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Rotation control for the Yaw—-direction of Unicycle
Robot
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Abstract The field of robots is being widely accepted as a new technology today. Many robots are
produced continuously to impart amusement to people. Especially the robot which operates with a
wheelbarrow was enough of a work of art to arouse excitement in the audiences. All the wheelbarrow
robots share the same technology in that the direction of roll and pitch are acting as balance controllers,
allowing the robots to maintain balance for a long period by continuously moving forward and
backward. However one disadvantage of this technology is that they cannot avoid obstacles in their way.
Therefore movement in sideways is a necessity. For the control of rotation of yawing direction, the
angle and direction of rotation are adjusted according to the velocity and torque of rotation of a motor.
Therefore this study aimed to inquire into controlling yawing direction, which is responsible for rotation
of a robot. This was followed by creating a simulation of a wheelbarrow robot and equipping the robot
with a yawing direction controlling device in the center of the body so as to allow sideway movements.

Keywords: Unicycle Robot, Single—Wheel Robot, Yaw motion(moment), Rotation control

.M E
F 5ol v skl 7571 B Alo17|7h s o
$40]i= Disk EI19] 23olut s Suial Helel
7Rl 7P SAAR e A EAle] 25 A
= A FAF v AAAE v 3 BEs Al
W el Sgem Atk SulEe 97 ol =
FE5S 9uk Z3(Unicycle Robot)o] 2} F-231 9tk

FAAA AL AR & V)] ofnle] 2%
A = ols T Aol Follwol ey
& dgkstr] 91 Al RdelA wAle] e 0 S st
17 ¥de ﬁﬁf\lﬂ% Yaw ‘%’EOEQ 3] Aefe]
s 01?4 I FAS 7L It

e oubg] 23] Goles s e
ssbr] AsiM= HEA B3 5 45 Yaw W
& 3 Ao} Alxsle] ZEH) el thell st
25 FAe] B Al ge | Fan #HHe 3 A4
ols FEE sk o] & =] HAo1a 4

>

s)

e

AL = 2008 A AREEV]ER)e] AdoR dmabehAg
o] A& ol #HE A7

Agelekn @ 4 siAck
S Sl ZRe Bl ol el B
i ol 9 %A 22 EC AREel e §904

A BolAle] Al 23 ok

o} ATt 7|7} g = Rojala &

& 2= 9tk
© el 97 W s 54 4ue )
A 34 BAR 20 Diks F@ 249 34 &
5l 1 528 O w4 B mf& 4t 3

Ql‘ﬂ}vﬂ EEJ 71?% "5171] = Zﬂé‘ J%JOH Eﬂo}oi A

et
4O Yaw 3 28] 54 A 4 A% o
el v 48 9 wBS Fa ke Azl thal

PRATROR YN B RN o W A
B3 et oulg 23] A W 2 3] HHol
U AEoR W =g v RS st



332 =5¥sls] =7A A3E Al4s (2008.12)

218 HM2S0Me wll al2| 2 Y HE

Z}4= T (angular velocity):= ©H9] AIZFE S xAg Zo g
O 0,= 27] A&k ol Ak, 43 = 2] A
Z}3} o]F AlZF A olHt

Z) = 02 _ 91 = A_H )
L~ At

o= lim A9 = 49 V)
At—0 At dt

Z}L7]~J—J_(angu1ar acceleration)™= ] Al{FE Wgh Zt

se Aol g 9 o 2 .

L, - At
~ lim Aa) do @
At—0 A[ d[

(¥ 2), 1213 3)2} @l 2Js] FArigid body), =,
Z

AW Disk7} 3713 w] Disk W] Zh&msl 27 e
T EE AolM 22 g 2 Ak olEx 5% A2
Al a & &7 FEAE 0 E TEloRt stRE, o ¢t
o= Aﬂi 242 0] _q.;ﬂg]r sk 4 9 1—4_
e Diske] B3 &E3F AA| gl ofsf LAY
+ 31" Ex(Torque)v= 279} ks 714+ WE o]
v r9 74 AR 09 o = e,

2.2 24K Disk?| /M 250| 25 WAl

e
A
o
I
k1
fu
N
of
>,
N
re
(o,
rE
of!t
)
%‘
o
A
o
>
g

rO
9,
b
ki
il
N
N
>
4
e,
ox
Ipr
ki
-
b
i
_0|L
X
tn

2

M
AT
o
T
i}

1
o _{l.)«
Ho
offl
(2 o g
ol
FF
(o,
[
ofh
)
%
rir
N
ox
)
>
offt AL
3 o
s
ie

d
o
[
N
=
=
&,
o
rir
e,
ol
oft
B
i =
)
Ay
2

rr %,
o
a

Lo, oX o rk Hi

2 b

@ k1

fd

o,

1o

&

Hioml & o

o b
9‘1"
2
e,
o

o dpv
k1
=
!
g
9‘1"
=)
N
Py
Ho
offt
g0
o
ofrt
I
Ho
offt

Ol
=55
A
r>~1

t t )

1 2 3

21 2. DC ZE{Q| = EM =

Fal 2ol L2 M 85 77
S (2 APl WE] 24vE Q7k3hol

S e 2o F5E
7 RleluR 1A FhR BHe
55ck :aw a9 a7t aee a% 58 vhew
2ol @ sk a Aelel T4 20 Rl 5 9l

az=a ®)

59 & AL o]gd DC REQ 169719 &=
GO e 1671 S Rsge) A £3 0 @

7171— ?—‘61— 2= 9\)\74 QE}

<urE Diske] 3|A A7k A=) A|7he zkzb
ARSI, pm SA7)Z 102 7+ 3|He=
Disk®] 7FgAtelE 3H SFA4ste] HgkS ol

S pm FOE ARSI

—_
=)

1 oo
e = B
ot HU



pm} 22 gu)E Sk, & FHE 7 27 g
343} ou = (6)F} ()E XM%xﬂr

wetd g 9 5 acr 9 FAE A A
oMY F WAHAS o] &3] 3 SFlAe] &
T HEAS A= 5 9

r=mR’a ®)

oMo I =

(8)ETE1 A 5 ,
o2 uly DlskA Z'Oﬂ &l o<t

EEL HEow
[e}

2ol A 4 vk,

QE g u 189 H5 FAHOE ¥k BE
nie] g = Prhs S o3k
(904 Z:ml.R,.2 = m1R12 +m2R22 +m3R32 +- +mnR3 =

Awts Diske] I 2} 3tar, o2 o] AZojE 4= Qi

1= mR; (10)
©)¥F (105 s},
r=la (11)
2 Roja,
@pF el (1) 4] Jrel A2yl g o
A Fe] e MHeR =2 5 3la, B4 ol

o 4oz 48T A
3. ZHE| MEol M2 7| A % AR

3.1 3%12 B20IMe| 5 ) - Roll Pitch, Yaw
sule] me) 718 2% el vt A
ABAAA AHGEE 339 SF JHhE ekl

Roll, Pitch, Yaw®] 3714 A&o] %oz o]Folxtil

FITCH

ZoiMe] B|MZts St 25 8=

O 3 37 =

o] 23] Yaw B3k 3] Alo] 333

a7 304 YERERo] 3% FHapAle] FAlel 3]3dA)
(71X ¥&d71E 7HR)7H ixﬂﬁé ul, 3]AA] &
AL xF FHOZ AT A2 roling T, BV}
vy TAleR sk 3\% pitching &%, A7} z5%
z*loéﬂﬂo}’—7%y g Eo;q_lﬂa]:]ﬂ]

Roll, Pitch, Yaw<] 32k 37t AollAel 4 +5&
o188 9l w3tel 35S Boko] mo] TG A
AP W, W 5] A Ferk o) Rojat

B eRolA AXERE Sful 2] A7 P 4
ZE FAE] Tl f1Ashs kg Diske] 77

a ol 93t F, - W Ems 24 FA7) Wk
AT 5 JEF YawF 7

O
o =
Poll A 3148 Alojshe= Y

2| 4. 2lHiF 2Re| Sl w2 SEH MY
B RolqE a7 49} o] 349l HuAlA 23
BAe] el gEuo] RolE WHow s 3
A7, Yaws Baeld 84 B2E BN 23 %
2, Pitch® WFOE K ofF wIA AA A9
Sule] 2R ARG Mg Aol e 9o
A Qe 3pRoz Ule] 247 ¢ 2 4EH
e FAlol By 829l Yaw WE 8 A
2l ot 19 F paw FAER,
P A Sl A B A



334 =5¥sts] =7A A3dE Al4s (2008.12)

o1F7h Ak Qe e
23] Aot Wrbsahl Bt A

roll yaw
et N
IR il ]f“
ci-J W‘N‘« 1 T . ‘)

Tttt
Time 3

J8 5. 7IE LuiF 2Re| s[MZI0| Yitsl= 25

Ewas Ay

95 05 O& 92 002 04 06 08 1
et H

J2! 6. 2ulF 2Re| A =Z (o]

a9 62 17 100 o= k| =hke] 3 A4
ol Wl A% AlE ol A3 =43 & Aol
oh "ol ehStel ouke] 23] 4 AHE 1
2l 3dsy] AsiMe AN Adew vt bt
2 9L a9 AT = glok STANA 23 A
Aol e sho] HHAo) =L 5 dsh=s F4 7
A 28 3dE @ 5 Sl Aotk

34 71750 Al ¥ HIZ by
W Aol A= Al AAREE k] 2502 Roll, Pitch,
Yaw®] Zb o] S0l el Aretes btk

< Yaw >
12! 7. Roll, Yaw, Pitch=2| 7|75 SE)

< Rall >

¥ A9 Disk7} 7 o7 1 3 dsh 3
EIE WA A 25 w7 & 2 3)dgh

@ Pich 574 : H, § 75 B A HAEE EHE
2] 8 (Outer rotor type Motor)Z-E{2] In Wheel Motor
(Hub RENE gateto] RE|9} viF| o] 3]3do]

o] WA,

12 8. 2lEFd Diske| HstEl 2&

a9 88 ke Diske] %7] Fejel 7] Fefolu}
YawZol| F-2%]:= Maxon Motor2] ] 4 B3 A
o) ISImNmZA, B4 2% A HA9l Bapel oA
1.7kgolth. 27] ¢+ Diske] F7+= 3.5kgo] 22 4
S Eajo] LekgO.7 AT FRA Fr12) Ay
Disk® A3l 1< 31733 =1 A AdEE et
HA 3 ETE 4S 7 UNTh

T3l YawS9 REHE Alojd v dAshs 97 9
Hig 23] RollFo = 3 Aloj& & uf &, 9- 242

—_— N A = — 13-
= 1. Yaw ‘:(';I'?;,’: EE‘Igl =0 x‘ilo'lo‘" EH?_" gg %317}
REM 3¢ _ RPM Z¢ _
PWM | oo | BPM (SRAR) [ PWM (o | RPM s
H 2 - o} LECE in}
* - B3k |(d ) 1 o - FAZ |(de )
== T014.0,
0x000f| o 0 0o ooy [Pe008E| 10160, 10428 | 130 |H D
= 1095.4
390, 991 8,
0x001f| 381, | 395 0° v |oxooee| ossz, | osra | 110 | u@
40,5 985.1
1107, 973 4,
0x002f| 1160, | 1153 | o©° v |oz00at| 9620, | 9708 | 11° u
1192 976.9
2339, 978.3,
0x003f| 2532, | 2383 | o©° v |oxoopt| 9784, | 9702 | 100 u
227.9 980.8
3358, 080.9,
ox004f| 3301, | s321 | o° v |ozooce| oszo, | gsaz | 120
3214 985.8
5302, = 085 4,
0x005¢| 5151, | 521.0 | 3° ;W 0x004f| 9749, | 980.4 | 11° u
511.4 B 980.9
630.8, 994.5,
0x006f| 7830, | 7076 | 5° v |oxopet| soaa | saszn | 120
560.2 990.2
7902, 990.8,
0x007f| 8068, | 792.0 | ¢ v |oxoose| osr, | gsrs | 110 u
7726 984.2




=iy
- RPM vlve

1000
0|
0,

600,
00|

0|
0)

PO value PVM value

O 9. Yaw ek 2E{9| £ Hofof /8t RPM gt 31X 2t

=3

=2, AWy Disk®] =S 7PAl sto] 9gho] WAlste]
= RollF9] % A& A & 5 A== s3It
* —3? ouie] =ite] 7 %“’obﬂ FAEH = Yaw
B3 A x|l 4ukd Diske] BH &=
2 mpme] SR 1o vt 28 A9
]‘:}. LHe] PWM EH] ghS WSHAA 16
L gplE Alojabn 31d B9 glol WskE

[«

_143?_,1'09;.
_!}Léﬂ
Pﬂi&rzi

=

‘cq

4
I

(G AU g eer

o
52
=

il
_L

OXOOSf—rH 3| A AT} Z7ksl) AlzFske
0x008f°ﬂ 1 Huzoll 22 FH 0x009f5-E sl
A €A HE AL do1E 4= ) o] BARE o]
L35l B =2oA] Aoksl= Quld 2he] 3)A Alg
A BB 313 S} 370 2 o 5 siek

O 9% X 190 Y2 oule] 23] Yaw W 3|3
A Ha“g A 2] H& Alojol] W pm WS} gk} 3
A 7V Zhol oie gy, F 13} v]as) 2 u) 2
S ANA| 3hE Hole AE #Rlgd & vk

42 3™ 4™ ols WHE 0[8%t &M

Ao &

@ - + (9
m 28 NEE

oul] 25| Yaw Wk 3% Alo] 335

ot 250 314 AHF ol WHOREA, 6714 Rl
HstE oul] Zito] Waks Hekeles a1t AT

% 109] 3] AA ols el thal] Awsiabd,
(e 1) 2uk] 23] ARl s ) Ak Disk
+ OFF = A8l &

¥ 2) Z50] Roll, Pitch §-9] ZEE F-53 o|F
S @ ) A9 Diske OFF Jel A3 &

jﬂE} 3) Zofl & = HEES A glslojol = ARl
o2 Auld DiskE UA Al =9t 1 J|HA|

T AAANA B ETE RSt 23 A
514 ZH s WSIAIA Waks vk
(€ 4) =5 mAllol s A %7 Sl
Disk= OFF el 2 A=]g,

(E 5) dA AIRE 53 o] Egk F vkl e ek
2 Zoler] f18 ¥Rk Disks 1% I|HAAIX H &
7 ARAANA FA BT PAA Y AR ol

(& 6) 99+ Diski= T oS dstAY W
= HgksfioF & A|7]174A] OFF “del= A5

9o Arget A9 Diske] ON & OFF& ©]&-3F 3%
o R 3] Aol AdE siith &, & A o]F
e o gA] AdEjell Ao 31d AES wRlth

ﬂ:\ﬂ
A&rﬁ

rﬁ

oEL

bls

< AP & >

2 11, Yaw

(28 11]& 9ule 259 Yaw 23F 3]
7] A% A el A @8 =
o] ¥k DiskE 3HAZI7] M| EiF T1E|al
EFR Qe e8xow ol 2R FA7F 3 7}
EubE vlekS gl R4S 7z w9k
(29 1119 2HA AR 3} 33 A AFRS vlashd
4k Disk7} S7ske] AR )7 EAR s 23te]
ZAL $Eow HAS AL BT > ek
(28 12]5= A delelA 5319 314 AFS vk
ok 2He] Yaw W 37 s ol gtk
Anke Disk7} 5‘319] s 3 =3 A EE
HHEA o 7 AX HeES AslkEtar 9k
(28 12]¢] P1tch—r«] In Wheel Motor &
A AR AL o] Ao FH0lE Wt 2

<

il



336 =33dhs| w=iEA A3 Al4s (2008.12)

sy 7h
sk7] 98l 3 W 98ld (+phom Fdalrk
2 A 3 e sjdew 137 & 508 WY A
gouw (H3]A $5)37HA9] 3d Ao el F
527 o] ZI%E $50% 3jHste] =i A kel
vt 2ls & 5 Slth

a8eg (28 113 (28 1212 S8 Y99 Diskol

[e)
57 B35 olgdje] wit BAle] Wt 0 2 Alojat
orR ool EAL Wk d@sler B AH
oA S 2ol Yaw® Aol FEA9 Flo] 7}
SaTE AL SRlET:

58 &

=AM A A, A 2, 8 SR
olF R0 37HA] &5 S shte] viFHE B 3
Aslh= Qv ZX(Unicycle Robot)] H7 USR] tha)
afEkaL glom, 71Ee ol mitEe] AWd WAl
% 39l Yaw WFo o] 2 9 37 Alo] Wl o
3l 7]=skal dck

B =FoA] g Alofol Basgh WA it ¢ o
gk o] &A1 B A AFS T b 2R
o] AA FF Alofoll #gt AlEH oI AT
AL, ARk 31 HA o5 WH o A Al
7 2ho] 7)) Azt s E
A A= SGith 1 Ay, EH o EQhgAde] &
vk 230l Yaw W3 IHES SHlS
3] Ao} dat= 3 Wk AT 5 Arhke A
As AT} AlEE ol 5 Sl

T AT ke A5 A Ao 5 ey
A FHsh, o 284 3 BT ghs dof A
o 3] Alo7) H=E fdshs Alojth

2

ik

)

FD
rak

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(%]

[10]

[11]

[12]

AF, “FUrleld 2o FHAAR FF
ek A Aol 5,
A=A A, Al2E, pp. 129-135, 1996.
et “fyAlolE 25t digh by &
Aol wHAUSE, AAilEdaas deE
A1, A%, pp. 119-128, 1996.

HZA, «FIE g = Y stE 083 One-wheel
Unicycle Robotd2] AA| A|o]”, st=A U383 %]
A244, 43, 4.2007.

Ada, <3k vl 2 FEEE 2% GYROBOS]
T A =it A] #4479, SCH A4S, 7.
2007.

o714, A& FH =X FelE 97,
A7) eAT=d #1674, 2005,

“AAZ RG-S o83 o]FEY
o] Axixte] Zhe g5l 23 fjA|Aleldl g
A, Aoy - AHESE A|='E S =] A,
A11032, 10. 2005.

ARE, HAds, el A AskE

EE
IR Y 2R A2Ee] e 07 43
F71 AT

I~ A<
44, AE,

Aof7lel AT welojski Ad7EATH
A207, 2. 2006.

4e, 2RY, CEERY e 2HE
Syl HYE AF Yy e
B AT Al wa AEA AT
Journal of Control, Automation and Systems

Engineering Vol 10, No 4, April 2004.

M. Iwase, “An Assistant System for Riding a Unicycle”,
International Journal of ARM VOL 8, NO 1, March
2007.

Yongsheng Ou, “Balance Control of a Single Wheel
Robot”, Conference on Intelligent Robots and Systems,
October 2002.

David W. Vos, “DYNAMICS AND NONLINEAR
ADAPTIVE CONTROL OF AN AUTONOMOUS
UNICYCLE: THEORY AND EXPERIMENT”,
Proceedings of the 29th Conference on Decision and
Control Honolulu, Hawaii, December 1990.

Kwok Wai Au, “Decoupled Dynamics and Stabilization
of Single Wheel Robot”, Proceedings of the 1999
IEEE/RSJ International Conference on Intelligent
Robots and Systems, 1999.



2E5Y
2007 ol Hal-sst
7 E9
2008 3~AA]  FAkd gk o
&9 A7) 3-8t
A A F

Hi = A
19931 FAthetal £
1995 sottishar AAp
2000 FAabrietal dAbest
I E(E S wh

20013~ = ZEEY)
StV AR} w4
A Eok: Bt 25 AMuk 44 32

s

oul] Z5o| Yaw Wk 3% Alo] 337

ol & H
19801 A& tghal HAlgela 4
19829 & gt MAb
19902 USC (W= @715+ tigha)
19923~ A Hakdstal A =

ARk ABEE A28 A F Aol rlo]Az X

ZAN &





