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Implementation of 2-DOF Inverted Pendulum Control System
Robust Against Actuator Uncertainties

of & &, ol o A
(ChangHyeon Lee' and YoungSam Leel‘*)
lDepartment of Electrical Engineering, Inha University

Abstract: In this paper, we propose an implementation method for a 2-DOF pendulum control system that is robust against actuator
uncertainties. In order to guarantee the robustness against the uncertainty of the actuator, we derive a model in which the robot
body’s acceleration is the system’s control input. We then verify its validity by implementing a 2-DOF pendulum system using an
omni-directional robot(ODR). The 2-DOF pendulum system can be stabilized without a mathematical model of the actuator in the
proposed method. Therefore, it is possible to eliminate uncertainty in the actuator parameters. Furthermore, the method provides the
advantages of flexible selection of motors used as actuators. First, we design a mechanical part to measure the angular velocity of
the motor and to measure the inclination of an inverted pendulum. Second, we derive a mathematical model of a 2-DOF pendulum
system for acceleration which the control input. The controller adopts the Linear Quadratic Regulator(LQR) to obtain the
acceleration required for stabilization. The determined acceleration is converted to the velocity references of wheels through
integration and transformation. The velocity references are followed through Pl-velocity controllers. Third, the control system is
implemented using the open source hardware Nucleo-32 F303K8 board. We illustrate the proposed control system’s effectiveness
through stabilization experiments.

Keywonds: omni-directional robot, 2-DOF pendulum, LQR, robust, actuator

L NE & A2 mAPPAS FEslof she MARG] 2AF
_ _ < ojujgit}. ol B =RoXE F57 g B3}
=Y} Ao A|2Ee B Al2Eo]n nAEH A /\]/\-]:)]ﬂ]ﬂ—jﬁl- ]x%]u 1ok gj]]‘]j]t]]—?_z Xl: JJrira];jz}E/\]
548 7P glol, spAgel SAgeel Aol BA R T T ;10 i oA mg;,f;f; c
= ) == 5. 2=tk = = o u=E RO o o T I °
o e o e % % omidiccioals] Slvl& Liehir), 75719] b
Sl BHLOL e el ARRE TERD W gaune) gage wael A B s
TR FElE s, SRAAE Aolshy] sisiAE T wrsrel o L e
%E Ha Aolais Aol e Fasich wepy m oonee ATl TR ODRE TSR AUES
e ool e © MAE Fot mdg AAED, oF o8t 2ARE
O~ o] Z2=3 >
AA A2 ek ofyel FeRel el e B ozia} Ao tg wEl e Aol S Aokt
9 fE 8 s SR s AFoF Bt =YL A s . © ODRS| LE@sls Bas
Elo] O3k A1 21 TEs]e 2Eel ey 2 oVIE T T iSRS ODRE) EEets 8ot
—u W [ ]\_ ?07]/1 o‘l’l‘g’}’—l——ao o= T E=50] AT S = = =
Aoz ]A—:]_Saotq =R ul =@z ?07]’] == reference = Bﬂ@j—o}-:ﬂ_ ?‘ 7]«] —‘— X‘"o‘]—
S| 7)&3 , X-Y plate 25 78 =HZI=N3], o . &
N &3l o] referencea FE3HAE st 83 AlojE st
28 71 SPAAN4,5], Furuta EB7AH6), w8 E T2 Aolr] TEE TANT. W wEoA Bass Lo
71R ERHAAT], Five-bar 71 = ZAHS), 7HER =92 e Ao G £ O—EE s =
o] e A B Aol Qe Sl o Aloi7]2] A S 2F 0AE PIAlOlE B
x]]]'[ ]L]‘;:_‘ﬂ] s 1_;? o 321 e ‘?;7]} } j o7} Mo T WIsl= WAow y=o md s|uk wd
- % 5 Egg }\760 X :_.(:57 [ y L =
dNE TEG AT ek 2 ARet maste] WA ThE ePEAt el Te] wES W ATE e
=7 Jao] B a st = 2 A ot 75719 el BEAgoR A7 JF
= =i e = )
2 J)&sts maygae] Wit ols %) JJrE}u]ﬁ ol AT 2 Tk EH AS WAL Lol |
o) BELe YA AzEle] Alolel] o2 e ob1F o o o N
. FAT & Qom 75719 SRl WAl e % 9
-

sle-e JEnH, Besis TEr)e FRE WAT 4

*Corresponding Author

Manuscript received January 22, 2018; revised March 21, 2018; accepted March 22, 2018

o]Ad, o]gik: Uslstw 7 7]3-87Hleechanghyeon@nate.com, lys@inha.ac.kr, ORC 0000-0003-0665-1464)

¥ B =2 201795 AR SH] Yo dmdTATEe] s ol E AU No. 2017R1D1AIB03029578).

Copyright© ICROS 2018



378 ChangHyeon Lee and YoungSam Lee

o olF B3 FEV|E AMEEE RH Ag ot
< R F ok AR REH 7PHL £EA07
o] FR3EE REC| £&E AHYSHA FH8Y F
|FT]e] g5l dilolat & 4 Utk ofd £ =FolA
PololuAle] 6bit E3ll's AZE7F e DCEEHE A7)

AFClE &83ke 12bit E‘—%Hhoi s A
A& F9t) 2 AFER0] FA]lo] JhssiH, EHzIAke]
7I&71E EXE F Ae 71FR] AR HE AL
ooFgt Ao $-8 EopollA E8E LQR 7|HE 83t
THE A=FE Aojstr] g HA PDATE AAsH=
WAS ARFITH11,12]). 7 PDAY]71E €83 ODR2
7M:EE T8k, ODRO 598t wat Z #57]9 &
T HHAAE f5shs WHE ARKETE ol SIMAR]
Nucleo-32 F303K8 HIEZE &-83fe] Fd3lal, disturbance
rejection AFE FH3FA 07|19 Hes Aldgth B =
Y 74 & Atk IdoANE= ?%71 A5 e
A 7175} 2-ARE EYIAY J[E7)E A V)
TR g AR FEYHES Akt M1 AE Euler-
Lagrange 438hs o] 8% 24 EHZAe] mdly 9 A
W FPAY 25 BG4S 7IEsta vEolAE LQR
< olg3ld HZ Hud pD Alojr|Y AA dis oE
o VI ME Aok WS AA AlzHol F83t <t
At Ao AFE FYst Ao oS Ay vpx|E)
S 2 VIIdoA AEE HETh

o
O

= oo
¥ —

O o > rfr rr ox o

l‘l[‘

IL St=9of MAl

o] AellX= =yxAL AlzEle) stEgo] AA e
71&dth. 7571 PololuAte] DCEEHE &&83ith & =
oA Fgsh= FEAlOPIe 54 AAl mH| A
SE5 SAshs d=re] dwo] dAelrh 71E2] 6bit
wdlsel AFHE M=Estd 12bit E3lee] A4 A=
HE AT =AY 2-ARE 5E TS
71e71E EA8E & s 7ITHE ATEAA A Az
ST
1. 7371

B =R &8&3= ODRE PololuAle] 7]o1H] 30:1¢]
AFE F2Y DCEEIE TF57|2 AMEdth PololuAe]

DCEEE A7igoln, vt Agdedor= &4 Ea
£ A3t FE571= 4%8}71011 Agaict. e Fakg
AIHE 6bite] e H3lsS /M ¢e Eeee A
FoE £EA017] A9 Xiol~ op7|gtt. olef & =&
NME HEel 2|2 dIHE 83t &= A As
< A7) QI S o8ty BE e o
2t} A, 138 13 2o Pololu DCEES] 2714 A=
GANE AASY 48 2AE =EAZS EX, =&9 ¥

|

PR o 3D ZHEE o] 83ate] AXg AHPEE o] 83}
a9 29} 22 HRe ITANE Rt AR, A7)
AT AS5145B 7]Hke] PCBE A A|5}7] 3 7| FRE
FHZFo| 1g3%ith a9 2+ 2] dIFEE H2E DC

wHE Uehit,

29 1. A=E 52 DCRE): (= WA A7 A
A%,
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Table 1. System parameters.

Parameter Value
M 43 kg
m 0.233 kg
l 0.3 m
7 0.0148 kgm?
g 9.8 m/s?
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Fig. 11. Response of x and y in disturbance rejection experiment.
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