CS 465 Homework 2b

(revised September 26, 2003)

out: Monday 22 September 2003
due: Monday 29 September 2003

In this assignment, you will explore the idea of parametric surfaces in 3D by implement-
ing several such surfaces. The framework for this assignment draws the surface you have
defined on the screen for you.

This assignment is to be done individually.

Principle of operation

A parametric surface is defined as the image of a domaiimder a functionf. For 2D
surfaces in 3D spacd, : R? — R?, and for the purposes this programming assignment
D = [0,1] x [0, 1]; that is, the domain is the unit square. Your mission is to define several
different functionsf that result in particular 3D shapes.

For each shape, you implement a function that takes a peint € D as input and returns

a 3D pointx = f(u,v) (on the surface) and a 3D vectar= f(u,v) (the normal to the
surface at that point) as output. You will use various trigonometric and other functions to
create the mapping, and you should compute the normal by taking the cross product of
the two partial derivatives of:

n = f,(u,0) x f,(u,v).

Here | am using the notatioff, to denote the derivative of the (vector valued) functjon
with respect to the variable. Writing this out by components, if we let

x(u,v)
f(u7 U) - y(uv 1})
z(u,v)
then
a—i(u, v) a—i(u, v)
fituo) = | Fwo) i) = | Fuw
8_Z(u7 Q}) 8—5(11, U)
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Since the cross product follows the right-hand rule, this means that if we are looking at
the front (outside) of a surface and thecoordinate is increasing to the right, then the

v coordinate is increasing as you go up and the normal is pointing towards the viewer.
Getting the normals facing the right way is one of the subtler parts of this assignment.

Framework code

For this assignment we are providing a framework that draws a 3D view of the surfaces that
you define and provides some handy tools for understanding the behavior of your mapping.
The framework code is mainly concerned with setting up the user interface and drawing the
3D view of the surface. It does this by calling your function many times to find out the 3D
locations of points in the domain and the normals that go with them. The surface itself is
actually drawn using a few thousand 3D quadrilaterals, and a grid is drawn over that to help
you visualize the parameterization.

The main class of the prografaram, maintains a list of objects of claBarametriza-

tion — one for each type of parameterization that’s been implemented. Each object has
a set of parameters associated with it, and they are displayed for the user to edit when the
“ f(u,v)” tab is selected.

Your mission, then, is to create several classes that ex@amdmetrization . The
main thing is to override the meth&rametrization.evaluate , which takes a 2D
pointvin , which is(u, v) in the discussion above, and returns a 3D pemit , which is

x, and and a 3D vectarout , which isn (note that it returns these values by modifying the
parametersout andnout rather than by using a return value).

Each class also needs to define a constructor that sets up the parameter list for the map. As
an example, we've provided the cla&SguareMap , which defines the simple mapping

Sz * (u—0.5)
flu,v) = 0
—s, % (v—0.5)

The parameters, ands, are set up in the constructor with the namxesale andzs-
cale . Based on the simple example given by this class it should be easy to set up your
own classes with as many parameters as needed.

The one other thing you need to do is change the measdm.registerMaps , Which
builds the list of maps that is presented to the user in the pop-up menu. You just need to
duplicate the call tonapRegistry.add  and edit it to reflect the name and class of your

mapping.
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Requirements

Your program must implement the following:

1. A spheroid. This is simply a sphere that is stretched hy,, ands, along thez,
y, andz axes respectively. Use a parameterization similar to the latitude-longitude
parameterization we discussed in class but arrange things so thab is the —y
pole,v = 1 is the+y pole, andv = 0.5 is the equator. The poirft,, v) = (0,0.5)
maps ta(s;, 0,0). The orientation conventions described above determine which way
u should wrap around the equator.

This surface has three parametess; s,, ands., all of which should default ta.0.
The front of the surface should face out.

2. Atorus. Thisis a doughnut or bagel shape that is formed by sweeping a circle around
an axis in the plane of the circle but outside the circle. It is like a piece of tubing that
is bent into a circle and joined seamlessly to itself. The symmetry axis should e the
axis. Theu coordinate should run along the tube, increasing in the counterclockwise
direction to a viewer positioned on thiey axis. Thev coordinate should run around
the tube in the appropriate direction to maintain orientation. The point wihere
v = 0 should be the extreme point on thexis.

The parameters are the outer radiygthe distance from the axis to the center of
the tube) and the inner radius (the radius of the tube). The front of the surface
should face out.

3. The graph of the function

Y =Sy COS(STT)C_T2/(202)

Wherer is the distance from the center of the unit squarguirv) space. The surface
should be a height field above the: plane, and it looks like ripples on the surface
of a pond. The coordinate should depend on andz should depend on, and you
should arrange for the front of the surface to faeg and for the range aof andz

to be controlled by the scale factars ands, and to be centered on zero. That is, if
sy = 5 thenz runs from—2.5 to 2.5.

The parameters arg, s,, s, s, ando.
4. One of the two following surfaces (or both for extra credit):

(&) A helicoid. This is a surface that you get by starting with a helix and connecting
each point to the axis of the helix by a straight line.
The central axis should be theaxis, and the radius of the helix should be
specified by a parameter The extent of the surface along thexis should be
sy, and the helicoid should makecomplete turns in that space (whetgand
n are parameters), starting and ending aligned withcthgis if n is an integer.
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The front of the surface should fage; whenn > 0. You should arrange far
to increase along the sprial in the same directiop asd foru to increase from
u = 0 at the axis tax = 1 at the outer edge.

(b) A rippled torus. Continuing the pastry analogy, this might be known as a
“cruller” surface. This is just like the torus except that the cross section takes
the formr;(1 + a cosn#) (in polar coordinates centered on the tube axis) and
this cross section rotates times as it sweeps along the torus.

The parameters arg andr, from the basic torus, plus the acircularity param-
etera, the number-of-ridges parameter and the number-of-twists parameter
m. The parameters andm are supposed to be integers; your code should not
break if they are non-integer, but it is OK to produce a surface with cracks in
that case. The front of the surface should face out.

Be sure to pay attention to the orientation of the surface. You can tell if you are looking
at the front or the back because the front renders as a shiny blue material and the back is a
duller gray. Also, if your normals are inconsistent with the orientation ahdwv then the
surface will appear lit improperly.

Discussion questions

Answer the following questions in a commentRaram.java or on paper, to be turned
in in class the same day the program is due:

e What is the normal to the sphere at each of the poles? What is the normal that's
computed by the method we recommend?

¢ If you implemented the helicoid, how does the magnitude of your normal compare
between points near the axis and points near the edge? Why is this?

e If you implemented the rippled torus, do theparameter lines twist along with the
torus? Why is this? How could you have implemented it to make this answer come
out the other way?

Handing in

You will hand in your source code using CMS (the Course Management System), linked on
the CS465 web site. The file you hand in should be a ZIP archive containing givthe

files and images that are needed to compile and run the program (that is, the framework
plus the.java files for your new classes). Please don't include extra files, for instance
.class files or extra source files that don't compile. With the class path set up to include
GL4Java and the vecmath library, one should be able to compile and run your program from
the command line using
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javac *java
java Param

Unless you are doing extra credit you should not modify the framework.

Extra credit

If you are enthusiastic about the project, we always encourage you to implement extra
features for extra credit, subject to the ground rules described on the course web page. For
this program appropriate extra credit might be extra parameterizations that produce nifty
shapes that are at least as complicated to implement as the most difficult required ones.

One idea would be a mapping that takes as its parameter a scalar-valued formarediy
parses it (allowing arithmetic, exponents, and basic trig functions), and produces the graph
of the function as a surface.

We recommend talking to us about your proposed extra credit first so we can steer you
towards interesting mappings and make sure we agree that it would be worth extra credit.

Let us re-emphasize that, as always, extra credit is only for programs that correctly imple-
ment the basic requirements.



