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A Collision-Free Path Planning Using Linear Parametric Curve Based
on Geometry Mapping of Obstacles
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Abstract

A new algorithm for planning a collision-free path is developed based on linear parametric
curve. In this paper robot is assumed to a point, and two linear parametric curve is used to
construct a path connecting start and goal point, in which single intermediate connection point
between start and goal point is considered. The intermediate connection point is set in polar
coordinate (4, p), and the interference between path and obstacle is mapped into CPS (connection
point space), which is defined a CWS GM (circular work space geometry mapping). GM of all
obstacles in workspace creates overlapping images of obstacle in CPS (Connection Point Space).
The GM for all obstacles produces overlapping images of ohstacle in CPS. The empty area of CPS
that is not occupied by obstacle images represents collision-free paths in Euclidian Space. A GM
based on connection point in elliptic coordinate(g, §) is also developed in that the total length
of path is depend only on the variable §. Hence in EWS GM (elliptic work space geometry
mapping), increasing § and finding the value of § for collision-free path, the shortest path can
be searched without carring out whole GM. The GM of obstacles expresses all possible collision
-free path as empty spaces in CPS. If there is no empty space avaiable in CPS, it indicates that
path planning is not possible with given number of conection points, i. e. path planning is failed,
and it is necessary to increase the number of connection point. A general case collision-free path
planning is possible by appling GM to configuration space obstacles. Simulation of GM of
obstacles in Euclidian space is carried out to measure performance of algorithm and the resulting
obstacle images are reported.
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Fig. 3 Interference between path and obstacles
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Table 2 Classification of obstacle accroding to their location and interference interval of &

+ 7 4

intersects line-segment ST.

& op16e < 0 < 04 onis

Interf Angl Related
Interference Condition nterterence Angle © .a ¢
(6°) Fig.
All vertices of obstacle located outside of
Case 1 (OB1) ellipse, Edge of obstacle doesn’t intersect None Fig. 10
obstacle
Case 2 (OB2) All vertices of obstacle located outside of all Fig. 10
ig.
ellipse, Obstacle intersect line-segment ST (0°< 6<360°) g
All vertices of obstacle located outside of
. ellipse, Edge of obstacle intersect ellipse, 0<0< 6y op: .
Case 3 (OB3) bse, =8 ) P om Fig. 10
Obstacle intersects part of line ST from S to O ops< <60
outside
All vertices of obstacle located outside of
. ellipse, Edge of obstacle intersect ellipse, .
C <0<, Fig.
ase 4 (OB4) obstacle intersects part of line ST from T to O1_one< 6< 0, ons 1g- 10
outside
All vertices of obstacle located outside of
Case 5 (OB5) ellipse, Edge of obstacle intersect ellipse, O ons< <62 ons Fig. 10
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<@<b, ig.
ase part of line ST from 8 to outside 1088 2_on8 8
Obstacle intersects ellipse upper part and All
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(OB9) P & (0<6<360°) £
ST.
Obstacle intersects ellipse upper part. .
<< Fig. 12
Case 10 (OB10) Obstacle intersects line-segment ST. Or_osa <9< 6; ouio ‘&
Obstacle intersects ellipse lower part. .
<fh< Fig.
Case 11 (OB11) Obstacle intersects line-segment ST. O _onn =0 0:_oon g 12
Obstacl tained inside of ellipse, Obstacle 1% <H<Lo .
_ Case 12 (OB12> Stacle contained 1nsi e (0] P 1_OB12 2_OB12 Flg 13
located upper part of ellipse. Gs oB12< 8 < 04 op12
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C . - - Fig. 13
ase 13 (OB13) cle located lower part of ellipse. &5 ori3< 8 < 04 g3 &
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ase intersects part of line ST from § to outside. & op14< 0<360° &
Obstacle contained inside of ellipse, Obstacle .
c . . <g< Fig. 1¢
Case 15 (OBL5) intersects part of line 8T from § to outside. O1_oms < 0 6 oms g 13
Obstacle contained inside of ellipse, Obstacle & ope< =<6 opis .
Case 16 (OB16) - - Fig. 13
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Table 3 Simulation results of circular work space geometry mapping
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Execution time Angular Execution time for
Case . . Remark
(sec) resolution of GM unit angle(x 1/120)
Fig. 14 0.0736 3° 0.613x10% Success
Fig. 15 0.0489 3° 0.408 <10 Success
Fig. 16 0.0599 3° 0.499x10° Success
Fig. 17 0.0703 3° 0.586x10° Success
Fig. 18 0.0665 3° 0.554 x10* Success
Fig. 19 0.1044 3° 0.870x10° Fail
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Table 4 Simulation results of elliptic work space geometry mapping

Execution Resolution of GM time of unit value of
Case . Remark
time (SeC) 8/6mznx S/é\mux (X1/50>
Fig. 20 0.1291 0.02 2.5282 % 10° Success
Fig. 21 0.0956 0.02 1.912x10% Success
Fig. 22 0.1176 0.02 2.352 % 10° Success
Fig. 23 0.1291 0.02 2.582x10° Success
Fig. 24 0.1137 0.02 2.274x10° Success
Fig. 25 0.1924 0.02 3,848 x10% Fail
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