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Sliding Mode Control of Rotational Inverted Pendulums Using
Output Feedback Compensator
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Abstract

A sliding mode control method using -the parameterization of both the hyperplane and the
compensator for output feedback and reduced observer is presented for rotational inverted pendulums.
This control strategy overcomes the problem of unattainable velocity state which is resulted from severe
noise of analogue sense and constructs numerical algorithms for designs of dynamic output feedback
sliding mode hyperplane and controller. The result of the experiment shows the superior performance

compared with the LQ controller and the robustness with respect to both tapping disturbances and
certain initial conditions.
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Fig. 1 Schematic of the rotational inverted
pendulum
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Table 1 Parameters of the plant

Parameter | Jom  Jpen m R l
- Value 0.0845 0.009 0.11 0292 025
Unit kem® kgm®’ kg m m

Table 2 Parameters of the controller

Parameter Value
Q diag([4 100 0.1 101
)24 [-20]
D [0 -388.25 6.94]
S [768 -1.75 179.76 1]
L [9.3 -1.58 217.79 1.56]
()] -10
o 1
13} 0.001
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Fig. 2 Simulation results of pendulum position with

#(0)=0.3 rad
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Fig. 3 Simulation results of pendulum position with
#(0)=0.6 rad

Fig. 4= 4% Al=d F4& yed 2% 1)
YEHOIHAA 257E ALEsle] AAde A
AL, FEe IS Folv] P a2y s¢
A Bojmgx gy W9 WdN J3aFase
7} 100 rad/secelx ZHAE7E 079 AFH £
7 dHE AMgsiden ¥R E2E A7

(sampling time)< 0.0

Servo diive
— ymzmeesee ) gememnn
!
H 1l Power
H it Amp
c C:) H D/A | )
o 2 ilosp :‘i—_‘_r_r_m.m
|
M (- [Control O Wy
P '[Board b
U gl % !l Low
T vl ABIEN pass
3 s ! + ) filter
R : Vo
i
.........

1/C controt board

Fig. 4 Configuration of the control system

-473-

05

0.4
B 03
§ o2 SMC using output feedback
Z
a

0.1 1
g ™ /
2
3 =
% 004 L—v~’—.-/-»\_.\ww»/«=~
o

041 4

02 . '

° Y 3 T T
Time (sec)

(a) Output comparison

151 LQ
E 104 Slidng-mode using output feedback
© i ‘
g %
S N il N
; o4 fa»w"l‘.vuvw:::t:.f}v MM“
(=%
£ 54u

o i

15 > v — v

1 2 3 4
Time (sec)

(b) Control input comparison
Fig. 5 Experimental results of output and control
input with ¢(0)=0.3 rad

Fig. 5% Fig. 62 22 Z27199X]71 0.3 rad, 06
raddl A9 #HZdold Hed A viag
e itk Fig. 594 B E A (filtering) = A &
< FF s LQ Aol 7T Ao
¥E ol A ¥ Je AS ¢ F Yo
o2, 38 3% A8 A EIEV HAE

LAt LQ Ael7ivt &8 A=W o
getold AR o] A "ol e
¢ & Aok £ Fig. 69 34, LQ A7
FHgAd 7)) AR A B —(Knx
dolA A7t ARz 28 F=9g o8&
ggtold E= Aoje ¢4 HH dHilA A
A A 7F olFH Tk EF 7hE 3 (tapping)
JTAME LQ AoA7int ZAe 45 B
& ¥ T Ut Fig 7ML 3 4F AX A
Wl (bang-bang) AE 2Y(swing)dty] =¥
A2 Aol 02 radilA €8told Z=g 29
A Feozn g9 27 &, 7] AXAME

% op K
tlo rt ru+

wy rlr



0.8+

98+

SMC using output feedback

0.4+

024

Pendulum position (rad)

0044

0.2+

1%
Tapping disturbance” |

T v T T T T y
0 1 2 3 4 5 6 7
Time (sec)

Fig. 6 Experimental results of pendulum position
with tapping disturbance in case of $(0)=0.6
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Fig. 7 Experimental results of pendlum position for
SMC Swing-up control
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