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Introduction

. “Rlde -sharing” == “Carpooling”

“Carsharing” (DriveNow)

“Transportation Service” (Uber)

“Long-distance Carpooling” (BlaBlaCar) !
* Real-time (dynamic) vs. pre-organized

2

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

[1] https://www.blablacar.com/
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Motivation T|.|T|

» The impact of congestion is rising in metropolitan areas
« Commuters travel from outer regions into city centers or business parks

« The majority of vehicles in Germany have a capacity of 5 seatss
+ 1.5 of them are used on an average trip 1!
« Commute rides to work: 1.2 passengers on average 12!

» A matching platform for commuters creates win-win-win situation:
v' Passengers can save travel time
v" Drivers can split the fare and might share their driving effort

v Institutions / companies benefit from decreased infrastructure and car
usage as well as from networking effect between passengers

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus  [2] Mobilitat in Deutschland, Bundesministerium 2008
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Research Questions Tum

1. What are the existing strategies and approaches to solve real-time ride-sharing?

2. How to formalize the commuter matching problem for the TUM Garching
Campus?

3. How to design and implement a platform for daily ride-sharing at TUM Garching
Campus?

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Methods: State-of-the-art Literature Review TUT

« Five stages of ride-sharing!¥ starting in US:

1. World War Il car-sharing (or carpooling) clubs(®
Responses to the 1970s energy crises driven by High-Occupancy-Vehicle lanes®’]
Ride-sharing schemes organized by cities and municipalities!®!
Reliable ride-sharing systems having prearrange and static rides!'?
Technology-enabled ride-matching: GPS, mobile computing, platform technology!'!l

ok~ wb

E
When you ride ALON
you n!le with Hlﬂ

[3] www.upload.wikimedia.org

[4] Ridesharing in North America: Past, Present, and Future,
Nelson D. Chan 2012

[5] Columbia Law Review, 1942

[6] Regional structural elements in Northwest Germany, JC
Pratsch 1979

[7] Casual carpooling-enhanced, KL Kelly 2007

[8] Impacts of Employer-Based Trip Reduction Programs

Cur_Sharing Club and Vanpools on Passenger Vehicle Use and Greenhouse

Gas Emissions, Marlon G. Boarnet 2014

TODAY ‘. [10] Ridematching online: an evolution in service delivery, D
Bower 2004

Poster in the US during WWII to promote Carpoolingt®! [11] Seattle smart traveler: dynamic ridematching on the

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus World Wide Web, DJDaIIey D.Loseff D.Meyers 1999 o ;



Methods: State-of-the-art Literature Review

« The 1978 Transport Act changed legal situation in UKI15.16]
* Increased number of allowed fare-paying passengers from 4 to 7
« Allowed official advertisement to promote private ride-sharing

« Major considerations for solutions to reach “critical mass” [45:
« Regional and large employer partnerships!'2l

« Financial incentives!'3.14

« Social networking with younger populations
« Real-time mobile services with automated ride-matching softwarel’]

3849

STATUTORY INSTRUMENTS

1978 No. 1289 (C. 34)

TRANSPORT
The Transport Act 1978 (Commencement No. 3) Order 1978
Made . Lst September 1978

T}- S retary of Si he powers co1
sec 20(1) d 24(1) f lh T p l A l 1978( ) h ereby mak lh
fol ll wn der:—

1. This Order may be cited as the Transport Aot 1978 (Commencement
8.

fth Transport Act 1978 (hereinafter referred to
[hAt)whh cified in column (1) fthhdltth Od d
wh hmlt to the m!l smspecl ]y p ﬁ in re

) of that Schedule shall tf

n (2 ItOtbe l978
dlh!dl shall be the appoi tddyr lhep p f thost

William Rodgers,
Secretary of State for Transport.
1st September 1978.

1978 Act of Transportaion!'l
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[4] Ridesharing in North America: Past, Present, and
Future, Nelson D. Chan 2012

[7] Casual carpooling-enhanced, KL Kelly 2007

[12] Innovative public-private partnership models for road
pricing/BRT initiatives, P DeCorla-Souza, WG Barker
2005

[13] Ridesharing on timetabled transport services: A
multiagent planning approach, J Hrncif 2015

[14] Proposed Methodology for Estimating Rideshare
Viability Within an Organization: Application to the MIT
Community, AAmey 2015

[15] 1978 Transport Act, House of Commons 1978

[16] Pooling for the journey to work: The outlook in Great
Britain, PAK Greening 1984

© sebis

9



Methods: State-of-the-art Analysis of Existing Approaches TUTI
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Methods: Empirical Research

» Survey Designs

;Random — Only Drivers:
D) Students: >Att|tUde

c Exploration
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Methods: Empirical Research
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Methods: Empirical Research

« Survey | Findings (n=113): Overall Attitude

How do you get to Garching (n=113)

Both: Car &P...
2,7%
Bike

Public Trans...

82,1%

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

Willingsness of Non-Car-Drivers to join a
carpool (n=102)

No
48,0%

Yes
52,0%

© sebis 14



Methods: Empirical Research

« Survey | Findings (n=113): Overall Attitude

Preferred matching criteria of
Non-Car-Drivers (n=53)

Gender

3,8%
Field of study

151%

Age group / s...
11,3%

Just distance
67,9%

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

Reasons for not joining a carpool for
Non-Car-Drivers (n=49

Loss of privacy Loss of flexibility

2,0%

No Need

6,1%

Not interested f...
10,2%

18,4%

Public transpor...
57,1%

© sebis
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Methods: Empirical Research

« Survey | Findings (n=113 + 24): Price Elasticity

0,18 €
23,9 km per km

average trip price elasticity of

passengers

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

0,09 €
per km

price elasticity of
drivers

© sebis
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Methods: Empirical Research TUT

« Survey | Findings (n=113): Arrival and Departure Time

At what time do you usually arrive in Garching on weekdays? At what time do you usually leave Garching on weekdays?
113 responses 113 responses
00 : 00:00 2 00:___ 00:00 2
07 : 07:00 07:30 09: ___ 09:00
: 12:00
08:___ (COON 17) 0810 0813 0815 5 0820 4 (UEELN 20) 08:40 12: —
13: 13:00 2 13:45
09:__ (OGN 11) 09:09 0970 09:15  09:20  09:30 2 —
14: __ 1400 3 1410
10: N 32)
15: 1500 7 1530
1M 1100 3 1139 2
6: o0 3
12: 12:00 5
e 1736
14: 14:00
18:__ 1806 2 1830
19:__ 19:00 3
20: __ 2000 3
23 : 23:59

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Methods: Empirical Research TUT

« Survey | + 1l Findings (n=113 + 24): Time Flexibility

Required timeframe ride has to be fixed in Required timeframe ride has to be fixed in
advance of Car-Drivers (n=26) advance of Non-Car-Drivers (n=53)
less than 2 hours
3,8%
12 - 24 hours mo:e than 24 h...
26,9% 9,4% 12 - 24 hours
34,0%
2-12 hours
46,2%
more than 24 h...
3,8%
Less than 2 hou... 22 213?/0 hours

23,1%

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Methods: Modeling as an Optimization Problem

» Basic Differentiation: Agent-based

VS.

étable

\

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

TUTI

Central-Assignment (capacity = 2)

Gstable

~
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Methods: Modeling as an Optimization Problem TUT

« Formalizing the ride-matching problem as a combinatorial optimization problem
» Find the best matching solution out of the set of all feasible solutions
» optimizing the Target function:

Minimize (2 number of cars used + traveled distance + waiting time + - )

* Maintaining the Constraints:

Z travels with, . < capacity, Vc € Cars

pPEPassangers

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Methods: Software Implementation and Evaluation

\/ ’mongoDB
- express

NGULARJS

by Google

" nede

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

NoSQL Database

Web Server

Frontend Framework

Server-side Run-time
Environment

TUTI



Methods: Software Implementation and Evaluation TUTI

« Simulate simultaneous platform users to evaluate the matching algorithm

Perform Algorithm Verify Results

Survey
Results

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Rough Planned Schedule TUT

Literature

terature § |

art Analysis
Analysis

Problem
Formulation

Topic
Refinement

Buffer

Implemen-
tation

Prototype | Prototype |l
Simulation &
Evaluation

Writing &
Review

0p)
o
X
)
()
=
| -
)
>
I_

[ Registration } [ Milestone 2 }

[ Kickoff } [ Milestone 3 }

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Thank you for your attention!

* Questions?
* Suggestions?

* |f you want to follow the current Prototype:

http://my.fastpool.eu/

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Backup: Software Implementation and Evaluation

« Entity Architecture

Address
- id: Objectld

is Institution
located |- id: Objectld
0 at - name: String

- street: String
0 |- streetNumber: String
- zipcode: Number
- City: String
- lat: String
- lon: String

0 | starts at
& ends at

- description: String
1 |- address: Address
- partners: [Institution]

cooperates
with

User

- id: Objectld
- userName : String

- id: Objectld

- date: Date

- sender: User

- receiver: User

- request: Request
- seen: Boolean

receives

*

- origin: Address

- arrivalTime: Date
- owner: User

0..1 |is linked
to
0
Request
- id: Objectld

- destination: Address

- firstName: String
- lastName: String

" |- role: {Driver, Passenger, Both}

- mail : String

- institution: Institution

- home: Address

- specialAddresses: [Address]

- fieldOfStudy: String

- degree: {Bachelor,Master,PHD}
- birthday: Date

- gender: {Male,Female,Other}

submitted -
[—‘ - cars : [Car]
- offers : [Offer]
1 - requests: [Requests]
- ratings: [Rating]

- averageStarRating: Number
- notifications: [Notification]

- messages: [Message]

- friends: [User]

- active: Boolean

Rating
" - id: Objectld
‘O" 2 [ date: Date
was rated |- rater: User
- rateee: User

Notification

- id: Objectld
- date: Date
- owner: User

- text: String
- title: String
- seen: Boolean

- starRating: Number
- description: String
- published: Boolean

- request: Request

is
friend
with

has

- flexibilitylnMinutes: Number ;
2 |. confirmed: Boolean has 1 ? Sl:bmmed
- basePrice: Number . -
0
- totalPrice: Number received Offer
- offers: [Offer] 0 .7 |- id: Objectld
- - car: Car
- origin: Address
1 o0 oI destination: Address
- has requested i 2$:::Tm:roate
2 |- flexibilitylnMinutes: Number
\_starts at & ends at requests: [Request]

0

Car

- id: Objectld

is traveled|- model : String

with |- brand : String

oI manufacturingYear: Number
- seats: Number
- imageUrls: [String]

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

is
linked
to

User central entity

* Associated with
institution

Loosely coupled Request
and Offer entity

« Enable central /
asynchronous matching
» Notification informs
about new matches
Message and Rating
realize platform
confidence

© sebis 31



Backup: Survey | Design

Founding a Carpool:

- How flexible are you when leaving / arriving
- How much in advance should the ride be fixed
- How much would you charge your neighbor
- How much do you want for a 10km detour
- How would you like to be paid
- How would you like to be matched

ng alone:

- Would you consider taking someone with you and split
the fare of the ride? ?

Not interested in founding a Carpool:
- What's the reason?

- Driving alone??

Part of a Carpool already:
- How many people are part of the carpool on average
- How do you split fares
- Do you use an App for organizing the carpool
- What is your primary occupancy
- Gender
- Which suburb or district are you commuting from
- At what time do you usually arrive in Garching
- At what time do you usually leave Garching
- Commuting options?? Joining a Carpool:
- How flexible are you when leaving / arriving
- How much in advance should the ride be fixed
- How much would you pay for a ride
- How would you like to pay
- How would you like to be matched

Public Transport / Individual

- Are you willing to join someone driving by car to
Garching while splitting the costs??

Not interested in ng a carpo

What's the major reason why you wouldn't found a
carpool

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus
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Backup: Survey Il Design

- Driving alone??

- What is your primary occupancy
- Gender
- Which suburb or district are you commuting from
- At what time do you usually arrive in Garching
- At what time do you usually leave Garching
- Commuting options??

Lukas Mohs - Exploration of Ride-Sharing Opportunities at the TUM Garching Campus

ng alone:

- Would you consider taking someone with you and split
the fare of the ride? ?

Part of a Carpool already:
- How many people are part of the carpool on average
- How do you split fares
- Do you use an App for organizing the carpool

Founding a Carpool:

- How flexible are you when leaving / arriving
- How much in advance should the ride be fixed
- How much would you charge your neighbor
- How much do you want for a 10km detour
- How would you like to be paid
- How would you like to be matched

Not interested in founding a Carpool:
- What's the reason?

+ Would you join
someone’s carpool?

© sebis 33



Backup: Business Model Canvas

- - & 7 : .
Key T Key \'Q Value . oy Customer ~V:)) Customer A
Q) « 0,0 . S : ) . 0 = {
Partners <» | Activities 43 Proposition ‘ iF Relationships / Segments 1|
Key {4 Channels )
Resources (o \ ~{/)
"\" o~ \Q/
e N
Cost ~3 Revenue >
Structure €35 f Streams 2
\ 4

http://wordpress-innovately.rhcloud.com/wp-content/uploads/2015/04/business-model-canvas.jpg
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Backup: Name Survey
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Backup: Background - Platform Development TUT

. The advent of platforms in the IT domain during the last years emphasized an
important social and economic impact in many fields of industry.

. The platform as a business model creates a standalone market, which
connects providers and customers and is controlled by an operator.

. Design principles, policies and the growth strategy form decisive factors which
have to be studied and identified for each environment individually.
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Backup: Literature Review (1) TUT

. The first practical organized carpooling studies have been undertaken in
Bellevue and Seattle in Washington as well as Sacramento, Coachella and
Los Angeles in California during the 1990s[17].

. These similar systems were introduced to take advantage of the so-called
“high-occupancy vehicle” (HOV) lanes on several highways, which permit just
vehicles with more than one passenger driving on a specific lane.

. Besides empirical studies about the participants, functionality, usability and the
payment system, social aspects were researched, too
[2,4,5,6,7,8,10,11,12,13,14,15,18,19,20,21,22,23,25,26 ,28,29,30,32].

. Further studies discussed the potential for ridesharing for single universities or
companies [9,24,27,31].
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Backup: Literature Review (I1) TUT

. Hwang and Giuliano analyzed the travel distance, parking options and
company size [22].
. The master thesis of Andrew M. Amey (MIT) particularly emphasized the

importance of incentives for travelers and potential strategies for reaching a
critical mass when establishing a commuter system to the MIT campus [17].

. In a report of the University of Maryland, the “Real-time Rideshare Matching
Problem” is treated by analyzing and comparing state-of-the-art systems and
furthermore formalizing the theoretical model.

. This model included smoking habits, pet friendliness together with gender and
age preference into one trip matching function [3].

. In 1981, there was the first organized commuting system in Germany operated
by the city of Friedrichshafen, which was based on a shared taxi system of
predefined route points [17,18]

. Another system called “M21” was established in 1998 and operated by
Daimler-Chrysler and the State of Baden-Wurttemberg with the goal of
increasing the car utility of commute rides to the company’s research facility
[16, 17].

. Since 2010, “Flinc” provides a matching platform for spontaneous short-
distance trips and daily commuting routes in Germany [3,27,33,34].
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Backup: Venture Design TUT
VENTURE DESIGN PROCESS
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https://www.alexandercowan.com/venture-design
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