Autonomous Aerial Robots

Tested in:

* Road construction & maintenance - highway near Gran Sasso Nord, Italy
* Building construction - Helsinki Metropolitan Area, Finland
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Autonomous Aerial Robots
Introduction

* This work will focus on the design and development of aerial robotic
technologies, which involve a system for outdoor inspection, and a system for

indoor exploration which does not make use of satellite-based localization
solutions.
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CADRIN Drone performing autonomous flight C750 Drone prepared to perform autonomous
inside building under construction road maintenance tasks

DJI M300 Drone prepared to perform road
contruction phogrammetry
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Autonomous Aerial Robots
Building Contruction

* Main goals of the aerial robots in the case study:
 Perform fully autonomous and safe navigation in reduced-size
environments.
* Generate 3D map after wall building for progress analysis. This 3D map
can be generated both in real time and post-processed.
* Gather raw pointclouds and images data for safety compliance checking.

Pre-Mission Mission Post-Mission
Download PointCloud of De51.gn flight plan over Align takeoff position with ?erform fully autonomous Generate PointCloud of the Upload pointcloud fmd data
current flor generated from —p  previously downloaded - BIM Cloud origin —p inspection flight based on - fiviiia 5Pea for safety compliance
the BIM PointCloud & predefined route ying checking to Digital Twin
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Autonomous Aerial Robots

Building Contruction
* Fully autonomous flights are carried out in enclosed spaces where GNSS
signal aren’t available. The aim is to create 3D map of the environment and
capture information about it to verify compliance with safety standards.
e Custom aerial vehicle has been designed and manufactured to fit the needs

of the environment.
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Autonomous Aerial Robots
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Building Contruction

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

software architecture with two main
components: GNSS-Denied Localization system and reactive navigation

* Modular and

interchangeable

system with static and dvnamic obstacle avoidance.
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Autonomous Aerial Robots
Building Contruction

* Tested developments in a real-world environment in a FIRA’s building under
construction in Helsinki (Finland) with very satisfactory results.

|3 FLIR Hadron IR Image. 1] FLIR Hadron RGB Image

No Image @ No Image

Autonomous mision execution — Sensors Point-Of-View Autonomous mision execution — Outdoor Point-Of-View
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Autonomous Aerial Robots
Building Contruction

* Tested developments in a real-world environment in a FIRA’s building under
construction in Helsinki (Finland) with very satisfactory results.

Offline Generated Map PointCloud Example data gather for safety compliance checking
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Autonomous Aerial Robots
Road Maintenance

Main goals of the aerial robots in the case study:

* Assess whether there are any unknown obstacles on the road or
vegetation invading it.

* Qualitatively estimate the condition of vertical traffic signs based on
measurements from a 3D Lidar.
Pre-Mission Mission Post-Mission
Configure mission . o .
Design Flight Plan in parameters (gimbal — PDfeforIzr; zfllrlrllbr,l aiiogﬁﬁl?;l: ;lrllﬁht;s;r::f Hsl,:ei,grrﬂj —_ Upload situational report to
GeoJson ] inclination, drone speed, P replorgt (rcg)a dlan d trafficgsign stlatis)l uatl Digital Twin
etc.)
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Autonomous Aerial Robots
Road Maintenance

* An analysis of the condition of the road and traffic signs will be carried out in
real time and on board the aerial robot, which will perform autonomous
flights in an obstacle-free environment.

* Aerial platform designed by CATEC with payload adapted to the case study.

Ubiquiti
Comms

Jetson Orin
NX PC

Gremsy T3
Gimbal

Basler RGB
Camera

Blickfeld 3D
Lidar

L = i EaR

CATEC C750 Drone with Road Maintenance
Payload Road Maintenance Payload Components
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Autonomous Aerial Robots

Road Maintenance

 Deep Learning-based onboard solutions for image analysis and automatic

generation of alerts for subsequent inspections.
« Road Semantic Segmentation for invading vegetation detection and

obstacles.
* Vertical traffic signs detection for retroreflectivity check alongside 3D

Lidar measurements.

Mission

On Board Si Perception (on Jetson NX)
Roadside
Road & Vegetation Alarm
Semantic Segmentation Uknown
Objects in Road
RGB Camera Alarm
(On Gimbal) UAV Telemetry ——pm
Traffic Vertical Signals Camera & Lidar Roadside
Detector Aligned Vegetaion ~——
6 . Alarm Checkpoint
Traffic Signals —» ity G . Check
Solid State Lidar Retroreflectiviey ~  weAlzm oo, | Generation ———» Checkpoints
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GNSS red Route
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Control (on Jetson NX)
Autonomous
Control Module
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Autonomous Aerial Robots
Road Maintenance

* Tested developments in a real-world environment in a L’Aquila (Italy).
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Autonomous Aerial Robots
Road Maintenance

* Tested developments in a real-world environment in a L’Aquila
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Vertical Traffic Sign Real-Time Detection Road, vegetation & Obstacles Real-Time

Segmentation
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Autonomous Aerial Robots
Road Construction

* Main goals of the aerial robot in the case study:
 Generate a 3D photogrammetry model at different stages of road
construction.
* These models can be used both as input for the AWL to plan routes
and to calculate earthworks.

Pre-Mission Mission Post-Mission

Design Flight Plan based on
parameters like: images —_—
overlapping, flight speed,
etc.

Perform fully
autonomous flight
gathering all the data

——p»  Generate photogrammetry Upload 3D Model to Digital
model from gather data ' Twin
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Autonomous Aerial Robots
Road Construction

3D models of the construction area will be generated using advanced
photogrammetry techniques.

Use of commercial aircraft with its specific payload: DJI M300 RTK + Zenmuse
L1.

DJI M300 Aerial Robot with Zenmuse L1 Payload
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Autonomous Aerial Robots
Road Construction

Tested developments in a real-world environment in a L’Aquila (Italy).
Models were created on three different days, moving a pile of sand to

calculate the earthworks. In all three models, the volume of earth has been
measured at approximately 29 m3.
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Different trajectories made over the same area to obtain the greatest amount of detail.
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Autonomous Aerial Robots
Road Construction

* Tested developments in a real-world environment in a UAquila (Italy).

Photogrammetry model example
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Autonomous Aerial Robots
Road Construction

* Tested developments in a real-world environment in a UAquila (Italy).
* Models were created on three different days, moving a pile of sand to
calculate the earthworks.

Projection of the generated model over Google Maps

Location of the soil mount on first day
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Autonomous Aerial Robots
Road Construction

* Tested developments in a real-world environment in a UAquila (Italy).
* Models were created on three different days, moving a pile of sand to
calculate the earthworks.

Projection of the generated model over Google Maps

Location of the soil mount on second day
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Autonomous Aerial Robots
Road Construction

* Tested developments in a real-world environment in a UAquila (Italy).
* Models were created on three different days, moving a pile of sand to
calculate the earthworks.

Projection of the generated model over Google Maps

Location of the soil mount on third day
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Autonomous Aerial Robots
Road Construction

Tested developments in a real-world environment in a LAquila (ltaly).
Models were created on three different days, moving a pile of sand to
calculate the earthworks. s

Detailed screenshots of the location of the mount Detailed screenshots of the location of the mount
of soil on first day. of soil on second day.

Top: First and second day mount of soil location;
Bottom: Detailed screenshots of the mount of soil on
third day.
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Autonomous Aerial Robots
Digital Twin Integration

* Mission Control & Monitoring - MQTT Communications.
* Download planned mission or upload generated data —> REST-AP!

Digital Twin Aerial Robot
(CADRIN)

(mapping) < <CommandMessage>>MQTT

Digital Twin COMMS Q Digital Twin poppted el oot o
= —I exploration and mapping
Aerial Robot (ROS) (ROS <-> MQTT) x ‘ . - n
Y Bk I
- - Road Manager P P | » (3DMapl/REST
Mission Manager _ Mission Command r R (mapphipl<CoMEIMEEIGNSSIMGTT |
Digital Twin : At Rt piTom startission
(MQ'I‘I‘) | » QrT - - (mission)<<Commandhessage>>/MQTT -
Localization & | Too
Navigation Module = Coale ]
State Information - { - Ll [unti debeis removed] B ICADRINState) < <StateMessoge>>/MQTT Moo bimiobes
\ ‘
Syncronizer | | -
Autopilot | |
Module
Communication Diagram Between Aerial Robots and Digital
Twin Examples of refined UML Communication Diagram (Left: Road Contruction; Right:

Tunnel Contruction)
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