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On a Territorial Generalization of the Previous Sufficient
Condition to Design a Family of Sensor-Based Deadlock-Free
Path-Planning Algorithms

HirosHI NOBORIO*

In this paper, we theoretically show a territorial extension of the previous sufficient condi-
tion to design a family of sensor-based path-planning algorithms. Basically in the sensor-based
path-planning, an automaton usually goes straight to its goal. Then if and only if the be-
havior is obstructed by an unknown obstacle, the automaton traces the obstacle by a given
clockwise or counter-clockwise order. After a while, the automaton finds an adequate point
to leave the obstacle without colliding it. Almost all the algorithms keep their deadlock-free
characteristics by monotonous approach of the leave point, which is measured by the Eu-
clidean distance toward the goal. This characteristic is observed from a territorial aspect as
follows: As long as an automaton leaves a boundary of its tracing obstacle within a circle
centered at the goal, which converges monotonously to the goal, the automaton arrives at the
goal. This is the previous sufficient condition for keeping the deadlock-free characteristic in
the sensor-based path-planning. This paper shows a generalization of the sufficient condition
by replacing the circular region with different types of regions including the goal. By using
an arbitrary region freely, which converges monotonously to the goal, we can get a wider set
of sensor-based path-planning algorithms. As an example of them, we can design a set of
learning sensor-based path-planning algorithms by fitting adaptively the arbitrary region to
location and shape of several obstacles traced already from the start. The territorial learning
algorithms (TLA) make deadlock-free paths shorter than paths generated by the previous
algorithms without any learning. This property is deeply ascertained in several kinds of un-
certain worlds by the graphics simulation. In result, we obviously see the superiority of the
new sufficient condition against the previous sufficient condition in order to design an elegant
sensor-based path-planning algorithm.
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Fig. 1 Clockwise and counter-clockwise deadlocks gener-
ated by the simplest sensor-based path-planning al-
gorithm based on the physical condition.
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Fig. 12

A shape set of typical paths with the clockwise tracing by the Lumelsky’s

algorithm Bwug2 (a) and our algorithm Class3 (b) based on the old suffi-
cient condition, and by our territorial learning algorithm TLA4 (¢) based
on the new sufficient condition in a simple world W1 with rectangular

obstacles.
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Table 1

A length comparison of all deadlock-free paths made in typical algorithms

based on the old and new sufficient conditions in a simple world W1 with

rectangular obstacles.

Bug Class TLA
1 2 1 2 3 1 2 3 4
Clockwise 5471 3009 2208 2208 1585 1023 1203 918 918
C-clockwise 5471 1379 571 571 472 552 579 494 494
EEME. FLT, RLT-NVIZEELEEC X (E11).

Dy IT—VICEL, o, TV Ve HHEEYIC
FoTHFonewe A% 8ES L; L, BEK
EEyH»SENS (F11).
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EIARERA L L L, BEARIBEED,LEEND

Class3 : Bgpfid, REFEY [KEEIEID ] o
EWEls. LT, RS Lo, 10 TGk
, Do, T—)IVEH Vg HEEWIZL>THIFS>H
ZWEIAERERS L &L, BEKIEEYHSEH
ha (H11).
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Fig. 13

A shape set of typical paths with the clockwise tracing by the Lumel-

sky’s algorithm Bug2 (a) and our algorithm Class3 (b) based on the old
sufficient condition, and by our territorial learning algorithm TLA4 (c)
based on the new sufficient condition in a complicated world W2 whose
obstacles do not enclose the start and goal.
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Table 2 A length comparison of all deadlock-free paths made in typical algorithms
based on the old and new sufficient conditions in a complicated world W2
whose obstacles do not enclose the start and goal.

Bug Class TLA

1 2 1 2 3 1 2 3 4
Clockwise 3606 1300 1543 1543 1538 939 954 916 914
C-clockwise 3606 2020 878 878 886 970 981 939 928
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72, T XA Bug2id, MR SG HYEADRE
WhEETL2OIAETE L E, BV XAERIRLT
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LWL AL RBRT 5. —F, BREFAT
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Fig. 14 A shape set of typical paths with the clockwise tracing by the Lumel-
sky’s algorithm Bug2 (a) and our algorithm Class3 (b) based on the old
sufficient condition, and by our territorial learning algorithm TLA/ (c)
based on the new sufficient condition in a complicated world W3 whose
obstacles enclose the start and goal.
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Table 3

A length comparison of all deadlock-free paths in typical algorithms based

on the old and new sufficient conditions in a complicated world W8 whose
obstacles enclose the start and goal.

Bug

Class

TLA

1 2 1

2

3 1 2 3 4

7145 5344 5173
7145 988 4712

Clockwise
C-clockwise

4296
4512

9865 3479 3522 3473
4592 827 1580 724

3478
724
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