Assignment 3
CS6533 Spring 2012

Due: 4/18 in class; Total Score: 165 points

Note: This assignment has 4 pages.

This assignment extends Assignment 2 by adding the optigmarfucing theshadow effect
(with respect to a fixed light source) while rolling a sphess,well as the options of shading
and lighting. You will practice implementing three maintie@ques: (1) producing a shadow, (2)
drawing adecalon top of an object — in this case the shadow is a decal on topeo§tound,
and (3) shading and lighting. (Consult Lecture Notes fohtegues of producing shadow and de-
cal effects, and sample code A.12 in Textbook Chapter 6 ameAgix A for shading and lighting.)

General Instructions: same as Assignment 1.

(a) Consider the two unit-sphere files given in Assignment 2
(http://cis.poly.edu/ cs653/ assg2/). There are two more unit-sphere files given in
http://cis.poly.edu/cs653/assg3/, with 256 and 1024 triangles, respectively. The
file format is described in Assignment 2.

Draw the x-, y-, z-axes, the “ground” (the quadrilateralieading the x-z plane), and roll the
wire-frame sphere as in Assignment 2. Your task here is tatlagld¢orresponding shadow of the
sphere on the ground given a fixed light source located atipodi = (—14.0,12.0, —3.0, 1.0).
Draw the shadow with colof0.25,0.25,0.25,0.65). Note that the shadow should be the wire-
frame sphere projected onto the ground, projected fromigié: $ource. As the sphere rolls, the
shadow should also “roll” accordingly.

As another option, draw the sphere aod sphere and roll it as before, by drawing the sphere
triangles adilled triangles rather than just drawing the triangle edges. Wredhe corresponding
shadow effect for this rolling solid sphere as well, using $me shadow color and the same light
source locatior.. (The options are put together by a menu; Bad (b).)

Hint: Draw the shadow as a separate object. As discussed in ¢lasshadow object is obtained
as follows. At each frame, from each generic pgint (x,y, z, 1) on the sphere (the sphere is
alreadyat its final position and orientation at this frame), projectp onto the ground using the
ray going fromL throughp and intersecting the ground plane at paing is then the shadow point
of p. Sincep can be any point on the sphere, any corresponding shadowgoan be obtained
this way. Supposg = (z,y, z,1) andq = (z,, y,, 4, 1). Derivex, andz, in terms ofz, y, andz,
using simple geometry and the fact that the ground plape4s) and thusy, = 0. Then, derive a
4 x 4 transformation matrixV to carry out this “shadow projection” that transform$o ¢ using
the homogeneous-coordinate representation.

Note thatin OpenGL, the homogeneous-coordinate reprasemtz, v, z, w), w # 0, IS equiv-
alent to the representatidn/w, y/w, z/w, 1), i.e., theperspective divisioto convert(z, y, z, w)
to (z/w,y/w, z/w, 1) is automatically dondy OpenGL. Also, to produce the shadow, you first
perform the sphere-rolling transformation (as in Assigntr®) on the input sphere, and then per-
form the shadow projection transformatioh



Programming Tips:

1. If you experienced a strange behavior of the z-buffer wiseme parts of the scene disappear
randomly, check yougl uPer specti ve() command; se&lseful Tips Item 2 on page 4 for
the details.

2. In OpenGL, although the perspective division is autooadiii done to convertz, y, z, w) to
(x/w,y/w, z/w, 1) for w # 0, the OpenGL implementation actually requires that- 0. So if
you triedg = (i(“”y’zg,o 9rv:2) 1y = (f(z,y,2),0,9(z,y,2), h(z,y,z)) and it did not work, try

(x7y7'z ) h(x7y7'z)7
to useq = (:igizjg ,0, :ggizz)), 1) =(—f(x,y,2),0,—g(z,y, 2), —h(x,y, 2)). (60 points)

(b) If you just draw the shadow as Part (a), then you will see d@rokenshadow. The unde-
sirable effect is especially obvious for the solid sphetgisTs because the shadow and the ground
are on the same plane, but the z-buffer only has a limited ngaigrecision. As a result, some
portion of the shadow may appear in front of the ground andespontion may appedrehindthe
ground and thublockedby the ground; the result is unpredictable. Note that whatwant here
is to make the shadowlways appear on top dhe ground, i.e., to make the shadowexalon top
of the ground. Use the technique of making a decal, as disdussclass, to achieve the desired
effect.

Recall from Assignment 2 that associated with the left mdusgéon there is a menu entry
“Shadow”. Implement it as a submenu with 2 submenu entries:

“No” — do not produce the shadow, as in Assignment 2, and
“Yes” — produce thecorrectshadow, as implemented Rarts (a) and (b).

Recall that the left mouse button is also associated withunegrtries “Enable Lighting” and

“Shading”. Implement “Enable Lighting” as a submenu withubsienu entries:

“No” — the lighting is disabled, as is the case so far, and

“Yes” — the lighting is enabled, to be implementedHarts (c) and (d).

In addition, implement “Shading” as a submenu with 2 submentries: “flat shading” and
“smooth shading”. When lighting is disabled (by choosinghdBle Lighting” and then “No”),
bothoptions should just draw the sphere as a solid sphereR@eda)) and give the same result.
(Note that choosing both “flat shading” and “smooth shadisigbuld draw a solid sphere, and
choosing the menu entry “Wire Frame” should draw a wire-gasphere (as in Assignment 2);
you need to produce the correspondaagrect shadow if “Shadow” is “Yes”.) When lighting is
enabled, “flat shading” and “smooth shading” will be furtiraplemented irPart (c).

Hint:

1. You should always enable the z-buffer testing (dyEnabl e( G._DEPTH_TEST) ). Also,
you need to draw the ground/shadow in multiple passes, iagathlsabling writing to the z-buffer
or color buffer (color buffer is the frame buffer), as dissed in class.

2. Usegl Dept hMask( GL_FALSE) to disable writing to the z-buffegl Dept hVask( G._TRUE)
to enable writing to the z-buffegl Col or Mask( GL_FALSE, GL_FALSE, G._FALSE, G._FALSE)
to disable writing to the color buffer (in RGBA color modehdc

gl Col orMask(G._TRUE, GL_TRUE, G._TRUE, G._TRUE) toenable writing to the color
buffer. (40 points)

In the remaining partdarts (c) and (d)), your task is to add shading and lighting effects when
“Enable Lighting” is “Yes”. (You can turn on the lighting byaltinggl Enabl e( G__LI GHTI NG ,

2



and turn off the lighting by callingl Di sabl e( G._LI GHTI NG) .)

(c) Provide a global ambient white (with col¢t.0, 1.0,1.0,1.0)) light, and also provide a
directional light source with black ambient col@.0,0.0,0.0, 1.0), white diffuse and specular
color (1.0, 1.0, 1.0, 1.0), and position0.0, 0.0, 1.0, 0.0) in the eye coordinate system Note that
(0.0,0.0,1.0,0.0) is in fact a vector rather than a point, and thus this lightrseus a distant
(directional) light. The colors and the position descrilagdve are actually the default values of
GL_LI GHTO, so you can set it up by just enabli@_ LI GHTO without specifying these values.
If you do want to specify the values, notice that the posifi@ttor) value is in theye coordinate
system(meaning that the vector is fixed relative to the viewer), god have to specify it in an
appropriate place in your program; déseful Tips Item 3 on page 4 for more details.

In addition, give your background and the x-, y-, and z-akestame colors as in Assignment 2.
Give your quadrilateral “ground” that indicates the x-zr@aa green diffuse coldi.0, 1.0,0.0)
(with default ambient and specular colors), and give youresp a golden yellow diffuse and
specular colo(1.0,0.84,0.0) (and a default ambient color) with a shininess coefficierit23.0.

Consider the four unit-sphere files given. Actually, theseone more piece of information
implicitly given in the file format: each triangle (given bye coordinates of its three vertices) has
its three vertices ordered such that if the fingers of thetrmgimd are curled along the direction
of the vertex specification, the thumb will point towards thangle’s outward normal(in this
case this normal points towards tbatsideof the sphere). Augment your data structure from
Assignment 2 so that associated with each triangle you atse #s outward normal vectaf
length 1(i.e., theunit-lengthoutward normal vector).

Recall that the menu entry “Shading” has two submenu entfi@sshading” and “smooth
shading”. Implement these entries with the following shgdeffects when “Enable Lighting” is
“Yes”:

(1) “flat shading” — flat shade thidlled triangles of the unit sphere, where the unit-length normal
vector associated with each triangle is the normal vectintbu just computed and stored.

(2) “smooth shading” — smooth shade thiléed triangles of the unit sphere. To assign the unit-
lengthvertex normalsuse the fact that if the unit sphere is centered at the osigimdv is a point

on the surface of the unit sphere, thenis the unit-length normal vector at

Notice that the options for the wire-frame sphere and the®haffects should still work, as
you worked out before.

Hint: When lighting is enabled, everything you draw needs norreealor(s) for the shading com-
putation (otherwise you will get strange colors). In paride, you need to specify the ground
normal for the ground, and the normals for the sphere asidesldn (1) and (2) above.

However, when you draw the 3 axes and/or the wireframe spyeueare actually only drawing
edges, for which it would not make sense to assign vertex algrgince there is no plane associ-
ated with the edge. So you shouldn off lighting (by callinggl Di sabl e( G._LI GHTI NG) )
when you draw edges or points. Similarly, it would not makesgeto perform shading on the
shadow, and thus you should atswon off lighting when you draw the shadow. You can turn on the
lighting by callinggl Enabl e( GL_LI GHTI NG) . (40 points)

(d) Provide another light source which is positional, whitéudie and specular col¢t.0, 1.0, 1.0, 1.0)
and default ambient color (blagk.0, 0.0, 0.0, 1.0)), with position atL = (—14.0, 12.0, —3.0, 1.0)
(that is in the usualvorld coordinate systen). This is the light source that produces the shadow.



Set up its constant, linear, and quadratic attenuatioregalube 2.0, 0.01, and 0.001, respectively.
Give two choices for the type of this light:

(1) spot light, whose direction is from its position towahe tpoint(—6.0, 0.0, —4.5, 1.0) (again in
the usualvorld coordinate systen), with the exponent value 5.0 and the cutoff angfle)?, and

(2) point source.

Recall from Assignment 2 that there is a menu entry calledgliting”. Implement it as a submenu
with two submenu entries: “spot light” (corresponding ty &bove) and “ point source” (corre-
sponding to (2) above). Your program should allow the usemtiich between (1) and (2).

Hint: In OpenGL, you can set the cutoff angle to18®°, which disables the spot light feature and
the light source becomes a point source. (25 points)

Useful Tips:
1. Consult the sample code A.12 in Textbook Chapter 6 and Apréxtbr Parts (c) and(d).
2. If you experienced a problem of random black spots colottiregspphere surface or a strange be-
havior of the z-buffer where some parts of the scene disapaedomly, check youyl uPer specti ve()
command, in which no argument should be given a value to@¢tm®. Check in particular your
value of theZ,,,;,, parameter.
3. In OpenGL the position and direction of a light are treatedesmetric primitives, and can be
transformed by the ModelView matrix (the Projection matras no effect on them).

There are 3 places in the program to specify the light pasiicection, with different effects:
(1) Before any viewing or modeling transformation, e.g.,
gl Matri xMode( GL_MODELVI EW ;
gl Loadl dentity();

gl Lightfv(GL_LIGHT1, G_PCSITION, ...);

gl uLookAt (); /* viewi ng transformation */

[+ nodeling transformation =/

Then the light position is treated as in tege coordinate systeme., it is fixed relative to the
viewer, and will move with the viewer.

(2) After the viewing transformation but before the modgliransformation, e.g.,

gl Mat ri xMode( GL_ MODELVI EW ;

gl Loadl dentity();

gl uLookAt (); /* viewi ng transformation =/
gl Li ghtfv(GL_LI GHT1, GL_POSITION, ...):

/* mnodeling transformation */
Then the light position is fixed relative to the origin of thwerld coordinate system

(3) After both viewing and modeling transformations. Thewnigzan animate the light independent
of the viewer or the world coordinate system.



