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Abstract:

The space of lines provides a rich geometric framework for the design and approximation of
geometric shapes, with direct applications in robotics and manufacturing. In this work, line
geometry is represented using the concepts of null polarities and null planes. A method for
approximation in line space is developed that enables not only the fitting and geometric design of
line varieties based on discrete sets of lines but also it is intrinsically linked to the geometry of
bisecting linear line complexes.

Bisecting line complexes (BLCs) provide an important link between line geometry and applications
in robotics and computational kinematics. Two distinct BLCs are associated with a pair of
configurations of a robotic manipulator: one based on point-geometry and the other line-
geometric. The point-geometric BLC consists of pencils of lines lying in the null plane where the
normal to the plane coincides with the tangent vector at a given point along a trajectory. We
formalize the line-geometric one and define special planes like the null planes as those whose
normals are given by the internal bisectors of two intersecting homologous lines associated with
the two configurations of a robotic end-effector.

It is shown that the ruled surface generated by a one-parameter line-geometric displacement of a
robotic end-effector forms a regulus that lies on a special hyperbolic paraboloid. Building on these
concepts, line-geometry-based methods are presented for the fitting and geometric design of line
varieties. The study of line varieties through linear combinations of lines has previously been
associated with Grassmann geometry, and this work further extends those ideasin a
computational geometric and application-oriented manner.

The developed methods are applied to practical problems in calibration and motion planning in
robotics surgery, as well as in Numerical Control of Electric Discharge Machining.



