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PRIMER ON AV
TECHNOLOGY

by Alisyn Malek, Founder and CEO of Middlethird



Five levels of autonomous driving

il FULLY AUTONOMOUS - Vehicle is completely driverless

No level 5 per NHTSA. Per SAE, full-time automated driving in all conditions without a human driver.
These vehicles will not feature driving equipment and will no longer look like the vehicles of the past.

HIGH AUTOMATION - Capable of performing all safety-critical driving
functions while monitoring environments/conditions in defined use cases
Per NHTSA, this is full self-driving automation. Per SAE, Self-driving is fully possible in most road conditions
_— s Y J and environments without need of human intervention. A functional driver cockpit is still in place (steering
" #  wheel, brake/acceleration pedal, etc.)

CONDITIONAL AUTOMATION/LIMITED SELF-DRIVING -
The car becomes a co-pilot

The vehicle manages most safety-critical driving functions in known (mapped) environmental
conditions. A human driver is still present and expected to manage vehicle operation.

PARTIAL AUTOMATION/COMBINED AUTONOMOUS
FUNCTIONS - Key automated capabilities become standard but

driver still in control
At least two simultaneous autonomous tasks become are managed by the vehicle in specific scenarios.

DRIVER ASSISTED/FUNCTION-SPECIFIC -

Intelligent features add layer of safety and comfort

A human driver is required for all critical functions. The car can alert the driver to
conditions, environment and obstructions. It can also offer assisted/smart performance
and driving capabilities.

ZERO AUTOMATION - Driving as Usual

A human driver is required to operate the vehicle safely at all times.
ALTIMETER



How self-driving vehicles view the world

Emergency Brakng




How do vehicles sense the world around them?

® Camera

Takes images of
the road that are
interpreted by a
computer. Limited
by what the camera
can “see’.

Source: Delphi

@ Radar
Radio waves are
sent out and

bounced off objects.

Can work in all
weather but cannot

differentiate objects.

® LiDAR

Light pulses are
sent out and
reflected off objects.
Can define lines on
the road and works
in the dark.



Opportunity

Increase access to
healthcare, education, and
economic opportunity to
underserved areas. Provide
cost-effective mobility options
to the disabled and elderly.

Congestion

Traffic costs commuters hours
each day and slows economic
development. Many cities
and regions also require more
space allocated to parking
than human adding 67% to
building costs.

Drivers are at fault in 81%
crashes annually in the
United States alone






Legal Environment in the US

Federal v. State
fFederal government - regulates the vehicle
fState government - regulates the driver

State v. State
fCalifornia/NY - highly regulated
fMichigan/Florida - lightly regulated

Draft federal legislation aims to support technology
development through a single set of rules.

Legend

Enacted Legislation
Executive Order
Both

None

Source: National ConferenoéState Legislatures
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Waymo in Phoenix

N
-

et




AL/[O/?O(T)OUS
Vehicle




—n 3

-5
{

s G

t

-

Soug

Optimus Ride In Brooklyn




iIity |n Detro|t

i O o [ ¢
i\ ir OYX !Sgi ‘—!:'L.}i%uu_ hg i

S SEIVAVRR !




Why might autonomous vehicles be electric?

Ease of Development
fElectric vehicles are simpler to engineer that
internal combustion vehicles

Lower Cost to Operate

tElectric vehicles have a lower total cost of
ownership across energy supply and
maintenance

Ease of Deployment

tGlobally, many cities are working to cut
emissions and requiring EVs, planning AVs
for that future makes it easier to deploy
across more cities

ELECTRIC VEHICLES
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DRIVERLESS | ek
CARS CAR SHARING
SERVICES

Source: Shared Mobility News



alisyn@middlethird.co

Source: itsabouttravelling.com
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Automated and Connected
Vehicles in Wisconsin

Autonomous Vehicles Webinar
September 2, 2020 x1pm
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Automated and Connected Vehicles in Wisconsin

The next 15 years In transportation will be more
transformative than any time in our history

T Highly automated vehicles will begin to enter and disrupt the market
T Downtown cores and interstates will be the first movers
T Crashes will decrease and the types of crashes in the mix will change

T The transition offers many challenges and unanswered questions
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Rent any car you want,
wherever you want it.




Advance
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Automatic Emergency Braking

Anti-Lock Braking System

& O

Forward Collision Warning Left Turn Crash Avoidance

Electronic Stability Control

Adaptive Cruise Control

SE
LEVEL 1

SE

LEVEL O

You are
your car’s best
safety feature.

Curve Speed Warning Blind Spot Warning

Adaptive Headlights Bicycle Detection Brake Assist High Speed Alert

ENGINE
START
STOP

Pedestrian Detection Traction Contraol Hill Descent Assist Hill Start Assist Push Button Start

Obstacle Detection

Parking Sensors Tire Pressure Monitoring

System

ack-up Camera Back-up Warning Rear Cross Traffic Alert Automatic Parallel Parking

]

=
LEVEL 5

SE
LEVEL 4

SE
LEVEL 3

SE
LEVEL 2

MyCar L
GﬁﬁhﬂﬁatCWg ) ol

Know More. Drive Safer.

Lane Departure Warning Drowsiness Alert

Copyright @2017 National Safey Council

d Driver-Assistance Systems (AD/

Sideview Camera

Adaptive Headlights

Temperature Warning

Lane Keeping Assist

20



Automated and Connected Vehicles in Wisconsin

Connected VehcheSOverwew

T Ve
T Ve
T Ve

t Pedestrians
T Bicycles / motorcycles / mopeds

NIC
NIC

NIC

e- to-Vehicle (V2V)
e- to-Infrastructure (V2I)
e- to-Anything (V2X)

T Connected everything + Internet of Things

T Basic Safety Messages (BSM) broadcast every 1/10th of a
second
T Vehicle position, speed, heading, acceleration, size, brake system status

T Venhicles and infrastructure need to be equipped to gain benefit
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Automated and Connected Vehicles in Wisconsin

Vehicle to Infrastructure Communications
Red Slgnal Runner at Intersection Warnlng
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Automated and Connected Vehicles in Wisconsin

Vehicle to Vehicle Communications
Road Hazard Notification

nmental Engineering
™ EESITY OF WISCOENSIN SMALHSOEN



Automated and Connected Vehicles in Wisconsin

Vehicle to Anything Communications
Turning Crosswalk Pedestrian Warning
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Automated and Connected Vehicles in Wisconsin

Connected Vehicle Applications

V2l Safet ____Envionment | Mobility

Red Light Violation Warning Eco-Approach and Departure at Advanced Traveler Information System
Curve Speed Warning Signalized Intersections Intelligent Traffic Signal System

Stop Sign Gap Assist Eco-Traffic Signal Timing (I-SIG)

Spot Weather Impact Warning Eco-Traffic Signal Priority Signal Priority (transit, freight)

Reduced Speed/\Work Zone Warning Connected Eco-Driving Mobile Accessible Pedestrian Signal System
Pedestrian in Signalized Crosswalk Wireless Inductive/Resonance Charging (PED-SIG)

Warning (Transit) Eco-Lanes Management Emergency Vehicle Preemption (PREEMPT)

Eco-Speed Harmonization Dynamic Speed Harmonization (SPD-HARM)

V2V Safet Eco-C tive Adaptive Cruise Control Qu€Ue Warning (Q-WARN)
Y B e ————— Cooperative Adaptive Cruise Control (CACC)

Emergency Electronic Brake Lights (EEBL) Eco-;raveleh; Ir;fo.rmatlon Incident Scene Pre-Arrival Staging Guidance
Forward Collision Warning (FCW) co-Ramp lietering for Emergency Responders (RESP-STG)
Intersection Movement Assist (IMA) Low Emissions Zone Management Incident Scene Work Zone Alerts for Drivers

Left Turn Assist (LTA) AFV Charging / Fueling Information and Workers (INC-ZONE)
Blind Spot/Lane Change Warning Eco-Smart Parking Emergency Communications and Evacuation
(BSW/LCW) Dynamic Eco-Routing (light vehicle, (EVAC)
Do Not Pass Warning (DNPW) transit, freight) Connection Protection (T-CONNECT)
Vehicle Turning Right in Front of Bus Eco-ICM Decision Support System Dynamic Transit Operations (T-DISP)
Warning (Transit) Agency Data Dynlamic Rid:'-.\.sharing (F)—RIDE) .
. Freight-Specific Dynamic Travel Planning and
Road Weather Probe-based Pavement Maintenance Performance
Motorist Advisories and Warnings (MAW) Probe-enabled Traffic Monitoring Drayage Optimization
Enhanced MDSS Vehicle Classification-based Traffic
Vehicle Data Translator (VDT) Studies : Smart Roadside
Weather Response Traffic Information CV-enabled Turning Movement & Wireless Inspection

Smart Truck Parkin
(WxTINFO) Intersection Analysis :

CV-enabled Crigin-Destination Studies

Q U.S. Department of Transportation 7




Automated and Connected Vehicles in Wisconsin

Biggest Issues Surrounding AV/CV

Complex Driving Situations
Vehicle Cybersecurifiiis
Information Privacy |
Vehicle Ethics
Crashworthiness
System Disengagements / Driver Re-Engagen il -~ =
Deep Learning / Artificial Intelligence —
Vehicle Assertiveness
Fault Tolerance / Fall Baquiibes
Liability / Legality / Crash Data
User Acceptance / Equity / Jobs
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Where Is the

AV research

happening In
the US?



Where Is the CV research happening in the |

As of August 10, 2020



Madison Park Street
Connected Corridor
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Safely and Effectively Communicating Non-Connected
Venhicle Information to Connected Vehicles
T Communicate data from a Radar-based vehicle
detection (RVD) to CVs using intersection
collision avoidance (ICA) messages

T Explore the feasibility of using RVD systems to
supplement information available to CVs

1t Evaluate the effectiveness
of an advanced warning

message



CAV Data for Safety Testing and Law Enforceme

Data Hierarchy

Final Decision Vehicle Decision Human DeCiSion
Making Data Making Making
Human-Machine Operational Desig Subsystem
Interface Domain (ODD) Function

Safety and Performance Evaluation

Operational Data

Raw Data




WiscAV Shuttle Project Overview

tDemonstrations
tSafety Performance
iPerformance Measures for Safe Operation of AVs
TAV Interaction with Pedestrians and Bicyclists
tAdvanced Communications System
iSimulation for Safety Characterization of AVs
iOperational Impacts
tAgency Needs
i aw Enforcement and Traffic Records Data Needs
iPavement Marking Maintenance Standards
iRegistering, Licensing, and Insuring AVs
fTransit Integration
HJser Acceptance
HUser Trust
iEquitable Access
iData Sharing
tOutreach
iState DOT and City
iWisconsin Rural
iNational Rural



Project Chrono
CV/AV Simulation

TCAVE (Connected autonomous vehicle emulator)
TMulti-agent support

TVehicles built from subsystems

FDSRC simulation

TLIiDAR/Radar simulation



HAVI +
Human AV Interaction

~ull-scale driving simulation

Partial automation research

Driver reengagement

Disengagement scenarios

Driver attentiveness / distraction
TADAS/CYV driver notification strategies
TAV interaction with human drivers
tVehicle assertiveness
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Augmented Reality (AR)
Traffic Signs

AR signs

TReaction time (RT)

TDistraction

tFlashing rate
TDriving simulation scenarios
TAR signs direct attention to road
TEquivalent RT to post-mounted signs
TRT impacted by flashing rate




SC&C +
Smart and Connected
Ccommunities

tDynamic routing

T First-mile/last-mile connectivity
tFood and transit deserts
+Shared Madison data platform
FSmart parking algorithms

T1oT compatibility

tUrban analytics




REACT xResident
Engagement on
Automated and

Connected Technologies
TRural engagement workshops

TAging community outreach

TLow-income community outreach

tUsers with disabilities

TVulnerable industry sector research

TPublic outreach and education events
TMultidisciplinary graduate degree development




Jonathan Riehl, PhD, PE
Wisconsin AVPG, TOPS Lab

Civil & Environmental Engineering

UW-Madison

ViSIt;
Call:

Email:



Questions? 3XW \RXU TXHVWLRQV LQ WKH FKDW DQG
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Get In touch!

Kelly Verbeke Jane McCurry
Wisconsin Clean Cities RENEW Wisconsin
(414) 221-2175 (608) 255-4044 ext. 8
kelly.verbeke@wicleancities.org |ane@renewwisconsin.org
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