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Turner Fairbank Highway Research 
Center
 Research Capabilities 

– 20+ labs, 110 Federal, 175 contractors
– National Research Fellows, visiting researchers
 Research Funding

– $100M per year

Presenter
Presentation Notes
Turner Fairbank HistoryThe Turner Fairbank Highway Research Center is named after Herbert Fairbank who was the Deputy Commissioner for Research for the Bureau of Public Roads, and Francis Turner who was a Federal Highway Administrator in the early 1970’s.  The concepts and need for a research laboratory was first recognized back in the 1920’s.   In 1938 the U.S. Congress authorized the purchase of nearly 600 acres of land for the construction of a highway research center.  Construction at the site was held up during World War II, and the Center started operation in 1940.  Since the 1940’s many changes have taken place.  The FHWA still owns and occupies about 44 acres of land from the original land purchase.  The remaining land has been transferred to the CIA, and to the National Park Service.  It is a Federally Owned and Operated Facility.  The Fairbank Building opened in 1941, and the Turner Building in1983.The facility has over 20 Indoor and Outdoor Laboratories	 Approximately 110 Federal Employees and 180 contractors work at the facility.National and International Experts – Engineers, Research Physiologist, Chemist, Physicist, Scientist, etc.	  



Status
 Solicitations:  8 
 Projects awarded: 75; Active 31

– $76 M Federal
– $29 M Match 

Focus Areas
 Connected highway systems
 Human behavior and travel          

choices 
 Breakthrough concepts in material 

science 
 Technology for assessing performance 
 New technology and advanced policies 

for energy and resource conservation
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Exploratory Advanced Research 

Presenter
Presentation Notes
EAR -The exploratory advanced research program focuses specifically on longer term and higher risk breakthrough research with the potential for transformational improvements to plan, build, renew, and operate safe, congestion free, and environmentally sound transportation systems.    Program elements – Scanning/convening, Outreach, and Advanced Research – through BAAsThe need for conducting longer-range and higher risk, higher pay-off research has been recommended by many entities, including the R&T Coordinating Committee (RTCC) of the Transportation Research Board (TRB), the external R&T advisory group to the FHWA Administrator.  While advanced research has always been a component of the FHWA R&D agenda, the Department recommended and the Congress enacted, the Exploratory Advanced Research Program in the SAFETEA-LU legislation with designated funding. The Office of RD&T performs several functions regarding this Program.  First, our Corporate RT&I Management Office coordinates the process on administration of the program for all FHWA, including selection of focus areas and solicitation methods.  We have used Broad Agency Announcements to seek suggestions in dealing with certain areas, such as congestion, safety, and infrastructure.  Ideas for research come from those involved in “applied research” and are seeking new understanding, technologies, or techniques in dealing with problems.  A scanning and convening element of the program deals with searching our results that emerge from “basic research” being conducted by others, such a national labs and universities.The second function that TFHRC performs is oversight of the exploratory advanced research that is being conducted.  The research deals with such topics as nanoscale sensors or materials, or methods to determine if a pedestrian and vehicle are in a path to crash and warning either or both. ...(next slide)



Operations Focus Areas
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Operations Applications

Concepts and AnalysisEnabling Technologies

Linking Testbeds to Living Laboratories

Presenter
Presentation Notes
Enabling Technologies Focus Area– Enabling technologies are new methods and equipment that support innovative ways of moving people and goods.  These include methods and equipment that  perform the following:  sense and measure traffic characteristics;  capture, organize, and manage large amounts of real-time data generated by mobile devices; measure position; assist in navigation; provide accurate time-stamped references; map terrain; and, communicate information quickly, accurately, and efficiently.  The top left photo shows the equipment bay of TFHRC’s connected vehicle and its contents.  The On Board Equipment (OBE) in our test vehicle includes sensors, information processors, and radios that communicate information back and forth among the vehicle, the Roadside Equipment (RSE), and management centers.  Communications technologies range across the entire communications spectrum, including traffic signals and signs, 3G, 4G, LTE, and Dedicated Short Range Communications at the 5.9 GHz band. The top photo (shown in Google Earth) is of our highly accurately surveyed test track at TFHRC with an overlay showing the location of each data packet transmitted from our connected vehicle.  We can use this facility to test the accuracy and reliability of various positioning devices.    Concepts and Analysis Focus Area – New methods , equipment , and enabling technologies can stir the imagination of how transportation systems of the future could be if they were applied in new and useful ways.  To accommodate the imaginations of inventive scientists and engineers, experts in modeling and simulation can build a virtual world in which transformative concepts can be developed and tested.  In the top right photos, research engineers are able to use hardware and software in-the-loop techniques to apply Adaptive Signal Control Technologies (ASCT) in a simulated environment.  Actual hardware, such as a traffic signal control cabinet as shown in the far right, can be ‘wired’ into a simulation and results of different traffic control algorithms can be viewed in real-time in the virtual world shown in the photo.  New strategies that are not yet incorporated into existing policies, and new technologies that are too expensive and possibly unsafe to test on ‘live roadways’ can be applied, tested, and analyzed in the lab.  Operation Applications Focus Area – At some point, new enabling technologies and strategies have been developed and tested in a virtual world and some solutions may appear to be feasible for applying to the real world.  At this point, it’s time to bend metal and create an on-the-road prototype that can be tested on a closed track, and ultimately on public roads.  The bottom left and middle photos show our connected test vehicle and our intelligent traffic signal control system linked by advanced communications equipment, on-site, here at TFHRC.  In the scenario at the bottom right photo,  a red-light running crash has been averted.  The approaching driver has made an emergency stop and would have run the red light had not real-time vehicle and traffic signal information been shared and an in-vehicle warning been given to the driver. In summary:  With the know-how and equipment at the Saxton Transportation Operations Laboratory, our researchers are able to:  (1) Advance new enabling technologies; (2) Develop models and simulations that show how innovative strategies and applications of these technologies might work in the real-world; and, (3) Test the best candidates in both our outdoor Cooperative Vehicle-Highway testbed  and on public roads  owned and operated by our public and private partners. ...(next slide)



Cooperative Adaptive Cruise Control 
(CACC)  Research

CACC 
A Story About Progress

Credit: USDOT

Presenter
Presentation Notes
**CLICK ON PICTURE TO START VIDEO**The CACC research program has been a break-thru research effort for FHWA at Turner.We successfully operated a 5 car partially automated platoon where each car traveled the length of an abandoned airfield in Willow Grove, PA using algorithms produced in house using speed information broadcast to the vehicles, Leveraged speed control and CAN data elements library provided by the development platform delivered speed and torque commands to the vehicleDSRC was used to share speed, heading, location, and gap information between vehicles to achieve smooth operation in the platoonWe tested these vehicles over the course of 24 months, gathered probe data to populate simulations models that recreate a world with CAVs, finding that dedicated CAV lanes could increate freeway network capacity from 1650 to 3800 vehs/hr/ln (0.6s headway), improve travel time reliabilityNext phase of testing will include a CACC platform agnostic of make and model with better string stabilityIt’s a transformation time we are in – now more than ever it is imperative that we as a community step up to the challenges that will come with adopting automationThe speed of technology is outpacing our ability to service so it is time that we find opportunities to get involved, collaborate and partner with one another to move forwardThe role of government is to provide a framework that allows these things to happen – our role in safety and security and legislation will drive all the moving parts to come together.Industry and the transportation community need to partner – organizations like ITE, AASHTO, are all creating opportunities to collaborate and exchange **no one every talks about these things together, all of govt involved now, all must come together

https://www.youtube.com/watch?v=2-WoV8nKQUE
https://www.youtube.com/watch?v=2-WoV8nKQUE


 Test examines the environmental and 
fuel economy benefits of partial-
automation on a Ford Escape Hybrid 

– Overrides human longitudinal control, 
allowing the vehicle to travel at optimum 
speed to proceed through an intersection 
without stopping at red lights

– Connected Vehicle-to-Infrastructure (V2I) 
technology combined with partial 
automation

 The Result: 22% fuel economy 
improvement with partial automation 
versus 7% with manual driving

 Next phase of research will test the 
application in multi-intersection                                                    
environments

GlidePath Prototype Application

Credit: USDOT

Presenter
Presentation Notes
The Glidepath Application is a test we are continuing to expand uponLast year, we successfully developed software that allows a Glidepath application equipped Ford Escape Hybrid to judge optimal travel speed based on traffic signal timing in order to travel on all green lights and avoid stopping at a red lightsCommunication via DSRC and Signal Phase and Timing (SPAT) applications allow the vehicle to communicate with traffic signal control infrastructureA computing platform determines optimal travel speeds based on the communicated SPAT information from the infrastructure and takes longitudinal control over from the driverThe fuel benefits of glidepath applications could be profound especially for heavy duty trucking applications as in the Ford, we were able to realize up to a 22% fuel savings benefit by avoiding fuel waste experienced when vehicles are slowing to a stop and accelerating on a green light



Tech Timeline

1930 1940 1950 1960 1970 1980 1990

2050 2040 2030 2020 2010 2000

General Motors (GM) 
Introduces the 
automated highway 
system at the New 
York World’s Fair 
1939

First image of 
automated vehicles 

surfaces in an 
advertisement by 
American electric 

1957

Invention of 
Cruise Control
1967

Invention of 
Anti-Lock 
Braking 
Systems
1978

Eureka
PROMETHEUS 

Project becomes 
the first autonomous

vehicle project
1987

The Internet 
becomes 
publicly 
available
1993

GM introduces 
the first in-car 

navigation 
system-

Guidestar
1995

3G mobile data 
connectivity is 
on the rise
Early 2000s

Google X 
launches self-

driving car project
2010

DARPA Grand Challenge 
kicks of military 

automated vehicles
2004

All cars are 
autonomous

2050

Truck platooning 
a reality

2040

Uber 
Fleet is 
driverless
2030

Continental  
launches the 
Road Database 
Project
2015

Traffic Jam Assist and CACC 
are Level 2 Automation 

breakthroughs
2016

Automated 
Highway 
Simulation 
in San 
Diego, CA
1997
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Photo: UBER
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Photo: DARPA

Photo: General Motors
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Presentation Notes
It took 70 years for us to get to where we are today, it will only take 30 more to get to a fully automated reality



We Are On the Verge of A 
Transformation

Photo: Google

Photo: World Bank

Photo: Pixabay

Connected Automation

Information & Communications 
Technology

Internet of ThingsSMART CITY

Presenter
Presentation Notes
These technologies lead us to here CAVs The emergence of technology – from automation to communications to connectivity – is creating the building blocks for what will be our future smart cities



The Smart City Challenge

 Encourage cities to put forward their best and most creative ideas for 
innovatively addressing the challenges they are facing. 

 Demonstrate how advanced data and intelligent transportation systems 
(ITS) technologies and applications can be used to reduce congestion, 
keep travelers safe, protect the environment, respond to climate change, 
connect underserved communities, and support economic vitality.

Presenter
Presentation Notes
In December 2015, the U.S. Department of Transportation (U.S. DOT) launched its Smart City Challenge, where we asked medium-sized cities to present us with ideas for how to create a fully integrated, first-of-its-kind transportation network that uses data, technology and creativity to shape how people and goods move.  By challenging American cities to use emerging transportation technologies to address their most pressing problems, the Smart City Challenge aimed to spark and spread innovation through a mixture of competition, collaboration, and experimentation. The Department committed $40 million for one city to demonstrate how advanced data and intelligent transportation systems (ITS) technologies and applications can be used to reduce congestion, keep travelers safe, protect the environment, respond to climate change, connect underserved communities, and support economic vitality.But, the Smart City Challenge was about more than just technology. We called on public agencies to boldly envision new solutions that change the very face of transportation in their cities by closing the gap between rich and poor; capturing the needs of both old and young; and through smart design, bridging the digital divide so that the future of transportation meets the needs of all city residents, not just those who are technology savvy.



USDOT Vision Elements

Presenter
Presentation Notes
The U.S. DOT recognized that each city has unique attributes and challenges. To assist applicants in tailoring their visions for a smart city, the U.S. DOT identified its high-level vision and goals for the Smart City Challenge without making each item a requirement for award. These twelve (12) vision elements were designed to provide a framework for applicants to consider in the development of a city’s proposed demonstration.Technology elements included automated vehicles, connected vehicles, and intelligent, sensor based infrastructure that were the highest priority to the U.S. DOT.In addition to these technologies, there was a group of six innovative approaches to urban transportation. These elements included:Traveler-oriented strategies that deliver innovative solutions across all transportation modes;Advanced urban analytics platforms that help cities understand and analyze data to address complex urban challenges and monitor the performance of the city;Solutions that support efficient goods movement through use of data or technology;Innovative partnerships that draw in stakeholders – including those from the private sector, non-profit organizations, philanthropic organizations, academia, Federal agencies, and other public agencies;Strategies and initiatives that support the adoption of roadway electrification, robust electric vehicle charging infrastructure, and the acceleration of electric vehicle deployment; andStrategies that empower citizens to generate, share, and use data and information in new and useful ways. Finally, there were three foundational smart city elements underlying the other elements, including:Systems architectures – governed by rules, documentation, and standards – that may be extended to a nationwide or broader deployment and support interoperability between systems;Advance information and communications technology (ICT) that is affordable, adaptable, scalable, efficient, secure and resilient; andSmart land use optimized through a combination of planning and innovation deployments that expands the range of transportation choices and access to employment, housing, education, and health services. 



The Smart City Challenge

Presenter
Presentation Notes
The Smart City Challenge provided a roadmap for cities looking to revolutionize their transportation systems to help improve people’s lives. In the first phase of the challenge, the U.S. DOT received seventy-eight (78) applications – one from nearly every mid-sized city in America. Seven (7) of those cities were selected as Smart City Challenge Finalists – Austin TX, Columbus OH, Denver CO, Kansas City MO, Pittsburgh PA, Portland OR, and San Francisco CA. These cities rose to the Smart City Challenge in an extraordinary way and presented innovative concepts, proposing to create new first of a kind corridors for autonomous vehicles to move city residents, to electrify city fleets, and to collectively equip over thirteen thousand buses, taxis, and cars with vehicle-to-vehicle (V2V) communication.Through the Smart City Challenge, the Department committed up to $40 million, and, in response, the seven Smart City Finalists leveraged over $500 million to help make their Smart City vision a reality and identified over 150 partnerships.  On 23 June 2016, Secretary Anthony Foxx announced Columbus OH as the winner of the Smart City Challenge.



SMARTCOLUMBUS

Source: The City of Columbus

Presenter
Presentation Notes
As winner of the Challenge, Columbus will receive up to $40 million from the Department and up to $10 million from Paul G. Allen’s Vulcan Inc. to supplement the $90 million that the city has already raised from other private partners to carry out its plan. Columbus’ proposal puts people first. They plan to install street-side mobility kiosks, a new bus-rapid transit system, and smart lighting to increase safety for pedestrians and improve access to healthcare for traditionally underserved areas and neighborhoods. They plan to install traffic signals that communicate with vehicles so that the signals can adjust in real-time to the flow, rhythm, and demands of traffic. And in a clear demonstration of their dedication to solving problems for their most vulnerable residents, many of the strategies are targeted to enhance mobility in underserved neighborhoods. The commitment by Columbus to explore new ways to use technology to reach beyond the tech savvy and easily accessible is commendable and it underscores the reasons why the U.S. DOT started the challenge.After engaging residents, leaders, experts and others, five major goals emerged to provide ladders of opportunity for all:Improve access to jobs through expanded mobility options in major job centers;Enhance visitor experience by better connecting our visitors to transportation options;Stimulate regional economic prosperity and compete globally through smart logistics;Better connect Columbus residents to safe, reliable transportation that can be accessed by all; andSupport the efficient movement of people and goods through environmentally sustainable practices.The Smart Columbus Program will demonstrate projects in four distinct types of districts (residential, commercial, downtown, and logistics). Each district has challenges unique to its type, yet universal to similar districts across Columbus and the Nation. To tackle the challenges faced by the community, the Smart Columbus Program created a menu of smart solutions built upon four core-enabling technologies:The Connected Columbus Transportation Network (CCTN) consisting of underlying sensors and connected infrastructure.The Integrated Data Exchange (IDE) open data environment will contain data from many different sources. A suite of applications and processes will deliver Enhanced Human Services (EHS) to residents and visitors. An expanded Smart Grid program and that will increase Electric Vehicle (EV) Infrastructure. Smart Columbus will use data to measure progress toward improved safety, enhanced mobility, and enhanced ladders of opportunity, and address climate change so they can make adjustments and replicate their success.



Integrated Data Exchange (IDE)

Non-
Transportation
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Data from 
Smart COLUMBUS 
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Transportation
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Integrated Data Exchange (IDE)

Independent 
Evaluators

Public 
Sector
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Sector

Private App
Developers

Source: The City of Columbus
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The Integrated Data Exchange (IDE) is a new platform that Columbus will develop that collects, integrates, and serves various data to public agencies and private app developers. The IDE is an approach the city is taking toward data that includes open data and open source tools. It consists of a set of data repositories that will be created to support data discovery, analytics, ad hoc investigations, and reporting. The IDE will contain data from many different sources—including:Non-transportation data – Data from the Mid-Ohio Food Bank, City of Columbus Department of Health, Columbus City Schools, and the city’s Department of TechnologyData from the Smart Columbus Program – Data from connected vehicles, automated vehicles, electric vehicle charging stations, trip planning applications, kiosks, and parking sensorsTraditional transportation data sources – Data from third party data providers, Ohio DOT, Mid-Ohio Regional Planning Commission (MORPC), Central Ohio Transit Authority (COTA), Ohio State University, and shared use mobility providersThe IDE will provide an open analytics platform that will allow the city to collaborate with stakeholders and capture and integrate all current and future forms of structured and unstructured data to achieve network-wide visibility. A Developer Network will be created that promotes extensive use of the IDE by both the public and private sectors to create applications that meet citizen needs.



Resources / To Learn More

FHWA Office of Operations:
– FHWA Office of Operations Website: http://ops.fhwa.dot.gov/ 
– Turner-Fairbank Highway Research Center Website: 

http://www.fhwa.dot.gov/research/tfhrc/offices/operations/ 
ITS-JPO:

– Automated Vehicles: 
https://www.its.dot.gov/automated_vehicle/

– CV Pilots: 
https://www.its.dot.gov/presentations/egan_smith/FutureTra
nsportationCV-AV.pdf

– Research Data Exchange: https://www.its-rde.net/
Smart City Challenge:

– Finalist Cities & Applications: 
https://www.transportation.gov/smartcity/7-finalists-cities/

– Advanced Technology Grants: 
https://www.transportation.gov/Briefing-Room/Advanced-
Technology-Transportation-Projects/

– Smart City Challenge Resource Guide: 
https://www.transportation.gov/smartcity/otherfunding/

CACC:
– Video Link: https://www.youtube.com/watch?v=2-

WoV8nKQUE

Contact: 
Dale Thompson
Dale.Thompson@dot.gov 

RESOURCES
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