5 ols sele & s
Las 158 5 5Us

0

B
&
Te

Ol V5550 Shad it

3o oI,T Hlas 03 b s aluey K G jud dine JpHS

S 39990 B i ko (59 5 S0 10 b (g dlawig 9 (IS S At J S

VP97 A/N amsls )b
VE- /- E/NA i Gb ey )b

¥ 52bL Lo e lo sy ekl ikuao

nazemizadeh@aut.ac.ir .ol ul  jublSle isio olitils Culle SIS goaize Hhsluwl -\

Olpl pabl o izio oils (Ll OIS goize Hbsluwl -¥

ouS

Ol s9ige (ot pd Joo GBS S 3 b (g aliwy So (S 8 ainge SS9 (Sl sile e 4 dllia ()
O 58990 2 oSl (b Lalgy (28,5 1 o bl abewsy (o Sloy Sealiys glaalolas jshaie (o 3l o

oy ahowy (s Sealins sladlslae b g le slen Fse g Bras (i Sops alal, 398 gl Al
SYolae Glyieas 2lop (bt Sesls Wl @ disly (S e e J5S ge¥e o b g dioe S 5
Orgthad U g 358 0 Bld (1S slaisdgyg 9 Sl slojeiiie ol ajo b g ol 48,5 Ly alies 08
Goaxe Jolge ( Kingy lrdlolas goue Jo byl oo Cawd 4y (S lodlolan 5 09d o0 oSS digy J oS aivs
Al (g silwdnd g oad aBS I 3 angy JAS (Sjg ulpd g e dly waalid pue lon eas gl aile
s (39 culpd S bdb oo Gl Aol (J ST (S g plo calex gl (I L wad e (laS S 0sh s
B9 o Aty S g Bpan alS Zel (63959 (Fi9 ulrd (Bl g bl oaaie (J1HS A Sl pns i S5
e J5 gy Saledyd Ll 008 i s )35 Gl w55l e 5o Coald pue elge 5l b a5 258 o0 sualive
o (b 508 Ay J50S whlize gla el g il adgl Llpl i bl o0g gllas e (b3 50 aialles
sl s o508 J 7S g (il e j goliday (hg) 2D oo lis aS 05l e plondl p95a

o & diwnly gy J S o Byl Soolins il i 53750 o232 g (sl (sloojly

Nonlinear optimal control of an aerial vehicle with consideration of
nonlinear Modeling of thruster engine
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Abstract

This article deals with dynamic modeling and nonlinear optimal control of an aerial
vehicle taken into account nonlinear modeling of its thruster engine. To do this, nonlinear
flight dynamic equations of the aerial vehicle are derived considering nonlinear equations of
the thruster engine. A relation between the thrusting force and the fuel consumption of the
air-breathing engine is stated and coupled with the nonlinear dynamic equations of the
vehicle. Presenting the formulation of the state-dependent nonlinear optimal control, the
nonlinear dynamic relations of the aerial vehicle are considered as constraint equations of the
optimal control and a cost function including state and input variables is defined. Then, the
Hamiltonian function of the optimal control problem is formed and optimality equations
obtained. By numerical solving of the problem, various parameters like as the path angle,
uncertainties, attack angle and weighting coefficients of the optimal control are considered
and several simulations are presented. The results show that increasing the attack angle leads
to increasing of the control time and effort of the system. Also, changing the weighting
coefficients lead to various optimal paths as increasing the input weighting coefficient
decreases the fuel consumption. It is seen by changing the uncertainty parameter of the
model, transient response is changed but finally the optimal control method is able to track
the desired path. Furthermore, by changing initial conditions and parameters, the nonlinear
optimal control of the system is effectively performed which indicates the priority of the
proposed method
Keywords: aerial vehicle, thruster engine, nonlinear dynamics, optimal control, state-
dependent.
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