A X

-1

# A Regulator& o] &
(o)

E®A Fb 3 K>

EEA & B &*

Stabilized Control of an Inverted Pendulum Cart
System Using the Optimal Regulator
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ABSTRACT

A design technique of dynamic stabilization controller for the intrinsic unstable inverted pendulum

system is introduced, Mathematical modelling with the more complex nonlinearity and the stabilized control theory
presented by C.D.Johnson are adapted to this system by using the state-space approach, And the Stabilized controller
with the designed optimal regulator type which can be fastly tracked and can be accurately counteracted against all
effects of the constant disturbances and the parameteric variations is simulated and is implemeted successfully on the

microcomputer,
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Table 3 Eigen values for each case

sl s2 s3 s4
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case 2 -241 -3.18 -491+j1.98 | -4.91-j1.98
case 3 -0.54 -4.83 -443+86.57 | -443-657
case 4 -0.13 -4.42 -4.85+6.74 | -4.85-6.74
case 5 -5.27 -13.24 2.21 -0.34
—®— 1 case 2
0.2
e —O— 7 caen 4
0.1 ~fl— t caze §
' 2 1 ‘. s
0.0 1 1 L 1 (sec)
0.1
0.1
vitt Headl
0.0 . . {sec)
1 2 3 . s
-0.1

(@) x(t)s} x,(t)el BEA &%
(a) Dynamic responses of x,(t)and x,(t)

—@— : caam 2
1.0
xatt b tead/seal Ot ease 4
0.5 -t case §
9.0 [/'- N, L 1 L [rec)
1 2 3 4

xatt {w/seal

lser]

(b) x(t)2} x ()} BEA &%
(b) Dynamic responses of X,(t) and X.(t)

tv)
Optissi Input utt) —@—  case 2
‘“+ —O— t case 4
? —— * cese §
H
'
! 2 3 4 3
° L ) 3 N H
Wd/ [sec)
-1}
o}
-af

(c) ## Kalman o} %
(c) Optimal Kalman gains,

72! 4. 2" Regulator 5.3 22} at A 3tAle] A 28le] FE
&5
Fig.4 Dynamic responsesiof pendulum system with optimal
Regulator type stabilized controller

28} 39 % 2304 o 5 AUrkAld fste]
At A Wstel sbx 2dee B Aol
52 A x(0el A K(LD)=2 vekx
ow ol2le] Ao EL Q gte] W B

~ 6 [deg)

70
’7“[ - 50 - lul < svi [0
" lul < 20v] [
' >0 bl < 1vi M
{]
40”-»
i . IH
J 30 l
~ T
.20 1 i
i i ‘ ' !
il ‘i‘lllo,,":ful 1\.
-0.544-0.4/-0.31-0.2{-0.1 o.1llo. 2{lo.3]lo. 4 rin]
LT T T T
HIRgsRD
=
=304] | 1,0 (Ll
ni G
-40 HH
]
-50 4 Uil ‘
60 HLLt
\\LwL
-70 ~

8 5. <tAs} sbsedo
Fig. 5 Stabilizable Region

321




07 ) 5 S Bram Lt '90—4 Vol 15 No, 4

a2 W32 veh == ebgkoh =& Abeid
2 x(t)oll Ha AFo]So] aA vehtmz,
A A x(t)oll g Aug ZAo] ¥ AE 7
ebowd otdch

22 5% case 20| gt ol F o g Al(2-5

ol A)(2-6)9] wiAdE =3 Ax} A]aw 2l g
tA sl Alold & oy ddE A8 Aol
Alelale AMsgke £1[V], +2[V] £5[V]z
stgon], AlojAglol wolA £E ghA 3} Ao
A5 gl AXA s}, Aol el 23kl
22 7+ 417)7] $sted Ao 5{V]E st

AFA 2% case 20l HfEF A AR A, 2 7] A

z{t)=0[m] = ¢(t)=0.15[rad ] =} =& A=z}
b st =4S el ok ol 1E
c) o)
E=4

(o)
L=

=

o

Ast Ae

(b) 0.5[sec]

322

(d) 1.5{sec]

(e) 2.0(sec]



i® 3/ # A Regulator$

o) §4 = AA Aauel bl Aol

(f) 2.5[sec]

ARl 2. AdAA
Photo 2 Experimental Results

v.g &
£ =tollMe T4 £ A1AH =31
2} Al £ H) 9 Hl*dﬁé*d-% He g ejste] mely

b4 3F o) Eoll 71 2% A
o} A 8} Regulatori“i g 4 gl & U
< A stg e, b3 steddE AAEA
o}, 2Eja, AlEdlold 3 AgAn, AdAd
HA dFaolel= BT £ AA A Lrlo
2 23 A A F dQdenz, 2
84 o] al=gich g, v} A2
stebel| el 9] BAA I 71e} 3Hgoll 7]ld oA
o Wabsb mAsigllul, AYs A] vl A
Regulatoro} otA 3} Ao} 715 32 =7 2l Apo}
e vAY AlarlE Alolsta Y Eed f8
¢ dog Algslch

b % K (Young Sik PARK) &8
1953%- 9 A17TH%

1979% HEik Tk BFIHH ¥
(T8 1)

1981% : Kiik Tk KEEE @t’i%‘
ft = (I#MMAL)

19855 [ iRk IX ETIHH Ht
BE

BE: 2ILEMK BF IR SIf8

L

2l

i

3

Ho

K.Furuta, & N. One, Attitude control of a triple
inverted pendulum : Int, J.Control, Vol 39, No 6, pp.
1351-1365, 1984.

. V.D.Furasov, Construction of controlled system using

specified estimate for the transients : VDC62-50, NO,
1, pp.23-29, Jan.1973.

. M.Sahba, Computer-aided design of feedback contr-

ollers for nonliner systems with application to control
of a double inverted pendulum : IEEE proceedings,
Vol.130,No.6, pp.350-358, Nov.1983.

" 4. Shozo. Mori, Control of unstable mechanical system

: Int.J.Control, Vol.23, No5, pp.673-692, May.1976.

. M.M.Michaelis, Stroboscopic study of the inverted

pendulum : American Joural of Physics, Vol 53, No.
11, pp.1079-1083, Nov,1985.

. Qing Feng. & Kazuo. Yamafuj, Design an simulation

of control system of an inverted pendulum : Robotica,
Japan, Vol.6,pp.235-241, 1987.

. HKwakernaak & R.Sivan, Linear optimal control

system : Willey Interscience, 1971.

. Brain D.& O.Anderson, Optimal filtering : Prentice

Hall, 1978

. C.D.Johnson, Theory of Disturbance Accomodating

Controllers : Acade mic press, New York, 1976.

# X | (Boo Kwi CHOI)
1963F: 12719084

1960%F © Ef# A R TBR = (TH81)

19804 © B¥FE K KBBy E T I#H %
(TB%8 1)

BE . RKHEAX TA BYIEF #49

FEHR

323



