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What are
Connected
and
Automated
Vehicles?

Where a vehicle
communicates with
something outside itself

* Another vehicle

* Pedestrians

* Infrastructure
(signals)

* Buildings

e Parking

* Toll systems

Where some or all driving
task is done by a machine

* Braking
* Steering
* Speed changes
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Automated Vehicles
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Overall Deployments

Uber, Lyft
Waymo
Automated Trucks

EVTOLs
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]
Elements of
Automated
Vehicles

Top mounted LiDAR beams 1.4 million —————_ _— There are 20 cameras looking
laser points per second to create a 3D \\ ~ for braking vehicles, pedestrians,
map of the car's surroundings. ) & V and other obstacles.

[

> Antennae on the roof
rack let the car position
itself via GPS.

A colored camera puts LiDAR -~
map into color so the car can
see traffic light changes.

LiDAR modules on the front, rear, and sides ~— A cooling system in the car makes sure
help detect obstacles in blind spots. everything runs without overheating.
SOURCE BUSINESS INSIDER
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Federal AV
Guidance 3.0
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Context - ABC

Automated small vehicle shuttle
technology is proven
@mmm .. Appears feasible to transfer AV
ABC e shuttle technology to full-sized

&Q/MW buses

Vendors need a market to cost-
effectively produce these buses

Concept: Joint procurement of 75-
100 buses by 12 agencies
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Consortium Agencies

@VIDOT o

HAMPTON ROADS

Sy, TRANSIT Foothill Transit

DEPARTMENT OF /

‘u | ’
TRANSPORTATION m{“/h troLINK METRIO ==

Connecticut Department of Transportation (CTDOT) | Dallas Area Rapid Transit (DART) | Foothill Transit | Long Beach Transit (LBT) | Los Angeles County Metropolitan
Transportation Authority (Metro) | MetroLINK (Moline) | Metropolitan Atlanta Rapid Transit Authority (MARTA) | Metropolitan Transit Authority of Harris County (Houston) | Michigan
Department of Transportation (MDOT)/Michigan’s mobility initiative, PlanetM | Minnesota Department of Transportation (MnDOT)/Rochester Public Transit | Pinellas Suncoast Transit

Authority (PSTA) | Virginia Department of Rail and Public Transportation (DRPT)/Hampton Roads Transit
- Imagine it.
A:COM Delivered.



Check Out ABC

A

ABc “:“"’"‘3‘_"" Bus Home News Members Learn v Pilot Contact
onsortium

\ N ACCELERATED
BY ASCOM

oMy AR Al CRRRIT G, SRR S T

A

With rapid advancement of driverless technologies and the urgent need to improve mobility options while safely and
effectively mitigating congestion in cities across the United States, the Consortium’s collaborative effort to leverage its
combined resources and launch its pilot deployment program of full-sized buses is groundbreaking. Using cost-efficient

and standardized methodologies and assessment, the Consortium will lead the nation’s effort to test and evaluate
driverless bus technology.
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http://www.automatedbusconsortium.com/

Regulatory Environment

Motor vehicle safety standards

|
Regulate interstate commerce -
Traffic control standards (i.e. uniformity in road markings, signing and other devices -
Contribute to the development of cyber security standards and protocols - 5 -
Develop testing and deployment programs - -
Driver licensing and vehicle registration - -
Commercial motor vehicle operations, driver training and licensing - -
Insurance regulations -
Public safety and law enforcement = =
Assess infrastructure for CAV readiness = =
Workforce training and public outreach [ [ | [ |
Environmental and health standards [ ]
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Federal Safety Oversight 3.0

Emphasis on system
safety

Operational domain

Object & event
detection and response

Fallback position
Validation methods

Human machine
interface

Vehicle cybersecurity
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Crashworthiness

Post-crash ADS
behavior

Data recording
Consumer education

Federal, state and local
laws

e

Automated Vehicles 3.0

PREPARING FOR THE FUTURE

OF TRANSPOR

!

L
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Summary of State Regulatory Environments

« California « California « California « California » Georgia * lllinois
* Florida « Georgia « Connecticut * Florida « Michigan * Texas
» Georgia » Maryland * Florida » Washington,
» Michigan » Texas DC
* Texas
» Washington,

DC
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State Approaches

Legend
Legislative enactments

Executive Order
Both
None
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Florida law permits self-driving vehicles to operate without a human driver.

The new law also exempts operators inside AV from laws that ban texting while
driving and other potentially distracting activities.

Florida law also requires there must be
a means to engage and disengage the automation technology, and
a visual indication when the vehicle is operating in automated mode.

Testing entities are required to submit proof of insurance prior to any testing.

If there is no operator present to take control of the AV, it must be capable of safely
coming to a complete stop.

Automated trucks are being tested in
Florida by Starsky Robotics.




Broad Automated Vehicle Considerations

Generally AVs can navigate any route (within physical limitations), but:

#1 How safe (inside/outside)?

#2 How comfortable for riders?
Complexity of route (cluttered/unpredictable) increases risk

Steps / process
Select route / environment
Select sensors for route environment / function requirements

Software development
Perception of pipeline
Behavior architecture
Localization
Path planning
Command and control

Perception pipeline algorithms (sophistication and robustness) are critical!
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Major Components of an Automated Vehicle
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AV Sensor Technologies

Critical characteristics of a sensor:
Field of View (FOV)
Horizontal

Vertical

Data resolution and content
(available information)
A bus has different FOV

requirements than a passenger
vehicle

A=COM i



Perception Sensors

R a
. - wme Mono (single) vision

-
NS -
J\\%___ﬁ = —  Color or monochrome

— — Used for object detection, localization, and classification

— Can measure object horizontal and vertical position
relative to vehicle, but not necessarily distance

Stereo (dual) vision
— Provides depth perception

— Used for object detection, localization, classification, and
distance. Highly dependent on camera baseline, sensor

Light detection and ranging (LiDAR)
Can be very expensive

Requires extensive post processing to
fuse and filter data, increasing
computing requirements

;Jsted for glrounlq e>_<traction,| and object resolution, and lens optics.
e ecltllon,. ocalization, and limited Ultrasonic

classification : : : :

— Short-range simple object detection (location and

RADAR distance)

Robust sensor used for simple object Localization

detection, localization, and classification — GPS, Inertial Measurement Unit (IMU), wheel speed,

(location and distance) gyroscope, etc
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Automated Coach Operational Design Domain

In what environment will the bus operate?
Urban roadways with mixed traffic

Existing service routes

Maintenance yards

Four-way
PP

) Sign

Bus stops
Passenger interactions

Intersections

Signalized
4-way and 2-way stop

Mid-block crossings
Bike lanes
Pedestrians

Scooters
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Traffic Signal Interaction
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Right Turn on Red
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Left Turn Yield on Green

TURN SIGNALS
y .
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Four Way Stop Sign
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Bus Stop

| [ DODRS OPEN

i
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Two-way Stop Sign
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Obstacle Avoidance
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Obstacle Avoidance
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Lane Merge
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Lane Merge
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Connected Vehicles
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Types of
Connectivity |
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Uses of the 5.9 GHz band: Connected Vehicle Deployment Locations — Planned and Operational

Road Commission for
Oakland Cty

Macomb County Dept.
Roads Projects (3)

MichDOT I-75
Connected Work Zone

Southeast MI
Ypsilanti Township, MI

Lansing M-43 Project
MDOT Wayne County Project

WSDOT SPAT, Poulsbo | WSDOT Seattle SR-522 SPaT NY CV Pilot
St. Clair and

- Lake Forest Park/Kenmore Lapeer Counties, M|

S ing County, WA

D S RC o sz) = o Smar; Belt Coalition (MI)

Deployments in ’ ’
the US

Safety Pilot, Ann Arbor Long Island, NY

NYS Thruway

Smart Belt -

Coalition, OH
-

PennDOT SPaT, PHILA
WSDOT SPaT, Vancouver
Niagara/Buffalo

=\ nHpor
ATCMTD L l

SPaT, Dover
UT DOT Connected UT ATCMTD — Minneapolis, MN INDOT SPaT Merrillville P o art Belt Coalition, PA

TH-55 (Mpls./1-94) ’Q’)—\ (@) \‘ P )
RECY

AACVTE, Ann Arbor O% <’%®) Q) ~ SmartPGH

AMICIROIISE (). { FennDOT SPaT,
Pittsburgh
INDOT SPaT Greenwood \ @ Q US 33, OH ‘ sburg

Col'umbu.s, OH -\.< /b “ PennDOT SPaT,

Ross Township
DE DOT ATCMTD | PennDOT SPAT,
o

Ada County Highway District S ——

San Francisco ATCMTD
("1} DelDOT SPaT

1
Wyoming CV Pilot

UTA SPaT ~

!
(@) ProvoBer e}

1-580/Washoe County, NV

California CV Test Bed

Road X I-70

/ Kansas City

SPaT US69 q
. L PaT
Las Vegas Freemont e) | Selo e Indiana CV Corridor

Street SPaT Corridor N Denver ATCMTD Program

Harrisburg

...and sample

applications

San Jose, CA (2)

(O Los Angeles, CA /
LA ATCMTD

(>  Loop 101 Mobil

Anthem Test Bed

o ®

ity Project

|

College Station, TX

- | e
. Springfield, MO SPaT C Nashville, TN
CO DOT Wolf Creek Pass ATCMTD -

1 J
GDOT Atlanta SPaT |

Univ of AL/ALDOT SPaT

(O OH Turnpike L

TnDOT SPaT, Knoxville @) y "
| ’r@‘( Fairfax County, VA
(@)

Atlanta Smart Corridor Demo, GA
W

South Carolina
CV Test Bed

)
PennDOT SPaT, I-76

\ Howard County SPaT
Virginia (VDOT)

\ /O

v NCDOT SPaT, Cary

Houston, TX

(@) = !”: o
O & [ Gainesville sPaT GA DOT CV ATCMTD

Univ of AL ACTION ATCMTD
Tallahassee SPaT

Miami Freight Project

\ J ool Hi

-

"
' Texas Connected Fi

Orlando, FL (2)

" #Projects #Devices* #Infrastructure
@ FEmice Fieje Planned 35 3,266 802
@ Operational Projects Operational** 52 15,435 6,086
Source: Volpe, the National Transportation Systems Center (USDOT). May 2019. ot 87 18,701 6,888

The project information and data contained on this map was gathered from publicly

available materials and is subject to change. “*Includes devices in phased deployments

*Includes aftermarket devices

Sample Applications

Commerce Applications Intersection collision avoidance

Truck Platooning Signal prioritization

Taxi Management Intersection movement assist

Geo-Fencing Wrong way driving
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What Does
Deployment
Look Like?







‘ Agencies
Aviation
Monetized
Freight'Rail
. Client
— ] 988 Appropriate
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|
Processing

at If” simulation

Weather Layer

Construction Layer

1§ Device Layer

Fleet Layer

Incident Layer

Crash Layer

Traffic Layer

GIS Layer

Google Maps




Tolling Advances
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|
Supporting
Shifts in Tolling

Mobility on Demand Apps

Toll

Mobile Payment Technology Tesla screen

Techno_logy

" Mark
\ Smart Mobility Hubs

High Occupancy Commuting Technology Marketplace October 30, 2019 Page 40







