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Unified (yet Adaptive) Autonomy Architecture – Hybrid
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Multi-modal Domain-configured Perception

▪ Geometric Scene Reasoning ▪ Object-centric Scene Reasoning

Enable the object-level transition from pixels (and 

other sensor data) to world understanding



Fog-Filled Hallway
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Fog-Filled Hallway
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Deployment using UniPilot

High-speed flight
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Hybrid Architecture – Universal Planning

Universal planner: common

application regardless of

robot configuration.

● No robot-specific software

change.

● Mission- & Robot-specific

configuration defined

directly at run-time.
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Hybrid Architecture – Navigation



Hybrid Architecture – Navigation



Exteroceptive Navigation Policies





UniPilot –Autonomy Module Reference Design





DARPA Subterranean Challenge Winning Run



DARPA Subterranean Challenge Winning Run

*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: https://github.com/ntnu-arl/sdf-nmpc

▪ Aerial Gym: https://github.com/ntnu-arl/aerial_gym_simulator – Transitioned to IsaacLab

▪ PG-LIO: https://github.com/ntnu-arl/mimosa

▪ Underwater Refractive Visual-Inertial https://github.com/ntnu-arl/reaqrovio

▪ 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: https://github.com/ethz-asl/mav_control_rw

▪ Receding Horizon Next-Best-View Planner: https://github.com/ethz-asl/nbvplanner

▪ Structural Inspection Planner: https://github.com/ethz-asl/StructuralInspectionPlanner

▪ Uncertainty-aware Receding Horizon Exploration and Mapping Planner: https://github.com/unr-
arl/rhem_planner

▪ Robust Visual/Thermal-Inertial odometry: https://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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Norwegian Centre for Embodied AI
From Cartesian Mind-Body Dualism to Physical AI

Kostas Alexis
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