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Talk Themes

1. Core Autonomy: The Unified Autonomy Stack

2. Autonomous Exploration across Morphologies: OmniPlanner

3. Scene Reasoning and Embodied Q&A



Unified Autonomy - Vision

Autonomous all-domain operations 

scaling robotic autonomy in denied, 

contested, degraded, and 

unconventional environments. 

Unified autonomy for Physical AI 

across air, land, and sea.







Multi-modal Domain-configured Perception

▪ Geometric Scene Reasoning ▪ Object-centric Scene Reasoning





Omni-morphology Multi-behavior Planning





Multi-layered Navigation





Universal Exploration and Inspection Path Planning across Robot 

Configurations



Planning Kernel – Local Planning Module

Sample Vertices



Planning Kernel – Local Planning Module

Build Graph



Planning Kernel – Global Planning Module

● Maintains sparse Global Graph in explored 

space

● Tracks exploration frontiers:

Vertices with high Exploration Gain

Γ𝐸
𝐿 ≥ Γ𝐸,𝑡ℎ𝑟

𝐿

● Tracks time remaining to return to home



Ground Robot Adaptation

Sample Vertices –

Ground Robot



Ground Robot Adaptation

Build Graph –

Ground Robot



Behavior 1 – Volumetric Exploration

● Exploration of unknown volume using depth sensor

● Map representation: Volumetric map + Elevation map (ground robots)

● Bifurcated Local-Global planning architecture

● Local Planner: Exploration within a local space around the robot

● Global Planner: Repositioning to exploration frontiers. Safe return to home

Volumetric Exploration



Behavior 1 – Volumetric Exploration – Local Planner

Build Graph



Calculate Shortest 

Paths

Calculate the set          of shortest paths from current robot 

location to each vertex

Behavior 1 – Volumetric Exploration – Local Planner



Calculate Exploration Gain

For path 𝜎𝑖:

Path direction penalty
Volumetric Gain of 

vertex

Distance to 

vertex 

Behavior 1 – Volumetric Exploration – Local Planner



Select Best Path

Behavior 1 – Volumetric Exploration – Local Planner



● Calculate time to home. Return to home if remaining 

time <= time to home

● Select frontier vertex            with highest gain

Behavior 1 – Volumetric Exploration – Global Planner

Global Repositioning

Exploring time remaining 

after reaching the frontier

Volumetric Gain of 

the frontier

Distance to 

the frontier

(along the graph)



Behavior 1 – Volumetric Exploration

Aerial Robot Legged Robot



Behavior 2 – Visual Inspection

Visual inspection of occupied surfaces of a volumetric map

Mapped Volume After inspection

Green: Mapped but not inspected

Color: Mapped and inspected



Behavior 2 – Visual Inspection

Generate Viewpoints Build Graph

                                  

                              

                                  

                              



Behavior 2 – Visual Inspection

Select Viewpoint Set Find Connecting 

Order

                                  

                              

                                  

                              



Behavior 2 – Visual Inspection

Aerial Robot Underwater Robot



Behavior 3 – Target Reach

Goal: Find collision-free path to target location in unknown 

space

Approach:

• Find best frontier to visit on the global graph:

Path length to frontier Distance from frontier 

to target

• Get shortest path towards 𝜈𝑏𝑒𝑠𝑡 along the global 

graph → guiding path

• Iteratively, use Local Planning Module to 

advance along the guiding path



Behavior 3 – Target Reach



Relationship-Aware Hierarchical 3D Scene Graph

ReasoningGraph: 

● Incremental hierarchical 3D 

scenegraph with open-

vocabulary features.

● Object-relational features 

extracted with Vision 

Language Models.

● Reasoning about tasks:

● Interpret natural-language tasks.

● Identify relevant objects.

● Evaluate interaction feasibility 

through a VLM.



ReasoningGraph: Method Overview



ReasoningGraph: Experiments



Vision-Language Exploration for Embodied Q&A



HFLEX-EQA*

Hierarchical 

Floorplan-Guided 

Vision-Language 

Exploration for 

Embodied Question 

Answering



HFLEX-EQA



HFLEX-EQA: Experiments





Open-Source & Community-ready

Open-source Code Reference Hardware Sim Infrastructure

▪ Aerial Gym 

Simulator

▪ Port into official 

NVIDIA Isaac Lab

▪ Complete 

simulation + 

navigation policy 

training pipeline

▪ https://github.com/ntnu-
arl/unified_autonomy_stack

▪ https://github.com/unr-arl/gbplanner_ros

▪ https://github.com/ntnu-arl/reasoning_hydra

▪ https://github.com/ntnu-arl/hflex_eqa

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

▪ https://github.com/ntnu-
arl/aerial_gym_simulator

▪ https://github.com/ntnu-arl/mimosa

▪ https://github.com/ntnu-arl/reaqrovio

▪ https://github.com/ntnu-arl/DeepVL

▪ https://github.com/unr-arl/mbplanner_ros

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

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

…
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