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Abstract © In this paper, a seesaw system composed with a moving cart on the rail and seesaw frame is made to demonstrate the
effectiveness of the control theory. The control aim is to maintain an equilibrium of seesaw frame in spite of various initial conditions
and an allowable disturbance. To solve this control problem, a Pl-type state feedback controller using reduced-order observer is
implemented and applied to the seesaw system. The reduced-order observer can be used to estimate the state variables in the case of

the limit of sensor number or the constraint on setting sensors and the cost. A series of simulation are carried out to verify the
effectiveness of the control system.
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4. AlEdj0lMd

A7) FLaAG BE
o718 A (M3 A QR TdH H| A3
skaL, 0.01[s]e] MEH Aoz A
s AET

4 PIEe A= Fojz1 o5& TFaly| 98k
}%sﬂfﬁ Q% EAFRE viehs Aol gHo] HEE Al
2E AA v o] A3 ATH

i
&
o o
i

<0

JN'

Q = diag(970, 2780, 0, 0, 8450) , R =6.3, (28)

- 856 -



~

< 2 Q9% Zar, R Alage 3

27t B Ao Fuk Hwlo] A el ehgE A]ado)
o 3, S4FF #AEZV|E AA G 98] AR A|AE
o Sl 5Wi(A, 19V AHER #&7]Y o584 L T3
| 4 (30 2o
=[102.53 —100.98 8.78 —31.71 —36.62] (29)
-1044 00
L —381 1117 (30)
4.1 S UE7|9 M5 HE

Ak AN 2 FEAG AT o) 4 %iﬂ
F BE7)7F A289 FUE & X 47 R Fig
& UdY A2 N2 FaAs w3700 Sue L}w

Ao BF719) 271AE 0012, A2gel x,=[-006 01 0
0I'el el A Aoid e} grtojet,

aYN FaEASE B2 27129 Hold v BTeha
WE A ZE el A& A

i
[>
N

N w
=
|
|
|
|
T
|

Velocity[m/s]

0 e LT e o - S—
i //‘ |
B R T TRy Py —
2L :
0 1 2 3 _
Cart welocity time[s]
15 : : — ,
_ ‘ | | —— Obsener |
?‘: 11\,, T —— -~ -~ Nonliner system |
= ! |
% 0.5p - - e . -
% \\l | i
A
K b i I
> 3 // “ !
e et e .
| |
) | | o
0 1 2 3 4 5

Seesaw angular velocity time[s]

Fig. 3 Responses of the nonlinear system and the reduced-

order observer

3

x,=[-0.05 0.1 0 0]"1 Aejel Al Alol= A =sch o] %7
A1golnl W hAt A Aoz, Ak

o] tAgtE A 21 FlA Mg 75 24 P
AkE AAAN RS Fig, 4oll4 &218 5 glko] 715e =
Nz e oF 25(s] ol A A48 BEHE o|FaL
Ath
! |
. e T i~ -7
E | |
e T - - T T 7T I -7
g . |
: ]
2 3 s I
(a) Cart position timefs]
0.2 1 — -
2% ! ‘
LA B e Ep—
) A I I
= i I S——
< 5 S L |
N [ T ! |
0.1 = | ! |
1 2 3
(b)Swing angle timefs]
T ,
z l
3 [ B -
= | |
l l
1 1
2 3 5
time[s]

c)Control input

Fig. 4 Responses of the observer-based PI type state
feedback controller(solid line) and PI type state feedback

controller(dotted line)

(Initial values x(0)=[-0.05 0.10 0 01" and x,=[0 0]")

4.3 2i2tol| the HEe

e Aot £ Fol AT & ot

01*3%% A R o) THSHH

Fig. 55 st 4ol Fold aeel sl
wu A2 Al SlslE

—?—%

- 857 -



T SO R NN SRR 5. @ &
E‘on}\s—rl—/ﬁw- },,,@h,j 7777777777777 = 6 1 el w3 o
E ol ﬂ\:‘ﬁ; ! il\—x\i/}fxaa‘;—* B dApoaE Aldae @ Fo] EAste &7 dtel
Eon iy A AR FER A} o) R RS PR gumEa Aol
0.2 s L S : 2 AAsn, AZste AHESEE AT YA AdEH TS
ZAGE 222315 AESNE A7l A3 Al A AH
o Hgstgeh AEHNAE B8 xS Wkt A=A
= B 2 AN o] FojxE F ol mEA FHE
% FA8HE AL BFEA o] WHS Y W] FA4o] o
< FAY 1719 MM E AR okste Aol #7483
AHE&d 7 A& Aotk
o] FollE olEd AEHAH AHE EUE A4 EPHH
60 " ! ‘ Ax o AeI71E AAFE 1 4%E Flste d47 19
;40””3”’ 3 J 777777 T oJof & Fo|t}
:§20£”7 777777 . 4”""1” | T
Pt e T
RO 2 3 4 5 6 7 8 8 10
fexcontrolnout T 1] B34 31993), “AFA A zE T, HR .
Fig. 5 Responses of the observer-based PI type state [2] Luengberger, D. G.(1964), "Observing the State of a
feedback controller(solid line) and PI type state feedback Linear System,” IEEE Trans. on Military Electronics”,
controller(dotted line) Vol. MIL-8, pp. 74-80.
(Initial values x(0)=[0.05 0.12 0 01" and x,=[0 0", [3] Luengberger, D. G.(1971), "An Introduction to Observers”,
Disturbance: —0.05[rad] at 1.0[s] and 0.12[rad] at 5.0[s]) IEEE Trans. on, Automatic Control, Vol. AC-16, No. 6,
pp. 596-602.

[4] QUANSER User Manual. Liner Motion Servo Plants :
P01 and P02, Seesaw

gy 2007 8¥ 169
oAy 0 2007d 129 249

- 858 -



