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A Study on the Path Plannig and Control of the Small
Mobile Robot

Kim Young Gu

Department of Electrical and Electronic Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Jin-Shig Kang

Abstract

This thesis describes the path planning and control of the mobile robot driven
by two different wheels. In order for the mobile robot successfully to carry out
its role in a given environment, the path control is very important. Because it
is basic step in the accurate mobile robot positioning system.

A motion control algorithm of the mobile robot is presented in this thesis.
The mobile robot considered here is assumed to move on a horizontal plane
with rigid body. All the steering wheels remain vertical to the plane and the
contact between the wheels and ground satisfies the conditions of pure rolling
and non-slipping. The mobile robot tends to keep away in moving the circular
trajectory more than the straight trajectory as its velocity is increased. Hence,
to control it accurately, a centrifugal force must be considered in its dynamic
model.

In this thesis, the method of the path planning and control of the small
mobile robot is presented. Also, the validity of the presented method is showed

by computer simulations and experiments with the soccer robot system.



2Re FUE A FTAES UF PAFAL AN A7ME Agao) A

Qgag 2rolA AgHm Qtk EF Agel A7 Adstr] oele A4 A
o 2

(robot manipulator) 241 A E XA WHE2uEs FaPsir) oY A=
S5 f8A ols7]sS 2t vl 2 E(multi-function robots)e] E 87 o]
fFERoen, A o] F 2% (mobile robot)oll W3t A7F &s] x| gl
olxZ R T3 AFE 19683 1971\d9] Stanford Research Institute©l 4]
Nilsson¢] SHAKEYE A7, A Zgk o] % 201 o] A &Eolgon, 53] 701 dh
SRR wlolARZ R AN V]Eo] EFAA TS, -1 =(on-board) A&
A 7ol FFE o] ol R Lol gk #Ailol AEHAeH, AAE FAALA &
|iokz 7hAIsE WA utH(EEE1995).

olFREL2 olFWH e R olF ZE-(legged-mobile robot)Z} AEF ]
& =Y (wheeled-mobile robot) &2 Fid F 9ty Aa olsEHEE EA HF
2 270 o)Ak ApEo] 270 o]de] =dH¥ -5 7|(actuator)ol o3 FEE o] o]
sote 2EOR Fx7F tdsta Alej7h &olstH Al&F o]Fo] Jhsdith e
v @Hol] ofd AAtHolY BT FHAA FAE A9, AR L A F4
S g dEe] AX7F Hasta A 5o FAHAAE olsd & glon, AE
I FPW Atolo] HEFAA AgEe] mire] M (slippage) Fgeol AT A, o]

TR dd $ X (absolute position)E THotslr] 98] Mo e AMAE AXA

kg ol s E el e AEokes A Al VAR vYe & Avk B = Al (path
-planning), ¢ 254 (position distimation), & 2}#]¢](motion control)e]t}. 7 =4
Ao Hxe olF2E e %7] 9 X (initial position)ol A 4 $]x](target position)
2 olFsly] 9% ARE AAskE Aol th(E#,1995) (U 7 K,1997).

AHE olTEES AGsts HAHe 2R Ax2 F A A AZAA 7 98

PAH AZE FEs] BHAAZ o] BaE Aotk oF A3 AF oF 2R
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]\Tr] g ‘\__,/
(a) AH (b) =9 (c) &+

Fig. 1. Wheeled—-mobile robot

EAE 239 i FAHL ddor su 2Re) AW WFL x,Fo2 &
23 FuAolth olwe] R FTRE BAEy] Y] AW E (posture vector)

= A3 o] Ao (A F2,2000).



R 4

Xy Xl

Fig. 2. The coordinate of wheeled—-mobile robot
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P= (1)

ANA, (xpy)e olFREe) A FAM AHolL, g= 2

angle)oth. A (Dol A ol gzl A= Al A (y, y)F ALF

FoldE A& ¢ 4+ Yk

ICR (Instantaneous Center of Rotation)

Fig. 3. ICR for wheeled-mobile robot



3) olE =y 7|3t

ol F Lol Aol Vst A& olFRE O HA g upH Alole &k HAE YEH
W 2R e wel Gzl vh(F E$H,2000).
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Yo

X0 Xl

Fig. 4. Velocity of wheeled-mobile robot

AZNA, ye MR WA, gt GERR FA HEolM, v, v, & 4% $3

U:_V}_;’LVL_:V_")R%L_ (3)



’ |
5/ - L | VR

ICR ¥

Fig. 5. Calculation of ICR
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Hep = (sing— COS@( ﬁ) — ksinf— ycosf = 0 ©)

o714, H vhalwel 29 weuelolm, pi= A4 WMEE Azl tha) m)®
& golth 46 wAZt FAFE oW FE Aoj(Ae] YE T F 9

WY wE v et Aol 4ol A & gkt g teha,

tand = v/ x (7)
A(7NE 2o &3k LTS 2o Fata e Ak g9 Zolof dthE A
S om gt} ole} e AlF x
A el o7A olEgdold 2Rl AAME WA W dviy AFEA &
A F de7tE YERATh

F b S5y y, 2 Fig 504 uehd &30 81 A6l A kA o

AL oA FHol 39 A WP ZRoIAE B4

Al R Ryl AlElstE®, 4(8)% o] Y 4 o,

R, = R_IZL 9-1)

R, = R+124 (9-2)

0 (5 g) = vt (o)
21(10) o A ol 529 3ld WA RS e Zol +& 4 Ut}
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AADANA  R=o0, Ve=V,¢ W °ol& =2&2 AIS sHA =AW, R=)(,

Ve=—V,& W= Az ANA 3dS shA €

J
N

P S0 TE dEd ook &%
Aolel oA o5 WF WAZE( 97t whAA Hrk B =RelH ALEE olF
28 FE wA 2helw, AXAE A2} 249 FF 2Rl Fig 62 o
¥ 2R T2} 247k shebeHES vehfa gl

Fig. 6. Structure and parameters of wheeled—mobile robot



ol sF=Ee FH3ts FEsy] AdA o 2 7HEES g
@ ¥v]E"E ZA (nonslipping condition) : v} <} vlgte] HEHA ZE

—sinfx + cos@y = 0 (12)

@ &+T2 27 (pure rolling condition) : Z+ v}

lo,
)
o2,
rlo
i
e
lo
=
o2,
o%
ofk

oz wAEHe] HE0] A%H oz nEde 4E7 dhY WEHe =
FREe QAFoRt Mnegel gt FY £EL Bk

S

Ao

i
—cosfx — sinf@ y—b89+70, = 0 (13)
i) #5094
—cos@x — sinf y+b9+78, = 0 (14)

A(12)¢F 4(13), 14)E °]&38td thx3 22 constraint g4 o] Fr=dth

Algg = 0 (15)
o] 714
X
_( —sind cosf 0 O) Y
Alg) (—cos@ —sing cb b ! 0,
9,
)i, ¢ = 2ib ojt}, o] FEEL 229 FWAAT LEEE Aow JHAHE
2 fA YA = 00] W, &5 AR = 216)7 2}
K=§m(9&2+ y'2)+§1w( 0+ 0) +§Ii( 0,— 8)> (16)

A7 N A% i B
m I

e

m=m.+2m, , I=I1.+2m,b*+2I,
o],
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m, t VMO RE ZEHE A9 F mie] Aw
m, | VA BH 2HE §@ 4%

[ TEnHs REZHE A9H ojFnie] B
I, vk kA Fel Hie RERE w4

I, v sk wE Aol e wEzEe] w4

olt}, w3 L% YA Z Lagrangian A2 thestd e 2o}

Mg+ Vg, 9) = El@r—AT(g)A (17)
o] 714
m 0 0 0 0
_ |10 m 0 0 -~ — |0
M(q) = 0 0 E+1, —P| Waq, 9) ol
00 —-F B+I, 0

0
E(g) = [(1)
0

ot} flelA T

e} 2 ol A Lagrangian multiplier( A,, A,)E 2713871 <i8)

A(g)9 null space S(g)E tha2 2ol Ao rh(4E,1998).

cbcqs@ cbcqsé’
) = (Sia) Sy@) = | sm? Cbsomﬁ (18)
0 1

2A(15)ZFE 75 A(g)9 null space® & 4 Jow, g3 o)

q € span{S1(@), S, (@)} 19)
whebA], the] 7 A4S WESE smooth vector 5 = (7, p,) T7F EAI g

g = S(@)y (20)

q = S(@)n+ S(a)7 1)

oA g2 FHARE 5 = § = (4, 9Tl Gk WHA AADA ST(pE
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o] FalA gelshd thedt LrHYAE,1908).

S g M(g)(S(q) 7+ S(@)n)+ ST (@) Vg, 0) = ¢ (22)

gepas g o F7she e 2k

S
i

x=[xv46,0,0, 81" = [¢qg 71" (23)
olegt MR FEHWEE mRY T8 S 629 AH WAAoE yEud
21(24)3 2

k= A0+ a0 .
o714,

Ax) = [_(STMS)—l(Sngsm—sTV) ’

glx) = [(STJ%S)”]
o]},

2(22)-4(24)5 ol&3td o]y ZXO TS tgdt 2

1000 0 O x

0100 0 O y

0010 0 01|06, _

0001 0 0}fpyp,

0000611@123

0000@21@22 297
i
0 0 0 0 cbcosd cbcos x 00
00 0 0 cbsin@ cbsinb|| v 00
0000 1 0 g, 0 0ff o
0000 0 1 0;+00(rg) (25)
0000 L+I, —L||lg| |10
0000 —E PE+1, 0, 01
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o714

ey = m(ch)’+E+1,

ep, = m(ch)’— L
ey = m(ch)’—L
ey = m(ch)*+LE+1,

s

oty ¥l AL (k37 AHE (g, 6) vdATGR Sw, A&E
gt do| ] 2AE 4 Jul. aEEZ A((25)E tSa o] Aol ")

Ex = Ax+ Bu (26)

o714

10 0 0 00 1 0 00
101 0 0 100 0 1 100
E 00 €11 €12 A 00 [20+]w _]26 B 10
0 0 ey ey 00 —-EF E+1I, 0 1
o]t
aela, 29 wAAe QDY 2

=
(x) _ (cbcosﬁ cbcos @ 0 0 (27)

cbsin@ c¢bsin@ (0 0

~—
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Fig. 7& ANE 93 D40 o3 32 4%

s

D

(a) 2-point path (b) 3-point path

Fig. 8. Examples of path planning
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ol FEEE A A R AR AAAM TE A B v WHAES 2935
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AAE FAT] A 2§ oukae] - e daw
DC mHe] 7jd=o] ¢hd widso] tha] A3 B q3ds sedrtA A
A Alzte] ASHA "t 2, d3 JAE o] §ske] A
el g3k o] g3to] ool hsdtnz REE I sAHE ARy
AAA el 2o SA Ak B, 3 - 95 vhF)e] I art 2T Qe W

Forol AA A 47 & 5 7] "otk

3. 42 FE= ¢Igt Mo{7| HA

1) B4 Ale]”] (Proportional controller)

vl Alel7]l= eakell wldEsts 2719 F5Ee At EE sto] By AW
AAE 7l &M, @ ON/OFF Alo] 7| b 943 A58 z2tit)

2K

|
4

Emin ; 0 Emax €

Fig. 9. Character graph of P controller

o)

Fig. 9& Hlel Aloj71e] 54 efzoja, < - &3 dAA 2 28)% 2t
Vo = KPUe+ Vos (28)
AN, E._ W B = 77 Az, A eAgeld, ko v, v Ao =

i aelze) Ngv)sh Ee%e ARolth,

2) A& Ao]7] (Integral controller)

vl Ao 7] 7 @Al E=HAA S ATS A7) 7] fg @A Al E 59
Frha s, ARAC V= FAE A eAE wgFdorA BAYH oAE
A e 54S Adsts ol ol g HZA 7| 9 - &Y #AANE

2 (29)9F .
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A Aozl QAW A tHehel AP oA/t AR YRS e &
e AR ot xRS Betgetil s el Qth JHue dwsow
AR A8 AW AHESE ASE T8 SRk mebd, AN 2R S

(3) vld-& & Alo]”] (Proportional-integral controller)

g -2 Aozl 27 tdetar A7 A9A del ARSEE Aol
olt}, thEE o y=ul F(feedback loop)E2 o] #A|ojo]Eojy} k7 HMPFH A
ojo] &l ola] A

N N . P [05- |9||, 5;-- ﬂ)
[wverse Dvnamics | .
> —— Mobile Robot ———» ()
(Controllerk 17 £ i i |
B
' -y
. K» o< Hs)
3

Fig. 10. Control input of PI controller
Fig. 102 #]&-A & A7 A Aol o] FAPHE HAHS HojFa gtk
oy R ZHoM BAE oA E())E ()T TAAAM Zzt nig o]
(K% ARAELDE AR gBasten Qiud e 448 Ao A

0, nE CJEREe F e £EE Aojse] FdA wan eAE o

A Ao
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21(30) HH-A A7) Ao dE H(H 712 Fejolrt.
WD) = Kpe(D+K, fe(t)dt (30)

ANM H(f) 2 AR
e(t) =+ A&k

Kp, K; @ 247 vl ol 5, Aiol5

o

olty. B0 MR Kpe(H bl wldF Alojde s A3 o] v

AERTe® Ao7lE TSRS A, exkl " AlodEe AAHY A

Fig. 112 dwb#l Bl #H-# & Aoj7]o] &¢ ol

Ao} 2
=y

Al 7k

1o

Fig. 11. General PI input response characteristic
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V. AlEdelAd 2 Ay Ay
1. AlZ#0/Mol AFEl= heto|E
NgHol el AFEE olF mRe @A R FT AxwolN ALHT e =

Hojr o]o] thgk ALk Table. 13 -t}

rr

Table 1. Parameter values of the robot in simulation

I} 2} v E 7 w4
259 =20 7 o
2E MEAo] 7 cm
2R o 7 om
vk o 27 45 om
REl Hol 3] 3000 rpm
R E Q] 7]olH] 1:8

m, 0.0681 kg
My, 0.0473 kg
1, 0.0800 kg - om - sec’
A 0.0176 kg - cm - sec’
il 0.5000 kg« om - sec’

fhane rempeuips

u D
=13 . :

Fig. 12. Robot soccer system

B T A2ES Fig 129 7ol A7 F

’

AFE, LA FARE T, A9 AgH AzPe e g
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) 52E #3FH

: CPU- Pentium IV 800 Mhz, RAM- 576 MB

2) A Al=H

a3y 7}=- MATROX millenium O, Frame grabber- MATROX METEOR
I, CCD 7}vl2t- SDC-410N(NTSC 44])

FEEEZR- 32bit 80C296SA, EHF- 292~ #Yy=EE(BI12PPR), ROM-
7R 2~ 150 ex130 o, U - 5 omel B, W E- 40 o
B Rt MATLABS o83 AE AEdlolds Fa % e 4ud

At
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3. AlZdo[d B d™ At

1) 28 A=

Two Wheeled Mobile Robot Trajectory Simulation
HEESS

— 3%

* ¥

yiom)

x{cm)

Fig. 13. 2-point path

Velocity of Two Wheeled

Velocity (Cm/Sec)

Steﬁ

Fig. 14. Input velocity of two wheels
Fig. 132 23 A=l dd olez&e F3 A&l Aol Fig. 14+ ©]

W QEEs Fouba e SEol
23 Ar AlEHolAdelA ol REe FHx HxE= (10, 80)°laL, o] A FelA
g 7]

o 135%o|th agla HE FEE (135 20)0H, ojujo] AwrEkzte 30%
ojth, i EF Az F

A3 FHANA AlEHlAS a7 fa 2 Zy Izt
AZE AP 0015722 8t & A& 3720]aL, olsrio] AAE A=
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=

N

22

-

o

MEZ 4= Table. 29 2t}

fr

627t dxlth old 73k oleA e B Ao vAE e

Table 1. Simulation result values of 2-point

Epr O](%ﬂﬁl AL v | 74 ol 5 A IS
cm) (cem) (cem)
< 46.5 15 46.5 94
2 % 117.7 - 164.2 239
< 19.0 15 183.2 39
olwj AAE = ¥ T4 (206, 9.6 (1275, 33.0)01H, F ¢ Alo] H I3k

S A 9 AEEE FHde FxE (308 101.6)¥ (117.3, 22.0)0]t}.

Fig. 15+

=

=

Walue of Input Level

Velocity of Two Wheeled of Soccer Robot

Step.

-~~~ Right Wheel
Left Wneel |

Fig. 15. Input velocity for soccer robot

o >~
AAE 5 3l

F o2y gEHe T

!

= o
=

17882 A4 £2E 311 om/sec ol th
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Fig. 16. Traveling result of 2-point path

Fig. 16& 23 &7 A2ug ol gde] 29d F7 2%
olth. AEHCIHNA AME HEE GAF st FAL A F olF AR
SELEE

AAY Ans & 2Zsgo}, A5 folHE FAst ot FANA BAE 9
Az datel A4 AzE A4 Ao AW 5, AT0e GEHAA AT

UEe oA 2ajo] RAge] SR oE il wgsow wiie] Faatch

lo,
[N}
ol
o
i
N
Og(:'
N
&

Fig. 17 3% 2ol tl@ o5 el Fa Agelold Aselm, Fig. 188 o
W Qs e o] SEolth

Two Wheeled Mobile Robot Trajectory Simulation
==
— 2015

* BFAR

ylcm)

x(cm)

Fig. 17. 3-point path
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Velocity of Two Wheeled
: ic & - TR
— Left iheed |

’7

Velocity (CmiSec)

______________ MR

Fig. 18. Input velocity of two wheels
glo] oA olF i HEx HAHEE (150, 10.0)0]13L, o] A A

w
ety
o,
frt
>,
sl

A 7o 3l5welt), i Exke] Afelokst: AEE (140, %B56)0lv, AE

Table 3. Simulation result values of 3-point

_ ol sAE (Y] A |F4 o5 A -

T 2 (cem) (cm) (cm) s
< 40.6 15 40.6 82
271 74.4 - 115.0 151
Sl 38.0 15 153.0 77
Z | 789 - 248.9 160
< 17.0 15 2319 35

=

ol A= 4o FAHELS (256, 20.6), (281, 100.8), (109.9, 80.1)°l™, F+ <
Abol AR AT W AR HE = HAlel #HE= (397, 25.8), (367, 113.1),

(101.3, 67.8)°] T}
Fig. 19= 72530 485 F nh3 9 Fxolt
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Velocity of Two Wheeled of Soccer Robot

g

b,

5

&

Eut | o ) E3
B

L

=

m

=

Fig. 19. Input velocity for soccer robot

Fig. 20& 3% 2ol @ FT2% 739 49 dvelrh, muy ¥ FAs o
Az st ARAE A 9 ARE AR FEHA Zote] AT mAA

A s Rk =@ ALl FHSA A FEHA Rahel =

Rol MAE AREG #3 EE $Z0R olFst 97 AR
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Fig. 20. Traveling result of 3-point path

3) 58 A=

Fig. 218 54 Zzol tle o|E=el Fa Agelold Aselm, Fig. 22 o
W o SEold

Two Wheeled Mobile Robot Trajectory Simulation

INEES
—2%

A 2F3R

Fig. 21. 5-point path
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Velocity of Two Wheeled
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Fig. 22. Input velocity of two wheels

53 A= AlgdeldeA ol emEel HAx HE= (110, 204)°]aL, o A 7ol A

Mo

60.6), (95.1, 25.4)°1™, HF FE+ (120.2, 100.8)o)tt. HF HxolA Azt
0%tk & AET= 69401 ol mie] A" ArE Fds= Hede 11z
7F ARtk 53 Az AlgdolAels 7 olsAY B A WA E 17
i A E = Table. 494 2t

Table 4. Simulation result values of 5-point

] olsAY (A vA |+ ols A =

T3t G H Com) Com) Com) HEF
X 35.6 15 35.6 72
22 69.1 - 104.8 140
il 48.5 15 153.3 93
2] 39.0 - 1924 79
« 144 15 206.8 29
2 % 354 - 242.2 72
e 36.0 15 278.2 73
2z 47.0 - 325.2 95
! 178 15 343.0 36
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Fig. 23. Input velocity for soccer robot
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Fig. 24. Traveling result of 5-point path
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Table 5. Simulation result values of 7-point

ot g | B [ WA A g AA]
(em) (em) (em)
2 339 15 339 82
A7 24.4 - 58.3 151
2 36.1 15 1150 77
47 28.1 - 1225 160
2 178 15 140.3 35
A7 36.1 - 176.4 160
2 8.6 15 185.0 35
27 32.0 - 217.0 160
2 28.8 15 2458 35
A7 39.3 - 285.1 160
2 29.4 15 3146 35
27 46.6 - 361.1 160
2 286 15 380.8 35
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