




Driving Question

Can we consolidate autonomy across 
morphologies into a single unified stack? 



* Underwater extension being finalized



Abstraction Layers
Robot Abstraction Layer
What the stack needs to know about the robot:

robot type — multirotor, rotorcraft, legged, rover
motion constraints — size, kinematics, traversability
sensor suite — LiDAR, radar, cameras, IMU with 

extrinsics & FoVs
command interface — acceleration (drones) / 

velocity (ground)
which safety layers are active

Mission Abstraction Layer
What we want the robot to do:

task — Target, Exploration, or Inspection
mission bounds — area, height limits, endurance
reasoning toggles — VLM Q&A, semantic mapping
tracking targets — objects-of-interest, language 

prompts
behavior switching — e.g. exploration → inspection 

on completion



Utilized Robot Morphologies

LiDAR RoboSense Airy or Hesai JT-128

Radar TI IWR6843AOP-based unit

Vision 3 x MIPI Vision Components IMX296

IMU VectorNav VN-100

Compute NVIDIA OrinNX

LiDAR Ouster OS0-128

Radar TI IWR6843AOP

Vision FLIR Blackfly S 0.4MP

IMU VectorNav VN-100

Compute Khadas VIM4



Mimosa-X











Mimosa-X Evaluation



VLM Scene Reasoning







Multi-behavior Planning









Multi-layered Navigation







Exteroceptive Deep Reinforcement Learning





Multi-layered Navigation



Multi-layered Navigation

Setup
Simulated quadrotor in Gazebo with 
independent low-pass filter (with time 
constant 𝜏𝜏𝑑𝑑 ) on commanded 
accelerations + yaw rate simulating 
non-instantaneous reference tracking

Result
At realistic 𝜏𝜏𝑑𝑑 ≤ 0.1 :
- SDF-NMPC degrades 

gracefully/ExRL degrades globally 
due to sim2real mismatch

- CBF substantially reduces collisions 
however “X”+CBF inherits upstream 
characteristics





Setup
AR2 commanded to a waypoint 38 m 
ahead through trees and branches —
map-based planning disabled.

Result
NMPC+CCBF and ExRL+CCBF both 
reach the goal. The CCBF-only 
baseline stays safe but stagnates.

Style note
NMPC hugs the reference; DRL 
deviates more but moves faster.







UAstack Experimental Studies

Indicative Examples

Purpose Environment Robot

SLAM Validation

Fyllingsdal AR-1

Runehamar AR-1

Campus Handheld

Frozen Lake AR-1

Safety Validation

Forest

AR-2

AR-2

AR-2

Campus
AR-2

AR-2

Full-Stack
Validation

Forest
AR-2

AR-2

Mine

AR-2

AR-2

GR-1

Ship AR-2

Campus GR-1

Full List of Experiments
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