ANNUAL
ACCOMPLISHMENTS

JANUARY 2020

Q

\ U.S. Department of Transportation

O Volpe National Transportation
Systems Center

YEARS



TABLE OF CONTENTS

12
26
38
46
50
58

Safety

Innovation, Automation, and Technology
Infrastructure and Transportation System Resilience
Accountability

Small Business Innovation Research (SBIR) Program
Thought Leadership

Thank You to Our Sponsors



MESSAGE FROM THE U.S. DOT VOLPE CENTER DIRECTOR

It's hard to believe we've turned the page to 2020—the start of a new decade and the beginning of U.S. Department of
Transportation (DOT) Volpe National Transportation Systems Center’s 50th anniversary year. The U.S. DOT established
the Volpe Center in 1970 to serve as a federal resource positioned to provide world-renowned, multidisciplinary,
multimodal transportation expertise on behalf of the Office of the Secretary, U.S. DOT’s operating administrations, and

other organizations.

| am pleased to present our Annual Accomplishments report. It highlights some of the Center’s best work of the past year
and provides illustrations of our ongoing efforts to impact the national and global transportation system.

Because it's our golden anniversary year, we've also included a few special notes that focus on our history of advancing
transportation innovation for the public good. For more on our rich history, | refer you to Five Decades, a recently released

Volpe Center publication that celebrates our cross-modal partnerships and sustained commitment to public service.

We recognize and appreciate all of our US. DOT partners and other dedicated colleagues across the transportation

enterprise who have been part of this important journey.

We look forward to collaborating with you over the next half-century and beyond.

Aens D. A\tﬂu)mcl-

Anne D. Aylward

Director
Volpe National Transportation Systems Center
U.S. Department of Transportation

January 2020
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SAFETY

SAFETY ISTHE NUMBER ONE
PRIORITY FORTHE U.S. DOT,

AND THE VOLPE CENTER IS
COMMITTED TO REDUCING
TRANSPORTATION-RELATED
FATALITIES AND INJURIES ACROSS
THE TRANSPORTATION SYSTEM.

AVIATION

Safety Assurance System
Streamlines Aviation
Safety Oversight

Aviation safety is among the U.S. DOT's highest-profile
responsibilities, relying heavily on efficient, technological
solutions. With more safety data available than ever
before, the Federal Aviation Administration (FAA),

Opposite: U.S. DOT Volpe Center experts provide technical
and risk analysis expertise to enhance aviation safety. Source:
©123RF.com

through its Flight Standards Service (AFS) System
Approach for Safety Oversight Program, has become
proactive in using safety management principles to make
smarter, risk-based decisions throughout the agency and

with industry and global stakeholders.

In 2014, FAA introduced a single oversight system for
field and regional aviation safety inspectors to perform
safety assurance—the Safety Assurance System (SAS).
Using risk-based decision making, safety management, and
compliance oversight, SAS has transformed the AFS focus
from regulatory oversight to a robust data-supported
system.To accomplish this, inspectors now use SAS to
review risk, as well as schedule, assign, and perform work.
Most importantly, SAS is used to assess findings, take
appropriate action, and reprioritize future work based

on risk.

FAA turned to the Volpe Center’s aviation safety experts
to continue developing SAS. The Volpe Center has ex-
tensive experience in aviation operational safety and has
worked closely with FAA in designing, developing, testing,
and maintaining information systems used by aviation
safety inspectors.

Volpe engineers, computer scientists, and analysts
collaborated with FAA safety inspectors to form
multidisciplinary Integrated Product Teams focused on
improving the risk-based, decision-making process.Volpe
Center staff used their knowledge of FAA safety data,

standards, and business processes to develop safety
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Above: The FAA SAS oversight process. Source: U.S. DOT Volpe Center

practices that aligned with FAA's compliance oversight
philosophy and vision.

After business process reengineering was completed, the
Volpe team designed and developed updated SAS software.
Once a concept of operations was developed, the team

met with subject matter experts to clarify procedures, and
then wrote program level requirements.To date, over one
million lines of code have been written.Volpe performed
user acceptance testing of system requirements and validated
functionality in October 2019.

Looking forward, SAS will expand to include Unmanned
Aerial Systems oversight, add support for the FAA's
integrated oversight philosophy, and allow inspectors to
access SAS using mobile devices.

More than 4,000 FAA aviation safety inspectors and man-
agers and over 2,000 industry professionals use SAS. This
number is expected to increase with the expansion of SAS
oversight to other Code of Federal Regulations parts.Volpe
continues to work closely with FAA in applying its unique
expertise to help design, develop, and deploy the future of air
traffic management. (Sponsored by FAA)
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HISTORICAL NOTE
Safety Performance Systems

In December 1985, a chartered plane crashed in Gander,
Newfoundland, with more than 240 American soldiers
aboard. A review of the crash concluded that the plane was
overloaded, and that the chartered carrier had no safety
protocol to ensure that the combined baggage, carry-on,

and passenger weight was calculated prior to takeoff.

The Volpe Center, in response to a joint request from FAA
and Department of Defense (DoD), carried out a technical
review, created a centralized database, and developed a new
aviation assessment tool to evaluate the safety record of
carriers used by the military. The Volpe Center, in partnership
with FAA, expanded the effort and created the Safety
Performance Analysis System for scoring all air carriers.

YEARS

Above:The crash in Gander, Newfoundland, of a chartered plane
carrying American soldiers led to a series of landmark safety
database projects. Source: US. DOT Volpe Center
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HIGHWAY

Streamlining Real-Time Work Zone
Data Improves Safety for All

The nation’s transportation system is increasingly data driven,
dependent on reliable, standardized, and real-time informa-
tion about roadside activities and work zones. The ability

to access this data is critical—not only for keeping highway
workers and drivers safe, but also for efficiently integrating

automated vehicles (AVs) into the transportation network.

Road construction and associated work zone traffic controls
are roadway activities that require dependable and
consistent data for interested groups from state, county,

and city DOTs—the infrastructure owners and operators
(I00s)—to the traveling public. Many IOOs maintain data
on work zones, but the lack of common standards makes

it difficult and costly for third parties to access and use this
data effectively.

The Intelligent Transportation Systems Joint Program Office
(ITS JPO) launched the Work Zone Data Exchange (WZDx)
project in March 2018 to jumpstart adoption of a simple,
open specification that will allow IOOs to provide consistent
work zone activity data to third party users. The ITS JPO
collaborated with the Volpe Center's innovation experts

on the WZDx project based on the Center's longstanding

Above: The WZDx specification aims to send advance notice of

work zone impacts to human drivers and AVs to improve safety in
and around work zones. Source: ©123rf.com/Kenneth Sponsler

commitment to providing high-quality strategic development,
scope assessments, and exploratory research.

The Volpe Center co-leads the WZDx project with the
Federal Highway Administration (FHWA) and the ITS JPO.
Version |.| of the specification is now available for IOOs to
initiate data feeds, allowing original equipment manufactur-

ers, high-definition mapping and navigation applications, and

)
e TRAFFIC
WORK ZONE APP A
ACTIVITY
SENT IN
STANDARDIZED
MESSAGE TO
TRAFFIC
APPS

US. DOT Volpe Center

Streamlining Real-Time Work Zone Data

Worker Fatalities in Road Construction Sites in 2017 I 32

Fatal Work Zone Crashes involving Large Trucks and Buses in 2017: 222

ANNUAL ACCOMPLISHMENTS 2020

SAFETY 3



Maximum Crash Probabilitv- Model 05, May 6, 2019 - Mav 13, 2019 in Tennessee

Maxiniem Crash Probability by Day of Wesk

L L L ] L ®
. 2 o i 8 A
3 ) B ) g )
0 . @ 8
H 8 H i . -
I L

2 f 8 b o

Sunday Monday Tugsday  Wednesdsy  Thursday Friday

Maximum Crash Probability

: N, ——
E 1
B Very Lirer Medwim High Wery
(] Lo High
9 A
i Dayof M County
BAM - 1ZPM
g Hour of
Saturday

Above: Example dashboard summarizing the crash propensity model
results for a week in May 2019 for each grid cell with sufficient data,
by day of week, time of day, and county. Inset box shows Davidson
County, including Nashville, TN. Source: U.S. DOT Volpe Center

others to use work zone activity data more effectively.
Two I0Os recently activated standardized data feeds, and
Maricopa County DOT demonstrated a real-time data ex-
change with in-vehicle electronic logging devices to alert

a heavy truck operator of an impending work zone.

Standardizing data exchange on active work zones can
improve highway safety and support the efficient integration
of automated driving systems of the future. IOQOs are quickly
integrating the WZDx specification into roadway manage-
ment and operations, sharing up-to-date information about
roadside activities and work zones with other users. DOT
staff and contractors working in and around the roadway in
particular can benefit from data that highlights their location

in work zones.

Using the WZDx specification to communicate to drivers
that a work zone is active, workers can provide real-time,
on-the-ground information to make work zone data more
useful as a safety tool. Incorporating this information into
navigation applications and maps will not only alert drivers
to reduce speeds through work zones, it will also signal to
AVs to transfer control to a human driver ahead of time.
(Sponsored by FHWA and ITS JPO)

Using Crowdsourced Data to Estimate
High Crash Risk Locations

In 2018, 36,560 people died in highway crashes in the United
States—marking the second consecutive year of reduced
crash fatalities. In 2017, there were over 2.7 million people
injured in motor vehicle crashes in the U.S. The US. DOT's
Safety Data Initiative (SDI) aims to better understand and
mitigate crash risk. The focus of the SDI is to:

I. Integrate public and private data sources to best charac-
terize safety issues;

2. Deploy novel analytic tools, including machine learning, to

tackle these challenges; and

3. Use advanced data visualizations to intuitively convey

model results.

The SDI is an opportunity for public agency researchers to
develop models that estimate the timing and location of
crashes, which may help emergency responders, traffic man-
agement centers, and law enforcement proactively allocate

resources to locations with the highest accident potential.

Crowdsourcing mobile applications are an emerging and
rich source of real-time data about roadway conditions.
The Waze navigation app provides an opportunity for users
to actively report information about accidents, weather
conditions, traffic jams, road closures, and road hazards. This
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crowdsourced data can potentially support a wide range of
safety research applications.

The Volpe Center, in support of the Office of the US.DOT's
Under Secretary for Policy, is leading the SDI Waze Project,
using this private-sector data source to better estimate
where and when motor vehicle crashes are likely to occur. In
the pilot,Volpe researchers began by integrating aggregated
Waze user-reported crash information with crash and other
traffic data from the state of Maryland and auxiliary data
such as road and weather conditions. The team then used

a machine learning approach to estimate where and when
police-reportable accidents were likely to occur over a six-
month period.

The Volpe model provides accurate estimates of crash risk
within one-mile-area grid cells, and a one-hour time scale,
across the state of Maryland. The Volpe Center team has
since extended the Waze crash estimation models to a full
year, and to three additional states:Virginia, Connecticut, and
Utah. Building on statewide research models, the Volpe team
initiated two case studies to develop real-world applications
of the crash-estimation models.

The city of Bellevue, WA, collaborated with the Volpe Center
to test if integrating Waze data can offer superior insights for
Vision Zero, an effort to reduce traffic deaths and serious
injury collisions to zero by 2030.The Volpe team integrated
the Waze data with several local sources of traffic data to
create interactive dashboards that provide city transpor-
tation officials with novel cross-referencing capabilities to

explore traffic crash patterns.

To guide Bellevue’s transportation safety investment
decisions, the team also developed dashboards to identify
conditions, times, and locations with high crash risk. The
dashboards supported a city-wide assessment of safety
concerns to determine where to allocate scarce resources
for an intersection-level video analytics study of road user
conflict scenarios, in partnership with Brisk Synergies, Togeth-
er for Safer Roads, and the Pacific Northwest Transportation

Consortium.

The Volpe team is also working with the Tennessee Highway
Patrol to integrate Waze data into the state’s existing crash
prediction model, which currently estimates crash risk across
42 square-mile grids in four-hour time blocks. Using Waze
data, Volpe data scientists have developed a model that

can predict crash risk in one-square-mile grids, every hour
The improved model provides a high-resolution option to
help Tennessee Highway Patrol optimize the allocation of
troopers to the highest risk locations. Beyond Tennessee,

the model's incorporation of crowdsourced data shows the

potential for similar types of data-driven safety approaches
elsewhere. (Sponsored by U.S. DOT Office of the Under

Secretary for Policy)

Cybersecurity Framework Profile and
Privacy Risk Assessment for the
Connected Vehicle Environment

As the pace of innovation and connectivity increases, the
vulnerability of transportation systems to cyber threats
increases as well. While security and privacy are independent

and separate disciplines, they are closely related.

The ITS JPO coordinates research into and development of
the technology evolution of each next generation of ITS, in
partnership with modal administrations, the transportation
industry, academia, technology innovators, and other interested
parties. Connected vehicle (CV) technologies and their
applications represent an emerging and vulnerable
generation of innovative technology capabilities.

The ITS JPO initiated three CV pilot deployments in 2015
(across Wyoming; in New York City; and within the Tampa,
Florida region), and one research site at the University of
Michigan Transportation Research Institute (UMTRI). To
ensure that cybersecurity would be integral to all CV
solutions, the ITS JPO tasked each site with developing a
security plan.As a result, the broader need for consistent
cybersecurity and privacy guidance emerged.

The ITS JPO asked the National Institute of Standards
and Technology’s (NIST) National Cybersecurity Center
of Excellence (NCCoE), under the project leadership of
the Volpe Center; to develop a Cybersecurity Framework
Profile' and tailor NIST's Privacy Risk Assessment
Methodology (PRAM)? for the CV environment.

I The NIST Cybersecurity Framework provides a common taxonomy for
discussing cybersecurity activities within an organization and between
organizations. It can be used by an organization to measure progress in its
cybersecurity over time, and serves as a tool to communicate the organi-
zation's cybersecurity capabilities to auditors, regulators, and other types of
assessors, as well as partners and vendors. Framework Profile development
aligns the activities and outcomes in the Cybersecurity Framework Core
with a given context: the cybersecurity areas of concern to a particular

industry, organization, or functional area.

2 NIST's Privacy Risk Assessment Methodology (PRAM) provides a
taxonomy for discussing privacy risk and a set of tools to assess privacy risk.
The ITS JPO decided to use the PRAM because it differs distinctly from
the privacy impact assessments (PIAs) typically employed to gauge privacy
risk. In many ways it is better suited to support the engineering of complex

sociotechnical systems, including those revolving around CV environments.
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Cybersecurity Framework

Describes how an
organization views
cybersecurity risk

Describes outcomes
and activities in plain
language. Enables

communication of management.
cyber risk Asks what level
across an of rigor is
organization. appropriate.

Aligns industry standards and best practices to the
Framework Core in an implementation scenario.
Supports prioritization and measurement while factoring
in business needs.

Above: The NIST Cybersecurity Framework consists of three main
components: Core, Impementation Tiers, and Profiles. Source:

The Framework for Improving Critical Infrastructure Cybersecurity, April 2018

The Volpe team served not only as project leads, but also

as transportation technical experts, explaining the complex
technologies and stakeholders involved in a connected
vehicle deployment. MITRE, in support of NCCoE, provided
the project’s cybersecurity expertise.To collect the needed
inputs to develop the Cybersecurity Framework Profile and
PRAM, the Volpe and MITRE teams visited the four CV sites
to facilitate structured workshops that focused on identifying
and prioritizing mission objectives. The workshops generated
additional information needed to address privacy risks,
including each site's approach to privacy.

The Volpe Center and MITRE analyzed the accumulated
real-word data in relation to the Cybersecurity Framework.
For example, mission objectives were reviewed to deter-
mine the priority Cybersecurity Framework categories that
supported them.

The result will be the publication of Cybersecurity Frame-
work Profile and Privacy Risk Assessment for the Connected
Vehicle Environment in early 2020.The report contains the
Cybersecurity Framework Profile and PRAM, which can

be used as templates by state and local project managers,
system integrators, and planners to address cybersecurity
and privacy risks of CV technologies in an organized and
comprehensive way. (Sponsored by ITS JPO)

Mitigating Cybersecurity Vulnerabilities
of Emerging Extreme Fast Charging
Systems for Electric Cars and Trucks

The electric vehicle (EV) environment is a mix of multiple
stakeholders, domains, hardware, and software. As com-
munication, electricity, and transportation systems become
more integrated, cybersecurity vulnerabilities that would
normally be localized can now cause disruptions across
multiple sectors. The initial development and deployment
period for innovations within the EV environment is the ideal
time to mitigate cybersecurity issues before they become
widespread and ingrained, and thus difficult and expensive to
remedy. This is equally true for new medium- and heavy-duty
electric trucks (MD/HDEVs), which are in the testing stage of
development, and for technological advances in extreme fast
charging (XFC) of EVs and MD/HDEVs at public charging
stations, also in development.

The Volpe Center has been consistently involved with federal
and private-sector initiatives to identify and mitigate vehicular
cybersecurity threats as advancing technologies have created
new vulnerabilities. In 2016,Volpe Center cybersecurity
experts developed a vehicle cybersecurity primer and guid-
ance for government fleet managers on fleet risk assessment,
cybersecurity vulnerabilities in telematics and fleet manage-

ment systems, and effective solutions.

To determine what might be necessary to address
cybersecurity threats to EV and electric vehicle supply
equipment (EVSE),Volpe collaborated with the

U.S. Departments of Energy and Homeland Security

in a technical meeting held in November 2017, which
drew a large group of interested parties across multiple
industry sectors. Several significant needs emerged:

* Exploration of cross-agency coordination of
governance and regulatory concerns regarding
cybersecurity for EVSE.

* A practical baseline document to educate the disparate
stakeholders and interested parties on each other’s do-

mains regarding XFC cybersecurity issues and concerns.

* A substantially better understanding of the heavy vehicle
industry by the EVSE sector through mutual engagement.
The heavy vehicle industry is different from the automo-
tive electric vehicle industry in terms of XFC use cases—
especially Class 7 and 8 MD/HDEVs.

* Exploration of current research and definition of future

research goals, specific to electric trucks and XFCs,

SAFETY
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to determine cybersecurity principles, risks/threats, and
best practices.

In 2018, the National Motor Freight Traffic Association, Inc.
asked the Volpe Center to identify threats and cyberse-
curity requirements for MD/HDEVs and XFC systems.To
accomplish this, Volpe engaged a diverse set of contributors:

federal agencies, cybersecurity professionals, electric trucking

industry stakeholders, and international government agencies.

Volpe prepared an overview of XFC systems, identified the
cybersecurity objectives for XFC systems, and further broke
down specific threats.

In July 2019,Volpe produced Extreme Fast Charging:
Cybersecurity Threats, Use Cases and Requirements, which
describes system requirements and provides a matrix of
cybersecurity best practices for use by XFC equipment man-
ufacturers, electric truck original equipment manufacturers,
utilities, standards organizations, and other interested stake-
holders. (Sponsored by National Motor Freight Traffic Association

and the U.S. Department of Energy)

MOTOR CARRIERS

Commercial Driver's License Drug
and Alcohol Clearinghouse Improves
Roadway Safety

Since the early 1990s, the Federal Motor Carrier Safety
Administration (FMCSA) has defined drug and alcohol testing
regulations for commercial drivers and their employers.

Motor carriers are required to contact the previous employers
of potentially new drivers to confirm their drug and alcohol
test records. However, some drivers have been able to
side-step the discovery of their past drug and alcohol results
and violations by excluding pertinent information on their
job applications.To close this safety gap, Congress directed
FMCSA to establish a Commercial Driver's License (CDL)
Drug and Alcohol Clearinghouse and have it operational by
January 6, 2020.

In April 2018, FMCSA partnered with the Volpe Center
to achieve this congressional mandate. The Volpe team
coordinated with OST CIO Office and FMCSA IT on
designing new, innovative technology platforms and
developing interfaces to meet this objective. In addition,
Volpe experts have supported program implementation,
communication and outreach, and education and training
on the new program and system.

1970 - 2020
TRANSPORTATION INNOVATION
FOR THE PUBLIC GOOD

HISTORICAL NOTE

Reducing Deaths and Injuries
on Our Nation's Highways

In 1973, one-half of all traffic deaths involved a

drunk driver.

In the early 1970s, NHTSA asked the Volpe Center
to participate in a high-profile alcohol countermea-
sures program. Early research included evaluating
police breath analyzers and related equipment for
effectiveness and accuracy, as well as initiating the
development of automatic breath alcohol testers and
collaborating with over 200 forensic blood laborato-
ries. The devices must not only be technically accurate
but also easy to use. Before any testing device is used
by police in the United States, it is tested at the Volpe

Center for accuracy and usability.

Because of Volpe's national expertise in alcohol
countermeasures, NHTSA and numerous judicial
courts have called on the Center to give expert

testimony—and continue to do so today.

The Clearinghouse is a secure, web-based system that will
provide FMCSA, employers, and state agencies with the tools
to identify CDL drivers who are prohibited from operating
commercial motor vehicles (CMVs) due to past DOT drug
and alcohol program violations. The Clearinghouse will help
ensure that such drivers receive the evaluation and treat-
ment required by DOT regulation before being permitted to
operate CMVs on public roads. The Clearinghouse will also
identify drivers who move frequently and obtain CDLs in
different states, providing a link to those CDLs in order

to maintain complete and accurate information on drivers.
The Clearinghouse meets all relevant federal privacy and

security standards.

In March 2019, the Volpe team successfully launched the
Clearinghouse website as part of a comprehensive com-
munication strategy. The launch was also used to announce
FMCSA Drug and Alcohol Clearinghouse program details
and provide stakeholders with information on future
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program plans.To date, over 300,000 visitors have accessed
the website to learn more about FMCSA's program.

In October 2019, the technical team expanded the Clearing-
house website to offer an online registration capability that
enabled users to prepare for the January 6,2020 compliance
deadline. As a result, within the first two months more than

80,000 online accounts were established.

Recently, the team phased in website functionality that allows
users to log into their Clearinghouse accounts to purchase
query plans and pay required user fees. Since launching the
Clearinghouse registration website, the site has been well
received at industry trade shows and other public venues.
(Sponsored by FMCSA)

Continuously Improving Data to
Prioritize High-Risk Carriers
for Intervention

Since implementing the Safety Measurement System (SMS)
in 2010, FMCSA has used reportable crash events and safety
performance data to assess motor carriers’ crash histories
and prioritize carriers for safety interventions. The crash

data reported to FMCSA do not specify a motor carrier’s
role in the crash or whether the crash was preventable by
the driver or carrier. An objective of FMCSA has been to
evaluate whether considering a company’s role in a crash
would improve the agency's ability to prioritize interventions
by better identifying the highest-risk companies.

With its successful history of supporting agency operations
and initiatives, FMCSA asked the Volpe Center to support
the 24-month Crash Preventability Demonstration Program.
Volpe's role involved supporting the design and development
of a business process for reviewing crashes submitted under
the program; enhancing the existing FMCSA DataQs system
to enable submission of crash type requests for data review
(RDRs); updating the public SMS website to display results
of the reviews; training external expert review teams on the
crash review process; and developing outreach and commu-
nications materials to educate the motor carrier industry, the

public, and enforcement personnel.

The Volpe Center's crash preventability reviews involved
two stages. In stage one, the reviewer confirmed that all
required crash-related documentation was submitted, and
they gathered additional information available from FMCSA
systems, including the crash report, driver history record,
recent enforcement information for the motor carrier; and

any media reports about the crash. If a fatal crash occurred,

the reviewer requested the driver's post-crash drug and
alcohol test results. In stage two, an experienced crash
report reviewer evaluated all of the documents from

stage one and made an evidence-based recommendation
to FMCSA as to whether the crash was preventable or not.
FMCSA reviewed the evidence collected by the stage two
reviewer and the recommendation before making the

appropriate determination.

The Volpe Center conducted evaluations of the program at
I2 months, |8 months and 24 months after the program
initiation. From August 2017 until the end of September
2019, over 14,000 RDRs were submitted to FMCSA;

of these, some 57 percent were eligible for review.
Approximately 93 percent of the eligible crashes were found
to have been not preventable by the carrier or driver.

Because of the demonstration program'’s success and
positive industry feedback, FMCSA announced its decision to
operate a Crash Preventability Determination Program with
an expanded number of crash types eligible for submission.
As part of the new program, FMCSA has proposed to
remove crashes determined to be not preventable from the
SMS prioritization algorithm. The Volpe Center is now work-
ing with FMCSA to design and implement the permanent
program in the coming months. (Sponsored by FMCSA)

Innovative Modeling and Analyses to
Improve Safety-Based Decision Making

FMCSA currently uses the data-driven Safety Measurement
System (SMS) to identify which of over half a million motor
carriers to prioritize for interventions. FMCSA employs

a limited number of safety investigators, so it is essential
their activities are focused on motor carriers that pose the
greatest risk to safety. An effective prioritization algorithm is
critical to FMCSA's mission to reduce crashes, injuries, and

fatalities involving large trucks and buses.

The Fixing America’s Surface Transportation (FAST) Act of
2015 required the National Academy of Sciences, Engineer-
ing, and Medicine (NASEM) to conduct a study of SMS.

In June 2017, the NASEM panel completed the study and
issued a report, which recommended that FMCSA develop
an ltem Response Theory (IRT) model over the next two
years to evaluate if IRT could offer a more robust statistical
modelling approach for identifying and prioritizing carriers
for intervention than the current SMS. IRT is a statistical
model that is currently used widely in other fields, such as
educational testing and human health services. Applying this
technique to the transportation sector, however, would be
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innovative and also presents some unique challenges.
FMCSA asked the Volpe Center to support the design,
development, and evaluation of the IRT model for use in

the transportation context.

A multidisciplinary team from across the Volpe Center
was assembled to design the IRT model, and to run and
analyze the results, within the two-year timeframe. In the
design phase, the team overcame several technical barriers
due to the large data sets of over three million inspections
annually and a large number of FMCSA violations.Volpe
staff addressed the computing problems by designing an
AWS Cloud platform to support the large data runs and
optimizing the input data sets by paring down the number
of violations through lengthy analysis to consolidate similar
violation types and remove duplicate violations. As a result,
run times for the model were reduced by about 20 percent

on average.

Another challenge was to ensure the involved stakehold-
ers—motor carrier industry, FMCSA Program Offices, and
National Academy of Sciences Standing Committee—had
the right information to make safety-based decisions moving
forward. The stakeholder's interests and backgrounds were
different, and each needed information on the IRT model
and its results (e.g., the crash rates of the prioritized carrier
population compared with carriers prioritized by SMS) to
inform their decision making. Communications expertise
on the Volpe team was instrumental in conveying the highly
technical, robust modelling tool and technical results in

an easy-to-understand way that related to the varying

information needs of different stakeholder groups.

In September 2019, the Volpe team submitted the first draft
of the technical report with a summary report for FMCSA
review. The source code for the IRT model (version 1.0) was
also delivered. FMCSA leadership will review the report and
plans to make a decision on IRT in September 2020. Until
then,Volpe will continue to help FMCSA by supporting the
monthly runs of the SMS and providing needed analyses,
visualization tools, or runs of the new IRT model. (Sponsored
by FMCSA)

Assessment of Automatic Crash
Notification for Commercial Vehicles
Transporting Sensitive DoD Materials

The mission of the DoD’s Defense Transportation Tracking
System (DTTS) is to monitor the safe and secure movement

of conventional arms, ammunition and explosives, and other

sensitive material by commercial trucks and barges in North
America. A key goal of this mission is to initiate rapid
emergency response to in-transit crashes to minimize their

impact and secure sensitive DoD property.

DTTS currently employs a fleet management system that
maintains 24-hour monitoring, using satellite positioning
and communications technology combined with digitized
mapping. The Satellite Motor Surveillance Service (SNS)
provides DTTS with in-transit security capability to monitor
the visibility of sensitive DoD shipments. The SNS system
relies upon the driver to notify the transportation service
provider of a crash via a “panic button” emergency alert. A
particular weakness in this system is that when a driver is
incapacitated or unconscious, there is a lag before the system
automatically detects that the vehicle is no longer moving

and the driver fails to respond when contact is attempted.

DTTS is now exploring the best methods to meet their
emergency awareness needs through automatic crash
notification (ACN). ACN is an application provided by
vehicle telematics systems that combine and integrate
directly into the vehicle's electrical architecture, cellular
communications technology, GPS satellite location capability,

Automatic Crash Notification
(ACN) Mobile Unit

3

Crash
Sensor /ﬁ’
Satellite
@ Antenna
Eﬁfer}?s;:ewer/ Automatic Wireless
Crash Modem
Notification Cellular
Controller Antenna
\/ehicle. ‘ Crash Avoidance/
Dynamic CAN Interface  Mitigation Status
Sensors

US. DOT Volpe Center

Above: Architecture of an ACN Mobile Unit. Source: US. DOT

Volpe Center
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and sophisticated voice recognition. ACN technologies

have been available for some time in automobiles, and

are emergent as original and aftermarket equipment for
commercial trucks. For DTTS, the Volpe Center recently
conducted a technical and economic assessment of ACN
systems and fleet tracking/management services that notify a
tracking center of a crash involving a commercial truck.

First, the Volpe Center compiled the features of 52 fleet
tracking companies in the existing market. They found that
68 percent of the companies offer critical event monitoring
(e.g., detection of hard braking or excessive speed). However,
only 8 of the 52 companies have a panic button for drivers in
case of emergency. The Volpe team then assessed technologies
that address crash sensing, safety systems installed as original
equipment by large-truck manufacturers, aftermarket safety
systems provided by third party suppliers, and associated
communication technologies.Volpe experts also compiled
statistics on the deployment rates of safety technologies in
the current DTTS commercial fleet, based on a previous
DTTS-sponsored study.

The Volpe team recommended three alternatives to DTTS
for ACN implementation: (1) vehicle dynamic sensors for
crash detection, (2) vehicle dynamic sensors integrated with
crash avoidance/mitigation systems, and (3) crash sensors
fully integrated with vehicle dynamic sensors. (Sponsored

by DoD)

RAIL

Improving Safety at Highway-Rail
Grade Crossings with Photo
Enforcement

Fatalities and incidents at highway-rail grade crossings have
been a long-standing problem for the Federal Railroad
Administration (FRA). Each day, drivers make dangerous,
reckless decisions to try and beat trains at crossings. Unlike
vehicles, trains cannot swerve, stop quickly, or change
direction to avoid collisions. Almost 54 percent of all public
at-grade crossings are equipped with active warning devices
(gates and/or flashing lights), alerting motorists to oncoming
trains. Despite these alerts, of the |,874 incidents that
occurred at public grade crossings in 2018, approximately
73 percent (1,367) were at crossings equipped with active

warning devices.

FRA has been engaged in an ongoing effort to increase

public awareness around railroad crossings in order to

reduce deaths and injuries. One approach is to improve
motorists’ compliance with grade crossing active warning
devices. In 2016, the city of Orlando, Florida initiated a pilot
driver education program at the East Princeton Street grade
crossing, using Sensys America photo enforcement technol-
ogy to send warning notices to drivers who violate grade

crossing active warnings.

For over 40 years, the Volpe Center has collaborated with
FRA to reduce highway-grade crossing and trespassing
incidents. In addition to providing research capabilities,

the Volpe Center has also evaluated FRA's engineering,
education, and enforcement methods to improve the safety
of rail operations.

A team of Volpe experts first determined whether Orlando’s
photo enforcement-based driver education pilot program
successfully reduced the number of vehicles that violated
grade-crossing active warning devices.Volpe engineers then
evaluated the effectiveness of photo enforcement tech-
nologies to detect and deter highway-rail grade crossing

violations along a mixed-use rail corridor. The team worked

1970 - 2020
TRANSPORTATION INNOVATION
FOR THE PUBLIC GOOD

HISTORICAL NOTE

Keeping People Safe
Around Trains

Every day, trains travel across more than 212,000
highway-rail grade crossings. Through the decades, the
FRA has turned to the Volpe Center to help reduce
highway grade crossing incidents. In 1976, there were
1,069 fatalities and 4,656 injuries at U.S. highway-rail
grade crossings. Today, fatalities and injuries have
decreased nearly 80 percent even while U.S. rail

activity has significantly increased.

In 1971, in partnership with FRA, the Volpe Center
published its first report on highway-rail grade cross-
ing safety: Technological Innovation in Grade Crossing
Protective Systems.Today, a multidisciplinary Volpe
Center team continues to work in support of FRA’s
efforts to improve rail safety including highway-rail
grade crossing safety and trespass prevention.
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Above: Photo enforcement system installed at the East Princeton Street grade crossing in Orlando, Florida. Source: US. DOT Volpe Center

with the city of Orlando and FRA personnel to develop the grade crossing warning devices and reduced the possibility of
warning notice and education materials sent to drivers who vehicles getting struck by an oncoming train. Twenty months
violated grade crossing warnings.Volpe then installed a video  after implementation, the overall violation rate was reduced
data collection system at the East Princeton Street crossing, by 17.2 percent. These results were forwarded to other rail
collected violations of the grade crossing active warning safety stakeholders nationwide to show the effectiveness of
devices before and after the implementation, and evaluated the program in changing driver behavior. In July 2019, FRA
the results. published a technical report on the East Princeton Street

grade crossing pilot. (Sponsored by FRA)
The photo enforcement-based driver education program

significantly reduced the number of vehicles that violated
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INNOVATION,
AUTOMATION, AND
TECHNOLOGY

TRANSPORTATION
INNOVATION IS HAPPENING
AT AN UNPRECEDENTED PACE.
FROM DRIVERLESS CARS TO
UNMANNED DELIVERIES,
INNOVATION AND NEW
TECHNOLOGIES ARE KEY

TO THE FUTURE OF A SAFE,
EFFICIENT, RELIABLE
TRANSPORTATION SYSTEM.

Opposite: U.S. DOT Volpe Center experts are helping to
develop a transportation system that safely includes
automated vehicles across all modes. Source: ©123rf.com

National Dialogue on
Highway Automation

No longer considered science fiction, automated vehicles
(AVs) have the potential to significantly transform our
nation’s roadways and provide potential safety benefits.

To better understand the implications of automated
vehicles for the transportation system and the agencies
responsible for the planning, design, construction, opera-
tion, and maintenance of the roadway infrastructure, the
Federal Highway Administration (FHWA) held a series of
national workshops to engage stakeholders on the topic
of automation. This National Dialogue on Highway Auto-
mation was a series of meetings held across the country
to facilitate information sharing, identify key issues, and
support the transportation community in safely and
efficiently integrating automated vehicles into the road
network. Input received during the National Dialogue will

help inform FHWA research, policies, and programs.

FHWA called upon the Volpe Center's expertise in
advanced vehicle technologies, technology innovation, and
policy to support and facilitate these workshops. Much

of this work was informed by the Volpe Center’s ongoing
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Above: National Dialogue meeting in Detroit, Ml. Source: US. DOT

Volpe Center

work in supporting modal agencies across the Department
in the topic of automated vehicles.

FHWA held six National Dialogue on Highway Automation
meetings to discuss the integration of automated vehicles

in the nation’s transportation system. Meetings were held in
Detroit, Philadelphia, Seattle, Chicago, Phoenix, and Dallas,
and each attracted nearly 200 participants.To ensure input
from a broad cross section of the transportation community,
stakeholders included original equipment manufacturers,
technology suppliers, transportation network companies,
state and local agencies, and public sector partners.
Discussion topics included transportation policy and
planning, digital infrastructure and data, freight, operations,
infrastructure design, and safety.Volpe Center staff facilitated
the discussions and provided subject matter expertise in

highway automation.

By engaging a diverse group of key stakeholders across the
country, the National Dialogue on Highway Automation
meetings provided FHWA with useful input as they consider
how to support state and local agencies and the broader
transportation community to prepare for the safe and
efficient integration of AVs. (Sponsored by FHWA)

Automated Driving Systems
Demonstration Grants

In December 2018, the U.S. DOT announced a Notice

of Funding Opportunity (NOFO) for Automated Driving
System (ADS) Demonstration Grants. Up to $60 million in
federal funding was made available to eligible entities to fund
demonstration projects that test the safe integration of ADS

into the nation’s transportation system.The grants also aim
to gather significant safety data to inform rulemaking and
foster collaboration among state and local governments and

private partners.
The goals of the ADS Demonstration Grants include:

+ Safety:Test the safe integration of ADS into the nation’s
on-road transportation system.

» Data for Safety Analysis and Rulemaking: Ensure
significant data gathering and sharing of project data
with US. DOT and the public throughout the project in
near real time.

+ Collaboration:Work with innovative state and local
governments and private partners to create collabora-
tive environments that harness the collective expertise,
ingenuity, and knowledge of multiple stakeholders.

The Volpe Center supported the Office of the Secretary—
Policy (OST-P) in conducting the technical evaluation of the
responses to the NOFO. This involved providing technical
reviews of 73 proposals submitted from across the nation,
including cities, states, universities, and other organizations. In
addition to technical evaluation,Volpe Center staff provided
grant proposal management expertise, including project
management, technical meeting facilitation, and

subject matter expertise in automation. The Volpe Center
also provided significant data analysis to support senior

leadership decision making in assessing the proposals.

In September 2019, U.S. Secretary of Transportation

Elaine L. Chao announced nearly $60 million in federal grant
funding to eight award recipients in seven states for the ADS
Demonstration Grant. The awardees included Texas A&M
Engineering Experiment Station, University of lowa, Virginia
Tech Transportation Institute (awarded two projects), Ohio
Department of Transportation, Pennsylvania Department of
Transportation, the city of Detroit, and Contra Costa Trans-
portation Authority.

Volpe Center experts collaborated directly with colleagues
at US. DQOT on this innovative project. (Sponsored by OST-P
and FHWA)

CARMA Testing and Evaluation of
Research Mobility Applications

FHWA is focused on advancing strategies for how
infrastructure can move traffic more efficiently using
cooperative driving automation technologies.
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Above: A three-car platoon of vehicles equipped with the
CARMAZ2 platform at the Aberdeen Test Center. Source:
U.S. DOT Volpe Center

FHWA developed the innovative, open source CARMA™
platform to encourage collaboration in improving transpor-
tation efficiency and safety. CARMA enables and facilitates
the cooperative tactical maneuvers of automated driving
systems with other vehicles and the roadway infrastructure
through wireless communication. Using this platform, industry,
academia, infrastructure owner-operators, and public agen-
cies can collaborate on the research and development of

cooperative driving automation capabilities.

The Volpe Center collaborated with FHWA's Turner-Fairbank
Highway Research Center (TFHRC) to develop a compre-
hensive test framework that gradually expands the breadth
of test scenarios and environments from the proof-of-con-
cept stage to more advanced prototypes. TFHRC previously
tested the cooperative adaptive cruise control (CACC)
proof-of-concept application on the first-generation CARMA
(CARMAL) platform.

In 2019,Volpe used the second-generation CARMA2
platform to evaluate the performance of three mobility
applications in development: vehicle platooning, speed har-
monization, and cooperative on ramp merging. Testing was
conducted at the U.S. Army’s Aberdeen Test Center (ATC)
using a fleet of five 2013 Cadillac SRX passenger vehicles
equipped with CARMA2.

Vehicle platooning is a promising solution for increasing
highway capacity and alleviating traffic congestion. A platoon
consists of a lead vehicle that uses wireless communication

1970 - 2020
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HISTORICAL NOTE
The Future of the Automobile

In February 1979, the Volpe Center hosted a major
conference on the future of the automobile. Then U.S.
Secretary of Transportation Brock Adams delivered
the opening keynote address and challenged the
automobile industry, government, and others to work
together to reinvent the automobile to be safer, clean-
er and significantly more efficient.

The conference was attended by several hundred
leaders from industry, academia, and independent
research and consumer groups. Technological options
for automobile manufacturers in the areas of engines,
fuels and powertrains, and structures and materials
were considered and debated and a new research

agenda was developed for industry and government.

to provide information and cooperation rules with at least
one follower. Successful platooning requires organized
behavior and negotiations between the leader and following
vehicles in order to support formation and a safe close-
following distance with higher accuracy, faster response, and

shorter gaps.

CENTER ANNUAL ACCOMPLISHMENTS 2020

INNOVATION, AUTOMATION, AND TECHNOLOGY ' |5



Using a new “All Predecessor Following” platooning algo-
rithm, the tests demonstrated the successful platooning of
five CARMA2-equipped vehicles traveling up to 60 mph with
time gaps as low as 0.6 second. This is a significant advance
over the CACC proof-of-concept tested on CARMALI,
promising enhanced traffic flow stability, increased roadway
capacity, and improved safety.

The speed harmonization application is designed to dynam-
ically adjust vehicle speed recommendations in real time in
order to reduce speed differentials and smooth traffic flow
near areas of congestion, collisions, or special events. The
CARMA2 test demonstrated the application’s basic design
intent. Absolute speeds and a fixed change to a command-
ed speed in use were successfully tested. However; signal
availability on the ATC track, located in a remote area, was
a significant challenge limiting the scope of the test and
evaluation effort.

On-ramp entrance automation is a potential solution for
congested traffic situations caused by traffic merging in urban
environments. The cooperative on-ramp merge application

is a special use case of the more encompassing cooperative
lane-change application. Good progress was made; however,
challenges to automatically stop and hold a vehicle at a spe-
cific waypoint and then accelerate to the correct speed of
vehicles approaching in an adjacent lane from the rear were

not reliably resolved.

The results of Volpe’s test data analysis also revealed op-
portunities to improve the capability and performance of
the three applications as their algorithms undergo further
development and are implemented on the third-generation
CARMAS3 platform. (Sponsored by FHWA)

Improving Commercial Motor
Vehicle Safety Through Information
Sharing and Electronic Screening

As part of the Federal Motor Carrier Safety Administration’s
(FMCSA) mission of ensuring safety on the nation’s roads,
the Innovative Technology Deployment (ITD) program is uti-
lizing electronic screening to target high-risk motor carriers
to reduce crashes, injuries, and fatalities involving commercial
motor vehicles (CMVs).

On October |,2016,the FAST Act established the ITD
program to provide federal grants to states in order to im-
prove overall safety and increase efficiency and effectiveness
of CMV safety programs; improve data quality and sharing

Above: FMCSA staff,Volpe ITD support team, and Texas ITD team
visited Devine weigh station to learn how e-screening technology

supports roadside inspection of large trucks. Source: Tom Kelly,
Office of Analysis, Research, and Technology. Source: US. DOT Volpe Center

among states, and between states and FMCSA,; reduce ad-
ministrative costs; and implement high-priority FMCSA safety
projects.

Electronic screening technology has made a difference in
improving roadside inspection effectiveness. Information
systems funded by ITD provide a way for safety and cre-
dential information to be accessed on the spot during an
inspection. With such technology, law enforcement can make
a decision to either let go of good carriers or stop bad
carriers for inspection based on accurate data. This makes

the process more efficient and less costly in the long run.

The Volpe Center provided support to the ITD program
through grant application review, state technology deploy-
ment, compliance certification, core compliance monitoring,
data quality evaluation, web site development, business re-
quirement development, data analysis, production operation
monitoring, and process improvement.

Recent work included: completing 31 state grant application
reviews and summarizing a list of projects per state that
requested funding and priorities; certifying Rhode Island as

a new [TD deployment state—and re-certifying 10 exist-

ing states in order to maintain their ITD core compliance;
conducting five state core compliance reviews; performing
monthly data quality assessments on states’ input data, and
monitoring their performance; and developing enhancements
to the online information portal, including the addition of a
jurisdiction weight station map and complex query reports.
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As a result of electronic screening, 189,962 inspections were
conducted in 2019, and 56,001 vehicles and 6,792 drivers
were put out of service. The ITD program ensures the safety
of the nation’s roads by making inspections more efficient
and accurate, preventing high-risk CMVs from causing
dangerous incidents on the roads. The Volpe Center's team
of information technology experts and analysts will contin-
ue to support FMCSA and the ITD program in making the
nation’s roads and highways safer for everyone. (Sponsored
by FMCSA)

Transferability of Automation
Technologies to Transit Buses

Vehicle automation technologies enable systems in which at
least one element of vehicle control (for example, steering or
speed control) occurs without direct driver input. Although
automation systems for light-duty and commercial trucks are
increasingly available, these systems have yet to appear in
transit buses. The Federal Transit Administration (FTA) asked
the Volpe Center to examine the state of the industry and
the feasibility of transferring currently available automated
vehicle technologies being used in light-duty vehicles and

commercial trucks to transit buses.

Automation systems are typically tailored to support im-
portant use cases of the vehicle in question; the use cases
consider environmental infrastructure and operational ele-
ments. Based on the evaluation of over 50 use cases,Volpe
concluded that transit buses would benefit from automation
systems that improve safety, enhance the operation of the
bus during passenger pick-up and drop-off, or facilitate han-
dling of the bus in the bus yard/barn and maintenance facility.

A set of |3 available automation systems was selected for

detailed analysis of transferability. The table below provides
additional information about the automation systems select-
ed for analysis.

Volpe Center engineers considered the associated technical
and safety challenges of implementing those systems and
ways to overcome barriers to implementation. The trans-
ferability of each system was given a grade of Red, Yellow,
or Green, with Green indicating most ready and/or easily
transferred.

The Volpe Center concluded that transferring existing
automation systems from other vehicle body types to transit
buses is not straightforward and will generally require modifi-
cation, replacement, or redesign of components and systems
on transit buses.

Sensors are a relatively mature technology, and should be
adaptable to buses without modification. But to enable
automation systems, the transit bus industry will need to
implement new foundational vehicle actuation systems for
propelling, steering, and braking. The research found that
modifying propulsion systems should be easier than adapting
steering and braking systems. Heavy-duty vehicle steering
solutions that enable automation on transit buses exist and
may not require extensive changes. Implementation of elec-
tronic control of a transit bus brake system appears to be

a major challenge; the pneumatic brakes found in buses are
less conducive to automation, and therefore more extensive
design changes may be needed.

Automated applications may also require a new databus
communication system architecture with bandwidth to carry
numerous complex signals reliably. Finally, buses will require
new human-machine interfaces to control automation sys-
tems, although these should be relatively easy to design and

implement. (Sponsored by FTA)

Relevant Automation Systems and Modification Classifications

GREEN YELLOW

Minor Modifications

* Object Detection and

O } . ing Assi
Collision Avoidance Steering Assist

* Docking
e Park Assist
e Park Out
e Yard Park

Major Modifications

* Lane Keeping/Lane Centering

New Technology Required

Automatic Emergency Braking
Reverse Brake Assist

Full Park Assist

Valet Parking (Bus Yard)
Adaptive Cruise Control with/
without Stop-and-Go

Traffic Jam Assist with Lane
Keeping/Lane Centering

Source: FTA, Transit Bus Automation Project: Transferability of Automation Technologies (Final Report). FTA Report No. 0215, Figure ES-1, p. | September 2018
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Determining Requirements for
Automated Transit Bus Test Facilities:
Considerations for Practitioners

Automation technologies have advanced rapidly in recent
years, and have the potential to deliver numerous benefits for
the nation’s transportation system. Applying these technolo-
gies to transit buses can lead to improved safety, better ser-
vice, lower costs, and greater efficiency. Transit agencies and
other stakeholders need further test results, demonstrations,
and policy guidance in order to better assess implementation
issues and make informed decisions before deploying these
innovative technologies.

The Federal Transit Administration (FTA) partnered with
the Volpe Center to develop the Strategic Transit Automa-
tion Research (STAR) Plan , which outlines FTA's five-year
research agenda on automation technologies. This includes a
range of possible demonstration projects that may be con-
ducted by transit industry/stakeholder research teams.

The STAR plan underscores the importance of research and
testing of automated transit vehicles, which is necessary to
demonstrate the safety, effectiveness, feasibility, durability, and
maintainability of these innovative systems. Research teams
planning to conduct automated transit bus testing will need
to identify test sites with appropriate attributes required to
support their work. FTA asked the Volpe Center to develop
an advisory reference document that would enable a re-
search team to select a test site that meets the requirements
of a given study.

The Volpe research team sought to understand testing

needs for previous projects, ongoing work, and planned
work through interviews with U.S. DOT stakeholders in FTA
and other modal administrations and external stakeholders
including bus manufacturers, suppliers, transit agencies, asso-
ciations, and existing test facilities. The team also performed
site visits to current test facilities to understand their features
and identify important gaps relative to future testing needs.

The results of this work were published in a report titled
Determining Requirements of Automated Transit Bus Test
Facilities: Considerations for Practitioners, released by FTA in
February 2019. The project yielded an advisory list of 91 test
site requirements related to the infrastructure, equipment,
and personnel needed for an automated transit bus research

study. These fall into six categories:

e Test Center Features: Physical features of the facility
needed to support testing.

Above: Pierce Transit Bus at Virginia Tech Transportation Institute
(VTTI) Test Facility with Simulated Transit Stop and Pedestrian
Target in Background. Source: U.S. DOT Volpe Center

* Functionality and Performance: Permanent or temporary
equipment or mock-ups needed to verify and quantify
functionality and/or performance.

* Safety: Protocols and resources needed to verify system
safety during testing and deployment.

* Environmental Resilience: Ability to control or
simulate environmental factors such as lighting, visibility,
and precipitation.

* Human Factors: Resources needed to verify and quantify
human factors issues for the system.

* Data Collection and Management: Resources needed to

acquire, store, and analyze relevant test data.

In choosing to define the test program, FTA advises research
teams to carefully evaluate whether each of the require-
ments should be considered applicable for the specific test

program. (Sponsored by FTA)

Improving Airspace Management During
Space Launch and Re-Entry Operations

The United States is entering a new era in space transpor-
tation. Companies such as SpaceX,Virgin Galactic, and Blue
Origin are accelerating the pace of technological innovation
of the commercial space industry through applications such
as payload delivery and space tourism.While a boon to eco-
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nomic growth and U.S. competitiveness globally, the
increasing frequency and complexity of space vehicle
missions presents unique challenges for the FAA to efficiently
manage launch and re-entry (L/R) operations across the
National Airspace System (NAS).

Currently, the Federal Aviation Administration (FAA) blocks
off large portions of airspace during space vehicle missions,
often for longer than may be needed to ensure public safety.
Impacted air traffic must fly longer routes during these
windows—in some cases, adding more than 150 nautical
miles to a route and incurring in excess of 20 additional
minutes of travel time. FAA traffic managers and air traffic
controllers also experience increased workload from traffic
that is rerouted to avoid the affected airspace. This practice

Above: A rocket launches from Cape Canaveral, FL.
Source: ©123rf.com/emel82

of protracted airspace closures is necessary due to the lack
of automated and integrated means for FAA to:

I. Track space vehicle positions in real-time, and

2. Quickly and efficiently release airspace once the L/R

event no longer poses a hazard to other air traffic.

FAA is developing a Space Data Integrator (SDI) capability
to enhance situational awareness for traffic managers during
L/R operations and ultimately reduce the impact of these
missions on the flying public. SDI will automate many manual
methods currently used for processing space vehicle position
and hazard data, and will enable more dynamic manage-
ment of airspace and traffic flows. Critically, SDI will enable
improved responsiveness by traffic managers during off-
nominal events such as vehicle failures. SDI will also help
realize operational efficiencies and cost savings through
reductions in airborne delays, aircraft reroutes, and expenses
to aircraft operators from additional fuel burn.

The Volpe Center is uniquely positioned to help FAA
operationalize an SDI capability. With expertise in Traffic Flow
Management (TFM) systems and operations, as well as in
data exchange mechanisms and standards, a Volpe technical
team is directly contributing to the development of this
capability. Specifically, this team is leading the definition of
requirements for SDI to interface with FAATFM systems to
automate the processing, display, and exchange of essential
mission-related data. As part of this effort, the team is evalu-
ating the feasibility of using existing FAA information services,
such as the System Wide Information Management platform,
to implement aspects of SDI functionality in the near term to
begin realizing benefits of the FAA vision for SDI. (Sponsored
by FAA)

Creating a Safer and More Efficient
Oceanic Airspace Through
Space-Based Surveillance

Surveillance technology that allows aircraft to determine
their position automatically through satellite navigation can
improve safety and efficiency through enhanced situational
awareness. FAA is currently analyzing how to improve oce-
anic coverage with a highly accurate and reliable system for
tracking aircraft, called Automatic Dependent Surveillance—
Broadcast (ADS-B) using receivers on satellites.

The Volpe Center plays a critical role in the FAA program
that is responsible for evaluating and implementing Space-
Based ADS-B (SBA) service, the Advanced Surveillance
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Enhanced Procedural Separation (ASEPS) program.Through
this program, FAA is currently evaluating opportunities to
upgrade infrastructure to use ADS-B in U.S. oceanic
airspaces, and offshore airspace such as the Gulf of Mexico
and the Caribbean.The Volpe Center currently provides
management support for the ASEPS program—including
overseeing program scope and execution, and managing
more than 28 support staff and the program’s budget—and
provides engineering support.

The Volpe Center's work in support of FAA's ASEPS program
includes completion of an Operational Evaluation in the
Caribbean using SBA data on the en route automation
system to expand ADS-B coverage. The goal is to use this
operational evaluation to test the technology for future

expansion and use.

At the same time,Volpe Center technical staff continue to
explore potential options to accelerate ADS-B service in the

oceanic environment.

In the mid-term, a Volpe team will evaluate opportunities
to improve contingency/disaster recovery operations using
ADS-B service, and identify possible opportunities and solu-

tions to improve air traffic service efficiencies.

Moving forward, the Volpe Center will support development
of a future concept for oceanic operations leveraging a ho-
listic approach that includes enhanced surveillance, enhanced
communications, automation changes, expanded use of
weather products, air navigation service provider coordina-
tion, and route structure changes. (Sponsored by FAA)

Technology Enabling Civil Supersonic

Flight Including Community Response
and Evaluation of Potential US Policy

and Regulations

Supersonic travel became a reality 50 years ago when the
Concorde airliner made its debut at the Paris Air Show in
1969, and was introduced commercially in 1976.The Con-
corde’s problem was the sonic boom it generated at high
speed. The noise was so disturbing to people and animals on
the ground that federal regulations were passed to limit the
aircraft's supersonic operation to over the oceans. Over land,
it was restricted to subsonic speeds, which required higher,
more expensive fuel consumption that made it difficult to
sustain a profit. The aircraft was retired from commercial
service in 2003,

Qe - -

BIG PICTURE &
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Range of Fighl
Tracks

Above: The QSF |8 Test over Galveston, TX. Source: NASA

Recently, interest in supersonic commercial flight has been
revived. The ideal scenario would be to make supersonic
air travel available without generating sonic booms. New
research has suggested the sonic boom footprint felt on
the ground can be minimized to tolerable levels through
aircraft design.

Because aircraft sound pollution is regulated today in the
U.S. and internationally, establishing a standard for acceptable
noise will be essential for the return of supersonic commer-
cial flight. In support of the National Aeronautics and Space
Administration (NASA) and FAA, a team of Volpe Center
noise experts are helping to develop the science and gather
data to support regulatory processes and potential changes
to FAA’s supersonic civil flight ban. The Volpe team is building
confidence in low-boom flight technologies through sonic
boom measurement, modeling, and minimization. NASA
leads the design/build/execute mission, while FAA leads

the regulatory initiative in the U.S. and participates in

international rule making.

NASA's Low-Boom Flight Demonstrator (LBFD) project is a
comprehensive effort to gather data needed to support new
rules allowing commercial supersonic flight over land. The
project has funded the development of the X-59 QueSST
(Quiet Supersonic Technology), an American experimental
supersonic aircraft. The QueSST's airframe is designed to
substantially reduce the sonic boom felt on the ground. Its
first test flight is scheduled in 2021.

To prepare NASA for future X-59 tests, the Volpe Center
team has led the development of a detailed conceptual
plan to scientifically gather people’s perceptions about

20
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sonic “thump”” sounds.Volpe has assisted NASA throughout
the research effort and is expected to continue this work,
including supporting future flight tests of the X-59 QueSST
demonstrator.

Over a two-week period in November 2018, NASA flew a
supersonic F/A-18 jet 52 times in a unique diving maneuver
over the Gulf of Mexico. This maneuver created quieter
sonic thump shockwaves in a specific area or footprint.
These footprints each covered approximately 60 square
miles. NASA researchers matched community feedback from
about 500 Galveston-area residents to the sound levels from
each of the flights using an electronic public survey and mi-
crophone monitor stations on the ground. Extensive analysis
of the data gathered during the QSF 18 tests was conducted
in 2019.These results will be used to inform researchers
developing plans for future community testing with the

X-59 demonstrator.

The Volpe Center is also supporting the FAA under the
International Civil Aviation Organization’s Committee on
Aviation Environmental Protection (ICAO/CAEP).Volpe is
providing expertise and participating in analysis that could aid
in the development of potential en route sonic boom noise
certification measurement procedures and analysis protocols.
In parallel,Volpe experts will work with government agencies,
industry, and academia to assess the potential environmental
impact of a wide range of future supersonic aircraft de-
mand scenarios. The ICAO/CAEP modeling activity will be
conducted over the next two-plus years, with final results to
be presented at the CAEP's |2th meeting in February 2022.
(Sponsored by NASA and FAA)

Can On-Demand Aviation Relieve
Traffic Congestion?

Every day, in cities around the world, commuters spend
millions of hours on the road traveling to and from work.
According to US. Census Bureau data, the average commute
for most Americans was just over 27 minutes one way in
2018."' The typical worker spent 225 hours commuting, or
more than nine full days stuck in their car. Traffic conges-
tion costs Americans $166 billion a year in lost wages and
increased fuel.? On-demand aviation could be the answer
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