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Development and Practice of Intelligent Unmanned Cluster System

Full Stack Development Case Based on RflySim Platform

Lesson 2 Experimental Platform Configuration
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nl' Curriculum resources

* The video address of this PPT public welfare course Is:

« Software usage and configuration:
« Hardware usage and configuration:
« More curriculum resources:

« BERAFMBBNE:

RflySim More Tutorials



https://www.bilibili.com/video/BV1UL4y1F7NL
https://www.bilibili.com/video/BV1qY4y187NZ
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0
https://www.bilibili.com/video/BV1UL4y1F7NL
https://www.bilibili.com/video/BV1qY4y187NZ
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0
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1. Platform Introduction and

To purchase the teaching AIDS required for this course (configured and ready to

Instal lation use, you can skip the PPT hardware configuration part), you can visit the

following Taobao shop link, or Taobao App scans the QR code on the right side

2. Software and hardware overview

and configuration

3. Soft and hard basic use

exper iment

5. Experimental preview in the

fol lowing chapters
6. Future functions and prospects

7. Summarize
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https://shop212206553.taobao.com/
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0
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Introduction to the 1.0
RflySim Platform:
RflySim is a Pixhawk/PX4
and MATLAB/Simulink
ecosystem or tool chain for
research and education, using
Model-Based Design (MBD)
Ideas for control and safety

testing of unmanned systems.
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1. Platform Introduction and Installation
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ni‘ 1. Platform introduction and installation }

>

Version difference description (see link or QR codeV s
detalils .

The RflySim platform is currently available in three versions:Basic (free), Premium (free)AndPremium
full version (paid, please consult ) o

Basic editionAs an experimental platform, it corresponds to the book Design and Control Practice of
Multi-rotor Aircraft. The installation package is small in size and only contains the functions developed by
Simulink, the underlying algorithm of PX4.

Premium experience editioninBasic editionFunctions such as aircraft dynamics model development, UE4
3D scene development, visual control development and cluster algorithm development are added, but the
number of clusters and distributed simulation functions are limited.

Advanced full editioninThe Trial EditionAdded the latest UE5 engine, global large-scale scene simulation,

distributed LAN cluster visual simulation and other functions.
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http://rflysim.com/doc/RflySimVersions.xlsx
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1. Platform introduction and installation

1.1 Checking the computer Configuration. To be able to run the RflySim platform, the following

computer configurations are recommended:

System: Windows 10 x64 (The version is greater than or equal to 1903)

CPU: Intel i5 10 generation processor or above, or equivalent performance AMD processor

Graphics card: Intel integrated graphics UHD 620 and above, or equivalent performance AMD graphics card
Memory: Capacity 16G or above, frequency DDR3 1600MHz or above

Hard disk: Remaining capacity 40G or above (SSD recommended)

Display: resolution 1080P (1920*1080) and above (dual screen recommended)

Interface: at least one USB Type A interface (available expansion cable)

MATLAB: 2017b or later (2017b recommended)

Note: The computer configuration should be as high as possible, low-configuration computers can also run the Demo of

this platform, but there may be unstable control, poor experimental results and other problems. Please install MATLAB

in advance.

Note: This platform is suitable for games or game consoles, professional servers and graphics workstations are not

compatible with this platform, there will be jitter and stuttering.
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Attention:
y | = = . The basic version and the Advanced Experience version can be mirrored by filling in
1 . P I atfo rm IntrOd UCtlon anc the mailbox Get the cloud disk download link.
L . For the full version download link and registration code please

consult
The cloud disk link and password we share will not change, but the installation

1.2 Obtaini ng and Installi ng Software package inside will be updated frequently, so the cloud disk installation package

update time as the version base.

> Obtain the installation package: Obtain the latest.iso image from an official source (The full version i

s RflySimAdv3Full-****.iso, and the experience version is RflySimAdvFree-**** iso, after which ***
* indicates the version number) You can right-click the mouse - open mode -Windows Explorer to lo

ad the image (or use the decompression software to decompress, or use the virtual drive to load), so as

to obtain the installation package folder shown on the right.

9 @ @ @ @ @

0.UbuntuWSL 1.ToolChainZip 2.FirmwareZip 3.PX4PSP 4HILApps 5.PPTs
e

) v

OnekeyScript.p readme.txt uninstall.m
Scan the code t the REVSIm platf Note: The "5.PPTs" folder has the latest PPT
can the code 1o see the Ktlysim platiorm tutorial, after running the installation script
video installation tutorial

will be copied to the PX4PSP directory,
readme.txt has the version number, update time
and update content
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https://rflysim.com/download
mailto:service@rflysim.com

» RlySimAdv3Full > 0.UbuntuWSL
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~ThableWsL bat Ubuntu18.

1.3 Enabling the WSL subsystem function. p
1. For Win10 and Win11 systems: Win10WSL compiler is recommended, and the following op ons need to be pertormed tirst:

« Start WSL subsystem function: double-click the script ""0.UbuntuWSL\ EnableWSL .bat" (close the antivirus software first to
avoid interception), and click "Yes" in the ""User Account Control" window to automatically start WSL subsystem.

« Note: If this command is executed for the first time on the PC, enter Y in the pop-up window and press Enter to confirm the
installation and restart the PC. If this command is not executed forAhe first time, the window automatically closes and you do not
need to restart the PC..

* Note: If a problem occuyfs, such as a flash exit, enter the wslco
Is successful. If no coimand is displayed, the installation fail
readme.pdf procesg’to start the software manually.

] X () B ¢85 Windows PowerShell X + v
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1. Platform introduction and installation [ =
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fig command in the CMD window to check whether the installation
’ Close the antivirus software and follow the 0.UbuntuW.

W SRR
© Windows fEiHpERETIREAEASGRATER. TS

H Windows aa&iEIER Windows PowerShell
M FrE (C) Microsoft Corporation, {REfrHENH,
BRI AT E: Microsoft Windows

s XM PowerShell, T #EHTIHEEMI B! https://aka.ms/PSW
ERESEAEE

r

)ET—:E‘ “7%” PS C:\Users\RJlr-'gSIW- Enan}'te—WindowsttionalFe:.ture b -
b BEEVHERITENUZRILIEE? / lis On
= 0] Ve M) Mo [2] %81 (B RO B Oy
2. For Win7 systems (or Win10WSL compiler installation failure) : Only use the Cygwin compiler. You can skip the previous step and

go directly to the one-click installation script page in the following article, and select 3 when entering ""PX4 firmware compiler* :
Cygwin compiler.

4.PX4l[1] iﬁh:—-i:’?‘-#%‘(“ f10WSLEEH]. 2: Msys2[ifilli4 <PX4-1.8], 3: Cygwin[i& /i =PX4-1.8]

wrf
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1.4 One-click Installation script

4] TES—E=EH+x = X

1. LR %rke
w |CAPXAPSP

1. Platform introduction and INstallation. « s s s s s o s

Note: To improve the installation speed and ensure
the smooth completion of the installation, please
turn off all anti-virus software, and Windows 10/11
Security Center "real-time protection"

» Click the ""Browse folder' button in MATLAB, locate the folder you just
loaded the iso image, and right mouse buttonOnekeyScript.p,
click™operation''Button (or type the OnekeyScript command in the

window)

«  The full versipn will pop up the activation page, get the serial number and

enter it.Experfience version does not pop up activation window

enter the serigl number!

« Then the installation page will pop up as shown in the right p
follow the reafime.txt instructions in the installation package
are before installation).

antivirus soft

-l e 3 1 S -

#E TEX [ BRTHEX
s

A0 need to

<9

P H:»

EFR -

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

BRI AREE

| readme.txt

F9

ERREHEATET

I3 Zip i
558
i

F2
Delete

2|
0. A4 B PG B i i L 1P Sirnalinkeds il #E™ 2, (E IIPXAE T H il E"5")
cture eas
=
to close the e
4k MATLAR I T -
T =T
; 5 i : Lof Aesty o Ve [ L
i P et T o t_' T
— Wortapace | Char'Wrlapace = | Clsae Commands = Tl Pt g
4 FrIEEEEL - X - e — —
AL BEFFID A
e1d111e9-b8124091-54985179-eeTba3f
it iR IDAE B flysim@163.com, il 3L 7S S B F i 0 . .
:.":2::- PR ’
Full version activation interface e Ay (;:l:* - § s
» = EEdInstallicript
Compe Aguesn Step1: run the script--
I m q. n f-l . - NS A I ;::-::.—-.:.-...__:-_-_.:
‘ "‘ _h ok 2 !ﬁ E - e R BITHIA I
L ® Fe= . Wadicat Fiey hot on e

pxd_fmu-vS_default

e 3 PXALE A (1: PX4-17.3, 4: PX4-1.10.2, 5 PX4-1.113, 6: PXd-1.123, 7: PXd-1.13.0)
7

4. PRASH T #E (12 Win1OWSLIEMT], 2: Msys2[if fiifi 4 =PXd4-1.8], 3 Cygwin[iffi=PX4-1.8]
1

5 I PSP L B A LA, & )

B

6.4 i i 2 Hh T (CopterSim. QGCHER . W {IHEH RIS, #1558
2

7T A [ AR O iR
7

A HERERE, @AEEISAH

8.2 P A E PXAlEHH S (ke SR {laT,
7

e HEEEIRAR, FoEEAHH

9.2 e M S R e st & dEFRIL, GRS D

b=l |




Note: Win7 system, firmware compiler
choose 3: Cygwin can (limited to full

i 1. Platform introduction and installation [<ion, asaplicableto Wst

4 [Es—sssEE — X
1.5 Recommended Installation Configuration - First Run T e—
e Toinstall the platform for the first time (or restore the CHPXAPSP

platform configuration), you can directly use the default

configuration on the right picture, select ""Yes"', click "OK™" to
install with one click;Users of low-level flight control
development can be modified according to needs:

1. For the underlying development of Pixhawk 4 fli
select the compile command*“px4 fmu-yS—default”(If you
have other flight control ha , please modify it yourself);

5.2 NEH PSP AE(R. HR CRE 5. HIFNE %W

2 Use the newe iIrmware PX4-1.13.0, firmware vers
select "'7"" (top-level algorithm development requir 6. % 77 7 42 S e #F T £L ( CopterSim. QGCHMIS:. BRIFEI(FILIIET, H55 4
. =
1.10 firmware);
. - g - A T o N e P R R RS . R EEE A ES A
3. Use the Win10WSL compiler, so choose ""1"* for the compiler; TR e TR, e S

Note: Also can not install WSL subsystem, select *'3"" Cygwin Note: If it is not the first installation but a
- - - - . A 7 B AT Ot R LT, 5. f VN[
(suitable for Win7+), but there is a long-term running SRAREHEPARMES Oe SHEANE platform update, you can select “No" for

h - . = itemns 7 and 8 t installation time.
instability problem, not recommended this way. rems fane & o save nstatiation e
T . : 9 HL AL Mt o & R IAIE e RRORIEE B SERIL, KEI55HHED

4. Whether to mask PX4 output Select™Yes',_ This option does 2

not mask the output of the PX4_SITL controllerssq_software b e o B o e o
. . - LD WP G 7 4 1 (S S | 6™ 67, FH P B0 R 4™

simulation can be performed normally.. 2

5. All others are selected by default when you install them for e -
the first time*Yes", click again"'Confirm®: tast >
installation.

Note: The free version of the firmware can only select 1 and 6, the compiler can only select 1
o and 2. For support of other firmware, compilers, Win7 systems, and 3D scenarios, please
) = contact Get full or incremental packages.


mailto:service@rflysim.com

Emphasis: ""Automatic™ means that if the relevant functions
are updated, the corresponding program will be automatically
reinstalled in order to improve the installation speed of the

‘ - - - - . . . . R
platform, and can also be changed to "yes" or ""'no"* according
l 1. Platform introduction and installation @@
4 TES—S=EHE — X

1.5 Recommended Installation and Configuration - 1.1 Al s |

Subsequent updates CParse |

o Download the new installation package and run the SCI’ipt 2 PR4Ew i drd-.  WFirmware\boards H 5, HREpd_fru-vs_defautt. dronevee racer default™s i
again, as shown in the figure on the right px8_fmu-vS_defaul |

. You can see that the default Optlon for "-_ems 5 through 9 has 3P {4 (1: PH4-17.3, 4: P¥4-1.102, 5 P¥4-1.11.3, 6: PX4-1.123, T: PX4-1.13.00 '
changed to ""Automatic' instead of "'yes'" or "'no"". !

. In automatic mode, the script automatically determines 4 PXA{S (HMERE (1: Win1OWSLIE], 2. Msys2[if fiiki 4 =PX4-1.8]. 3. Cygwin[if/f1=PX4-1.8] |
whether to update files according to the files in the installation ! ,
package, which reduces the difficulty of use, speeds up the 55 PSP L R . A T RE, . SR ) |
upgrade, and shorens the upgrade time. =E |

« If you need to restore firmware, compilers, packages, etc., you 6.4 P 7 2% FLfh e SFR AT 1 (CopterSim. QGCHITIG:. T {HERHIKIET, B54H)
can also change "automatic™ to ""yes" to achieve forced =E
updates.. .. T O A i R R O i iR, . HERFRORE. ERAEEISAER

*  Note: ""6. Whether... In addition to ""automatic', "'yes" and =E

no" for the input of ""package", you can also specify the

Bt PRI PR O R EEAT, & HERRALR, RN
mandatory update module (comma separated) separately to . -

_ : _ 4 _ =k
save time. Optional modules include: CopterSim, drivers,
FlightGear, QGroundControl, RflySim3D, RflySimAPIs 9 iy e PRI R BHWRET & RN K5 .
UE3DDisplay. == |
Note: If the blue Screen of death occurs when the 1004 75 7 P X 77 1 A 00 1 T S ) 0 ™, 1 PP PG R 7 3 45 )
=

platform is updated, please run the one-click script
= {0 uninstall the platform and install it again.
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ni‘ 1. Platform introduction and installation
1.6 Windows Effects After Installation

« Asshown below, under the installation directory (default is C:\PX4PSP) you can get a series of folders
where*“RflySimAPIs”The folder is the most important interface tutorial folder for advanced functions.

« Asshown on the right,~aseries of shortcuts are available in the RflyTools folder on the desktop.

« Windows (C:) > PX4PSP > ~ S5"PX4PSP” « =3@ » RflyTools % b L2 gF RflyTools’

o i I I
3DDisplay Coptersim drivers Firmware Fgé;r;(ie;r 3DDisplay CopterSim FlightGear-F450 HITLRun
PPTs Python38 QGroundContr RflySim3D RflySimAPIs PPTs Python38Env QGroundContr RflySim3D
ol
— RflySimUES Gernerateshort  RflySimV2.48-2 RflySimAPIs RflySimUES SITLRun Win10WSL
cutCMD.bat 0220416.txt

7)) wesue
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1.7 Simulink Toolbox After Installation
« Open MATLAB, create any

new Simulink program,enter

the Library browser page.

e Asshown in the picture on

the right, scroll down to see the
Pixhawk Target Blocks toolbox,
indicating that the installation

Is successful.

« Aiming at the development

of the underlying flightcontrol
algorithm, this function supports
Simulink to design the flight control
algorithm, and generates the code to
upload to Pixhawk for hardware-in-
the-loop simulation and real machine

HEQmMMkmemewwr

di?‘,’il

&

1. Platform introduction and installation

This function is only for low-level flight control
algorithm development users, visual and cluster
algorithm development users do not need to
view.

vhv&v\;jv-ﬁl\?)

Pixhawk Target Blocks/Sensors and

Actuators

> Neural Network Toolbox
0PC Toolbox
> Phased Arrav System Toolbox
M Pixhawk Target Blocks |
ADU and dSerial
Miscellaneous Utility Block
Sensors and Actuators
uORB Read and Write
Powertrain Blockset
Report Generator
RF Blockset
Robotics System Toolbox
Robust Control Toolbox
SimEvents
Simscape
Simulink 3D Animation
Simulink Coder
Simulink Control Design
Simulink Design Optimization
Simulink Design Verifier
l
1
|

v

v v

Simulink Desktop Real-Time
Simulink Extras
Simulink Real-Time

VWV VVV VIV VYV

ﬁme&amp}

Current

mAH >

AUX_output

batt ery_measure

|

Ch1p

Nl

=
=i
il
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1. Platform introduction and installation

Al
1.8 Verifying the Platform Installation successfully
« Go to the RflyTools folder on the desktop, double-click the SITLRun shortcut, type 1, and press

Enter.
. When RfIyS|m3D dlsplays Baieked EKF 3DF|xed" (also displayed on CopterSim), it means that the
e et =T Yt cont < siTLRun
> RflyTools v G PO EEZFE"RflyTools”
7| .. EF A ’lease input UAV swarm number:lg
- Ty v
3DDisplay CopterSim eclipse FI|_gFf11rt;)3[(]ear HITLRun o RflySim3D-0
& @
PPTs Python38 QGround RflySim3D RflySimAP
Env Control Is
@ P a @ CopterSim/PX4 EKF 3DFixed: 1 /1
RflySimUE SITLRun Win10WS
5 L

At

rﬁ
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=
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1. Platform introduction and installation

’ ‘
click the mouse and use the administrator mode to open the bat

1.8 Verifying the Platform Installation SUCCGSSfU“y script! This allows for a higher running priority.

* Go to the QGroundControl software and see the aircraft enter "*Hold" mode and click the " Takeoff'" button.
The confirmation slider pops up and drags it to the far right to begin the automatic takeoff.

« If the plane can take off from the ground, the platform is conflgured correctly ‘ m

. QGroundControl

B +-0.0m 0.0 m/s &00:00:00
00m 20.0m/s #0.0m

Talkanff fram orni inAd and hald nncut|on

Slide to (’v ‘

Takeoff 9

Hx

- o 100m¢00m/s GOOOOOO a \bﬁ
. : 0.0 m —>OOm/s #0.0 m ;

4
T THER.. A&

L' t o A 1E

Note: If the bat script directly runs the plane jitter, please right-
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1.9 Methods for Uninstalling Platform Software ot
Automatic unloading:Use MATLAB to open the installation packM .

3.FA4PSE

1. Platform introduction and installation - "

#] OnekeyScript.p

Note: You only need to perform this page if e readme.txt
i | uninstall.m
you need to uninstall the platform. I Enter

LASCR A AU T

Run Script as Batch Job
BEED F1

directory and run the uninstall.m script to complete the uninstallation.

AN A A

~N o

Manual uninstall:Includes the following process (see the notes in uninstall.m)

Delete the shortcut shown in RflyTools on desktop;

Delete the ""[documents\MATLAB\Add-Ons\Toolboxes\PX4PSP" folder.

Edit MATLAB "pathdef.m" to find and delete the remaining PX4PSP path entries;
Uninstall the Ubuntu 18.04 LTS program from Windows.

Delete temporary directories such as QGroundControl and FlightGear from the [Documents]
directory.

Delete the local temporary Cesium map directory for RflyMaps.

Note: [document]\Ogre directory stores the serial number and other files sn6.txt, the full version will
be retained.

Delete all files and subfolders in the installation directory (default ""C:\PX4PSP"") folder.

AR GERE .



BERE soft Defender FFRERYFra MIERHROT R L.
o I

> SITLRun

1. Platform introduction and mstallatlon —

% ﬁaﬁﬂﬁiﬂﬂﬁﬁﬁ RE

() SERTR: 1
1.10 Troubleshooting Platform Installation Faults - | e e s i
» If blue screen, cannot be simulated, or cannot take off, please confirm the following
@ f there are problems such as slow compilation, blue screen during compilation, inability to conngct QGC during SITL, inability Offboard to control the aircraft,
inability to connect LAN computers, etc., please confirm, please confirm to completely close or gininstall computer anti-virus soffware (such as Lenovo computer
Butler, Tinder,360 antivirus /security guard, Tencent Computer Butler, etc.). And turn off realftime protection for Windows12!
@) On the SITLRun command line interface (CLI), check whether an error message is displayed, and confirm that the px4_sitlSoftware controller runs
successfully.
@ On the Coptersim page1 the message bOX displays the Words " D leed" +n anciivra that tha aitvraraft madal ic nranarh inittializad anAd ~rnnnantad +A tha flinht
control. Note: You can also add antivirus exclusions according to the following text
@ Re-run the one-click installation script and go to the confjguration page to confirm that the firmware version is >PX4/1.10 and the compiler is Win10WSL.
® If still unable to take off, please post the picture and prgblem description on
7 UDP Mode to restart and re-open MATLAB to yhstall, if not, please uninstall and reinstall.
KIZIEFE - UDP_Full - TEE— e T T T T T«
1. TR S '
C\PX4PSP
PX4: Enter Other Mode! “ 2.PXAM ¢ #iF 4 PX4-1.822 fi#E 55 px4fmu-v3_default, PX4-1.92 58 stpxd_fmu-v3_defauilt
PX4: Enter Manual Mode! pxd_fmu~s_default
PXd: EKFZ Estimator start initializing... s _
Pi4- :logger] ) log2022—04—0415_47_24 ulg :.PXfl.u. FREA (1: PX4-1.7.3. 4: PX4-1.10.2, 5: PX4-1.11.3, 6: PX4-1.12.3)
PX4: Found firmware version: 1.11.3dev |
PX4: Command REQ[:EST_AUTUPILO‘T_VERSIO‘N ACCEPTED 4. PXAltfFwmi®2% (1: Win10WSL[EEH]]. 2: Msys2[ifH M 4~<=PX4-1.8]. 3: Cygwin[id H] =PX4-1.8]
PX4: Command REQUEST_MAVLINK_VERSION ACCEPTED 1 !
PX4: GPS 3D fixed & EKF initialization finished. v

ATl 17
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https://github.com/RflySim/Docs/issues

Q = pEFAFNZ et > Windows &)

Windows 22O ESEHERRERSETIORRE.

Note: This step is a more convenient way

1. Platfor ey’ nd ins

FIFF Windows Z2Hu

ERIPEKI

<4

G =it el

1.10 Platform Installation Troubleshootin antivirus —
P R FESHTIRE
. Te% on your computer's Settin i “B Reznoan.
Privacy and Securit fons, and then Ypee— & Bt
open Windows Security Center as shown O R ES AR = wn g Emsme
1 {FPRRS R . Y o = =F.
on the rlght. Q@ EmmmmEGRL
« Then open Virus and Threat Protection, S © Winiow: 1 o wmsn
find the administrative Settings option, IR 2022/8/24 522 (IS
and click Open. 5200 Aot ErE,
 Then open Add or re e exclusions, click =
Add Folder in Add Exclusi and add the e HFBI%IE
C:\PX4PSP_path (change it to the T ZROINEAHERZEE M Microsoft Defender BAfR=S{3 @+ HEERRIIE,

installation direc
you do not already have this
manually create a new one) to it.

%e "FREFLELINESIF IS E

== TATERAE,

+  RIOHERRTR
PR AR RIS, SOPRE K RIS
8

Note: This step is based on Windows 11 system as
an example, the operation method of other systems

is similar, in a(_jdltlon, aII_ anti-virus software should ——— o X
have the function of adding excluded folders, you il
can follow this step to add.
HEBRTR e
icrosoft Defender BSRSASIIHEHISIRE, HGHRE T o —
{RENSE S S IERIER, i&&

A NERIPRAERIR




Note: The platform recommends 17+3060

Y | 1 P I atfo rr and above game console configuration, and | r\C'I'Q Ilatinn
l . ensure power supply, other configurations & 5 e ol s HEEEE > Windows (C) > PX4PSP > RflySimAPls
may be incompatible - - x P —
" AT =R . ZoHES
- - UEAdvDemos 2022/9/1 11:45
1.10 Troubleshooting Platform Installation - Computer F oy
3 ] L T
configuration problems o | o
[(Z] HITLRunMAVLink.bat
For users with low computer configuration and flight simulation BEE  *|  EumrenNouibst
PX4PSP
jitter, you can right-click and run the bat script in administrator S 13PPT. 2208 E::t:;sii
mode. Second, you can modify the bat script, find and replace the BEFRAS™ | 3] python3sEnvibat
. . . . FRERE |=| readme.txt
RflySim3D character with 3DDisplay, and enable the simple 3D . @ Oneorve - pec )| TR
engine to observe the effect. The following uses the SITLRun script as IS e D
[%] SITLRunNoUlL.bat 4:3¢
an example:
) ] ] E  SITLRun.bat - iZF4 = m] X
1.  Open the installation directory of the rm. The default o o o |
isC:\PX4PSP\RflySimAPIs,” Locate the script for SITLRun.bat. T - : *
. . . ] . SET F ~ | RflySim3D o v P T X !
2. Right-click edit, modify the bat script, use the replacement tool, _ : [
_7 t;'s‘a 3DDisplay i SEEE
search for and replace the BAT scriptAll RflySim3DThe SoRITe3]H5Ra™/7 "aGroundControl exe” && taskkill /£ /im f

rol.exe"
askTist|finfl /i "RflySim3D.exe" && taskkill /f /im
ot

character can be 3DDisplay. |'E’R'F‘Iy$'im3D.e

'
ECHO Start End. I

3. Right-click the bat script to modify it as an administrator. f
s Note: 3DDisplay can only be used for single-machine

ﬂ‘ _ll E ; Hﬁ E pose preview.
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To purchase the teaching AIDS required for this course
(already configured and ready to use, you can skip the
hardware configuration part of this PPT), you can visit the
following Taobao store link or scan the QR code on the right
side of Taobao App
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2 ATRBISLETE R

2.1 Software and Hardware Overview T T e e ]

| |
| [

. . . |

« Asatool chain, the RflySim platform contains many | MATLAB/ p Python/ Flight
I Simulink OpenCV Gear :

| |

| |

| |

software used in the development of unmanned systems,

2. Software and hardware overview and configuration

systems include: ground computer/on-board computer, G SRl ST QCGr(:;mld
ontro

s s e s e ' i s e e i e e e i e e

such as: Python 3.8 environment, MATLAB/PSP toolbox, HANEARGEMSE 7 Colemiogmioadiliohon
| |
. . : A% | ! |
FilghtGear, QGroundControl, etc. At the same time, the : Vg Pixhank @ > I, Vicrosoft !
o " g Visual Studio :
. . : Simulink WSL/Msvs2/ : 2017 |
self-developed RflySim3D and CopterSim for unmanned | pxapspicfi  pxaflffits i | :
| 1 yewin S LAl | vsghigss vSCode |
systems. e e e '
BECREEM IR N _________
« In addition to the software system, RflySim hardware | P @
| S
|
|

rack system, power system, remote control system,

autonomous vehicle system and so on. : e |
. Wa ; s !
| \W.AN N |
| : |
G d Tk — . N Pixhawk e
: QC OLOtIrI(I;l s i LG HLARAEF NIRG K M :




i ‘ 2. Software and hardware overview and configuration
2.2 Introduction to RflySim Core software

«  CopterSim:The core simulation software of this platform runs the dynamic model of mu - F
Iti-rotor motion, and together with other software constitutes the software/hardware in t " Z
he loop simulation.

CopterSim eclipse FlightGear
« RflySIm3D/RflySImMUES: The core 3D display software of this platform is based on Unr -F450
eal Engine 4 (UE4, Unreal 4, full version supports UE5) engine development, with high r A -
ealistic virtual reality display effect. F

 HILRun/SILRun: The one-click quick start script enables you to quickly start all visior v
) ) : i HITLRun PPTs Python38
/cluster-related software and complete required configurations. If during the run card, a v
key to use HITLRunLowGPU/SITLRunLowGPU startup scripts.

« Python38Env: A Python environment that contains libraries such as OpenCV. @
« RflySimAPIsRoutine folder: Contains all the routines and source code of this course, co

vering single/multiple aircraft control, cluster flight, visual control, etc. %irr?tﬂgld RflySim3D RfWS"mAP
¢ QGroundControl (QGC) Earth station: Includes the configuration of flight control p

arameters and control of aircraft take-off, landing, route and other functions. Users can @ A @

read the following urls to learn how to use the software:
RfIyS|mUE SITLRun W|n1 OWS



https://docs.qgroundcontrol.com/master/en/index.html
https://docs.qgroundcontrol.com/master/en/index.html

Al

2. Software and hardware overview and configuration

2.2 Introduction to RflySim Core software

Win10WSLcompiler: Used to compile firmware and software in loop % %F
emulation. _ <<’ _
Pixhawk Support Package (PSP) Toolbox: Mathworks has officially coptersim eclipse Fl'?;l;tg?;ar
launched a toolbox for Pixhawk autonomous vehicle, which is used to generate AN .
C code and compile and upload the control algorithm designed in Simulink to E
Pixhawk autonomous vehicle hardware. N

] ] ] . ] HITLRun PPTs Python38
FlightGearFlight simulator: A very popular open source flight simulator Env
software, it can receive the flight status sent by Simulink through UDP, and
easily observe the flight status of the aircraft during Simulink simulation. 0
PX4 FirmwareFirmware source code: PX4 is an open source flight control QGround  RflySim3D RﬂyslmAP
software system, it runs on the Pixhawk series of self-driving hardware Control

platform, constitutes the Pixhawk PX4 self-driving hardware and software
platform, is currently widely used in the world of open source UAV self-
driving.

VS Code/Eclipse/VS: For code reading, editing, and compiling.

7 esks
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2.3 RflySim Core Hardware introduction

2. Software and hardware overview and configuration

; Tl

Ground computer/airborne computer.
Rack System:Arms, fuselage, landing gear, etc.
Power system:Motor, electric regulator, battery,

propeller, etc. fﬂ,g' l
Remote control system:Remote control transmitter,
receiver, charger, lithium battery, etc.

Self-driving system:Autopilot/flight control, GPS
module, power module, USB data cable, data
transmission module, airborne Al vision/cluster
computer.

Dynamic capture system:The complete dynamic capture “---------=---------—----

system can be used for algorithm verification, motion |~ ___ "1 Vi LT
i - : e~ @,

planning, cluster control, human-computer interaction, S Uss s

trajectory playback, gait analysis, intelligent sand table,

etc. O E

VR ARG

Mo TSR
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2. Software and hardware overview and configuration

B2 AT RIS T R

2.4 Software and hardware system B i e :

relationship and configuration

[

[

|

MATLAB/ Python/ Flight [
Simulink OpenCV Gear :

[

|

In addition to software, the platform also includes

hardware in the loop simulation and real machine r——==-"~"-""~"""------------=-+ T |

| |

- e () O | v v

autapLat | |

experlment' : Simulink WSL/Msys2/ i : VlsuaIStuzc(lJlg M :
S F '} fil

The development process of low-level flight control | e L PARRRE cygin iy T i VSHER  VSCode

algorithm is as follows: low-level flight control il . S ——

=00¢
s ) ;

CopterSim 3DDisplay RflySim3D QGround
Control

development MATLAB software simulation

automatic code generation  flight control
software simulation  flight control hardware

simulation  outdoor real aircraft experiment.




2. Software and hardware overview and configuration

Al

4 TESS==HE = =
2.4 Software and hardware system relationsh, ..,...
CAPX4PSP
The fUﬂCtIOﬂS Of the One'CIiCk InSta”atiOH SCI'Ipt 2 PHAS{Y E S WFirmware\boards E &, w4 fmu-vs_default. droneyee racer default™
are aS fO”OWS. px4_fmu-v5_default
. . . 3PS 4= 1 PH4-17.3, 4: P¥4-1.10.2, 5 PX4-1.11.3 6: P¥4-1123, 7: PX¥4-1.13.00
@  When first installed,Deploy the platform to the 7
SyStem with one click (USG the default 4 POCAlE iR (1 Win1OWSL[EM]. 2: Msys2(isE fi 4 =PX4-1.8], 3 Cygwin[iEf=PX4-1.8]
configuration and select Yes for all) and complete 1
related configurations. S TEH EPSP L RAICE: F LA, . SIS %)
. . . . 7
@ Insubsequent use,Run the installation script again
. T . S T e Fl AR L im. &Gk, BRI (R, S84
to modify compilation commands, compilers, o ARG, (Coplersim. QRCEIE, SEEHIIER. BSRE
firmware versions, restore software, and more. e S e b 1 b oA g Mt r g
N[ - 7O P R O W R R W HEIEER, 55
(Select ""No"" for items that do not need to be 2
restored, and the configuration will be updated A EEN MEPKAER (B AFHEAE, B BT A5
according to the situation, saving time) 2
@ After downloading the new installation iff_-ﬁf.‘ji'.%;.'I:E'-i.-‘ﬂw’;*?Jnirfl-'fll"-‘- Gt S BRI B HEISIRAR, AH95HED
package,Run the installation script directly (select _ _ _ _
" T - 10,475 BE P A E 7 45 A Y GE Simulinkds: ] g% 5", 45 A PXa s F il it %)
Automatic"’, you will need to update the content) 2
and click OK to start the upgrade. _—

7 esks
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2. Software and hardware:overview and configuration

CAPX4PSP

2.PXAM T SiFin % PX4-1.82 AUFE 3l prdfmu-v3_default, PX4-1.9

One-click installation script options detailed: | fmuss defaur

1) Tool package installation path. All the dependeptfiles of this platform e installed in this path, which requires about

20G of space. The default installation path is C:\PX4PSP. If t drive space is insufficient, you can choose another drive.

Note: The path name must be correct, and only the pafe English path, otherwise the compilation will fail.

2) PX4 firmware compilation commamd 1t mainly corresponds to the development needs of the underlying controller, and

uses the code generatio ction, which needs to select the compilation command according to the flight control
hardware(Note: Top-level vision and cluster algorithm development users do not need to configure, keep the default) .The
default value droneyee zyfc-h7_default corresponds to the Drow H7 autopilot. In addition, the platform will support the
following three flight controls for a long time: Pixhawk V6X compilation command: px4 fmu-v6x_default; The Pixhawk

V6C compilation command is px4 fmu-v6c_default; The Pixhawk 1 compilation command is px4 fmu-v3_default. For

more flight control compilation instructions, see: o

Note: In addition to re-running this installation script after the first installation is complete, Jx >> PX4CMD pxd_fmu-v3_default
another way to change the compilation command for different Pixhawk hardware boards
(for example, to px4 _fmu-v3_default) is to enter the command in MATLAB: PX4CMD("
px4_fmu-v3_default’) or use the command: PX4CMD px4 fmu-v3_default



https://doc.rflysim.com/hardware.html

2. Software and hardware overview and configuration

IPXAR A (1: PX4-1.7.3, 4: PX4-1.10.2, 5: P¥4-1.11.3, 6: PX4-1.12.3)
B

One_cllck Insta“atlon Scrlpt Optlons detalled A PXAR£F %S (1: Win1OWSL[HEH]. 2: Msys2[i&H M £=PX4-1.8]. 3: Cygwin[i& Hl =PX4-1.8]

1

3) PX4 Firmware version.The PX4 source code is updated every year, and the latest firmware version is currently 1.12. As the firmware
version is upgraded, the features will gradually increase and the more new products are supported, but the compatibility with some of the
older self-driving hardware will become worse. This experiment course recommends the use of Zhuoyi H7 flight control, corresponding to the

compilation command "'droneyee_zyfc-h7_default™, the selected firmware versionPX4-1.12.3,

4) PX4 Firmware compiler.Since the compilation of PX4 source code depends on the Linux compilation environment and related
components, this platform provides three sets of compilation environments to achieve the simulation of Linux compilation environment under
the Windows platform, they are: Win10WSL compiler based on Windows Subsystem for Linux (WSL), Msys2Toolchain compiler based on
Msys2 and CygwinToolchain compiler based on Cygwin. Note that if you want to compile firmware >PX4-1.8, you need to select the
CygwinToolchain compiler. To compile firmware versions <PX4-1.8, select the Msys2Toolchain compiler. Native compilers based on Msys2 or
Cygwin, supporting Windows 7-11 platforms, and easy to deploy, but low compilation efficiency. For Windows 101809 and above system
versions, it is recommended to install Win10WSL compiler, this way can greatly speed up the compilation speed, and compatible with all

versions of PX4 flight control firmware.

\U
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2. Software and hardware overvi
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i ‘
ST S 4 FAR BRI £ (CopterSim. QGCHIH i, il £ 755 i B8

One-click installation script options detailed

Hm

7527 S E R U RIS 2 SRR, W MR R
B
E

5) Whether to install the PSP toolkit.If this option is set to Yes, the PSP toolbox will be installed in the local MATLAB software. If the PSP
toolbox has already been installed, a fresh installation of the PSP toolbox is performed. If No is selected, the script does not make any changes

to the PSP toolbox (it does not uninstall the installed PSP toolbox or other actions).

6) Whether to install other dependency packages from scratch.If this option is set to Yes, software such as QGC Ground Station, CopterSim,
3DDisplay, etc. will be deployed on the set installation path, along with the related drivers for Pixhawk hardware, and shortcuts to these
software will be generated on the desktop. If the dependent software has been deployed in the installation path, select Yes to delete the old

installation package and reinstall it. If this option is set to No, no changes are made.

7) Whether to configure a new firmware compiler compilation environment.If this option is set to Yes, the selected cpmpiler (Win10WSL,
CygwinToolchain, or Msys2Toolchain) will be deployed on the set installation path, and if the environment already exigts, the old compilation

environment will be cleared for restoration and new deployment. Conversely, if this option is set to No, no changes arg made.

Note: You can also specify the name (comma separated) of the individual app you
want to reinstall directly in (6). Available options
include:CopterSim,drivers,FlightGear,QGroundControl,RflySim3D,RflySimAPIs,UE
3DDisplay

c - Il 9 Fuaa wlls




2. Software and hardware:overview and:configuration

7

One-click installation script options detailed

0 RBF LML AL SFFE S (. SHGFFAML 5. SHBE, AH55)
=]

102 7% I s PXA 'S 7 358 Al 3 (0 FH Simulinkd fil S5t 2", (5 H PX4'E 77 fi] a5 ")

=
~E

8) Whether to deploy the PX4 firmware code.If this option is set to'"Yes", the selected PX4 Firmware source
code is deployed on the set installation path, and if the firmware exists, the old firmware folder is deleted and
a new deployment is performed. If this option is set to No, no changes will be made.

9) Whether the firmware is newly compiled.If this parameter is set to ""Yes", the deployment firmware is
precompiled, which greatly reduces the time of subsequent code generation and compilation, and enables you
to check whether the environment installation is normal. If this option is set to No, no changes will be made.

10) Whether to mask the output of the PX4 controller.If this option is set to ""Yes', the Firmware's control
signals to the motor are masked to prevent conflicts with the generated code (Note: This option does not mask
the output of the PX4_SITL controller, so software-in-the-loop simulation can be performed normally). If you
select ""No", the firmware output will not be masked, and it can be used to test the control algorithm of the
PX4. Therefore, if you want to generate official firmware, please select "*"No"* for this option.

7 esks
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2. Software and hardware overviev ;i ="

ol B %ﬁv -,

i : PR R % R 7 OB
2.5 Introduction to model-based development process g B— *
(1) The software is in the ring simulation stage ‘ 8l Ry
ﬁ% p LG — =
The whole stage is carried out in the MATLAB environment, using the given multi- % a J | -
?:E My e

rotor simulation model and routine, the control algorithm is designed in Simulink, and the IR Pk B R

1 1 %

model and controller are correctly connected to ensure that the input and outputsignalsare 2 ———-—- e e Eee o
consistent with the actual multi-rotor system. Similar to a real multi-rotor system, the ‘ —
multi-rotor model sends sensor data or state estimation information (e.g., attitude Angle,
angular rate, position, and speed, etc.) to the controller, which sends each motor PWM
control command back to the model, resulting in a software-in-the-loop simulation closed-

loop system. In this phase, the reader can observe the control performance and modify or

design the controller to meet the desired performance requirements. Diagram. Experimental flow chart

7 eske
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2.5 Introduction to model-based development process

(2) Hardware in the ring simulation stage

Experiment with a given model and routine. The model is built in a
hardware-in-the-loop multi-rotor vehicle simulator, and the controller
Is uploaded to the Pixhawk flight control hardware environment,
where the communication process is directly connected via a serial
cable. The model sends the attitude Angle, attitude Angle rate, position
and speed to the controller through the serial port line, and the
controller sends each motor PWM control command back to the model

through the serial port line, thus forming a closed loop.

2. Software and hardware overview an
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IR
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i
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1

Diagram. Experimental flow chart
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2.5 Introduction to model-based development process fn
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2. Software and hardware overview &n

—
=
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2l ) TR

RflySim3D=4E &R~

BALS

(2) Hardware in the ring simulation stage ‘

i
The Simulink multi-rotor model parameters were imported into CopterSim, and the o

ja

Simulink controller algorithm generated code was downloaded to the Pixhawk self-driving IR

SR AL B G

Pixhawk ['] 25X # 4t

device, and then the virtual signal line in Simulink was replaced with a USB physical signal
cable. CopterSim sends sensor data (e.g., accelerometers, barometers, magnetometers, etc.) to

the Pixhawk system via a USB cable; The PX4 autopilot software in Pixhawk system will

receive sensor data for filtering and state estimation, and send the estimated state information 17
SHIJ
I

to the controller through the internal uUORB message bus. The controller then sends PWM it

control instructions of each motor back to CopterSim via USB data cable, thus forming a

hardware-in-the-loop simulation closed loop. Diagram. Experimental flow chart
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2.5 Introduction to model-based development process

(2) Hardware in the ring simulation stage

Compared with software-in-the-loop simulation, the running speed of the multi-
rotor model in the hardware-in-the-loop simulation is consistent with the actual clock, so
as to ensure the real-time performance of the simulation. Meanwhile, the control
algorithm can be deployed and run in the real embedded system, which is closer to the
actual multi-rotor system. It should be noted that there may be transmission delay in the
actual hardware communication, and the simulation model of the hardware in the ring
system and the operating environment of the controller are inevitably different from that
of the software in the ring system. Therefore, the parameters of the controller may need
to be further adjusted to meet the design requirements, which precisely reflects the

actual situation.

2. Software and hardware overview @n
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Diagram. Experimental flow chart
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2.5 Introduction to model-based development process

(3) Flight test phase

At this stage, the virtual simulation model of CopterSim is further
replaced by the real multi-rotor aircraft, the sensor data is directly obtained
by the sensor chip to sense the flight motion state, and the controller signal is
directly output to the motor, so as to realize the control of the real aircraft. It
should be noted that both hardware-in-the-loop simulation and software-in-
the-loop simulation models are difficult to be completely consistent with real

aircraft, so further parameter adjustment is necessary.

2. Software and hardware overview @gn
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2. Software and hardware overview
and configuration

3. Soft and hard basic use
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5. Experimental preview in the
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6. Future functions and prospects

7. Summarize

To purchase the teaching AIDS required for this course (already configured and
ready to use, you can skip the hardware configuration part of this PPT), you can
visit the following Taobao store link or scan the QR code on the right side of
Taobao App
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nl“ 3. Soft and hard basic use experiment

3.1 CopterSim use experiment ‘watch this experiment viceo totorial
This experiment can solve the UAV dynamic system model after CopterSim is set up.

Main folder see "*\PX4PSP\RflySImAPIs\2.RflySimUsage\l.BasicExps\ el CopterSim-

Usage"', the specific experimental operation see the file:
, Theexperimental effects are as follows (part) :
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1.BasicExps/e1_CopterSim-Usage/Readme.pdf
1.BasicExps/e1_CopterSim-Usage/Readme.pdf
【CopterSim软件使用系列教程(二)】%20https:/www.bilibili.com/video/BV1ho4y157sz/?share_source=copy_web&vd_source=ad97bdfef742ca961c1fa310982e2e43

3. Soft and hard basic use experiment

‘l .
Scan the code or click the QR code to

3.2 CopterSim Import DLL experiment watch this experiment video tutoral

In this experiment, a fixed wing model of Simulink was provided, which was exported
as DLL file with one click, then loaded into CopterSim, and finally simulated. Main folder
see ""*\PX4APSP\RflySImAPIs\2.RflySimUsage\1.BasicExps\e2_ DL L-Load", the specific
experimental operation see the file , The
experimental results are as follows (part) : -

]
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1.BasicExps/e2_DLL-Load/Readme.pdf
【CopterSim软件使用系列教程(二)】%20https:/www.bilibili.com/video/BV1ho4y157sz/?share_source=copy_web&vd_source=ad97bdfef742ca961c1fa310982e2e43

ni‘ 3. Soft and hard basic use experiment

3.3 RflySim3D shortcut key and command experiment ‘watth this experiment video utorial
This experiment mainly explains the basic operation of RflySim3D, the use of

shortcut keys and shortcut commands. Main folder see

"F\PX4PSP\RflySIMAPIs\2.RflySimUsage\l.BasicExps\e3_RflySim3D-Shortcut-

Instruct', specific experiment operations see the file

, The experimental effects are as follows (part) :

x’ : ,3’

39



1.BasicExps/e3_RflySim3D-Shortcut-Instruct/Readme.pdf
1.BasicExps/e3_RflySim3D-Shortcut-Instruct/Readme.pdf
https://www.bilibili.com/video/BV1HP411U7Qm/?spm_id_from=333.999.0.0&vd_source=1654a620e9867b8f22757a07c243c61d

3. Soft and hard basic use experiment

3.4 Python38Env read flight log experiment

This experiment is based on Python3.8 environment to read the flight log.ulg file.
Main folder see "*\PX4PSP\RflySImAPIs\2.RflySimUsage\l.BasicExps\e4 Log-Reads-
Python38Env", the specific experimental operation see the file

, Theexperimental results are as follows (part) :

log.ulg log_actuat log_airspe  log_batter log_comm log_cpulo log_differ log_ekf g log_estim log_estim log_estim log_estim  log_estim
orarmed  ed O.csv  y status 0. ander stat  ad O.csv  ential_pre ps drift 0. ator_attitu ator event ator glob ator innov ator_innov

O.csv csv e_O.csv ssure_0.cs csv de_O.csv  _flags O.cs al_positio  ation_test ation_varia

v v n_0.csv _ratios_0... nces_O.csv

log_estim  log estim  log estim log_estim  log_estim  log estim  log estim  log home log logge log missio log missio log param log_positi
ator_innov ator_local_  ator selec  ator_sens  ator state  ator statu  ator_statu _position_ r_status 0. n_O.csv n_result 0. eter_upda on_setpoi
ations_0.c  position 0 tor_status  or_bias_0. s _0.csv s _flags_0O.c O.csv te_0.csv nt_triplet_

csv sV
N AN N
3 3 B

log_px4io log rate_c log_rtl flig log safety log senso log senso log senso log senso log senso  log senso  log senso  log senso  log_senso

e
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hlr@
2

74
¥ 5
/g
x "
7 <
2

74

x n
'2
2

4

| o
Hn
7 2

_status_O.c  trl_status_  ht_time_0. _O.csv r_accel 0.c r_baro O.c r_combine r gps O.cs r_gyro O0.c r_magOc r_preflight r_selectio rs_status i
sV O.csv csv sV sV d_O.csv v Y sV _mag_0.cs n_0.csv mu_0.csv
v
N [N AN N N [N AN N N AN AN kN N
X X X X X X X X X X X X X

log_takeof log_telem log telem log_ test  log_traject log vehicl log_vehid log_vehicl log vehicl log vehicl log_vehicl log_vehicl log_vehicl
f status 0. etry statu  etry statu motor_O.c ory setpoi e_accelera e_air_ data e_angular_ e_angular_ e_attitude e_attitude e_comma e_constrai
nt_0.csv tion_0.csv _O.csv accelerati  velocity 0. _O.csv _setpoint_ nd O.csv nts_0.csv

on_O.csv csv O.csv
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3.5 Manual software in the loop simulation configuration experiment

This experiment is based on Win1l0WSL compiling simulation instructions to realize
manual configuration of the whole software in the loop simulation environment. Main
folder see "*\PX4PSP\RflySImAPIs\2.RflySimUsage\l.BasicExps\e5 Manual-SIL", the
specific experimental operation see the file ,
The experimental results are as follows (part) :
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i ‘ 3. Soft and hard basic use experiment

3.6 BAT Script to Start Component Experiments ‘watch this experiment viceo totorial

This experiment is based on Windows batch processing language, writing BAT script to realize the o
ne-click of multiple components in RflySim. Folder see "*\PX4PSP\RflySImAPI1s\2.RflySimUsage\1.BasicEx

ps\e6 BAT-Startup', the specific experimental operation see the file

, Theexperimental results are as follows (part) :
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https://www.bilibili.com/video/BV11o4y157LM/?spm_id_from=333.999.0.0&vd_source=1654a620e9867b8f22757a07c243c61d

3. Soft and hard basic use experiment

3.7 MATLAB code automatic generation flight control firmware experiment S o or oick the oF code
This experiment is based on the MATLAB automatic code generation module of RflySim platform, a
nd the control model built in Simulink can directly generate flight control firmware with one click. See the d

ocument for detailed experimental operation , Theexperimen

. MR A &- @
tal results are as follows (part) : ===
- - e - &
225] Linking C ‘mavlink/libmodules__ma -
5] Linking C re/modules/sensors/venicle_imu/liovenic
5] Linking C rc/moduls e_magnetometer/libvehicle_magnetometer.a
5] Linking rc/modules _sih.a
5] Linking rc/modules mpensation/libmodules__temperature_compensation.a
[281/225] Linking rc/examples/fake_gps odules__fake_gps
[2@2/225] Linki re/modules/navigator/libmodules_ navigator.a
[283/225] flight_mode_manager/tasks/Auto/ FlightTaskAuto
[284/225] flight_mode_manager/tasks/ManualAltitude/1ibF1igh de.a
[285/225] Linking CXX static 11! "y s/sensors/libmedules__sensors.a
[286/225] __mavlink merging s
[207/225] :_manager /tasks/Autol
[2e8/225] :_manager /tasks/Autof:
[289/225] :_manager/tasks/ManualPosit on.a
[218/225] _manager /tasks/ManualAltitudeSmoothVel/1ibFlightTaskManualAltitudeSmoothvel.a
[211/225] les/modules__mavlink.dir/modules__mavlink_unity.cpp.obj
[212/225] de_manager/tasks/AutolineSmoothVel/1ibFlightTaskAutoLineSmoothVel.a
[213/225] :_manager/tasks/ManualPositionsmo vel/libFlightTaskManualPositionsmootnvel.a
[214/225] Linking CXX static 1i :_manager/tasks/ManualAcceleration/1; lightTaskManualAcceleration.a
[215/225] Linking CXX sta 1il :_manager/tasks/0rb: ightTaskor a
[216/225] Building CXX object src/modules/flight_mode_manager/CMakeFiles/modules_ flight_mode_manager.d: ightTasks_generated.c
[217/225] Building CXX object src/modules/flight_mode_manager/CMakeFiles/modules__flight_mode_manager.d: ghtModeManager.cpp.obj
[218/225] : generating image
[218/225 i v src/modules/flight_mode_manager/libmodules_ flight_mode_manager.a
[220/225] FS/Ch iles/romfs.dir/nsh_romfsimg. c.obj
[221/225
[222/225]
[223/225] Linking CXX executable droneyee_zyfc-h7_default.elf
Memory region Used Size Region %age Used
ITCHM_RAM: B8 GB 0.00%
1856273 B 1928 KB 94.41%
DTCMI_RAM 8 GB 64 KB 2.80%
DTCM2_RAM 2 GB 84 KB 0.00%
44196 B 512 KB B.43%
B8 GB 128 KB 0.00%
B8 GB 128 KB 2.80%
8 GB 32 KB 2.80%
8 GB 64 KB 0.80%
2 GB 4 KB 9.00%
[224/225] . ./droneyee_:
[225/225] Creating /mnt/c/PX4PSP/Firm droneyee_zyfc-h7_default.pxd
"### Finished calling CMA
“### Done invoking postbuild tool.”
"### Successfully generated all binary outputs.” -
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3.8 Simulink Cluster Control Interface
By running the bat script in this routine folder, you can start QGC, CopterSim and RflySim3D softw

are with one click. After running Simulink, you can see the drone take off and enter the hovering state. See t

he document for detailed experimental operation , Folder see ""*\P

X4PSP\RflySimAPIs\2.RflySimUsage\l.BasicExps\e8 SwarmAPI", the experimental effect is as follows (par



1.BasicExps/e8_SwarmAPI/Readme.pdf

3. Soft and hard basic use experiment

3.9 PX4 Firmware compilation
In this experiment, the PX4 firmware is compiled by Win10WSL. See the document for detailed expe
rimental operation , Folder see "*\PX4PSP\RflySImAPIs\2.Rfl

ySimUsage\l.BasicExps\e9 Build-Firmware", the experimental effect is as follows (part) :

root@RFLYSIM: /mnt/c/PX4PS X +

Detecting CXX compile features - done
Check for working C compiler: /root/gcc-arm-none-eabi-7-2017-qt-major/bin/arm-none-eabi-gcc
Check for working C compiler: /root/gcc-arm-none-eabi-7-2017-qu-major/bin/arm-none-eabi-gcec —— works
Detecting C compiler ABI info
Detecting C compiler ABI info - done
Detecting C compile features
Detecting C compile features - done
Found PythonInterp: /usr/bin/python3 (found suitable version "3.6.9", minimum required is "3")
build type is MinSizeRel
PX4 ECL: Very lightweight Estimation & Control Library v1.9.8-rcl-591-gb3fed@é
Configuring done
Generating done
—-- Build files have been written to: /mnt/c/PXUPSP/Firmware/build/pxu_fmu-v5_default/external/Build/pxtio_firmware
[3306/1374] Performing build step for 'pxdio_firmware'
[1/2u47] git submodule platforms/nuttx/NuttX/nuttx L3
[9/2u47] git submodule platforms/nuttx/NuttX/apps
[2u5/247] Linking CXX executable px4_io-v2_default.elf
Memory region Used Size Region Size %age Used
flash: 60436 B 60 KB 98.37%
sram: 3856 B 8 KB u7.87%
[2u7/247] Creating /mnt/c/PXUPSP/Firmware/build/px4_fmu-v5...efault/external/Build/pxUio_firmmare/px4_io-v2_default.pxu
[1372/1374] Linking CXX executable pxu_fmu-v5_default.elf
Memory region Used Size Region Size %age Used
FLASH_ITCHM: e GB 2016 KB B.00%
FLASH_AXIM: 1913417 B 2016 KB
ITCM_RAM: e GB 16 KB
DTCM_RAM: @ GB 128
SRAM1: 45748 B 368
SRAM2: e GB 16 B.00%
[137u4/1374] Creating /mnt/c/PXUPSP/Firmware/build/pxt_fmu-v5_default/pxd_fmu-v5_default.pxd
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3.10 Flight control firmware burning experiment ‘watch this experiment viceo totorial

This experiment introduces two different firmware burning methods of RflySim platform. Folder see
"*\PX4APSP\RflySimAPIs\2.RflySimUsage\1.BasicExps\e10 Firmware-Upload", the specific experimental o

peration see the file , Theexperimental effects are as follow

S (part) CAWINDOWS\SYSTEM32\cme X + o~

Loaded firmware for board id: 101@,0 size: 1855977 bytes (94.u40%), waiting for the bootloader...

Attempting reboot on COM6 with baudrate=57660...
If the board does not respond, unplug and re-plug the USE connector.

Found board id: 1810,8 bootloader version: 5 on COM6
sn: 983e8841343851853U383536

chip: 20036450

family: b'STM32H7[u|5]x"

revision: b'y’

flash: 1966888 bytes

Windowed mode: False

Erase :
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3.11 Remote control configuration experiment

The remote control used in this platform is recommen

ded to use the ""American hand' control mode, that is, the lef

t rocker corresponds to the throttle and yaw control amount,

while the right rocker corresponds to the roll and pitch. Fold

er see "*\PX4PSP\RflySImAPIs\2.RflySimUsage\1.BasicExps\

ell RC-Config",
file

’

the specific experimental operation see the

Use the remote

control configuration manual and other materials in this rout

ine folder to configure your remote control.
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3.12 Flight control onboard application development experiment

This experiment focuses on how to create and run your first onboard application and master all the
basic concepts and apis needed for PX4 application development. Folder see ""*\PX4PSP\RflySImAPIs\2.Rfl
ySimUsage\l.BasicExps\e12 PX4-App", the specific experimental operation see the file

, Theexperimental results are as follows (part) :

QGroundControl = O X

Back < @1 Analyze Tools

HET# Provides a connection to the vehicle's systemn shell.

MR FC R

1¥
nsn.
> Mavink &84 L

MAVLInk 3
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3.13 Quadrotor UAV configuration experiment

3. Soft and hard basic use experiment

This experiment introduces the composition structure and simple configuration of Feisi X450 UAV p
latform. Folder see "*\PX4PSP\RflySIimAPIs\2.RflySimUsage\1.BasicExps\e13 _UAV-Config", the specific e

xperimental operation see the file

, Theexperimental results are

as follows (part): KBX450 kT
T & RS 760%760+220mm
Fb AR AL 455mm
Bl E R (A ) 1134¢
I NHE 1800g
LA R T4, B
pliig7 k) WiFi
Hait 6s-9000mAh, 0.934kg
ENT RGN B EF: +0.05m; 7K°F: £0.05m
fe BT 2m/s
T T PR 2m/s
BRI R AT IR 10m/s
R RS 5000m
ERARAT R (R 38455
ARSI -20° C%E 50° C
REARE JE R ML e A MM
MLE R+ NX .« nano
] kAl B CSIAHHL. T265. DA35iS1EHIA

7 eske
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3.14 CopterSim Obtain Log Data Experiment ‘watch this experiment viceo totorial
In this experiment, CopterSim was used to record the data obtained in the simulation process. Main
folder see ""*\PX4PSP\RflySImAPIs\2.RflySimUsage\1l.BasicExps\el4 Log-Get", the specific experimental o

peration see the file , The experimental results are as follows (part) :

A B C D E F G H | ] K L M N [0} P Q R S T u v w X Y z AA AB AC AD AE AF AG AH Al Al AK AL AM &
1 | 0runnedTi L.copterlD 2vehicleTy 3:PosE[0]-) 4:PosE[1]-* 5:PosE[2]-:6:VelE[0]-\ 7:VelE[1]-\ 8:VelE[2]-\ 9:AngEuler 10:AngEule 11:AngEule 12 RateB[0 13:RateB[1 14:RateB[2 15:AccB[0] 16:AccB[1] 17:AccB[2] 18:AnaQui 13:AngQué 20:AngQue 21:AngQue 22 MotorR 23:MotorR 24:MotorR 25:MatorR 26:MatorR 27:MotorR 28:MotorR 23:MotorR 30:PosGPS 31:PosGPS 32:PasGPS[3]-alt(m)
6313 12695 1 3 -001409 -0.02045 -17.9733 002944 -000075 -0.03262 0001824 0.000258 -546E-05 -0.00959 0.009689 -0.00039 1 0000912 0000129 -274E-05 -000225 0018197 0014013 523276 523093 523254 523624 0 0 0 0 -001409 -002045 -179733

6314 126965
6315] 12599
6316/ 127.01
6317 127.025
6318 127.05
6319/ 127.07
6320 127.085
6321 12711
6322) 127125
6323 12715
6324 127165
6325 127.19
6326 127205
6327 12723
6328 12725
6329 127.27
6330/ 12729
6331 12731

-001365 -002046 -179738 0029391 -00005 -00324 0001668 00004 -610E-05 -001127 0009523 -0.00051
-0.01291 -002047 -179746 0029261 -000012 -003201 0001372 0000663 -778E-05 -001147 0011485 -000089
-0.01233 -0.02047 -17.9753 0.029107 0000124 -003171 000116 0000907 -994E-05 -0.00924 0012849 -0.00129
-001183 -002047 -179757 0028959 0000285 -003151 0001046 0001101 -000012 -000594 001276 -0.00152 0000523 000055 -605E-05 -001043 001048 0012677 52263 523442 523985 523343
-001117 -002046 -179765 0028849 (00053 -003124 0000991 0001429 -000016 0001749 0014005 -000188 0000495 0000714 -815E-05 -001361 (0009708 0009361 52283 523541 524188 5232
-0.0106 -0.02045 -17.9771 0028341 0000732 -003111 0001082 0001709 -0.0002 0007422 0012359 -000202 0999999 0.000542 0000855 -00001 -001638 0010443 0004202 522835 524001 523932 523538
-001018 -002043 -179776 0028075 0000901 -003106 0001225 0001898 -000023 0011327 0012173 -000208 0993939 0000612 0000949 -000012 -001827 0011708 0002386 523224 523917 52399 523364
-0.00948 -002041 -179784 0027572 (00124 -003103 000156 0002201 -000028 0014897 0011584 -000224 0999393 0.00078 00011 -000014 -002125 0014892 932E-05 523262 523787 523787 5239
-0.00907 -0.02039 -17.9789 0.027236 0001486 -003105 0001788 0002359 -0.00032 0015036 0009416 -000228 0999999 0.000894 0001179 -000016 -002287 0017115 -000291 523713 523895 523417 524025
-00084 -002034 -178796 0026631 0001968 -003114 0002121 0002553 -000037 0011143 0005836 -0.00225 0999993 0.001061 0001276 _-000013 -002488 0020504 -000348 523838 52372 523236 524305
-0008 -002031 -179801 002625 0002281 -003119 0002266 0002624 -000041 0008317 0003571 -0.00224 0999998 0.001133 0001312| -0.00021] -002565 0022008 -000225 523761 523755 523308 524136
-0.00735 -0.02025 -17.9809 0.025598 0002868 -0.03119 0002424 0002691 -0.00046 0003691 0002198 -000217 0999998 0001212 0001345 -000023 -002634 0023691 0001856 523979 523509 523106 523922
-000697 -00202 -179813 00252 0003227 -003115 0002456 0002717 -00005 0000865 0001343 -000208 0999938 0001229 0001358 -000025 -002662 0024097 0004643 52389 523533 523129 523665
-000635 -002011 -179821 002453 0003828 -003095 0002436 0002748 -000054 -000239 0001158 -000186 0999398 0001219 0001374 -000027 -002693 0023995 (001244 523759 523493 522861 523271
-000587 -002003 -179827 0023391 0004293 -003062 0002373 0002755 -000058 -000356 -000101 -000161 0993938 0001187 0001377 -000029 -002707 0023393 0019956 523196 52358 522674 523125
-000538 -001894 -179833 0023456 0004756 -003017 0002304 0002711 -000061 -000282 -0.00278 -000138 0999938 0001152 0001355 -000031 -002669 0022695 0025224 523211 523386 522868 522541
-0.00493 -001984 -179839 0022931 0005202 -002961 0002262 0002651 -000063 -000132 -0.0036 -000112 0999398 0001131 0001325 -000032 -002611 002223 0030516 523018 523298 52266 522462
-000447 -001973 -179845 002242 0005643 -002895 0002247 0002585 -000066 -000022 -000281 -0.00088 0993938 0001124 0001292 -000033 -002544 0022047 0034785 522992 523013 522583 52239

0.000834 00002 -307E-05 -000366 0016724 0015233 523245 52279 523457 523625
0000686 0000332 -391E-05 -000618 0013837 0015473 522791 522846 523945 523515

000058 0000453 -499E-05 -0.00852 00117 0014401 522655 523123 524088 52335

-001365 -002046 -179738
-001291 -002047 -17.9746
-001233 -0.02047 -17.9753
-001183 -002047 -179757
-001117 -002046 -17.9765
-00106 -002045 -17.9771
-001018 -002043 -179776
-000948 -002041 -179784
-0.00907 -0.02039 -17.9789 0
-00084 -002034 -17.9796
-0008 -002031 -17.9801
-000735 -0.02025 -17.9809
-000697 -00202 -179813
-000635 -002011 -17.9821
-000587 -002003 -17.9827
-000538 -001994 -179833
-000493 -001984 -17.9839
-000447 -001973 -17.9845

(S

-

S S S S g S S A g ST
000 WwmNW N W LN W e 0w Kn W N e w0 E0 0N WN N WK 0 KWW W w W
coocococoococoocooococooboc0o0c0000 0000000000005 0
CCCOEO0E0OO0eR0000000000000000000R0000 0000

6332 127325 -000414 -001965 -17985 0022044 0005972 -002841 0002245 0002546 -000067 -000026 -0.00235 -0.00075 0999999 0001123 0001273 -000034 -002504 0022021 0036376 52296 522717 522608 522529 -000414 -001965 -17.985
6333 127345 000371 -001952 -179855 002155 000841 -002766 0002232 0002515 -000068 -00011 -000049 -000067 0999999 0001117 0001257 -000034 -002469 0021918 0036228 523065 522528 522705 522536 000371 -001952 -17.9855
6334 127.37 -000317 -001935 -179862 0020934 000695 -002677 000219 0002544 -00007 -000211 0002964 -000055 0993939 0001095 0001271 -000035 -002487 0021523 0035363 523093 522675 522698 52247 -000317 -001935 -17.9862
6335 12738 -000276 -001821 -179867 0020431 0007374 -002608 000214 0002609 -000071 -000278 0002937 -000041 0999939 000107 0001304 -000035 -002551 0021048 0033146 522848 523028 522487 52281 -000276 -001921 -179867
6336 12741 000236 -0.01905 -179872 0019917 0007786 -002544 0002073 0002633 -000071 -000415 -535E-05 -000025 0999999 0001037 0001319 -000036 -002588 0020422 0030249 522927 523171 522402 522978 000236 -001906 -17.9872
6337 127425 -000206 -001894 -179876 0.019531 0008085 -0025 0002008 0002618 -000072 -000433 -000313 -000019 0999393 0.001004 0001309 -000036 -002576 0019785 0027983 522482 523457 52246 523313 -000206 -001894 -179876
6338 127445 -000168 -001878 -179881 001803 000847 -002448 0001932 0002493 -000072 -000297 -00087 -0.00015 0999939 0000966 0001246 -000036 -002466 0019004 0023592 522723 523486 522925 523038 -000168 -001878 -17.9881
6339 12747 000121 -001856 -179887 0018449 0008937 -002393 0001895 0002251 -000072 -663E-05 -00L003 -793E-05 0999999 0000948 0001125 -000036 -002232 (0018566 0021038 523121 523367 523136 522817 000121 -001856 -17.9887
6340 12749 -000084 -001838 -179892 0018028 0009308 -002349 0001908 0002066 -000072 0001038 -000776 801E-05 0993939 0000954 0001033 -000036 -002045 0018663 0022784 523643 522964 523074 522572 -000084 -001838 -17.9892
6341 12751 -000048 -001818 -179897 0017637 0009683 -002301 0001917 0001947 -000072 -000011 -000437 0000247 0999939 0000959 0000973 -000036 -00192 0018782 0025133 523454 52284 523043 522678 -000048 -001818 -17.9897
6342 12753 000014 -001799 -179901 0017262 0010057 -002246 0001904 0001898 -000071 -000149 -000047 000042 0399999 0000952 0000349 -000036 -001862 0018677 0028019 52365 52271 522847 522507 000014 -001798 -17.9901
6343 12755 0000205 -001778 -179906 0016889 0010425 -002188 0001849 0001934 -00007 -0.00413 0004038 0000644 0999399 0.000925 0.000967 -000035 -001887 0018196 0031185 52373 5225097 522648 522414 0000205 -001778 -17.9906
6344| 127565 0000456 -0.01762 -17.9909 00166 001063 -00214 (000177 0002021 -000069 -000629 0007375 0000836 0999939 0000885 000101 -000035 -001965 0017458 00334 523447 522566 522657 522488 0000456 -001762 -17.9908
6345 127585 0000784 -001741 -179913 0016189 0011022 -0.02071 0001617 0002188 -0.00067 -0.00882 0008627 0000938 0999999 0000809 0001094 -0.00034 -002127 0016004 0035284 522904 522797 522457 520804 0000784 -001741 -179913
6346 1275605 0001103 -001718 -179917 0015746 001132 -002 0001422 0002345 -000065 -001097 0008532 0001026 0993939 0000712 0001172 -000033 -002285 0014136 0035751 522685 522837 522196 523192 0001103 -001718 -17.9917
6347 12763 000148 -00168 -179922 0015161 0011631 -001811 0001124 0002415 -000063 -001233 -000161 0001081 0999939 0000562 0001208 -000031 -00237 0011227 0035023 52232 523222 522153 523281 000148 -00168 -17.9922
6348 12765 0001788 -0.01666 -179926 0.014696 0011826 -0.01844 0000862 0002316 -000061 -0.01431 -0.00794 0001008 0999999 0000432 0001158 -00003 -002284 0008693 0032112 522556 522639 522493 523594 0001788 -001666 -179926
6349 12767 0002078 -0.01642 -179929 0014261 0011964 -001781 0000541 0002131 -000053 -001765 -0.00998 0.000755 0999393 0.000271 0.001066 -000029 -002107 00056 0030087 522704 522413 522945 523438 0002078 -001642 -17.9929
6350 12769 0002359 -0.01618 -1798933 0013864 0012034 -001723 0000169 0001926 -000058 -001897 -0.01044 0000533 0999993 846E-05 0000963 -000023 -001%06 0001964 0027831 52276 522813 523153 523018 0002359 -001618 -17.9933
6351 12771 0002633 -0.01504 -179936 0013507 001203 -001671 -00002 0001728 -0.00057 -0.01822 -0.00882 0000435 1 -00001 0000864 -000028 -G01709 -000172 0025245 52302 522885 523331 522787 0002633 -001534 -179936
6352 12773 0002839 -00157 -17994 0013186 0011955 -001621 -000056 0001567 -000056 -00172 -000754 000039 1 -000028 0000784 -000028 -001549 -000521 0024578 522794 522925 523325 523052 0002899 -00157 -17.994
6353 127745 0003096 -0.01553 -17.9942 0012964 0011855 -001585 -000081 0001456 -000055 -001603 -000713 0.000269 1 -00004 0000728 -000028 -001439 -000768 0022731 522816 522892 523478 523106 0003096 -001552 -17.9942
—05 127765 0003352 -0.01529 -179945 0012691 0011666 -0.01542 -000111 0001337 -000055 -0.01458 -0.00401 0000113 1 -000056 0000669 -000027 -001317 -00107L 0020063 523254 52273 523747 522848 0003352 -001529 -179945 —
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1.BasicExps/e14_Log-Get/Readme.pdf
https://www.bilibili.com/video/BV1Fk4y1J7Kz/?spm_id_from=333.999.0.0&vd_source=1654a620e9867b8f22757a07c243c61d

3. Soft and hard basic use experiment

Al

3.15 RflySim3D 3D scene loading experiment ‘watth this experiment video utorial

This experiment mainly explains the loading process of RflySim3D 3D scene creation. Main folder se
e "*\PX4PSP\RflySImAPIs\2.RflySimUsage\1l.BasicExps\e1l5 Scene-Load", the specific experimental operati

on see the file , The experimental results are as follows (part) :



1.BasicExps/e15_Scene-Load/Readme.pdf
https://www.bilibili.com/video/BV1Lh4y1n7RH/?spm_id_from=333.999.0.0&vd_source=1654a620e9867b8f22757a07c243c61d

ni. 3. Soft and hard basic use experiment
3.16 Pixhawk hardware compilation command recognition experiment
Aiming at different flight control hardware, this experiment introduces a compilation command to id

entify different flight control hardware by QGroundControl. See the document for detailed experimental op

eration , The experimental results are as follows
Back < ?,Q Vehicle Setup

il 4 BEE

(part) :

52



1.BasicExps/e16_Identify-Hardware-Command/Readme.pdf

3. Soft and hard basic use experiment

Al

3.17 HIL route mapping experiment

This experiment introduces the method of using the route planning function in QGroundControl to d
raw the route and realize the flight under the specified route. See the document for detailed experimental op

eration , The experimental results are as follows (part) :
Back < n'og Vehicle Setup

w1

ala we
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1.BasicExps/e17_RoutePlanning/Readme.pdf

4
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1. Platform introduction and

outl ine

instal lation

2. Software and hardware
introduction and usage

3. Soft and hard basic use

exper iment

4. Experimental preview in the
following chapters

5. Future functions and prospects

6. Summarize

To purchase the teaching AIDS required for this course (already configured and
ready to use, you can skip the hardware configuration part of this PPT), you can
visit the following Taobao store link or scan the QR code on the right side of
Taobao App

RflySim tutorial



https://shop212206553.taobao.com/
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0

4. Experimental preview In the following chapters

Design and Control of Multi-rotor Aircraft: This book teaches the basics of

4 . 1 CO m pan i O n BOO kS multi-rotor design, dynamic modeling, state estimation, control, and decision

making. It involves the basic knowledge of air fluid mechanics, motor, circuit,
material structure, theoretical mechanics, navigation, guidance and control, and
has two basic and systematic characteristics. Therefore, it is helpful for readers
to integrate the knowledge they have learned and focus on cultivating students’

L L4

comprehensive ability to solve problems. This book covers most of the content of
multi-rotor aircraft design, with fifteen chapters, including the fundamentals of

i
it
]
el
L]
%

=

multi-rotor aircraft, layout, power systems, modeling, perception, control, and

A = decision-making. The purpose is to organize the design principles applied in the
BREERCITER ZiFE KL

ity j f engineering practice of multi-rotor aircraft, and emphasize the importance of Z»U;L i’{" H f'ﬁ:‘\}‘ .
S ¢ ESlRehaRs . o . | MBI
i % basic concepts, with basic, practical, comprehensive and systematic - S
1??: 0% RS RN BE 8 " |98 mue TN A =

lsem wai , characteristics. This book can be used as a textbook for advanced undergraduate

-

and graduate students, or as an introductory guide to research in the field, or as a

[ o rommie N 12ateen -

self-study textbook for multi-rotor aircraft engineers.

Design and Control Practice of Multi-rotor Aircraft: This book is divided into two parts: experimental platform and experimental task, of which the experimental platform is based on the RflySim
platform specially designed for this book. The RflySim platform uses the current advanced development concept of "*"Model-Based Design®* process to tie together multi-rotor aircraft, Pixhawk
autonomous vehicles, and MATLAB Simulink programming language. The experimental tasks include 8 progressive experiments: dynamic system design, dynamic modeling, sensor calibration,
filter design, attitude controller design, fixed-point position controller design, semi-autonomous control mode design and fail-safe logic design, and complete the design and control practice of multi-
rotor aircraft. This book is suitable for readers who are interested in the design and control of unmanned aerial vehicles, especially multi-rotor aircraft, and can also use some experiments in this

book as practical links of professional courses.

1SN 55
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41 Com pan ion Books Multi-rotor Aircraft from Principle to Practice: This book is an introductory textbook on

multi-rotor aircraft and a manual from principle to operational practice. It first introduces the

4. Experimental preview In the following chapters

basic concept, flight principle and development history of multi-rotor aircraft. Then, the system
composition and important components such as frame, power system, communication system and
flight control system are introduced in detail. Finally, the assembly and debugging, operation and
maintenance, industry application and development are introduced. Generally speaking, this book
has achieved the organic integration of theoretical explanation and practical operation, achieved
the comprehensive and detailed content, and also explained the safety operation everywhere to
ZiEw €1 v cultivate the safety awareness of readers. We have also equipped the book with a large number of

MR EI LR

teaching and practical videos to help readers better learn and grasp the content of the book.

\\b ""Multi-rotor Vehicle Remote Control Practice' : This book aims at the application
Y
: NN practice of multi-rotor UAV, aiming at lowering the entry threshold, providing a comprehensive

reference textbook combining theory and practice for more higher vocational and lower grade

CHOEEEES T wmEw
l 0

undergraduates or related practitioners who do not have multi-rotor professional knowledge and

development background, so that readers can apply the knowledge of basic professional and

technical courses and professional courses after learning "automatic control principle' and other
professional courses. The detailed design of the control system enables the reader to get practical

training in the comprehensive application of professional theories to solve engineering problems.

AR GERE .




4. Experimental preview In the following chapters

Al

4.2 Configuration and use of the experimental platform

The RflySim platform contains many software involved in the dey (=7t oo

l |

| |

elopment process of unmanned system modeling, simulation, algorith ‘L MATLAB/ ﬁ Python/ EF Flight |
| |

| |

|

Simulink OpenCV
m verification, etc., among which, Core components include CopterS |

IIZ:MUJJ <R R

,:uxhr'lwk
autnp Dt

Im, QGroundControl, RflySim3D/RflySImUES5, Python38Env, Winl10 |

- - |

WSL subsystem, SITL/HITLRun one-click script, MATLAB automa | S“““““h WSLMW
: x4pszjd PX4[H AR Cygwin % % T
|

tic code generation toolbox, Simulink cluster Control interface, PX4 '---—————————— -

____________________________________________

- @ O

QGround Pixhawk : i
CopterSim 3DDisplay RflySim3D Control EEAC s e !

Firmware source code, RflySim supporting documentation, and supp
orting hardware systems. By learning these core components, users ¢
an quickly start the development and testing of unmanned systems. Ii&ﬁ%?“ﬁfi“ ---------------- e
The address of the API platform developed in this chapter is: o T i ' :

Qrowd b g ARG

Pixhawk
KA )

he platform addresses of all the routines in this chapter are: o

7 esks g


../2.RflySimUsage/API.pdf
../2.RflySimUsage/Readme.pdf

b
4.3 3D scene modeling and simulation

RflySim3D is a 3D simulation platform for RflySim. CopterSim will

calculate the current state of the drone (mainly position and attitude dat
a) according to the motor control data from Pixhawk (or PX4 SITL), an
d then send these data to RflySim3D. RflySim3D will apply this data to t
he corresponding drone in the scene, so that we can more intuitively see
the status of the drone. RflySim3D also supports some configuration thr
ough XML files, mainly using XML to configure the configuration of the
UAV (four-rotor, six-rotor, fixed wing, etc.), the priority of the model in t
he list, the name of the aircraft, the initial position and attitude of the ai
rcraft, the initial position of each actuator (generally the rotor), the attit
ude, the material, the rotation axis, and the motion mode. You can also d
efine the position of the camera, you can also define some obstacle comp
onents (such as posts, rings), and so on. The address of the API platform
developed in this chapter is: . The platform addresses of all the routi

nes in this chapter are: °

AR T:EY

4. Experimental preview in the fol lowing chapters

DLLAE A% DLL H =Yg
MATLAB RilySim3D/Rfly
, UDP/# 7 S
DLL3CAF G A =B i
L —
il i/ H T By Hseseed
R

P E 1 AR
b it oa

Python

MATLAB/Simulink
BB R
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../3.RflySim3DUE/API.pdf
../3.RflySim3DUE/Readme.pdf

4

o

4.4 VVehicle motion modeling and simulation

The unified modeling framework of unmanned vehicle system divides the whole unmanned vehicle system into two parts: fuselage system

4. Experimental preview In the following chapters

and control system. Sensor data and control signals are transmitted between the fuselage system and the control system. The fuselage system

can be subdivided into four subsystems: the body subsystem, the actuator subsystem, the three-dimensional environment subsystem and the s

ensor subsystem. In the whole modeling framework, the fuselage system needs to be modeled with high precision and implemented in real-ti

me simulation: computer, and finally connected to the control system software or hardware, forming a software-in-the-loop simulation or har

dware-in-the-loop simulation closed-loop. The address of the API platform developed in this chapter is:

routines in this chapter are:

-

S HRET RS
HR e Iz | femsgoE |
I (e (e [ %8 || g | Cees] Clmafil |
ra + —— ' » 0w | [EE] -
Cen )\ [ ] ——
L - 5 28
“\ VI & IEERIESETE [MS3611 ] [ MPU6050 |
i + - % T [ Camera | [ LiDAR | -~
i S AE | Elfi
i3 Hds
By e @faﬁﬂ@
1 1 [ ser ][ 1|
fﬁt \ B RS RS HETEN s [ CAN | [PWM] =
W @®E| [@mE| (e ) —
r ':.‘I?: R T =T
g‘l >, ]r .ﬁxi-_ll ,z{-' é}l‘;
gﬁ < CIfil s £

. The platform addresses of all the
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../4.RflySimModel/API.pdf
../4.RflySimModel/Readme.pdf

4. Experimental preview in the fol lowing chapters

Al

4.5 Pose control and filter estimation
RflySim adopts the idea of Model-Based Design (MBD) and

RAH
BRI

BERFRIA
Verification&Validation

EHFRER

Through the following five stages: modeling stage, controller des ieg L

can be used for control and safety testing of unmanned systems.

ign stage, Software In the Loop simulation stage (SIL), Hardwar
e In the Loop simulation stage (hardware-in-the-loop (HIL)) an
d real flight test stage. With MATLAB/Simulink's automatic co l AL#

de generation technology, the controller can be easily and autom

atically downloaded into the hardware for HIL simulation and r

eal-world flight testing. The address of the API platform develo

ped in this chapter is: . The platform addresses of all the rou

tines in this chapter are: o .

60

=
£6
[ ] ]
=i
il

Al


../5.RflySimFlyCtrl/API.pdf
../5.RflySimFlyCtrl/Readme.pdf

i ‘ 4. Experimental preview in the following chapters

4.6 External control and trajectory planning

Uav is a kind of aircraft with autonomous flight ability, its e P Pixhawk/Nuttx R4
xternal control ability is very important to achieve accurate f

light tasks and safe flight operations. Common control metho Eam ‘ PX4 K AT Bl

ds are: remote control, ground station control, semi-autonom il X

ous control, and control through the corresponding interface i

of the computer. The external control theory mainly involves {1t A

the stability of the aircraft in the air, which is generally unde _ >{ji%§i TT/\E%U

rstood as the position and attitude control of the UAV. In this o ?" PLETH E AL/ Linux+ROS
regard, we will deeply discuss the rigid body model of the flig —

ht control of the UAV, that is, the guidance model. The addre  FLAY/Z FJ/AHAL ‘ Python/CHIL 5 &k A1

K& >
ss of the API platform developed in this chapter is: . The FHY ﬁ SSERUIPEIAE

platform addresses of all the routines in this chapter are:

(]
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../6.RflySimExtCtrl/API.pdf
../6.RflySimExtCtrl/Readme.pdf
../6.RflySimExtCtrl/Readme.pdf
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4. Experimental preview in the fol lowing chapters

PLE A i i
4.7 Safety Test and Health Platform
_ L _ _ Fetil 7% LR HHL
RflySim fault injection architecture is composed of phy I
sical module, simulation module and evaluation module. The - «— — — -- -7
physical module is composed of flight control hardware, whic RS |
h is responsible for connecting with the simulation computer, gt :
receiving control instructions from the outside and making at EANBAGR I
: : : : : : I
titude response, forming a semi-physical simulation closed lo
P J PRy [ gtz () |
op, which can carry out real-time fault injection of hardware BREER e E’““ N B e i3 4
& I & -
in the loop through flight control. The simulation module is ¢ S YT Sh i HERERL W e
W B 1
omposed of CopterSim, RFlySim3D and QGC, which is resp 4 s I
. ) . E 5 1191
onsible for sending fault message and 3D fault injection of th . :
e whole machine, and carrying out real-time fault simulation. R s wnenris g | s :
. . . e 55

The evaluation module is responsible for the output of the saf Mg T |
ety condition after the fault injection. The address of the API L =R 0 i WERT MR k- ]|
platform developed in this chapter is: . The platformadd ~ ———+ L | =/~~~ "7

resses of all the routines in this chapter are:
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../7.RflySimPHM/API.pdf
../7.RflySimPHM/Readme.pdf
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4.8 Visual perception and obstacle avoidance decision

The RflySim platform supports access to external sensors, and we divide these s

[RE 1=

4. Experimental preview In the following chapters

LY
ensor data into two categories: One kind of external sensors (magnetic compass R -
: : : . : IS :
, differential GPS, optical flow measurement, etc.) for direct flight control, the o >
: . . : : : ! DDS/fE
ther kind of visual sensors (binocular, Lidar, depth camera, etc.) for direct fligh BEL 0
t control of airborne computers are directly generated and transmitted to Pixha i W= — DDS/fE & RS0
. N . Sy L pge ’
wk flight control through Simulink and other programs, and the visual sensors | I > ﬁﬁ&ﬂa&
PESEL_Wm_lOWﬂ_l tEIs s B
are generated by three-dimensional environment engine. The images are trans BB A ﬁm =
{m@ Sy AR
mitted to the onboard computer. RflySim provides the depth camera sensor mo %
. . . .- . r— - ‘I ‘ (L
dule SDK for basic sensor parameters and installation position. Users can desig  pompe || pythony
. . . . . . - | OpenCV [ # £ &DDS/
n orientation, focal length, field of view and other aspects of UAV-borne vision s B L © _pe”_ BX e
. . . . AEHAEHE (1L RflySim3D)
ensors by setting relevant parameters, and customize the airborne vision modul f; T |
. i .. . i . . 5 Python/ I
e. The input/output interface of decision system is provided according to the inp # < DOSAIER :ﬁ oﬁen‘)c”v *\;
- .. . . | 7 LHJL|
ut/output interface protocol of decision making. The address of the API platfor J—
m developed in this chapter is: . The platform addresses of all the routines i ETURAIRRIZHIZR
n this chapter are: o
63
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../8.RflySimVision/API.pdf
../8.RflySimVision/Readme.pdf

4. Experimental preview in the fol lowing chapters

7

4.9 Communication Protocols and Cluster Networking
SR L

RflySim uses a distributed networking architecture so that dif S 3TN 'ﬂﬂﬁ
ferent simulation models can run on the same computer or on different c ‘ Q I

omputers. Opening multiple model simulators and connecting multiple P

=Y 5|8

ixhawk/PX4 autonomous vehicle hardware can form a multi-unmanned
_ _ _ _ _ DDS [ % .)

cluster simulation environment. Since the performance of a single comp

uter is limited, the overall number of aircraft can be further expanded th

rough the form of mutual communication between multiple computers i

n a LAN. The address of the API platform developed in this chapter is:

T {7 A1
. The platform addresses of all the routines in this chapter are:

| 7 esks :



../9.RflySimComm/API.pdf
../9.RflySimComm/API.pdf
../9.RflySimComm/Readme.pdf
../9.RflySimComm/Readme.pdf
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4. Experimental preview in the fol lowing chapters

4.10 Cluster control and game confrontation

RflySim supports one-click start multi-machine cluster simu
lation function, supports MATLAB/Simulink, Python end cluster s
Imulation development, supports multiple software in the ring, har
dware in the ring and the combination of software and hardware v
irtual and real cluster simulation, supports the distributed cluster
simulation of multiple computers in the LAN. At the same time, wi
th the increase of the number of aircraft, the network communicat
ion load is getting larger and larger. In order to achieve more UAV
cluster simulation with limited bandwidth, it is necessary to optimi
ze the communication. At present, there are two main data protoco
Is on the platform: Based on the MAVLink data and UDP compres
sion architecture, RflySim proposes five compressed data protocol
s to realize the cluster simulation of hundreds of UAVs. The addres
s of the API platform developed in this chapter is: . The platfor
m addresses of all the routines in this chapter are: 0

AR T:FY
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../10.RflySimSwarm/API.pdf
../10.RflySimSwarm/Readme.pdf

i ‘ 4. Experimental preview In the following chapters
4.11 Advanced video display
* Video 1: Multi-fixed-wing runway automatic takeoff and route hardware simulation test in the loop

* Video 2: Hardware-in-the-Loop simulation of Global Specified Scenarios (Changsha as an example)

« Video 3: Digital Twin & Virtual Reality, Hong Kong city map import with stand-alone hardware in the ring test

* Video 4: Hong Kong City map Tower Crossing cluster flight test

* Video 5: Multi-machine cluster hardware-in-the-loop simulation test system with vision
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https://www.bilibili.com/video/BV13a411i7sH?p=16
https://www.bilibili.com/video/BV13a411i7sH?p=17
https://www.bilibili.com/video/BV13a411i7sH?p=18
https://www.bilibili.com/video/BV13a411i7sH?p=19
https://www.bilibili.com/video/BV13a411i7sH?p=20
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1. Platform introduction and
instal lation

2. Software and hardware
introduction and usage

3. Soft and hard basic use
exper iment

4. Experimental preview in the
fol lowing chapters

5. Future functions and prospects

6. Summarize

To purchase the teaching AIDS required for this course
(already configured and ready to use, you can skip the
hardware configuration part of this PPT), you can visit the
following Taobao store link or scan the QR code on the right
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RflySim tutorial


https://shop212206553.taobao.com/
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0
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5. Future functions and prospects

5.1 ROS-compatible top-level vision/decision algorithm development

| % B HL/Windows £ 4t WY 2% 8 {5 5 BULK = g f & HL/Windows 3 %t
L .
CopterSim BN | e— | e i A C°§ie£;m§§m
R AT L 2% HARSG: A I AT
e
o Wil o o
) v L e
Wﬁi Wsi T%%u s

HIAL

i

RflySim3D s} — 4k

@ B HAs

Python/C 1L 21 55

YA PR P
AR P

RflySim3D s = 4

@ IS0 H AR

Ll
s

P Pixhawk/Nuttx &2 4t

‘ PXA K P T

NESNZG

" B8

i | A
Ry | f

) B L2 5D/ Linux+ROS

Python/CHI 5 /& 1

(a) A HL i Windows | ZE 8 A AE A T AL

Develop and test a single visual function on a single computer, with low cost and high efficiency; Developed under Windows, easy to use, low

threshold;

B
IR

P SR

(b) “HBMHEEERILEIH R SRR E

Test the whole vision & decision under multi-hardware, more realistic and highly credible; Developed under Linux/ROS, this conforms to the

actual development.

2024/5/27
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5.2 Migration process of reliable vision algorithm

5. Future functions and prospects

(b) “H 2B HBEEREHHILBIT R A TR

Q %l TR/ Windows 2 45 S5 pixhank/NUtx % P Pixhawk/Nuttx 5 4t
_
i ‘ PX4 K IEEAFTERR LA ‘ PXA K st i B
CopterSimEAML [ i HRGR s — LT E O
BT 058 mraall 2
Kl - —
i ] A
jjﬁ%l i T i T
I b1 S bULinuxROS i VLA SHULinuxtROS
Rﬂy;”zj?%g?gzé@ Py thon/ G A1 LB J IR " ‘ Python/CHAL i i1
@ Rﬁ an | @ S o A S
AREN

() “HLA+H B +EEHEBR LTSN LSRR

The PWM output of Pixhawk/PX4 flight control is directly plugged into the rack power system, and the image acquisition
interface is connected to the camera to complete the real machine migration. Pros: Seamless, does not require any

additional modifications, highly realistic 3D scenes

2024/5/27
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nl‘ ‘ 5. Future functions and prospects

5.3 Dynamic Generation and configuration of environment scenarios and Obstacles

« Support through UDP/ROS to dynamically change the scene map, change the 3D style of
the aircraft, dynamically create obstacles (other aircraft, tracking targets, people,
calibration board, tables and chairs, etc.), dynamically change the aircraft perspective

(position, direction, focal length, etc.), change the 3D engine output image resolution, etc.

gl THEHNL/Windows & 4t
ROS

‘ RFlySIm3DSCIN =4t | _| 15 || g | G20 \ Python/C = 44 A=
@ PR {7 B e A I
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5.4 External Sensor Support

« Sensor data is divided into two categories: external sensors for direct flight control (magnetic compass, differential GPS, optical
flow measurement, etc.), and vision sensors for direct on-board computers (binocular, Lidar, depth camera, etc.).

«  The flight control sensor generates and feeds the Pixhawk flight control directly through Simulink and other programs
»  The vision sensor is generated by the RflySim3D 3D environment engine and is transmitted to the onboard computer along with

the image

o il

5. Future functions and prospects

g HEHL/Windows % Z; g Pixhawk/Nuttx & 4t
FH L 32 1l . )
CopterSimEANL [ P PX4 YA LR
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y
‘ RflySim3D S i = 4

@ M8 HoAs
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2024/5/27

Python/CH /25%[1|
SEc Y Eda g ﬁ

v) TBERE

Note: Our RflySim3D
environment Engine is
based on Unreal Engine 4,
just like Airsim, so it can
support all of Airsim's
existing sensors
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5. Future functions and prospects

7

B T4
5.5 Fault Modeling and Injection %%#%“3%@%%{%
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 In addition to the testing of s %@éﬁ E@ﬁk HL Tt i e
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UAV in the event of failure is W}Eﬁ;ﬁﬁ 5 ke
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i ‘ 5. Future functions and prospects

5.5 Fault Modeling and Injection

P A% A
® In addition to the testing of basic @W%
functions, the safety/reliability gbal oy et PytonCH I3
; . i F R4 <H— 5izhilfE 7
testing of the UAV in the event of = o € —
failure is also critical. @Hﬁﬁwwmw% it
® This system summarizes faults I AL R | l#‘f
into three categories: Aruwk ADLLL R 52 \| Bl
. Y > B T
_ O] EAGE | Oy JE
® Model failure LR ﬁ‘ﬁﬂ% o ig ) 4/.‘ LA RGN
® Communication failure (related — mﬁ;gg sl B
to interactive data transmission) G e P \
. ; Y R L
® Environmental failure (related to - — — 9 '
3D Scenes) giﬁ;z &SImU'InkE&Bﬁﬂ%WU&'EF{ﬁ z+$ %g% E
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5.6 Distributed simulation framework

5. Future functions and prospects
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Invisible cluster formation Swarm exploration with visual drones
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5. Future functions and prospects

5.7 Distributed communication optimization

The communication between the various

— _ =
programs inside the computer adopts the @Pixhawkmuw%zﬁ ngllﬁﬁﬁﬁml/wmdows

LR HLL/ Linux

PXA4 KRR AEFR
Xy EEX N | CopterSimg A4l

B 281

shared memory mode, and the operation is
directly on the memory, with the lowest delay

and the fastest speed. PR B
Each computer can turn on multiple PPzt || comersim i i

| Pxa it [ 17
— axy i ERSEN

hardware/software in-loop simulation
systems to simulate multiple UAVSs.
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The data sent and received by each computer o
is summarized and compressed to ensure L Ffeet s
smooth communication within the network. ‘ BEE. KA

Reqguest communication (DDS) protocol is

adopted to support thousand-frame LR ssrsnannons
simulation. ‘ L, .
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5. Future functions and prospects

5.8 FPGA real-time simulation system, free from PX4 restrictions, supports other flight control hardware

P FRTS

DA B | VIAS K | =B

: 5 CPU: NI® PXle-8133 s
gﬁ/ﬁigﬂ-ﬁm FPGA: NI® PXle-7846R E‘H:ﬁ'éj:ﬁ:jﬁ J:’fjm

iKY | | : Simulink + LabVIEW
(CPU | 5kHz)
Trusted hardware platform Trusted software platform Trusted simulation model P — | g;gg ;gg‘;e%
(FPGA | 100MHz) ‘ - -

T

5~ @ BN L 2 W
: : N 2
Simulation reliability assurance: B

Futaba® i {7 2%

1. The simulation platform itself needs to have sufficient credibility. il 4

I RS

> Hardware level: The hardware structure needs o be as close to the readl

system as possible.
RS E S

EHARES

»  Software level: The simulation development process needs to be standard
and reliable.

2. The mathematical simulation model should be accurate and reliable enough.

2024/5/27 ﬂ‘ _l= E ; Hﬁ E h




Y | .
l‘ outl ine
1. Platform introduction and

instal lation

To purchase the teaching AIDS required for this course (already
configured and ready to use, you can skip the hardware
configuration part of this PPT), you can visit the following Taobao

2. Software and hardware introduction Store link or scan the QR code on the right side of Taobao App

and usage

3. Soft and hard basic use experiment

4. Experimental preview in the
fol lowing chapters
5. Future functions and prospects

6. Summarize

3%

Fex Laboratories RflySim tutorial

AR GERE m


https://shop212206553.taobao.com/
https://space.bilibili.com/3493283546269949?spm_id_from=333.1007.0.0

6. Summarize

Al

« RflySim platform introduction and one-click installation, and the platform software and hardware configuration and

use are introduced.
« The platform configuration experiment is designed to help students quickly get started with RflySim configuration and

use by means of experiments.
« Ageneral preview of the main content of the following chapters is provided to help students fully understand all the

routines and teaching materials included in the platform.

|f in doubt, scan the QR code below or Find out more.

Scan code consultation and exchange RflySim technical exchange group

) vRInE :

More tutorials for RflySim



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

Thank you!
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