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Page 3 of 3



TOC-PRES-24-5342-FP 
Revision 0

A Continuation on the Development of the
Long-Term Surveillance Unmanned Ground
Vehicle (LTS-UGV) for Nuclear Facility Inspection 

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management 

Contractor for the U.S. Department of Energy
Office of River Protection under Contract DE-AC27-08RV14800 

P.O. Box 850 
Richland, Washington 99352 

  Approved for Public Release; 
Further Dissemination Unlimited   
 
 
 
 
 



TOC-PRES-24-5342-FP 
Revision 0

A Continuation on the Development of the Long-Term
Surveillance Unmanned Ground Vehicle (LTS-UGV) for Nuclear
Facility Inspection 

B. Cintas
Florida International University

L. Lagos
Florida International University

R. Gudavalli
Florida International University

D. J. Reid
Washington River Protection Solutions

Date Published
August 2024 

To be Presented at
N/A 

Washington River Protection Solutions
Richland, WA 

08/14/2024 

Published in
FLORIDA INTERNATIONAL UNIVERSITY STUDENT SUMMER INTERNSHIP TECHNICAL REPORT 

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management 

Contractor for the U.S. Department of Energy
Office of River Protection under Contract DE-AC27-08RV14800 

P.O. Box 850 
Richland, Washington 99352 

Copyright License 
By acceptance of this article, the publisher and/or recipient acknowledges the U.S. Government's right to retain a non exclusive, royalty-free license
in and to any copyright covering this paper. 

Release Approval Date 

  Approved for Public Release; 
Further Dissemination Unlimited   
 
 
 
 
 

By Sarah Harrison at 3:02 pm, Oct 23, 2024



TOC-PRES-24-5342-FP 
Revision 0

LEGAL DISCLAIMER
This report was prepared as an account of work sponsored by an agency of
the United States Government. Neither the United States Government nor
any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the
accuracy, completeness, or any third party's use or the results of such use
of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof or its contractors or subcontractors. The
views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof. 

This report has been reproduced from the best available copy. 

Printed in the United States of America 



 

STUDENT SUMMER INTERNSHIP TECHNICAL REPORT 
 

A Continuation on the Development of the 
Long-Term Surveillance Unmanned Ground 

Vehicle (LTS-UGV) for Nuclear Facility 
Inspection  

DOE-FIU SCIENCE & TECHNOLOGY  
WORKFORCE DEVELOPMENT PROGRAM 

 
 

Date submitted: 
August 14, 2024 

 
Principal Investigators:  

Brendon Cintas (DOE Fellow Student) 
Florida International University 

 
Douglas J. Reid (Mentor) 

Chief Technology Office, WRPS 

Ravi Gudavalli Ph.D. (Program Manager) 
Florida International University 

 
Leonel Lagos Ph.D., PMP® (Program Director) 

Florida International University 
 

Submitted to: 
U.S. Department of Energy 

Office of Environmental Management 
Under Cooperative Agreement # DE-EM0005213 

 



 

 
 

DISCLAIMER 
This report was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor any agency thereof, nor any of their 
employees, nor any of its contractors, subcontractors, nor their employees makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, 
or usefulness of any information, apparatus, product, or process disclosed, or represents that its 
use would not infringe upon privately owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
government or any other agency thereof. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States government or any agency thereof.



FIU-ARC-2023-800013920-04C--003        LTS-UGV ver. 2 

 iii  

 
EXECUTIVE SUMMARY  

The objective of this project is to demonstrate the application of robotic surveillance tools at the 
Hanford Tank Farms to enhance worker health and safety. Routine inspections at the Hanford site 
typically require personnel to enter hazardous facilities, where they carry sensors to collect 
environmental data. This data is analyzed after the inspection is complete. This procedure poses 
two significant challenges: first, the risk of personnel exposure to hazardous conditions increases 
the potential for accidents; second, there is often a significant delay between data collection and 
analysis, which can hinder timely decision-making. Remote mobile robotic platforms can serve as 
a substitute for personnel by performing inspections remotely. These robotic platforms, known for 
their versatility, can be outfitted with sensor payloads that capture environmental data like human 
inspectors. Furthermore, the data collected by these robots can be transmitted in real-time to a base 
station. At the base station, operators can immediately assess and analyze the data from the 
inspected area. By employing mobile robotic platforms for surveys, the need for personnel to 
physically enter hazardous facilities is eliminated, significantly reducing the risk of exposure to 
dangerous conditions. Additionally, the remote data capture capability ensures that the information 
becomes available for analysis much more quickly, thus improving the efficiency and effectiveness 
of the inspection process. The expected outcome of this study is to validate the effectiveness of 
mobile robotic platforms in conducting safe and efficient inspections at the Hanford tank farms. 
By reducing the reliance on human inspectors in hazardous environments, the study aims to 
demonstrate a notable decrease in the risk of accidents and injuries. Furthermore, the study 
anticipates an improvement in the timeliness and accessibility of inspection data, which can 
enhance overall operational decision-making and response times. Ultimately, this research seeks 
to establish robotic surveillance tools as a reliable and superior alternative to traditional inspection 
methods, thereby advancing worker safety and operational efficiency in high-risk environments.  
 
This research work has been supported by the DOE-FIU Science & Technology Workforce 
Development Initiative, an innovative program developed by the U.S. Department of Energy’s 
Office of Environmental Management (DOE-EM) and Florida International University’s Applied 
Research Center (FIU-ARC). During the summer of 2024, a DOE Fellow intern, Brendon Cintas, 
spent 11 weeks doing a summer internship at the Washington River Protection Solutions (WRPS) 
Chief Technology Office (CTO) under the supervision of Kayle Boomer and guidance of Dr. 
Douglas J. Reid.  The intern’s project was initiated on May 28, 2024, and continued through July 
12, 2024 with the objective of building upon last year's proof-of-concept deployment with a focus 
on the needs of stakeholders from the WRPS Industrial Hygiene (IH) and Radiation Control 
(RadCon) organizations in accordance with the Technology Element Description Summary 
(TEDS) Manage Tank Waste (MTW)-79 (see Appendix), which focuses on reducing the entries 
into the tank farms while collecting “vapor-related data in the worker breathing zone”. During this 
field work, the focus was to implement, test, and deploy sensors that would assist workers in 
conducting routine surveillance operations to emergency response. Additionally, work on the robot 
includes several new safety features that assist the operator, such as active obstacle detection and 
awareness, facilitating maneuvers that actively avoid impacts to objects and personnel. Lastly, the 
robot has been equipped with a fully functional, custom user interface that transmits and displays 
real-time information about the robot's telemetry and its environment, such as ammonia levels and 
dose readings.   
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1. INTRODUCTION  

The Hanford site in southeastern Washington state has been undergoing significant cleanup 
efforts since the late 1980s following the closure of its final reactor. The Chief Technology 
Office (CTO) supports Hanford’s cleanup mission under the Department of Energy (DOE) 
Office of Environmental Management (EM) by advancing technologies that enhance worker 
health, safety, and engineering efficiency across the site. A key focus of the CTO's current work, 
as outlined in the TEDS MTW-79 document, is reducing the need for personnel to enter 
hazardous environments, particularly within the Hanford tank farms, where exposure to vapor-
related data and radiation presents significant risks. To address this, the CTO is exploring and 
refining off-the-shelf robotic systems that can be deployed autonomously or semi-autonomously 
to collect data and monitor these environments. These platforms can perform routine inspections 
and rapid response operations, thereby improving worker safety and operational efficiency. The 
potential benefits include minimizing exposure to hazards in line with “As Low as Reasonably 
Achievable” (ALARA) principles, enhancing data reliability and consistency, and reducing costs 
for stakeholders by leveraging robotic solutions. 
 
Previously, the CTO explored "The Canary," a Clearpath Robotics Husky ground platform, 
known for its versatility in various operations. The platform is designed for rugged conditions, 
such as navigating unstructured environments often found in outdoor and off-road operations. It 
is customizable with various accessories, payloads, and internal components to meet specific 
needs. After being successfully redesigned and redeveloped as the “Long Term Surveillance 
Unmanned Ground Vehicle” (LTS-UGV), the system underwent a successful demonstration at 
the Hanford Cold Test Facility (CTF). During this demonstration, various engineering groups 
discussed the next phase of the platform’s development. Given its adaptable design, these groups 
considered how the platform could meet their specific needs. For example, Industrial Hygiene 
(IH) explored equipping the system with vapor sensors, while Radiation Control (RadCon) 
considered using a radiation-hardened system with gamma spectrometers for radiation mapping. 
Discussions also focused on scalability, ground clearance, and traversability, emphasizing the 
modular design of the LTS-UGV, which allows core components to be transferred to another 
platform. 
 
The second iteration of the LTS-UGV incorporates feedback from engineering stakeholders, 
particularly from Industrial Hygiene (IH) and Radiation Control (RadCon) and continues 
development on a smaller robotic platform: the Clearpath Robotics Jackal ground platform. The 
Clearpath Jackal is a versatile, compact robotic platform designed for indoor applications, such 
as navigating narrow hallways or confined spaces that would challenge the Clearpath Husky. 
This smaller platform includes enhancements to its onboard instrumentation and core 
functionalities. Instead of using a system with multiple cameras for navigation and surveillance, 
it employs a single front-facing camera alongside a light detection and ranging (LiDAR) sensor 
for active obstacle detection and avoidance, a process known as assisted teleoperation. In 
addition, the platform includes two new sensors that enable the robot to record and transmit 
information about nearby hazards. For IH, a Ventis Pro 5 personnel multi-gas monitor is 
equipped to potentially detect emissions of harmful vapors such as anhydrous ammonia (NH3). 
Meanwhile, a beta-gamma detector assists with detecting radiation levels in counts per minute 
(CPM) and millirem per hour (mrem/hr). Utilizing these two sensors in unison provides a 
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comprehensive understanding of the inspected facility, ensuring safety in hazardous 
environments. Lastly, the Robotics Operating System (ROS), a framework for developing and 
controlling robotic systems, enables real-time data transmission to a graphical user interface 
(GUI) for visualization, storage, and analysis. 
 
These improvements bring considerable changes to the existing implementations and design 
compared to last year’s efforts. From these changes, the platform once again demonstrated itself 
as a promising solution for routine inspection and rapid response systems that can support the 
Hanford mission. The demonstrations were conducted through a series of continuous 
development conversations with relevant stakeholders. At each step, feedback from these 
discussions has been instrumental in refining the system’s capabilities, leading to enhanced 
performance in accurate challenging environments. As a result, it contributes significantly to the 
overall mission objectives at Hanford, aligning with the site's commitment to safety, efficiency, 
and innovation in environmental management. 
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2. SYSTEM DESCRIPTION AND REVISIONS 

The LTS UGV was developed to enhance surveillance and monitoring at Hanford 200 Area Tank 
Farms by integrating LiDAR, cameras, and Geiger sensors for radiation mapping. Previous 
efforts focused on software development with ROS, implementing SLAM algorithms, and 
conducting field tests to evaluate platform robustness. The platform was designed to be a 
versatile surveillance tool, allowing remote control and semi-autonomous operation in hazardous 
environments, ensuring operator safety and efficiency. Additionally, CAD was used to prototype 
the design, emphasizing user-friendliness, and minimizing downtime, allowing operators to 
easily control the robot and resolve issues quickly.  
 
For this year, the focus shifted to environmental monitoring through the integration of an 
Ammonia Gas Vapor and Radiation Sensor into the ClearPath Jackal platform, shown in Figure 
1. This year’s project builds on previous developments by ensuring the sensors' compatibility 
with Hanford's unique conditions and enhancing detection accuracy. A key component of this 
work revolves around responding to discussions from last year’s proof-of-concept deployment at 
Hanford, where the newly equipped sensors detect simulated contaminants under field-like 
conditions, using tools such as FiestaWare for radiation simulation and vapors from household 
grade Ammonium Hydroxide. These advancements aim to improve the robot's ability to reliably 
detect hazardous substances and radiation levels, contributing to the safety and efficiency of 
cleanup operations. Additionally, the integration of a user-friendly graphical user interface (GUI) 
allows for seamless interaction with site operators, providing real-time data visualization and 
analysis, thus ensuring optimal monitoring system performance. 
 

 
Figure 1: LTS-UGV Revision 2 operating remotely at Hanford Cold Test Facility (CTF) 
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A. Sensory Information Using Realsense, LiDAR, and IMU Fusion 
 
Previously, the platform's camera system was designed to enhance visibility and provide 
comprehensive observation capabilities. It included fixed two-dimensional cameras positioned 
on the front, back, and sides of the robot for real-time video feeds, primarily intended for 
navigation and precise maneuvering, ensuring safe operation across various terrains. 
Additionally, a pan-tilt-zoom (PTZ) camera offered dynamic observation capabilities with a full 
360-degree view, allowing operators to monitor environments from different angles for 
comprehensive situational awareness during surveillance and exploration tasks. The PTZ 
camera's pan, tilt, and zoom functionalities enabled detailed examination of specific areas, 
facilitating efficient decision-making and in-depth analysis. By integrating both fixed and PTZ 
cameras, the system balanced navigation and situational awareness, allowing operators to switch 
seamlessly between views to optimize performance and efficiency during critical tasks. 

In this revision, the platform's camera system has been upgraded to integrate an Intel RealSense 
camera, which provides front-facing depth information crucial for obstacle avoidance and 
precision in its navigation tasks. Unlike the previous camera system, which was only used for 
visualizing the robot’s surroundings, the RealSense camera works in tandem with the onboard 
LiDAR and other sensors such as its Inertial Measurement Unit (IMU) to enhance the robot's 
situational awareness and telemetry. Sensor fusion combines data from Inertial Measurement 
Units (IMUs), wheel encoders, LiDAR, and RealSense camera to create a comprehensive 
understanding of the robot's position and surroundings. This integration allows for precise 
odometry and localization, utilizing techniques like Iterative Closest Point (ICP) to align LiDAR 
point clouds and facilitate navigation. The LiDAR and Camera particularly also support 
Simultaneous Localization and Mapping (SLAM), allowing the robot to build detailed maps of 
unknown environments while determining its location in real time. 

B. Environmental Monitoring Sensors 

One of the focuses of this project was to conduct environmental monitoring by implementing an 
ammonia gas vapor sensor and a radiation sensor. Prior to the deployment, research was 
conducted to ensure the sensors' compatibility with the site's conditions and accuracy in 
detection. For ammonia detection, a Ventis Pro 5 multi-gas monitor, typically used for personnel 
monitoring of ammonia gas exposure, was installed. One of the challenges for this sensor was 
that since it was meant to be for personnel monitoring, there was no way to send the data to a 
computer in real time. To demonstrate the feasibility of the ammonia monitor on a robotic 
platform, it was first retrofitted for robotic use by securely attaching it to the robot’s frame. 
Then, a visual camera running Optical Character Recognition (OCR) - computer vision 
algorithm that continuously monitored the screen to capture the ammonia levels displayed on the 
monitor’s screen. When a change on the screen was detected, a computer vision algorithm would 
scan the camera feed and interpret the changed value. If the captured value in the algorithm 
exceeded 90% confidence, the interpreted data would be accepted and would output as an integer 
published via a ROS topic called /ammonia ocr. 
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Figure 2. Ventis Pro 5 Multi-gas Monitor from Industrial Scientific 

The second sensor installed was a new USB121 Beta-Gamma Radiation Detector. Unlike the 
Ventis Pro 5 multi-gas monitor, this detector can be connected to the embedded computer. Data 
from the sensor is collected by running a custom-written driver to calculate time-averaged counts 
per minute based on particle detection. The system also converted these counts into millirem per 
hour (mrem/hr), providing accurate radiation level readings. Once detected, the data would 
output to a second ROS topic called /rad. 

 

Figure 3. USB-RAD121 monitor from Magnii Technologies 

C. Custom-Designed Graphical User Interface 

To a site operator, it would be nearly impossible to interface with the robot without some form of 
front-end that visualizes data about the robot’s telemetry and environmental conditions and 
allows the operator to issue commands such as teleoperation or stopping in the case of an 
emergency. To address the challenges of initializing, driving, and monitoring the robot and its 
environment, one of the key efforts was to develop a custom graphical user interface (GUI). The 
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user interface is a sophisticated real-time monitoring and control application designed for a 
robotics platform. The GUI, shown across Figure 2, Figure 3, and Figure 4 provides a graphical 
representation of data received from the robot via ROS2 topics, allowing operators to monitor 
and control the robot's operations efficiently. The main window of the interface is divided into 
several key sections, each serving a distinct purpose in providing real-time feedback and control 
over the robot's functions. 

Menu Bar and Visualizers 

At the top of the main window is the Menu Bar (a), which includes essential functions like 
saving the current data state and exiting the program safely. Below the menu, the Map 
Visualizer (b) section displays the robot's perception of its environment. This feature updates 
dynamically with data from the /map ROS topic, reflecting changes as the robot navigates and 
explores its surroundings. The visualization is crucial for understanding the robot’s location and 
the layout of the environment it is mapping. Additionally, a Camera Visualizer (c) allows the 
operator to see from the front-facing camera installed. 

 

Figure 4. Menu bar (a), map (b), and camera visualizer (c) within the GUI. 
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Environmental Monitors 

Adjacent to the Map Visualizer are the Radiation Monitor (d) and Ammonia Monitor (e) 
sections, placed side by side for a comprehensive view of environmental hazards. The Radiation 
Monitor displays a graph of radiation levels over time, showing counts per minute (CPM) and 
millirem per hour (mrem/hr) data. This section updates in real-time based on the /rad ROS 
topic, allowing operators to monitor radiation exposure and its variations. Similarly, the 
Ammonia Monitor visualizes ammonia concentration levels detected by the robot, focusing on 
the primary value extracted from the /ammonia_ocr topic. A shared time slider is available for 
both monitors, enabling synchronized adjustments to view historical data trends over different 
time intervals, which helps in analyzing patterns and changes. 

 

Figure 5. Environmental monitors for radiation (d) and ammonia (e) within the GUI. 

Telemetry and Robot Controls 

On the right side of the interface, the Telemetry Display (f) provides real-time feedback on the 
robot’s movement and orientation. It includes information about linear and angular velocities 
along the X, Y, and Z axes, as well as translation and rotation data. This display also features an 
operation mode indicator that shows the current operational state of the robot, such as Teleop for 
manual control or Frontier for autonomous exploration. Accompanying the telemetry data are 
several control buttons: Stop (g), Teleop (h), and Frontier (i). The Stop button immediately 
halts all robot operations in emergencies, while the Teleop button toggles manual control. The 
Frontier button is used to start or stop autonomous exploration, which is designed for mapping 
unknown areas. 

Additionally, the user interface included a 3D Model Placeholder (j), intended for future 
integration with a 3D model visualization of the robot. Currently, it displays static text indicating 
its purpose, but is designed to eventually provide an interactive 3D representation based on the 
robot telemetry in (e). Below the visual displays is a shared time slider for the Radiation and 
Ammonia Monitors, allowing users to adjust the time scale and explore data over different 
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periods. This feature aids in comprehensively analyzing environmental conditions and how they 
evolve. 

 
  

(j) 

(f) 

(g) 

(h) 

(i) 

Figure 6. Teleoperation and telemetry features within the GUI. 
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3. TESTING AND RESULTS 

A. Individual Sensor Testing 
 
The approach for testing the LTS-UGV was markedly different against the previous iteration. 
Like the previous iteration, each of the installed components underwent a systematic process of 
evaluating them in isolation, ensuring that they were functioning correctly before being 
integrated into the system. Once it was confirmed that each was tested individually, making sure 
to address any potential issues identified during this phase of testing, the next phase of testing 
could commence, which involved testing each component attached to the robot’s embedded 
computation unit (ECU). 
 
The testing of the Ventis Pro 5 began with procuring the unit from Industrial Hygiene. To ensure 
consistent calibration according to IH specifications, the unit was exchanged weekly with 
another calibrated device. Each week, the device underwent a "bump test," where it was exposed 
to a calibration gas measured in parts per million (ppm). The device needed to match the 
calibration gas for successful calibration. The initial test assessed how the device measured gas 
levels. The sensor was exposed to household ammonia cleaner to simulate exposure, and its 
response, including alarm activation and changes in displayed ppm values, was recorded. To 
validate the detection algorithm designed to read and output these values, a test chart with letters, 
numbers, and symbols was used, ensuring the algorithm’s high accuracy. A USB camera 
captured the Ventis Pro 5 screen readings, and the sensor was exposed to the ammonia cleaner 
five times from a consistent distance of two feet. The sensor's consistency in reading ppm values 
within a ±10 ppm range and the camera's ability to read the outputs with 90% confidence were 
documented. 

The radiation sensor, designed for direct computer connectivity, was tested by interfacing it with 
a computer through custom-written software. This software facilitated communication between 
the USB device and the computer. For testing, a red Fiesta Ware ceramic dish - which emits 
radiation primarily due to the decay of uranium-238 in its glaze, releasing alpha and beta 
particles as it decays through thorium-234 and protactinium-234m - was used to ensure the 
hardware's ability to detect emitted particles. The software measured the number of counts by 
tracking data transfers between the sensor and the computer. These counts were then used to 
calculate the average counts per minute (CPM), which could be translated into other units of 
measurement. Given the low radiation emission from the Fiesta Ware dish, the radioactivity was 
measured in mrem/hr. To ensure the accuracy of the software, a calibrated Geiger counter was 
used alongside the sensor that would be installed on the robot. Both counters were placed one 
foot away from the ceramic dish to compare the counts per minute measured on the computer 
with those from the calibrated counter. Both units consistently measured approximately 1000 
CPM ± 200 CPM. This test was repeated five times to verify consistency. 

The final unit to undergo individual testing was the Intel Realsense D415 depth camera. During 
this test, the camera was connected to a computer to perform several tasks: viewing the RGB 
camera feed and capturing data from it, viewing the depth camera feed and ensuring data could 
be read from it, and aligning the RGB and depth camera feeds to create a colorized depth point 
cloud. This alignment is intended for future work, where it will be used to stitch the ICP 
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odometry point cloud generated from the Ouster OS1 LiDAR—which had been previously tested 
on the robot as a continuation of last year's work and thus did not require retesting this year—and 
the depth information together to create a comprehensive 3D spatial representation. 
 
B. Interfacing the Sensors with ROS 

Following individual testing, the sensors were integrated with the Robot Operating System 
(ROS) for data acquisition and processing. ROS is an open-source framework widely used in 
robotics for managing hardware abstraction, device control, and message passing between 
processes. By leveraging ROS, real-time sensor data was streamlined into common messages and 
made accessible for conducting environmental monitoring and analysis. For the Ventis Pro 5 
multi-gas monitor, the code that was written to capture the gas concentration data displayed on 
the device using computer vision techniques was wrapped in additional code to function as a 
ROS node. A ROS node is a process that performs computation and communicates with other 
nodes within the ROS network. This data was then published to a ROS2 topic named 
/ammonia_ocr, which is a channel for data exchange within the ROS system, allowing other 
ROS nodes to subscribe to and utilize this information. Similarly, the USB-RAD121 Beta-
Gamma Radiation Detector code was adapted to run as a ROS node, and the time-averaged 
counts per minute (CPM) and their conversion to millirem per hour (mrem/hr) were calculated 
and published to a separate ROS2 topic named /rad.  

The data published on the /ammonia_ocr and /rad topics were part of a broader effort to 
streamline information for display on the graphical user interface (GUI). Using PyQt, which 
allows ROS data to be displayed, we subscribed to these topics to visualize the data in real-time. 
The GUI was designed to present comprehensive information about the robot, including 
telemetry from: (a) the transform /tf topic, which shows the state of all joints relative to the 
base footprint of the robot; (b) diagnostics from the /jackal_diagnostics topic, which 
provides the state of various controls and diagnostics of the robot platform; (c) sensor data from 
the Ventis Pro 5 published on /ammonia_ocr; (d) radiation data from the USB-RAD121 on 
/rad; (e) spatial data from the robot's odometry topic /odom, which is used to create a 2D map of 
the robot's surroundings; and (f) the live camera feed from the Intel RealSense, published on the 
/camera/image topic. 

C. Assembly and Robot Testing 

After all the instruments and their software were tested and confirmed to be operational both 
individually and with their ROS packages, robot assembly began. As the robot was functional 
prior to deployment, most of the assembly was integrating them into the robotic system. This 
involved reinstalling the sensor package that was developed prior to the work in this document 
and adding the Intel RealSense camera to it, as shown in (figure). The next step of assembly was 
to determine the optimal location for the USB-RAD121 sensor. The USB-RAD121 sensor, 
during individual testing, is highly sensitive when its probe is directly facing a source; as such, a 
position on the front of the robot, closest to the ground, was selected for testing and for the 
technology demonstration, though can be repositioned where needed. Finally, for the Ventis Pro 
5, as the robot would be exposed to the vapors of the household ammonia cleaner in, there was 
no specific placement in mind aside from the array on the device facing the front of the robot; 
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therefore, for demonstration, the sensor was positioned on the top of the ground platform, with 
the Ventis Pro 5’s front facing in the same direction as the robot’s front.  
 
Once the robot was fully assembled, the next step was to evaluate the performance of all the 
systems working together onboard the robot. This evaluation involved utilizing a point-to-point 
connection, which employs two antennas as endpoints for transmitting data between the robot 
and the base station. In previous work, communication performance was assessed during 
navigation within the Hanford Cold Test Facility (CTF) by navigating around various outdoor 
landmarks and determining the optimal path for the robot to take, ensuring that its technologies 
could be demonstrated without network interruptions. Similarly, the current iteration's 
communication system was tested to find an optimal demonstration path, with a few key 
differences in communication parameters. 

Unlike the previous setup, which required a direct line of sight to maintain connection, this 
iteration uses Wi-Fi signals for communication between the point-to-point antennas. This 
improvement enables more flexible and reliable communication, where though the operational 
range is shortened unless additional antennas that boost the signal are added, it no longer relies 
on maintaining a direct line of sight. One antenna, connected to the base station, broadcasts a 
hidden wireless signal. The other antenna, connected to the robot’s ECU, continuously searches 
for this hidden signal by sweeping the frequency range in which the signal is broadcast. Once the 
signal is detected, the two antennas establish a connection, and the robot’s ECU is assigned a 
network address. This address allows operators to connect to and control the robot's systems, as 
well as subscribe to all the published topics within ROS.  

Like the previous work, the current testing focused on identifying potential dead zones within the 
communication coverage area. The results indicated that even without a direct line of sight to the 
robot, consistent communication could be maintained, provided the distance did not exceed the 
antennae’s specified range. However, a notable difference emerged when comparing the 
operating range to that of the previous iteration. In the earlier setup, with ideal conditions and 
full line of sight, the robot could navigate up to approximately half a mile away from the base 
station before experiencing network interruptions. In contrast, the current iteration, while capable 
of maintaining communication without line of sight, saw a significant reduction in operating 
range, limited to about a tenth of a mile. As a result, for this demonstration, the maximum 
operational range was confined to the interior office space within the CTF, ensuring the robot 
remained consistently connected without any interruptions throughout the testing process. 

The final test evaluated the performance of the robot’s automation systems with the Intel 
RealSense D415i in tandem with the Ouster OS1. Like the previous iteration, the robot utilizes 
the ROS2 Navigation2 stack, which integrates costmaps and odometry data to enable semi-
autonomous and fully autonomous exploration. Costmaps are generated from voxelized point 
clouds, where the environment is divided into three-dimensional grids (voxels) to represent 
obstacles and free space, which is shown in Figure 7, which is a spatial representation of a 
portion of the office building at CTF. In Figure 7, the dark blue spaces represent free space – any 
space in which the robot can move without obstruction, such as corridors and vacant rooms; the 
magenta space represents occupied space – areas in which the robot is unable to traverse, such as 
walls and large objects; lastly, the teal spaces represent buffer space, which is an indicator to the 
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robot that it is approaching an occupied space, so that the robot can correct itself. This 
voxelization process allowed the robot to assess its surroundings and create detailed maps for 
safe navigation. In frontier-based navigation, the robot autonomously planned its trajectory based 
on these costmaps, simultaneously creating real-time 2D maps of its environment. In this 
iteration, the efforts in automation expanded on the previous work by testing both forms of 
navigation on real hardware rather than in simulation, with odometry powered through a fusion 
of an inertial measurement unit (IMU), the Intel RealSense D415, and Ouster OS1 LiDAR. 

 

Figure 7. Partial costmap generated within the Hanford CTF office building. 
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4. RESULTS AND FUTURE WORKS 

Although a large-scale demonstration was not conducted, consistent communication with 
stakeholders was maintained through regular presentations during staff meetings organized by 
the respective engineering groups. These presentations included both slideshows and live 
demonstrations of the current efforts. Following the demonstrations, discussions were held 
between the engineers developing the robotic platforms and the stakeholders. The goal of these 
discussions was to assess the robot's current state from the end-user’s perspective, gather 
feedback on the development, and identify potential improvements that would benefit the 
stakeholders.  

One key point of discussion within IH was the challenges associated with fugitive emissions at 
the Hanford Site. Fugitive emissions refer to the unintended or irregular release of gases or 
vapors from pressurized equipment due to leaks and other unintended breaches. Currently, 
WRPS conducts fugitive emissions rounds as part of their ongoing efforts to monitor and manage 
these emissions. These rounds involve IH technicians performing daily checks on potential 
emission sources such as capped-off risers, passive breathers, and other penetrations that may 
leak gases.  
 
Looking ahead, one of the potential applications of the LTS-UGV would address the challenges 
posed by the height difference between the robotic platforms used for monitoring and the actual 
emission points. Since the rounds often involve "sniffing" around a flange or similar structure, 
it's crucial that the robots are equipped or designed to reach the height of these emission points 
effectively. This may involve adapting the robot's design or developing attachments that can 
extend the sensor array to the necessary height. One such candidate for adapting the robot’s 
design is the Curtis-Wright "PackBot", shown in Figure 8 has been identified as a potential 
platform that could better accommodate the deployment of sensors like the Ventis Pro. Another 
significant effort would be exploring optimization of the wireless telemetry of the robot. The 
range decrease from the wireless antenna poses a significant result, considering that distance is 
important for reducing dose exposures. In the future works, we would like to determine a way to 
maintain throughput for data transmission speeds while also maximizing on distance from the 
robotic platform to the base station. One approach would be to deploy an in-situ networking 
system that would bridge the network over a longer distance. 

 

Figure 8. Curtis-Wright PackBot candidate robot for fugitive emissions detection. 
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5. INTERN REFLECTION AND CONCLUSION 

A. Intern Reflection 
 
During the internship experience, several lessons were learned, from the development of the 
robot and navigating challenging stakeholder meetings to working amongst my colleagues:  
 

• Seek help from your colleagues, and work as a team.  
 

Throughout my time at WRPS, I learned the powerful value of collaboration. Whether working 
alongside fellow interns or seeking guidance from my mentors, I found that teamwork was 
essential to overcoming challenges and achieving the collective goals of the internship. When I 
encountered unfamiliar tasks or complex problems, I didn’t hesitate to reach out to those around 
me. This willingness to ask for help and share ideas led to more effective solutions and a stronger 
sense of camaraderie within our team. I also discovered the importance of addressing conflicts as 
they arose, ensuring that issues were resolved in a respectful and constructive manner. By 
maintaining open communication and collaborative spirit, we were able to stay focused on our 
objectives and support and celebrate one another in the pursuit of our work. 
 

• Understand the management chain and know who you need to talk to. 
 
Navigating the management structure at WRPS was crucial to my effectiveness and success. 
Early on, I took the time to understand the organization’s management chain, which helped me 
identify the appropriate people to approach for different needs. Whether I required approval for a 
decision, needed to report progress, or had concerns to address, knowing the right channels to 
communicate through ensured that my inquiries were handled efficiently. Building relationships 
with key figures in the management chain also provided me with valuable opportunities, 
allowing me to gain deeper insights into the organization’s operations and align my work more 
closely with its strategic objectives. This understanding of the management structure was 
instrumental in helping me contribute meaningfully to the project. 
 

• Recognize and follow the safety culture. 
 
During my internship at WRPS, I quickly realized that safety is the foundation of the 
organization’s operations. The safety culture is deeply integrated into every aspect of work, 
guided by the principles of the Integrated Safety Management System (ISMS) and the Voluntary 
Protection Program (VPP). During my time, I was encouraged to practice safety at all times, such 
as reporting hazards and participating in safety shares during our weekly staff meetings. 
Additionally, as part of the stakeholder demonstrations, I participated in an ongoing safety 
training for Radcon, which reinforced the concept that safety is a collective responsibility. The 
behavioral safety initiatives at WRPS, which emphasize observing and addressing unsafe 
behaviors, taught me the importance of a proactive approach to preventing accidents. Open 
communication about safety issues was not just encouraged, but expected, and I appreciated the 
transparency and dialogue that were a fundamental part of the safety culture. My experiences at 
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WRPS underscored the critical role of safety in protecting workers and the environment, and in 
ensuring the success of our mission at the Hanford Site. 
 
B. Conclusion 

In conclusion, the LTS-UGV once again has demonstrated the potential of mobile robotic 
platforms to significantly enhance worker health and safety at the Hanford tank farms. By 
deploying versatile robotic platforms equipped with sensor payloads and demonstrating them to 
interested stakeholders within the site, it has been shown that inspections—which traditionally 
require personnel to enter hazardous facilities—can be conducted remotely, thus eliminating the 
need for human presence in dangerous environments. The real-time data transmission capability 
of these robots allows operators at a base station to immediately assess and analyze the 
information, improving the timeliness and accuracy of decision-making. The effectiveness of 
these robotic systems was validated through continuous development and feedback sessions with 
stakeholders, resulting in significant refinements and enhancements over previous iterations. 

These improvements underscore the platform's viability as a reliable solution for routine 
inspections and rapid response operations, directly supporting the Hanford mission’s objectives. 
Furthermore, as outlined in the TEDS MTW-79 document (see Appendix), these robotic 
platforms address critical needs such as reducing worker entries into hazardous environments 
while still collecting essential data for vapor and radiation control. This study not only highlights 
the reduction in accident and injury risks but also emphasizes the increased efficiency and 
operational effectiveness achieved using robotic surveillance tools. As a result, this research 
contributes to the advancement of worker safety and operational innovation, aligning with 
Hanford’s commitment to safety, efficiency, and environmental management. 
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