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Motivation: Modeling Impacts of CAVs

Agencies need a low-cost approach to quantify impacts of CAV deployments
to make intelligent investment and operational decisions.

Traffic analysis tools provide an efficient approach to evaluate a new
technology or strategy prior to implementation.

Current modeling and simulation tools were built to model human driving
behavior.

New CAV behavioral models for microsimulation tools are rapidly under
development.
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Approach: CAV Analysis, Modeling, and Simulation

(AMS) Framework and Gap Analysis

Demand Effects Supply Changes
. . Household and Firms Mobility as a Service
O bJ eCtIVGS Activity and Travel Shared Fleet Operations

Choices

Build comprehensive methodological framework for
developing AMS tools that incorporate the impacts
of CAVs.

Conduct an analysis identifying gaps in existing
CAV AMS capabilities.

Operational
Performance

Flow Modeling and
Control Strategies

© 2018 Mahmassani, Elfar, Shladover, and Huang.!
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Approach: CAV AMS Framework and Gap Analysis

Mode
Demand Changes Characteristics Supply Changes
New Mobility
_ Operation Scenarios New
Nl Activity Travel p Mobilit mmmd Infrastructure
Choices Choices ObIlIty Changes
Options

© 2018 Mahmassani, Elfar,
Trips Origin - Destination System Configuration Shladover, and Huang1

Modes Operational Scenarios
Performance Departure Times

Measures v

Throughput
Flow Stability

Operational Performance (Flow Simulation)

Dynamic Travel Time

Transportation

System Attributes Wil'E|ESS
Sofety Telecommunications
External
Isolated Factors
Isolated Connected Automated Connected
SAV: shared Manual Driver Manual Driver Driver Automated
automotive vehicles. Behavior Behavior Behavior Driver Behavior
OEMs: original
equipment
manufacturers. Agency

Q Heterogeneous Traffic Interactions
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Challenges

Data

Emerging Improved
Technology Models

Benefits
Estimation
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Data: CARMA3SM L3 Class A-D Vehicle and Surrounding

Vehicles

Collect a robust dataset about the behavior of a

. . Co C/RMN W=
CARMAZ3 vehicle and a human-driven vehicle in |.Gu.mmmnmmm .
naturalistic traffic conditions. D p; et
---- Detection ..----. ﬂ'nm’ng-----
Collected data will provide complete v e
. . . . .‘U’EHIEI.E EN‘JIFIDNMENT ) "
details regarding the adjacent vehicles Messge VoVt s, >
surrounding the subject vehicle(s). | = *’*—*ffjﬂ”ﬂn """"""" T —
Subject vehicles will be deployed in Comb o,y =
imilar traffi diti duri dat m—— g
T | T A

Source: FHWA.

CADS = cooperative automated driving system.
V2V = vehicle-to-vehicle.

(‘ V2| = vehicle-to-infrastructure.
U GPS = global positioning satellite.
U.S. Department of Transportation 7 CAN = controller area network.
Federal Highway Administration LiDAR = light detection and ranging.

HMI = human machine interface.



New SAE International Cooperative Driving Automation

(CDA) Framework—J3216

© SAE International from SAE J3216™ Taxonomy and Definitions for Terms Related to Cooperative Driving Automation for On-Road Motor Vehicles (2020-05-07),
https://www.sae.org/standards/content/j3216_202005/.2

_ gE RELATIONSHIP BETWEEN CLASSES OF COOPERATIVE DRIVING
Classes Of Coope ratNe AUTOMATION (CDA) J3216 AND LEVELS OF AUTOMATION J3016

AUtomathn PARTIAL AUTOMATION OF DDT COMPLETE AUTOMATION OF DDT
A—Status Sharing. T

No Driving Driver Assistance Automation
Automation (longitudinal OR (longitudinal
1 (human does all lateral vehicle AND lateral
B—I ntent harl ng . driving) motion control) vehicle
motion control)
C— S : Relies on driver to complete the Relies on ADS to perform complete DDT :
Ag reement harl ng " N%ﬁ?gﬁi?fg:‘“ €4 %|CgDnage, DDT and to supervise feature under defined conditions (fallback condition
performance in real time performance varies between levels)
al-rlrﬁl;enld e.g., Brake Potential for improved object
STATUS Wit | Lights, Traffic S| e dpetection‘ I Potential for improved object and event detection?
SHARING e Signal
3
Chall d i ol o mpoved
a e n g eS a n 0 INTENT | g\llgr?tto eg. Thh‘é?g?g”al’ POteaan'daLL%H'B‘?Q%Y?SO%?JGG Potential for improved object and event prediction?
L. @ SHARING i
opportunities for AMS? - !
L] (&) 5 H
= Let’s do :
S Pl e, Hand C-ADS designed to attain mutual goals

together Signals, Merge through coordinated actions
N/A
Lwill do Si%'r?éWsl_laLg%e i
-~ as Assignnﬁent by C-ADS designed to accept and adhere to a command
(‘ directed Officials :

U.S. Department of Transportation 1Improved object and event detection and prediction through CDA Class A and B status and intent sharing may not always be realized, given that Level Tand 2 driving automation features may be overridden by the
driver at any time, and otherwise have limited sensing capahilities compared to Level 3, 4 and 5 ADS-operated vehicles.

Federal Highway Administration 2 Class A and B communications are one of many inputs to an ADS's object and event detection and prediction capability, which may not be improved by the CDA message.
P20542738


https://www.sae.org/standards/content/j3216_202005/

Data: New Awards

Broad Agency Announcement (BAA): “Acquiring Connected and Automated
Vehicle (CAV) Performance Datasets.” uspot FHwA Notice ID 693JJ3-20-BAA-0005)

Full and Open Competition.

Seeking Datasets:
Advanced Driver Assistance Systems (ADAS) and Automated Driving Systems (ADS).
Subject vehicle and surrounding vehicle trajectories.

Selected Awardee(s).
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Model Improvement: Tools Development

Focus is on developing new tools to enable
more robust impact assessments.

Open-source tools are being developed:

Automated vehicle lane-changing
algorithm.

Improved cooperative adaptive cruise

control algorithm and connected vehicle
algorithm.

Improved speed harmonization algorithm.

Cooperative merge algorithm.
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Source: FHWA.3

ACC = adaptive cruise control.
AV = autonomous vehicle.
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Benefits Estimation

Network Throughput and Total Delay (130% demand level)

Benefits assessment using existing tools

and capabillities.
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simulations represent realistic, near-term
Arterial case studies:

Local agencies are involved to ensure
deployments.

Freeway case studies:
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Approach: FHWA CDA Simulation Environment

A multisimulation-focused evolutionary framework for progressing
CDA simulation capabilities.

Supports sophisticated simulation of CDA/CARMA for efficient and CDA SIMULATION ENVIRONMENT
eﬂ:eCtilve development, teSting’ and evaluation. Vehicle Simulator Traffic Simulator TMC Simulator
Key S|mU|at0rS: SILor HILor Both | SIL or HIL or Both SIL or HIL or Both
Vehicle simulator: CARLA. |
Traffic simulator: SUMO (research) or PTV Vissim/Aimsun® (industry). \ l /
Transportation Management Center (TMC) simulator: CARMA : : : -
SM Pedestrian Simulation Driving
Cloud®". Simulator Environment e Simulator
Pedestrian simulator. ' — | S or HulL
Driving simulator: Turner-Fairbank Highway Research Center ik or Hult Co-simulation |
(TFHRC) Highway Driving Simulator (HDS) or National Advanced
Driving Simulator (NADS) miniSim™.,
Simulation Environment: CARMA Simulation Environment.
Key enab“ng teChnOIOg|eS AR/VR Cyber Security Al/ML Cloud Others
Augmented_reality (AR)/virtual reality (VR). Enabling Technologies
Cybersecurity.
Artificial intelligence (Al)/machine learning (ML). SIL = software-in-the-loop.
: Source: FHWA. HIL = hardware-in-the-loop.
e Cloud Computlng. HulL = human-in-the-loop.
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Approach: CAV AMS Framework and Gap Analysis

Mode
Demand Changes Characteristics Supply Changes
New Mobility
_ Operation Scenarios
Nl Activity Travel " MN?IYt mmmd Infrastructure
Choices Choices obiiity Changes
Options
© 2018 Mahmassani, Elfar,
Shladover, and Huang."
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Dynamic Travel Time
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System Attributes Wil'E|ESS
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SAV: Shared Manual Driver Manual Driver Driver Automated
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OEMs: Original
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“X” in

the Loop (XiL) Role in AMS

Mode

Demand Changes Characteristics
New Mobility

Operation Scenarios

Activity Travel <

\ 4

Choices

Choices

Trips Origin - Destination
Modes

Performance

Supply Changes

New
g |nfrastructure

Changes

Mobility
Options

© 2018 Mahmassani, Elfar,

Shladover, and Huang."

Departure Times
Measures
Transportation
System Attributes 5 . " . =
. Vehicle Simulator Traffic Simulator TMC Simulator
SIL or HIL or Both SIL or HIL or Both SIL or HIL or Both
SAV: Shared
automotive vehicles. . o
OEMs: Original Pedestrian Simulation Driving
equipment Simulator Environment Simulator
manufacturer. —_— - —— —
e SIL or HulL Co-simulation SIL or HulL
U.S. Department of Transportation ] SIL = software-in-the-loop.
Federal Highway Administration HIL = hardware-in-the-loop.
Source: FHWA HulL = human-in-the-loop.




Collaboration Examples

Stakeholder Groups
TRB Committees.

Institute of Transportation Engineers (ITE) Simulation and Capacity Analysis
User Group (SimCap).

AMS Pooled Fund Study: One of the Four Charter Topics: “Evaluation of
Innovation Applications.”

Twinning with European Commission’s CoEXist® project.
U.S. Department of Energy collaboration.
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Conclusions

Microsimulation tools were developed to model human driver behavior. New
tools are needed to appropriately emulate CAV driving behavior and human
drivers’ response to this behavior.

FHWA has funded several recent efforts related to AMS and CAVs. Many of
these efforts will be featured in the workshop.

FHWA is continuing efforts on data, model improvements, and benefits
estimation to support the needs of the broader stakeholder community.
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Questions?

Gene McHale, Ph.D., P.E.

Team Leader

Email
Gene.McHale@dot.gov

Rachel James, Ph.D.
Research Civil Engineer

Email
Rachel.James@dot.gov
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LABORATORY

Saxton Laboratory is FHWA’s emerging
technologies research laboratory enabling
industry development and adoption of next
generation technologies. The lab works to
improve transportation mobility, efficiency,
access and safety through:

= Cooperative automation

® Analysis and modeling of
new technologies

= Interoperability and
performance testing

® Industry support and

technology transfer
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Disclaimer

The U.S. Government does not endorse products or manufacturers.
Trademarks or manufacturers’ names appear in this presentation
only because they are considered essential to the objective of the
presentation. They are included for informational purposes only and
are not intended to reflect a preference, approval, or endorsement of
any one product or entity.
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