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The Control and the Real-time Analysis of a Horizontally Rotating Inverted Pendulum
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ABSTRACT
This paper presents the dynamics and the real-time control of a horizontally rotating inverted pendulum.
The dynamic equations representing three degrees of freedom rigid body motion of the pendulum are
derived, and the state feedback controller is applied to the motion control of the pendulum. A 32 bit
counter board with 16 bit hardware communication ability is developed to improve the real-time control
performance and is applied to a horizontally rotating inverted pendulum, The simulation and experimental
studies are conducted to evaluate the performance of the developed pendulum system and the timing in

the real-time control is analyzed.

Key Words :
Z A1), Time analysis (A)7F 8]4)

LME

=Rzt Aojzldl g FeHstel EAHU
Agdes Bol A7l gk Mori et alVe
sl dAlol 9 &H A A o (feedforward control) 2]
A Aol (composite control)o] &3le] AY =Pz
& Aojstglem, Furuta et al®e ZHAR # Yo
A9 2% =YX A (double inverted pendulum)E
T EAold] o3t A¥sATh Anderson®e 4l
Zgolees @AY H-88Ac} Dimeo et al?
< EHAAA2GAN nFH FAZNEFS] FTFE
#Aegom, Aimar et al¥e TPz HA w0}
#F 2 dngEg AYsiA.

Yamakita et al®e 2% @zl $9GA)ol
(swing up contro)Z B33, Misawa et a7}
Thein et al. ¥ $23AY YA Aog A
Tt Piccoli®= EHAAe] Aojo] 7j8tetQ
1€ =989t Ohsumi et al’®e Z @29
F99 2 ¢Asel Lie =F(Lie theoretic tools)E
=934tk Paraskevopoulos et al™e M3 A3
29 uvA(linear exact model matching)”|¥-& £ ¢
Az H434} Lin et al'?e M8 3-A o=
linear high-and-low gain) 48 =Hw#¢ Alojg =
B 2tel] 223tk Adachi et al™®Pe 3 AY
EYGRAR Az HAA 7Y HLslgo)

ZUWAE A&l HAAANE, AUNBPo)
H. 3AANE, €547 o289 =540

-341-

Inverted pendulum (E#AA), Motion control (EA¢]), 16 bit communication (16¥]E

2, 782 Adusd"qg AE, HuHgWe
one-chip wFolI2 HFE | & Aojg, wspzg®
o] LQ AN E ZPAAA 2" At

E =fdAaeE 78 A= 2= #4348 =9
AR Azl oiste] 3209 ZAEE diF T4
g2g F583, AHEYY AMoE 433yl
suz¥E 5849 Huy N5E A4 A%
o st=slelgo 16 bit FAL S 32 bit 7
o REE ARER, oF TUUA Axdd 485
o Mgl % 48 d3E P34, =& PC
o] gy QHYPEE o] &3 AAZE Aoja g4
A, St 2 Zaad9d b A8 A7kE iy
3tk

2. FHEMY ZAMXAAH
EYAAE #HIdged uwel MEEYH(linear
track type), %3] ¥ (horizontally rotating type),
2 3| A ¢ (vertically rotating type) ToLE EH
T Ut JPEAY L EYFolst Ao glow,
FHIAGH FIAYL EYYolq A3lo] gl
3 Axz 7139 ¢ oy, BEAAA uHadA
o] AXA Ao},

2 m=idAMe u$ B3 3349 ZASF v
A FEAEL JIAHUEA B3 AEE Az Ye
Fig. 13} 2 $£33813Y =8 A28 313
sttt WA FHAdE B AC AE 2 9



st FEHI Jow, AR (2000 pulse/rev)dl] €]
3o Zx7t 2453 Qo Aze 7jgeld 4=
e Xdavgg Abgstd A, Zo] A4
g% Mol mgde WAy 93td HejA e
HHE o] &3 it

pendulum

potentiometer

AC
Motor
Motor
Driver
encoder
conmartar counter oA

Fig. 1 Schematic drawing of the horizontally
rotating inverted pendulum system.
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Fig. 2 Parameters of horizontally rotating
pendulum
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Fig. 4 Angle of the pendulum in simulation.
(.C 1 6y,= 22 rad, Gy= 0 rad, S.T : 10 msec)
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Fig. 5 Angle of the arm in simulation.
(.C : 6y,= 2.2 rad, 89,= 0 rad, S.T : 10 msec)
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Fig. 6 Angle of the pendulum in experiment.
(IC : 61,=2.49 rad, 6,,=-0.01 rad, S.T : 10 msec)
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Fig. 7 Angle of the arm in experiment.
(I.C : 61,=2.49 rad, 65,=-0.01 rad, S.T : 10 msec)
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Fig. 8 Angular velocity of the arm in experiment.
(IC : 6,,=2.49 rad, 6,,=-001 rad, S.T : 10 msec)
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Fig. 9 Angular velocity of the pendulum in exp.
(IC : 6,,=2.49 rad, 6,,=-0.01 rad, S.T : 10 msec)
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Fig. 10 Anglur velocity of the arm in experiment
(IC : 6,,2.48 rad, 85,=-0.025 rad, S.T : 20 msec)

- o - n W )

[

<3

An.uhr.viadw of penduluta (rad/sec)

»
Ofme
s

20

Fig. 11 Angular velocity of the pendulum in exp.
(IC : 6,,2.48 rad, 8,,=-0.025 rad, S.T : 20 msec)
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Fig. 12 Angle of the arm when motor rotates
90 degree every 5 seconds
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Fig. 13 Angle of the pendulum when motor

rotates 90 degree every 5 seconds
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