1.3258 3 R A2 B RY
1.13238 2 FR

dllt=& inCopterDataisiAN#EZ O (UORBJHErfly_px4) SLIE

1.2 H

ETSRREFIRER, RTHEN/ L NMENBLZOANTENELRTIERS 25, FF—L
BMANEORAE—LEAAFNHEEFBEES, EdinCopterDatasCopterSim&{EDLLIE
BIR324E NIZE, HA25~3248m] LU IRrfly_px4E R ; ZAoXiBiT HAMinCopterData
(25~32) &itKL, FRAARERZBMNZONERA .

1.3x5HIRA

inCopterData@324tdoubleBI IR, RISHTFHEPXARVIRT, 9-244& U chl-ch16
RCGEEES (BESEWAN), 25-324iMRrfly_px4 uORBEE,



«

inCopterData

I:]Erz-u:lir‘nensin::r‘mal external input double signals from CopterSim, the definition is
listed as follows.

1-8: PX4 state flags for simulation.
8-24: RC channel signals (ch1-ch18)
25-32: listen to rily_pxd

note:

inCopterData(1): armed flag of PX4

inCopterData(2): RCNum. Total number of RC channels being received. This
value should be 0 when no RC channels are available.

inCopterData(3): simulation Mode. O for HITL, 1 for SITL, 2 for SimMoPX4
inCopterData(4): is 3D fixed in CopterSim.

inCopterData(5): is VTOL_STATE from PXd4.

inCopterData(8): is LANDED_STATE from PX4.

Mote:

The RC channel can be used to trigger animation during the simulation.
WTOL_STATE:

UNDEFINED

TRANSITION_TO_FW JE{E#i S FW

TRANSITION_TO_MC /I {4 4 #]MC

MC /73 i 3Bt

FW /5 s BN

R B

inFremUE

# EUERE M., 324Edouble ! ¥
fl, T AL PR BRI AL A9 2 T

| BENXUORB;HErfly_px4.msg

REPXAREREIE, BIUDPEmavlinkihil & 5shaR, :\PX4PSP\Firmware\msgX 3 THY
rfly_px4.msgiE X Ei&= :

uinté4timestamp #timesincesystemstart(microseconds)

float32[8]control #8Dcontrolsignals



! 1) MAVLink#hi¥

RflySimFE&1&e&

T “Firmware\src\modules\mavlink\streams\ACTUATOR_CONTROL_TARGET.hpp” X
#, &3Tirfly_px4F4 % FACTUATOR_CONTROL_TARGETHIMAVLINKH B, FHif
CopterSimizii,

- 8

109 actuator_controls_s act_ctrl;

110 if(N==0){

111 rfly px4 s rf px;

112 if (_rfly px4 sub && _rfly_px4_sub—>update(&rf_px)b {

113 mavlink actuator_control_ target_t msg{};

114

115 msg.time_usec = rf_px.timestamp;

116 msg.group_mlx = 123;

117

118 for (unsigned i = 0; i <« sizeof(msg.controls)|/ sizeof(msg.controls[0]); i++) {
119 msg.controls[i] = rf_px.control[i];

120 }

121

122 |mavlink_msg_actuator_control_target_send_struct4_mavlink—>get_channel(), &msg);
123

124 return true;

125 }

HEFHAENXR:
https://mavlink.io/en/messages/common.htmI#ACTUATOR_CONTROL_TARGET

ACTUATOR_CONTROL_TARGET ( #140)

[Message] Set the vehicle attitude and body angular rates.

Field
Type Units Description
Name
time_usec uinté4_t us Timestamp (UNIX Epoch time or time since system boot). The receiving end can infer
timestamp format (since 1.1.1970 or since system boot) by checking for the magnitude
of the number.
group_mix uint8_t Actuator group. The "_mix" indicates this is a multi-instance message and a MAVLink
parser should use this field to difference between instances.
controls float[8] Actuator controls. Normed to -1..+1 where 0 is neutral position. Throttle for single

rotation direction motors is 0..1, negative range for reverse direction. Standard
mapping for attitude controls (group 0): (index 0-7): roll, pitch, yaw, throttle, flaps,
spoilers, airbrakes, landing gear. Load a pass-through mixer to repurpose them as

generic outputs.

! 2) 40100&%%!ix0

CopterSimiZUREIACTUATOR_CONTROL_TARGETHES, s¥#fgroup_mixBEETHS
123, MRERNHELINTEEEEI40100R55HE 0,

structPX4ExtMsg{


https://mavlink.io/en/messages/common.html#ACTUATOR_CONTROL_TARGET

intchecksum;//1234567898
intCopterlD;
doublerunnedTime;//Currentstamp(s)
floatcontrols[8];

}

A= CopterSimmSbRMIROREHS, WHNIROZEHS, ELL1S W, @%bsH
PX4ExtMsgiE B X A940100 & 5% O SEFR £ 240101,

IRIE LRI, inCopterData (25~32) RIXHIEIEIFEIBIPX4ER, 1BiTExtToPX4[EPX4
RIFFENMAR, BE Nrfly_px4
UORBHER, AB4inCopterData (25~32) &KXyt 2HEREIAVEFELEE,

2. B R

URAREBEGEINMAE, FHEABRNTENE, inCopterData (25~32) BILAEMA
rfly_px4.

3.XH#BER

FIFEER:
[Z2%E B R]\RflySimAPIs\4.RflySimModel\0.ApiExps\9.inCopterData\3.rfly_px4

X F /X ZFR HiEA
Exp2_MaxModelTemp.dll R AIRB A I Ch S BEIE
Exp2_MaxModelTemp.slx AR RIZR
Exp2_MaxModelTempHITL.bat RAEBEH IR S s
PX4ExtMsgReceiver.slx rfly_px4 uORBH B3 {4

PX4ExtMsgSender.slx sShEREfEEORER


.

X p L)
4.1 SFER

Windows 10820 ERRZS; RflySimTE§E; MATLAB 2017b& I E®),

@®: EHFAPixhawk 6XkF, FAELENNREFRSH: pxd_fmu-vex_default, #
FPX4EMRRAS /. 1.12.3, HERE VT hmiFan<IE0:
https://rflysim.com/doc/zh/1/Hardware.html

4.2 BEFER

A/ BRD 18; Pixhawk 6XEEMXIT 148 ; $HIEL 158,

@: HWEREIBEWN: https://rflysim.com/

5.300GP %

Step 1: RmiFIREY

FTAMATLABENF, 7EMATLABHRFTHPX4ExtMsgReceive.sIxXXfF, 7ESimulinkd, miEdR
Ei<o

File Edit View Display Diagram Simulation Analysis Code Tools Help

. o = {. MATLAB 2017b A Ta .
O - 8 Ee-=E-L - @ . - of&
i L e 5o HARDVWARE APP

Hardware Board @ T L LJ

Pixhawk PX4 - FrER T[S | MATIAR 2020a E’E?_‘«\"f’ &®iF

HARDWARE BOARD | s | Elli HES EEAR BE

L8 ied

AR YRIFPX4ExtMsgReceive.sIxXX 45 T EIRIZRIEEXp2_MaxModelTemp.sIxSXEAR[E],
YmIEPX4ExtMsgReceive. sIXXX R EIRBPixhawkiEH, AXHFHBEILZE.

Step 2: FFRIFNTH

7ESimulinkBY T A R View
diagnosticst5<, BIRISELIZUTITIEIE, RIERRIFTIE. TIZHMERELBuild process


https://rflysim.com/doc/zh/1/Hardware.html
https://rflysim.com/

completed successfully, BPFRT4mIFRMIN.

*4 Diagnostic Viewer = O *

vvv£v|\l=r,v|q i @v@
PX4ExtMsgSender PX4ExtNMsgReceiver

Ons/Toolboxes/PX4PSP/code/include -0 ert_main.o ert_main.c

"### Creasting standalone executable "../PX4ExtMsgReceiver.pre.o™ ..."

echo -Ur -Map PX4ExtMsgReceiver.pre.c.map -o ../PX4ExtMsgReceiver.pre.o PX4ExtMsgReceiver.o
P¥4 TaskControl.o nuttxinitialize.o ert_main.o

-Ur -Map PX4ExtMsgReceiver.pre.o.map -o ../PX4ExtMsgReceiver.pre.o P¥4ExtMsgReceiver.o
P¥X4 TaskControl.o nuttxinitialize.o ert_main.o

"##4 Created: ../ /PW4ExtMsgReceiver.pre.o”

"##4 Invoking postbuild tool "Inwvoke Make"™ ..."

"Making Firmware "

start cmd.exe @cmd Sk "C:\Windows'\Sysnative'\bash.exe -c 'echo Starting PX4 Build;cd
Smnt/c/PRAPSP/Firmware ; pwd; make pwd fmu-v5_default'”

"### Finished calling CMAKE build process ##f"

"### Done invoking postbuild tool.™

"g### Successfully generated all binary outputs.™

C: \PX4PSP\RF1lySimAPIs\4.RF1ySimModel’ 2. AdvExpsied_AdvApiExpsi3.ExtCtrlAPI-
UDP4@1@e’Pr4ExtMsgReceiver_ert_rtwrexit /B @

##% Successful completion of build procedure for model: PX4ExtMsgReceiver
##% Creating HTML report file PH4ExtMspgReceiver codegen rpt.himl

Build process completed successfully

| Step 3: EFREH

RESimulinkBICodei®Tit, & FhiskHFi%EEPX4 PSP: Upload code to
Px4FMU, BHGSERE Y@L USBLIEREBM, FHREHRER.

- single [1x16]
From DLL model of CopterSim

3, PX4EtMsgReceiver * - Simulink - o X
File Edit View Display Diagram Simulation Analysis Code Tools Help
BE-o-8 BE@ - - Tl == | @ -
HDL Code 4
PX4ExtMsgReceiver PLC Code »
PYAExtMsgReceiver
@ |PalPusExtlisgReceiver Data Objects .
Q External Mode Control Panel
B Simulink Code Inspector... jpoclesn
=t Verification Wizards 3
¥
= Polyspace '\.
DO Qualification Kit 2
Use modes >=1to check the data is correct. \EC Certification Ki R &
0 il ertification Kit imestamp
PX4 PSP: Upload code to Px4FMU UORB Write
Topic: rly_px4
uORB Read Topic: PX4 PSP: Upload code to Px4FMU > control
rily_ext {18y single [1x8]
<controls> T [1x16]| O
i ingle [1x16] To 40101 ports to show the PX4 controller states
single [1x16] “ﬂ—( single [1x6] o
1}
1}
0
a]
a]
8]

Ready View diagnostics 125% FixedStepDiscrete

HHEFREX1I00%BY, REBEMHERTE.



*| CAWINDOWS\SYSTEM32\cmc X + v

Loaded firmware for board id: 1010,0 size: 1793056 bytes (97.71%), waiting for the bootloader...

Attempting reboot on COMU with baudrate=57600...
If the board does not respond, unplug and re-plug the USB connector.

Found board id: 1010,0 bootloader version: 5 on COMY
sn: 00320022323151038383932
chip: 20036450

family: b'STM32H7[4|5]x’
revision: b'V'
flash: 1966080
Windowed mode:

] 100.0%
Program: ==] 100.0%
Verify : ] 100.0%
Rebooting. Elapsed Time 75.586

Step 4: (ECURBHRIF

FTFF DLLModelTemp X3, £ MATLAB H$TF Exp2_MaxModelTemp.slx X, ¥
simulink X f4ARY ExtToPx4 1ZOFIBRNEBXABENX 16 £HIE,

[22345678910 111213 14 15 16] » single ——»(6)

ExtToPX4-16 ExtToPX4

double ExtToUE4[16]; // This signal will be sent to UE4 as
the 9 to 26 of actuator's inputs. Besides, this value can be
shown in UE4's D mode, so you can observe the value of
the model through UE4.

float ExtToPX4[16]; // this value will be sent to PX4 with
UORB msg rfly_ext. So you can transfer some sensor data
to you generated PX4 controller.

[FIEYI&inCopterData (25~32) 455 84E0%4H A iX4A ExtToUEA I i # 7E UE SR m#H 17 LY

-
MIz7]No



Block Parameters: Selector »

Selector
GCO)————— 3
inFloatsCallision Select or reorder specified elements of a multidimensional
input signal. The index to each element is identified from an
20-dimensional external input float signals that can input port or this dialog. You can choose the indexing method
b iranafered from [IE} hrough LIOE: nebamr This for each dimension by using the "Index Option” parameter.
port is reserve for collision model.

Parameters

Number of input dimensions: 1
e Uy

inCopterData Index mode: One-based et
Selector
I—b 5
ExtToUE4
zeros(B,1)

. 2 ExtTolUE4-1 - . o )
32-dimensional external input double signals from CopterSim, the definition is 1 Index vector (di = [25: g~_)]
listed as follows. naes = L

Index Option Index itput 5i

1-8: PX4 state flags for simulation.
9-24: RC channel signals (ch1~ch16)
25-32: listen to rily_px4

note:

inCopterData(1): armed flag of PX4

inCopterData(2): RCMum. Total number of RC channels being received. This
wvalue should be 0 when no RC channels are available.

inCopterData(3): simulation Mode. 0 for HITL, 1 for SITL, 2 for SimNoPX4
inCopterData(4): is 3D fixed in CopterSim.

inCopterData(5): is WVTOL_STATE from P4,

inCopterData(f): is LAMDED_STATE from PX4.

Input port size: 32

Note:
The RC channel can be used to trigger animation during the simulation.

0K Cancel Help

FEERTFEREREDS. X TMATLAB
2019afezmihieds, TEEHRTE, BERREERNRIFRE “Build” BIF,

=

E-m-F ¢ SESg-H-ed® b Iy~ 10 Accelerator - @ AEE -

IFTF2019b X 2 fGhRZx, = d5APPS - CODE GENERATION ~-Embedded
Coder7AgEs BB ER T AN, FEPIUNTEFRRTE “C++CODE” - “Generate
Code” - “Build” ZHAFEEESRIFE AL,

P13 MulticopterCtriVelocity/Force and Moment Model - Simulink

SIMULATION MODELING

E% Search

Get
Add-Cns =

ENVIROMNMENT E L E @

Code Embedded Simulink AUTOSAR HDL
u Coder Coder Component .. Coder

CODE GENERATION




FORMAT APPS C++ CODE X

LA X J

or I:I aOpenReport -

opterNoCtrl Generate View 3% Remove Highlighting
Code - Code

GEMERATE CODE

m Generatefoode and build model

£ Simulink W R A =& View diagnostics 5<%, BIRIFELIZEIXIEIE, RIEFRIFI
2, TEIZURAEARS#E Build process completed successfully, BIZRIRZRIZERIN

| Step 5: ERDLLX ¥

G517 GenerateModelDLLFile.p X HEGLITEOPHA
GenerateModelDLLFile[a[El%E, REIRAREcHETHZE Exp2_MaxModelTemp.dll,

Exp2 MaxModelTemp_ert_riw
slpr

*+ CollisionDetection.cpp
[ CollisionDetection.tlc
++ CollisionDetection_ wrapper.cpp
[4] Exp2_MaxMadelTemp.dll
[*&| Exp2 MaxModelTemp.slx
%) Exp2_MaxModelTemp _init.m
(%] Exp2 MaxModelTempHITL bat
1 Exp2 MaxMaodelTempSITL bat
#:) GenerateModelDLLFile.p
_!j Init.m

Eﬂ MavLinkStruct.mat
LB MulticopterModel.zip

) rtwmakecfg.m

tH sFe_ CollisionDetection_ SFB.mat

| Step 6: BEI{HE

ARUEERR B MET
Exp2_MaxModelTempHITL.bat, (N T EBNEZNIRS, BEBMEHEIFFE,



B CA\WINDOWS\System32\cmd.exe

Pixhawk COM port list for HIL
separator if more than one Pixhawk
COM3 of Pixhawk on the computer
COM6 and COM7 of Pixhawks

Available COM ports on this computer are:
COM4: USB ????

Recommended COM list input

My COM list for HITL simulation

Step7: FUEREEBFLER

FUERERDAI U B REIEEXToUEAN 164 M ENMHANRTE R, oILATERISERE|
inCopterData (25~32) HEPTEYrfly_px4H R,

@ RelySim3D Full ¥3.00_20231020-0 = a x

Wehicle Info of ID 1 with style 3
Timesternp (s). 95180

Position xyz: 0.000, 0.000, -3.040
Euler angles: 0.000, -0.000, 0.000
Velocity xyz: 0000, 0.000, 0.000
Angular rate:  0.000, 0.000, 0.000
Accelerationxyz: 0.000, 0000, 0.000
GPS Pos: 0. 0. -8,

i =8 _000__000_000_000_000_ 000000 00
output1-3: 200, 200, 300, 400, 500, 600, 7. 00
‘output9-16: 000, 000, 000, 000, 000, 0.0




Step 8: TESimulinkZEEL

IR[E] E—R3XHF, LA MATLAB $TF PX4ExtMsgSender.slx, #Hi&1T.

Py PX4ExtMsgSender - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help

@‘?_:[' %E "E@%Q‘)ﬂb @' inf Accelerator MEE® R lﬁ'
PX4ExtMsgSender
[C] ler b
e = g pr n o P
&
2
=3
=]
O
» In1 [
120
Data
Receive UDP packets SR 8
Using host-target connection
From: Any IP address
Length
UDP40101
P In2
UDP_SIL_State_Receiver2

iz17fE, AJLATE UDP_SIL_State_Receiver2 #&3RHY Display SEESXIZRE] rfly_px4
HE, EBS inCopterData (25~32) MIFMT=2—3,

6.5E &M

1. DLL/SOWEE! 55@(=4& 0 ..\..\PX4PSP\RflySimAPIs\4.RflySimModel\API.pdf
2.

Ql: RiEFsZZEvisual studio c+H+RIFIFIRHECE mex, SESimulink>3XH4RiEERK


../../../API.pdf

Diagnostic Viewer ]
gs7AM:Buld  ~ | @1 A1 @3 |

* Build Summary

| Top model targets built:

&

. Model Action Rebuild Reason
R
§ demo  Failed Code generation information file does not exist.

§

Y @ of 1 models built (@ models already up to date)

| Build duration: 8h 8m 18.11s

5

Brace indexing is not supported for variables of this type.

;S E S

Component: Simulink | Category: Block diagram error

x

Y

Code Mappings — Component Interface
Ready Wiew 1 error

Al: BESBRT HaIMATLABRRZ<AIVisual Studio
CHRFIFRRERIVSHIALEBR R, ABEMATLABHISRITE OHIMAIES “mex
-setup”, —AERIRSEIMRAIHLE EZIFNMHEIFESS (FlE0Visual C++

2017), @L1TER “MEXEEMHA ‘Microsoft Visual C++

2017 LUHITHRIF BUFHEHIRBAREIE. FHIMRRESE” [RIySImEERER
F]\RflySimAPIs\4.RflySimModel\APl.pdf “HEVIFIZERE,

»2 mex -setup

ey BRES#R| Microsoft Visual ce+ 2017 (C)" |CLi#4T ¢ EEHKE.
§64 . MATLAB C J0 Fortran API OB, W0 =15

B 27321 TULETES wATLAE T8. £BE
EFBU ARG rI.
FALET RS ESHAREL:

hitp: //www mathworks, com/help/matlab/matlab external/upgrading-mex—files—to—use—64-bit]

BRIFF A ¢ RiEE, WADTERDRIE—Had.

Microsoft Visual C++ 2013 (C) mex -setup:D:\MATLAB\RZ0ITb\bin\winfd\mexeptsi\msveZ013. xml C
Microsoft Visual C++ 2015 (C) mex -setup:D:\MATLAB\RZ01Tb\bin\winid\mexoptsimsvc2013. xml C
Microsoft Visual C++ 2017 (C} mex =setup:C:\Users\dream\AppData‘\Roaming'MathWorks\MATLABR]

BERIFTAMES, WAL TR b RFE—Hed:
mex =setup C++
mex —-setup FORTRAN

Ao

Q2: #miFiktE, TAMEEXHF



HEAELE
Fas BE =1

| i vl e EWTTARATERY, CAWE, GRIEGS, SSNNEEL, 6
| EET ¢ TR A TERG TeRSSRREN
b W ARTE]: ok m ) Tee

| R " a5 ] 16 sy CoRLETE mode]” BUEE Cpichesa slib adwi’,

R | B e

| AN - EhE

XA e R T REF A PX4PSPTAFEARENEIRMR, EFMRIYySimLEEEHER
NTFECEEMREF LR

El Toclbox one-key installation script: RflySimA.. — X

{1} Softwane package installation directory
|C:'I.PX4PSF‘ |

{2} P4 firmware compiling command: fimware versions <= PX4-1.8 use format
prdfmu-v3_default, == PX4-1.9 use format ped_fmu-v3_default

px4_fmu-wic_default |

(3) PX4 firmware version (1: PX4-1.7.3, ... ,6: PX4-1.12.3, 7. PX4-1.13.2, 8:
PX4-1.14.4, 9: PX4-1.150)

s |

(4} Px4 firmware compiling toolchain (1: WinWSL[suitable for all versions], 2
Msys2[suitable for <= PX4-1.8], 3: Cygwin[for >=PX4-1.8])

i |
) Whether to reinstall PSP toolbox (yes to reinstall and no o remain current
jn=tallation)

YES I |

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

o |

{7} Whether to reinstall the selected compiling toolchain (yves to reinstall and
no to remain unchanged, about 5 minites)

o |

(8} Whether to reinstall the selected PX4 fimware source code (yes to
rainstall and no to remain unchanged, about 5 minites )

o |

(9} Whether to pre-compile the selected firmware with the selected command (yes
to compile and no to remain unchanged, about 5 minites)

o |

{10} Whether to block the actuator outputs in the PX4 fimrware code (“yes” to
use Simulink controller, "no® to use PX4 offical controller)

o |

OK Cancel
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