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Control of a Unicycle Robot using a Non-model based Controller
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Abstract: This paper proposes a control system to keep the balance of a unicycle robot. The robot consists of the disk and wheel, for
balancing and driving respectively, and the tile angle is measured and used for balancing by the IMU sensor. A PID controller is
designed based on a non-model based algorithm to prove that it is possible to control the unicycle robot without any approximated
linear system model such as the sliding mode control algorithm. The PID controller has the advantage that it is simple to design the
controller and it does not require an unnecessary complex formula. In this paper, assuming that the pitch and roll axis are
dynamically decoupled, each of the two controllers are designed separately. A reaction wheel pendulum method is used for the
control of the roll axis, that is, for balancing and an inverted pendulum concept is used for the control of the pitch axis. To confirm
the performance of the proposed controllers using MATLAB Simulink, the dynamic equations of the robot are derived.
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Fig. 1. Unicycle robot.



538 Jae-Won An, Min—-Gyu Kim, and Jangmyung Lee

=R RN Slu 23] A28t Alolsle)

FEEh 1 el A 9] 2ae] AAFQ AlaE A
9 Pitch %3 Roll 59| Aloj7]& AAIg) v FellA=
MATLAB SimulinkE ©]-83}o] £Jule] 235 AlEd|o| s}l
AA| ] 2ol Alol7]E A-gste] Aot Thsdhe A
gt} wpA o2 v FollA RS WEF G

2 ol A= 2l iiﬂ 3} RElS A A|ght vl
2R A EGeIAS H3l F9s mES
AlEH o] AE sl =i Al2E] e
A A28 BAAS 9lE)] Fs WA AS et
252 Decouple¥®l FHE|E Roll 3 Pitch 9
Lagrange Equationg ©]-8-a}o] Z}z} -3}
1. Roll & =Yt

oule] 2R Roll & T3 EEe disk®t bodys
Reaction Wheel Pendulum63 B2 78l 598 sl

1. o714 L & mitell A 2355A|e] ARA7bA o] A,

L —‘E wietoll A diske] SA7EA19] Alelt)h. R, & diske]
WA, 0,2 24o] 31 W9, ¢, & diske] W) o1
2ol 2REA) e M, diske] 2F> M, = 3]
B =504 Lagrange Equations ©]-&3to] oulH] 259
& =313tk Lagrange Equatione Ty} 2ol %9

e oft 7

[e=]
-
o},
dfeL) oL __ 1)
di\oq) oq
Lagrangian 7517] 918) 913\ E) 2 e, 7 & 23
g9l 917 WE, 7 = Diske] $14] o]k
7 =L sin6i + L cos6,j @
7, =L,sin6i + L,cos6,] 3

Disk$} Z5-mA<]
% gleh

SEEe AAEES vEgoas o

tlo

1% 2.Roll 5 R
Fig. 2. Model of roll axis.

v, =L cos@6i — L ;sin6,6,j @
S ®)

23e) gEoAe} 9AIAE TheT} 2.

v, =L2cos6i — L,

1 o 1 . | 1 S
Tz*Ml(Vl'V1)+*M2(V2'Vz)+**]1912+7J2(91+02)2 (6)
2 2 2 2
V =M gL cos6, +M,gL,cos6, )

oA} fAIAE ©]-8-8t] Lagrangians 7-31L,
°]71S iQlste] Lagrange Equations: -¢HCh
(J, + LM, + L*M )6, — g(LM, + L,M,)sin6, =—z  (8)
J(G+6)=7 ©
q = 7 AEE ovletal, ¢ <= Diske] EAE on|jith

2. Pitch & St

oJule] 23] Pich & 58t BHe| A9, Body?l 34
H}9)E Inverted Pendulum FE|Z 7F38lal 598 f =3}
QEHI13L 714 L2 S]] SAlellA 23aA $4
7HAe] A2, R & ﬁﬂﬂ}ﬁH WA Felt) 0 = 3]xuk €]
3] y = A BHMLE ov]st). Lagrange
Equation< O]J&%H %0—15}% T3k7] el I HEE g

P =ROi +Rj (10)
7, = (RO + Lsiny)i + (R + Lcosy) ] e8))
2he] &5 ouAlE vt Atk

T =L 5)+ L@, 5)
21 12 1 (12
+=J 0 +—J i’ +—nJ, (0 -y)
AR AR AT D)

o714 g, = BdR e B, g, = 2Rl B
W, J, = BE A71Ae] B otk m 2 KE9] 7]

Hjgoltt AU Vi vt 22

V =mgR+ Mg(R+ Lcosy) (13)
J |
|
]
1
e ¥
rd '\_\ 1
L i
< !
4 . \
4 M,J,
f\ ] 8 b ‘
7 N /2 T
- R m,J,
1
i
RO

1% 3. Pitch & =gl
Fig. 3. Model of pitch axis.



Control of a Unicycle Robot using a Non—model based Controller 539

0] o]-83}9] LagrangianS -5} Lagrange Equation®l] THY)
& o3t o] Aele 4= 9k
U+ + (e ORYG + (LMReosy =Tt
+ LMRsinyy’* =1,
(LMRcosy —J,n")0 +(J, + EM+ Jntyp (o

- gLMsiny =7,

A7 7, =
Pendulumel] 2H8-8k= 7, =
AF-g-ghtt.
fle] #gE Eall roll F3 pitch F9] T8 Heo] o]
7t} st g als 0881 MATLAB Simulink S 41 85}
o] mie] AlAEE B4 S AAIRE Alojr]e] A3AS

ke,

sjxnp o] BEel oA TAYHT Inverted
7, F A7 2ol Uk vhE

I AAE 7M 2 Hof7] MA

1. AlAE A

uF ZE] roll, pitch F A =DCREIE ©]83}4 iﬂ-"%

gtoll AA1E diske el wheels 3|AAA d@E A
?LD}. T 47 ol 2o WAAR] Al S Ve
Lil=3

MCUL“* IMU AlM 25E] 259] 215 g ol Alo]7]e] ¢

o2 ARt Alo)7|E B3 s PWMO R WHEls)o]

1f011 =3} pitch F2] DC Motor®. A5E o] EF9) 3|AEEE
Ao gkt
2. Mof7| A

2k 229 roll 3 pitch %©] Decouple™ ATt 714
star Aloj71E 2 AAlRKITE Allof71e] e 25 =49
ZTEg ARESRaL, 259 S 0x8 St A7) JiF-e
PIDE 239 FAlE 022 W57] 93 Alojals s &3
Eli=2

2.1 Pitch & H0{7]

a7 5% pitch F A|o)E gk #|o)7]e] F-
Angle® 052 23o] Y o] Zhro
=AY pitch F ZEo|th 2H9] pitch F %‘Ee 3]
o} Desired Anlge?}o] QA5 Alo]7]9] JHog ARE-S
PAlOl = A P& o5 #hs wote] Alo] whs =¥tk
o7l D& o5 k& F7Fete] P o5 Fholl ofsf A
= overshootE A|A3ICE npx|gto g [8}e] o5 S F
7hste] A3 eakE =9tk o9k &2 P, 1, DI o=

PWM

l RS-232

ARM NT-ARS

Cortex M3 ‘ Angle Data
PWM | (MCU) (Roll, Pitch)

Roll Disk
DC Motor

Pitch Wheel
DC Motor

— /
T 4. 9l 23l A2 7
Fig. 4. Overall system of the unicycle robot.

Desired |+ PID Unicycle Pitch
Angle m Control Robot 9

1% 5. PitchS Alo)7].
Fig. 5. Pitch controller.

Desired | * + PID Unicycle Roll
Angle - - Control Robot g
v v

e

% 6.Roll 5 Ao]7].
Fig. 6. Roll controller.

e AHs] 2dste] pich Fo FFA 7 HH 0w
o|FA R BGlth o] wl, Aoj7]e] o5 ARAS
E3lo] A

2.2 Roll = Ho{7]

I% 62 2ulF 259 Roll F Alo)7]9] Fxo|t) oj7]A
0= BEEA Y Roll & ZtwolH, y = diske] IJHAEES
oJujgith. Aloj7]= PID Alo171& 7IWkew AAEIY e
y' & 72 gew de PR AAESI Reactlon
Wheel Pendulum HE]E disk®] <=7H4Ql 7}45S o] &3&}o]
250 135 Aofgith o] w, IMU AlA &= Alxe] 2o
w2} Z8E)= Zbo] AR W) A2(¢F sE)e = 2%
AL ozl WAkl Ie(SF 5550 ME 10% o]
S} vl A Fo) 1Ela oF 2504 03E AEe &
27 A old wel S AT A WIPHA 259
do] W Hrh wehA] IMU AXME og3ste] 73 Ao
= 3 A9 x%ﬂs} -\,}6&7(4 S Z= 7o) Faslr) whek Alx
#holl AL o217} EAE 75 230l 7]&01X Aol A
T3S FABH] gtk old wet RE9] &= F3ks] Tt
s €eh ARk AAl HEe S8 e EaV Al
Hoj orw WE9 Ao o3 25 #EHS oA Ak
aeBRR Ve8] ARE ol gsle] 1 AlolE & A9 s
AA dHEE FHe Flo] Fast) olgfg wAHE Bt
al7] 913l diske] &=t 091 Aol A FE Aol 7
3taL, y' FS Feu ol Ao]y] i A EE sIgit

71 ' B diskEE7E SRRl w9 s
[ez]

(<0

IV. A|E2flo[d & AE Zu}
B Ao M= AR A|o]7]1E MATLAB SimulinkE: ©]-8-5}
EeolMdatar oulg] 2Rl Hgste] Hes Flsta
A5}, onlg] 2o AL n|1HA] ok HHI niet
14 K&tk o] 2o 7 Aol A AEet
2174 8 A] Roll 3} Pitch 2] ZI%=g Fahe] gt
o] wl,MCU®| &2 10ms?] 572 T2sH=s shoich
1. AlEa|old
a9 73 a8 8L ojnby 2] $98 wdlS o]83l

2

ﬂJ

A%

-



540

roll 5 pitch 2] A|Ed ol Arolt) 27| Zt=

AAsiglon 12 ool 0= s

AlEdold Aas Fall Ao ® wE Aot H= A
S Fgelsk = Juk 2322, Pitch & Inverted pendulum,

Roll %-& Reaction wheel pendulum% onlg] =5

Al 5 Yk AL o

Atk £ 12 vl 229

S8 == Al A AR parameter FholTh

2 \ \ \ \
: : : ——Pitch angle
150---- -~ Fo - ity e I
I I I I
— I I I I
8 o1 I e L L o
g ! l l k
O, I I I I
[9) I I I I
© 0.5F41----- e = === === H-—====
Z | | | |
I I I I
I I I I
0] N | ; ;
| I I I
I I I I
I I I I
0.5 | | | |
0 0.2 0.4 0.6 0.8
Time[s]

1% 7. Pitch 5 AlE#old Ak
Fig. 7. Simulation result of pitch axis.

2 I I I
: : ——Roll angle
150 - ———- i e —— - R
| | |
—_ | | |
[0} | | |
o 1T-4--—-—- - mm——— = — = Hm
5 | | |
3 | | |
[} | | |
_870.5"— B e === === H---===
< l l l
| | |
OF - -4 - e == |
| | |
| | |
‘ l l
05 0.2 0.4 0.6 0.8
Time[s]
7 8. Roll 5 AlEeold A}
Fig. 8. Simulation result of roll axis.
¥ 1 v Z59] parameter %k
Table 1. Parameters of the unicycle robot.
Symbol Value
M, 4.889 [kg]
M, 1.225 [kg]
m 1.300 [£g]
M 4.964 [kg]
R 0.110 [m]
Rp 0.200 [m]
L 0.285 [m]
L, 0.570 [m]
L 0.330 [m]
Ji 0.5295 [kgm’]
A 0.402 [kgm®
Jo 0.0079 [kem’]
J, 0.7208 [kgm’]
T 0.00001 [kgm’]
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