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EXECUTIVE SUMMARY

This research project has received support from the DOE-FIU Science & Technology Workforce
Development Initiative, a pioneering program established by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) in collaboration with Florida International
University’s Applied Research Center (FIU-ARC). In the summer of 2025, Carlos Rios, a DOE
Fellow intern, engaged in a 10-week summer internship at the Hanford Site in Richland, WA,
under the mentorship of Engineer Douglas Reid. The internship commenced on June 9, 2025,
and concluded on August 14, 2025. The project aimed to showcase the remote teleoperation and
scanning capabilities of the Spot/X7 robotic platform assembly by executing specific tasks in
simulated cold and dark environments, utilizing multiple sensor packages and a mesh network
configuration.
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1. INTRODUCTION

The Hanford site, located in Richland, Washington, has been the focus of extensive nuclear and
environmental cleanup efforts after its role in plutonium production during World War II ended in
the 1980s. The nuclear site has employed various methods to contain contaminated material,
including double-shell tanks designed to hold up to a million gallons of material, and vitrification,
a process that combines radioactive material with glass-forming substances to minimize its
environmental impact. Multiple areas onsite are currently undergoing cleanup efforts. While
temporary power is provided to allow professionals to perform testing, most of these sites fall into
the category known as a cold and dark facility — a location which has been deactivated and placed
into a stable and safe condition in preparation for decommissioning, as well as isolated from all
mechanical, electrical, and stored energy sources [3]. Operating within these sites generally
requires extensive protection from radiation and other hazards, which incurs a risk of exposure to
any professional tasked with performing duties in or around the area. Using robotic platforms such
as Boston Dynamics’ quadrupedal robot Spot, as outlined in the Hanford document RPP-PLAN-
43988 [1], the Technology and Innovation Roadmap, radiological surveying, inspections, and
manipulations can be conducted while reducing human exposure to hazardous environments. In
addition, the need to reduce worker exposure during data collection activities is highlighted in the
Technology Element Description Summaries, or TEDS MTW-79, within the program plan RPP-
PLAN-65525 [5]. The Spot/X7 robotic platform assembly currently under development by Florida
International University (FIU), has been brought onsite to demonstrate its capabilities in
accordance with the roadmaps and the TEDS.

The current iteration of the Spot/X7 assembly consists of a pair of 3D LiDAR scanners, provided
by both Trimble and Velodyne for use in developing digital twins of the cold and dark facilities as
well as creating real-time maps for localization, as shown in Figure 1. Pairing with the Velodyne
LiDAR is a Geiger-Miiller counter used for measuring gamma radiation in the environment in
millirem per hour (mrem/hr) and counts per minute (cpm), as well as an external computer payload
for the Spot for running the custom data collection and visualization software, called the Spot
CORE. Using this assembly, a series of tests were continuously conducted within a designated
area at the Hanford site chosen for its similarity to a cold and dark facility, known as the 324
Building. The building’s demolition is currently postponed as efforts are being made to clear the
hot cell area within and the contaminated ground beneath the building. The Spot/X7 assembly was
taken through the safe areas of the 324 Building using a modular mesh network to extend the range
of the controller and the Spot robot to test its maneuverability and use of payloads for measuring
and displaying both 3D and radiation data.
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Figure 1. Spot robotic platform assembly with sensor payloads

The primary objective for this internship was to demonstrate the capabilities of the assembly
platform professionals for both the Hanford Tank Waste Operations & Closure (H2C) and the
Central Plateau Cleanup Company (CPCCo) at the Hanford site. This effort culminated into a
scheduled demonstration of the assembly platform paired with a secondary Spot robot with an arm
attachment. This secondary robot was used for providing a roaming mesh network connection to
the Spot/X7 assembly, as well as for clearing obstacles and swabbing. More specifically, the main
goals of the internship were to test whether the chosen mesh network configuration could operate
in a real-world environment with a consistently maintained connection, and to record at least 3-5
rosbags containing 3D point cloud data and simulated radiation count data within the 324 Building
where the experimentation took place. Additional test cases including the swabbing and obstacle
navigation were less concrete and demonstrated to both H2C and CPCCo as a proof of concept for
feedback and future research.
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2. SYSTEM DESCRIPTION

The internship at the Hanford site consisted of testing conducted at the 324 Building using the
Spot/X7 assembly, with the primary goal of demonstrating its capabilities during a scheduled
demonstration with both H2C and CPCCo professionals. The second half of the internship
involved physical demonstrations of the Spot robots, allowing H2C operators to interact directly
with the technology and provide personal user feedback. The methodology and procedures
developed for the 324 Building portion of the internship are detailed in the following subsections.

The procedures designed for showcasing the assembly’s capabilities were formulated around the
operational limits of the Spot robot’s flexibility and movement, as well as the individual payloads
installed on the robot. The main deliverables included a live demonstration, and two formal
presentations set for the beginning and the end of the internship. The first presentation was given
at the start of the internship and provided a summary of the project and plans for testing, while the
second presentation was conducted at the end of the 10-week internship summarizing the results
of the testing and demonstrations. The methodology for executing the tasks outlined in the kickoff
presentation and designing tests required a detailed understanding of the assembly’s functions
individually, including both the payloads and supporting software.

Among the primary payloads were two LiDAR (Light Detection and Ranging) systems: the
Trimble X7 and the Velodyne LiDAR, shown in Figure 2. Both are used for developing digital
reconstructions of the scanned environment using point cloud data gathered. In essence, they
function by emitting up to millions of individual point lasers from their ringed lenses, which
bounce off the surroundings and return to the device. The angle at which it returned and the time
taken to return provide the information needed to plot the data as a 3D point in an empty model
[4]. The collection of these points, the point cloud, is then visualized as either a 3D refined map
for the Trimble X7, or as a flat, real-time map for the Velodyne system.

Figure 2. Trimble X7 and Velodyne LiDAR

The Trimble X7 provides high-resolution scans but requires stationary operation during each
capture, making it unsuitable for real-time mapping. In contrast, the Velodyne LiDAR captures
data at a lower resolution and creates the map in real-time. Both sensors are used to create a digital
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twin package of both the visual and radiation data gathered during the Spot/X7 assembly’s
deployment into cold and dark facilities.

In the ideal scenario, the user remotely pilots the robot throughout the facility, stopping
sequentially to capture scans with the Trimble X7. These scans are saved on both a device SD card
and on the paired Trimble tablet running FieldLink, a proprietary software used for configuring
the settings of the scan (level of detail, range, color, etc.). Throughout the deployment, the
Velodyne LiDAR gathers a real-time 2D map of the building, like a floor plan. This allows the
robot to localize itself within its surroundings using RTAB-Map (Real-Time Appearance-Based
Mapping) which is a LIDAR-based SLAM (Simultaneous Localization and Mapping) approach
used to determine the robot’s position and orientation relative to its surroundings.

The Velodyne LiDAR payload also supports radiation monitoring by integrating with the
USBRAD-121 Geiger Miiller counter. The USBRAD-121 Geiger-Miiller counter (Figure 3), is a
device capable of measuring the ionizing radiation in an environment in both millirem per hour
(mrem/hr) and counts per minute (cpm), both units being measures of radiation exposure rate. The
GM counter allows for easy interface with Spot CORE, an external payload attachment for the
Spot, enabling seamless data processing and integration.

USB-RAD121
GER

Figure 3. USBRAD-121 Geiger-Miiller counter

This payload is host to most of the higher-level programming found in the assembly and is
responsible for recognizing, collecting, and visualizing the Velodyne point cloud data and the GM
counter radiation data into a single readable format. Using RVIz (ROS Visualization), a 3D
visualization tool used in the Robot Operating System, the user can display both the real-time
Velodyne map and the radiation data gathered in the form of a procedurally generated field map.
This map displays a color-coded approximated range of radiation exposure within the area, based
on the data collected by the GM counter. An example of this radiation map data can be seen in
Figure 4. The purpose of implementing this feature is to allow users to accurately and remotely
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identify the location and intensity of any radiation source or contamination within a cold and dark
facility, minimizing the risk of direct exposure.

ation Level (CPM)
I e :

400 2797 400 4712
Figure 4. Example radiation field map data from previous testing

Lastly, the remote aspect of the Spot/X7 assembly is enabled through the implementation of a
mesh network and modular access points. This system uses a router capable of interfacing with
multiple antennas to “hop” a connection between the operator’s controller and robot [2]. By
relaying the signal across a chain of antennas, the network extends the communication range
beyond standard limits. The access points will be installed into a bundle, featuring a power source
and a PoE (Power over Ethernet) injector, which allows network cables to carry electrical power.
These bundles will provide power to the antenna and allow it to be connected to the router to create
a mesh network of antennas. The Spot/X7 assembly, equipped with its own antenna, highlighted
in Figure 5, can roam freely within this networked zone. As it moves, its connection to the
controller, also on the mesh network, is maintained by relaying the signal through the positioned
antennas [6].

To deploy the access point bundles inside the cold and dark facility, a second robotic platform
would be required to transport and position them at the desired locations. For this demonstration,
a second Spot robot equipped with an arm attachment will be used. This second Spot also has a
mesh network antenna installed, allowing it to maintain an extended connection with a second
controller as it moves throughout the facility.

10
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Figure 5. Spot assembly with mesh network antenna

Understanding the individual payloads and programming installed on the Spot robot, the testing
procedures developed for the demonstration of capabilities were centered around the data
gathering and physical movement of the assembly. It was decided that the first 5-6 weeks of the
internship would focus on verifying that the sensor packages functioned as intended and that the
mesh network could support a roaming connection among stationary access points.

At approximately the halfway mark of the 10-week internship, the demonstration of capabilities
showcased the mesh network allowing both Spot robots to navigate beyond the standard direct
controller connection, all while gathering real-time Velodyne and radiation data.

The data was presented to the audience by “finding” a radiation source that had been set up in a
separate room to the main base area, using the field map data gathered during the Spot’s approach
to the source. Trimble X7 scans of other areas within the mock cold and dark facility were also
showcased during the demonstration, along with video evidence of the assembly traveling through
regulated areas.

During the latter half of the internship, using the gathered data, additional troubleshooting was
conducted for future testing as well as smaller demonstrations for operators at H2C. These
demonstrations focused on the robotic platform rather than the payload configurations to showcase
the Spot robot’s capabilities in other tasks. User feedback from attendees was collected through a
survey that asked how intuitive the robot was to control, how challenging it was to learn to pilot,
and other usability-related questions.

11
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3. TEST METHODS

The plan of action for the internship period concerning the Spot/X7 capabilities, including the final
demonstration, focused on the mesh network and sensor payloads. To achieve these objectives,
multiple rounds of testing were conducted to troubleshoot the assembly and modify the final
demonstration as needed. Testing efforts targeted both the mesh network and the sensor packages,
as well as the programming within the Spot CORE responsible for interpreting and visualizing the
data collected.

3.1 LiDAR & GM Counter Payloads

As the Trimble X7 is functionally a self-sufficient device, further testing of its scanning
capabilities was not required beyond gathering a digital twin of a regulated area within the 324
Building to be showcased during the demonstration. Instead, testing focused on the Velodyne
LiDAR and USBRAD-121 GM counter, using a Caesium-137 radiation source emitting 2,000
microcurie (LCi), which is a measure of the intensity of radioactivity in a material, provided by
RadCon (Radiological Control), another organization found at the Hanford site. The source was
placed in two locations: the 25 ft x 40 ft main room, orientated away from personnel, and a separate
10 ft x 15 ft storage room located further down the first-floor hallway. In both cases, the radiation
was shielded into a beam rather than a sphere around the source. After ensuring the docker
container in the Spot CORE was running properly, the Velodyne and GM counter assembly were
tested for accuracy and range in the main room. The robotic assembly navigated around the room’s
perimeter, decreasing its distance from the center of the room, where the source was positioned,
to determine the maximum range at which the GM counter could detect the point source. For the
smaller, separate room, the same process was repeated. The robot first navigated the perimeter of
the main room to create the Velodyne map, then proceeded down the hallway into the side room
to track the perimeter and reach the source. This process was repeated multiple times for both the
main room test and the side room test, with the radiation point source relocated to random locations
within each room to evaluate how obstructions affected the GM counter’s range of detection.

Wi rocacamn e 4 Dfeeluimale < 20GodPme @ R ot

Figure 6. Radiation field map developed during demonstra&on

12
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This procedure was based on the method used by the assembly to approximate the range of the
radiation emitted by the source. As the program is meant to demonstrate the Spot assembly’s
features and capabilities rather than deliver professional-grade accuracy, the radiation detection
and visualization produced a broad approximation of the source’s location rather than a detailed
field map pinpointing the source exactly. An example of this radiation field map developed during
the demonstration is shown in Figure 6. With the main room being considerably larger in area than
the side room, additional testing occurred using its size as a test case while changing the position
of the GM counter located on the robotic assembly. Its original position was on top of the metal
cage protecting the Velodyne LiDAR, which minimized the risk of damage in case the robot lost
power or connection and fell, though this placement negatively impacted the sensor’s detection
range. The counter was repositioned to the backside of the robot, facing outward rather than
upward, which was expected to increase its sensitivity to the beam radiation source which sat at
eye-level with the Spot robot. The experiment involved repeating the perimeter search at the
“Slow” speed setting available on the Spot controller application, with the robot gradually
approaching the point source, first while facing forward, then backward during the second test.

3.2 Mesh Network Configuration

As for the mesh network, in-lab testing prior to starting the internship yielded moderately positive
results. The access points, Unifi UAP AC Mesh antennas, were connected to external power outlets
along the main office and building hallways, and both Spot robots were piloted along the route
while both operators remained near the main router and antenna. Although delayed signal hopping
occasionally caused temporary signal loss, the overall results showed the platforms were able to
recover quickly and connect to the next antenna in the mesh network to continue remote
teleoperation. This set of testing was continued at the Hanford site in the 324 Building using the
same principles. Due to time restraints, configuring all the antennas to have external power bundles
was not feasible. Instead, the antennas were connected to the temporary power sources installed
within the building and mounted onto the wall via Velcro to match the desired upright
configuration for carrying signal. Additionally, the Spot robot with the manipulator arm was
modified to be used for picking and placing antenna bundles in strategic locations to maximize
connectivity and minimize drops in signal. The bundle pick-and-place test used an unpowered
bundle holding only an antenna and battery, depicted in Figure 7.

Figure 7. Spot with arm performing bundle pick and place test during demor;s_t;'ation

13
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According to device specifications provided by Unifi, the antennas maintain optimal strength at a
range between 15-20 ft. However, due to the use of external power boxes located in random
locations in the 324 Building, the mesh network configuration was strained in areas where the
power boxes were further than 20 ft away. To account for this, each antenna was modified within
the Unifi OS to output at maximum strength and distance, each subsequent antenna connecting
back to the previous in repetition until reaching the base station router. Placement of each antenna
was chosen to maximize visibility between devices via varying lengths of ethernet cables.
Minimizing physical obstructions between antennas increased the strength of the passed signals.
Focusing only on the first-floor hallway and second-floor landing, a total of 5 antennas were
installed along the hallway and up the stairs, ranging in distances from each other between 10 ft
and 50 ft on average. The placement of each antenna is visualized in Figure 8, depicting the first-
floor plan of the 324 Building. The primary antenna located within the base station was connected
to the main router as required to extend its connection to the next static antenna in the series. It
also served to capture the signal from the controllers within the room to carry to the remotely
operated Spot robots that piloted further into the building.

ll

0 w20

IRST FLOOR PLAN

Figure 8. 324 Building 1st floor plan with antenna indicators
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Testing the mesh network strength consisted of piloting both the sensor Spot assembly and the arm
Spot robot simultaneously to mimic the real-world scenario of the arm Spot picking and placing
the antenna bundles along the predefined route. Both robots were driven down the hallway, over
150 ft away from the main router where the users were situated, and up the stairs to the second-
floor and back to the main room. The test was repeated, and the antennas were moved to have
more uniform distances from each other as needed. This method allowed the arm Spot to serve as
mobile mesh network antenna, particularly useful when the Spot assembly needed to traverse areas
without nearby antenna bundle. The testing conditions were updated to have the sensor Spot
assembly maintain a constant connection to the Spot with the manipulator arm, which would
remain the roaming access point connection to the mesh network. This method reduced the risk of
failure from both Spot robots acting as roaming access points, which was found to place additional
strain on the mesh network configuration.

15
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4. RESULTS

During the second half of the internship, additional demonstrations were conducted for operators
at H2C and CPCCo, focusing on the payloads and physical capabilities of the Spot robot. In
addition to the main demonstration held at the 324 Building, sections of the Hanford site with
variable terrain and mock equipment were provided to showcase the Spot sensor assembly and
arm Spot operating within the simulated environments. The main demonstration was held to
present the results of the sensor payload and mesh network testing as a repeat of the experiments
conducted, supplemented with verbal and visual explanations of the payloads’ functions. Antennas
were installed at equidistant locations, congregating around corners or on landings in staircases.
The route involved navigating cornered hallways, ascending and descending stairs, and
encountering doors and other physical obstacles. This highlighted the Spot robot’s obstacle
avoidance capabilities, as well as the use of the arm attachment on the second robot to clear
obstacles and operate doors for the Spot/X7, as shown in Figure 9. During the final weeks of the
internship, additional minor demonstrations were held to provide field operators with hands-on
experience piloting the Spot robots and acquiring user feedback on advancing the project with user
interactivity in mind. These demonstrations included a detailed explanation of the robot design, a
general overview of the payload customization, and a brief introduction to the Spot’s controls.
Operators were provided with the opportunity of piloting the robot around the variable terrain and
around the mock equipment.

Figure 9. Spot assembly and Spot with arm being piloted during demonstration

Following these demonstrations, user feedback was collected using a short online survey.
Participants were asked about the robot’s ease of use, intuitiveness and overall performance. This
data will be used to guide future testing and modifications made to the Spot robot assembly. The
resulting data is organized into two primary sections to differentiate between the main
demonstration conducted at 324 Building and the smaller-scale physical demonstrations performed

16
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during the latter half of the internship areas across various locations of the Hanford Site. Each
section presents observational findings and data collected before, during, and after the
demonstrations, as well as the successes and failures of each.

4.1 324 Building Demonstration

The midpoint demonstration of the internship involved remotely piloting both Spot robots
throughout the 324 Building using the preconfigured mesh network. The sensor Spot assembly
with the LiDAR and radiation detection payloads enabled would take data and visualize it in real-
time for the attendees. Along the hallways with the antennas installed, the Spot robot with the arm
attachment was made to pick and place a 3D printed prototype antenna bundle to demonstrate its
manipulation capabilities. It also assisted in removing any obstacles in the path of the Spot robot
with the sensor payloads, including opening and closing doors for the Spot/X7 assembly to walk
through. Final notes also highlighted its potential swabbing use case. The arm features a full range
of motion with six degrees of freedom, a one-meter reach, and a gripper with integrated sensors
capable of lifting up to eleven kilograms, making a custom swabbing assembly that is feasible and
practical. The concept was validated by AtkinsRéalis, who have experimented with and developed
a swabbing station and gripper tool for the Spot robot. During the demonstration, the Spot arm was
manually piloted while holding a dry erase marker against a whiteboard to showcase its swabbing
capabilities, while AtkinsRéalis provided supplemental video evidence of their automated
swabbing experiment.

4.1.1 Sensor Payload Results

To reiterate, the test cases devised for the LIDAR and radiation detection payload devices on the
Spot robot employed a custom search method for the radiation point source placed randomly
within both the main base station and the second side room within the 324 Building. The real-time
LiDAR and radiation map generation program was run and saved into a rosbag for future use, and
the robot was primarily piloted around the perimeter of each room before shifting course and
decreasing the circumference of the route in a spiral fashion. The goal was to reach the center of
the room while watching for radiation dose data on both the terminal and in the RViz map. The
GM counter reads the data in both cpm and mrem/hr, then displays the data in the form of a circle
on the map centered on where the program approximates the source to be. The circular heat map
is also colorized to indicate intensity of the dosage measured. Prior to these tests, the GM counter’s
sensitivity in controlled settings was determined by placing the source directly in the center of the
room and having the Spot robot walk towards it at a slow speed. The experiment was conducted
with the counter in its original outward-facing orientation on top of the Velodyne LiDAR’s cage
and in the backward-facing position on the rear face of the Spot robot’s main body. While testing
the GM counter’s sensitivity, it was noted that at certain distances from the source, the specific
cpm and mrem/hr recorded spiked as the device moved further away. The ratio between distance
from source and recorded values were calculated and then compared to values taken using an
ionization chamber by a professional from RadCon assisting with transportation and testing of the
beam radiation source. The comparison between the Spot/X7 assembly’s USBRAD-121 Geiger-
Miiller counter and RadCon’s gas-filled radiation detector is presented in Table 1.

17
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Table 1. Comparison of USBRAD121 and Ionization Chamber Distance to Radiation Data Ratio

Distance (in) GM (mrem/hr) Ion Chamber (mrem/hr)
22 2 2
41 0.5 0.5
70 0.26 0.3

While the chosen radiation detector for this research project was a less powerful, commercially
available option, its detection strength is comparable to the ionization chamber detectors used at
the Hanford site. For proof of concept, the USBRAD-121 Geiger-Miiller counter is adequate.
Returning to Figure 6, the field map developed there was derived from a test within the smaller
side room, with the radiation point source placed in the center against the front wall. During the
perimeter search, the heat map populated shortly after initial entry, with the data becoming more
refined as the robot was piloted closer to the center and towards the source. Despite the provided
data in Table 1, the circular heat map reaches beyond the 22 in range of the GM counter, extending
across more than half of the 10 ft width of the room. The radiation detection program used for
these experiments is also programmed to approximate the expected dosage the source emits in
areas where the GM counter is incapable of reading. The lighter shades found on the outer edges
of the heat map indicate weaker radiation dose levels, which the program approximates in areas
beyond the GM counter’s detection range.

During portions of the demonstration, additional videos were shown of the robot navigating the
service tunnel area of the 324 Building, including scans taken of the 102 Area, which is restricted
due to lead and cadmium exposure risks. A walkdown of the Trimble X7 scan taken in 102 Area
was also provided (see Figure 10).

Figure 10. Expored rimble X7 scan of 102 Area

4.1.2 Mesh Network Results

The mesh network employed Unifi UAP AC mesh antennas and a Universal Dream Machine Pro
Special Edition (UDM Pro SE) router, typically used for residential or commercial internet. While
moderately effective, this configuration itself was not at the level of strength and quality required
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