DOI: 10.22034/jMeut. 2025.63279.3457 — JulS’ gty — YYE-110 docio VoY ssionn; oF oot BF aler <)+ ol oyl 305 oty (Sl pusigo 43520

Sg0 00T J S 1 (e (795 s9Puy b (59908 S (39 il saslty 50y S
polie o33 350 Sosnline o JI Sl Jale b ainge (o254

sevda.rezazadeh@tabrizu.ac.ir )yl 5 55 5 s oSS (Sl gviigen 09,5 ¢(5 558 (s9oiils a-ge 008l3LS ) logius

ma.hamed@tabrizu.ac.ir «yl ! ¢ s ¢y olEtils «SSlKs  cwiige 09,5 ¢, boliw! *ael> e s
keighobadi@tabrizu.ac.ir «) ! «p s ¢ 5 oKislo « SKilSo  cmsdige 09,5 colins! ©oLiS jax>
XV

eSS 5 455y J S sk a3 pols Sla e b e Jolate (350 5 (Bl (slaoaniS laly s s 4 (3gee (S (g (il slaskey
& B3 g b b o] 3ol 5 e Saaliys o 5,653, csllas LS 3531 b allin ol 3 (g0l S i arle lall 3,55
LS s ald (o250 5 ok 350 99 10 10 1) (arslie (65250, 0 Shes (053 o (il e 4l )0 g s lacdls Sl (b S 5 )50
Slp 005 o0 (rendi A dil> s 0 LG 5 5l Calad pue @ pylie o Shoe (galeriay JuSle )3 oy (B3 09e S5 B (AL
5 0SSl oo Mol Foamlive adly puass a5 058 0 ooliiul polie LB33) 890 Foanlie 5l o K sboosls 5l oolatul b piws o> ez
clio (Glowbre 1 )o8 Sy 5l osliiul b (5999 DLaLael g lacualad pas 3529 b 5o jsb ) s polaal sl g, (ol )3 canl 575 - Sy
Al 50 gl 565050, 518, wgile iy (Dl ress 3 ) Sosalie - oaS JyuS Lale cnl (Jle 5 Shoe giluaced gl 580 03 GuedS
S el olslezd]

Slon JrS s el colalinél g coabad pus igog0e S (3 el bty wpslie (23330 950 Fosaliv vy (2353 gl 1GS” slaosly

Output Feedback Tracking Control of Rudderless Flying-Wing UAVs Based on
Optimized Sliding Mode Controller with Integral Action and Robust Sliding Mode
Observer
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Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

Abstract

The rudderless flying-wing UAV design structure poses different challenges in terms of stability, tracking control, and accurate state
estimation due to the lack of conventional horizontal and vertical stabilizers. The proposed controller-observer structure in this paper
provides proper tracking performance in both longitudinal and lateral modes by augmenting the tracking error integral to the system
dynamics for stabilization, and designing the sliding surface as a linear combination of the system states, and further optimizing the
sliding surface. By designing the special sliding mode control law in the proposed structure, the robustness against matched and
unmatched uncertainties is ensured in the closed-loop system. The robust sliding mode observer, which is an extension of the
modified Utkin and Walcot-Zac observer, is used for estimating the system states based on sensor outputs. By this approach, the
unknown states of the system are effectively estimated using an appropriate computational algorithm, despite input disturbances and
uncertainties. The simulation results confirm the excellent performance of the proposed controller-observer structure in terms of state
estimation, stabilization, tracking behavior, and robustness against uncertainties and disturbances.

Keywords: Optimal sliding surface, Robust sliding mode observer, Rudderless flying-wing UAV, Uncertainties and disturbances.
Flight dynamics and control.
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