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MathWorks Minidrone Compeititon

Learn how to develop an autonomous minidrone line
follower and develop key skills like Model-Based Design
relevant to the industry - all while having fun using drones!

Organized by MathWorks

https://www.mathworks.com/academia/student-competitions/minidrones.html

Develop a Minidrone line following algorithm
= Round 1: Simulation Round
— Edit a starting point model provided by MathWorks
— Submit your models to MathWorks (deadlines on web)
— The BEST submissions go through to Round 2
= Round 2:
— Simulation and Hardware Deployment Round

or Depending on your local competition
— Virtual Round 3


https://www.mathworks.com/academia/student-competitions/minidrones.html
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You Can Find the Competitions Around the World!

StUdent ProgramS Search MathWorks.com

Overview Teach v Learn~ Research v  Student Programs «

Competitions Around the World

Regional Competition Format Venue Application Deadline Simulation Submission Deadline
™ Poland 2023 In Person Poznan, Poland December 09, 2022 December 23, 2022
1:00 p.m. EST
Click on a relevant Turkey 2023 In Person Ankara, Turkey December 09, 2022 December 23, 2022
. 1:00 p.m. EST
instance of the —
Competition IFAC 2023 In Person Yokohama, Japan April 5,2023 April 19, 2023
1:00 p.m. EST
Australia 2023 In Person Sydney, Australia April 12,2023 May 1, 2023
- 1:00 p.m. EST

https://www.mathworks.com/academia/student-competitions/minidrones.html



https://www.mathworks.com/academia/student-competitions/minidrones.html

4\ MathWorks

Get Ready to Fly

Apply to receive all the competition materials. I » MathWorks Minidrone Competition
IFAC 2023 | Yokohama, Japan

Watch the MathWorks Minidrone Competition s el s

video series to better understand the competition st Compt

details.

Review the competition rules and guidelines.

Apply to Competition

Complete MATLAB Onramp, Simulink Onramp,
and Stateflow Onramp courses before starting to You need to APPLY if you want to enter the
work on your algorithm. specific competition.

Complimentary licenses are sent to teams


https://www.mathworks.com/videos/series/mathworks-minidrone-competition.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow

Get Ready to Fly

Apply to receive all the competition materials.

Watch the MathWorks Minidrone Competition
video series to better understand the competition
details.

Review the competition rules and guidelines.

Complete MATLAB Onramp, Simulink Onramp,
and Stateflow Onramp courses before starting to
work on your algorithm.

4\ MathWorks

Make sure you watch these short videos

Video and Webinar Series

MathWorks Minidrone Competition

Get a guick overview of the MathWorks Minidrone Competition. This video series consists of a few tips and tricks
that will guide you thraugh the different stages of the competition. These suggestions will help you better
understand the competition task and move further glong in the challenge with confidence.

— ntreduction to the Competition
L ‘ Get a quick introduction to the MathWorks Minidrone Com petition.
-

Competition Rules

& Learn more about the rules and guidelines for the two rounds of the competition.

Model Description

: . Hear details about the Simulink model that needs to be used for the competition
—— Deploy on Hardware
& p=e L Learn about the workflow yvou'll use while deploying the Simulink model on the

e ﬂ Parrot Minidrone.


https://www.mathworks.com/videos/series/mathworks-minidrone-competition.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow
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Get Ready to Fly

Familiarise yourself with the rules

) o ] MathWorks:
Apply to receive all the competition materials. Fmm—

MathWorks Minidrone Competition

Watch the MathWorks Minidrone Competition
video series to better understand the competition
deta| IS Table of Contents

AL ComIPEtIon OVBIVIBW L. ettt et e e e 2

Rules and Guidelines

B. Round 1: Simulation Round

Review the competition rules and guidelines. l » -

B2 RUIES. et e e e e e nes
L= Y (1 11 TSSOSO RR
H H B4 SUbMISSION e e 4
Complete MATLAB Onramp, SlmUIlnk Onramp, C. Round 2: Simulation and Deployment Round OR Virtual Round ... 8
- C.1  Simulation and Deployment BOUMD ... e e e e e s me e s smssmee s ae s 8
and Stateflow Onramp courses before starting to C1 Coneral GUIBING . ’
. c12 Competition Set-Up. e e 8
Work On your algorlthm. CA3  Scoring and Judging ... 9
CL2 0 Virual ROUng e e e e e 11
c.21 Seoring and JUdging ... e e 11
C22 Video Submission ...
C.23 Competition Set-Up....
0. ArenaDetails................_.....
E. SafetyRules..... ...
F.  Parficipation Reguirements et e
G. Reference Matenial ...t s e e s e s 14

= BOE] Thes Mabiicrks, . MATLAR envel Sirradinh crw sgiserad tnadrsesis ol The Mo \Werks, be. Se morbucris ooy radvacks bor o b of acifonsl inckemds. OO0 D00
Ovar prodict o brond nomes may be hodemodks o segiesd odevarks of e repecies ho ke 8


https://www.mathworks.com/videos/series/mathworks-minidrone-competition.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow
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Rules and Guidelines — Submit Your Simulation

3. Submit the Project Archive
+ In the Projects folder, click on Share and then select Archive or E-mail.

PROJECT SHORTOUTS

PROUECT

g < L e @ &
A |Share| Wependency Search  Custorn Fun Aeferences
- ] Tasks™  Checks™=

E

ject (67)

How do you submit your Simulation
at the end of Round 1 ?

ame =
witroller

wan=s
i=arlirframe

E Teelbox ainflodels
anlinsarfiframe

0 GitHub oport

4] Tost-Coupling FMU st

Manage Export Profiles... yFile.m

Change Share Ogtions...

o Select Export Profile as "Whole Project’ and name the Project Archive as <TeamName:>
where <TeamNames> is the name of your team.

« Send the Project Archive (.mlproj) to minidronecompetition@mathworks.com with
the subject as <TeamNams> at <EventNams> <EventYear:> where <EventName>
Is the name of the event as found on the web page for the competition (often a location,
conference, or university) and <EventyYesar:> is the year when the deployment round of
the competition is to be held. For example, if your team name is ‘Drone Squad’ and you
are participating in the event at IROS 2019, your email would be titled "‘Drone Squad at
IROS 2019

« The Team Captain should submit the model using their registered email address.

Who do you send this to?

Get the Rules and Guidelines (PDF)


https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf
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Rules and Guidelines — Competition Set-up

C.1.2 Competition Set-Up

The deployment round will be one- or two-day event. The competition will be divided into two
parts:

a. Practice Round:

e [nthis round, each team gets two slots of 15 minutes each in the Arena to calibrate
their model gains and thresholds.

e Performance of the Minidrone during this round will not be considered to declare the
winners.

b. Live Round:

e Each team will get one 15-minute assigned slot in the arena. This includes the setup
time and the Minidrone flight.

e Each team gets maximum 7 chances during the 15 minutes to fly the Minidrone.

Get the Rules and Guidelines (PDF) 10


https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf

&\ MathWorks

Rules and Guidelines — Arena Detalls

D. Arena Detalils

This detail of the arena is valid for Round 1 as well as Round 2. The following are the details
about the arena track:

The arena would be a 4-meter * 4-meter space enclosed by nets on all sides.

20cm

The arena track will be 10 cm in width.
The landing circular marker will have a diameter of 20 cm.

The line follower track will consist of connected line segments only and will not have any
smooth curves at the connections.

The angle between any two track sections could have a value between 10 degrees to 350 25cm
degrees. _ 10cm

The track can have anywhere between 1 to 10 connected line segments. The initial ¥
position of the drone will always be on the start of the line. However, the mouth of the
drone may not always face the direction of the first line on the track.

The distance from the end of the track to the center of the circle will be 25 cm.

The background on which the track will be laid may not be a single color and will have
texture.

The color and the track for the in-person round will be disclosed on the day of the
competition.

The track for the Practice Round and the Live Round may be different in case on an in-
person round.

Get the Rules and Guidelines (PDF) 11


https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf

Get Ready to Fly

Apply to receive all the competition materials.

Watch the MathWorks Minidrone Competition
video series to better understand the competition
details.

Review the competition rules and guidelines.

Complete MATLAB Onramp, Simulink Onramp,
and Stateflow Onramp courses before starting to
work on your algorithm.

Get started with self paced online courses

MATLAB Onramp

14 modules | 2 hours | Languages

Get started quickly with the basics of MATLAB.

Simulink Onramp

14 modules | 2hours | Languages

Get started quickly with the basics of Simulink.

Stateflow Onramp

12 modules | 2hours | Languages

Learn the basics of creating, editing, and simulating state machines in Stateflow.

Self-Paced Online Courses

Home My Courses

MATLAB Onramp

Share Course | Share Certificate & Progress | Quick Referen
Start course o
|

Learn the basics of MATLAB® through this introductory tutorial on commonly used
features and workflows. Get started with the MATLAB language and environment so that
you can analyze science and engineering data.

Course modules

> Course Overview

> Commands

4\ MathWorks
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https://www.mathworks.com/videos/series/mathworks-minidrone-competition.html
https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/academia/student-competitions/minidrone-competition/mathworks-minidrone-competition-guidelines.pdf
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow
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Getting Started

1. Watch this 5-minute video

T MathWorks Minidrone Competition: Model Description

T Get details about the Simulink® model that needs to be used for the
MathWorks Minidrone Competition and learn how to use the Simulink
Support Package for Parrot® Minidrones.

)
A

vy
image Data

Copyicn 20182019 The e,
https://www.mathworks.com/videos/mathworks-minidrone-competition-model-description-1551445160030.html|

2. Install the Simulink Support Package for the Parrot Minidrone —

{© Preferences 3 2 % Community
S @

4\ Add-On Explorer
E Set Path 'Add-Ons Help 3 Request Support
Il Parallel ~ hd v  [Z Learn MATLAB
<« & parrot minidrone ERMIRONMENY klié Get Add-Ons
For You I Workspace Manage Add-Ons
My Products 112 EEIRESULTS Package Toolbox
Recommendations 60 . . - — o
Simulink Support Package for Parrot Minidrones by MathWorks Simulink Team Package App
Installed —
Filter by Source -'a Design, simulate and deploy algorithms to fly Parrot Minidrones 8| Get Hardware Support Packages
MathWorks 3 Cd Simulink® Support Package for Parrot® Minidrones enables you to build and deploy flight control algorithms on Parrot
minidrones. Supported minidrone models are Rolling Spider and
Community 11 h .
File Exchange

Hardware Support

You now have the starting point Simulink model ! 13


https://www.mathworks.com/videos/mathworks-minidrone-competition-model-description-1551445160030.html
https://www.mathworks.com/videos/mathworks-minidrone-competition-model-description-1551445160030.html
https://jp.mathworks.com/matlabcentral/fileexchange/63318-simulink-support-package-for-parrot-minidrones
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Here’s My Draft of A Working Model
Go to MATLAB and Simulink !

r
{ 'bi parrotMinidroneCompetition - Simulink

SIMULATION

FORMAT

3
Project

|
| PROJECT

o

New

-

MODELING
{3 Open ~ e[
=] |55
Save .
Library
= Print ~ Browser
FILE LIBRARY

parrotMinidroneCompetition

Stop Time qg @ m>

T ‘\Normal - | Step Run Step
@ Fast Restart Back - v Forward
SIMULATE

PREPARE

| ® parrotMinidroneCompetiticonP

O BB LD S

= B

»

Flight Commands

Signal Builder
AC Cmd

Quadcopter Flight Simulation Model - Mambo

A
Data
Inspector

The 6-DOF nonlinear plant
(Quadcopter equations of motion)

Flight Control System - Code Generation Simulation Model

®]
e —
Command

Command

Flight Visualization

The flight control

yd

system ———

Environment (Canstant)

0

Enviranmaent Modal

Sensors

N

N\

Sensors {Dynamics)
Eli onm
Image Data i + i Siates [4+—

Sensors States

[w|

Sensors Model

Sensor model

18 The MathWaorks, Inc.

flightControlSystem
cmd 4
Aciuators
Actuators
Menlinear Airframe
5075
¥ Actuators
Fl Flags
Image Data " N
[ Stop
Simulation Slclea i
Flight Contral System
Environment
Sirnulink 30
Visualization

Environment model

Virtual world viewer

Ready

70%

ode3
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The Inertial G-frame The Arena is: 4m x 4m x 3m

And Right hand rule for Z,
l.e.:

North

)
!

(Z / down) is positive into
the ground .... And negative
pointing to the sky

A\\_

",-

we J o N f o
$ -
L

4
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o Ve N L =N \N\AN=y 1N

ARE T B T L U
v Nl == N2 ! ] 4
s A ~] =29 | -

»

S

!
/4
~
i
S\
/4
o
i
|

|
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DT |
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Acronym:
North East Down (NED)

16



The Drone’s Body Fixed B-frame

4\ MathWorks
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Euler Rotation Sequence

For a Z-Y-X Euler rotation sequence we get

R1Z = Inertial G-frame = Body fixed B-frame
cos(y) sin(y) O

—sin(y) cos(y) 0O VE — [BRG] . VG

L 0 0 1) .
. = R3(¢x) -R2(0y) .R1(pz) .v
cos(@d) 0 —sin(@)

0 1 0 Body fixed B-frame = Inertial G-frame

\sin(@) 0 cos(@) )
R3X = vG — -ERG- - ) vﬂ

1 0 0 '_ L

0 cos(¢) sin(eh) =[°R.| VP

\0 —sin(¢p) cos(¢))

18



‘ MathWorks:

Flight Control System - Code Generation

Flight Control System

This is the subsystem that you must edit /
Flight Control System
D1
............. d ............................................................................................................................................................................................ » ReferenceValueServerCmds
cm D1
AC cmd motorCmds
200 Hz (5 msec) data signals are coloured Red mmmmtuamm
D1
............................................................................................................................................................................................................ » Sensors
Sensor:
Sensors 5 Hz (200 msec) data signals are coloured Green
- :
YiUY2V rag

Image Data .
Rate Transition

Image Processing System Flight Control System

19




‘ MathWorks:

Flight Control System - Code Generation

Flight Control System

You can NOT edit the interfaces of
the flight control system

Flight Control System

............................................................................................................................................................................. ’ Referencevaluesewercmds

motorCmds

mators
Actuators

.......................................................................................................................................................................................................... »! Sensors

sSensors
Sensors

D2
D
Y1UY2V

Image Data

Rate Transition

Image Processing System Flight Control System

20



Flight Control System

" 4

Flight Control System

You CAN edit anything in here

‘ MathWorks:

Flight Control System - Code Generation

| —
T 4D

Flight Control System

S
Actuators.

sSensors
Sensors

D2
D
Y1UY2V

Image Data

Image Processing System

D1

Rate Transition

ReferenceValueServerCmds

Sensors

motorCmds

Flight Control System

D1

mo

(1)

Actuators

21
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Recap

1. The MathWorks Minidrone Competition
— Develop a control strategy for a line following quadcopter
— Practice Model-Based Design (MBD)

2.  Regqister for the competition
— Your application and submission due dates and the T&Cs for that specific competition
— Install your complementary MATLAB license

3. Review the rules document and watch the getting started video series

4. Install the Simulink Support Package for Parrot Minidrone
— You get a starting point Simulink model to work on

5. Solve the problem using the Simulink model

6. Round 1
— Submit your Simulink model project by the stated due date

7. Round 2

— Simulation and hardware deployment round OR Virtual round, depending on each competition .
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Resources

The MATLAB Help Browser

The Minidrone Video Series

Self-Paced Online Courses
— MATLAB Academy

= MATLAB Onramp i\
= Simulink Onramp -

=  Stateflow Onramp

= |Image Processing Onramp

Minidrone Virtual Lab Contents

Getting Started with Minidrone Basics

Using Virtual Lab Modules

Help

MATLAB Onramp

14 modules | 2hours | Languages

Get started quickly with the basics of MATLAB.

Simulink Onramp
14 modules | 2hours | Languages

Get started quickly with the basics of Simulink.

Stateflow Onramp
12 modules | 2hours | Languages

Learn the basics of creating, editing, and simulating state machines in Stateflow.

Video and Webinar Series

Videos Home  Search

Get a quick overview of the MathWorks Minidrone Competition. This video series consists of a few tips and tricks
that will guide you through the different stages of the competition. These suggestions will help you better
understand the competition task and move further along in the challenge with confidence.

—— ’ Introduction to the Competition
e % Get a quick introduction to the MathWorks Minidrone Competition.

s ’ Competition Rules
Learn more about the rules and guidelines for the two rounds of the competition.

Model Description
e Hear details about the Simulink model that needs to be used for the competition

https://www.mathworks.com/videos/series/mathworks-
minidrone-competition.html

24


https://matlabacademy.mathworks.com/
https://matlabacademy.mathworks.com/details/matlab-onramp/gettingstarted
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow
https://matlabacademy.mathworks.com/details/image-processing-onramp/imageprocessing
https://www.mathworks.com/help/supportpkg/parrot/ug/getting-started-with-minidrone-basics-using-virtual-lab-modules.html
https://www.mathworks.com/videos/series/mathworks-minidrone-competition.html

MathWorks Minidrone Compeititon

Learn how to develop an autonomous minidrone line
follower and develop key skills like Model-Based Design
relevant to the industry - all while having fun using drones!

Organized by MathWorks

https://www.mathworks.com/academia/student-competitions/minidrones.html

Develop a Minidrone line following algorithm
- Round 1: Simulation Round Let’s have fun with MBD !

— Edit a starting point model provided by MathWorks
— Submit your models to MathWorks (deadlines on web) We are looKi ng forward to

— The BEST submissions go through to Round 2 your application |
=  Round 2:
— Simulation and Hardware Deployment Round

or Depending on your local competition
— Virtual Round


https://www.mathworks.com/academia/student-competitions/minidrones.html
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Appendix

= Your starting point model {

= Tips and Tricks

Launching the Simulink project
The relevant subsystems and data buses

&\ MathWorks'

27



Prerequisites

0 1. Registered for the Competition
— Wherever that is around the globe

€ > Received your complimentary MATLAB License
— ... and have installed this license (contains all of our products)

Q 3. Installed the Simulink support package for the Parrot Minidrone

4\ MathWorks

28



Launching the Simulink Project

Command Window

fx >> parrotMinidroneCompetitionStart

Th_e_ Si_r_n u__l Ink p r__oje_ct__

Open

Just type:

&\ MathWorks

parrotMinidroneCompetitionStart

The starting point of Simulink model

—— S S S r 5
4\ MATLAB R2022b _ | P parrotMinidroneCompetition - Simulink - [m] X |
— SIMULATION DEBUG MODELING FORMAT APPS =S5 0B e ()
HOME PLOTS APPS YT = il PROJECT SHOR... .E 4 B 09 e ) ® |Search Documentation Pu =
L:_—I J Open ~ i Stop Time qg » m) R
a @ # . & ar =] - — - - & =A .
E: \ j Clean Up Project ﬂ “ e Cod _‘] Set Mambo Maodel ﬂ L oo Project | New - S Library poina| Step Run Step Data
c . enerate Code . X nitialize variables = ~ = Print « B @ Fast Restart Back + = E d Inspector
New  Organize ﬁ Open Track Builder ﬁ Set Rolling Spider Model | — ronser astriestar ac oar
Shorteut  Groups | PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESUL...
| parrotMinidroneCompetition =
| MANAGE GENERAL CODE GENERATION HARDWARE SELECTION MODEL ACTIONS |
I — - — » ® [*al parrotMinidroneCompetition ¥ v
=L An P~ pal » C: » Users b dakasaka » MATLAB » Projects » examples » parrotMinidroneCompetition » |
Current Folder Command Window Project - MinidroneCompetition & Quadcopter Flight Simulation Model - Mambo
Name = Views All| Project (63) 2T Layout £
= Fiight Gommands. Flight Control System - Code Generation Simulation Model Flight Visualization
Folder Name = Status Classification =
controller 5, Dependency Analyzer controller = None ’mtn y g oS N
= i i . . man
= = lbraries oraries = None . —
linearAirframe linearAirframe v None o
i . o
=] mainModels mainModels v None u e J';]
. . ' 5 |2 5
nonlinearAirfra. nonlinearAirframe e None P Gorr Sy ertn
: :
B resources support = None
support tasks v & Veutixion
1a5k5 tests ¢ﬁ None | Multicopter Mode!
- erveors (Dynamics) Envirenment (Constant)
B tests utilities = None N -
utilities
(@]
work i Errarmn Wodd
= Project -
[=] parrotMinidro.| Labels v (] feaie
fE el e = BT S S @
Details Details ~ Copriht 2018 Tha Mathors, n.
“ Ready 70%

ode3 29




Launching the Simulink Project - The 15t Time

Command Window

fx >> parrotMinidroneCompetitionStart Each time you type this. it will

create a NEW folder and project
from scratch

Current Folder
Mame =
= r

parrotMinidroneCompetition
parrotMinidroneCompetition1

&\ MathWorks
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Launching the Simulink Project - The Next Time

Once you start working on this, just rename your root folder,

e.g.:

Current Folder

NMame ~

= Folder

MyMinidroneProject

To continue working ... just:
- Navigate to this folder

Open

= Double click this to launch the Simulink project

&\ MathWorks

Current Folder

Mame

= Folder

£

O O = O = = - O O = I

controller
libraries
linearAirframe
mainModels
nonlinearAirframe
resources
support

tasks

tests

utilities

work

= Project

= parrotMinidroneCompetition.prj

31
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The Starting Point Model

r
[ ’i parrotMinidroneCompetition - Simulink

SIMULATION MODELING FORMAT

[j E:_::I [ Open ~

=]
|55

Stop Time L’)

. Save w ) - ,N | - -

Project | New E Library | orma | Step Run Step Data

. ~ = Print ~ Browser @ Fast Restart Back ~ - Forward Inspector [
| PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. |

parrotMinidroneCompetition Th e 6_ DO F n O n I | n ear p I ant

® parrotMinidroneCompetition P

| (Quadcopter equations of motion)

Quadcopter Flight Simulation Model - Mambo

Flight Commands Flight Control System - Code Generation Simulation Model Flight Visualization

Signal Builder flightContrelSystam
AC Cmd PAC cmd 4
[ Commend » Actuators

{] Actuators A
Command Nonlinear Airframg

P Actuators

Flag hllFlags I
Image Data - \
] Ib_ia Siop
Simulation States == ! Stales

Flight Cantral System
/ Environment \
Simulink 30

|—|:| Visualization

, The flight control system T — Virtual world viewer
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‘ Sensors {Dynamics) | t !
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Image Data i * i Siates 4+
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4\ MathWorks

T h e Starti n g P O i nt M O d e I [ %4 parrotMinidroneCompetition - Simulink - o X |

A = 3 Open ~ EE Stop Time q‘g L;/‘ > %
E Save i ~ | | Normal - |

= |s a fully functioning model P B— .
— It makes the quadcopter move =
towards a blue square placed in the § T
arena N I =
- You are required to edit this model =]
— ... to make it follow a ground path . “ull
R;yi Flight Control System - Code Generation -

4 flightControlSystam R

- Specifically, your edits will be - T
on this subsystem == AN
— Flight Control System Fiag

o Image Data
[4xge00)] 3
[yla v

Flight Carntral System
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The Simulink Project Gives You A Track Building App

4\ MATLAB R2022b

HOME PLOTS APPS PROJECT PROJECT SHOR..

B ® ® e e . The Track Builder App allows you to design
New  Organize ["8) open Trock Butder] T new paths to test your design on !

| Shortcut Groups

P4 parrotMinidroneCompetition - Simulink prerel

MAMNAGE Gl AL CODE GENERATION I
SIMULATION
Eﬂ EE] [ Open ~ g N =l Stop Time | TFinal @ @ DD ﬁ
Project = New Hsove ~ Library og Add 2 lNormal— Step Run Step Stop Data 5
- S v ©&Print v Browser | ignais EWe @ Fast Restart Back v - Forward Inspector
1l o . o % MIE REVIEW RESULTS ) .
- = m] X Project - MinidroneComp
Tr aC k B u I I d er A p p File View Viewpoints Navigation Rendering Simulation Recording Help N — 3
View from the Top VgF'Y vidm ‘ 52| adle ‘ | > = oo ) Status
4 Competition Track Builder = [m] X I 7 @
. vis
Hex color code of rack (FRRGGBB) G | vig
# | FFo000 ] 4=ng§¢=#ﬂa&=‘%&0é% :g
= A N iz
Waypoints I} < ¥ 00 % = :%
East North 3 z ' = oS v
| 0 A SN C/A
05203 04409 > < =1 > &
1.2511 1.2150 _2‘5 - % o ¢ = = e
0.4840 16452 E |o —_ 0 =4 ~ o
2.2466 16344 -§ 2 = IS = = 1
1.0776 1.9785 & P & | = § =
0.9863 3.0000 15 2 = = (e .‘? -
0.5114 3.6559 U - PR S % I “
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‘ : AN A T N I B TR
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‘ MathWorks:

Flight Control System - Code Generation

Flight Control System

This is the subsystem that you must edit /
Flight Control System
D1
............. d ............................................................................................................................................................................................ » ReferenceValueServerCmds
cm D1
AC cmd motorCmds
200 Hz (5 msec) data signals are coloured Red mmmmtuamm
D1
............................................................................................................................................................................................................ » Sensors
Sensor:
Sensors 5 Hz (200 msec) data signals are coloured Green
- :
YiUY2V rag

Image Data .
Rate Transition

Image Processing System Flight Control System
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Flight Control System

Flight Control System - Code Generation

| AC cnd

Sensars

F~tignicontroisystem

Actuators

Flight Cantral System

Flight Control System

' You CAN edit anything in here

‘ MathWorks:

D1
............. d ............. . ’. ReferenceValueSeNerCmds
cm
AC cmd
D1
............................. e ——————————————————————— »| sensors
Sensors
Sensors

D2

D2
D
Y1UY2V

mage Data

0,

Image Data Vision-based Data

Rate Transition

Image Processing System Flight Control System

motorCmds

[|1

Hor GO

Actuators

You can NOT edit the interfaces of
the flight control system
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We're processing images from the drones
camera, 5 times per second

Obtain the RGB image from camera

=

Image Data

A

Relevant Subsystems - Image Processing System

Flight Control System

\ 4

a Yiuyzv

Image Data

sensors

Image Data

D2 D1
Vision-based Data f—»

Image Processing System

Rate Transition

ReferenceValueServerCmds

Sensors

Vision-based Data

D1
motorCmds —P@

motors

Actuators

D1

Flight Control System

flag

Flag

Find the B-(R/2)-(G/2) image

Find the dominance of blue in the image

1)

Vision-based Data

> X D2
A g
PARROT, | P2 . .ﬂ{ Divide2
: I > ‘-M ) D2 D2 D2 D2 D2
@—b o D2 ~ Constant ol > P > 50 b Z P 140
ivl Threshold S f Threshold f
YIUYZV B oz ( ‘ pvidet » for er:(fh(:)ixel whitlslzn;i?(e\s lolalrjvshi; pi:erals
PARROT Image Conversion Add
Vid 1 1
Do your image processing
RGB Image Work here

4\ MathWorks
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Relevant Subsystems - Flight Control System

Flight Control System

ReferenceValueServerCmds

D1
&
md D1
motorCmds —P@

C
AC cmd
S
Actuators

\ 4

D1

2 ) P Sensors
sssssss

Sensors

Most likely you'll be editin > D)
y y g Image Data Vision-based Data EP }1. Vision-based Data flag Flag

this Path Planning subsystem 7 =l ,7 |

| Use this subsystem to change the path of the

Derived from the work by Sertac

Haraman and Fabian Risther inidrone depending on the input Vision-based
o1

&
eeeeeeeeeeeeeeeeee ot
"
1111111 fo 1%
: o T u
A I Ch LR (e ] . _— | e T
Vision-based Data =
nnnnnnnnnnn
nnnnnnnnn

200 Hz (5 msec) data signals controllers

are coloured Red
E— [ —
s%;m ot To Workspace

Do your Control

State estimator
work here .




Relevant Subsystems - Path Planning

What are these BUS signals?

4\ MathWorks:

Use this subsystem to change the path of the
Minidrone depending on the input Vision-based
Data

s Referanca\ialueServarCmds

Estimatedval UpdatedReferenceCmds

Path Planning

ReferenceValue D - EE——————————

Se rve r C m d S Reference\ValueServerCmds

Estimated values from the
State Estimator
S———

Bus

L UpdatedRefer

- UpdatedReferenceCmds en C eC m d S

Assignment

D1
>
D1 x>

D1 <=

EstimatedVal - N

EstimatedVal D1 <yaw>
D1 <piich=

=roll>

Latch the value to 1 when Increment y in the steps of 0.0005
Vision-based Data changes to 1

1 Inf

®Value
LatchValue T
[sh] D1 D1 D1
@ - - e :
Vision-based Data > F NOT o * yWalue >
Switch Add
z1 71 14 0
23] D1
Delay1 Delay ZValue

D1 - D1
single
Data Type Conversion
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Relevant Data Buses - Reference Value Commands

Specify the quadcopters commanded position and
orientation by setting values in this BUS signal

4\ MathWorks

Use this subsystem to change the path of the
Minidrone depending on the input Vision-based

Data

e RleferencealueServerCmds

=——= Estimatedval UpdatedReferenceCmds

Path Planning

# Vision-based Data I

....................................... -

CD.F?.T ............................... P———

ReferenceValueServerCmds

| IJ1
=

tgln ntrolModePosV S0rent=

tpl:us ref=
1

takeoff flag=

b
|;

==

orient_ref=
1

| 2=
Illive time ficks=>

Bus Selector is added
to extract each signals

—»

Bus

= pos_ref Bus

Bus
Assignment

UpdatedReferenceCmds

X,Y, Z vector inertial frame

Yaw, Pitch, Roll vector [rad]

40



4\ MathWorks

Use this subsystem to change the path of the

Relevant Data Buses - Estimated State Values Sl D

Estimates of the quadcopters states are in this BUS signal P Panming

Estimated values from the
State Estimator

ﬁl
['l oK =
[}l < E
a g | I
EstimatedVal ['l Syaws =
['l <pitch> e
- l <roll=

Bus Selector

o RleferencetalueServerCmds

=——=p Ectimatedval UpdatedReferenceCmids s—————————=

B Vislon-based Data

Block Parameters: Bus Selector1 X
BusSelector

This block accepts a bus as input which can be created from a Bus Creator, Bus Selector or a

| block that defines its output using a bus object. The left listbox shows the elements in the input

bus. Use the Select button to select the output elements. The right listbox shows the selections.

i Use the Up, Down, or Remove button to reorder the selections. Check 'Output as virtual bus' to

output a single bus.

i Parameters :
Filter by name (%) Find Selected elements Up l
Elements in the bus ‘ Select>>  |X Down
X Y
. ang .- Remoy
; } Inertial frame positions [mM] Initial Stafes are zero
yaw | pitch
pich  Euler angles [rad] !
roll ‘

dx
dy } Inertial frame velocity [m/s]
dz

| |

P
q Angular velocity Body rates [rad/s]
' | (] Output as virtual bus

J Cancel Help Apply a1




Appendix

= Your starting point model

= Tips and Tricks

&\ MathWorks’

First steps towards perception
— detecting blobs and lines using image processing

First steps towards mission control
— incorporating finite state machines

Useful Simulink modelling patterns
— Bus objects for Stateflow and MATLAB Function blocks
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&\ MathWorks

Perception with Image Processing

Videos

— Making Vehicles and Robots See

Making Vehicles and Robots See: Basic Operations on Images

Making Vehicles and Robots See: Image Segmentation and Analysis

Documentation
— Computer Vision

The Color Thresholder App

— Blob Analysis

Computer Vision Toolbox
vision.BlobAnalysis

— Authoring MATLAB Function Blocks in Simulink

Implement MATLAB Functions in Simulink
Control memory allocation
Create, modify, and manage types, such as bus objects

Self-Paced Online Training Courses
— MATLAB Academy

Simulink Onramp
Image Processing Onramp

Video and Webinar Series

Videos Home  Search

BASIC OPERATIONS
ON IMAGES

MAXING VEMICLES AND ROBOTS 568

IMAGE
SEGMENTATION
AND ANALYSIS

wanees () 8:32

MRAKING VEHICLES AND ROSOTS SEE

FEATURE MATCHING
AND TRACKING

Making Vehicles and Robots See: Basic Operations on Images
Learn how to work with images in MATLAB.

Making Vehicles and Robots See: Image Segmentation and Analysis
Learn how to perform color-based segmentation, refine image masks, and analyze
regions using interactive apps.

Making Vehicles and Robots See: Feature Matching and Tracking
Learn how to perform object tracking in a video using the feature matching and the
point tracker techniques.

Making Vehicles and Robots See: Basics of Point-Cloud Processing
Learn what a point cloud is and the basics of point-cloud processing, including
preprocessing and segmentation.
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https://www.mathworks.com/videos/series/making-vehicles-and-robots-see-getting-started-with-perception-for-students.html
https://www.mathworks.com/videos/basic-operations-on-images-making-vehicles-and-robots-see-1627463959489.html
https://www.mathworks.com/videos/image-segmentation-and-analysis-making-vehicles-and-robots-see-1627467554054.html
https://www.mathworks.com/help/images/image-segmentation-using-the-color-thesholder-app.html
https://www.mathworks.com/help/vision/
https://www.mathworks.com/help/vision/ref/vision.blobanalysis-system-object.html
https://www.mathworks.com/help/simulink/ug/what-is-a-matlab-function-block.html
https://www.mathworks.com/help/rtw/ug/control-memory-allocation-for-variable-size-arrays-in-a-matlab-function-block.html
https://www.mathworks.com/help/simulink/slref/typeeditor.html
https://matlabacademy.mathworks.com/
https://matlabacademy.mathworks.com/details/simulink-onramp/simulink
https://matlabacademy.mathworks.com/details/image-processing-onramp/imageprocessing

MATLAB Functions

= When we generate a code from

Flight Control System

— We will NOT allow dynamic memory
allocation for variable sized arrays

= You'll need to specify upper

bounds for your local variables
In your MATLAB code

See the documentation

— Specify Upper Bounds for Variable-
Size Arrays

Flight Control System - Code Generation

flightControl Systam N
—— W AC emd 4
Actuators
Actuators
 Sansors
Flag

————— | Image Data
[xae00])
L8 /

Flight Cantrol System

assert(MUM_LINES <= 50);

tf is line = false(1, NUM LINES);
count of lines = @;
for kk = 1:NUM _LINES

ABS_tmp_deg = abs(theta(kk));

if( ABS tmp deg < 998 )
count of lines = 1 + count of lines;
tf 1s line(kk) = true;
end
end

4\ MathWorks

44


https://www.mathworks.com/help/simulink/ug/variable-size-data-when-dynamic-memory-allocation-is-disabled.html

4\ MathWorks
Mission Planning with Finite State Machines

= Decision logic within Simulink models
— Is handled by a Simulink library called Stateflow

= Stateflow

— Finite state machines can be implemented using
a graphical language

[IFTOFF ]
Vision-based Data / \
bh_ip_lines_|

P INP_ip_lines_BO after(5

double [1x4]
CMA_XyZYAW e o [CVID]
_ [1x4]

) — OTATE_TO_LOOK_FORWARD_AFTER_LIFTOFF
{ do double | L Goto1
3 3 VELOCITY CRUISE

after(1,sec)

P INP_circ_BUS tf_descending

OLLOW_TRACK ND_ON_CIRCLE
K j [MLF_BOX.LOC_found_circle()==true]
MISSION_CONTROLLER J L

MLF_BOX

sec)

. olean
tf_descending_to_circle

circ_BUS
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https://www.mathworks.com/help/stateflow/

4\ MathWorks

Stateflow

Go After 2 seconds

Front
- Stateflow

— Getting started After 3 seconds After 2 seconds
— Semantics

— Temporal Logic

— Execution of a Stateflow chart

— Reuse MATLAB code in your charts
— Access Bus Signals

GoFront W GoRight
. . . during: [after(2,sec)] during:
- Self-Paced Online Training Courses S J {ywooos; ]
— MATLAB Academy
= Stateflow Onramp T
[after(3,sec)] [after(2,sec)]

TakeOff
during: Land
x=0; during:
;2?11 [z=z+0.05; ]

f 6


https://www.mathworks.com/help/stateflow/getting-started.html
https://www.mathworks.com/help/stateflow/ug/what-do-semantics-mean-for-stateflow-charts.html
https://www.mathworks.com/help/stateflow/ug/using-temporal-logic-in-state-actions-and-transitions.html
https://www.mathworks.com/help/stateflow/ug/chart-during-actions.html
https://www.mathworks.com/help/stateflow/ug/matlab-functions-in-a-chart.html
https://www.mathworks.com/help/stateflow/ug/about-stateflow-structures.html
https://matlabacademy.mathworks.com/
https://matlabacademy.mathworks.com/details/stateflow-onramp/stateflow
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