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Abstract

In this paper,

We proposed the nonlinear controller and observer design for a ball and beam system.

Unfortunately, for the ball and beam system, the control coefficient is zero whenever the angular velocity or
ball position are zero. Therefore, the relative degree of the ball and beam system is not well defined. The
presented the nonlinear controller and observer design is based on the approximation input-output feedback
linearization. And we verified that the proposed nonlinear controller and observer scheme is the feasible

through a computer simulation.

Keywords

LA &

HIE0lA v E781EE A oo &(differential geometric
theory)2 B8 Al 2%l o]&(nonlinear system theory)<]
AAHHAM FHAG HHG Fxa vt 53] AR
A3 o]&(feedback linearization theory)& 1 FojA
b AEHeg AAe vy Alade AMojd FHEH
I Ue #2oFg drtoltt. HAPIYF3 o]&L vl dFA 2
Hol] AtefH E(state feedback)S 7}st] AAQ HFA|
2dlo] M¥(linear)e] 54 & ZxHiE Aotk o= H]
Ay A&FE Aojdider @R HIA2Hol&
(linear system theory)oll Al &M@ ThFd Aojo]l&E 11

HE HE&¥ & Ax, 2 A¥ 9 540 Taylor's g3
M(series expansion)Z PR = A ¥ AHF 719 (linear
perturbation technique)oil vl3] Hlw ¥ W& Fi 489

s zZetteelr BldP A=Y AojRooA] ufg
ERFY 7oz JAA4HI Jd 71EY AE H¥3
21HE Ax"e 388 FAEn g Jeuae
BA F, Aladel AlejubA A (state equation)E M3}
A7l Ae) A8 sh(state linearization-Bey= ] &-A el A
& 3l(input-state linearization)[1],[2] Z22lx o|s}= g
Alzwle] T Eate] AA JEHWAHE ¥

8} A)9)l= 9E8 A ¥ 3Hinput-output linearization)[3],

: nonlinear, input-output feedback linearization, controller, observer

MIZ2 ZA YroiAdh ey £ AfadMe 458 A
3-8 F8le] ball and beamo) t)3 Aoj7)9} =
71& AAstnz g

& =89 74L& 23 A& lagrangian WP 4 & o] &
8o ball and beam AlA2¥le] FsY S FrdPo
o], 3o Me B2 28 AY A3 w
S E3% H33}9 cannonical forme A QF3FH T 47 ol A
= VSSol&& B3l Aoj7| & dAE D, 5 A quasi-
BlAE #E718 ASstAS 6o E 437 53 A
Qb A oY719h BEUNG] LS BBAHL AHH AR IA
& T39 HEFYoH, 7l AES Pt

II. 89 58353 vd
B AdAMe oS3 2 1¥81.9 ball and beam Al

ol el A Lagrangian H44 & =93 T3 BHAE
FE



126/ o] i@ ¥ Aoj7] & d57] 4A

a9 1. B39 7=

o 7] A

r: balle] 9 %], 9: beam? Z%E, r: beamol] 7}l E=Z
Jh: 389 BHTHE, M: ballg] massE EFHT
a2YLEREY EFAUXYG YA AHRE ST Zo| &
HEg5 At

Kinetic Energy :
K.E= T 100 + 3 My’ ()
Potential Energy :

P.E = Mgh
= Magr(t)sin 8(t) ]

o714 h = r(t) sin&(t) .
S5 ¢} YR A 228 Motion Equationg X%
3}719 8] A] Lagrangian Equationg =¢38ti1z}t gho).

L=K.E—-P.E
df_oL 1__oL _.
dt[ 26(t) a0(t)
d oL 1__dL _
AR R ©)

213yl 2(1).2E AH &8 22X ball and beamol] F¥ &}
BN g go] ¥AT 4 ATk

(J, + Mr(t)® 8(t) + 2Mr(t)r(t) 6(t)
+ Mgr(t)cos 6(t) =
r(t) —r(t) 8(t)* + gsin 6(t) =0 @)
A@el A Fol7 vlEEAe AudHoz A
AshA thg ol Helsw
r(t) =x, (1), r(t) = x,(t)
Aty =x4(t) , 8(t) =x4(t) (5)

ABEFE @AM FEE %59 dagsd HAHHde
g 22 Y8 AR FETE 5+ U

x,(t) = x,(t)

Xo(t) = x,(t)x3(t) — g sinx4(t)

X3(t) = X4(t)
—2Mx1(t)x2(t)x4(t)

Jh+MX§(t)
_ Mgx,(t) cosxs(t)
Jh+fo(t)

1
Tnt Mxi(o O ©)

o8 ZAMeE =8 THS WH AN daiA Fohabert
71RAsg A2He 298 AFstn, 2418 SHAE A
3 3} (approximation output feedback linearization)¥ 3 -&

E3&ta A3 8 cannonical form& A ¢t}

x4(t) =

+

m &8A8 433
£ Zoj A= ball and beam A 2F o} ik $33 2wy
2l6)oll dsiy A2 iAot 7 225 e &
gHE g o] HAJ}
y=h(x)=x, @
2}(7)o} Output Feedback Linearization Method& 2-8-3}
| @)} o] EHY 5 AN

y = Xy
9: Xy
@ @
y = X
- (3) )]
y o= x )

4(8)2. & ¥ generalized-state coordinates A]2¥-& oh
£ 2ol 28E + AY%
nm=y=h{x)=x,=¢,(x)
7}2:3/(1): x) = Lh(x) = x5 = ¢s(x)
7=y ?=x;=L{h(x)
=x,x}— gsinx; = ¢3(x)

2=y P = x,x3+2x,x,X,+ gcosx; X3
= x2x§+ gCOSX 3X 4

_ AMx3x,x 2+ 2Mgxix cosX 3
Jh+MX%




2001 @Y (SRR - N2 e 25 BRAE AL 281 % /127

2X1X4 u
Jh+MX%

=Lih(x)+L,Lih(x)u=¢,(x)  (9)
2)(9)2 B¥ centrifugal term ¢l x,x; =r § o] EA)3}
D24 ball and beam Al&=¥e] -8 @& FHH3}A
Al £ Ak &, x, =0 £E x,=r19°] zero 4 1 A
o] A4 ( LL#h(x))7} zero7} 5= 2 A ball and beam A]
2do] Ao ah4(relative degree)7} B o5 2] ¢keth. whet
A oxixi=r0%e FAEE IS BF e ge e
24 2AST Qa4 42 Hor) HEE 6w e

#-& Canonical Formg ¢& 4 Ao

7512772
7}2:773
7./3:774

7}4 = W1(71, 72, 73, 774)
+ W (o 79 75 n)u = &(n,t) (10)
0:17]&—} 771:0,772:0,77320,774:O§ ‘?_]'E-Y\f 1—]]0‘]\:"’:}734

ucll WsiA 47l dAE P

IV. VSS Ao}y 44
£ Aol VSS o]&8& =lstd Aloj71& AAg
mehA Aol EAE HA0)NM 7y, 7y, 7y, 702 B
E ug HASER0l Ao FFHoln o]& 93t VSS
o8& =YFch 2(10)8)E R E Switching SurfaceE o
&% Zo]l 43 g ss (0o} HEZ8}= Control Law
ug 4AA%c 7|4 Switching Surface® t}h-&3} o]
d3ect.
s=cymtceampteynty (11
ss=s(c 7+ comtcyn+ 1)

=slcym+cons+cym+ W, (ny 79 73 74)

+ Wo oy, 70 23 724)ul<0 (12)
o 71X ¢y, ¢y &= Hurwitz 84| 4339, Aoy e g

3 o] HEY & Yk

u=ksgn { Wy(n, 7, 75 74) } (13)
of 7] A

k= sup
7,773, MERT

Leym+eony+cang + Wilmy 93 73.90) |
| Wl m2.1m3.70) |

V. Bl AZ A 2" g3 #Z7] A4
B HoME AT 2o uHY 53 P o
stod Wl MY BEIE HAS] YA ge gL H
AY A28 e melstanzl o,
X1(t) = x,(t)
x5(t) = x4(t)

X1 (£) = x,(t)

xp (1) = &(x,, X5, %Xp, t)

y=h(x)=x, (14)
H(14)7 2& vy A" daAd g gL P
& 339 #Z7] E2AE XA ot
1143 2L A&"d o | Hx,t) -z, t) ]| <
klx—zl, x,zeR" & ©&ste 49 44 k7t EA3
H Age A% {A,i€n, 40, 4%#4;, i#j}el st ¢
29l g=g, o M t}2 2 2L state observerg&
3l positive constant ¢; 7} 24 %o},

il =Zz+a1(y—z,)

in~1 =Zn+an»~l(y—’zl)
z,= &(z,t) + a,(y —z)) (15)
A7 (ay, -, a) v AFelR (-4, ; ien) ¥ o

B 2E gyl 2 olth[5]

A"+ o A" e 40, =0 [ ]

el Fobol (1002 SA2w ey 2o,

7}1= 72
7}2: 73
753=774

754 = W,(n, 7, 7, 1)

+ W (o1, m2, 23, n)u (o, 3, 73, 74) (16)



128 / ¥l A vy Aojzl & A7) HA

21(16)ofl A&l & 83} 2 Z A Quasi-Nonlinear Observer &
s 26 £ Ao

zy=2,+ a,(n —z;)

Zo=1z5+ a,(p —z,)

Zy=12,+ a3(p, — z,)

Z'4 = Wi(zy,23,235,24)

+ WZ(ZI . 29,23, Z4)U(Zl , 29,23, 24)

+a4(771_'21) (17)

VL. Z3FH A Ed oA
B A e oM 2413 248 A¥s HHE F
8led At ball and beam Al Eloll thgF WA Ao}
o} BZ7)0) thalA balle] X9} beamo} Z} ol o 3] A
2 B34S AFE AEYHIAHS Tt RAYET

-I T T T T

2 See 3 4 5

292 AHoidly

x1 and x3

— ]

1 ce oo 23

z1 and 23
— @ = N W

2 Sec 3 4 5

0 1
1%4 Zlg}' Z3
vi. 4 &
B E=RJME ball and beam Aol A$

centrifugal term . 2 Q1&tod a7t H =R ¥S(4
a7t 3 Ee 4)S & 4 2dled, ball and beam A] 2
Ho wAHy FHY wAHNoE FE FAE output
feedback linearization ¥}t-2 A &3l Aoixl47) 424
HU7} =2 g} VSS o2& F3la] HlAY Aoy
A3 wdY BF7]) A Bk AL Ko, Atd
Ao A &7 disiA 1 B-AEAE Y AUH-
goz o] A7 Hojol & BE O 2 slotineIsidori
Vidyasagarel] ¢]3te] Agdd UA-AY U3 Uye
S Huo] vy Al Sesteg dnbH v
Ay AMladelz 28 8 Je L-249H8 33 4y
2 Y- LA dgshiy, o Bdy 35719
observability criterion thsiA} J+E AP A Yo|t}.

FnEd

[1] W.Dayawansa, W.M.Boothby, and D.L.Elliott, "Global state
and feedback equivalence of nonlinear systemns," Systems &
Control Letters, vol.6, pp.229-234, 1985.

[2] RSu, "On the linear equivalents of nonlinear systems,"

Systems & Control Letters, vol.3, no.l, pp.48-52, July 1982.

[3] A.Isidori, “The Matching of a Prescribed Linear Input-Output
Behavior in a Nonlinear System," IEEE Trans. Automat.
Contr., vol.AC-30, no.3, pp.258-265, March 1985.

[4] A.lsidori, R.Ruberti, "On the synthesis of linear input-output
responses for nonlinear systems,” Systems & Control Letters,
vol4, pp.17-22, North-Holland, February 1984.

[5] Yu-Fan Zheng and Shu-Zhong Chen, "Design of Observer
for Nonlinear Control Systems," Proceedings of Asian

Control Conference Tokyo, pp.341-344, July, 27-30, 1994.



