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X=1{(q)
714 xE wlo]& T
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2 9 B o o] o EH o e 2] degree of freedom
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T,=~Torque at joint 2
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q(from robot manipulator)

a) Resolved motion position method

re— - === -
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L X oy e
! : Qa
. S

Q(from robot manipulator)

b) Resolued motion rate method
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——— == Qa

I
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I
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q(from robot manipulator)

(¢) Resolved motion acceleration method
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1. Simple Linear Servo Control
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2. Computed Torque Method

Aeld AFY 2ol AL AEFE AN ENE
U Edolele aTFSHelxe ﬂiﬂ F ot AE7
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1) RMRC (Resolved Motion Rate Control)
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o]% 27 s =A M. 24”9 4(6) % (NH=E
Zo]3 oY Fdo|ef to|ulLE AAge,
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3) Modified RMAC
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Z0)7) $15ted, QA A28 gl 3hql g ol
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4) RMFC (Resolved Motion Force Control)

Cugl oz
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2AE AR dA AL Jo AL E 2A 9§
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5) Configuration Space Control
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3. Adaptive Control
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AsA doh. =@ QY ldetek 4ol A2d s

Bl sk DEE S Ale ¥4 A
£ & Adelch ojabZ e AR w4 A A4
2 AEE yhdo) viZ ey AEEV 2 2R E

By
s Edlole] ZTEZ £43 ol& [18], [19] %@
[20] &4 & 4 glr}.

4. Fine Motion Control'* " !

Small clearance® Zt& F A& 2% stz
o w,accuracy? positioninge] & Tk, 28
22 ZVE oS olHE
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Al HE2, qE oldeE Z& Wi R $ad Z
-5249) To st A" @A Fol 1S A4
At 4714 FEL AL Q= o|ge Y Z3 o r

JERE BEFHAAE A2s YES  YLAE
225l dfel A28 FHAY FAE Y8 ol

Auk X9~ slo]=wW-g o]f3le] YA AETF dI
g2g AT AL 929 79 AY FTAE A F
g 5 gdebe Aeleh

2) Close Fit Peg-into Hole Algorithm'*

o] dxelEL F X 4 £l gLt 2
A o}t Alell uld} A& o F C<SQRT(2)ke &
Agse o4 18159 vejw A=Ay 23 FA
4 d2E Ay o3 2o

i) dl= o)A E ~ZF 22 fA ek

i) A= o]dEE WEAZ ¥ vojy Az EF X
&y To2rt Aag Wzt -Xwgos $3
olet,

iii) A= o|dEHE —ZuFor Z 5
ZA" A7z gk

iv) dl= oldel = 122 Zelo]EAIFT.

v) Bearing shaft7} A alelujel Abglsle]  glov
0] £ UL 4 U7l AT ‘loose fit peg-into
~hole” ¥ 52 (4)8) (S)dAlo) 3} o] FAIL 2
o} A=A et

vi) Xuh3ke 2027t 7+R" wj7ix] wlo]d A=
EE —XH502 APAHA ZYE SEAH

ol4psh o] Eox slolEulg o] g3 sl EA

Aol ¥ oAt
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FEEL 27 FTHo £3 Lol whyon uF e M]
T FAY, 429 Sk FdadFL 9 WL =
o #/ SoblAe And s dFSol o,
HL2E o% 9L AT AP o2 Asmc

Z-Mbtion

Zl ‘
/Y Motion
—ox~M>uen

Shaft

T TH o
B~ 0 —H

Shift to+ X Landing Slide Until
Drop in

Center Push into

T

J’l7. 592 s 237 3A9| 9
Bearing
L cm«/%
Cylinder Sh‘h

Push into

ORl8, a2%2 sl 23 T A9 o
V. A3 EHA

Azolt TVE T4 “Eebg EEH 2uEq)
A A7t AAsA @A LESHT ge} Fu e

AR AE TREC g 4, Anyy, T
F3F Foll W8 2AF R e}, ojggoz Az
B AEe] TRES A Ha P4e A Hd
2 JelE T ERE ERHY Bslsls) oY ¢
€ FHolel.

ARH o]EY ZRE 2%E S5l Q2 qaz
g gAY A9L ENES sEdorE o
A A gk el HMFEESY ARLE ArlA
Floz} el AR HA A 8T e A4
R2REJ} AdHo 2 oS HFAg A7E FI g
oy, AEdere “YolA ¥+ 9 (pick and pl-
ace)” 59 wE AR RHERA k] W g4 o]
stelg 2bF 71ALE dAdde 2HEsEbA gd zg
o A-FElell o] ggrl olojrjola $-& oA
A Aelgtx 2o

2HEE $50,000& F3 4 M TFA L 2w,
400kg el A+ B34 ZmA 1/10% e g HE 40kg
2] loadE FWElE AL Yo 3o, Lul&£EE
Wt =elef AYe FE=] gl gAY oz
F9 Az w3e] dew AN 9F Eie AT §
olel et

EREF 7149 ZdA8, ZAE o|gEn
T AHAAA AL Yast gk sHetaq A
dlA A 75E e Ay ZREE Yoistd uF
ZA oI wYZE A FASANAAAT $Ae  ze
<+ 44 + AEE 3 AT ad=d

53, AFARNY ZHE QT sMure] L4 Zni
A 8TEIL FEH gxluh, AEe] WAL 98 of
% quantum jumprt 8Ascid, A o|2H
ol | Rep 2RAQ FAE AT WPuAE &
Al Hojol getm Rk B Al AL robotics okl
A AEAE] ojd FAEL A7 w2
ATE A e NRH o2 Hodslma) o}l

4 zhgha

1. 7141215 (Machine Intelligence) ¥ &

HAe] 2HEL AFo Whal4Al Y E (reflex ro-
bot) 24 AAF w9 Cuest Folx&dlel] de} %
ZAgteh, oY 2REL A JESD YY) AlY
d S Al FAAAE 4zod Aoz W
oAV, Rmbo R dlvla Rl Abghel SR 4= 9)
= AH Sl gl 2el BAg fAdA 2
T st

TIALEE A, &2, Y2 59 pAASE 2
A A3

+ sensory-interactive intelligent robot&
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£ AAztdol & Aolet. FA o] AF RRES
#qE sl g 2L FAES AT FHA= 4

1) E#131 R (problem A &) ( planning)

Q7o 2RE Folxe 29 (d) BHE AP
A AYE 2RE SR 4A, Fste A
2) %7 ¢ o|#} (environment analysis)

99 AR Az, &4, A4 5o AAYREA
AR Ze-g fEREkE A, &3 sleerd 2de] F
Azb g FEeh
3) 2149 E¥ (knowledge representation)

gdate A Ay HA, A A" 5 A4E
AHg8k7l Al 71 GE 22 Bgshe ubyel =gt
S
4) =kl oo} A7

Folut gdolet ZL zadaleld] v E olEFL 4}
F3 FEE aBPch

T A

solving) %

Ha
2

) e

Data Base |—uf

3]
A3l A7

2o
2o

A8l9. BE¥E odF FAEY A3 d3 AdE

2. Z2RE HoFA

RHE Alo] FA AT b T Ade] £
4 A= ejok ek

1) e 2ES oAy ohis ALdoltth

2) Ale] o]l AEHow TS ook 2| delal

Aol7t EhAolch,

3) &g A} Aol s

4) B-vl4l A BAo] wl Barsie}

0% # gt RAS o2l Al AT e
A AYPEHIL YT E EHE Fo]Bo] WAss| S5t
B ol g BPALE A4tn gt £
Ao ddal A dTHE AAF 53 FAE F2 Ye
AL Hhesh 2o

) #5 2o Zsjdolgn ejuyFaloeld

i) A2 sle]=m-g o] & A& ofat2| Al

2 BB BRI

iii) Redundant axis manipulator A|¢]
iv) AlZg o] &3 ARvsIE

v) Fault-tolerant system design
vi) Force/ position control

vii) Operation in moving frame

3. JuFEd el Al
AgA e 2RES oFHES R & st
3t FAlE Kinematic design® I3 Z+ strategy
of manipulation AN A HEY 4 oo HA 548
& A7 FAZ JFHL e AL e Tk
i) b2z Ho 9 HEas gHolonies 57
A A4
i) 718teA Ad 2A L ARE, elol ol nhui ]
2Ad 5% ZAHT 4A A4
iii) Safety =l

4. AA (Sensor) A

ZREL 277} sk A& ALE o] Y3
Al 271l HEAtelel 2 F4§ zbAIslel ok et

FHEE AARAE wo]aB 299} 2L 72H
ol Aol A5 Mol aTHE

i) Visual sensor(TV camera)

ii)} Range sensor

iii) Touch and force/torque sensor

iv) Acoustic sensor

v) Temperature sensor
%ol o olEg ojgA AWAUA, w2y A

A3 /Ao R BRES RAsld 5E AEE 3§
Lk 3t dF 7 sl Aok gobar "l gt

5. 71 E}

A71% ER Yo 2R ZNE gt dF, 9 -
B4 Ee W -nAe FRUA A A FAIF

s w4 AT HL Ut

V. e
A7 AR 28 AxY wH B B
Aoz AM 249 QL AMe Yoz aAstd 4

F Aol steldt wistE o A4abd ApdE A
b WA WFF, AUFT 2E QATolst ES
£ AT odd veke dEse A AdEd g
| | dekEelgdet. I Al Al A 741“014
\H%OM HFAAo2 wAul sj$g Jelge
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Robotics & 7 vtz m|x 8 A28 35
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vehel Ze] A R vzl e wlf o F
7k & Aolek, ey ArlA FelA AFE R
2RE AL a3 A7E AL 2 Jetd FEE
o] FAZ 23 G413 FAslHcl ¥ Aoletn U
=}

2 £ XR

{1] L Kato and Y. Hasegawa, State of Aris of
Robotics. Preprints of the 8th IFAC  World
Congress, Kyoto, Japan, pp. 21-23,1981.

[2] J.Birk and R. Kelley (organizers), Workshop
on the Research Needed to Advance the State
of Knowledge in Robotics, NSF Report 800223,
April 1980.

{3 ] T.B. Sheridan,
tion. Technology Review, pp. 61-73, Oct. 1980.

{4] P.H. Winston and R. H. Brown, Artificial Intel-
ligence: An MIT Perspective. vol2, MIT
Press, Cambrige, 1979.

[5] D. E. Whitney, “The mathematics of coordinated

Computer Control and Aliena-

control of prosthetic arms and manipulators;
ASME Journal of Dynamic Systems, Measure-
ment and Control, vol. 94, pp, 303-309, 1972.

[6] R.C.Paul, Robot Manipulators: Mathematics,
Programming and Control. MIT Press, 1981.

[7]1 J.Y.S.Luh, M. W. Walker, and R. P. C. Paul,
“Resolved- acceleration control of mechanical
manipulators, IEEE Trans. Automat. Control,
vol. AC-25, pp. 468-474, 1980.

[8] J.S. Albus, Brains, Behavior & Robotics.
McGraw Hil), 1981,

f9]

[10]

(11]

(12]

[13]

(14]

(151

[16]

[17]

(18]

(19]

_18_

HIE FILR
Y. Koren, “Cross-couple biaxial computer
control for manufacturing system”, ASME

Journal of Dynamic Systems,Measurement and
Control, vol. 102, pp. 265-272, June 1981.
C.H. Wu and R.P.Paul, “Resolved motion
force control of robot manipulators, IEEE
Trans. Syst., Man and Cybern., vol. SMC-
12, no. 3, pp. 266-275, 1982.

P. Jakubik and J. Marton, “Improved gross

-motion control for robot arms)
of the 8th IFAC World

Japan, vol. 14, pp. 91 —96, 1981.

Preprints

Congress, Kyoto,

J. M. Hollerbach, “A recursive lagrangian

formulation of manipulator dynamics and a com-
parative study of dynémics formulation complex-
ityy IEEE Trans. Syst., Man, Cybern., vol.
10, no.11, Nov. 1980.

B. K. P. Horn, M. H. Raibert,
Space Conirol. Industrial Robots,
June 1978.

M. Takegaki and S. Arimoto, “A new  feed-
back method for dynamic control of manipu-
lators; ASME Journal of Dynamic Systems,
Measurement and Control, vol. 102, pp.108-118,
June 1981.

Configuration
pp. 69-73,

M. Vukobratovic and D. Stokic, “One engine-
ering concept of dynamic control of manipula-

tors, ASME Journal of Dynamic Systems,
Measurement and Control,vol 102, pp.108 -118,
June 1981.

Conirol of Manipulation Robols. Springer-
Verlag, 1982.
Y.D. Landau, Adaptive Control: The Model

Reference Approach. Marcel Dekker, New York,
1979.

T. Yoshimura and M. Tomizuka, “Application of
model reference adaptive techniques to a class
ASME Journal of
Dynamic Systems, Measurement and Control,
vol. 102, pp. 158-163, June 1982.

S. Arimoto and M. Takegaki,
method for trajectory control of manipulators’
Preprints of the 8th IFAC World Congress,
Kyoto, Japan, vol. 14, pp. 72-77, 1981.

of nonlinear systems,

“An adaptive



[20] M. Le Borgne,J.M Ibarra and B. Espiau, Adap-

(21]

[22]

(23]

(24]

EXR 2uEe] HE ¥ MBRGS HaRE

tive Control of High Velocity Manipulators.
Proceedings of lth International Symposium
on Industrial Robots, Tokyo, Japan, pp. 227-
236, 1981.

H. Van Brussel et al,, Further Developments
of the Aotive Adaptive Compliant Wrist(AAC
W) for Robot Assembly. Proceeding of llth
International Symposium on Industrial Robots,
Tokyo, Japan, pp. 377-384, 1981.

M. H. Raibert and J.J. Craig, “Hybrid
of manipulators; ASME

posi-
tion/ force control
Journal of Dynamic Systems, Measurement
and Control, vol. 102, pp. 126-133, June 1981.
Daniel E. Whitney, “Force feedback control of
manipulator fine motions, Journal of Dynamic

Systems, Measurement and Control, pp. 97-99,
June 1977.

/

N

Reverse-channel:

RS232 Interface:

(23

[26]

[27]

[28]

[29]

(301

T. Goto, K. Taekeyasu, and T. Inoyama, “Con- [31]
trol algorithm for precision insert operation
e A B B

be sampled, similarly for character synchronization so that the receiver can determine which bit belongs to
a character, and similarly for message synchronization so that the receiver can recognize a special character
sequence that delineates messages. Typical protocols inctude the blocking of transmission in the messages,
employing start-of-text and end-of-text or other markers, and a positive or negative acknowledgement pro-

cedure.

Real Time:

1. Pertaining to the actual time during which a physical process occurs.

2. Pertaining to the performance of a computation during the actual time that the related physical process
occurs, in order that results of the computation can be used in guiding the physical process.

against failure.

the interval between successive failures of the system under consideration.

channel is a low speed channel.

tronics Industries Association Standard RS232.

Protocol: A procedure for synchronization so that the receiver knows when a bit starts and ends so that it can

Reliability: The characteristic of equipment, software, or systems that relates to the integrity of the system
Reliability is usually measured in terms of mean-time-to-repair, the statistical measure of

Remote Job Entry {RJE): Submission of jobs (i.e., computer production tasks) through an input unit (terminal)
that has access to a computer through data communication facilities.

A feature of certain modems which allows simultaneous transmission {usually of contro! or
parity information) from the receiver to the transmitter over a half-duplex data link. Generaily the reverse

The interface between a modem and the associated data terminal, as defined by the Elec-

Boe

robost IEEE Trans., Syst., Man, Cybern.,
vol. 10, no. 1, pp. 19-25, 1980.

A. Isidori, A.J. Krener, C. Gori-Giorgi and S.
Monaco, “Nonlinear decoupling via feedback:
a differential geometric approach, I[EEE Trans.
Automat. vol. 26, no. 2, pp.331-345,
1981.

A&ARIEZREZTSE, “EXEA 20E &
Ay 1979,

HAEAL] & 2EEF ]8R, “EFA 20EY &
5y 1979.

FHBHAMN, “BXH RRE?
3=, 48 1982,

o] $x15, “THE MULE AR sz 24 AF)
KISTR7224, 128 1978,

Ha3d, 44, “AslE 2RE EHE AT 4
u Atz AAl, “ALAAFEI] A=A A TR A
3%, 9. 1980,

iE=BB,“Robotics 8] 329 AM” o BA=}5F 4
35|+, 4 B 1982,

Contr.,

BAEFEFAE

—

J

_19_



