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Analysis on Mobility of Planar Mobile Robots
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Abstract : In this paper, mobility of planar mobile robots is discussed. Firstly, simplified joint models for four typical wheels of the
mobile robots are described including both rotational and translational friction parameters. Then, based on these joint models and
through the inclusion of the additional imaginary joint particularly to the mobile robots which lack geometric generality, mobility

analysis of various types of planar mobile robots is performed.

Keywords : mobility, mobile robot, kinematic model

QurH e AU FE S 2 elE o
g

o1 ATk o} A 7R = 7] 813k 3 % 7HA = o R E
AU Sl e Zllele BA L Hgs| 5= &gl
TH1[3]. &3], Znld 22 mHlgeld] gigh 248 v &

7138}k

T}rﬂ_

o)
= = 7}(Nonholonomic)E 43 3} -1¢]
£l 719R ek gel 4

(centered orientable wheel), 2.
tered orientable wheel or caster wheel) -J.a]
& 2] 3}l Swedish wheel9} 722 U] 7F#] o} & & 9]
z3loz o]FolW FHEE muldd 2R 7]5-‘—/\4(maneuver-
ability)s} 7] #3l/% o 8} Utﬂoﬂ #ate] ZARIA Y 1%
NB4E emago] gt 2gutadl Foh $AY &3
(steerability) ¥} HAY EFFHAA & vl £ HL&F
2 W urlAg 2udEs Josgonelds 4
It o2 FLHE & %‘F/IEM ook BE[9]) ol
A= HHY wuly =1
o] 7zl #3}od 7]—;3}9}@ &4, Yigk Kim 2 A 7} B3z
ol 9] castern} A2 THE BEY Buhel 2y o] wy
el o #ate] AFSATH6I[T]. olHFF B 7]1E9] A
NAE BF oA Mny shae A8 SHL 128
2o

™ oXx Fl

7l

EEOHOSL
o

poA

a2, v o] wpErle] FAutaEg 23t ==
A% vrF o) u) 11l o] WAL A Hol Buld 28] A&
% (rigid body motion)o] Zuld Z¥o) R ER A% &
T Wste] HAsA frth HFo Kimd Yie FHY
Buld 2R 7] Fs RS 75l WHORA n oy vt
HEEE SFHHFE 3z SHH Z3A AEV)EE AN

H4Adzl 2001, 6. 26, FALZ : 2001, 11, 22,
A= nehsti Ao A &HET A(Wheekuk@korea ac.kr)
o] e o & (greenfog@mail korea.ac.kr)

oW F gt g st WA FE ‘"ﬂ'f(bj@hanyang ac.kr)
* _’E‘WH?”]‘M— Fad T oate] FHHAS

SFATH10]. o] 712 vy vt EFo] WA 2
A g drol ¥ A8 bt 2R ng, & 47
My olg @ Aol olo] ¥ FH o] wiHE 7HA= ¥
Y 2utd 2R vy vpAFo] EAshs F e E
AakA] = 7ol g ZLE & ARt A g

2 =i 7L 23 Zo] 2okdth A £, Grubler's

2HgE A% g HLe89d Beto 7|ewo B4,
W e $EHS iﬂﬂlé}ci 78 AR LS AN G

3 2ok 2o muejEd oig £4

II. Grubler?| B El2|E] 54|
Akl AAYEe) R Eg e 8 A4He
2171 Grubler's 02l €] 42 083 o] TRATH]

M=d(I—1)— 2 6]
A7 d= AU E WA BEEY F 8 =5 TN ALY,/
2 AWE 2 FA9 £, 23 o7 BH Y TER
A & vehdoh ()& o} &5t gt A7 2 &
452 FAFE dAYUSEY 2l s ?%‘ Ao,
Ho) A B =F s AU Sl AH4d B3d2A 1 AF
= #Hd A Bdn vy BAvkE AHgste A
ghete] 7| egtth B3, pnA R d Y FE2A v Yyt
Ao 2 (d—nZ2 AHEE FsA

GaY s 7o+ A Jaur,ts
AUz 24 B9 25 5% £F
o el AR lor Boh (WY L FY WANT 3
9x 3, a3 YRR T8 wAY

AR2E ). Hunts @9 ghell wa), WA Y 58 One-system,
Two-system, Three-system, Four-system, Five-system, Six-sys-
temo 2 EHIAFOH 49 e AHE ZE ¥4 59



244 RO - KISS - AEIEst =241 Al 8 & Hl 35 2002 3

48 £ T0L YehiE 94 B 27F9 o) —
e 24" + Aol BY 225 o[BS HUAL = l l i J» s '{L
AphE el e R ok g o] 7] S ah. L

@ ol2A FYAEY F2E A3 e 29 19 22
A7 7E meaA e AF oo g A BES =
sgE 27 @

2% 2 FYPAE FJHy WAUES, (@ 7MY mad BE
o] gl A%, (b) 7%“ u]ﬂa #Ho] F7td AL

$,=100,0,1; y, —x,0), ) )
Fig. 2. A Parallelogrammic planar mechanism a) without an
imaginary prismatic joint, b) with an imaginary pris-
$,=100,0,1 vz, —x,,0), (3) matic joint.
$,=1(0,0,1 v5, — x5, 0), ) d—2=1¢1 Ao]t} o]9} o] o] Ath A E(relative

mobility) & 7Hx = v 1% Bdol} B Aol s T+
£279 $&= YRR 3% d-12 EARAW F ol

$,=100,0,1 y5, —x4,0),
we} FEzA £ a2y 2049 2o g-12t HL

~~
wn
S~

>~

o o] BUHH (AQRSE B saf gue age  d-2WE IS A9t EAVD ol @ a-1uth Ae
3018 o} 2= glc} ol /) BA ATF F Fu= 2 Fo] FEZA 78 7= FE AL AU F A
S hapole ol A e S g masae o B EES S A2 wet 2Asn e WA Ze
G A, BE BA £F IO b 39 gu gy OFo TESWH ES ABAS o8 BH AR
Bol 9ew (V2HE A7 UZe BueEe 1ge s ¢ ST YHRRE AAT T AR
oo 22w, o2l @ 15 Quido] ARE WA S
o5t 2ol WY WAUZY A% B S0 gugle] v mEAE P defef F@AT 29 )= Y
G 370e) SRAY B 22RE A ey e 0% FO AW 2EA A S S B H47) 2
QU9 5 Az Baen REvng vl ey o o0 A8 4 A AU shiel mng @l
B4 Fol $49 FRA) ¥A FAE NG FA AR 0 PIHER 2T S o AAUES B
ool s eine e g ne g B se e AUE AU W 40 60 w0 wE B
oSS S A E el e AhAlm gl s4 2n nA= o} Aok AHAE A FAE + Ak
et 2el el AL e o edE s SE 1SR B As B 02 ving wAL A
A G Aol e A Ee me o gae V@ AFAUEC M a8 200l e FEAS S5 9
FE2A9 47 a- 10l A W wleE B () oo TH ME 2d 28 Tk g du 2
ol FalAE ZUABE $4014 RoE pag qug  © Lo HAAY ARG wAE FAL 7S =
£ 002 Yedth o2 @ WAUES Hunti= [9]914 7) A ﬂf%—] * A WA, 29 209 2ARES 2 2)
HOH GRS 29 FEE NS AR pen pu LK EAL B4 AUEA G5k Grvler 2
o3 gtk FAAOE, of MAUZ Ha AgGH gy Lo o e ASPERN TR FAEE S0
o ohgu ol HEE 4 Atk Al wAH A A2 3
Al 947k 5 FUT A4 4ol A% PR A3 Ak
o the % hel HABARE B UeA @ e HH T, U 2R A HYe TS e
_ o suzlElel Bake] ZApRh T 12 v 7 gelel v}
Aol el 92E Bas SABFo ST T4 2
ST gebd, ole e Bad A Thade s ) T BEZRE BATS S wANAL $EE
R R s LS LR
B2 A% A, A TE Sl HE APoE A
o Ao zel 42850, 227 v DAYG
29 m1ny vl F(v,sliding friction)# w7 o W=
ko g2 o] vy nlzE-F(y,skidding friction) . 2 ¥ & &
oy o 77 A Ao vy A A HAnde 2
g % stk o714, oA B S8 £EE HABE(Y)
24 TS e etk S Z Ao gl 2wt 7
ey 7y $, nRuAY BT 2F Fol A WL Fo| F
29 1. 99 FourBar 7715, helel A Al g BAk 7 A HAAA2 1A
y + 9tk o 2ol e =GUAL A% o Talol P 2

Fig. A planar four-bar mechanism.



Journal of Control, Automation and Systems Engineering, Vol. 8, No. 3, March, 2002 245

2L A Fe ue) BARREny ehEesel
ZA)sE 49

Table 1. Joint model of four types of wheels(with translational
friction motion).
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Table 2. Joint models and mobility of planar mobile robots :
X @ without translational friction motion, (O : with
translational friction motion.
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