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Seamless Switching in the Implementation of the Adjustable
Autonomy of Human-Robot Teams

=& &

(Hye-Kyung Cho)

Abstract :

Adjustable autonomy architecture provides various ways for a human operator to participate as a member of a

human-robot team in improving the performance of the team by resolving issues that the robots cannot deal with or
performing tasks that the robots alone would unable to do. According to the level of involvement of the human operator, the
robots have to adjust their level of autonomy and, in consequence, the operation mode of the overall system shifts. This paper
deals with the implementation issues of seamless switching when the level of autonomy of the human-robot team shifts from
one level to another. Especially, we focus on developing reliable methods for monitoring the task progress and maximizing the
system flexibility by coping with the detailed differences between humans and robots in their characteristics of motions and
their choices of positions, paths, and sequences of sub-goals to achieve a given task. To test and motivate the proposed
methods, we have assembled three heterogencous robots which work together to dock both ends of a suspended beam into

stanchions.

Keywords : adjustable autonomy, human-robot cooperation, control architecture, cooperating robot systems

L A8

Ao Mo zie ARHoE AW & = A
o) FR7} AT 23l +uske Adel wolE
FEE BolRTh dldeEls 2o AHAEE JdE 5 e
Je A28 AQHoltk 53, 9 84T J52gol
me 791} oo 2xo] P AYS she A9E Al2H
o BRHoE WA 4 glE ThYF oF 4¥e =F
vz} dZsie) Zeamele ol AR Brbse. o)
3t Assle] S FEINY ZES o83 ] d9e
dojsn 2 S2e @ oA Eol 29 4 e AnHQ
AN=Z ZA47V5 A& E(adjustable autonomy)[l] T7+FZ =
% Qe

ZH7bs AEee At 22A e} 2R A F =
o Augt 22} Aed A7 2R #wdy 9 27y
3ol A4 QoA arAHe g AFAA HUe des
ool U7l AR ol A1Ee AT ALAAY =
3% Azdlo] Z2aglel oo S 4 Aoz A
5 B35 o] bz Wl wet Izt AA)e) 2y
49 2o} B4 ol AVHY ABH FEOZ F
2 4= lom, o3k Ao} Fel Alole] o] e
AlGollA w9 A FEE o]Fojd & e Alx
g etk o|RAE X 2 AL ZE ALHE Fofs)
= Bhez wpel Adaw, 14 WA $F 27
(remote contro)] e MFE], wie ZJEZQl FIHH,
vol7t 2 FAe] 52 wWHd o2 7A tiekst ¢

o o Mz

* 29} 2] ZHCorresponding Author)

=24 2006, 100 24, AHEA ¢ 2006. 11. 23.

Z7 : sty A B E-A1F st hkcho@hansung.ac.kr)

¥ B ATE 20060 STt w Ae] A A

A9l Aejso]2rt AFHY Hoo| w} zf2o] Halgd
T A FozM AA Alx=He] JF, A 2 {dd
g o)Fe Aot & - slrh

EFA7NVs AEEs gEE d7E ofF v x| @
Aol MFE3 glon, EXHol7|RT= A& AlEE E
7FsdE AAShE aEo] tiREolth EA7A LR o
U AEES THEE Aupd oLy zoh g ZY
oA A7tH 2R HEFAYeT FHE COBOT2,3]1L <l
b 23R AEAQ] Alolg @Ed 98 glo] A Wy
o2 P& JBIE Fold ARE T S Alade] A
A AgE gHete 25 TEsIATk Goldberg T4
Sl ol Qzte] FoiA AHE FAI] S5 ke
ARS TPtk AAEL Foigt 14T o859 F53
Aro] zolo] g HFH3E AAEIYT Fong 551
227 QzE AR Alold] HAHF FE9] UglE o] &3}
= A2ES pEIGE 22 F) F7F UdlA A
ARNE gohlf7] HAY Res AM AEE 8317
A3l AHEALelAl AR 5 3lom, AR} o8 sbed
25T ATEo E g2 d7Es ¢ 39 23R
D7l AAG AgolF 2R FF A 54
o2 2L 2R FA JFEA ge Alzte] Ut
ol wet Yehve Al2"e] 4% HslE E48rH6]
T3 2R Oigk AL AlE obANt Sceri B{7)& 1
F TR AlelY dAAA BASE BUAE ZAHsl
3jo} Aj7HS A3 Hdl A8 AldE R EIHTh

ool A £ 2AVbE ALE #e M dFE
ANA FH| 2L HEAHIEL AANHJAAT Lut 258 Al
=¥l 2471 ASEE Ze AlaHo] AA) FwdA
@A A= ojwg FEnlyl WoIA] AAZHeZ A

]

2o do

i

et



e
A9l B QYE A2BE P JAE 29
ALEE FPgstel AT Ve AzdEs Rolo] wet
Aok shul ol® FH7} BRAAE Aoz SN A

NSl e B3, oje ge] AE ge 2ol

2 Agsin] ol 2iel A& AolFo] xgE %
E8 FH02 S, A AL Aedg 9%
AR R AR A £A7} AFeE Z2 gl
St ASY ge 492 rase =UHY wEe A
FozH AYAL BB A WA g B4 B
Smod)el AT He YA VL 5 QA B,

=22 742 dod 2ok 23dMe 2Y7s A8E
Alzlel gejet A F2 olpes dWRI, 27k
Ages HEsn AR AN adE BHE F e
EHF Aol st dHgith 3gdME BEHQ Ao
2 EUHYES A% AA FEet A2 2¥ b, AT
2 Ao A oiAehs BAE TR, 430ME £
H AYEE ddes 7% AAE AAehE, 5HdM 2B
e UHL:T;]_

. ZEIbS A2Ee| olf W HE oy =
°l MW 247V s AeE Azsde] 5AT 523
Age] YeAS Avn, olo) A ?i? 2He 98 B

=woll A AT 2 #0 diste] Ak
1. Z™7ts XBE AlAagel 53
2475 AgEe o[ A S3 A3F ZAHYA
ofg AASE 27 75, B2 o] ® sbA I Fy
o] Alo] ¥ o] HH3| EFHA A7 7 B2 Aol
A obdata &3 WHoeE 1 53 REE WAY F
e ABHE Aol AzHon Aouth %, A2 24
. 7F Z¥E Al X(sensor) 2 Aol o] E(actuator) S A FAE
& e WAS ASE 0ol dhn, B3 A5 =
2] oaf 17k A §le] Adel e AE A
F5 ‘ol g, AV AR EE 07 1A}oldlA R
Ao} BE AREE A2 2} 4TSS & UL A
&= A9 Ao Begu AFEA S, o ©
A AEToME duHA HAF Y BERE T Y
& A= Al=Fojgt & 4 Uk AFF Al=He] 3
ﬁﬁli’ﬂ A7 APAls, AME dAg dxFojut 22s
o2 7|98 4 s Wt ole), 3k JALEA-S 9E
] TS AFY F 3ol FHE %L AFE £ Qa9
o wt A7t At A AlxHlel AeE ZA A
Z & Urk olgk Fo), 2F7Fs AR AlEdMe A
S8} o5 HES A7 FFAL FEs gozH
AZEE FASta A ¢ e AEs ALHE FAY
T ShE B ool QIR 2R} b FHE AJAE
Qo MYPE 4 dom= o] wske winjr; X2
< T4 E% ":;337} on, EZ84% AN HslA|
EU Fste FAsta ARG AlHS

M - NS5 MaRBs =2X H 13 &, W 1 & 2007. 1

TEY & e Ao ok
olelt FaAT AL o7 2io| FHRPs= F
Aee B

Adaith. dusid o] 2Ro| FE A

£ ke A$e ol B2 A58 At EAEEE A
2o BdAor W £ Qe YT oF A¥UE B
T ool AFst gSsles ZEadshs Zlo] ARG
B7Fsstr] f&olct o] A% Qb AR} AF3 Als
o] FHeARAN §7IFeR AgEo] jlod Ukt &
W gl HdE Al HE ddste] FHstAY 2
F7F 2T adelx AE AR AT —’F o] g
EEERES

237 AEEE s do o] Tz AR
Z A T e A 2R/APT As"E AH 55
A8 g F Al2Hle] Mevt oA $ ARg Beg
e W, Alzgle] 17F 22FAE g Aol i)
H3] ofslstn YA YthAH F& AdE Sfof EAE &
7 olgtke Aclth mebd BAYE a0l o)FolA)
e A2 2L $Eo 2 AAeh AR A2
o] x—}‘ﬁ AP Ao Z  FUE Y(monitoring) &
27t s rigitt

17647}‘ AEEE 7] flel afdslor & & sht
o] FAE HFT APERE olF7IHA ARAHQ M
Aol Azt FAHAte} 2 Al2ElY dow) 549 Ao
g o= F=AA] BAS AAsteltt. 2G7tE AEEE
ke AzEdXe HE APER =2 drx] Azt
QA7 gFabA 19E = lermz 1 AR BAelA
o] deje uje oy 74z 2§ o] 7h5d, St A3t
Al2Elg 22 of Jed A9 A, AR 3 9A
T o] F dhtel EFfeith Izt ARt Z2adE A
e UE AR FERE 29 F A5 REE HEEgS
o, Tl Alzdle] e ZEIWUE ARE Ou=E g2y
A QA AzHe] B e RADLEE Rolch ot
) 24015 AgE 2 AU A9 24, AT 3
A2 T Al o] Azt AAA e} BT “51-11]"]
Z(seamless interface)Ed HAShH= -FH3F E oy FE
Ssiok B0k B RN WY Adshe oF 2o =
ks AeE2 FUNE ol o] Aol F AR olsrs
AFHo "4'—-“‘:}
2. ZHIks Agkel 7 /S ERHE

Ay Aae FHd Fuse Ao 72 o
oltE ATy Y% FAEo R, B =AM A d9
M e sitol WEEel A TSl XY A2
Slg@e o Ae T e oF am o)
Hbeam) 5& % 7o) A7 clstanchion) %ol FTHeHe
Aoz A 23 F ol shimeze 49T & Q= 3
doltk 25 Al2RE Fhl7] AE ofste] 2R A
ARG GIERA, WA NISTIA A2 Y 280 3
o] o AEBOE 7|2 Robocrane® AH|#H S 7 g}
& olgste Al HHE AFsE o]F ZH Roving Eye,
npAte 2 Fg ol FZE ATRV #d 5 AF% wjuEd
ole\7} AFEo] 2 g A Z¥Yske 23S B35

B

r‘B

ml

T



Journal of Control, Automation and Systems Engineering Vol.

Mapipulator i,

EERETRES BEEEE
Fig. 1. Robots in the beam assembly system.
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Fig. 2. Stanchions to dock the beam and artificial landmarks for

visual servoing.
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Table 1. Success rates of autonomous system vs. adjustable
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