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Abstract—We introduce the I-24 Mobility Technology Inter-
state Observation Network (MOTION), a transportation cyber-
physical systems testbed under development in Tennessee. It
consists of a six-mile freeway segment instrumented with 400
4K resolution cameras, processed by a real-time compute
system to enable continuous performance monitoring of free-
way traffic. The testbed is being developed to support next
generation connected and autonomous vehicle technologies and
advanced traffic management. When complete, the testbed will
be the longest continuously observed freeway segment in the
world. This article introduces the testbed, discusses the core
design choices, and outlines the preliminary work conducted
to support the design.
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I. INTRODUCTION

New sensing, communication, and control technologies
are enabling a digital transformation of transportation sys-
tems. As an illustrative example, one of the major technolog-
ical innovations enabling this revolution is the realization of
connected and autonomous vehicles (CAVs). The majority
of the best selling cars in the US are now equipped with
Society of Automotive Engineers (SAE) designated level 1
or level 2 automation systems. These driver-assist systems
control the vehicle differently than human drivers, opening
up possibilities to alleviate “phantom traffic jams” that are a
result of human driving behavior. Even a few CAVs mixed
in regular traffic can dramatically reduce fuel consumption
of the overall vehicle flow [1]. Next generation systems
will integrate infrastructure assets and individual vehicle
control systems to jointly manage traffic flow [2]. This will
necessarily raise the need for freeway monitoring systems
that can accurately monitor the impact of individual vehicles
on overall traffic flow.

Unfortunately, such powerful tools are double-edged. In
some cases, technological innovations proposed to solve
one mobility problem can actually exacerbate issues in
mobility systems as a whole. For instance in [3], [4],
it was shown that many currently commercially available
Adaptive Cruise Control (ACC)-equipped vehicles, while
increasing the driving comfort for a single driver [5], amplify

perturbations and cause downstream instabilities in a traffic
flow. Likewise, [6] proffer using simulated experiments of
platoons of trucks that such a driving strategy can negatively
impact the merging efficiency and overall safety of the
surrounding roadway.

These examples clearly illustrate the need for high-
fidelity open-road testbeds where emerging transportation
technologies can be observed and assessed, particularly to
determine the positive and negative emergent phenomena
when deployed in real traffic environments. Yet it remains
extremely challenging to collect real-time mobility data on
open roads, both with enough fidelity, and enough scale, to
identify and assess such effects.

Motivated by the above needs, in this article we introduce
the I-24 Mobility Technology Interstate Observation Network
(MOTION), which is a densely instrumented freeway that
enables continuous, ongoing coverage of a roadway at the
fine-grained vehicle trajectory level. MOTION consists of
a network of 400 pole-mounted 4K resolution cameras
recording video data that covers a six mile stretch of freeway
in its entirety. The raw video data stream exceeds 130
TB/day of traffic data footage that must be processed in
real-time to extract precise vehicle locations, trajectories,
and other relevant information from the entire monitored
portion of roadway. Data is reported for each of the 180,000
vehicles per day that travel on the roadway throughout the
full length of the instrumented freeway. An illustration of
the concept is shown from the first MOTION prototype pole
located at the I-24/I-40 interchange shown in Figure 1. We
are now installing eighteen cameras on three poles covering
1800 feet of roadway, with full system completion expected
by the end of 2022.

The main contribution of this article is to introduce
the MOTION testbed, which is designed as an open-road
transportation cyber physical systems (CPS) testbed. The
core innovation of MOTION is the ultra-dense deployment
of 4K resolution video cameras that are processed in real
time to generate continuous vehicle trajectories on an open
freeway. We detail motivating considerations in the design of
such a system, and we present our preliminary experiments




