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ABSTRACT

In the places where are so many crowded people such as an airport and a large
market, it is hard to move a heavy conventional cart. In this case, an
omnidirectional robot carrying the baggage can be a convenient solution.
however, the user should control the robot with the consideration of the
orientation of the robot at all times. When the orientation of the robot and the user
are different, it is hard to control the carrier robot. In this research, we developed
a novel control method of an omnidirectional carrier robot, which compensates
the orientation inconsistency between the robot and user automatically by two
magnetic sensors. This configuration allows the user to control it much easily and
instinctively. In this research, a special kind of omnidirectional robot for a
baggage carrier was designed, and the wireless headless controller was
developed. Finally the system was evaluated.
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Fig. 1 Two types of ball bot

E-mail address: hankim@seoultech.ac.kr (Jung-Han Kim).

286


https://crossmark.crossref.org/dialog/?doi=10.7735/ksmte.2018.27.3.286&domain=http://journal.ksmte.kr/&uri_scheme=http:&cm_version=v1.5

Journal of the Korean Society of Manufacturing Technology Engineers 27:3 (2018) 286~292

e A 7 Yok
Fig. 1(a)9} 22 BIlQ 2% 28 5 7584, Fig. 1(b)= vt

7 Tl A & ATellAEe ARAY] PR A &

A FE= 29| 2EE A7) slofof s w2l vl Feale

Aesta ok B2 Us =S A
HEFTE 84 o] A5 &5 sl ARgste] 2= dde e

Frog AT £ glont, B AFoie I ok 25

< FHo 3ER T4 B HIFE TE- 8= ARSIl 3719

ENZHE AAsl] AN o2 d8 S frAlske HAle A9

o mebA m T Bel 5 %

Fo| S 7179 SN Flel S5Ehe AR,
3] =2]2 Ao|(Headless Control)|2h= 7|&2 89 235
A= Q%Q‘— 7']—i u}ok CEo] % z]_g]. u]._f,y;_% i)

Z 981 HH 242} 9E(FHI )T LER(FER)0) E8

o) ks Wi} Hof ] A9t *JW] oA Ht. ol

RCE Alojs= &7 37| = vRIIA7} 5o A 284 A

319 A=A Yolo] HAr}

Szl Aol 237ke) A Wl 717el A s By
UAFES Fheglolsh AZESOIE AT Aol Bt 4T
5 H— 74 BRITE 254} ofel ko 2 Agltieks
B 71 23k AR e V1Rl
7A4 It} o3t 7] s /\l%%}”q Hyd77} B2
HEE gAl= A

10
Be 3
o

{0

ruo mlo
Of

lo

NFI

o

N

TE H]
o=

L

= Ax), Aeko g F5o)
Vs 729 71E7} -ﬂﬁo]-tﬂ =4, /\]~9_7\]._,] Waks) 71E <] 3
¥ ATAE THOE AFOT HAFE 7|%0] B B
AFNAE o]#3 715 TSk b -’4}16]- 7S £AAo R
TWgste] A g3ty thee] 28dM e FAE He

0 TEY 5 g vATERY) B AHelo] 23] Mt
BRo| Avlel %8 9l oyt v 7 AaAI9 S|
4, AVINE 242 WA B APASS] A Ao

MUJE]-D]-

AL e

2. = 2
2.1 BHIFY| Tzt =

EL2 3719 3UZ(Omni wheel)S F3l ZE| 58S &
o]oj(Ball tire)o HEah= WA 02 T o] F Alolof 7]
T8 W] SIA] A2EE 9 Sl ofelo} o] Q45
el e <= SIth Fig. 29F 2o, 348 3709 HAEE r, &
Ejoloje] MRS R & Eolofe] 2R g (k= x, v, 2),

rAETE

A==

2
=]

287

\ A

Fig. 3 System of coordinates

A AEES 0 (i= 1, 2, 3), 2 Bolojel 318 A=
P, & Elo]o1e] 7253} U8 Aol LS o2 Aot
714 F48o] = Elolojo} A= AN HIAE CEt
oJskaL & Efoloje] 2EAE Bt 8P Fig. 33} o] Xd

230] g50] 2 H2jo|1 &ije] Yk 71T u, & Elolo]
o} Awishe] o] Aol thalA] e 4 ol S v, 9} 54
%ol U 24 0= Fig. 30 HAE 4 W3k o FEAE] AA
B HEA $HET v8, o9 W Bk e A3How o
7149 7173 WA e 2 Eoloje] #3A Bot $UE 242
H3) ¢, &5 Aole] BAe] ek Fig. 30 EAH 2 Ejolo]
of 25A) BS §UBY HEA ¢ Aol) AEUFL T 2
o] 78 4 b,

TC1 = Rot( ) - Rot(y,—®) - Trans(z, —R) (1)

TC2 = Rot(z, —) Rot(y,—®@) - Trans(z, —R) ()
TBC3 = Rot(z, 3711) - Rot(y,—0) - Trans(z, —R) 3)
9 MBASS ot 2 BUEISE el 4 (49 2ok
Tt = [n;0pa;p) i = 1,2,3 4

oAl BHIZAIS C; HFANAY v|aF Apole] AA4
AS, NP5 JERE 4 (5-7)3 2tk



Jae-Woo Byun et al.

At= (T A% (T5Y) )
0 —6% 88 df
—88 82 0 df
0 0 0 0 ©)
0 -85t &y dy
A= |65 0 =80 dy
=8, 8 0 dt 7
0 0 0 0 ™
A AdM 6= 1[4 § e 4 FolX9 BHTE Adie Uehl
i d = [d d, d)E 2 A9 BEE B8-S Uepdth
9] 7 #sAle] wA &5 Afololl A (5)F tidsted st
A olefe} e 7S ds F ok
d =u; - (68 x P, + d5) ®)
§Ci=u; - 68 )
714w SU89 RAEe] HAoA WA shE Ewe] W

g IARICIT o] W & Eloloj= 3 55 B3l o] s3lEE
&89} §9%= o] Btk 181 §S% MEEE JERJER 4o o]
3 FFAQ1 218 (10)7} o] FafzTh

wir =+ (Wi X P) (10)

4 (10)% 01881] §11413} Belolo] Alole] A4S Rela)
H oo 4 (1) 2o

—Rcos(@)V3 —Rcos(®) Rsin(®)

w4 2r 2r T Wy

[w2:| - Rcos()V3  —Rcos(®)  Rsin(9) |:wy}

W3 (2)7‘ chg((b) T;Qsin(ﬂi) Wz (] ])

3 AolM Y= o I8 k = x, y, z= Fig. 49 o] 6=
AHgste] BT 4 (12-14)9F o] Tt

w, = —V,sin(6)/R (12)

w, = V,cos(6)/R (13)

Vp

Fig. 4 Operation of the ball tire

288

w, =0

(14)

A (12-14)3} o), = I 75 00] He ole = 3
TEIE Syaw)Blde Lo71A] o47] vlzoltt. 99}k 2ol &
o] FEo] AAE o] APS Y sigle o, FUET = Elolo]
Atolol mlI1%(slip) @0l TAet & o) W] EoAE &
A7E A= & AellAe ole] BAES falM & ol o]
ZANRE F7H R F25) SRS dAlste] S]] BAd
15 A Sk vimE Rl o7 o] WA Aol = AllA
7} o2 FASt ¥ WS BAsTA Aok

L

2.2 EHEF| FSAQl FIE 7|75 MA

B AFolA ARES U8 77 ARSARY 2A| wet A
g F50] 7Fsdlior gt ool wet TR o5 T 9
3o Fig. 59F 2+o] 3709] 218 (omni-wheel)2 ol 3+ Al
E 1205 1A 05 viXaith. BEo] A% B9 AHres KE
29| 3 A= TR FUB S ARSE A4 3lHS
F2Ql ko 2 she] AFEE o Zh=t) nhEEe] £ AR
o Ao !%EHHEE A W= OlEOl 7Fs3ith

THEA WelA)e 3kA] 941l Fig. 6«] gJejet 71-o] ]51_7]_ :[Lr;_oﬂ
Do ujel TR o} Bailel WAL PR T2

5 7THRIEE AAlstaL, 23] e AHellA AR TS
3 £ N-HE ol FHot=s wjAst &9 543 22U A
SHRI=E AAISHATH

3D CAD Z27139] PRO/eS 53 Al 4L JA A9}
A4S HelataAl Asel FEo] WS Resith £ AgellA
AAE 7R 3 T 7P B §Y0 AFHE FE2 2

Fig. 5 Omni-wheel and 3 motors



Journal of the Korean Society of Manufacturing Technology Engineers 27:3 (2018) 286~292

Fig. 6 Perspective view of the lower frame
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Fig. 9 Flow chart of the headless controller
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15 Rotation of the robot
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