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Urban Mobility: Present and Future
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LOOKING FOR URBAN MOBILITY SOLUTIONS: /s it a namely technological question?

http://www.internet-public-library.org/carbon-reduction/painless-carbon-reduction.htm
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HOW WILL OUR FUTURE CITIES LOOK LIKE?

Will we use flying cars to avoid the rush-hour
in the cities of the future?

Or will electrical, automated,
connected vehicles be the panacea?
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BUT....

Before proposing solutions to a relevant socio-economical
phenomenon, that so strongly conditions our quality of life, may be we

should try to understand the causes of the phenomenon.

Ask ourselves whether the solution could namely be technological

or... we do need something else?
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TRENDS IN URBAN DEVELOPMENT

DECONCENTRATION - “URBAN SPRAWL" DESURBANISATION

Low-density land use,
city centres for living &
amusement

+USA, NW Europe: now
starting to be visible

Separation of land useaq
for different purposes

+USA, ongoing
«NW Europe: ongoing

*Urban Growth

* In 2008 more than 50% of world population was living in cities

* Today 75% of anthropogenic GHG from cities

* In 2050 70% of world population will live in cities
* Urban Sprawl: combined effect of growing affluence, changing life-styles and vast
advance in personal mobility
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INTERDEPENDENCIES BETWEEN TRANSPORT MODES AND URBAN TRENDS

( ) o« ) (

More cars More traffic

Car travel ——— b Crease traffic —— probIeTs & >
L p L y | congestions |
[ Reduced ) ( ) (Public transport
supply of public |« Red_uce B <— speed

t " public transport ducti
_ transport | L ) | reduction |
( — ) " Reduced | " More pollution, |

pie m < guality of life in j€—— noise, —

out of cities i ident

L ) L cities ) _accidents...
Workplaces are WoOrse access

moved out of
L to workplaces

cities

Separation of living and working areas
<> Enabled by (individual) transport systems
<> Congestion <Impact on energy consumption << emissions
<> quality of life & sustainability
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THE CITY AS A COMPLEX SYSTEM OF SYSTEMS

From “Smart Cities” (A market driven concept) to “Wise Cities” (A Citizen driven concept)
X Intelligence & ICT - % ) :‘c‘;‘“\'ﬁw

<o

JE Ecology, Energy & Economy;

YWY Wellness and Walkable

& Sustainable & Safety

2k
- )
The Innovation Group
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INVESTIGATING THE COMPLEXITY OF CITIES
Urban transportation systems are complex dynamic subsytems of the city, a larger
more complex system=> The Smart City as a System of Systems
To understand the complexity of these systems a suitable methodological modeling

approach is System Dynamics, which has the ability to account for the multiple
variables, feedback loops between components and the role of the influencing factors

SPATIAL INTERACTION PARADIGM:
Interaction between individual mobility and location behavior

™ Y s
DISTRIBUTION LOCATION OF TRANSPORT T ACCESSIBILITY
OF LANDUSE [——>| HUMAN ——>| SYSTEMTO [—>| = SPATIAL
PATTERNS b ACTIVITIES ¥ FULFILLRQMTSJ INTERACTIONS
pe
LOCATION MOBILITY
DECISIONS <——  PATTERNS
\_
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UNDERSTANDING AND INTERPRETING MOBILITY IN TERMS OF
THE SPATIAL INTERACTION PARADIGM

N

IDENTIFYING MOBILITY PATTERNS IN TERMS OF ORIGIN-
DESTINATION (OD) TRIP MATRICES
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UNDERSTANDING MOBILITY: ELECTRONIC DATA COLLECTION FOR ACTIVITY BASED DEMAND MODELING
_ Micro

Sensor data
No operation needed =) Long-term monitoring | . .
In-store data ' i YWeb diary is |ater
X i GFE satellite -
Detailed actions observed cna' g g . edited from a
T

' ol mohbile phone ar
Gl - Irvestigatio PC to corfirm the
D = = = = é Fosition  nsuperdisor ., Sctivity data.
» Observation of pedestrian excursion trip AN T L
a B | ———
g ase station é o [Hihii ==
=3 "&, = =
P | - -
|[ GPS mobile ] ‘om
¢ 5 phone is carried. Offic &
L {% 5 i
N Ay w . to
H
e on Ml ulti-rnodel
ile phone . _ _
Input irto a mohile
& d phone at arrival,
sition an
—Position and time
emitted to - are transmitted to
the cenrter,
Expended hours on each links Raw trajectory data in Sibuya down
town area (Tokyo)
Source: Electronic Instrument Design and User Interfaces for Activity Based Modeling (Hato & Timmermann (2008))
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EXPLOITING MOBILE PHONE DATA (tracking cell phones)
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O cell. { ) Traffic Analysis Zone (TAZ)
. 4 —>  Mobile path ® Position points ';\JA‘E
Sources:
J. Barceld, Analytics and the Art of Modeling, Intl. Trans. in Op. Res. (ITOR), 22 (2015)
429-471)

N

== Location Area (LA) Boundary

Gundlegard, D., Rydergren, C., Barcelo, J., Dokoohaki, N., Gornerup, O. and Hess, A. "Travel

Demand Analysis
with Differentially Private Releases”. D4D Challenge Senegal 2014 (Netmob 2015, MIT,

Boston)
OD demand on the census tract level
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DYNAMIC INSIGHTS

https://dynamicinsights.Telefonica.com/blog/488/smart-steps-2

Smart Steps

o o
is an Insights solution that uses @’I‘ g

| Who?
anonymous and aggregated mobile Demiadtephy Where?

Segmentation

O

When?

Catchment Point in time
. . Origin/Destinati Seasonal trend
data to help organizations make e

better business decisions based on D‘ E

actual behavior, Why? How?

Frequency Route

Mode of transport

Trip purpose
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Analysis of the traffic on the Manresa - San Cugat del Valles road. OD Matrix for all
surrounding areas of the road.
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CONCEPTUAL FRAMEWORK FOR THE ESTIMATION OF OD MATRICES COMBINING
NOMADIC DEVICES DATA AND TRAFFIC DATA

Nomadic /

Device Data

(CRD, GPS...) /

Network /

Preliminary Data
Porcessing (Counting,
Clustering..) to generate
intiial “transient” OD

Data /

Transform “transient”

OD Matrix into a Traffic

Analysis Zone or Node-
to-Node OD Matrix

A 4

raffic Data /
(Flow counts,
speeds, travel

times...) /

Expand/Adjust the
sample matrix
estimating adjustment
or scaling factors by
Simulation or
Mathematical

Programming Models

Resort to external “ground truth” references, e.g.
traffic flow counts, travel time mesurements......

Actual
OD Matrix

J. Barcelé & L. Montero, A Computational
Framework for the Estimation of Dynamic OD
Matrices, 6th International Symposium on
Transportation Network Reliability (INSTR
2015), Nara (Japan)

Igbal Md. S., Choudhury, C.F., Wang P. and
Gonzalez M.C, (2014), Development of Origin-
Destination Matrices Using Mobile Phone Call
Data, Transportation Research Part C 40, pp.
63-74.

A critical problem: How
to expand samples to
full population avoiding
biases and ensuring the
quality
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MODELING URBAN DYNAMICS WITH SYSTEM DYNAMICS

/ Transportation \

Infrastructure
* Public Transport
 Vehicle Fleet
* Road Network
* Rail Network

...

mrban Environmem
* Economic Growth
* Env. Pollution
* Legislation
» Demographic
Change

\e...

=

b

/ Citizens / \
Consumers

» Sociodemographics

* Modal Choice Dec.

* Values

» Expectations

e y,

Causal relationships of the urban transportation system with its
environment

%

A System Dynamics Approach to Land Use Transport Interaction Modeling: The strategic model MARS and its application,

Pfaffenbichler et al. Systems Dynamics Review, Vol. 26, No. 3, (2010)

Environment

Travel

Number of
Vehicles

Traffic
Congestion

Transport
Supply

i o= |and Use
_l"upll.'afl:;n ) '*."
o i) [/ TJ:"I::- o
Emisin A7 | - N
Le gislation 'l_!{_!-l AT ehick Feet + .
»t Polktion - « \ 13 &
VT AN s
ey ) Supply
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EXAMPLE OF INTERRELATIONSHIPS AMONG ESSENTIAL SYSTEMS IN AN URBAN AREA
(IBM Institute for Business Value)

Human capital determines TIC adoption rate determines

TIC penetration rates COMMUNICATIONS city’s company profiles
Public Transport quality _\

CITIZENS strongly affects quality of life COMPANIES

Commerce growth
increases transport
infrastructure use

Water quality strongly
determines quality of life

WATER < TRANSPORTATION
Industrial activity has a strong
influence on water consumption J Transportation
growth increases
Energy and water ENERGY <« energy consumption
consumption are strongly
dependent
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THE SUSTAINABLE MOBILITY PARADIGM ,\hﬁ/*/ Urban Village

* Alternative paradigm arising from the investigation of : %\%i

complexity of cities j\r
» Better understanding of the links between land -use and #

transport .

* Implies mixed use developments robveentrie €Iy /
» Preference to public transport \
» Accessible corridors near public transport interchanges £ °°
» Satisfy the requirements of service and information based
economies :

*Sustainable transport asks for
» Urban forms keeping average trip lengths below the thresholds required for maximum use of
the walk and cycle modes
Not to prohibit the car but to design cities of such quality and a t a suitable scale that people
would not need to have a car

* THE KEY POLICY BECOMES THAT OF REASONABLE TRAVEL TIME RATHER THAN TRAVEL TIME MINIMISATION
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EMERGING MOBILITY CONCEPTS
Future of Mobility & New Mobility Business Models (Frost & Sullivan, 2015)

Transformational Shifts:
New Business Models - Growth of Car Sharing
Growth of Ride Sharing Business Models (“On Demand” Carpooling” UBER, SideCar, Lift....)

Within 3 years ehailing taxis control close to 20% of the global taxi market (process of ordering a car, taxi,
limousine, or any other form of transportation pick up via virtual devices: computer or mobile device.)

E-HAIL, Arro, Easy Taxi, Uber, Lyft, Carmel, GetTaxi, GrabTaxi, TaxiMagic, minicabit, G-Ojek,

Integrated Mobility Technology enabled, any device delivery of real-time, door-to-door, multi-modal travel
encompassing pre-trip, in-trip and post-trip services bringing Convenience, Time & Cost Savings to the Mobility
User

Group Rapid Transit to Replace Public Transport Buses To reduce congestion and reduce queuing in the event
of demand Spike

Changing relationships with vehicle owners - car ownership to mobility services

Mobility delivered by non vehicle manufacturers — mobility assistents
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Paradigm Shift from Vehicle Ownership to Vehicle Usage

Mobility Integration: Paradigm Shift from
Vehicle Ownership to Vehicle Usage

Population

Connectivity Growth
GenY Pollution l
Transport = Door-to-door
= Mobili
Tre:msport . Congestion . 2
Private Vehicle 1\ - New Vehicles: BRT, EV,
Freed High Speed Rail
reccom J/ Globalization }

i

Convenience ) ) New Business Models:
Status Virtualization Natural Vehicle Sharing, Car Pooling

N N5
Resources Inter- Connectivity: Inter-

Social modality
Responsibility

Progress

No Real Alternative

Urban Planning:
Reallocation of street space

Urbanization Integrated Mobility: New

technology enabled multi
modal integration
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DOOR TO DOOR SEAMLESS MOBILITY SERVICES

C3 Delivery
location &
expected
arrival time
(ast &)
R1.1

C2 Delivery
location &
expected
arrival time
(axt &;) C2 Delivery
‘ location &
expected
arrival time
(gt &)
C3 Pickup
location &
time widow
(s 13)
C1 Pickup
location & a C2 Pickup
time widow location &
(es, 1y) time widow
(e 15)
Vi

Traftic Data Sources

Requests
Mzanagement
Module

Trattic Data
Processing Module

Communications
Layer

[

Fleet
Managemment
Module

¥

Business Layer

Dispatcher Routerd

Scheduler

Traffic Data Management Modul

Link travel Time
Estimation &
Prediction

Traftic Data
Filtering & Fusing

Historical data)

_

Data Layer

Pickup & Delivery routing problems with time windows and time dependent link travel times
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FORTUNE (October 26, 2015)

* Toyota takes a small detour into car sharing

* Toyota will launch a pilot car-sharing project using COMs, an ultra-
compact electric vehicle.

* Toyota’s car sharing project it illustrates the growing interest and
investment by automakers into how people get from point A to point B.

* It’s no longer only about designing and selling as many cars and trucks
as possible.

* Daimler, BMW, GM, and Ford are all operating, or testing, some
variation of car sharing.

* The global car sharing industry is expected to exceed $6 billion by 2020,
according to the Carsharing Association.
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MOBILITY AS A SERVICE (MaaS$)

Real time Data
Cooperative
Floating Car Data m
VBV & Val)
Mobile Devices ]EEEE

Available Sensors = =
e.g. loop detectors, %
magnetometers) ©

New Additional h gt
Sensors Lt n s

Public =
Transport
Tracking -

MaaS CLOUD-BASED PLATFORM

Cloud Computing Data Processing and Integration

=

Raw Data
Processing

= Filtering outliers

» Fusion of
heterogeneous
data

s Missing data
maodels

Network Data

Network

FF

-
-~

"

Public Transport
Routes

Data integration and
information completeness

» Estimation of dynamic
mobility patterns (OD
matrix)

+ Dynamic traffic flow
models (Mesoscopic):
predictions, network
state estimations

=

1

Rich Database

e {Complete, filtered
and fused traffic
data)

§

Platform Interface

Processed Multimodal Network Data

Platform middleware services

o Authentication, security and
privacy services
» Cloud management services

Acces to Cloud Computing Rich Data and Services

Personal Mobility
Assistant Service

Multimodal Real-Time
Journey Planner

Energy efficiency
estimation for mobility
service

Users Profile
Management

Rich data query services

Trawvel time estimation and
short-term prediction, Road
network state estimation and
service levels, generic query

Energy efficient personal mobility services

OPEN API

—

- B

Seamles Smooth Door-to-door mobility services offered to users by ‘mobility operators’, supported by

digital solutions operating in the cloud.
With open access to the timetables, real-time location information, and payment systems of existing

transport service providers (e.g., railway operators, taxis, local transport operators, car sharing).
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Thank you for your attention!
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