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Abdtract: The tragjectory tracking control of a vertical take off and landing (V TOL) aircraft under any input coupling
isconddered. VTOL aircrat is an underactuated system with three degrees of freedom and two control inputs. By
controlling input transormations, motion equations of the system are trandormed into strict feedback form. A time
varying feedback control law is developed to force the aircraft system to asymptoticaly track a reference traectory.
The control development is based on the backstepping technique. The nonlinear system is broken down into low
dimensiona systems and the controller design is smplified by usng virtual control imputs and partial Lyapunov
functions. Smulation results show the eff ectiveness of the proposed control law.
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X =- wsnb + eu.cosO ya = ysf1,¥5 = ye,¥6 = f2. (9)
y = wcosO + eu:sn6 - g, (1 4
6= w. ya = (Yid,Y2a,Yaa,Yad, Ysa, Yoa) '
g>0 ,e , :
e>0 Yid = Y2d,Y2a =- f1da - O,Yad = VYad,
, ) Y4d . y5df1d,Y5d = ysu,YGd = fad. (10)
e ( fa = (fia,f20)  (f1a # 0)
) ; Ye = Y -
) Yd. .
y“ 5, ):/1e = VYee,
yee = - (f1- fid);
u, Y3e = VYae,
{ 5, }:/4e = ysef1 + ysa(f1 - f1d), (11)
Yse = VYee,
R Yee = f2 - faa.
0 - v TOL
1 VvTOL ye(0) = y(0) - ya(0)
fi = fi(t,y) ,f2 = f2(t,y),
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W - §n® cosB| [ (11) 2, ,
[euj - [ cos sine} [wz] (2)
1) fi = fiao + ki(yze + ke yie) + koyze (12)
{k:wl,y:wZ- g, o yie »0,y2e -0(t -+ ). k >k >0
e = w.cos +w.snb :
W s (12) 21
X = x- esnB .y. = y + ecosd fi = fuo+ G - Cye 2. (13)
W = (v - B?)snd + ev2c080,
W, =- (v - B?)cosd + ev2sinbd. (4) C, = ﬁmﬁm
(3) 2 . 2 (14)
%c = visin® ,yc =- vicosB - gf = w. (5) G, = Kk - ko -
2, , fi =0,
Xt = Xe,X2e = Ye,Xs = tan@, s, f2
vi = fisecO,v2 = f.c080 - B*tanB, (6) S, ,
|0 <TU/2. (5
X1 = xsf1,%x2 =- f1- g,%s = f2, (7 (1) X, ,
f1 f2 . fa.
y = (yi,y2,y3,Ya,¥5,¥6) , 4
Vi = Xe,Y2 = X2,Y3 = X1, &1 = yae,
Ya = Xt,Y5 = Xa,Y6 = Xa. (8) &2 = yae - 01 (yze) , (15)
(7) &3 = yse - O2(Yae, Yae) ,

Yyi = V2,Y2 = - fl-g,)k Va ,

E4 = yse - as(y3e,y4e,y58) y
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1 = & fo , 2,
E1 = yae =- k1 + kayze + Yae, (16)
ks > ke >0 .01 = - kayae, (20)
vi = £ Ve€) = ZUENZ, (21)
81 =- k&1 +82, Vi€) <- KIENZ, (22)
&2 = ysef1 + ysa(f1 - f1a) - O, (17) £ = €1f283F4)7 k=min(ks ks, ks, ks) .
Vi = - K{% +&£2.
€2 =0, (17) &1 -0(t —»+ o). IE () I1° < e®™IE (o) I°,
&2 20, ,
a, &2 IE () Il <Ae*A = IE ) Il . (23)
2 . Ve =i+ g3, (23)  |&() | <Ae (i=1234),
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& =- k&1 +&,, , fo = foa 03 -&3 - k4, f1
E, = -8 - KE2 + f£3, = f1a + ki (yze + k2 yie) + ko Y2e
&s =- f€2 - ks +&4, (19) a1 @2 s 22 2 -0
&4 = f2 - fo2u - U3, 6
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§€. =0, (19) &1f2fs -0(t -+ o). :
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. ve(0) = (1.5,-2,0.8,-1.8,- 0.1, - 0.329) ",
&1 =- ki1 +&2, .
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