Assignment 2
CS6533 Spring 2012

Due: 3/21in class; Total Score: 145 points

Note: This assignment has 4 pages.

This assignment is to implement a simple animation by rglarsphere which is modeled by a
wireframerepresentation, with some user-interface capabilitiest Will practice transformations
and viewings in this assignment. You might want to read timepda codes (and the explanations)
of Chapters 4 and 5 and Appendix A in the textbook, in pardiceample programs A.8 and A.11
in Appendix A, to see how you can spin a cube. Consult textl@etions 3.6—3.7 for information
about user-interface callback functions and the samplgrpms A.5, A.8 and A.11 in Appendix
A for other details.

Note: Assignments 3 and 4 will build on this assignment to evehtualimplete a course project.
General Instructions: same as Assignment 1.

(&) There are two sphere filesht t p: //ci s. pol y. edu/ cs653/ assg2/ . These files
contain tessellatednit-sphere (i.e., the radius is 1) representations wi#imd 128 triangles, re-
spectively. The tessellated spheres@mered at the origin. The input file format represents a
sequence ofi-vertex polygons where each polygon is represented as:

n
Zo Yo 20
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Here each polygon is a triangle, sas always 3. At the very beginning of the file, there is also
an integer indicating the total number of triangles corgdim the file (8 and 128, respectively).

Write a function that reads in the file (of the above formatps file name is specified on the
command line. Dynamically allocate memory to store the d@tasome data structure such that
each triangle is stored once. (5 points)

(b) Set up the viewing such that
1) VRP =(7,3,-10,1), VPN = (-7,-3,10,0),andVUP = (0,1,0,0),

(2) theV RP maps to the center of the (graphics) window,
(3) the window is square, and
(4) useper spective projection.

Under this viewing setting, draw a quadrilateral in coloean (i.e.,(0, 1,0)) with vertices at
(5,0,8,1), (5,0,—4,1), (=5,0,—4,1), and(—5, 0,8, 1) to indicate the x-z plane, and also draw
the x-, y-, and z-axes in colors red (i.€L, 0, 0)), magenta (i.e(1, 0, 1)) and blue (i.e(0, 0, 1)), re-
spectively. Translate the center of the sphere to the pbiat(—4, 1,4, 1) and draw thevireframe
representation of the sphere by using the OpenGL line-ah@ivinctions. Draw the sphere lines
in golden yellow(1.0,0.84,0) and set the background color to sky bli@e529, 0.807,0.92,0.0).
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Use your data structure fPart (a) to draw each wireframe triangle once. (10 points)

(c) This part is taroll the sphere on the x-z plane by using translations and rogatkéirst, roll
the sphere so that its center goes from the pdirt (—4, 1,4, 1) to the pointB = (—1,1,—4,1)
along a straight line. Note that the rotation and the traimsisshould match to produce the effect
of rolling the sphere on the x-z plane. As long as the centssgmthrougt®, roll the sphere so
that its center goes from the poiBtto the pointC' = (3, 1,5, 1) along a straight line. Finally, roll
the sphere so that its center goes frohiback toA along a straight line, and then repeat rolling
the sphere so that its center loops through the point8 and C' forever, until the user exits the
program (e.g., by selecting “Quit” in the menu; desrt (€) below). Note that the sphere rolling
shouldalways keep the same speed, even among different rolling directiond o B, B to C', and
C to A). Also, you should adjust your viewing setting to make thieesp always entirely visible
and also reasonably large.

(Consult the handout “Handout: example.cpp”, the sampbgiams in Appendix A and Sec. 2.7
for a general OpenGL program structure.)

(Note that here you can just use the initial solution as desdrinPart (d) below, and address the
rotational discontinuityssue inPart (d); seePart (d).) (70 points)
Useful Tips:

1. This “sphere-rolling” part is a good exampleinstance transformationr modeling transfor-
mation Note that the input sphere is always centered at the origiaach frame you transform
the sphere from “centered at the origin” to some final positind orientation of the sphere in that
frame. The difference between two consecutive frames ghasffect of animation.

2. Use an idle function to do the animation; see the samplgranos A.8 and A.11 explained in
Chapters 4 and 5.

3. To specify the direction of the axis about which the splieretating, try to find two directions
(vectors) that are both perpendicular to this axis, and tisgnan appropriate operation on these
two vectors to find the axis vector.

4. Rotating an angle df should translate the sphere by a distancefiofwherer is the radius of
the sphere, andis in the unit ofradian. Use aunit-length vector for the translation direction so
that the distance of the translation is correct.

5. For viewing settinggyl uPer specti ve() is usually easier to use thagh Fr ust un{) .

(d) This part is to enhance the sphere rollingHart (c). In Part (c), an initial solution is
to treat each “rolling segment” (i.e(A, B), (B, C), or (C, A)) independentlyi.e., when rolling
along(B, C), treat it as dresh startand let the rotation amount be 0 when the sphere center starts
at B, and similarly, when rolling alongC, A), let the rotation amount be 0 when the center starts
atC, and so on. However, this solution results irogational discontinuity(i.e., asudden change
of orientatior) when the sphere changes the rolling direction, whialmidesirable Observe that
when starting aB along(B, C'), the sphere orientation should continue frtira same orientation
at the time wherhe sphere just finished rolling along the previous segnménf3)—where such
orientation is the result of theccumulated rotations from the beginning up to that pémute that
the sphere center may have already gone thratigh, C' for many rounds); similarly for other
rolling segments. Enhance your sphere rolling to produe&tirect effect when the rolling direc-
tion changes.



(Hint: (1) Maintain a matrix\/ that represents theeccumulated rotatiofrom the beginning up to
the end of the previous rolling segmemitially set M/ to be the identity matrix. (2) In order to
maintain the matrix\/, you can perform the function call

gl Get Fl oat v( G._MODELVI EW MATRI X, M, whereMis declared a&Lf| oat M 16],
to assign the current model-view matrix to the array/maihixith the entries in theolumn order)
(30 points)

(e) This part is to add some user-interface capabilities, dsvisl

(1) The initial viewer position is put at7, 3, —10) as theV RP given inPart (b). Initially,
show the spherstanding stillwith center at the poin#i, together with the other parts of the scene
(the quadrilateral “ground” and the three axes, etc.) asipe inPart (b).

Implement a keyboard callback function such that the ‘b’har ‘B’ key begins rolling the sphere,
and the X’ and the ‘X’ keys respectively decrease and irnsgehe viewer x-coordinate by 1.0,
and similarly for the viewer y- and z-coordinates (with ‘Y;, 'z’ and ‘Z’ keys). These position-
changing keys should work both before and after the rolliegifis, and both when the rolling is
enabled or disabled. (See (2) below.) The viewer will alwapk at the origin(0, 0, 0).

(2) The right mouse button is used to enable/disable thimgolBefore the “begin” key (‘b’ or
‘B’) is hit, the right mouse button has no effect. After theetiin” key is hit and the rolling begins,
pressing the right mouse button once will stop rolling, anesping the right mouse button again
will resume rolling, right from where it stopped.

(3) The left mouse button is associated with a menu, with 1@uneaitries (and the correspond-
ing actions):

(i) “Default View Point” (put the viewer back to the initiai@wer position),

(ii) “Enable Lighting” (a submenu, to be implemented in Aggnent 3),

(i) “Fog Options” (a submenu, to be implemented in Assigamt4),

(iv) “Texture Mapped Ground” (a submenu, to be implementedlssignment 4),
(v) “Texture Mapped Sphere” (a submenu, to be implementégsgignment 4),
(vi) “Shadow” (a submenu, to be implemented in Assignment 3)

(vii) “Blending Shadow” (a submenu, to be implemented inigament 4),

(viii) “Quit” (exit the program),

(ix) “Wire Frame” (draw the sphere as a wire-frame spherbéegtamplemented in Assignment 3),
(x) “Shading” (a submenu, to be implemented in Assignment 3)

(xi) “Lighting” (a submenu, to be implemented in Assignm8ptand

(xii) “Firework” (a submenu, to be implemented in Assignrhéh

For the menu entries whose functions are not implementddsrassignment (all except “De-
fault View Point” and “Quit”), you can just put them as menuress without any actions specified.
(“Wire Frame” does not need to be implemented since you ordywdhe sphere as a wire-frame
sphere here. “Wire Frame” will be implemented in Assignn&mhere you will allow switching
between a wire-frame and a solid sphere.)

(Note that in some systems, when you are rolling the sphemight be too fast for you to
select a menu entry; to operate, first click the right moushuo halt the rolling, and then select
a menu entry. You should implement the menu functions suahatter a menu/submenu entry is
selected, the rolling is resumed, right from where it stappe



Hints: You can enable or disable your idle callback functiafl e() anywherein the program
by calling
gl ut1dl eFunc(idle) orglutldl eFunc(NULL), whereNULL is defined to be 0. This is
used to enable/disable the animation (for enabling/disgithe sphere rolling).

Consult textbook Sections 3.6—3.7 for information abowetrtsterface callback functions and
the sample codes in Chapters 3, 4, and 5 (e.g., programs A85arfd A.11 in Appendix A) for
other details. (30 points)



