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Abstract

A Mobile manipulator - a serial connection of a mohile robot and a task robot - is a very useful system to achieve
various tasks in dangerous environment. because it has the higher performance than a fixed base manipulator in regard to
the size of it's operational workspace. Unfortunately the use of a mobile robot introduces non-holonornic constraints, and
the combination of a mobile robot and a manipulator generally introduces kinematic redundancy. In this paper, first a
method for estimating the position of object at the cartesian coordinate system acquired by using the geometrical
relationship between the image captured by 2-DOF active camera mounted on mobile robot and real object is proposed.
Second, we propose a method to determine a optimal path between current the position of mobile manipulator whose
mobile robot is non-holonomic and the position of object estimated by image information through the global displacement
of the system in a symbolic way, using homogenous matrices. Then, we compute the corresponding joint parameters to
make the desired displacement coincide with the computed symbolic displacement and object is captured through the
control of a manipulator. The effectiveness of proposed method is demonstrated by the simulation and real experiment
using the mobile manipulator.
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Fig. 2. Kinematic analysis of the mobile manipulator.

a8 2
2 YA Pp= p, p, p, 0, "2 ZeY (BOE
AAegt. VPpe Zegd (melA Zdd (87 9
X wEolth, ol BujuEeolEle) 7| T8 $H o]
2RO 3ZolnE ZQE W 4,2 wig He 1A
Zy o) & ATHE Tl o)ER2Re M 7}
£5E 4 (33 o] Yehdd

WV
=|:Ww

S

S
Blm 3)

6,9 Jacobiang& =

A (4)3 2ol Yehdth,

s _[7Ve] _[%s0) _
E BwE BJE.'w t

webd 2t 239 Jacobiano] Yy, PJpE Fold W,
o] Eul v E g ole]] Jacobiane 4 (5)3} 7t}

W W W B
.. v, wy+ " RgV,
W — E B B E
PE |: IVUIE:I [ w RBB'ZUE ]

— I:W JB W JE:‘|:Qm]
a;

YRpe (WA aizie) (Biixe) suuas

(4)

)

Holt}, &, A 2)~4 B)9 93] end-effectore] &
& olEaiy A2 Ro| &7 BTS¢ 5 gl

2. O|SHLIEHO[E{2 Ao £

Y 3 2 A7olA e 2R AA A" T
4& HEhd Aotk AAH o= 6719 Air|7t
shte] AeiAe7ie 571 AR T

v

852 919 USB-TO-PCI 7+=7} PCIHI 28 S8 <l



4 58

Tit A -
( i’ L &B\\ Main Algarithia
o Z-DCF 1 i 100 msec
Pan Active camera - ’
Seri
Par/Tilt USBTOPO "G Bus> i
for dii Q 1 conmmunication
(1L297:1.298)
g E aBe Main cortroller
- PC{Host)
Pan/Tiit motor
controller ANSZ527
(@7C19%6CH) CAN cordroller
1 i 6-anxds motor
[ 7 omms ] eontroller
fotor Z-axis okor Robot
PID control confroller controller sk
(tomsec) | 2y grC196CA) (87C196CA)
el B R
¥ [ Moto |
Left |, Motod w 1 Encoder !
Encoder | wheel e
) zats whee |

e 3. o|soiUZEeolE{e] Mol PME
Fig. 3. Qverall system of mobile manipulator.

o2 Hu] X3 olyzRe 357 FEsidee
Pan/Tilt A9)7) MERZE A3 4719 CAN BEEH
=gt A A7 HPCIZte] CANEAS $3% ISA o
glsfol A Ftest A ok a8 AYEREE A
ols}7] 913 8051 AEEEH 7 FAAY % HBFHUE
=2 AAHNA gk FAAS7E 100msece F7)

7 gAAdet 28 AuAEe 85 AN 2 =2
RE2 A5 stgdAolr|2e HH AL MaHA ol ol
2304,

57 Aolr)E ISA Qe el s gt=g] WE
¥EE 53 AA7I7t Agshe AAEHE Be
o}, Pan/Tilte 39 AoizlelA ©& D7} &3
2 7t Zo] FAlo] Aoj=v 744 7153 Holding 7
58 Fdste] 14 AUAE Agstgitth 7 v

=g Aojdte *o‘HxM?l A Ao)7) 238
YEYaE B Fe £x9Hd FF5] A8y
10msec?} AolF7i= meﬂcﬂ Fe)gtcl, PIDA| e} 7}
e i%«l $Fo2 Q3 FYT AR AU EAE
et =S HAHUAY. AR A7l RS-
232C a%%ﬂ% Fal sAAovel 4e BAERE
Aoy zlo) o8 dAfutech spAer] BE2 7
Z9] N E FFs7] 43t PDAlolE TG

RES

aq©

J%}l

I ZiH2t AAE X 28 X #3

1. 72} 2Eg o J|RS sl

Fietzigt ol S EHOlE Y SHANFY ¥ AN SAAS

HeNs 9

B =8 AHEE sE7HEY] VTRE F A
#8E A8E 2 ARES Pa/Tilt T3¢} 715st=
5 FAEAG. 4 e PEriRe ARREHE AR
stom Pan/Tilt $2H2 09(deg/pulse] Alojdet. &
AR EBHY ANE FAN) ddME 71A
(base) FHEAS g 7ol HA 2 W] A
Aust gasty ety 74 gde Zko] dig 1A
AFAG AT A BAE Yehle 4% 7
T8} 3ol ool e

3% 7178 A4 fste] 2¥ 49 2o D-HY
of o3 HAEFE AP} A7A e Tit 4EE Y

ERY, B Pan 4EE L%E}‘“D} o|2HE 7|4 HE
A% SR BEA Aole) ARAAS el F5
#FE A 6)S A At
) cla)e(B8) —cla)s(B) sla) Lsla)+lela)e(B)+d,
oy = @) e() 0 15 (8)
1T =sla)e(B) s(a)s(B8) cla) L +lela)—lys(a)e(8)
0 0 0 1

(6)
EagEde] vyuels e yRy #Adz
afell thd 715 HTAAAMY At HAAR x, v, 2
2z} &0 tiate 4 (DHE JERdT
Ty = lpsin (o) + Izcos (o) cos (B)
Yeed = l3Sin (B)
Zoq = Uy + lycos (@) — l3sin (o )cos ()

D

A E ] A s ZiEFEAN AE Thefete]
Roll, Pitch, Yaw Ztol di®t P2 JFRALPL

\ 7

. EEIME} 7198 2 EA
. Coordinates of the active camera actuator.



2005¢ 9F Fx5E3

o[W 7 wgbdEol ekl Rolzt 6, Pitch?t Op,
Yawzt 9, = 4 (97 2tk

9 = tan—! sin (a)cos (B)
b=t ( Vecos? (a)cos® (8) + sin? (8) )
_ -1 sin (a)sin (3)
0y = tan
’ ( Veos? (a)sin? (8) + cos? (3) J ®)
Oy=20
2. JHNHRERRH A /X FH Lu2lF

oa mgy_ow AABA ] 9XE "246}71 S5k
T g 2ae Agagu 9 & Aeg =

o] 18 59 o] BE Qo] dhte) How
QAN 7 AL FHge ztoz wy

Ml o e
Rl
)

A 9F A Iy 2d2Re oo & J4d3
3 ojxste HAo| i FHIAY A4EE FIAY A9
thk pixel % T4 d=e A% Zo] AT

0, = tan™? (—]lc—) (9)

N

g1, k+l pixel & F4FH Z4xE 2 (10)7 2o
e

ﬂ:\

k+1)

0k+1 = tan_l (—l—‘ (10)

Aol ¥ Aoaxe 7 pixe Alolg FARA 2=
E 4 (D3 2ol AT + ok

l £
~k+1__k__1[_Px (6‘”)]
~ i / l,l—zcot 7 (11)
-1 .2 0, _ 08,
=P, 6.\ P, 2z ~ P,
2 °°t( 2 )

=
I
| /1/ I 1
—~ 2o L,fb
QQ

agl 5 H £ gl 22
Fig. 5. Pin-hole camera model.

==X X 42 ¥ SCHASE3Z 5

¥ & izt 2d2RE a9 6@ 22 FEIhie
AR FRRRG AARA ] BvAE T IH
6(b)NA Opxe FhelEte] X ko] did A7 H
zrolt] Opye Y Wl tid 22 Yehdth 23 6(c)

zeep | 2

%
ﬁ(‘%

cco 1, 2
sensor L

)
ﬂ 3
CCD _’U o,
sensor_¢ L4
///9}7/

//,// / A
AT
oy /L

T
!
|

(©
AMMEZRE H2(HES FH (@jss7iH 2t
T4 (b) AXFH (c) CCD7tIEtel Hat
Estimation of position information from CCD
image (a) Active camera configuration (b)
Position estimation (¢) Image of CCD camera.



(=]

= (D)9 gl Aol gh Ggold Py, Pri
XY w3 PixelF j, ke A& FA LA 3= Pixeld
|y el Aol SEAAve] AAo] s AA
94e 4 ®)9 Roll 2l 93] 6z3+F 348 Fgoln
2 24 (129 o] 54 Aale] 4 (193 o] I3

oo

e

i

Ag) r, o WE 6,2 24 4 Ak A7 1A
AEA ek x FFol e 9219y ukakel] o 91
_ 2]

|
4 19z F4a4"

P
71 _Jcos(Bp) —sin(@p}|i——=*
[k’] _[ sin (6 ,1:) cos (0 R})e ] 123 12
k__y_
2
~ kK
T o= Zyyg * COt (QT — Hry) (13)
Dy
éo = _Lerm
Dy
2, =1,4c08 (B) +1 cos (B+8,)
Yo =Togsin (B) + 7 sin (B+8 ) (14)

(chd: \/m

IV. Ol SO SO 2HEZ AH

1. 25 22 442 95t BE HE

olg2ite] 27 At AR 27] RAE o
n gAY AHch EAE o] SuUE el of
3 $8 7lsd JAY dEHA AAE AdFozH
z7] A2 HAZYA ELIHEE dte Aot 2
ol A ARG ol FujUEe ol o] A2y A
2 714 Z# 9 Foll W3 o] 5RRY 27] YR 717
ZYY Fo} 7] o]52 R Mol ZyY M, Ao
o) MBHD Dyl A8 71E5A & Qok 2
Y 794 BEo], F A& o|F2RY wo|x Zg
d Mypy®t My, grtold =225 52 ¥3
42 "Dyl A8 siedeld 4+ v agx
YDyyye S92 (homogeneous matrices)& AHS-3
A vl 52Ee £5)9 S(O|ERRY T8 F5E
ohAl ®@He) A 4 gk

Aole] Azt tol| A ol B2 R o] wolx T My,

¢
R

A
0

s&7tH |t o S EYOIEHS EHNARXFY X HAYSHAE

(240)

e 9

a8 7. SE AlEof nsh AjlAY B
Fig. 7. System variables for motion generation.

a8 8 =7 fxlet 2EF fx|Alo]e| HEEHA
Fig. 8. Transformation between initial and final position.

of g AYRR end-effectors] AAE My
M, gole) 8aad VD, ol ojs) ga@=old &
ek of wagd VD, BEAF {6,0,0,} 9
g2 JEednh

adA gele) Ak t+dtell A9 end-effectord] 71&
ZAY M, ad HRE F2E wolx Zeq
My 9l o8 At Agaie] A4 FAUF g
0=1[0,(t+dt),0,(t+dt),0;(t+dt)]Te) <t
AR Mtk 2 EE n WA o|5Fe 71A Zydd
o i3 end-effector®] Y& WBPA D, 00 9
3 oA 1, A (15)3 Zo] x@HAE 5 QUoh

FD eltm) ™ FD w( init)( 11;[1 VD w ti))D el tn) (15)

1Y 82 71A FHEAY end-effector ZFA Atol <
A3 WA Yehle 99 928 D, 8 Tie 3
e BolFa guh



2005 9F HXESE =X M 42 A SCH H 5 &

A B 24588 o] 4s AY FFA] dlg =
71 89 42 "Dy e A (16)% 2ol g

cos{¢) — sin(¢) 0 x yin

D V(i) = sin ( ¢) COSO( ¢) (1) y (‘)’im't (16)
0 0 0 1

283 7 FAe W9 38 VDyE A ane
2 B8Y 4 Yok

C(?S (d¢ Vi) — sin (d¢' Vi) 0 dx Vi
ip = sm((a)’¢ Vi) COS(g'¢ vi) (1) dl(; Vi a7
0 0 0 1
1N, olERRel T4 WFow AFATHY, 0|52
29 9x = %H?}"ﬂ g ¥IFE JgEde

Ay, dry;, dyye A (183 2ol F¥H®, FA
Wgko 2 AP, 4 (19)% o] EIE F Utk

dpy; = 5; - v; - di

dz; = R, - sin (diy,; ) (18)
dyy, =R, - (1 —cos (dy;))

d,; =0

dzy, =v; + dt (19)
dyy;, =0

wol, dpy 7 83 AT A4 (192 4 Q02 A

A A Doz A AL 4§ Utk B =EAE

A (ANE mdsted oA 4 QDY HE¥std 2d
< AHE{h
sin (dyy; ) = dypy; cos (dipy; ) =1 -——(@2—2‘1 (20)
d:I:Vi - 'U,L- . dt
S, -« (v; - dt)?

dpy; = 85 - v; - db

714, (S; v,)E 2 FelNe] waRd "Dy,
A4 FABER 2ot FEH $EE £IT 2R
2 4 (1504 YR vlsh 2ol AAUAE Y
B9 24 AE {(8)iora,
(V;)iz1.0, (0 )i=13} & BFE BE 7bsd) Ak @

FDe (tn)E

(241

Initial configuraion: "D,

Final configuration: *D,  (goal)

Initial error: De =( De(gw,)) 0 D,y

n=n+

Vi -t
Searchsystemparametes {(S)i=1.n, 07)i=t.n, @)i=1. 3}

by minimizingf criterion

» DV(mu)O(O af(tt))J,De(m)" De(goal)

}L

De "'( De(goal))— Y De(actual)

ag 9. zX Hz MM gD2|E
Fig. 9. Implemented algorithm for optimal path.

A, 714 Z#HY Fo 3t end-effectore] EH9IXE
AN DY FD, 41 A3 71&H 0] Atk 283 A4
AAAAE YehhE ‘D, )% 93 2AAaAE 4
el = N7 A {(S )iz1m,
(Vi )ic1n(6: )icrs b o THE 20+3709) B8 w7}
Aol Aol dh 1% 9% B =RA AAstz ¢l
= AN AZ AN AEHE SugE S R F T Yok

F =
De (des) =

V. AlSgjojM 9 A
1. GAYEE 0|88 YXIZH LT
% =8 A AAIG AR Flwete] s]FstE
BAS o83 AYFAY g§IHE AF) s
AEdoldn 43S FPstch. AEgHlAL TFI
vgke] AAe] wal 1m AAte] wigto] dHHE J4
% %5 oAA AAF 7178 #AZ Jehddeh 13
5%71dE Tilt 2 a=144°, Pan 7 B=24.3¢] =
HMW AFE Astojt}, Oy 102 B xR &
Hol ojFujuZEHolEle FAHoZRH MAPANAN 4F
g HEA ] wet x=38m, y=05mell FolA g v,
A AT FF v AARlA A4 dF 34 2
mAeA AN SugZel o8 Hsoln Faat



8 5S7HH 2| ol S L & 0|H2 EXHAXFY

8i- 7

Input Image

ab) Find - i
target_obj cemter, x' 256
targel_ob ponter v . 148 ;
obinum ;81 i
targat_obj - ISE1S target oby y: 8847
Obicia_x* [FFEET Obldiny: [FEE |

Apa(Tity - [laoaes  Bute(Par) (30006
xood . 27 yoed 2 reed kil

Obj_cwootn angte . 1ENIATAEAIBIIG |

Prnr.r::gsmg ‘tﬂﬁge Ohi_camen distantss - 573 967072288181 ;
Piteh_ungtn 0 230241 96A211256 |
Floll_ssgle G.03E9YE/38EMATIET |
Rotetad_pmals. -5/ AGTBURDIRENES |

Rotated. pxely : 15.3873625359192

a8 10, A &l FH(e=14.40, B=24.30)
Fia. 10. Estimation of obiect position.(a=14.40, B=24.30)

e
P e T
P [ TN
o] ' ' H S,
L ' . ’ ' ' e, ;
T ' ——
e T e
-~ ' - RO H ' ' .
e S e T (
2577 ! IR | ' ' Ceeedl ! ! ¢
P ) H ' H ) R
1 S [T S ' ' ' Feeeal :
Ve ' : i ' ' ' ) V- {
AT . A [ PPN i v H H
2477 H [t ' ' VT T el ' H !
1 H i .1 N h h i . -t i |
P \ Vel i
' .7 H HEPT S H ' ' | Nl !
[ ) 4 B hAT ' I I ' N P
P ' - M Ty ' ' ' !
\ LT . ) 4 N ' :
. ' -, H
2 ' ' , H ' [ E
x ' ' ' H 1 h ! |
A 4 ) - 1- ' ' v i
~N H n H 1 ' I i
' N 1 i I :
' \ e i
' . H S- !
) ' ' '
- H '
' ' i
' = . i
' ;
'
4z

1. SAdHS ol 22 44

11. Path generation using homogeneous matrix.

e dolEHE BoFa itk A & 5 3

AA FhelE el g QAR 71yEhy #
AE T3 ABRE FAToRN & =EAA AA
@ dadsd i g4 ZAvh

mo
oS
olo

E 5 2N 42 4y

AAG ol FuiEH oS A Az A
& s AEIELS e
. a8l AlEHolAE FAsIle GA ol EA
(0m,0m,0.55m,0°) o] 31, FP= X
9l 7] AAE (—60°,20°—15°)2 Fu, APz
end- effector® Z2Z A= (Im,—5m,0.7m)o 2 43
saom, o)E2Re PHo|FEEE 2m/sE HAE

Art. 18 118 7] AN Edsted ZFE R

ai
=

Ef 4 2|

i
€ .
!
i
i
]
) !
Yelocity v i
0o T T T T T !
h : : , ; i
; i i i ' |
g oy N A S s N
§ : : : : 9
agtl----—---- P R LTI FEE— E
o H H H n : |
g 100 20 3 400 500 600 !
Time !
- e R e 4
a8 12 2 FUeM e FED MELE
Fig.

12. Curvature and linear velocity in each time.

X-Axis position

a8 13 Ol=s2Ee x| 9 atE
Fig. 13. Position and orientation of mobile robot.

o qYE Axtstn ackE, VA A B85k
CE #Hi3A7E A2d FeHrEHe 3F S £
o g8 MAHE A ARE FYsIAA BEx YA
A9 7l AEgHoA A3E 3DE BYSFa gk
Agdold  Axt] o3 HF A& (09451lm,
-5.148m, 0.7m)o|th. B AJE#ojAolA LG Q39

AAL FHaspgAgo] A W o Aol A4
oleldl e Al (threshold) ko] el 7]R1gk o]

B FFATFNAN JpdFolof Aer ARET.

a¥ 128 4 A0 FEF £ WEE 1Y
k. 1Y 13L& olFRES Fo w2 X9
Ve Aoz ok 400 A7t Fo) o]Zny
ZeolH/t HRAAR FHsH:

EEdAA AAF dae el

F3i
L



20054 98 Mxt5E

[ ¢t Cememmetn
i

i

i

|3

3

3

s

38 14 SE e F3Ale stuzt =

Fig. 14. Camera motion for finding a goal position.

Zo] AAste] AIYsAth FefEo] e FIIA
PURL-IE o]&3}9 _%7]-?454"“/‘1 FIRBE o83t
of JAe] YAE F4 5 JEEF e, o] 9
2ol ZZEA dF fxFFo g sz T2
< I8 1404 HojFa o

=Eoll A AAT PHOR o]FuiyEH o8}t A
o] ARE HEFEAA Y =23t xR EAE HelF
= A¥E FIYsAT olFWYEHIHS End-
effector?] 7] 9x& X, =(0.15m, 0.3m, ImE 23
dRon EFaE X;=0Gm, bm, 056mE 243
i o)FiyEHCIHY Z7|9Ae} EFHAXNE ZH7
(Om, Om, 450), (485m, 47m, 00)2.2 ARl Aes
At A¥A7Z End-effector?] 931 Xz =(4.9m,
49m, 055m) = xW3o R 0.06m, yHEeE 05m L.AF
7} BRI 17 159 Fo] o|F2E A B
L }* ERAATAIL] QA7 742} 0o MR A A
%l‘:}
EXV‘*"“ e Ag4AHE By
S EAE SAT T &
L}E}lﬂ‘ﬂ @) ~= 2 x4
e BAE 4R BV A% A
At 5)~6)2 FXHA °o)F
W z7] ANE HEte 53E
BoFa Qi

2 A8 AddA BZAAE e A4, AHAER
F3 183 B EANE = FAYE) JEiA
ZeiAel7] 9] HE tigh A 71EY Ao +3FH
Fhete] AR} 7]FHE AAE o] &3 HXFA E F

3l

8| =2X M 42 ¥ SCH M 5=

(243)

rad

223 15 o| o B ole{el x| Y gk
Fig. 15. Position and direction of mobile manipulator.

Mol ARZ Fste ol sulUEHE o EAT A
FeJo] AgA olFojH Lol g & # YUk Al
ol Aute} AFoA HAEE A AdFT0Y
vgde| M2 olF2 R £HANT o]FREY X
Qate} 91A F3& 9% vt 7|59 HefulE
3 B 71913 Aeg welth waka ot
EHol 4 ool FejulEdd g EFgHYS BA
s A7t F7b2 AdEoor I Aoz Almgrh
71E9 gugEs o8 HARAYS 57191
A (off-line) At #8& AX ARE 2
@/\]..Q_ g].;dz‘s] J—’LL]J tJr.Q_oﬂ ’EEHE] 7=1
He HgozA @A g gAs
1:1:‘—- ;g-ng _‘%
EF "1]7] A &

R

o N
_\:

Lot o oo r

B =8 u

o ol ox o2 M



10

el 48 2

a3 16. o] SoLiE2)olE{2]
Fig. 16. Experiment result for fask performance.

2, ol E ez} o]
2AFo] 7b5
% 7H Aol vz gA g
AT 5 AATE AP 3A
%71 ﬁﬂfoﬂ

5%
s gomA B7o

}\

lo

>

o

tlo
L
0,

o

a2
lo
oX
o
X
foke
e
N
N
olf
QL

l-:-':,’—o]]k]“ Oﬂ)b}]éi_g—
dolels] BA5A4 % AzAde] B9
sy EeolEl7} ele] 9
2E9ANA A A2z F
Hesde ANFAT
2ol Aok FlskerA Q) a
Astn AA #7479 uuwn% olga
@gel % 5 zgs}odoua 4&%%01] BEETE

&

@ olFulUE

dF2A oI5

"‘E

it OHo

L.
=

S7tH 7|8 oS EdolE e SH X F

(244)

c->| ai xlX

S L

J NadoR EEA 81, dhte)
e AAARG,. 227 AYRR AABLE
o 248 970 mgad e
Ao} F7)v e} =

A2Hl

o]
S5 fsked w)
283 £29 AHgel Be 49 4
SR LRI EEERIET EE T
FEAPORH 54T FYS FIT & NS
ABdelMT 4B e uol Foch WA, ol
RS D DIRES ;L *OML 7 B Alojst
e 71T Aol BE Be AYSE A
2 Aeja] giate] E}Tﬂu Ael7) o] YEYAE
Edjo] AIE FUHE Ao A2 Aol A
Juee 28 F A
&3 ﬂ:r-z»ﬂ Qe
& 994
34

=
=
o
i
o

=

E

Aojel glojAel 9)
o8 HEAA A
RELERELER
Hel e, 22ln AR AF
: Af& Fhulet 72y sehue @ B
g 2Alo] 8 AT Adolor &

Ey =t
=y
Me

S g
e

Y

}Dﬂ E‘rOﬂ

b o]m] ]

AR

40
&
L e
o2l
Nl

D8

[11 W. F. Carriker, P. K. Khosla and B. H. Krogh,
“Path planning for mobile manipulators for
multiple task execution,” IEEE Trans. on
Robotics and Automation, vol. 7 no. 3, pp.
403-408, 1991.

Homayoun Seraji, ”"A Unified Approach to
Motion Control of Mobile Manipulator,” The
International Journal of Robotics Research, Vol
17, No. 2, pp. 107~118, 1998.

Jae H. Chung, "Interaction Control of a
Redundant Mobile Manipulator,” The
International Jowrnal of Robotics Research, Vol
17, No. 12, pp. 1302~1309, 1998. )

Jang Myung Lee, "Dynamic Modeling and
Cooperative Control of a Redundant Manipulator
Based on Decomposition,” International Journal
of KSME, Vol. 12, No. 4, pp. 642~658, 1998.

(2]

(3

(4]

5] Jin-Gu Kang, Min-Gyu Kim, Ki-Hong Jin,
Jang-Myung Lee, "A Study on Optimal
Configuration Control of the Mobile

Manipulator,” International Conf. on Mechatronics
Technology (ICMT'99), pp. 572~577, 1999.

Jea-Kyung Lee, "Mobile Manipulator Motion
Planning for Multiple Tasks Using Global
Optimization Approach,” Journal of Intelligent

(6]



20054 98 XS =24 M 42 A SCH A 5 &

and Robotic System, Vol. 18, pp. 169~190, 1997.

[71 H Seraji, "Reachability. Analysis for Base
Placement in Mobile Manipulator,” Journal of
Robotic Systems, pp. 687~698, 1997.

[8] K. Shibata, T. Murakami, K. Ohnishi, "Control
of a Mobile Manipulator Based on Equivalent
Mass Matrix,” Proc. of IEEE IECON 2ist
International Conf. on Industrial Electronics,
Control, and Instrumentation, pp. 1330~1335.
1995.

9] F. G. Pin, J. C. Culioli, "Optimal Positioning of
Combined Mobile Platform-Manipulator System
for Material Handling Task,” Jourmal of
Intelligent and Robotic System, pp. 165~182,
1992,

[10] Jin-woo Park, Jae-Han Park, Jang-Myung Lee,
"Intelligent Control of a Mobile Robot using

Fuzzy Logic,” Proc. of ITC-CSCC'99, pp. 585~

583, Japan, 1999.

[111H. Freemann, editor. Machine Vision for Three-
Dimensional Scenes. Academic Press, San Diego,
1990.

[12]1Y. Bar-Shalom and X. Li Multitarget-
Multisensor Tracking: Principles and Techniques.
Storrs, Conneticutt, 1995.

[13]1R. C. P. Paul, "Modeling, Trajectory Calculation,
and Servoing of a Computer Controlled Arm,”
Ph D. Thesis, Stanford Artificial Intelligence
Lab., Stanford, 1972.

[141C. Perrier, P. Dauchez, ' F. Pierrot, "A Global
Approach for Motion Generation of
Non-Holonomic Mobile Manipulators,” Proc. of
the IEEE International Conference on Robotics
and Automation, pp. 2971 ~2976, 1998

[15]E. A. Croft, B. Benhabib and R. G. Fenton,
“Near-time optimal robot motion planning for
online applications,” Journal of Robotic Systems,
vol. 12, no. 8 pp. 553-567, 1995.

11



12 SEFaIE o|SHUE0HY EXAXFY X AHSEAE TEY 2

S IPN ]|

| T Ef MAIY)

| 19933 AFAYUetm

' AzF et FALEY.

200003 BAkoieta sk
AA-g e HALEY.

2003\ FAtoishal o sk

of ¥ gAY
19801 A & th gk
AR s A&
1982:d M &gt
AAg e YALES.
1990d USC ®AFE 4.
; AzE et A 29 1992 ~ & A Fabo) g
2004 ~dA FREUE BdrledTA A7 AAF e wp.
<FRAER ¢ GFAA dHolHER, olFEE, 19929 ~ @A AR o] AL
GEEER, YEHR XA o> Ao} - AT 3L - A2eFets] 434
<FHAEF  BERE, A2gEA R Ao,
vlo]ag ZaAA SE&ALF AA B Ao F>

(246)



