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Research

Long Range Automated Lookout for
Roadside Operations

Creating a camera-based detection system that recognizes
abnormal approaching vehicles and delivers immediate
safety warnings to the California Department of Transportation
(Caltrans) crews.

WHAT IS THE NEED?

Roadside operations require workers to maintain continuous
awareness of approaching traffic. Crews often rely on a
designated lookout whose only role is to watch oncoming
vehicles and warn others when a driver behaves unsafely.
This method depends on human attention and does not
always provide enough reaction time. Hazardous situations
can develop faster than workers are able to identify and
communicate danger, especially on high-speed facilities.

There are limits to how long a worker can maintain
uninterrupted focus on incoming traffic. Fatigue and
distraction can reduce the effectiveness of a lookout. In some
cases, unsafe driver behavior should be detected at a greater
distance from the work zone to give workers more time to
move to a safe location. These limitations show the need for

a system that can monitor traffic continuously and provide
earlier warning than a person can. A monitoring system that
detects abnormal or unsafe vehicle behavior and alerts crews
could reduce risk for both workers and motorists. A reliable,
automated lookout could support field operations and
address longstanding safety concerns.

WHAT ARE WE DOING?

The research team is examining how to create a long range
camera based detection system that identifies abnormal
approaching vehicles and provides timely warnings to
Caltrans field crews. The tfeam is reviewing operating
condifions in femporary maintenance work zones and the

safety challenges that crews face when relying only on a
human lookout fo monitor traffic. The work includes defining
the functional and performance requirements needed
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for a system that can monitor incoming traffic
continuously and detect unsafe behavior at a
greater distance than a person can.

Advanced Highway Maintenance and Construction
Technology (AHMCT) is evaluating available camera
technologies, image characteristics, and placement
options that support long range detection. The team
is studying how factors such as distance, angle,
roadway type, and lighting influence the ability

of a camera to capture useful information about
approaching vehicles. AHMCT are identifying the
ranges, resolutions, and environmental conditions
that shape system performance and determine
what hardware is practical for roadside deployment.

The team is developing a framework that will support
automated analysis of camera feeds to recognize
abnormal vehicle behavior. This includes identifying
suitable detection methods, establishing data
needs, and outlining how warning messages will be
delivered to workers. The work will guide the design
of a prototype system that can provide near real
time alerts during maintenance operations.

WHAT IS OUR GOAL?

The goal is to develop and evaluate areal time
video-based anomaly detection system that
identifies unsafe driving behavior, such as high
speed or erratic movement, and alerts Caltrans
workers through a wireless communication system.
The task will produce a validated system concept,
prototype components, and guidance for future
deployment.

WHAT IS THE BENEFIT?

A system that detects hazardous vehicle behavior
earlier than a human lookout can improve worker
safety and reduce the risk of incidents in roadside
environments. Workers could receive timely warning
even when fraffic conditions change suddenly. This
research supports Caltrans efforts fo enhance field
safety and modernize work zone practices.

Research

The results may inform decisions about future
equipment, provide a foundation for integrating
automated lookout functions info maintenance
operations, and offer guidance that other agencies
may adopt.

WHAT IS THE PROGRESS TO DATE?

AHMCT has completed the review of prior work,
literature review, concept development, and sensor
identification activities. The team has assessed
Caltfrans roadside operating conditions and
identified opportunities for an automated lookout
system. These findings helped define the system
concept, including camera coverage needs,
detection requirements, and potential alert types for
roadside operations.

The research team has developed and tested the
main vehicle detection and anomaly detection
approach. Early models showed strong detection
performance but were not practical for real-time
field deployment because of their computing
requirements. To support faster operation, AHMCT
fine-tuned a lightweight You Only Look Once
(YOLO)-based vehicle detection model using a
large dataset of highway and driving images. The
model is infended to improve vehicle detection
under challenging conditions such as nighttime, low-
resolution, and long-distance camera views.

The team has also advanced the traffic behavior
modeling approach. The system builds a model

of normal fraffic flow and compares vehicle
frajectories against expected speed, direction, and
movement patterns to identify potential anomalies.
A two-camera field concept has been identified

fo provide long-range coverage from upstream of
the work zone to the active work area. A towable
frailer has been retrofitted with batteries and
supporting equipment, and conftrolled testing has
begun at the AHMCT test frack. Next steps include
completing field coordination, conducting field
testing at a suitable lane-closure site, evaluating
system performance, and continuing final report
preparation.
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Image 2: Example comparison of normal vehicle
trajectories and an anomalous vehicle trajectory.
(Source: UC Davis AHMCT)

Image 1: Trailer-mounted camera and computing system
prepared for field testing. (Source: UC Davis AHMCT)
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