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ni‘ 1. Experimental platform configuration

1.1 Components to be installed
 Visual Studio 2017 ( Both the experience and full versions need to be installed )

« Configure the C++ compiler for MATLAB ( Both the experience and full versions
need to be installed )

« Matlab 2023a* ( Advanced full version installation )

Here is how to install Visual Studio 2017 (requires networking) :
In this platform, the Visual Studio 2017 installation package has been placed
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ni‘ 1. Experimental platform configuration

1.2 How to install Visual Studio 2017

« First, we can open the platform installation location and find the
*\PX4PSP\RflySImAPIs location where some of the routines in the platform and
the software installation package are placed

« After that, we can open the contents of Chapter 4 and find the basic version of the
routine, 4.rflysimmodel \1.BasicExps, where we can find the folder named
VS2017Installer, which is the installation package of Visual Studio 2017.

VS2017Installer 2023/11/7 19:20 IfiEE

The online installation procedure (requires
M networking) is as follows: Double-
s commu click “RflySimAPIs\SimulinkControlAPI1\VS201

nity2017.ex

e 7Installer\vs community2017.exe”

7 esks
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1.2 How to install Visual Studio 2017

 Install Visual Studio 2017 (other
versions can also be used, as long
as MATLAB can recognize).

* In the following courses, Visual
Studio compiler is needed in many
places, such as the use of
MATLAB S-Function Builder
module and the automatic
generation of C/C++ model code In
Simulink

 For this course, just check
""Desktop Development in C++" on
the right.

1. Experimental platform configuration

IE#Ef£3 - Visual Studio Community 2017 - 15.9.56
Ifefifm #MEf BEE RwEUE
Windows (3)

NET SEFE

=R C#, Visual Basic # F# %£5L WPF, Windows B {57132
FlEMBERF.

M C++ HEBEFE
£/ Microsoft C++ TE&E, ATL 5k MFC 2 5L Windows £
ERNARERE.

ASP.NET #1 Web F%& /A Azure FE
fE=F ASP.NET, ASP.NET Core, HTML/JavaScript f12#& BATAESNA. tIEFEEYEERK SIS Docker IHNE

Docker TiFAIZE B/ Web MAER. 25H7 Azure SDK. TEHIIRE.

ml &R Windows E&F A
M =R c#. VB, JavaScript SEATERT C++ B FE Windows T
HEEMAERF.

Web 1= (7)

Node.js FF &
=/ Nodejs (—TEFHEHTINAT JavaScript EEITH)E

ﬁ Python 7%
¥ Python H#T4RE, B, TEXATAMERBER.

HIEIT RTINS

TE
C:\Program Files {(x86)\Microsoft Visual Studio\2017\Community

#ZR(EAF RIS ATIE Visual Studio RRARIEERNE. HAEIRESRR Visual Studio TEEMIEEINEE. KEUFRMEETIFE, ME=AASHEE
BT EHE R AT, S A TR IR S & oliE,

7 eske 5



ni' 1. Experimental platform configuration

1.2 How to install Visual Studio 2017

 Note: VS2019 can also be installed on advanced versions of
MATLAB, but MATLAB can only recognize Visual Studio versions
lower than its own, so MATLAB 2017b has no way to recognize

VS2019.

* Note: Please do not change the VS default installation directory
(for example, to disk D), which will cause MATLAB to not recognize.
* You can't use the Mingw compiler, you need VS
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1)
« 1.3 Configure the C++
compiler for MATLAB

e Enter the instruction '"mex-
setup' in the command lin
window of MATLAB

* In general, the VS 2017
compiler is automatically
identified and installed, as

shown in the picture on the
right, ""MEX configuration

uses' Microsoft Visual C++
2017 'for compilation™'
indicates that the installation
IS correct

e If there are other compilers
this page can also be toggled to
select other compilers such as

1. Experimental platform configuration

&R0

»» mex —setup
/ﬁ\ FREAEH| Microsoft Visual C++ 2017 (c)’ JLA#AT C
Erih: MATLAB £ 1 Fortran APl D897, D0 235
7'32-1 MULETTER waTLAR BE. BF
BEIRBLLF AFE AP1.
AT LATE DA T Pl i 4 3 88 2 B4R A5 8.

http://www. mathworks. com/help/matlab/matlab external/upgrading-mex-files—-to-use-64-bit{

EE4E.

ERFARAM ¢ FFSX, EMULTRIAGRF—Fhe<:

Microsoft Visual C++ 2013 (C) mex -setup:D:\MATLAB\R2017b\bin\win64\mexopts\msvc2013. xml C
Visual C++ 2015 (C) mex -setup:D:\MATLAB\R2017b\bin\win64\mexopts\msvc2013. xml C
Visual C++ 2017 (C) [ mex —setup:C:\Users\dream\AppData‘\Roaming\MathWorks\MATLAB\R]

Microsoft

Microsoft

FRIFARMES.
mex —setup C++
mex —setup FORTRAN
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ni‘ 1. Experimental platform configuration

1.4 Matlab 2023a installation O\ MathWorks® 7z wasm s =5 ux =

method
° M ATL AB inSta”atiOn B OHREA] BiESTEE Y SEe v 2EEH

package download path:
y =B fmiE

MATLAB 285 Ti2hfiRl &M E R wiEf a1
BYE, SRS, ETTRNEIE,

¥KH{ MATLAB



https://ww2.mathworks.cn/products/matlab.html
https://ww2.mathworks.cn/products/matlab.html

n"‘_‘ Outline
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2. Key Interface Introduction (Free version)

3. Basic Experiment Case (Free version)

4. Advanced Case Experiment (Collection Edition)
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1)
2.0 Overview of basic
experiments

Including basic function
Interface ""RflySImAPIs / 6.
RflySImEXxtCtrl / 0. ApiExps" as
well as the basic routines
"RflySImAPIs \ 6.
RflySImExtCtrl \ 1. BasicExps™'

See and
for detalils

AT

2. Key Interface introduction

1.PXAMavCtrlAPITest

2.PX4ComAPITest

3. PXAMavGPSCtriTest

4 PXARcCtrlIAPITest

S5.PX4MultiVavTest
6.PX4MavAccCtriTest
7.PX4MavAttCtriTest
8.GeoAPITest
9.UDPModel1TestShootBall
10.UDPModeOTest
11.UDPModel1Test
12.UDPMode2DefaultTest
12.UDPMode3Test
14.UDPModed4Test
15.CamObjGet

16.ReadTimeStmpGet

e0 ExtAPlUsage

el PosCtrl

e2 VelCtrl

e3 RCCtrl

e4 PyOffboardCtrl
e5 RackFlyCtrl
e6_PathTrackingCtrl

e/ _MutUAVRemoteCtrl
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API.pdf
Readme.pdf

ni . 2. Key Interface introduction

2.1 Uav control interface
debugging experiment

Familiar with UAV offboard mode
control, status data acquisition and
RflySim3D control interface,
understand the SITL
communication framework.

See detailed operation and
experimental results
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0.ApiExps/1.PX4MavCtrlAPITest/Readme.pdf
0.ApiExps/1.PX4MavCtrlAPITest/Readme.pdf

ni ‘ 2. Key Interface introduction

2.2 Data transmission connection o m———
Pixhawk 6C flight control b
hardware in the loop simulation -
experiment

Connect the computer to Pixhawk
6C flight control using MicroUSB
wire to open a hardware-in-the-
loop simulation of the aircraft.

See detailed operation and
experimental results
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0.ApiExps/2.PX4ComAPITest/Readme.pdf
0.ApiExps/2.PX4ComAPITest/Readme.pdf

ni ‘ 2. Key Interface introduction

2.3 Uav flight control (D e
experiment 2 :

The SendPosGlobal function
Interface provided by RflySim
platform is used to control the
movement of UAV.

See detailed operation and
experimental results
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0.ApiExps/3.PX4MavGPSCtrlTest/Readme.pdf
0.ApiExps/3.PX4MavGPSCtrlTest/Readme.pdf

ni . 2. Key Interface introduction

2.4 Uav motor speed PWM control
experiment

~Using the SendRCPwms function
Interface provided by the platform to
control the PWM of the UAV motor,
MAVLInK is first opened to monitor t
he CopterSim data and update it in re
al time. Then set the PWM value, the
n turn on the RCOverride mode, star
t sending the RC pwms value, then un
lock the drone for control, and finally,
send the command to let the flight co
ntrol out of the Offboard mode and st
op listening to the MAVLInk data. Se
e detl%lled operation and experimental
results
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0.ApiExps/4.PX4RcCtrlAPITest/Readme.pdf
0.ApiExps/4.PX4RcCtrlAPITest/Readme.pdf

ni . 2. Key Interface introduction

mavList[@].sendUEACmd (b RflyChangeViewKeyCmd S*)

2 . 5 M U Iti 'maCh i ne S I T L SOftware m;;wLi;:’é[i;a] .;endUEm;de ‘Rflychar evie _ )

In the loop control experiment

According to the interface function
provided by the platform, the
position control and speed control
SITL software of four aircraft in
offboard mode are simulated In
the loop.See detailed operation and
experimental results
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0.ApiExps/5.PX4MultiUavTest/Readme.pdf
0.ApiExps/5.PX4MultiUavTest/Readme.pdf

ni ' 2. Key interface introduction

2.6 Uav flight acceleration :
ContrOI exper“’nent Fle Tools View Simulation Help

@- WP ® | - Q- Ll &&-

By using the interface function
provided by the platform, the
acceleration command is sent to
the aircraft through the
SendAccPX4 interface.See
detailed operation and
experimental results

Running Sample based |Offset=368850 |T=365064.900

16



0.ApiExps/6.PX4MavAccCtrlTest/Readme.pdf
0.ApiExps/6.PX4MavAccCtrlTest/Readme.pdf

nl‘ ‘ 2. Key interface introduction

2.7 Uav flight control
experiment

Send desired attitude and
throttle data to the aircraft by
utilizing the SendAttPX4
Interface provided by the
RflySim platform.See detailed
operation and experimental
results

mav.InitMavLoop()
time.sleep(0.5)

mav.initoffboard()
time.sleep(1)

9 mav.SendPosNED(9,0,-20)

time.sleep(15)

17


0.ApiExps/7.PX4MavAttCtrlTest/Readme.pdf
0.ApiExps/7.PX4MavAttCtrlTest/Readme.pdf

ni . 2. Key Interface introduction

2.8 Experiment of UE map
coordinate system and UAV
coordinate system conversion

Familiar with UAV control origin
and UE map origin coordinate
system conversion.See detailed
operation and experimental results
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0.ApiExps/8.GeoAPITest/Readme.pdf
0.ApiExps/8.GeoAPITest/Readme.pdf

nl‘ ‘ 2. Key interface introduction

2.9 Visually-controlled impact ball
experiment

The image in RflySIm3D software
IS captured by calling the platform
Interface, and the image Is
processed by opencv, and the
control command is solved to
control the UAV movement.See
detailed operation and
experimental results
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0.ApiExps/9.UDPMode1TestShootBall/Readme.pdf
0.ApiExps/9.UDPMode1TestShootBall/Readme.pdf

nl‘ ' 2. Key interface introduction

2.10 Drone through UDP Full
communication experiment

By using the interface function
provided by the platform,
commands are sent to the
aircraft via UDP_Full
communication.See detailed
operation and experimental
results
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0.ApiExps/10.UDPMode0Test/Readme.pdf
0.ApiExps/10.UDPMode0Test/Readme.pdf

nl‘ ‘ 2. Key interface introduction

2.11 Uav Simple communication
experiment via UDP

Commands are sent to the
alrcraft via UDP_Simple
communication using interface
functions provided by the
platform.See detailed operation
and experimental results
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0.ApiExps/11.UDPMode1Test/Readme.pdf
0.ApiExps/11.UDPMode1Test/Readme.pdf

nl‘ ‘ 2. Key interface introduction

2.12 Drone through MAVLInk
Full communication experiment

Commands are sent to the
aircraft via MAVLInk Full
communication using interface
functions provided by the
platform.See detailed operation
and experimental results
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0.ApiExps/12.UDPMode2DefaultTest/Readme.pdf
0.ApiExps/12.UDPMode2DefaultTest/Readme.pdf

nl‘ ' 2. Key interface introduction

2.13Drone via MAVLInk Simple
communication experiment

Commands are sent to the
alrcraft via MAVLInk _Simple
communication using interface
functions provided by the
platform.See detailed operation
and experimental results
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0.ApiExps/13.UDPMode3Test/Readme.pdf
0.ApiExps/13.UDPMode3Test/Readme.pdf

nl‘ ‘ 2. Key interface introduction

2.14 CopterSim-UDP
communication mode

By using the interface function
provided by the platform, the
CopterSim sends commands to
the aircraft through

MAVLInk NoSend mode.See
detailed operation and
experimental results

24



0.ApiExps/14.UDPMode4Test/Readme.pdf
0.ApiExps/14.UDPMode4Test/Readme.pdf

ni ‘ 2. Key Interface introduction

2.15 Alirplane, object, camera
Information acquisition
experiment

Get information about aircraft,
objects, and cameras through
the python interface.See
detailed operation and
experimental results

25
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0.ApiExps/15.CamObjGet/Readme.pdf
0.ApiExps/15.CamObjGet/Readme.pdf

ni ‘ 2. Key Interface introduction

2.16 Time stamp acquisition experiment

Start listening on port 20005 to get the
rflytimestamp of CopterID by calling the
StartTimeStmplisten(self,cplD=0)
interface. If cplD= =0, only the current
CopterlD is listened to. If cpID >0, the
timestamp of the required CopterlID is
listened for. It then calls the mav.
RflyTime. SysCurrentTime attributes for
unmanned aerial vehicle (uav) namely
the current timestamp. See detailed
operation and experimental results
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0.ApiExps/16.ReadTimeStmpGet/Readme.pdf
0.ApiExps/16.ReadTimeStmpGet/Readme.pdf

n"‘_‘ Outline

1. Experimental platform configuration

2. Key Interface Introduction (Free version)

3. Basic Experiment Case (Free version)

4. Advanced Case Experiment (Collection Edition)
5. Extended Case (Full version)

6. Brief sum-up
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nl“ 3. Basic Experiment Case

3.1.1 MAVLIink module encapsulation
experiment

MAVLInk (Micro Air Vehicle Link) isac
ommunication protocol for small unmanned
vehicles, first released in 2009. The protocol |
s widely used in communication between Gro
und Control stations (GCS) and Unmanned v
ehicles, as well as in internal communication
between the onboard computer and Pixhawk.
The protocol defines the rules for parameter t
ransmission in the form of a message library.
The MAVLInk protocol suOPPorts a variety of
vehicles such as unmanned fixed-wing aircraf
t, unmanned rotorcraft, and unmanned vehic
les. In this experiment, MAVLINK MSG ID

HIL ACTUATOR_CONTROLS message Is
divided into two parts: data sendln%_mod_ule
and data parsing module based on Simulink.
IStee detailed operation and experimental resu

S

S

mavlink_msg_recelver

7 esks
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1.BasicExps/e0_ExtAPIUsage/1.MavLinkPackSimulink/Readme.pdf
1.BasicExps/e0_ExtAPIUsage/1.MavLinkPackSimulink/Readme.pdf

¥ | . .
{ ‘ 3. Basic Experiment Case
3.1.2 MAVLink data transmission experiment
MAVLink (Micro Air Vehicle Link) is a communication E 5

protocol for small unmanned vehicles, first released in 2009.
The protocol is widely used in the communication between

Ground Control stations (GCS) and Unmanned vehicles, as
well as in the communication between onboard computers .
and vehiclesln the internal communication between Pixhawk, -

the protocol defines the rules for parameter transmission in '
the form of message libraries. The MAVLink protocol T -

supports a variety of vehicles such as unmanned fixed-wing —=
aircraft, unmanned rotorcraft, and unmanned vehicles. This

experiment will be based on the two modules established in

the experiment

"*\PX4PSP\RflySimAPIs\7.RflySimExtCtrI\1.BasicExps\e0
ExtAPIUsage\l.MavLinkPackSimulink'. Simulate sending

and receiving

MAVLINK _MSG_ID_HIL_ACTUATOR_CONTROLS

messages.See detailed operation and experimental results
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1.BasicExps/e0_ExtAPIUsage/2.MavlinkCodeDecode/Readme.pdf
1.BasicExps/e0_ExtAPIUsage/2.MavlinkCodeDecode/Readme.pdf

3. Basic Experiment Case

4]
3.2 Offboard mode control UAV
position control experiment

udp

v
3
N
3

Offboard mode is a control mode of o]
UAV, which usually gives the on- )
board computer or the ground b
computer (upper computer) real-time — bk
control of the aircraft's speed, e
position, attitude, etc. The aircraft :

can be regarded as a whole object,
focusing on the top-level vision and

experiment is mainly about position
control experiment.See detailed

P yawAng_rad

PosTargetEarthFrameOffboard Ctrl

. ) ‘ ﬂOOm ’T‘OOm/é 5000031
cluster algorithm development. This A @ 01 m ->00mss #0.0m

..............


1.BasicExps/e1_PosCtrl/readme.pdf

nl“ 3. Basic Experiment Case

3.3 Offboard mode control UAV
speed control experiment

Offboard mode is a control mode
of UAV, which usually gives the on-bo
ard computer or the ground compute
r (upper computer) real-time control
of the aircraft's speed, position, attitu
de, etc. The aircraft can be regarded
as a whole object, focusing on the top- .
level vision and cluster algorithm dev . - - m e
elopment. This experiment is mainly
about speed control experiment.See d
etailed operation and experimental re

%) VBERE g



1.BasicExps/e2_VelCtrl/readme.pdf
1.BasicExps/e2_VelCtrl/readme.pdf

3. Basic Experiment Case

Al
3.4 Remote control mode single

machine control

Remote control mode is a kind of control
mode for human operation of UAV, which has
a good effect in some UAV stunt performance
s. The remote control used in this section is th
e operation mode of ""American hand", that i
s, the throttle and yaw control quantity corre
sponding to the left rocker, while the rightro . T [
cker corresponds to roll and pitch. This exper - —
iment is conducted by controller instead of re
mote control.See detailed operation and expe
rimental results

32
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1.BasicExps/e3_RCCtrl/readme.pdf
1.BasicExps/e3_RCCtrl/readme.pdf

3. Basic Experiment Case

Al

3.5 Python-Offboard single-machine control
experiment

Offboard mode is a control mode of UAV, which
usually gives the on-board computer or the

ground computer (upper computer) real-time
control of the aircraft's speed, position, attitude,

etc. The aircraft can be regarded as a whole object,
focusing on the top-level vision and cluster
algorithm development. Python control UAV is to
communicate with the UAV through a
programming language, the basic principle is to
establish communication through a serial port or

uuuuuuu

network connection to the UAV to obtain the

status information of the UAV and execute
commands. A demonstration program that uses
PX4's OffboardAPI to control the vehicle's
expected speed and position.See detailed operation

33


1.BasicExps/e4_PyOffboardCtrl/readme.pdf

nl“ 3. Basic Experiment Case

3.6 Single control bench
experiment

In this experiment, a multi-rotor f
light controller was built in MATLAB
/Simulink, and control commands we
re sent through Simulink to control th
e attitude of the four-rotor UAV on th
e rotary table. Proficient in MAVLIN
K communication application, profici
ent in four-rotor UAV attitude control
and parameter setting. See detailed o
peration and experimental results

7 esks
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1.BasicExps/e5_RackFlyCtrl/Readme.pdf
1.BasicExps/e5_RackFlyCtrl/Readme.pdf
1.BasicExps/e5_RackFlyCtrl/Readme.pdf

nl“ 3. Basic Experiment Case

3.7 Simulation experiment of

multi-rotor path tracking

controller i —

Understand the given multi-r =& == ==

otor three-channel linearized tra .-

nsfer function simulation model
and the corresponding trajector
y tracking controller, and track
tracking.See detailed operation
and experimental results
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1.BasicExps/e6_PathTrackingCtrl/Readme.pdf
1.BasicExps/e6_PathTrackingCtrl/Readme.pdf
1.BasicExps/e6_PathTrackingCtrl/Readme.pdf

ﬂ‘i" Outline
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Al
4.1MAVSfun unlocks HIL experiments

MAVLInk (Micro Air Vehicle Link) isac
ommunication protocol for small unmanned
vehicles, first released in 2009. The protocol |
s widely used in communication between Gro
und Control stations (GCS) and Unmanned v
ehicles, as well as in internal communication
between the onboard computer and Pixhawk.
The protocol defines the rules for parameter t
ransmission in the form of a message library.
The MAVLInk protocol suOPPorts a variety of
vehicles such as unmanned fixed-wing aircraf
t, unmanned rotorcraft, and unmanned vehic
les. In this experiment, the unlocking informa
tion will be displayed in CopterSim software
through MAVLink encapsulation module and
UDP during the hardware-in-the-loop simula
tlon.l;i,ee detailed operation and experimental
results
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4. Advanced Case Experiment
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2.AdvExps/e1_ExtAPIAdvUsage/1.MavSfunTest_Arm/Readme.pdf
2.AdvExps/e1_ExtAPIAdvUsage/1.MavSfunTest_Arm/Readme.pdf

nl‘ ‘ 4. Advanced Case Experiment

4.2 MAVLInk controlled HIL — T
experiment T Crmmm o o 7 wasks

MAVLink (Micro Air VehicleL = ™

INK) Is a communication protocol f = =

or small unmanned vehicles, first r -

eleased in 2009. This experimentw ™

Il be based on CopterSim software ==

in the hardware in the loop simula ™= * = e < iy S
tion, through MAVLInk encapsulat = - i
ion module UDP, to achieve UAV a i ...
ttitude control. See detailed operat i o s m

lon and experimental results
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2.AdvExps/e1_ExtAPIAdvUsage/2.MavSfunTest_Con/Readme.pdf
2.AdvExps/e1_ExtAPIAdvUsage/2.MavSfunTest_Con/Readme.pdf
2.AdvExps/e1_ExtAPIAdvUsage/2.MavSfunTest_Con/Readme.pdf
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ni ‘ 5. Extended Case

Being developed
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nl" 6. Brief sum-up

« This lecture mainly explains the external control and trajectory planning of UAV system, which
Is divided into three parts: basic experiment, advanced experiment and extended case, which
can realize model fault injection and flight control source code injection course.

. If in doubt, please visit for more information.
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https://doc.rflysim.com/
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0

Thanks!
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