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WHO ARE WE?
www.ltu.se/robotics

http://www.ltu.se/robotics
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RAI World-Wide Collaborations
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Robotics & AI Team, LTU - Applications
● Autonomous robots for inspection

○ Wind turbines & power lines 

○ Airplanes

○ Hard to reach and dangerous missions 
(fires, avalanches, nuclear reactors)

● Sustainability and efficiency in mining operations

● Ensuring the safety and security of persons 
during dangerous operations 

● Robots for support, medical assistance, and
search-and-rescue
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R A I  A R E A S  O F  P R I M A R Y  F O C U S

§ Aerial robotics
§ Inspection robotics
§ Space robotics
§ Service robotics
§ Autonomous cars
§ Soft Robotics
§ Industrial robotics
§ Robotized farming
§ Construction robotics
§ Marine robotics
§ Underwater robotics



The Nebula Autonomy



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y                   8

T h e  D A R P A  S U B - T  C O M P E T I T I O N
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W E  H A V E  W O N  T H E  2 n d S T A G E
O F  D A R P A  S U B - T  C O M P E T I T I O N
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T h e N e B u l a A u t o n o m y S o l u t i o n
h t t p s : / / c o s t a r . j p l . n a s a . g o v /

NeBula: Quest for Robotic Autonomy in Challenging Environments; TEAM CoSTAR at the DARPA Subterranean Challenge, Journal of Field Robotics, 2021 

https://costar.jpl.nasa.gov/
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T h e  N E B U L A  A u t o n o m y S o l u t i o n

Autonomous Exploration of Extreme Environemts
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T h e  S u b T c o m p e t i t i o n
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M u l t i - R o b o t i c  O r c h e s t r a t i o n

NeBula: Quest for Robotic Autonomy in Challenging Environments; TEAM CoSTAR at the DARPA Subterranean Challenge, Journal of Field Robotics, 2021 
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E x t r e m e  A u t o n o m y  i n  M u l t i - M o d a l  R o b o t i c  P l a t f o r m s

NeBula: Quest for Robotic Autonomy in Challenging Environments; TEAM CoSTAR at the DARPA Subterranean Challenge, Journal of Field Robotics, 2021 



Autonomy for SubT planetary bodies exploration 
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E S A  c a l l  f o r  c o n c e p t s  o n  L a v a  t u b e s  e x p l o r a t i o n
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F i e l d  A u t o n o m y  f o r  U A V s  - I
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F u l l  E x p l o r a t i o n  M i s s i o n  o n  U A V s  - I I I
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F i e l d  A u t o n o m y  f o r  l e g g e d  R o b o t i c s



Embodied Autonomy: the hidden hero!
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O n b o a r d  F u l l  A u t o n o m y  I
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O n b o a r d  F u l l  A u t o n o m y  I I
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O n b o a r d  F u l l  A u t o n o m y  I I
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Reactive navigation with online obstacle perception Non-Linear MPC
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Reactive Distributed Collision Avoidance mor Multi UAVs



On Unification
Hyper-Modality Robotic platforms
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O u r  n e w  T e a m  M e m b e r
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H y p e r  M o d a l i t y  R o b o t i c s
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H y p e r  M o d a l i t y  R o b o t i c s



L U L E Å  U N I V E R S I T Y  O F  T E C H N O L O G Y                   30

H y p e r  M o d a l i t y  R o b o t i c s
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H y p e r  M o d a l i t y  R o b o t i c s
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H y p e r  M o d a l i t y  R o b o t i c s  i n  C a v i n g  e n v i r o n m e n t s
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R e l a t i v e  P o s e  E s t i m a t i o n
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H y p e r  M o d a l i t y  R o b o t i c s  i n  C a v i n g  e n v i r o n m e n t s



Frontier Based Collaborative Exploration
of planetary SubT environments
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Exploration of potential lava tubes on Mars

Lava tube like Gazebo environment for exploration beneath 
Mars surface

• Unstructured walls

• Steep slopes

• Narrow and wide 

passages

• Multiple junctions
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F u l l  S c a l e  R e a l i s t i c  A u t o n o m y  S c e n a r i o s  S i m u l a t i o n
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M a r s  C o a x i a l  Q u a d r o t o r  – B a l l o o n  F a l l i n g  T e s t s
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Frontier Based Exploration of potential lava tubes on Mars

Energy preserving frontiers based exploration of lava tube using Mars coaxial quadrotor
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Exploration Autonomy Framework
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Collaborative Exploration Autonomy Framework

The collaboration strategy is to split the agents apart when they share a certain common field of view.



Space Autonomy for 
Cooperative Satellite Inspection Missions
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A u t o n o m y  f o r  s a t e l l i t e  n a v i g a t i o n
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M P S P  f o r  s a t e l l i t e  n a v i g a t i o n
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SPACE ROS

• Feedback provided for Space ROS development
o Technology gaps in areas of interest (e.g. surface and in-space systems)

• Currently ROSified field hardened robotics software 
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Cooperative Visual Coverage of Small Bodies/Asteroids

Visual coverage of multiple sites on the asteroid surface
○ Minimize the consumption of fuel

○ Observe illuminated sites

○ Multiple cubesat scaled spacecraft

Landmark sites 
information

Single target optimization 
problem

#Phase 1

Generate elementary trajectories

Multi-target multiple spacecraft 
optimal sequencing algorithm

#Phase 2

Generate optimal sequencing
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Cooperative Stereo-Visual Coverage of an Asteroid

Cooperative stereo-visual coverage of Ryugu asteroid by implementing a Leader-Follower
approach
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Autonomous Navigation around Asteroid OHB 

Demonstration of onboard perception based visual navigation around asteroid Ryugu
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Autonomous Navigation around Asteroid

Gazebo assisted visual demonstration tool orchestrating 
multiple satellite motion with camera footprint Localization around 

Asteroid (Ongoing work)

Deviation in 
visual odometry

Initial point
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Concptual design 

Electromagnetic actuator
for stationary port  
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Thank you!


