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Model Based Control System Design of Two Wheeled Inverted Pendulum Robot
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ABSTRACT

This paper proposes embedded System of two wheeled inverted pendulum robot designed by model based
design method, using MATLAB/SIMULINK and LEGO NXT Mindstorms. At first, stability and performance of
controller is verified through modeling and simulation. After that direct conversion from simulation model to C
code is carried and effectiveness of controller is experimentally verified. Two wheeled inverted pendulum robot
has basic function about autonomous balancing control using principle of inverted pedulum and it is also
possible to arrive at destination. In this paper, state feedback controller designed by quadratic optimal control
method is used. And quadratic optimal control uses state feedback control gain K to minimize performance
index function J. Because it is easy to find gain, this control method can be used in the controller of two
wheeled inverted pendulum robot. This proposed robot system is experimentally verified with following
performances — balancing control, disturbance rejection, remote control, line following and obstacle avoidance.

Key Words : Two wheeled inverted pendulum, Model based control system design, MATLAB/SIMULINK,
Quadratic optimal control

.M B
Tmal AR Y, Fgy H7|SUBHY B i
E-mail : jji@sch.ackr SRR Tl o) Y "ol AAE 47
SrdRY, sl Y| SAUAA S HAlatY oz A% Aol Wt 42 Wi Az} o] F= AA}

=, TS

Wl ohat
HM2olx} : 2010. 9. 15 11 7 (Pitch)S =83 oz disf &4 022 Aojste
1

M5 ZF B X-|7|EA|_I3__6I-II_} e
1% Al 11
2Kt AlAF: 2011, 1. 4 AlARRER 2011, 1. Alzdloz Hebgdl Alxdola Ao AL



71k Ao} Alz=gl A 163

| 3o] tFolxien, 2% 51_83
ZHolu makle] XM fxﬂoﬂ wol SgHT} =
A2 A|2~Ee a4 $E(Cart)d, Y25 (Rotary)d
om FHFge A $EoR AXF
Fo2 AAE Ao @
# EHAA FAZE dolA=
ol A7kl g ¢ dol AEVIZ 7F He v

iy
2
X

fetl
e
rlo f
P

g 93 A/ Aolstel #AS A4 Aolst A
of 222 A= AAD olF AU F Yt 2RS

ettt v A4sak 38s|(SAE) 9] Ak 1 &
(Vehicle Fixed Coordinate System)®'o] w2 x
of eHAol v 20E RAEI yEge =9
o] AR Qg EorAd AA"”lo] H} olF &
A= AdnA el =yzIzet g FAo BAMS
& £ 9lE Aol ZAFZ(Gyroscope) AL A
(Inclinometer) AA EE 71&E AME o] &3] &
=4 =] (Inertial Measurement Unit, IMU)S 741 3]
o] AAzE ZA] o] &g}

&9 ATEA, el e= FH A 7IHE o
e A AN S A e A BE)2
e Agk Xﬂ°17]m] LQ(Linear Quadratic) A
&3 Ao1717F AFHAFH T
23 9k #AZ7E o] &5t Abgol AH
EolE =yAE e a, LQale] o
& 4% 101*4“4] B &R A4 0] §A
bz 3y 9 PID Aloj71E o] &
. pD xﬂoiﬂe o] g AA Aol 57
Aw Ao} o] &85 o] &3 A AE o}

2 e ol X 05 }:1;1
o, HT oX L 2% oo oo

ol

O
-

[

=< LEGO  Mindstorms — NXT<}
MATLAB/SIMULINK Z2713 7jdgh7ela 2y
u A7 (Model Based Design) 7S o] &3 24
2 Ao} o R A Alo)7]E AAste] A& oA
2 AGo R A Ao e FelstAtt

2. A A2He 74

21 st=E¢of 74
2.1.1 NXT ofel=EAE H 07|

NXT+= 32H|E  ARM7 vlo]aZ =2 X2 AA (256
Kbytes FLASH, 64 Kbytes RAM)E &3t 238 A
EZgolth 32HE CPU= 7] tAE &9, I
HE, f2Zde], USB 20 ¥ EF5F2~ #
2 Ao] 2A4L AgPer} w3k NXTol| A WaH 8

HE AVR vlo]Z2ZZ A4 (4 Kbytes FLASH, 512
Byte RAM)= A/D ¥3 PWM Alzd 2 vE %
2 5o %S Agdt 7 ZRANdE 4
(Flash) ®WlZ#$ RAMo] ¢glow, Z2AA zhol=
I2C WA o2 EAE Y

2.1.2 NXT Oil=E2 & Ho{7]
NXT= 4709 A QExES 2Ea gle] NXT v}
QEAFEOR & HA A, &AM, A= A

9 zo3 AN A28 4 3l o AL ol
8 =4 deltS ABAA Teadst e Aol
Zeage AP 5 JEE w5 5 A B

—‘?‘Oﬂ/ﬂ“ AA Aol g A Ao|mAAIZ AN, 24l

213 B¥=E

NXTE AeHtel 3719 A" FHELEA, B, O
E zta qlow 747t =yhow A%y FEo] 7bs
alc}. “ON" Aelol A ZE o " mis "o

“ JEol 7bsstm "OFF” Aejoll A=
Byela AAY, &2 EEIL A
T2 3 £ gt o] FEEL B

WEZM e el 571 %Ew oo

_IN l‘_&

214 2 & ®S7|
MllEsEY] ARAEIE AFagel v Fo
&

o, A7|17F 22 Fatel dsir= AE7] A E2
&

old at AF7] AFE &S A o vF 29
& FEAI7] fdE AR As7] 20E ARES A
F71d= #e4 FEF A3 (Optical Incremental

Encoder)7} 71202 3u o] 9t
215 o|F ZRIANX 229 9¥
o AR olF TP 2RO AA BES
BS J)5oR »}w fUﬂ xﬂ
= SR
AV Z2A 1E 7<1—x1— 3} o Hﬂ
b Aol e At
Ao}z 74 Ao E &)

s, de7le A=y

Mo 42 |

=
2
e
-
off
1z

go it —{11

’

2
1o,
oM.
~
-
N
A



164 HUETEE @GE 164 529% 20119 4J]

Two wheeled inverted pendulum robot
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Fig. 3 Free body diagram of two wheeled inverted pendulum

E 3.1 Ol ZEZAX 2Re| B
Table 3.1 Variable of two wheeled inverted pendulum
W4 20 v
2, [m] BA A T4 ol
0y, [rad] 25 vl o] 37
0 1. [rad] A% A%
Tpypz | ] 2% w9 914
Ty, | [m] 9% w29 9]
T Y Zm | M) 4 nA e ddse & 4 9
TpYpz, | [m] BA AY 49 9
¥ [rad] | Adel +43 W3} o5 B4 A4
& [rad) 2R 2T B 277

¥ 3.2 Ol EEIA 2R M=

Table 3.2 Parameter of two wheeled inverted pendulum robot
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