Automation in Transportation

(onnected Vehicles

"The future has already arrived;
[t’s just not evenly distributed”
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This Presentation

s Which: Deconfuse terminology -Connected Vehicles (CV) context
s How: Systems and technology

s What: Functions/Services - public and commercial

s« Who: Key players in value creation

s> When: Timing

s Planning Response: State/metro/local
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Adding Intelligence
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~Services
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*Signs gsystemsiatus “congestion
regulations sconditions “Ararnings “weather
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“Controls

*Crazshavoidance
*Systems status
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Who Does \What?

s “Intelligent Transportation Systems” (exists)

o Based on embedded systems deployed by state/local DOTS
* sensors/cameras/fiber optics
¢ dynamic message signs/ramp meters

s “Autonomous Vehicles” (in early phases)

o Self-contained: rolled out incrementally in new vehicles - brand
by brand

s “Connected Vehicles: - on-board and roadside
equipment (
o Commercial - via cellular - exists today and incremental

o Public interest - via special hi-speed comms. -- awaits gov't
mandate or voluntary automaker agreement
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What is “Connected”

s For public purposes

v V2| (“Infrastructure”) -- Connects to traffic management centers

v V2D (“Device”) -- Connects to traffic signals and signs

v V2V - Extends autonomous vehicle “vision” beyond line of sight for safety
s> For commercial purposes

v V2C (“cloud”) - Connects to Internet, OEMs and other service providers
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Synergistic Funetions

* Freeway Operations
v2I1

= Signal controis
= Automated Warnings » Incident Management

= Signal preemption * Road Weather Info - Automated transit |
« Eco-driving * Ramp metenng
A : = : = Work zone mngmnt
Asset/fleet mngmnt - KA B6 SpriE
V2V
» Automated Warnings

* Intersection assist
» Signal preemption

= Smart lane markings
« Smart signs

= Eco-driving

v2C = Active safety systems
* Navigation = Adaptive cruise control
» Road Conditions

* Parking assist

= Travelers assurances * Self-driving

* Infotainment
= Car hailing/sharing

‘ Cooperative Driving
_ - = Cruise Control
I Internet of Things I « Truck Platooning
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(urrent (onnectedness - Levels [ Types

s Low speed communication \
v Satellite for crash response --anywhers,
v Cellular —-mobile (Bluetooth) or embeddeth. vav -

e Internet of Things Framework _.—

-~

v~ Commercial sponsorship e =

so High speed communications
v Dedicated radio system - Short range/instantaneous
v For crash avoidance/cruise control
v Public program
v (Note: high speed cellular in development)
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Connected Vehicle (CV) Systems

Internet
Services
Dala Cenlers

Own the customer, own the ravenue

BUT

Customers don't want to be owned-
75% drop off in renewals

AND

Consumers flip between Embedded
end CE based on cost and
convenience
RESULT

Connected Car Business mode! ,
I unstable Zmbedde , & carriay

Coogle  Project Mode

Competing Technologies
- DSRC VS Cellular

= io@inment Feature
(J & Use
: Interface
DSRC
Bit Rate 3-27 Mbit/s Up to 1 Gbit/s
IR-noo Upto 1 km Up to 30 km
Capacity Medium Very High
https://smallcells.3g4g.co.uk/2014/05/small-cells-for-connected-car.html m Ubiquitous

Mobility Support Medium Very High
Market Penetration Low Potentially High
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Public Interest Applications (1, 2):

LY Contributions to Saiety & Mobilit

V2D (today) - V2l and V2V (Future)
—d -
s S

Do Not Pass Warning (DNPW)

F—

Forward collision warning

Blind intersaction

A ﬁ “ Cooperative
“ — - & a / adaptive
cruise control
Queue waming Curve speed warning & platooning
Vulnerable Road Discover parking Traffic signal prnonty Emergency
User (VRU) alerts and charging and optimal speed advisory vehicle alert Quacomw

https://enterpriseiotinsights.com/20170614/internet-of-things/201706 1 3internet-of-thingsv2x-
technology-gaining-traction-smart-mobility-tag23
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Public Interest Applications (3):

(Y Contributions to DOT Efficiency

V2| -Today and Future

s CV-based travel/traffic data
s Plow truck operations

s Tolling/road pricing

s Pavement condition data

s Elimination of selected signage, markings
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Public Interest Applications (4):
(onnected Transil

MOBILITY AS A SERVICE

CAR-SHARING

SHARED | SUBSCRIPTION | STATION RENTAL FREE RIDE-
OWNING BASED BASED FLOATING | SHARING
OWNING CAR- CAR-
SHARING SHARING
PEER
T0
PEER
ccccccccc Audi
Unite Volvo Sixt | Drivy | Omni | Drive Now | BlaBla Car Gett Moia
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Impact on Transit?

SCENARIO A: Gradual shift from private to SCENARIO B: Disruptive shift from private
BOSTON TODAY! shared and from human-driven to AV and human-driven to shared and AV

Primary % of Primary % of Primary % of
transport mode trips transport mode trips? transport mode trips
= Public transit 56 = Public transit 50 « Public transit 34
« Traditional personal vehicle 33 « Shared autonomous taxi 22 « Autonomous shuttle bus 28
« Traditional taxi and ride hailing 11 « Autonomous personal vehicle 11 « Autonomous taxi 24
« Traditional personal vehicle i1 « Shared autonomous taxi 14

« Traditional taxi and ride hailing 6

& Foolc transit vy Traditional taxi and ride hailing
- Traditional personal vehicle e Autonomous personal vehicle
Autonomous taxi - Autoriomous shuttle bus

(shared or single passenger)
Sources: World Economic Forum; BCG analysis.

IThis mix of transportation modes is representative of the study area only. Most trips into and out of the study area are work commutes. The
model assumes a simplified modal mix without walking and cycling.
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Commercial Freight Applications (1)

Connecied Trucking: V2V and V2I

s Connected Contribution to
Improved trucking
v' Links braking to allow drafting
spacing
v" Connects with Operations Center
v' Remote diagnostics
v’ Potential roadside connections

=0 =D 3B
— T 6 -

s

B A
https://favsummit.com/pdfs/richard-bishop.pdf
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Commereial kreight Applications (2):
Connectied Port Activities

¢. Business Network

ot

d. Transportation Satery
b. Track & Trace in supply chain

. Predictuive Mamitenance
& Service

c. Irack & Trace in
transportation

http://e.huawei.com/it/publications/global/ict_insights/201711060837/solutions/201712121546 T
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Commereial Freight Applications (3):

Connected Vehicles and Logisiies

[T BZB Enablement Tools -

Fax 2 EDI, Web Forms &
MS Office based Tools

)

: Community Mangement
\ and Collaboration Tools

zrey| ERP/B2B Integration
inthe Cloud

Improve
j Transaction Automation
Improve Improve
Enterprise Integration Trading Partner
Engagement
2N
‘4/\ N
o Nl O
YN o @ 23
TN el o .E.- e _:_
S
Improve Improve
Regional Compliance Customer Service

[‘ Improve L-

N\, Electronics Invoice 360 Degree Visibility
Compliance and Conflict
Minerals Reporting

3 Transaction Compliance

and Quallty Tools

Order Lifecycl

N ility and Supply
Chain Analvtics Tools
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Connected Vehicle Context

« On Demand
Music, Video,
News, Weather
streaming
Email, Social
Forums, Apps
Concierge &
Payment
Services

- Drive Analysis

Governments

i

Consumers
Infotainment &
Convenience

- Traffic Alerts

« Guided
Navigation

« LBS based POI
Recommendations

Infotainment &
Convenience

Auto OEMs & Partners

"Infotainment &
L Convenience _,,.'

- Zone Alert —
work zone,
school zone...
Intersection
alert

« Remote
Functions
Driver Health
eCall &
Emergency

« Prognostics
Service

» Usage based
Insurance (PAYD
Scheduling — Pay As You
Spare Parts Drive)
Management « Installment

— best priced fuel,
parking,
restaurants,
stares, ATMs etc

Services

Road Side
Assistance (RSA)
SVT & Theft Alert
Geo Track/Fence

Stop sign Alert
Real-time Alert
- crash ahead,
speeding
vehicle, road
closed...

Automation in Transportation

Warranty Analytics
Recall Mgmt
Electrical Vehicle
— battery status,
reservation,
billing

Alerts

« Customized
Promotions

« Fleet
Optimization

« ElectronicTolling




Internet of Cars: Unlocking $1,400 in Benefits
per Vehicle, per Year

Internet of Cars Vehicle User
Service Providers / ‘

Auto OEM/OES ———% $300 &——Society
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AY/CY Convergence Incremental

Warning and Advisory Partly Automatic Fully Automatic

Sensor-based Automated Vehicle  Fully Autonomous Vehicle

c,ﬂﬂ,@'};hgolwia Advanced Automated § Vehicl Fully Advanced
P e Autonomous Vehicle

Connected Automated Vehicle

http://attap.umd.edu/cvs-and-avs/what-a re—cvs—and—avs/

Connectivity Technologies
( Connected Vehicle )
¥ p /ﬁ,‘? — LN
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(Y and AV Timing?

90%
(Mandate
VS
Voluntary)
=
=
® V2V
£ L VX AV L4-5
o
(=
i3]
=
[1-)
=
. AV L3
0% -
2020 2030 2040

Year
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Connected Vehicles Ecosystem

ROLE OF
PUBLIC
SECTOR

** Regulate
s Cooperat
e
s Accelerat
e

https://www.automotiveworld.com/analysis/ manufacturing—gets—connected—smart/ s : { -
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Planing for (onnected VYehicles

Connected Vehicles
Vehicle Automation

Internet of Things
Machine Learning

Big Data ; *““ﬁ . =
LI T 00003 v aeeyprvnis
Sharing Economy

Dynamic Transit Operations
Connection Protection
Dynamic Ridesharing

Integrated Multi-Modal
Electronic Payment

Transit Signal Priority

EF&U TONRF

Proposed
Applications

Benefits

= Order of magnitude
safety improvements

» Reduced congestion

» Reduced emissions and
use of fossil fuels

» Improved access to jobs
and services

» Reduced transportation
costs for gov't and users

» Improved accessibility
and mobility

e U.S. Department of Transportation 3

Transit Stop Pedestrian Warnings

Pedestrian in Signalized Crosswalk Warnings
Vehicle Turning Right in Front of Bus Warning
Forward Collision Warning

Emergency Brake Light Warning
Eco-Approach and Departure
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What (V Brings [Needs

Data Usad for
COporations

:‘m

Focused
Staft 1o Support
Use of Data

aned Staff Skills

- ’ Parformance

«©Q

Comprehensive
Travelar Information

PubiioPrivate
Partnecships

Application
Davelopment

http://www.cts.virginia.edu/wp-content/uploads/2014,/05/Task3._Future_TMC_12232013_-_FINAL.pdf
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Planning for (onnecied Yehicles - State

so Transformational - Not trends extended
v Shift from Construction focus to Operations (ITS.CV/AV)
v Uncertainty regarding CV timing (OBUSs)
v Infrastructure (RSUs) provision - public vs private
v" Pilot testing, learning, and no regrets early deployment
v Business Case vs DOT resources/capabilities

s State regulatory focus
v Technology Choice/Spectrum Allocation
v Information Security/privacy/liability
v Data Ownership
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Connected Vehicle Program in FL

PROJECTS/INITIATIVES

PLANNING

University of Florida (UF) Accelerated Innovation |
Deployment (AID) Demonstration

Implementing Solutions from Transportation Research and Evaluation of
Emerging Technologies (I-STREET)

Gainesville Signal Phase and Timing (SPaT) Trapezium 3

Central Florida Autonomous Vehicle (AV) Proving Ground 4

Driver Assistive Truck Platooning (DATP) Pilot =

DESIGN/IMPLEMENTATION
US 90 SPaT Tallahassee 1
I-75 Florida’s Regional Advanced Mobility Elements (FRAME) Gainesville 2
I-75 Florida’s Regional Advanced Mobility Elements (FRAME) Ocala 3
Gainesville Autonomous Transit Shuttle (GAToRS) 4
Florida’s Turnpike Enterprise (FTE) SunTrax S D
Tampa Hillsborough Expressway Authority (THEA) Connected Vehicle Pilot 6
City of Orlando Greenway/Pedestrian Safety 7
SR 434 Connected Vehicle Deployment 8
Downtown Tampa Autonomous Transit 9
Orlando Smart Community 2017 ATCMTD 10 ¥ 2

M
-~ ™ é ﬂ'
OPERATIONAL \ | i
Osceola County Connected Vehicle Signals 1 ®

ublication/?i=440783&article_id=2890264&view=articleBrowser&ver=htmI5#{"issue_id":440783,"view":"articleBrowser","article id”:"2890264

stgily

FL erdaie.

Tl

N
v
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https://mydigitalpublication.com/publication/?i=440783&article_id=2890264&view=articleBrowser&ver=html5#{"issue_id":440783,"view":"articleBrowser","article_id":"2890264

Planning for Connected Vehicles - Metro

s Impact on travel demand, trip length and VMT
v Ride hailing/car sharing
v" Demand vs (reallocated) capacity impacts: congestion?

s New transit modes/MaaS - Impact on traffic/transit?

s Land-use /urban design
v Impact of trip length on suburbs
v Central area urban design - parking, shared sts., curb space, MaaS

s> New data sources - Track and update

s Analytics, models and staff capability development
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WIRELESS  \1ACHINE
DEVICE MOBILE Home |OT MARKETING FUTU

" BUSINESS TECHNOLOGY

EVERYTHING:
#:CONNECTED.
:

EQUIPMENT

SECURITY

z
:
0
:
0
&

mg'ﬁn“ﬁglNTERNETL JITAL THINGS F—’

B CONNECTION -
cmy CLOWWNETWORK ™ automamion

COMMUNICATION DATA SOCIAL
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