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Note: The examples in this section need to
use the official firmware of PX4, any version
is fine, the latest firmware is selected here

1. Configuration of software &

1) Open the QGC ground station software;

2) As shown in the figure on the right, click the Vehicle Setwp Fjrmware Setup

gear icon in the toolbar to enter the settings s | —
page, and then click the "Firmware' |label to ada Firovare [ ograds the firmwars on Pixhawk devices, SiK Radios and PX4
enter the firmware burning page; " comecrions pricr o S

3) Connect the Pixhawk autopilot to the
computer with a USB cable. The software will B aGroundcontrol -0 X
automatically  recognize  the  Pixhawk  [Of 3 RORAREY

hardware, as shown in the lower right figure,
the firmware configuration window will pop up
on the right side of the interface, check “PX4 ;
k" and then click “ OK”, QGC will start to OPX4 Pro Stable Release v1.11.1
download automatically (Internet connection @ trdulitior

is required; if no internet, please refer to the — Wdveneed sectinge
next page to use the local firmware file) and

= install the latest PX4 firmware intfo Pixhawk;
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Note: If there is no required firmware file in the folder,
please visit to

1. COHﬁQUFOﬂOﬂ Of SOﬁ\ download and upload to Pixhawk

1.2 Pixhawk hardware configuration (2) — offline frmware download (when
the firmware cannot be downloaded online due to the network)

QGroundControl

1) Open the QGC ground station software;

2) Click the "Firmware" tab, and connect the
Pixhawk autopilot with the USB data cable. The

ground station will automatically detect the fizcm e} Fallameing P ight atecka: 3
autopilot P Stack

3) Check the "advanced settings" checkbox; O Pro Stable felease vi- 111

4) Click triangle icon besides the “Standard i

Version (stable)” tab - “Custom firmware file’;
then click “OK";

5) In the file selection page that pops up, if you
use Pixhawk1 flight control, select
"RflySimAPIs \ FlightControlExpCourse\code\e0 O TR S

. <« RflySimAPIs > FlightControlExpCourse > code * el > 4PX4Firmwares Developer Build (maste
\4.PX4Firmwares\ px4fmu- [m ton firavare file
v3_default1.10.1Stable.px4", if you use Pix —

4, select fmu-v5 firmware .

pxdfmu-v2_defau  pxdfmu-v3_defau  pxdfmu-vd_defau  px4fmu-v5_defau
t1.7.3Stable.px: t1.10.1Stable.px: t1.7.3Stable.px 1.10.15table px
BUAA Re' [t17.3Stablepx4  It1.10.15tablepxd  111.73Stablepxd  1t1.10.1Stable.pxd

Standard Version (stable)

- o -— - -



https://github.com/PX4/Firmware/releases

1.3 Pixhawk hardware configuration (3) — offline
firmware generation

1. Configuration of softwar

4 Toolbox one-key installation script - X

(1) Software package installation directory
CIPX4PSP

| (2) PX4 firmware compiling cormmand: firmware versions <= PX4-1.8 use format

prdfmu-v3 default; == PX4-1.9 use format px4 fmu-v3_default
prd fmu-v3_default

Re-run the "OnekeyScript.p" script in
Enter "px4_fmu-v3_default’ on4he second line (here
for Pixnawk 1, please select the compilation
command according to your flight control hardware)
As shown in the figure on the right, set the 9th and
10th items to “yes" and “no" respectively..and keep
the other options as default. Click the "OK" ton to
compile the official PX4 firmware without kin

the output of the PX4 itself.

Run the "PX4Upload" command in MATLAB to pop

(3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2 4.
PX4-1.10.2)

4

(4) PX4 firmware compiling toolchain (1: Win10WSL[suitable for all versions],
2: Msys2[suitable for == PX4-1.8], 3: Cygwin[for >=PX4-1.8])

1

(5) Whether to reinstall PSP toolbox (yes to reinstall and no to remain current
installation )

nao

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

nao

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

nao

(8) Whether to reinstall the selected PX4 firmware source code (yes to
revgstall and ne te remain unchanged, about 5 minites)

up the firmware burning page. At this fime, insert the
Pixhawk flight controller to burn the official firmware.

Note: Try this method only when the first two methods are
invalid; the following figure is for the advanced version of
RflySim, if it is the basic version of RflySim, please use the

E T

to pr&compilel:he selected firmware with the selected command (yes
in unchanged, about 5 minites)

fo rema

(10) Whether to block the 2
use Simulink controller, "ng”

no

default firmware and compiler version. able Flight Cd

Ok Cancel




1.4 Pixnawk HIL simulation mode

After the firmware is uploaded, the autopilot 19 IR | X & E
will automatically restart and re-connect to the e - -
QGC; at this time, as shown on the right, enter
the "Airframe" faD, select the airframe as "HIL
Quadcopter X's-and then click on the " Apply
and Restart’ button, Thre-Qutopilot will restart
automatically at this time;

After restarting, QGC will automaticallyteek for
the serial port and connect to Pixhawk. At this
time, check each configuration page to
ensure that Pixnawk enters hardware-in-the- simaiation (Hane
loop (HIL) simulation mode.

After finishing the radio control (RC) tfransmitter
calibration and mode setting, unplug the RC
receiver on Pixhawk, this course does not need
to connect the RC receiver

S mAETEHRRA
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4. Toolbox one-key installation script - X

(1) Software package installation directory

1. Configuration of soffware & cexs

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format
prafmu-v3_default; == PX4-1.9 use format px4 fmu-v3_default

pxd sitl_default

1.5 PX4 SITL configuration (only for RflySim

advanced version)

e Re-run the "OnekeyScript.p" script, configure it
as shown on the right, and click "OK"

e This configuration is used to run the SITL

(3) PX4 fipfiware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4

SimUk]ﬁon mOde Of PX4, SO _I_ho_l_ We COn rU WwinstﬁllF’SPmmbm (yes to reinstall and no to remain current
complete PX4 controller under Windows

it can be simulated without Pixhawk roudCamrel ContorSim e Moot s mimty -oce (FloniGear
The key configuration is as follows:
e Compile command: "px4_sitl_defau
e Firmware version: "4" - "PX4 1.10.2"
« Compiler:"1" — “Win10WSL" einstal and no o remain unchanged, about s mintes)
e Whether to pre-compile the firmware: “yes" no

na

(V) Whether to reinstall the selected compiling toclchain (yes to reinstall and
no to remain unchanged, about 5 minites)

no

yes

here the official PX4 firmware is used for top-
|eve| ex‘l‘ernol Con'l'rol 0) Whether to block the actuator outputs in the PX4 fimrware code ("yes" to

useNg|mulink centroller, "ne” to use PX4 offical controller)

° Whe_l_her _I_O blOCk _I_he PX4 Con_l_rol OU_I_pU_I_: “n% iQ}WhE?hEFTG FFFHGI"I"IDHQTHESEIECIEU ﬁrmwarewlitrj the selected command (yes
{:mmplle and no to remain unchanged, about 5 minites)

< S kA E TR I

BUAA Reliable Flight Control G OK Cancel




< HITLRun

1. Configuration of ZF <
"

HITLRun

FlightGear-F45

1.6 PX4 HITL simulation test

e |f you use RflySim Advanced Editi
please insert Pixhnaw en dlrec’rly
run the HITLRunshortcut on the desktop, v
enter the serial port numberinthe pop- e
up window, and press Enter to start the

hardware-in-the-loop (HIL) simulation Use DLL Nodel : T 2D Seens Selection: .

SYSTem ] e Fid4 HITL R Grasslands e L]
* If you use RflySim basic version, please UDF Mode

insert Pixnawk, open the Copfer&m Legacy FMI CON3 v| | [UDP_Full ~ I}Start Simulation

software, select the flight conftrol serial
port in the “Select Pixhawk Com." drop- . -
down box, and click "“Start Simulation”, : R By | A X5 & a B2 O [Amed - ][ Rour
and then manually open QGC and N 5 i e -
3DDisplay

e In QGC, click the paper plane icon -
Takeoff - Slide to confirm, you can see
that the drone takes off autometically in
the view, indicating that the HIL
configuration is correct.

Note: no matter SIL or HIL simulation, you should wait until - e

Takeoff from around and hold position.

CopterSim show message “** EKF inifialization finished” on the Ul, £ f __ ,,.
then you can use QGC/Simulink/Python to control the drone. tCo - |

QGroundControl

Slide to confirm



1. Configuration of software & hardw &

AN
N —

1.7 PX4 SITL simulation (Pixhawk hardware is not required) FlightGear-F450 ~ HITLRun
e This function is only available in the advanced version of A

RflySim (corresponding to the setting in Section 1.5) ‘ @
e Double-click the "SITLRun" shortcut on the desktop and ' v

enter the number "1" to starf one vehicle SIL simulation e S

system

e Same as the previous page, control the dronetotekeoff in
QGC. If it can takeoff automatically, it means that the
platform is configured correctly.

* Principle: PX4 SITL is a real-time operating system that
simulates Pixhawk in the Ubuntu environment of WinTOWSL, s
thereby running a complete PX4 conftroller, and Kill e
connecting with CopterSim through the network to realize izl
the inferaction of sensors/control commands, forming a : : N
control simulation closed-loop system, and inserting LGriing instance L in fmat/c PX4PSPFull/Firmware
Pixhnawk HITL by hardware has the same effect v key to exit

 Note: Under PX4 SITL simulation, QGC can also be used to
configure participation and obtain log files (stored in the
installation directory: Firmware \ build \ px4_sitl_default\
instance_1)




NOte: V|SUQ| STUdIO Compller IS SimulinkControlAPI > VS2017Installer
needed in many examples in this

1. COﬂfiQUrGﬂOﬂ Of SOf- section, please install in advance

1.8 Install Visual Studio 2017 (other versions can also be used, R

MATLAB can recognize it)

e The Visual Studio compiler is needed in many places in subsequent courses, such as MATLAB
e The use of S-Function Builder module, Simulink automatically generates C/C++ model code, efc.

e |tisrecommended to install Visual Studio 2017. The online installation steps (internet required) are
as follows:

e Double-click "RflySimAPIs\ SimulinkConirolAPI\VS2017Installer\vs_community2017.exe"

* This course content only needs to check [ ammommems  tgme g ot oo
the “"Deskiop development with C+.+”% windows 6 yoralation detalls
The rlgh-l- A i e « Desktop development with C++
 Note: If you want to use UE4 C++

Included

Visual C++ core desktop features

Optional
M - + Desktop development with C++ Just-In-Time debugger
d ev e | O p m e nT I n Th e fU TU re ’ yo U C O n O | L-'-:I Build Windows desktop applications using the Microsoft VC++ 2017 version 15.9 v14.16 latest v141 tools
. C++ toolset, ATL, or MFC. Cfl + profiling tools
check the latest Window Windows 10 SDK (10017763,
i I t II t. d t .I ! ‘I'h 1 h 'I' . 'I'h ml Universal Windows Platform development Visual C++ ATL for x86 and x64
ns a q Io n e al s O n e rI g ’ HEl ceae applications for the Universal Windows Platform Test Adapter for Boost.Test

with C#, VB, JavaScript, or optionally C++. Test Adapter for Google Test

O b Windows 8.1 SDK and UCRT SDK

Windows XP support for C++

click the “Individual components"”

M Visual C++ MFC for x86 and x64
and check .NET 4.7.2 (or the latest version) | wescon BRI
. - @ ASPNET and web development ""IGC-.J|‘-ES r:r Stan.dal;c; L"zrg-ir‘-,t (experimental)
and the corresponding pack package.
. . . E e HTML/JavaScript, and Containers including Docker support. {:Egz::z E ;EE :lgg ;;;:g:
C“Ck InSTOll Oggln. - ‘»"‘v’indo\-‘.-‘s’OSDKI}WO.O.’SO:SE.O;

ouAA nenable Flight Control Group



1.9 Configure C++ Compiler for
MATLAB

e Enter the command "'mex -
setup’ in the MATLAB command
line window

e Generdlly speaking, the VS 2017
compiler will be automatically
recognized and installed. As
shown in the right figure, "MEX
configured to use ‘Microsoft
Visual C++ 2017" for", indicating
that the installafion is correct

e This page can also switch to
other compilers such as Visual
Studio 2013/2015/2017

1. Configuration of software & hardware

Command Window

A

>> mex -setup
MEX configured to use['Microsoft Visual C++ 2017 {C}'Ifor C language compilation.
Warning: The MAT and Fortran API has changed to support MATLZAB

variables th more than 2°32-1 elements. You will be required

e your code to utilize the new API.
can find more information about this at:
://www.mathworks.com/help/matlab/matlab external/upgrading-mex-files-to-u

a different C compiler, select one from the following:
Visual C++ 2013 (C) mex -setup:D:\MATLAB\RE2017b\bin\wintd\mexoptsi\msvc?2
Visual C++ 2015 (C) mex -setup:D:\MATLAB\R2017b\bin\win6d4\mexopts\msvc2

To choose

Microsoft

Microsoft

K

Microsoft Visual C++ 2017 (C) | mex -setup:C:\Users\dream\ZppData‘\Roaming\MathWorks

fx

To choose a different language, select one from the following:
mex -setup C++
mex -setup FOERTEAN

=

\

< S IEmAETERMRA
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2. MAVLInk communication analysis

2.1 MAVLink (Micro Air Vehicle Link)

It is a communication protocol for small unmanned vehicles, first released in 2009.
This protocol is widely used in the communication between Ground Control
Station (GCS) and Unmanned vehicles, as well as in the internal communication
between the onboard computer and the Pixhawk. The protocol is defined in the
form of a message library rules for parameter fransmission. The MAVLIink protocol
supports a variety of vehicles such as unmanned fixed-wing aircraft, unmanned
rotorcraft, and unmanned vehicles.

Official use file website:
MAVLInk source code:

QGroundControl ground station source code based on MAVLInk:

A E TR REA 13
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https://mavlink.io/en/messages/common.html
https://github.com/mavlink/mavlink
https://github.com/mavlink/qgroundcontrol

2.2 The essence of MAVLInk
e |tis the encapsulation and analysis protocol of byte stream

2. MAVLInk communication analysis

e The packet format of MAVLink 1 shown as follow:

<

MAVLIink v1 Frame (8 - 263 bytes)

>

STX

LEN

SEQ

SYS
ID

COMP
ID

MSG
ID

PAYLOAD
(0 - 255 bytes)

CHECKSUM
(2 bytes)

e The packet format of MAVLink 2 shown as follow:
MAVLInk v2 Frame (11 - 279)

STA | LEN

INC
FLAGS

CMP
FLAGS

S5
SEQ | "5

COMFP
ID

MSG ID
(3 byles)

PAYLOAD
{0 - 255 bytes)

--------------

CHECKSUM | | SIGNATURE |
(2bytes) [ (13 bytes) .

-
o

s AT ETEHRRA

BUAA Reliable Flight Control Group
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Definition of bytes in the
MAVLink 1 package.

STX - Packet start sign
LEN - Payload Length
SEQ - Packet sequence
SYS -2 System ID

COMP - Component ID
MSG - Message ID
PAYLOAD - Data

CKA > Checksum A
CKB > Checksum B

’

MAVLink Frame — 8-263 bytes

2. MAVLink cor I

STX LEN SEQ SYS COMP MSG PAYLOAD CKA CKB
Byte | Content Value Explanation
Index
0 | Packet start v1.0: OxFE Indicates the start of a new packet.
sign (v0.9: 0x55)
1 | Payload length | 0 - 255 Indicates length of the following payload.
2 | Packet 0-255 Each component counts up his send sequence. Allows to detect
sequence packet loss

3 | System 1D 1-255 ID of the SEMDING system. Allows to differentiate different MAVS
on the same network

4 | Component ID 0-255 ID of the SENDING component. Allows to differentiate different
components of the same system, e.g. the IMU and the autopilot

5 | Message ID 0-255 ID of the message - the id defines what the payload "means” and
how it should be correctly decoded

Eto | Data (0 - 255) bytes | Data of the message, depends on the message id.
(n+6)
(n+7) to | Checksum (low | ITU X.25/SAE AS-4 hash, excluding packet start sign, so bytes 1..(n+8) Note:
(n+8) | byte, high byte) | The checksum also includes MAVLINK_CRC_EXTRA (Mumber computed from
message fields. Protects the packet from decoding a different version of the same
packet but with different variables).

—ACHALHI 3 R{TIZPIRT A 2H 15
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2.3 Analysis principle

e Read: All byte streams are stored in
the buffer, and the byte data in the
buffer is read sequentially. When the
STX flag bit is encountered (the flag bit
of MAVLink v1 is OXFE, the flag bit of v2
is OXFD), it starts to recognize @
message until the end of the message.
If the message verification is correct,
send the message to the handler

e Send: follow the previous page 1o
convert the message into a byte
stream

2. MAVLInk communication analysis

GCS Drone

MISSION_COUNT N

Start timeout

MISSION_REQUEST_INT (1)

Start timeout

MISSION_ITEM_INT (1) o

MISSION_REQUEST_INT (2)

Start timeout

MISSION_ITEM_INT (2)

MISSION_ACK

GCS Drone

A E TR REA

BUAA Reliable Flight Control Group

16



2. MAVLInk communication analysis

2.4 receive analyze source code analysis

Given a byte stream buffer of a certain length, the length simply called length, with the
following script analysis, the onMavlLinkMessage function will execute every time a MAVLink
packet is parsed.

for(inti=0;i<length ; ++i){
msgReceived = mavlink_parse_char(MAVLINK_COMM_1, (uint8_t)buffer[i], &message,
&status);
if(msgReceived){
emit onMavLinkMessage(message);

}

Among them:
void onMavLinkMessage (mavlink_message_t message);

It is the processing function after a MAVLiInk message package is obtained. Users need to
identify the purpose of the current package (heartbeat package, GPS location, posture, etc.)

occording to its ID, and extract the imgor’ron’r data.
< A EITEFHRA 17
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2. MAVLInk communication analysis

2.4 receive analyze source code analysis

The analysis function is implemented as follows, jump to the corresponding _decode

function according to message.msgid, and decode the data
void onMavlinkMessage(mavlink_message_t message){
switch (message.msgid){
case MAVLINK_MSG_ID_GLOBAL_POSITION_INT: {

mavlink_global_position_int_t gp;
mavlink_msg_global_position_int_decode (&message, &gp);
outHilData.time_boot_ms = m_LastReceiveMavMsg;
outHilData.GpsPos[0]=gp.laf;
outHilData.GpsPos[1]=gp.lon;
outHilData.GpsPos[2]=gp.alf;
outHilData.relative_alt = gp.relative_alt;
outHilData.GpsVel[0]=gp.vx;
outHilData.GpsVel[1]=gp.vy;
outHilData.GpsVel[2]=gp.vz;
outHilData.hdg = gp.hdg;
break;

DUAA REIHIARIC gl vwunwuul arvup
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2. MAVLInk communication analysis

2.5 Send source code analysis — send a MAVLInk_hil_actuator_controls message
void sendHILCtrIMessage (uint8_t modes, uinté4_t flags, float ctrl[])

{

mavlink_hil_actuator_controls_t hilctrl;
hilctrl.mode = modes;
hilctrl.flags = flags;
for(int i=0;i<16;i++){
hilctrl.controls[i]=ctrl[i];
}
mavlink_message_t mess;
mavlink_msg_hil_actuator_controls_encode(SystemlID, TargetComplD, &mess, &hilctrl);
char buffer[500];
memset(buffer,0,500);
unsigned int length = mavlink_msg_to_send_buffer((uint8_t*)buffer, & mess);
udp.writeDatagram (buffer,length);//send the buffer out through USP or interface is ok

N o jtﬂﬁﬂi%ﬁﬁ*ﬂﬁ?ﬁﬁ 19
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2. MAVLInk communication analysis

2.6 MAVLINk ID list of message package

([
HEARTBEAT (#0) Heartbeat package, ID =0 ﬁ
[Message] The heartbeat message shows that a system or component is present and responding. The type and autopilot fields (along with the message
component id), allow the receiving system to treat further messages from this system appropriately (e.g. by laying out the user interface based on the
autopilot). This microservice is documented at https://mavlink.io/en/services/heartbeat.html
Field Name Type Values Description
type uint8_t MAV TYPE Vehicle or component type. For a flight controller component the vehicle type
(quadrotor, helicopter, etc.). For other components the component type (e.qg.
camera, gimbal, etc.). This should be used in preference to component id for
identifying the component type.
autopilot uint8 t MAV_AUTOPILOT Autopilot type / class. Use MAV_AUTOPILOT _INVALID for components that are not
flight controllers.
base mode uint8_t MAYV MODE FLAG  System mode bitmap.
custom_mode uint32 _t A bitfield for use for autopilot-specific flags
system_status uint8 t MAV_ STATE System status flag.
]
mavlink version  uint8 t mavlink_version MAVLink version, not writable by user, gets added by protocol because of magic

data type: uint8_t mavlink_version

R e i e e e e e ) et e e



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

2. MAVLInk communication analysis

QGroundControl

2.7 QGC ground
station view MAVLInk
messages

On the MAVLInk
Inspector page of
QGC, you can browse
all the MAVLInk
packages sent by
Pixhawk, check the
frequency and specific
values of each
package

MAYLink Console

Ff%l MAVLink Inspector

Manual -

AUTOPILOT VERSION

COMMAND_ACK

EXTENDED_5Y5_STATE 2.

HEARTBEAT

MIS5I0N_COUNT

PARAM VALUE

PING

PROTOCOL_VERSION 0. OHz

SYSTEM TIME 1. OHz

SY5_STATUS 1. 0Hz

TIMESYNC 10. OHz

< S IEmAETERMRA
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2. MAVLInk communication analysis

N

2.8 Source code of MAVLINk 2

Open folder
‘RflySimAPIs\ SimulinkControlAPI\ MavlinkDemo \ mavlink\v2.0\common’. You
can see C++ source code of MAVLINk, including all definition of all message

package.

> mavlink > v2.0 > common v O L2 #FE"common”
IAPI * MavlinkDemo * mavlink * v2.0 v O . o (537 5 sy
SRR EeHs <l common.h 2019/6/29 21:55 C Header JEszit
ardupilotmega 2020/8/9 16:31 '] mavlink.h 2019/6/29 21:55 C Header iF30{%
ASLUAV 2020/8/9 16:31 'C] mavlink_msg_actuator_control_targe... 2019/6/29 21:55 C Header iF3Z{%
autoquad 2020/8/9 16:21 \C] mavlink msg_adsb_vehicle.h 2019/6/29 21:55 C Header iF3Z{%
T 2020/8/9 16:31 €] mavlink_ msg_altitude.h 2019/6/29 21:55 C Header iF=0{%
matrixpilot 2020/8/9 16:31 'C] mavlink_ msg_att pos mocap.h 2019/6/29 21:55 C Header iF3Z{%
message definitions 2020/8/9 16:31 'C] mavlink_msg_attitude.h 2019/6/29 21:55 C Header iF:0{%

minimal 2020/8/9 16:31 ] mavlink msg_attitude_quaternion.h 2019/6/29 21:55 C Header iF30i%
slugs 2020/8/9 16:31 \C] mavlink_msg_attitude quaternion co... 2019/6/29 21:55 C Header iF3Z{%
standard 2020/8/9 1631 mmm C/ Mavlink_msg_attitude_target.h 2019/6/29 21:55 C Header ilF3Z{%
test 2020/8/9 16:31 'E-I Q mavlink_msg_auth_key.h 2019/6/29 21:55 C Header iF3Z{%
uAvionix 2020/8/9 16:31  Re 'C] mavlink msg_autopilot_version.h 2019/6/29 21:55 C Header iF3Z{%



2. MAVLInk communication analysis

2.9 Simulink Encapsulation and Analysis Implementation of MAVLiInk Protocol

Open demo
“RflySimAPIs\ SimulinkConirolAPI\ MavlinkDemo \ MavlinkCodeDecode.slIx”

(9 » uint32
W Set Data show

Busy-Wait

1seosec - DATA Transfer
__4
s imostano A ;QJ
[ ¢
wint8(1) —l—, > data
vy mode mode —l—b _‘
mavlink_msg_sender mavlink_msg_receiver
uint32(2) » flags flags
o | N

I L len
J—b controls controls
single([1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16])
_16
Data encode
Data to send ) Data decode
- L[LILTI JE V1JILPIW] JLA-0 )
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2. MAVLInk communication analysis

e After clicking Run, we can see that we encapsulate the data

into byte stream data (uint8 byte stream) and len (byte stream

length) in Simulink, and then pass a parsing function to parse

the byte stream into sending data.

e This example is implemented by S-Function Builder, it will
automatically call the MAVLiInk header file when it is running,
and compile it into the .c/.mexwé4/ tlc files shown on the right

e This demo can teach you how to call external C/C++ header
files in Simulink to implement your own algorithmes.

W S-Function Builder: MavlinkCodeDecode/S-Function Builder1 - O X
rParameters
S-function name: mavlink_msg_receiver Build
mavl In k S-function parameters
ﬂ MavCmdDefines.m Name Data type Value
i MavlinkCodeDecode.slx
* | MavlinkSeriallnputOutput.m X
rPort/Parameter—j F d T Fre
.i M aVSfunTESt Arm.slx Start Outputs Derivatives Update erming - !
— — E'El Input Ports Initialization Data Properties Libraries
E W avSfunTest_contr:::l RC.slx 0 data Enter any library/object or source files used by the S-function. Then, speciTy any necessary in
. ~@len or enter the external function declarations. These functions can be called in the Qutputs, Deri
& MavSfunTest SerialCom.slx =B Output Ports | [yodate methods,
T— 0 timeStamp rLibrary/Object/Source files (one per line) rInclude files and external function declarat...
0 mode | Includes:
0 flags zZdefine inline __inline
0 controls #Zinclude ".‘\mavlinkvZ.(0%common\mavlink.h"
-4y Parameters i

mavlink

slprj
*) MavCmdDefines.m

¢! mavlink_msg_receiver.c

<] mavlink_msg_receiver.mexw64
*& mavlink_msg_receiver.tlc

¢! mavlink_msg_receiver wrapper.c
¢! mavlink_ msg_sender.c

<) mavlink_msg_sender.mexw64

& mavlink_msg_sender.tlc

¢! mavlink msg sender wrapper.c

*a MavlinkCodeDecode.slx

& MavlinkCodeDecode.slxc

<) MavlinkCodeDecode acc.mexwt4
) MavlinkSeriallnputOutput.m

& MavSfunTest Arm.slx

*& MavSfunTest_controlRC.slx

& MavSfunTest SerialCom.slx

=) rtwmakecfg.m
- SFB_ mavlink_msg_receiver  SFB.mat
H SFB__mavlink_ msg_sender SFB.mat

24




#4 MavlinkCodeDecode * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help

2. MAVLINk communication Cz-=-& EO-EH- e P = -

MavlinkCodeDecode

@

2.10 Simulink S-Function program method @ B
E3

e Open the slx file and drag in an S-Function Builder
module from Simulink-User-Defined Functions, double-

AuD system wi

click it fo get the picture on the right &
@t Simulink Lib - O e
@ Simulink Library Browser S-Function Builder
L serial V“@\' -3~y = @
Simulink/User-Defined Functions
v Simulink ® S-Function Builder: MavlinkCodeDecode/S-Function Builder — O X
Commonly Used Blocks caller () initialize
) Interpreted Parameters
Continuous > flu) P quo 0 vp b MATLAB Fen P S-function name: =
Dashboard ' il
[31:5“‘“““” ities Fen Function Caller Initialize Function Interpreted MATLAB S-function parameters
Discrete Function Name Data type Value
Logic and Bit Operations
Lookup Tables 4
Math Operations ) matlabfile [ Ao 4 P b, Svstom g M system P .
Model Verification fon yste
Model-Wide Utilities Level-2 MATLAB  MATLAB Function  MATLAB System s-Function Port/Parameler—)  start  Outputs Derivatives Update  Terminate Build Info
Ports & Subsystems S—Function 1 8 Input Ports Initialization Data Properties Libraries
Signal Attributes ©Quo Description
igne i ; = Qutput Port - . . .
:“Ed] Routing B S-Function " =Tr|u1 (@ terminate g{ouopu O | |The 5-Function Builder block creates a wrapper C-MEX 3-function from your supplied C coc
1NKs N system P Examples : Y input ports, output ports, and a varable number of scalar, vector, or matrix parameters. Th
| SORbees ] | *© Parameters output ports can propagate Simulink built-in data types, fixed-point datatypes, complex, fr
Lser Defined Functions S—Function Builder p—Function Examples Simulink Function Terminate Function 2D efigelle. Tk [elarl: ellas enfpparis disaria el asmihivels SEiss off ipe reEl. Ve & ef
Additional Math & Discrete e ; have the block generate a TLC file to be used with Simulink Coder for code generation.

S-function settings

e Below picture shows how to use this module to

Discrete states |C:

generate the MAVLINk message mentioned above: E N
MAVLINK_MSG ID_HIL_ACTUATOR _CONTROLS Contuoussaresic [0

< S LI AT E TR B

BUAA Reliable F"ght Control Cancel Help

Sample mode: Inherited ~

\




lon analysis

e Name the module and set the input and
output parameter names, dimensions, and
data types on the Data Type page

Start

Outputs

Initialization

Derivatives

Update

Data Properties

rDescription

lIse the Add and Delete buttons to add/remove ports and parameters 1
to configure the data type, dimensions, complexity and frameness of e:
the data type and complexity of each parameter.

W S-Function Builder: Ma odeDecode/S-Function Builde - O X
rParameters
S-function name: mavlink_msg_sender Build
S-function parameters
Name Data type Value
4
rPort/Parameter— g5t Outputs rivativas Lpdat Torminate Build Info
EIEJ Input Ports Initialization Data Properties Libraries
0 timeStamp -Description
0 mode Use the Add and Delete buttons to add/remove ports and parameters to the S-function. Us:
0 flags to configure the data type, dimensions, complexity and frameness of each S-function port a
i * controls the data type and complexity of each parameter.
IZ—IIEJ QutputPorts | " —
0 }'O FT=F
& Parameters __ Input ports Output ports Parameters Data type attributes
% Port name Dimensi.. Rows Columns  Complex... Bus Bus Name
- timeStamp |1-D VL real ~ | off e
=/ Imode 1-D v real ~ | off v
+ (flags 1-D i real ~ | off v
wm v fis real _voff - [
| 1
Port/Parameter — Start Outputs Derivatives Lndate Terminate Build Info
=¥ Input Ports Initialization Data Properties Libraries
- timeStamp -Description
~¢mode Use the Add and Delete buttons to add/fremove ports and parameters to the S-function. Use
P P
-9 flags to configure the data type, dimensions, complexity and frameness of each S-function port a
~% controls the data type and complexity of each parameter.
=¥ Output Ports .
rPort and Parameter properties
- len __ Input ports |Output ports| Parameters Data type attributes
~© Parameters 5| |Port name Dimensi... Rows Columns  Complex... Bus Bus Name
+ B 1-D ~ (300 real ~ | off v
= llen 1-D v real ~ | off
T

rPort and Parameter properties

Input ports Output ports Parameters Data type attributes

. 1
% Port Data type IN':::rud l... Sig... Fractionle
- In_ 1: timeStamp |Uint32 v|1 3
= In_2: mode uints VF 3
¥ [In3: flags uint32 VIE 3

In_4: contrels |single VF §]

Out 1: data uints w &

ut_2: len luinﬂﬁ !

Terminate




2. MAVLInk communication analysis

Import the MAVLInk header file

Enter the “Libraries” tab, and add the following code in the “includes”
DOX

#define inline __inline
#include ".\mavlink\v2.0\common\m

Build Info
ibraries

Start Outputs Derivatives Update Termin

Initialization Data Properties

Enter any library/object or source files used by the S—functic}%, specify any necessary in
or enter the external function declarations. These functions caf be called in the Qutputs, Der
lUpdate methods.

rLibrary/Object/Source files (one per line) -Include Ales and external function declarat... -
irciodes:
#define inline inline

Zinclude “.‘\mavlink‘\wvZ.(0\common'mavlink. h”|
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2. MAVLInk communication analysis

In the Outputs tab, add the C/C++ code that obtains the input data and packs it
into a MAVLInk message, and puts it in the output ports data and len. Where data is
the uint8 matrix, and len is the effective length of the data.

Note: Simulink S-function signals have no concept of scalar, and all input/output
signals are vectors. Therefore, although an output “len” is an one-dimensional
scalar, the assignment statement of "len=***"is wrong, so use "len[0]=***" Instead.

Initialization Data Properties Libraries Start| Outputs ]}erivatives Update Terminate Build Info

Code description
Enter your C-code or call your algorithm. If available, discrete and continuous states should be referenced
as xD[0]..x0D[n], xC[0]..xC[n] respectively. Input ports, output ports and parameters should be referenced
using symbols specified in Data Properties. These references appear directly in the generated S-function.

uint8 T out msg[MAVLINK MAX PACKET LEN]={0}:
mavlink message t out msg ml;
uint8 T sysid = 1;

uint8 T compid = 0O;

mavlink msg hil actuator controls_pack(sysid, compid, &out_msg_ml,timeStamp[Gt,controls,mode[ﬂz,flags[D:];
uintl6_t MavlinkMessageSizez = mavlink _msg_to_send _buffer (out_msg, &out_msg ml) -
len[0] = MavlinkMessageSizes;

for(int i=0:i<MavlinkMessageSizes:i++){ datalil=out msgl[il: }




2. MAVLInk communication analysis

A I

e Check the opftion to generate TLC and MEX-file, and then click the
compile button, you can get the file that can be called by Simulink as

shown on the right.

% S-Function Builder: MavlinkCodeDecode/S-Function Builder — 1 x
rParameters
S-function name: | mavlink_msg_sender 3 Build
S-function parameters .
mavlink
Name Data type Value - - -
C| mavlink_msg_receiver.c
- < mavlink_msg_receiver.mexw64
IT-J - =
] mavlink_ msg _receiver.mexwt4.pdb
Port/Parameter— Initialization Data Properties Libraries . L 9_ . P
=g |"F’_'—'t Ports Start Outputs Derivatives Update Terminate Build Info _._;«, maV""k_mﬂg_fECEWE r.tlc
g tlmZStamp -Compilation diagnostics C| mavlink_msg_receiver wrapper.c
~& mode — 1 = = =
@ flags # mavlink msg sender.c' created successfully | ﬂVllnkCﬂdED'ECﬂdE.Slx
0 controls At mavlink msg sender wrapper.c' created successfully ) -'ﬂ rtwmakec’rg.m
= Output Ports #EE rnavlink msg sendertic' created successtully "l . .
- data e S-function 'mavlink_msg_sender.mexwid' created successiully E SFE_m EVIInk_mﬂg_rECEIVET_SFE.mEt
~@len
4 Parameters -Build options
Show compile steps Generate wrapper TLC [JEnable access to SimStru...
[_|Enable support for cover...
|
9 Create a debuggable ME... [ ]| Save code only W= e e

29
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e Let's builld a decoding module
for MAVLINk messages

e Name it "'mavlink_msg_receiver"

 |Input and output ports,
completely opposite to the
previous module

| il T .

rPort and Parameter properties
Input ports Dutput ports Parameters Data type attributes
-
% DeutmameeDloaonsd Essns Columns  Complex... Bus
o data 1-D ~ [300 real ~ | off v
= |len 1-D ~ L real ~ | off v
¥

rPort and Parameter properties

Input ports Output ports Parameters Data type attributes

% Port name Dimensi.. Rows Columns Complex... Bus

o timeStamp |1-D VL real ~ | off v

= Imode 1-D ~ real ~ | off v

+ |flags 1-D ~ real ~ | off v
controls 1-D ~ 18 real ~ | off v

2. MAVLInk communication analysis

S-function parameters

® S-Function Builder: MavlinkCodeDecode/S-Function Builder1 — O x
rParameters
S-function name: mavlink msg_receiver] Build

i@ timeStamp

- flags
~ig controls
-ig Parameters

Name Data type Value
=

rPort/Parameter—  geart Outputs Derivatives Update Terminate Build Info
-8 Input Ports Initialization Data Properties Libraries

- data -Description

~@len Use the Add and Delete buttons to add/remaove ports and parameters to the S-function. Us:
= B Output Ports | |, configure the data type, dimensions, complexity and frameness of each S-function port a

the data type and complexity of each parameter.

rPort and Parameter properties

Input ports Output ports Parameters Data type attributes

% Port Data type Word l... [Sig... Fraction le... Slope Bias
In_1: data uint8 8 3 k"3 0
* oz te uint16 8 3 "3 0
3 | Out_1: timeStamp uint22 w12 €] "3 (1]
Out_2: mode uint8 ~ B €] "3 (1]
Out_3: flags uint22 ~ B €] "3 (1]
ut_4: controls Sinqle hv F <] 2"3 0
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e Asshown in the figure on the
right, set the decoded byte
stream in the Outputs tab
and parse out the code of
the MAVLINk message.

e |In the same way, on the
library file page, import the
MAVLINk library file

e After setting the compilation
options, click the "build"
button to check whether the
tlc and mex files can be
generated correctly.

2. MAVL|H|< COMNN | [Code description

Initialization Data Properties Libraries Stant Outputs Derivatives Update Terminate Build Info

Enter your C-code or call your algorithm. If available, discrete and continuous states should be referenced
as xD[0]..xD[n], xC[0]..xC[n] respectively. Input ports, output ports and parameters should be referenced
using symbaols specified in Data Properties. These references appear directly in the generated S-function.

mavlink message_t message:
mavlink status_t status;
bool msgReceived = false;
for(int i=0;i¢lenl0];1i++) {
msgReceived = mavlink parse_char (MAVLINK COMM_ 1, (uint8 t)datali], &message, &status):
if(msgReceived) {
switch(message. msgid)
{
case MAVLINK_MSG_ID_HIL_ACTUATOR_CONTROLS: {
mavlink _hil actuator_controls_t hil actuator_ control;
mavlink msg_hil_actuator_controls_decode (&message, &hil_actuator_control) :
timeStamp[0] = hil_actuator_control. time_usec;
made[0] = hil actuator control. mode;
flags[0] = hil_actuator_control. flags;
for (int 1=0;1<16;i++) {
controls[il=hil actuator_control. controls[il;
}
break;
}
default: {
break;
}
}

msgReceived = false;

}
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2. MAVLInk communication analysis

2.11 Send arm command to the flight controller via Simulink/MAVLink (RflySim

Advanced Version only)

 Plugin Pixhawk, open CopterSim, set HITL simulation, set UDP_Mode to Mavlink_FULL
(RflySim Advanced version only), and click the "Start Simulation” button

e Open the demo "MavlinkDemo \ MavS$funTest_ Arm.sIx"' and run if, you can see
"Command ARM/DISARM ACCECPTED" in the message box of CopterSim, indicating

that the experiment was successful

uint32

MAV_CMD_COMPONENT_ARM_DISARM »  uint16

Simulation Mode:

F¥4 HITL

0 Grasslands

[0,21196.0,0,0,0,0,0]

disArm

1

»

P timestamp

mavlink_command_long

30 Scene Selection: Link

v []

UDF Mode
Mavlink Full 0

Start Simulation

MavlinkCmdLang

UDP Send
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2. MAVLInk communication analysis

2.12 Simulate sending RC data via MAVLink (RflySim advanced version only)

Same as the previous step, open CopterSim hardware-in-the-loop, and run the
"MavlinkDemo \ MavS$funTest_control RC.sIx" demo to conitrol the arming of Pixhawk and

send RC data to conftrol drone take-off and landing, flight, etc.

uuuuuu

hitps://mavlink.io/len/messages/common.html i
Gpsh Set
Pace ,—|
a uintd
Using hasrargst connecion (I
Frorm: Any 1P address
LLLLLL — >
[ E—
E\.lcmng—bb—b
UDP_SIL_Slate_Receiver
velX:Value
[ |
| | | | II|IIII|II | | | | II| m |
10 8 -6 4 2 0 2 4 6 8 10 PR
velY:\Value | b
oY
| | | | | | | | | |
10 -8 6 -4 2 0 2 4 6 8 10 o
velZ: Value
o
| | | frevpre | | | | s
5 4 3 -2 1 0 1 2 3 4 5
YawSpeed:Value
|
| | [ | | m: — !
100 50 0 50 10C -




2. MAVLInk communication analysis

2.13 Simulink sends and receives MAVLINk messages through the serial port

e Connect Pixhawk to computer, use CopterSim to start HIL simulation (you do not need
to set UDP_Mode so the basic version of RflySim is also applicable), use a digital
transmission (radio telemetry) module to connect Pixhnawk to the computer,
remember the serial number of the radio telemetry module (if you don’t have a radio
telemetry, you can plug in Pixnawk directly without opening CopterSim, and enter the
serial port number of Pixhawk here). Note, the Baud rate of aradio is usually 57600.

e Open "MavlinkDemo\ MavSfunTest_SerialCom.sIx"’, double-click "Mavlink Serial

" . . . - ]
Input&Output’, and enter the serial port number in it | Elsiockparameters Maviink serial inputsOutout X
Custom (mask)
I =1 This module is for receiving and sending MAVLink message
Data_out sends 2048-D unitB vector, and Len is the valid
data length of the Data_out
Data_in receives a 300-D uint8 vector, and Len is the
E— Datain Dataﬂm E— valid data length of the Data in
Parameters
MavLink Serial Input&Output Serial Port Baud rate
[con6 | [115200 E
Sample Time
[
—™ Len Len = E
] | : n
= ZE
i’y
L I ! Mm%
Mavlink Serial Input&Qutput trol Group Cancel Help Apply




e |n this example, you can obtain Pixhawk data through the serial port and send
control commands. This example can be directly used for real-time (through
data transmission) conftrol of the Pixnawk multicopter real vehicle.

=] = =
x
—
Mt Sl IusbOuts J—
Lan l.m—'—L.
™
uuuuu
...... o Dt
[ 1
Y e
WAL EANOR somr
MavhnielmaLonmg 1 —\—‘-‘.
b1
velX:Value
[ e
N /&R R A 7N el A R R AN L,
velY;Value
O = mbl e e, e st o
4n e & a A oA A a4 =& o an
velZ Value
T e R e
1 I
YawSpeed:Val
. 1
RN —_——
-100 -50 o 50 10C B 35
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Path of demo source
code of this section:
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4. Code generation controller communication

5. Summary
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3. PX4 official controller communication

3.1 Simulink simulates sending the raw data of the RC to conftrol the drone

First connect Pixhawk with CopterSim and start HIL simulation and open the 3D
sofftware at the same time (RflySim Advanced version can directly run the Desktop
HITLRun to quickly open the HIL simulation, or run SITLRun 1o open the SIL simulation),
and then open "RflySimAPIs\ SimulinkControlAPI\ RadioConirolAPL.sIx" through

MATLAB and run.

: -
Spcos R PlTCh ST'C'( Psa?:te
UDP Receive Module, B N S A P TS Vex 1 s
: it UDP send
listen to port 20101 —
module, port
mil ubP o200 Roll Stick 20100
USifeﬁgh{-etaurgDF;ggﬁﬁzgiﬂn data R N I U U R D R IZ'—’UW
From: Any IP address deCOde 106 6 4 -2 0 2 4 6 8 10 VeY dp UDP Send
Length e S
g module D
e -0.1248 .
Data from Pixhawk, o Throftle Stick ’—"’“ Send struct
transfer by CopterSim oo B R B S S ST v ReOwemaeMavink - 4ta tO
with struct Data encode CopterSim
. . Yaw Stick module then transfer it

O O T D EO T [I’—‘ fo Pixhawk

UDP_SIL_State_Receiver Result Disnlav



3.1 Simulink simulates sending the raw data
of the RC to confrol the drone

First, drag the Vel slider to the right (simulafing
pushing up the throttle to pass the midpoint),
you can conftrol the speed of the drone in the
[ direction and make the drone take off
vertically;

Then, drag the VeX (simulate forward and
backward pitch stick) and VeY (simulate left
and right roll stick) sliders to achieve forward
and backward movement,

Similarly, drag the Yaw slider (simulating the
left and right yaw sticks) to control the yaw
speed and the drone deflection.

< S EmAE TR

BUAA Reliable Flight Contrc

1 sec/sec

0 VeX
VeYValue
||||||||||||||||||||| ‘llllwul‘|||||||H‘H||||||||
4 -2 2 4
lug
||||||||||||||||||||||||||||||||| l‘ J|uu|m\‘
0 2 4 6
Yaw:Value
.................. | o ST
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3.1 Simulink simulates sending the raw — | ET
data of the RC system ==
. 0 . . " gt Sicen oo L2 I eeems
« Double-click the "RCOverrideMavlink" = | | E= S T L]
module, you can see the infernadl T s
information shown in the figure below - —
1
CopterlD L
CopterlD
D > ux . >
Vo Make the 0~1 o
. . — | Cirls
(2 v velocity signals
VbY \
. .. 10 1000~2000's
ViZ PWM signals Encode the PWM
— D e signals to UDP struct -

RCControlTrans
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3. PX4 official controller comr

3.1 Simulink simulates sending the raw data of @ - D

the RC to control the drone
e Double-click the "RCControlTrans” module, you can see ;’5 -

the internal information shown below

>— Map velocity signals to
1) oL 110 chl~ch4 channels, and
VX < normalize it to 0~1
(2) ’AV > 10 = >
v » CH1~CH4
= > Ar » Ch5~Ché stick
vZ o1
CH5,CH6
CO+— | >
yaw A
zeros(10,1)
Body velocity Vx,Vy,Vz,yaw T

Fill CH7/~CH16 channels

Cirls
2 ) vy
b RcPWMs
CMDPack

@ -

CCCCCCCCCCCCCC

Map it to RC signals

Limit to O0~1 about 1100~1200

B B aB]

PWMRange

1499

PWMTrim
This should be set to be consistent with
the RC calibration value, otherwise there
will be a response deviation problem



3. PX4 official controller communicatior: E o=

nnnnnnnnnnnnnn

e Double-click to enter the "CMDPack” module, you can see the internal information shown
in the figure below

* Two-layer encapsulation (fo ensure data security)

STrU C 1- i n H | LC M D D O TO { :; ::z Eég:)t(iﬁ;;aﬂi;s:r:ntzi,g:}:ti?sp:;raw;i:;f:egﬁggl“ﬁg:;z?;?:vlink re_channels_override to sin‘wulamr RC signals. (mude,ﬂags:and Ctris[9:18] are FE%TEWEd]
uint32_t time_boot_ms;
. uint32
uint32_t copterlD;
M “ nez Byte Pack
uint32_t modes; = T
uint32_t flags; o - )
float ctris[16]; Jat
} INIT,J I winté (char) Payload[0:79] g i/\dl_un)p
—
struct netBQtaShortShort { N
TargetType s -
. @ [16]
iNt len;
char payload[112]; Set here to be consistent with the calibration value of the RC system, otherwise
= InetDataShortShort; there will be a problem of response deviation. First, send the data amplitude fo the

inHILCMDData structure, and then store the structure data in the payload data
segment of the netDataShortShort structure, and finally send the data.



3. PX4 official controller communication

3.1 Simulink simulates sending the raw data of the RC to conftrol the drone

o After CopterSim receives the UDP message from Simulink, it will generate the MAVLink
message RC_CHANNELS_OVERRIDE (RC channel coverage), and forward it to the Pixhawk
module that implements the RC signal

% RC_CHANNELS_OVERRIDE ( #70 )
The RAW values of the RG channels sent t the MAY fo overric info received from the RG radio, A value of UINT15_MAX means no change o that channel. A value of 0 means

control of that channel should be released back to the RC radio. The standard PPM modulation is as follows: 1000 microseconds: 0%, 2000 microseconds: 100%. Individual
receivers/transmitters might violate this specification.

Field Name Type Units Description
target_system uint8_t System ID
target_component uint8_t Component ID
chan1_raw uint16_t us RC channel 1 value. A value of UINT16_MAX means to ignore this field.
chan2_raw uint16_t us RC channel 2 value. A value of UINT16_MAX means to ignore this field.
chan3_raw uint16_t us RC channel 3 value. A value of UINT16_MAX means to ignore this field.
chan4 raw uint16 _t us RC channel 4 value. A value of UINT16_MAX means to ignore this field.
chan5_raw uint16_t us RC channel 5 value. A value of UINT16_MAX means to ignore this field.
chan6_raw uint16_t us RC channel 6 value. A value of UINT16_MAX means to ignore this field.
chan7_raw uint16_t us RC channel 7 value. A value of UINT16_MAX means to ignore this field.
chan8_raw uint16_t us RC channel 8 value. A value of UINT16_MAX means to ignore this field.
chan8_raw ** uint16_t us RC channel 9 value. A value of 0 or UINT16_MAX means to ignore this field.
chan10_raw ** uint16_t us RC channel 10 value. A value of 0 or UINT16_MAX means to ignore this field.
chan11_raw ** uint16_t us RC channel 11 value. A value of 0 or UINT16_MAX means to ignore this field. 42
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3.1 Simulink simulates sending the raw data of the RC e
e Go back to the outermost layer and click to enter the "UDP_SIL_State_Receiver' module

e R data wrang "*-]-'"
I et _“}L_ i W . o
4 s Gpeio
.l
P - [ aa ke | dogble culGpshial
. = I e S S E— el & Gpsiel
vehiceDalaFersa e | . w—— wwwwwww .-E%)g
. . . I — e e o ey
Data check, if datais not P — - T
OK then keep the last data. o *3 -
'''''' "= Judge the
o - data validity
—
L Struct decode




3. PX4 official controller communication

3.1 Simulink simulates sending the raw data of the RC to conftrol the drone

e Principle: Receive the
data of the
outHILStateData structure
sent by CopterSim via UDP,
and extract the value of
interest from it

e CopterSim data resource:
forward MAVLInk message
from Pixhawk, including
LOCAL_POSITION_NED,
ATTITUDE, HOME_POSITIONE,
STIMATOR_STATUS, and etc.

struct outHILStateData{ // mavlink data forward from Pixhawk

uint32_t time_boot_ms; //Timestamp of the message

uint32_t copterlD; //Copter ID start from 1

int32_t GpsPos[3]; //Estimated GPS position, lat&long: deg*le7/, alt: m*1e3 and up is positive
int32_t GpsVel[3]; //Estimated GPS velocity, NED, m/s*1e2->cm/s

int32_t gpsHome[3]; //Home GPS position, lat&long: deg*le7/, alt: m*1e3 and up is positive
int32_t relative_alt; //alt: m*1e3 and up is positive

int32_t hdg; //Course angle, NED,deg*1000, 0~360

int32_t satellites_visible; //GPS Raw data, sum of satellite

int32_t fix_type; //GPS Raw data, Fixed type, 3 for fixed (good precision)

int32_t resrvelnit; //Int, reserve for the future use

float AngEular[3]; //Estimated Euler angle, unit: rad/s

float localPos[3]; //Estimated locoal position, NED, unit: m

float localVel[3]; //Estimated locoal velocity, NED, unit: m/s

float pos_horiz_accuracy; //GPS horizontal accuracy, unit: m

float pos_vert_accuracy; //GPS vertical accuracy, unit: m

float resrveFloat;  //floatreserve for the future use
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3.2 Simulink simulates sending a normalized RC signal to control the drone
The previous example sent the raw data of the RC system, so the PWM output value needs

3. PX4 official controller communication

to be consistent with the RC calibration value, otherwise control deviation may occur

Open "RflySimAPIs\ SimulinkControlAPI\ ManulConirolAPL.sIx", and get a demo with the

same function as the previous example. The experiment process is the same, but this demo

doesn't need to focus on the RC calibration value

Data
Receive UDP packet
Using host-target connect
From: Any IP address
Length

GpsPos

P In1
Gps\el
EulerAng

In2
IsDataOK

[ 1

UDP_SIL_State_Receiver

udp

UDP Send

ManualControlMavlink




3. PX4 official controller communication

3.2 Simulink simulates sending a normalized RC signal to control the drone

This message is a MAVLink message that implements MANUAL_CONTROL. In actual flight, the
signal can also be sent through digital fransmission to reproduce the control command.

MANUAL_CONTROL ( #69 )

This message provides an API for manually controlling the vehicle using standard joystick axes nomenclature, along with a joystick-like input device. Unused axes can be disabled an
buttons are also transmit as boolean values of their

Field
Name

Type

target uint8_t

X int16_t
¥ int16_t
z int16_t
r int16_t

buttons uint16_t

Description

The system to be controlled.

X-axis, normalized to the range [-1000,1000]. A value of INT16_MAX indicates that this axis is invalid. Generally corresponds to forward(1000)-
backward(-1000) movement on a joystick and the pitch of a vehicle.

Y-axis, normalized to the range [-1000,1000]. A value of INT16_MAX indicates that this axis is invalid. Generally corresponds to left(-1000)-right(1000)
movement on a joystick and the roll of a vehicle.

Z-axis, normalized to the range [-1000,1000]. A value of INT16_MAX indicates that this axis is invalid. Generally corresponds to a separate slider
movement with maximum being 1000 and minimum being -1000 on a joystick and the thrust of a vehicle. Positive values are positive thrust, negative
values are negative thrust.

R-axis, normalized to the range [-1000,1000]. A value of INT16_MAX indicates that this axis is invalid. Generally corresponds to a twisting of the joystick,
with counter-clockwise being 1000 and clockwise being -1000, and the yaw of a vehicle.

A bitfield corresponding to the joystick buttons' current state, 1 for pressed, 0 for released. The lowest bit corresponds to Button 1.

BUAA KellabDie FlHIgNT control aroup



3. PX4 official controller communication

3.3 Simulink simulates sending a conftrolled drone using Offboard mode

e Offboard mode is a control mode of drones. Usually the onboard computer or
ground computer (host computer) is used 1o control the speed, position, atfitude
of the drone in real fime. The drone can be treat as a whole object, focusing on
the top-level vision and swarm algorithm development.

 The RC signal control cannot quantitatively control the speed of the drone, so it is
not convenient to use the Offboard control mode, but the RC signal control mode
is the closest way to human operation, and it has better effects in some high-
maneuver performance control.

 The follow-up experiments of this course are all to see the drone as a whole sub-
object (receive and implement speed/position/acceleration/route and other
commands), so the subsequent series of experiments will mainly use the Offboard
mode to control the drone. Since the Offboard mode is a function provided by
the official PX4 controller, you need to make sure that Pixhnawk is running the
official firmware (mentioned in the previous seftings).
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3. PX4 official controller communication

3.3 Simulink simulates sending a conftrolled drone using Offboard mode

e Enable CopterSim's HIL (or SIL) simulation system

e Open "RflySimAPIs\SimulinkControlAPI\ OffboardAPl.sIx" to run, you can see that the drone
will automatically take off to a height of 10m at first, then switch the "speed/position
control’ switch, drag the slider, you can enter speed 5m/s on direction X (or drag Slider VeX
to the desired value), observe whether the speed is consistent with the given speed in QGC

Send body frame
- farget velocity
l—‘ VeX:Value ¥ :_rads
DDDDDD ‘”“'H‘“““"H'|“H\H“|'H‘\“”\m'l””\ @ s EarthVelCtrl j/,_ ' SWITCh body
10-8 6 -4 20 2 4 6 810 L EEEEEEEEE s | Ond eOrTh
| I ) R
|| ki . velocity
:r%: I Egrf;i;%lnn R R NI B B O BN I U m P
Length |—— 10-8 64-20 2 4 6 810 & - l— -
Eulerang : VeZ Value ‘ .
— R Send earth frame
ataOK e s Iz'_’B TorgeT VelOCiTy e uoPsend
Control [ S— Switch velocity/
— Sliders e position control ————
. rozn
Input altitude PosZ=10m - 48
N > Send target position



1 S SE
Data in Simulink
VeXx: \Value
|
W | | 5 -
||||||||||||||||||||||||||||||||||||||||||||||||||| "u"x F
10-8 64202 4 6 81 ¢
+ VeY: Value =
||||||||||||||||||||||||||||||||||||||||||||||||||| D .
108 64202 46 810 Ve scene in
I -o.oo3szs | V_%i RﬂYSim3D
e 3D Scene Selection: Link Vehicle Initial Pos: Yaw Angle:
Grasslands X0 ¥i 0 vaw: 0 °
UDP Mode
UDF_Full Start Simulation Stop Simulation Restart Simulation
e
% |78. 987 |7 0. 095 | 217,966 |
Vx |4. 922 |y |0. 013 | ¥z |0. 002 |
¢ |-0. 059 | 8 |-7. 383 | 0,373 |
L

Data In Coptersim

gy
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3. PX4 official controller communication

3.3 Simulink simulates sending a conftrolled drone using Offboard mode
(recommended)

Principle: This example will make PX4 enter the Offboard mode, then send a MAVLink
message of SET_POSITION_TARGET _LOCAL_NED fto control the speed, position, and angle of
the drone. This command does not require the drone to perform RC calibration or modal
settings, just specify the specified speed or position directly.

Three module examples are shown in the OffboardAPl.slx file. VelEarthFrameOffboardCirl is
the speed control module in the earth coordinate system

VelBodyFrameOffboardCtrl is the speed control in the body coordinate system

PosTargetEarthFrameOffboardCirl is the position confrol module in the earth coordinate
system (given the relative take-off point x, y, z coordinates, the drone will automatically fly to
this point and hover).

The implementation methods of the three modules are exactly the same, except that
several parameters of the Offboard message (position/speed control mode & body/earth
coordinate system) are different. The Offboard control command is based on the disarmed
position as the Home_Position coordinate as the origin relative coordinate (Local_Position ),
so the position command sent refers to the relative coordinate value of flying to the relative
armed position.
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3. PX4 official controller communication

3.3 Simulink simulates sending a conftrolled drone using Offboard mode
(recommended)

e The Offboard mode interface of Simulink is shown in the figure below, you can
combine the commands that need to be controlled by yourself

PosX: positive for Morth

Egzgrﬁ{‘;ﬁ;&rﬁiﬂund | . | Py CopteriD
| 1 i | Copteritrt P enPos
EnablePosCitrl ‘ o 1 — - .
| - ErevaeT Enable which control
[ o .
EnableAccCtrl - H SlgnCI'S (VelOCITy,
| 1 | E o position, acceleration)
E EnableYawCtrl bl
EnableYawRateCtrl »| Envawrate S — =®
o ] o amanse ] ENQDIE Which frame ue
PosX_m > EarthFrame —
2 > i
FPosY_m [ 0 P vel
0 o o) — VelE N
PosZ_m AccOrForce i
D > yaw Signals of Position/ Velocity/ |
AWAN racd .
— - [ o | e | ACceleration/Yaw/Yawrate
Yaw
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3. PX4 official controller communication

3.3 Simulink simulates sending a conftrolled drone using Offboard mode

achieve method of MAVLInk message shows as below picture
SET_POSITION_TARGET LOCAL_NED ( #34)

[Message] Sets a desired vehicle position in a local north-east-down coordinate frame. Used by an external controller to command the vehicle (manual
controller or other system).

Field Name Type Units Values Description
time boot ms uint32 t  ms Timestamp (time since system boot).
target _system uint8 t System ID
target component  uint8 t Component ID
coordinate_frame uint8 t MAV_ FRAME Valid options are: MAV_FRAME LOCAL NED =1,

MAV_FRAME_LOCAL OFFSET NED =7, MAV_FRAME BODY NED
8, MAV_FRAME_BODY_ OFFSET_NED = 9

BUAA Reliable Flight Control Group

type mask uint16 _t POSITION_TARG_F;T__TYPE_MASK_ Bit{n—ap to indicate which dimensions should be ignored by the vehicle.


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

WX

vy
vz

afx

afy

afz

yaw

yaw_rate

3. PX4 official controller communication

float

float

float

float

float

float

float

float

float

float

float

m/s

m/s

m/s

m/s/s

m/s/s

m/s/s

rad

rad/s

X Position in NED frame
Y Position in NED frame
Z Position in NED frame (note, altitude is negative in NED)
X velocity in NED frame
Y velocity in NED frame
Z velocity in NED frame

X acceleration or force (if bit 10 of type _mask is set) in NED frame in

meter / s"2 or N

Y acceleration or force (if bit 10 of type mask is set) in NED frame in

meter / s"2 or N

Z acceleration or force (if bit 10 of type _mask is set) in NED frame in

meter /s"2 or N
yaw setpoint

yaw rate setpoint



‘ /é Content

1. Configuration of software & hardware
Path of demo source

2. MAVLiInk communication analysis code of this section:
“RilySImAPIS\SimulinkCo

. . . . nirolAPI\Rfly_API_CTRL"
3. PX4 official controller communication

4. Code generation controller communication

5. Summary
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4 Toolbox one-key installation script - X

(1) Software package installation directory

4. Code generation controller (eweees

(2) PX4 firmware compiling command: firmware versions <= PX4-1.8 use format

& owid pxd4fmu-v3_ default; == PX4-1.9 use format px4 fmu-v3_default
4.1 Automatic code generation environment prd_tmuni3_defaul
COﬂfIg UI’CITIOH (3) PX4 firmware version (1: PX4-1.7.3, 2: PX4-1.8.2, 3: PX4-1.9.2, 4
. . . . PX4-1.10.2)
* The Pixnawk confrol algorithm generated for Simulink |
COn Olso be COﬂTI’O”Gd Through The QGC/SImUlInk (4) PX4 firmware compiling toolchain (1: Win10WSL[suitable for all versions],

API. To run the example in this section, you need to |2 Msiasuiabe or = Pxé-t.8, 3: Ciguinfor =xe-1.8)

use Simulink code to generate the controller, so you

need.fo re-run The |nSTCI”O'|'|Oﬂ Scnp:l', as ShOWﬂ N The i(:s}tglr;ﬁr:}rm reinstall PSP toolbox (yes to reinstall and no to remain current
right figure (RflySim Advanced Edition) to block the |,

PX4 S Own OUTpUT' No‘l‘e: Plecse Use pX4fmU- (6) Whether to reinstall the dependent software packages (FlightGear,

v3_default, PX4-1.7.3 firmware, and Msys2 compiler | acrundcontrol. Coptersim, ete. About 5 minites)

for RflySim basic version no

* Note: The compilafion command needs fo be e
modified according to your own hardware o o

o NOi'eI The COde OUTOmOﬂCO”y geﬂerOTed by SlmU“nk (E?Whetherto reinstallt.he selected F’Xd-ﬁrmwarg;ource code (yes to
CUI’reﬂﬂy does no-l- Suppor-l- -I-he pX4_S|ﬂ_defCIU"' reinstall and no to remain unchanged, about & minites)

na

compilation command, so it does not support PX4 | |
SlTL SImU|CITIOﬂ. The eXOmpleS N -I-hls SeC-I-Ion need -I-O (9) Whether to pre-compile the selected firmware with the selected command (yes

to compile and no to remain unchanged, about 5 minites)

use Pixnawk hardware for HIL simulation. yes

Note: The content of this section is mainly aimed at the external (19) Wheher to block Ine acualor aufpis i the P fimmvare code (yes o
q o . 9 . g use Simulink confroller, "no" to use offical controller
communication problem of the controller developed with Simulink in the =y ' }
i
N
Gro

yes

course "RflySim_Lesson_02_Flight_Conftrol_Experiments.pdf” (i.e., the series
of experiments in the book "Multcopter Design and Control Practice").

Ok Cancel




4. Code generation controller communication

4.2 Use the RC signal generated by Simulink to control the conftroller designed
by Simulink

You can use the RC signal output by Simulink to control our own designed affitude
conftroller, such as "RflySimAPIs\ FlightConirolExpCourse\code\e0\3.DesignExps\
Exp4_AttitudeSystemCodeGen_old.six"

First, open "Exp4_AtitudeSystemCodeGen_old.sIx" fo compile the firmware and burn
Pixhawk, then use CopterSim to connect to Pixhnawk and start the HIL simulation (the
advanced version can directly run the desktop HITLRun and quickly open the HIL).

[ ] Open Ond run The QGroundControl
n . T Q ? Q . A X, o . g8 ® N —
RadioControlAPl.sIx" file, E:aly: E 0.1

YOU Cdn control the Lon Download MAVLmk IInSpector
drone to take off and =
move forward and — T
bOCkWO rd . DOTO can Olso @\ MAVLink Inspector POSITION TARGET LOCAL NED 41.2Hz chan l :

be observed in QGC ' |

SERVO_OUTPUT_RAW

O X

LOCAL POSITION NED

929

f \

SYSTEM_TIME



-

“ 4. Code generation controller communication

% 5
£ x ¥
G pgw¥

4.2 Use the RC signal generated by Simulink to control the controller designed by Simulink

chd
1 s £ .,
Normalized RC Signals MapToPWMs uint16

Principle: To further explain the principle, the RadioControlAPl.six file sends the MAVLink
message of RC_CHANNELS_OVERRIDE to Pixhnawk, and the RC module used in
Exp4_AttitudeSystemCodeGen_old.sIx will receive the MAVLiInk message, so it can respond.

Similarly, if you need your own generated code to respond to the input in
ManulControlAPl.sIx and OffboardAPl.sIx, you need to receive the corresponding uORB
messages in the Simulink controller respectively. Among them, ManulControlAPl.sIx
corresponds to the UORB message of "MANUAL_CONTROL_SETPOINT"', and OffboardAPl.sIx
corresponds to the UORB message of "POSITION_SETPOINT".

Note: ManulConirolAPl.sIx corresponds to the demo of "Exp4_AttitudeSystemCodeGen.six"
code generation, and can respond to the "MANUAL_CONTROL_SETPOINT' message.

7 i chi

—
uint16
ch2

. uORB Read Topic: _ ! In1
manual_control_setpoint ch3

uint16

e I 57
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4. Code generation controller communication

4.3 Send and receive customized messages using Simulink

e The RflySim platform also provides an external program to communicate with its
Simulink controller. It sends uUORB messages of rfly_cirl.msg (see Firmware\ msg

folder). It is defined as follows:

e The UORB message can be sent by an external program to send MAVLInk messages
to achieve the "HIL_ACTUATOR_CONTROLS" message, and its 16-dimensional conftrol
amount corresponds to the following definition.

HIL_ACTUATOR_CONTROLS ( #93 )

Sent from autopilot to simulation. Hardware in the loop control outputs (replacement for HIL_CONTROLS)

Field
Name

time_usec

controls
mode

flags

Type

uinté4 _t

float[16]

uint8_t

uint64 t

Units

us

Values

MAV_MODE_FLAG

Description
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 the number.
Control outputs -1 .. 1. Channel assignment depends on the simulated hardware.
System mode. Includes arming state.

Flags as bitfield, reserved for future use.



4. Code generation controller communication

4.3 Send and receive customized messages using Simulink

e Open RflySimAPIs\SimulinkControlAPI\ Rfly_API_CTRL\Rfly_ Mavlink_Receiver.slx
with MATLAB, compile the generated code, and burn it to Pixhnawk. As shown in
the figure below, it received the uORB message of rfly_cirl, replacing the original

. "4 Rfly_Mavlink Receiver - Simulink
RC Slg nOl. File Edit View Display Diagram Simulation Analysis Code Tools Help
B-O- <« CEs-E-re@d® P 7y~ [int T 7| @ v &

BB UES
F}
)

oooo

H~-=0 \
— O
a

= s\
aaaaaaa o
uDRB Read Topic o
iy _ctrl' P o o
<controls>

ul

Designed Attitude Controller

ch1

ch2

s
ch3 PWM |-

£ £ £ £ £

3 3 3 3 3

7 & & E H
[+]

chS




4. Code generation controller communication

4.3 Send and receive customized messages using Simulink

Enable the hardware-in-the-loop simulation of CopterSim and Pixhawk, run the
"Rfly_API_CTRL\Rfly_Mavlink_API_Sender.sIx" file, which can send control signals to CopterSim,
and CopterSim will forward the "HIL_ACTUATOR_CONTROLS" MAVLink message to Pixhawk,
and then Pixnawk will publish it to 'fly_ctrl' in the pool, used by the px4_simulink_app
generated by the code in the above figure. As shown in the figure below, this six demo

simulates the RC data of CH1~Ch5 and sends it to the rfly_ctrl message.
 The experimental effect of this demo is consistent with

the operation process of the analog RC signal control
PX4 official controller in Section 3.1

e The experimental phenomenon is the same as the 1.
effect of sending the RC signal to the Simulink code

generation controller in Section 4.2, because the two

examples both send the RC signal, but the rETEETR e | [
communication path is different.
* Note: In the case of real flight, just use MAVLink to
send HIL_ACTUATOR_CONTROLS message to the flight
controller, this module can send data to the control |
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