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DOE Nuclear Eacility Cha.llenge | Platforms Sensor Stack  Developed an AR-assisted mobile robotic system
* Hazardous environments with mercury and toxic + Boston Dynamics SPOT for mobile inspection T — . — for real-time env.ir.o.nmental characterization in
vapors DOE nuclear facilities

* Ground robots for complementary deployment

* Unsafe and complex for human inspection « Adaptable to hazardous nuclear environments

* Require constant monitoring during decommaission
Robotic Solution

» Autonomous robots perform inspection and mapping
e Multi-sensor system with AR for human-robot

collaboration

 Integrated multimodal sensing for semantic
navigation, contamination mapping, and vapor
plume estimation

 Enabled semi-autonomous human—robot
collaboration with immersive AR-based
supervisory control

* Designed a sensor-agnostic software architecture
for scalable deployment across robotic platforms

 Enables safe, data-driven inspection and
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— decision-making in hazardous decommissioning
Semi-Autonomous System Design sites
AR-assisted semi-autonomous system integrating F U TU RE WO RKS
sensor-agnostic perception and onboard computing
AL e e ] (Jetson + ROS2) for SLAM, open-frontier navigation,
i - = and Al-based environmental characterization. ‘ }(fon(;ro}: the robot manipulator using the AR
g le b \ "z =\ eadse
Prior to Decommissioning i ROS 2 « Extend semi-autonomous capabilities and
operator commands to include return-to-base,
O BJ ECTIVES , v xR . @ door opening, object manipulation, and surface
Clearpath Robotics Jackal RN | ) N\ / NAV 2 swabbing

. a’s
Jetson Orln Nano T4 ::EITGAHQN

 Fuse geometric LIDAR with semantics
 Integrate mercury vapor sensor

Autonomous Mapping and Exploration

 Map hazardous nuclear environments in real time
 Enable efficient exploration of unknown areas
Al-Based Characterization

» Estimate contaminant distribution using Al

* Provide semantic awareness of the environment
System Integration

* Multi-sensor fusion (L1iDAR, cameras, gas sensor)
 Enable AR-based human-robot interaction

ACKNOWLEDGEMENTS

* Real-time SLAM mapping and localization
* Open-frontier autonomous exploration =y
» Semantic segmentation for scene understanding 12 navigation with real-time

This work was supported by FIU and the U.S.
Frontier-based autonomous Department of Energy MSIPP program, and

SLAM mapping managed by the Savannah River National
Laboratory under SRNS Task Order Agreement No.
0000663600, 1n collaboration with Oak Ridge Y-12.

* Probabilistic vapor contaminant field estimation (GP)

 Multi-modal sensing for environmental analysis
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