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Multi-modal Domain-configured Perception

= Geometric Scene Reasoning = QObject-centric Scene Reasoning

Smoother Window (w)

. Marginalization Prior Factor D LIDAR Geometric Factor D Radar Factor

. Preintegrated IMU Factor . LIDAR Photometric Factor . Camera Factor

Enable the object-level transition from pixels (and
other sensor data) to world understanding
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Robot Trajectory

Task 2: Scene Graph Construction

/  Planned Robot Trajectory

(Autonomous Exploration) K roborrose
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Hybrid Architecture — Universal Planning
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CERBERUS

Winning Run in the
DARPA Subterranean Challenge Final Event
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Hybrid Architecture — Navigation

Exteroceptive Learning-based Reactively Safe Navigation
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Hybrid Architecture — Navigation

Exteroceptive Learning-based Reactively Safe Navigation
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Exteroceptive Navigation Policies

State & Perception Evolution (Real or Simulated) outputs giving rise to new sensor data + robof states
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Control allocation for non-planar airframes



UniPilot —Autonomy Module Reference
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Design

Features
All-around sensing
Multi-modal perception
GPU-enabled compute
Portability across platforms

Enabled Capabilities
Degradation-resilient SLAM
Exploration & Inspection Planning
RL-based Navigation
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DARPA Subterranean Challenge Winning Run
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DARPA Subterranean Challenge Winning Run

Final Map with Detected Objects of Interest

*Final map from Team CERBERUS winning run in the DARPA Subterranean Challenge



Open-Source Contributions

= Unified Autonomy Stack (Hybrid): https://github.com/ntnu-arl/unified autonomy stack
= Neural SDF-NMPC: hitps://github.com/ntnu-arl/sdf-nmpc

» Aerial Gym: hitps://github.com/ntnu-arl/aerial gym simulator - Transitioned to IsaaclLab
= PG-LIO: hitps://github.com/ntnu-arl/mimosa

= Underwater Refractive Visual-Inertial hitps://github.com/ntnu-arl/reagrovio

= Deep Velocity Learning https://github.com/ntnu-arl/DeepVL

= Graph-based Exploration Path Planner: https://github.com/unr-arl/gbplanner ros

* Motion Primitives-based Exploration Planner: https://github.com/unr-arl/mbplanner ros
= Model Predictive Control for flying robots: hitps://github.com/ethz-asl/mav_control rw
» Receding Horizon Next-Best-View Planner: hitps://qithub.com/ethz-asl/nbvplanner

» Structural Inspection Planner: hitps://qithub.com/ethz-asl/StructuralinspectionPlanner

* Uncertainty-aware Receding Horizon Exploration and Mapping Planner: https://github.com/unr-
arl/rhem planner

*= Robust Visual/Thermal-Inertial odometry: hitps://github.com/ntnu-arl/rovtio

» Visual Saliency-aware Exploration Planner: https://github.com/unr-arl/vseplanner
» Robust Model Predictive Control: https://github.com/unr-arl/rmpc mav

= Dubins Airplane Model: https://github.com/unr-arl/DubinsAirplane

» Lin-Kernighan-Helsgaun TSP Solver Interface: https://github.com/unr-arl/LKH TSP
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