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Abstract An intelligent autonomous robot generates a plan to achieve a goal. A plan is a sequence of robot
actions that accomplish a given mission by being successfully executed. However, in the complex and dynamic
real world, a robot may encounter unexpected situations and may not execute its planned actions any more.
Therefore, an intelligent autonomous robot must prepare an efficient handling process to cope with these
situations to successfully complete a given mission. Plan repair with milestone states is an efficient method to
cope with the situation. It retains the advantages of other plan repair procedures. This paper proposes a
regressive method of formulating milestone states and a method of assigning weighting values on conditions that
compose a milestone state. The task to repair a plan may employ the weighting values as its job priority. The
regressive method formulates less complex milestone states and leads to the conditions of a milestone state to
take pertinent weighting values for an efficient handling procedure to repair a plan with milestone states.

Key Words : Intelligent Autonomous robots, Planning, Actions, Intelligent robots, Plan repair, Regressive
methods, Weighting values, Artificial intelligence
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on(A,FL)~on(B,A)~on(D,B)~on(ED)~on(C FL)~
on(F,C)~clear(E) ~clear(F)~on(R,NIL) ~hempty
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S=EAE:
onf{A FL)~on(B,A)aon(C,B)aon(D,C)aclear(D) ~
on(R,D)~hempty
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[Fig. 1] Problem Domain
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[Table 1] Action definitions and a plan

By
A2} Alo] A4} B, C, D2 XPEﬂE E3

EEEE

Pick(X,Y): Pick X from Y
-precond: on(X,Y) Aclear(X) Aon(R,X) Ahempty
-postcond: hold(X) Aclear(Y)
-postcond: —on(X,Y) A—clear(X) A—on(R,X) A\
—hempty

Put(X,Y): Put X on Y
-precond: clear(Y) Aon(R,Y) Ahold(X)
-postcond: on(X,Y) Aclear(X) Aon(R,X) Ahempty
-postcond: —hold(X) A—clear(Y) A—on(R,Y)

Goto(X): Go to X
-precond: clear(X) /Ahempty
-postcond: on(R,X)
-postcond: NIL

Moveto(X, Y): Moves X to Y
-precond: clear(Y) /Ahold(X)
-postcond: on(R,Y)
-postcond : NIL

THdE A=

1.Goto(E), 2.Pick(E,D) 3.Moveto(E,FL), 4.Put(E,FL),
5.Goto(D), 6.Pick(D,B), 7.Moveto(D,FL), 8.Put(D,FL),
9.Goto(F), 10.Pick(F,C), 11.Moveto(F,FL), 12.Put(F,FL),
13.Goto(C), 14.Pick(C,FL) 15.Moveto(C,B), 16.Put(C,B),
17.Goto(D), 18.Pick(D,FL), 19.Moveto(D,C), 20.Put(D,C)

o
=

) ANon(F,FL) Aclear(C) Aclear(D) Aclear(E) A clear(

(Mf3) F) Aon(R,D) Ahempty

on(A,FL) Aon(B,A) Aon(C,B) Aon(D,C) Aon(E,FL)
Aon(F,FL) Aclear(D) /Aclear(E) /clear(F) Aon(R,
D) Ahempty

f21
(Mfy)

“J

S 30 Wl o3t ol 4E A

bs |on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C)
(Mb)) | Aclear(D) Aclear(F) Aon(R,D) Ahempty

bz |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aclear(B
(Mb,) |) Aclear(C) Aclear(D) Aon(R,FL) Ahold(F)

bis |on(A,FL) Aon(B,A) Aon(C,B) Aon(D,FL) Aclear(C)

(Mbs) | Aclear(D) Aon(R,D) Ahempty
b21 |on(A,FL) Aon(B,A) Aon(C,B) Aon(D,C) Aclear(D) A
(Mby) |on(R,D) Ahempty
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[Table 2] Milestone States
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G ARl I3 ol E A

on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(E,FL
) Aon(F,C) Aclear(D) Aclear(E) A clear(F) Aon(R,D
) Ahempty

fe
(Mfy)

on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(E,F
L) Aclear(B) A\ clear(C) Aclear(D) Aclear(E) Aon(R,
FL) Ahold(F)

fiz
(Mf,)

fis | on(A,FL) Aon(B,A) Aon(C,B) Aon(D,FL) Aon(E,FL
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Floor

TIORGOSt A5 S
» O] B ZAER(MF3): on(A FL)~on(B,A) aon(C,B)~on(D,FL) ~on(EFL)~
aclear(E)~clear(F) ~on(R,D)~hempty
»2E MEf 2T S 3 22 HE
Moveto(C,D), PutiC,D), Goto(F), Pick(F,E), Moveto(F,FL), Put(F,FL),
Gotol(B), Pick(B,FL), Moveto(B,A), PUt(B,A), Goto(C), Pick(C,O),
Moveto(C,B), Put(C,B), Goto(D)

EX|dreH ] o3t EE\ 2
» O] = ZAER(Mbs): on(AFL)~on(B,A) ~on(C,B)aon(D,FL)~clear(C) »

clear(D)~on(R,

25 HE| 2HS
Maoveto(C,D), Put(C, Dn GDtDlE\ Pick(B,FL), Moveto(B,A), Put(B,A)
Goto(C), Pick(C,D), Moveto(C,B), PutiC,B), Goto(D)
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[Fig. 2] An example of error recovery
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f) 10 |on(A,FL) Aon(B,A) Aon(D,B) Aon(E,D) Aon(C,FL) Aon(F,C) Aclear(E) Aclear(F) A on(R,NIL) Ahempty

f, | 10

on(A,FL) Aon(B,A) NAon(D,B) Aon(E,D) Aon(C,FL) Aon(F,C) Aclear(E) Aclear(F) Aon(R,E) Ahempty

f3 8

on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C) Aclear(D) Aclear(F) Ahold(E)

fy 9

on(A,FL) ANon(B,A) A on(D,B) Aon(C,FL) A on(F,C) Aclear(D) A clear(F) A on(R,FL) Ahold(E)

fs 11

on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(E,FL) Aon(F,C) Aclear(D) Aclear(E) Aclear(F) Aon(R,E) Ahempty

fo | 11

on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(E,FL) Aon(F,C) Aclear(D) Aclear(E) Aclear(F) /A on(R,D) Ahempty

7 9

on(A,FL) Aon(B,A) Aon(C,FL) Aon(E,FL) Aon(F,C) Aclear(B) Aclear(E) Aclear(F) Ahold(D)

fg 10 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(E,FL) Aon(F,C) Aclear(B) /\clear(E) /\ clear(F) A on(R,FL) Ahold(D)
¢ | 1o |on(AFL)/on(B,A)Aon(C.FL) Aon(D,FL) on(E,FL) /\on(F,C) Aclear(B) /clear(D) /\clear(E) A clear(F) Aon(R,
9
D) Ahempty
P 12 on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(E,FL) Aon(F,C) Aclear(B) A clear(D) Aclear(E) Aclear(F) Aon(R,
10
F) Ahempty
1y 10 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(E,FL) Aclear(B) Aclear(C) Aclear(D) Aclear(E) /Ahold(F)
P 1 on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(E,FL) Aclear(B) /A clear(C) Aclear(D) Aclear(E) A on(R,FL) Ahold(
12
15)]
e | 13 |on(AFL)Aon(B,A) Aon(C FL) A on(D,FL) A on(EFL) A on(FFL) /clear(B) /\clear(C) Aclear(D) Aclear(E) A clear(
o F) Aon(R,F) Ahempty
P 13 on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(E,FL) Aon(F,FL) Aclear(B) Aclear(C) A clear(D) A clear(E) /A clear(
" F) Aon(R,C) Ahempty
fis | 10 |on(A,FL) Aon(B,A) Aon(D,FL) Aon(E,FL) Aon(F,FL) Aclear(B) Aclear(D) /Aclear(E) A clear(F) /Ahold(C)
fie | 11 |on(A,FL) Aon(B,A) Aon(D,FL) Aon(E.,FL) Aon(F,FL) Aclear(B) Aclear(D) /A clear(E) A clear(F) /A on(R,B) Ahold(C)
¢ | 1o [on(AFL)Aon(B,A)Aon(C,B) Aon(D,FL) Aon(E,FL) Aon(FFL) Aclear(C) A clear(D) Aclear(E) /clear(F) Aon(R.C)
v Ahempty
¢ 12 on(A,FL) Aon(B,A) Aon(C,B) Aon(D,FL) Aon(E,FL) Aon(F,FL) Aclear(C) A clear(D) Aclear(E) A clear(F) Aon(R,D)
18 Ahempty
fio 10 |on(A,FL) Aon(B,A) Aon(C,B) Aon(E,FL) Aon(F,FL) Aclear(C) /A clear(E) /clear(F) Aon(R,FL) Ahold(D)
fo | 10 |on(A,FL) Aon(B,A) Aon(C,B) Aon(E,FL) Aon(F,FL) Aclear(C) Aclear(E) /A clear(F) Aon(R,C) Ahold(D)

o1 11

on(A,FL) Aon(B,A) Aon(C,B) Aon(D,C) Aon(E,FL) Aon(F,FL) Aclear(D) Aclear(E) A clear(F) Aon(R,D) Ahempty
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[Table 3—2] States generated by the regression
3= =4 &2 wo| olsto] YA A
H‘:I_E 7H_/]\__ T o H" o2 o
bi 9 |on(A,FL) Aon(B,A) Aon(D,B) Aon(E,D) Aon(C,FL) Aon(F,C) Aclear(E) A clear(F) Ahempty
b | 10 |on(A,FL) Aon(B,A) Aon(D,B) Aon(E,D) Aon(C,FL) Aon(F,C) Aclear(E) Aclear(F) Aon(R,E) Ahempty
bs 8 |on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C) Aclear(D) Aclear(F) /Ahold(E)
by 9 |on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C) Aclear(D) A clear(F) Aon(R,FL) Ahold(E)
bs 8 |on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C) Aclear(D) A clear(F) Ahempty
be 9 |on(A,FL) Aon(B,A) Aon(D,B) Aon(C,FL) Aon(F,C) Aclear(D) Aclear(F) Aon(R,D) Ahempty
bs 7 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(F,C) Aclear(B) A clear(F) Ahold(D)
bs 8 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(F,C) Aclear(B) Aclear(F) Aon(R,FL) Ahold(D)
bo 9 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(F,C) Aclear(B) Aclear(D) Aclear(F) Ahempty
bio | 10 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aon(F,C) Aclear(B) /\clear(D) /A clear(F) /Aon(R,F) Ahempty
b 8 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aclear(B) A clear(C) Aclear(D) Ahold(F)
bz | 9 |on(A,FL)Aon(B,A) Aon(C,FL) Aon(D,FL) Aclear(B) A clear(C) Aclear(D) Aon(R,FL) Ahold(F)
biz | 8 |on(A,FL)Aon(B,A)Non(C,FL) Aon(D,FL) Aclear(B) /\clear(C) /Aclear(D) /Ahempty
b | 9 |on(A,FL) Aon(B,A) Aon(C,FL) Aon(D,FL) Aclear(B) /clear(C) Aclear(D) Aon(R,C) Ahempty
bis | 6 |on(A,FL)Aon(B,A)Aon(D,FL) Aclear(B) Aclear(D) Ahold(C)
bis | 7 |on(A,FL)Aon(B,A) Aon(D,FL) Aclear(B) Aclear(D) Aon(R,B) Ahold(C)
bz | 7 |on(A,FL)Aon(B,A) Aon(C,B) Aon(D,FL) Aclear(C) /A clear(D) /Ahempty
bigs | 8 |on(A,FL)Aon(B,A)Aon(C,B)Aon(D,FL) Aclear(C) /clear(D) /Aon(R,D) Ahempty
biw | 5 |on(A,FL)Aon(B,A)/Aon(C,B) Aclear(C) Ahold(D)
by | 6 |on(A,FL)Aon(B,A)Aon(C,B) Aclear(C) Aon(R,C) Ahold(D)
b1 7 |on(A,FL) Aon(B,A) Aon(C,B) Aon(D,C) Aclear(D) Aon(R,D) Ahempty
14
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10 | —
2 8
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[Fig. 3] Comparison graph of state complexity
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[Table 4] Efficiency comparison of partial plans for error recovery
o EEvE
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s ZHsec) | ZHsec) = ZHsec) | ZHsec)
4-Put(jon(R, Jon(R, |\ y oo FL) Put(E,FL),Goto(D) 00499 | 60 |Put(E,A)Goto(D) 00333 | 40
EFL) |[EL) |A) VEto(E, L), FuliE, vL), - 0 |Put(E,A), ) )
8.Put( |hold( |on(D,E|Goto(D),Pick(D,E),Moveto(D,FL),Put(D,FL), | o 11\ | 55 |GOto(F),Pick(F,C),Movet| o oo | s s
D,FL) |D) ) Goto(F),Pick(F,C),Moveto(F,FL) ’ "~ |o(F,FL) : ’
Moveto(C,D),Put(C,D),Goto(F),Pick(F,E),Mo Moveto(C,D),Put(C,D),G
16.Put(|on(B, | “®F |veto(F,FL) Put(F,FL) Goto(B),Pick(B,FL)M oto(B),Pick(B,FL),Movet
U > |L),on( s LU, ANV 102494 | 300 |o(B,A),Put(B,A),Goto(C) | 0.1829 | 22.0
CB) |A) oveto(B,A),Put(B,A),Goto(C),Pick(C,D),Mov .
FE) | oio(C.B)Put(C.B). Goto(D) ,Pick(C,D),Moveto(C,B),
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[Table 5] Weighting value table
A 270 A U e
Mf1 Mfz Mf3 Mf4 Mb1 sz Mb3 Mb4
on(R,FL) 0 0
on(R,C) 0 0
on(R.D) | O 0 0 0
hempty 1 0 1 1 0 1
hold(F) 0 0
on(A,FL) | 2 4 6 8 2 4 6 8
on(B,A) | 2 4 6 8 2 4 6 8
clear(B) 0 0
on(C,FL) | 2 4 2 4
on(C,B) 0 2 0 2
clear(C) 0 2 0 2
on(D,FL) 0 0 2
on(D,B) | 2 2
on(D,C) 0 0
clear(D) 0 2 4 6 0 2 4 6
on(EFL) | O 2 4 6
clear(E) 2 4 6 8
on(F,FL) 0 2
on(F,C) 2 4 2
clear(F) 2 0 2 2
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