Unmanned aerial vehicle

Tested in: Tunnel construction - La Ribera de Folgoso, Ledn, Spain

Marco Antonio Montes Grova, CATEC
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Autonomous Aerial Robots
Introduction

* A proven GNSS-denied autonomous navigation system based on algorithms
for: localization (global and relative), real-time mapping, motion planning and
control.

* Collaboration with Autonomous Wheel Loader on post-blasting tasks.

CADRIN Drone performing autonomous flight inside tunnel
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Autonomous Aerial Robots
Tunnel Contruction

* Main goals of the aerial robots in the case study:
e Before carrying out the tunnel advance detonation, the aerial robot will
explore the entire tunnel autonomously and create a 3D map of it.
* After detonation, the aerial robot will support the autonomous wheel
loader while it moves forward to the excavation front site.

Mission Post-Mission Mission
Perform fully autonomous
Perform fully autonomous exploration flight until ) Align takeoff position with flight based on predefined
! ! ) . Upload pre-detonation 3D pre-detonation 3D Map == hile assist AWI
reaching the excavation front or detecting that it must > Mab to Digital Twi ! route while assist AWL
return based on the battery level ap to Digttal Twin Cloud origin (with low visibility

conditions)
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Autonomous Aerial Robots
Tunnel Contruction

e Fully autonomous flights are carried out in tunnels with low visibility
conditions where GNSS signal aren’t available.

e Custom aerial vehicle has been designed and manufactured to fit the needs
of the environment.

Ouster Rev7
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Intel NUC 10 '
PC

PixHawk

Orange Cube

FLIR Hadron
EO/IR

CADRIN Drone CAD and real with onboard sensors
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Autonomous Aerial Robots
Tunnel Contruction

3D LiDAR

* Protective fairing to insulate equipment @ OnBoard PC
. Autopilot

from dust or moisture. X I ‘ _ s =

* Weight: 5.5 Kg

* Operational Endurance: 14 min

* Diameter x height: 1025 x 425 mm
* Cruise speed in Auto mode: 1-5m/s.

CADRIN Drone CAD and real with onboard sensors
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Autonomous Aerial Robots
Tunnel Contruction

The whole computing is performed on the onboard computer of the robot.

* Modular and interchangeable software architecture with two main
components: GNSS-Denied Localization system and reactive navigation
system with static and dynamic obstacle avoidance and exploration system
(interchangeable with a waypoint sequencer depending on the phase it is in).

Global 3D Map
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GNSS-Denied Reactive & Autonomous Navigation
On Board Sensors Localization
PointCloud
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Autonomous Aerial Robots
Tunnel Contruction

* Fully Autonomous Exploration with simulated smoke (post-blasting phase).
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Autonomous Aerial Robots
Tunnel Contruction

* As a result of the exploration, the aerial robot will report the 3D map
generated of the tunnel.
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Autonomous Aerial Robots
Tunnel Contruction

 As a result of the exploration, the aerial robot will report the 3D map
generated of the tunnel.

Classic Method CATEC UAV

Time taken to create the 3D 2 days 480 seconds
model
Distance between Standard
points Deviation
uality metrics for the
Quality 0.3885m 0.9362m
generated 3D model
Comparison between the map prodluced using traditional methods
(coloured) by ACCIONA and the one generated by the UAV (in red)
vAde
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Autonomous Aerial Robots

Digital Twin Integration

* Mission Control & Monitoring - MQTT Communications.
* Upload generated data (maps and recorded videos) - REST-API

Digital Twin COMMS

Aerial Robot (ROS) (ROS <-> MQTT)

CommandMessage

Mission Manager Mission Command
-— =

Module Bridge CommandReturnMessage

Digital Twin
(MQTT)
Localization &

Navigation Module

State Information -
StateMessage
Syncronizer

Autopilot
Module

Communication Diagram Between Aerial Robots and Digital
Twin
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Digital Twin Aerial Robot
(DJI M300)

Digital Twin

Aerial Rabot
(CADRIN)

Amission< <Commandtiessage>>MaTT

ICADRINSatel <S14t6M 33559025/ MTTT

o IS BROACK) < Commandetur Mes esgeoo/METT

Examples of refined UML Communication Diagram (Left: Road Contruction; Right:

Tunnel Contruction)
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