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Plant Modernization Technologies Move From R&D to Commercialization
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s part of the LWRS Program mission to modernize
nuclear power plants, a team has developed several
technologies to automate plant support activities
leveraging recent advancements in AI. Three example technologies are the (1) Route Operable Unmanned Navigation
of Drones (ROUNDS), (2) automated gauge reading, and (3)
fire watch automation. All three technologies have matured through R&D and are currently advancing towards
commercialization and deployment in nuclear power
plants through multiple industry partners.
ROUNDS enables a drone to determine its’ own location
with a high degree of accuracy using visual landmarks.
Using this self-location technique, it can move rapidly
and accurately along a path without assistance from
geospatial positioning systems. This technology can be
used to automate operator and security rounds, radiation
monitoring, inspections, surveys, and field monitoring in a
nuclear power plant.
ROUNDS is a suite of software algorithms that empower
a drone to follow a trajectory mapped out by Quick
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Response (QR) codes. Dynamic position tracking enables
continuous updates to the drone’s relative location. The
technology exploits the imaging and communication
capabilities of readily available commercial drones. It uses
a drone’s standard camera to capture QR code images
intentionally placed in fixed locations throughout the plant
that are in the drone’s operating environment. The QR code
image depends on a drone’s relative position with respect
to the code, as shown in Figure 7. If the camera evaluates
a skewed QR code when the drone’s line-of-sight is not
directly perpendicular to the code, the ROUNDS algorithms
infer the drone’s location relative to the QR code, which
has a location known as “a priori.” This makes it possible
to determine the drone’s location in the environment
within roughly an inch of its true position—a significant
improvement over the few feet possible otherwise—and
to fly faster through its route, which enables the drone to
cover long distances on a single battery charge.
With its exact location routinely calculated, the drone can
move along a set trajectory toward the next QR code in its

Figure 7. The drone view of the QR code is used to determine the drone’s relative location to the code.
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path. ROUNDS recently
reached the 2020 R&D
100 award finalists list.

condition. As such,
if a plant requires a
frequent fire watch,
its cost burden may
be high. Based upon
sensor technology
advancements, as well
as increased video and
image data capture
over recent years, a
great potential exists
for automating fire or
smoke detection in
real-time using remote
sensing. The LWRS
Program developed an
approach leveraging
AI models, such as
Convolutional Neural
Networks [2], which
can emulate the human
detection of fire in a
video stream. An image
processing method
was also developed to
filter the video frames
as they are evaluated
by AI [3].

Automated Gauge
Reading recognizes
and reads distant
measurements from
gauges in a video
stream. Because most
U.S. nuclear power
plants were built
between 1960 and
1990, most of the
gauges use analog
instruments, whose
values or states are not
captured in digital form,
requiring operators to
manually monitor and
log data periodically.
Automating the
gauge reading process
replaces the need
for staff to log data
Figure 8. Uses of automated gauge reading at oblique angles.
periodically in the
control room and the
field, provides temporal
high-fidelity data
streams needed to enable continuous online monitoring,
Fire watch automation technology is a software that can be
can be leveraged for training scenarios replication and
applied to a video stream (from any camera) provided the
engineering, and enables automated gauge calibration—
video stream meets minimum resolution requirements that
especially in control room panels—because the process
are associated with the specific application. Because fires
can detect gauge drift by comparing it to reference points,
can be a different color, form, size, and duration depending
whether the instrument measurement has previously been on the application, the training dataset for fire detection
archived in the plant computer, and any historical behavior. is continuously expanded to reflect as many potential fire
types as possible. A regulatory evaluation of deploying the
Several vendors have developed retrofit solutions that can
be installed on a gauge to digitize the analog value directly technology in a nuclear power plant is being performed as
part of the LWRS Program effort.
facing a gauge [1]. The limitation of this approach is that it
requires one device per gauge. Often, gauges are centered
in groups. Additionally, the use of these technologies
in control room panels complicates the installation of a
device, and directly obstructs an operator’s view of the
analog display.
The technology gap targeted by this effort was a
method to read gauges at oblique angles, which led to
the development of software that can identify a gauge
from its surrounding environment in an image or video
and quantify its orientation and position in space to
autonomously read it. This enables the technology to
be integrated with any device that has a camera with
satisfactory specifications, as shown in Figure 8.
Fire Watch Automation leverages recent AI innovations.
Throughout the nuclear power industry, the fire watch
level being performed varies depending on a plant’s

Watch this LWRS Program ROUNDS video to learn more.
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