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Intelligent unmanned cluster system development and practice Full-

stack development case based on RflySim toolchain

_ecture 10 Cluster control algorithm development
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nl“ 1. Installation method

1.1 Components that need to be installed
e Visual Studio 2017 (both trial and full versions need to be installed)

e Configure the C++ compiler for MATLAB (both trial and full versions need to be
Installed)

* Matlab 2023a* (advanced full version installation)

The following describes the installation method of Visual Studio 2017 (requires
Internet connection): In this platform, the installation package of Visual Studio 2017
has been placed
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nl“ 1. Installation method

1.2 Installation method of Visual Studio 2017

* First, we can open the platform installation location and find the location
*\PX4PSP\RflySImAPIs. Here are some routines in the platform and software installation
packages.

» After that, we can open the content of Chapter 4 and find the basic version of the routine,
4.RflySimModel .BasicExps, where we can find the folder named VVS2017Installer, which is
the installation package of Visual Studio 2017.

VS2017Installer 2023/11/7 19:20 prig laeo s

M Online installation steps (requires Internet
s comm connection) are as follows: Visual Studio
e Older Downloads - 2019, 2017, 2015, and

previous versions (microsoft.com)

7 esks



i ‘ 1. Installation method
1.2 Installation method of Visual
Studio 2017

 Install Visual Studio 2017 (you can
also use other versions, as long as
MATLAB can recognize it).

« The Visual Studio compiler will be
used in many areas of subsequent
courses, such as the use of MATLAB
S-Function Builder module, Simulink
automatically generating C/C++
model code, etc.

« For this course content, you only need
to check ""Desktop Development in
C++" in the picture on the right.

o

IE¥Ef£3 - Visual Studio Community 2017 - 15.9.56

I{etaEm  =1M4EH% BEE REUE
Windows (3)
_:| NET REF & /M C++ MREFE
&M C#, Visual Basic 7 F# SR WPF, Windows B &1 = Microsoft C++ TEZ, ATL 5t MFC %£5E Windows £
HEMARR, ERNARZERF.

m M #A Windows FEFE
M =R c#. VB, JavaScript SLETEER C++ ER Windows T
HEENAERF.

Web 1= (7)

ASP.NET #1 Web F5&
= ASP.NET, ASP.NET Core, HTML/JavaScript f1 23
Docker STIFHIEEE £ AL Web RIFAERF.

IA Azure FF &
RTFAESMNA. BIEZEURERDE Docker THNE
2867 Azure SDK, TEFIRE.

Node.js 7%

? Python FE
¥ Python #4T8HRE. Bid. TEXFENERBER. fEMA Node.js

(— T EaSSEMHWENT JavaScript ST E
uE

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

R R{E A RIRFE S ATIE Visual Studio RREAIVEANE. HATERMEN Visual Studio FEEE I HITE.
BT B R AT . SR TR IRE S & olil,

RS BRRITIFR], ME=HASHHE
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nl" 1. Installation method

e 1.2 Installation method of Visual Studio 2017

e Note: Higher versions of MATLAB can also install VS2019, but
MATLAB can only recognize Visual Studio versions lower than its
own, so MATLAB 2017b cannot recognize VS 2019.

* Note: Please do not change the default installation directory of VS

(for example, install to drive D), otherwise MATLAB will not be
recognized.

e Cannot use Mingw compiler, requires VS
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b
« 1.3 Configure the

C++ compiler for
MATLAB

* Enter the command “mex - setup”
in the MATLAB command line
window

* Generally speaking, the VS 2017
compiler will be automatically
recognized and installed. As shown
in the picture on the right, "MEX
Is configured to use "Microsoft
Visual C++ 2017" for compilation™,
indicating that the installation is
correct.

e If there are other compilers, you
can also switch to other compilers
such as VS 2013/2015 on this page

f

1. Installation method

PAHT C

"Microsoft Visual C++ 2017 (cC)’ E=SHmiE.

F0 Fortran API C.&pl, L0 %35

BIRLARI B APT.
V] BAFE LTS ol Ak 3% B 88 2 B AR X AS 8.

http://www. mathworks. com/help/matlab/matlab external/upgrading-mex-files—to-use-64-bit1

ZRIFAEM ¢ FiF2E, FMLLTRITPEFE TS

Microsoft Visual C++ 2013 (C) mex -setup:D:\MATLAB\R2017b\bin\win64\mexopts\msvc2013. xml C
Microsoft Visual C++ 2015 (C) mex -setup:D:\MATLAB\RZ2017b\bin\wint4\mexopts\msvc2013. xml C
Microsoft Visual C++ 2017 (C) | mex —setup:C:\Users\dream‘\AppData‘\Roaming\MathWorks\MATLAB\R]

FiRFEARMIES, BT R A E—ih e

mex —setup C++
mex —setup FORTRAN
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=
£6
[ ] ]
=i
il

Al



ni ‘ 1. Installation method

- 1.4 Installation method @\ MathWorks® =& mwsz =x =5 ux =
of Matlab 2023a

MATLAB
« MATLAB installation

2m RENT] EESI8R - =258 - FEEA

package download path:

S B i

MATLAB ST TR IR S SR E AR et
HTA, SRS, SRR,

KHU MATLAB



https://ww2.mathworks.cn/products/matlab.html
https://ww2.mathworks.cn/products/matlab.html
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2. Introduction to key interfaces

Al

) 2.0 OverVieW Of BaSiC 1.5warmlLogGet
Expe ri ments 2.MatRflySwarmAPIPack

3.EXEFleGener
4. RebootPixViaUDP

Including basic functio

6.DataAnalysis_Mat

n interface "RflySImA 7Datanalss Py

B.MAVLInkFull4Swarm

P1s/10.RflySimSwarm

For detalls, see
and

el RilyUdpSwarmExp
e2_MNoPXASITL4Swarm
e3 LightShowSwarm
ed FiWingGMSwarm
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API_en.pdf
API_en.pdf
Readme_en.pdf
Readme_en.pdf
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« 2.1 SIL simulation log
acquisition experiment o atrodcontoar e

2. Introduction to key interfaces

> SITLRun

« When performing SIL
simulation, RflySim will
automatically record the S
Log log of each aircraft and -

bin 2023/8/23 10:18 prai s
- boards 2023/8/23 10:18 ik
generate a .ulg format file.
build_gazebo 2023/8/23 10:18 i
- -

build_jsbsim_bridge 2023/8/23 10:18 Sris=

° Oor detalled operations an
CMakeFiles 2023/8/23 10:18 ik
- etc 2023/8/2310:18 it
experimental results, see
generated_params 2023/8/23 10:18 SisE
instance_1 2023/8/24 9:38 ik
instance_2 2023/8/24 9:38 it
instance_3 2023/8/24 9:38 ik
instance_4 2023/8/24 9:38 prai s
mavsdk_tests 2023/8/23 10:18 ik
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0.ApiExps/1.SwarmLogGet/Readme_En.pdf
0.ApiExps/1.SwarmLogGet/Readme_En.pdf

2. Introduction to key interfaces

Al

« 2.2 MATLAB cluster interface

model packaging experiment

 The MATLAB cluster interface module ‘
of the RflySim platform adopts a mixed
form of C++/S-functions. This
experiment will explain how to (B
encapsulate the completed C++ file into a fggmgt‘:::z;i:s: SR DRt
Simulink module. The iﬁ??ﬁ%iiﬁ?iéi‘kii.ﬁ? TN lﬁirhem

button for the definition

Parameters
UDP IP Address

« For detailed operations and experimental -
results, see

FullData Mode

Sample Time
| 0.02

0K Cancel Help
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0.ApiExps/2.MatRflySwarmAPIPack/Readme_En.pdf
0.ApiExps/2.MatRflySwarmAPIPack/Readme_En.pdf

Al

« 2.3 .exe file generation

experiment

After the Simulink controller is
compiled and generated into an exe,
the algorithm can be run without
MATLAB, and it is a binary
executable file itself, which has very
high operating efficiency. Even large-
scale control algorithms can ensure
real-time control.

For detailed operations and
experimental results, see

£

2. Introduction to key interfaces

RflyUdpUltraSi
mpleFour grt r
tw

G+
<

RflyUdpFast.cp
p

slprj

&

RflyUdpFast.me

*wod

RflyUdpUltraSi
mpleFour.exe

4 LA!

GenerateSwarm RflyUdpExe.zip
Exe.p
RflyUdpUltraSi RflyUdpUltraSi

mpleFour.exe mpleFour.slx

i

RflyUdpUltraSi
mpleFour.slx

13


0.ApiExps/3.EXEFileGener/Readme_En.pdf
0.ApiExps/3.EXEFileGener/Readme_En.pdf

« 2.4 Flight control hardware

2. Introduction to key interfaces

remote restart experiment

« This experiment uses
broadcast mode to restart
all HITL simulations in the

LAN.

* For detailed operations and
experimental results, see

CopterSim v2.54-20230801

o7

o 3R R YRR MER§HEE WITHEH 0 igrs 1 Ll !g E
)
SRS MREE v 1.5 450 o 50 n O BEXigt IIEI .
\ LR - S
DI (FKEE) v 2312 KV980 v
SRR RNE S
AFC v 10x4. 5MR v
- 5 FEiRRRE HME .
= = Hoblywing (1 &) v IRotor 204 v |
! AR « S
ACE (R FREgi) ~ LiPo 33-11.1V-25C-5500m4h ~
MBI v itE HEZH AR e =T EL
FHID: UDPYERO - R FDLLAR R ST ¢ THEM SHBTHE: Bl TWRsiE- Rfn
2 20102 PE4_HITL v Crasslands v O xo0 ¥i 2 yaw: 0
UDF Hode
THERLE USE A{TIEE comy UDP_Full BIEHE EfE
ehoot K53 Received from port 20102
CopterSin: Simulation Stop! ro Te £7.8
CopterSim: Send rebeot command to Pixhawk.
PE4: Comnand SET_MODE ACCEFTED v 0 Wy o vz 0
FE4: Comnand ARM/DISARN ACCEFTED
PE4: Command REEOOT/SHUTDOVN ACCEPTED
PE4: BARO #0 failed: TINEOUT! | B 80 Yoo
A4ID: UDPHRERE: R ABDLLREL St fRE s ZHBTHR: Bl kRS- fRdn -
1 20100 Pr4_HITL v Grasslands ~ O =xo0 y: 0 yaw: 0
UDP Mode
KRR USE SRITIRE COMe UDF_Full PizhavkERH. .. {FIEFE EHHE
CopterSin: reboot NSG Received from mort 20100 o
CopterSin: Simulation Stop! EgU Y@ ERes
CepterSin: Send reboot command to Pixhawk.
P¥4: Conmand SET_NODE ACCEPTED ¥x 0 ¥y 0 ¥z 0 B
PX4: Conmand ARM/DISARNM ACCEPTED
PX4: Conmand REBOOT/SHUTDOWN ACCEPTED
Fi4: BARO %0 failed: TINEOUT! | ¢ o 8 Boo



0.ApiExps/4.RebootPixViaUDP/Readme_En.pdf
0.ApiExps/4.RebootPixViaUDP/Readme_En.pdf

i ‘ 2. Introduction to key interfaces
2.5 Multi-machine terrain height [ et

Init pos and vaw lists for ###Pos. bat is :
PosXStr=0,0,0,0,2,2,2,2,4,4,4, 4

acquisition interface experiment
« The RflySim platform provides a height SEET0.0.6,0.0.6.6.0.0.6,6.0

Alt list is

information achiSition interface, which Alt=-8. 0485, -T. 7987, -7. 4631, ~7. 1196, -8. 2515, -7."
allows you to automatically configure the Init Pos and Yaw list for Python ie:
initial position of the aircraft given the e o
number and spacing of aircraft, and hrEmene
calculate the terrain height based on the e 0003
current terrain, just like the bat startup [-7.7510,2,2,0)
script. e
[-8. 3685, 4, 0, 0]
« [For detailed operations and experimental 6,118, 4,2, 01
results, see e
4
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0.ApiExps/5.GetTerrainAPI/Readme_En.pdf
0.ApiExps/5.GetTerrainAPI/Readme_En.pdf
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2.6 Data analysis
experiment based on
Simulink

The RflySim platform has
rich flight log acquisition and
analysis functions. This
experiment will be based on
Simulink to achieve real-time
acquisition and storage
analysis of flight logs.

For detailed operations and
experimental results, see

o

subplot(2,1,1);«
plot(PosE1.Data(;,1),PosE1.Data(:,2))<

subplot(2,1,2);«
plot(PosE2.Data(;,1),PosE2.Data(:,2))<

=
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2. Introduction to key interfaces
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0.ApiExps/6.DataAnalysis_Mat/Readme_En.pdf
0.ApiExps/6.DataAnalysis_Mat/Readme_En.pdf

ni ‘ 2. Introduction to key interfaces

« 2.7 Data analysis based
on Python

* The experimental RflySim
platform has rich flight log
acquisition and analysis
functions. This experiment
will implement real-time
acquisition and storage
analysis of flight logs based
on Python.

« For detailed operations and
experimental results, see

17
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0.ApiExps/7.DataAnalysis_Py/Readme_En.pdf
0.ApiExps/7.DataAnalysis_Py/Readme_En.pdf

i ‘ 2. Introduction to key interfaces

e 2.8 Cluster interface
experiment

« UAV position control, speed
control, and heading control
are carried out by using the
RflySim platform mavlink
communication function
Interface.

« For detailed operations and
experimental results, see

18
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0.ApiExps/8.MAVLinkFull4Swarm/Readme_En.pdf
0.ApiExps/8.MAVLinkFull4Swarm/Readme_En.pdf
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3. Basic experimental cases

Al

e 3.1.1 FullData mode stand-alone
experiment of communication
Interface

« Through the RflyUdpFast transmission
module provided by the platform, the status
information of the drone is received, and
then simulink modeling is performed to
control the local position motion of a single
drone, and the control instructions are sent
to the module, and then simulated.

« [For detailed operations and
experimental results, see



1.BasicExps/e1_RflyUdpSwarmExp/1.RflyUdpFullOne_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/1.RflyUdpFullOne_Mat/Readme_En.pdf

3. Basic experimental cases

Al

 3.1.2 FullData mode 4-machine
simulation experiment of
communication interface

« Through the RflyUdpFast transmission
module provided by the platform, the
status information of the drones is
received, and then simulink modeling is
performed to control the local position
motion of the four drones, and the
control instructions are sent to the
module, and then simulated.

« For detailed operations and
experimental results, see



1.BasicExps/e1_RflyUdpSwarmExp/2.RflyUdpFullFour_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/2.RflyUdpFullFour_Mat/Readme_En.pdf

4
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3.1.3 Communication interface
FullData mode global coordinate
control 4-machine experiment

Through the RflyUdpFast transmission
module provided by the platform, the
status information of the drone is received,
and then Simulink modeling is performed
to control the global position motion of the
drone, and the control instructions are
sent to the module, and then the
simulation is performed.

For detailed operations and experimental
results, see

o

=

3. Basic experimental cases

22


1.BasicExps/e1_RflyUdpSwarmExp/3.RflyUdpFullFourGPos_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/3.RflyUdpFullFourGPos_Mat/Readme_En.pdf

3. Basic experimental cases

Al

« 3.1.4 Single-machine circle drawing
experiment in SimpleData mode of
communication interface

« Through the RflyUdpFast transmission
module provided by the platform, the
status information of the drone is
received, and then simulink modeling is
performed to control the local position
motion of a single drone, and the control
instructions are sent to the module, and
then simulated.

« For detailed operations and
experimental results, see



1.BasicExps/e1_RflyUdpSwarmExp/4.RflyUdpSimpleOne_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/4.RflyUdpSimpleOne_Mat/Readme_En.pdf

3. Basic experimental cases

Al

« 3.1.5 Single-machine circle drawing
experiment in UltraSimple mode of
communication interface

« Through the RflyUdpFast transmission
module provided by the platform, the
status information of the drone is
received, and then simulink modeling is
performed to control the local position
motion of a single drone, and the
control instructions are sent to the
module, and then simulated.

« For detailed operations and
experimental results, see



1.BasicExps/e1_RflyUdpSwarmExp/5.RflyUdpUltraSimpleOne_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/5.RflyUdpUltraSimpleOne_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/5.RflyUdpUltraSimpleOne_Mat/Readme_En.pdf

i ‘ 3. Basic experimental cases

- - - T e = iz
- 3.1.6 Four-machine circle drawing o m wl—
. . . Last Valid Data i\\\/ P ? 5‘2 ﬁ% U ?usseyéy::ét
experiment in UltraSimple mode = s |
i i - e oo | [
of communication interface e e — W GO
| HBERHL N
« Through the RflyUdpFast transmission RN
. — e
module provided by the platform, the status ﬁzt;%_l:lﬁﬁ?e
information of the drone is received, and then ' .
Simulink modeling is performed to control the SEEPixhawk| o [ Pixhawk
local position motion of a single drone, and the .

control instructions are sent to the module,
and then simulated.

« [For detailed operations and experimental
results, see

7 eske .


1.BasicExps/e1_RflyUdpSwarmExp/6.RflyUdpUltraSimpleFour_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/6.RflyUdpUltraSimpleFour_Mat/Readme_En.pdf
1.BasicExps/e1_RflyUdpSwarmExp/6.RflyUdpUltraSimpleFour_Mat/Readme_En.pdf

i ‘ 3. Basic experimental cases
» 3.2 4-organic point
cluster experiment

« This platform has developed a
particle multi-rotor model under
Python. Only two softwares,
Python and RflySim3D, can
realize hundreds of pilot-level
UAYV cluster simulations on a
single computer.

« For detailed operations and
experimental results, see



1.BasicExps/e2_NoPX4SITL4Swarm/Readme_En.pdf
1.BasicExps/e2_NoPX4SITL4Swarm/Readme_En.pdf

ni ' 3. Basic experimental cases

» 3.3 Cluster track lighting display
experiment

« The lighting change special effects of this
routine actually use the same interface
(different lighting styles) as the C key in
RflySim3D to switch the aircraft style.
Through this interface, the simulation of
crash animation after impact and other
special effects can be realized.

« [For detailed operations and
experimental results, see

=
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1.BasicExps/e3_LightShowSwarm/Readme_En.pdf
1.BasicExps/e3_LightShowSwarm/Readme_En.pdf

Al

« 3.4 Fixed wing particle model

cluster experiment

In this experiment, a fixed-wing particle
model was built, which can control the
fixed-wing to fly on a predetermined
trajectory through speed, yaw, height or
position commands.

For detailed operations and
experimental results, see

3. Basic experimental cases

28


1.BasicExps/e4_FixWingGMSwarm/Readme_En.pdf
1.BasicExps/e4_FixWingGMSwarm/Readme_En.pdf
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3. Basic experimental cases

3.5.1 RflySim3D collision

Interface experiment -
This experiment demonstrates VEE E E% %?Eé ‘.
how to achieve the collision effect : TR

of drones in the three-dimensional
engine by calling the collision API
interface of the RflySim platform.

For detailed operations and
experimental results, see



1.BasicExps/e5_CollisionExpAPI/1.CrashMonitorAPI/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/1.CrashMonitorAPI/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/1.CrashMonitorAPI/Readme_En.pdf

4
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3.5.2 MAVLInk mode 2
machine collision experiment

The three-dimensional scene
simulation software RflySim3D of
the RflySim platform is developed
based on UE. During the
development process, it has a
collision engine mode. This example
shows the detailed process of two
aircraft from takeoff to collision.

For detailed operations and
experimental results, see

3. Basic experimental cases

[0.032280538231134415, -0.037474520504/
[e, o, 0]

Send target Pos

Send Arm Command

Send Velocity Speed

Vehicle #2 Crashed with vehicle # 1

. . 5 Vehicle #1 Crashed with vehicle # 2
Vehicle #1 crashed with #vehicle #2 at PosE: 0.705668,0.041217,-1.765807!
Vehicle #1 crashed with #vehicle #2 at PosE: 0.726659,0.038096,-1.781701!
Vehicle #2 crashed with #vehicle #1 at PosE: 1.170595,0.110675,-1.790005! X Python3.8.164-bit ®O0A0 272KiB

|m',*'aﬂ"'" 30
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1.BasicExps/e5_CollisionExpAPI/2.CollMAVLinkAPI_Py/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/2.CollMAVLinkAPI_Py/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/2.CollMAVLinkAPI_Py/Readme_En.pdf
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3.5.3 UDP mode 2 machine
collision experiment

The three-dimensional scene
simulation software RflySim3D of
the RflySim platform is developed
based on UE. During the
development process, it has a
collision engine mode. This
example shows the detailed
process of two aircraft from
takeoff to collision.

For detailed operations and
experimental results, see

3. Basic experimental cases

[0.032280538231134415, -0.037474520504/
[e, o, 0]

Send target Pos

Send Arm Command

Send Velocity Speed

Vehicle #2 Crashed with vehicle # 1

. . 5 Vehicle #1 Crashed with vehicle # 2
Vehicle #1 crashed with #vehicle #2 at PosE: 0.705668,0.041217,-1.765807!
Vehicle #1 crashed with #vehicle #2 at PosE: 0.726659,0.038096,-1.781701!
Vehicle #2 crashed with #vehicle #1 at PosE: 1.170595,0.110675,-1.790005! X Python3.8.164-bit ®O0A0 272KiB
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1.BasicExps/e5_CollisionExpAPI/3.CollUDPModeAPI_Py/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/3.CollUDPModeAPI_Py/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/3.CollUDPModeAPI_Py/Readme_En.pdf
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3. Basic experimental cases

3.5.4 UDP mode 2 machine
Collision (Simulink) ; {&03?22?538231134415, -0.0374745205044

Send target Pos

- Q Send Arm Command
— d Veloci >peed
experiment CPEeEe e

Vehicle #1 Crashed with vehicle # 2

Vehicle #1 crashed with #vehicle #2 at PosE: 0.705668,0.041217,-1.765807!

The three-dimensional scene B e s v W ST
simulation software RflySim3D of the

RflySim platform is developed based
on UE. During the development
process, it has a collision engine mode.
This example shows the detailed
process of two aircraft from takeoff to
collision.

For detailed operations and
experimental results, see

|m',*'aﬂ"'" 32
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1.BasicExps/e5_CollisionExpAPI/4.CollUDPModeAPI_Mat/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/4.CollUDPModeAPI_Mat/Readme_En.pdf
1.BasicExps/e5_CollisionExpAPI/4.CollUDPModeAPI_Mat/Readme_En.pdf
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4. Advanced interface experiment

Al

« 4.1.1 Eight-machine circle
drawing experiment in o= : — s
UltraSimple mode of
communication interface

« Through the RflyUdpFast transmission
module provided by the platform, the
status information of the drone is
received, and then Simulink modeling is
performed to control the local position
motion of a single drone, and the control
instructions are sent to the module, and
then simulated.

« For detailed operations and
experimental results, see



2.AdvExps/e1_RflyUdpSwarmAdvExp/Readme_en.pdf
2.AdvExps/e1_RflyUdpSwarmAdvExp/Readme_en.pdf

4. Advanced interface experiment

Al

« 4.1.2 8-machine SITL
simulation experiment

e By using the UDP
communication function
interface of the RflySim
platform, the drone aircraft
takes off and then flies Iin
concentric circles.

« For detailed operations and
experimental results, see



2.AdvExps/e1_RflyUdpSwarmAdvExp/2.UDPSimple8Swarm_Py/Readme_En.pdf
2.AdvExps/e1_RflyUdpSwarmAdvExp/2.UDPSimple8Swarm_Py/Readme_En.pdf
2.AdvExps/e1_RflyUdpSwarmAdvExp/2.UDPSimple8Swarm_Py/Readme_En.pdf

4. Advanced interface experiment

Al

« 4.2 12-machine point
cluster experiment

« This experiment is based on
the RflySim platform to
realize the takeoff and
circular flight of 12 particle
model quad-rotor aircraft.

« [For detailed operations and
experimental results, see



2.AdvExps/e2_NoPX4SITL12Swarm/Readme_En.pdf
2.AdvExps/e2_NoPX4SITL12Swarm/Readme_En.pdf

4. Advanced interface experiment

Al
e 4.3.1 Distributed LAN
broadcast communication 8-

machine simulation experiment

« This experiment enables two
computers (hereinafter collectively
referred to as computer A and
computer B) in a local area network to
jointly fly eight aircraft in a circle.

« For detailed operations and
experimental results, see



2.AdvExps/e3_DistributedLANSwarm/1.BroadNetSwarm_Mat/Readme_En.pdf
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4. Advanced interface experiment

Al
e 4.3.2 Distributed LAN
point-to-point
communication 8-machine

simulation experiment

« This experiment enables two
computers (hereinafter collectively
referred to as computer A and
computer B) in a local area
network to jointly fly eight aircraft
in a circle.

« For detailed operations and
experimental results, see



2.AdvExps/e3_DistributedLANSwarm/2.UseIPNetSwarm_Mat/Readme_En.pdf
2.AdvExps/e3_DistributedLANSwarm/2.UseIPNetSwarm_Mat/Readme_En.pdf
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i ‘ 5. Advanced case experiments

« 5.1.1 Simulation

['® rysimano

experiment of 8 aircraft
flying in a figure-8
formation

« Through the RflyUdpFast
transmission module provided by
the platform, based on
MATLAB/Simulink, the flight
control experiment of controlling
eight quad-rotor drones in a
figure-eight formation was
realized.

» For detailed operations and
experimental results, see
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2.AdvExps/e4_SwarmFormCollCtrl/1.UAV8Swarm3D_Mat/Readme_en.pdf
2.AdvExps/e4_SwarmFormCollCtrl/1.UAV8Swarm3D_Mat/Readme_en.pdf
2.AdvExps/e4_SwarmFormCollCtrl/1.UAV8Swarm3D_Mat/Readme_en.pdf

Al

5.1.2 Controlling the speed of
the aircraft under automatic
anti-collision to conduct
cluster formation simulation
experiments

In this experiment, software and
hardware-in-the-loop simulation
were used to demonstrate the
transformation and formation

functions of different UAV
formations.

For detailed operations and
experimental results, see

5. Advanced case experiments

ORI
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2.AdvExps/e4_SwarmFormCollCtrl/2.SwarmBodyVelCtrlColl_Mat/Readme_en.pdf
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Al

5.1.3 Controlling the earth’s
speed (NED coordinate system)
under automatic anti-collision to
conduct cluster formation
simulation experiments

In this experiment, software and
hardware-in-the-loop simulation
were used to demonstrate the
transformation and formation

functions of different UAV
formations.

For detailed operations and
experimental results, see

5. Advanced case experiments

ORI
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5. Advanced case experiments

5.1.4 Cluster formation simulation
experiment (UDP mode) controlling
earth speed (NED coordinate system)
under automatic anti-collision

In this experiment, software and
hardware-in-the-loop simulation were
used to demonstrate the
transformation and formation
functions of different UAV
formations.

For detailed operations and

ORI

experimental results, see
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ni ‘ 6. Extended cases

« 6.1 Distributed LAN point-to-
point communication 16-
machine simulation experiment

« This experiment enables two
designated computers in the local area
network (hereinafter collectively
referred to as computer A and
computer B) to jointly fly eight
aircraft in a circle.

« [For detailed operations and
experimental results, see



3.CustExps/e1_UDPSimple16Swarm2PC_Py/Readme_En.pdf
3.CustExps/e1_UDPSimple16Swarm2PC_Py/Readme_En.pdf

i ‘ 6. Extended cases
* 6.2.1 30-machine point
cluster experiment

@ RilySim3D-0 = o X

« This experiment is based on
the RflySim platform to
realize the take-off and
circular flight of 30 particle
model quad-rotor aircraft.

« [For detailed operations
and experimental results,
see

Iml*l n 46



3.CustExps/e2_NoPX4SITLSwarm/1.NoPX4SITL30Swarm/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/1.NoPX4SITL30Swarm/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/1.NoPX4SITL30Swarm/Readme_En.pdf

i ‘ 6. Extended cases
e 6.2.2 100-machine point
cluster experiment

« This experiment is based on the
RflySim platform to realize the
takeoff and circular flight of
100 particle model quad-rotor
aircraft.

« [For detailed operations and
experimental results , see

47


3.CustExps/e2_NoPX4SITLSwarm/2.NoPX4SITL100Swarm/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/2.NoPX4SITL100Swarm/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/2.NoPX4SITL100Swarm/Readme_En.pdf

6. Extended cases

Al

e 6.2.3 200-machine point
cluster experiment

« This experiment is based on the
RflySim platform to realize the
takeoff and circular flight of a
guadcopter with 200 particle
models on two computers in a
local area network.

« [For detailed operations and
experimental results, see



3.CustExps/e2_NoPX4SITLSwarm/3.NoPX4SITL200Swarm2PC/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/3.NoPX4SITL200Swarm2PC/Readme_En.pdf
3.CustExps/e2_NoPX4SITLSwarm/3.NoPX4SITL200Swarm2PC/Readme_En.pdf
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o

* 6.3.1 Ant algorithm multi-
UAYV path planning
experiment

« Afeasible and optimal path is
planned through the ant
algorithm. This path needs to
meet the requirements of
obstacle avoidance and collision
avoidance.

« [For detailed operations and
experimental results, see

6. Extended cases
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3.CustExps/e3_AISwarmCtrlExp/1.AntAlgorithmMutUAVPathPlan/Readme.pdf
3.CustExps/e3_AISwarmCtrlExp/1.AntAlgorithmMutUAVPathPlan/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/1.AntAlgorithmMutUAVPathPlan/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/1.AntAlgorithmMutUAVPathPlan/Readme_En.pdf

Al

6.3.2 Olfati-Saber
clustering algorithm

The Olfati-Saber algorithm is
used to achieve obstacle
avoidance, collision avoidance,
and clustering of multiple UAVs
toward the target point.

For detailed operations and
experimental results, see

6. Extended cases
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3.CustExps/e3_AISwarmCtrlExp/2.Olfati_SaberSwarmUAVObsAvoid/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/2.Olfati_SaberSwarmUAVObsAvoid/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/2.Olfati_SaberSwarmUAVObsAvoid/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/2.Olfati_SaberSwarmUAVObsAvoid/Readme_En.pdf

6. Extended cases

Al

e 6.3.3 UAV area defense

« Using deep reinforcement I
learning to train the drone
defense model enables the use
of fewer drones to defend
against attacking drones and
achieves good defensive results.

« [For detailed operations and
experimental results, see



3.CustExps/e3_AISwarmCtrlExp/3.MultiUAVRegionDefense/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/3.MultiUAVRegionDefense/Readme_En.pdf
3.CustExps/e3_AISwarmCtrlExp/3.MultiUAVRegionDefense/Readme_En.pdf
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ni' /. Summary

« This lecture mainly explains the cluster communication and cluster control of UAVs. It is divided
into three parts: basic experiments, advanced experiments and extended cases. It can realize local
area networking, UAV cluster communication and UAV formation control.

|f you have any questions, please go to https://doc. rflysim. com/ for
more information.

More tutorials on Scan the QR code for consultation and
RflySim communication

AR GERE ;

RflySim technical exchange group



https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0

Thanks!
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