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1. Overall Introduction

The RflySim Advanced version has been released for
free, which covers all experiments in this course. You
can also visit

2 . SOftW&I'e PaCkage InStallation to acquire RflySim advanced versions if there is demand.
3. Hardware Platform Configuration

4. Summary
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Overall Introduction

The experimental platform can be divided into two parts: the hardware platform
and the software platform. This lesson shall introduce the basic components of

cach platform and present the deployment procedure in detail.

Noteworthy: this lesson is mainly for independent readers or experimental course
teachers who need to deploy a code generation environment and prepare a platform
for practical flight experiments. If the experimental platform has already been

configured, readers can skip this chapter and directly start the experimental courses.
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Overall Introduction

[0 Hardware Platform

The hardware platform and the software platform are presented

on the right. The basic configuration requirements are:

* Operating System (OS): Windows 7 ~ 10 x64 system
Hardware system

 Processor: Intel 15 series or above

° Memory. 8G or abo\/e RFLYExpPspSoftwarePack > v | O 0 $8E"RFLYExpPspSoftware...

* QGraphics: discrete graphics, memory 2G or more —

» Storage: 30G available space (solid-state drives are S - . I
recommended) 1.ToolChainZip 2. FirmwareZip 3.PX4PSP 4.HILApps

* Interface: at least one USB Type-A ‘\

* Monitor: screen resolution 1080P or above P

PX4InstallScript readme.txt

~ - :Itﬂﬁﬂli-&{”—-*gﬁu T Jui
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Overall Introduction

[0 Hardware Platform

Airframe system

-

Because all control algorithms are

vehicle to perform flight tests, a

|
|
|
|
I
eventually deployed in a real aerial |
|
|
|

hardware platform must be prepared
for the basic flight test requirements. ~ -—-—-—-—-——=->—-————————

As shown 1n the right picture, the

experimental hardware platform

|
|
|
|
|
|
composed of five main parts. |

|

|

|

) ) ) |

recommended 1n this book i1s :
|

|

RC transmitter

RC receiver Ground control

computer

\
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[0 Hardware Platform

(1) Ground Computer

It 1s a high-performance Personal Computer
(PC) with an operating system that performs
two main tasks.

« Providing the software  operating
environment for the simulation software tools
to perform functions such as control algorithm
development, SIL simulation, automatic code
generation, and HIL simulation;

« Working as a ground control station in
outdoor flight tests to achieve functions such
as sensor calibration, parameter tuning, real-
time control, and communication.

Overall Introduction

Airframe system

-

Motor

ESC

Autopilot  GPS receiver

— e e— — e —— —— —— —— —— —— —— —— — — — — —

Ground control
computer
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Autopilot hardware system

Overall Introduction

Autopilot  GPS receiver
(2) Autopilot System (also called flight control system) |- ———— — — — —— — — —— _ _ 1

|
|
0 Hardware Platform i
|
|

* As the operating platform of control algorithms, it has many sensors and powerful computing
capability to estimate flight states and calculate the control signals for the propulsion system to
realize the flight control of multicopters.

* This lesson select a widely used open-source autopilot — Pixhawk as the development and
experimental autopilot system.

* Pixhawk 1s an independent open-hardware project that aims to provide standard readily-available,
high-quality, and low-cost autopilot hardware for education, amateurs, and developers.

* For different flight mission, performance, and cost requirements, the Pixhawk provides a series of
autopilot hardware products that highly promote the development of multicopters.
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Overall Introduction

I:I Hardware Platform

(3) Radio Control (RC) system Airframe system Propulsion system

It includes an RC transmitter, an RC receiver, and a
battery charger. The RC system i1s used to send
control commands from the pilot on the ground to
the autopilot system to realize remote flight control.

(4) Propulsion system

It includes a battery pack and several propellers,

Electronic Speed Controllers (ESCs), and motors.
The propulsion system is used to receive the Pulse
Width Modulation (PWM) control signals from the
autopilot system, and control the movement of a
multicopter with thrust and torque generated by the
rotation of the propellers and motors.

Autopilot  GPS receiver;  Ground control
________________ computer

\
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[0 Hardware Platform

(5) Airframe system

It includes a fuselage, landing gear, and
several arms. The airframe 1s used to
support the propulsion system and the
autopilot system and carry a payload; thus,
it 1s required to have excellent aerodynamic
performance and structural strength to
ensure that flight missions are successfully

and reliably accomplished.

\

Overall Introduction

Airframe system

Propulsion system

Motor

ESC
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Overall Introduction

[0 Software Platform
It 1s recommended to install all toolboxes. If

This platform supports all versions above MATLAB partial installation is selected, the toolboxes
2017b, the highest version is currently MATLAB 2021a necessary for this experiment include:

The recommended installation version is MATLAB

2017b MATLAB/Simulink
This lesson do not provide MATLAB installation Control System Toolbox
package or instructions. Please install it by yourself. Curve Fitting Toolbox

Aerospace Blockset
1 Aerospace Toolbox
M AT LA B MATLAB Coder
SI M ULINK Simulink Coder

Stateflow
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[0 Software Platform

This experimental platform relies on many
software tools to realize controller design, code
generation, autopilot code compilation, HIL
simulation, and other functions. The Simulation
Software Package published along with this book
has a one-click installation script. Readers can
click the script to finish all the installation and
configuration process of the required software
environment. The MATLAB/Simulink and the
Simulation Software Package comprise the
software platform, which contains the following.

\

Overall Introduction

Controller design and simulation

I |
I »
e oM |
| ‘ autopiot A |
|

| Simulink PSP PX4 firmware W%L/Msys2/ :
' ygwin |
I |

ration and firmware compiling @

toolbox source code

compiling tool

L

GC Ground Afrframe Propulsion Pixhawk
Q computer system system autopilot system RC system
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[0 Software Platform

(1) Pixhawk Support Package (PSP) Toolbox
It is a Simulink toolbox officially released by

Mathworks for controller design, code generation,

and firmware upload of the Pixhawk autopilot.
We have made some updates and optimizations
based on the official PSP toolbox to ensure
compatibility with the latest Pixhawk and
MATLAB versions.

\

Overall Introduction

Controller design and simulation

—_——_——————= —_—_,———ee—e—e— e T ———q EF— e —— —

EE ©

PX4 firmware WSL/Msys2/

source code Cygwm
compiling tool

Simulink PSP
toolbox

GC Ground Afrframe Propulsion Pixhawk
Q computer system system autopilot system RC system
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Overall Introduction

[0 Software Platform :9%“101@ designand simalagion ______ [ __________________ -
| MATLAB EF: | ;
(2) FlightGear — Flight Simulator i O A\IMULINK E FlightGear i

It is a popular open-source flight simulator that can be ----------- e et
_________________ rc compiing

used to easily observe the flight states of a simulated

F—_—_——_——_— = —_——_——_——q P ——_—— e — e —_——_———

|

. LT : . . P nisdm X @ |

aerial vehicle in Simulink by receiving flight data from i - Ag |

. . . Lo - WSL/Msys2/ |

Simulink via a User Datagram Protocol (UDP) i Simulitk PSP [ PX4 firmware o

interface. o
<

—_—_——— e e e e e L M = —_—_— e e _—

(3) PX4 Software — Source Code

PX4 1s an open-source flight control software system
that runs on the Pixhawk hardware platform. The
Pixhawk hardware + PX4 software constitutes an
integrated autopilot system, which is one of the most
widely-used autopilot systems for aerial vehicles.

2

QGC

Ground
computer

Pixhawk
autopilot system

GC Ground Afrframe Propulsion Pixhawk
Q computer system system autopilot system RC system
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Overall Introduction

[0 Software Platform

(4) PX4 Toolchain — Compiling Environment

It 1s used to compile the PX4 source code along with the
controller algorithms generated by the PSP toolbox into a
“px4” format firmware file. Then, the firmware file 1s
uploaded and burnt into the Pixhawk autopilot hardware
(similar to the process of reinstalling an operating system
on a PC). The control algorithm generated by the PSP
toolbox will automatically run after Pixhawk restarts.

(5) Eclipse C/C++ — Integrated Development
Environment (IDE)

It is used to read and modify the PX4 source code.
Eclipse C/C++ 1s a compact C/C++ IDE with functions
similar to those of Microsoft Visual Studio.

Controller design and simulation

____________________________________________

|

e (G2 | ©
| (=[] {=]=/{¥=]4 sVs
|

|

|

|

Simulink PSP PX4 firmware WSL/Msys2/

toolbox source code Cygwm
compiling tool

GC Ground Afrframe Propulsion Pixhawk
Q computer system system autopilot system RC system
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Overall Introduction

[0 Software Platform

(6) QGroundControl (QGC) — Ground Control Station

It 1s used to perform the pre-flight tasks (e.g., sensor
calibration and parameter tuning) for the Pixhawk autopilot
before the multicopter takes off. The QGC i1s also used to
receive the flight states and send the control commands of
the multicopter through wireless radio telemetry during
flight tests.

(7) CopterSim—Real-Time Motion Simulation Software

It 1s a real-time motion simulation software developed for
the Pixhawk/PX4 autopilot system. Readers can configure
multicopter models in CopterSim, and connect it to the
Pixhawk autopilot via the USB serial port to achieve indoor
HIL simulations.

Controller design and simulation

____________________________________________

—_—_,————e—_—e—_ e, T  EF—F e e —— —

' |
|

" @M
| (=[] {=]=/{¥=]4 sVs |
|

| |
' |
' |

Simulink PSP WSL/Msys2/

toolbox Cygwm
compiling tool

PX4 firmware
source code

Ground

Afrframe Propulsion Pixhawk
computer

system system autopilot system ~ RC system
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Overall Introduction

[0 Software Platform Controller designand simulation |

(8) 3DDisplay — 3D Visual Display Software ~ , ~ —/ " ==

It is a real-time 3D visual display software. [t ~ F=-==SSfomom st iontus®on oo cHemm m 2eome
receives the flight data of CopterSim through UDP | Py pixiawk @ i

to display the attitude and position of a multicopter e
in real-time. CopterSim and 3DDisplay together compiing tocl
constitute an integrated HIL simulation platform.

The distributed independent operation mechanism
of CopterSim and 3DDisplay provides future
compatibility for swarm simulations.

|

|

| Simulink PSP PX4 firmware
I toolbox source code

|

Ground Afrframe Propulsion Pixhawk
QGC p ;
computer system system autopilot system RC system
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O Installation Steps

Obtain the installation ISO 1mage file
“RFLY ExpPspSoftwarePack.iso” from our
website https://rflysim.com/download and
unzip it or mount it to a virtual drive folder.

Open MATLAB and click the “Browse
Folder” button as shown in the figure to

locate and enter the “‘current path” to the
“RFLY ExpPspSoftwarePack” directory.

Select the “PX4InstallScript.p” file, right-
click, and click the “Run” option in the pop-
up context menu. Note: Another method is to
enter the command “PX4InstallScript” in the
“Command Window” and press the Enter key.

Software Package Installation

4\ MATLAB R2017b

PLOTS

' MNew Variable o Analyze Code
g = L IE |

E {0} Preferences

S I;:?u: o7 J L. Find Files &

L. » Open Variable = &‘a Run and Time L—]J Set Path
MNew MNew New Open || Compare Import Save Simulink  Layout
Script Live Script - Data Workspace [/ Clear Workspace w |~ Clear Commands v - [m Parallel =

FILE VARIABLE CODE

Browse for folder button » RFLYExpPspSoftwarePack »
(@l Command Window

fx >>|PX4InstallScript|
Method 1: run command “PX4InstallScript”
in the Command Window

SIMULINK ENVIRONMENT

< & HfE|

Current Folder

Name

0.UbuntuWsL
1.ToolChainZip
2.FirmwareZip
3.PX4PSP
4. HILApps

‘Wl PX4InstallScript.
readme.txt

H F O OE O

Show Details
[ Run
Show in Explorer

F9] Method 2: click “Run” button in
the mouse right menu

2021/10/8
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Software Package Installat

O Installation Steps

4. In the pop-up configuration window shown in the picture,
select the required configuration according to the actual
hardware and software requirements (the default
configuration is recommended for beginners, where the
autopilot hardware is Pixhawk 1 [2MB Flash version,
board version 2.4.6 and above] with corresponding
compiling command px4fmu-v3 default, the PX4
firmware version i1s 1.7.3, and the installation directory 1s
C disk, which may occupy around 6G storage), and click
the “OK” button.

5. Wait patiently for the package to be successfully installed
and deployed, which may take around 30 minutes.

Note: The RflySim Basic Free version only provides PX4 1.7&1.8
, firmware + Msys2 toolchain, which is enough for all experiments in this
course. You can also visit to [.;E
acquire RflySim advanced versions if there is demand. 1 Gre

4. Toolbox one-key installation script — %

(1) Software package installation directory
C:\PX4PSP

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
prafmu-v2_default, == PX4-1.9 use format pxd4_fmu-vZ_default

px4fmu-v3 default

(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4
PX4-1.10.0)
1

(4) PX4 firmware compiling toolchain ©1: Win10WsL[suitable for all
versions]. 2: Msys2[suitable for == PX4-1.8]. 3: Cygwin[for >=PX4-1.8]
2

(5) Whether to reinstall PSP toolbox (yes or no)
yes

(6) Whether to reinstall the dependent software packages (FlightGear,
QGroundControl, CopterSim, etc. About 5 minites)

yes

(7) Whether to reinstall the selected compiling toolchain (about 5 minites)
yes

(8) Whether to reinstall the selected PX4 firmware source code (about 5
minites)

yes

(9) Whether to pre-compile the selected firmware with the selected command
(about 5 minites)

yes

(10) Whether to block the actuator cutputs in the PX4 fimrware code
yes

OK Cancel




Noteworthy:
1.

Software Package Installat
O Installation Steps

Antivirus software may prevent this script from generating
desktop shortcuts. If the script prompts that the shortcut
generation has failed, please close the antivirus software
(Windows 10 should also turn off the "Real-time protection”
option in the Settings page) and manually click the
“GenerateShortcutCMD.bat” script in the installation directory
(the default directory 1s C:\PX4PSP) to automatically generate all
the software shortcuts.

2) If the readers want to change the firmware configurations or
restore the compiling environment, just run the “PX4InstallScript”
command again and select the required options.

JCA AT AT IE BB 5
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4. Toolbox one-key installation script — %

(1) Software package installation directory
C:\PX4PSP

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
prafmu-v2_default, == PX4-1.9 use format pxd4_fmu-vZ_default

px4fmu-v3 default

(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4
PX4-1.10.0)
1

(4) PX4 firmware compiling toolchain ©1: Win10WsL[suitable for all
versions]. 2: Msys2[suitable for == PX4-1.8]. 3: Cygwin[for >=PX4-1.8]
2

(5) Whether to reinstall PSP toolbox (yes or no)

yes

(6) Whether to reinstall the dependent software packages (FlightGear,
QGroundControl, CopterSim, etc. About 5 minites)

yes

(7) Whether to reinstall the selected compiling toolchain (about 5 minites)
yes

(8) Whether to reinstall the selected PX4 firmware source code (about 5
minites)

yes

(9) Whether to pre-compile the selected firmware with the selected command
(about 5 minites)

yes

(10) Whether to block the actuator cutputs in the PX4 fimrware code
yes

OK Cancel




4. Toolbox one-key installation script — X

SOftware PaCkage Installa ié}:\iilm;ﬂsrspack.ageinstallatiﬂndirectﬂry

(2) PX4 firmware compiling command: firmware versions == PX4-1.8 use format
prdfmu-v2_ default, == PX4-1.9 use format pxd fmu-vZ2 default

D Advanced Settings pxdfinu-v3_default

1. Software package installation directory. All dependent files on the software package are installed in
this directory, which requires around 6G storage. The default installation directory 1s “C: \PX4PSP”. If
the C disk space 1s not sufficient, the readers should choose a directory in other disks; the directory
name must be correct with only letter and number to prevent compilation failures.

2. The default compiling command for PX4 is “px4fmu-v3 default”. By selecting this compiling
command, the compiling toolchain is automatically called to compile the PX4 source code to a
firmware file “px4fmu-v3 default.px4” after the PSP generates the controller code. Then, the file
“px4” 1s uploaded and burned to the supported hardware to realize the deployment of the control
algorithms. Different Pixhawk hardware products must select different PX4 firmware compiling
commands. Next picture shows some Pixhawk hardware products, where “px4fmu-v3 default” can be
used for three popular products: Pixhawk 1 (2MB Flash version), mRo Pixhawk, and Cube (Pixhawk
2). The command “px4mu-v2 default” corresponds to the most famous Pixhawk 1 (1MB Flash). PX4
also supports other hardware (for example, Intel Aero, Crazyfile, and so on). The corresponding

comgiling commands are listed in the next page.

Note: after installing the toolbox, if you want to change compiling command (e.g., px4-fmu-v5_default) for different Pixhawk hardware boards,
another feasible method is to input command in MATLAB: PX4CMD('px4-fmu-vS_default'), or use command : PX4CMD px4-fmu-vS_default




(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
prdfmu-vZ_ default; == PX4-1.9 use format pxd frmu-v2_ default

SOftware Package Inst px4finu-v3_default

1 :
¥y 139

0 Advanced Settings

* Pixhawk 1: px4fmu-v2 default
* Pixhawk 1 (2MB flash): px4fmu-v3 default
* Pixhawk 4: px4fmu-v5 default

* Pixracer: px4fmu-v4_default Pixhawk 1 (fmu-v2) mRo Pixhawk Cube/Pixhawk 2
* Pixhawk 3 Pro: px4fmu-v4pro default 2MB flash Version (fmu-v3) (fmu-v3)
 Pixhawk Mini: px4fmu-v3_ default o

* Pixhawk 2: px4fmu-v3 default

* mRo Pixhawk: px4fmu-v3 default
* HKPilot32: px4fmu-v2 default

* Pixfalcon: px4fmu-v2 default

Pixhawk 3 Pro Pixhawk 4 Pixhawk 4 Mini

* Dropix: px4fmu-v2 default
(fmu-v4) (fmu-v5) (fmu-v3)

* MindPX/MindRacer: mindpx-v2 default

* mRo X-2.1: auav-x21 default
* Crazyflie 2.0: crazyflie default

* Intel® Aero Ready to Fly Drone: aerofc-v1_default p ﬁﬁ Al ST EHWRA
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0 Advanced Settings

Method to find out the desired compiling
command for your Pixhawk:

1) Open QGroundControl (QGC) and
enter the “Setting” (Gear icon) -
“Firmware” Page;

2) Connect Pixhawk with a USB cable,
and the QGC will turn to the state in the
right figure, then click “OK” to update;

3) QGC will auto download the
desired .px4 firmware, so the compiling
command can be found in the download

link. For example, px4fmu-v3 default is
obtained for Pixhawk 1 (2Mb Flash).

f \

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
prdfmu-vZ_ default; == PX4-1.9 use format pxd frmu-v2_ default

SOftware Package Inst px4finu-v3_default

QGroundControl v3.4.3 — | x

File Widgets
l"__\ q
@) % 9 4 &
Vehicle Setup

Summary

De

ITq
3 .
M Firmvare O PX4 Flight Stack
@ ArduPilot Flight Stack

—_— . Advanced settings ——

Summary

Firmware - . . . .
OiroundContrel can upgrade the firmware on Pixhawk devices, 5iK Radios and PXd4 Flow
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(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4:
PX4-1.10.0)

Software Package Inst'

(4) PX4 firmware compiling toolchain (1: Win10WSL[suitable for all
versions]., 2: Msys?[suitable for <= PX4-1.8]. 3: Cygwin[for >=PX4-1 8]

0 Advanced Settings ’

3. PX4 firmware version. The version of the PX4 source code is updated constantly, and the latest
firmware version was 1.11 when this book was written. As the firmware version is upgraded, new
features may be introduced, and more new products will be supported, but the compatibility with
some old autopilot hardware will be affected. Because the Pixhawk 1 hardware selected in this
book is an old Pixhawk product with LED for better experimental observation effect, the older
PX4 firmware version 1.7.3 was selected with the compiling command “px4fmu-v3 default” to
achieve better-using effect.

4. PX4 firmware compiling toolchain. Because the compilation of PX4 source code depends on the
Linux compiling environment, the software package provides three sets of compiling toolchains
to realize the simulation of the Linux compiling environment under the Windows environment.

B WinlOWSL based on the Windows Subsystem for Linux (WSL);
B (b) Msys2Toolchain based on toolchain;
B (c) CygwinToolchain based on the toolchain.

A ETERRRA
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0 Advanced Settings

Example 1: if you are using the recommended Pixhawk 1
(2M flash, px4fmu-v3 firmware):

Configure the RflySim installation script and connect the
Pixhawk with RC receiver according to the figure at right

Use the recommended compiling command px4fmu-
v3 default

Use the recommended PX4 firmware version 1.7.3

Use the recommended compiling toolchain Msys?2

Pixhawk 1 has LED on the shell, so no external LED is

required.

< S A E T TEH
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Software Package Instal

4 Toolbox one-key installation script — X

(1) Software package installation directory
CAPX4PSP

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format !
prdfmu-v3 default; == PX4-1.9 use format pxd_fmu-v3 default
prdfmu-v3_default

(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4
PX4-1.10.2)
1

(4) PX4 firmware compiling toolchain (1: Win10W SL[suitable for all versions],
2: Msys2[suitable for <= PX4-1.8], 3: Cygwin[for >=PX4-1.8])
2




4 Toolbox one-key installation script — X

1 (1) Software package installation directory

Software Package Instal:>s

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
pxdfmu-v3_ default; == PX4-1.9 use format pxd fmu-v3_default

I:I Advanced Settings i

(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 4: PX4-1.102, 5:

. . _ PX4-1.11.3)
Example 2: if you are using the Pixhawk 4 hardware 2
(fmu-v5), you should adopt the configuration as shown in (4) PX4 firmware compiling toolchain (1: Win 10WSLisuitable for all versions],
. 2: Msys2[suitable for == PX4-1.8], 3: Cygwin[for ==PX4-1.8])
the figures at right: )

* Please select PX4 firmware >= 1.8.2 (PX4 1.10.2 1s
recommended), because it 1s known that PX4 1.7.3
cannot recognize the S.BUS RC, you may need a PPM
module to transfer RC signals.

« Use a GPS module with LED integrated, because
Pixhawk 4 has no LED on the body. Besides, the you
should use JST GH interface to connect RC receiver.

« Use compiling command px4fmu-v5_default

Note: You can use RflySim advanced platform to use PX4 1.12 to get
“* the best experience of Pixhawk4, because some Pixhawk with latest

LED chip may not work on PX4 1.8 i-'
" BUAA Reliable Flight




Software Package Installation

(2) Whether to reinstall P=P toolbox (yes or no)

0 Advanced Settings yes

Note that the CygwinToolchain only supports PX4 firmware with version 1.8 or above; the
Msys2Toolchain only supports PX4 firmware with version 1.8 or below. Both the CygwinToolchain
and the Msys2Toolchain support Windows 7 and above, which are easy to deploy, but the compiling
speed 1s slow. For Windows10 with version 1809 and above, readers can follow the tutorial in
“0.UbuntuWSL\Win10UbuntulnstallationStep.docx” to install an Ubuntu subsystem in Windows
and then choose the WinlOWSL. The WinlOWSL toolchain can greatly accelerate the compiling
speed and 1s compatible with all versions of PX4 firmware.

5.  Whether to reinstall the PSP Toolbox (yes or no). If this option is set to “yes”, the PSP
Toolbox is installed on MATLAB/Simulink. If the PSP toolbox has already been installed,
a new 1nstallation of the PSP Toolbox is performed. If this option is set to “no™, the script

does not do anything on the existing PSP toolbox (it will not uninstall the PSP toolbox or
carry out other actions).

A ETERRRA
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(6) Whether to reinstall the dependent software packages (FlightGGear,
QG roundControl, Coptersim, etc. About 5 minites)

Software Package ..

() Whether to reinstall the selected compiling toolchain (about 5 minites)

0 Advanced Settings yes

6. Whether to reinstall the dependent software packages. If this option 1s set to “yes”, software
tools (such as FlightGear, QGC, CopterSim, and 3DDisplay) are deployed to the selected

installation directory and shortcuts for them are generated on the desktop. The related drivers

for Pixhawk hardware are also installed. If the software tools have already been installed,
selecting “yes” will remove the old installation files and reinstall them. If this option 1s set to

“no”, then no change will be made.

7.  Whether to reinstall the selected compiling toolchain. If this option is set to “yes”, the selected
compiling toolchain (WinlOWSL, CygwinToolchain, or Msys2Toolchain) will be deployed to
the selected installation directory. If the toolchain already installed, the script will remove the
old toolchain files and reinstall it. In contrast, if this option 1s set to “no”, then no change will be

made.

A ETERRRA

BUAA Reliable Flight Control Group




(8) Whether to reinstall the selected PX4 firmware source code (about 5
minites)

yes

S Oftware P aCkage InStall‘j (9) Whether to pre-compile the selected firmware with the selected command
(about 5 minites)

yes

D Advanced Settings (10) Whether to block the actuator outputs in the PX4 fimrware code

yes

8. Whether to reinstall the selected PX4 firmware source code. If this option is set to “yes”, the
selected PX4 firmware source code will be deployed to the selected installation directory. If the
firmware files already exist, the old firmware folder will be deleted, and a new copy of the source
code will be deployed. If this option is set to “no”, then no change will be made.

9. Whether to pre-compile the selected firmware. If this option is set to “yes”, the PX4 source code
will be pre-compiled. This can greatly save the compiling time of the subsequent code generation
process; whether the compiling environment is installed properly can also be checked. If this
option is set to “no”, then no change will be made.

10. Whether to block the actuator outputs of the PX4 original controller. If this option is set to “yes”,
the control signals of the PX4 original controller will be blocked to prevent them from conflicting
with the generated controller in Simulink. This option must be set to “yes” for the simulations and
experiments in this book. If this option is set to “no”, the PX4 outputs will not be blocked, and this
mode can be used to test the PX4 original controller.
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Software Package Installation

[ Installation Completion

1) When the above one-key installation scripted 1s successfully executed, the shortcuts for the
core software tools will be generated in the RflyTools folder on the Desktop. according to the
specific compiler type selected by the user configuration, only one compiler shortcut,
Msys2Toolchain, CygwinToolchain and Win1OWSL, will appear.

> RflyTools v O 0O #ERilyTools"
Note: if you encounter any problem
during the installation process, please

%F 1) uninstall all antivirus programs or

T

completely close them in task

3DDisplay CopterSim eclipse FlightGear-F450 manager; 2) close Win10 system's
/i: Real-time protection; 3) run
J "4 HILApps\MSVCP_2019.07.20_X6
4.exe'" program to fix; 4) restart
Msys 2 QGroundContr computer and rerun the script.

Toolchain ol

\
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[ Installation Completion

2) As shown in right figure, the folders of all
software tools are stored in the selected installation
directory (the default is “C:\PX4PSP”).

Note that all the software tools are completely
portable and independent of the original software (e.g.,
official versions of QGC and FlightGear) on Windows.
The folder “Firmware” stores the PX4 source code.
The folder “examples” stores Simulink source code
examples of the PSP toolbox; the folder “drivers”
stores Pixhawk drivers. The folder “Python27” stores
a Python environment for automatic firmware upload.

L

3DDisplay

"

Firmware

& Software Package Installation

CopterSim

—_—

FlightGear
201e.1.2

-t ETEFRRE

BUAA Reliable Flight Control Group

drivers

—

PX4Msys2Toolc
hain

eclipse

Python27

U

examples

QGroundContr
ol



Software Package Installation

L Installation Completion  p———

L7, New Variable | & Analyze Code |E| E {:b)Preferences Eb \3} [ 4 Community

L. Open Variable + ,1_:-’9 Run and Time - l;r‘ Set Path i») Request Support

|/ Clear Workspace w |’ Clear Commands w Simulin Lay:)ut Im Parallel + A;:Id—v()nsl Hilp QLeam MATLAB
3) As shown in right figure, the installed PSP SWESWET | B et nda-one

’ ” 5s ‘ExpPspSoftwarePack »

toolbox can be found on the “Add-Ons” - 4 Wine B Manage Add-Ons
“Manage Add-Ons” page of MATLAB. On i B oo oo
this page, some management operations can

4\ Add-On Manager — O x
be performed for the PSP toolbox that A Onarager E—
includes disabling, uninstalling, and viewing Installed (90) Q
the installation directory. Note that the PSP Name Type Author | Inst.~

. : MathWorks
toolbox can be installed once for all the = PX4PSP version 3.0.4.351 Toolbox Enginaer 15 Marc...
. . L] Open Folder

MATLAB appllcatlons on a Computer whose :\Nmu WLAN System Toolbox version 1.4 dl%aglguiorks @ View Details
versions are higher than or equal to — R g View in Add-On Explorer

7Y 7 wavelet Toolbox version 4 19 4 MathWorks %4 =l

1 - Toolbox
MATLAB R2017b. . S

b R . . . ._ . _ . . MathWorks —

Note: From MATLAB 2021a, the PX4
:":mﬂ' i'&h‘- 1:§ *ﬂ ﬁﬁ;ﬁgﬂ PSP toolbox will no longer show in

BUAA Reliable Flight Control Group Add-Ons page, but this is OK.



I:I Installation Completion

4) As shown in right figure, the
readers can open any Simulink
file and click the
Library Brower” button to open
the Simulink library browser, and
then find the ‘“Pixhawk Target
Blocks™ library generated by the
PSP toolbox.

“Simulink

\

'“i px4demo_rgbled - Simulink

Software Package Installation

File Edit View Display Diagram Simulation Analysis Code Tools Help

-=-8 &5 { “Library Browser™ button o Nornal @~ &~
pxddemo_rgbled
© |[lp EESimu]ink Library Browser - O
& L= clock v|1°;g\ AR A R \'))
@ Pixhawk Target Blocks/Sensors and Actuators TOOl bOX blOC kh‘
Instrument Contrel Toolbox A
= LTE 11» 1
1 To
[CE] ch1p
7] 1bo
ﬁ ch2p
Blocl
ORR_Read
PSP toolbO\ block cnsp
library
S cha b
Events
AUX o
MagX [
MagY P
(7} U yarmoueu AT::i :
I o Y, P
»
Ready 106% FixedStepDiscrete
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ﬁ"f’h_{

4 L1, Mew Variable | & Analyze Code .*E‘a. E {0) Preferences Ebé '\?j (% Community
|_J Open Variable » L Run and Time - [~} Set Path iv" Request Support
’, j |-/ Clear Workspace w |”J Clear Commands iin Parallel » v w |-l Learn MATLAB
‘ Simulink  La y ut Add-{)ns Help
ExpPspSoftwarePack » Lﬁé Get Add-Ons
. . . Manage Add-Ons
I:I Installation Completion K / B
If the readers want to uninstall the simulation software s me I
package, they can carry out the following steps. etaten 0 GetAdd-Ons | Import
nstalle Q
1. Delete all the Desktop\RflyTools shortcuts; == o Author | Inst..
2. Delete all files and folders in the installation directory || € PX4PsPuesinsosss: Todbox g oS 15 Marc..
. L_ Open Folder
(the default 1s C:\PX4P SP), %mu WLAN System Toolbox version 14 < %ﬂg\i@ks @ View Details
c S . 09 R ¢y Viewin Add-On Explorer
3. In the “Management Additional Functions” page of 5 Wvetet Toolbox vrsn 41 o Ml -
MATLAB, click the “Uninstall” button to uninstall the | ____ S (@ uninstan
PSP toolbox. (if you failed to uninstall it, you can also
PX4PSP > v 15" PX4PSP
close MATLAB and then  delete  the " . g

[Documents \MATLAB\Add-Ons\Toolboxes\PX4PSP

folder to uninstall it, e.g., in MATLAB 2021a) jﬂ !

4. Restart MATLAB and enter "edit pathdef.m" to check Tk Sk e edieer  eaiTpli
and delete any possibly residual PX4 items " — - r

5. [Documents]\Ogre folder stores files such as serial . - ™ 4
number, you can keep them on your COInputGI'. C Firmware FlightGear PX4Msys2Toolc Python27 QGroundContr

Contrec 2016.1.2 hain ol



Software Package Installation

B FlightGear = a X CopterSim - O X

Y o File View Location Autopilot Environment Equipment Al elp = —— ) Frane T; ighs i i
— =— e Total Veigh Diagenel §:ze Altitude Erandlods’ = =
LS, : : E=—— op - CSHRREVGEUARS
1 u l e — == Sissater | 1.5 ke <50 w50 n Custen Desiga BUAA Relable FiightControl Group
- — - " = — , Hodsl: .
Proreller Brand

cccccccccccc
2312 K793)

1) Double-click the desktop shortcuts, which — = = A
include “FlightGear-F450”, “CopterSim”, L S e
“QGroundControl” and “3DDisplay”. Then,
check the software User Interface (UI) one
by one with right figure to confirm that each
software can operate correctly.

B Q9 |
a/_”—’ @@ vV .

8 ar
11111

Stop Sinalaticr Feszazt 3inulation

& itﬁ'faﬂh?‘ﬂﬁf%ﬁ

iF

3DDisplay CopterSim eclipse FlightGear-F450
SS
' S A R X s 4 ‘A »l—. e Yo .
Msys2Toolchai QGrounIdContr (C) QGI'OU.I]dCOIltI'Ol (d) 3DDlsp1ay
n o

— = LTS TSR E

BUAA Reliable Flight Control Group



Project Name

Firmware

Software Package Installation 25500

Languages

V¢ [v]Cc++

D Brief IntrOdHCtion tO Software Toolchain for Indexer Settings

GNU Autotools Toolchain

2) Double-click the desktop shortcut Victosoft Vsl
“EClipse” tO Open the EClipse SOftware, [] Show only available toolchains that support this platform

As shown in right figure, click “File” —

« 99 7 99 « 4 @ C/C++ - Eclipse = |
Import : o C/C++ o EXIStlng dit Source Refactor Navigate Search Pr e @ e — IW' p—
Code as Makefile Project” from the New AltsshifteN> | Select -
. . Open File... Creates a new Makefile project in ajdirectory containing existing code ==
menu bar of the Eclipse, and then click Cloee o
“next”. In the “Existing Code Location” =% cubeshiteM | sclectan mportsoure:
. . . Save Ctrl+5S
section of the pop-up window, click the Save As.. = coneral .
re All Ctrl+Shift+
“Browse” button to locate the sever R I e recutable
“Firmware” folder in the installation viove. ) /e Broject Sottings——
Rename... F2 -] Existing Code as Makefile Pro;\ct
directory (default is “C:\PX4PSP”), ¢ Refresh = e'evs
: . ’ Convert Line Delimiters To > = Git
then choose “Cross GCC” and click the print.. Cirl+p & Install
113 mEPI 2 Switch Workspace 5 = Remote Systems v
Finish” button. e
Note: Eclipse is only for reading and modifying source
code, not affecting normal operations of the whole "4 Export..
platform. If Eclipse can not operate properly in your *  Properties Alt+Enter ® B Finish Cancel
computer, you can use VS Code or other IDEs Exit




Software Package Installation

[J Brief Introduction to Software: -« cmsinsw ooy cine

3) After completing the above steps, as shown
in right figure, the source code and directory
structure of the “Firmware” can be found in
the “Project Explorer” window, where readers
can read the PX4 source code and try to
modify 1t. Readers can also view the PX4
developer documentation to clearly understand
the architecture and implementation principles
of the PX4 algorithms and deepen the
understanding of an actual flight control
system. Note that: a “Welcome” tab will cover
the content when readers first open Eclipse, it
must be closed manually.

# Binaries
H Archives
kil Includes

- - Tl - | »
[ Project Explorer 52 = g:?;| ¥ =08
~ % Firmware ~

= build_px4fmu-v2_default

= cmake

= Debug

= Documentation
= etc

= Images

= integrationtests
& launch

= mavlink

= misc

= msg

= NuttxX

= nuttx-configs
= posix-configs
= ROMFS

~ G SIC

= drivers
= examples
= firmware
= include

W

File Edit Source Refactor Navigate Search Project Run Window Help
Ci @]~ |@raivdv@r|H~0vQUr N |BS 5 |

gl me_pos_controel_main cpp 2

| Tasks 2

<

Copyright (c) 2013

* @file mc pos control main.cpp
* Multicopter position

* Original publication
* Daniel Mellinger and
* Int. Conf. on Robotics
* BRlso inspired by http
* The controller has tw
* output of wvelocity controller
* (i.e. rotation matrix for multicopt

* Controller doesn't us

* @author Anton Babushk

Console Froperties

Filter matched 100 of 403 items

<

Description

CIVR AT

lgl /Firmware/src/modules/mc_pos_control/mc_pos_control_main.cpp

uickAccess ]| o |[icices

=0 EoR ™
SR N

— 2016 PX4 Dein W

e
controller.
for the desire
Vijay Kumar. b
and Automati

s://pixhawk.o:

o loops: P loc
is tf

e Euler angle:

in <anton.babt

[T TR T T T TR TN O T (0 O

EEEEEE RS

W
> <

Resource

| DU P R

C/C++ Indexer: (62%)

= 8

px4_cor A
px4 def
px4 tasl
px4_pos
stdio.h
stdlib.h
string.h
unistd.h
fentl.h
errno.h
math.h
poll.h
function
drivers/
arch/bo

MDD fe
>

i —1 E
Path *
-

v

- ——

>

RG]

A E TR REA
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[ /mnt/d/PX4PSP/Firmware - O X

dream@daidai MSYs

|
Software Package Insta:: . . cwoome e o

CODE_OF_CONDUCT.md Firmware.sublime-project msg test

CONTRIBUTING.md integrationtests package.xm] test_data
ETestConfig.cmake %enkiﬂsfi1e Blg?ingifigs Tools
° ° ocumentation aunc -
O Brief Introduction to Software « === e
h m;Lé zle;n T
4) Double-click one of the three shortcuts “Win10WSL”, drean0daidai NS
b make px4fmu-v3_default |

-- PX4 VERSION: w1.8.2

“Msys2Toolchain” or “CygwinToolchain” on the desktop to - CONFIG: nuttx_pxdfinu-v3_default

-- Build Type: MinSizeRel
CMake Deprecation wWarning at /usr/share/cmake-3.13.2/Modules/CMakeForceCompiler.

pop up the command window interface shown in right figure = crake:69 (message):
The CMAKE_FORCE_C_COMPILER macro is deprecated. 1Instead just set
CMAKE_C_COMPILER and allow CMake to identify the compiler.

(the original UI has a pure black background, and the image call Stack (nost recent call Firse):

color has been reversed for reading). Because the compiling toolchains are essentially Linux emulation
software, the basic Linux commands (such as “Is”, “pwd”, and ‘“‘gcc --version”) can be tapped on the
command line. For readers who are unfamiliar with Linux operations, this compiling toolchain can also be
used as a Linux learning and practice tool. The most important function of this toolchain is to compile the
source code of PX4 and generate the “.px4” firmware file. As shown in the figure, “make clean” can be
tapped on the command line to clear the old compiling files, and the “make px4fmu-v3 default” command is
used to compile the source code to the firmware file “C:\PX4PSP\Firmware\build\px4fmu-
v3 default\px4fmu-v3 default.px4” for Pixhawk 1 (2MB flash). Because the PSP toolbox will automatically
call this compiling command after the code 1s generated, the readers do not need to know how to use it.
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[0 RC System Configuration

There are two RC system products presented in this book,
which are RadioLink AT9S and Futaba T14SG. RC transmitters
with “Left-hand throttle ( Mode 2)” configuration are selected
in this book, whose left stick is the throttle lever without the
auto-return function.The receivers of these RC systems have
the S.BUS output function that can transmit the PWM signals
of all channels to the flight control through one data line.

Radio Link AT9S is relatively inexpensive, and it i1s more
suitable for indoor experiments; Futaba T14SG is relatively
expensive, but it offers better performance and reliability,
which makes it suitable for actual outdoor flight tests.

The following subsections detail the configuration steps of the
two RC systems. Other RC systems can be configured in a
similar way.

< S IEmAETERMRA
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The preferred RC transmitter for this experiment is
the RadioLink AT9S RC transmitter and the matching !
RIDS receiver. The necessary accessories include: a e

battery (LiPo battery, 3S, 11.1V) and a matching
charger for powering RC transmitter; the JR cable Black-Red-

White
(also can be replaced by DuPont cable), used to .
Link mode

connect the receiver with Pixhawk autopilot;
MicroUSB data cable, used to connect Pixhawk

autopilot and computer.
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Hardware Platform Configuration

0 RC System Configuration (1) RadioLink AT9S

1) Battery and charger instructions

1. The left side of figure shows the battery and the
charger. The battery begins to charge when the four-
port charging head of the battery is inserted into the
socket on the charger. Red and green indicator colors
represent the “charging” and “fully charged” status,
respectively. The RC transmitter battery is installed
as follows. Open the battery slot on the back of the
RC transmitter and insert the two-line battery power
supply interface (red line for the battery positive (e
pole) into the battery power slot. Note: Unplug the
battery from the RC transmitter while charging.

Avoid using the RC transmitter while charging.

Charging indicator: green for full and red for charging

RC transmitter battery plug
Battery box on the back

[T

2713655 ATOS
R BRIBE T s
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Hardware Platform Configuration

0 RC System Configuration (1) RadioLink AT9S

1) Battery and charger instructions
2.

Charging indicator: green for full and red for charging

The battery installation method is as follows: RC transmitter battery plug

open the lower battery slot on the back of
the RC transmitter (push it down), and insert
the battery-powered head (red connector,
red and black wires corresponding to the
positive and negative electrodes) to the left
of the battery slot of the RC transmitter plug -
in the two port on the side, make sure the Charger

positive electrode (red wire) 1s facing up.

Battery box on the back

MIEIUNR AR

8112713655 AT9S
Y| ERIEE TR

Note: The charger is not a must. You can also use USB cable to
the micro-USB port of the RC transmitter to charge.

< kmAEUTERRRESA
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Hardware Platform Configuration

0 RC System Configuration (1) RadioLink AT9S

2) RC receiver initial setting

1.

Connect the RC receiver and the Pixhawk
according to the figure. The horizontal pin
on the downside of the tail face of the
receiver must be connected to the left-most
RC pin on the tail face of the Pixhawk
with a three-line JR line (pay attention to
the color direction), and the Pixhawk
MicroUSB port must be connected to the
computer USB Type-A interface to supply
power to the receiver and the Pixhawk.

The arrow
points to

C/ bck

Black-Red-
White

U:RadioLink T._.ul 12. av
¥: Model-001 [NORMAL]
0

[T 00:00.0

72 00:00.0 [y 5.0v |11

MT 00 02 [Bmoov] ||

= el Selection

Link mode
switch
button

; Return })

A\ mﬁmn DUAL snlinﬁ SPECTRUM Wheel

White-Red-BIa
Note: the arrows point to the increasing direction of PWM
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[0 RC System Configuration

U:RadioLink T.ul  12.3v
M: Hodel-001 [NORMAL]
0 0
n
1 1 “Return H{I1800:00:0 |
(1) RadioLink AT9S m oo |

2) RC receiver initial Setting Note: the arrows point to the increasin
2.

‘MMT 00 02 EXT: 0.0v
0 0

g direction o

How to rematch the RC transmitter with an RC receiver (the connection has been completed by
default, and this step needs to be performed only when problems occur in the connection of the
receiver and the transmitter). Turn on the power of the RC transmitter (all other RC transmitters
should be turned off), and correctly connect the receiver with the Pixhawk and the computer.
Then, press the matching switch on the right side of the receiver with a pen tip or needle (see the
right) for more than one second. At this time, the LED of the receiver starts to flash, which
indicates that it is searching for the nearest RC transmitter. When the receiver LED flashes seven
or eight times and then remains constant, it means that the matching process is finished and a
connection has been successfully established between the RC transmitter and receiver.

- LA EVTERMREA
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The arrow
points to

CH5 / back
’ i

[0 RC System Configuration

0
flT1 00:00.0

(1) RadioLink AT9S

{uT 00 02
0

2) RC receiver initial setting

3. S.BUS signal mode selection (the receiver is in this mode by default; thus, this step is
typically not performed). The S.BUS mode allows the Pixhawk to transmit all channel PWM
signals through one JR line. If the Pixhawk 1s powered up and connected to the receiver, the
LED on the receiver is blue-white, which indicates that it 1s already in S.BUS mode and no
setup 1s required. If the receiver LED 1is red, the readers need to double-press the matching
switch on the right side of the receiver (press twice within one second). If the receiver LED
turns blue-white, then the S.BUS mode has been successfully set.
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[0 RC System Configuration
(1) RadioLink AT9S
Method to check connection of RC system and Pixhawk

1. Connect the Pixhawk autopilot and the RC receiver
with a JR wire.

[
Return i)

Note: the arrows point to the increasing direction of PWM

CHS / back
’ o

The arrow
points to

U:Radiolink T.u 12 3v il
M: Nodel-001 [NORMAL]
0 0

flT1 00:00.0
HT2 00:00.0 r=sov Ml 4
{uT 00 02 ‘ _
0 Selection

T =T
\ HYBRID DUAL SPREAD SPECTRUM

2. Connect the Pixhawk autopilot with the computer

| QGroundControl v3.4.4

File Yidg

with a Micro USB cable.

Power on the RC transmitter, and open the QGC.

4. When the QGC has successfully connected the =~
Pixhawk, click the “Gear” button and then “Radio” —_—
button to enter Radio setting page

5. If the channels and slide bars can be observed on the
“Channel Monitor” of the figure, it means the RC .
receiver has been connected successfully. Otherwise, =

Vehicle Setup

(V)

Summary

@ &| A & g il é % Manual Disarmed

Radio Setup

Radio Setup is used to ca
well as determining

1ib:

Attitude Controls

t rate
whether they are rever

smitter. It also assign
sed.

your tran channels for Roll, Pitch, Yaw and Throttle vehicle control as

@ Vode 1 QO Mode 2

Roll ®
Pitch
Yaw L]
Throttle L]
Channel Monit
1 L]
2 L
3 L]
4 Y
Additional Radio setup: 5 (]
Spektrum Bind b s
7 L]
Copy Trims 8 [ ]
9 L]
AUX1 Passthrough RC channel: |[Unassigned = 10 °
11 ]

Elease reconﬁgure it.
~ItAMAE X Tr=mwrsa
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0 RC System Configuration (1) RadioLink AT9S

3) RC transmitter setting

1. Pull up the “POWER” switch to open the RC transmitter.

2 . Setting the Language and Turning off the Sound

e Press the “Mode” button on the RC transmitter for

several seconds to enter the model setting page.
e Roll the “Selection Wheel” on the RC transmitter

 move the cursor to “PARAMETER”, and press the
“OK” button on the RC transmitter to enter the RC
transmitter parameter setting page.

* Scroll the “Selection Wheel” to select the “English”
item

Hardware Platform Configuration

IMode '

CH5 / back
2%

The arrow
points to

ATOS

J T
Sheh: ~— L D ¢

RS

0 0]
< i ' ] ®
Return JHS§ i gy 1 ]%
HT2 00:00.0 w50v M Y

W7 00 02
0

0 _ L e Selection
HYBRID DUAL SPREAD SPECTRUM Wheel

[BASIC MENU] 4| | [PARAMETER]
< MULTIROTOR Model-001 > | [LANGUAGE :Fnglish TX-ALARM: 8. 6v
D /R, EXP TIMER STK—MODE: 2 RX-ALARM: 4. Ov
MODEL SEL. MOTOR CUT TRAINER || XY MODE:ON EXT-ALARM:11. 1v
WODEL TYPE LOGIC SH BACKLIGHT: 10 LockScreen?256 s
USER NAMPRadiolLink Sound:Sgg

END POINT  TRIM sprvo || o2

About us
SUB-TRIM F/s RECEIVE www. radiolink. com. cn
REVERSE AUX—CH SYSTEM Versions:vl. 2. 9s
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The arrow
points to

CH5 / back
’ ] ATO9S

_ S — | g =&
-‘ ! ‘ \Y

" P
N ioLi A

Hardware Platform Configuration

° ° ° Z P
O RC System Configuration (1) RadioLink AT9S [[/SSSN - g
- ‘_ | i
@,: / ’- l B -
) _ PN g
IM U:RadioLink T..ul 12 3v ﬁ“‘
3) RC transmitter setting , [5 i B (| el
. Y ’9 e %&g HTZ 00:00.0 Ry 5.0v | T 4
* click the “OK” button, and then Moo Emesdl] ST
. . B o srnsae svpormus Wheel
 scroll the “Selection Wheel” again to = F
select the desired display language
play languag [BASIC MENU] 48| | [PARAMETER]
* Then click the “OK” button to confirm < MULTIROTOR Nodel-001 > | |LANGUAGE :Fnglish TX-ALARM: 8. 6v
the selection D/R EXP  TIMER STK-MODE : 2 RX-ALARM: 4. Ov
, , RF-MODE :ON EXT-ALARM:11. 1v
¢ mOdlfy the “SOllnd” Optlon from “ON” HODEL. SEL. HOTOR CUT TRAINER BACKLIGHT: 10 LockScreen?56 s
9 s MODEL TYPE LOGIC SW L _
USER NAMERadiolLink Sound: ¥
to “OFF” by the same method D POINT  TRIN SERVO RadioLink  Sound: Uiy
About us
SUB-TRIM F/S RECEIVE

www. radiolink. com. cn
REVERSE AUX-CH SYSTER Versions:vl.2. 9s
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0 RC System Configuration (1) RadioLink AT9S

3) RC transmitter setting

3. Multicopter mode setting

Press the “Mode” button for several seconds to enter

the “BASIC MENU” page, and click the “MODEL
TYPE” item to enter the model type selection page
shown 1in right figure.

Change the “TYPE” item from “HELICOPTER” to
“MULTICOPTER”, and then press the “OK” button
for several seconds to set the control mode to
“Multicopter”.

Hardware Platform Configuration

CH5 / bck

The arrow
points to

CH6
’- ATSS n

g ; — Y=
S R ] Y\ 7

"N D)
. Radiolink _~ '

10LI
| B o Vi
¢ W O | S8 = )
= =1 WA i
3 S l
1) [ p— il

1

Mode | —
Ode U: RadioLi Ll 12. 3v N
= M: Model 001

0 0 !
i M X ] @]%
| [[T1 00:00.0 ]
Return ,“355 Il . =

HT2 00:00.0 w50v M

W7 00 02 .
o L e Selection

HYBRID DUAL SPREAD SPECTRUM Wheel

[BASIC MENU] [ D¥ODEL TYPE]
< MULTIROTOR Hodel—001 > PUSH 1 Second
™
PARAMETER D/R, EXP TIMER RESET :Execute
MODEL SEL. MOTOR CUT TRAINER TYPE :HELICOPTER |& (,/
MODEL TYPE LOGIC SW || ATLE-TR :ON \
END POINT  TRIM SERVO ATL: OFF
SUB-TRIM F/S RECEIVE (1/2/6)
ELEV-TR:ON
REVERSE AUX-CH SYSTEM
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° CHS/ bck CH6

Hardware Platform Configuration . —se==mn_o

O RC System Configuration (1) RadioLink AT9S (@SSR © (GRS

i @ o ‘- j "*:<

< il V1 |

4) Throttle channel reverse setting (T —3
e The throttle channel of the RadioLink !‘Remm s (}f ;ofoo.o oKE
transmitter is opposite to normal RC i 35'32' msadl]  NLA

mémn DUAL SPRI sp;uzu Wheel

transmitters, and the throttle channel reverse
needs to be set.

[BASIC MENU] 4| | (REVERSE]
(19 29
* Press the “Mode” button for several seconds to < MULTIROTOR Node1-00% > 1:AILE NOR
z » i i 2:ELEV NOR
epter the “REVERSE” setting page shown in PARAMETER D/REXE TIMER cipRo 2BV MR
right figure. HODEL SEL.  MOTOR CUT TRAINER .
T NOR :RUDD NOR
* Change the throttle channel from “NOR” to :
« y END POINT TRIM SERVO 6:AUX] NOR
REV™. SUB-TRIK  F/S RECEIVE CH9 : NOR 7:AUX2 NOR
REVERSH] AUX—CH SYSTEM CH10: NOR 8:AUX3 NOR
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5) CHS5-CH6 mode switching channel setting

Hardware Platform C| o

[0 RC System Configuration (1)K as

[Aux—CH]

1
VrA
¥VrC
:VrB
:5wB
CH10:5wA

€—Set in ATTITUDE

[ATTITUDE]

CH:CH5
—rate—
NORMAL : 0%

ATTI. : 50%
GPS :100%
HOVER : 25%
F/S : 75%
AUX : 50%

W3-

—posi-

(UP-UP)
(CT-UP)
(DN-UP)
(UP-DN)
(CT-DN)
(DN-DN)

SW2:NUL
—swt—
(ON )
(OFF )
(OFF )
(OFF )
(OFF )
(OFF )

Because of experimental requirements, CHS of the RC transmitter needs to be mapped to a three-
position switch in the upper left corner for mode switching of the Pixhawk.

Press the “Mode” button for several seconds, and click the “AUX-CH” item next to the

“REVERSE” item.

On the “AUX-CH” setting page, click the “CHS5” item to enter the channel setting page, and map
CHS5 to a three-position switch “SwE” on the RC transmitter (switch “E” is located in the top-left

corner of the RC transmitter.

Similarly, the “CH6” item must be modified to a three-position

switch “SwG” of the RC transmitter (switch “G” is located
in the upper-right corner of the RC transmitter in right figure.
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6) Channel confirmation

Restart the RC transmitter, and press the “Return” button (see right RS e > o8
figure) on the RC transmitter to enter the “SERVO” page. - EE® T Selection
« In this page, the PWM value of each channel can be verified by Channel Monitorin QG-
moving sticks and switches on the RC transmuitter. [SERVO] TEST: U _
1 2 3 456 7 8 910 . .

* Note that, as shown in right figure, the channel value reaches an
upper limit of 100 corresponding to the desired PWM value of 1100
(left position in Channel Monitor of QGC); the channel value
reaches the lower limit 100, corresponding to the desired output
PWM value of 1900 (right position in Channel Monitor of QGC).

Note that the actual PWM value range received by the RC receiver may not
equal to 1100 - 1900 due to various errors. For example, RadioLink AT9S
usually ranges from 1065 — 1933 (can be observed in QGC’s Setting —
Parameters — Radio Calibration page). So RC calibration is important for
autopilots to correctly recognize the control commands from the ground pilot. |

0 0100 0100 85100 3100100
- -1: -: :- :r :( T T ‘!' T Thanns-l Moni tor .

<+, 4 + 4 5 °
3
— L]
5
— 3
7
8
1




0 RC System Configuration (1) RadioLink AT9S

6) Channel confirmation

Move each channel stick in right figure to confirm that each channel
corresponds correctly to the following rules.

.

CHI1: this corresponds to the horizontal movement of the right-
hand stick of the RC transmitter. The right-hand stick moves from
left to right, corresponding to a PWM value that changes from 1100
to 1900 (QGC’s Channel Monitor moves from left to right).

CH2: this corresponds to the vertical movement of the right-hand
stick of the RC transmitter. The right-hand stick moves from top to
bottom, corresponding to a PWM value that changes from 1100 to
1900 (QGC’s Channel Monitor moves from left to right).

CH3: this corresponds to the vertical movement of the left-hand
stick of the RC transmitter. The left-hand stick moves from top to
bottom, corresponding to a PWM value that changes from 1900 to
1100 (opposite to CH2, right to left in QGC’s Channel Monitor).
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CH5 ~ back CH6

’- ATSS n

T —— y &

)
- Radiolink -

Radiolink
B o V|
. ! -":._‘ W | L= i ) M
= —~ ‘- &
i ———
1 y

IMode |
)

-l n

U:RadioLink T.ul 12 3v il
¥: Hodel-001 [NORMAL]

0 4] {
| n ! ] | ©KH
Return [ 00:00.0 § ]%'
[T2 00:00.0 [gx-s5.0v [l A

[|MT 00 02 _
0 Selection

R pp——— Wheel

Note: the arrows point to the increasing direction of PWM

Channel Monitor




0 RC System Configuration (1) RadioLink AT9S

6) Channel confirmation

4.

CH4: this corresponds to the horizontal movement of the left-hand
stick of the RC transmitter. The left-hand stick moves from left to
right, corresponding to a PWM value that changes from 1100 to 1900
(QGC’s Channel Monitor moves from left to right).

CHS5: this corresponds to the three-position switch on the upper-left
side of the RC transmitter. The switch moves from the top position
(the farthest position to the user), middle position, and bottom
position (the closest position to the user), corresponding to PWM
values of 1100, 1500, and 1900, respectively. (left to right in QGC)

CH6: this corresponds to the three-position switch on the upper-
right side of the RC transmitter. The switch moves to the top position
(the farthest position to the user), middle position, and bottom
position (the closest position to the user), corresponding PWM
values of 1100, 1500, and 1900, respectively. (left to right in QGC)
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The connection between the Futaba receiver and the Pixhawk
autopilot is slightly different from that of the RadioLink receiver.

momNIToR

2. The specific connection 1s shown in down figure. In the
following paragraphs, the setup process for the Futaba RC

transmitter 1s introduced. /

Plug in the left
RCIN port

Plug in the right
side USB port

SERLD SLE- FIH %5
MODEL SEL. FE'EF
r1HDEL iy FE FAIL H—l
S TEM  END PO
“ICTION  §SRUD (FFU

~_ Left-down »y
S.Bus port 111‘2

IQ,

/\lkdh
= AR RN

BUAA Reliable Flight Control Group

Black-red-
white

Note: the arrows point to the PWM increasing directions

\
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[0 RC System Configuration (2) Fut

The Futaba T14SG RC transmitter needs to use six
channels: the J1 stick (CH1, roll channel), J2 stick (CH2,
pitch channel), J3 stick (CH3, throttle channel), J4 stick
(CH4, yaw channel), SE three-position switch (upper-left
switch, CHS5 mode channel), and SG three-position switch
(upper-right switch, CH6 mode channel). The basic
process of setting the Futaba T14SG RC transmitter is
summarized as follows.

1. Double-click the “LINK” button on the RC transmitter
to enter the “LINKAGE MENU?” link setting page. Then,
enter the “MODEL TYPE” page and change the “TYPE”
to “MULTICOPTER”;
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LIMEAGE MEHL
SERMO
MODEL _SEL.

: SUB-TEIM

: REVERSE
FRIL SHEE
+ END FOINT
: SRVO SPEED

SYSTEM
FUMCTION

e

MODEL TYFE
- [MULTIROTOR]

|

——
(a) Model type for multicopter
L INKAGE MEHU e HC T I0H 179
SERVO : SUB-TRIM , CTRL TRIM
MODEL SEL. :REVERSE 1AIL J1 e
MODEL TYFE:FRIL SAFE 2ELE J2 T2
SYSTEM VEMD POINT ITHR _J3 T3
EREEGR SRY0 SPEED 4RUD  J4 T4
(b) Check channel definitions
L IHKAGE MEHNL I | <cveRSE R
SERMO } SUB—TRIM (AIL MORM: sALX1 HORM
MODEL SEL. o gt o A E.E.L..E-..H.’;'E.H' AL 2 HORM
MODEL TYPE: FAIL SAFE =THR =REC MORM
SYSTEM : EMD POINT 4RUD HORM: sAUX1 HORM
FUNCTION :SRVO SPEED

=MODE NORM: 1 @ALIKZ HORM

(c) Reverse throttle channel

LINKAGE MEHL 12 | gl <74

SERVO : SUB-TRIM CTRL TRIM

MODEL SEL. : REVERSE SMODE SA  —-

MODEL TYPE:FAIL SAFE 6AUXL SB -

SYSTEM _ :END POINT TRUKZ TSC

EIRE#NR SRVO SPEED | | 2REC SD - i
: -

(d) Mode switch channel selection



[0 RC System Configuration (2) Fut

2. Go back to the “LINKAGE MENU” page, and enter the
“FUNCTION” page to confirm the channel mapping is in
correct order J1 to J4 and T1 to T4;

3. Go back to the “LINKAGE MENU” page, and enter the
“REVERSE” page to confirm only the third channel
(throttle) 1s reversed;

4. Go back to the “LINKAGE MENU” page, and enter the
“FUNCTION?”, and scroll to the second page for the
setting of CHS to CHS. Then, set the “CTRL” option of
the “5S MODE” channel to “SE” stick (the upper-left stick
of the RC transmitter).

5. As 1n the previous step, set the “6 AUX1” channel to the
“SG” stick (the upper-right stick of the RC transmitter).
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LIMEAGE MEHL
SERMO
MODEL _SEL.

: SUB-TEIM

: REVERSE
FRIL SHEE
+ END FOINT
: SRVO SPEED

SYSTEM
FUMCTION

|

e

MODEL TYFE
- [MULTIROTOR]

——
(a) Model type for multicopter
L INKAGE MEHU e HC T I0H 179
SERVO : SUB-TRIM , CTRL TRIM
MODEL SEL. :REVERSE 1AIL J1 e
MODEL TYFE:FRIL SAFE 2ELE J2 T2
SYSTEM VEMD POINT ITHR _J3 T3
EREEGR SRY0 SPEED 4RUD  J4 T4
(b) Check channel definitions
L IHKAGE MEHNL I | <cveRSE R
SERMO } SUB—TRIM (AIL MORM: sALX1 HORM
MODEL SEL. o gt o A E.E.L..E-..H.’;'E.H' AL 2 HORM
MODEL TYPE: FAIL SAFE =THR =REC MORM
SYSTEM : EMD POINT 4RUD HORM: sAUX1 HORM
FUNCTION :SRVO SPEED

=MODE NORM: 1 @ALIKZ HORM

(c) Reverse throttle channel

LINKAGE MEHL 12 | gl <74

SERVO : SUB-TRIM CTRL TRIM

MODEL SEL. : REVERSE SMODE SA  —-

MODEL TYPE:FAIL SAFE 6AUXL SB -

SYSTEM _ :END POINT TRUKZ TSC

EIRE#NR SRVO SPEED | | 2REC SD - i
: -

(d) Mode switch channel selection



[0 Pixhawk Configuration

Several basic firmware uploading and configuration
operations are required for the brand-new Pixhawk to

Hardware Platform (&=

ensure that the Pixhawk autopilot meets the experimental @ & w 4 &

requirements and ensure that the operation and
configuration of Pixhawk are correct. The configuration

method 1s summarized below.
1. Open the QGC software.

@ aGroundControl v3.1.36g92r37 i(\nn - a X
Fle Widgets —
Summ ary
e Q6roundControl can upgrade the firmware on Pixhawk devices, SiK Radios and P¥4 Flow Smart Cameras
K11 QGroundControl connections to vehicles must be dizconnected prior to firmware upgrade.
Please wnplug your Pixhawk and/or Radio from USB.
Plug in your device via USB to start firmware upgrade.
Plug in your device via USB to start firmware upgrade.
73 29
Firmware” button
(a) Setting page
® aGroundControl v3.1.3 - a X
File  Widgets Firmware
configuration
Vehicle Setup FIRIWARE Cancel E

QGroundControl can upgrade the firmware on
#11 OGroundCentrol connectionz to weh:

FIRIVAEE window '\ |
Sammary

Pixhawk devices, SiK Radios and PX4 Flow Smart Cameras.

icles must be dizconnected prior to firmware upgrade.

Please unplug your Pixhawk and/or Radio from USB.
Plug in your device via USB to start firmware upgrade.

Plug in y ur device
Found device: Fixhawk
Connecte J. to bootloader

Version: 4
Board I]J 9

Flash size: 2080768

2. As shown in the figure on the right, click the “gear”

icon to enter the setting page; then, click the “Firmware”
tab to enter the firmware uploading page.

3. Connect the Pixhawk autopilot and the computer
using a USB cable. At this time, the software will
automatically recognize the Pixhawk hardware.

via USB to start firmware upgrade.

(b) Select “PX4 Flight Stack™ item

Dttcl?hlzl:ard‘f cu\slt
Fron the Eollowing Flight stecks:

—— B Advanced settings

Then, a firmware configuration window will pop up

on the right side of the UI. Select the “PX4 Flight

Stack™ item, and click “OK”; then, QGC begins to
automatically download and burn the latest PX4
firmware into the Pixhawk autopilot hardware.
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[0 Pixhawk Configuration

4. After the firmware is burned, the Pixhawk will

automatically restart and reconnect to the QGC software.

Then, as shown in figure on the right, enter the
“Airframe” tab, select “HIL Quadcopter X” airframe
type , and click the “Apply and Restart” button in the
upper-right corner. Then the autopilot will automatically
restart to finish the configuration for HIL simulation.

5. After rebooting, QGC will automatically reconnect to
Pixhawk. Check each configuration page to ensure that
the Pixhawk autopilot has been in the HIL simulation
mode.

Hardware Platform Configuration

B aGroundControl v3.1.3

- ] X

File Widgets

@“4&"!& *“g Marual

LCLNE LU LuERiEL

Vehicle Setup

Sunmary

Radio Generic Ockocopter + geometry

e imulation (FPlane)

HIlStar (XFlane)

Generie Tricopter ¥+ Geometry

VIOL Tiltrotor

= A e

Team Blacksheep Dizcovery

? e

Generic Tricopter Y- Geometry

Apply and Restart Cancel

Clicking “Apply” will save the
changes you have made to your airframe
configuration.

411 vehicle parameters other than
Radio Calibration will be reset.

Your vehicle will also be restarted in
order to complete the process.

-
Generic Quadrotor X config

Standard Plane

Bormatec Maja Sparkle Tech Ranger VIOL

~—

¥TOL Duo Tailsitter VIOL Quad Tailsitter

Caipiroshka Due Tailsitter
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[ Airframe Configuration

For the subsequent flight experiments, it is necessary to ensure that
the configuration of the multicopter is as close as possible to the
simulation model. The experiments presented in this book select the
most popular F450 multicopter with the following configuration:

1. Airframe: DJI Flame Wheel F450 airframe

2. Propulsion system: DJI E310 propulsion suite (four motors, four
ESCs, and four propellers)

3. Battery: GENS ACE LiPo 4000mAh-3S(11.1V)-25C
4. Autopilot: Pixhawk 1 (2M flash version), px4fmu-v3 default
5. GPS module: UBlox NEO-M8N GPS

6. Other accessories: power module, buzzer, safety switch, connector,
and anti-vibration damper

The assembling methods can refer to PX4 website https://docs.px4.10
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Resource

All course PPTs, videos, and source code will be released on our website

https://rflysim.com/en

For more detailed content, please refer to the textbook:
Quan Quan, Xunhua Dai, Shuai Wang. Multicopter Design and Control Practice. Springer, 2020

https://www.springer.com/us/book/9789811531378

If you encounter any problems, please post question at Github page
https://github.com/RflySim/RflyExpCode/issues

If you are interested 1n RflySim advanced platform and courses for rapid development
and testing of UAV Swarm/Vision/Al algorithms, please visit:

https://rflysim.com/en/4_Pro/Advanced.html
2021/10/8 ~ o jtmﬂi-&?iﬁﬁ]m%gﬁ 60
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