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Information on this and the two companion presentations

This presentation is a discussion of the challenges (ITS Grand Challenges) that must be met to fulfill a rich ITS vision
Technical and Institutional challenges to the ITS vision
Case studies of applied research that is making a difference
Case studies of cutting edge, potentially transformative research
Strategies for getting involved in ITS research

This presentation can be presented alone or in combination with one or both of the other two presentations

The companion presentations cover:
Introduction to ITS:
What ITS is
How ITS can help solve today’s and the future’s transportation problems
Career opportunities in ITS
ITS Technologies
The range of technical and professional domains needed to deliver ITS
Strategies on preparing for ITS careers
Resources available for further study

The Introductory presentation is designed to require little in terms of background technical knowledge

The Introductory and Grand Challenges presentations can be used together to provide broad introduction to ITS

The Technologies presentation is most appropriate for graduate students who are engaged in professional fields that have a role to play in ITS development, deployment, and operation



The Ultimate ITS Vision?

= There isS N0 consensus vision . . .
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= “Toward Zero Deaths” Toward Zero Deaths®

IS a universal aspiration

= And most agree that the world of
o Connected and
o Autonomous Vehicles

IS coming
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While there is much excitement surrounding ITS and much hope for the positive impact that ITS can have, there is no well-defined consensus vision for the future of ITS

There are a couple of points of consensus –

The “stretch” goal of eliminating all highway deaths is universally accepted
Connective vehicles are coming (Autonomous vehicles too – although the consensus is less strong and predictions vary on when it really starts and how rapidly the switchover to autonomous control happens)


The Ultimate ITS Vision?

= But will this ultra-high tech, hyper-connected world be —

o Livable?

o Human scale?

= And will it be characterized by —
o Social justice?

o Environmental stewardship?
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However, simply applying technology to bring about universal connectivity does not guarantee that the resulting world will be livable and human scale.

There is also no guarantee that this work will continue the trends toward increased social justice and environmental stewardship

If livable, human scale communities that fairly distribute benefits and costs to all demographic groups while safeguarding environmental resources for future generations is where we all want to life, it will not happen by accident


Where We Stand

= Much of the foundational technology is in place

» Yet significant challenges remain

» There are still significant technological
advances needed

= There are still significant Sl

Institutional impediments
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Technology has advanced to the point where the key features of a collective (not consensus) ITS vision are feasible

However, this is not to say that there are not serious challenges still to be addressed

And some of these challenges are in fact technological

As well as institutional barriers that must be overcome


Grand Challenges

Refining the vision and making it reality will be challenging

It is not a stretch to say Grand Challenges must be overcome

Core ITS professionals must lead on challenges related to —
o Technology 3
o Human factors

ITS professionals must play key supporting roles on challenges related
to institutional issues such as —

o Policy development R
o Risk assessment and management '

! I
> Legal framework evolution | INSURAN E

o Liability and insurance system revolution K
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It is appropriate to borrow the National Academy of Engineering’s Grand Challenges term for the ITS challenges we must overcome

The ITS Grand Challenges can be categorized as

Those that must primarily be addressed by core ITS professionals, namely
technology challenges
human factors challenges

Those for which core ITS professional will play a supporting role, namely
Policy development
Risk assessment and management
Legal framework evolution
Liability and insurance system revolution


Grand Challenges in Technology

» Big Data Management and Analytics
o Wireless network capacity
Data fusion
Data mining
Accurate metrics for system benefits and costs
High fidelity, real-time, regional-scale modeling

O

O

O

O

DATA LOSS
» Data and system security

o Sensitive and personal data security
o Protection against malicious system attacks

= Achieving the system reliability needed for wide spread autonomous
vehicle use

Image Source: ThinkStock/lUSDOT
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Technology challenges remain in the areas of:

Big Data – The truly big data has not yet begun to roll in. There is still more to learn and more tools to develop before this data can be properly managed, analyzed, and modeled.  There are also concerns as to whether the current wireless network will have the capacity to handle the data that a fully connected transportation system will generate

Data system and security – Recent high profile hacking incidents have highlight the difficulty in protecting computer systems from attack.

System reliability – For a fully autonomous system, the system reliability (i.e. negligible failure rate) needed to ensure safe operations has not yet been attained.  More precise, robust, and near fail-proof control systems must be developed if we are to reach a world of 100% autonomous vehicles


Grand Challenges in Human Factors

* In the pre-autonomous, connected vehicle era —
o “Connecting” vehicles without overloading drivers

o Providing information in ways that are quickly and accurately
understood

» Entering the fully-autonomous vehicle era —
o Managing the transition from the driver perspective
o Training in system operation
o Driver takeover in emergency situations
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We cannot forget the human element.

In the connected (but not yet autonomous) vehicle world, great care will have to be taken to ensure that drivers are not overloaded with information or otherwise unnecessarily distracted.  If this challenge is not effectively met, the result would be a system that is less rather than more safe.

Also, as we transition to autonomous vehicles, many conceptions of autonomous control envision the driver serving as the fall back in emergency situations.  There are many issues related to this.

Ask Students:  Can you think of some problems that would need to be addressed in a system where the driver serves as the replacement for autonomous control in emergency situation?


Institutional Grand Challenges

= Adapting public policy and laws for connected and ultimately
autonomous vehicles -3 :

= Commercial vehicle operations
In the autonomous vehicle era
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Along with the technical challenges are serious institutional challenges

Current public policy cannot deal fully with the situations of:

Ubiquitous connected vehicles and the potentially comprehensive data on vehicle movements that will reside on system servers
Who does this data belong to?
Who can rightly access this data? And at what level can they access it (i.e. can they access individual vehicle data?)?
What should the government require and regulate regarding data privacy? Security?

Autonomous vehicles where no human is operating the system
What becomes of the Motor Vehicle Code?
All the same data issues as above

How are the system risks identified, monitored, and managed?

What should the tort liability system look like in an autonomous vehicle world?

What will the insurance system become?

What policies and laws will be needed for commercial vehicle operations in the autonomous vehicle context?


Research — The Key to Addressing the Grand Challenges

» Targeted research is essential
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Research is Key

Research must be targeted.  Therefore, key research sponsors must have well-crafted research programs

Research is happening in both the academic setting and within the industry.  Transformative, high-risk, high-reward research usually comes from the academia.

Although research gaps remain, there are exciting new research thrusts emerging.




Research Case Studies

* The scope of exciting and impactful research is broad
* Three examples . . . the tip of the iceberg

o Probe data for system monitoring and management

o Location-based social networking for travel demand modeling

- Google Car -,/ r B
g /\/\\/
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The first set of research case studies was selected to highlight research that is making an impact right now

These three examples are taken from among a large body of research


Indiana Mobility

» Researchers at Purdue are using high

definition probe data from INRIX to produce

powerful visualization tools for Indiana
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* The research also includes major work
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Researchers at Purdue University are development a suite of tools for the Indiana Department of Transportation built upon rigorous analysis of high density probe vehicle data provided by INRIX, one of the world leaders in real time traffic data.

Analysis based on these tools has been published in annual mobility reports for the Indiana DOT and also served up in real time web accessible monitoring systems.

In the mobility reports, the visualizations provide unprecedented informational detail that INDOT can use to evaluate and develop mobility improvement strategies.

The online tools were used to effectively manage a major interstate work zone that was put in place because of an unplanned emergency construction project to repair a structurally unsafe interstate bridge, known as the “I-65 NORTH EMERGENCY BRIDGE CLOSURE”. 


Location-Based Social Networking (LBSN)

Foursquare™ data

destination patterns

Privacy and safety issues must be addressed

(a) (b)

FIGURE 2 Venue locations within study area by (&) individual location and (b) density (no. = number).

No. of Venues

0-9

10 -20
] 21 - 33
I 34 - 45
46 -58
| ENE
-0
s - 7
2 - 155
I 162 - 240

Researchers at UT-Austin and Rutgers have been exploring the power in

Results have been published on using the data to estimate urban origin-

Potential for fusing data across multiple LBSN providers is huge

Image Source:

Jin, P.J., et al., “Location-Based Social
Networking Data Exploration into Use of Doubly
Constrained Gravity Model for Origin—Destination
Estimation,” Transportation Research Record:
Journal of the Transportation Research Board,
No. 2430, Transportation Research Board of the
National Academies, Washington, D.C., 2014, pp.
72-82.
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Researchers in many fields are beginning to exploit the potential in the data arising from the rapid growth in smart phone use and location-based social networking (LBSN) applications.

For example, research at UT-Austin and Rutgers used data from the Foursquare app to estimate urban origin-destination patterns.  The result are very promising even with the data being from a single application.  Therefore, the informational value from data that fuses together multiple LBSN data sets should be significant.

Obviously, data privacy issues must be addressed before widespread use of LBSN data can be safely and reasonably pursued


Google Car

= The most visible of the autonomous vehicle research efforts

» Fully-autonomous

» Testing is —
o Legal in four states
o Underway in Mountain View, CA and Austin, TX
o Google says the car will be market-ready in 2020

Image Source: ThinkStock/lUSDOT
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Google car is the most visible of the autonomous vehicle development efforts.  Testing is underway with Google saying they will have a market ready car by 2020.

If you want to know more, Google it!


Research Gaps and the Big Gap

» The research examples just cited are all early
stage efforts

=

T g

» Other emphasis areas include commercial
vehicles, transit, etc.

» Gaps exist in all areas

= A persistent soft-side gap is the need to
develop a clear vision of the “Smart City” of
the future

o This vision will guide all other efforts
o Developing this vision should be a priority

o Collaboration across many disciplines is
needed

Image Source: ThinkStock/lUSDOT
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Although exciting, the three research cases presented are early stage efforts.

And we haven’t touched on commercial vehicles, transit, non-motorized (there is research underway on “connected bicycles”), etc.

There are gaps to be filled in all areas

An essential non-technical gap that should be and hopefully will be address before the technology progresses too much further is the need to develop a consensus, clear vision of the “Smart City” we are working toward.  Addressing this gap should be a priority for at least the following reasons –

The 20th century should have taught us that applied technology can lead to serious, negative unanticipated consequences
Advances in social justice, return to more human scale communities, and environmental stewardship are in jeopardy if we don’t think intentionally about how to preserve them
From a systems engineering, this vision is essential to guiding all efforts, i.e. making sure that all we do in ITS is moving us toward the “Smart City” we desire


Emerging Research Thrusts

» Three examples of cutting edge ITS research that are truly breaking
new ground

o Advanced Research Projects Agency-Energy (ARPA-E) TRANSNET
research program

o Simulator-based research on driver emergency takeover in
autonomous vehicles

o Electric autonomous taxi systems

Image Source: ThinkStock/lUSDOT
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Three case studies are now provided that represent cutting edge, potentially transformative research.

Again there are others, and these were choses to give a flavor of the emerging research thrusts


ARPA-E's TRANSNET Program

» Advanced Research Projects Agency-Energy
» Traveler Response Architecture using Novel Signaling for Network
Efficiency in Transportation (TRANSNET)
o Five awards totaling $14.5 million
o Research teams will create control architectures
to encourage energy saving travel behavior
o University of Maryland National University Transportation Center Team
= Integrated, Personalized, Real-time Traveler Information and Incentive
(iPretii) &g\m TRAVE g,
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Image Source: University of Maryland National Transportation Center - http://ntc.umd.edu/
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Titled - Traveler Response Architecture using Novel Signaling for Network Efficiency in Transportation (TRANSNET)

Five awards announces in July 2015 totaling $14.5 million

Each team will “design a control architecture that combines wireless signals with personalized incentives to affect real-time energy use”

The projects will test incentives to encourage energy savings

The DOE sponsorship gives a unique twist on the research.  More often, reducing delay or improvement safety are the key goals.  With the TRANSNET program, the goal is reduced energy consumption

The UMD project team named their system Integrated, Personalized, Real-time Traveler Information and Incentive (iPretii)



Emergency Takeover in Autonomous Vehicles

= What will happen when things go wrong in a self-driving car?
= Some visions include the need for travelers to take over driving

= This will be an entirely new travel situation ( )

» Researchers in NC State’s Department of Psychology are
Investigated emergency takeover using a driving simulator

Image Source: ThinkStock/lUSDOT
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Some autonomous vehicle visions include the driver taking over in emergency situations

There is no analog for this situation in surface street travel

Research in the Department of Psychology at NC State University have embarked on research to investigate emergency takeover using a driving simulator

This research is critical for deployment of any system that includes driver takeover



Autonomous Electric-Vehicle Taxis

* Imagine Uber with no drivers or
exhaust

= Researchers at UT Austin and
Lawrence Berkeley National Laboratory
have found that the environmental and
energy benefits could be huge

» The UT Austin researchers also
Investigated methods to model the
Impact of various vehicle staging
schemes

Source:

Reprinted by permission from Macmillan Publishers LTD: Nature
Climate Change, Greenblatt, J.B. and S. Saxena, “Autonomous
taxis could greatly reduce greenhouse-gas emissions of US
light-duty vehicles,” Nature Climate Change 5 (2015): 860-63.
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Figure 3 | GHG emissions intensities per mile for CDVs in 2014 and 2030,
and ATs in 2030. Cost-optimal vehicle technologies indicated by asterisks.

Both full-sized (purple) and right-sized (red) ATs are shown, each with
three sets of electricity GHG intensity assumptions. Right-sized ATs have
per-mile GHG emissions intensities 87-94% below 2014 ICEVs, and
63-82% below 2030 HEVSs, depending on electricity GHG intensity.
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Finally, what if you used an app like Uber, but when the car arrived, there was no driver.

Researchers and UT Austin and the Lawrence Berkeley National Labs have found that such a system could provide significant environmental and energy benefits

The UT Austin research have also created simulation models to test various vehicle staging schemes to provide a framework for designing optimal staging schemes


Joining the Grand Challenge Team

» The opportunities are vast and continuing to grow
= There are many ways to get in the game

See what the major research funding agencies are supporting

O

O

See what the major industry players are saying and doing

Search and read

O

Ask guestions

O

O

Think big

Image Source: ThinkStock/lUSDOT
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If these challenges excite you, then there is a place for you on the ITS Grand Challenge Team

You should of course start by reflecting on and clearly identifying the research questions that most excite you

Then you should see what major research sponsor are funding and what the major industry players are saying and what they are actually doing

Don’t forget your identity as a lifelong learner!

Think Big and Think outside of the box


Joining the Grand Challenge Team

* Find an intersection between your skill set and a challenge that
piques your interest

= |dentify the academic and industry research programs that are
seriously working to meet the challenge

» Create and execute an education plan to prepare you for the
research

= Go for it!

Image Source: ThinkStock/USDOT 20
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Go back to your list of research questions that excite you.  Has anything changed, if so update it.  Then,

Identify the research questions that match well with your skill

Search out the research programs that are working on the issues that match both your skills and interests

Develop an education plan that will round out your skills and provide you with a firm knowledge foundation for the research you want to do
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