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State of mobility in the U.S.

Congestion cost (2021): $81
billion

Safety: 42,338 fatalities; 19.8
million vehicles involved in
crashes

Energy: 28% of total U.S.
energy consumption

[Inrix, 2023, National Safety Council, 2023, EIA 2023; video courtesy TDOT]



What can we do about it?

Technology can reduce crashes, congestion, and
emissions

Having a small fraction of equipped cars on the roads
can have a large effect

We don’t need to wait for full self driving to have an
effect today



Proot of syt A single-autonomous vehicle can help

[Stern, Cui, Dellg$dermacbei, Bletidaioiorind kauaehibunanytondren;yHBehtoand aYey, Fieetihapaibold,
Sprinkle, & WorkWa{) Facbtsh SeNsoitid Epfhkie 8 SR 82018; NSF CNS-1446702 (2015-2018)]
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Maybe ACC systems on the road today would already
dampen traffic waves, if we convince drivers to turn
them on.



NSF CNS-1837652 (2018-2021)



How to have believable results

Simulate 100,000 times in a computer?

At scale.

Scientifically rigorously.
With affordable cars
available today.

Demonstrate in 2016 2022
a parking lot?



CIRCLES Project funded by U.S. DOE and NSF

Without control: More stop_-and-go, more fuel used. Some cars directly
measured, all vehicles estimate

Goal: 100 actuated cars, with up
to 2,000 cars affected by our
intelligent system’s design

With control: More uniform flow, less fuel used. Only some cars
controlled/measured, all vehicles estimated

r
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Getting to scale

Paforn/co
CAT Vehicle 535,000 $120,000
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Open-source solutions to measure and control

1. Insert comma.ai device by plugging/unplugging CAN
behind rear mirror

2. Plug comma.ai device into
RaspberryPi with libpanda installed

M. Bunting, R. Bhadani, J. Sprinkle. “Libpanda - A High
Performance Library for Vehicle Data Collection™
https://jmscslgroup.github.io/libpanda/

4. Vehicle ready to operate in either data-gathering or control mode

3. Libpanda device auto-
named to match vehicle VIN
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https://jmscslgroup.github.io/libpanda/

How to beat the global supply chain?

Raspberry Pi 4B
GPS Receiver

« Substantial support from purchasing
staff
* In-house redesigns

Dashcam
MattHat™
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Hardware assembly
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Partnering with Metro Nashville for Field HQ
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Installing/uninstalling 100 cars
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During CIRCLES

« A computer in the vehicle automatically changes the cruise
control settings

Adaptive Cruise: Your CIRCLES Research: Settings
Settings stay on while change based on traffic
engaged conditions

B

[Lee et al., 2023; Nice et al., 2023, under review]
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The largest open-road field test in history

19



How do we measure effectiveness?

TDOT’s 1-24 Motion: “MRI for Traffic”

» Captures the behavior of all vehicles in the
flow

* Free data available today

[Gloudemans et al.. 2023]
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40 poles, spaced every 550 ft

Drive through 1-24 MOTION

6 cameras per pole
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New Instrument for Freeway Traffic Science

4 miles of cameras observing all vehicles



Computer vision algorithms generate trajectories

[Gloudemans & Work 2021; Gloudemans et al., 2023]
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How to read a “traffic MRI

70 mph
0 mph

velocity

and then continues

This vehicle drives fast, stops,
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time
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Lane 1 (HOV lane)

Ji, J., Wang, Y., Gloudemans, D., Zachar, G., Barbour, W., & Work, D. B. (2023). Virtual trajectories for I-24 MOTION: data and tools.



Lane 2

Ji, J., Wang, Y., Gloudemans, D., Zachar, G., Barbour, W., & Work, D. B. (2023). Virtual trajectories for I-24 MOTION: data and tools.



Lane 3

Ji, J., Wang, Y., Gloudemans, D., Zachar, G., Barbour, W., & Work, D. B. (2023). Virtual trajectories for I-24 MOTION: data and tools.



Lane 4

Ji, J., Wang, Y., Gloudemans, D., Zachar, G., Barbour, W., & Work, D. B. (2023). Virtual trajectories for I-24 MOTION: data and tools.



Complementary Capabilities

« An MRI for traffic

« Open-road freeway laboratory

« Measurement of all vehicle
trajectories

« Research vehicle testbeds

« High-frequency measurement

» Sophisticated control
Coordinated testing
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Creates new opportunities for testing
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People are interested in the data and tools

« 80+ attendees
* Held at the 2024 Transportation Research
Board Annual Meeting

1st [-24 MOTION Data Tutorial in D.C.

What do they use the data for:
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We are creating new educational experiences

First cohort of “Traffic and Autonomous Vehicles”

First in the world course
on “Traffic and
Autonomous Vehicles”

Offered Fall 2023 by Profs.
Sprinkle & Work

Project teams designed
their own algorithms and
ran them on our Rav4
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Many thanks!!
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A big research team made it possible

Institute for Software Integrated Systems research staff, students, and faculty engaged directly in the research include Will
Barbour, Matthew Bunting, Gergely Zachar, Matt Nice, Riley Wagner, Caroline Janssen, Derek Gloudermans, Gracie Gumm,

George Gunter, Yue Hu, Junyi Ji, Alex Richardson, Yanbing Wang, Xia Wang, Yuhang Zhang, Zhiyao Zhang, Dan Work, and
Jonathan Sprinkle.

Additional participants who made the MegaVanderTest possible through operations or participation include Eric Hall, Kristy
Kruse, Mary Margaret Sprinkle, Arthur Sung, Keneshia Sweet, and Shelly Wolf from Institute for Software Integrated
Systems, Officer Patrick Conwell from Vanderbilt University Police Department, Rahul Bhadani, whose software written prior
to joining Institute for Software Integrated Systems was critical to the project’s success, and visiting researchers from Fabian
Walocha and Duc Hai Le from the German Aerospace Center (DLR).

Partners at Tennessee DOT, Gresham-Smith, and Nashville DOT were critical to the success of the deployment of the I-24

MOTION Testbed. 36



Sustained investments include:

“CAREER: Domain-Specific Modeling Techniques for Cyber-Physical Systems” NSF CNS-1253334
(PI: Jonathan Sprinkle)

“CAREER: Modeling and Estimation Methods for Complex Traffic’ NSF CMMI-1351717 (PI: Dan
Work)

“CPS: Synergy: Collaborative Research: Control of Vehicular Traffic Flow via Low Density
Autonomous Vehicles”, CNS-1446435, 1446690, 1446702, 1446715 (Pls: Dan Work, Benedetto
Piccoli, Benjamin Seibold, Jonathan Sprinkle)

“CPS: TTP Option: Medium: Collaborative Research: Smoothing Traffic via Energy-efficient
Autonomous Driving (STEAD)” NSF CNS-1837652 (Pls: Dan Work, Benedetto Piccoli, Alex Bayen,
George Pappas)

“CPS: TTP Option: Medium: Coordinating Actors via Learning for Lagrangian Systems (CALLS)”
NSF CNS-2135579 (Pls: Dan Work, Alex Bayen, Jonny Lee, Jonathan Sprinkle)

“Congestion Impacts Reduction via CAV-in-the-loop Lagrangian Energy Smoothing (CIRCLES)” U.S.
Department of Energy’s Office of Energy Efficiency and Renewable Energy (EERE) award number
CID DE-EEO0008872. (Pls: Alex Bayen, Benedetto Piccoli, Benjamin Seibold, Jonathan Sprinkle, Dan
Work)

I-24 MOTION, U.S. Department of Transportation and TN Department of Transportation
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