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PhD Objectives
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1. Design and HW implementation of 

the lunar rover GNC system 

2. SW and algorithms development for 

navigation and control tasks 

3. SW/HW tests and navigation 

strategies validation

Design and prototyping of a Guidance Navigation and Control 

system suitable for a lunar rover
PNRR



1st year activities
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Main Activities:

• Individual study of Visual SLAM (focusing on 

ORBSLAM3)

• Courses on Python, C++, AI, ROS

• Work on LiDARs with MORPHEUS rover

• IEEE Summer School on Multi-Robot Systems



Visual SLAM
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Sensor Data FRONTEND
Visual Odometry

BACKEND
Filters 

Optimization

Loop Closure
Loop Closure

No Loop Closure

Reconstruction



Visual SLAM
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FRONTEND
Visual 

Odometry

BACKEND
Filters 

Optimization

Feature 
Methods

Direct
Methods

• Extracting features 

(keypoints + 

descriptors)

• Feature matching

✓ Frequent illumination 

changes and high-

performing hardware

• Track pixels motion

• Optimization solver

• Constant brighteness

✓ High real-time 

requirement

✓ Semi-dense / Dense 

maps

Extended 
Kalman Filters

Bundle 
Adjustment & 

Graph 
Optimization

Problem: Estimating the state of the entire system from 

noisy input data and calculate their uncertainty

• Current estimated state

→ update it with new data

• Linearization error and 

noise Gaussian distribution 

assumptions

• Record all data + looking 

for best trajectory&map

• Computationally 

expensive



ORBSLAM 3
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ORBSLAM algorithm

✓ Supporting various sensors

✓ ORB features

✓ Three-threads structure

✓ Excellent LC algorithm

     Expensive

     Sparse Feature Points 

 →  Sparse Maps



ROS Courses
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Why ROS?

• Peer to peer

• Distributed

• Multi-lingual

• Light-weight

• Free and open-source



LiDAR Comparison
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360 FOV Scanning LiDAR
Ouster OS1 - 32 channels

Non-Repetitive Scanning LiDAR
Livox Horizon

45°



LiDAR Comparison
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Livox 

Horizon

Ouster OS1



LiDAR Comparison
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Wheel commands

Livox Ouster 

pos

High 

level 

orders



LiDAR Comparison – Nav Pipeline
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Fast LiDAR-Inertial Odometry (FAST-LIO)

• Efficient and robust package

• Allows robust navigation in fast-motion, 

noisy or cluttered environments

VOXBLOX

• Generates a three-dimensional volumetric 

map based on the Truncated and Euclidean 

Signed Distance Field (TSDF and ESDF)



LiDAR Comparison - Results
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Trajectory comparison

0.656 0.620



LiDAR Comparison - Results
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0.656 0.620

Comparison max eigenvalues



LiDAR Comparison - Results
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OS1-32 Horizon



LiDAR Comparison - Conclusions
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Conclusions

• OS1 LiDAR → ATE = 0.656 m

Horizon LiDAR       → ATE = 0.620 m

Ouster/Horizon       → 0.125 m 

• Horizon LiDAR demonstrated slightly lower trajectory estimation error, likely due to lower 

random error in distance measurements and resulting in a denser point cloud within its field of 

view.

• However, OS1 LiDAR proved to be more reliable overall due to its 360-degree field of view, 

reducing the risk of losing track of features evenly distributed throughout the environment.



IEEE Summer School on MRS
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IEEE Summer School on Multi-Robot Systems



Timing
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Thanks for the attention
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