Recent Developments in CAV and
Lessons Learned

.\‘,‘ ” “
E

Presenter

Matt Davis, PE, PTOE
Traffic and ITS Engineer
Stantec — Baton Rouge
matt.davis@stantec.com

) Stantec



Why use Connected Automated
Vehicle (CAV)?

USDOT now uses CAYV (e.g. Proving Grounds 9/20/16)

“Autonomous” is still used widely in the media and automotive
iIndustry

“Autonomous” implies “acting independently.”
Many safety applications require connectivity
“Automated” better describes the technology!
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The Evolution of Connected and
Automated Vehicles

Connected Vehicle @
Communicates with nearby

vehicles and infrastructure; Mot
automated

Connected I @'@ ‘\m 1 »
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Operates in isolation from other KQ'
vehicles using internal sensors

www.its.dot.gov
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PTV Microsimulation Example

https:.//youtu.be/Jrc3hUG4w|s?t=2191
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EMERGY & ENVIRONMENT

Volvo, Betting on Electric, Moves to Phase Out Conventional Engines
By JACK EWING  JULY 5, 2007 o o @ c l 332
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hybrids or all electric
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2T GREEN CAR OF THE YEAR.
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Car subscription services totake 1 of Ssales by 2023,
Volvo CEO says

E P R B e S Take Us With You!

sawg vk gty

Thet =i Wikt W04 W oy rerpman e the Seserkhrrrad s Heer ramasr eneezarrna he azid Inobhe
1.5, e e ek chait aeoy e e el e srbvare sz Azl o uiee i aendee

Stantec

A simple alternative
to car ownership.

Marchie-month zer e kst ene. Mow avelsble n

the Sar Frac<cacc Bay Scea.

Wla are an anline platform that affers
menthly subscrictions to pre-owned
Ford vehicles, All of cur cars come
with evarylhing you need 1o hil the
read, like insurance, maintenance,
aned warranty coverage.




F Pober Pool Rides as
total of all trips
globally (2016)




CAV technologies impact
how.communities will:

e Operate
« Accommodate Growth
« Manage Conigestion
* Improve the Economy
* Increase Safety

« Save Time
 Encourage Health
Improve Quality of Life



Resiliency = Robust Automated Mobillity

Sustainability = Less, smaller & safer cars
Affordability = Less capital construction
Equality = Accessibility to everyone
Accommodating = Provide flexible capacity
Influencing = Enhances transit

Broad Access to Mobillity Services
Seniors / Paratransit / Low Income Users/Job Search
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Connectivity In motion

Vehicle to Infrastructure (V2I)
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Connectivity In motion

Vehicle to Vehicle (V2V)
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Connectivity In motion
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Connectivity In motion

Vehicle to Cloud (V2X)
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Connectivity in Motion
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; NHTSA Notice of
Proposed Rulemaking
on Vehicle to Vehicle
Communication,

January 12, 2017
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Shared Automated S
Vehicles * -




Basic Elements of a Shared

Connected Automated Vehicle

Localization uses
LIDAR Laser
Technology for both
mapping and object
recognition.

Passenger

display
. . technology
Mobile App Driven

Braking Systems:
Regenerating,
Hydraulic, Failsafe
braking, and Electric
Caliper

Electric Power Train
No Driver Controls

") Stantec

GPS & LIDAR
\YF=Ye]ollg[e]

5.9 GHz DSRC,
Bluetooth, 4G, LTE,
RTK

Collision Avoidance
is achieved through
Lidar and video
image processing

Shared Automated
Vehicle
12 Passenger
Electric




SAV can... Replace Serve

Eliminate
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SAYV lifecycle ‘|2conven’rional ‘I 4" ‘I ‘I parking
= only 2 years vehicles -

spaces
persons a day

-------------------------------------------------------------------------------------------------------------------

11% e i1 - $1.60/mi.

increase in passenger’s overall
travel distance with pooling

: Total Cost of a Conventional Vehicle
: (' ncluding time value) vs. SAVs

Source: O.J, Fagnant, K. M. !'\'i':."--i-.' nf20714), The frg
erviranrnental irmplicalions of shor ‘.’:.'.'."'I:'.-'l-(,:.'.- W
using agaent-bosed model scenanos, F.'r_".'.-'u_c,'_':-:;rrc.-.‘5;_".
Porl C Ermerging Technoclogies, 40, March 2014
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How Do We Galin
Confidence?

Testbeds
Pilot Projects
Well planned and

orchestrated
Build on successes

Societal Skepticism
to Acceptance

it s



USDOT CAYV Proving Grounds

1. City of Pittsburgh and the Thomas D. Larson Pennsylvania
Transportation Institute

Texas AV Proving Grounds Partnership

U.S. Army Aberdeen Test Center

American Center for Mobility at Willow Run

Contra Costa Transportation Authority & GoMentum Station
San Diego Association of Governments

lowa City Area Development Group

University of Wisconsin-Madison

Central Florida Automated Vehicle Partners

10. North Carolina Turnpike Authority

© 0N ks WD
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Other CAV Proving Grounds

Transportation Research Center, Columbus, OH
Mcity, University of Michigan, Ann Arbor, Ml
City of Tampa Pilot Project, Tampa, FL

I-80 Pilot Project, Wyoming

NYC CV Pilot Project, New York City

Active Arura, Edmonton, AB

o kA Wb E
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5 Stantec

Largest secure testbed in the US

with 2,100 acres available
for testing

of paved roadways with a
7-mile long spine road for
high speed testing

USDOT Designated
AV Proving Grounds



A Platform for Transforming the Future

What is GoMentum Station?

GOMENTUM
STATION

Collaboration &
Largest Test Bed Platform e

Center for Testing &
Innovation Research

v

Redefining Mobillity

...while addressing the real congestion/safety need

CV Applications

Stantec



Key AV Partners M

: _ (=) STATION
Testing at GoMentum Station
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Test Objective: Traverse




Test Objective:
Passenger Feedback
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" Pleasant Hill

Wainut Creek O3 station
Population 70,000 pryyva . ------ i S Csav |

Walnut Creek - N

;,;:_""& Danville First Mile/Last Mile

Lafayetie Population 43,000 .
e Solution

Statia Bt (T

R Csav

San Ramon
Population 75,000

COMPLETING v
MASS TRANSIT 3 —
. -
egen '

Suburban Center

Dublin

BART Stati ~
e h:! m"*. Population 527,000
nghwavs_ ——— AR T
Major Roadways e st
ior T .
Major Transportation NMode e . T
Connected Shared Autonomous Vehicle [EZXN Blaascnken i rl?r::::;nn
Statio CSAV
CSAV Fleet/Feeder  ceeeeeeeeeeens 0 =

“Transit Accessibility” will be the key
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Tampa
SAV
Mixed
Traffic
Pilot

Stantec

Downtown Tampa Autonomous Transit Phase |

Marion Street is a north and south running roadway in the center of downown Tampa. Between the hours of
Garn-and Tpm on weekdays, the corridar is for exclusive use of bBuses and emergency vehicles, and therefore
offers an opportunity to operate a low-speed, autonomous last-mile shuttle service out of mixed traffic. The
service would address maobility needs downtown by connecting the Marion Transit Center and parking to
employment, and act as a catalyst for further autonomy in transportation throughout the Tampa Bay region.

= G miles along Marion Street = 2 hlocks north on Marion, low-volume public road
& _2 miles circulation around Marion Transit Center = & signalized intersections

# 15 mph spoed limit = At operating speed less than half of bus, could

s (58X rail crossing on Polk 5t operate at 10 minute frequency with 2 vehicles

] v

0 Marion Transit Center

& End-of-Line Turnaround - Whiting Street

& Potential Charging and Storage - HART Parking Lot

& Potential Charging and Storage - City Parking Lot

@ Potential Charzing and Sterage - Marion Transit Center
3 Potential Charging and Storage - Whiting Garage

& Polk Street CSX Rail Crossing

3 Harrison Street - Open Access to Public to North




ACTIVE"’AU RORA

Edmonion AB

"
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f Larg CV Testbed

.~ inCanada

&’ "3 Corridors
\ . Rural Freeway
Urban Expressway

Urban Arterial

%iznesting Stages
proving Safety
N iver Behavior

Congestionﬁe\duc_tion
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Connected Vehicles

Stantec Design of Electrical Systems

[
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ACTIVE-AURORA Test Bed Network

« $3.6 million test bed for connected vehicles

Testing both DSRC and mobile cellular environments
Stantec’s role: Project Manager and Designer

Over 60 RSUs in multiple corridors

5.9 GHz developmental license
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Connected Vehicles

Direct Short Range Communications Environment

Traffic Signal
N Controller
0 0 ' Equipmient ) . .
Smart Phone _ter ol \§ ?;-"W Traffic Management
] ! ’ "¢ Center

Smart Tablet

Freeway
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Lessons Learned by Stantec

Issue

Lack of Content
 Unlimited uses for CAV technology

Recommendation

Better Coordination with App Developers
« Do a better job collaborating across industry sectors

« Don’t be afraid to put your idea out there
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Lessons Learned by Stantec

Issue

Default Deceleration
 Highly automated vehicles disengage/decelerate as a
default in most challenges.

e How do they perform compared to a human driver?
 Will we see in an increase in delay?

Technical Redundancy
 Multiple LIDAR, Sensors, Data Management
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Lessons Learned by Stantec

Recommendation

Resilience

« The ability of a highly-automated vehicle to
identify, respond to, and recover from a
safety challenge.

Need Oppositional Testing

* Instead of collaboration to pass tests, the track
owners attempt to defeat the highly-automated

vehicle into a crash or unsuccessful result by
iIntroducing increasingly difficult safety challenges.
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Response
to a
Challenge

Safe
Operation

Recovery

Resilience Engineering in CAV Testing
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