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A Task Planning System of a Steward Robot
with a State Partitioning Technique
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Abstract This paper presents a task planning system for a steward robot, which has been developed as an
interactive intermediate agent between an end-user and a complex smart home environment called the ISH
(Intelligent Sweet Home) at KAIST (Korea Advanced Institute of Science and Technology). The ISH is a
large-scale robotic environment with various assistive robots and home appliances for independent living
of the elderly and the people with disabilities. In particular, as an approach for achieving human-friendly
human-robot interaction, we aim at ‘simplification of task commands’ by the user. In this sense, a task
planning system has been proposed to generate a sequence of actions effectively for coordinating subtasks
of the target subsystems from the given high-level task command. Basically, the task planning is performed
under the framework of STRIPS (Stanford Research Institute Problem Solver) representation and the split
planning method. In addition, we applied a state-partitioning technique to the backward split planning
method to reduce computational time. By analyzing the obtained graph, the planning system decomposes
an original planning problem into several independent sub-problems, and then, the planning system
generates a proper sequence of actions. To show the effectiveness of the proposed system, we deal with a

scenario of a planning problem in the ISH.

Keywords : Task planning system, Backward split plan, State partitioning technique, Steward robot
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m Action level

at (robot, room B)
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free (right arm)
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—
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free (left arm) m
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carry (ball 1, left)
free (right arm)
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PROCEDURE MakeBackwardSplittedGraph (A, 7 ,G)

Nsé =g

i=0

SET H to <>

WHILE Ns/ ¢ 7 forall Ns/ € Ns, DO

FOR j=1 to ns,

SET ‘ipw ble
WHILE g forall ac 4

to the actions that is applicable all f € N5/ in A
DO

applicable

S= Backward(Sﬁ, a)

IF facts in S are created by actions that are not mutex THEN
IF S¢H THEN

IF S¢ Ns,, THEN
INSERT § inthe N,
ENDIF
INSERT ¢ inthe Ng,
ENDIF
ENDIF
ENDWHILE
ENDFOR
i<i+l
ADD N, at the end of the HASHTABLE
ENDWHILE
g = |J Va, UNs)
=0,k
RETURN g,
* Notation
T : Initial state, G : Goal state, .4 : A set of actions in planning problem
\ : The j-th state node of the level i
S” The state in state node N/
Na! : The j-th action node of the level i
Ns; = {Ns!, N5"}: The i-th state level ( 15, : The number of state nodes at level i)

Na, = {Na; . Na!™}: The i-th action level ( 1, : The number of actions nodes at level i}
H: Storage for memorization mechanism

&3+ k-order backward splitted planning graph
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2 g% I= 8% g = =7t 59 AA =3
left(robot, x)/ left(robot, )/ left(robot, =)/
271 oz Forward (robot) right(robot, x)/ right(robot, ¥}/ right(robet, x)/
TY 7°  (x location) (v location) up(robot, x)/ up(robot, )/ uplrobot, x)/
down(robot, x) down(robot, y)  down(robot. x)
left(robot, x)/ left(robot, )/ left(robot, =)/
=3 o= Backward (robot) right(robot, x)/ right(robot, ¥}/ right(robet, x)/
®  (x location) [y location) up(robot, =)/ up(robet, y)/ uplrobot, x)/
downlrobot, x) downl(robot, y)  down(robot. x)
left(robot, x)/ down(robot, x)/  left(robot, =)/
H92 Turn left right(robot, x)/ up(robot, x)/ right{robot, x)/
= (robot) (x location) up(robot, x)/ left(robot, x)/ upfrobot, =)/
down(robot, x) right(robot, x) down(robot, x}
left(robot, x)/ up(robot, x)/ left(robot, =)/
T Turn right right(robot, x}/ down(robot, )/ right(robot, x)/
TES (robot) (x location) up(robot, x)/ left(robot, x)/ upfrobot, =)/
down(robot, x) right(robot, x) down(robot, x}
AHexey onfuser, Bed)
Fa Ak Pick up the user Hght(RH, B11) on(user, Bed) on(user, Bed)
Aent onfuser, RH)
LH“E, Put down the user down(RH, P7)  onluser, wheelchair)  on(user, RH)
= up(wheelchair, P2)
d¢ 3 Turn on(TV/light) off(TV/light) on(TV/light) off(TV/light)
A B Turn off (TV/light) on(TV/light) off(TV/light) on(T/light)
AE 25 Open the curtain close(curtain) open(curtain) close(curtain)
e €5 Close the curtain open(curtain) close(curtain) open(curtain)
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on (user, bed), right (RH, P6),
el left (Wheelchair, P5), on (TV),
on (lights), open (curtain), right (JOY,, P1)
on (user, Wheelchair), right (RH, P6),
off (TV), off (lights), close (curtain)
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