Data structures & Algorithms for Geometry
Assignment #3 (3D Convex Hull)
Part 1 due on 11/10/2007, part 2 due on 11/17

This assignment will be completed in two parts. In the first part you will implement and test a data structure
for storing and manipulating mesh data. In the second part you will use that data structure to implement a
3D convex hull algorithm.

For part 2, additional code will be provided to visualize the generated hull. It is very important for your
code to conform to the specified interfaces. Otherwise, it will not work within my testing framework or with
the visualization code.

e Part 1

— Implement a data structure for storing and manipulating mesh data. Several acceptable data struc-
tures were covered in class on 10/27. Code for a mesh and polygon base classes will be provided.

— For the mesh class, implement the following:

x an STL-style iterator that will visit all of the polygons stored in the mesh.
* an add_polygon member function

* a remove_polygon member function

% a constructor that takes four points as parameters.

— For the polygon class, implement the following:

x an STL-style iterator that will visit all of the points that make up the polygon.
* a plane_equation method to get the plane equation for the polygon.

* a tesselate method that divides the polygon in the n triangles, where n is the number of edges.
This method takes a point as a parameter. The new triangles are made of the new point and
the two points on each edge of the original triangle.

e Part 2

— Use the mesh data structure from part 1 to implement a 3D convex hull algorithm.

— Validate the implemeted hull algorithm with a series of tests. At a minimum the following tests must
be implemented:

* Validate that the generated hull is convex. One way to do this is by checking the angle between
the normals of surfaces that share an edge.

* Validate that all points are inside the hull. One way to do this is by checking that all points
are in the negative half-space of all polygons. The plane_equation method will likely be useful
here.
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This rubric is based loosely on the “Rubric for the Assessment of Computer Programming” used by Queens

University (http://educ.queensu.ca/ compsci/assessment/Bauman.html).




