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Introduction
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In 2023:
e 5,757 causalities from landmines and
explosive remnants

e 84 % of the victims were civilians
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Number of mine/ERW causualties annually: 1999-2023 [1]
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remnants of war.

Manual mine clearance operation [1]
Casualties by type of mine/ERW in 2023 [1]



I Introduction

Humanitarian Demining Process Steps:

1. 2. 3. 4,

Identification Removal
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1. 3. 4.
Land Preparation |——> —p | Excavation and |——5 | Neutralization or
Identification Removal

SRR

Mine Detection

a) Stand-off with
visible/IR spectral
cameras

b) Close-in with metal
detector, GPR,

k dogs/rats /
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1. 2. 4.
Land Preparation || Mine Detection |—> — | Neutralization or
Removal

4 3 N

Excavation and Identification

a) Mine manipulation
done by hand or
controlled-robots

b) Mine type
identification and

K condition evaluation /
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4.
Neutralization or Removal

According to the mine

status:

a) Safe removal for later
detonation

b) Controlled detonation
on the spot
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I Goals and Contribution

3D Object
Reconstruction

Grasping
Feasibility
Analysis

Autonomous
Mine
Manipulation
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I System Description

The Mobile Manipulator:
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Manipulator

Mobile Platform

Combination of the mobility of the
mobile platform with the dexterity
of a manipulator

12



I System Description
Sensors Layout: — = RGB
L 1

* Exteroceptive sensors:
LiDARSs, RGB,
IR Panchromatic spectral cameras

* Proprioceptive
sensors: IMUs
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I Methodology

3D Object Reconstruction
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3D Object Reconstruction

f Next Best

> View
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Mobile Manipulation

Path
Planning

Grasping
Feasibility
Analysis

Next Best View Planning

Find the sequence of points that
maximizes the coverage of
unseen parts
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Gradient-based NBV pose optimization [2]
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Next Best
View
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3D Object Reconstruction
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Path
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3D Reconstruction

Produce a 3D model starting
from multi-view images

.

NeRFs 3D Object Reconstruction [3]

17



I Methodology

f Next Best

> View
Planning

3D Object Reconstruction

3D
Reconstruction

Sensors
Raw Data

Collision

'L Map

Mine Pose
Estimation

Mobile Manipulation

Path
Planning

Grasping

Feasibility
Analysis

Grasping Feasibility Analysis
Identify grasp-feasible regions and

relative grasp quality, aiding grasp
planning and execution

Shape Grasp Net [4]
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3D Object Reconstruction

f Next Best

> View
Planning

3D
Reconstruction

Sensors
Raw Data

f Collision
L Map

Mine Pose
Estimation

Mobile Manipulation

Path
Planning

Grasping
Feasibility
Analysis

Path Planning

Compute the path to reach the views
computed by the NVB planner and the
grasping point, combining the platform
and arm’s movement

— Manipulator
— Mobile platform

Mobile Manipulator Path Planning [5]
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I Conclusion

* 3D Reconstruction of the surroundings of the mine.
* Mines mobile manipulation.
* Enhancing safety and efficiency in demining operations.
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