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Abstract

Unmanned Aerial Vehicles (UAVs) have played a vital role in a wide range of applications
such as aerial mapping, agricultural monitoring, surveillance, and logistics. However, the development
and testing of UAV flight control systems remain challenging due to the complexity of dynamic
modeling and the risks associated with real-world testing. Traditional methods often require
extensive field trials, which can be costly, time-consuming, and potentially hazardous. This study
aims to develop a reliable and efficient flight control system for quadrotor UAVs by utilizing a
Model-Based Design (MBD) approach in MATLAB-Simulink, integrated with the PX4 open-source
autopilot firmware. To ensure accuracy and reduce deployment risks, the Hardware-in-the-Loop
(HITL) simulation technique was employed, allowing for the real-time validation of control algorithms
in a simulated yet realistic environment. The proposed method facilitates a seamless transition
from simulation to hardware implementation, supporting features such as waypoint navigation,
real-time parameter tuning, and mission planning via QGroundControl. This integrated framework
enhances both the safety and effectiveness of UAV development and serves as a foundation for

further research in autonomous aerial systems.
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Controller @uduenfifiasnisutas des pitch 1du
15 WiBuR pitch angle wdaAwaad pitch_error
waddluds SMC_Pitch uaz 3) n1saruAuuwnY Roll
des_roll wlanduisiieuwiivuiu roll_angle 91n
Current_Attitude 91ntusuany error wéadalud
SMC_Roll fsgudt 12

© foa =) P—
- emr = -
des_commang e o 120 Yow

SUC_Yaw
yau_ange.

you ange
X s ange /)

@
r tau Pich
(@l SUC_Pich
des_pich Ll

Curent_Atttude

5Uil 12 Attitude Controller

To Actuator Block azisUasen control actuators

Tudurnfiedwamesynduindoudsyun 13

EER)

b

g‘ll‘ﬁ 13 To Actuator Block

Ormega to PX4 PWM Block ulasrndsuaines
Wu PWM 1000-2000 us faguii 14

D) [ ) uint16

»{1000 -\
Omega L= T Pxd PWM

3U17i 14 Omega to PX4 PWM Block

Simulator module-Create HIL Actuator Bus
Subsystem 1Jun1sutasan PWM Tuilumidnass
duduindou fAguin 15

&
Daa
HIL_ACTUATOR_CONTROLS D
0 . = Payload time_usec
L =Payloadfiags  Bus
o
PX4 P
E—v = Payload mode

gﬂ'ﬁ 15 Simulator module -
Create HIL Actuator Bus Subsystem

luduves Plant and Visualization agUsenau
lUf7e 1) Quadcopter model Sudunm: PWM
(910 PX4 1Humdsniuguuelnes) Lo1dwn states
gnawialuds Subsystems wiowdaadu sensor data
2) Visualization Subsystem wandunmadoulm
y83lasu 3) Sensors Subsystem 5U States LLﬂaaﬁTaaﬂa
WumuL3e (accelerometer), AMNL5TYY
(gyroscope), aurnualindn (magnetometer)
WazAUAUUTIEINIA (barometer) ddlugy PX4 W
MAVLink, 4) IMU/Quaternion Subsystem dsoan HIL
Quaternion 14 quaternion 91N States Lﬁ"aa%f”nﬁa%a
orientation @519 MAVLink HIL_ATTITUDE_QUATERNION
message Lm(ﬁwmﬁu HIL Quaternion waadslu
PXa 1dunu IMU attitude sensing ag 5) HIL
GPS Creation Subsystem @3gen HIL GPS lgsumia
(x,y, 2) 91 States waadudiin GPS 1e6nm HIL GPS
{Hudeya GPS Sraesiidatn PXa sy MAVLInk

NTEUIUNTYINNULABTIL AB PXA @3 PWM
lUds Quadcopter model udagyhnisAuu States
9t States azdeAnluSs Subsystem #ing 9 udaz
Subsystem @313%aya Sensor I1avd uazdindulugs
PX4 Tag PX4 vnaumileusgluaniun1sniate (Real
Hardware) fisfioglun1ss1ans (HIL) Fesudl 16
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3‘1]17; 16 Plant and Visualization

Quadcopter model Usgnaulusae Force
and Moment Calculation @4furailiiAusanas
T iiledsludauuudranslouniinueslngu (6DoF
Rigid body dynamics) LUUTIABIILAIUIUNIAT
mewesiflouilaiing Altitude > 0 Constraint and
Create State Bus Blocks tleasisanimestaya
LLUUﬁ]"wam%uﬁagUﬁ 17 nsduianaiamesiey
ansaauInldndns sy @ nunedls
n1sauAIaNesilen Wy = [0, wy, wy, w,] Ao
mowedideuiildannsnsmsviu (18)

1
4= 59®w (18)

‘U17i 17 Quadcopter model

Visualization Subsystem 111 state 97n
Quadcopter model W NOAFIUUUTIADILEUNIS
msulugduuu 3 T3 fagui 18

Translation

0
——

RRR) gl lRoltor

Y
——

Rotation Order: ZYX

UAV Animation SMC
1J17'i 18 Visualization Subsystem

Sensors Subsystem ¥uthiisaner s
1Y Accelerometer, Gyroscope Wag Magnetometer
Lﬁaﬂszmawamaaimuﬁwnuazmuqumiﬁu
faguit 19

@ - . .

States
HL Sensor

HIL Sensor

Mag Mag

IMU Subsystem

Hil Sensor Creation subsystem

gﬂﬁ 19 Sensors Subsystem

INS/GPS Subsystem ¥utifisasseitlaann
Instrument (INS: Inertial Navigation System)
WATAANEINN GPS ilef Ui umisuasfianig
Iﬂaw%uﬁamﬂ IMU (Inertial Measurement Unit)
faguil 20

O—¥x
L L Qustaion | (1)

HIL Quatornion

HIL Quateron Creation Subsystem

[

5Ui 20 INS/GPS Subsystem

HIL GPS Creation Subsystern vhwihiishaasen
UYL GPS WA NGBS UMM Joya GPS uag
AIMIgegNasTuIN Quadcopter Model telsinsartu
nfinssurese Lz Seyaililumemeseussuy
thyauagnsmuANTas PXd Autopilot feguil 21
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g‘llﬁ 21 HIL GPS Creation Subsystem

Subsystem Tu HITL Simulink Plant Model
fvihillunisadredeyaiisndudmiunisdrasuas
nagouszuun13du Ineldtoyasin Quadcopter
Model witelildmitlndlAssiuaniunisalaianniign
Faguil 22

UM 22 wadwsn1sdnaes Simulink

3. M591894 3 HiAlnglY MATLAB-Simulink
MATLAB-Simulink \ultsunsufifiusansnings
Tunsdrassszuulaunfinuaznisaiuny Feawnsa
nldaswvuiasdasuluzuiuy 3 46 ldegrs
wiugn lae Simulink 92elvausasanuuy
nagey waziuusadaaiuau (Controller) dmiy
Insuldiednsavann Lidinzduszuuamuauadiesnmw
(Stabilization), s¥uUUM13 (Navigation) #3833 UU
VaniAesAsAnYa (Obstacle Avoidance)

3.1 fvuagunsalifléeulunssiass
gunsalvdndmiunisiiassmsu Usgnaudme
Simulation 3D Scene Configuration, Simulation 3D
Camera, Simulation 3D UAV Vehicle wag Video Viewer
Tnsgunsaludazgunsaiagyiming Muundnwvue
999070, AvuRnsIAaouTives UAV lufida X, ¥, Z
soe5uMIvyuseULNY (Roll, Pitch, Yaw) uazlaenis
Weurevesudenazdulumuguil 23

&

ST 10 G

L
-
ig);
i

3Uﬁ 23 Quadcopter 3D simulation

Simulation 3D UAV Vehicle [¥dSusaes
uazuanKa 81n1ABUliALTU (UAV: Unmanned
Aerial Vehicle) Tuanmwindon 3 fifwes Simulink
3D Simulation Environment Tngsassunisieenging 4
W Uszian UAY, &, finm 1Hudu

A1 Translation input Wulinines 3 4
Farnuaswnds UAV lussuufidaandideu
(mieduns) A1 Rotation input Wunnmes 3 4d
lyaw, pitch, roll] (mizenduisifion) [8] Felditnun
Mavyues UAV faguil 24

[%al Block Parameters: Simulation 3D UAV Viehicle x
Simulation 3D UAV Vehicle (mask) (link)
Place a UAV vehicle in the 3D visualization environment.

When "Use geospatial coordinates for Inputs and Initial values” Is cleared, the
Translation input port accepts a 3-element row vector of [x,y,z] coordinates
for the world position (meters) of the LAV body. The Rotation input

accepts a 3-element row vector of [yaw, pitch,roll] angles (rad) that rotate the
inertial frame to the UAV body frame in ZYX axes sequence.

‘When "Use geospatial coordinates for inputs and initial values" is selected, the
Translation input port accepts a 3-element row vector of

[latitude, longitude,altitude] coordinates for the world position (degrees and
meters) of the LAV body. The Rotation input port accepts a 3-element row
vector of [yaw, pitch,roll] angles (rad) that rotate the local ENU frame at
UAV's current location to the UAV body frame in ZYX axes sequence. The
GeoOrigin input port accepts a 3-element row vector of

[latitude, longitude, altitude] geospatial coordinates for the Unreal world origin.

Parameters Initial Values
Type: Quadrotor v
Color: Black
Name:
[7) Use geospatial coordinates for inputs and initial values.

Sample time: -1 f

[ok ] cancel Help Apply

3‘1]17; 24 Simulation 3D UAV Vehicle
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vendmSudaraniandeuntssiaes 30
wielimaaouszuuifisuiwes 1wy ms3u3 (perception)
N15AIUAY (control) Wagdane3nuIeuny (planning
algorithms) \Jusu lngededeyaannanimuindon
3D Scene source LEanlaIna1n Default Scenes uaz
Scene name tdananniu US city block mmg'ﬂ'ﬁ 25

[#al Block Parameters: Simulation 3D Scene Configuration x
Simulation 3D Scene Configuration (mask) (link)

Configures the 3D simulation ervironment. You must have this block in models that
have sensor blocks to test perception, control, and planning algorithms with data fror
the 3D environment. The sensor blocks and visualization ervironment inherit the
sample time parmmeter walue from this block.

Scene  Weather
Scene Selection

Geospatial

Scene source: Default Scenes
Scene name: US city block
Scene Parameters

Scene view: Scene Origin
Sample time:  1/60

0.016667 §

8 Display 3D simulation window

OK Cancel Help
gﬂﬁ 25 Simulation 3D Scene Configuration

3.2 11591809 UUANAIN2TADTHAZNITUINIIAIY
qoﬂé"lsias‘i (Orbit follower and Waypoint follower
navigation)
wﬁﬂ,uLLuamwaMé’ﬂiuﬂwiﬂaU@mLé’umwaa UAV
s N15AnA1u3lARS (Orbit Following) uimaila
Lﬂﬁauﬁiauqm@usﬁnmﬂué’nwmmmqﬂamﬁmﬁ
Tngmsszogvinsnngaguénardliiaedl iafiadiinld
Tuenudiszte asedeuiiuil wavnsluainnseiu
waznN151IM19N1NINE81984 (Waypoint Following)
Huwwamad uav f\wLﬂﬁauﬁlﬂﬁaﬂ;mmaaqmﬁﬁwuum
Wananth sguiuiiemasazarsuitelufudazq
ey wedadngdmiunsiefidedinisimue
umnefiuiuou Wy n1svudedalusi® n1ssiadey
Imaa%wﬁyugm LaENIAIARSEIRUR LT @unsa
Andunisiiusnannosy 1wy MATLAB-Simulink
eilnsesflefinrglyifliannsadnaasldoinauius
3.2.1 %anAs191u Orbit Following
Fossnmstevisanguinansasdlaaslsing
14 Lookahead Point iiletsmuaidumaiazU3ussiu

n3USuAiAn4 (Desired Course) waraudne (Desired
Yaw) Wetelsogluadlags

Sunnndn Usenaume Mumisuas UAV (Pose)
[x, y, z Wae course], Funtagudna1eelaas (Center)
[x, v, 2], $Afiv93elAas (Radius) wawfiAn1aNIsvyY
(Turn Direction)

WNAnan Ysenaumie ng1edadimung
(Lookahead Point) fievnsiifasnis (Desired Course)
3TB9U3U (Desired Yaw) uarnAwinmannseying

q
3 '

suwmiadaguuriuidunig (Cross-Track Error)

3.2.2 ¥ANN5¥119U Waypoint Follower

nsthmamagesadadunszuaumsitusiu
ﬁmmaqﬁﬁm‘ﬁ'ﬁmumﬁ Faldlunshetigasiinisrmun
e Wy nsdsvesisensanaseiy Wuduy

Sunnndn Usenaume Mumisuas UAV (Pose)
[x, y, z w8 coursel], Waypoints NS [x, Y, 71,
svvuaainiietiedmumiming (Lookahead
Distance), Close Loop 5¢yi1 UAV agaunauldds
isuduvel

WNAnan Ysenaunie ynenadadivung
(Lookahead Point), Hernaiidasns (Desired Course),
17iFeIUSU (Desired Yaw) uae Waypoint Index Wan3

agmé’wﬁdﬁ UAV fdayjaminly
4. QGroundControl

QGroundControl (QGC) i¥ugansunasily
muALLazATIRdaUIMAnUliauty (UAV) 7lF Pxa
%50 ArduPilot 1Ju Flight Controller T4 MATLAB
/U QGroundControl lemupuuieiinszitoya
910 UAV 503950 MAVLink dadulusTnneadinsudeans
fiu UAV MATLAB fiansnsnsu-dedeayannu MAVLink 1d
ngl UAV Toolbox 1138 Robotics System Toolbox [9]

n1sRaAn PX4 Autopilot Tulvun Hardware
-in-the-Loop (HITL) #11 QGroundControl (QGC)

Gusulnensdendegunsal Autopilot A
QGC shuans USB luflry ‘Setup' udaiden ‘safety’
Tugiden HITL Enabled' Widen ‘Enabled’ iioiln
stamuluun (HITL) sieguii 26
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sUit 26 MaDaldanlnun
Hardware-in-the-Loop
Uiy 'Setup' wéniden 'Airframes’ \don
'Generic Quadcoptor' Aan 'Apply and Restart'
fiyuvnuuvesii Airframe Setup faguil 27

g‘dﬁ 27 e Airframes
AMUAAILDLADSHIY PWM MAIN fudenly
nsfmuaAweimesAFIsUINg Ty annsafvua
Awawneidslaglivosdyaamdn 1-4 PWM $1usu
Fasdyaamdniliasasatusuiunewmesiidesns
THhamgdesdyaiaman PWM dmsusemesiidouse
duBuiesiviy PWM faguil 28

[ P PWM MAIN

0 oo o000

0 frooo Jaooo

500 frooo o000

sUR 28 N1sivunAAN Actuator

v

i AutoConnect lUfuiiu General luliyns
fadn Fenld UDP maksrniianganisdoansseming
QGC waw PX4 Autopilot #u USB wazvhlsdeansiiu
UDP wnu faguit 29

AutoConnect to the following devices
W rixhavik [llsikradio [llPxs Flow [luibrepilot [guor [lIRTK GPs

NMEA GPS Device | Disabled - ‘

g‘U‘ﬁ 29 #apn AutoConnect

Ualdaru Virtual Joystick Tuudiu General ves
wiymsiaen Wildau Fly View dendaiden Virtual
Joystick vitelfanpainiaiieuunitlunneulnsa fad
eaRNwaY Failsafe

fmsTimes COM_RC_IN_ MODE i Joystick
only tiieeugalilisssainuazlanisnsavasy
RC farmsnilines COM_DISARM_LAND iu -1 iileUn
mMyvhausalusiRvesnsvaneisiile QGC asaady
N1989980 é?qmwwswﬁma% NAV_ACC RAD Wu 10

AsIEOUNSIIATIL QGC AvaadeuThifiniuds
ieuluudiu Vehicle Settings 984 QGC &inKiuudiu Power
fionafinsudadeuldmninsudasouluuitu Fleht
Modes Tfernlnuan1sudmiuunasdosdayaios
n529a0uTdinisld SD card lugunsaiiflelsfanansn
§ulmanansAaain QGC If szl 30

sUl 30 ameasuMsasAly QGC

ATIEUNIRIAN MAVLink Mauruiiagldfariay
Monitor & Tune H1UNBIA TELEM1, TELEM2 ED)
TELEM3 984815au33 Pixhawk linsiageuinnesamani
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LdliUaldaru MAVLInk asaaaeuldlaggaives
W15734m05 MAV_ 0 CONFIG uag MAV 1 CONFIG
Famrsgniadnifu Disabled iflelda1u Monitor & Tune
winderiaynadedu 19Ualusunsy QGC ile
msierniing

5. unagu
syuuaIuANNIITudnludfveseinimeu
1$audu (UAV) Taglduuidn Model-Based Design
H1u Simulink SaAUWSILS PX4 uagnsmageusie
Hardware-in-the-Loop (HITL) fiatusazesune
I¥edandenluunanidvatiuil werelhinay
fulafanuiefiosuazyszandnimuasssuuauny
newihlulguass
ASTUILMSR AL SUIINNITEBNUUUSaNDSTIY
muauly Simulink wagyinisiraesnstuleely HITL
FatelanunsannaeunsnevaleuaweniwsLas
g15aursluanimuandeudilndifesfuaaiuniseiase
é”aﬂ@%ﬁmﬁmumimnaauwgﬂamé'?wuﬂqmmmu
nsduiild Pxa Autopilot Taeld QGroundControl
(QGQ) Wueesilelunistmunamusuusimnsfives
wuuEEalvgd wagUEuAIINe
syuuiifmuntuitesosfunisiimednluli
HIURAINIY (Waypoint-Based Navigation) 34vinls
UAV @nansaufjifansialaegisudug wazauise
mumdumsdusihuuiadvaldedisdussdnsnm
Hrglanunsailudszendldivauiiunisdisiams
21N1¢1 N15MFIIN0) wAENIININENSITLAE1dl
Uszansnw
6. NaAnITUUTENA
vavouam antumalulagUesiulseina
AlFlinsatuayunuandygiil 670201 sauis
AugINeansuavinalulad wmnine1aesssuAans
ﬁlﬁé’wmﬁﬂmuazmmgﬂmﬁladamuﬁLLaxéqaﬁuauum 9
wazarvunaluladifioniswauniidsduilagae
atduayueiosile gUunsal uazdedruaearnuazain
Tumsiniselundad
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