

~150

Municipality
of Philippi,
CERTH/HIT,

UTH
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ns, Media
(newspape
rs, TV,
radio)
September | Conference website All All UTH
2008 http://194.177.201.114/projects/inm
osion/conferences/19sept08/index.p
hp?c=inmosion
September | Reference to the project via theill All Municipality
2008 website
http://news.disabled.gr/?p=18652 of Philippi
September | Reference to the project via theill All UTH
2008 website
http://www.uth.gr/ekdiloseis?start=
18
September | Reference to the project via theill All Municipality
2008 website
http://www.express.gr/news/ellada. of Philippi
764480z_2008091776448.php3
September Reference to the project via thell All Municipality
2008 website
http://www.ota.gr/article/31464.htm of Philippi
I
September | Partner’'s web-link to conference’s; All All Municipality
2008
website of Philippi
http://www.philippi.gr/index.php?o
ption=com_content&task=view&id
=35&Itemid=18
September | Reference to the project via theill All All
2008 website
http://www.emea.gr/default.asp?Ele
mentld=33429&pPage=10
January Application’s video on YouTube All All UTH
2009 http://www.youtube.com/watch?v=
Qvw2v-UhbcA
January TRB 2009 Annual Meeting - Academics: All UTH
2009 Conference presentation “The useScientists,
of dial-a-ride algorithms in the
design of a profitable and flexibleTransport
DRT system through a convergencgythorities,
process” (Authors: Lois Athanasios,
Koukkos loannis, ZiliaskopoulosTrans'Dort
Athanasios) Profession
als
January TRB 2009 Annual Meeting -+ Academics: All METU
2009 Conference presentation “A, Scientists,
Scenario Based Semi-Disaggregate
Market Share Estimation for atransport
Proposed authorities,

Paratransit System for Philipg

(S}
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Region, Greece” (Authors: HediyeTransport

Tuydes, Murat Ozen) Profession
als
January EU Project Flipper: Training CourseAll All SRM
2009 1

0]

“Design Flexible Transport Servic

area, citizens requirements and

involved actors point of view’

(Dora Ramazzotti, Eugenio
Margelli)

April 2009 | EU Project Flipper: Training CourseAll All UTH, SRM
1

“Flexible Transport Service
schemes,

dispatching and booking
technologies” (Athanasios Lois
Tommaso Bonino)

Description of dissemination activities

1. Project website

A dedicated project website has been set-up, witbrmation being updated regularly.
The project’s website provides information on thegoess of the project work and the
lessons learned. It also contains the core docuemaetessible to public. Links with
partners’ web pages are available.

2. Partner’s web-link to project’s website

A link to the project’'s website has been createdhenfrequently accessed main website
of SRM.

3. Partner’s web-link to project’s website

A link to the project’'s website has been createdhenfrequently accessed main website
of CERTH/HIT.

4. Partner’s web-link to project’s website
A link to the project’s website has been createdhenfrequently accessed main website
of UTH.

5. Project logo

A corporate project logo was created. The logo @ntssa “corporate image”, as it was
clear that a sound and consistent look and feth@inMoSion product would help it to
be perceived as more professional and contributeartoincreasing visibility and

traceability across different sites.
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iInmosion

The logo is being used on the documentation, pramak and publicity literature,
exhibition boards, CD-ROM and on the web site.

6. Give aways, Brochures, Posters, Conference msi®-Rom

Even if most communications were electronic, it 888 useful to create an A4 flyer
with general level information that could be ciaigld in printed form, e.g. to hand out at
conferences or to interested stakeholders. It ptedhthe main objects, aims and results
of the project. The electronic version (e.g. PD&)fivas also circulated electronically.

7. TRB 2008 Annual Meeting - Conference presemtatio

A scientific paper entitled “Large Neighbourhoodutstic Algorithm for Multi-vehicle
Dial-A-Ride Problem with Time Windows” (Authors: o Athanasios; Ziliaskopoulos
Athanasios; Aifadopoulou Georgia) has been accephetlpresented at the TRB 2008
Annual Meeting in Washington DC, U.S.A.

8. Large-scale conference in Philippi

A large scale conference for the presentation ef ItiMoSion paratransit system was
organized. The conference took place in the dematimt area of the project —
Municipality of Philippi, Greece. Aim of the contarce was to attract a large number of
attendees from various sectors (EC representafiY€sRTD, DG TREN), Academics,
Scientists, Public authorities, Governmental, Mnmés, NGOs, Transport authorities,
Transport Professionals, Professional associati&usppean Transportation Research
Associations, Media, newspapers, TV, radio) andigeeminate the results of the project.

24



InMoSion — Publishable Final Activity Report

Section 3 - Publishable results

Four (4) publications are included next, that cardisseminated to the broad public with
results from the main activities of the project:

System Design of Paratransit Systems

Analysis of Questionnaires and Simulation of Datexf Philippi

The Algorithm for the Multivehicle Dial a Ride wifhime Windows

A Scenario-Based Semi-Disaggregate Market Sharm&sbn For A Proposed
Paratransit System For Philippi Region, Greece

PwnhE
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Publication 1: Design of a Paratransit System for Rural Areas

CHRISTINA MASTROGIANNIDOU

Systems Optimization Laboratory

Department of Mechanical and Industrial Engineering
University of Thessaly

Pedion Areos, Volos, 38222 GREECE

ATHANASIOS LOIS

Systems Optimization Laboratory

Department of Mechanical and Industrial Engineering
University of Thessaly

Pedion Areos, Volos, 38222 GREECE

AND

ATHANASIOS K. ZILIASKOPOULOS

Systems Optimization Laboratory

Department of Mechanical and Industrial Engineering
University of Thessaly

Pedion Areos, Volos, 38222 GREECE

Phone: +30-697-349-0007

Email: ziliasko@uth.gr

Design of a Paratransit System for Rural Areas
Abstract

This paper is concerned with the key stakeholderd design parameters of a deployable
paratransit system with emphasis on the systemsumed the operator. A user survey was
conducted in the municipality of Philippi in NortineGreece consisting of 19 villages to obtain
potential users’ perception of the key system patars in connection with the likely market

share. A heuristic pickup and delivery routing aitjon was implemented and used to evaluate
alternate system designs with varying levels ofviged service and pricing policies. Some

computational results are provided for the netwafrRhilippi, Greece.

Keywords: paratransit systems, travel survey
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1. Introduction

Paratransit is a flexible demand responsive tramsgystem that aims to function at a
cost of bus while providing personalized servicelase as possible to a taxi. Typically,
a user is expected to contact the system requeatisgrvice between two nodes of a
network and for a specific time window. The panasit system aims to facilitate
personal mobility needs and fight social exclusidnile providing high quality services
at a relatively low cost. The system uses a versioa pick up and delivery routing
algorithm, known in the literature as Dial A RideoBlem (DARP) algorithm to group
the trips of the users in such a way that the obsthe system is reduced without
deviating too much from the shortest path of easgr.u

Paratransit started as an element of public trabhggovices in low density areas in
the early 1970's. The U.K. and the U.S. were amtmg countries that very early
deployed systems exhibiting this service concepiriigy the late 1970s, the concept
evolved to its present role of a specialized doeddor service for disabled passengers
who cannot use conventional public transport. Tlestmommonly used transport vehicle
for such an activity is mini-bus, usually equippgederve disabled and elders.

In the USA and Canada paratransit services are agtghsively as part of the
American with Disabilities Act (ADA). In Cyprus, @aratransit taxi-based system exists,
mainly for airport service and other intercity sipanging from 50 to 100 km per trip,
which offers a cheap alternative to a regular téhile it is not exactly a door-to-door
paratransit application, a popular transit optionTurkey, called dolmus”, is a good
application example of a new public transportatiade that is more flexible than the
public bus and still more affordable compared tda/tar option.

Many EU countries such as Italy, Finland, SwedeethErlands and Belgium have
employed paratransit systems, mainly funded byBlpean Commission. Experience
from Europe shows that strategically it is moraigtitforward to implement paratransit
systems in regulated environments, as there is tsdlict with other public
transportation modes. In 2000, the UK Governmert@éd in its Ten Year Plan for
transport to remove or (at least) relax constraoristhe development of flexible bus
services and to promote a greater role for commmbased services. In addition,
research commissioned by the Department of ther&mwvient Transport and the Regions
(DETR) argues that flexible public transport seegie— provided by local authorities and
bus operators in partnerships with employers, stare leisure centers —would help to
break down social exclusion. Similar initiativesvbaeen reported in Ireland, in 1999.
More recently, in 2001, the UK Rural White Papeopgmsals for the extension of Bus
Service Operators Grant (BSOG) —formerly Fuel DRgbate (FDR) — to community
transport were adopted. Finally, the recent suesess local authorities in winning
substantial funding under the Rural and Urban Buwllénge programs for the
implementation of demand responsive transport esesvconfirms this new interest in
flexible forms of transport.

Very little has been reported for such a servic&meece. As part of the Program
Connected Cities funded by the European Commis#iiendeployment of such a service
in remote villages in Greece is investigated. lis haper the analysis of such potential
deployment is investigated. While a DARP algorithes been developed as part of this
program, the objective of this paper is not to repo the algorithm but rather on how
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the algorithm in connection with a user survey tenused to perform a analysis of
alternate system designs.

In the next section, the potential stakeholder®lved in carrying out a paratransit
system are identified and their potential role iigefby discussed. The role of the two
critical stakeholders (users and the operatomayaed next: In Section 3, the perception
of the potential users is investigated throughractiired questionnaire and the critical
parameters (price and level of service) are quadtiSection 4 is concerned with the role
of the system operator and how the results from sinevey in connection with the
implemented DARP algorithm can be used to evalalignate system designs. Section
5 concludes this paper.

2 Definition of stakeholders

The difficulty of employing paratransit systemsmnrost cases has proven to be the
balance that should be achieved between the indadtakeholders. Those are all the
entities affecting the operation of the system. Stag&eholders identified are summarized
below as well as the role they play in the deployt@é a paratransit system.

e Users

The potential users of the paratransit system cda@dcategorized into different
groups based on occupation, age, gender, etc.tiituele of each user plays an important
role and is affected by their mobility needs, fioiah situation, whether they own private
means of transport, trip purpose and origins/dastns. Students, housewives, elders,
disabled and retired people appear to be morengitlb use such a service, while tourists
appear to constitute a special category of usérs.pBratransit system may accommodate
their mobility needs providing transportation sauos of better quality and cost. The
users are obviously the most critical stakeholde their perception will determine the
market share attracted by such a system. The mpsiriant parameters determining the
market share are the cost and the level of seriidbe next section, the users perception
is analyzed through a structured questionnairetlamgharameters determining the market
share are broadly quantified.

e Operator

The operator is responsible for the efficient operaof the paratransit system.
Additionally, he is responsible to take all the idems related to the level of service and
the pricing policy. The operator may be a municigality, a private entity or a Public
Private Partnership (PPP). The objective of theraipe is obviously to ensure the
financial viability of the system and depending its1 corporate structure, to increase
profit or social benefit. The operator will be resgible for designing, deploying and
maintaining the system. The general impacts oftlstem on land use, environment and
socio-economics are of interest from the point a¢fw of negotiating tax breaks,
subsidies and cost-sharing schemes. The operapoolsbly the second most important
stakeholder, as he can determined the pricing yald level of service that affects
users’ perception and ultimately market share. Gitigcal design elements related to
these parameters are discussed in Section 4.

e Government
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Local governments are potential stakeholders ay ten be the operator or
participate in a Public-Private Partnership (PRR) af course they have to represent the
people in general. In addition, they are also raside for the compliance with state
regulations and for any potential subsidies ofdiigtem. Finally, local governments are
interested in serving their constituency, especitle old and disadvantaged that have
mobility problems. Paratransit can positively impaavironmental problems and have
important implications on land use and the econoiflye system may need to be
subsidized through taxation or participation frame tocal market, which also involves
the local, regional and central government.

In most cases, because the implementation of drpasé system requires a large amount
of money to be invested, the participation of tleeal or national government in
subsidizing the system would constitute a viabletgsm especially for the first years of
the system’s operation.

e Drivers/Employees

Deploying a paratransit system influences all tinepleyees responsible for its
efficient operation such as drivers, system opesaod administrators. Employees may
be either private employees, owner operators on ¢éae drivers that can participate in
the operation. The employees of the system wid &ks responsible for the quality of the
provided services.

e Local markets & Touristic SMEs

Local market includes all the public and privatgaizations like schools, hospitals,
commercial markets, etc. These entities may betfiefih the increased mobility (in
addition to any latent demand) and the flexibityonvenience provided by the system.
The increased economic activity is of interesthiese entities and they may be asked to
participate in sharing the cost of the system.

e Competition: other Transportation Service Providers

Other transportation service providers may be ftfiigia public bus system that
operates in the area, or taxis. The introductioa néw transport system will undoubtedly
affect them. Additionally, because the desirediserguality of the paratransit system is
equivalent to taxis’ while the cost remains at lovevels, comparable to those of buses,
it is expected that these operators will opposthéoimplementation of such a system.
There is also a case, however, that the paratragsiem accommodates the mobility
needs of passengers in favour of the public buesydaratransit may be a valuable tool
to increase the efficiency of the public bus systend this depends on the type of
relationship that will be established between them.

On the other hand, paratransit may also collabawéte taxis. It may form contracts
with taxis in order to use them in cases whereetkisting infrastructure cannot satisfy
the requests in the system.
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3. User Survey

The most important issue that should be taken amosideration in deploying a
paratransit system is the perception of the u3érs.most obvious reason for that is the
level in which the users feel satisfied by the entty operating transport systems. In the
case that the users cannot see the need for tloeluiction of a new system, even when
they have not completely understood the advantagdshe disadvantages, it would be
less likely to use the new system. Then, it isialuo identify the market potential of the
area in which the new system is going to be deploye

In addition, if the results of a survey like thi® gositive, then the paratransit system
will be easier to be deployed in terms of finandapport by the local government or
private entities. But mostly, the purpose of thisvey is to capture all the critical
elements that need to be taken under consideratidghe designing phase and define
some crucial steps in the phase of deploying atp@asit system in a rural area.
Moreover, all these issues are of interest to thkebolders in their decisions to deploy
or not a paratransit system because finally, tiabiliy of the system depends on these
elements.

In many countries that paratransit systems hawadir been deployed, surveys were
conducted but usually only after the system wa®peration. Thus, they wanted to
capture the perception of the users in terms o&ecihg the existing paratransit system
and provide services of better quality. The majortf these questionnaires were
conducted on-board or even by phone. Additionatiygny questionnaires have been
presented that deal with the issue of transportativhandicapped persons and how the
paratransit system can be adapted in order to gieayiiality services and easy access to
disabled.

Till now, in the literature, there is no surveyttivasestigates the potential acceptance
of a paratransit system in any area, urban or,rara/or independently of the profile of
the user. Moreover, there is no survey that ingagtis the procedure for the design phase
of a paratransit system, which is the objectivéhedf paper.

The most widely used method in order to identify tharket potential is to conduct a
survey by questionnaire. This is the method thatanee going to follow in this paper.
Next, we discuss the steps that have been folldarethe design of the questionnaire. In
the third section, we discuss the issues that wk itato consideration in the process of
conducting the questionnaires in a Greek rural NMipality. The analysis of the
guestionnaires follows in the fourth section. Ayah the fifth section we summarize the
present work and give some useful conclusions.

3.1 Design of the questionnaire

In order to understand the potential acceptanceéhefsystem by the users, we
conducted a survey. The purpose of the survey wasvestigate the market potential
and the potential acceptance of the system ina community in Greece.

As we have already discussed in the previous sectie matter of identifying the
potential acceptance of the system by the usegsite crucial in deploying a public or
private entity to provide paratransit servicess klso crucial because it can help securing
subsidies by the government.

The questionnaire was designed in such a way teatveuld be able to capture the
intention of the inhabitants of the area and tcitehnswers that are of interest to the
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stakeholders. The method of data collection that felowed is face-to-face interviews
by trained people that had also a good knowledgheofirea and the needs for transport.
The method was stratified sampling of approximagly of the population.

The questionnaire is comprised by four parts. Tiret part includes some general
guestions such as the sex, the age and the oamupattithe respondent. In order to
understand the perception of the biggest part@ptipulation, we divided the population
into several categories according to their age.tR®rdeviation calculations we also took
into consideration whether the respondent is abtiritze owns a vehicle.

The resulting categories are:

— Child in elementary school

— Child in junior high school / high school

— Male 18 - 60

— Male 60+

— Female 18 — 45

— Female 45-70

— Female 70+

The second part of the questionnaire asked abeutigbal trips he/she makes. They
were asked for the day of the trip, the origin @he destination location, the time of
departure and the trip duration, the cost and thpgse of the trip and finally the means
of transport that he/she used and whether this aisie the desirable means. From the
aforementioned questions, we tried to draw soméulsenclusions -mainly statistical
results- about the trips of the respondents, tlys dad the hours they usually travel, the
destination, the time it takes them and the cogheftrip. The results of these answers
can provide an estimate of the cost of the systatmnias to be deployed as well as the
viability of the system in the target area.

The third part of the questionnaire dealt with theecific trips the respondent
undertook last week. The purpose of this part wasapture the exact trips that were
being made by the respondents at a specific timedgeather than capture their actual
habits. This was done because at such questioqdeptsmd to exaggerate or state less
real-world scenarios. Thus, comparing the answetheosecond and the third parts we
can draw some safe conclusions about the exastdfithe respondents.

The third part contains exactly the same questmatts the second part with the only
difference being that they are limited to the t@gsually performed last week only.

Finally, the fourth part contains some qualitatoygestions, such as the amount of
money that the respondent is willing to pay in oretravel faster, or the extra time that
they are willing to spend travelling so that thestcis reduced. They were also asked for
their opinion about the existing transport systeml & they would use the proposed
paratransit system.

3.2 Conducting the survey by questionnaire

The questionnaires were conducting in the rural iRlpality of Philippi, Greece. The
Municipality consists of 19 villages with a totabgulation of 10,827 inhabitants. A
sufficient sample was considered to be around 2%hefpopulation. We followed a
stratified sampling methodology, using 210 questires that would be equally
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distributed among the population subgroups or apprately 30 questionnaires per age
group. The interviews were conducted by trainedofeethat had a good understanding of
the area, available modes and mobility needs.

The elaboration of the official existing public tsport system (KTEL) itineraries
showed some interesting results. Table 1 showdrdugiency of the trips of KTEL to
every village per day and the total trips for a lehweek. By looking at the table it is
obvious that for some villages such as Amigdalearas Stavros the frequency of the
trips to the biggest urban centre of the area,cttyeof Kavala, is fairly high while in
villages such as Limnia and Likostomo there aresspaNe also observe that in some
villages such as Dato, Mikrochori, Kranochori thare no bus trips at all.

In order to draw useful results from the 30 questares that corresponded to each
age group, half of them were conducted in villagéh easy access to big urban centres
and the rest in villages without easy access. Broblarise during the data collection
process due to the lack of inhabitants in someagés. In the Municipality of Philippi
there are villages as large as three thousandbitahés but there are also others as small
as only twenty or thirty inhabitants. Another imgmt measure was the distance of the
villages from the big urban centers and the faeditprovided in those villages. The
Municipality of Philippi is located between two roajurban centers: Kavala and Drama,
which offer a range of facilities and infrastru@sirsuch as medical centers, universities
and tutoring schools, gyms, parks, etc. Obviougbople prefer to live in these areas
despite the substantially higher cost of housiregalnise they can enjoy these amenities
without excessive travelling. Paratransit aims rovigle an effective transport system in
such rural areas so that people could maintaim tesidence in a village and have access
to the urban area facilities.

3.3 Analysis of the results

The analysis of the questionnaires revealed sorteeesting finding regarding the
perception of users for the proposed transporteaysit also revealed the needs for
transport in the target area, the acceptance tberayby the users and some critical
elements regarding the categories of population tapdpurposes that can be mostly
attracted by the paratransit system.

Some of the results were intuitive, such as that ghratransit system would be
preferred by women that do not own a private cathey do not have a driving license
and they are between forty-five to seventy yeads while men at the same age would
not leave their cars in favor of the paratransgteym. The system could also comprise an
attractive solution for students that want to ttdeetheir schools or tutoring schools, take
part to extracurricular activities, etc.

The first and most interesting result from the efabion of the questionnaires was
the perception of the users regarding the levekofice and its pricing policy. We define
as the optimum level of service the one providedaxjs, because they drive you directly
to the desired destination location, following fh@ential shortest path route. The lowest
level of service is that of the bus, which usuafigkes a lot of stops before delivering the
passenger to the desired location and usually Sscéted with walking and waiting.
Furthermore, we define the cost of the taxi to lie highest while the cost of bus the
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lowest. The expected output would be the usersswer that they want the level of
service equal to taxi and the system to be frezhafge or cost the price of the bus ticket.
On the contrary, as can be seen in figure 1, teesudo not demand a transport system
free of charge while providing the service level tbhe taxi. The majority of the
respondents would be happy with a system that wootd half of the price of the taxi
and taking twenty-five percent more travel timenttize taxi.

Taxi
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1.5 Taxi

2 Taxi
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0.5 Bus
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No Equal 125Bus 1.5Bus 2Bus <05Taxi 0.5Taxi 0.75 Taxi Taxi
charge to bus
Figure 1: Level of service vs. price

Another important result is that the majority ofetlrips were accomplished by
unemployed / pensioners and housewives / houseleasgldyees while the greatest part
of trips was made by women between eighteen aryg-fioe years old (Figure 2). The
most frequent purposes of transport are shoppunginbss and social reasons (Figure 3).
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Figure 2: Number of trips vs. age and occupatio Figure 3: Trip purpose

We also examined the number of respondents thatbuseand taxi for their
transportation needs. The results revealed thatlymesmen use bus for shopping and
children to go to school. Taxi is also used by womdnen there are health reasons for
the trip and for shopping but the number of resposl that use taxi are much less than
those using bus.
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price<0.5 taxi & LoS= price<0.5 taxi & price=0.5 taxi & price=0.75 taxi &
taxi LoS=1.25 taxi LoS=1.25 taxi LoS=1.25 taxi

Figure 4: Paratransit market share versus price andevel of service

The potential market share of the paratransit systs shown in Figure 4, depends
on the level of service and the price. It is extegmnteresting that about forty percent of
the surveyed is willing to use the paratransiteysif it costs less than the half price of
the taxi while providing the exact level of servigh taxi. For a system like this it is
often difficult to achieve the same level of seeviith taxi due to its purpose to transport
simultaneously more than one passenger. But, |gokarefully at the plot, we observe
that the next column which is about thirty-five pant of the examined sample would
uses the proposed system if it was half the pricthe taxi and the travel times were
twenty-five percent more than the taxi. If we tidates the above percentage into the
number of passengers per week it is almost fourgheds passengers per week which is
large enough.

4 Design of a paratransit system
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One of the most useful benefits of the above stisdio help the operator of the
paratransit service to identify the key operatitegrents of the system. The components
that are critical in the design of the system aréoHows:

1. The number of vehicles

2. The capacity per vehicle

3. The level of service, in terms of time and distadegiation compared to that of

taxi

4. Basic operating costs

5. The minimum charge per kilometer per passengerderdfor the system to be

profitable

Providing that the operator of the system is avedilie above elements, it would be
easy to develop the feasibility study of the systamd finally to decide whether to invest
or not.

In order to produce specific numbers for the af@etioned key elements, we followed
the procedure described below:

First step: we specified the main user groups depending arngripolicy and level
of service. The following table gives the demandfnihg these groups. Attention must
be given that those numbers are not mentioned enotlal demand of the area, but are
related to the sample size of the survey; the dentlaat is based on the sample size is
simply extrapolated for the whole population, whighhe best that can be done given the
available information.

Table 1: Market share groups

Group Name Level of Pricing Policy Demand
Service
GRPO1 1.25%(Taxi =0.75*Taxi cos | 78
Time)
GRPO2 1.25%(Taxi =0.5*Taxi cos 48
Time)
GRPO3 1.25%(Taxi <0.5*Taxi cos 114
Time)
GRP04 Taxi time <0.5*Taxi cos 28
GRP04+GRP03 <= Taxi time <0.5*Taxi cos 142=28+114
GRP04+GRP03+GRP02 <= Taxi time <=0.5*Taxi cos | 190=28+114+48
GRP04+GRP03+GRP02+GRP01 <= Taxi time <=0.75*Taxi 268=28+114+48+78
cost

For example group GRP04 is willing to pay less thali of the taxi charge while the
respondents that belong to GRP04 are not willingaeel more than a taxi does. Group
GRPO3 is willing to pay less than half of the talkarge and likes the travel time to be no
more than 25% longer than the taxi time.

The combined group GRP03+GRPO04 is willing to passléhan half of the taxi charge
and likes the travel time to be no more than trecetaxi time.

In the same way we combine groups GRP02+GRP03+GRBd GRPOl1+
GRP02+GRP03+GRPO04.
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The various groups added because it is obvioushieatesponders willing to pay the
most will also use the system on the assumptiontktealevel of service will be at least
equal with the accepted level of service.

Second stepidentify and run specific experiments in ordesitmulate the real
demand requests for every market share.

Each experiment is a combination of the group (oug combinations), the number
of vehicles and the different capacity.

Table 2 shows the exact concepts behind the expaten

Table 2: Experiments specification

Fleet size Capacity of Group(s) Number of
each vehicle Demands
2 8 | GRP04 28
2 8 | GRP03+GRP04 142
2 8 | GRP02+GRP03+GRP04 190
2 8 | GRP01+GRP02+GRP03+GRP04 268
2 12 | GRP04 28
2 12 | GRP03+GRP04 142
2 12 | GRP02+GRP03+GRP04 190
2 12 | GRP01+GRP02+GRP03+GRP04 268
2 16 | GRP04 28
2 16 | GRP03+GRP04 142
2 16 | GRP02+GRP03+GRP04 190
2 16 | GRP01+GRP02+GRP03+GRP04 268
4 8 | GRP04 28
4 8 | GRP03+GRP04 142
4 8 | GRP02+GRP03+GRP04 190
4 8 | GRP01+GRP02+GRP03+GRP04 268
4 12 | GRP04 28
4 12 | GRP03+GRP04 142
4 12 | GRP02+GRP03+GRP04 190
4 12 | GRP01+GRP02+GRP03+GRP04 268
4 16 | GRP04 28
4 16 | GRP03+GRP04 142
4 16 | GRP02+GRP03+GRP04 190
4 16 | GRP01+GRP02+GRP03+GRP04 268

Third step: identify for every experiment the critical resutteat are useful for the
operator. Such critical results could be:
Total distance (in kilometers) covered by the vigsic
Total passenger distance (in passenger kilometev&red by all vehicles
Average number of passengers per kilometer
Shortest path distance for all the demands
Average Percentage of distance Deviation per pgssdrom the corresponding
shortest path.

Using these results, the operator can identifyojherating costs in such a way to be
useful to balance the service levels and operainsgs.

In the following table we give the results produtsdhe experiments.

agrnNE
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Table 3: Experiments Results

Avg
Avg Tim?
Total Avg Dist De_V|
N MARKET Dema Total Passenge Passe thal SP ance atio
of | CAP SHARE nd Distance r- ngers Distanc | oy n
\% Num kilometer t Perc | Avg Distance
/km atio .-
s n enta Deviation
ge Percentage
% %
2 8 GRPO0O4 o8 75,4| 754 2 75,4 ( 186 0
GRPO3+ 263,74| 515.9 2.292 311,66 7.043 1P5 65
2 8 | GRP0O4 142
GRPO0O2+ 295,06 537.43 2.048 371,81 114 A4
GRP03+
2 8 | GRP0O4 190
GRPO1+ 307,1| 608.14 2 360,32 6.044 183 68
GRPO2+
GRP0O3+
2 8 | GRP0O4 268
2 12 GRP0O4 o8 7541 754 2 75,4 ( 186 0
GRP03+ 263,74| 515.9 2.292 311,66 7.043 1P5 65
2 12 | GRP0O4 142
GRPO02+ 295,06 570.23 2.1738 346,39 6.044 137 64
GRP0O3+
2 12 | GRP0O4 190
GRPO1+ 307,1| 608.14 2 360,32 6.044 183 68
GRP0O2+
GRP03+
2 12 | GRP0O4 268
16 GRPO0O4 o8 75,4| 754 2 75,4 ( 186 D
GRP03+ 263,74| 515.9 2.292 311,66 7.043 1P5 65
2 16 | GRP0O4 142
GRP02+ 295,06 570.23 21738 346,39 6.044 137 64
GRP03+
2 16 | GRP0O4 190
GRPO1+ 307,1| 608.14 2.20 360,32 6.044 1833 68
GRP02+
GRP03+
2 16 | GRP0O4 268
4 8 GRPO0O4 o8 75,4| 754 2 75,4 ( 186 D
GRPO3+ 282,86 513.18 2.187 321,32 6.399 118 59
4 8 | GRP0O4 142
GRP02+ 4249 | 675.98 2 472,62 4,519 187 13
GRP03+
4 8 | GRP0O4 190
GRPO1+ 497,36| 882.23 2.066 506,35 6.712 146 74
GRP0O2+
GRP0O3+
4 8 | GRP0O4 268
4 12 GRPO0O4 o8 7541 754 2 75,4 ( 186 0
GRP03+ 282,86 513.18 2.187 321,22 6.399 118 59
4 12 | GRP0O4 142
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GRPO0O2+ 399,78 | 650.9 2.09% 441,36 4762 136
GRPO3+
12 | GRP0O4 190
GRPO1+ 505,7| 852.51 1.95 506,35 6.181 139
GRPO2+
GRPO03+
12 | GRP0O4 268
16 | GRPO4 28 75,4| 75.4 2 75,4 0| 186 0
GRPO3+ 282,86 513.18 2.187 321,22| 6.39| 118 59
16 | GRPO4 142 9
GRPO2+ 399,78| 650.9 2.095 441,36| 4.76| 136 47
GRP0O3+ 2
16 | GRP0O4 190
GRPO1+ 505,7| 852.51 1.958 506,35/ 6.18| 139 68
GRP02+ 1
GRPO3+
16 | GRP0O4 268

For example, we examine the experiment where 2aBiszhicles are used, and the
market share is GRP02+GRP03+GRP04, while the mesaber of demands is 190. The
experiment gives the following results for that domation of vehicles, capacity and
market share: Total Distance covered by all vehj@285.06 km (the demands in this area
were quite short in terms of distance, 2-3 kilorgton average) while the straight
shortest path distance (as if the passengers uakig) is 371,81 km. The averaged
distance deviation was 44% (0.9 — 1.2 kilometregyanthan the pure shortest path

distance.

If the salary of drivers and employees, vehiclenteiance costs and fuel costs were
known, we would be able to produce the exact chpegeilometre in order to make the

system profitable. The customer is charged fordis&ance that he/she travels according
to the shortest path route to their destinatiogareless of whether this is the route that

he/she will actually travel or not.

Assuming known fuel prices, salaries and vehicléenteaance costs, we compute the

appropriate charge per kilometre in our case.
The values assumed concern the costs in Greedheydre as follows:
1. Salary costs: 1200€ per driver per month

2. Fuel + maintenance costs: 0.5€ per kilometre
3. Vehicle purchase cost: 30000€ and should be wratem 5 years
4. Other operating costs: 1000€ per month
5
T

able 4 summarizes these results under the spassiemptions given below.

Table 4: Final Charges Table

Paratransit

. Paratransit
Taxi charge per charge per
N of CAP MARKET | Demand charge kmgwitFr)1 km
\% SHARE Num per L without
: initial L
kilometer initial
costs

costs

2 8|4 28 1,30 2,09 0,98
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2 3+4 142 1,47 0,81 0,54
2 2+3+4 190 1,58 0,72 0,49
2 8 | 1+2+3+4 268 2,05 0,76 0,53
2 12 | 4 28 1,30 2,2 0,98
2 12 | 3+4 142 1,47 0,85 0,54
2 12 | 2+3+4 190 1,66 0,8 0,53
2 12 | 1+2+3+4 268 2,05 0,79 0,53
2 16 | 4 28 1,30 2,28 0,98
2 16 | 3+4 142 1,47 0,88 0,54
2 16 | 2+3+4 190 1,66 0,81 0,53
2 16 | 1+2+3+4 268 2,05 0,8 0,53

5 Conclusions

This paper introduces an approach for analyzingigdeng and deployingparatransit
systems in rural areas. We identified the poterdiakeholders, the critical parameters
and the impacts related to the deployment of pamaitr systems and comprise critical
elements in the designing and the operating phafsdge paratransit system. The users
and the operator appear to be the most criticiklebtziders for a successful deployed
paratransit system. A survey was used to ideniiéyusers’ perception and the potential
market share of the system. These two elementwisical for the viability of the system.
The data collected were analyzed and the resubiwesth that for specific user groups the
expected penetration of the system would be largrigh. The results in conjunction
with an implemented DARP algorithm were used tolwata alternative system designs
taking into account the market share as reveated the survey.
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Publication 2: The use of simulation in the desig flexible on demand bus
transportation systems

Athanasios Lois, loannis Koukkos®,Athanasios Ziliaskopoulog

ABSTRACT. In many European areas transportation servicemadequate because of
spatial restrictions and unsatisfied user needs.orer to achievea sustainable
transportation system it is very important to assess if the proposedhspartation
system could be beneficial or not in terms of goataility and profitability. In this paper
we propose a new methodology for defining or euatgacritical system operational
parameters, in order to formulate a sustainablepaafitable transportation system. The
main focus of that methodology is the useanfinnovative simulation processwhich
utilizes data and conclusions drawn from user signand their subsequent analysis. A
user survey is used in order to track customeesisportation habits and unsatisfied
transport needs. Survey analysis is made so abt&ingpotential customers’ perception
of key system parameters such as travel cost,|ttewe, travel pickup & deliver time
windows. User demands are projected dsrch model where axis-x represents the cost
range, axis-y represents the travel time rangediation to the absolute shortest path
travel time) and axis-z represents the pickup tivirelow range. The basic feature of that
projection model is that demand, is a monotonic wWative increasing function as we
move towards the axis’ starting points. The simatafproccess begins from a starting
point, where all demands are included, and evedgtushches (oconverges t@ a point
where a specified number of demands is satisfiedl the system turns from “non
profitable” to “profitable”. The simulation softwaruses “Dial-a-Ride with Time
Windows” algorithms, which are the result of receasearch achievements on this
scientific field (also presented in this paper).
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INTODUCTION AND LITERATURE REVIEW

A great number of European areas are faced witstantial demand for mobility
services. A typical state-run transportation systdaes not always offer adequate
transportation services because of high operatioosis. On the other hand, countries
like the USA, by introducing the Americans with Blglities Act, created a market for
on-demand transportation systems. On demand treaipa systems aim to facilitate
personal mobility needs and fight social exclusidrile providing high quality services
at a relatively low cost. The ideal on-demand tpamntation system aims to provide
personalized service, similar to the services pledi by a taxi, while suppressing
operational costs and retaining them on the sawed s a bus would cost to run. The
scheme’s typical operation is described as folloasiser is expected to contact the
system requesting transportation between two nafles network in a specific time
window. On-demand transportation services provibdgdorivate enterprises should be
profitable so as to be attractive to investorsoider to investigate if an investement of
the kind is profitable or not, a specific methodpidhat could provide the appropriate
information is necessary. To our knowledge, no éigestudies have been presented
addressing this issue. On the other hand, simulatiols have been used extensively in
order to provide some knowledge concerning theouariparameters that affect the
operation of on-demand transportation systems. [&iion tools are very powerful in
evaluating system performance and have been ex&dpasitilized in the literature in a
variety of fields including transportation. Wilsehal (1) pioneered the use of simulation
to compare different heuristics to assess the enfie of the service area, the demand
density and the service quality on the fleet sigguirementsAli Haghani et al (8)
presented a study about a real problem concernisgriansit vehicle scheduling within
the Mass Transit Administration (MTA) in Baltimo#SA. He showed that the proposed
models for Multiple Depot Vehicle scheduling prabke (MDVS) and Multiple Depot
Vehicle scheduling problems with route time conesa(MDVSRTC) improve over
MTA schedlules by decreasing 5.77% operationalscdat (2) used simulation in order
to track the behavior in paratransit systems that subject to tight service time
constraints and time-varying, stochastic traffingestion. The main focus in that study
was on high uncertainty that characterized trawe tdue to traffic conditions. The same
author presented general concepts, models and ¢atigmal techniques that can be
applied in the simulation, focusing on how vari@msnponents are modeled and how
they interact with each other in the overall simiola process. In another study, Sinoda
(7) focused on the usability of paratransit systeimslarge towns, especially in
comparison with fixed route transportation syste@isnulation results showed that a)
The usability of the dial-a-ride system with a fixeumber of buses drops very quickly
when the number of requests (demands) increasa&hbp we increase the number of
buses proportionally to the number of demand, gebility of the dial-a-ride system is
improved more significantly than that of the fixemite system. c) When frequency of
demands is sufficient, the dial-a-ride systemrisasonable solution, from the perspective
of both usability and profitability. Sinoda usedeneric algorithm in order to achieve the
aforementioned results. Luca Quadrifogioal (3,4) used simulation in order to propose
an innovative concept that merges the flexibilify@emand Response TransiiRT)
systems with the low cost operability of fixed-reigystemsThe same author (5) used
simulation tools to study the impact specific opeg practices currently used by
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demand responsive transit providers have on pradhyctThey investigated the effect of
using a zoning vs a no-zoning strategy in Los Aaegé€lounty and time-window settings
on performance variables such as total trip midkesgdhead miles and fleet size. They
demonstrated that by using a no-zoning strategieaasof a zoning strategy we can
decrease the total number of vehicles and the nuofbdeahead miles. Simulation has
been used in above studies in order to presenigéiiiness of the proposed algorithms
in terms of cost reduction or solution improvement.

In the present study we propose an innovative naetlogy that can guarantie that our
insight on a paratransit system can help us dedtapeofitable or non profitable in
advance. A specific number of steps and some stionta should follow in order to
achieve the final result which is the ticket charpicost vs real vehicle cost. In the
following paragraphs we present that specific meéthagy that should be applied. In
section 2 we provide a short description of the hddblogy steps. In Section 3 we
present the data source analysis, In section 4 regept the converge process and the
underlying DARP algorithms. In section 5 we pregéet computational experience, and
finally in section 6 we derive some conclusions.

1. METHODOLOGY STEPS

In this methodology we propose a “how to” guidebtdld a procedure that will help
define basic parameters that could affect the sygt®fitability.
In short, we can describe those steps as follows:

Step 1:Production of trip demand data. Before we start simulating the system we need
data. Data can be acquired through various wayscélieuse historical transportation
data from other transportation services in the ifipegrea, although that data can't be
characterized as definitely reliable. The best wagcquire reliable data is to conduct a
survey. We use surveys to:
1. Track current user mobility needs and habits. ikangple, a survey could contain
guestions about users’ current week trips, tri@tian e.t.c
2. Track main factors that affect the service qualgytickets pricing. These factors
are critical in the overall process. Through thé&ssors we can measure user
perception of the proposed system, its pricinggyolind service quality. These
factors include pickup (deliver) time windows, nraxim ride times, trip pricing
e.t.c.
3. Track potential trip demands, in case that the sprartation system under
investigation is on-demand.
This survey — typically conducted at 2% of the vehpbpulation - is analyzed and then
projected to the full population. The more detaikb@ survey is, the more precise
information we can extract.

Step 2:System Simulation and the convergence procces$his step gives us the
neccecary information about system performance.eSgood DARP algorithms should
be used in order to derive the exact system staterms of costs and benefits. We use a
convergence processo as to define the critical point at which thetsys reaches
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profitability. More Details concerning the simutati and convergence process can be
found at section 4.

2. DATA SOURCE ANALYSIS

The most important issue that should be takendatwsideration when deploying a DRT
system is the perception of the users. The mostlwidsed method in order to identify
the market potential is to conduct a survey by tjoesaire. While some of the studies on
DRT provide results of survey analysis, few prodidae full survey questionnaires. A
representative yet thorough set of key parameters fifferent DRT surveys is collected
and can used as a backbone for the requsted siBueyey data analysis should be kept
to a be minimum in order to create the questioentirbe used. This questionnaire is
applicable in all cases, whether the survey sigiarban or a rural area.

2.1. The Survey

The survey can be formatted in many ways. It depéravily on the information we like
to extract for the survey analysis. Studies coringrsurvey formation can be used in
order to assist in the survey construction. In fhaper we don’t provide an extensive
study of the optimal creation survey policy. On tiker hand, some key features, some
construction parameters and a minimum data anatysiserning the survey should be
satisfied. In the following paragraph we presertshrvey to identity:

e Minimum construction parameters. As constructiomapeeters we refer to the
sampling size (typically, 2% of the population)e ttample kind (simple random sample,
stratified random sample, cluster random sampkesyatic sample).

e Minimum question set. This minimum set of questishsuld include questions
about :

o Daily or weekly trip habits (origin, destinationtdp times)

0 User perception concerning ticket prige relation to existing means of transport
for specific quality of service parameters of DR/Btem, like:

= Waiting time (pickup or deliver time windwows) bedahe trip begins

= Maximum “trip” travel time in relation to the shest path distance (taxi time)
travel time.

» Reservation interval (how soon ahead would they wiling to place a
reservation)

o User willingness to use the proposed system (tlsébfgomarket penetration of the
proposed system).

Other questions can be included concerning somergkissues like:
0 Sex

o Age

o Occupation / attribute (i.e. student, housewive)

0 Residence location (Suburbs, town, small village)

0 Special needs / mobility disabilities

Additionally, minor transportations issues like:

o Nature of trips (work, education, healthcare, shogpeisure)
o Frequency per kind of trip

o Trip dependency on sex (male, female)
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Trip dependency on vehicle type

Trip dependency on date and time

Trip dependency on subjects profession
Trip dependency on markets

O O OO

Of course, the complete survey can include morestegpres, depending on the desirable
analysis.

2.2.  The Survey data analysis

The first step is the projection of the samplehte &ntire population, i.e. if the sample
size is 2% of the whole population then we havetdtiply the number of trips that have
been reported in the survey by a factor of 50. fbHewing table presents this concept.

TABLE 1 “Trip Number Projection based on survey da@”

Origin Dest  Trip Time Pickup(deliver) Max Trip Ride  Ticket Price Survey trips Projected to
Interval accorring to SP number whole
) ) population
Time Window trips number
i j k | m n Xikimn Xijk\mn*So
6-10 minutes
(11:00-12:00) 2 times the SP  Double the

travel time price of the bus
ticket

The trip distribution among time intervals is caltesied to be Normal. This simple
procedure shows how we use the survey in orderaddyge the trip demands to be used
later during the simulation process. More sophaséid routines can be used, in order to
generate the number of trip demands, but it isabuhe scope of this study to provide
more detalils.

3. THE CONVERGENCE PROCCESS

3.1. AnIntroduction

The basic process can be characterized as a consiqurocess that attempts to locate the
critical point where the transportation system Ipees profitable. We use three key
parameters that affect the profitablity. Those paaters are:

Travel costTravel cost (or ticket fee) represents the chargiosts that users are willing
to pay for a specific trip. It can be proportiortal distance covered, fixed for each
specific trip or fixed for all trips.

Travel time. Travel time represents how much time customers dsgarvehicle in
comparison with the time the customer would spenth ythe same transportation
medium if his travel path between pickup and delp@nts was the shortest path

Pickup (deliver) time windowsPickup (deliver) Time windows represent the typitiane
windows for the pickup and deliver time.

3.2. The 3d Model
The model we use in order to obtain a visual petsge of the system parameters is a 3-
d model wheraxis-x represents the charging cost rarayes-y represents the travel time
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range (in relation to the absolute shortest padlietrtime) andaxis-z represents the
pickup time window range.

Trip demands are projected in this model in a $jgesiay.

The corner in the opposite site of point (0,0,0pifp D) contains trip demands
corresponding to minimum trip requirements (maximehmarging price — axis x ,
maximum time window axis-y, maximum ride time axjs-

H ? :
¢ | |
i l I
I [} :
H =
: ' |73
: (34-1.5-20) G Q —16-20—
t (C&D) © B S 1620 .~
| e 8 = ——
E e Q_/ o=
(25:I55)1.5 e g —11-15—
(B&C&D) B) -~ |
_______________ _ 3
.Q
Q 610
N e
= |- |
= M. b e
(A&B&C&D) “::)-ﬂq R 0.5 N/bo/cln
............................................................ | /&
| | I | =N N I \.e
3 & A 5 | S L
| o T T ) J) WS 8%
' ! (0,0,0)

Axis -X (Cost range in Euro-cents)
FIGURE 1 : System parameter 3d Model

The meaning of this point is that customers ardingilto pay the maximum price (71
euro-cents per KM), to use the widest time windo¥25 minutes), to tolerate the
maximum ride time (3.5 times the time for the sésttpath). On the other hand, point
(A) represents the customers that are willing tp th@ minimum price (17 euro-cents), to
use the minimum pickup (deliver) window, to toleraide time that is 1.5 times the
minimum ride time (the shortest path time). The sdolds for every point (small cube)
inside the wrapping cube. We can observe thattiasportation system satisfies user
demands at point (B) ( X=25.5, Y=1.5, Z=15 ), thbat system satisfies every point

inside the cubé,m,c,gpx,/”'/that has as starting at point (25.5-1.5-15). Thaesaolds

for cube cso . Based on that observation we can create a numberagping
cubes, for every small cube. The total number ofaw®s of every wrapping cube is the
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sum of all included small cube. For example, thenber of demands of the wrapping

cube at point (A) nssscsn) is thesum of small cubes (A), (B), (C), (D).

3.3. The Convergence algorithm.

In order to reach the desirable point where théesydbecomes profitable, we conduct an
extensive sequence of simulations. The profitabiit a DRT system is not the only
factor we are interested in. One of the most intrig issues concerning DRT systems is
service quality versus price. The Convergence dlguaris designed to reach the point
where the system turns from no profitable to pabfi¢, while the service quality remains
the same. The Algorithm follows a sequence of satios in order to reach that point.
That sequence is constructed by a specific way. fifeecourse of action is to decide
what the desired service quality is. This can beiddel either by finding what are the
most common service quality features for the tripis,by system provider strategic
decision. Service quality features — for this sfiectudy, since many other features
could be defined — are pickup (deliver) time windoand maximum ride time. Our scale
of time windows begins from 5 minutes and ends2b minutes. The scale of maximum
ride time has 1 as the beginning point and 3.%hashding point. Max ride time means
the time that a customer spends on the vehiclemmparison with the taxi time which is
always considered as the time for the Shortest Batance. These values represent the
multiple factor of the taxi time. The following ration helps us distinguish each point for
each axis of the the 3-d model. ¢1(i=1,2,...M) represent distinct points for axis X;
(=1,2,3...N),for axis Y, Z(k=1,2,3...K) for axis ZThe total number of all discrete
possible points i#IXNxK. As a first step we find where the biggest conaian of trip
demands is in terms of time window time and mae ritme. If there are other
concentrations (in terms of number) near the ldrges, then we select the point related
to the concentration that has the tightest regirist in terms of time window and
maximum ride time. For example, if the largest @riation of trip demands has a time
window of 20 minutes and the ride time is 2 timesl dhere is no other major trip
concentration near that concentration point thensedect that time window and that
maximum ride time as reference point for servicality If the largest concentration of
trip demands has time window 20 minutes and rideet? and there is another big
concentration that has time window 15 minutes aaa nide time 1.5 then we select the
latest one as service quality indicators. Of coutise system operator can use his own
estimation of the appropriate or desirable offessalvice quality and define these
indicators. After that we start the simulation seaee by using the following rule: Use
the wrapping cube that has poi (- Y; - Z) wherei=a=1, j=f, k=f represent the
predefined indicators concerning time windows anakimum ride time, as the start
point. We run the simulation for that poirX,( - Y - Z) that represents the total trip
numberTN;x included in that cube, without any restriction fbe number of vehicles.
After the simulation has been executed, the algariteturns the numbers of vehicles
used in order to satisfy all trip demands and thtal tdistance TDjx, i=a, j=8, k=y)
covered by all vehicles. By using these resultsareeasily calculate:
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1. The total cost TSCy, i=a, j=p, k=y) of the system, wherd8 SCy=f(TDij)
Suppose that the cosbst per_distance_uniper distance unit is known , then the
functionf(TDjy)=TDjx » cost_per_distance_uni¢functionf(TDjx) is not always linear)

2. The total charging feesTCFix, i=a, j= 4, k=y) whereTCF;x=g(TDj). Suppose
that the chargeharge_per_distance_ungter distance unit is known , then the function
9(TDi)=TDjx + charge_per_distance_unitfunction dTDjx) is not always linear)

3. Profit or (loss) Rjx = TCFik - TSGi ,i=a, j=, k=y)

If the simulation produces loss for thét(i=«) then we recalculate the charging fee by
using the following formulaew_charge_per_distance_unitSGj./ TDjy After that we
select the first appropriatX; (i=p) (where p > @) with a value bigger than the
new_charge_per_distance_undlue. By using a new poi{ (i=p) we have to deal with
a new wrapping cubex{ - Ya - Z). It is obvious that, at that new poiny(- Ya - Zg), the
wrapping cube contains less trip demands that ién@qus one.

If the simulation produces profit for tha§ (i=«) then we follow the same procedure
mentioned above, but in that case we select the apwopriateX; (i=p) (wherep< «)
with a value smaller than timew_charge_per_distance_undlue.

Next step is to run the simulation again. That pssccontinues until we find the point
where the calculation produces not profit or ldSgve identify that point then we know
that this point is the systems’ point of equilibriuThe Convergence algorithm could be
presented by pseudo code as follows:

Step 0: Define service quality indicators (time windowsrigle time) either by
using data analysis either by manual definition.
Step 1:Start at that point which is: closest to the axistart while keeping fixed
service quality indicators
Step 2: Run the simulation and calculate total operatingstsTSCjy)and total
charging feegTCFix )
Step 3:
Step 3.1: if there is a loss then calculate the nkarge value that produces profit
if it is applied to the current itinerary.
Step 3.2: Identify the point on axis-x that has fir&t bigger value close to the
previous calculated new charge value.
Step 3.3: if there is a profit then calculate tlewncharge value that produces loss
if it is applied to the current itinerary.
Step 3.4: ldentify the point on axis-x that has firg lower value close to the
previous calculated new charge value.
Step 3.5: if there is no profit or loss go to skep
Step 4:Move to that point and Go to Step 2:
Step 5:Exit
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3.4. The Underlying DARP Algorithms

In order to run the simulation we used specific PA&gorithms in order to achieve
feasible solutions. The DARP algorithm that will ieed for the purposes of that
simulation is a hybrid algorithm that consists opure heuristic part and a pure exact
part. That algorithm is called “Very Large Scaleigidorhood heuristic” (VLSN) that
uses:

1. An “simple insertion heuristic"at the initial phase to get an initial solutiom foe
problem

2. An “exact 2-vehicle”approach as a sub module to perform the searchdar to
reach more optimized solutions

The aforementioned algorithm has been presenteth®r8? TRB conference in
USA and can be found on the TRB site (11).

A short description of that algorithm should beegivfor a better understanding of the
process.

Simple Insertion heuristic algorithm

The Simple insertion algorithm that has been useal variation of the one presented by
Jaw(15). The basic task of that algorithm is toatwean initial solution (specific trips
assigned to specific vehicles) that can be used eference by the VLSN heuristic.
VSLN heuristic needs an initial solution becausat timitial solution provides the
associated set of assigned trips for every vehizlee used by the “exact 2-vehicle”
algorithm.

Exact 2-vehicle

Due to the nature of the problem, to get the esatition for the DARP problem it is
necessary to evaluate every feasible combinatiotripfrequests and vehicles that we
cannot rule out based on some technique. Givepritidem’s combinatorial nature it is
obvious that the number of combinations explodesking any exact approach
meaningless for realistic size problems. The DPlemgntation was developed by using
recursive techniques. Recursive techniques ofarking of the last execution point in
the algorithm. The algorithm starts with an initiabmbination. Based on that
combination, it finds the next one, which contaihe parent--previously produced
combination. The process continues that way, tllfind the “final” or “bottom”
combination. The cost produced from the first fwip solution is used as a reference
point to the next searches. If a trip combinat®mat feasible or the produced cost until
that time is larger than the previous calculated, dhe search using that combination is
discontinued.

The Heuristic — Exact Algorithm

The heuristic part of that algorithm uses the ab@ferenced exact 2-vehicle algorithm.
The main idea is to search in a larger neighbortaddtie solution space. The basic idea
is based on using the analytical 2-vehicle apprdactexploring a large neighborhood
which classifies it as Very Large Scale Neighboth(Q@LSN) heuristic (Ahuja)(12). The
approach is continuously applying the above preskmxact 2-vehicle approach for
every possible combination of vehicles routes. &mmple, if we use 4 vehicles (Vi,
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i=1,2,3,4), all possible 2-vehicle combinations: aré-v2, V1-V3, V1-V4, V2-V3,V2-
V4,V3-V4. For every combination we execute the &xgorithm that provides a better
solution (in terms of cost if that is objective @ion) than the pervious calculated cost,
because of the exact evaluation. As the processnoes the algorithm reaches a point
where no more optimization can be found. At thahpalgorithm terminates because
further execution could not produce more optimizedults. Prior to that algorithm
running, the “simple insertion heuristic” algorithehould be executed. That step is
required in order to feed the algorithm with artiahisolution.

4. TEST CASE — THE MUNICIPALITY OF PHILLIPI

The rural Municipality of Philippi, Greece, was &en for the test case. The Municipality
consists of 19 villages with a total populationl®f827 inhabitants, most of which, as at
most Hellenic villages, are elderly. In the Munglipy of Philippi, there are villages with
as many as three thousand inhabitants and othénsowiy twenty to thirty inhabitants.
That was an important factor in selecting the dpeéilunicipality. Another important
factor was the distance of the villages from thg brban centres and the facilities
provided by these villages. At the initial area lea#ion, the elaboration of the official
existing public transport system (“KTEL”) itineras showed some interesting results. In
some villages, the frequency of the trips to thigdat urban centre of the area, the city of
Kavala, was fairly high, while in other villageswas sparse. Moreover, in some villages
there were no scheduled buses at all. Also, a faypmvillages house institutions such as
schools, medical centers, municipality offices eéhais attracting most of the outgoing
travels from smaller villages.

In order to understand the potential acceptandbeystem by the users, a survey was
conducted, by means of a carefully outlined questire. The purpose of the survey was
to investigate the market potential and the podém@icceptance of the system in a rural
community in Greece. As already mentioned, idemtgythe potential acceptance of the
system by its users is quite crucial in deployingualic or private entity to provide DRT
services, because the level of acceptance and rtifggapility of DRT transportation
system will depict the need and the potential t®introduction. It is also crucial because
it can help secure subsidies by the local or géigergernment.

In this case, the questionnaire was specially desigo capture the intention of the
inhabitants of the area towards the proposed systém method of data collection that
was followed was face-to-face interviews by traipedple that had a good knowledge of
the area, the available modes of transport an@dpelation’s mobility needs. In order to
ensure that the results of the survey would bealvtd| stratified sampling of
approximately 2% (220 qustinaries) of the populatwas used. The questionnaire
consists of two parts.

The first part includes some general questions for the resposdeuath as their sex,
their age, their permanent place of residence,r teeiployment status, their main
occupation, their education level, the number apbe that live in their household, their
average annual household income, the kind of concation systems they use, whether
they experience any kind of disabilities, their manode of transport and finally, the
frequency and the main purposes of their trips.
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The second partincludes questions that are required to figure thet basic design
parameters of the proposed DRT system that affecizrofitability. In order to get the
guestinarie more undestandable to the people sarestigns had specific answers. So
the responded had to choose of one of the propasgders. Those questions (and the
possible answers) were:

1. The specific days when their trips are conductedrfeday of week)

2. Their origin and destination locations (every conalion between 19 vilages)

3. Their time of departure

(Possible answers)
06:00 - 09:00
09:00 - 12:00
12:00 - 16:00
16:00 - 21:00
21:00 - 23:59
. The time they are willing to wait for pick-up oretlaverage

(POSSIb|e answers)
1. 0— 5 minutes

N N

2. 6 —10 minutes

3. 11 — 15 minutes
4. 16 — 20 minutes
5. 21 — 25 minutes

6. > 25 minutes

. The amount of money that they are willing to payider to travel faster

Possible answers)

Bus Price (17 euro cents / per KM)

1.5 more than bus price (25.5 euro cents / per KM)
Twice the bus price (34 euro cents / per KM)

0.75 taxi price (53.25 euro cents / per KM)

Taxi price (71 euro cents / per KM)

gk PO

6. The maximum travel time that they are willing teesd travelling in comparison

of taxi travel time for the same distance.
Same as taxil time the SP travel time)

1.5 the taxi timgL.5 times the SP travel time)
Twice the taxi timg times the SP travel time)
0.5 Bus Tim€2.33 times the SP travel time)
0.75 Bus Timg2.8 times the SP travel time)
Bus time(3.5 times the SP travel time)

ouhswnhPRE

™~

If they were willing to use the new DRT system.
1. Yes
2. No
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If they are satisfied by the existing transportatsystem.
Very Good

Good

Mediocre

Bad

PwbdPE

Additionally, in what way they like to schedule ith&ip and finally, if they have any
special service needs, how long in advance theyvdliag to schedule their trip, what
benefits they foresee from the proposed system.
The statistical analysis of the answers helped dwaeful conclusions. Since the total
population of the 19 villages is not normally distited, a representative sample of both
sexes and all age groups was taken, in order toirgcg more indicative picture of the
common perception of the new system.
For all possible combinations of charging costkéicfare), times the SP travel time
(maximum travel time), pickup time window for thossers who wish to use the system
and they are not satisfied by the existing trartsyion servicesve have:
1. The number of the projected trips to whole popalats they producted from the
survey
2. The accumulated number of projected trips for thatping cube that described
by those specific coordinations accrording to 3atsi.
Following table presents in detail the way in whiklh data are organized
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Table 2 Number of projected trips and the accumulagd number of trips

(according to the 3-d model)

Charging Times the SP Time window #of projected trips  Wrapping cube accumulated
Cost(cents/per  travel time In minutes number of trip demands
KM) 1. (1) 1.(0-5)
1. (17)
2.(1.5) 2.(6-10)
2. (25.5)
3.(2) 3.(11-15)
3.(34) 4.(16 — 20)
4.(2.33) 5.(21-25)
4. (53.25) 6.(> 25)
5.(2.8)
5. (71)
6.(3.5)
1 1 1 0 1112
1 2 65 954
1 3 0 528
1 4 0 38
1 5 0 0
1 6 0 0
2 1 0 838
[1 2 2 | o [ 773
2 3 71 477
2 4 0 38
2 5 0 0
2 6 0 0
[ 2 2 2 | 27 [ 525
[3 2 2 | 76 [ 185
[ 4 2 2 | o [ 38
5 6 1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
6 0 0
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5. COMPUTATIONAL EXPERIENCE

By use of the above statistical analysis, we casigdeour experiments. Before we
proceed it is necessary to defihe real operational cost per KM for a DRT transggion
system. To the knowledge of the authors, ther@isuth study that calculates costs like
that in a generally applicable way. This seemseglaigical taking into consideration the
variance of the different factors that affect tlostc In the current study we used the taxi
cost as the operational cost. This cost has baenated by taxi drivers as 34 euro cents
per KM for distances above 300 KMs /per day, 4@eaants for distances between 200-
300 KMs /per day, and 45 cents for distances b@0WKMs/per day. Next step was the
definition of the desired service quality. By dataalysis we found thaéhe most desired
service quality parameterswere:

Waiting Time Window: 6-10 minutes

Max Ride Time in comparison to SP Travel Time:tigs the SP travel time

Experiment design included also the vehicle capatfinition. For our experiments we
have chosen three different seat vehicle capa¢gi¢?,16)

The following table (Table 3) presents the convecge algorithm behavior during
various tests. Columns explanation is presentdderiollowing list.

1% first column is the number of the experiment they were referenced above.

2" column is the accumulated (wrapping cube) numbdemands,

3" the third column is the charging cost per KM tivatcharge customers

4™ column is real vehicle cost per KM in Euros

5™ is the number of vehicles that should be usedderdto satisfy all trip demands

6" is the total distance in KM's covered by all vdbgc

7™ is the total passengers distance, is which méensum of all Shortest Path distances
for all customer trip demands.

8" is the total vehicle cost which the product Bfahd &' column

9" is the total charging cost for all trip demands

10" is the pure profit in Euros

11" is the percentage profit to total vehicle cost

12" is the average time number the shortest patttirite

13" is the converge algorithm correction value conicerthe charging cost per KM

14" is the converge algorithm next value accordinguvey

15" is the average number of passengers per KM

16" is the logical value indicating if there is an gitpuium point for the convergence
algorithm.
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Table 3 Experiment Set Results (Vehicle capacity 82, 16 seats)

# of Number of  Charging Real Number Total Total Total Total Profit Profit Times the Converge Converge Average Critical
Experiment accumulated Cost Vehicle of Vehicle  Passengers vehicles  Charging (Euros) (Loss) Max trip Algorithm Algorithm  Number of  Point
(projected) Cost Vehicles Distance Distance Cost Cost (Euros) percentage Ride Correction Value Next passengers for
trip Per in KMs in KMs (Euros) to real Time(Actual Value per KM “break
demands KM in vehicle cost Value) even”
euros
1(?115?&) 773 0.17 0.34 13 4997 8539 1698.98 1451.6: -47.35 -1456% 1.3 0.19896709 0.255 2.008 No
vehicle
525 0.255 0.34 3407 5933 1158.38 1512.92 354.54 30.61% 1.38 0.19524355 0.17 2.18 Yes
185 0.34 0.4 4 1171 1738 468.40 590.92 122.52 26.16% 14 0.26950518 never 1.83 no
reach
that
point
38 0.5325 0.45 369 671 166.05 357.31 191.26 115.18%  1.16 0.24746647 0.17 1.81 No
0.71
\ZIehic(IiZ-SEﬁO 773 0.17 0.34 10 4477 8539 1522.18 1451.6% -70.55 -4.63% 141 0.17826209 0.255 242 No
525 0.255 0.34 3281 5933 111554 1512.92 397.38 35.62% 139 0.18802292 0.17 2.25 Yes
185 0.34 0.4 4 1172 1738 468.80 590.92 122.12 26.05% 14 0.26973533 never 1.83 no
reach
that
point
38 0.5325 0.45 369 671 166.05 357.31 191.26 115.18% 116 0.24746647 0.17 1.82 No
0.71
\3/ehidg‘5'seat 773 0.17 0.34 10 4403 8539 1497.02 1451.6: -45.39 -3.03% 141 0.17531561 0.255 2.45 No
525 0.255 0.34 3276 5933 1113.84 1512.92 399.08 35.83% 139 0.18773639 0.17 2.26 Yes
185 0.34 0.4 4 1172 1738 468.80 590.92 122.12 26.05% 14 0.26973533 never 1.83 no
reach
that
point
38 0.5325 0.45 369 671 166.05 357.31 191.26 115.18%  1.16 0.24746647 0.17 1.82 No
0.71
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From table 3 we can derive that when the chargogj s minimum (17cents), the
system is always non-profitable, whereas it is ipabfe for all other charging cost
levels higher than that, to reach dramatic proditcgntagesor the highest charging
cost (53cents). Nevertheless, we found that thedsigreal profit is found where the
charging cost is 25.5 euro cents per KM. That mehatthe numbers of demands
affects heavily also the profitability. Vehicle eaity is another factor that affects
profitability. From table 3 we conclude that thereased vehicles capacity increases
profits and puts a burden on the average duratfoa single trip, but this slight
increase in duration is insubstantial comparech&profit increase. The columns 13
and 14 also show us that whatever the startingt pgifor the algorithm, algorithm
always converge at a single point with is the cimgygost of 25.5 euro cents. The
system’s charging policy remains a strategic deoijsdepending on whether the
operator’s goal is high profitability percentages high profitability in absolute

figures

6. CONCLUSIONS
In this paper we presented a methodology that cassilst private or governmental
entities in order to establish a DRT system. Thethodology focuses in:

1. The way we setup a survey with minimum requirememtsrder to get the

necessary raw data concerning a possible installatia DRT system
2. The way we process raw data concerning trip demands
3. The convergence algorithm that finds tkatical point concerning the
charging value (ticket fair) where the proposed D&&tem turns from non
profitable to profitable.

4. The way we identify critical service quality paraers
In order to get solutions — with good quality- thiose Dial-a-Ride problems we
have been using some brand new algortihms likevitteN algorithm which is
based on large neighborhoud search in order toaee local optimal.
The results of this study provide some generalghtsi about the behaviour of a
DRT system concerning its profitability. Factor&eli pickup time windows,
demand maximum ride time; heavily affects the pabiility while other factors
like vehicle capacity affects in smother way piaibitity.
For the test of municipal of Philipi we found titae critical charging cost was
25.5 cents per KM. That price was fair enough fat tarea profile. Finally, we
conclude that the proposed DRT system would becanamically viable solution
to the specific area.

Future research could focus to the study of a ngereeral framework that takes in
consideration many other factors (social-econommarket penetration factors, more
complex charging schemas, more complex -incomitg @emand models, number
of vehicles, vehicles capacity) and can be appbeadrban, suburban and rural areas.
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A Large Neighborhood Heuristic Algorithm for the Multivehicle Dial
a Ride with Time Windows

Abstract

This paper is concerned with the static dial-a—pdgblem; it introduces an exact
approach for the 2-vehicle problem, which then sedifor designing an efficient
multivehicle large neighborhood heuristic. The @xagorithm is based on Psaraftis’
Dynamic Programming pionnering design but compaoretily improved for memory

management. The very large neighborhood heurikjarithm iteratively redistributes

requests between any two vehicles at a time uotihore improvements cane be
achieved. The computational results demonstrateeti@ency of the approach and
guality of the produced solutions.

INTRODUCTION AND LITERATURE REVIEW

The Dial a Ride Problem (DARP) is the generalizatad the well known
capacitated Traveling Salesperson Problem (TSP)adnmburse it was proven by
Healy and Moll(1) to be an NP-Hard Problem. Despite its intractgbithany efforts
were made to produce exact algorithms. Pioneepgoaches were presented in the
early 80’'s by Psarafti@) Psaraftis’ Dynamic Programming (DP) approach igtéch
to a single vehicle. Later Dumgg presented a combination of branch-and-bound and
column generation, which solved exactly some muéhicle problems. Another
approach is introduced by Desrosigtswho solved the problem of one vehicle and
almost 40 trip requests. Due to great demand ofspartation systems, where the
DARP problem plays a critical role, research wasnted to heuristics approaches in
order to solve large scale problems. First attengpesented by Jaws) can be
characterized by the “sequential insertion” oriénta Sexton and Bodin)
introduced the concept of “cluster first and rosézond” where customers who are
close together forming a cluster by the use of arikgc algorithm. At the second
phase, they applied Bender's decomposition andedotiie scheduling and routing
problem for every cluster. Newer trends introdudkd concept of the secondary
optimization phase. That concept which requiresrestuction phase, where an initial
solution found and the optimization phase by the wa$ intra-trips, inter-trips
exchanges try to improve the solution as presebtedsavelsbergl{7z) Stopping
criterion was the no more optimization for a certakecution cycle of algorithm.
Final result is a local optimal solution, wherealghm cannot overcome. Last trends
concentrated on the TS approaeh (9). Where there is a construction phase that
produces an initial solution — feasible or not d arefinement phase where the initial
solution is refined continuously. The refinementbased on a set of empirical
parameters that can be self corrected during teewtton. The idea is based on the
fact that the algorithm can eventually overcomeal@ptimum crossing worst “areas”
in term of solution quality and can reach bettdutsons. Closeness to the optimal
solution can’t be quarantined or estimated someliegret and simulated annealing
technigues have been introduced also. The readebeaeferred to the study by
Cordeau JF and Laporte(®).
In this paper we introduce a very large neighbodchbeuristc algorithm that uses a 2
vehicle exact approach to solve the dial-a-rideblenm. A very large scale
neighborhood (VLSN) heuristic algorithm is one tkaarches a considerably larger

59



InMoSion — Publishable Final Activity Report

neighborhood of feasible solutions than the typloaal optimum algorithms. There
are three main categories of such approaches thatudlined in Ahuja, Ergun, Orlin
and Punnen (2002): variable depth methods, netwWioik based methods, and
restrictions on NP hard problem methods. The intced in this paper approach falls
under the third category; it performs cyclic exopes of all requests between any two
vehicles by using the exact approach. The comumaiiresults indicate that it
produces near optimum solutions in small problestainces for which exact solutions
exist. This algorithm is a part of paratransit eystthat has been designed to provide
transportation services.

The paper is organized as follows: The problemefinéd and formulated in Section
2. The solution approach in Section 3. NumericauRs are presented in Section 4.
The closeness to the optimal solution is assess&kction 5. Section 6 concludes
this paper and provides pointers for future redearc

PROBLEM FORMULATION, DEFINITIONS AND NOTATIONS

The typical DARP problem is defined as follow: Giva set of vehicles and a
set of trip requests compute the optimum (for pagses and/or the operator) itinerary
for every vehicle, without violating certain corashts. For every vehicle, it is
typically defined a depot location (“start”, “endhat may not be necessarily the
same), a capacity and a maximum vehicle drive tifng. requests are characterized
by pickup and deliver sites, time windows for pipkand delivery, maximum trip
drive time. Those features are primary featureafoip request. More features can be
considered, such as “customers type”. i.e for peysuith disabilities. At the current
study we stay to the primary features.
The basic notation concerning Vehicles and Tripusts presented in Table 1:

TABLE 1 Basic Notation

V={1,2,3, |V} =Set of Vehicles

Q,={ Q1 .. Qu }Vehicles capacity for all vin V

VSD={1, 2, ..., |V} = Set of “start” depots for all vehicles.
N = is the number of trip requests. Each trip requesconsisted by one pickup and gne
deliver node.

VED ={ 2N +|V|+1, 2N+|V| +2, ... ,2N +2|V[E Set of “end” depots for all vehicles.
Mvrty ={ Mvrt, ..Mvrt,} = is the maximum vehicle ride time for everg W

VSED ={1, 2, ..., |V], 2N +|V|+1, 2N +|V[+2, ... , 2N +2¥|Set of “start” & “end”
depots for all vehicles.

P " ={|V|+1, |V|+2,... |V|+N E Set of pickup nodes in the network.
P ={|V|+N +1, [V|+N +2,... |V|+2NF Set of deliver nodes in the network.

P =P"U P "= Set of pickup and deliver nodes in the network.

P =P U VED U VSD = Set of total nodes (pickup, deliver, “startpd¢”, “end
depot”) in the network.

[e I] = time windows [earlier, late] for each node (pickugeliver, “start”, “end” depot
nodes) ie P @

DRT; = { DRT, .. DRTy} Set of requests maximum ride time for every triquest, icP *
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drt;= index of theDRT, set.

7; = travel time from node i to j where & P ',

c; = travel cost from node i to j where &P ',

s = service time at node (pickup or delivery iP*".
d, = load at node (pickup or deliver)dé P*". (+1 for pickups, -1 for delivers, 0 for “start’}

“end” depots)

all

xijv,i, jeP,i# | =1,ifi"request is served by vehicle v. 0 in another case.
T"ie P? |s the time variable which describes the time thatservice begins at node i.

Lie P? Is the load variable which describes the vehickdlon every node.

A commonly used objective function minimizes totmhvel cost as follows:

DI

veV iePa” jePa”

Clearly, we need another set of constraints coifirogrn
1. Trip time window constraintgé€ 1])
2. Maximum vehicle ride time constraint$/yrt )
3. Maximum trip request ride tim®RT;)
4

. Maximum Vehicle load restrictiornt})

The above results in the following Mixed Integéméar Program

mind, 2. 2.%6 M)

veV iEPa” jEP all

ST:

> X =0veV (2)
i,jeVSED

DX = D X =0i€P veV 3)
jePa” jePa”
> Y x=1ieP’ (4)
veV jePaH

Z)(i‘j’—ZX‘j’i:O,ieP,VeV )
jePa” jePa”

in}’ =1ieVSDveV (6)
jeP*
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> x'=1jeVEDyveV (7)
i

> x=LieP™ veV (8)
jep?

dxi=1jeP™ veV 9)
iepd

in‘i’zO,i eP? veVv (10)
iep

Y X% =0,jeVSDveV (11)
iepved

in‘j’:O,i eVED,veV (12)
s

T +S+7; <Ty)icP” (13)
X' =1=T +5+7, <=T"i,jeP” (14)
X =1=T"+s5+7, <=T/,ieVSDje P’ (15)
X =1=T '+s+7,<=T/,jeVED,ie R (16)
X' =1=L/+d, <L},ieP”, jeP " veV (17)
X =1=L/+d, >L},ieP",jeP ,veV (18)
X' =1=L'+d, 2L},ieP,jeP ,veV (19)
Xi\j’:lz L‘i’+dj£L\]{,ieP7,jeP+,VeV (20)
e<T'<l,ieP¥ veV (21)
T'<drt,ieP",veV (22)
TV <drt,_,ieP,veV (23)
T’ <mvrt,ie P veV (24)
L'<Q"ieP",veV (25)
L' = 0,i e VSED (26)
X ,binary

The Objective function (1) minimizes the total cpstduced by all vehicles.
Constraint (2) ensures that no vehicle moves effinpty “start” to “end” depot.
Constraints (3 and 4) guarantee that each regsiestrved exactly once and pickup,
deliver nodes are visited by the same vehicle.
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Constraints (6 and 7) guarantee that the routeaoh evehiclev starts at the origin
depot and ends at the destination depot.

Constraints (5, 8 and 9) is the system “mass” dxjiiim

Constraint (10) ensures that we don’t use the garde as source and destination
Constraint (11) ensures that every vehicle, dutimgtrip is not going to reach the
“start” depot.

Constraint (12) ensures that the vehicle will stegrip at the “end” depot node.
Constraints (13 through 16) ensure that for eagnest, the pickup node is reached
before deliver node. Time variables concerningtime that the service begins - on
every node - is calculated here.

Constraints (17 through 20) ensure the consistehload variables for every request
Constraint (21) ensures that each request timeomiads not violated

Constraints (22 through 23) ensure that each réquesimum drive time is not
violated

Constrain (24) ensures that each vehicle maximuwe éime is not violated

Constrain (25) Ensures that each vehicle maximwad t@pacity is not violated

SOLUTION APPROACH

The proposed Solution is a Very Large Scale Neigidad (VLSN) heuristic
that uses an exact 2 vehicle approach as a subentmyerform the search. Before
presenting the heuristic part, we present the gxattwhich works as a sub-problem
to the heuristic part

The Exact 2-Vehicle Algorithm

In order to get the exact solution for the DARP ke it is necessary to
evaluate every possible and feasible combinatiamipfequests and vehicles.
Given the problem’s combinatorial nature it is ams that the number of
combinations explodes making the approach mearssaglg somehow we
eliminate that number of combinations, then theutsmh space is restricted
making the effort more promising of finding the wwodn. Memory
requirements are another issue. We need to eliemmamory requirements in
order to execute the algorithm without to worryrafning out of memory
resources. Initial attempt for the exact solutiondne vehicle was introduced
by Psaraftig2) in 1980. He calculated that the required memocgations in
order to keep track of all states are of the o@€3"). Keeping the above
observations in mind, we tried to enrich our exagbrithm with features that
offer. a. restriction of the solution space as muh possible, b. the
independence of memory resources. For those reas®@f3 implementation
was developed by using recursive techniques. Rigeurtechniques offer
tracking of the last execution point in the algomt Every time we have a
recursive return we know exactly what is the nesibpto go further. It works
like the Depth First Algorithm (well known graplgakithm). Algorithm starts
with an initial combination. Based on that combimatalgorithm finds next
combination, which contains the parent, previouystgduced combination.
The process continues that way, till to find thandf” or “bottom”
combination. For example: given one vehicle (dethods V1) and 2 trip
requests (denoted as P1,D1 for picking and detigetrip request 1, P2,D2 for
picking and delivering trip request 2). Possiblenbmations are:

Starting with trip request #1
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V1P1 (1+)
V1P1->V1P1V1D1 (2+)

V1P1->V1P1V1D1->V1P1V1D1V1P2
V1P1->V1P1V1D1->V1P1V1D1V1P2-> V1P1D1V1P2V1D2
V1P1->V1P1V1P2 (2-)

V1P1->V1P1V1P2->V1P1V1P2V1D1 (3+)
V1P1->V1P1V1P2->V1P1V1P2V1D1V1D2
V1P1->V1P1V1P2->V1P1V1P2V1D2 (3-)
V1P1->V1P1V1P2->V1P1V1P2V1D2V1D1

Or Starting with trip request #2

V1P2 (1-)

V1P2->V1P2V1D2 (2+)

V1P2->V1P2V1/D2->V1P2V1D2V1P1
V1P2->V1P2V1D2->V1P2V1D2V1P1-> V1P2D2V1P1V1D1
V1P2->V1P2V1P1 (2-)

V1P2->V1P2V1P1->V1P2V1P1V1D2 (3+)
V1P2->V1P2V1P1->V1P2V1P1V1D2V1D1
V1P2->V1P2V1P1->V1P2V1P1V1D1 (3-)
V1P2->V1P2V1P1->V1P2V1P1V1D1V1D2

Specific signs such (1+), (1-) (2+),(2-) (3+),(3hows track points that
algorithm put in order to remember where to badkrafter the recursive
return.

Trip combination V1P1D1V1P2V1D2 is a fully trip, tedying all trip
requests. That combination is checked for feagpbiind if feasible, is
evaluated producing travel cost. Above example shoow algorithm produce
possible trip combinations. By using track poirtsre is no need to store all
combinations because every time we know exactlyrevhe go. That cost
produced from that solution is used as a referpooa to the next searches. If
a trip combination is not feasible or the producedt until that time is larger
than the previous calculated one, the search usiiagg combination is
discontinued. The term “feasible” means that there violation for:

1. Time windows concerning trip requests

2. Time violation concerning maximum trip request richee
3. Time violation concerning maximum vehicle ride time
4. Violation concerning maximum vehicle capacity

As a result, the search is limited in a more retd solution space. Of course
the number of possible combinations is combinalgriancreasing as
parameter of the trip requests and vehicles numbat technique can’t be
used in order to solve large problems. Obvioushgwing an initial feasible
solution we could substantially improve the seapcbcess. To achieve an
initial feasible solution we run a simple insertibauristic algorithm just to
produce an initial solution that can be used asadisg point of our exact
algorithm. Figure 1 sketches the overall approach.
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FIGURE 3 Search for initial cost in order to feedexact algorithm
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The following example deals with a case where we 21¥ehicles and 2 trip
requests. Each vehicle is denoted as Vx (x=1,2) @ach trip request is
denoted as Px (x=1,2) for pickups and Dx (x=1,2)delivers accordingly.
Before executing the exact algorithm, we use a &nmpsertion heuristic
algorithm to produce some initial feasible solutiofhe heuristic finds a
feasible solution with cost of 193.861 distancetsinthis cost is used as a
bound for the exact algorithm. The exact algorithroduces the following
output where it is clear on how it works. Not atissible combinations are
presented here, because for some cases is uselesarth more. (Consider
combination casev1P1viD1V1P2 where there is no meaning to search for
further combinations because already that comlunasi not feasible). As the
algorithm executes finally finds the best combimati which is
V1P2Vv1D2V1P1V1Diwith cost 191.941 distance units.

TABLE 2 Exact Output Example
Combination : V1P1
Combination : V1P1V1D1
Combination V1P1V1D1V1P2Not feasible solution. (further search is useless)
Combination : V1P1V1D1V2P2
Combination : V1P1V1D1V2P2V2D2 Feasible solutiom ¢dver current best cost (furthe
search is useless): 193.861
Combination : V1P1V1P2 Not feasible solution. (fiertsearch is useless)
Combination : V1P1V2P2
Combination : V1P1V2P2V1D1
Combination : V1P1V2P2V1D1V2D2 Feasible solution ¢éwer current best cost (furthe
search is useless): 193.861
Combination : V1P1V2P2V2D2 Feasible solution bugraurrent best cost (further
search is useless): 193.861
Combination : V2P1
Combination : V2P1V2D1
Combination : V2P1V2D1V1P2 Feasible solution budrasurrent best cost (further
search is useless): 193.861
Combination : V2P1V2D1V2P2 Not feasible solutidartfier search is useless)
Combination : V2P1V1P2
Combination : V2P1V1P2V2D1 Feasible solution bugraurrent best cost (further
search is useless): 193.861
Combination : V2P1V1P2V1D2
Combination : V2P1V1P2V1D2V2D1 Feasible solution ¢éwer current best cost (furthe
search is useless): 193.861
Combination : V2P1V2P2 Not feasible solution. (fiertsearch is useless)
Combination : V1P2
Combination : V1P2V1P1
Combination : V1P2V1P1V1D1
Combination : V1P2V1P1V1D1V1D2 Not feasible sohut{@urther search is useless)
Combination : V1P2V1P1V1D2 Not feasible solutidarther search is useless)
Combination : V1P2V2P1
Combination : V1P2V2P1V2D1 Feasible solution bugraurrent best cost (further
search is useless): 193.861
Combination : V1P2V2P1V1D2
Combination : V1P2V2P1V1D2V2D1 Feasible solution ¢éwer current best cost (furthe
search is useless): 193.861
Combination : V1P2V1D2
Combination : V1P2V1D2V1P1
Combination : V1P2V1D2V1P1V1D1
Combination V1P2V1D2V1P1V1DNew best cost found :191.941
Combination : V1P2V1D2V2P1
Combination : V1P2V1D2V2P1V2D1 Feasible solutiom dwver current best cost (furthe

=

=

=

=

=
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search is useless): 191.941
Combination : V2P2
Combination : V2P2V1P1
Combination : V2P2V1P1V1D1
Combination : V2P2V1P1V1D1V2D2 Feasible solution ¢éwer current best cost (furthe
search is useless): 191.941

Combination : V2P2V1P1V2D2 Feasible solution budrasurrent best cost (further
search is useless): 191.941

Combination : V2P2V2P1

Combination : V2P2V2P1V2D1

Combination : V2P2V2P1V2D1V2D2 Not feasible sohut{@urther search is useless)
Combination : V2P2V2P1V2D2 Not feasible solutidarther search is useless)
Combination : V2P2V2D2

Combination : V2P2V2D2V1P1 Feasible solution bugraurrent best cost (further
search is useless): 191.941

Combination : V2P2V2D2V2P1

Combination : V2P2V2D2V2P1V2D1 Feasible solution bver current best cost (futhg

search is useless): 191.941

Algorithm Ended : (MIN)V1P2V1D2V1P1V1D1 With Co%91.941
Time Elapsed in secs : 0.094

Total Combs : 46 Reject Combs : 21

D
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This exact approach —limited only by the executtone- can solve any

DARPTW problem. It can run for days or for monthwever combinations

number especially in large problems, degrade tleéulreess of that algorithm

only to small problem instances. (1 vehicle up@adrip requests, 2 vehicles up
to 8 trip requests, 3 vehicles up to 7 trip regsiedt vehicles up to 6 trip

requests s)A short description of the exact algorithm follows.

Function Build_Exact_Combs(current combination)
If no_more_requestben
Update Current Best Cost
Update Current Best Trip Combination
Return from Build_Exact_Combs (recursive return)

Else
For every Vehicle
For Every Trip Request

Build_current_combination

If not a feasible_combinatichen
Continue next comb

Else if not produced cost < than current best ciba&n
Continue next comb

Else
Call Build_Exact_Combs(current combination)// recursive
Return from Build_Exact_Combs (recursive return)
End if
End for
End for
End if
End
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A graphical description of that algorithm depictedhe following figure
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FIGURE 4 Search for initial cost in order to feedexact algorithm
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Correctness of the proposed exact algorithm

The above exact algorithm has been tested extéysiverder to prove results
correctness. We choose to compare that algorithnth whe MILP
implementation of the DARP problem. The mathematié@mulation
presented in Section 2 has been used to implerheritLP in AMPL. Both
implementations DP and MILP gave always the sanseilti® concerning
objective function and trips pickup and deliver weace. Following table
shows results of the comparison between two impheatiens.

TABLE 3 Comparison Results Between DP and MILP impémentations

Vehicle Trip CPU Time CPU Time Difference between
Number Requests for the DP for the MILP objective functions of DP
Implementation Implementation and MILP
of Exact Algorithm  of Exact Algorithm implementations

1 4 0.120 0.295 Q

1 5 1.030 0.400 O

1 6 22.480 9.124

1 7 263.000 267.973 0

1 8 578.964 3527.330 0

2 4 1.150 3.560 0

2 5 15.450 58.280

2 6 493.000 1728

2 7 1559.000 1193 Q

3 4 1.260 7.827 0

3 5 155.910 169.659 Q

3 6 604.653 2039.370 0

3 7 8149.000 13649.600 0

4 4 2.450 39.923

4 5 17.620 567.857 Q

4 6 3583.000 12022.0000Q

5 4 2.040 119.407 Q

5 5 149.420 2464.070 Q

5 6 459.850 2276.190 Q

5 7 19592.000 36554.0000

Execution times show clearly that DP implementatsofaster than MILP
implementation. For that reason DP implementatias lleen chosen to be
used as sub-problem in the heuristic — exact algarimplementation.
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The heuristic Part

Heuristic part of that algorithm uses the abovenariced exact algorithm. The
main idea is to search in a larger neighborhoath@folution space. The basic
idea is based on the combination between exactaparteuristic part. Exact
part is based on the exact evaluation of two vekidHeuristic part is based on
the continuous appliance of the above 2-vehiclecteraaluation for every
possible combination of vehicles. For example, & wse 4 vehicles, all
possible 2-vehicle combinations are: 1-2, 2-3, 3-8, 1-4, 2-4. For every
combination we execute the exact algorithm thatiges a better solution
(less cost) than the pervious calculated cost, usscaf the exact evaluation.
As the process continues algorithm reaches a pwihere no more
optimization can be found. At that point algorithemminates because further
execution could not produce more optimized resitsor to that algorithm
running, a simplest heuristic algorithm should bescmited. That step is
required in order to feed the algorithm with antiahi solution. A short
description of the heuritstic-exact algorithm felta

Function Hybrid_Exact()
Build Vehicle Pair Combinations
While (no cycle with all vehicle pair combinations coetpd without
optimization)
Select next vehicle pair combinatio
If not all vehicles pairs have been examitiezh
Run exact algorithm for 2 vehicle
End if
Ed While
End
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A graphical description of that algorithm depictedhe following figure
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Figure 3 Heuristic - exact algorithm
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NUMERICAL RESULTS

The Proposed algorithms exact, heuristic-exact wieneeloped in C++ and
tested on a Linux machine with dual core procesgorvariety of problem
configurations where solved in order to test altponi extensively. As referenced
already, the main algorithm stopping criteria isnéocombination cycle without
optimization”. But the 2 vehicles exact algorithnhieh is used as sub problem it
suffers — concerning the execution time - when fteguests are more than 8. That is
why we added an additional stopping criterion whighthe execution time for the
exact algorithm to take no more than 7200 secoRdsblem instances produced
randomly. The test field was a square area 100Xli@dneters. Pickup and deliver
positions of every trip request selected randomlgrathat area. Vehicle “Start”,
“End” depots are selected randomly over that afeéame windows for pickup was
randomly selected between 0-1440, time windowslétivers produced from pickups
time windows plus the 1.5*Cartesian distance betwé®se points. Maximum
vehicle ride time was 480.

TABLE 4 Computational Results for Small Instances

Problem Vehicle Vehicle Trip CPU Time in Cost
Number Capacity Requests Sec’s (Heuristic
Initial cost)
1 3 4 6 18.28 688.057
(708.166)
2 3 4 7 110.5 539.661
(566.256)
3 3 4 8 3002.22 827.165
(845.014)
4 3 4 9 6108.24 566.066
(578.211)
5 3 4 10 10710.6 843.97
(959.223)
6 5 6 12 567.82 943.145
(1043.34)
7 5 6 14 31139.6 1385.29
(1500.38)
8 5 6 16 76412.8 1588.61
(1774.05)
9 5 8 12 567.82 943.145
(1043.34)
10 5 8 14 3830.84 1321.7
(1425.91)
11 5 8 16 86619.8 1483.95
(1756.4)
12 5 8 20 165650 1692.49
(1988.71)
13 5 8 24 102995 1991.97
(2041.72)
14 5 12 28 144001 2191.74
(2394.34)
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Cost is the objective function that is producedh®y heuristic-exact algorithm.
Cost in parentheses is the objective function ihg@iroduced by the insertion
heuristic algorithm. Clearly the new heuristic-exafgorithm improves the
objective function. For those problem instanced tha execution time is
larger than 6000 sec’s stopping criterion of 7280'sfor the 2-vehicle exact
algorithm has been activated.

CLOSENESS TO OPTIMAL SOLUTION

Although, there is no methodology proposed till nimprovide the ability of
estimating the closeness to optimal solution of solytion produced by a heuristic,
we can provide some computational results that shinat the produced solution by
that algorithm and the fully solution provided hyetexact algorithm. Of course
problem size is limited to small instances becaafsthe limited ability of the exact
algorithm to solve large problem sizes. Howeveisiworthwhile to present those
results.

TABLE 5 Comparison between Heuristic-Exact produced Solutio and the fully
Exact Solution

Problem Vehicle  Vehicle Trip Exact Heuristic  Objective

Number  Capacity Requests Execution Execution function
Time Time Difference

1 3 3 5 1587.03 20.55 0

2 3 3 5 1819.85 1.12 0

3 3 3 5 1635.13 1.74 0

4 3 3 5 1779.86 14.59 6.742

5 3 3 5 1183.11 13.29 0

6 3 3 6 2038.55 80.6 0

7 3 3 6 2064.41 4.42 0

8 3 3 6 1336.86 242.57 0

9 3 3 6 3133.78 18.58 0

10 3 3 6 2049.84 245.66 0

CONCLUSIONS

This paper introduces another solution approactcerming the dial-a-ride
problem. As it can been seen in the above seatiosgness to the optimal solution) it
produces results very close to the optimal solutiims algorithm can be used as
main-algorithm in paratransit systems where isaaiitto provide good routes in order
to provide better customer service. Further resefietds could be: a. improvement
of the exact algorithm in order to solve largerhpems (at least 16 trip requests, 2
vehicles) by using more problem specific charastes, b. study for the closeness to
optimum solution between heuristic-exact and easgorithms, c. algorithm solution
sensitivity analysis as parameter of the exactréatga time stopping criterion, d. use
of that heuristic-exact algorithm to online algbnts based on the concept of space-
time discretization where the number of trips is $mlarge and can be solved near to
optimum..
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Abstract

Paratransit systems are designed to increase thiitynan a region where public transit systemd fai satisfy the
demand, specific user needs (mostly for disableleeor elderly) or are not sustainable, as in laypylation

density regions. Recently a research projectdtitteMoSion, is focused on determination of the useeds and
preferred modal attributes, and gathering know-tmWwelp municipalities to develop their own parasiasystems.
The project included a survey design and a piladysin the rural Philippi region in Greece. Thedaling step in

the project was the determination of paratransitketashare and characteristics to support the systesign

process. This paper first briefly introduces thepscof the InMoSion project and focuses on therdeétation of

traveler level mobility and modal preferences tledtto the design of a scenario-based semi-disggtgemarket
share estimation approach developed for the pédgton. A price and travel time sensitivity of therdcasted
paratransit ridership revealed the price and trawed intervals that mostly impact the paratrapséference in the
region.

Keywords: Paratransit, Mode Choice Estimation, Market Shatéation, Price Sensitivity

1. INTRODUCTION

Paratransit means “alongside” transit. It includ#spublic and private mass transportation in the
spectrum between private automobile and converitiosuasit [1]. More specifically “paratransit” isfined
as “any type of public transportation that is distifrom conventional transit, which provides démdoor
or curb-to-curb service combining the cost advamtaigransit with flexibility of more private modesuch
as taxi or car’ [2]. The terms “demand-driven” odefmand-responsive” are also commonly used
interchangeably/in association with paratransfiamatransit literature.

In a study by the Adam Smith Institute [3], parasiaoperations in major metropolitan cities in the
world, such as Hong Kong, Kuala Lumpur, Istanbwdjr@, etc., are defined as “light vehicle operation
where “light vehicle” refers to midsize vehiclest(816-passenger capacity) used in such flexihteicsss.

In the evaluation of paratransit systems in theetiging countries, Cervero [4] uses the term “infal

transportation services”, which includes parattaasiwell as minibuses, microbuses, motorcycles, et
this context, paratransit plays a role of fillifgetservice void left by formal public transport mers. The
term “dial-a-ride” is also used to refer to parasih or demand responsive transit (DRT) servicdschy
refers to the fact that people have to call or makeservation in advance. The in-advance reservatia

critical attribute which supports cost sharing gaihs advantage over taxi. Common applicationsuoh s
systems are airport shuttle services and servimepdople with disabilities and mobility challengés

urban locations, paratransit mostly supports thesit system, such as “jitney” service in Cair@ufshg in

the late 1970s permitted on fixed routes) and “ddirservices in Istanbul, which were originally sdth
cab with a 5 to 7 seats, but transformed to mirgbugith 8 to 14-seat capacity over time.

The paratransit systems can be an optimal modeaade the following four general types of
services: a) special services for the disable gedpthe paratransit system is offered for theablied, who
cannot use stairs and escalators, board or alight fransit vehicles, in an area without regulansit
system, it provides opportunity to increase thedbitity and make them available to the general joulb)
In rural areas, where paratransit has a poterigrdvide mobility that cannot be sustainable dicient,
when served by traditional transit services, duk laf demand and long routes and travel times.atgL
night and off-peak period service which substitwery lightly traveled bus routes in low densitgas and
d) as an independent permanent service in smedbgds transit service in suburban areas cooedinaith
regular bus routes serving the central city (Anbad¥), or as feeders to suburban rail transit statio
(Toronto region) [5].

Price and travel time level of service are agaia main attributes of paratransit, as in the

77



InMoSion — Publishable Final Activity Report

case of transit services. Thus, any policy decisiothese attributes would affect the market share
of paratransit directly. Another factor affectingetsuccess of a paratransit system is whether it be
route- based or door-to-door services (or curbedy); while the former has a better chance for
sustainability, if the routes are designed to sateag the high demand relocations (as in the case
of “dolmus” services in Turkey), the latter requir@ more vigorous vehicle routing tool that would
combine nearby trips in an effective and efficiemtler, which can be achieved by specially
developed vehicle routing algorithms supportedda}-time information exchange.

A new generation paratransit systems is being deeel by assisting paratransit services with
Intelligent Transportation Systems (ITS), where aoly booking is done in a computerized manner, but
also the vehicle routing would be supported by mllgms using recently developed methods and
technologies, such as dynamic traffic assignmesat;time guidance with GPS and navigation systemg,
communications systems. Design of such a systesmpgtained by Mastrogiannidou et. al. [6] with more
details on the key stakeholders and technologigsined. This study also included a survey in thlru
Philippi region of Greece, asking participants abitweir preferences and willingness to use a preghos
paratransit system in their region. A basic comtdl time analysis of the stated preferences fer th
proposed system showed that most of the partigpaatild use the system, if it costs half of taxc@rand
takes not much longer than taxi. A heuristic rogitalgorithm was also employed to estimate alternate
system designs for fleet size for different levelservice and pricing policies. The results of teiady
formed a basis for a follow-up research projectdkah by the European Union Framework 6 titled
“Innovative Mobility Solutions for Mobility Challeged Europeans — InMoSion” that aimed development of
an innovative paratransit concept to address tedsef a portion of European population: the ejdand
mobility-challenged people. The project details amethods developed in this project are explaineithén
following sections.

2. INMOSION PILOT STUDY IN THE RURAL PHILIPPI REGIO N

InMoSion is a research project exploring a new apgh to meet the mobility needs of mobility
challenged population (such as elderly, disableablgeor people in rural areas) via new technologies
Crossing the gap between science and society attiegps of the project consortium include both héchl
groups such as universities and research compdhlassersity of Thessaly, Hellenic Institute of
Transportation, Greece; Middle East Technical Ursig, Turkey; The City of Paris Engineering School
France; CTL Cyprus Transport and Logistics, Cyprasyl local authorities as Municipality of Philippi,
Greece and SRM -Reti e Mobilita (P.T. authoritydyl. The project foresees two pilot applicatiofirst, a
paratransit application in the rural Philippi Ragio Greece, and the other one in a mountainousmey
Bologna, Italy. Currently the survey analyses ameslied for both locations and system is beingetbét
the Philippi region.

To gather the necessary know-how for establishroérat paratransit system for a municipality,
InMoSion approach requires the steps of a) designparatransit questionnaire, b) analysis of thwey
results to estimate potential paratransit markerestand c) design of the paratransit system (Héezt,
service hours and characteristics, etc.). The &tsp is briefly summarized here to form a basrstiie
market share analysis step, which is the main fe¢ukis study, while the last step is not discdskere
due to limitations.

2.1 Paratransit Questionnaire Design

To better estimate the market share and desigarieribf a proposed paratransit system first
requires understanding of the traveler and tripattaristics in a region which can be mostly cagrwia a
survey study. A thorough review of transit and parssit systems is done to capture all the elemiats
are critical in the design and deployment phase mdratransit system for both urban and rural ai&hde
the details can be found in the deliverables ofphaect [2], the main aspects are summarized here
follows:

A paratransit survey should include questions ehiing a) user characteristics, b) trip charactesist

c¢) available transit system characteristics, dppsed paratransit system characteristics and
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preferences, e) technological aspects and f) ptoceassessment.

As the value of time of each traveler may varydisferent trip durations and lengths, questions
regarding “willing to use the system” and “willinig pay” should be asked separately for long andtsho
trips. Limits on the definitions of “short trip” drlong trip” should be defined based on the reglon
characteristics. For example, for Philippi Regishdrt trips” are defined as trips shorter than 5atrh5
minutes.

Another key parameter in preferability of paratiantode -and also transit-is found to be the totahber of
stops, which is related to “in-vehicle-waiting timand desired limits on this can be sought inghevey and
used in the development of operational policies.

Though not directly used in market share estimatitgchnical system details, such as reservatitangpand
reminder services (i.e. SMS messages prior to pikare found to be system attributes directlydotimg out-
of-vehicle waiting time and design of the ITS apation to support the system.

2.2 Philippi Region Survey

The developed paratransit questionnaire is agad usthe survey conducted in the Municipality
of Philippi in Northern Greece to obtain potentieders’ perception of the key system parameters in
connection with the potential market share. Theliffiii Region consists of 19 villages with a total
population of 10,827 inhabitants. Community of Kalize and Zigos are the larger villages in the megjio
with a population of 3,323 and 2,103 inhabitargéspectively. The majority of the population is kmote
be local people (mostly farmers, retired and eldgeople). The average yearly income level of the
participants is found as approximately 18,000€. dberage car availability of the participants soalound
as 76%; while taxi is available everywhere trabsis services covered very limited parts of theaegyi
discouraging mobility in general. As the questiarmancluded a weekly stated trip table, a moreaitted
mobility analysis is performed and described below.

Based on a prior survey experience in the samemeghe interviews were conducted by trained
people that had good knowledge of the area, thiahl@ modes of transport and the population’s ritybi
needs. To encourage higher and more complete ipattan, the developed paratransit questionnaicktba
be simplified and shortened by excluding some efrttvealed trip attributes, such as trip purpoge cost,
mode choice, number of travelers, etc; but soméates are sought at traveler level, such as “n#n
purpose”, and “main mode of transportation”. As esult, a conventional disaggregate mode choice
modeling and market share estimation approachdd ooti be used; instead, a semi-disaggregate soenar
based approaches are developed that use bothatretetr and trip level data, as well as mobilityteat
information in the region, which is discussed it 3.

3.MODAL AND TRAVELER CHARACTERISTICS IN PHILIPPI REGI ON

Due to limitation in funding and time, paratrarsifrvey study is done with a sample 221 people
that is approximately 2% of the population, wittBld&te male and 93 are female participants correspon
to 2.4% and 1.7% of the male and female populatighe region respectively. The analysis of theeeded
weekly trip patterns showed that 221 participangsien2146 trips in a week, resulting in an averagekly
mobility of 9.71 trips/person/week. Majority of tileese trips made by people of age 26 to 60 yddrs o
which has a large share in the sample as wellltigguin an average mobility of 11.81 trips/perseeék
for this age group; however the elderly (>60 yeald) have a mobility of 6.44 trips/person/week on
average, that is significantly lower than the ollexeerage. Alternatively distance-based mobilitgasures
are calculated as a) average weekly total tripadist traveled and b) average trip distance pervittiich
showed average values of 125.71 km/week and
12.95 kml/trip, respectively.

“Home-based trips” are identified as those whictachane-end of the trip as the permanent
location of the traveler. An analysis showed th&7Q out of 2,146 weekly trips are home-based
trips. The departure time based distribution okéh&ips shows the majority departing in the early
morning period (T1: 6-9am) and returning back homthe afternoon period (T3: 12-4pm) with a
total of 748 weekly trips made by 80 travelers (Seble 1). Second major trend is observed
among 68 travelers with 436 weekly trips made betwlate morning period (T2: 9am-12pm) and
with a return in T3. A relatively weaker trend igserved among 26 travelers making 192 weekly
trips departing in the evening (T4: 4-9pm) and me&ing home after 9:00pm (T5). Day of the week
information of the late night return trips (134osiafter 9:00 pm) indicated that most of thesestrip
are made on Friday and Saturday, suggesting nok-nps.
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TABLE 1 Departure time distribution of weekly home-based and five-day commute (C5) trips

Return Trips

T5 (9 pm-

T1 (6-9am) T2 (9am-12pm) I T3 (12-4 pm) T4 (4-9 pm) 6am)

Trips Travelers i Travelers o Travelers o Travelers o Travelers o

Departing | no. of N No.of | No I No.of | No 1 No.of | NO | No.of | NO
Trips Trips Trips Trips Trips

T1 (6-9am)

Home- 1 20 9 56 80 74 8 90 1 14
based

5-Day 1 20 3 40 57 57 4 40
Commute

T2 (9am-12pm)

Home- 14 126 68 436 12 104 2 24
based

5-Day 5 80 15 18 7 70 1 10
Commute

T3 (12-4 pm

Home- 7 34 17 76 1 14
based

5-Day 2 20 1 10
Commute

T4 (4-9 pm)

Home- 21 112 26 192
based

5-Day 3 30 4 40
Commute

T5 (9 pm-6am)

Home- 6 24
based
5-Day
Commute

Determination of commute trips, which have a strogpgtitive pattern and constitutes a significant
potential for paratransit, is crucial in designiagparatransit system, especially in case of fixaater
services. In the literature commute trips are aefims “trips that are taken on a regular basis dmiw
permanent location of the traveler and work” [7wever, due to lack of trip purpose informatiortrigi
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level in the Philippi survey results, the distinctibetween home-based work and home-based non-work
trips could not be made. But, using the departune information and trip origin and destination ajall
home-based trips with the same trip ends depattat same time of the day for 5 days or moreweek,

are accepted as “commute trips” in this study, Whi a more flexible definition but still capturirntbe
repetitive pattern. The commute patterns are furthassified as a) a 5-day commute pattern (C5), if
commute trips are repeated at the same time inseduaing only the weekdays (Monday to Friday)alg-
day commute (C6), if these trips continue durindggs, and c¢) a 7-day commute (C7), if continuavakk.
The results showed that 118 out of the 221 pastitip made total of 1466 weekly commuting trips, afut
which, 1110 are C5, 72 are C6, and 294 are C%.dtd0 observed that some participants have mare th
one commute pattern a week to different destinatiés shown in Table 1, majority of the C5 tripkea
place between T1-T3 and T2-T3 time intervals, whialows the general travel pattern in the regthen

the trip ends of C5 commute trips are investigatted, seen that communities of Krinides and Kawale
attracting most of these trips, acting as majometion zones in the region, which is expected alu¢heir
high populations and economical activities.

3.1 Determination of Personal Mode Choice Prefereres

In the absence of trip level mode choice informtiother trip characteristics are used in
combination with traveler characteristics to depetb semi-disaggregate method to estimate the
modal splits in the Philippi region. The proposedtimod first, determines personal mode choice
preferences between three main modes: public tréasi, taxi (TX) and private car (PC). This
process includes utilization of total number ofaaled trips, stated TX and PT use frequencies and
car availability results for each traveler with €sechecking for consistency (see Figure 1).

For a traveler, stated PT and TX use frequenciescanverted to number of weekly travel days using
average values of 0, 0.5, 1, 3 and 6 days for &eges of “once in a month or less”, “about evettyeo week”,
“weekly”, “2-4 days a week”, “5-7 days a week”, pestively. The PT and TX travel days are checkealres the
revealed weekly number of travel days from the sumesults; if the stated days of PT and TX trarel bigger
than revealed values, they are corrected as trealexy values. For example, Traveler 16 reports agerof “2-4
days a week”, which means a PT use for 3 days/veeelaverage (see Table 2). Similarly, stated tax us
preferences of his/her is “5-7 days a week”, cquesing to a taxi use of 6 days/week. However, wileekly
revealed days of travel for Traveler 16 is onlhcal¢ulated from the revealed trips); thus, week¥yuse frequency
is corrected as 3 days/week. Later, the correcledrfd TX travel day values are converted to amnmedéd number
of trips by assuming a traveler makes an averadgetops per day (i.e. the return will also have game mode).
The difference between the total trips and totalaRd@ TX trips gives us the total number of privede trips. If the
traveler does not have a car, the estimated moR@Iyrips are distributed among the PT and TX tifums the sake
of simplicity in trip numbers, total trip numberseacalculated monthly where a month is assumedate fiour
weeks. For example, “Traveler 16” has a total oftfs, 48 of which are expected to be done by Rd &X,
leaving 8 monthly PC trips. But, the “Traveler 1#3es not own a car, thus, estimated 8 car tripsliatébuted
between PT and TX modes, resulting in 28 PT an@X@8&ips in a month.
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Revealed
Weekly
Trip Data

Revealed
Weekly
Travel Days

Traveler i

Average
Stated >
Revealed

Corrected

Average Stated Weekly

Public Transit and Taxi
Travel Days

Average Stated Weekly
Travel Days

YES_

Stated Public
Transit and Taxi
Use Frequency

Converted Weekly
Public Transit and
Taxi Travel Days

Corrected
Average Stated Weekly
Public Transit and Taxi Travel
Days

Revealed Weekly Travel Days

Car
Availability

YES

Estimated Monthly
Public Transit and
Taxi Trips

Updated
Monthly
Public Transit
and Taxi Tripg

Traveler Lavel Mode

Choice Percantages
(PTi, TXy, PCi)

FIGURE 1 Travel Level Choice Determination Process
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TABLE 2 Traveler Level Mode Choices for Selected Tavelers

Traveler Mode Preferences %

Public Transport (PT) Use Taxi(TX) Use Monthly Trips
Revealed
Converted] Corrected Converted Corrected Weekly | Private
Stated \Weekly Weekly | Stated | Weekly | Weekly | Days of | Car (PC)
Traveler IdFrequency|Travel Travel |Frequency Travel Travel Travel [Availability PT TX PC |PT TX PC
T_Otall Eo UefE2 UelE? U®
Days Days Days Days PT Trips®
‘5-7 days |
4 week” 6 5 “Weekly” 1 1 5 Yes 6040 40| 8 | 8 [[12f 12 0.67 ]0.13 0.20
“About
everyuothe “One in a
week
month or
8 0.5 0.5 |less” 0 0 6 Yes 484 4| 0] 0| 44] 44 0.08 ]0.00 0.92
'2-4 days | ‘5-7 days ¢
16 week” 3 3 week” 6 3 3 No 5624 2824|28( 8| O 0.50 ]0.50 0.00
‘One in a “One in a
17 month or 0 0 month or 0 0 5 Yes 40 O | O] O |40] 40 0.00 |0.00 1.00
less” less”
“About
‘2-4 days |
18 week” 3 3 everyother 0.5 0.5 5 Yes 4024 24| 4| 4 |12| 12 0.60 Jo.10 0.30
week”
‘One in a
month or “2-4 days ¢
60 less” 0 0 Jweek” 3 3 5 Yes 80 0 0O || 24|24 56] 56 0.00 ]0.30 0.70

“Total Number of Monthly Trips Estimated From RewsbWeekly Trips(Z)E: Estimated Monthly Tring: Updated Monthly Trips
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Finally, the percentages of use of each mode (XTand PC) for each traveler are calculated
based on the estimated and updated trips for eadte.nThe travelers with only PC trips are labelsd a
“strong car users” with “occasional TX/PT” use aghie case of “Traveler 17” in Table 2. In the Fipi
sample, 88 of the 221 travelers are assigned aganf) car user”. If the traveler is not a “straray user”,
his/her mode choices are accepted as their modeechercentages, instead of assuming a definiterPT
TX or PC user.

3.2 Estimation of Modal Attributes

Once the modes preferences of each traveler area¢stl, cost and travel times of the available
modes are needed to estimate potential switchratraasit for a given price and travel time scamarhe
attributes for the available modes (PT, TX and &@)calculated as follows:

* Modal Costs

Although it is generally flat rate for most publiansit trips at a fare of 1.2€ per ticket, it is
observed that some villages with longer distaneas Islightly higher rates going up to prices of€lor
even 2.3€. Based on the existing PT ticket prieds/&en certain villages, a distance based costitumrs
assumed for transit as shown below:

[11.2€ for distance < 12 km [1[]
[11.2€ + (distance-12)*0.1€ for 12 km < distance <kfry[]

Cost, =[]
1.7€ for 17 km < distance < 25 km

[12.3€ distance >25 km
00

Cost of a car trip is estimated with only the gasotost of the trip using the average gas
consumption of 0,07 It/km and an average gasoliive pf 1.119 €/It.

Cost of taxi trips are priced as follows in theiogeg
[13.85€ + 0.34*distance before midnight

Cost_=[11J
X

3.85€ + 0.64*distance between 12:00-5:00 aBince the

trip information is asked for 9:00 pm to 6:00anoas time interval, an
average taxi cost for this time interval is assunvét the following values:
Cost =3.85€ + 0.50*distanc&he distances between villages are used as the

map distances for the region, disregarding anyadcs traveled within a
village.

» Modal Travel Times
Taxi and Private Car modes are assumed to haveathe travel times, which is calculated as the
time required when traveled at an average speefDigbh. Public transit travel times for this mode is
estimated as the time it takes when traveled peadsof 50kph with an average waiting time of 1Qutgs.

4. A SCENARIO-BASED MARKET SHARE ESTIMATION

Market share estimation is a procedure to foretbespotential ridership/use of a mode in a multi-
modal transportation market. There are many appezsto calculate the percentages of different modes
varying from aggregate ones using basic modabates such as travel time and cost, and to disggtge
ones working at the trip and traveler level chamastics. Due to the fact that mode choice and cost
information were not available at the trip levet fhe reasons explained earlier, developing dissgge
mode choice models were not possible.

However, the survey included many traveler and kenel data, as well as paratransit
preferences of each traveler asked based on two paaatransit attributes (cost and travel time) in
terms of PT and TX prices and travel times, suchb@s% more than taxi travel time” or “twice
the bus ticket”, etc. Furthermore, desirabilitytioé proposed paratransit system is sought through
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guestions on level of willingness to wait, accefgabumber of stops during the ride, and in-
advance scheduling requirements, which could bi#yeased to design a paratransit system and
estimate its market share, if a scenario-based-deaggregate approach is developed. A scenario
would be created based on two attributes: paratrawst and paratransit travel time. As
willingness to pay for a paratransit trip may changith distance and travel time, the users’
preferences are asked for short trips (i.e. trgss than 5 km or trips takes less than 15 minutes)
and longer trips separately. An aggregate analg$ighe results shows that people stated
preferences for the following paratransit scenar&s‘50% more than bus price and 50% more
than taxi time”, b) “bus price and taxi time”, djus price and 50% more than taxi time”, d) “50%
more than bus price and taxi time” (see FigureA¥hough the majority answered within the
expected answer groups, it is notable that, pdatilyufor long trips, there was a reasonable
dispersion towards slower service times. This mdéaaisthey would generally not mind if it took a
little longer to arrive to their destination, baey would certainly prefer transit times shortarth
the bus system. On the other hand, the populationpke showed greater sensitivity to cost issues.
A small dispersion towards the right side of alaxtk, which refers to higher prices, can be also
observed.
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a) Short Trips

SameasBus 4 0-050 001 o 0'030
25%quicker than 0.02
Bus Q
25%quicker 0-090 0.050 0.020
than Bus
TwicetheTax ™
50%longerthan | 0.14 0.17, 0'020
Tax
0.10 0.04 0.01
SameasTax - °-1GQ O ) o

BusFare 1.5Bus 2Bus 25%lessthan Taxi
Fare Fare Taxi Fare Fare

b) Long Trips

—— 0.020 0.03 Q 0.05 Q
2526quicker than 0.01 0.02 0.01
Bus T a Q o
osvquicker | o.oo 0.06 0.03 0.01
thanBus O 0 »
TwicetheTaxi 0029 1y
5(slongerthan | 0.10 0.1 0.05 0.01
21 @ @ e o
SmeasTad 0.08 Q o.ogo 0.03Q 0.02
BusFare 1.5Bus 2Bus 25% lessthan Taxi

Fare Fare Taxi Fare Fare

FIGURE 2 Travel Time and Cost Preferences a) Showind b) Long Trips

In particular, it can be seen that very few pe@piswered that they would be willing to pay prickese to
taxi fares, even if the transit time was equahtat Df taxis.

Based on these aggregate assessment and PT fates Rhilippi region, 6 flat paratransit ticket qui
scenario are developed up to approximately twieeatierage bus ticket price as 1.7€, 2€, 2.3€, 25€ and 3€.
For each price scenario, a second subset of sosreme developed based on assumed paratransittiragdevel
of services used in the survey as “50% quicker thasi, “25% quicker than bus”, “bus travel timetaXi travel
time”, “50% longer than taxi” and “twice the taxiThus, a total of 36 different paratransit price tavel time
scenarios are generated. The overall methodologiyeoéstimation procedure is presented in Figuaedexplained
shortly as follows: For a given paratransit scemdd.g. paratransit cost=C=1.7€ and paratransiektrame =
PTTT= “taxi travel time”), for each trip i of a traler j (), paratransit travel time (PTTF)lis calculated. Following
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this, { is classified as either a “short trip” or a “loript based on two different sets of definitions dghtrips are
those shorter than 5km or 15 minutes in Philipphe desired paratransit cost and travel time peefs@s of the
traveler (for both short and long trips) are usedalculate average desired values of these a#sb@ * and
PTTTi*, respectively. Finally, scenario based paratitainavel time (PTTT) and cost (§) of the trip are compared
with the average desired preferencgs @nd PTTT*. If both measures of the given scenario are bétian the

average desired preferences, the trip is assumas ‘@ potential paratransit trip”.

Trip Distance
dy < 5Skm

MO

For every trip 1 of
every traveler (1)

Trawelers probability of

public transit use (FT),

tazi use (TX,) Select a paratransit system scenario

Travel Time Lewvel

Cost Lewel ()

of Serwice (P )
I

. ]

Dretermine PTTT,

Trawvel
Time (P i)
<15 mmn

C<Cy* and
PTTT; = PTTI;*

Determine Average

Diesired Paratransit
Cost (C4*) and

Trawel Time (FTTTy*)

\

e

t; 7 Hot a

Paratransirt

L

—

use (T20)

Paratransirt Probahility
of t;; Prit;) = Travelers

probability of public
transit use (PT))+ tasd

L

short and

Traveler Desired Preferences (different for

long trips)

Distance Based
Desired Paratransit
Cost and Travel
Tine

Travel Time Based
Desired Paratransit
Cost and Trvel Time

ZPr(ty) = Estimated
Weekly Paratransit

Potential for the
Revealed Trips

FIGURE 3 Methodology for Estimation of Potential Trip Numbers

If the selected trip is not a definite PT or TXptronly the sum of PT and TX mode preferences ef th
traveler are assumed to hold a paratransit potentithe trip. When this procedure is repeated dtr
weekly trips of all the travelers, the sum of thergtransit potential gives the weekly estimated il
paratransit use within the sample, which is latejgeted for the population. There may be different
approaches to get the population projection frommsample (sub-sample) values as some of the \sllage
would attract or generate more paratransit tripg, this had been addressed in the market shaneagtistin

study in the InMoSion reports, but excluded herelie sake of shortness.

To better illustrate this part of the methodologyist of decision and intermediate level paranseter
for 6 different trips by 3 different travelers geesented in Table 3. “Traveler 173" has two défertrips
with trip IDs of 1781 and 1794, having lengths &8 km and 9.8 km, respectively. The traveler level
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mode choice preferences for PT, TX and PC are midans 0.25, 0.04 and 0.71 using the approach
discussed in Section 3.1. PT, TX and PC costs ravelttimes calculated as discussed in SectionThé.
scenario travel time for the proposed paratragsgielected as “0.5 Public Transit Travel Time”. Hus
scenario, “Trip 1781" is assumed to be completed@r27 minutes which corresponds to half of the PT
travel time. Based on both the distance (trip lerrgbkm) and paratransit travel time (PTTT_173_1%81
15 min), this trip is classified as a “long trig&s the desired cost preference of this traveletdog trips is
stated as “1.5 public transit fare”, it correspotmlsn average desired cost limit of 2.55€. In toldj the
desired travel time preference of this traveler Ifarg trips is stated as is “1.5 taxi travel timghich
corresponds to 24.15 minutes. Since the paratraceitario travel time of 16.27 minutes is bettantthe
desired limit of 24.15 minutes, Traveler 173 is p¢ed to switch from PT and/or TX to paratransiteTh
probability of Traveler 173 to use paratransit flois trip is ultimately the his/her total PT and Tuse
probability of 29%. It should be noted that, inimsiting the market share of paratransit in theigbiil
region, it is assumed to capture ridership fronoPTX, not PC, as a lower limit estimation.

A more complicated situation can be observed ferdiécision game of Traveler 97 for Trip ID 114,
which is a long trip based on distance but a shiwetbased on paratransit scenario travel time digtance
based “long trip” and “short trip” paratransit peegnces of the “Traveler 97" are “2 public trariare” and
“1.5 public transit fare”, respectively. Thus, Teder 97 is willing to pay 2.60€, if he/she percesithis trip
a “long” one based on distance, while 1.95€, a f8hane based on travel time. As a result, an ayera
desired paratransit cost of 2.28€ is calculatethasaverage of these two limits. The desired traved
preference of this traveler is reported as “taavél time” for both long and short trips. As resttie
average desired paratransit time preference is4liihutes. In short, this traveler is willing toeus
paratransit for this trip, if a trip scenario hasravel time shorter than 11.14 minutes and ccsg than
2.28€. But, a travel time scenario of “0.5 Publiafsit Travel Time” corresponds to 12.80 minutes,
Traveler 97 will not be tempted to use paratrdiasifrip ID 114 in any case.

5. SENSITIVITY ANALYSIS FOR PARATRANSIT PRICE AND T RAVEL TIME

At the end of such a scenario-based game, the tatalber of potential paratransit trips is
calculated using probability of switch to paratitifigr each trip, giving also the time-dependerigior
destination matrix for paratransit demand. Howe®asrmentioned before, this demand will vary based o
the selected price and travel time level of servidee sensitivity of the total number of weekly q@uial
paratransit trips, an aggregate measure for th&anhahare, for the Philippi region is presenteéigure 4.
As expected, the total number of paratransit inpseases as the cost of paratransit gets smtdles,more
people are attracted.

However, the change in the price sensitivity is liraar, thus demand remains almost constant for
certain price ranges, while cost changes. For blettel of service in travel times, such as taavéel time
or 0.5 bus travel time, cost is the main factoeetihg paratransit demand until 2€ limit, while themand
remains almost constant (around 6,700 and 8,208 per week for “taxi travel times” and “0.5 buavel
times”, respectively) for the price range of 2€2t8€. As this insensitivity to price is observedaihother
scenarios, it is possible to charge the upper hvitthout significant level of loss of demand. Aftéis price
level, a second trend of negative linear relatitage is observed between demand and price up € 2.7
which shows that expected ridership can be chatgedricing policies effectively. Beyond 2.7€ limit
people are not sensitive to cost change,
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TABLE 3 Trip Level Paratransit Potential Estimation FIGURE 4 Weekly Potential Paratransit Trips for Different Price vs. Travel Time Scenarios

Trip
Traveler| Trip | Distance Mode Preferences PT Travel Time Taxi Travel Time Private Car (PC) Travel Time
Id Id (km) P(PT) P(Taxi)lP(Car) PT Fare (€) |Taxi Fare (€) Car Cost (€) (min) (min) (min)
173 1781 18.8 0.25 |0.04 0.71 1.70 10.24 1.47 32.54 16.10 16.10
173 11794 9.8 0.25 |0.04 0.71 1.20 7.18 0.77 21.76 8.40 8.40
56 591 9.8 0.67 |0.06 0.28 1.20 7.18 0.77 21.76 8.40 8.40
56 592 7.0 0.67 |0.06 0.28 1.20 6.23 0.55 18.40 6.00 6.00
97 114 13.0 0.50 |0.05 0.45 1.30 8.27 1.02 25.60 11.14 11.14
97 115 21.0 0.50 |0.05 0.45 1.70 10.99 1.64 35.20 18.00 18.00
Distance Travel Time
(PTTT) Based Based Average Distance Based Travel Time Average Paratransit Fare Scenarios
Scenario Desired Based Desired Desired Paratransit
Paratransit Paratransit Paratransit Time
Travel Cost
Traveler| Trip Time Desired Desired

Id Id Paratransit | Paratransit Desired Paratransit 3€ | 2.7€ |2.5€ 2.3€ 2€ 1.7€

(min) Cost (€) Cost (€) (€) Time (min) Time (min) (min)
173 1781 16.27 2.55 2.55 2.55 24.15 24.15 24.15 0 0 0.29 | 0.29 | 0.29 | 0.29
173 11794 10.88 1.80 1.80 1.80 12.60 12.60 12.60 0 0 0 0 0 0.29
56 591 10.88 5.38 5.38 5.38 12.60 12.60 12.60 0.7310.73]10.73] 0.73 ] 0.73 | 0.73
56 592 9.20 4.67 4.67 4.67 9.00 9.00 9.00 0 0 0 0 0 0
97 114 12.80 2.60 1.95 2.28 11.14 11.14 11.14 0 0 0 0 0 0
97 115 17.60 3.40 3.40 3.40 18.00 18.00 18.00 0.55] 0.55 | 0.55 | 0.55 | 0.55 | 0.55
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suggesting that they are willing to pay again etle& higher limit (3€) for the
proposed service. But of course, the level of tuastant demand is significantly
smaller than the almost demand attracted at 2-fB@ost two thirds of the latter).
Though price scenario larger than 3€ is not tebtdtis study, a certain decrease in
demand is expected with the increase of price, rateé of decrease cannot be
estimated from this graph directly.

The second dimension of this analysis is the deitgitof the demand to
travel time. As the travel time increases, the piddénumber of paratransit decreases
as expected. The fact that “0.5 bus” travel timeisegate more potential than the “1.5
taxi” level scenarios is due to the relatively gbortrips in the region. Since the
average taxi and bus trip travel times are caledlais approximately 10 minutes and
25 minutes, respectively, “0.5 bus” correspondagproximately 12 minutes which is
smaller than “1.5 taxi” level corresponding to 13notes. As can be seen in the
Figure 4, there is a significant drop (almost by ttluirds) in the paratransit demand
when travel times increase up to 1.5 taxi leveisEmows that people in the Philippi
region state show sensitivity to travel time foe #elected price scenarios. This may
seem as a conflict with a prior finding based om titaveler level stated preferences
on the cost and travel time scenarios. This camexpained by the difference in
general perception of the proposed mode by theel@awersus trip level decision
making based on the desired limits on modal atieibulf the proposed paratransit
system works at the level of service of PT, very temand shows that it will not be
very a significant alternative for the people.

It should be noted that price and travel time impat the paratransit
ridership shown in Figure 4 is somewhat expecteddy which shows that the
semi-disaggregate scenario-based approach andameomaking parameters
proposed in this study are sound and capable dfieag the price and cost
sensitivity of the market share and ridership, &geeted from any market
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share model.

6. CONCLUSIONS

This paper briefly introduces a research projetledi InMoSion
supported by European Union that aims to develdptisas for mobility
challenged people, such as elderly, disabled @l pwpulations. Paratransit
services with ITS support is one of the alternatitreat may increase or enable
mobility of such people, but it is important to layt the steps of estimation of
potential paratransit market share and design &sfecmunicipalities or local
authorities and provide the required know-how befeuch applications. This
study mainly focuses on discussion of the marketrestestimation for a
paratransit system in a region. Due to the tradéetiween a full household
travel survey and funding and time budget limitasio a customized
paratransit survey results are used to developra-disaggregate scenario-
based approach for a pilot study in the rural BpilRegion of Greeceé\s the
proposed methodology uses disaggregate traveleream@led trip information, first
the mobility patterns in the region are needed. tMidsthe trips in the region are
found to home-based trips, half of which is 5-daynmute trips, where the term
“commute” is used in a more general context toesent repetitive travel behavior
between the same origin-destination pairs at theedame of the day during all week
days regardless of the trip purpose. Later mobaityl modal preferences of each
traveler is calculated at a disaggregate levelclwtdare used to estimate first to
traveler mode preference probabilities for the xgsthree modes, public transit, taxi
and private car.For the market share estimatioty pewbability of use of paratransit
for each trip of each traveler is calculated based) the probability of use of public
transit and taxi use and b) the stated paratraosttand travel time preferences of the
traveler. At this point, it is assumed that panmsiawould capture only from public
transit and taxi, not private car, to get a lowemitl on estimation. As the survey
included the paratransit preferences of each tea\esked based on cost and travel
time level of service of the proposed paratranstem), 36 scenarios are developed
based on 6 different cost and 6 different travaktievels for the proposed paratransit
services. In a given scenario, the assumed pasitticost and travel time values are
compared with the cost and travel time of eachftipeach traveler to decide whether
he/she would prefer paratransit for this trip, legdto an expected total paratransit
trip number for the region. Finally a sensitivityadysis based on different price and
travel time levels is presented, showing that tiergein the Philippi will be willing to
use paratransit at high interest, if cost is keyten 1.7€, while a lower but a constant
demand is estimated for a price range of 2€-2.38chwwill be again sensitive to
change in the cost beyond 2.3€ limit. As significas cost, maybe even more, is the
travel time of the paratransit that will affect thaetential ridership.
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