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Design of a Guidance and a Control
System to Enable a Quadrotor equipped

with a stability systemto Follow a Path

Mohammed Osama Obeid

Electronic Systems Engineer at HIAST — Damascus - Syria

Abstract

This paper aims tobuilda guidance and a control system to enable
a Quadrotor UAV provided with a stability control system to follow
a path.The path consists of waypoints and straightsegments
connecting them.This work exploitsthe quadrotor ability of hovering
and moving in any horizontal direction to fly along path segments
and reach waypoints without exceeding, and toalignthe UAV
heading with the followed path segment during path following.This
behavior is important for a variety of applications such as
surveillance and observation, filming, photographing, target
tracking, etc.The stability controllers (attitude and heading) and
altitude provided by the rvctools (robotics, vision and control
toolboxes)library have been utilized.Instead of using the position

controller in this library, a path following controller has been
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designed to cancel lateraltracking errorand remained distance,
while controlling the UAV velocity during path following.

A guidance system has been also built based on the previous
control loops, ensuring desired flight along the path. The
performance of the guidance and control system has been tested
through simulation on the nonlinear dynamical model of X-4 Flyer
I UAV, where the results showed that the designed system

achieves the desired objectives at low computational cost .

Keywords: Quadrotor, UAV, Autonomous UAV Quadrotor, Euler
Angles, Rotation Matrices, Path Following, Guidance System,

Control System.

13




dada -1

Calls lgs o3 @l e 3y e Bl zshall dely sl 30l
L) Laasy @\); ek $333« (VTOL: Vertical Take—off and Landing)
o elg Bystially LeSpat Ay 5al LS capanall U Lgith Al CilSias
Aalally 4lalls 4l ASalls(hovering) culi aise A bl e §)08 L
.(Indoor) 4u¥l Gavas A8l (SLY) & s ohadall e LRy @A) eVl
gy e Glhelud) Juayls @3kl adhall lilhll e gl 1 PRGN
sl Gl L opdall s3e 5ial g clyilall (he gl 13gd Aluy) 4501 2l <1
s8I Gl o palY) T U e Bale ik (sl oS (e JS (e
Cndsalll i & ISl Callly ((X) #3540 (+; el slemal 3l 330 Ul
Gomtigh all Al BN sy Cusy ABlae £33 aply 43S0 Sas Ge
sangg VLAY Sangy W3 Ailhyy clulual i;/;sfs\ Daall i (Sl
T IS sy Ass e 13350 Wine Leled b Lese S Jenid SOURAEREA]
;bd‘ﬁ ey ouSlaall slaiVL AY) moll Heny cands oYL mshall e Jiliie

bl Ohsa oo Asiall Jidll ahe dlass

t (3] J /’&‘_\e 4 \
| fo ) ({ © ]
s \ ./
~ N o N
i N\ :j h/ | /‘:‘( \ \
/1 . {0
g’\( [4) ‘}, W .,u'; \wg'ﬂ
(;UT\‘D + QUAD X

N\

4 o \ cLockwise ROTATION ( o COUNTER-CLOCKWISE ROTATION
\ J USE PUSHER PROPELLER J USE NORMAL PROPELLER

A 4 y
N

QT+ 5% zasall (o Lol sillagia shalilya (1) JS

14



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

clpadll Usgasy 3l Lialiy dfa 35iee il 25a ) aiiall dalall |yl

osball Lol il e Bals Alad #3la yal) sl b 55S oyl S
by Eulal] layslae Jon 350l Gool3l) amsll &3 an il pUas 3355
DJI Phantom, DJI Inspire, Parrot AR.Drone, Yuneec ) el lal & WS
(Typhoon, 3D Robotics Solo, Syma Cheer wing, Parrot Bebop, etc.
ala Alaie gyl el sl Canpal Lealasind A ggu s dmiiiall g Canay

Al ) R Gyl salal) ey led LEAY

Jialy ailly ddhall JleelS Liulss alea olal & 2 Lol syl Jeal
bl e ey s (hara e Ziadd aaiey Lag 3 (e Y Glaclisdl)
csthall Cargll Badanl jludll 13a (385 (Autonomous) ALl J<i

(Gl e 5yl mshall Lelyy el ilall i i) Flal) el CDA e
) dsaslly Slad) bslad 335 ghphall ey Slue 20 e leay A Yl
G laal) ks a3y Tl maad legdst diaas ¢ slad (50 4l adad) Ll
JleclS dalide il 30 Jeuw Al a1 ¢((2) SNy LS) Ly s
A epabe V) Jlayy S gy g Sy dlyally ysacll

C)b’d\ :\:\ch_) 'é);.».u 'é)jU:: A @ C)'ﬁsﬂbw\ (2) JS.:J\
Lnapa duaha -2

oshll el il (e Bials At z3las ey pally salal) Gl 4y g
Olels Wsguss umiiiall LIS Cay 3lsgd) G Wils Lwlaiiad sl ¢ Ly

15



Gl e alaial gylall s cuda WS (gAY 3yl el lally £ laa Lealasin
b K3 gyh s salall ey s HLEAY Aals Alaie Ciauali cilealally

Lely spllall bl ciy S Jlee¥) 2ol o [6]5 [5]5 [4] D) il
aamdls sl Ay cled om0l sl 503 ¢foandlSY) dalall o gl
mai 2 LS @iz LAY B ld mesiy clgle sl ASulag 4V
b 330 plasiuly 50l sy adsily (ool waasl) (e (S Rl il

Alee 2 5laadl DA o laiall ¢l e Eaill 254

S (B i o) [7] 46 s (Sald S8 jlaall goases Gl Lad L
Jas ol 25 cclSmall (s gome ANy A o€ 5 500all Aadial) 4505< 45l
Cmase Gn A Al sl ax A OSGaall (hss gam dlady Al Allus
4 S5 Opdsadl On Dlase el syl e JEILse sl filess 2ol
e LLAYL 81 o oSar Lo sraal @lSiaal ljad Gafll 43805 daal

dasd 1Sl

PG: Persuit ) Gaplall Jo sldieWl a8 Zoa)ld aead 25 [8]
¢ bue 483 (e (PX4 Autopilot) hgin) alas 8533 3y3a (pSail (Guidance
DA Jligjre ey drase Gualydl B 300 splall Jea DA e el
illl) Aoy g ladl (6, ) pabaiily () 4555 (el 3l Lap s Al . a3
Gl all a2 @ il e losllaall VAN ) Cleyldl) Lagie (5
£ 5385 (ool gl Lalsl olaad Gllh aay 203 3 LN ¢ Ledl 435S
P e Laplsall o Gindll 2 Ciagd) oladly Agdsie plall Jaal Lol
ppanai o (S0 gl Sac[9] 3 aaiy Ayt Ay 8 2 leal) Gl 25 51Skadl)

.(TS: Trajectory Shaping) e),lsa Ao alaicYh 32k 4 )led

(waypoints) jlue L (e Calsa Dhae &30l L) lsa arena 3a [10]

Gyl ge iy ladl e asmsall Sl n pe Loty Joi R oL
16



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

Jaleill 25 5f) Al A pu Jah LS LgSuats lual) olaily 3al) 4545 dugfy anad
y @ile Alaadle die s o(Cull) 2 lall @il ae Jalell my WS eyl syl ae
Gons ¢ sbusall LDl 50l 353 o3linl 2y cate slaiD 500 438 Ayly o

dadd 3Saall (DA e A8aDlal) D) s (e (385

Oo bl el B353e mshall el il Sall Aisuac 4SS i [11]66
Laghdy 333k Lt e Slaall alfly Aiadal)l IS Biloall Ciat ae lase diade
L o3 g et DA LA e Al sgan GBS e AL dgate
MPCC: Model Predictive ) 4l cayai 8 deadiwall i) 43a))l5
ETH ) el gyl Jhadll agaall & 3)500 o (Contouring Controller
Laal ad, im0, =0V, ) gLl Eayylall Jas .(Zurich
gl £ @Y gl sl deju Vo ludly sytall o famall
Gl am U =0, ,04,6,) &xi plas e Lapall 24 G @yl
el dal s il deallZ jeadll Gy 3R 0o st
s JA e Qi s ds Asuaall A0 Jio aplhll e sl
ond) Wadl) Jas ) GabaY) By )lsa (8 oSS0 gl Cangs -3y 3a) 55
SSar Lo STl e a3 ddlae Jrag ooSe Lo ial ladly syl
g Al 2y L (Sas o) peall) Aan Aoju 5L ) ol oppalil g
o Kbl A5 Cumy 5ol Lah )l e e J AaDll A 50
Gl A als misa o slaall Bla e Baplsal) sl ga Gl 25 ladl)

’ .Parrot Bebop2 sylall le ke & «Gazebo

Gl sl Ciats Shladll mana 8 s 85l dalles Cla)jlsa Cilial
sy Janll 138 3 opginldl o Cum el e YU [12] 3 2y mshall Lely,
el (e 383 255 (3y5lall Aadlae bl ladialy slual) 138 A8 (Satiay jlus
a3 AT Sle @S aas cParrot Bebop splhall alasinly Ule 25l

17



ani ([20] «[19] ([18] <[17] [15] [14] [13]) e S LA[16] b Jlaal
@il o @l lsal) sda Gulais ¢lgiiadley Chlbual araail dilide @il lsd
o2 iy randt Ais SSI) Ay Apnlial) Glullaldly Ly 3 22y bl allay 356
-l ,lsad)

Ama ) Afydl) ABla

iindas lud) araai Jilual Lialles 45k 3 dabine 25000 il ylall ()
e el Ky ) L) eV sl 3 ddliss SIS ag

Cadagi ey Y iy ¢ Glue b o dslaal) Gl 0S5 [7] g Y Ol
Ji 8 Lese 3ol (Ko oS ¢Adlhally oY) Jleel 8 ALl o0 il
OS) ASiatiall Calaad) dEsdle clindss 8 [9]5 [8] (e IS (e salind) (Kay
oY Lablie &Y 2 (hovering) sxie (ailly Lo punse dle Coagr Lgalaiin
JUNIEC RV IR R UM Q;;L; e US b Aluall Cililesl)

s szl Helyy 5l A jall A8l ABSL[14] 5 [13]5 [10] ol 2
salii) giey s L) ayllall ljan 46K e Apgpim e gl myin ey
Oo Lsllaall il 8 luh sda laiad Juad) e Ly Gl Ll
ST ol e e L Lagas el #liall il

i iy A luad (gal ads Aadle Guiadl Gaeal) aidal) sl [11] pasia
Lilesl) Bl Cahiil o=@ (yal Gaj Ml O L @l i g
ESCs: ) L Alalall de il cilaiay 3yl cilSian slealy il 325l
Ll e Leylall oda Lied Gllil «(Electronic Speed Controllers
L) Jal e Alad 15 cp SULY g Al Cliglail

18



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

Sl S ([16]5 [12] Jie) 8ysiall dallae @l e aaiad Al clu)l
et ey lsd A leaatin) GS1 cCalaaY) deadly JIEY) e il
& i) Jlael 8 Lo saliin¥) A3ISa) (e anys HaelSI J) Lty <l ylusal
e Jlee¥ lalas) aadiid Gl s3ay sl a5y S Al

Lalil) eV 3l Ciiaty Hluall Aaadlal culualSl) 406 2adinds ()l
.Ls)sﬁj\

) Alws -3

Tball Aoy Brie Byilla (Sl Koty 30l Al oy (& i) Al il
b alast Waypoints e Jaii (e ilpe jlue 2830 e il sl 335
Sslad 050 llag(2D Path) leiy dlealsll dafinal gl Gag caaly L8 s
(Dlsall ladae die Guds) sl ¢ L 85000 4555 hasd ae ¢ jlsall 323220 adill

(2) IS (i LS Ly sl e ) Aol dadadl (Gi)se raad

) Laaf -4

Cadl lle Ja gy MY (il o Jeay Gl el g adid) Tsll ¢
Gilsal) iad s LS ¢ Glusal) Aaadle DA a5l oDlginl Cagas fwaa IS
Ll jslat (g0 25 AOL) O 3 eltionall Audlly 485 jaal) YY) PR
o lsdll

sl il Jand Lty et U1 el Aol Tilge o 5300 425 Jooos )
Jensy LS cailyally o) Jleel dags G5 Hlusll 4l Calaad) S
P sl 435 Jaaed (s cAalel Dyual€ aladind Jla & rseal Jlee duas
Op JE) xe algll Jows jUsnl 8 cds dela) ade L) daki Dl
L Ofllia e (il

19



JleelS dibiae cililst 345 4 jeion of (Sa zoshall JCEIL lua) &8 ()
O e ST paage o oY) dsagi Sl Adhalls g DY)
¢aagll agas -5

{3l o il ldie) Ky Gl 134 8

el 3Kl dpally Slaliiag o(Alage Agpall (558) uldallall JSa @

Y (gsiall (B el a3$e o i silhall JE e @
il i e Jega gl 5T o

zabal) Loty 50tall Saalipall 39 -6

Y,
ya + model

(Jin aa) [23]e Ll 5 50a0 Zly) LSty LSl ualiall £(3) JSl)

(131 ol el Lol 350l Sualill) 3 gl aad

X, 0 0
@ my,|=m|0 |-R,,|0
Z g F
(2) ,.Q =-Q xI,.Q +1,

20



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

s
Cload Lnnye Aea Lyiind Lamnge ) &ea (2 O XY Z ) dleall o
((Mia e pullS) L] TSl ualiall 335 P (XY ,02,) skl gmse
Slo il abaall Bl (il Jal blail Ledse laall las
o il
sl o layslae ol ansy e da o OpX Y, Z Al e
ci A e Jaully cnadls aleY) oladly dgdse cayilall Gl
3 F odedysd B (<1 £4) Cuafill il dagydl ghsrdepn @ o
-Zshall S £831)
o) Aial) g bl dilladl degll g e
cc, S,s5C,-CS, CS.C,+S,S,
R.»=C,S, S,,5,+CC, C,sS,8, -SC,
-S, s,.C, C.C,
Dl W) (385 masal) dlaadl U snsadly Adadipell dleadl (g (3o A sieanss
SINQ) @ e Ju S 3e3lly «COS() B e J C 330 < (4,6, 9)

Y Lse el 5% o pillll o gl Q) o5l il B M o
Al 530l 0 Al 1t €2 = (P10, 1)" cpnsnlly Aagisal) Alesl)
iV () = UV W) caially dapall dleall ANy anpal) dlesll
Iy cpunlly Al dleall ANV Lnapll Aleall 431G splall g8 585

el Aaiyall Aleal) AV By 5€a Ll 3S 50 die 5yall AlUaall 4dgins

21



el (ag bale (D) O¥aladl) Alany fgijlae Ol Bai sl el
Ay flad zisar U oLl oded (JadS £ sl (i ey plailly cil&aiall
oo allaiadl el Hlaa) a2 oSal Lo oQaiall lasadis apansill dilee Jygasd
Ol Ak ol A Jsa ) zisal i e Y JadN g 3pal
JS dad Q5SS Akl s3a die ¢(hovering) Galsill ddads oo el 3yl gl

{(124]: [B]) ) sha) oo JLx F 2 M. 0S5 dinn 0 56 n

(3)

C,=1C,=1
S,=6,5,=¢

t (1) a¥oledd) Alaa aais ¢([24] <[3]) OO 5@ a8 a0 Layiy Sl

(4)

Y |=| —(6S,-4C,).9
7 g-F/m

X —(0C, +¢35,).9

Jhee Aadlal §yildall 3aL8 Al £y —7

Pl Al mas Cipat (e 0 ASaT aUaiy 53U AU specsis cal) 38

S Lgs cilSyay Rany 2Usi saz(Autopilot or Automatic Pilot) 1Y) ikl
apy (V) UL Al il me Led ol (opf JRN (e Apay ol Al

Course oY) i)y sl Heading 4asill dysly cudig Shiuy) Gaadl Cangs

Subsystems Ay alai Z e Calliig Baine b Gall gl & G Al

b Al

22



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

ad Cluay Oaie JRU4 a68 2Uai e :Guidance System salall U -
Gl asty WS ciysliaal) dagal) il A€l 4o ¢ 5Llly eyl aua sall
Al @ihh alaiiul @y o oS 1y caiadle ASal e slhaall sl
ast s e @lsll ciiad ol (oraal Gagy ASad) S ol Dlga) dhalS Ll

Waypoints 4y jlse hii (e Bl jlsal) Clasay

alinl (0 4f) el Caagy 2Uai s :Navigation System aadldl ala -
Aol glad Gn Agll) oladl Aslis (o) sy pdase e Sl A
plasinly Bale Gy 25y (oihad gy Aoy Ay degus (GAbrad) JLedlly
GNSS: Global Navigation ) iicliall HLdYl o adixy Zalle dadle ol
)l WLy GALILEO i GLONASS i GPS (i (SatelliteSystem
Aadle ala aladiuly s ) dejuy Lhd polud Ll e AS Al Glula

-(INS: Inertial Navigation System) iU

B A agiedly sl Gluay aséy sl s :Control System Sail) ol -
Ao oo AL Jon ool e dfne Bat Cilaal Gainl Ly A0l 55
Sail) Al s ) 3)5lie (B ] BINPELAD B
Guidance, Navigation and ) GNC .Uay 4l edal il ) L
()Gl AU (4) OGN i 2] V) UL aUsi Lee seay (RS (Control
S pganail Alall A3 dimidia g Aapsy Lingha Al dciains L Lilla b 223500

B (e

23



AL:\§ ?LEJM

8

L 8 ila (Sl aSai alliig

e
-

=0 T &

s ABada (a ) s UL 33350 gl el

Bt ”
|
|
I mE % =
g P ’ (*z) ” (Pz2) 1w e
i/ 0 |
I (e
— T [y A A
pnat | I "
Gl d , _Amhﬂu o (R | (Muop gy
xT.J_._,.« ” sm,.ﬁwr ! P f|>| .
b \A.‘J\“.,__..m ,.:{, .; JJM‘_ ,.mm.Q.U _ﬁ_;su@_::_iﬁv v._,.dMa, noTy A_mu Pyt ,.a,._ wa | T ;.1|_.ﬂ _ ﬁ.
st purt), , ('uoy ')ty
L - — - — u) 7 .\‘ _m
% A I
[

| eLl:'..a: (4) Ja

w
w
-

U P PRECIEA I

24



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

oo BlEY) (Ra Bae oSee sl Deali Jall G 13 (&allly salal
basal) Aiadle Allse Jad Arapall AL 8 Gy plaal) dibial) il )il

ol Shaddiada e ey e Lyl 55lall sald Al oLy ) Cand) 1aa Cangy
giy Alalll Aagiuall adailly (2D path) aals gléyl o dalagie 4 L
alai Cangy ol clgity o ) Aol Ladaill Galge syilall a3g ()6 Cum

r ) s 5oLl

el gy ) (anad) ) ) dmajall el daldll aaad -
P

S0l O i) Aakaill o3 e (L 3850 ainge) BN page aed Gl -
lateral ) caall Wadll cedh Lo sy o(2aly 88 g (3 olaly Slually
-(error

cargl) Al die dabadll oda e dgenll aisall e 30l pimge 22) s -
.(remaining distance) daiall diludly o Lo a;

) Aaiional) Gadadll TWilsa lggigi maad 3Rl Wy foampall 4350 Glaa -
ledy s

cCaagdl Al ) gl Jayd (3ias die AN ludl dadad ) Jlay) -

25



/ Xn \\\ ol ALaz) F
north Po(x..p.)

e, (1)

2 , ->*~
%é Y P(r)(x(£), (1)) T
5 s 5 cast

LA AU U8 e D gaenall aliall £(5) JSa
ARSI | R Pi,n(Xi,n’yi,n)T 2okl g Tl cld Adaall
o(Adnii Lo sa5 Wl ade la die S 2t (Kay) Dmapall GlEY) dla
Sanis ([P Prag ] ekl syl ase 3x3ll) () Wali e, ()2 3ons
dadadll o asend) agfialls 30l pmse op ) Adgd) daluall e (t) o
P(t) 2 Jass o((coaed ahilly e ) By, aliill xie [P P, ] deind)
(5) S 3 A AE ol o £ ALaaTl sie 50l puasal
Dla Sl G ey (1) 5 €, (1) 0o IS den (s a3 ot oy L
Cony BXY Z7 cl@lay) dea [F P ] Dleall dakiy Loy Ll das
e YoeaaZ " 55 Py ol Ldses [PLPL] e e X
Alead) g 2" 5 X' ae Bpilae 000 Ghay Y e Jaul) ola3L gdiges AL
t AUl Wi Bl by BP aslad Glauilidian el dleall Ge 333l

saall daall ANy P(1) 5P, cllas)

26



4le slaall g il gl g ASilal) dpantig) o glal) Adls
e Adlud daxa 2

2024 s 1 a3l 46 saal

' X i’+1 C W ret S Y ret
P|+1 :(yi,ﬂ]:Ry/m -(Pi+1_Pi):(_ ., C J(Pm_Pi)
_ ( i+l =X ) W et +(y|+l y) Wme
(5) ((t|)+1 X )Sy/f +(y|+1 y )C
X
P'(t) = =R . —P(t
() y,(t)j W ref ( i+l ())
[ xO-x)C,, +yO)-y)S,,
(~x®)-x)S,, +(y®)-y.)C,,

paall CBlaaY) dles painly Akl Ailually el Uadl) e 38 sl

®)

(6) {ez (t) =Yy i,+1 -y

e, (1) =X/, ~x'(t)

My Aragd) GG Al aladiuly AEsd Aledly s Unallibe)s

1(6) 2 (3) wo sl

) { '
ed

e,)=-(X—x)s,, +Yi-y®)C,,
O = K—x@O)C, +Yi-y®)S,,

Wadll ye OO A

Bl (A1 Giisinall e el Fuiall Hlualldisdle pSatia gz s

raas el Adlly (7) olobeal) dles (3aL (A Ailually a el

27



€)= xS, -y®C,,
® {e'd )=-x®)C, -yW)S,

$ o3l Al (531 Be BlEY

e,@t)= Xt)s, -yt)C,.
®) {e'd t)=—x@)C, -yt)S,,

gl Alally oz yal) Uadl) elielin 205 (9) 4 (4) o pmssilly

e, (t) :—[Q.Sew +¢.Cew].g =-U,.g
(10) 1&,(t)= [6C, ~¢S, 19 = Uy.Q
ey/ = Vet Y

[2]atan2 (Y , X ) sl alascialy jlosal) dadadl g/ ¢ Aamasall 43 5il) Ayl Gl

11 W =aAAN2(Y 0 — Y i Xy —X;) b WS

e Ol Al asy (tAN ol el Qi) o atan2 (Y, X ) Cus
21] Gapall Al Y 5 X g OS AdES Y YA wllags ] — 77, 7] Jlaal

arctan(y /x) if (x >0)
arctan(y /x)+rx if (x <0)&(y =20)

(12) atan2(y,x)= arctan(y /x) -z if (x <0)&(y <0)

zl2 if (x=0)&(y >0)
—l2 if (x=0)&(y <0)
undefined if (x=0)&(y =0)

28



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

Aal (e s L) Loy 5oLl QU 56 AT alay e A lue e Sl xie

Ay ety D 2 AN ledl) dad L)) JEYT A Ll dald e

Caaiy cchagll ALl WS, 3yl s S Circle of Acceptance Jgasll
oSy WS ¢ Sluall e 5alall #pensall Uadd) i JRiiall J8 (e 33ad R, Lk

tha il die] Jaall 138 8[2] (Al Jgems Jag i alasind

|e£ (t )| S eé,max

|ed (t )| < ed ,max

(13)

$pilse A6 Zadadll 1) Slaadl s Jii 483 Jls g
bl ABadal 3yl a%a5 AU £ Ly -8

Laa) dlually rompedl Uasll (e JS olal) ) deperat Ayl a3 oUst Cangy
oladly siall Jae el g DA e Gl Zy (Gl salall Ui 8 G gesadl)
sie ) dadad e dgandl oladly Jue als ooyl Uadll claly L) daks
Sl 05 @ bl sal M B @ Ges AR Aladl Sl Casgl) A

() =Wt —¥) Al e Aistean aladinly GALD Jsd) (5l e

29



AL:\§ eLEJ@,yaAS

'

9 0

Loy Bl (Sl ol

e
-

2

TsSE (FeY

s ABada (a ) s UL 33350 gl el




Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

WS 0 5 ¢yl dany (Attitude Controller) Jiisa (o)) quas oSt JiSy
W 4agll yl dan, (Heading Controller) 43l Jiinsa Rane Jay
Mgty ot A L) adadd) e 500 435 Jand 50l 2Usi 3 Cygunal

A gyl (,s&:u (Altitude Controller) & &, Jiisa (,S;.. aldas Ja<iyy
((4) Jsa)

& € g bhaall a8 luall daadld ZaF) Ui Llis (6) JSE

5 €,y 1 i) i Guls Cpp AKaiall e datlil €)1 gl dadl)

€ ama A Al 5eY) GBS (i) pial Tef e Y dMd el plasin

Y (sinal) (b 2lpu Ll et Y (gl Dl o pus dliatia e (5Y (Y
el aail QuluY) Adlall 3 adae aladiu) @ Gl @ ) Giy
) Aol oy €, il 3 €y 5 €, e IS Atdl) el
LalaoaV) Ayl (gl €4 Slaially 3 )laY L LeauSlays bl dakad olal 5yl
i 5LEYL Lealays Cangl) il die jlaall dadid o 3ganll sladl 30l

il 8
‘(e.ﬁ,dmd )max‘ = ‘(ed ,dmd )max‘ =15 m.SEC_l

Ll o Legiaals Cpy 5 €y cpalaiiall e laalll) KA GyLE Uy 5 U,

v luall daki o dgeal) slaflyy Jluall dakai oladl syilhll Jua el (MG,
il e Caagll AL

31



Leajiyai 2 R, AdgiadlUy sU, 5o e lasll) A3 6L 6, séng
Uaddie 335yl miyer bgaads S Laaasd sy ) adadl oSase
oY |(¢cmd )max|:|(9cmd )max|2150 Ssioal aen e (R F)

1(10) ¥ aleall Alea cya W ¢ (@, 60) J 8300 28 Jaf e 3 530l Rl

u, = ¢C, +6S,  (u, C. S. \(¢
= =
u, =—¢S, +6C, [ud} =S, C (ej
v 1%

€y €y

RT

e,/,

o3l gl il g3 selsf (585 L

¢cmd T N\T u, u, Cew _Sew u,

0 :(Rew) = Re'// N S C |

cmd ud ud e, e, ud
JSs Al Aaldlly fpmpall Wasll (e S 2ty Rall plalada (7) J<
S 8 SYS Hll 4R, (st dghias cpacai (s s Loy 08 Juaiia
B il Gl sl Saie g SR, cula JISYS pmy couhbadl o
Sl el asiys llly Gl dlaliny GlSGaal Aoy latay Lyl
Uy oSaall 5l oualis H o (8 e S0, ) Kaial) e Aa3IU, sl

.’\)uAAw g }).1.1:_’7' ‘ Lﬁi Hdl @ 561“).\4 ‘,E‘L.CZ,d ;S;_\Ajﬂ ) u.c :\A.im\

32



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

(05,+9C.) (& e, [T

H

14

(9~Q/,—¢-Sgw) g lé, 1 &

Chy I Sys 5 T -

H.

d

Al Alally (o yal) Uadll o LY oall Lls 2(7) JSal

aH e 0 &l dds aH, 56,0 &S dis aH ;b (7) dsa s
Aandlly panls 3y SYS G (alpily Ly o oS3 dila aH 5 € aa&a3) dals
fiy\MHd'j Hk wéﬁmgmb&ﬁgi‘Hd) HZ u*dﬁ
Aanily Guswae e (o) Jla steady state i) Al Y dais Ll 25l
col€ 1Y Asls Al eon Daaly LRAD AL el Ge Hy 5 Hy 2
@l Amall Adlall Llaial (e JBY) o e 00 gyl AN Al Gl

Aalal) b 2 V) e cpal) Gy sl Wil ) Jaad 43203 dala))

raad ¢ (10) c¥oladdl dlea ) L [22] 33t Ll ) Jusil £ 5la0)

6 ()=, g s —ug=-"9

u, s

(14) :
) ; € _ 0

€ ()= u,.g=s6 =u,.g=>-"==

u, s

33



S Ayl e 2 H 5 Hy piad) e 38 o 4 Kasid) s G
Cpoy =Ky, <0 jlaal i€ o ol Zaie gy S 40 WSaill (il
'Cz,d:kz,d>05

r0sSy Maiec H 140l Laals &l o Hy G il

e, _ c,,(A/s) _ G
1+c,,(@/s) s+c,,

(15) H,=
e

¢, ref

ol m of Se B H dalhl o8l DY Jiaie S daa
s o s kl,/, e O (ol ga ofoamlii paan) Cl,/::kl,!é >0
Go) o IV e e ey Ual H, Glain) (o) 0sSilies a0 e ial
vie H 3 deally Laaly dihsH, dih) G leca Ly HG o s

.Cpydal e olioms Wl Aglie 455 €y Jal e aasH ) alal) 400
Jbesall ABada aSaia g o) Ao Jag yl

oo Hyg s Hyoe 020 Al Bans Sals o Gl gl Q230 dals )
Giaty o) s Biie Ll 33250 STl s ol A (T e Lelasiad
sH, &3 s Alaial Loy Lea T st G ot T > 3™, atitude
U, aituge = 2alxia (C1,1Cp,0CraCog) ZWYI ad O f ettt e H

(ol paally aSatl) ddla Ayl ()

L E15M.SeC™ Jadll €y 5 6, 00 S 5% o s -

34



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

S5 Yy ¢+15° Jlal el s Bung Uy 5 U, e OS5 o EETTRE
Adle cladp iy cllyal e \gia (ol

Hy s Hy e 08 jslas g Lo -
BaLAN alas ae BlSlaally o)liidly afadl) il & ciladiadl) ad Jasa -9

aladiuly Matlab/Simulink 2aull 8 jleal) Ziadla) 283y salal) el yodie
Jlaay)(RVCtools:  Robotics, Vision &Control Toolboxes) i<l
Queensland University of Technology dsala 3 i 44l »3.9.1
Gilaalall (e 2aal) 8 g3l 58Laag )l Bacins a5 1992 alall (e &l
Siigss3l 51Slaas syl Zalel) S (o 5108 e gana (a5 Cum cAind) Shyally
Byl Jlade zigai o AiSAl (goad WS (ASGatally ()31 <) Daddl) lese sy
ciasalls 45 5ill5 (ool aaasll s Slai aa (X—4 Flyer llszall) =5l Zely,
http://www.petercorke.com/robot : adsell e dalic Lilie L5 a5

& zasalll Jas (S—Function alasiuly i sas ¢(8) JS b (e z3sad
Die GlSadll st grualsl Hle say U =[o, 0, 0, 0,] 43 g lad
g Ll I z el A «rad/sec,
ol Ly sX=[x,y,z2,w,0,4,uv w,y,0,4]

e X =[X,Y,2,w,0,6,X,Y,7,v7,0,6uv WT

35


http://www.petercorke.com/robot

AL:\§ eLEJe:\mAS

..P ..3.9-

-

S sl

-

SR

g

o

Jeesa AN (ya ) ) pUBL 333 3a gl sl

Sldoopenyy

&)

p

g m
E
o
Zizy
zm
L

oM

ops. FEE

fw:w_

11d mydoopenny
&)
ZLz
¥
FBA |0QUOT
&
1le
B o |
MEA NE] Mt
S oy mw Lzl
z -
lieyyd _._vn 374
Al
Pes neg
dogy dogy
S| ISpMINE 3pmRE
a4 U
Jleyyad
yaud ney z

IS[onuod

Sumoror med

e

WRISAS 20UEpms

|

w4l 350l :(8)

3\;'

Al

36

.~“5

w

w

.-...S “ ‘; '“S ‘21“ (‘-\12-.1 8

+ lase ALl

wada 2RV Ctools

Kt



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

Jis sl Wy (4,0,1) sl Al ANy 350l e P(X,Y,2)"
depe Vo) =(UV W) il any dhiall dleadl Y dpeasal dlesl
pmiadly Adasipall Alead) AV B yall Aleall dudlly 500 J& S5

«(9) ISl o WS Jglad (50 praail 43l el ddls cDlabee Jiaad 25 WS
13.6 sec S ol axy 11.15 sec alain) (ga) zranaly

X 465 .
Y:1.374 yaw response versus time

yaw-ref(deg)
------- yaw(deg)
---------- yaw after medification(deg)

40

Time (sec)
cJpnill aay5 JARVCtoOIls 2iSall 8yl 43 sinalailidila 4laind 1(9) JSal
Aiadla &ailly okl Loy Cinaly Sl (e pmpall ale ada gya 1]
((8) <) e

el b igge = 0-862S6C 5l gl a3 Al BN (05 &)
bt , =t =35eC > 3™, e = 2-D86S€C

r,/
H. - CH _ C,,.(-9/s) _ 1
) " €gme 14C, (=g /s) T,s+1
H, = .e'd _ C,q-(9/5) _ 1
€iama  11+Cyq(9/s) T s+1

37



POl Lea lild §¥) Ayl e Jasat Ll

1 i 1
.= =L =1sec =c¢,, =——~-0.1
- =C,,9 3 g
t . 1
i = =% =1sec=>c,; = —~0.1
C4-9 g

bl dad Gzl A golun (V) Lipall e Jysndll il Blaia] (e Can

. ‘;_ujl\

Jaal) dindl Alually fazpedl Wadll oWy oKl Kol Jdla Jhsad bl

et (ed dmd 9 ee,dmd e sl

2
H - & _ C,..H, /s G o
18) " e, 1+C H,Is sP+s+c, sP+2Lw,S+af
2
H o= % _ G Hgls ¢y B 2N
d — - -7 =7 2
€at  1tCq.H /s s“+s+cy s°+250,8 +o,

tlal ¢ & 4l aalail) Jalaas @) (313 A A8 A5 5al (e oUsi dylaid s

(19)

1
250, =1= o, :E’ Ciy=Cig =,

(psne 428 5ss)D% = 0.01 jolas dosi (3aind &l Aipall olii Jaf e

o, =0.53 rad.sec™

ST
.C,, =C,4 =0.28

(S ]

-

38



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

el response versus time

________________ _____ el-refim) |..... |

05 i i i
0 5 10 15 20
Time (sec)

el-dot response versus time

| el-dot-dmd(m/sec) |
“ -=eeemees gl dot(m/sec)

20
Time (sec)

.€,(0) =1m Jdaf (e H, adlall dylanad :(10) Jal

el response versus time

_Ase\ _________________________________
N
0 Bt elm)  f--deeeee
~,
0 B
50 I I I I | I I
0 5 10 15 20 25 30 35 40
Time (sec)
el-dot response versus time

20 ‘ : : : : ‘ :
| | el-dot-dmd(m/sec)
el-dot{m/sec)

1

Time (sec)

.€,(0)=200m Jai ce H, dalal) dlaiad :(11) Jal

39



diad dal e H, a3l dalal Matlab/Simulink &) 8 5\Slas ehals asi
Gaa3 laind o Jsanll Badie, (0) =1M fapedl Zaadl) Uasd a3l
Oen i U, 5 €, e JS a8 G laall A0l &aie sl e Lag

(10) J< i LS H, Alaiad b 35la aass Yy clagia OS1 aaadl) Jlase

Azl (a3 foampall a0 Uadd 3,0 305 2ag)e, (0) = 200M Jal o

sl o Ll @5 Aliu) lalpasl) Laf BadiEc,udl glLayled
3gaa ) blay 86,500 5 U, e S G LDl WS o lualliiadladaie
O 8 Aalage L) ilabeV) sl deju e ddiuls gLyl
Aigal) ALl LY SKaTl) dils Jal (e ABles il o Juanig(11)

S o Al Adlually fayall Uadd) oLy K3 dila O leles o Jana ey
olaxiuly Matlab/Simulink iiul)l SC 4al jlue d3aal Kaills salall 3a)lsa
o zsbll Bl sl Galad Gl ) SBESH cinaly (S-Function ;i
Laits s 5ol alas Jao il 138 (ge pudasall aSatie Cada 22y RVCtools <4l
DLRY) il 5. (8,,€,,64,6) Wi ) sed 4nn Wl (P (X, Y;) Jlus
P1(0,0), P5(100,0), ) &l Sludl Li  (alil sl Al
P3(100,100), P4(400,100), Ps(150,~75), P¢(400,~100), P4(100,-
B 0))<2m Jemg Lyr adel,  (100),  Pg(100,0),Py(0,0)
g ®)]<2m

40



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

—
100 ¥

: : predefined path i T ;
70 SRS MU | W [ETSOROS path following result |.f... # i |
20 1 :

[T SR —

-—

. 500 5I0 160 1.%0 260 2I50 3{I)0 3I50 460
Xn(meter)
) Aa i e 4iae byilall (e Cagllaall (i) (oY) el £(12) J<a
el & el-dot during path following
10 T

el(m)
N — el-dot(m/sec)

5 A N
IVART \V/ 6 Vi

Il I 1
50 100 150 200 250
Time (sec)

ed & ed-dot during path following
400 T T T

‘ 4 ed(m)
300 3 \ 5 LI ed-dot(m/sec) [
200 \ -

JITRC T [ W W 0 W R A

0 friczs o sz I i o =
X 11
100 Y:-15
0 50 100 150 200 250
Time (sec)

sl 3 o 500 A4S A g Aliial) Adlusally [ yal) Uasll 2(13) J<l)

41



phi response versus time

5
o -5
8 TR ——— phi-refdeg)
10 Yooqp g fre| e phi(deg) -
u
-15 I
-20
50 100 150 200 250
Time (sec)
5 theta response versus time theta-ref(deg)
\ nl L ...... ‘ theta(deg)
10
T L O WO 1 A WU WO W 11
. M TN TN TN N
> N
® 5
-10
-15
1 2 3 4 5i x14 6 7 3
20 Y: 15
0 50 100 tow 200 250
Time (sec)

sl Alai) e L) A3 Baie e sl (ol paa gl 1l (14) IS

psi response versus time
100

50

THay,
L

L —psi-ref(deg)
0 ] '.‘. - ps|(deg) N

&
=)
T
..,
|
e T

san?
T

.
o

-200

-300

0 50 100 150 200 250
Time (sec)

cagle syl Alain) pe 52l Ui e ol AR gl Ayl Ll 2(15) Sl

42



Actla slaall g b Sl 5 Luiliall Apnrigh) o glal) Adeades Gl daly Al
e dalad a3 2024 ple 1 3l 46 Aaal)

ALty g 5 say el Slaall 28a0ke (g e 33l G (12) S e 2
oyl Wadll ca) G (14) 5 (13) il (e aady ¢panaldll KTy 5Ll
Dbusall ke ) JEEYY Sy ¢ glad s e Aadad IS e ()5S dasial) ddbaally
¢ +15° Cgllaall Jlaal) e (5Bl gl bl G aa LS cLegilad) s 206
ity «215MSeC™T Gl Jadl gecs leadl dan DA sl de g
Aokl Wilge aad Hludlisde U legds dpaaiy a5 ayitall & (15) J<G

VPR | I WA
Lldiaa géy)s dasy -10

ol 3355 zshall Zelyy 3yila (Sl pSaiy 3al8 Al apena Candll 1 2
iy Lty ALl daindll abadlly jlue B e 3% laedindle e il
i) Jueel Jygast Cargs (Autonomous) Jaiall ge Al syitall Jeal
bl sacins e aladiuly 3Saall Aauly ahad) HUS LEAL S Al
Zely sl Thay s 45l o2 (gn5 ((RVCHOOIS) ligys3ll 5\Slasy
Bl iy 8y caagally LNl anglly Gl aasll WKai Wl e mshal
Gkl Cand) 13 e AJAN seladl) 3 LaSa3l saldl) Hla 30GE B\Slal
Bailsis 0N 355 fe LS iing il o j3laall Kanlly salll aUaililesl)
o sail(Artificial Potential Field aiall 59l Jéall 30 5)5a8) diulia

bl claloally by 55 axg @lldy Ay mall e ($lsad) (aiad

43



[1]

[2]

[3]

[4]

[S]

[6]

el -11

https://code.google.com/p/arducopter/wiki/PX4RC

FOSSEN T, 2011- Handbook of Marine Craft Hydrodynamics

and Motion Control. John Wiley & Sons Ltd, First Edition,
575p.

CORKE P, 2013 - Robotics, Vision and Control. Fundamental

Algorithms in MATLAB®. Springer,Corrected Second Printing,

Berlin Heidelberg, 570p.

BOUABDALLAH S, 2007 - Design and Control of Quadrotors

with Application to Autonomous Flying. PhD Thesis, Ecole

Polytechnique Fédéralede Lausanne.

POUNDS P, 2007 —Design, Construction and Control of a

Large Quadrotor Micro Air Vehicle.PhD Thesis, The Australian

National University.

HOFFMANN G, 2008 - Autonomy for Sensor-Rich Vehicles:

Interaction Between Sensing and Control Actions. PhD

Thesis, Stanford University.

44



Al slaall g iy 015 AR a0 Apuaigh o glal) Al Cad) daaly Ala

e daluf 3aaa 2024 ple 1 a3l 46 Alaal)

[7]

[8]

[9]

[10]

[11]

[12]

MORBIDI F, CANO R, LARA D, 2016- Minimum—-Energy

Path Generation for a Quadrotor UAV. IEEE International

Conference on Robotics and Automation, Sweden,Stockholm.

MANJUNATH A,2016 — Path Following by a Quadrotor Using

Virtual Target Pursuit Guidance. MasterThesis, Utah State

University.

MEHROK P,2016 - Quadrotor UAV Path Following Using

Trajectory Shaping,MasterThesis, Utah State University.

LIU Z, CIARLETTA L, YUAN C, ZHANG Y, and D.
THEILLIOL,Jun 2017 - Path following control of unmanned

quadrotor helicopter with obstacle avoidance capability,

International Conference on Unmanned Aircraft Systems,

ICUAS’17, United States, Florida, Miami.

STEVSIC S, NAGELI T, ALONSO-MORA J, and HILLIGES

0,0October 2018 —Sample efficient learning of path following

and obstacle avoidance behavior for Quadrotors.IEEE

Roboticsand Automation Letters, Vol. 3, No. 4,pp. 3852-
3859.

DO T, CARRILLO-ARCE L, and S. ROUMELIOTIS,2019 -

High—speed autonomous quadrotor navigation through visual

45



[13]

[14]

[15]

[16]

and inertial paths.The International Journal ofRobotics

Research, Vol. 38, No. 4,pp. 486-504.

DING Y, WANG X, BAI Y, and CUIl N,2020 —High—precision

prescribed-time path following for quadrotor.International

journal of Advanced Robotic Systems, Vol. 17, No. 2.

BOUZID Y, BESTAOUI Y, SIGUERDIDJANE H, and ZAREB
M, Jun 2018 - Quadrotor Guidance—Control for flight like

nonholonomic vehicle system.International Conference on

Unmanned Aircraft Systems, ICUAS’18, United States,

Dallas.

HONG Y, KIM S, KIM Y, andCHA J,2021 - Quadrotor path

planning using A* search algorithm and minimum snap

trajectory generation,ETRI Journal, Vol. 43, Issue6,pp. 1013-

1023.

LIN H, and PENG X, 2021 - Autonomous Quadrotor

Navigation with Vision Based Obstacle Avoidance and Path

Planning,IEEE Access, Vol. 9, pp. 102450-102459.

46



Al slaall g iy 015 AR a0 Apuaigh o glal) Al Cad) daaly Ala

e daluf 3aaa 2024 ple 1 a3l 46 Alaal)

[17]

[18]

[19]

[20]

[21]

[22]

FOEHN P, ROMERO A, and SCARAMUZZA D, 2021 -

Time—Optimal Planning for Quadrotor Waypoint Flight,Science

Robotics,Vol.6, Issue 56,pp. eabh1221.

KHAKBAZ M, andANJIDAN M, 2022 - Global Path Planning

of Quadrotor Using Reinforcement Learning,Journal of

Computer &Robotics,Vol. 15, Issue 1,pp. 65-79.

MOKRANE A, BENALLEGUE A, CHOUKCHOU-BRAHAM A,
EI-HADRI A, and CHERKI B,2022 - Guidance, Navigation

and Control for Autonomous Quadrotor Flight in an

Agricultural Field: The Case of Vineyards,Journal of Sensors,

Vol. 22, No. 22.

REN Y, ZHU F, LIU W, WANG Z, LIN Y, GAO F, and ZHANG

F, 2022 - Bubble Planner: Planning High-speed Smooth

Quadrotor Trajectories using Receding Corridors. |IEEE/RSJ

International Conference on Intelligent Robots and

Systems(IROS), Japan, Kyoto, pp. 6332-6339.

https://en.wikipedia.org/wiki/Atan2 /

MARLIN T,2015 - Process Control, Designing Processes and

Control Systems for Dynamic Performance. Published by

47


https://en.wikipedia.org/wiki/Atan2/

McGraw—Hill from 1995-2014, The copyright was returned to

the authorafter publication ceased, 2nd Edition, 1017p.

[23] KIVRAK A,2006 — Design of Control Systems for a Quadrotor

Flight Vehicle Equipped with Inertial Sensors,MasterThesis,

AtilimUniversity.

[24] HOFFMANN G, HUANG H, WASLANDER S, and TOMLIN

C,2011 —Precision Flight Control for a Multi-Vehicle

Quadrotor Helicopter Testbed.Control Engineering Practice,

Vol. 19, Issue9,pp. 1023-1036.

48



Aila glaall g Al gl g ASlial) dpssigh) o slad) Al Cad) daaly Al
ubdl) daaa 2 2024 ale 1 2:all 46 alaall

34 aalyalh gy Siliuubgisad golll sgsasll
daa4all d44yhlly dailsmall Sl yaniull
daG jall daigall

Lbtasl) o lasl) (B ao e 3af — qubid seaa ) giSul)
Cand) Faala ¢ Abl Sy AlSeall igh AS ¢ AnliY) aslall o

oadldl

W)l a GlinSgin aoatl aaa S Lign il diplh ek o
Oxybuprocaine Lay aw sill; Benoxinate Hydrochloride(BNX)
Sle Aaplal) adiad Y auall clpasiaall iy 4@l Al Hydrochloride
e Lysa Al O aaad) cligl €l aes (e Jass 8 BNX 308

765NM dasall Jsh die abie (ol ddd oy sl & Jaie (3)3e il
Jelall duly i 2520.5°C oaal 3yha day aie opladl Jslaadl Jila
Lall lawsy .7650M die caill € dpaliaiaVl 8 il Clasy @l WS s
De 056 @3 L(15min) il el dagl e lalde) @lldy gylall i)
ded il .5.0-25.0ug ML™ cule zsli BNX 385 (e bd Jlae Gana
ayial 4yl Gl 0.227pug mL™ aiSl) s iy 0.9984 LY Jalas
Jal (e zlady da i)l Akl ik L Lilas) Lgiadles 2xy 3g0latl) it Ladic)

Adlad) gl (g dble) Jpan 50 LV anall Gl 3 BNX a3

b g8 ¢ Sall Seall il sl calyslSg e sl g rdalidd) clals)
Y el Syl sl
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Quantitative Determination of Benoxinate
Hydrochloride in Pharmaceutical Preparations by
Kinetic Spectrophotometric Method

Mouhammed Khateeb — Professor Assistant

Department of Basic Science, Faculty of Mechanical and Electrical
Engineering, University of Albaath

Abstract

Simple, accurate and reliable Kinetic spectrophotometric
method for the quantitative determination of Benoxinate
Hydrochloride (BNX) in pure and pharmaceutical formulations has
been developed. The method is based on the oxidation of BNX by
use Fe(lll) in sulfuric acid medium. Fe(ll1) subsequently reduces to
Fe(Il) which is coupled with potassium ferricyanide to form bluish
green product. The reaction is followed spectrophotometrically by
measuring the increase in absorbance at Amax 765 nm. The fixed
time method (15 min) was adopted for constructing the calibration
curve. The linearity range was found to be 5.0-25.0 pg mL™. The
correlation coefficient and detection limit for fixed time method
were 0.9984 and 0.227ug mL™ respectively. The proposed method
has been successfully applied to the determination of BNX in
pharmaceutical dosage forms with no interference from the
additives.

Keywords: Benoxinate Hydrochloride, kinetic spectrophotometry,
potassium ferricyanide, pharmaceutical formulations.
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A4.5-6 om L 10% 4 Jslae pH dad #ohi (Jsallly elall & Jaiy oyl
2-Diethylaminoethyl 4-amino-3-butoxybenzoate hydrochloride. :‘;AM\ 4
J3S axdiy «Cy7HpN;03,HCI (M = 344.9 g mol™) :ilasall ataga
gy bl alee Al it pminlly o1y Yl Gl (b b aunse
g gl cLiR il Y (595 Lae damanll sladl (b Basmsal) assseal
padin paheY e H0aaS gull b aadien WS L Aan) cV L Juag
gl deaild) (e Al aea¥) A (i Sl chal Jio dade

s @l A 8 BNX @l aS i) aoail sajae el cuyall

LAdhide Lhlas @ihh aladiuly ¥ aall Gl pasiil)

s aie J5V) Edall ddgyla ahaiiuly BNX apaail dads 4y el i
die ey ull (aas Gliug e cuda dladiuly (268.4;  272.4)NM dasall
CaalS alaaiuly BNX agaat] AL Lahe siles K1) 48k craniind LS (pH=7
@ BNX ol dgds 46k <ol LS ([2] 310nm dssad) Job 2ie ik
Gl il e Jelail) Pl e A apall Gljasiil)
4-dimethylaminocinnamaldehyde <4-dimethylaminobenzaldehyde
e 549nm 5 453nm dasall skl vie Je il glsal Apalaial) Ciwd
Gl yaaniadl by ) a8 BNX apaail ks 46,5k cuida o[3] Ll

s n-electron =& BNX  pm &sadll Jasl Jelss DA (e ¥ apall
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p-chloranilic acid, 2, 3 —dichloro 5, 6 — dicyano 1, 4 benzoquinone

Pl e ddal) Aaphally aali<gndl s BNX aaa 4] 0, T JiiwaS a5l
Mo(V), Co(Il) clibsiis cxidlsall ialal) o lae S5 72550 Cilsine S0
Slall lally faall @y dd 8 BNX el 3l dada 38550 <y da (5]
2y BNX 140591 £na e sanall g cpalSasyslall Jelin DA (e .+ e lidaal)
([6] 483nM dasall Jska vic jlaal) sad cawd 393nM xie Jeliill it 3,
Jela) Caie alasiuly dgel) clydadll 8 BNX st )5l 45ls caendin) L
vie alie lacal dads 297NM dasdl Jsda die  alac 3L A Cayelal G
=3 BNX 3 A las€ 560 50 SY1 3wy <o a3 ([7] 371nm Al Js-ha

S e o sl (Aly (e asly ClyeS alaainl AV ayall 43)y et
LS ([8] dalualaill dpcan daphall 335 (EA-GCE) Wil eS allaall alasl
i) zo3) Clainay Jaxdd) PVC (e de gins dilide 40lie e o)l cipad
([9] Aiad) clpladl) 8y Aall alilae 8 BNX apaail 4 5aSl) ddphall aladiuly
Gl aladialy LAY aal) dihasiue & BNX J gohall @bl dul) cu
@bl dalaill sy Gidall (bl sl oelds ¢ bl sl (el Jalas
@l Eum BNX 5 ulSlay sy ol Al 45l jlue cipan ([10] ualil)
Craxdiul LaS cgyanall oL 8yiie yeny iy Adalaal Dlaiud syl (g)lusdl)
ALl Lihe sile KU Ayl crandiad ([ 11] 48 5eSl) lplaall 3 3yazmaal) g5kl
Cig asec aladinly BNX 5 Gayslill (e JS 3223 HPLC &13Y1 ddle

e JS 2aa ([12] Al d858nall 0 EIS5 (100 mm X 4.6 mm x 3.5 pm)
) e ALl Lihe sile s SN 20U aladinly Lagie gyde (8 BNX 5 (s sl

Llal i 60% 5 Jysiisiad 40% e cliaia ola alasiuly sl G Sae
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3 BNX 5 dllig <ol (e JS 23 ([13] ODS-3 35acs 50MM o 5ulisal
Regis SPS 100 RP- (i« 2sae alaaiuly RP-HPLC dudh dygal) aval) Jilgu
i A BNX 22a ([14] SlasS 68 2il85 8 Regis SPS 100 RP-8
dyaie Hshag Spherisorb  phenyl (e 3swe paiiuly HPLC dsy 4y all
Jsb 2ie s CaulS; (65 :35V/V ) A pH(3.5) Ll —Jasiisisad (e Cilsa

[15] 308nM Zasal

:ad)aafy Gl daal

Al 3y Saall Gldal)l (V) e asl il Sl 13 daal o oS5
Jolail dipla () 5ot ady ¢ Basiaay ALB Bk A 2SSy
sl all doladl) 48k 4pleal) il pantioall a6 0 ClinuS g
Gl g aaat Jal e bagaa Ayl el ) Cuall 1aa Gaagy L Sl
obial 8 Gy (Syall Sl cddall ol alasiuly 4g)ke 3aleS a))lS o
Jolas Joal (e A gal) A gloall A3 8 Leadaan WY A dphall o2 Al
st s 0 ClinS sin (g5ad (Al Aleal) Gl pianiual)
(land) andl
542

pmall SLL Optima oawdiy 55 Lag (e Ssn it Slea Lieadinl
- shl) sl ehay 500-1100nm Jlaal) Lpal ¢ leall dala
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Jullaally algall

eal) U aadiad) ¢ Lally L Lldad il g sl e o Rediiasd) el gsen
(Sigma-Aldrich) 4s,% 7wl Ks[Fe(CN)g] asabisll wiliw (g8 Jslan Lipias
2 DN maally g ged) pS Jslae Lpma Lol 8 25x10° M S5
3.0x10° M ;S5 (Sigma-Aldrich) 4,4 ztal NH4Fe (SO4)12H,0
Gl sl (SHall Leadin) - 3.0%10° M 0385 il mes b
3l dilgell Shandong Haiyou Freda as)s zUs)  alsam
Lo .99.68% & aislis  «Cy7HpN,03.HCI =344.9 g mol™ ke
&t BNX (e danlid) 480 Jay 0.5mg mL™ 3850 L) (g)lall Jsladl)
989 BNX (g5a3 ((Adae SlSHy8 2l (10 ) A¥ana Gl pasiin Jdad 3 Lo Wl
gl e oalSEL Bylaiy Agloall Gileluall e 4S50 Z W (e (80 35k8
. (4mg/ImL) 0.4% lLegie JS 38555 Apsa) delival il 3855
(<l a3l Alypk) Algal) GiSsall Jal (o Jand) A3y
BNX Jslae e oo logaa 10ML Gas dseas (Bl adulu i Uiy
5 K3[Fe(CN)g] Jsise (e 2.0mL 5 (0.10-0.50mL) 0.5mg mL™ 5 Ll
sl LI s aaall WLST ¢ NH, Fe(SO4)p. 12H,0 Jstae e 1.5mL
sie il slall Jslaall dualiaial livd 4283 15 a3 lams linjes ¢ il 2Ll
Liansy « sl Syl (g Lgmsis Aaylally jumsa (plie Jolae Jilie 7650M

BNX 585 ANV dpalaia) il Jiaall o gylall Sl sl Ll

54



Aila glaall g Al gl g ASlial) dpssigh) o slad) Al Cad) daaly Al
ubdl) daaa 2 2024 ale 1 2:all 46 alaall

Nl pdaniuall Jal a Jeal) 43350

(10ML dxs ena (390 o3 1.25ML oylaie ana Al 3yl (e LA
o Ulias 38 06<8 ULy ¢ il AW e Lally (35l 8)L3) s aaal) 138 Liaas
1ia e doulic Lasaa B3al . Luy@0.5mg mL™ sa 4ud BNX 385 Jslas
Al 2y WS BNX aaail Jlaall
LBty gesliat)

sy DN gl bl gy KU aes (e dawg 8 BNX 50l s

Jsda aie abie (aliaicl dd oy slall 3 Jaie () sumal ml JSl
98 LS (252+0.5°C juiaall 3ylya daya vie (el Joladdl Jilia 7650 dasal)
BNX 385 go Iyl ol LualaiaV) 52 of Jaagl (1) ) JSEN b cse

[ SRR K oo R e e R ET

045

o-—-—-—-—-_,-—

Euior'x?DI’UYTTESIU,TT%U', 1.00)17[?1.’&
WiraveLength

Cia (2) 9 eslal) Jolia 10pg ML™ 935855 BNX Jgdaa (1) paluaial cigada (1) oy el

(oAl Jstaall Jilia ¢y slall (Jstaall aluatal ik (3) 5 s Ladl Julia ¢ stall  plaal) pabiaial

2.0mL  Kj[Fe(CN)g] ,[BNX]=10pg.mL*+15mL Fe*" (3.0x10°M) : & ¢

o

4383 15 2y . 10mML o))he gl aaa b (2.5%10°M)

-
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Ay all Bl Jag il s

delill ehyay ¢ Hall Lag il Y Jsaasll dongatll bl e Tase Lipsal
G 85 e 8ye JS (8 DR sl it dlldy (ggeal Lpnluny Sy aypad)
cmae V) paliaial) dase Job die dualiaie¥) 8 oyl Jaadliy &l (529

e 1.5ML 48l of s L Jelitll il S s Fe™ 585 il by
ady Ul . J5aY) aaal) 58 3.0x10°M S5 DA aaally assel) i€
53K 4t 2.0ML dilaa) o Lasy (K3[Fe(CN)g] 385 Ldils Liuys &llx< .(2)
(3) &) Sl el il JSa) i) aaall 58 2.5%10°M

0.3

02 ¢

=
P
L

Absorbance
=
L

=
—
1

0.5 1.0 15 20 25 30
V, Fet*.mL

=

=
=
=

(2.5%10°M) K; [Fe(CN)s J1.0mL asass (3x10°M) Fe** 5855 s il (2) o8, Jei
.(t=15min) [BNX]=10.0pg.mL™" ,765nm 1is
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05 1
04
0.3 +

[]2:.

Absorbance

01+

00—
0.0 0.5 1.0 15 20 25 3.0

V, K3[Fe{CN)¢].mL
(3x10°M) Fe** 1.5mL asas (2.5%10°M) Ka[Fe(CN)s] sS85 st ili (3) a8, Jsia

.(t=15min) [BNX]=10.0pg.mL™ ,765nm i

At Abidal) A8 Al (Gihhl) 4l

G I Bl Byl 8 okl Jelall il duhy YA e UlaaY
2l (4) ady JSEN b mmge s WS (gl yspe 765NM die dpalaicY)
Sl Aiple s DA e Hn Ay LaS BNX i 15Se) s 4ile
Sl ) Al alaieY) diphy Jeldl) dejw culi dghy Jelill dejul)
BNX il o) dgylall Ll & ey ([16] il cal) Ayl (Lial
Aigla IS Tl Ll Jelae e e Talaic)
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1.2 +
25
1.0 + 50
o 1 — 175
g 08 T ——15
E 06 - —— 125
g ’ ] ——10
< —75
< 04 4
. 5
0.2 1
D,D L] L T T T L] T L] T T T T T L 1
0 5 10 15 20 25 30 35
t, min

Oa 2ML asass Gail) ANy sl ¢ slall J slaal) daluatal s cilyiaia (4) a8, Joil)
5-25pgmL™ ([BNX] 53.0x10°M Fe®* ¢ 1.5mL 2.5x10°M K;[Fe(CN)4]

de gl cilidara 43, )k
S AL Je il depu e g
Logv=Log AA/At=Logk +nLogC

ty o3l by a3l (o FpaalaciaV) Aad b sl AA (Jeldll Ao v 1o G
Liiye N e ipyally hade sl salall 385 C ¢ aliid¥) Jeliil) deyuw i K
ddbida €051 (6 =5min, t=20min dus ) Jdelél) deyu aigyle ) L . Je il
AV el deyu Sple o) el Jieal) (gylal) Lol Jasll Lawsy BNX (0
Jelitll dey e pipledd ey ad Bl a5y Lilaay .BNX 385 siyle )
100 - 25.0ug ML™ cule 35 e Jlae e BNX S5 silesly
Joslas Gad e 3yl ogalall (e Wlas L (2.90%107°-7.25%10°°M)
A gyl aial) Aslasy Lol

Log AA/At = 0.733 +0.9063 Log [BNX]  (r = 0.9962)
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e Jeliilly k=5.418" deyd) ¢l e o aa A8La) AR pe Al
.BNX 4wl (n=0.9063=1) ¥ iyl
Je i) de yu el 43y 4

oSS ) AN daliaial) iles) 5ol Aalall Jagladl) lia,
.(1.45x10°-2.90x10°M))  5.0-10.0ug mML™ Jlsall (peum o BNX
JSTK Aoyl el lna wJad JS Jae et e baghaall o3 < alee (e llean
@l Sl sl by 22,303 ol ey Joall dad oy @lldg ¢ 3858
Sl ball ddilae e bliasy BNX 385 AV Jeldl) 4oy <l cl il
:aallal) @bl

k=-0.001 — 5.96[BNX] (r = 0.9904)

(el el ) ALY dpaliaie¥) Ak sk

el o2 ) Jyeasll DU a3l L 5 0.4 dadl) die dpaliaial) lid
Cre Rl ST Gl AN Aaliaiad) it liaie DA (e AL aike
Likie .(3.62x10°-5.80x10°M)  12.5-20.0mg.mL™" sala z5l5 (BNX
Csaalall e Ulans BNX 385 AN 03l Caglia il glall nial) Ll
A (5laall i Asbea s BLiY) Jalas dad e 5l

1/t=-0.0022+99.252[BNX] (r = 0.9927)

Sl ca3ll ABy ke

ANy (7650M xie) dpalaiol) eyl dLall bl Jaghall Lol Lk
o llian ¢ dadl) Jlaal) Laaa 13883 30-0 (e 32330 L)l 23c BNX 385
225 ¢(ra) JS aie adaliilly Jaall dadly LY sy (gyleal) 3l Jasl Alolas

(1) &) Jpall i die 2l
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5asaa ddajl aie BNX sl 4Ll 40 Jaghdl) (1) a8) Jsand

L) Jaadl BN Jalas 1 {a
hdl J ) delae il B Al (Aa) e

pg.mL* r

5.0-25.0 0.9573  A=0.0047C + 0.0209

5.0-25.0 09774  A=0.0202C +0.0273

5.0-25.0 0.9908 A =0.0296C + 0.0463 10
5.0-25.0 0.9984 A =0.0345C + 0.0663 15
5.0-25.0 0.9983 A =0.0358C +0.1019 20
5.0-25.0 0.9967 A =0.0369C + 0.1206 25
5.0-25.0 0.9959 A =0.0375C +0.1323 30

35 (C ¢ daalaiayl A

JaY) o (t=15min) il el Ayl o ALl bl e it
e 35)ally (10.9984) Ll V) Jooleal dad (bl cinyf Less€ (BNX agaail
@M aall sl _laall Jlaall e 50l (gAY Gkl LUs ) cdllas
.5.0-25.0pg ML™ g glisy cdipylal) 4y Casiiad
Jo ) Auud yyaas

Jisall _iplelll aall dayly Fe® s BNX gy Jelill 4pus laaa
Loal Loy Uilia Fe® e Tayliia S5 Ll BNX 30853 Liidi ([17] sl
& [5a] Jal ¢ Fe*t 385 diple s Ay Lalaial) sigle ) eyl L)
Gyl Al sl Loy Ghe .BNX (e lagiie 1S 55 lials Fe®" 585 Liid
[5,0] Jgall ¢ BNX 385 aiple o ANy dpaliaial) 2iyle sl

ol Liaisinld <0.9008 SN haall Jue (Y 1.9224 J¥) Ladll e L
1:2 & BNX 5 Fe® g delall 4
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Log [Fe®*]
-3.9 -3.7 -3.5 -3.3
L — t -0.4
a L 0.8

(=1

1.2 o

y = 1.9224x + 5. 7862 ] S

R? = 0.9833 1l 18
- 2.0
Log [BNX]
-4.0 -3.9 -3.8 3.7 -3.6 -35
bt (], 3
b
- -0.5 «
=11
o
y=09008x +27626 | g~
R? = 0.9631 :
110

) Jlaall oy sl aa) Ak oy Jo i) dpass il (5) oy S
[BNX]=1x10"M, [Fe**]=1.5x10"-4.5x10"M (a)

[Fe*]=1.5x10"M, [BNX]=1.0x10"-3.0x10"*M (b)
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I) H3CT

N—>0

H3C\/ N o CH,
\/\o/ o
+2Fe
HCI1
H;C
T O NH,
H3C\/N u o \/\/CH3
\/\0/ 2+ +
+2Fe”” +2H
HCI1

I Fé + Ks[Fe (CN)s] —— KFe [Fe(CN)g]

salaia¥) Jabee apd il a3l Ayl 4 ylall ldandl) (e Lo
Gldara Laaas o€l aay Jails dgulun s <) Je il b cadae Y1 il
il BNX aSpall Y1 dadll 35l Jlae B)ad oJoaally daaliaia)

(2) 4y dsaall & (e 8 LS.RiNgbom
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CALA

(t=15min)
5.0-25.0 pgmL™ ¢ ball Jlaal
12.5-25.0 ng mL? (Ringbom Jlas
1:2 BNX- Fe** (Jelall i
1.4x10* L mol™* cm™ «¢
0.227 pg mL? (ass) s
5.00 pgmL™ ¢ KU el as
0.049 ng cm? ¢(SS) Jailu duulua

*A=mC+b)

m=003d5 | @ el el il Sl

b= 0.0663
0.9984 (1) Bs,¥) Jelas

Jaem spg ML 50 C s ial ) A o Gun A =M C + b sleall Glay Los?
Apalaia) jsme ge glall badl) odali Ak by ()bl Tadl)
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&ﬂ\ Alaic

e YU BNX @S el asand Jad (e da il 48,k daay 48 yaacl
aaall edll Jlaal) e 8y L3S BNX e dpbe Jollae 4sed Uyaas
Lipal Ayl Jaall 2y Gadaty Lebe aaly JS (e )58 Gusad Lilla L2010
@il el (g)lal) CalaiVls (ylaall Gilai) Jie cdilan¥) cilluall (s
S5 <9506 Laylate 48 dygu die AEN any (Al Anaall) Lppusil) Lela iy
B G () a8y dsaadl B )y o LS ogylall Sball Jadl) e 320aa Adlida
Gaiaiall gsial) raill Ll Calyat) DA (e ddle Ay Akl 44,k
Baal Lela i) PIA e 3)lies daaays

BNX a3 Jaf (e da il cylil) cajl) 48y dauag 4By a8 (3) ad) J gand)

png mL™, BNX

-

% el i) | A& |RSD%

S.D. | *aaaall | Jsalall

100.80 5.04+0.17| 2.77 | 0.14 504 5.00

100.90 10.09+0.23| 1.88 | 0.19 10.09 10.00

100.87 15.13+0.33| 1.78 | 0.27 15.13 15.00

101.40 20.28£0.28| 1.13 | 0.23 20.28 20.00

100.36 25.09£0.33| 1.07 | 0.27 25.09 25.00

dlad aed Lo i
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Agall (e ddle] Sgaa o0 dasll Bagall Javia 8 alad3 W) AnDlaa de yull
Gladay ol LeDlginl aaay A8phall i WS Algall jiaaiual) ) ddliadl)

Jgle Ulas Al =it (4) o) Jeaad) Gan - a0l Andlye

A jikall 48 hally Ay aal) cfpaninall b BNX i (4) o) J gial)

S.D.+ *%dela i) e
[18] duasal) 43, yhal) da 80l 48, at) )
100.31+0.36 100.66 = 0.17 0.4% oS
=19 *i? ;igg (4mg/1mL)
100.44+0.56 100.84=0.24 0.4% st
=L *12 ;éig (4mg/1mL)

kel aed Jans i
6.26 & Usaadll F dady 2.776 & Asanall t dad 959 A& 2n5 Ay clayd au)f dal e **
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Evaluating the Performance of Deep
Learning Models on the Task of Stance
Detection Toward Fake News

By: Eng. Ali Mhrez

Supervised by: Dr. Wassim Ramadan, Dr. Naser Abo Saleh

Abstract

Stance detection plays a key role in preventing the spread of fake
news. Most research efforts have focused on the task in English,
but studies on Arabic are still very limited. There is a significant
lack of Arabic studies that examine the effectiveness of available
deep learning models. Accordingly, in this paper we conduct a
study to evaluate the performance of several deep learning
models: MLP, CNN, BiLSTM, CNNBILSTM, BiLSTMCNN, and
CNN~BILSTM on an Arabic dataset called AraStance. The
achieved results expose the difficulty of the task, as model
performances ranged between 66 and 72 macro fl-score. Also, it
turns out that the MLP outperforms the remaining models,
achieving 72.29 macro f]-score, which indicates the effectiveness

of the word signal in classifying the stance.

Keywords: Stance detection, fake news, Arabic language, deep

learning, natural language processing
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0.0006 64 CNNBILSTM
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Jad Jdiaig AraVec cilals dadl 3.4
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300

! https://github.com/bakrianoo/aravec
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70.75| 84.32 | 50.44 | 72.61 | 75.64 | 77.57 MLP
69.43 | 83.06 | 48.16 | 73.80 | 72.71 | 76.92 CNN
63.83 | 81.27 | 43.77 | 65.01 | 65.28 | 72.17 BiLSTM

64.13 | 80.79 | 44.34 | 62.54 | 68.86| 72.58 | CNNBIiLSTM

68.12 | 82.72 | 47.47 | 69.52 | 72.77| 74.75| BIiLSTMCNN

66.99 | 81.59 | 48.37 | 69.80 | 68.20 | 74.40 | CNN~BIiLSTM
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Improving the Accuracy of Human
Activity Recognition by using
Autoencoder, Lstm and Transformer

ABSTRACT

IoT is well-known to be one of the major sources of big data« as it
IS based on connecting a huge number of smart devices to the
Internet to report their frequently captured status of their
environments. Recognizing and extracting meaningful patterns
from enormous raw input data is the core utility of big data
analytics as it results in higher levels of insights for decision-
making and trend prediction. The general definition of big data to
characterize the [oT big data through the following “3V’s” features:
Volume« Velocity and Variety. Generallyc big data comes in
different forms and types from different sources. Data fusion and
sharing play a critical role in developing ubiquitous environments
based on IoT data. This role is more critical for time- sensitive 0T
applications where a timely fusion of data is needed to bring all
pieces of data together for analysis and consequently providing
reliable and accurate actionable insights. This study aims to review
the research that addressed the vareity characteristic (Data Fusion)
for Big data in Human Activity Recognition applications as one of
the Internet of Things environments. with the aim of evaluating it
and moving towards making a model that notes the vareity of data
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sources and their different formats. The idea of the proposed model
is based on extracting rich features from The largest source data in
terms of dimensional size by making an autoencoder model and
training it with the aim of using it later as a transfer learning
technique. Extracting the temporal correlations from each source
using the Lstm network and finally Fusion the extracted features
using the Cross Attension technique. Then analyze the results from
the point of view of a set of performance parameters such as
Accuracy« F1 Score< and Confusion Matrix. The results indicate
that the performance of the proposed model achieved 2% higher
accuracy than studies that used the same data sources from the
same UTD-MHAD dataset.

Keywords: Big Data« Deep Learninge Human Activity
Recognition« Internet of things«< Data Fusion< Autoencoder« Lstm:«
Cross Attention« Transformer.
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input: | [(MNone, 180, 60)] _ — *
output: | [Mone, 180, 60)] Input =X X shape = (180 * 60

|

input: | (None, 180, 60)
output: | (None, 180, 32)

l

input: | None, 180, 32)
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input: | (None. 180, 6)
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ut: InputLayer

1stm: LSTM

Istm_1: LSTM

Istm_2: LSTM

time_distributed(dense): TimeDistributed(Dense)
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json_file = open('ae_skel 5 9 23.json'« 'r")
loaded_model_json = json_file.read()

loaded_model = model_from_json(loaded_model_json)
X 2oE = Model(inputs=loaded_model.inputs¢
outputs=loaded_model.layers[1].output)
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HAR Human Activity Recognition
DL Deep Learning
ML Machine Learning
CNN Convolution Neural Network
RNN Recurrent Neural Network
LSTM Long Short Term
AE Autoencoders
VAE Variational Autoencoders
CA Cross Attention
SA Self Attention
FC Fully Connected
MIM Modal Enhancement Module
Conv Convolution
MEM Modal Interaction Module
EF Early Fusion
LF Late Fusion
GAN Generative Adversarial Networks
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Interpreting a Model Trained for
Detecting Hate Speech in Arabic Tweets

Eng. Rabee Mehi Addin AlKourdi
Dr. Kamal Al-Salloum - Dr. Wassim Ramadan

Abstract

The spread of hate speech is considered one of the biggest
problems plaguing social media networks, greatly affecting its
users. This has led researchers to employ various machine learning
models for its detection and mitigation. However, these models lack
transparency and clarity regarding the mechanisms used for its final
classification  decisions, which  negatively impacts the
understandability of its outputs, finding its weaknesses, and overall
improve its performance.

This research aims to interpret the outputs of the MARBERT
model after fine tuning its parameters for the task of hate speech
detection in Arabic dialects. The Integrated Gradients algorithm was
used to interpret the model's outputs regarding the hate speech class
and the factors influencing its decisions were studied by analyzing
the impact of a tweet words’ contributions on its classification. The
research also highlighted the weaknesses that lead the model
making incorrect classifications. Lists of the most influential words
in hate speech classification were also compiled.

The research demonstrated the model's ability to comprehend
complex linguistic patterns and link them to hate speech. It
identified obstacles such as metaphors and sarcasm, among others,
which could help in pinpointing areas of improvement to focusing
efforts on.

Keywords: Machine Learning, Hate Speech, Transformers-based
Models, Explainable Artificial Intelligence, MARBERT, Integrated
Gradients, Tweet.
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