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Guidelines for the Use of Armed Drones

under International Humanitarian Law
Pisan Amornratananuparp ' and Wilasinee Narupakorn

Received 25 December 2024, Revised 5 March 2025, Accepted 21 March 2025

Abstract

This article examines the use of armed drones in extraterritorial counterterrorism operations
within the framework of International Humanitarian Law (IHL), particularly the principle of Jus in Bello,
which focuses on the conduct of hostilities. The objective is to analyze the legality and legitimacy
of using drones in such a manner, especially regarding respecting human rights and the principles
of necessity and proportionality. The article analyzed various case studies, including the United
States' use of drones in Pakistan, Irag, and Somalia. It was found that while drones were effective
in eliminating terrorists, they also raised several legal and ethical concerns such as violations of
other states' sovereignty, civilian casualties, and transparency in decision-making regarding strikes.
The findings suggest that using armed drones in counterterrorism is complex and must consider
multiple factors, including international law, ethical principles, and national security. Armed drone
use should therefore be conducted cautiously and transparently, in compliance with the principles
of International Humanitarian Law, and to avoid unintended consequences for civilians and other

countries.

Keywords: Armed drone, International Humanitarian Law, Jus in Bello, Counterterrorism,

Human rights
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The UAV Design and Simulation using MATLAB-Simulink
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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.

Keywords: MATLAB-Simulink PX4, QGroundControl, UAV flight control, UAV flight simulations,

Model-based design, Autonomous navigation, Hardware-in-the-loop (HITL)
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cos (0)cos (¢p)
Configuration)

Earth Frame #0434 Transformation Matrix @unns (8)
wag (9) Azuanensulasunsng
cos(d) —sin(¢)
sin(¢) cos(d) ? ®)
p 10
- oo
T 0 sin(¢)
1.3 jUuuunsinisesvasnlanlsines (Types of
lu UAV Usztnmananlsmas dnisdnisedluin
2y 2 gUuuumean laun
1.3.1 Plus-Configuration luiingndaiies

DuguiTemaneuin (+) sewmesapsinninamuasad
fuitenluAuNITNLUIULNY Roll Bnaeadilddmsu

ATUANNISVIYUTBULNY Pitch VnueimaTineusuiy
Lﬁamuqumim?{auﬁ Altitude Waz Yaw

1.3.2 Cross-Configuration luiingndnises
Jugusa X ‘vmuama%ﬁaqﬁwmuw%fauﬁmﬁamw]m
74 Roll wae Pitch fimnasiunsnnnt + Configuration
gy UAY ildndesdenmmnstunsldau
ﬁﬁmmsmimqéf’ggqﬁqgﬂﬁ 2 [4] - [5]

Cross-Configuration

Plus-Configuration

SUN 2 SURULTRIPIDALSIABS

3 3
1.4 duN1SWaAEASY09A0ALSIABS

141 waAraainisiafouiiidadu
(Translational Dynamics)

warnansn1sideuiitady Lﬂuﬁumua Aty
Tunseanuuunazauulasy (UAY) Luaaﬁnmﬂmﬁa@
funisindouiiveslasulunundunss wau x, v, 2)
LAYNIFBUAUBIRBLIING 9 Tinserhselnsu Wy wsedy
NLUNA WSIAUDINA WazlsIlua3 Asauns (10)

%= —%[(sind}simb + cosdsinOcosy)
(M +T+Ts+T)+K - x 1% 1] (10)
j=- % [(—sindcosy + cosdsinOsinyy)
M+ T+ T+T)+K -y ly ]
i = —%[(cosd}cos@)(’]} + T+ T+ T) +Ki-z 1z ]

1.4.2 waA1ansn159LY (Rotational
Dynamics)

waraninsvyuiaudAyedranlunig
ONIUULaYMUANIATY T8391NMIAIUANMSHALTBU
unu Roll, Pitch, uag Yaw dsdidudmiumsindeui
warSnwaunavedlasy fsauns (11)
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b= % (10 + T2 =1 =)~ ar(l ~,) = K pipl]
[—I(‘T‘JL + Ty =T, =T —pri,—1,) — K"qmll (11)

%[(Ql +Q:-Q:— Q) —pally, — 1) — Kz-l'|r|]

2 A <) s
nswdasmnududaguluiluyuessiaes aunis
wardlfiiewvasanusudeyuveslasuluiduen
WUeEIRes Aauns (12)
¢ = p+q-tanBsind + r - tanBcosd
6 =q-cosdp —r-sind

. sing cosp
b= Uost T oso

WsIRuAEYUAssiudNAUiiAnsue A
voaing FavinloiiliaTosvuieavegluaunis (13)
wWuRgatunsdvesnisindouiidudy wsadulunis
vyuAiumumsyuesing Swilifiedemuneay

Tuaunns (14)
deg = _kl v |VI (13)

Mrag =

1.4.3 ANFUNUSvaITITULALISIUADY

Tuwa
Tio4 = Trax " Vi-s
Qi-4 = Qmax " Vi-4 (15)
19y 171 —4 L‘I:J"LJU wmﬁuwmaauamaﬁ
Ti+T+T3+ T,
R e (16)
max
T,+T:-T, T,
R T
max
T+ T =T, -T,
tp = 17
P T 1n
_ U +Q-0Q-0Q
Vo 4Qmax

Tngldussdu Ty wazuss0nn1y Qq_4
ENNIAMVUAFYIUAIUANINATEIY T, tp, tR
WAy ty fdiNanausidyu n1stAdoufiuuuiing
msdeuiinuuiou warnsiedeuiinuuiumess UAVY
PIAINU AIENNTT (15), (16) hag (17)

1.4.4 n1551803n15LAA0UTIvR I TAqUT
#ifl 6 aspndase (6 Degrees of Freedom Quaternion)
Tngl¥aramasitisuuwnunisnay

nssuAsildausaduinnsUdsuuas
fiannavesingldegresuiunaglifigm Gimbal
Lock Tunsdnassszuuusgnaulume 1. Buwa (inputs)
Mxyz(N *m)
Duluaud (usedn) Ansgrirduingluiidadaing

E,,(N) uussiinsgyiiuing uay

2. 1819nn (Outputs) yu@8eLads Euler Angles
&, 8, Y (rad) (Roll, Pitch, Yaw) Faanansouamann
Aowpdiiley, Direction Cosine Matrix (DCM) Faidiu
wnIndiuvasainiifadaing (Body Frame)
lugaiinaides (Inertial Frame) anusaaiieléan
Araesidow, dnsinisuyuresingluiinnfiing
Wy (rad/s), é’mﬁWﬂWiLﬂﬁauLLﬂaﬂﬁua&ﬂawmL%%L%ﬂagu
(rad/s?) Uwag
mudwesingluiifindaing Up (m/s) arewmesidey

(Angular Acceleration) dwy/dt

Wuasnasununismyuluauddfdaoud g
%aqaﬁé (Singularity) vedyueagass (Euler Angles)
wavaruisaldruimnisuyuvesinglaisinasd
wfigsnngendnistdiuminduyu [6)

2. M3Uszgnald MATLAB-Simulink
2.1 NMSANEIANWAUTNINIIATNVBIABAABULADS
2.1.1 sguuiing (Coordinate System) Wag
uAUN1SRYY (Rotation Axes) dudufiugiudidny
dmiunismivaukaziiasinisluveslasy wnu X
LULNUAILE1veslasY Ieatestunisloulasy
U vyEo019m89 WU Y WLWAUANLY19alATY
Aertestunisnasiasulundrenienn uny z
LW]ULLﬂULLUWN‘UENIﬂiu Imﬂgwmmguamm
n1sedeudiniuuny Z eadestunistunieas
sufsmstilasuiiewdeuiiane Tnevldil 2 ssuu
fvandnildlunisiinsizvinisindeudives
AroARaULRes Ao 1) szuuiinalan (Inertial Frame
38 Earth Frame) iussuuiifindnedaiiliiiuaeuudas
mﬂ%ﬁﬁ’mﬁﬁzjaUiﬁt,i'mswﬂﬂmuag'ﬁﬁ%mﬂﬂMu
lueima uay 2) szuuiiniavesinmennelines (Body
Frame %38 Vehicle-Frame) L@uixuuﬁﬁmﬁﬁ%g}ﬁu
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flasunazmsulumunisindeuiivesiu finmifldluns
AWIUIITUTRINama e luwuAn Iy ey
Favausou 3 unuvdn SaFeninnsiedeuiiuuy 6DoF
(Degrees of Freedom, 83f8ase 6 35)

212 wauazanuien Wudadeddylussuy
AUANN1STLVEIATY LIadINAROUIITU NAWY LAz
assveslasy luraefianuidesdimadonis
MBUAUDIRDLIITALALNITATUANNTTNYUTBULNY
InATvAmalnEnsRoNISIAAoUTIREY (Translational
Motion) kagn1SABUANBIABLIIA o Tinszsi W
wsaduanluie useiuennie wavuseltugas uile
flardosadrausstuanluialiuinneiietanvue
uSSlE Frppuse = Mg

Tussuumugumstueuides (nertia) iieades
ﬁumim?ﬂlauﬁ@wu (Rotational Motion) ¥aslasu
FsdsuasionisamuauNIvUTOULNY Roll @, Pitch
6 uaz Yaw @ Tusnsianuidos (Moment of Inertia),
I fio asnuvuesTngromaidsuulasnsmu
T = la winluwudanudesgs Tnsuszmeuaues
m'aLmﬁmﬁhLLazﬁaaﬂml,sqﬁmmﬂ%mﬁaLﬂﬁauﬂwsmu

2.2 NM3ATRAIULATUTULAAIATUANNTTY

wanINITnaeIuaznaaausEUUmUANlaglY
Simulink AU PX4 Autopilot Taglt PX4 Host Target
iled1aowmnAnssuveserumvuglu PXa Simulator
ildaursanageuszuuaiuqulalaeglisesly
F13AUITTH

2.2.1 ¥8nNN1589NLUUYBITEUY HITL
(Hardware-in-the-loop) 1Ju33n1snadeudiaae
Tianunsaldanu Software LiteAruAu Hardware
(PX4 Autopilot) 939l¢ vauziiluinafldndves
gIUNMUEILgNINaasly MATLAB-Simulink luiaa
A1391a0INgAnssuvee un1ruslilnalAe iy
anuduatanniian wWu e1nenamans uelnes
LaEN15AUANNITIAAEUT UazTEUURDITRITY
nsidsumsdined Wu PID Controller luiaaaniw
windeu wazminUsszuuaun dudu [7] - 8]

psAvsEnavYesnsliauionsiaaeunay
YSuusasiaiuaunisiu Usenaudie 1) Commands

Judaudimvundsudu 2) Controller (Juduil
AvuAAINISAIUANAEALILADS Wag 3) Plant and
Visualization ifudiufiafiounazsiasanisduaie
A19aA set point aggnivuAA1ly commands block

fa3uTt 3
— ——— L
s - - !
=il Ol

31]17; 3 Commands, Controller

e Plant and Visualization

X_SwitchOn_Sine Wave (duddnaing
ASUTDINITAS N Y Y IUAILAUS X* Lay y*
deluds comparator T9UTguLisuin input
Fanann x* way y* thnnnd 0 viel dunnndn 0 2y
Genld x* wde y* \Jusumisiigesnis drlsiunnnda
0 axldAmeiiann des x uax des y unu ddluiline
1 0 faguil 4

G PR ANNE 3nE Yo

n
LB —EE

rTTTY

3‘1]17; 4 Commands Block

Controller block Usgnaulumae 1) Commands
(port 1) 1uduwmvwinnnes 4 d (1Wu des x,
des_y, des_alt, des_yaw nnmneuwii) Wigwasn
Des_command luudsn FlightController
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drutszananadeyadineuiges Jeyaudiain
U3, 2) HIL Sensor (port 2) %a;gamnwuwaa%ﬁ
19lu HIL Wy accelerometer way gyroscope Ludy,
3) HIL- Quaternion (port 3) Amamesilisulnua
(orientation) wBI@N AN Lag 4) HIL GPS (port 4)
Toyarumisan GPS (latitude, longitude, altitude)

'MAVLink + Simulator module' + 'Estimator
Subsystem' Mg miunisudastoyaiguiges
Tinaneiludeyanieluvesszuuludiuves Actuator
(HIL Actuator Output) Wasa PX4 PWM uiasen [1x4]
970 FlightController Iﬁa;ﬂugﬂﬁmmzauﬁu HIL
actuator Wd@wm@aNGaanMNA HIL Actuator Wiepaunu
ssUUMeEuen Wy mavsuvesawmeslulasy fguil 5

pr=———pll ity 0% e i =0t} ¥2 B}
U Lok

31]17; 5 Controller Block

aeluvden MAVLInk + Simulator module +
Estimator subsystem block {usnsiasasumesiin
nvdledanslasy lngluudonazuszneume

1) Vehicle Local Position block @il
fndriiuszutanateyasinisuisesuazdona
mawesiiey ieUssunaAmunlaese UL
TuszuuiiialiAsiaesgumesiivhuld 6w x, v, 2,
VX, VY, vz, ax, ay hay az

2) Vehicle Attitude Block duilintinii
Uszananadeyadniwuwesuaztoyaniameiiloy
WioUszaAIAUIB BIveE U TUE FainIzuans
Iugﬂsuaa Quaternion %39 Euler Angles mug‘d‘ﬁ' 6

g‘th?i 6 MAVLInk + Simulator module

+ Estimator subsystem

Controller Model Us¥neulusag 1) Desired
Command (Des_command) Buns A1A213L57
AnpenslukuaLny X, Y, Z uaz Yaw Rate, 2) uORB

. . & v v oy ¢
_vehicle_local_position Lﬂuﬁuagaw”lmwmfnuwai
Weafusiumisvessunmuslufidnriosdu deyail
913Us¥noUAWAA North, East, Down (NED)

Ay 3 4' P v
uwara1aiiveyamnuiwardy o MAgItes 3) uORB_
vehicle_attitude Lﬁu%aaﬂaymmmuwmm
(¥1M19999811) Tn15W8AAT Yaw, Pitch, Roll aann
wioldidu Current_Att (yudagUuvese) (Judeya
WNenfuyuvese Uy (Min1eweseny) dnsuene
Yaw, Pitch, Roll sanuniioldidu Current Att
(yu¥agtuveseu) 4) Signal Conditioning iutid

YY)

Usudgaadivunsandmniunsunlule dnasuen

v

Yeyavandu 3 du Current_Pos ludeyamumis

U
o

UagUuvesnunmug, Current Vel \udoyaninuiga

L]
o

Uagduveserumiviug uae Current_Attitude udeya

q
a

Aanudeslagduveserunivug uag 5) Controller

o o

nthissuiisuaniugdagduveseunivueiv
Andaiidioanis andusgduinodfyaiiuzay
iiedsnnsluds Actuators titeleunmusiadeud
Tumathwmaneseguil 7
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gﬂﬁ 7 Controller Model

Signal Conditioning Block ¥iwthiluvasdioya
NniguwesuTe estimator liiogluguitazansomsld
andluszuumIuAL WU MW ANUET waTIIYiTnIg
dunmusznoulude UORB vehicle_local_position
Wudeyeanuzvesiumisanszuy PXa filsiannnis
Usiliuwes Estimator Usenaumedeyadumishuuwny
x,y, z WaAada dx, dy, dz kay UORB vehicle attitude
fin dayavimiavessrunivugluzuaiemesidey
30 Euler angles (Yaw, Pitch, Roll) ﬁ’dgﬂ'ﬁ 8

gﬂﬁ 8 Signal Conditioning Block

Controller Block lu Flight Control Usgneuluse
dumn Commands Funiiidesnis (Wu x, y, 2)
Current_Pos, Current Vel Wag Current_Attitude
Position & Attitude Controller Block u&enismiiii
muauiutsessuwvuglaensai s dsdiuiu
attitude i#93n15 (desired attitude) wazuseduiiFiosnis
(desired thrust) To Actuator Block ¥iutifikuas
Torque uag Thrust ﬁﬁmmimmﬁlﬂLﬂuﬁ’zycgmmmu
dw3 Actuators WBsEUNMUEAIGUT 9

gﬂﬁ 9 Controller Block Tu Flight Control

Position & Altitude Controller Commands 3%
TBuwm (4 A1 W x, y, z, yaw) Current_Pos funt
U990u (x, y, 2), Current_Vel anudadagdu uaz
Current_Attitude yu18833330u (Roll, Pitch, Yaw)
azhn1sieuifisufideants (Commands) fu
AU tau_Thrust, des_pitch uag des_roll Az
LUgs Attitude Controller iilaldfuauiungn
azAIMUIULiguAT Attitude fuA1daqdu
Wioruan torque Tinedldlundazunuuazdeaniils
U8 To Actuator tieutas torque wiazwnudue
angular velocity (Omega) #30A1 PWM dmsuusiay
ueLABIRIgUR 10

e
441
:

3

3‘1J17i 10 Position & Altitude Controller

Ornega to PX4 PWM block wasindaines
\u PWM 1000-2000 us faguii 11

-
Pxd PWM

Owmega

5U#l 11 Omega to PX4 PWM Block
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Attitude Controller azuUsmsviaudu 3 dw
fi9 1) MsenuANUNL Yaw 1ng des_command Ad
yaw 9ALENALILaNIE yaw_angle Hiundes D2R
(Degree to Radian) uwuauuisifieu des yaw iguiu
Adagiuann Current Attitude \Ju yaw angle wén
ATUIUAT yaw_error 910 des_yaw-yaw_angle
daudnlugs SMC_Yaw iileduanuseda 2) msmugu
uny Pitch Ipe Current Attitude %A1 pitch_angle
(yudagduaas pitch) des_pitch 11970 Position
Controller @uupnfifiosnisutas des pitch 1du
g Wisuiu pitch_angle waaAWI pitch_error
wadeluda SMC_Pitch uaz 3) nsavAuLnu Roll
des_roll wlauduisiieuiivuiu roll_angle 910
Current_Attitude 91ntusuIns error wéadslugy
SMC_Roll fiaguii 12

(1)} *u T} A =
o poeand

[
o o s g
) '|'-7V e 1)
Comet At i Pech

;J‘Ll‘ﬁ 12 Attitude Controller

To Actuator Block aisUasen control actuators
Tudurnfiedwamesynduindoudsgun 13

5Uf 13 To Actuator Block

Ormega to PX4 PWM Block ulasrndsiaimas
U PWM 1000-2000 us faguii 14

QB
Omega

31117i 14 Omega to PX4 PWM Block

Pad PWM

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

J_‘_. ———

Lo Pt tage s f———a{1

0L A

» Payoad tonrots

conmvert *
Eh_. < Poiocte

E‘Uﬁ 15 Simulator module -
Create HIL Actuator Bus Subsystem

Tugduwes Plant and Visualization 9zUsznau
lUde 1) Quadcopter model SuBunn: PWM
(910 PX4 1Humdsniuguuelned) Lo1dwn states
gnawialuds Subsystems wiouvaudu sensor data
2) Visualization Subsystem wandunmadouln
v83lAsu 3) Sensors Subsystem 5U States LLUaﬁ“l’J'aa,JUa
WumauL3e (accelerometer), A1UL58yY
(gyroscope), aurduaindn (magnetometer)
WazAUAUUTIEINIA (barometer) dslugy PX4 Wi
MAVLink, 4) IMU/Quaternion Subsystem deoon HIL
Quaternion 1 quaternion 210 States Litoasatoya
orientation @519 MAVLink HIL_ATTITUDE_QUATERNION
message 101WALUU HIL Quaternion wdadalii
PXa 1dunu IMU attitude sensing Lag 5) HIL
GPS Creation Subsystem @3gen HIL GPS lgsumia
(x,y, 2) 90 States wdaaduiiin GPS w1dmm HIL GPS
Hudeya GPS Sraesitdatn PXa sy MAVLInk

NTEUIUNTYINNULALTIL AB PXA @1 PWM
lUds Quadcopter model udagyhnisAum States
9ntu States szdaAnluds Subsystem #14 9 LAaz
Subsystem a$edaya Sensor $1a89 uazdnaulug
PX4 Tag PX4 yiaumileusgluaniun1sniate (Real
Hardware) fisfioglun1ssians (HIL) Fegudl 16
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o —-rn

|

3‘1]17; 16 Plant and Visualization

Quadcopter model Usgnaulusae Force
and Moment Calculation @4furailiAusanas
T iledsludauuudranslouniinueslngu (6DoF
Rigid body dynamics) kUUTIABIILAIUIUNIAT
mewesifiouilaiing Altitude > 0 Constraint and
Create State Bus Blocks tleasisanimesteya
LLUUﬁfwaaa%uc’f&gUﬁ 17 n1sduianalamesioy
aunsaa1uInldIndnsinsngy ® wuieds
n15auAIaMnesilen W, = [0, Wy, wy, 0,] Ao
mowedideuiildannsnsmsvi (18)

1

31117; 17 Quadcopter model

Visualization Subsystem 1411 state 910
Quadcopter model U LABATIUUUTIADUAUNI
msulugduuu 3 T7 fagui 18

|
1 Transiaion
& 1 A
-I # R, Ry q | e
Rotation Order: Z¥X —
LAY Animation SMC

31]17'; 18 Visualization Subsystem

Sensors Subsystem ¥uthiisanersues
1Y Accelerometer, Gyroscope Wag Magnetometer
L‘ﬁastmawamadisuuﬁwwuasmuaumiﬁu
faguit 19

"D

L3

S

A Sarncrf———
g g HA, Sersor

B Sctaysten

1l Serner Croabon sebsiysien

g‘dﬁ 19 Sensors Subsystem

INS/GPS Subsystem ¥utifisassenitlaann
Instrument (INS: Inertial Navigation System)
LATANATIIEINN GPS ifleAuaniAsuisuasfiana
Imﬂ%’%’a;&amm IMU (Inertial Measurement Unit)
Flaguil 20

@7""
et {1}

iome " D

L
]

5Ufl 20 INS/GPS Subsystem

HIL GPS Creation Subsystern vhwithiishaasen
UYL GPS UAYAY NGRS UMM Joya GPS uag
AIMIgegNasTuIN Quadcopter Model telsinsartu
wfinssurese LMz Seyaillumemeseussuy
thyauagnsmuANTas PXd Autopilot feguil 21
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2
R ,{ N
B o
S N
| U
D—.,........

g‘llﬁ 21 HIL GPS Creation Subsystem

Subsystem Tu HITL Simulink Plant Model
fvihillunisadredeyaiisndudmiunisdrasuas
nagouszuun13du Inelddoyasn Quadcopter
Model wtelildmitlndlAssiuaniunsalaianniian
Faguil 22

UM 22 wadwsn1sdnaes Simulink

3. 115318049 3 TAlagld MATLAB-Simulink
MATLAB-Simulink \ultsunsufifiusansnings
Tunsdrassszuulaunfinuaznisaiuny Feawnsa
nldasiwvuiasddasuluzuiuy 3 46 ldegrs
wiugn lae Simulink 92eldauisosenuuy
nAaay uazuiuureiinluAu (Controller) dusu
Insuldiednsaann Lidinzduszuuamuauadissnmw
(Stabilization), s¥UU1M19 (Navigation) #3833 UU
vanidesdsinuang (Obstacle Avoidance)

3.1 fvuagunsalifléenlunssrass
gunsalvdndmiunisinassmsiu Ussneudme
Simulation 3D Scene Configuration, Simulation 3D
Camera, Simulation 3D UAV Vehicle wag Video Viewer
Tnsgunsaludazgunsaiagyiming Muundnvue
Y9920, fmuanisiedeuiives UAV lufia X, v, Z
soe5uMIvIUseULNY (Roll, Pitch, Yaw) uazlaenis
Weurevesudenazdulumuguil 23

OO0 BBE

3U17i 23 Quadcopter 3D simulation

Simulation 3D UAV Vehicle [¥dSusaes
wazuaniwa 81n1As1uliaudu (UAV: Unmanned
Aerial Vehicle) Tuanmwindon 3 fifwes Simulink
3D Simulation Environment Tngsassunisieesing 4
wu Uszian UAY, &, Aide 1Wusu

A1 Translation input Wuninines 3 4/
Fernuaswnds UAV lussuufidaandideu
(miheduuns) A1 Rotation input Wunnmes 3 Id
lyaw, pitch, roll] (mizenduisiiion) (8] Seldifnua
MsvyuYes UAV ﬁagﬂﬁ 24

(Bl Biock Parameters: Simmlation 3D LAY Vehick x
‘Shmulation 30 LAV Vishicks (mask) (fink)

Place & LAV verhicke In the 30 visualization emvimnment.

When “Use geospatial coondinates for inputs and initial values® is ceared, the
a J-slement ow vector of [xyz] coodinates
for the world position (meters) of the UAY body. The Rotation input port

cepts o 3-element row veclon of [yaw, pitch roll] angles (md) that otate the
Inertisl frama to the LAY body frame in ZYX aws sequance.

When "Use geospotial coondinates for Inputs and inftial valaes® is selected, the

Translation input port accepts a 3-clemant row vector of

[latitude. longitude, altitude] coondinates for the world position {degrees and

meters) of the LAY body. The Rotation gt port accepts a 3-element ow

mlﬂ d[\m‘ pitch roll] angles (md) that rotate the local ENU frame at
location to the LAY body Fame in ZYX ames sequence. The

Gawulnlnmpmau:wa F-alement row wctor of

[latiturde, Jongituds, altitud] geospatial coondinates for the Unreal wodd orgin.

Parameters  Initlal Values
Type: Quadiotor
Cobod ;. Black
Name: Smuiokvehicle!
[ Use geospatinl coordinates for Inputs and initial values.
Samphe time: -1 i

| oK | Cancel Help Apply

3‘1]17; 24 Simulation 3D UAV Vehicle
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vendmSudranmiandeuntsiiass 30
wielimaaouszuuifisuiwes 1wy ms3u3 (perception)
N15AIUAY (control) Wagdane3nuIeuNy (planning
algorithms) \Jusu lngendedeyaannanimuindos
3D Scene source Ldonl#aIna1n Default Scenes Wag
Scene name tdana1niu US city block mmg'ﬂ'ﬁ 25

3 Black Parsmeten: Simutston 30 Scere Configuraton *®
Simudation 30 Scens Configuration (mask) (link)

Configures the 30 simulation srvionment. You must have this block in models that
v sovisor blocks 1o best pesception, control, and planning algorithrs with data fror
the 30 envimnment. The sensor blocks and visuslization emvironment inferit the
sample time pammeter walue from this block

Scene  Wealher  Geospatial

Seona name: IS city biock
St Prsmvetiens
Scone view:  Scenw Origin

Sample time:  1/60

aoea7 |

B Display 30 siemaation window

gﬂﬁ 25 Simulation 3D Scene Configuration

3.2 N159199UUUAANINLATTUALNTINIAY
ﬁ;ﬂé”mas‘i (Orbit follower and Waypoint follower
navigation)
willuwnmednlumsmuguidumaves UAY
e N1sAnn1u3lARs (Orbit Following) Wuimaila
idouiiseugaguinandludnuasreisnauniends
Tngsszogvinsingaguénardliiaedl inafiadiinld
Tusnnihsgds asvdeuiiudl wazn1sfuainnseiy
waznN151IM19N1NIN81984 (Waypoint Following)
Wuuumadl UAY aziadoudilussynvesgaiifinue
Wananth sgufuiiemasazariuitelufudazq
mudiy wadativsngdmiumsieiifosinistmun
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Abstract

This article aims to 1) study and analyze the driving forces and trends impacting Thailand’s
defence industry over a 15 - year period (2025 - 2040), 2) to evaluate critical uncertainties that may
influence the future direction of Thailand’s defence industry, and 3) to synthesize recommendations
for formulating strategic guidelines for the development of Thailand’s defence industry. In the
study, we gathered data from open sources, including academic documents, defence industry
policy papers, and reliable news outlets, along with interviews with experts in the defence industry
and national security strategy. The PMESII Framework (Political, Military, Economic, Social,
Information, and Infrastructure) was utilized to identify key driving forces and trends
complemented by the Impact/Uncertainty Grid to evaluate uncertainties. In the analysis,
we identified two critical uncertainties due to US Policies under Trump’s administration, and
economic nationalism and protectionism that impact global supply chains and international
trade. The article also proposes six strategic recommendations for the development of Thailand’s
defence industry: 1) developing infrastructure and ecosystems for the defence industry,
such as establishing dedicated defence industrial zones; 2) enhancing international collaboration
and attracting foreign direct investment; 3) strengthening human resource development
and fostering technological innovation; 4) supporting domestic research and development;
5) improving cybersecurity management; and 6) implementing long - term strategic planning using

tools such as Scenario Planning to prepare for future uncertainties.
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Abstract

The analysis of the interior ballistics of 5.56 mm firearms was based on the principle
of calculating the pressure inside the barrel and the movement of the bullet. We used the
thermodynamic principle of gas combustion of gunpowder, and the step-by-step numerical
calculation method to calculate the breech pressure, the muzzle velocity of the bullet, and the
efficiency of the gun. The results showed that the breech pressure depended on many variables,
including the properties of gunpowder, the weight and shape of the gunpowder, the size of the
barrel, and the weight of bullet. The muzzle velocity calculation results showed that if we used more
gunpowder and a lighter bullet, the bullet would have a higher muzzle velocity. For the comparison
of gun length, guns with short barrels would have a slightly lower muzzle velocity than long-barreled
ones. Ballistic efficiency varied with the ratio of weight of bullet to sunpowder. If the ratio of bullet
weight to sunpowder was higher, the gun would be more efficient. The calculation results allowed
us to evaluate the muzzle velocity of the gun, the breech pressure, and the efficiency of the gun.
Ultimately, they can be used to design or improve the efficiency of the gun to better match the

purposes and needs of designer.

Keywords: Interior ballistic of gun, Gun propellant, Breech pressure, Muzzle velocity
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Ball (M193)
Projectile Weight, er 56
Charge Weight, gr 26.5
Muz Velocity, 11.5" m/s(ft/s) 941(3,132)
Muz Velocity, 14.5" m/s(ft/s) 1,001(3,334)
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Burn Time, sec 0.0016
Ballistic Efficiency 0.243
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0.245 0.250 0.240
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The Assessment of above Ground Biomass and Carbon

Sequestration in Community Forests using UAV Technology
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Abstract

The objective of this research is to evaluate the biomass and carbon sequestration
of trees in a community forest area located in Tha Song Khon Subdistrict, Mueang Maha
Sarakham District, Maha Sarakham Province, using Unmanned Aerial Vehicle (UAV) technology
combined with field surveys. The operation was divided into three main parts: UAV surveys, field
data collection, and the creation of a Canopy Model. The study area covered 66 rai or 10.66
hectares. Agisoft PhotoScan was used for processing aerial photographs. From field surveys
in sample plots of 40x40 meters®, totaling 10 plots, the results showed a total of 22 families
and 39 species of trees, amounting to 1,241 trees. The most common species found included
457 trees of Dipterocarpus alatus, 224 trees of Shorea obtusa, and 56 trees of Lagerstroemia
tomentosa. The evaluation of carbon sequestration using machine learning models from UAVs
showed an average of approximately 213.53 tCOZe, 2.022026 kg COze/mZ, and 0.002022 tCOze/ha.
In contrast, the averaged results from the Canopy Model analysis were 212.51 tCO.e, 2.012442 kg
COze/mZ, and 0.000201 tCOZe/ha. The accuracy assessment of the model was found at a Precision
of 0.902, Recall of 0.638, Accuracy of 0.597, F1-Score of 0.747, and Percent of 74.737%, indicating

that the model has the capability to analyze trees and to accurately classify canopy shapes.

Keywords: Above ground biomass, Carbon sequestration, Canopy model, UAV
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2.4 M5ATIZRAMUULIUEN

nadnsdmudeyanisuseiliunaluusiay
42990961 Histogram tnausianusiasiduveslanng
o3unefanuuluglagsau Tnefiansanainin
AulugLaYATIYLNNSSENAY WRSnYea i
MINIINHaLINTIWAS (TP Sousenduliinga
wuldegnagneing) nauanidia (FP Seutenduliings
nulpeinnain) wagkaauiiia (FN Seusanduldl
gNAazLIL) AUNTVBIANMUKIUEN AZIUNNNTSENAY
warATuuY F1 {I383Rsevinnsanne (Regression
analysis) HANTINUTOLYANIAUIN UALNTITEUF
fewesesadig [24] - [27]

Precision=
P+FP (®)
TP
Recalls= ———
TP+FN ©)

f!‘;cr;uracy=L (10)
TP+FN+FP
Fl_Score=¥ (11)

e

TP (True Positive) Ao 1Tousanauld
avanuldetiegnees

FP (False Positive) Ao 13ousanaulsl
av1anulagRanan

FN (False Negative) Ao 13ougonsuld
gnazLI

3. nawazIasalug
3.1 Han15nTzideyaann UAV
wansAnwInsliasgiveadeyaluiiud
dnguud §35eldmalulad UAV ilaifutoys
amdeseImANuTitLTutuuaAay
Urudiuaraiau Tnedrdeyauidssaiananie
TUsunsu Agisoft PhotoScan Liletnuniesizsiven
Ysnamiveuiigniniiulufiuiith daelsinisfing
finnuwiuduaraiusaysafiuliediasiden
TnelsidnBustosasiuiliiutoyadedionngn nants
AamgiegUi 3 - 6 il
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Digital Surface Model (DSM) Duuvudraesiiuans
JEAUAIINGIVDIBIAUTENBUA 9 uituAu 1w
suldfuavAsroains iamsfinwnud fufiviannugs
1nfignegil 227.3¢ wns nseiunziatIunans
Tneiduuinaii Fousonvosiuliigs Audia
Aunudureanssaliuiniaiugaade
204.26 w3 uanadudinna dawfiuivdsuls
wnndnvefwssauiy fageUssann 1 - 2 s
wana Ay v ituiiifiandinings 181.19 s
Pnseiunzalungs wanadudiden Jedaulve
HuituAuvedifiowssaseiush

Ul 4 nauvudiassnduganiivssina
\Watav (Digital Elevation Model: DEM) wan1s
Apaevt DEM Tuituiidnymuh ANINERDY YN
183.47 - 217.77 wns ANTeFunzalunan 1oy
annsnduundnunzgiussmmoanidu 3 fiuivdn
Wun #uiidenn 217.77 was Wududiideany
puuuvomssuliigauazdigauauysal Sni
AANTEUIUNTALANTUNTIANTIUTITUNIR LU
nsgesaatsvasluldinevan Nuiiddiaia
198.18 w3 (Wuiuiifidnsiuaumemssnliuay
dunseinguandunaiuiy shliAanisazauves
shpuiily Auftdden 183.47 was iuiiufidng
Imsituautosuasiidnvarassmislavoni wu
dumathiliAnnnduviefanssuvesnuduaydnd
1713@ﬂizmumimﬂﬁiimwﬁLLa:ﬁf\mﬁﬁmmuwé
dwaromaiAbuulasgiivssmeluiuidend

sUil 5 wan1maasls (Orthophoto) 3e
A RGB tunmaieniseIniafigeInIAey
¥audu (UAV) fidunszuiunisdiunianig
Anufleu (Orthorectification) Taydnadedoya
AnugehvesgiivssmanazsEuURan UTM vinl
amiiarugndesiaiiumis sue uaggUInsves
Jng) 2N RGB Usznaume 3 dnan laun uad (Red)
e (Green) wazihidu (Blue) Sedatlsiuaadiun i
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fimauiy ﬁﬁaaﬂam‘wm&Jﬁﬁﬂmqumammue‘hﬁ
a1usadlldlunsiianmeiuaziauilung
msBeuiieineslduanaiesuuuy uazsuil 6
Watoya Point Cloud uteyagn 3 T fldluns
Anserinfivszmauaslasiainaiuio lutuiifnud
106,360 90 w30lads 66 yAdeMTILAT Tetelil
ansaasuuuiaesgiiussmaniiimaBungs
wausiuganTy
3.2 wamsesziuazdrsradeyaniaauna
PnMsdTanaauluklasiiegs wu
wssadlshanun 22 1ad 39 wila 57 1,241 @y
vielady 124 fudeutas dedfiwuandign leun
FABACEAE 475 ¢ DIPTEROCARPACEAE 291 #iu
uay RUBIACEAE 117 fiu wdfinutiosfian agheay

a1597 1 Jeyanssadliilundasdrsn

1 au laun BIGNONIACEAE, CELASTRACEAE
waz LEGUMINOSAE Tnefinmsdnsusu 10 adinfinu
mnﬁqﬂmméﬁuﬁqLLamiumiNﬁ 1

\osnllanunsnszysnudulsifioguen
wUasiiegnale §338341Y Regression Analysis
Lﬁaimeﬁmmé’mﬁuémm%a;&a 3 @ lawn
VEUSaULaSERUanYataulyl (DBH, wuluns)
Agerlal (H, 1ims) wazutnavsais (NS, EW, wes)
A5iaseiideaelfidilannuduiudiBeada
seuInednwaenanea nesaulll wavanunsa
1¥a1anisaldneuzvoanssalilufiudialile
d199ld mamFieseideyaruduiusaaauy
LARIINI9T 2

a1y Hoanslay FoIneraans U
1 AULAY Xylia xylocarpa var. kerrii. 457
2 AULRg Shorea obtusa Wall. ex Blume. 224
3 AunapLmilen Memecylon edule Roxb. 56
a4 AUTDYT Lannea coromandelica (Houtt.) Merr. 56
5 Au e Hymenopyramis parvifolia Moldenke 54
6 AU Shorea siamensis Mig. 40
7 Uzl Buchanania lanzan Spreng 40
8 Augaln Morinda coreia Ham. 34
9 FUMNLLAR Catunaregam tomentosa (Blume ex DC.) Triveng. 26
10 AUNTEUBY Gardenia obtusifolia Roxb.exKurz 23
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A15199 2 HANSIASILYNSEDRA

Regression Statistics

Multiple R 0.809111057

R Square 0.654660703

Adjusted R Square 0.653823178

Standard Error 12.35636358
Observations 1241

PINAIFIENIN 2 HANITUATIEAN9EDA
seninadurugudnatefiszauen (DBH) Amga
vpsiulyl warfanswesseauseon Inelladuyseans
ANFUNUS R2 = 0.6547 FIUIYINANUFUNUTTENIN
o  Xa a a PR | I o
AU UNUsEaNS AN Fana1duseau

v
=

firaudnem mslasevitaldiuin e DBH Wiutu
AuguesiuliuaraunnFeusenifuuliuiaty
aulugae Feazvoussnisiivinvosduldiidly
frugrdunazisiiy nslilunanisanaesdaely
annsomansaidnuarvesiulsl utluusinlsily
d1579 lnerasiiveslumaiieuddalunisedune
ANUFUNUSSENI1ALUThazdaelunsyiune
wwaltiunsidulavessulsivaandlumsed 3
9M157297 3 wan1sIAsIzRnIsanaay

a v

. . Y @ =
1WaLdu (linear regression) wanalvlAuian1w

¥ o ¢

FUNUSHIUINTEUINAIUIAINAUFILUS DAY

A19199 3 KadAIzTImIalieaaIn UAV

lowA duiugudnatseAuan (DBH) AMLgIves
suldl (H) wagdayansoiy (NE, EW) lngA13ndin
unuogd -16.2766 Fududrnsiluaunisanaee
A1 Standard Error 1.3076 Ustasnrandesiuu
11955 IUYBIARAG WATLARITEAUAINLNTEINY
favasdaya A SE fidmneisnuuugigety
yosaunsonnoy aunsildgnitamlagliuuy
$1883 Machine learning Mitfigndosiunisnsaadu
ponlil Tree-tops detection Wagn1TMUIEIU
N33y Canopy model wan153ATIZRRaAALTIY
Tl smmadeuduiusGainseiiu Positive
correlation waganunsaldasiansmaruduiug
iilouananisidenlosveadoyaludauusdng q
Tngnsindananiuaninafiaonndesfuannis
ﬁa%?m%m*mmﬁtmwﬂumac«“ﬁgﬂﬁ 7-9dil

nauduldl (asu.)

HARATIEVVI Canopy Model (area m?)
True Positive TP 2442384
False Negative FP 2,639.37
False Positive FN 13,872.39
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3.3 namsdieszviiuudiasmsBeuioneies Wy vuinSeusenuazaugsesiull 91nn1s
sl UAV safumadanisBeuiveaeies  Aameinudt Tunaaunsaszyveuwavemssju

(Machine learning) 1¥uin3esiefiivszansam  fuldildesnausiug fianueamndousideiiou
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Recall 0.638
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A191991 5 Wansinsgsimeaun1siealaniuag Machine Learning

2 c 2
€ o I
© =) [
5 N el 5% 2 c S
=} c 2 % © ) £
o Q a T 0 Q c Q
7 S © o 28 (©] Q
0 8 £ g =l o
=) o » o Q
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b S 0 Y &
c - > 3
o % —~ ~ /B ~ Q 5
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5 z | v & | gfE s | g ¢ o
o © 3 | 5 % | ® 9, | 5 %] 9 &
2953189 |58 |5
< iU_,/ o ecb/n < g o eosn @)
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©
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9
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C
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A1597 6 NaNITIATITIAUAAIARAUUSINUNSANLAUAS U URRAUT

Carbon

Sequestration

Carbon density per area
(field data)

Carbon Sequestration

Canopy Model

tCOe 213.53 212.51
kgCOZe/m2 2.022026 2.012442
tCO.e/ha 0.002022 0.000201

Error (%) 100 0.48%
Carbon sequestration total quantity difference 0.001020

carbon density per area (kgCO7e/mZ)
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for Workers on GPU and CPU Platforms
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Abstract

This research focused on enhancing workplace safety by detecting workers’ helmet
usage through the integration of artificial intelligence with closed-circuit television systems (CCTV).
The detection process was based on object detection techniques using the YOLO (You Only Look
Once) model family. This study evaluates the performance of the latest versions—YOLOv10
and YOLOv1l—on both CPU and GPU platforms, considering both detection accuracy and
inference speed. Among the tested model variants, a maximum processing speed of 454.52
frames per second was achieved on GPU and 34.01 frames per second on CPU, demonstrating
their suitability for real-time CCTV-based applications. In terms of accuracy, YOLOv11n achieved
a mean Average Precision (mAP@50) of 98.3% for helmet detection and 96.6% for head
detection. The model also demonstrated strong classification performance, with precision
and recall of 85.76% and 96.98% for the head class, and 93.02% and 96.56% for the helmet
class, respectively. These results confirmed the model’s effectiveness and balanced performance
in distinguishing between helmeted and non-helmeted workers, supporting its potential for

practical and cost-effective deployment in real-time safety monitoring systems.
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I. INTRODUCTION

In modern times, workplace safety in
industrial environments has become increasingly
critical due to the high incidence of accidents
involving workers over the years [1] - [2]. One key
safety measure is requiring workers to wear Personal
Protective Equipment (PPE) to ensure their safety
in any environment where workers are exposed
to hazards that can cause injury or illness such as
construction sites. Recently, advancements in computer
vision technology [3] have been applied to worker
safety in various scenarios [4] - [7], particularly for
detecting whether workers are properly equipped
with the necessary safety gear in designated work
areas. This study specifically explores the use of the
latest YOLO model versions for such safety-related
tasks. YOLO models are well known for their superior
speed and efficiency compared to other object-
detection algorithms [8], making them particularly
suitable for real-time safety monitoring systems.

While previous studies have applied YOLO
to safety-related tasks [5], this study focused on
evaluating the performance of the latest YOLO
models—YOLOv10 and YOLOv11 (in both nano and
extra-large variants)—for potential use in workplace
safety applications.Instead of implementing a
physical system, we conceptually adopted a CCTV-
based configuration as described in [9] - [10] and
assessed the models on both CPU and GPU
platforms to examine whether their accuracy
and frame rate were suitable for practical
deployment. The goal was to determine whether
CPU-based inference, which offered a significantly
lower cost than GPU-based systems, could still
deliver acceptable performance in real-time safety
monitoring. If acceptable speed and accuracy
can be maintained without GPUs [4] - [7], this
could enable more cost-effective system design,
particularly in selecting appropriate servers and
hardware for specific environments.

[l. BACKGROUND
1. YOLO (You Only Look Once)

YOLO, first introduced by J. Redmon et al. [11],
is a family of single-stage deep learning models for
object detection. Unlike two-stage detectors that
first generate region proposals and then classify
them, YOLO performs all tasks in a single forward
pass. It predicts the bounding box coordinates, an
objectness score (indicating the likelihood that
an object is present), and the class probabilities for
each detected object. This approach treats object
detection as a single regression problem. Early
versions of YOLO used a fixed grid structure (7x7 in
YOLOv1), where each grid cell was responsible for
predicting a few boxes. Later versions improved
performance by introducing anchor boxes, multi-
scale features, and anchor-free detection heads. Most
versions used a technique called Non-Maximum
Suppression (NMS) to remove overlapping boxes,
but the newest versions—such as YOLOv10 and
YOLOv11—replace NMS with end-to-end strategies
that still follow the same "look once" principle.

YOLO is known for three main strengths:
real-time speed, simple and unified architecture, and
strong accuracy. A recent benchmark comparing
YOLOv1 through YOLOV11 shows steady improvements
in detection accuracy (mAP), processing speed, and
efficiency. These developments are clearly illustrated
in the Figure 1. titled Evolution of YOLO model
versions, adapted from N. Jegham et al. [12].
Because of its speed, open-source availability, and
ease of use, YOLO is widely used in both research
and real-world applications that require fast and
accurate object detection. This work focused on
the most recent versions—YOLOv10 and YOLOv11—
in both nano (-n) and extra-large (-x) variants,
offering a practical comparison between lightweight
and high-performance models. YOLOv10 and YOLOv11
are the latest versions in the YOLO family,
incorporating architectural improvements that further
enhance detection performance, particularly in terms
of speed and efficiency.
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2. Model Evaluation
This study evaluated the model’s performance

using four metrics derived from the confusion matrix
[13] - [14]. Let TP, FP, and FN denote the number of
true positive (correct positive prediction), false positive
(incorrect positive prediction), and false negative
(incorrect negative prediction) samples, respectively.
The definitions of these metrics are as follows:

e Precision measures the accuracy of positive
predictions (ranging from 0 to 1) and is calculated with
Equation (1).

Precision = , (1)

TP+FP

e Recall measures the accuracy of predicting
actual positive samples (ranging from 0 to 1) and is
calculated with Equation (2).

TP
TP+FN

Recall = , 2)

e Average Precision (AP) measures the area
under the precision-recall (PR) curve (ranging from

0to 1) and is calculated using Equation (3).
1
AP = [ p(r)dr, (3)

where p and 1 are precision and recall,
respectively.
e Mean Average Precision (mAP) measures the
average of the Average Precision (AP) scores across all
classes. mMAP@50 refers to mAP evaluated at a 50%

overlap threshold between predicted and eround truth
bounding boxes, and it is a commonly used metric for

assessing the accuracy of object detection algorithms.

3. Benchmark Frame Rate in CCTV Systems
This section discusses the relevance of
processing speed in CCTV systems, referencing prior
works that have proposed cost-effective solutions
using Raspberry Pi devices [9] - [10]. In particular, we
focused on the system developed by A. Kurniawan
et al. [10], which employed a Raspberry Pi as
a server and is conceptually illustrated in Figure
2. This Raspberry Pi-based CCTV system achieved
frame rates ranging from 10 to 30 frames per
second (fps), depending on the resolution. We
later referred to this frame rate range as a practical
benchmark for real-time or near-real-time CCTV
applications in constrained environments.

However, when considering Al-powered
applications, the Raspberry Pi may not be suitable due
to its limited computational power, restricted memory,
and lack of dedicated Al accelerators such as GPUs
or TPUs, which are essential for efficiently handling
complex models and high-speed data processing [15].
Therefore, in this study, we explored the feasibility
of using the same CCTV system while replacing the
Raspberry Pi-based server with CPU- and GPU-based
servers for object detection tasks. Our objective was

to evaluate the performance and processing speed (in fps)
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of various YOLO algorithms on these alternative
computing platforms, using the Raspberry Pi’s frame
rate range as a reference constraint.

Wireless router

Fig. 2 Conceptual illustration of a CCTV
camera system, adapted from A.

Kurniawan et al. [10].

4. Model scaling
Model scaling [8] refers to the process of

adjusting the size of a deep learning model by
modifying parameters such as depth and width, in
order to tailor the model to specific resource constraints
and performance requirements. In the case of YOLO,
model scaling primarily involves two parameters.

e Depth Multiple adjusts the number of layers
in the model to increase or decrease its depth.

e Width Multiple adjusts the number of channels
in each layer to increase or decrease its width.

By tuning these parameters, YOLO can be
scaled to create models of different sizes according to
task requirements. For instance, smaller models may
offer faster computational speeds, while larger models
can provide improved accuracy. The YOLO family
includes several model variants, each with different

scaling configurations.

lIl. METHODOLOGY
1. Data Preparation

The dataset used in this study is the publicly
available Hard Hat Workers Dataset [16], which
includes annotated images of people with and
without helmets. The annotations were prepared
using two class labels: class 0 for heads without
helmets, and class 1 for heads with helmets. Example
images from the dataset are shown in Figure 3.

The training and testing processes were
conducted using Google Colab [17], which provides
access to a variety of CPU and GPU configurations
as shown in Figure 4. This study aims to assess the
performance of different hardware types—both in
terms of detection accuracy and inference speed
(frame rate)—to determine whether cost-effective
CPU-based deployment is feasible for real-time safety

monitoring.

Fig. 3 Sample images used for data preparation, including individuals with and without helmets.

To protect personal privacy, certain details in the images have been censored.
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Fig. 4 Hardware accelerators available on
Google Colab, including various CPU and GPU
configurations used in this study.

The tested GPU models included NVIDIA
A100 and NVIDIA T4 [18], while the CPU models
included an Intel Xeon processor (CPU-Xeon) [19]
and an AMD EPYC processor (CPU-AMD) [20]. These
setups were evaluated to simulate their use as potential
server-side processing units for a CCTV-based safety

system running the YOLO model.

2. Model Training

After data preparation, a subset of the
labeled dataset was used to train object detection
models. In total, 4,858 images were used for training
and 1,464 images for validation. The validation set
contained 1,505 labeled instances of people without
helmets and 4,021 labeled instances of people wearing
helmets. This study evaluated four YOLO models to
compare their performance in terms of speed and
accuracy. The selected models included YOLOv10n,
YOLOv10x, YOLOv11n, and YOLOv11x. These variants
differed in model scale, specifically in their depth and
width multipliers, which controlled the architecture's
depth and width, respectively. All images used for
training had a resolution of 640x640 pixels. The Nano
models (YOLOv10n and YOLOv11n) were designed
for low-resource environments, offering faster
inference and smaller model size, but typically
with lower accuracy. In contrast, the Extra-Large
models (YOLOv10x and YOLOv11x) offered higher

detection accuracy but required more computational
resources and run at slower speeds. All training was
performed using the Ultralytics YOLO implementation in
Python [21].

3. Model Testing

After training the four models—YOLOv10n,
YOLOv10x, YOLOv11n, and YOLOv11x—we evaluated
their performance using a separate test dataset to
ensure no overlap with the training or validation
data [12]. This helped to maintain the integrity of
the evaluation and avoids overfitting. The test set
consisted of 1,812 images, containing a total of
6,840 labeled instances, including 1,788 examples
of people not wearing helmets (class 0) and 5,052
examples of people wearing helmets (class 1).

The goal of testing was to assess each model's
accuracy and inference speed (frame rate) in object
detection. All test images had a resolution of 640 x

640 pixels, consistent with the training process.

IV. RESULTS AND DISCUSSION
1. Training Results

All four models—YOLOv10n, YOLOv10x,
YOLOv11n, and YOLOv11x—were trained for 100
epochs. The original training dataset was split
into two mutually exclusive subsets for model
training and validation during the training process.
The results showed that all models achieved
comparable performance, with mAP@50 stabilizing
at approximately 97-98%. Examples of the training
performance of the YOLOv11n model are illustrated
in Figure 5.

During the validation phase, all YOLO models
demonstrated high detection accuracy. In many cases,
the confidence scores of correctly detected objects
ranged from 80% to 90%. Representative validation

results are shown in Figure 6.
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Fig. 5 Example training performance of the YOLOv11n model over 100 epochs, including loss, mAP@50,

and other evaluation metrics.

Fig. 6 Example output from the YOLOv11n model

detecting individuals wearing and not wearing
helmets. To protect personal privacy, certain
details in the image have been censored.

2. Test Results

The testing results for both YOLOv10
and YOLOv11l models are summarized in Tables
I and Il. The mAP@50 values are very similar across
all variants, with approximately 96-97% for head
detection and 98-99% for helmet detection.
This also indicates that model scaling (Nano vs.
Extra-Large) has little impact on detection accuracy.

In contrast, inference speed differs
significantly depending on the model size. As

expected, the Nano variants (YOLOv10n and
YOLOv11n) run substantially faster than their
Extra-Large counterparts across both CPU and GPU
platforms. Notably, when running on CPUs, the
Nano models achieved 21-34 frames per second
(FPS)—a frame rate sufficient for many CCTV camera
applications, such as the example described in
Section II-3. These results suggest that CPU-based
deployment can be a viable and cost-effective
solution for real-time safety monitoring, especially in
environments with limited computational resources.
Using GPUs in such cases may represent an unnecessary
use of resources.

Further insight is provided by the confusion
matrix for the YOLOv11n model, shown in Figure 7.
The model correctly detected 1,734 out of 1,788
head instances and 4,878 out of 5,052 helmet
instances. This corresponds to a precision of 85.76%
(head) and 93.02% (helmet), a recall of 96.98%
(head) and 96.56% (helmet), and Fl-scores of
91.02% (head) and 94.76% (helmet), respectively.
Interestingly, misclassifications between head and
helmet objects were relatively low, while most errors
were due to missed detections or false positives
involving the background.
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V. CONCLUSION

YOLOv11 demonstrated slightly higher
accuracy than YOLOv10 across all test scenarios.
For head detection, YOLOv11 achieved mAP@50

for YOLOv10. For helmet detection, both models

values between 0.966 and 0.968, compared to 0.961

performed similarly well, with mAP@50 values ranging
from 0.981 to 0.986, indicating consistently strong
detection capabilities.

TABLE I. Testing Results for YOLOv10n and YOLOv10x models (Nano and Extra-Large variants) across Various
Hardware Platforms

Model Hardware mAP@50 (Head) mMAP@50 (Helmet) | Speed (FPS)

accelerator

GPU-A100 454.52

GPU-L4 416.71

YOLOv10n GPU-T4 0.961 0.981 169.51

CPU-Xeon 30.96

CPU-AMD 21.55

GPU-A100 185.20

GPU-L4 46.95

YOLOv10x GPU-T4 0.961 0.982 25.58

CPU-Xeon 2.256

CPU-AMD 1.447

TABLE II. Testing Results for YOLOv11N and YOLOv11X Models (Nano and Extra-Large variants)
across Various Hardware Platforms

Model Hardware mAP@50 (Head) MAP@50 (Helmet) | Speed (FPS)
accelerator

GPU-A100 384.62

GPU-L4 344.83

YOLOv11n GPU-T4 0.966 0.983 158.73
CPU-Xeon 34.01

CPU-AMD 2577

GPU-A100 169.49

GPU-L4 44.84

YOLOv11x GPU-T4 0.968 0.986 21.28
CPU-Xeon 2.39
CPU-AMD 1.31
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Fig. 7 Confusion matrix for the YOLOv11n model
evaluated on the test dataset. Ground-truth classes
include only head and helmet. The “background”
row represents missed detections (i.e., true head or
helmet objects that were not detected), while the
“background” column represents false positives—

predicted objects that do not correspond to any

labeled object. Precision and recall are reported only
for the head and helmet classes, as background is
not an annotated class.

In terms of inference speed, the GPU-A100
delivered the highest performance, with YOLOv10n
reaching 454.52 FPS and YOLOv11n achieving 384.62
FPS. Other GPUs, such as the T4 and L4, provided
lower but still acceptable frame rates for many real-
time applications. In contrast, CPUs—including Intel
Xeon and AMD EPYC—produced significantly slower
speeds, with Xeon achieving 31-34 FPS and AMD 21-26
FPS. Despite the speed advantage of GPUs, CPU-based
deployment remains a cost-effective and practical
alternative—especially for CCTV monitoring systems.
Notably, Nano-scaled YOLO models on CPUs deliver
detection accuracy comparable to their GPU-based
counterparts, making them suitable for resource-
constrained environments where cost-efficiency is

prioritized over maximum processing speed.
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Abstract

Sliding Mode Control (SMC) is a nonlinear control technique known for its robustness
against system uncertainties and external disturbances. It has been widely applied in the design
of engineering’s control system. This study presents an approach to designing a flight control
system for Unmanned Aerial Vehicles or UAVs using SMC within the MATLAB-Simulink simulation
environment. The primary focus was on designing a controller to maintain stability and track
predefined flight trajectories. The control system was developed by formulating the UAV’s
dynamic equations and constructing an appropriate sliding mode to minimize the effects
of uncertainties. Additionally, simulations and performance evaluations were conducted to
compare SMC with conventional control methods. The simulation results demonstrated that
SMC provides superior stability for UAVs, even in the presence of disturbances or parameter
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gﬂﬁ 3 Degree of Freedom
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= - % [(singpsimf + cospsinbcosy)

(T1+T2 +T3+T4)+K1'x. | x. I]
1
1= “m [(—singcosyr + cosgpsinBsimf)
T+ T+ Ts+T)+K -y 1y ]

1
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31]17; 4 The PID-rate controller diagram
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3. Sliding Mode Controller
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LR Z Ao arusedadunnuuuie U, fe
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Control input UYauNU z Asauns (11) - (12) kq, k,
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Ul - 4TmaxTT (12)

AUN15WSITY (Thrust) Ausiazluinfesasna
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3.2 Anusadiayuvadlasuy
L1, uway I,
JOUWNY X, y Wag z (¢, 0, 1) Aryy Roll, Pitch
wae Yaw (¢,0,4) fednsinisvusouwnu Uy_s fe

AndunadmTuAIUANNIVYUASENNST (14)

fo lutuudAduidesy
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(Ap, Ag, Ay ) FD AAsiives Sliding mode control
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Sp = (Pa— )+ A4 (s — )
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Control input @ wiun1suyuvedlasy
Feaunsil (16) - (18) 187 Qpax A0 UsITAZAR
dmiulsimosuiazsa L Ao A2INEIIUUIURIALNIT
7l (19) uazusadailuindesadns (Torque) Heaunis
i (20)

SMC altitude controller 9¥AIVANTLAUAIINGS
va3lasu Iagldan desired z, SMC Z Controller
vutfinruauszfuaiiuge astdeuiioy
A1 Desired z fiuA1 z (szavAnugelagdu) uag
ﬁfmmmmmuﬁmmzam Disturbance observer
Z vt ivszanaainissunduaeueniiana
seszAuAugetlnsuLas Mixer axulaafudyaal

AIUANLBLABS
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=Tl e, —n)ep | Pesion(se)
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=T+, - Ly Bosign(se)
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U3 = _4TmaxTP (17)
U4 = 4QmaxTY
U, = =2V2T naxTr
Us = —2V2T ax Tp (18)
u, = ZﬁQmaxTY
VZ
Qmax = mameax?L (19)
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SMC Position controller 9¥ATUANAIUIALS
vadlasuluszuu XY laglden desired x wag desired
y A1AuAudlFan SMC Z Controller uagan
AssunIufivszanaildann Disturbance observer
X wagz Y azgndsludeuden Decouple angles
LﬁaLLﬂaqLﬂuﬁmm Desired pitch Wag Desired roll

SMC attitude controller muqumimﬁlauﬁ
v93lasu (pitch, roll, yaw) lagltan Desired pitch,
Desired roll, wag Desired yaw, SMC yaw control,
SMC pitch control wag SMC roll control vl
muAuyNiAaziny TagiuTeuifisuayuiidesnis

fugudagtu fsgui 6

31]17; 6 The SMC controller diagram

4. Flight Control in MATLAB/Simulink

MATLAB/Simulink tHulusunsuiidl
Uszdngaingslunisviassssuulaudnuay
nMsavAY Seanusathunldaisnuudiasdasy
Tuguuuy 3 8@ ldegrauiugn Tag Simulink 97eli
d1115000NULUU NAFOU wazUFuumafinIuAY
(Controller) dwsulasuldegsazain lidraeidu
FYUUAIUANLANEINN (Stabilization) sguutInIa
(Navigation) #1305z uUnanidedsfinuang (Obstacle
avoidance)
4.1 Simulation Setup

Initial conditions ka2 Parameters va3 UAV Tu
N1500NKUVAZAMUAAIRS 9 FIn13aft 1

A151991 1 ANSNAUYBINISINADS

Parameter Value Unit
Mass 12 kg
Gravity 9.81 m/s?
Arm Length 0.50 m
Inertia 0.005 Kg:m2
Sampling time 0.01 s
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Reference trajectory wag Desired trajectory
\Huudhnmed Input/Reference SansFuanen Disturbance
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994 Attitude wag Position WazA1 Control constraints
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4.2 n1399nL1UU Flight Controller
szuuaruaulasululyun Position flight mode
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des_roll, des_yaw wazdsluds Attitude Controller
Liloadieusadn tau_Thrust, tau_Pitch, tau_Roll,
tau_Yaw gavinednyana tau szgnlfifieniunu
Wimuﬁummﬁﬁl,l,miqﬁéfmmiﬁqgﬂﬁ 78], [9]

;J’dﬁ 7 Controller block

ln59as19e4 Position control @4AIUANNTS
wndeuivasszuulagly PID controllers wag SMC z
faguT 8

3Uﬁ 8 Position & Altitude controller
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e, e_dot \ududeRananvesiuminazainmis
lambda, s Wurusaladia ki, k2, k3, ka (uein
wislmosaaugn mass, ¢ iuAnatazusliudag
ATt sign function wag cos (roll, pitch and yaw)
gnlHU3UAUSITY tau Thrust feeumsii (21) maiguii 9

U 9 SMC 7

Trhrust = K. Eanh(st) (20)

des_pitch, des_roll, des_yaw f® @13
fifosnisdmiuniamyuvesingseuuny, D2R Ao
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1uizUUﬂ’JU@u tau_Pitch, tau_Roll, tau_Yaw o
Aussdnfineulnsaiaes SMC dunallst el ingvu
ludauiidiosnsiaguil 10-13

PX4 UORB Read ds3uifayaamuzuaztoya
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dewlunisvhaiuene o feufiezdslds Mixer table
FsazutasrnmuAy (tau, Thrust, Pitch, Roll, Yaw)
Tiludaamunuuemesisassi (Motorl, Motor2,

RA5  sarsIvnismaluladdesiudssna OV 7 aUuil 15/ unsiau - dguigu 2568



Motor3, Motord) uaz PX4 UORB Write viuthil
deloyaanuzuaztoyaniuqunduludessuy PX4
faguR 14 [10] - [11]

» phi o -
tou_Hol

SMC Roll

W '-‘Dm a o -
Pt UL l ol ta_Yive n:(“ t M)

SMC Yaw

gﬂﬁ 10 Attitude controller

SUT 13 SMC Yaw

b=

sUf 14 Actuators

v

5. NAN1INAADY

HadWsUeINITLUTs LB UTaRANAN A
321319 SMC (Sliding mode control) error iU PID
(Proportional-Integral-Derivative) error Tun1sfnau
AL (Position tracking performance) AMULLALETY 9
(%, y, z bag altitude)

JoRanatnluwnl x wag y PID error (@dw)
faguil 15 uaz 16 Suwliiufiezanasedisdelies
ui91 (exponential decay) finsduazifioutiosnn
Wseilmuseuannniuandliiiiuinszuy PID @nsa
andoRianainls e1aldaiwaydl Steady-state error
finsog] SMC error (@) F8nwairnsunisiisuusand
PID Turrausuvesmsinmunnuiuazuoundgaves
defianarngendt Tnslamzlurradsurnu funliy
anadee19TInE will Chattering Wianisaduaiivia
91nlA39a519994 Sliding mode control

FoRanarnlunu z finsudsuudasaes
Apnufianataiidesnitwasiiniuisinid aaanu
amwmmﬁ@jvﬁ’ﬂnﬁ 0 11NN wazdauaEliesUINAT
oghaiulddasagud 17

3Uﬁ 15 position tracking performance (x)
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31]17; 16 position tracking performance (y)

gﬂﬁ 17 position tracking performance (z)

JaRiananaluunu Altitude PID error fianweug
flanasegned q uaslidnuagnisunieiives Tud
99 SMC error wandliliiun1sUAsunUacuuusuLss
wazenalionnisvinvieaduauosnds (e1aiinann
Chattering effect) Tuunsdanizaes Altitude
error, PID error 8138l Steady-state error ﬁﬂ'ﬂﬂﬂagj
U SMC wenenaian Error 8819590132 faguii 18

31J17i 18 Altitude error

\lel3suifisuszuumuauLuy SMC uag
szuu PID Tul@aadissnan (Stability) wuindian
Overshoot #eani1 wazdl Settling time fidundn
Tuuny z uae altitude wauedi PID WEAINEANTTH
i Smooth Ul Steady-state error Lﬁﬂﬁaaﬁgama;i
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Performance Comparison of LRT and YOLO for Floodwater
Segmentation from CCTV Images: A Case Study in Nan Province, Thailand
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Abstract

This research article presents an approach for detecting water-covered areas in closed
-circuit television (CCTV) images to support flood surveillance in Nan Province, Thailand.
The proposed method employed a Likelihood Ratio Test (LRT) model under the assumption
of equal-variance Gaussian distributions between classes. Pixel intensities from grayscale
images within a predefined Region of Interest (ROI) were used as input features to classify each
pixel as either “water” or “non-water.” The LRT model was compared with two widely used deep
learning-based segmentation models, YOLOv11n-seg and YOLOv11x-seg. Experimental results
show that the LRT model achieved an F1 Score of 0.84. That was comparable to or better
than the two YOLO variants trained using domain adaptation. Notably, LRT demonstrated a
significant advantage in processing speed, reaching up to 679.54 frames per second (fps) on
a CPU, making it highly suitable for real-time applications on resource-constrained systems.
While the LRT model yielded strong performance within the specific context of the study area,
the YOLO models exhibited better generalization capabilities under domain shift conditions.
Therefore, YOLO models may be more appropriate for scenarios involving diverse or uncertain
data characteristics. This research highlights a comparative perspective between simple
-structured models and deep learning models, providing practical insights for the development

of effective and context-appropriate flood surveillance systems.

Keywords: Image segmentation, Water classification, Closed-Circuit Television (CCTV), Likelihood
Ratio Test (LRT), Grayscale images, Region of Interest (ROI), Real-time system,
Deep Learning, You Only Live Once (YOLO)
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The Study of Roof Performance on Energy Consumption of
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Abstract

This study aims to evaluate the performance of roof insulation and its impact on energy
consumption in a cleanroom of a modern pharmaceutical manufacturing facility using the
OpenStudio software for data analysis. The study focused on comparing energy consumption
and cooling loads in the cleanroom with various types and thicknesses of roof insulation,
including Polyethylene (PE) at 3 mm, 4 mm, 5 mm, and 10 mm thickness, and Polyurethane (PU)
at 25 mm and 50 mm thickness. The results indicated that increasing the thickness of roof
insulation significantly reduced energy consumption for cooling. The 50 mm thick Polyurethane
(PU) insulation provided the highest efficiency, with total annual energy consumption of
68,839.33 kWh and cooling energy consumption reduced to 27,159.36 kWh, compared to
71,943.75 kWh and 29,817.36 kWh, respectively, for 3 mm thick Polyethylene (PE) insulation.
Additionally, increasing insulation thickness also lowered the average cooling load from 8.93 MBtu
(PE 3 mm) to 7.72 MBtu (PU 50 mm). The findings suggested that selecting thicker roof insulation
effectively reduced energy usage and enhances energy efficiency in cleanrooms. Therefore, the
appropriate insulation installation was a cost-effective strategy to reduce energy expenses and
to improve building energy performance, with 50 mm thick Polyurethane (PU) offering the best

results.

Keywords: Cleanroom, Cooling load, Energy consumption, Roof insulation
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