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Abstract

For the tracking problem of a typical strongly coupled nonlinear system, underactuated vertical
takeoff and landing aircraft, coordinate transformation and input transformation are introduced
to transform the original model into a convenient form for controller design and stability analysis.
The transformed model can be decomposed into a linear controllable subsystem and a low order
nonlinear system. For the nonlinear system, the inversion method is used to design the output
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feedback control law, ensuring that the system can asymptotically converge to the pre controller
fixed trajectory. Compared with existing methods, this method is simple and intuitive. Simulation
results show that the actual trajectory and speed of the aircraft can converge well to the prede-
termined trajectory and speed.
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Figure 1. Hover diagram of a vertical take-off and landing
aircraft

E 1l EEERVTRNEETEER

3. B AFRE AR

BT RS RRZ ARG IR, MR8 R 3 /2B TR ) S s L BOR, ST N5y 7 1 Ak A
A, IR BT EERR AN — R e P S AR E M MO . iR BRI

1) ORI, w5
X\ (-sina cosa)l 7 N 0
y) \cosa sina )l pr,) \-g
7, | (-sina cosa )
pr,) (cosa sina w,+4
X) (-sina cosa)(-sina cosa o N 0) (@
y) \cosa sina )\ cosa sina) \w,+9) (-9) o,

P, =@ cosa+(w, +g)sina

&

i

EXH, o, 0 MRFRTHREEHESTE, BRI, WA
X=o,

V=0, ®

a :l((olCOSa+(a)2 +g)sina)
)

XRE, K, %, IR S B BR -
@, w4

DOI: 10.12677/pm.2024.145158 35 FHIBH 2


https://doi.org/10.12677/pm.2024.145158

X=m+ psina
y=n-pcosa

o, = pteosa +(s— pa’ Jsina
w, :ptsina—(t—pdz)—g
nj

m=X—p(sin a)”
"

=Y+ p(cosa)

é =%{COSO{((S—pdz)sina+ptCOSa)+|:(ptSina—(t—pdz)— g)+ g}sin a}

Pl PR, 5.
m=s-sina
fi=—(s-cosa+g) ®
a=t
XFE, SE @y, 0, FIER
2) NHEBE@F sina flcosa HIHEE, FkS s-cosa=f,, tga=r, =1, f,f, A¥EEHE. U
@A NS
P=(Py. Py Ps ParPsi D) HLpi=n, p,=n, py=m, p,=rh, py=r, py=r,
W% i B fR R T 200«

P =D,
pzz—fl_g
Py =P,

Py =Psf
Ps = Ps
p5:f2

4. SRRE I
WS IR Py = (Puss Pags Paas Pags Psg Peg )T , Bl

Pig = Pag

Py ==t —0
P3g = Pag

Pag = Psq fig
Psq = Peg

Pog = Fo

fo Ty SIS E BB, BB ERIRE T N: e=(e.e,6,.0,6,6) =P—Py» X%
RESRS, AEITNT RS

A: {el =%
€, = fld - f1

DOI: 10.12677/pm.2024.145158 36 HsE


https://doi.org/10.12677/pm.2024.145158

e =e,
e, =fes+es(f,—fy)
& =€
g =T, -1,
BB, WATER R R ER AT TR 1) R EVIIREREZAR 2 e(0) 26 MF T, FHREEHINADIRES

RBERIZ, f=1f(ty), f,=1f,(ty), f VTOL AILA#HEWSI T SH L. BT 2% A AEET R
gr, W s

f1:f1d+j1(ez+ﬂqe1)+ﬁ?e2 @

A, A NIERIERE R A A, > 4, « X F RS A MRHERY A5, e, -0, e, >0, (t—>»).

HWRT R4% B Rt T i sz ar, # f,=0 W%%B¢%f@Amméﬁ,l%%%Mﬁmmﬁ

iE f3EE. R4 B RAMEMIEN, THERH REERT f, FdnafaeEhlas. 0, R R
B, EX4NMRELE:

ERA, gy TR, SR ARA TR R, TR IO B R
A Lyyapnovo B, ®aNA R MBS, HOTIE B 5 R SR A Bt 5 KDL IR 1 5 24 T
WEIUEE A% B NE 0, FABERIF.

_\.L 1
1) ;kzl’ 2, =8, =€+ A& -4, %ﬁﬂz%;ﬁ 1w, 4 Xty =8y Vlzgzlz’ WEE

4, =-A1,+1,
2,=fe +( f,— fld) Psq — 44
vl = _}‘3212 +7,7,

B BRI, #2,=0, 2 =-Az, }BHAE, Hz, —BAMERN 0, X FINRANIZEH] 4, , HIRZE 7,
HAWIRRENLE, NN bt

1 13 A
2) /?\Vz :V1+5222, /12:(/‘1_21_1422 p5d fia /fl’ Z NIEM E L A
4 ==A7, +1,
1, =-7, - 4,7, + 7,
2y =€ — i1

Vz =—A3212 _}“425 + f12223

2,80, Mz,z, £ 0 WAREGHILARE , (H 2, —~BAEN 0, A 2, BRI HNLRE, S E
U] gy N =D BT

3) LV, V+; 50 Hy=—12, = A2+ 1y, A NIEMEER, FIAG:

DOI: 10.12677/pm.2024.145158 37 FHIBH 2


https://doi.org/10.12677/pm.2024.145158

4L=-An+1,
1, =-7, - 4,2, + 7,

,=—Fz,-A42,+1,
2, =f,-fd-iy
\/3 = _/13212 - /14222 - /15232 +232,
Ak, 2,09 00, 2,,2,,2,7E 0 WbMIERAsE, {6z, AN 0, Jofli 2, LA WIEIMHERA, o
PO f, IR HSEEL, N N e — P et
o 1 . . 3%
4)EXW=W+Eﬁ,$Q:%+Qm%&—Q,%ﬁﬁﬂﬁ,Wﬁ:

4, =1, _/1321
2, = flz3 -7 _/1422
23 =Z,- flzz —2523 @
2, =-1, _)‘624
;o 2 2 2 2
Vv, _—(Aazl + 4,25 + A 75 +/1624)

t EXTTUEL, 7,,2,,2,,7, f£ O KB EOAL AR €, HAEERR 1, 11y, iy BHHLARERE T 0, X
B, R4 B R IBEHNLRE .

5. ARG EM S
151, R, B RGeS AT R
ﬁwzmﬁ@ﬁﬁmﬁ,w:ag+g+g+ﬁy

[
V, =22, + 2,2, + 2,2, + 2,2,
=2, (A2 +2,)+2,(f2, -2, - 42,) + 2, (2, — $12, — As23) + 2, (2, — A5 2,)
= (42 + A2} + 252} + g7} )
<2z
ﬂ:min(ﬂa’@’ﬂsvﬂ’e)
H 2R R fe dia e e B, I A
2 . 2
[z <e**]z (o)

i
|2 (t)] < ce ™, 2=z (0)] @

MO AL |7 () < ce ™ (1 =1,2,3,4) » 1 2,,2,, 2, 7, BAGHADE ST 5T, WL e, >0, €, > 44
& Dty €y (tow). HEle, e, BT 0, R 14, 1y, s, WELT O BT . g =g, g >0,
=== 22, = Pog (f,— y)) /T 12,50, 2,50, K@ £ 1%L, AIHI 1, >0 HIFESLT
JE R, AT, WSARBUSS T IR e B g B8 SCRTAT,  p AR BOHTIE ST T e IXRE A TT LA 3 B
€8, 6 FRTREEE T 0, MRS BNk T LA A RaE L, 7EFMIEE f = 1, + A (e, + 48) + A8,
Hf, = iy + f,d = Az, — 2, CABORUIZE® g0, 10, 1, WIWERR . R A, B i EOAHIARE

DOI: 10.12677/pm.2024.145158 38 FHIBH 2


https://doi.org/10.12677/pm.2024.145158

6. AELRMITIL

ARSCRF Matlab 80 BEAT BB A 2L, S0UERATRT I b S I PERE . A SO, B p=1, 4 =2, 4,=2,
X=3, A =lg=2=52, g=98(m-s?), BIEHIHN p, =10+sint, p, =0XMHISHHLH X, =1,
yy=cost, a,=0, X,=t, y,=10-sint, a,=0, FEELHRWTE 2 fME 3 FoR:

5

W - = ZE0) |
_ — T
=
g 3
)
s
&

1

0 A

0 1 2 3 4 5

) (S)

Figure 2. Position x changes with time curve
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Figure 3. Position y changes with time curve
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