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Design of a Two-Wheeled Mobile Robot
Using Series Elastic Actuators
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Abstract: In this paper, we propose a method to implement a new type of two-wheeled mobile robot equipped with active suspension
control using series elastic actuators to maintain vehicle body stability while moving in an uneven environment. First, the design
structure of the robot incorporating a series of elastic actuators was described. Then, a model in which the acceleration of the robot
body is the control input of the system was derived to ensure robust balance control of the robot. For active suspension control, we
derived a mathematical model of a series elastic actuator based on Newton's law. The proposed robot uses the pitch angle obtained
from the IMU sensor to achieve balance control and uses a Linear Quadratic Regulator (LQR) controller to obtain the input
acceleration required for stabilization. In the active suspension control, a series of elastic actuators is applied to the legs of the robot
to measure the external force transmitted from the road surface to the wheel while moving, and the impedance controller is applied
accordingly. The output value from the impedance controller serves as a reference for the ball screw up and down movement speed to
control the speed of the DC motor. Finally, from experimentation, it was found that the mobile robot using the proposed method
maintains good balance for both the pitch angle and roll angle on an uneven surface.

Keywords: series elastic actuator, balancing robot, active suspension control, linear quadratic regulator

L M2

At Ba, X8, GAel gk AEA B4l
o] Ztel wt ofFolut HA HAe] vad KE o
FsPt w2 A W= ok olelgk Wsh= & 1 7
o] 7t % AR sAtet Ajter FER A ol g
ANAFEAE, B34e B4 o]e e Had RRUER
871 AE 371 AR o5 ]‘:} Hed RUEE B
gk 7S e FAN gk o] Ao
i dom, dwHow Hr|AHA, A7) oAt
2} One-wheel, Two-wheel, HE5ZH =, Al1¢o]F
o ZFrEITH1]. oleet Y HHlEEE FEH4
A AT EH Zakd 23 stk 2% 2719 B
2 HEHE olF Euld =holgtal 3h B vl §lo]
22 FAFAE fAE Y8k HEE 9T g A%
3t}

ol& Hufd 2RO FRAAE sAoRE & Izl Al
glle](Segway) 2] NmebotJ% < &A% Loomo9t £
2d 2HEE]7} 91tH2,3]. NinebotS 20010l =9 3 H
A self-balancing, 7] A wEr AgXlolct A1
dlole] A FEE7F Qo] 7 nFERE PR et
o] FAFAE v E o g F2o]7] o] 5Hgl 7]
<= o] T AREE 9)\‘: HAHQ1 AFo R FEUL
tH4]. 188k o), 7IE =z

=

ol

H
=
sl

l

gud

%

]
o]

FE oln ME

=
=

du 2 N

O

}%}’19] Al lel -8k A
of ket Hl Xo]——l—i 2 npgleh Apdo] W QIR (off
road) FEolA GHEARe] S PUr X}Bk +3 Jé 3

A Feegan, a2z Qe & J
RS = QU HE EAle 1 Jﬂﬁhﬂr

ol asldst7] Hlal thst SAellA O]?r Hutd EEE

o] A grE flalid B At AFHAEH, 25l
A& 53], 2010 "= W9 A AT AlES (Defense
Advanced Research Projects Agency, DARPA) L Z A Eof| A 47}
¥ THMC (Institute for Human and Machine Cognition) Robotics
Lab®] Tbot=> o]gt=el opT7h2gke] njt WALS A
T AT ol Huld EFHFeR Add A 2 wH
deteldel A T A Aiks HoFUtHe). Bk
Fgsl A e dighuelM = Eapd 23 75 dES
AgpetowA AW EE fE 2A dAE HdE =R
Ascentos 7IEeto] Folledt T4 & SHehs AdE B

FATHT]

= ifoﬂ = ErEE mHoA gsatel ZRe]
4 A, 2Elal T8 wHellA e 5 e 49
S 5 impulsedll 7R FA dEe] AojelA F-571¢]
s 9] SeiA st=glo] el AE B -5 71(SEA,

i

* Corresponding Author

Manuscript received May 19, 2020; revised June 8, 2020; accepted June 29, 2020.
A8 Qe 4713578t k- A (power940509@gmail.com, ORC
0000-0003-0665-1464)

oAk lskthgtal 713378 88 w(lys@inhaackr, ORC

Copyright® ICROS 2020

0000-0001-7343-6639),



676 Hyeokju Kim and Young Sam Lee

Series Elastic Actuator)S 213l o]& Euld ZHo] 14
HE AR AsHoz AMH Aug 57
g, B 8471 7€ TVt AdR A ste] de FH)
Ql AY g FE7)E BE9 Fa) Alolo] ~xEo] AHR
HiX|E]o] Qlof eJR FAAN FEI|E B 4 i, T
F719 &9 Eg Bl AR BES 74 v A
Aol 9t} Tg]a A3l = dolE Allsie = )

il oZ

= AE e el A B A8 23 A 2ol
R e A ’H%ﬂﬂ /\13}6@4, gt A 2dess

9}T’4{10 14,20- 21]

s E—Eroﬂlﬂt ArpdAe] FAR Q3] SXRT Ao
A Eard 2] Ao PAS BAY § fle wARE
dldstr] Yal 2E €d 5719 Hogan®] AFEH imped-
ance controllers ©]-83te] 9]¥& W= 23 vl d& A
JHE’L T A= FHO 55 AR Ao FRE ARkt

g a 2Re] 713 Alorlol= VLS dge= zt
E E'_%] 7|9ke] LQR A|o)7]E o]&3t] 7HE 7|3l +
ol g3t Alo)E APt A= 571} Aloj7]e]
do= 7MERE YYO R Zh= olF Al =it FelE
S oxrE A3oA ARl FAYTS How, '
b F-& 219 PSS s o= Belth

E =9 4L o 2ok 1 HelAe olE Evkd
25 A=) sfego] AA B 7 S Vs,
Ao M= o Ye]-2 1% (Buler-Lagrange) % 7% (Newton)
kS ]85k olF Erkd mRe] 53 BAE ed
th IVEeA= olE Eutd 23] 28¥= LQRY Impe-
dance Force Control #|017] Ao thall t}Et) VE|M+= A

St WS AA| Al2=El X“‘lﬂcq g3} Aoje}t A7) Al

IL SI=90f AA

Y g FE717F 23 o) Eupd 2o Hpe 1
17} At el 24e] AlojE et vlo|a® HNEE
2o} HE] =gholn] T1E]al FH IRER o]Fo|A 9tk
T18al ol Eupd 2] ARSEE TEvIE A 2R
73 3 TS @dshe vl e 252te] velel g3
HE A9 vy FE7E UrelA] e, A4 el
= DC BHe} FeHe 2o WEE 53 Adsich

Hl7] o= Maxon motor 7il:2] 431 7]°i DC EEE A&
ataL, ko] %3 DC RE9] H2 =

A clgoiel AR, mS) A9} o A5
714

Aysl= W4 (backlashy= 3 21101 diso]| oledaks
7) W] fEH o Tlole] 1% 2dsEs Arlet]
of .

(b)

a3 1L @ ol BHk) 23te] HA) AR, @) ofF mujel
whte] AW ofmA],

Fig. 1. (a) Picture of two-wheeled mobile robot, (b) Frontal image
of two-wheeled mobile robot.
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Fig. 4. Construction of the leg actuator for a two-wheeled mobile
robot.
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Fig. 5. The coordinate system for balancing control of two-wheeled
mobile robot.

EL ol miuke) o] AgEE Wes) o,
Table 1. Meanings of the parameter used in two-wheeled mobile
robot.
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Table 2. Meanings of the parameters used in two-wheeled mobile
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Fig. 15. Active suspension control graph of a two-wheeled mobile robot ((a) Force measurement, (b) Roll angle measurement, (c) Ball-
screw input speed measurement, (d) Pitch angle measurement).
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