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Path Generation Using Linear Curvature and Torsion Segments

Fengli LAN, Hirofumi TAMAI, Kenjiro T. MIURA and Hiroshi MAKINO

In two-dimensional (2D) space, the clothoid is a preferred trajectory curve because its curvature varies linearly with its

curve length. However, in three-dimensional (3D) space, both curvature and torsion must be considered. This paper deals

with path generation using linear curvature and torsion segments which can be considered a 3D extension of the 2D clothoid.

In our study, the path segments are generated by solving the Frenet-Serret equation. In every path segment, its curvature and

torsion varies linearly with its curve length. In order to obtain more free parameters, plural curve segments are connected in

series to make a compound curve. The curve is used to connect two given points which may have given Frenet-Frame,

curvature and torsion constraints. These curves are also used to construct a smooth transition passing through an arbitrary

point sequence. The resultant path possesses C* as well as torsion continuity and matches all given Frenet-frame, curvature

and torsion constraints at the given points.
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Fig.1 A 3D curve and its Frenet frame
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1,=[0.0,1], my=[10,0], By=[0.1.0]
4=[0,1,0] m =[~1,0,0], b =[0,0,1]

Po=[-50,0,01 p,=[50,0,0]
total curve length = 126.2393
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0 20 40 60 80 100 120

Fig.2  Resultant curves matching the Frenet-frame constraints of [ty ny by ]
and [ #f{ m b ] at its terminals. The curvature vectors (green),
curvature (blue) and  torsion (red) distribution are also plotted
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using d=n /8. Set ET=1038, Sn=1/2.
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N
Calculate epwm on the simplex vertices using
equation (4), (5), (6) and RK4.
J

<o som >

NO

Do one step search using
Nelder —Mead method.

v
P —

[ Calculate A using equation (7). ]

Fig.3  Algorithm flow chart for the Frenet frame matching

lg 1 L & Rl ol PO

0 100 200 300 400 500 600 700 8OO 900

S2o2RIERR

Fig4  Path generation with Frenet frame continuity. The points are taken
from a cube’s vertices. The curvature vectors(green), curvature(blue)
and torsion(red) distribution are also plotted
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Fig.5  Path generation with C* continuity. The points are taken from a
cube’s vertices. The curvature vectors(green), curvature(blue) and
torsion(red) distribution are also plotted
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Fig.6  Path generation with C*+ ¢ continuity. The points are taken from a
cube’s vertices. The curvature vectors(green), curvature(blue) and
torsion(red) distribution are also plotted
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Fig.7  Path generation with C*+ ¢ continuity. The points are taken from a
regular tetrahedron’s vertices. Its final point (the Sth point) equals its
first point. This makes a closed curve. The curvature vectors(green),
curvature(blue) and  torsion(red) distribution are also plotted
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