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x = [ﬁ7 (b7 ¢7p7 q? r]T7 "y: [yl’ yz) ySJT: [{}7 4)5 ¢]T.
(D,
x= F(x)+ AF(x)+ [G(x)+ AG(x)]u,
(2)
y= h(X),
[ - rsin®+ gcos® 1
(1/cos®) (rcosP+ gsin®)
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AG(x) = |~ i+ & Tt 0 :
11
0 A 1*» 0
0 0 E—
L - LL+ I3 - LI+ 1.7
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0 0 0
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G(x)= |- I.I. + I..” , h(x)= | 0|
¢
0 1 0
I,
1
I 0 O Trni 2
2
x=f(x)+ &f(x)+ [G(x)+ AG(x)]u,
~ (3)
y - h(x)>
, x €ER" ;u,y €R" / ;s Nf(x) AG(x)
G(x)= [gi(x), s gn(x)]; AG(x) = [Ag1(x), -5 Agm(X)];
h(x) = [hi(x), - ha(x)]",
JS(x), of(x), g(x) Agi(x) s hi(x) .
2.1 / (3.4
(3)
x=f(x)+ G(x)u,
{ (4)
y= h(x),
1 (4), x= x° ,
(1) Lglthi(x) = 0, 1<ij Sm, ki< ri— I°
( ii) m X m
Lol hi(x) o Lali 'hi(x)
-1 r2
B(x) - Letlf ho(x) -+ Lelfh2(x) ,
Lali™ 'ha(x) o L™ huf x)
x° . (4) r= _Zi, ri yi=
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hi(x)
(3).
1 (3)
D(x):R"~ R" E(x):R"~ R™"
Vx € R",
Af(x) = G(x)D(x), AG(x)= G(x)E(x)* (5)
2 ya= [yan - yan]

ba> 0,
W yan, y&s sy 0V s Yams yims s y @V 11 < bae
(4) :r=n* [3’4],
T(x):
T(x)= &= [&, . &, (6)

o &= [hi(x), Lyhi(x), - L hi(x)]"
v= A(x)+ B(x)u (3)

'E_,z A&+ B/B(x)D(x) - B(x)E(x)B_l(x)A(x)+
(I.+ B(x)E(x)B™'(x))v],

y= C§ |
LA(X) = [ai(x), s an(x)]", ai(x) = Lfhi(x), In ;A= diag{A},B:

(7)

diag{B}, C-= diag{C}, i= 1, -.m
o 1 0 .. 0 0
0 0 1 0 0
A= | . ) . Bi=|. ,CG=[1 0 o d e
0 0 0 0 0 nXri 1 rix1
; (4)
u= B '(x)(~ A(x)+ v)* (8)
2.2 [5- 8
Yr = [_/y(({fl)> ysr;); i yf]rr,lm)]T7 ) e = [el; ) em]T> e =
[eit, - em‘]T, i= 1 ... m,
e = yi= yai e =y - fl?_ Ve (9)
(8) (9. (7)
e= Ae+ B/[- Y.+ B(x)D(x)- B(x)E(x)Bil(x)A(x)+
(10)

(I.+ B(x)E(x)B '(x))v]*

(A, B) ,
K: dla{K} " Ki = [kib [RXY kiri]; l = 1 mj
A- BK .

3 Vx € R", Pi(x) BP(x),
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IB(x)D(x)- B(x)E(x)B” 1(x)A(x)+

B(x)E(x)B '(x)(- Ke+ Y,) |l <Pi(x), (11)
.+ B(x)E(x)B '(x) llic 20P(x)> 0, (12)
[l I R" 2 e oo R™" .
y yd :
v
V= Vi+ vy (13a)
vi= Y- Ke, ( 13b)
T
V2= Y(x) IIBTPB;pf()iFjl(IIxi ge ™ (13¢)
, Y(x)= Pi(x)/P(x), € a ,€> 0,a> 2/ Anax(P); Anax( P) P
; P R Liapunov
(A- BK)'P+ P(A- BK) =- 21, (14)
116l (3) 1~ 3, (8) (13)
) Yy ya&
3
(2) : y= [ 49,
ya= [1- & 7 (sin(0.372t) + cos(0.372¢))]d,
d=[5910]" deg (2) (6)
(7 (2 1~ 3 (8) (13
200sin27 + T'ia
Ti= | 200cos2Ti+ Toa| Nem,
150cos2Tt + T3
I, = 833.222kg*m’, I, = 13299.521 kg*m’, L. = 12856.753 kg*m’,
L.= 1 047. 665 kg*n’,
Taa(i= 1, 2, 3) 0,
~ 100
5 T AL, = 0.5(1+ sin(0.1¢))0. 21,
* Aly = 0.5(1+ sin(0. 1£))0. 31y,
5 AL = 0.5(1+ sin(0. 1¢) )0. 3L,
- Al = 0.5(1+ sin(0. 1) )0. 51,.*

_— . " " . ky = 4; (L = 17 27 3;.] =
/s ,2),e= 0.0 a= 3 [0 ¢ b =
1 (1018, - 10/ "deg [p, ¢, r]" = [10 10 10/  deg/ &
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Study of Airship Attitude Tracking System

WANG Xiao liang, SHAN Xue xiong
( Department of Engineering Mechanics, Shan ghai Jiaotong University,
Shanghai 200030, P.R . China)

Abstract: The attitude tracking control problem for an airship with parameter uncertainties and exter-

nal disturbances was considered. The mathematical model of the airship attitude is a multi input mul-
ti_output uncertain nonlinear system. Based on the characeristics of this system, a design method of

robust output tracking controllers was adopted based on the upper bounds of the uncertainties. Using

the input/ output feedback linearization approach and Liapunov method, a control law was designed,
which guarantees that the system output exponentially tradks the given desired output. The controller

is easy to compute and complement. Sinulation results show that, in the closed loop system, precise

attitude control is accomplished in spite of the uncertainties and external disturbances in the system.

Key words: airship; uncertain nonlinear system; feedback linearization, simulation



