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Skill Based Manipulation System

Takashi SUEHIRO

This paper proposes “skill” of manipulator to execute complex tasks.

motions obtained by analysis of motions needed to execute target tasks.

Kunikatsu TAKASE

Skills are essential and elemental

Since the skills are made to

be adaptable to the task environment using force control, sensor feedback and so on, the elemental sub-

tasks can be re]i.ab]ylaccomplished with the corresponding skills. Highter level system can program or

plan to execute a complex task by combining skills without knowing complex control of them. In this

paper, considering assembly tasks as realization of target contact states, we analyze contact states appearing

in polygonal assembly tasks and skills for the tasks are obtained by the analysis.

Some of them have

been realized using DD-manipulator: ETA3, and successfully applied to insertion of square pole.
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Fig. 1 Contact of edge and vertex
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Fig. 3 Contact of convex and concave vertices
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Fig. 4 Contact of two convex vertices
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Fig. 5 Motions keeping one-point contact
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Fig. 6 Two-point profiling motion
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Fig. 7 Motion control under the constraint of
two-point contact
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Fig. 8 Three-point contact
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Fig. 9 Three-point contact which gives same

constraint of two-point contact
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Fig. 10 Vertex goes over the other vertex
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Fig. 12 Touch motion
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Fig. 13 Touch motion from one-point contact
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(a)
Fig. 15 Touch by rotation
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Fig. 16 Touch by two-point profiling
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Table 1 Contact States of Polyhedron

number of constrained retatiomnal freedom number of constralned rotational freecdom
o] 1 2 3
o
0 tree ne example 0 no exampl e n example

‘]
| ¥,
o

|
I

number of constrained translational freedom
-

number of constrained translational freedonm

CTI1RI1] PRI R
b A/
m— e
: . G| A @
"jL?‘ CTRRRI,
n [‘T2R'I] tramal, tramal, (Tamal,
3 (1 &5
I =9
tTar1l] ”".”' B AL LR tranai,
i (T1): z Hiic B E M TR ER1T 5. REAGERO 1 ArEoBCEMmT L5122 77
(T2]) : (T1] oRfERER Lz, z HrnchEEcm MR E L TEHFRTS. &ic, o1 5585
L2oFesiby HEncEE L TlifFRirxs. —HOWOBITHEMT ALY HEcREYTE
(T1 R1]: [T1]) iRAERERL LA=H, x@hE D oWz fERITH. Xhie, M #ocins Xoels
LB Y HEoilaheBiEeiT 5. ®BiFhz R HEEFETS. R, HEVEFETY, K
EAHETH LT 5. mo Y L 5 — oMz,

(T1 R2);: ¥, ¥IRBL LT, XD HEVDO—F Dl BED X5z, o T LicitBayic SmEikdaniieg
OFEAHERCEHILED LD TE. 20 ik, BEERYEMCRETSC LX), RELTHF

Table 2 Sequences of Skills to Realizing Contact States

(T1] : tz

[T2] : [T1] +t,&p:
[T3]: [T2] +tx&pyz
(TIR1) : [T1] +f:v&p:
[T2R1]: [T1R1] +t,&p:
[T3R1]: [T2R2] +t«&py:z

[TIR2]1: [T1R1] +1ux&Dx
[TI1R2]2: tz+ty&petfyz&pyz+I1xz&0py:z
[T2R2]:: [T1R2] 1+ty&p:
[T2R2]2: [T1IR2] 2+ t;
[T3R2]i: [T2R2]) 1+ t.&py:
[T3R2]e: [T2R2] 2+ tx&p:
[T2R3]:1: [T2R2] 1+ 1:y&Dx:
[T2R3]z2: tz+ tx&pe+ (Lazy+t ty) &pazt (ixzt iyz) & Puxye
[T3R3]:: [T2R3] 1+ t«&py: .
[T3R3]2: [T2RS8] 2+ t,
AAT#y PERESB5 S — 86 — 1990 4 10 A



560 K M B 8 B X

AEHERE RHEVEED 3 SOBFTER SRS,

O S ICHiETRDIEERTE, SAFEERD
S-S b DO THH M 3R AW AHHLLIERIC bl
e b DTHBZ LM 5.

3.2 ETA3 vZEalb—=4a3» AT A

EfF AT ARDWLTRIZENTS. 4D 2T
41 DD v=¢ . v—% : ETA3, +—#§5# (mi-
proc 16), ~ & A HIEGHTE (micro VAX 2) bRk
mEhTws (Fig. 17).

WfE7» 75 22 A5 LB Lo ETA Lisp
EWwH U A7EETCELEINS. v—FHAETIX, ¥
FTIE UL B0 LA W B/ T OME & Do RMHEA
a[fEfe b or 2 ORI X HFEEEERY — K%
KELTVB., 2Frlch: ) PREOEHEL 7 + —
Foiy 20— 7R WHT 50805 5 1o A+ 4 §lEGE
A ECCSEicths 7Y 2 v 2R TEh ETA
Lisp a=<v Fizk W ETEh5.

T fFEOEB O »IZ ETA3 THEHEATV-5H)
TRt@W O BE G4 ENHES oA L2
LCEE, AELEEE ZDEVEFO 3SR+
THsH. ThFhic2vTiiticHEN+5.

BE)G4

(move pos)- - [IRERFTF pos TROESNILLE + B9 \

3L ICHBBT 5.

DS

(press axis force) : axis } % force TH Lo 5% |
WE—FicT 3.

o P 4y

(hx-pos axis k)  axis FAZEMBe— KicT3, k
RERMTERLLI7 4= Fo 75 AV THS.

press (1 3. 1010 pijk \CHIM 5. 272U, MR
1o¥FouncigETs. ¥, (CEHMHES fix-pos
®iThi bR b D - FAEET 5.

o b oEERL, FEMRICHbE TIEED(L
[ BHOHZHERY REC ENTED. MR
Nl R — T 5 X S RERT-T, BE&
SERETTHE, NEME - FOHBECH L TLiE
HEZ 7T, AEE LSRR Ll s ol
HEHATES.

ZEYTEIE:
(touch axis vel) : v — L EBERCOEMELR axis ~

HEE vel TEHBELT, BMERBLOELETELN
5 TREYTEE) £TLS,

ti cHIMT S, axis i cE LT LA,
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skill computer

— &=

A

ETAZ

servo computer

Fig. 17 ETA3 manipulation system

A Ebe®iF

(fit axisl avel axis2 thr force) ; axisl @[E Y Iz avel T
EliEEE) 270, axis2 JiioRMEEhLO B2 Rt T
2ZLiLL-T TAADEME] 2725, 20 L&0EE
L@ BE(LD FRBLEA thr T, B OWMOR LR

% force M+/— THEbT.

fiy wHIMT 5. axisl A1 i, axis2 A% jZfE L T
5.
2B 5 VB :

(insert axisl avel axis2) ! axisl ®E DIz avel TEE
HEL, NRHEVEE] 277749, axis2 FAKEER
7.

iy MM, axisl A3, axis2 A jimsHELTw
5.
3.3 EHEDRHEOIER

Table 1 1Z/REh 5 S thOHYREL BRIz 2 + 4
OHARIZ I DEBTE LIz W EAHLOFEOH
tedad. REUTEHE, LEbeBE HEWIE
DFERIZ, Fh¥h [T1), (T1 R1), (T1 R2), O
BIZHIELTwvA. SCTREIOMmoRED 5 bt b
HWicTFIA% L ET5 [TZR3), o, +iibb Fig.
18 oEOIRDEEELFIL LTHT. Fig. 18T
SEARL 2, AHENxE, BTEAHEAYELE L
2 TWw5h, BHER<-751 T, K& X% 50x
50x150 (mm] T, W1 500g TH5H. "Wix7 2 ) 1
MWT27Y77vAIX#1/10(mm) TH 5.
ZDIFEDOETTFIFIL Table 2 2256
[T2 R3);:

ta+tx & pat (fay +ty) & pxa
+ (ixz+iyz) & pxyz

ThhH, 7ers7axFig. 90X 5clinhs. oh
X Fig. 11 02 & WEF% xz Fili, yz FHT 2 Ol
bE+T LD TH%. start-position Tt Fig. 11 (a) o
REEERTHbic BB, CELPLIETE
LTH% (Fig. 18(a), Fig. 19(1)). 2@EoEEY
TT xz “FHT Fig. 11 (a) ofkEx#EN T2 (Fig
18 (b), Fig. 19 (2~5)). 2z #h(E vzl &H2BIE
FTAHI LT Y xz P, yz PRiASEEL TRFTE
LX5icfes (Fig.19(6)). Yz oL TREYTS
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(b)

(d)

Fig. 18 Execution of insertion task

Zlickb yz FiliT Fig. 11 (a) OREZRENTS
(Fig. 19 (7)). xz FHiTizsd WL v (Fig
18 (c), Fig. 19 (8)), fii#i2 yz FliTIZH G
F#175 (Fig. 18 (d), Fig. 19 (9)).

DY AF LS FEORTIZEVWTIIER
LhEDOFEXESE VER IR, ThEPHEETS
feic BT EWT lom BRECRLAXEMMzH

(move start-position) 1
(touch "z -10.0) 2
(press 'z -5.0) 3
(touch "x -10.0) 4
(press "x -5.0) 5
(fit "z 0.05 "y 0.0 -1.0) ]
(touch "y -10.0) 1
(insert "x 0.05 "z) 8
{(insert "y 0.05 "z) 9

Fig. 19 Program for insertion task

BAo#y b ELESRS T

zte. E#- Fig. 18 (b) ThbhB X5zl bo
s goEdiconthffEddicrt. DL
(ot - BT ERL DI bbb T, ML7F
77 ATHERRIDECFEORITHRTHLZ LM
WETER.

4. % L]

AT, ~=Cal—2iCs8MFELEB
THFHEELT, A OB ARRELE

AF N EWH O RIEEN DRI SR EEL T
TEORLEL AN BEOZ L THE. e
»HOFIFiCE D, SFAHEBRTOT -2 LHEREI L ON
EOBRPRE~OHLL L AF LD L L TEBT
5. FOXHELTERShiEkific X Wik
B ERORITRMIETS. ko v A7 ahbit, £
CTT-oTWABMTHE I ZTRTH L &
BETCERR T H 2 M TTHEIZ L 5.

BRI, HOZFRENKIERLLT, A+Aii
Dwztalb—va vy AT AOMELTo. T
HALEE R G 2 bt fEpiEoRR v s TED
%, MG FHEPEN(ERC ST 2 i o T4 77
ot FhiHs & Smitkaad s L CH B FIc 238
feAdsnZfhitb L. £LT, ThbOAFLD 5 Bl
Tir TREMTHE) NGIGHEBIE] N EVGEHIE]
HEd DD ==t .v—%:ETA3 2HWTHELL.

¥, ERics oM FERcEAL, HENo
F—a LERBIoORIRE ST ThE L
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ALK M L+ W o#E E E

fonfifiiife 7 e 75 Alc & DEERIMERDETHAET
HBHC Laa iz, dhiHEhic A+ 412 P 0 % AL
fFEndoThsrd, EHTHEREHYRETSZ L
I b3 b aAATES C SRR L.
B#iz, COWRRTICHic-» TAG R
TWAETHITEGTRAME > A7 48, SBIE,
ETA Lisp OB & TH 5/ NS EEDRERIZ LS,
WhWA, Ziti, CTHERWREWke A, RS
G U X F I E S RMELET.
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