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Shortest Path Planning on a 3D Surface and its Application

Student Der-Chin Liu Advisor Pi-Ying Cheng PhD

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

The shortest path planning has been widely used in 2D path planning problems, such as
postman mail delivery problem, AGV route scheduling problem etc. There are several efficacious
methodologies discussed in many related papers. The study proposes a novel concept and method
to solve not only the 2D shortest path planning but to extend to 3D shortest path planning on a 3D
curved surface. The curved surface model defined in this study is a surface model described by
many spline curves at the cross section edges. Four categories of the curved surface have been
assigned appropriate planning method separately based on their geometry characteristics.

Each of the four surface groups is named as follows: (1). Simple patch with or without
forbidden zone on it, abbreviated as “SPFZZ;(2). Prism type polyhedron, abbreviated as “PSP”.
(3). Plane unfoldable polyhedron, abbreviated as-“PUP”. (4). Surface framed by polygons,
abbreviated as “SFP”. It’s hard to find a simplejway:to solve for the shortest path from the starting
point to the goal point on the patch:for all-the four different kinds of surface. Thus, we present the
novel method each for the four discussed surface groups:

For SPFZ, the study proposes to net the-patch including the forbidden zone, then set up the
route length table for adjacent grid points-andrsearch for the shortest path by using Dijkstra
Method. For PSP, the bending segments of‘the polyhedron are modeled as polynomial equations,
then Brute Force method is applied to:solve for all'the bending points on the shortest path. For
PUP, all the plate patches of the polyhedron-are“unfolded to a plane; the bending points of the
shortest path found on the plane will then transformed back to the original coordinates. For SFP,
the general type curved surface case, two steps are implemented integratively. First step will be
the same as SPFZ model, the following step will be the same as PSP model to reach the shortest
path closer to the theoretical length. The study has developed a shortest path planning system
bonded with CAD software, named as PBBF. The PBBF system provides a CAD based shortest
path planning functions that can be easily applied to 3D route planning task on industry and
academic research.

Key words:
Shortest Path Planning, Polyhedron, 3D Curved Surface, Brute Force Method



