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The Representation Method and the Programming Technique of
Task Skill for Robotic Assembly Task

Tatsuichiro NAGAI** and Shigeto ARAMAKI**

The skill of robotic task has been studied in many research institutes. We have been researching the skill for the

assembly of the consumer products. We has developed the original knowledge representation for robotic assembly

task with the position and force control. This paper describes representation of a task skill for an assembly robot

and programming technique of the system. We propose the representation method of the skill that a human

has and the construction method of a knowledge base for robotic assembly task. In this paper, the concept

of CRS(Constraint Reduction System) is also introduced for making a robot task program. The CRS is realized

by “Prolog” language extended. All the action and primitives are considered as process and can be uniformly

described by the reduction rule of the CRS. Actually, we could confirm the effectiveness by making a robot perform

peg_in_hole task.

Key Words : Task Skill, Hierarchical Intelligent Control, Landmark, Fine Motion Planning, Constraint Reduction
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check TR SN TV, ZDXHlZ, TMLULDH
BETEML RV ZERTE LD, HHITH L Wil
AXNPRAXFNVEZERTLILENTES,
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v FMEA O 2 <> Fix “Robot” 7a & 2 TER I
%. “Sensor” 7ut 20T, & vY{EH “FSA” D
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4.2. 705923y AT A

HAE Y 2 5 4 TlE, CRS (Constraint Reduction
System) [19] D&% 0 Xy MEEDETD /DI
A$ %, CRSTIE, “HPfEHV ¥y Iy avik” LIpR
NAHHETA A= ALBMEHI NG, TDORX A=A LI,
SN 7 a7 5 LS Prolog 1o Xk » THBLENT
W3, CRSOHFTIEAYy—VIZLoTHELTWS
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# 2z 1%, touch(D1) % approach_to(D1) & touch_
toD1) DEFED T AV ¥ 7 avEnd, X5
12, approach_to(D1) % position_to_s(D1) & force_
check(D1) DERID 7L 2I2Y ¥ 7 a vy Ins,
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toD) DV ¥ 7 avENlk7uL ANETT5 L,
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tough(D1)
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-/
- reduction

concatenation -~ Y- .
+ approach_to(D1) touch_to(D1)

- reduction

touch_to(D1)

4: End of execution—s|

End of execution
(O:process  —»:message

B12 7ekzAV ¥ s av
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approach_to( ?{D1,D2},
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2{R1,R2},
?In, @QOut ):-
true |

fork(In,Inl,In2), (1)
~(2)
(3)

trans(force_check,D1,R1,Inl,0Outl,1,1),
trans(position_to_s,D2,R2,In2,0ut2,m,s), -

join(Outl,Out2,0ut).

B 13 approach_to ® 7 275 4

I filfH 2 ¥ )L (approach_to) Zf7iE%z S (@) ~&
CHIEH 7Y 25 4 7 (position_to_s) & Ha3hdr> T
WEPEIDEF =y 7T B TY 254 7 (force_
check) DEMTEEHINS, Zhz)¥rravi—
LTRB L2 b D% 13 1R

Ko DI, D2k J5ir%, R, R2 %7717 O IE
i %2, Inix AJPIREEZR, Out Xk oM kg =
NENLRT, A7) L@ IRENE TaRR
(2), ) 2FTh7rLRAL L TUIET 3,

4.4. FSA OEEDREA

FSA iz lx, X vt —Y THIENAEF D 70
L AR INTEITINS, il LTYTHITELT
9 Z ¥ )L (touch) 13K F 772 A& HIH o HIMH#H 2 L
(approach_to) & iR igICE < A ¥ v (touch_
to) OEETEBEING, TnE V¥ I aryLl—LT
AL 720 %ER 14108

X, D1, D235 %, R, R2F45 )5 1A 0 E
H#iPH %, InS, InE, InM i34 7 0t 2 O #IIHIRGE %,
outS, OutE, OutM iZ 7ua £ Z DK T L 7D kiE %
xRS, 7ar2id (1), (2) DHFTLHI NS,
ZDXHIETrRAYVF 7 a3y CRSICEST,
RELHEMEZH BT 2 2 L83 TE 3.

5. 1FERER

FETa 7503 ) 77y a v b—L2{fioTTRT
DEEAXF NV EZTRTEZLIck>ThEINSG, Hlz

touch( ?{D1,D2}, ?{R1,R2},
?InS-InE, @OutS-OutE):-
true |
approach_to(D1,R1,InS-InM,OutS-OutM), (1)
touch_to(D2,R2,InM-InE,OutM-OutE). e (2)

B 14 touch ® 7a 75 A



By M X ZMNIEED I D DIEEA X VORI L 2 DIk (BIF - it

peg_in hole( ?{D1,D2,D3}, ?{R1,R2,R3},

?2InS-InE, ?0utS-OutE ):-
true |
touch(D1,R1,InS-In2,0utS-0ut2),
fit(D2,R2,In2-In3,0ut2-0ut3),

insert(D3,R3,In3-InE,Out3-0utE).

15 peg_in_hole ® 71 7' &

IFX 12 L 72 17E¥ “peg_in_hole” 13 2 F )L L R)LD
“touch”, “fit”, “insert” ®EZIZ X > T 15 L9 I
CRS ZH W TEBIN S,
Inso7uroulE, K I0WKRLAEEAT Y 7%
BLcury bzE2rTHIEHA vy FicZiizn s,
il Z 1F, “touch” 1% “approach_to” & “touch_to” I

(2) success: touch(D2)
initial: fit(D1,D2)

(3) success: approach_to(D1)

X keep_to_leave(D2)
touch_to(D1)
X keep_to_leave(D2)

1nitial:

part b

- hole_top
part a

SfRENn 3 (M 9). “approach_to” 13 & & 12 “force_
check” & “position_to_s” IZ3fEE s, v Ry ki
“force_check” & “position_to_s” @ FSA o 1 1
SWTHEEZIT). Thbb, ury Fo#EHE (up %
down 72 &) RIREDOKONIE & 1k v DIEICIED &
FSADNL—iZ Lo TRESI NS, ZOBfEIER
Ry Foflflla<y FicEfiznz,

A, FEY A F L%, “peg in_hole” D Eff
DIERZ T 7, FEBHBEIRO®ED, u Xy bidEE
e Xy k MELFA RV-1A( =8 ). e v 93
6 i /1% > 4 IFS-67M25A15-140 (= » & #1),

FEEHEREZX 16 129, K (1) IS part
atpartb & ZDEEEEZREZRL TS, EEIZ (1)
75 (5) £ CTMEFEIC touch(D2), fit(D1,D2), insert(D2)
MWEFTENLIEZRLTWS, ZHUc kb, SHHRE
L7EERAF LB CRS Z H TR SN, 1IEL S FHET
TELILNMERTE R, 7, Wl [21] © FSA ¥

(4) success: t(Dl,D2)

initial: insert(D2)

(5) success: insert(D2)

B 16 s

9)



— 46— (NG I &

HlE, HSEEORIIHIL 50% FAETH - 7208, Kik
D FSA TliEIF 100% DEITETH - 7-.

6. #&8

AT, A A E IR & RIS k 2 REER
DOERFEHIHE— RO XD, EHELHTEER X
NDOEBTIEICOWBTRLE, Bi¥Ae 7Y 354 70O
Bo¥IC & D EHERANIIEREDMT 2 % ANHIERS e i
IZDOWTHRTZ, 2 ofEIR, Biem AL BEof
MAX L ZHELELLICLVESIERTE 2, X
iz, MRSy ¥ 7 aryy 254 (CRS) 2EAT
22ET, AXN, HlHAXL, ST T4 7% %
NENTULALELTESZ, 7RRLRAYY I avic
X D HBHIERERE DK/ L RUBEBTE 3 2 L 2]
L7, ®#lc, CRSZHuTHMELEZY AT AICE Y
THYEZEFER % 1T\> CRS 12 X 2 AT e i o %
SNTAEEAXVOEMEER R LTz,

SIE, T AFLPHIBEIA X VOMBEO K L
ANDFFOEERF L2 W IZ FSA O L ROVICEHT 2
POWMADIBETH S, F72, MNGHIHEEEERED 7' 1
77 LREREOFRFEPDETH 5.
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