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Development of Multi Haptic Control Environments
for Tele-operating Robot System
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ABSTRACT

There are four methods such as 1:1, 1:N, N:1, and N:N in the tele-operating system for control the
remote side robot. The operator must know the information of surroundings of the robot, collision
possibility of the mobil equipment, and force feedback of the manipulator. The time delay problem occurs
in the tele-operating and it causes vibration and expressive power of the manipulator owing to bi—
directional force feedback. N:N control technique having been developed lately has a switching algorithm
for the operator to select the target robot or it’s partial equipment. When multi-operators work together
to accomplish a task with multi-robots, the switching facility must be offered. And the automatic tuning
skill to generalize the operator’'s tendency is needed also. We describes the methodologies and skills
for developing a haptic-based tele-operating environments to makes it possible to control the remote
multi-robots with multi-operators in this paper.

Key words: Tele-operating( 2 Z%,), Haptic Control(31€ #]o]), Robot(Z %)

WA A & (Corresponding Author) : BLA, F4: A "2 AR EATY

>:<

FrdT HE=E 99 FEistu, A3t 042) 821-6654, FAX
: 042) 822-4997, E-mail : oskwon@cnu.kr

A4 120139 1€ 18Y, 484 2013 3¢ 7Y
$g=5d 20134 4¢ 19

" A3 9, S PR AL (E-mail : yrchoi@kaeri.rekr)
" A5, PR H AL D (E-mail : jclee2@kaeri.re.kr)

(E-mail : jachkim@Kkaeri.re.kr)
T2, dEdAHATY
(E-mail : ROBOTkim@Xkaeri.re.kr)
T 289, Fduistn ARE Ty
¥ 2 A dAE AN EAIG S A A BA 71EHAAF
d Aoz FY A7Aa944.



690 HE|D|C|0fEtE] ==X M16H H65(2013.6)

3 N-to-N9| t}ekat EéEHi L‘rE‘ra T »1“%[1,2].

A YAxF Z2HLS FZ 1-to-1 FEl9 o]F
fFolH, 1719 Y glo] dANA BJT A4S
Tt opA 71%—’?501 vt 279 A
T7F FEo = <l st Fulgk 2 o)
o9~ o1 Tk Aol e FAg sl
E7bssith £3 2Ro2RE AEws 3=
B} Algke o] glof 917:‘*1 25 dA A deiol
ek e v olE e < 17“’] dolA 7] Wil =
H eugolEvte] 944 APS AL3| FIT -
Ao.H, Ao %ﬁf& HIOlEis«l Aol w A3k
2 e o]a BolgAd W EELS QdoyE gAY}
A8t dAAPF ] AR =7F =4 X3 Aot

¥ =#oA< Drill-Ship AldTx4& d4xF

2R3 NEetHA o]H g SAS S53t7] 93l
F ZFAVE dAA e v 2RSS 2TE Y

oﬁ

d

['
¢

fl
E
;

©:

N

ole Bz - APetuA YL S8 5= Y= 3
g 71 N-to-N 91423 87 7ol #ate] 71

2 97 MU 2R ALY MY S

2 o] gol@ Aojol Aol tFHH o]

nZE o el met, Afok FATFEE BRG 4F
daxd e A s A, Bl 5 53 87
I AAA 0l e FAE FHoR AT E Al
7 Soiska vk Eg T, B d A4
Ay A A 9t ARlEx AN AH %

g3tar, P A HH AAG S At F2
el A E L e FAlelth 023 s ENE
b AR o SACNAM HoAAHMA, & B HE
(O&M) V&S A AFT AA/FA R L] A3
of we} o]#fdt BAK FAR o F4Y S 5

Aol A3 ORMSFE] oj2lg-o] Fhslx Ak

Aol 94 0&M 23R A2 ALe Fa,
AHE oy F2Y ¥ BUe| 2zt 94
ORM 2HE HA% F, & 2oz Ad=o] 534
HlE] $46l M O&MSHE WA #7813 gl

o
t] 53], Statoil Hydro., Shell 22 2 wlo]#] 3]}
ol AF4202 V)& Mo YA = FAlolth
StatoilA}, ABB robotics, IBM, SKF, Aker Kvaerner
2 FA449, TAIL IO technology 7AA|Y Z2AE
= 45 23S 53 AE 5% Y, O&M H|-&
30% o] Azt b &, aEal HAY &9 IRt
QS 3R 200609 FH 94 EUHE O&M 2
B A 28-S Ak Zo 9l Northrop, Fraunhofer,
CMU &% Hls23t 7id o) Al&ads 7iEstar sl

3. EX ¥4 Mo

23 97 Aol evgolE @ ye] o
2 e Aol Fez pAHE, 23 974 A

Statoil Hydro Northrop Fraunhofer CMU
PUdEGez gol o frdnsl 49 0% A9 B 532 874 | oA, AR o)
2 F& GEAA AL FF A Aok gl 9| oA FF o Gas 7A|, Fo]xz/HH /7]
CHANNA AE FE | 4 2P 02 27 vl FolAe) o)% | Wel m/me Azex/
) oRAIEA eIt 5| oAS, &% x5 AA| TAE AT AR
OHE, 1| ne

"I'III |




Expert/irainer

Movice/trainee

g

=AY
or £4H 0|

a2 2 1-to-1 AAXESBMS 2HF S silE et

Tokll M= 259 23 A ZA, Azt A
oE 23 A0l o, 1Al dds AR
25 Ao] 7 T3 2 g ddsol F
FEU45] 2R A3 A 24 Y 7]
v+ B 9 22 EERY 7EE S5e] 7}
thale sk, vlolE Falel wE A7 A A
o] ;Y 7l AFFA Hat
B =2olMe gddt Ao WAl tal drgst
ol e FAMNES H2S AT WS V€

0.|>'_4 NE

pas/e R A

ol my

o
r K

3.1 1—to-1 Shared =}l

o olE o] AAA 2L 1HHE Alofst=
Aoz ouyolErt 2o BE FAEHE A
gttt A Ao BT Aokl B, A4
Z7)F EA 7 2, Q3 o o A
AL E a8, AZEA Aol EAstE B¢
AAAR] A7 AHE EAVE EAY g

Shared Tele-robot Control WS 283 3¢
ZF A= dFA 3 TE e s 250] yw
TS gotr FFste B AdsiA
oA AEHAM = F He oY Aol E Alold
£ xoFolof st A A, AdAe
NEES st 3 25 =Fo] 8 glo]
o Al 7Fok St WEFTES AAE] FH ZH 9
33 gaglEel o5t ZE-9 end-effector

R

¢

2
—_

£
DS P Y
o 1

Jo

oN
=
id

2R dATZTE <s HE| #E Ao 4 LY 691
= PRAA A AP B B
H

e
o]k W2lo] 1-to-1 Shared ©]t}.

32 N-to-1 4]

osdolg Ngo| 444 23 108 Aojshe
WA o2 B AGATE 1] 2R W Aola
A BBl AFES Bsel A} 258
A ke, AR YR A5G o] @
obd H&HQ Aol Zhsath. 1o ZRWE A}
§317] wEol 28 AAE Felste] B 2
FAE AT ABF AT FAY = AW, @
vle) 2io] £8F &t APow Y By

o] At}

—

3.3 1-to-N 2h4

2 golE 1¥o] 94x 2 NU& Aldste
WAoo e 2Rl PAA M TdEog Y
S FYY o PYHE IAE FES 5 Ao =)
7} A1 FAL BEAZS o] U] AS £

Ao A 23 IRE Yol RER A%, o4

o 2R IHIE 23 F5 QAW AA
EASGE 9A2FS FF 2% 0 AL A

oo,

)
o
bins)
e
s
i)
ko
o
£
_O‘
=)
Y
2
X
N
(o,
A,
2
>
wr rR 0 ho
o o |

o

34 N-to-N g4l

B =R Algkahe g0z

N to

o o NS
fo oj

Ao g & =fddAe o 7€ A
%2 NN t¢ 44258 Auls <
A4 258 vtaH QIEHolx Ve, 1F
AHE sdolE 28 A2H Ves A

N do o
o Ry o

oy

N
n oz

do

(1) NN Hg AA2FE An2AR 7%
- oY el 2} ofe) B 2RE 2T
F Qe 28 A2HORA vhaE el J1%
3} Aol A2E 1%, Telm A2E Bl
B g

- @AY g Zuloln Axd sy A
o] 2 Afolol A AR E B4 A2 AL B
F Qe 1%, oA Bel AP ofe) o) 22S



692 HE|D|C|0fEtE] ==X M16H H65(2013.6)

o
Ao

A77) 22l %

go] 7Fsw Al

- 479 B HQ AU, £F, Y, 12
g 5)8 =74 2347t 4449 9E 288
238 5 At A"dol~ sl%o] Bastt

- oY 9o 2AA7} oje) g 2L 2T
F Qe A2l FE%, A T4 4428 2
A% 7%, 290 D44 F9B L 4Y5AS
SELELEE ST E DL S ENE S

- NN 94 24 )8 Ao} 7%, A& 547 4
Az 7 A 71% NN 94 22 g 29E) 22
A - 3 WY Aol J1go] BT

4. N-to-N HZH=ZT &t H

B =& A= N-to-N 9A4x2F8 JqE Ao &

B FEoIA 239 AY7 AR EA, A2 A Ao
e 23 Aoe) ojel g, 191 WAL 9% W

2% Ao 78 24 52 A7 AR 94x%
AW T RS e,

M

4.1 N-to-N fAXE AL 74

B =FoA] Asta = N-to-N Ao B2l
tho] wpaE Alo]7], o] EHlolB 25 ¥
L wk2E Alo}7|8F SElo]B 2 F3to] S¥lo]B
2E Aojo] &3t FAS 93 MC(Master
Coordinator)9} SC(Slave Coordinator)Z -/ & o]
p=3

MC<e "h2E Ao7]9 SgojH =
WA A 29 FF =AY
yg e 79 29 FS 98 daelE
th SCe= e¥dolH o xF Aol wet
of thgt AAF FY 7S ATTFLEZHN
25 Ao d&eA AL F e 7leH
golB 2 A ot A& AY
T de GuYFES AFS

B 2l AojE A7 HolE MdE2 OPRoS
(Open Platform for Robot Services)ol| A #|&3}l=
RVAP(Remote Variable Access Protocol)®] UDP

e
t
o o
N
2

=
>

)

it

Kot 4
ol o%

woh )y (T o ok

|y
i 2 iy
o

Pol e 23 TES AT Al BP9 FH

Master Computers

Slave Device Compufers

1

Comm
Module

Slave Device Computers

]

Master Coordinator Computers

Silave Coordinator Computers

2! 3. N-to-N 2AZHZZE A|AH! Clojo{12H



Hu
bl
rlo
N
¥
B
Mo
do
of
e
m
112'=

g Aol && JHE 693

&

&

&

<

::::::::::
.....

J2l 4 N+o-N flA=

7t W BN AAE Folaa}t Frolu, wl¢-
we F712 dolElzt HEHIL o] weh 2R
AR FEHE FHol2E volH o dF &4
o e FE8 U7t Zbssith 2ey 29

W ol A4 Welo] Wsprt wAse] Axw
745 ohzo] Wa g WHISL A% HlolH
g +4 Gelg FYa

42 A2 A 2

5o 28 a9 30 d¥E RES /)5S 9
FZ AR 7TEZ EE3ete] 18 Al2=H tho)
ojagolth. Al ML F YAXRT Al=HLS 2
o] wi2H AHle} 2t FElolH 2RO FA
o] A=l &l 7kttt vkaE ARl ek Sl
2B Alo]ol= MCeF SC7F gAl g} Zh2he] =
© RVAP EEo| ®Alxe] 9lom, o =
Server¢l EAl9| Client24¢ 9&& F3)3tt}

(1) vk Qg o]~ 74

- vk2E FX = Edoln 22 viUEd ol Al
o] & g vl A o}7)(Phantom 1.5 HF 6DOF),
Edolr 2R mutyd vl -7 A-d
E A& $3%F Y Fo]2~E(Flight System (G940),

Z=T Al2" Ctojoi

23 Ao} 294 A WED He 790
ohq,

- kg Aojr)E PuIA] 5 2T 9
e, £dloln 23 WUEolH Yurd BE
o BANA ALALS WE uho| nel o] At 2e
B42 93t8t7] SAstel TDPA 21232 B
A YEHE6L ©) BT FE heE Aol ]9 o]
% 9% ARE olgakel Holg A% AZAHe
0e g iAol F13e 2P AgRTE
Ho2 PHS EAZHTL Teloln 22 JIE

G olH ol tht A ol= 2ms 79 FAlC=E
TP, SdlolB 259 mjyEd oy A A
A BHS dms FINE FPHY. Fo|2EHE
ol ZRo| mutd Aul-1g ¥ -7d e} W-
S 20ms F71& F3st=t], ZojxY vl
go|B ZHo| &g mutd Ax|ol 72
AA S 0130}04 Al HeolHE fgo =z

g 7les ATt HEH
N AAH Fhdet 44 HaE ol
H% 2o 28 E]UJ] 100ms F7]1=

2

i)

fmoafy w4
N é
2

g_&LmDm{
>~

|t
flo

(T

5
o2
i N[
rlo 1) g[o
o
mm _.d
}L
mlm

o}_‘, E
fUorlr S oon ngd

0] 2 Aol A} u}/\Ei :H:]Lﬂol
HolE ¢ hd tyAZdgo] X

T x
e
=

o rg
iin)

Flr _1&0;
O



694 HE|D|C|0fEtE] ==X M16H H65(2013.6)

21 5. OfAE| olE{m|o|A GUI &M

£ gt @A M FA Al=FHo A FEoln
2E F deddl= 22 1019} 2019 Fh elrt Gz of
om w2 QlEH o] 2= /] TS A
B3l faZgold ¢ =S FA3 AT vh=H
S1E|H o] 2o A] WA 3= RE Ho]ElE RVAP &
T2 B3l viaH ZtvoEHE A$ Ak

- Aol 712 98 AHYEZE Phantom 15
HF 6DOF9] 3l=910] JAEHE(Cms F71)9 ZE
vtjo] Elo]HE o] &3 AT E Y o] QB HE (4ms,
20ms, 100ms F7))& A}&8=dH, 2ZEY o] 2H
HEY Jittere +1.5ms oW ZE T AL

- vk QIFF o] 2o A= B4l AA wA A A

SHloly &4 F3Y 5 e duEs FAs)

(2) MC 79

R R AT Qi $AL tee 94

A EdolB 255 Aojtr] Hlal ool fA Ao
NS 2tE A 2o g o] FxE N-to-N o] W2

N
© =2 1-to-1, N-to-1, 1-to-N ¥2]& =5 A
F AT} o HA thFst Ao WAlS AF

£ vheE ZA7b Aolste wdloln 2R wE
3ol ZHE FH AL AFEA 29

oy

dlely
& 5 e 7ol Bestth vhag FH oM E
T4 A

A F e pEFe SdlolE 2Rog A
getet SdlolE 2R 7o wE 2R 7
2ADe] BE F JoB= old hE ALY Vs
T AlFse Add e 7 ZAs 3 mos
Aol A& el met A REE WS Fe
715 Bagd, o8 71T ES MCAA 933

o S Ay e 7)RE 2

(3) SC 74

- SC= 1-to-N 7|8k HE 238 A&52 3 94
22 7 HE GaEEd Y 2 AR WA o
Z v/ 4 Automatic Tuning ¢ 8]Z=S A3
oZA FJHI dAXF A AE AT
[8].

- 1-to-N 7|5k HE 28 &35 d4x32
H A a2 M8 E E87] 93 A9 B F
o] 2Xo] Mz FPT u A 2E-S 47 Aojg
Ul B 2Ho] A 2E FAS FFe WHE

ot

o



I Moblet Discon LS

™ Cameral Disconnected e
i

I ShveRobot2 Disconnected

HandData
operationtlode :

Mobile ol
anguarVelocty : pitch pch ©
and | vaw : vaw :
inearvelociyX :

InearveloctyY :

s HandData

arpstate
Camera

Pan :
Tt :

LEEE e

e Torque
HandData ¢
operationMode :

Mobie
anguiarVelocky :
amd =

InearVeloctyX :

InearVeloctyY : SaveRobot2

state : Camera
Pan :

Camera T

Pan :
T : SkvaRobot3
Manipuiator Manipulator_ForceControl
X x

2 6. MC GUI &1H

SYA FoEHA 3 Y TE ZFOoE F Y =
o]l A = Ae FAS AF3IHII.

- 3y 9 ALEx WA mE Wi/ HS Auto-
matic Tuning €18 && vl2E Aoj7]|S AL&3}
= e olErt WA E o 2ol 9 Ao} F3F
HolE & o] &3l ZE AlojE Y& IS 5
A

!

i

of AgaA W) Fe BFL AZAT
o

ZE A 2HAM AFde 28 &= Zolrt
ATh £dlolH 2E A|2H = mud 219 o]
T A TE YAE AT AYEE o83 FEEA
By wiyEY ol 52 HeE Holy= Hol b
Sk Al Zeh 22 ZE Aj2gle] kA A gk AEA]

& AFsHe W SCAMNE 2RI A B A
4% AT

o
- MCS} SCE 717 T AFHAA 1 7%
s g0 @] e, o)F 1 F
of W Holy A% AAL glol7] A A2 5

¢ > o

a7 7. sz 2R AlAg



696 HE|D|C|0fEtE] ==X M16H H65(2013.6)

sk AT7F A H o

(4) €dlolB Al2¥ 34
- 2 =&olA Agtste Al&dle 2ukd FH Y
golH 2HS Hgsle Bl Sy olH ZHo
YEdeld, 7idel, 22]al Bapd ZHl 5ol
2 4 ok gk A o (Force Feed—back Con-
trol) 7]¥ke} iy Ed o]lHE A3 Sdlo|B o 3
T U E ol B9 b FAE st AIZEA]
Aol we mjyEgole o] uo] B o] A Hot=
4= 1= TDPA(Time Domain Passivity Control
Approach)7} POPC Slave Controllerol] A% o] A
=, o]¢} A&3te 715 0] mtE IE# o] 2o &
gAEo] Aot 7iete] A el wel o2 o
o] 7 gtE A F AEF FASAET, ol
AAZZE A o] o] 7H2ta 49 S 757
WA Aol E F3ste Zo] Alo] &S 957
otk 53] 4% HES F2E AYS N-to-1
Waow Fdg w HE F27] &
sy Ed o]y e 22 1 3}
NN BHEA xz5 WFH yEF U
TElste] Alojstd A9 B &S
O]“H"ﬂh a3 7}1:1]11}?- A gt UH

DA ST

)

u:z
4"
024:‘,
o

s

o

o ﬂJ[O
o &

pass
2o &
o DN e

<>$L
Lo,
oo
N
2 2 oo e N R oo

i
e

_/_'r:
q

s
A
= oz
Iﬂ
N
(o
2
o
Y
ritt
P
ﬂﬁl‘i v
=
-9

B

do = N ol gl

1Y Al 32 M| AlZE X x=A

[

HH

£ Y EYI BEA A7
(U]—/\Ei Q1 E] 7| 0] A—>MC—SC—< 1) ©] 6ms
H =25

EdolH 28 HFE ATH 2ms
vl 2E A o] 7) 11101 HE 1 77 4ms
TDPAE dHlolEl HE F7] 2ms
7€} B} RE° 1 o[l A& Azt 4ms o]

2¥o] F7bd dgoln, therst Felol Fhsd
& TAY 9ol

73

rloi

2R 94 £F 84 73 A7l ol 7P ol
7F HA™ ARFES Alo] Holy HE AAT} &4
oE 230 EQbgAd Aol odw S5, 2R
HHE A8t FAs7] A A, 2] dA
g8l e Lo olE 9] 1A, 22a NN #lo]
71ee B84 Soldd

o3 ZAE 3t A4 A5 S8k F

AAvietsl A48 MUEA oS 42T 1D
qo) mrtel 23 Ash @ tje] AetE BEE A
E e] Sl 25 D oldste) 4l 3
ol el A WE
2w A29E WS A48T Aol G 2Tl
B 20%< $A5te FAHAG T oo vhaEE
27te] 23 5L ASAY A9 8 239l vy

ol E A Aojst= WA S sk

51 HM0of H|o|E M& X[dn}t &

>
MO

|

RS 94 Aol o] eueolEr} Ao} W
Fe 2R dFstal, @] 25l dEE o] 2
Yol s L, o] &g tolEEo] 94X ¥ o]
ElolAl A= EFAAH A e ole o] ¥3
H 250] FEolle AlztRbe]7F ASHA " 29
g olE7} vkaE Alo)7]E o] 8ste] 4 77 2R
TES BRAFTANE 22 Ao tloly AF A
A Al wEt AR FaL FEs] W2l 29
delHe F7F 75 WEe Fdse B9 Bo
o] FF AA 2RE A Wl F=sAY H=T
e F= A7 S doh X vy S olH

S 45 2¥delHE ¥

o] 7S S8l A FHSHA HaL o] d-e] Y=
THA] AJZE A Aol mhet with o] 38-s dEshdA ol
YE ol 9 nlejHeo]d ddo] A= Tt
[11]. =3 vIE=Z A 3 T dFH= delgrt
ES

EA5E BAZ B QAR o]0
= Q. oo h# A9 Ave ted 2o



Hu
M
o
N
b
of
o
o
_(al_
n2
m
e
1m
Rl
=)
ot
(N
S
0

E 2. Mof HO|E{ MZ AlZt X|oin}f 2 Als| Zn}
23 g 2% 1y 2+q) A7k B &yt
n A gl HgAo] v BEe WE F27] FHo 7 Qg
TDPA B3 AN Ty} o
T = puLi A=
Hels ezt A9 0-3%0 9% A 4@ A 8% A A7l MaAA 2
~3%9 AL 24 5 Al A XA A|Zto] HE|S &S
AEAL Ao A |0 e - ° R
1l R =

Ao} ol &4

0~50%2] dlolg &4 A9 Al 2 Alzkel A9 & vA

A& dole =4
~50%9] Hlelel &4 47 A A Al A9l FFE v)3
A HlolE &4 (;] i(zf«l dlolE & 1 2 Alzbell Aol F&FE A
L=

ZE ABY 7l A&

29 9= 29 iy 2] Al &% 53
ez e 2% Aol AHE AHE | 2noAe) A Avieie AlR8le A9 22 ABS) -2
°e Avete AHESE o 1k 29 ATke] W 80% SV

ER
EEEE BERTE oo

& 53 d A

o

=
=

S vgely o] AT 73
AlZko] 4 65% F7HE

2 A e 4

o
A
Mo

52 22

23 A%} BE 29] @874 27ke] g Ao
£ o]g3te] o|B@ F 22 AY v EH 0B
28 suleks 2o A 2% e
131, 23 Bo] AFE sjvels 2299 291
o) ZW e $FA D) o] F 2 A9 WY

o8] 5ol Qo] xyFe exalol A%} B
om#lold B/} gdets AL

ol

o

—

2
il z5 TES

CEEES

4 ob oy o e o N

53 2X2| &xf &f&hol| thet

WY 715 AEA 42 B wurd g el
% Al FEF bR I E I hIE B
e A 6P 5 glol =¥ A v, 1)
T 2R FH AR veade] AR BAFe] Ay

2u|0[E{2| QIX|

%0 Je AS 299
A aEo] Brbsate] ¥ Al £85E Al7o] 3
T 25% o Frhdte WS Bid

54 NN Mof 7|=2| 284

Aol vlolg] dE Add &4, 21 g4, 293

")

230 WA Aol U enolE el AR E i
Sol N e AFsh Agol FaAHol gk BAA
EE =R oJalul ol @ AT A NN A

o7} obd 1IN, Ni1 28] 1IN o 2 F3 5l o
o, weba Ao Bl 25 WAl 25 Ao 1}
E AN 22 Alo] A WA FaAd0] 9
AT = A STt & =l A Aljtele WAL o
o] 2 HHlE7} TLSHA TFAE A9 vl A
o)A Ao BAS fFrAstA AEE = AL,
TY vt=H Ao]7]e] LA olE I} MAHAE @
Hloly gl whet Alo] A A AshA ke
S ATz QH# olE 7t EAME AY vt
=AM E 43 dA2F S IS 5
7S AF3IAT. g AT EobdA= A7t
A7t & ol9r T SHHAAT, & =il A A
|22 7]E] F 7 B4 =T (v <IE
—EYolH 28) v 2 4 37)(vlH
7 o] Z~oMC-SCoEdolH 23)/HAd 47 <]
rE(2E Sl #H o] 2oMCoSCosd o)
ZE)E VMAHAME AAA EAZA 55T
= &35 7=

[ RN
AT

fr

>

> 9 o R
5 |y

o ¥ T oot o & o N o &
I ¥

I

e
i
Flt

A= e LuolE e}l WE Zho] A



698 HE|D|C|0fEtE] ==X M16H H65(2013.6)

qm
N
@
oo
r‘\{g
i
N
o\
>
[
e}
-
r U
ok

o\
S o
o
e
NS
n
sl
o

iy T got
lo
(o,
2 of o o

ol

Rl

N
et

ME
oo
1o oF
il
[o
>
b
i N e
AT U
[y wx M2
o o r®

w0
ic)
oy ®
o

2 o

2
o

2
£ K
:?L_’,
>
-
>,

o
=
e
ox
Ol
=2
x
[>

o &L

(e

o [

% £

oo Lo

i i
¥ ot

M2 rlo
e
N

o

)

[-
Lo
= FUZ
(z

it

)

oo
2
o e

2 e oo [o

N
N
N

Mg 2 o o

2 4

Moo

_L>,i

2

il

2

>

o
i1t
iy,

Mo o
2

oz
]
4 =

v}
il
X
>
)
D)
r2
i)
E {
e 2

2>

i DA
)
£ 50

b o

A ol e A=
Svg ol ol DE 2ho] Mz ¥
7IRkel 944 =3 Ala" 7E2 AAFHCE

FE I = A, Al 29
darg]Fol wet 94 #del el 3

=

2
ol
ol

v oo

o

(r ne

o &
o

™

o
o
2

4 2
e AN e
(]
B
r?
kol
o
ox
tlo
f
£
N
=
¥0,
o
2

ooy
e

TS A =R L S N 1 ¢ A U1
o
fu
ot
2
of
ol
g
X
N
<
et
o
o
Y
oo
(o]
— d
N
N

>
>
e}
o
fru
N
I
e
[N
>
Y
X
_! \
o,
ui

ik
-l
H

re

[1] K. Hashtrudi-Zaad and S.E. Salcudean,
“Analysis of Control Architectures for Tel-
eoperation Systems with Impedance/Admit-
tance Master and Slave Manipulators,” 7he
International Journal of Robotics Research,
Vol. 20, No. 6, pp. 419-445, 2001.

[2]1 LE. Parker, “Multiple Mobile Robot Sys-
tems,” Springer Handbook of Robotics, pp.
921-941, Springer Berlin Heidelberg, 2008.

[ 3] R. Murray, “Recent Research in Cooperative
Control of Multivehicle Systems,” Journal of
Dynamic Systems, Measurement, and Con-
trol, Vol. 129, pp. 571-583, 2007.

[4] D. Lee, A. Franchi, P. Robuffo Giordano, H.
1.Son, and H.H. B ulthoff, “Semi-Autonomous

haptic Teleoperation of Multiple Unmanned

[5]

[6]

[7]

[81]

[9]

[10]

[11]

sAerial Vehicles Over the Internet,” Proc. the
2011 IEEE International Conference on
Robotics and Automation, pp. 1341-1347,
2011.

N. Diolaiti and C. Melchiorri, “Teleoperation
of a Mobile Robot Through Haptic Feedback,”
IEEE International Workshop HAVE Haptic
Virtual Environments and Their Applica-
tions, pp. 67-72, 2002.

Chang-Hyun Cho, Jae-Bok Song, Mung-Sang
Kim, and Chang-Soon Hwang, “Energy-
Based Control of a Passive Haptic Device,”
Proc. the 2004 IEEE International Confér-
ence on Robotics & Automation, pp. 292-297,
2004.

Asif Igbal and Hubert Roth, “Stabilization Of
Teleoperated SystemsWith Stochastic Time
Delays Using Time Domain Passivity Con-
trol,” SICE-ICCAS 2006, pp. 393-398, 2006.
Heon Park, Sang—Chul Lee, Su—-Sung Lee, and
Jang-Myung Lee, “A Robust Adaptive Impe-
dance Control Algorithm for Haptic Interface,”
Journal of Control, Automation and Systems
Engineering, Vol. 8, No. 5, pp. 393-400, 2002.
Kee-Hoon Kim, W.K. Chung, and Y. Youm,
“On the Design Method of a Haptic Interface
Controller with Virtual Coupling,” Proc. the
International  Conference  on  Control,
Automation and Systems, pp. 71-74, 2001.
S. Shin , I. No, T. Hwang, M. Oh, J. Ko, and
J. Shim, “AMethod of Collision Avoidance for
Autonomous Mobil Robot using the antenna,
IR and ultrasonic,” Journal of Korea
Multimedia Society, Vol. 15, No. 10, pp. 1236-
1246, 2012.

Kyung-Lyong Han, Oh Kyu Choi, In Lee,
Inwook Hwang, Jin S. Lee, and Seungmoon
Choi, “Design and Control of Omni-Directio-
nal Mobile Robot for Mobile Haptic Interface,”
International Conféerence on Control, Auto-
mation and Systems, pp 1290-1295, 2008.



5 7 2

1987d 3¢¥~1991d 2¢¥ Z4
shaL 73 E B3 ohl

1991 3¢ ~19934d 29 Fd)
S PHFE T A4

20089 39 ~20104d 2€ ZFUl
shal AFETS A 5
=

19939 39~ A7) AL AT AT AALATY)

PRk AR o], TAAA, W34, Hlo]Eu] o] 2

of X &

1982 3¢ ~1986d 2¢¥ A&
stal A7 et sh}

1987d 3¢ ~1989d 2¢¥ A&
s AAEeT 44}

2008 3€~20103 2€9 S
3 AFE T v}
=

19884 39~ WA FEAAL AT AFAAQATL)

ARk FAMA, AEAC], A5 2R

2 A g

1976'd 39 ~1980%d 29 A&
st 71728 st

1980 3¢ ~1982d 29 A&t
Sl 71AE S A AL

1986%d 39 ~1992d 79 &=}
st7led A4S HhAL

19834 3¢ ~ @A F=dAH AT ATLF AT
AR AHEAle], RRYA

22X HAXZTES 9le ZHE| H#E Mo 4 Y 699

197213 3¥€~19794d 29 AT
st 712 st shat

19793 3¥€ ~1982d 29 AT
st 7 Esta AA}

1982d 3¥€ ~19884d 2¢ A
- st 7)AF & vk}

19834 39~ @A) FFAFY AT ATAAYDTR)
AR Afol o]z, A5Y =y

A2 N

19733 3¥€~1977d 2¢¥ A&
R

19773 3¥€~1980d 2¢¥ =3}
719 A7 % AR
SN

1992\ 39 ~1994d 2¢ Sh=348t
71%4 ALet A SR

19806 49~ @A) FPohsta PHE B s

ARk ASHRALY, GAAY, A4



