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On-line Modeling of Robot Assembly with Uncertainties
Mg #8dH 350 78
(Seong Youb Chung, Myun Joong Hwang, and Doo Yong Lee)

Abstract : Uncertainties are inevitable in robotic assembly in unstructured environment since it is difficult to construct fixtures to
guide motions of robots. This paper proposes an augmented Petri net and an algorithm to adapt the assembly model on-line during
actual assembly process. The augmented Petri net identifies events using force and position information simultaneously. Unmodeled
contact states are identified and incorporated into the model on-line. The proposed method increases the level of intelligence of the
robot system by enhancing the autonomy. The proposed method is evaluated by simulation and experiments with L-type peg-in-hole
assembly using a two-arm robot system.

Keywords : multi-robot system, on-line modeling, augmented Petri net, uncertainty.
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Table 3. Defined places for L-type peg-in-hole assembly.

Primitive Primitive
Place Place
contact contact
Po No contact Ps (Vp3, €n1)
P (Vpds €rp) ps (€p2: Vi)
P2 (€3, Vi) Ps (&p1> Vi)
P3 (€p> Vig) 1% (Vo35 €ns)

4 Aod EAA
Table 4. Defined transitions for L-type peg-in-hole assembly.

.. Input | Output .. Input | Output
Transition PlZces Plazpes Transition Pl:ces PlaE;s
fo Po P1 1 Ps Ps: Pe
f Pt Po tn Ps P, P7
b Pt P2 ts Pe:P7| Ps
L P2 4! 0 Ps Ps, P3
4 Po P bs Ps;p3 | Ps
ts P2 Po s Ps Ps, P7
t Po Ps ty PsP7| Ps
5] P3 Po ts P Ps, P1
] P2 P4 o PP | P
b P4 P2 {30 Ps P3, Pe
tio P2 P2 P3 t31 P»Ps | P
t P»P3| P2 |57 P3 P3, P4
t P P2, P3 t33 PuPs | P3
3 P»P3| Ps ty Ps Ps, P3
tiy P4 P, Ps | s pPs;Ps | D3
tis P3Ps | P4 b6 P3 P7
tis P4 Ps b7 p7 P3
iz Ps Pa {3 P3 P3> Pe
tig Ps Ps; Ps o P»Ds | P3
tio Ps:Ps | Ds o Pr Pe, P7
to Ps»Ps | Ps th PeP7| P7

% . BYo)|ZE o)gg due 8.

Table 5. Representation of states with the places.
State Places State Places
0 Po 8 Ps, 3
1 P 9 DPs» Do
2 o) 10 Ps
3 D 11 P3 Ds
4 P> D3 12 P
5 P4 13 128
6 P4, P3 14 Ps, P7
7 Ps
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Fig. 12. Force/moment profiles and state trajectory.
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Table 6. Process of event identification.

Enabled Displacement of .
State .. . Maximum
Transitions | output functions
0 to o, 02
t Bgs 70
{Po}
t 803 82
1
t, 0.61
0} i bz
¢ Saz & 59
(s} 8 32, Og4
tio 8102 O103 1.0
4 tll 511 2 L]
{p> P} ti3 8133 *
tp 122, O123 5.1
3 t 8123, O304 14
t3 B33, O 4.0
{ps}
g Srer 58
t38 638,6 76
6 ts Bis4 .
{p3, s} ts3 8333 .
ti S122, 8123 17
3 |£%) 0323, O34 99
tag 8343, 0345 26
oY
t36 636,7 20
tag 356 24
12 ty 8375, 0377 13
{r} tyo S0, 0207 11

£ 7 3 40l Pot ERE RIEEL
Table 7. Force and moment templates at state 4.
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