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O Platform Composition

(1) Simulink-based Controller Design and Simulation

Platform
B A high-fidelity nonlinear model
B Modular controller design
B A real-time 3D display for the flight status

B Automatic code generation and upload function

Controller design and simulation
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(2) HIL Simulation Platform

Experimental Platforms

HIL simulation

. CopterSim
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(a) CopterSim: real-time motion simulation software

(b) 3DDisplay: 3D visual display software
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(3) Pixhawk Autopilot System

1) Pixhawk Autopilot

2) RC transmitter and receiver

3) A microUSB cable

4) Ground Control Station (GCS)
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1) Airframe system

2) Propulion system / (S
3) External sensors

4) Test stand
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©2)) Experimental Platforms

O Platform Composition
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(5) Experimental Instruction Package
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Experimental Platforms

[ Platform Advantage

This experimental platform provides interfaces for multicopter controller design in
MATLAB/Simulink

Readers (beginners, students, or engineers) can develop a rapid design and verify the
control algorithms by SIL simulation.

Platform also provides a code generation function to generate Simulink controllers
to C/C++ code.

Platform also provides a HIL simulation platform for preliminary simulation tests on
a Pixhawk autopilot system that may help in eliminating potential problems that may
exist in flight tests.

After all the tests are completed, indoor and outdoor flight tests can be carried out by
assembling the Pixhawk autopilot onto a real multicopter hardware system. The
performance of the designed controllers can be evaluated through experimental tests.
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This book provides a high-fidelity simulation environment based on Simulink/FlightGear. The main

source code file is presented in “e0\1.SoftwareSimExps\CopterSim3DEnvironment.sIx”.

*a
» e0 > 1.SoftwareSimExps m:d ‘e o)
A
‘\ 1 “ %J Fliql}f ggg g*gh: Simulator
‘\ B~ BE
FlightGear Interface
4\ Multicopter Model
icon CopterSim3 DEnvironment.slx Init control.m .
Fig. SoftwareSimExps file diagram Fig. Simulink SIL simulation example
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T Fli htGez:I;terféce
D ContrOller | Controller Multicopter Model ¢
ot S - =~ As shown in left figure, this example shows a simple attitude
File Edit View Display Diagram Simulation Analysis Code Tools Help >
i 4 controller for pitch and roll angles. The controller receives
@ |[Fa]coptersimabinvizonment b BElcontrol systeal b 4. Motor Control M . .
o[ —— Signal Compuation — 5. owputinerices —— the control signals from the RC transmitter and controls the
| ph 0.001 . . . .
thetal A Q| [I” il wf multicopter to achieve the desired pitch and roll angles.
& P | ot e Gain
@ | ot ’EI _ e e .\ 1. The “Input Interfaces” module receives the RC transmitter
= A e signals and the multicopter state estimation signals
chl| Cp—+{doutie i Roll_Pitch AttitudeControl o .
ch2 | GO e ~ S auitede 2. The “RC Signal Process” module maps the five-channel
i I | N, - ontroller . . . .
S I signals of the RC transmitter to the desired roll and pitch
ehs | COI ot + | angle values.
[ . 1gnal LED
> . Input Interfaces rocess . .
ey - ... 3. The “Attitude Controller” module computes the desired
. force and torque values to control the multicopter to the
Fig. Internal structure of “Controller” subsystem desired attitude
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Controller Design and Simul
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e — - gnals (ranging )
| PTE | L™ motors
chl| Cp—+{doutie i Roll AttitudeControl o
2| CoptamT e T 3 At ™ 5. The “Output Interfaces” module fills the
oh3 . (((((( J Controller o ) ) )
chd | Ot gy on] remaining 4-dimensional control signals and
whs| QpfEETmm— e L .
| Inputlnterfaces  Process generates an 8-dimensional PWM signal (there are

eight PWM output ports on Pixhawk) ranging
Fig. Internal structure of “Controller” subsystem from 1000 to 2000
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O Multicopter Model

¥4, CopterSim3DEnvironment/Quadcopter Dynamics * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help
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FlightGear
Open Source Flight Simulator

T -

FlightGear Interface

‘ | . Multicopter Model

Controller

Ready 7% oded

1) Inputs: motor PWM controls

2) Outputs: flight state and sensor signals

B “Motor Model” module: it simulates the motor dynamics.

B “Force and Moment Model” module: it simulates all
external forces and moments acting on the body, such as
the propeller thrust, fuselage aerodynamics, gravity, and
ground supporting force.

B “Rigid Body Kinematics Model” module: it calculates the
vehicle kinematics of the multicopter, such as speed,
position, and attitude.

Fig. Internal structure of “Multicopter Model” subsystem
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O Multicopter Model

¥4, CopterSim3DEnvironment/Quadcopter Dynamics * - Simulink
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Open Source Flight Simulator

T

FlightGear Interface

Multicopter Model

Controller

“Environmental Model” module: it calculates the
environmental data, such as gravitational acceleration, air
density, wind disturbances, and geomagnetic field

“Fault Model” module: it 1s mainly used to inject model
uncertainties (related to mass and moment of inertia) as
well as faults.

“Battery Model” module: it simulates the discharge
process of the battery.

“Output Interface Model” module: it packs the output
signals 1n the desired format.

Fig. Internal structure of “Multicopter Model” subsystem
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FlightGear
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I FlightGear Interface

Multicopter Model

e Controller

1) Function

“FlightGear Interface” subsystem has three
input ports representing the multicopter position,
Euler angles, and motor PWM signals,
respectively. This subsystem sends multicopter
flight state information to FlightGear to observe
the flight attitude and trajectory of the

multicopter in a 3D scene.

ig. A quadcopter in FlightGear
S kA ETEHARRA

BUAA Reliable Flight Control Group




¥ CopterSim3DEnvironment * - Simulink
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File Edit View Display Diagram Simulation Analysis Code Tools Help

Controller Design and S* " °° L 3 R R TOT AO- M —

(a) Simulink “Run” button on MATLAB 2017b-2019a

1952

P4, CopterSim3DEnvironment - Simulink

. DEBUG MODELING FORMAT PS
O FlightGear Interface Forc @) w4y @ | mmelgle|b

S -
New E ave - Library . Signal Step Run Step
v & Print v  Browser TR T Table B@ Fast Restart Back ¥ A Forward

FILE LIBRARY PREPARE SIMULATE  R141m
Run

(b) Simulink “Run” button on MATLAB 2019b and above

Note: if FlightGear cannot display properly, you
2) Effect  can open 3DDisplay to observe the flight effect

1. Double-click the FlightGear-F450 shortcut on the
desktop to open FlightGear;

Code Tools

2. Click the “Run” button on the Simulink
toolbar to run the “CopterSim3DEnvironment.slx” file;

3. Then, the multicopter takes off vertically from the
ground. You can slide the slider modules in Simulink
to simulate control the roll, pitch, yaw, throttle

ig. A quadcopter in FlightGear channels of the controller with an RC system.

CH1_ROLL :Value CHZ_PITCH Value CH3_THROTTLR :Value CH4_YAW Nalue Ch3_MODE :Value

|IIII|IIIIIIIII|IIII|IIII|I| |IIII|IIII|IIII|IIII|IIII|I| IIIII|IIII|IIII|IIII|IIII|I| |IIII|IIII|IIII|IIII|IIII|I| |IIII|IIIIIIIII|IIII|IIII|I|
1100 1250 1400 1530 1700 190 1100 1250 1400 1330 1700 190 1100 1250 1400 1530 1700  190( 1100 1250 1400 1330 1700  190¢ 1100 1250 1400 1330 1700 190¢



The figure below shows the relationship among

PSP Toolbox

Pixhawk Pilot Support Package (PSP) Toolbox s a
Simulink toolbox officially released by Mathworks.

the PSP toolbox, the PX4 software, and the

This toolbox can use the Embedded Coder in Simulink

to automatically compile and deploy Simulink model

autopilot algorithms to Pixhawk hardware systems.

Pixhawk hardware.
rlz(“_s"_f“iari _________ — _ _ . Pixhawk Hardware
Kalman | Attitude | Position | Motor | :
Filter | Controller | Controller| Control | Upload

Simulink generated
px4 simulink app

g / Hardware

Interfaces

LED, PWM,

Firmware

etc.

COdel Generation Simulink Control

PSP | Toolbox Algorithm
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PSP Toolbox

[0 Main Functions

1. The toolbox can simulate and test different multicopter models and flight control algorithms in Simulink
and then automatically deploy the algorithms to the Pixhawk autopilot.
2. The toolbox provides many practical examples, including LED control, RC data process, and attitude

controller.
3. The toolbox provides many interface modules to access the Pixhawk hardware and software components.
4. It automatically records flight data from sensors, actuators, and controllers deployed by themselves.

5. It can subscribe and publish uORB topic messages. All messages in the PX4 autopilot software are
temporarily stored in a uUORB message pool. The subscription function can read topics of interest from the
message pool, and the publishing function can publish specific topics to the message pool for other

modules.
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PSP Toolbox

O Relationship with Pixhawk system

1. The structure of a Pixhawk autopilot system includes two parts: the Pixhawk hardware (similar to the
computer hardware) and the PX4 software (similar to operating system and applications on a computer).

2. The PX4 software system can be further divided into several small modules, which run independently in
parallel multi-thread. Each module exchanges data with other modules through uORB messages.

3. After the algorithm code 1s generated by the PSP toolbox, it is embedded into the PX4 software system.
This will not affect the operation of the native control modules in the PX4 software. Instead, a new

independent module named “px4 simulink app” will be created to run in parallel with other modules.

5. The native modules in the PX4 software may assess the same hardware outputs as the generated
“px4 simulink app” module, which may cause read and write conflicts. Therefore, in the one-key
installation script, the hardware output accessing codes of the PX4 native modules have to be blocked. This
will ensure that only the “px4 simulink app” module can send motor control signals.

A ETERRRA
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PX4 Software tosLot Pixhawk Hardware .

Kalman | Attitude Position Motor

PSP Toolbox

Filter | Controller | Controller| Control | ™ Upload

I
: / :Firmware 2
| Hardware L b
D : Interfaces :
Process to generate code | 2D, PWM, . |
: Simulink generated Code:Generation Simulink Control MATLAB
| px4_simulink_app [@=-rormsosoeoeoee PSP|Toolbox Algorithm @ SIMULINK

(a) The PSP toolbox generates the C/C++ code from the control algorithm designed in Simulink.

(b) The obtained algorithm code is 1mported into the PX4 source code to generate a
“px4 simulink app’ independent of other modules.

(c) The PSP toolbox calls the compiling toolchain (Winl0WSL, Msys2, or Cygwin) to compile all
the code into a “.px4” PX4 firmware file (similar to a software installation package).

(d) Upload the obtained firmware file to the Pixhawk hardware; then, the Pixhawk autopilot can
execute the PX4 software with the generated algorithm code.
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Message Bus

Px4_Simulink_app

¥

1952

)] PSP Toolbox

Position & Attitude
Estimator

1
N

Sensors

[0 Advanced extension features

Note: Another feasible way is to block the module in the
startup script “Firmware\ROMFS\px4fmu_common\init.d\rc¢S”

Position & Rate

Navigator Controller

Actuator

The generated Simulink code can also be used to replace some of the native modules (sensors, filters,
attitude controllers, etc.) of the PX4 software. However, the PX4 software code needs to be manually
modified to block the output interface of the corresponding native module. For example, if readers want to
use Simulink to replace the attitude filter module (input sensor data, output filtered attitude data) of the
PX4 software, they should manually block uORB publishing code of the “vehicle attitude” msg in the
“Position & Attitude Estimator’” module. The detailed steps are described next.

(a) Open the “Firmware\src\modules\ekf2\ekf2 main.cpp” file (corresponding to the code of the extended
Kalman filter module).

(b) Search the text “ att pub”, and comment out the lines containing “publish” and “att”, and replace
= them with “UNUSED(att);”. The UNUSED is used to suppress warning of “variable not used” of compiler.

(¢) Create a Simulink controller to publish “vehicle_attitude” message with “uORB Write”” PSP module.



O Simulink Pixhawk Target Blocks

E Simulink Library Browser

L= |pinprog

Pixhawk Target Blocks

Image Acquisition Toolbox ~
Instrument Control Toolbox
LTE HDL Toolbox
Model Predictive Control Toolbox
Neural Network Toolbox ADC and Serial
OPC Toolbox
Phased Array System Toolbox
w| Pixhawk Target Blocks
ADC and Serial
Miscellaneous Utility Blocks
sensors and Actuators
uORE Read and Write
Powertrain Blockset
Report Generator
RF Blockset
Robotics System Toolbox W

Sensors and Actuators

Miscellaneous Uti

Wk

— -

Pk e

lity Blocks

I~

u0ORB Read and Write

TimeStamp [

Currant

mAH P

battery measure

RunTimaTS

Magx
Mag'
MagZ
Accalx
Agoaly
Aceel?
GyroX {p)
Gyro (g}
GyraZ 1)

Bare

vV v WV WV W WV WV v W

sensor_combined

cnifp

N ARM Output

input_re PHM_output

EGE_LED

_ Roll jphi}p

3 Tune ID 75

bmm(mcm:>
b =~
L1 Yaw (psi) p

b

' Quatemnion

Speaker_Tune wehicle_attitude

wvehicle_gps

Fig. Simulink Pixhawk Target Blocks of PSP toolbox

\
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Fig. interfaces of Sensors and Actuators
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PSP Toolbox

O Simulink Pixhawk Target Blocks

¢l > 2.PSPOfficial Exps

i J : & @4\

ExternalMode  gge_tune_para SerialCommPro datalog A.bin pixhawk A.bjn Pixhawk Pilot S| px4_read_binar

Examples meter tocolExample upport Packag y filem
e.pdf
. ]
_— hi= = ‘ - e - = o . =
— a = o -
pxddemo ADC_ px4demo_attitu px4demo attitu px4demo_attitu pxddemo_fen ¢ pxddemo_gps.s pxd4demo Host
exampleslx ~ de _controlslx  de plant.slx  de_system.slx all uorb_examp Ix Serial TxRx.slx
leslx
= ! I . =k : = ’ S
px4demo_input px4demo_log.sl px4demo_mavli px4demo Para px4demo Para pxddemo read pxddemo rgble
_reslx X nk_re.slx  meter CSC_exa meterUpdate € uorb_example. d.slx
mpleslx  SC example.slx shx
| e
pxddemo_Seria  px4demo_tune. pxddemo write px4fimu-v3 def
| TxRx.slx shx _uorb_example. aultl.7.3Stable.
slx px4

Fig. Official examples and manuals for PSP toolbox

el
.l = M B
L]
1.Software  2.PSPOffici  3.DesignkE
SimExps alExps Xps

the PSP toolbox also provides many examples (see
folder “e0\2.PSPOfficialExps’) with an official manual
(see document
“e0\2.PSPOfficialExps\Pixhawk Pilot Support Packag
e.pdf” for details) for readers to be quickly familiar with

functions and usage methods of PSP toolbox.
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PSP Toolbox

1 Modules in PSP Toolbox

PWM output module: it is used to send
PWM signals to PX4IO ports to control the
motor. The PWM update frequency and the
number of output channels can be configured
in the setting box.

Block Parameters: PWM_output =
_FUWM (mask) {(link)

D ARM Qutput © 260H:

FHM_output ok | [ cancel ] [ Help ][ spply

Fig. PWM output module and its parameter

< kmAEUTERRRESA

BUAA Reliable Flight Control Group

RC input module: It i1s convenient to select RC
channels and other information to be used by
Simulink. The definition and application of each
option can be viewed by clicking the “help” button of
the box or by consulting the official PDF document.
The PSP toolbox also provides an example ( see file
“e0\2.PSPOfficialExps\px4demo input rc.slx) to
show how to use this module.

Ch1

Ch2

Ch3

Cha

Ch5

input_re

Block Parameters: input_rc

e |

P¥4_Input_RC (mask) (link)

Sample Time

Receiver Inputz from the Pixhawk hardware

Charnel Selection
Charmel 1 Charmel 2

Charnel 3 Char

nel 4

Channel 5[] Charnel 6

[] Charnel T[] Chan

nel §

Optional Outputs
[ Charnel Count
[T RC Failsafe

[ RC Imput Source

[ RasI
[[1RC Lost Connection

[ ok || cancel || Help |

4pply

Fig. RC input module and its parameter setting



PSP Toolbox

1 Modules in PSP Toolbox

Buzzer module: 1t 1s used when the buzzer is required
to make a warning sound. There is an example (see
file “PX4PSP\examples\px4demo_tune.slx”) for

detailed information.

Block Parameters: Speaker_Tune ' Ié]
P¥4_Play_Tune — Playz a predefined tune or one based on a “string” (mask)
}T o For Tone ID: uze one of the P¥4_TUNE_ENTM walue=z
une For Tone “String” input:
TUzed to play notes and a score. The tones are indicated by letters 4
through G.
Accidentals are indicated with a "+ or “#" (for sharp) or "-" (for flat)
) Tuna immediately after the note letter.
Examples:
CUSTOM_STARTUP_TUNE = *MFT240L804a06dc04a06dc04a06dcL]fdededede’
CUSTOM_EBATTEEY TUNE = “MENT265afafafafafafalafadalalalaladaldad’
A Trigger

-[ 0| [ cancel ][ Eelz | ADDh’J

Fig. Buzzer module and its parameter setting box

RGB LED module: this module can control the
blink mode and color of the LED on Pixhawk. The
module receives two inputs, namely “Mode” and
“Color” representing the mode and color of the LED.
The PSP toolbox provides an example (see file
“e0\2.PSPOfficialExps\px4demo rgbled.slx”) to
study this module.

Block Parameters: RGB_LE9_ @

| Ffd4_BGBLED - controlzs the mode and color of the Pizhawk REGE LED (mask)

Blocks has input for controlling the Mode and Color of the RGE LED
light on the pixhawk.

[0]:4 H Cancel ” Help Applyw

Fig. LED light module and its parameter setting box
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PSP Toolbox

1 Modules in PSP Toolbox

Sensor combination module: This module can access the
sensor data available in the Pixhawk autopilot, which
can then be used for controller design in Simulink.

Available

SCNSOr

data

include

magnetometers,
accelerometers, gyroscopes, barometers, and timestamps.

The PSP toolbox also provides an example (see file
“e0\2.PSPOfficialExps\px4demo_attitude system.slx™)

to study this

module.

ensor,
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Attitude data module: it provides an interface to

access the attitude estimate (Euler angles and

quaternion). The PSP toolbox also provides an
example (see file “e0\2.PSPOfficialExps\
px4demo attitude system.slx”) to study this module.

Roll (phi) pr
L e
L "‘-._ﬁ"-'\'-.
_.'l; |I H I-'I ..'.
I | IJ;.?:."; |';_'|1.|.";h [[hctﬂ?}
. 0
[z | 7t -["l"'-.
T e | .
€1
L, I'. / Quatemion
S,

wehicle_attitude

Block Parameters: vehicle_attitude

=

PE4 Vehicle Attitude (mask) (link)

Sample Time

Vehicle Attitude measurements from the Fizhawk hardware

Qutput 3ignal Selection

Foll

Fitch

Taw

Guaternion (NED)

[ ok || cancel ||

Help I Applw

Fig. Attitude data module and its parameter setting
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The PSP toolbox also provides an example (see

PSP TOOlb 0X file “e0\2.PSPOfficialExps\px4demo gps.slx”) to
study this module.

1 Modules in PSP Toolbox

Battery data module: it can be used to obtain the

GPS data module: it can be used to access the real-time status of the battery. It is implemented by
Pixhawk GPS data, which are achieved by subscribing subscribing to the uORB topic “battery status”.
to the uORB topic “vehicle gps”. Therefore, in Therefore, in practical operation, it 1s necessary to
practical operation, it 1s necessary to ensure that the ensure that the power module is inserted into the
GPS module is inserted into the Pixhawk hardware Pixhawk hardware and then works correctly.
ocC arameters.: Datie measure &\
and then works. | | i Pock Pororters Do =
i [Pa] Block Parameters: vehicle_gps = TimeStamp b -battery_Measurement
/_,—-:_.h-'-.____\;";*.hhm PR4_Vehicle GPS (mask) (link) . . . Returns I:fa't'tery meazurement s from Pixhawk hardware
/:‘E/&}r} :,\ﬂ\x ‘.': b Sl::;z:nl-\::ues from the GPS topic runming on the Pizhavk. ) Sample Time
ol W A T W 17250
[ | " i {,'!- :. I utpu‘t Selection Current [» Parameters
)<‘,{ }y\.,u?giu:u:r < [] Pasition Timestanp Voltage
’\, ._.-"'__i:x_'f_"'.ueir:r_:‘-.\ .'_-r_.i.' Mti“.‘de maH [ [[]Filtered Voltage
-1};:_.';-_ //"': _I\_fd X Sffz;z?:ﬂamp [¥] Current
\X’: h " [l Fix Type A
— [ Nunber of Satellites Time Stamp
wehicle_gps | [ ok J[ Cancel |[ Hela || tpely ) battery measure [ UK ] I Cancel I I Help ‘ 4pply
Fig. GPS data module and its parameter setting Fig. Battery data module and its parameter setting
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PSP Toolbox

In fact, almost all modules in PSP toolbox can be released by uORB module. We can use

1 Modules in PSP Toolbox

uORB modules. These modules, presented in left figure, are used to read or write uUORB messages from the
PX4 autopilot software. All the uORB message topics supported by the PX4 autopilot are listed in the
directory “Firmware\msg” of the software package installation directory (the default directory 1s

“C:\PX4PSP”). Double-click the “uORB Write” module in the lower-left figure, then the obtained

uORB module to access and publish all data in Pixhawk/PX4, which can help us achieve
more complex functions. Please see https://dev.px4.io/master/en/middleware/uorb.html

parameter setting box of the “uORB Write” module is presented in lower-right figure where the uORB topic
name and the message variables to be sent can be configured.

Function Trigger
Topic ID: UNDEFINED P

u0RB Read Asvne

uORB Read - Function Trigger:
‘differential_pressure'

~

uORB Read Function—Call Trigger

Nlat

Ton' uORB Write
Topic: 'vehicle_gps_position’

b4

N timestamp_time'

Mtimestamp

UuORB Write
Topic: battery_status

Mvoltage_v

uORB Write

uORB Write Advanced

Y timestamp

UORE Write_dai
Topic: battery_status

Nvoltage_v

uORB Write Advanced dai

Fig. uORB
read &
write

modules
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uORB Parameter Names

Block Parameters: uORB Write
S-Function (mask) (1link)
uORB Write Output Block

Publishes to a user provided named tropic structure.

Open .msg file

uORB Topid | vehicle pps position’ |

Number of Outputs 3

and Data Type

Open .msg folder

Input Struct param :

[lat I [ints2 <]
Input Struct param :
[ 1on’ 3] [int32 7]
Input Struct param :
[ timestamp_time’ |3 [double -

> Number of Elements l:l :
of Elements I:l H

> Number

> Number of Elements l:l :

[ Input Struct param :
[] Input Struct param :

Sample Time (-1 inherited) |—1

0K Cancel Help Apply

Fig. “uORB
Write”
module

parameter

setting box




Block Parameters: uORB Write
S-Function (mask) (link)

PSP T ll uORB Write Output Block
OO OX Publishes to a user provided named trgpic strycturs

uORB Topic |" vehicle gps position’ H Open .msg file || Open .msg folder

1 Modules in PSP Toolbox

Clicking the “Open .msg file” button in upper-right figure yields the content of the select “.msg”
file (see the lower-left figure), and clicking the “Open .msg folder” button yields the list of all
supported uUORB messages (See the lower-right figure).

Mj' D:\PX4PSP\Firmware\msg\vehicle gps_position.msg S—Function (mask) (Link)
uORB Write Output Block
o N y N Publishes to a user provided named tropic structure.
1 GPS position in WGS84 coordinates. uORB Topic "vehicle gps_position’ |} Open .msg file
2 # the auto-generated field 'timestamp’ is for the position & velocity (microseconds) Number of
["a] Open x|
- 5 . . =
3 int32 lat # Latitude in 1E-7 degrees T Feeans. . s s 5 5
R R R - “« » Firmware > msg ~ 23 "msg"
4 int32 lon # Longitude in 1E-7 degrees =] Input S
. . . cqqs Organize  New Fold =- m @
5 int32 alt # Altitude in 1E-3 meters above MSL, (millimetres) Tar roanize - Rew Foider R
. . . . . . . . Caal EFR e EH ESid] F
6 int32 alt_ellipsoid # Altitude in 1E-3 meters bove Ellipsoid, (millimetres) B Imput 5| Quick access
v ros 2019/7/1012:21  Zfgse
i lon & OneDrive - Pers templates 2019/7/1012:21  SrisE
8 float32 s_variance_m_s # GPS speed accuracy estimate, (metres/sec) = This PC Lools 20197101221 SR
Input § | | actuator_armed.msg 2019/3/1119:03  Outlook TIE
8 float32 c_variance_rad # GPS course accuracy estimate, (radians) [ tinestad & Network T actuator_controls.msg 2019/3/1119:03  Outlook TS
1mestan
10 uint8 fix_type # 0-1: no fixz, 2: 2D fix, 3: 3D fix, 4: RTCM code differential, 5: Rea — -~ actuator directmsg 2OTOR/TI902 - Outloak A ¥
nput < D - o 3>
11 [ Input S ‘
. . File Name (N): |actuator_armed.msg ~ (*.msg) w2
12 float3Z eph # GPS horizental positicn accuracy (metres) Sample Tind open O]
. . Open (O) Cancel
13 float32 epv # GPS vertical position accuracy (metres)
0K [T Cancel [ Help | Apply

Fig. uUORB message file Fig. Pop-up window of “Open .msg folder” button
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There are two modules for “uORB Write” operation to
PSP Toolbox g

choose. The suffix “ dai” allows sending extended

D MOdllleS ill PSP TO Olb 0X messages (such as actuator controls 0) based on a

uORB message base class (such as actuator controls).

All modules (PWM output, RGB LED, etc.)

mentioned in this section are implemented at the E— -
underlying code by reading and writing uORB UORS Message:  scustor corrs Aoy s reaee | R
messages. Theoretically, by using the “uORB Read

and Write” modules, all messages and intermediate T A

variables used in the PX4 autopilot can be accessed z:;jj‘m”—sam"'e prr

by Simulink. This simplifies the implementation of

. . (a) uORB Write Advanced module. uORB MsgID is the name of “.msg” file.
more advanced functions for controller design. The

4. uORB Write Block — O
PSP toolbox also provides two examples (see file
“e()\z .PSPOfﬁCialExp S\px4demo_fcn_call_uorb_e UORB Message: actuator controls Apply Select .msg file Open .msg file
xample.slx”, and file “e0\2.PSPOfficialExps\ e weiis
. 09 . Struct Field Dimensions| DataType| Enable

px4demo write uorb example.slx) to study this 1 fimestamp T double v [J

timestamp_sample 1 double ~ [
mOdule‘ Contml 8single ~

(b) uORB Write Advanced dai module. uORB MsgID can be set different from the

LA E 111z mwi en name of the *.msg” file.
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PSP Toolbox

1 Modules in PSP Toolbox

e0 » 2.PSPOfficialExps >

L]

e 4

mple.skx | SC_exam...

'

"‘\ "\ PDF

px4demo_ | px4demo_ pxddemo_
Parameter Parameter Serial TxR ADC exam
_CSC exa = Update C x.slx

Pixhawk Pi datalog A. pixhawk A
lot_Suppo bin .bin
rt_Packag

e.pdf

For the sake of convenience for controller parameter tuning in flight tests, the PSP Toolbox also provides
interfaces to access the PX4 internal parameters. In this way, the parameters of the controller generated by
Simulink can be tuned online in the GCS software, instead of modifying the controller parameters in
Simulink, generating code, and uploading the firmware file again. An example of how to access the PX4
internal parameters is presented in file “e0\2.PSPOfficialExps\px4demo Parameter CSC example.slx™.

X

Model Properties: pxddemo_Parameter CSC_example

\ h 4
e

CAL_GYROO_XSCALE

Gyro X-axis scaling —J

\ el GyroX (p) Gyro X-axis offset

\ A
e

CAL_GYROO_YSCALE

Gyro Y-axis scaling —

PostSaveFen
CAL_GYROO_YOFF > - CloseFcen

Gyro Y-axis offset

PreSaveFcn

CAL_GYROO_ZSCALE

Gyro Z-axis scaling e —

N
CAL_GYROO_ZOFF [ >+

Gyro Z-axis offset

X
— Main Callbacks History Description Data
L B Model callbacks Model initialization function
r Preloadfen CAL_GYROO_XSCALE = Pixhawl CSC.Parameter( {single(1), 'CAL GYROO XSCALE'] )
CAL_GYROO_XOFF - ]’<‘$1]:<‘?\d] cn CAL_GYROO_YSCALE = Pixhawk CSC.Parameter( {single(l), ’CAL_GYROO_YSCALE'] )
S InitFen* CAL GYROO 7SCALE = Pixhawk CSC.Parameter( {single(1), ’CAL GYRDO ZSCALE }
StartFen
Pauselcn CAL_GYROOD_XOF! ixhawlk CSC. Parameter( {single(0}, 'CAL GYROO XOFF'| )
ContinueFcn CAL_GYROO_YOF i xhawk_CSC. Parameter ( [single(0), 'CAL_GYROO_YOFF | )
StopFen CAL_GYROO_ZOF] ixhawlk CSC. Parameter( {single(0}, 'CAL GYROO ZOFF'| )

Cancel Help
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PSP Toolbox

1 Modules in PSP Toolbox

e0 » 2.PSPOfficialExps >

L]

e 4

"‘\ “\ PDF

px4demo_ | px4demo_  pxd4demo_ pxddemo_  Pixhawk Pi
Parameter Parameter Serial TxR ADC exam lot Suppo
_CSC exa = Update C x.slx ple.slx rt_Packag
mple.skx | SC_exam... e.pdf

'

datalog A. pixhawk A
bin

.bin

PX4 internal parameter access 1s realized by using the function “Pixhawk CSC.Parameter( {*, *})”, which
needs to be called in the Simulink 1nitialization function ( click “Simple” - “Model Properties” - “Callbacks” -
“InitFcn” in the Stmulink menu bar). For the examples shown in the lower-left figure, the corresponding
parameter 1nitialization script is shown in the figure on the lower right.

Model Properties: pxddemo_Par:

ameter_CSC_example

Description Data

d — Main  Callbacks = History
' Model callbacks
CAL GYROO_XSCALE|—»| = r PreLoadFen
- CAL_GYROO_XOFF - PostLoadFen
T Gyro X-axis scaling (S - L InitFenk
\ GyroX (p) Gyro X-axis offset StartFen
PauseFcn
e R R ContinueFen
s StopFen
4 S
i - PreSaveFcn
. [ PostSaveFen
CAL_GYROO_YSCALE v CAL_GYROO_YOFF > - CloseFcn
Gyro Y-axis scaling e Gyro Y-axis offset B

CAL_GYROO_ZSCALE

Gyro Z-axis scaling Gyro Z-axi

CAL_GYROO_ZOFF

s offset

Model initialization function:

CAL_GYROO_ZSCALE = Pi

CAL_GYROO_XOF ixhawk CSC. Parameter (

CAL_GYROO_ZOF ixhawk CSC. Parameter (

i

CAL_GYROO XSCALE = Pixhawk CSC.Parameter( {single(1), ~CAL GYROO XSCALE’
CAL_GYROO_YSCALE = Pixhawk CSC.Parameter( {single(1), ’CAL_GYROO_YSCALE)
xhawlk CSC. Parameter ( {single(1), ~CAL GYROO ZSCALE

F=r [single(0), 'CAL GYROO XOFF
CAL_GYROO_YOFF = Pixhawk_CSC. Parameter( [single(0), ’CAL_GYROO_YOFF | )
F=r {single(0), 'CAL GYROO ZOFF’

)
)
)

Cancel

Help
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[0 Code-Generation Configuration |

1) Preparation of controller for code generation

PX4 PSP Demo - Attitude Control System

AAAAAAAAAA

he MathWorks, Inc.

O

I [

design a controller in Simulink and verify it
with SIL simulations

. Copy the verified controller to a Simulink file.

. Connect the input and output ports of the

controller subsystem with the input (e.g.,
combined sensor module and RC input module)
and output (e.g., PWM module and uORB
modules) interface modules in the PSP library

.An example of the obtained Simulink

controller file is presented in the figure on the
left. The example file is available in
“e0\2.PSPOfficialExps\px4demo_attitude syst

Fig. Example of Simulink controller connecting with PSP modules em.slx”.
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PSP Toolbox

[0 Code-Generation Configuration

2) Select target hardware

The new created Simulink file must be configured to support the code generation function of the PSP toolbox.
Simulink setting panel can be opened by clicking “setting” button in the Simulink menu bar. Then, go to the “Hardware
Implementation” tab and select the “Pixhawk PX4” item in the pull-down menu of the “Hardware board” option.

¥4 CopterSim2DEnvironment - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools

% - 8

CopterSim3DEnvironment

e -

Settings

ERME =R YN

(a) Simulink “Settings” button on MATLAB 2017b~2019a

1, CopterSim3DEnvironment - Simulink

SIMULATION DEBUG

w \{ Find ~

Model L3 Compare

Advisor = 1H Environment -
EVALUATE & MANAGE
Code

(b) Simulink “Settings” button on MATLAB 2019b and above

Fig. Simulink “Settings” button for different
MATLAB versions

T
%) — D
Y ©
Model Data Model Schedule M Model
Editor Explorer Editor Settings v
DESIGN Settings —serup

L

& Configuration Parameters: px4ddemo_write_uarb_example/Configuration (Active)

Q

Solver

Data Import/Export
» Optimization
» Diagnostics

Hardware board:] | Pixhawk PX4

Hardware Implementation

Model Referencing
Simulation Target
¥ Code Generation
Report
Comments
Symbols
Custom Code

Code Generation 1LIE2

P Device details

Hardware board settings

» Operating system/scheduler settings

» Target hardware resources

Fig. Select target hardware in setting panel
BUAA Reliable Flight Control Group

| Pixhawk PX4
Device vendor: A4 Robot Operating System (ROS)
Get Hardware Support Packages...



2.S0ft and hardware

[0 Code-Generation Configuration

3) Source code compilation and firmware generation & px4demo_attitude system - Simulink
File Edit| View |Display Diagram Simulation Analysis Code Tools Help

Model Dependency Viewer

_ 0 > @, Diagnostic Viewer \
“Diagnostics”

Click the “Build” button. Then, the code generation and Pzl ~ =y =3 Library Browser Ctrl+Shift+L Wy~ [r
eye .. Meodel Explorer v
compiling process can also be observed by clicking the pxddeno_all[g Variant Manager
“Diagnostics” button in Simulink. ® |[Pajpx (7] Simulink Project
4

¥4 pxddemo attitude system * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help % Requirements at This Level ' button
] = (]| ® ; bid (a) Simulink “Diagnostics” button on MATLAB 2017b~2019a
z-=3-3 - e > D | e _ o
, ¥4 px4demo attitude system * - Simulink
pxddemo attitude svstem Build
(a) Simulink “Build” button on MATLAB 2017b~2019a Al bt S Ll lELL
¥4 px4demo_attitude_system * - Simulink ' Jﬂ - _E ﬁ’ race Slgnal ﬂ Pause Time ':SE"::'
SIMULATION MODELING ) : i ) Commeﬂt Out - Adc E eakpoint -
& = T S22 Performance | Diagnostics | Information
H:.:i:;r::i . -| | Hardware corol |7 pronior MiTLAG | B Advisor - Overlays ¥  Output Values I ~ Breakpoints List
Settings Panel une ~ Workspace L
il & : i PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS

PREPARE RUN ON HARDWARE REVIEW RESULTS

(b) Simulink “Build” button on MATLAB 2019b and above
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2.S0ft and hardware

[0 Code-Generation Configuration

eq o E Diaanostic Viewer _ N % [a] code Generation Report -
4) Compiling process and results | *~*° ) T ] 6 ¥ tateh Cae
-G eE%- | - & : |
oxademo._input_rc } Contents Code Generation Report for
A successful compiling process in [5/8] Linking C static library o | Summery 'ox4demo_input_rc'
i - . . ”s . . src/modules/pxd_simulink_app/libmodules Subsystem - -
the “Diagnostic Viewer” dialog is px4_sinulink_app.a Report Model Information
- ) [6/8] Linking CXX executable Code Interface
ShOWIl m Flg (a), Where the nuttx_pxdfmu-v3_default.elf Report Author skuznick
[7/8] Generating px4fmu-v2.bin 0 - -
compiling progress is finished with (8/8] Creating Report et Modlied B i
F— . Report Model Version 1.48
the following text “Successfull 5 et sttt detaiie o e coce Tasking Mode MultiTasking
g y "### Finished calling CMAKE build process Metrics Report Confi . ) )  cod i
nerated all bina out uts” It can . Code onfiguration settings at time of code generation
ge ry p ‘ "#i## Done invoking postbuild tool." %‘w
also be observed in Fig. (b) that a ey generatsd s binary - Code Information
° outputs.”

e . Generated Code

COde Generation Report” C:\PX4PSP\examples\px4demo_input_rc_ert_r -=1 Main file -?-\a/i;?;np”e eretle

. twrexit /B @ t_main. ihlew
document will pop up after the fi5 Successful completion of build M dw:” bauca M Compable AT cortex
complhng process is ﬁnlshed procedure for model: pxddemo_input_rc o nf;me,m:fs:m." Type
| Build process completed successfully ‘ T
(a) Compilation progress (b) Code generation report
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4\ MATLAB R2019b
Analysis| Code Jools Help

C/C++ Code 4 HOME

I ® ma
PSP Toolbox U men » T
PLC Code | |2t L4 - 4 [QFind
Data Objects " — New  New  New Open |[|cCom,
External Mode Control Panel Script Live Script ™ hd
® . Simulink Code Inspector... «“ PX4Upload 7 FILE
O Code-Generation Configuration oo 4 g oo oo ows,
Polyspace b —
Current™™{)
DO Qualification Kit 4
IEC Certification Kit 4 Na...
: PX4 PSP: Upload code to Px4FMU 2DDis...
5) Upload PX4 firmware to Pixhawk hardware - Copte.. |
(a) Simulink “PX4Upload” button for (b) MATLAB “PX4Upload” command for
MATLAB 2017b~2019a MATLAB 2019b and above

CAWINDOWS\SYSTEM32\cmd.exe

Loaded firmware for 9,0, size: 879196 bytes, waiting for the bootloader...

If the board does not respond within 1-2 seconds, unplug and re-plug the USB connector.
PX4_SIM¥LIXK = None .
attenpting reboot on CON3... , 1. Use a USB cable td, connect the MicroUSB (on the
if the board does not respond, unplug and re-plug the USB connector.

attempting reboot on COM3... . .
if the board does not respond, unplug and re-plug the USB connector. PthaWk hardware) lth the USB port on the Computer.
attempting reboot on COMS3...

if the board does not respond, unplug and re-plug the USB connector.

d do, load / ) 1 .
2833348886%22308086188086 gg;f;}f%? gg\‘ggffff fEEEEEEE FEEEEEEE FELLLLET 66ed4T7ff £f73cclb cBad940c dbcb9£39 d6c20e06 95| 2. FOI' MATLAB 2017b'2019a, Clle “COde” = “PX4 PSP.

3d3ef £3073019 d035ab0d 3f60334e 10dda9f8 cdbOchbbd 42cde6b6 3ba3056f7 81532581 84ee3dab 23bc6340 8321be68 edd3b6c9 le3bsf]

?géi???eggfi’%?????f‘f‘???%E’%if‘f‘????C?%é????C??é???‘f‘oﬁiéﬁ‘f@?c??f%????Iffipi?ogiico podblazt TUTSHIRT Testient piasotze Upload code to Px4FMU?” on the Simulink menu bar,
ilt}I’pe: = . .
bid: 00000010 then the firmware will be automatically uploaded to the

coa: ZulH//9zzBXIrZQM28Wf0dbCDgh5UIPv8wewGdAlgw0,/ YDNOEN2p+M2wy71Czca206MF94FT JYGET j2mI 7x jQIMhvm jt01bhJH juPXF4H3syca+WiRYo
VEOu7vCHtolzlqLhApe8BnKXIm7GDuwDwwAbbGiZzdf9XHKQd1CSqZi4=

S Pixhawk autopilot; for MATLAB 2019b and above,
Erase : [ ] 100. 0% readers can input the “PX4Upload” in MATLAB.

Program: [ 1 100.0%
Verify : [ 1 100. 0% . . .
Reboos ing. 3. Sometimes, the Pixhawk autopilot has to be re-plugged

to start the firmware uploading process.
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Hardware components required by this book include an
RC transmitter, an RC receiver, a JR signal cable
(connecting the Pixhawk autopilot and the RC receiver),

MicroUSB
Cable to PC

a Pixhawk autopilot (Pixhawk 1 is recommended for
studying, and higher hardware versions are
recommended for outdoor flight tests), and a MicroUSB

cable (connecting the computer and the Pixhawk

.. ' I LD L Pixhawk
hardware for power supply and data transmission). | == fuoni

Left to Right:
White- red- black

‘, The left RCIN port.
Top to bottom:
Black-red-white

JR wire: red for
battery positive pole

\
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Throttle
: Channel
1. The RC transmitter used in this book should be Switch (CH3)

set to “Mode 1”. The throttle and yaw channels

are controlled by the left stick on the RC Yaw
transmitter, whereas the roll and pitch channels %IéaHngﬁl
are controlled by the right stick.

2. The roll, pitch, throttle, and yaw channels
correspond to the CH1 to CH4 of the RC
receiver respectively; the upper-left and upper-
right three-position switch corresponds to CHS

. . . . Throttle : control up-down movement
and CH6 for triggering the autopilot to switch pitch - control forward-backward

flight modes or enable other functions. Yaw : control vehicle head direction
Roll  : control left-right movement

< kmAEUTERRRESA
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Throttle

3. The throttle stick (CH3) and the pitch stick (CH2) moves ¢ . . Cléaﬁgel
from the bottom position to the top position, and the (CH5) @b
corresponding PWM value received by Pixhawk changes

from 1100 to 1900. S

4. The roll stick (CH1) and the yaw stick (CH4) move from (¢H%)
the left position to the right position, and the
corresponding PWM values change from 1100 to 1900.

5. The upper-left switch (CHS5) and the upper-right switch
(CH6) move from the top position (the farthest position
from the user), middle position, and bottom position (the Throttle : control up-down movement

I . Pitch : control forward-backward
closest position from the user), and the corresponding Vaw - control vehicle head direction

PWM values change from 1100, 1500, to 1900. Roll  : control left-right movement

< kmAEUTERRRESA
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1.

Pixhawk Hardware System

[0 Uploading Firmware through QGC

Open QGroundControl and do the following steps.

Click the “Settings” button (the gear icon on the
toolbar in the figure) to enter QGC setting page.

. Click the “Firmware” tab, and then connect the

Pixhawk hardware with a USB cable. QGC will
automatically detect the Pixhawk autopilot.
(Note: the subsequent operations are for
Pixhawk 1 hardware, so if you are using other
Pixhawks, just click “OK” button to download
and use the official firmware, and then you can
skip the following steps);

. Click the “Advanced settings” checkbox.
. Click on the “Standard Version (stable)” tab.

QGroundControl v3.4.4
File Widgets

%‘d{@&

—
Vehicle Setu

Summary

via USB to
2 : PX4 FMU V2
Cormmected to bootloader:
Version: 4
Eoard ID: 9
Flash size: 2080768

QGroundContr
0l

firmware upgrade.

6

prem—
Firmware Setup Cancel

Detected Pixhawk board. You can select
from the following flight stacks:

OGroundControl can upgrade the firmware on Fixhawk devices, SiE Radios O PX4 Flight Stack v1.8.2 Stable Releas

@ ArduPilot Flight Stack

— Advanced settings I 3

Select which version of the above
flight stack you would like to
install:

Standard Version (stable) -

Standard Version (stable)
Eeta Testing (heta)

Devel oper Build (master)
Custom firmware file...

A E TRERRA
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Pixhawk Hardware System

[0 Uploading Firmware through QGC

. Select the “Custom firmware file ..”
option in the pop-up menu.
. Click the “OK” button.

. Select file “\e0\2.PSPOfficialExps\
px4fmu-v3 default-1.7.3Stable.px4”
in the pop-up file selection window,
and click the “Open” button. Then,
QGC will upload and burn the

firmware into the Pixhawk hardware.

(Note: this firmware file is only for
Pixhawk 1 with 2M flash or Cube,
for other Pixhawk hardware please
download desired .px4 firmware at

QGroundControl v3.4.4

File Widgets

@ % %9

Select Firmware File

« v T » C>e0>2.PSPOfficialExps

Vehicle Setup Firmw

Summary

Organize  New Folder

ire #* Quick access
QG oumdl Q ¢

oo e 0 o @O
i 2
T
version] > ® ThisPC 9
f.;:zs . @ Network ExternalMode_  qgc_tune para SerialCommPro datalog_A.bin  pixhawk A.bin

px4fmu-v3_def
ault] .7.3Stable.

Examples meter tocol Example

px4

Fik Name (N): | px4fmu-v3 default1.7.3Stable.px4

Como ]

V| Firmware Files

(*px4 *bin *. ~

Cancel

Firmware Setup Cancel

-i'rom the following flight stacks:
O PX4 Flight Stack

@ ArduPilot Flight Stack

— M Advanced settings
Select which versio

n of the a
flight stack you would like to
install:

Custom firmware file...

A E TR REA
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https://github.com/PX4/Firmware/releases/tag/v1.7.0

] Pixhawk HIL Simulation Mode

1) Open the QGC software,
and connect the Pixhawk

autopilot with a USB cable.

After QGC  automatically
recognize the Pixhawk
autopilot and create a
connection  for  parameter

setting and data transmission,
the UI of QGC can be seen.

Pixhawk Hardware System

QGroundControl v3.4.4 O s
File Widgets
i+

% !'& @ &‘ A &; o il E ! Manual Disarmed

Vehicle Setup

4 Summary Airframe
r
. System 1D
Firmware Airframe type
Vehicle
Firmware Version
Airframe
Radio

Flight Modes

Power

Power

Battery Full
L Battery Empty
Safety Number of Cells
Tuning
Camera
Parameters

Simulation (Copter)
HIL Quadcopter X

[P =
=
= o
O ==

Radio [
Roll 1
Pitch 2
Yaw 4
Throttle 3
Auxl Disabled
Aux2 Disabled

Safety
Low Battery Failsafe Warning
RC Loss Failsafe Return mode
RC Loss Timeout 0.5 s
Data Link Loss Failsafe Disabled
RTL Climb To 30.0 m
RTL, Then Land immediately

Flight Modes

Mode switch

Flight Mode 1
Flight Mode 2
Flight Mode 3
Flight Mode 4
Flight Mode 5
Flight Mode 6

Camera

Trigger interface
Trigger mode

Setup required
Unassigned
Unassigned
Unassigned
Unassigned
Unassigned
Unassigned

Disable

A ETERRRA
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Pixhawk Hardware System

] Pixhawk HIL Simulation Mode

2) Click the “Airframe” tab (the third item) on the g oo .
QGC setting page to confirm that the “HIL G % % A B 4K b B st isem s
Quadcopter X airframe mode 1s selected by e [N i. ./'\ ‘ﬁ\
default. This setting 1s critical for subsequent HIL e [ T R
simulation. Otherwise, a manual setup will be . —
required. The method is : ?) (2] :

* Select the “HIL Quadcopter X airframe icon. - of¢

* Click the “Apply and Restart” button inthe &+ | I E— —

upper right corner of the UL Then, the autopilot .

will restart to make the new airframe available. : \( x %

* Wait for a few seconds; QGC will connect to the :
autopilot again and will check whether the

Generic Tricopter Y+ Geometry =+ Generic Tricopter Y- Geometry = Caipiroshka Duo Tailsitter - Quadrotor X Tailsitter

setting 1s correctly established.

-t ETEFRRE
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s » N

Throttle
Channel

[0 RC Configuration & Calibration

connect the Pixhawk autopilot and the RC

receiver.

‘ QGroundControl v3.4.4

File Widgets

@ E !‘s 4 &‘ A & g il E | Manual Disarmed

Vehicle Setup

connect the Pixhawk autopilot with the computer.

Next, turn on the RC transmitter, and open QGC

Radio Setup

Summary Radio Setup 1s used to calibrate your transmitter. It also
well as determining whether they are reversed
. e . 99 . - Attitude Controls
click the “Radio” item on the QGC setting page .
Pitch

Yaw [ ]

Move the sticks of the RC transmitter and

assign

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

@ Mode 1 Q Mode 2

ot

® L
observe the trend of channels 1-6 on the Channel =~ —
Monitor page on QGroundControl i .
The first and the fourth sliders in the figure on the b : i
right should move from left to right (the PWM |t [Gss E

AUX2 Passthrough RC channel: [Unassigned =

-t ETEFRRE

BUAA Reliable Flight Control Group

values change from 1100 to 1900).

11
12




[0 RC Configuration & Calibration

The third slider on the bottom-right region
should move from left to right (the PWM
value changes from 1100 to 1900).

If the above rules are not satisfied, it means
that the RC transmitter is not set correctly, so
the RC transmitter should be re-configured.

If the RC is configured correctly, click the
“Calibrate” button and complete the RC
calibration by moving the sticks according to
the instructions on QGC.

Throttle
Channel

Safety
Tuning
Additional Radio setup:
Canera Spektrum Bind
I; meter Copy Trims

AUX1 Passthrough RC channel: [Unassigned =

AUX2 Passthrough RC channel: [Unassigned =

LA E R TERNRRA
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‘ QGroundControl v3.4.4 O x
File Widgets
% 2'& @ &‘ A & o il E \ Manual Disarmed [=>% o
Vehicle Setup Radio Setup
Summary Radio Setup is used to calibrate your transmitter. It also assign channels for Reoll, Pitch, Yaw and Throttle vehicle control as
well as determining whether they are reversed
Attitude Controls @ Vode 1 O Mode 2
Firmware Roll
Airframe Pitch
Yaw
] o
Throttle [
Power Mor

@ - o

11
12

e®0oole
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xhawk Hardware System

[0 RC Configuration & Calibration

er they

@ Vode 1 QMode 2

@ !lode 1 QO Mode 2 @ Mode 1 O Mode 2

10. Click QGC'’s “Calibrate” — “Next” button,
then move the RC’s sticks according to the

figures on the right (just follow the hints on
QGC) to finish the RC calibration

@ Vode 1 O Mode 2 @ Vode 1 Q Mode 2

Throttle
Switch C(kéaHngl ; l
(CH5)
Yaw
Channel

(CH4)



Pixhawk Hardware System

[0 Flight Mode Settings

File Widgets

After the RC transmitter is successfully calibrated, & a, o A B wx - &

\ Manual Disarmed

enter the “Flight Modes™ setting page (see the tehicle Sewr  Flight Modes Setup

Summary Flight Modes Setup is used to configure the transmitter switches associated with Flight Modes.
. e . Flight Mode Settings Switch Settings
ﬁgure On the rlght) and SeleCt MOde Channel as SEEREEEE I.llode channel: | Channel § = " Acro switch channel Unassigned > Arm switch channel
. . Airframe . . Landing gear switch channel Unassigned» Kill switch channel
Flight Mode 1 |Stabilized =
the previously tested CH6 channel. Since the CH6 oo oo | = = _ |
Loiter switch channel Unassigned » Offboard switch channel

Radio

Flight Mode 2 | Unassignedw
Position Control switch channel [Unassigned» Rattitude switch channel

channel is a three-position switch, the top position

Flight Mode 3 | Unassignedw

Return switch channel Unassigned » Stabilize switch channel mappi
(the farthest position from the user), middle Forer feane o + [ e sons o
o o . e . e Safety Flight Mode 5 | Unassignedw
position, and bottom position (the closest position - ———
uning Flight Mode 6 |Position =
from the user) of the switch correspond to “Flight (omera Use Multi Chamsel ode Selection
Parameters

Mode 1, 4, 6” in figure.

LA EVTERMRA
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Pixhawk Hardware System

[0 Flight Mode Settings

File Widgets

2. Associate these three modes to “Stabilized” (the @ % %9 4 B WX b B vanal Disarned

oq e . . . ehicle Setup T :

stabilized mode, only including attitude control), (L s S i th teamitter sritaine sgeiosd sich iigh odes
Flight Mode Settings Switch Settings

“Altitude” (the altitude hold mode, including P i chot: JRRIRN[| sre it chame T

attitude and altitude control), and “Position” (the B T | e

Radio

Flight Mode 2 | Unassignedw

loiter mode, including attitude and position

Position Control switch channel [Unassigned» Rattitude switch channel

Flight Mode 3 | Unassignedw

Return switch channel Unassigned » Stabilize switch channel mappi
ContTOI). Power |Flight Mode 4 [Altitude = | [Channel Monitor
3. In subsequent HIL simulations, you can N
. . . . Tuning Flight Mode 6 |Position =
experience different control effects by switching ‘
Camera Use Multi Channel Mode Selection
between different modes.

LA EVTERMRA
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HIL Simulation Platform

The HIL simulation platform includes a Real-time Motion Simulation Software — CopterSim

and a 3D Visual Display Software — 3DDisplay.

. CopterSim - O X
Frane Type Tetal Weight Diagonal Size Altitude Brand Nedel -
., o]
g@ Quadcopter v 1.3 kg 450 nn 50 n Custom Design vibﬁﬁﬁfﬁxhﬁﬂﬂﬁéﬁ
B BUAA Reliable Flight Control Group
Notor Brand: Model:
- DJI "7 2312 KV960 o2
Propeller Brand: Model:
APC ~ 10x4. 5MR ~
- ESC Erand: Kodel:
C =
h . = Hobbywing = IRotor Z0A =
_ Battery Brand: Kodel:
ACE 7 LiPo 38-11.1Y¥-26C-5500mAh 7
Assenbled UAV Database: s hetivatel ‘ |Model Paraneter Add to Database Delete frem Database
Yehicle ID: UDF Port: Use DLL Model: Sinulation Mode: 3D Scene Selection: Link Vehicle Initial Pos: Yaw Angle:
1 14560 ~ PE4=1. 7 HIL ~ 3DDisplayProgran ~ X0 ¥: 0 vaw: 0
Select Pixhavk Com: Legacy FNU COMG v ‘ Start Simulaticn Step Simulation Restart Sinulation
0 T |0 Zjo
Vx 0 Ty 0 Yz 0
$ o 8 o v o

2 3D Display

]
X

S MR VERHRRS

BUAA Reliable Flight Control Group

Motor

H1 (RPN
#2 (RPN}
#5 (RPI
#e (RFI

Attitude info

Pitch(de
Roll{des
Faw (deg)

Flight Path

Position Info

x(n)
vim)
z(n)
Vein/s) :
Vy{n/s) :

Vzln/s) :

Map Length m): £ §

< S kA ETERRREA

™
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1) Double-click the CopterSim shortcut on the

Coptersim.exe Windows desktop to open the CopterSim software,

- -« whose Ul is presented in the figure on the left. The

= s (A e default simulation model and parameters are the same

MNoter Brand: Kodel :

= = as for the Simulink multicopter model used in the SIL

(a) FJTP‘?EHH s ]ﬁooil. e . . . . . .
simulation system. This is because the CopterSim 1is
i S developed based on the code generation technique with

(1) | s i ] S the Simulink multicopter model. CopterSim needs to

© B Foe™ m— — E— T e T e run on a x64 Windows computer platform with a serial
(d) Select Pixhawk Com: Legacy FRU CON& ~ Start Simulaticn Stop Simulaticn Restart Simulation . . .

-~ - - port and a MicroUSB cable to communicate with the
(e) Vx |0 ¥y 0 ¥z |0

op i ‘b Pixhawk autopilot.

LA EVTERMRA
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(a)

(b)
(c)
(d)

(e)

O CopterSim

CopterSim - O X
o) (2 Frane Type Total Weight Diagonal Slze 4ltitude Erand Model ]
o]
X : IRAEVTRHRRE
uadcopter 1.5 kg 450 nm 50 Custom Design BUAA Rellable Filght Control Group
Motor Brand: Hodel:
oJI 2312 KEV960
Propeller Brand: Model:
APC 10x4. 5MR
=3 . ESC Brand: Nodel :
h = Hebbywing XRotor 204
f Battery Brand: Model :
ACE LiPe 35-11, 1¥-25C-5500mih
Assenbled UAV Database: Activatel Nodel Parameter 4dd to Database Delete from Databace

Use DLL Model: Simulation Mode: 3D Scene Selection:

PE4=1.7 HIL

Vehicle ID: UDF Port:

1 14560 3DDisplayProgran

Link Vehicle Initial Pos: Yaw Angle:
X0 ¥ 0 yaw: 0

Select Pixhawk Com: Legacy FNI COM& v

Start Simulation

Stop Simulation

Restart Simulatien

Xo
Yz |0

b o

Y0 0
Ty 0 Yz |0
8 |o Yo

HIL Simulation Platform

2) As shown in the figure on the left, the Ul of
CopterSim 1is divided into two parts. The upper part,
presented in Fig. (a), is the input interface to design a
multicopter by selecting popular components on the
market. The lower part presented in Figs. (b)-(e) 1s the
interface to connect with the autopilot for HIL
simulation. Note that CopterSim enables by default
only the basic functions required by this book.
Registration is required to use many other practical
functions, such as swarm simulation, high-fidelity UE4
scenes, and HIL simulations for other aerial vehicles

(e.g., fixed-wing aircraft).

LA EVTERMRA
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RC

: ) Recelver
i Transmitter -

Sensor
Autopilot | Data

: Radio
i Ground Computer

Pixhawk Autopilot System

Principle of HIL simulation: CopterSim sends
sensor data to the Pixhawk autopilot, and then
the autopilot solves the motor PWM control
signal and returns 1t to CopterSim. As a result,
the Pixhawk autopilot can perform real-time
control on the simulated multicopter in
CopterSim, as well as control a real
multicopter. Meanwhile, CopterSim will send
the attitude and position information of the
multicopter to the local network through the
UDP protocol, and the 3DDisplay receives the
multicopter flight information to complete the
corresponding real-time 3D scene display.

< kmAEUTERRRESA
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HIL Simulation Platform

D C OpterSim (b) hssembled UAV Database: Activate! Nodel Parameter 4dd to Database Delete from Database

- — 1. Click the “Model Parameter” button in the middle of the
CopterSim UI . The model parameter configuration

Detailed Parameters

Multicopter Mass: m kg
hcceleration of Gravity: g nfe"2 . . . .
B - dialog in the figure on the right will pop up; the model
=diag(Jxx, Jyv, Jzz): Vv 2. 2 . B . . .
T o parameters stored in the previous simulation will be
Distance of Moter to Center: d n .
Frop. Thrust Coef. (Tp/®™2): CT N/ (rad/s) " dlsplayed here'
Prep. Nement Coef. (Mp/®72): CN N.n/(radfs . . .
P Config. (o ] Throttle O to Mstor Speed Oss: s 2. The parameter dlalog malnly mcludes two parts: the
(Wss=CRxT+00h) - b rad/s . .
Hevering Time nin Neter Power ) Motor-Propeller Inertia: Tm kz.n2 hover lnformatlon (hover endurance, throttle’ Output
Throttle Perc % Battery Veltage v Moter Response Tine Constant: Tm H . .
Noter Current 3.7¢ | 4 Battery Current L $ir-Drag D Coef. (=CH1°2): Cd 1/@/o)2 power, motor Speed’ etc.) and the basic multlcopter
Notor Spesd ron Pover Efficiency(ts | % Lir-Torque N Coef. (M=Cn#¥"2): Cn N.n/(rad/s) "2

parameters (total mass, the moment of inertia, size,

Noise Level (071): D Restore to Default Params. | Store and Apply Params. | Cancel

thrust coefficient, and drag coefficient).

Fig. Model parameter configuration dialog

AT E TR EHRE Fig. B B44IRIETAE
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HIL Simulation Platform

D C OpterSim (b) hssembled UAV Database: Activate! Nodel Parameter 4dd to Database Delete from Database

EET— - x 3. Clicking the “Restore to Default Params” button
Rl gt e o will restore the model parameters to the default
ettt kf values; clicking the “Save and Apply Params”
ijg(m R o button will store the current parameters to the
Mfﬁiizd Eﬁfﬁl database for subsequent HIL simulations.
el e e eie (o] e T o el e " 4. Anoise level between 0-1 or larger than 1 can also be
ST R selected to represent the noise level of actual sensors.
b It A I This enables the possibility of testing the anti-

interference ability of the designed control

Noise Level (071): D Restore to Default Params. | Store and Apply Params. | Cancel

algorithms.
Fig. Model parameter configuration dialog

G EAETEETSE i BEREERETE
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Note 1: If you are using Pixhawk to perform HIL simulation, please plug
HIL S o l to -Pixhawk in the computer and wait for about ten seconds until boot process
-to complete. Then, you can press “Start Simulation” on CopterSim.
IIMUIATIOI ¢ complete. Then, y press “Start Simulation” on CopterSi
Note 2: After the simulation start, you should also wait for about ten

- seconds until the message box showing “** EKF initialization finished”.
D COpterSIm Then you can use RC to arm and control the drone.

Yehicle ID: UDP Port: Use DLL Model: Simulation Mode: 3D Scene Selection: Link Vehicle Initial Pos: Yaw dngle:

1 14560 FE4=1.7 HIL 30DisplayProgzram 0 ¥i|0 vaw: 0

Select Pixhawk Com: Legacy FMU COMA Start Simulation Stop Simulaticon Eestart Simulatiocn
Cormect to SerialPort! ~ | | | ‘ | |
SerialPort commectlion is successful £]0 710 Z [0, 062
Multicopter # —> COM&
Cormect to COM& successfull Vi ‘0 | Vv ‘0 ‘ Vz |0 |
Enter Stablized Node!
Init MAVLink P |0 | = |0 ‘ i ‘0 |

W

Start and Stop Simulation: After the multicopter parameters and the noise level are configured, connect
the Pixhawk autopilot with the computer. The serial port of the Pixhawk autopilot will be listed in the
“Select Pixhawk Com™ drop-down menu. Select the Pixhawk serial port (usually described by the text
“FMU”), and click the “Start Simulation” button to start the HIL simulation. clicking the “Stop
Simulation” button will stop the HIL simulation, and clicking the “Restart Simulation” will re-initialize
the multicopter position and states to their initial values.

< S IEmAETERMRA
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O 3DDisplay

= 3D Display

3D Scene Viewer —
S RTETTREARAS
BUAA Reliable Flight Control Group
ooooo
o te‘9 e
i w
s e v
s o w
Attitude info
Pi teh(de; Vel
Roll (deg Vyim/s) :
Laildea [o oy Vz Ws) + oo |

Flight Path Map Length (n): * 5

Trajectory Viewer

Fig. Main UI of 3DDisplay software

Double-click the 3DDisplay shortcut on the
Windows desktop to open the 3DDisplay
software. As shown in figure on the left, the
“3D Scene Viewer” on the left side of the
3DDisplay UI presents the current flight
status of the multicopter in the 3D scene. The
basic flight parameters are displayed in the
upper right window of the 3DDisplay UI,
including motor speed, position, and attitude
information. The flight trajectory of the
multicopter 1s displayed on the lower right
window of the 3DDisplay UI.

= LTS TSR E
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“ HIL Simulation Platform

[ Flight Tests with HIL Simulation I

In the HIL simulation platform, when controlling a real
multicopter, it 1s convenient to control the simulated
multicopter with a real RC transmitter to perform basic

actions, such as arming, taking off, manual flight, landing,
etc. The detailed steps are described next.

1. Push up the POWER switch to turn on the RC transmitter.

p

Throttle Stick

Right-down -
Corner

Hold for 2-3 seconds
\

~

J

(a) Arm action

o |

Throttle Stick

©

\v Left-down

Corner

Hold for 2-3 seconds

NG

~

(b) Disarm action

2. Correctly connect the computer with the Pixhawk hardware system (including the Pixhawk autopilot and

the RC receiver) and start the HIL simulation in CopterSim according to the procedure mentioned above.

3. As shown 1in Fig. (a), arm the Pixhawk autopilot by moving the left-hand stick on the RC transmitter

(CH3) to the lower-right corner for 2-3 seconds.

-t ETEFRRE
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ﬁf HIL Simulation Platform

-

[ Flight Tests with HIL Simulation

4. Pixhawk is successfully armed when its LED turns from slow o
flashing to always on Higher Pixhawk hardware (e.g., Pixhawk

2/3/4/5) starts to discard LED module, so an external I2C LED
module 1s required to observe the lighting effect, and the

CopterSim print message “Detect Px4 Armed” 1s received from _

Throttle Stick

QR ©

Right-down \

Corner

Hold for 2-3 seconds

~

p

\v ;Leﬁdown

J

Pixhawk. If arming Pixhawk fails, please disconnect all hardware
and software and repeat the above steps.

5. Pull up the left-hand stick on the RC transmitter (CH3) for the
multicopter to take off and fly up to a certain altitude. Next,
vertically move the left-hand stick to verify the vertical motion
control of the multicopter.

-t ETEFRRE

BUAA Reliable Flight Control Group

(a) Arm action

\_

Throttle Stick

©

Corner

Hold for 2-3 seconds

(b) Disarm action

6. Horizontally move the left-hand stick on
the RC transmitter (CH4) to verify the yaw
angle motion control of the multicopter.




HIL Simulation Platform

[ Flight Tests with HIL Simulation

7. Vertically move the right-hand stick on the RC transmitter (CH2)
to verify the pitch angle control as well as the forward and
backward motion control of the multicopter.

8. Horizontally move the right-hand stick on the RC transmitter
(CH1) to verify the roll angle control as well as the left and right
motion control of the multicopter.

9. Change the position of the top-right switch on the RC transmitter
(CHO6) to verify the mode switching control of the multicopter.

10. Pull down the left-hand stick on the RC transmitter (CH3) to
land the multicopter to ground.

11. Move the left-hand stick on the RC transmitter (CH3) to the
lower-left corner for 2-3 seconds to disarm the Pixhawk.

Throttle
Channel
(CH3)

Switch

annel Switch
I (CH2) (CH6)

Yaw
Channel
(CH4)

Throttle : control up-down movement
Pitch : control forward-backward
Yaw : control vehicle head direction
Roll  : control left-right movement

12. Click the “Stop Simulation” button
on the CopterSim UI to stop the HIL
simulation. Then, disconnect all
software and hardware connections
between the computer and Pixhawk.

- LA EVTERMREA
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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
2021/5/16 ~ o jtmﬂi-&?iﬁﬁ]m%gﬁ 61
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https://rflysim.com/en/
https://www.springer.com/us/book/9789811531378
https://github.com/RflySim/RflyExpCode/issues
https://rflysim.com/en/4_Pro/Advanced.html

Thank you!
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