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Basics of mechatronic systems

* Mechanical elements
* System components and components requiring control

* Sensors
* Perception of the state of mechanisms and environment

* Actuators
* Movement and control of mechanisms

* Digital Computing Systems
* Implementation of reasoning actions
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Basics of Mechatronic Systems

Modelling and
simulation

: Digital
Systems |
B Systems
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A Simple Example of a Mechatronic System
Digital camera with autofocus

Infrared pulse
Focus lens position emission and
reception

Infrared pulse Lens motion
motor

Time difference between
transmission and reception -
Lookup table
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Unmanned Aerial Vehicles
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Unmanned Aerial Vehicles Design

Aircraft design

Motion and control Perception system
system design design
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Unmanned Aerial Vehicles Design

Aircraft design . .
) ® Operator Interaction

=) ‘ | with the aircraft

4 ? * Exchange of information
Motion and control Perception system

Control station

design

Control station

design

Requirements Definition
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Unmanned Aerial Vehicles Design

Aircraft design

Control station

design

=

Aircraft platform selection
Aerodynamic study
Material strength study
Propulsion system
study

design

.
.

Perception system
.
—————— [ ]

Requirements Definition
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Unmanned Aerial Vehicles Desi@h Laser range Finder

NO

Control station

design

) . Inertial Measurement
Aircraft design .
Unit (IMU)
Motion and control Perception system
system design design
Laser Range

Perception system Finder
design

& . 1 Navigation
ﬂﬁ Camera
Environment

Perception Camera
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* Responsible for receiving g Infrared Sensors | L GNSS
measurements and information

, Receiver
- -ﬁ- -{;-
from the environment 4

e Use of sensors and
computing units
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Unmanned Aerial Vehicles Design

Motion and control

Control station

design

f system design
Aircraft design

=) * Responsible for planning and

; 7 executing motion commands
Moti o} | P i

= e * Control motors and other

—_— — movable parts

Requirements Definition

1. Throttle Control 2. Pitch Control

3. Roll Control 4. Yaw Control

Propulsion

‘ Sensor P

Measurement |~
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Unmanned Aerial Vehicles Design

Requirements Definition

Equipment requirements

Kinematic model and dynamic capabilities of aircraft

Control station

design

Remote control
commands

Telemetry
data

Motion and control

system design

Mission data

Aircraft design

Equipment
requirements

Perception system

design

Environment state
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Unmanned Aerial Vehicles Design

Kinematic model and dynamic capabilities of aircraft

Control station

T Aircraft design

Testing functionality on the
selected hardware

Remote control
commands

Telemetry
data

Equipment
requirements

4

Flight tests

Final product

Equipment requirements

Mission data

Motion and control Perception system

system design design
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UAVs’ subsystem analysis
Control station design
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UAVs’ subsystem analysis
Control station design

Capabilities:
 Remote control
= Direct manual control
aircraft remotely
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UAVs’ subsystem analysis
Control station design

Capabilities:
* Remote control
= Direct manual control
aircraft remotely
 Telemetry
= Receiving mission data
= Publishing waypoints
= Publishing commands
(e.g., landing, target tracking)




UAVs as Mechatronic Systems: Design and Applications

UAVs’ subsystem analysis
Control station design

Capabilities:
* Remote control
= Direct manual control
aircraft remotely
 Telemetry
= Receiving mission data
= Publishing waypoints
= Publishing commands
(e.g., landing, target tracking)
* Video stream
=  Ground surveillance
= First Person View
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UAVs’ subsystem analysis
Aircraft design

Fixed-wing VTOL *‘ o~

. AN
Single-rotor - (Vertical Take-Off
| and Landing)
———

Tilt wing

F

v

b

Low Endurance ! !
h

Medium Altitude- . | .
Long Endurance St {

(MALE) —

High Altitude-
Long Endurance Coax copters
(HALE)

Mulitirotor

Tilt engine
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UAVs’ subsystem analysis
Aircraft design

Fixed Wing Hybrid

e \Vertical Take-Off and Landing

Horizontal Take-Off and Landing (HTOL) Vertical Take-Off and Landing (VTOL)

Short Take-Off and Landing (STOL) (VTOL) S Wizl T

Increased take-off/landing requirements Redu-ced take-off/landing Redu-ced take-off/landing
requirements requirements

Reduced energy consumption Increased energy consumption Reduced energy consumption

during flight during flight during flight
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UAVs’ subsystem analysis
Aircraft design

~ Specifications:
» Shell Diameter: 250 mm
= Height: 250 mm
= Width: 568 mm

= Weight: 1381 ¢g
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UAVs’ subsystem analysis
Perception system design
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UAVs’ subsystem analysis
Perception system design

Available sensors IMU, GNSS, Distance, Cameras

e Localization

f

gt «%
> PR T
S .’;:-“"._"S_f.',ff‘::‘,;\

N S -
e, - _-* . &
[ ] :. 0". .t. ® :"~‘
. % .

-". KRN :.!-
.
.

. ;v -,
. :
- .-'.'{""!:\. .




UAVs as Mechatronic Systems: Design and Applications

UAVs’ subsystem analysis
Perception system design

Available sensors IMU, GNSS, Distance, Cameras
* Localization
* Mapping
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UAVs’ subsystem analysis
Perception system design

Available sensors IMU, GNSS, Distance, Cameras
* Localization

* Mapping

* Obstacle detection
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UAVs’ subsystem analysis
Perception system design

Available sensors IMU, GNSS, Distance, Cameras
* Localization

* Mapping

* Obstacle detection

* Target tacking
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UAVs’ subsystem analysis
Motion and control system design

Aircraft design data F; = K % w?

* Kinematic model and aircraft dynamics
M; = K,, X o}

My=(F1_F2)XL
My =(F;—-F)xL
mT'=F1+F2+F3+F4
IZZX¢=M1+M2+M3+M4
IyX6=F —F,xL

IxxX(p=F3_F4XL
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UAVs’ subsystem analysis
Motion and control system design

Aircraft design data
* Kinematic model and aircraft dynamics

Waypoints data Q
e Path planning Global path planning
= Global path planning
Computing the whole trajectory 2V Shortest trajectory -
= Local path planning not plausible
@

Computing next movement
Local path planning
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UAVs’ subsystem analysis
Motion and control system design

Aircraft design data Min RPM
* Kinematic model and aircraft dynamics ] ]
> <« 1ms
Waypoints data Max RPM
e Path planning —| —|
= Global path planning -

Computing the whole trajectory
= Local path planning

Computing next movement ,
Trajectory data or user control commands :

* Motor control
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UAVs’ Applications

The MPU system

M P U
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UAVs’ Applications
The MPU system

TeAikd XapakTnpioTikad MPU

Maximum Take-Off Weight (MTOW 4.5 kg
Payload 0.5 kg
Wingspan 1.8m
Wing Loading (W/S) 6.15 kg/m?
Cruise speed 65 km/h
Maximum speed 125 km/h
Stall speed 25 km/h
Endurance 120 min
Flight altitude 1500 m
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UAVs’ Applications
The MPU system

User Control
Video Stream Commands

~

Transmitter/Receiver
TX/RX 433MHz
ZHD ¥'2/8'S XY
J9AI923] WEaJ1s 03PIA

Primary monitor: Secondary video
flight data, mission data, monitor

. Remote control
mapping data g TX 2.4 GHz
. Power Supply
wround Control Station powerbank /
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UAVs’ Applications
The MPU system
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UAVs’ Applications
The MIDRES system
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UAVs’ Applications
Laser Rangefinders
The MIDRES system 15m/3m

Thermal camera

RGBD camera + IMU

Compute Unit
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UAVs’ Applications
The MIDRES system

Thermal
camera frame

Base link

RGBD camera RGBD camera IMU IMU
color frame link accel frame W gyro frame

RGBD camera
depth link

RGBD camera | RGBD camera
left IR frame | right IR frame
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UAVs’ Applications
The MIDRES system

i} Move Camera | [ L] select FocusCamera £ Measure 2D PoseEstimate  2DNavGoal  § Publish Point + = a

J tracked image | x

& isplays [x]

Frame Rate 30 £
Default Light

» v Global Status: Ok

» @ Grid v

» ) Axes v

» ~ ground_truth_path

» [ tracked image v

» [ raw_image

» @ vio v

» [ pose_graph

» % PolntCloud2 v

» @ Rvizimage v

» Pl map

» Pl Map
Add

3 Rvizimage x

@ Time
ROSTime: 169038639893 | ROSElapsed: 100.48 Wall Time: |1690386398.95 | Wall Elapsed: 100.47

Experimental
Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click:: Move Z. Shift: More options. 25fps
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UAVs’ Applications
The MIDRES system
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UAV Applications
The Estia system
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UAVs’ Applications
The Estia system
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UAVs’ Applications
The Estia system
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UAVs’ Applications
The HCUAV system

uav N
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UAVs’ Applications
The HCUAV system

4 petpa

2,8 pETpwv ava OEUTEPOAENTO
190 xihiop€Tpwy ava wpa
150 xthiop€tpwv
11 wpwy,

2 XAy




UAV as a Mechatronic System: Design and Applications

UAVs’ Applications
The HCUAV system
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UAVs’ Applications
The HCUAV system




