Journal of the Human Engineering
Society of Korea

<Eﬁ%§ﬁ1> Vol.5 No. 2, Dec. 1986

AFE 2 AlEEel S FIH T
B B2 ol A 2] ol Bl Inl 85 ik ol B S

(A Study on the Error Recovery Method of the Practical
Supervisory Control using Computer Graphic Simulation)
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Abstract

The present paper deals with obtaining the proper application criteria for the control mode, by
using computer graphic simulation, in order to recover the error effectively occurring in the practical
supervisory control work of human-robot system.

In these experiments the operations by human and by control program are performed as control
modes for recovering the error. And then we compare and analyze two control modes taking task
error and task time as performance measures and task difficulty as a variable factor.

Consequently as the task difficulty increases, the task error in the operation by human tends to be
less than in the operation by control program and the task time is superior in the operation by control
program.

Therefore, we suggest that two control modes should be used jointly for recovering the error and
the operation by control program should be applied in major fraction of control and the operation

by human in minor fraction of control.

I.*% & © =8 RE=e] stk ol MMl ek
=, EMEA 32 XS BN KT
1. Pgeel &S BRY AsMe ZRE o AAo fEHKEER B9 ofY

ARCIA dolA] FFEESE BMBE TN #ide] & 42 T8 AMI Z2RE9S] AAE HE
BE AEEEX T 2R ES FHol Zdselx & dart A9 waN 2R ET EEsts
£ ERAAHE uds] Yo a2y BEe] #  EASECE gl wel AMI 2rEde] o
kMo zMe 2HES & 4 Qe ¥l B AVt ¥FE Fas He Aotk FH, BE,

VLT RN ST
AR VNPESER NIRRT
T AR AN U



RE¥nEae 5 A2 Zusite e
%, AMel #isl) 98 EEEsTAN =w
57} MRS M, A8, BE S %

S A AF, BEY @l 8BS kA
H#EES] KRB 943 oo led o
ek} )& Za3A "t olelg RIEEE
e AH-2RE Al2"o Qojy £HES] B
FEEERNS HUldor AYHM ZH&e3 ER
HEso 2 RE HiEge ERAYS HETT B
uet A 2RE dxocazdEe & 5 ge
eSS Bhste fERp oz AAde: EEHRLG
(teleoperation) £ifljo] |EEHYc} =27, o
Bifiiol M= BEGIM, BERse 2 g o
3 gakdel D Qo™

William R. Ferrell #} Thomas B. Sheridan
< EEEHRMIA el AR ZFE I 58] o
L 3EY Jbed RATE olA4E A sl
A EEEEE AAoF HER AFEZEagE o8
st BB IEES 24387 HallA

= AFEE R FHESEE Akl 4

e

omn ol il HFEIZE AM 28l $5
4 mes FYshs T AMBfEEE BE
& EF#lsta, ETES BHsle, 2 o By
3t EH#) (plan), #IR (teach), B (moni-
tor), ¥% (intervene), B% (learn) %2
e e TP,

A7 o] AH - HEA 28 ojre &
¥HMH ZBE (industrial robot), 3 AR
(teleoperation), K4y B HI# (practical
ol HErt R s o
govl, EEHIH (automatic control) of tf gt
PRl = of2l we EmiREIE dol At} B
T. L. Brookst: SUPERMAN©°]2}+ remote
manipulation | E5RSIFEBHIEAA] PEXEERI T}
ERIBRE BITERE 2 AM-8lo]  EjfGlane)
FEHHEE vty ERsige] $Hds B
don, ol AFE oY AlEHolHE ole

g FRE REEY HRIME wEHISD”

supervisory control)

=% st oYl [@E, HEes Heota
@53 low ) oled ojels m@Eshs
o ol EERIES AMBREST H s vsls g
B WA et EEHREY AMBELT 5
Az TR HHE Hedoun aac
& Wel oels Egsts U] T /R
HIESEe] Fiko] BiEEo] ghot 29,

& FRANE AFH a28®  AlEgolde
ol &3t} By EMGIEIELAIAY o elss 4
W ol & EMEtL Ml Yo EisET =
WEHES] T le) HiELCS fEEARe fE
ERES BATEREZN v BN sl e o)
wEk ARfo] ol ¥ HHME oWy Ao
B o EwE % o 43 Helshl B
A&7 ke flEREY] 487 2e nhEs)
, EEBEEHRE Beldy] dn Al ests] 4]
H4o0g MG AsA EmELY S
ol g-3te] FATE P A& BHEES 2
feo] REEMES F/lFoaM fexe)  EEBEE
of W& F kx| flEmcel AR AolE u
8 map s,

o

2. FRre BE

#AFE ao9 AlEgolde o] 88 Eif kM
Wl ol Faphigel Bisime sEEE o
ERd Aol o1y 1 o]

& HEAME 229 o a3y
N g ol ol o5 of e Ay ol S EHE, B
A717] A% Fko g T 71K #ifE= (E
B, TUNSHIE) 2 ol gatd o5 17

g vangdesd AMAA F o FHsta &
F Himrsel EHAXES viAstna S,

7 e

motion cantrol
command 1 program 1
operation
‘motion control
by human command 2 program 2
command n motion control
v program®
(a) £BEm (b) KRG

oy 1. AFE 2AY AlEeldg ol &3

B EEF e FHHET ERbEe =58



motion cantrol 2
command 1 program | ]
mot i ol .
command 2 p':;': ;mn X0 X, ZI;—-X.XI
Y Z, z, 1
Y Zo1s .
3 Lt ] uk 1 N}
L 1~ i
sl motion
operstion control
metion comteol O P Ll 13 5. PUMA type 5% ZHEZ
command program n
o +  m2
or, . i i o -
command et | et ! == 2838 A W thpos EEY human
program n+1 nEMr 29 ZH{F (Command m) interface ¥fiel < 3Lo wL A BEigel BE®

o AFE 7L har, AMe HuRey it &
\} Frabe] ollel BekEE 1R hEiRlel 2 E EAE,

et A 71y advanced teleoperator @ 1E3E
RS Ve ol oh B
w0, N ERAEEE AL R EES . REBES W A&

T ool 3l PEEEE TEAFE Al -2l e AlAglel glojd  ARGHEEES
WBES wa fE¥ES s3siy o #Re HHRE
__..Tm__j] Jol =l shi: FUIEA BEES Shs Mg IBM
-PCE Atgstgon, EEERE SR 19

i e promen R
| erron , & Whol M AMBRfEES WHXRS she
program "1 operation HIS(human interactive subsystem)computer
iaterruption a0} 2 TS &t HIS2RE e &5
— tesk progran Yaodification wbol #EES 48 8t ol mwshe TIS(task
. Tesume il interactive subsystem)computer®] ##EE

program modi fication B
\/ ey wel AFE I S Aow HFSAT.
amE Mgt ey ARHERE —B

(0] notematic mote (0} mael mods ol malW gl EEEEES A§d A
o Argstglon, Zaayol ofstel FAHE =
HEE 1859 e PUMA type 58 2B
egoln], 7 Pz setalelE UEbd 2ol E

1 o‘ E} 169 129 13+ 143

2% 3. advanced teleoperator 9
TR EAE

e 2ol sh o] KM EERMIEAI 2ol
| HIS TS - e Ale) W8 F08H $iESt= T2

(erc) | oo EBfEln A@es ZREV BFsH,
[ o @e =TS ERSn 94e ZUEE FE

(KeY BOAID) Mgl o3 fEgol SuET, U= KT

shol) o 2|7} dojubd 1 IWMEE s o
g IMcFiEs olE EEsAY EERMES
29 4. RRKE WLE Sop 9, gy A Edeld g Bt +39d

-



SHEMERE ZHERKdON 1Y g
2 qelAe A 9 syl EgrEge wey
Thoof fEXrolA o7t B e °l& [
Bty A% & K] siEsc FTAAX EHEHR
fF SE@ye 29 6] Yeht o 3829
ol EEEHSe] W S HES Yehd Aol a2y
7o},

ida

Mo

E1. 24t Ja9] dejulg

link | variable | @« | a | d |cosa sina
1 8, N0° - | - 0 1
2 0, 0° a, 1 0
3 6, 0°] a, 1 0
4 4, 0° 0 1
5 g, 0° 1 0

EITEREQ fe¥rsia frBBs 27 &
W fREERe] BRI D RBBEHE  sdony
fEke] WMBHES 93 WE (work factor)H o
3t e BfEe] BEEe wet 0,1,22 3
ATHEY, BES TAY BEBRES v oy &
Wael dis EEEEs 2o AMTE B
Bl 1854 3408 BEsllon) ERS
Zb 10 mA whEste] O FugEE ApRsky o),

. ME&ER

A BN 593 Wi B o) A
TR TR0l olel7t SANS o, o2 EmEH
e EERED TVHE Z ol L Bk &
¥R e AMBRIEES oS HA s
T, E K] RTES AMHANE Ao o
BHRBS Arstd o 298 T-geos 2
A vlmstgivh o Ao, HEAE 5% (T,

=1.83) ol X fpiBatel fesespie] Tate 7t
7t 2.89, 4.11 2 EHEHERC TN &
Lol HABHJT. wreb ol AL A= W
BRe 9%2 A & e EUS A 3o
FE Ao2M & KBINE frsmgEd o
2 ARISR{EES] fEBRsl frsRo] ol o

command m 1
Preposition(Move hand above object)

command m 2
Position and Grasp object

command m3
move object to normal position

P 7. ZR=iRE 528

e qe Ve F A ol HEGERSE) o st
HiEstglon], 0 28 T-HEoz BA
astalch 2 A, Kl RS el o
B B e w HEA%E 5% (Ty 0 =1.83)
oAl fE¥@el Tahe 3.46, RS Ty
S 5.05 24 HERFRTE ISy o
o] HEHAAT. WY o)RomBE K &
B BHE o den g RS
dE F AN AA, NP4 EEERES




ARkt rEge R we  EER(F
7z cigfEeR ded, AMERIFEE] E%
@me) FHEgE oY 8F ki, BA ES )
rrmio s Hlmd Zel 29 9elth

g 8o A el ol E#EM EERRHANEIESRNA Bl
EvEse] mEgEs Z7Heel wet e 4
3 5 71A fiEs sl ARBfEEC A% E
e FXREVT I =HIE]  (ERERE
ot ohA ge ztelzt ux @S ¢ & T
vl olgdt NS frge] MEEsL SUHl
gha o] 7bEElE o8l EEHRME  fEX
BaEy) IO S HRfee] fEEBHRCG Ho H 5
9le Aolale AL A& 5 Utk IAW=HIE
oM Fola BHE S EGS et o
et (rEXITS BERwoz sty Wi ol
o muls e fee] REE/T S/MEl o
gl oM sha Al e BfEe R fEREZI7E of¥
A "ok WA zREkfl s ek @
mEES LR ET] HEe Fe o Aol
BB SolUA =Hol BEEHfEA ] PRt
a 7971 Arle Aolt), ojzier ulFo| H
o} frse) WEET Fvistel HySa AR
Bee adts figel ol HEERMES fF
#pEl TA=HEe] fERBBRET A A
old AT HBRT F Arh

23 9 KM BREIEeEl A ol BE
B fpko] MRl whe olE@e AT 1Bk
HATEERT O] ARERIEE} EEHEY It =
S & o BRow Z4%e o4 F ATh
ol Ne EEMREY AS, AMBRIEEVL BE =
REZS o wilE gz g Her &3
o EES B Yasdy] Wil =Ewt BiF
o AR E AMBEES 2 o & EEs] A
s EEREEET Z718H =, w3 fekel
REgE7 Z7hsol wabs o whE o Agd %
e Lo g 3by) W gl olgh @l
#HE st o vlisiA fEsR TR O]

Aolye &+ Uch
V. & "R
& Fold e Wigt ERHMERAA FR

3

CFAR

(a0
2.0F
[.£::2 24
0.5p
L L !
o 1 2 RRE
Sa 8. EERrY aR=HiE (FEAR
e
o
R
12
9 {-
h / 28 £
3 F —
| 1
' 2 BRE
a9, EHHRMEY W EiEe) (R

T ezt BmAEYS W, ol HEs] #
& s duA HFE " AFdelds
ol galyith, WMBEEO 24 fE¥el HEEetkol
2ol & uf, olo] wE HEEHRET AWE=HK
ee] F 7HA #lEm=e vlaEA S (EER
o} fREsfdle] RTEREES BlA RAT &
R, INeEE $948 wEsSH e,
& ool A FE-8 el HEE o) &R
MR TAME sl S#ffee] EESRERCT B9
Ve FEY $Y&tn %S 53 FEIT
1 Bad 5 e Aol o= WMBRIERS
2REd U3 #4F BRGE, AHT 2EE
o &EAol 3 HIF/IEK, AR HEH
e, 2R el GpElt 2 AR W& ZeH T
©] human interface Hiffi o Bz ol R



Bre ME § 2o WRBE/ ol e
olth & KB FRol oatwl feke] msEp st
/Ml wel & o Ams frage) 3] = of o
Stom EEREY I =%k ZITE  x}o)
7FAES 4 F AU, u= I = # ko] 4
2 Helste] fegmEffo] 2 ) A g, B}
D AT Bl lojMe] fraBme =3
WBEEE7E Z7ratol wal B s A e
& el ALS BRT 5 Yo ol23t Ho
SR EERET IWcHEe] Bl M
°l 2 &S 24 € Aoltk oA A B
B9 BFS IWSHfEo 24 3tu A ystn
AR BES AMol HE fAsts EEHRIE
22 Ho2H AM-ZHEAAWY HHfES
43 ®/BANYD = AL Aoz Azteio gdo g
ol g P delEmEe 93 EEHREDL o
SBfES] B SRS AR o o EE 3 =z
2I¥e] oyz mEe AR, EHES] Aty
7h 2O Adste A2 @afsel 9
w7F 8ta sk R Solth, olghzle] EmEmel
BEREL ZAFE7) sln AMS ©x) o2
Bhete BURATY MEES o3 8L, YRR ficho)
ol2i7h Bt x e HEraix] %m oS
E&stD @G oeH AM- 2R EA L] &
Atte 3% #&AZ advanced teleoperator
2o HRZVE ®ES #AERS Ko o)
A A2 WERT T Afel frge &l
A 2o BES BB (remote presence)

& 7t tele-existence 29] Hgre 5 sl
Uzt Zlo| ) P8 202028021

# % X

[1] Amos Freedy and Hull F. C., “A Computer
Learning — Based System for Remote Mani-
pulator Control”, IEEE TRANSACTION
ON S.M.C, Vol. SMC-1, No. 4, Oct. 1971.

{2] Brooks T. L., “The Mathematics of Super-
visory Computer Control of Manipulators”,
Journal of Systems, Measurement and
Control , Vol. 104, Dec. 1982.

[3] Faux I. D. and Patti M. J., Computational

Geometry for Design and Manufacture,
Ellis Horwood Limited, 1982,

[4] Grossman, D. D. and Taylor, R. H., “Inter-
active Generation of Objects Model with a
Manipulator”, IEEE Transaction on S.M.C.,
Vol. SMC-8, Sep. 1979.

(5] Hasegawa T., “An Interactive System for
Modeling and Monitoring a Manipulation
Environment”, IEEE Transaction on S.M. C,
Vol. SMC-12, No. 3, May/June, 1982.

[6] IBM Reference Handbook, International
Business Machines Corporation, 1984,

[7] Johnsen E. G. and Corliss W. R., “Tele-
operators and Human Augumentation”, An
AEC-NASA Technology Survey, NASA SP-
5047, 1967.

[8] Kevin Corker and John Layman, “Research
Issues in Implimenting Remote Presence in
Teleoperator Control”, 17th Annual Confter-
ence on Manual Control, Vol. 1, 1983,

[9] Kulayov F. M. (1980), Supervisory Robot
Control, Moscow fIn Russian

[10] Lozano-Perez T., “Automatic Planning
of Manipulator Transfer Movements”, IEEE
Transaction on SM.C, Vol. SMC-11, No. 10,
Oct. 1981.

[11] Newman W. M. and Sproull R. F., Princi-
ples of Interactive Computer Graphics,
McGraw-Hill, 1979.

[12] Park C. S., “Interactive Microcomputer
Graphics”, Addison Wesley Publishing Com-
pany, 1985,

[13] Paul R., “Kinematic Control Equations
for Simple Manipulators,”, IEEE Trans-
action on SM.C,, Vol. SMC-11, No. 6, JUN.
1981.

[14] Paul R., Robot Manipulators, MIT PRESS,
1982.

[15] Paul Sjolund and Max Donath, “Robot
Task Planning: Programming Using Inter-
active Computer Graphics” 13th International
Symposium on Industrial Robots.,, Vol. 1,
1983.

[16] Poulton E. C., Tracking Skill and Manual



Control, ACADEMIC PRESS, 1974.

[17] Rouse W.B., Advances in Man-Machine
Systems Research, JAI PRESS INC. 1984.

[18] Rouse W. B., “Human-Computer Inter-
action in Multitask Situation™, IEEE Trans-
action on S.M.C., Vol. SMC-7, No., 3, May,
1977.

{19] Sheridan T. B., “Supervisory Control of
Remote Manipulators, Vehicles and Dynamic
Process: Experiments in Command and
Display Aiding”, Man-Machine Systems La-
boratory Technical Report, MIT, 1983,

[20] Sheridan T. B. and Ferrell W. R., “Super-
visory Control of Remote Manipulation”,
IEEE SPECTRUM, Vol. 4, No. 10, Oct.,
1967.

[21] Shirai Y., “Key Issues of Robotics Re-
search”, 2nd International Symposium of
Robotics Research, 1985.

[22] Starr G. P., “Supervisory Control of
Remote Manipulation: A Preliminary Evalua-
tion”, 17th Annual Conference on Manual
Control, Vol. 1, 1983,

[23]) Takase K., Raul R. and Berg E. J., “A

9

Structured Approach to Robot Programming
and Teaching”, IEEE Transaction on S.M.C,

Vol. SMC-11, No.4, 1981.

(24] wWWEEMRE, ERES, “HEEN 7t~
TYLY VAT LOBBE L ED BER
#i ", JRSJ .Vol.2,No.6,1984.

(25) ZFHpsE, #EEIE, “LARTS, Tt Bw
HEETEM s xg2xr—T == l:'___'_ v
=¥ v¥"”, JRSJ .Vol.2,No.6,
1984.

(26] E&&)i%, “Iﬁiﬁ&ﬁ:\'tﬁﬁ‘&f””, B
= *, FBEgE 12 A, 1984.

27) #E=, IRER, “ BaR, b T L EE
M, ” BEFBEBERm, 1984.

(28] LFH, “m#x, tOBBLABORBO
Jil”, Robot Engineering,

Dec., 1982.

(29) ZFRZE, REE, “HAFE U9 A&
oldg ol &3 BrEEHM B3 R
KBARI TEEEE, Vol .4,No.1, 1985.

(30) ZF&zE %, (FEEHE, M3, 1975.



