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Projects In this Presentation

» Cooperative Automation Research Mobility Applications
(CARMA)

* U.S. DOT/SAE Cooperative Automation Taxonomy
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Basic Travel

USE CASES

TSMO PROOF OF CONCEPT
TESTING AND EVALUATION
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Source: FHWA.

Example scenarios:

Engage in a platoon
defined by a
geofence.

Leader maintains
safe time gap.
Followers maintain
interplatoon time
gap.

Platoon size of two
to five cars per lane.

Possible maneuvers
with other CADS-
equipped vehicles.

2

Work Zones

3

Weather

Source: FHWA.

Example scenarios:

Reduced command
speed entering work
zone.

Defined by a
stationary geofence.

Lane change
assignment prior to
entering work zone.

Maintain safe time
gap thought the
work zone.

Possible maneuvers
with other CADS-
equipped vehicles.
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Traffic Incident

Manage

ment (TIM)
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Source: FHWA.

Example scenarios:

Reduced command
speed entering low
visibility weather.

Defined by a
dynamic geofence.

Engage in larger
time gap.

Maintain lane
guidance.

Possible
maneuvers with
other CADS-
equipped vehicles.

Source: FHWA.
Example scenarios:
= Reduced command

speed entering
traffic incident
event.

Determined by
infield geofence.

Lane change to
provide space for
first responders.

Possible
maneuvers with
other CADS-
equipped vehicles.



C | E M R U.S. Departrent of Transportation

Federal Highway Administration

Existing CARMAZ2 Fleet

sRADE

11



C/RMIN

Development Open Source
Tools



C/ARMN _ _
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Advancing CADS research with FHWA and FMCSA fleet and partnerships

Source: FHWA. © 2018 Getty Images.

Expand cooperative Leverage Autoware OSS
automation capabilities. development.

Develop proofs of concept to support Enable automated driving
TSMO use cases. systems (ADS) Level 2-3
Collaborate with Infrastructure capabilities.
Owner-Operator (I00)/Original Engage ADS community.
Equipment Manufacturers (OEM)

community.
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C _Q M I\ SOFTWARE ARCHITECTURE
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PLUG INS {cruise, speed control, platooning, lane Ty ;
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Controller software, communication, -
position (GPS), sensor, CAN
Sensing ..eeeeeenn.
Source: FHWA.
V2V: Vehicle-to-Vehicle. LiDAR: Laser Imaging, Detection, and Ranging. CAN: Controller Area Network. HMI: Human Machine Interface.
V2I: Vehicle-to-Infrastructure.  GPS: Global Positioning System. CADS: Cooperative Automation Driving Systems.

A platform developed in the open using agile software development process to collaborate with stakeholder community.




C/ARNMIN

CONCEPT FOR TSMO NETWORK MANAGEMENT

Use of the rule parameters

applied in a geofenced area to
support TSMO use cases that

include but are not limited to:

TRAFFIC MANAGEMENT CENTER

-
- =

Desired speed: the ability to send

speed limits and/or reductions in speed
(e.g., 55 mph).

Set a Geofence

around TSMO

— Scenario

Apply TSMO ADS
Rule Parameters

/

Desired follow gap: single vehicle
gap control measured in seconds
(e.g., 1.0-second time gap).

= Desired intraplatoon follow gap:
N f'ans intraplatooning gap control measured in
VSTt seconds (e.g., 0.8 second gap).
\ S \\\\ and
1 Sso . o o -
\ \\ ~~\fc‘e,,,,n = Platoon size limit: Set platoon size
4 \ RN \\?*Ge%nc (e.g., 2, 3, 5 cars).
1 ~ Ss
\ e TS e R‘I . i
Infrastructure N \\ﬁpafa,,, = Lane assignment: Set which lane
Connectivity \* . Tl Slers vehicle should occupy (e.g., lane 1 or
' RS
T e 2)
P — —_ ot N

|
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-& = QOther variables to be defined.
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C/RMIN

Enable Flexibility and
Collaboration
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Agile and Open-Source Software (OSS) Development
AGILE METHODOLOGY: DESIRED OUTCOMES

Daaily Scrum
24 Hours

Sprint Review
and Retrospective

Planned 3 Weeks

Release Software

Product Backlog Sprint ltems

Reles: Product Owner, Principal Investigator, S5crum Master, Development Team, Stakeholders
Source: FHWA.

Improved quality.

Improved efficiency.

Improved predictability.

Allows for continuous improvement.
Clearly defined roles.

Well-written and testable user stories.
Repeatable.

Metrics.

Tooling.

Partnering with Intelligent Transportation Systems — Joint Program Office Data Program: Ariel Gold.

Collaborating Open-Source with Code.Gov: Ricardo Reyes.

5. Departmient of Transportation
Federal Highway Administration
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C ?MI\ GitHub Repository

Pull requests Issues Marketplace Explore

USDOT FHWA STOL

Innovate. Collaborate. Open-Source Mobility.

Washington, DC hitps:.//highways.dot.gov/ taylor.lochrane@dot.goy
El Repositories 6 People 20 leams 8 Projects 0
Pinned repositories
CARMAPIlatform CARMAC|oud
[he newest inception of CARMA i1s now live on Coming soon. Cloud-based open source software
Github and open for collaborating. The (OSS) that enables infrastructure cooperation with
CARMAPIatform is created on a robot operating automated driving technology through
system (ROS) and utilizes open source software (OSS)

OSS) Transportation Systems Management and Operations
that enables ¢ (TSMO)

®cC w 124 Y12 w3

(A

o/

U.S. Department of Transportation

Federal Highway Administration https://github.com/usdot-fhwa-stol

CARMAConcept

s Cooperative Automated Vehicle (AV

nitial proo

n. This 1

=1 ¢

Sen

AT

as

platiorm

f-of-concept for the current
sitory

an arcrive,


https://github.com/usdot-fhwa-stol
https://github.com/usdot-fhwa-stol
https://github.com/usdot-fhwa-stol
https://github.com/usdot-fhwa-stol
https://github.com/usdot-fhwa-stol

?MI\ Website

United States Department of Transportation

U.S. Department of Transportation
" Federal Highway
@ Administration

Programs Resources Briefing Room

Home » Research » Research and Development » Operations

':xplom'f'iﬁslcarch and < : s

i Cooperative Automation Research Mobility < : /i ?M I\
Operations R&D . . .

Overvien Applications (CARMA) Overview : |

Related Links

Analysis Modeling and T
Simulation Project I e

o CARMA Gpen Platfarm

S o CARMA Collaboration
e U.S. Department of Transportation's Public Data
Portal
Contact Us

Turner-Fairbank Highway Research Center

opeEmsource mobility

United States Department of Transportation
Federal Highway Administration

6300 Geargetown Plke

What Is CARMA? MeLean, VA 22101
United States
(\ The Federal Highway Administration (FHWA]} developed the innovative Cooperative TFHRC webmaster@dot. goves
Automation Research Mobility Applications (CARMA) platform to encourage collaboration
V with the anal of imnrevine transonrtation efficiencw and safety FHWA'S interpat in

U.S. Department of Transportation

Federal Highway Administration https://highways.dot.gov/research/research-programs/operations/ CARMA
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U.S. DOT/SAE Cooperative Automation

* Develop a taxonomy for cooperative ADS

 Define factors suitable for standardization for integration of ADS
with infrastructure

» Define engagement activities with other parties (SDOs, DOT
~HWA, etc.)

* Develop new and augment existing standards to support ADS
iIntegration

 Foster the development of ITS standards including: V2V, V2I,
V2P, V2other




What Is the relationship between

cooperative transportation and SAE J3016?

% SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE SE SE SE
LEVELO J LEVEL1 J LEVEL 2 J LEVEL3 J LEVEL4 J LEVELS

You are driving whanever these driver support features You are not driving when these automated driving
are engaged - even If your feet are off the pedals and features are engaged - even If you are seated [n i
letat do?s ::9 you are not steering "the driver’s seat”
uman in the
dtg\":tis::: You must constantly supervise these support features; When the feature These automated driving features
% you must steer, brake or accelerate as needed to requests, will not require you to take
maintain safaty you must drive over driving
These are driver support features These are automated driving features
These leatures These features These features These features can drive the vehicle This feature
are limited provide provide under limited conditions and will can drive the
Lo providing steering steering not operate unless all required vehicle under
th:;t“ "'35; warnings and OR brake/ AND brake/ conditions are mat all conditions
Liras: a0 momentary acceleration acceleration
assistance support to support te
the driver the driver
«automatic +lane centering +lane centering «traffic jam «local driveriess @ +same as ]
emergency OR AND chautfeur taxi level 4,
braking «pedals/ but feature
Example «biind spot «adaptive cruise @ ~adaptive cruise p[ by can drive
Features S control control at the SIEREY

everywhere
inall
conditions

warning

wheel may or
may hot be
Instatied

same time
«lane departure
warning

Crowm e @ 200 A0 r et Ty

For a more complete description, please download a free copy of SAE J3016; https://www.sae.ora/standards/content/|3016 201806/ 17




Cooperative Automation Classification

Class 0: No Data

Class 1: State

Class 2: Intention

Cooperation Classification

Class 3: Negotiation
Lets do this together

No Automation
Human does all

Driving Automation System
Human Driver monitors driving

Automated Driving System (ADS)
Automated Driving Systems

SAE Automated Vehicle Levels

the Driving environment monitors driving environment
Level 0 Level 1 Level 2 Level 3 Level 4 Level 5
No Driving Driver Assistance  Partial Driving Conditional High Driving Full Driving
Automation Automation Driving Automation Automation
Automation

(e.g. Signage,
TCD)

Here | am and what | see

This is what | plan to do

(e.g. Brake Lights,
Traffic Signal)

|

|

|

|
|
(e.g. Turn Signal, |
Merge) I
|

|

|

|

(e.g. Hand
Signals, Lane
Assignment)

Relies on onboard sensors and
human monitoring to support
limited maneuvers

Relies only on onboard sensors for perception
to support maneuvers

m
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Traffic signal example

Eco-Approach and Departure at Signalized
Intersections

Roadside
NS Equipment Unit

y

Traffic Signal
_. Controller with
SPaT Interface

Vehicle Equipped with the
Eco-Approach and Departure
at Signalized Intersections
Application
(CACC capabilities optional)

——

Traffic Signal
Head

Source: Nobls, November 2013

e U.S. Department of Transportation

Control zone
s

Eco-departure

Loop detector

|

g | [ -2
Signal timing plan
/

mm Connected and automated vehicle
0 Conventional human-driven vehicle
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Traffic signal example: What Is

cooperative automation?

No Automation Driving Automation System Automated Driving System (ADS)
Human does all Human Driver monitors driving Automated Driving Systems
the Driving environment monitors driving environment
Level O Level 1 Level 2 Level 3 Level 4 Level 5
No Driving Driver Assistance  Partial Driving Conditional High Driving Full Driving
Automation Automation Driving Automation Automation
Automation
. Relies on onboard sensors and . .
(e.g. Signage, . Relies only on onboard sensors for perception
Class 0: No Data human monitoring to support
TCD) .. to support maneuvers
limited maneuvers
[= m
.0
)
S Class 1: State (e.g. Brake Lights, Vehicle shares State data + Object data :
’é Here | am and what | see Traffic Signal) Signal shares SPaT data |
©
2 |
5 ' hicle sh dicted path | |
= Vehicle shares predicted path (arrival time + lane
® Class 2: Intention (e.g. Turn Signal, | . - .. path ( . )
T .. Signal update timing plans based on vehicle |
o This is what | plan to do Merge) | . .
° intentions I
S | |
.. .(e.g. ACI | Vehicle and Signal negotiate specific arrivaland |
dlEEs e ke digrElg e departure, lane assignment, adjust timing plans for |
Lets do this together Assignment) | P ! & » 26 2l |

extended time based on negotiation 20



Traffic signal example: Potential

benefits

Class 1: State

Class 2: Intention

Class 3: Negotiate

Improve decision making by
knowing more information of
vehicles around and traffic signal
timing for increased safety

Improve decision making by
know other vehicles and traffic
signal intent to improve
efficiency and increase safety

Negotiate with other vehicles
and infrastructure on specific
maneuvers to optimize
efficiency and safety

Improve safety at traffic signals
and detection of approaching
vehicles to improve signal timing

Adjust traffic signal timing knowing
vehicle intent to decrease delay,
improve efficiency and increase
safety

Negotiate approach and departure
at traffic signal to adjust signal
times to optimize efficiency and
safety
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For More Information

transportation.gov/av

Kevin Dopart
TS JPO | U.S. DOT
Kevin.dopart@dot.gov




