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ABSTRACT

The continuously increasing need for mobility has brought about
not only significant facilities in several aspects of human
initiative, but also growing traffic congestions, a phenomenon that
leads at a short time level to unpleasant everyday situations, but in
the long run also to the degradation of the level of quality of
living in large cities. The management of traffic stands thus as a
fundamental prerequisite for confronting those issues and
enhancing transportation. This paper considers the concept of car
pooling as a structured approach to this problem, by specifying,
developing and validating a mobile-community-driven system for
collaborative  transportation, namely the *“Transportation
Management - Car Pooling System”. The system is capable of
proposing optimal, reliable and secure community matches
(taking into consideration personality features, talking interests,
driving style, etc.), based on user profile and context information.
The paper describes the Transportation Management - Car
Pooling System, presenting its input parameters, decision making
process and outcomes. Finally, indicative simulation results
showcase its effectiveness.
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1. INTRODUCTION

Current socio-economic circumstances in Europe impose an
increased need for mobility. Most European cities are
overcrowded with vehicles, facing a continuously growing
volume of traffic. Traffic congestions, an everyday phenomenon,
are basically caused by the large number of vehicles, moving or
searching for a parking place [21]. In addition, they are often
incurred by unpredicted accidents and emergencies, which are, at
the same time, associated with serious injuries / fatalities.

These facts show that there are important inefficiencies related to
transportation. Inefficiencies cause enormous losses of time (e.g.,
the period that drivers spend in traffic congestion or while they
search for parking places), decreases in the level of safety for
both, vehicles and pedestrians, high pollution, degradation of
quality of life, and huge waste of non renewable fossil energy [9],
[19], [21]. Those inefficiencies have brought up the necessity for
developing systems for more efficient and safer mobility. In
response to the above, transportation (also traffic) management
has been lately attracting enormous research effort, being
established as a key service that should be offered, in the area of
transportation, by Information and Communication Technologies
(ICT) [20], [13], [22].

A phenomenon that is quite aligned with the inefficiency of
transportation is the continuously increasing level of utilization of
vehicles (i.e. vehicles are used in more and more aspects of
human initiative), linked to the minimization of vehicle
passengers (i.e. vehicles carrying only the driver), due to the
increase in vehicle ownerships [21]. Apparently, this causes a
significant increase in traffic volumes. To address this drawback,
only some independent solutions have been proposed in the
United States, Germany, Greece and Great Britain [4], [5], [6],
[7], [11], [15], [16], [18]. This paper builds on those proposals
and presents an innovative, widely applicable approach that lies
on the advances of telecommunications [21]. On one hand,
internet community portals provide the means to bring people
together sharing the same interests and needs in order to ease poor
social fabric and remove interaction barriers. On the other hand,
car pooling (sharing) services (most popular in the US [3], [5],
[11]) are chosen as one of the solutions for improving
transportation efficiency. As a definition, “car pooling is at least
two people riding in a car. Each member would have made the
trip independently if the carpool had not been there. Driver and
passengers know before the trip that they will share the ride and at
what time they will be leaving. Professional and/or commercial
vehicles are excluded. Both the driver and the passenger(s) are
considered as carpoolers”, as stated in [12][21]. With the vision to
improve both, transportation and social fabric, the paper combines
the concepts of communities, mobility and car pooling into one
integrated, community driven, mobility solution. In particular, it
presents an optimization method that leads to mobile-community-
driven, secure, collaborative transportation, which is capable of
proposing optimal, as well as reliable and safe community
matches (e.g., safe driving, talking interests, etc.) and routes,
based on profile and context information in mobile situation
contexts.

The contribution of this work is twofold:

First, it specifies and develops a mobile-community driven
optimization strategy that proposes community matches and
routes, based on user profile and context information and
succeeds in reducing the overall traffic loads in transportation
infrastructures, through exploiting advanced transportation
management solutions.

Second, it delivers inter-disciplinary solutions that benefit from
advanced ICT technologies and the sociology and psychology
sciences, improving social fabric, since based on user profiles
(drivers and passengers), people are connected, and communities
are built out of these interactions. Through these communities
people can share transportation and generally support each other.

In the light of the above, the structure of the paper is as follows:
the next section presents the motivation for this work and



describes in a high level fashion an optimization scheme that can
efficiently manage transportation infrastructures through the
concept of car pooling, namely the Transportation Management -
Car Pooling System (TM-CPS). Section 3 presents the TM-CPS
in detail, whereas section 4 provides some indicative simulation
results that showcase the system’s efficiency. Finally, concluding
remarks are drawn in section 5.

2. MOTIVATION, BUSINESS CASE AND
HIGH-LEVEL DESCRIPTION

2.1 Motivation

As previously mentioned, the necessity to eliminate the
continuously growing volume of traffic is broadly accepted, since
it involves versatile, everyday, unsatisfactory situations. A
solution approach to this could be the concept of “car pooling”,
which suggests that the passenger and the driver may agree to
share the same ride to a certain destination, based on an
agreement upon specific criteria. The results of such an action are,
on one hand to have reduced number of cars on the route, and on
the other hand to significantly reduce the expenses for gas or
parking (there is an agreement of sharing the car expenses
between the passengers [1], [17], [20], [24]). In addition to the
above, the overall energy consumed is significantly reduced, and
therefore pollution and CO2 emissions become less. In this
respect, car pooling contributes to the diminishment of
atmospheric pollution, more than any state-imposed policy [1],
[17], [20], [24]. Also, the participants may take turns through
sharing their vehicles [5]. Last but not least, car pooling may also
provide social connections in an increasingly disconnected
society [25]. Aligned with the latter, online car pooling services
offer new ways to make social connections through discussion
sites and custom ride-sharing services.

An important measure that has been already applied in countries
that car pooling is widely accepted (i.e. in twenty states of
U.S.A)) is the designated car pool lanes on highways (usually
called High-Occupancy Vehicle - HOV lanes), which make
traveling faster [5], [19]. These lanes concern cars having more
than 2 passengers. Researches have shown that such lanes operate
in an encouragingly effective manner [5].

In the light of the above, car pooling seems an attractive concept
that could contribute to a more intelligent management and
improvement of transportation circumstances. In this respect, the
next subsection indicates how a car pooling system could become
of commercial use, while subsection 2.3 gives an overview of the
TM-CPS which will be analyzed in the context of this paper.

2.2 Business Case

This section aims at exemplifying the role of car pooling and
raising the issue of its application, to support transportation
management in large cities that face congestion problems, through
a system created for this purpose.

The business case assumes that a person wishing to reach a
destination monitors a specific drivers’ pool, seeking for a subset
of drivers being directed towards the same place. The person in
question (prospective passenger) interacts with all “candidate”
drivers and examines whether an agreement can be established,
regarding specific criteria that originate either in the passenger’s
preferences, or in the driver’s intentions. Indicative parameters
include on one hand the requested (by the passenger) and

provided (by the driver) departure and destination point, as well
as the itinerary’s cost, and on the other hand, user profiles (age,
gender, marital status, educational level and occupation, language,
nationality, smoking habits, etc.). The driver-passenger pair
selected is the one that results in the best matching of parameters.

A high-level scenario corresponding to the business case is shown

in Figure 1.
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Figure 1: High-level car pooling scenario

The scenario can be either passenger-, or driver-initiated and
evolves in five main phases. Examining the passenger-initiated
scenario, in the first phase, the passenger seeks for drivers
originating at a certain place and intending to reach a desired
destination (the depiction of the driver-initiated scenario is
omitted for brevity). In the second phase, the passenger interacts
with the identified candidate drivers and negotiates upon a set of
predefined criteria. In the third phase, the driver that satisfies
most of the criteria is selected for the journey. The fourth phase
refers to the implementation of the journey, while the final (fifth)
phase, which takes place after the journey, consists in the
evaluation provided by both parties of the journey, for future
reference.

2.3 High-Level TM-CPS Description

The opportunity to share a vehicle, when having a similar
itinerary and set of matching parameters, offered by the concept
of car pooling, can be guaranteed through the existence of a
system, accessible through the user’s mobile phone or laptop/pc.
In general, such a system has to take into consideration user’s
preferences and personal needs, as well as their changes as the
time elapses, in order to adapt to them, taking in mind past
preferences. Therefore, the system’s two fundamental
requirements are (i) personalization and (ii) adaptability, so as to
effectively interact with the user [14].

Such a system is discussed herein, namely the TM-CPS. The TM-
CPS uses as input some user profile aspects, as well as some
service aspects and aims at proposing optimal, reliable, secure and
safe community matches and routes.

The TM-CPS is described in a high-level manner in Figure 2,
while its main components are thoroughly analyzed in the next
section.
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Figure 2: TM-CPS High-level description
3. TM-CPS Detailed Analysis

This section elaborates on the components of the TM-CPS
presented in 2.3 and depicted on Figure 2, their operation and
interactions [14], [26].

3.1 User Profile Aspects

This component stores all user-related data, namely personal
information and preferences. It enables the system to know,
immediately after the user logs on to the system, the identity of
the user and the data the user has provided the system with.
However, it should be noted that the user’s preferences may
change as the user makes use of the car pooling service. The
component allows such amendments. The information handled
through it is reflected on a list of parameters, discussed below.

User Profile Parameters. In general, the parameters that depict
the data contained in the User Profile Aspects component include
personal data and personal vehicle data. Personal vehicle data
contain information on the vehicle that the user has and the
characteristics that make it unique and identifiable by the
passenger. These data are the number plate, the year the car was
constructed, the year the user got his/ her driving license, the type
and date of expiration of the car insurance and the brand of the
car. Of course, personal vehicle data are optional, since a user of
the system may not possess a car, yet can make use of the car
pooling service, so they are just presented here for consistency
and will remain unconsidered for the rest of the paper.

Personal data contain information regarding age, gender, marital
status, educational level and occupation, language, nationality and
whether the user is a smoker or not. More specifically, each user
states his age, as well as the age category he wishes his co-
passenger to be in. Usually the gender of the user does not make
any difference, yet sometimes the gender may help people in
having common interests. Being married or single is of
importance for users’ matching. For instance, mothers may have
many common interests regarding their children, than they would
have while traveling with a student. A user’s educational level is
important, as it can create a more convenient atmosphere for co-
travelers, as the chances of having something to discuss increase,
and make the journey more pleasant. Occupation is another
important parameter that affects the matching between users and
creates higher possibility for it to succeed [5], [8]. The languages

a user speaks may include him in a wider group of users and
therefore have more chances of finding an appropriate match.
Nationality is also a factor that influences the matching of users
and their possibility to have a pleasant trip. Being a smoker or not
may be very important for a user and affect at a great extend
whether he will accept a matching or not. This is the reason for
which in the beginning of the trip users establish some ground
rules. In general, there has to be an agreement regarding smoking,
music, food, drinks etc. Discussions are possible to irritate a user,
as some may like quiet time in the morning, or a user may be
sensitive to strong perfumes [7]. Rules are thus important to be set
and agreed between users. In this respect, two additional
parameters placed within this component (however not directly
linked to user preferences) are (i) the itinerary’s cost (to be
discussed below) and (ii) the driving competence (deriving from
others’ evaluations, as will be shown in the sequel).

Parameters’ Weight. Apart from the aforementioned parameters,
a TM-CPS user needs to specify the importance he attributes to
each of those parameters. This is achieved by valuing each of the
parameters with a certain weight. Of course, it is possible that
parameters could have the same weight for the user. For instance,
a user may consider equally important that his co-passenger
speaks English, as well as the fact that he is not a smoker.
Practically, the user attributes each parameter with a value
between 0 and 1, with 0 implying that the parameter has a low
importance for the user and 1 pointing at a high importance,
respectively. In case a parameter has the same weight with
another one, it is inferred that the user has equal interest in these
parameter. Regarding the repetition of the match, the user does
not attribute it with a certain weight, yet in the case that this user
has traveled again with another user, the system can be informed
whether the user is willing to share a ride again, based on the
information extracted at the end of the itinerary.

As far as the cost of the itinerary is concerned, the user also
specifies its weight. This means that the user is in position to state
the level of expenses he can afford, or this is of no importance for
him. The cost of the itinerary is calculated when a service request
is made (this procedure is analyzed in 3.2). In order for the system
to be aware of the gas expenses, in the beginning of the itinerary
the driver sets the number of the kilometers, as well as whether
the itinerary includes the tolls or not. Last but not least, the
driver’s driving competence and social behavior is evaluated by
the passengers when the itinerary is completed. The value of these
parameters is calculated as the mean of all passengers’
evaluations. A summary of the parameters associated with the
User Profile Aspects component and their notations, is provided
in Table 1.

Table 1: User Profile Parameters

Parameters Notation
1.Age AG
2. Gender GEN
3. Educational Level EL
4. Family State FS
5. Work WOR
6. Smoking SM
7. Language LAN
8. Nationality NT
9. Source SR
10. Destination DEST




11. Commuter Cost CC
12. Evaluation EST
12.1 Driving Skills DS
12.2 Social Behavior SB
12.3 Repeat Match RM

3.2 Service Aspects

This component stores information about the service delivered to
users. In particular, it is responsible for keeping records of the
information regarding the service requests, the service requests
that were satisfied and the users that were involved in the
realization of the car pooling service. This means that when a user
makes a car pooling service request, this request is received and
decoded by the Service Aspects component, through identifying
the critical information within the request (user id, departure
point, destination point) and then passing this information to the
User Profile Aspects component, in order to make the initial
scanning of the user profiles and propose the potential matches.

The aforementioned critical information is reflected on a list of
parameters, summarized in Table 2.

Table 2: Service Parameters

Driver Matching Passenger
Parameters Parameters Parameters
Driver departure ! Itinerary I Passenger
point ! ! departure point
Driver departure | Itinerary’s cost | Passenger
time ! ! departure time
Driver i Pick-up point | Passenger
destination point | i destination point

A parameter that has to do with the itinerary is the passenger’s
starting point. The respective parameter for the driver is the
driver’s starting point, which is dependent on the itinerary he will
follow to reach his destination. In other words, a matching takes
place when passenger’s departure and destination point are
convenient for the driver’s itinerary and departure and destination
point. For instance, co-workers or people working in the same
area of the city may agree on a car pooling service on a daily
basis [8]. Moreover, itinerary’s cost is agreed between users, so as
they are both aware of the amount of money the passenger is
going to compensate the driver. The cost is calculated taking into
account the number of kilometers, as well as the fees spent on
tolls, through a specific equation. The result of the equation
represents the amount of money that the passenger will provide
the driver and depends on the distance of the itinerary, and also
the number and the cost of the tolls [17].

This equation can be defined as follows:

Zcost _ (0.25IKm + 2'h) )

N
where km is the itinerary’s distance (expressed in km), N isthe
number of the passengers and n expresses the times that tolls

shall be paid throughout the itinerary. The cost of the tolls is set to
2€, yet it may change and the equation may formed accordingly.

Finally, it is important to be punctual and agree on how long the
driver will wait for a passenger. The usual waiting time is 2 to 3
minutes [7].

3.3 Optimization Method: Decision Making

and Implementation

This component receives the potential matches from the User
Profile Aspects and the Service Aspects components. Its main
responsibility is to make a decision amongst those matches,
through an optimization process, which aims at maximizing the
value of an objective function (OF) [23], whose variables are the
profile and service parameters (see also Table 1, Table 2 and [2]).
The OF value is calculated for every user based on the parameters
and their respective weights. The driver for which the OF is
maximized is the driver that best fits to the user requesting the
service, and therefore the one that will be chosen among all
candidates.

Let x be the user, with X denoting the set of users (xe X ).
Accordingly, let d be the driver, where D is the set of drivers
(d e D). Each parameter (among the ones previously mentioned)
is denoted as par, where PAR is the set of parameters
( par e PAR). In this respect, W (x, par) is the weight for each
parameter ( par ) for the user x and par(d) is the value of the

parameter that corresponds to the specific driver. The OF for the
system is formed as followed:

OFgyem = Max{z K(x,d)D W (x, par)Dpar(d)} %)

par
Where par>0and par=1..N. As can be observed, the
OF, consists of the sum of the OFs of each driver (OF, ) and

System

the factor K(x,d). The TM-CPS target is to identify the
maximum amongst the OF values that correspond to each of the
drivers. The OF, is given by the following equation:

OF, = > W/(x, par)Jpar(d) )
par
Also, it holds that K is a binary parameter which shows whether
a driver is chosen by user or not. Specifically:

0, if user x does not choose driver d

K(x,d)=4 " . 4
1, if user x chooses driver d

This equation denotes that every user x may select only one

driver d for each itinerary.

The former applies also to the reverse procedure, when a driver is
seeking for a passenger, in order to use car pooling service. The
scenarios that follow present this procedure and therefore the way
OF works in order to find the best match for each user.

3.4 Feedback — Evaluation

As already mentioned, when registering on the platform, the user
provides the system with their personal data and preferences. Yet,
a change of user’s preferences or personal data is possible,
therefore the system will have to be able to update the according
parameters and adapt to user’s new preferences and needs. Of
course, a user may update his profile by himself. On the other
hand, changes in user’s profile or preferences may be inferred
through the evaluation procedure within the system. This
procedure is done by the passengers concerning the drivers and
vice versa, at the end of every ride. It provides the users (both the
driver and the passenger) with the option to fill in a brief
questionnaire, evaluating the driver/ passenger. The questions aim



to extract the user’s opinion on his co-passenger’s social behavior,
the driving competence and skills and whether he is willing to
share the same ride with this driver or not.

Specifically, there are three categories of overall evaluation which
a user can choose from: positive, neutral or negative. Also, the
user may specify whether he is willing to share a ride again with
the same user of the system. In this way the system may create,
and each time update, a “+ list for positively evaluated users and
a “—* list for negatively evaluated users. Driving style, driving
competence and social behavior are some evaluation parameters
which help the system to update the user profile, in order to create
more successful matches in the future. In addition, each user can
explain their evaluation through comments, giving e.g. details on
the punctuality or reliability of the other member. Each user may
have access to the evaluation user profile of a user, in which all
received evaluations are collected. By viewing this profile, other
users can view evaluations and profit from the experiences of
other users [4]. It is important to make comments easily
understandable and factual for other users, as other users may
read evaluations. The purpose of the comments is to allow other
members to hear of certain experiences and of course not to insult
other users [4]. The update parameters are summarized in Table 3.

Table 3: System Update — Evaluation Parameters and their
potential values

System Update — Potential Values
Evaluation Parameters

Overall evaluation on user

positive, neutral, negative

Willingness to share a ride | positive, neutral, negative
again
Driving style

calm, convulsive, environment
friendly and gas saving

good, efficient, dangerous
pleasant, friendly, annoying,
rude

4. Indicative Simulation Results

This section contains indicative results that derive from the
utilization of the TM-CPS to a simulated transportation
infrastructure environment, so as to showcase its efficiency.

Driving competence
Social behavior

Two scenarios will be presented. The scenarios are user-driven, in
that they are differentiated based on user preferences. The first
one presents the typical paradigm of a car pooling service request,
while the second one serves as an example for the case when a
user values extremely high a certain parameter (the cost, in our
case).

4.1 Scenario 1: Regular service request

We consider user Mary, who has already registered on the TM-
CPS and therefore disposes a unique identity in the system. Her
starting point is SP-A and her destination point is DP-A, an
itinerary of 18 kilometers (km). At the same time, three (3)
drivers make a car pooling system request, making the system
aware that they are going to follow the itinerary SP-A to DP-A.

Mary is supposed to have already filled her personal profile,
stating the weights of parameters and also depicting her personal
preferences on the driver or passenger (in case she is the driver).
Table 4 presents the parameters and their respective weights
(viewed from both), the passenger and the driver side. In the

sequel, following the procedure discussed, the TM-CPS is
responsible for deciding upon the best possible match.

Table 4: Scenario 1 - Parameters and their respective weights

Parameter Weight
Age 0,09
13-17 0,1
18-24 0,25
25-34 0,4
35-44 0,16
45 - 54 0,05
55 — 64 0,02
65— 70 0,02
Gender 0,02
Male 0,5
Female 0,5
Educational Level 0,07
Higher 0,6
Medium 0,2
Low 0,2
Marital Status 0,05
Married 0,3
Single 0,7
Occupation 0,07
Employed 0,4
Unemployed 0,05
Housewife 0,05
Student/ Pupil 0,5
Smoking 0,25
Yes 0,1
No 0,9
Language 0,02
English 0,3
French 0,3
Greek 0,3
Other 0,1
Nationality 0,05
English 0,8
Other 0,2
Evaluation
Driving Competence 0,25
Good 0,5
Medium 0,35
Low 0,15
Social Behavior 0,08
Good 0,8
Medium 01
Low 0,1
Itinerary Cost 0,05
Economic 0.6
Non-economic 0.4
Repeat Match
(NMB) No Match Before
Yes
No

Specifically, taking into consideration the data provided by Table
4, Error! Not a valid bookmark self-reference. is formed in
order to provide reference to the parameters and their weights for



each of the three suggested candidate drivers, in order to
showcase their differences.

Table 5: Scenario 1 - Candidate Drivers’ Parameters and

their Values

Parameters George Kate Nicolas
Age 29 yrs (0,4) 26 yrs (0,4) 34 yrs (0,4)
Gender Male (0,5) Female (0,5) Male (0,5)
Educational . . .
Level Medium (0,2) | Higher (0,6) Higher (0,6)
Marital . . .
Status Married (0,3) Single (0,7) Single (0,7)

. Employed Employed
Occupation (0,4) Student (0,5) (0.,5)
Smoker No (0,9) Yes (0,1) Yes (0,1)
Language English (0,3) English (0,3) English (0,3)
Nationality | English (0,8) | English (0,8) English (0,8)
Departure SP-A SP-A SP-A
Destination | DP-A DP-A DP-A
Itineral Non - Economic Non-
Cost y Economic (0.6) Economic

0,4 ' 0,4

Evaluation
1. Driving Medium
Competence Good (0.5) Good (0.5) (0,35)
2. Social .
Behavior Good (0,8) Medium (0,1) | Good (0,8)
3. Repeat
Match NMB NMB Yes

In addition, Figure 3 depicts the weights of the parameters with

regards to Mary’s preferences.

Weights of Parameters

Weights
o
v

@ George
O Kate

m Nicolas

AG GEN EL FS WOR SM LAN NT CC DS SB

Parameters

Figure 3: Scenario 1 - Parameters weights in combination
with passenger’s preferences

For every candidate driver, there is a respective OF value, based
on the parameters and their weights, as presented in 3.3 and
equation(3).

More specifically,
OF o= 2 W (X, par)par(d) =

par
0,0900,5+0,02(0,5+0,07(0,2+0,050,3+0,07(0,4+
0,250,9+0,020,3+0,0570,8+0,050,4+0,250,5+0,080,8
=0,583
Similarly,

OF e = X W(x, par)par(d) =

par

0,090,4+0,02(0,5+0,07(0,6+0,050,7+0,07(0,5+
0,250,1+0,02(0,3+0,050,8+0,050,6+0,25[0,5+0,0870,1
=0,392

and
OFNicoIas: ZW (X’ par)upar(d) =
par
0,0910,4+0,020,5+0,07(0,6+0,050,7+0,07(0,5+
0,250,1+0,02°0,3+0,05(0,8+0,050,4+0,350,5+0,08 0,8
=0,4005

Replacing the respective factors to equation(3) and taking into
account equation(4), we construct the following equation:

OF = Max{z K(x,d)D> W (x, par)Lpar(d)}

par
= Max{10,583+0.0,392+0.0,4005}
=0,583

Based on the results, what can be concluded is that the TM-CPS
will decide in favor of Mary and George, as George’s OF value is
the highest, among the three candidate drivers. It may also be
observed that despite the fact that Kate and Nicolas comply with
Mary’s preferences as far as age, educational level and marital
status are concerned, driver George is selected as more
appropriate, as Mary thinks of driving competence and smoking
as more important factors to make the match.

Figure 4 graphically presents the OF values of the 3 candidate
drivers.

Objective Function
0,7
0,583
0,6 4
0,5+
[} 0,392 0,4005
=] 4
3 04
L 034
(]
0,2
0,1+
0+
George Kate Nicolas
Candidate Drivers

Figure 4: Scenario 1 - Objective function value for each
candidate user

Furthermore, let it be noted that using equation (1), we can
calculate the cost of the itinerary, which in this case is 2.25€.

When the selection of the users that will share the ride has been
finalized, they contact each other by telephone, e-mail or SMS in
order to set the details of the itinerary, namely the time of the
pick-up, the pick-up point, the destination point, the maximum
time of waiting at the pick-up point and the cost of the itinerary.

Of course, candidate drivers and passengers have the right to
reject a potential match, as they will be able to view their



candidate’s match profile. In case one the users rejects a match,
then the next choice is offered as a solution.

4.2 Scenario 2: Cost — driven scenario
In this case, user Thomas (a driver now) wishes to drive an
itinerary of 463km, having as starting point the SP-K and
destination point the DP-L. This means that the itinerary is an
interurban itinerary and it definitely involves tolls. Driver Thomas
specifies the day and time of departure, the possible stops he is
going to make during the itinerary and the number of tolls he is
going to pay:

»  Starting Point: SP-K

»  Destination Point: DP-L

»  Kilometers: 463 Km

»  Number of tolls: 5

In such a long itinerary it seems rational that, more than any case,
the cost is important to the users, as it is higher than any other
itinerary. The weights of parameters for Thomas are presented in
Table 6. As it may be observed, the driver thinks of the cost as a
very important factor of the itinerary. Another point to underline
is that in the evaluation part, the sub-parameter “Driving
Competence” is not taken into consideration (it is equal to zero).
This is because in this case the driver is the one that looks for a
co-passenger and not vice versa. Therefore, it is of no importance
whether the passenger is a competent driver or a driver at all,
since he is not going to use such skills. There are three users of
the system that wish to make the same itinerary as Thomas and
seem to be close to the characteristics that the driver has applied
for.

Table 6: Scenario 2 - Parameters and their respective weights

Parameter Weight
Age 0,1
13-17 0,15
18-24 0,3
25-34 0,3
35-44 0,1
45 - 54 0,05
55 — 64 0,05
65-70 0,05
Gender 0,02
Male 0,5
Female 0,5
Educational Level 0,09
Higher 0,5
Medium 0,35
Low 0,15
Marital Status 0,04
Married 0,45
Single 0,55
Occupation 0,08
Employed 0,2
Unemployed 0,25
Housewife 0,05
Student/ Pupil 0,5
Smoking 0,15
Yes 0,6
No 0,4

Language 0,02
English 0,3
French 0,3
Greek 0,3
Other 0,1

Nationality 0,05
English 0,65
Other 0,35

Evaluation
Driving Competence 0,0

Good 0,0

Medium 0,0

Low 0,0
Social Behavior 0,1

Good 0,8

Medium 0,1

Low 0,1
Itinerary Cost 0,35

Economic 0,1

Non-economic 0,9

Repeat Match

(NMB) No Match Before

Yes

No

Table 7 presents the weights that correspond to the values of
parameters for each candidate user, as formed according to
Thomas’ preferences and priorities, expressed in Table 6.

Table 7: Scenario 2 - The weights of the parameters for the
candidate passengers

Parameters Margaret Amy Jim
Age 23 yrs (0,3) 53 yrs (0,05) 31 yrs (0,3)
Gender Female (0,5) Female (0,5) Male (0,5)
Educational . Medium .

Level Higher (0.5) (0,35) Higher (0,5)
Marital . Married Single
Status Single (0.55) | 4 45) (0,55)
Occupation | Student (0,5) E)O(l)";;“ wife I(E(;n 2p)|oyed
Smoker Yes (0,6) No (0,4) Yes (0,6)
Language English (0,3) English (0,3) English (0.3)
Nationality | English (0,65) | English (0,65) %g%g;h
Departure SP-K SP-K SP-K
Destination | DP-L DP-L DP-L
Itinerary Economic Elggn;mic Economic
Cost 0,1) (0.9) 0,1)
Evaluation

1. Driving ) ) )
Competence

2. Social

Behavior Good (0,8) Good (0,8) Good (0,8)
3. Repeat

Match NMB NMB Yes

Then, based on the parameters and their weights, we can calculate
the OF’s value for the three candidate passengers, using the
equation(2), and following the example of the first scenario.




Figure 5 presents the values of the parameters for every candidate
passenger, while Figure 6 presents the OF values for all three
candidate passengers.

Weight of parameters

0,8
0,6
Weight i @ Margaret
0,4 | I L] I I oAmy
I "
0,21l I I I I I mJm
!

AG GEN EL FS WOR SM LAN NT CC SB

Parameters

Figure 5: Scenario 2 - Parameters weights in combination
with driver’s preferences

Out of the three candidates, Margaret and Jim have almost all
parameters’ values similar and very high. This means that they
have high chances to match with Thomas. Thus, it would be
sensible that the system would have to choose between one of the
two passengers (Margaret or Jim) to travel with. Yet, since
Thomas thinks that the cost is the most important factor, Amy
will be chosen, as she is the user that has the same opinion with
Thomas, that is a non-economic itinerary, and Thomas attributes a
high importance to this parameter (providing a high value). This
means that Thomas would like to travel through the most
expensive and yet safer manner, which is through the National
Highways.

Objective Function
06 0,562
05 -
0,3905
o 04 0,3665
=
S 03
L
O 024
0,1
0
Margaret Amy Jim
Candidate Passengers

Figure 6: Scenario 2: Objective function value for each
candidate user

Figure 6 shows in a graphical way the OF values of the 3
candidate drivers. Moreover, using equation (1), we can calculate
the cost of the itinerary, which in this case is 62,87 €.

This is a typical example showing that the weights can
catalytically affect the results of the OF value calculation.
However, the driver is in position to reject the candidate
passenger with the highest OF value and choose the passenger
that has resulted to the second highest OF value, as also
previously mentioned.

5. Conclusions and Future Work

The continuously increasing need for mobility has brought about
significant changes in transportation infrastructures, usually
associated with unpleasant traffic congestions. Those unpleasant
phenomena raise the necessity for more efficient and safer
mobility. A valid option is to efficiently manage traffic and lies in

the concept of car pooling, which envisages that drivers and
passengers can share an itinerary, increasing the number of
passengers per vehicle, while decreasing the number of vehicles
in the route. In this respect, the paper has proposed a system,
namely the "Transportation Management - Car Pooling System"
(TM-CPS), which is capable of proposing optimal, reliable and
secure community matches, based on profile and context
information. Apart from the detailed description of the TM-CPS
components, the paper has also gone through extensive
simulations, the results of which are more than encouraging in
proving the TM-CPS's capability to be applied in real time
transportation infrastructures.

In general, the TM-CPS represents a simple, while absolutely
effective means to eliminate traffic congestions, contributing at
the same time to the reduction of environmental pollution, as well
as to the enhancement of social relations amongst strangers. As
the concept of car pooling is envisaged to attract significant
attention in the near future, more and more organizations will
target the utilization of management systems, such as the TM-
CPs.

A potential improvement to the system could consist in a further
analysis of cost factors that should be taken into account, with this
denoting the design and development of advanced, composite
objective functions that should be optimized when proposing
matches. Furthermore, another aspect to be analyzed is the
creation of user groups, by taking into account user history
preferences (the parameter used in this system “Repeat Match”, as
well as personal characteristics of the user (area of residence, area
of work, etc). In this way, the system will search on a first level
within the group and if not finding a match, then it will proceed
on the broader level of the system as a whole. Additionally, as a
future work, the TM-CPS shall be incorporated in larger
transportation  management systems. This implies the
consideration of work on distributed, cognitive functionality for
the management of transportation, in terms of combining the
concept of car pooling with other legacy and novel methods, such
as vehicles redirections or traffic lights amendment, according to
the management system's commands.
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