Polygons, State Management
and Animation

January 215t 2009
MAE 574, Virtual Reality Applications

Instructor: Govindarajan
Srimathveeravalli



Updates on HW1

e Make sure to include lines to represent the
“coordinate axis”

* Make sure to “synchronize” gluOrtho and window
to make sure line is drawn properly

* Make sure the draw and reshape functions are
done correctly to ensure that the o_8<<_:m stays on
screen on does not get erased

* Submission
— Due Friday, before 11 PM

— Email source code and any additional documentation
to my email id.

— Please make sure to add as many comments as possible
to provide maximum information to understand your
project.
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Polygons - definition

* Definition
— edge and vertices
— Interior, exterior and boundary
— Simple and non simple

— Convexity
* Sum of internal angle
° Non intersection of diagonal and edge

— Monotone
— What about “cyclic” and “equilateral”?
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Polygons — ordering and normals

Ordering of vertices
— Counterclockwise — front facing, but can be changed using glFrontFace()
— Hide a face using glCullFace() |

Front and back faces of a polygon
— f.e. glPolygonMode( GL_FRONT, GL_FILL)

Right hand and left hand rules

Calculation of surface normal

— How to determine the surface normal?
— Why “normalize”?
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Polygons — intersection testing

* Point in Polygon

— Given any point, determine if it is inside, lies on or is
outside the polygon

— Useful for ray tracing, collision detection and many
other algorithms

— Ray casting?
— Winding number?

* What is the sum of interior angles of a polygon?
— 180*(n-2) |

— Where will these algos fail? Where are they most
suitable for?
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Polygons — convex hulls

Convex Hull
— Polygon envelope

For planar objects only

The “gift wrapping” algorithm
— Sort points
— Determine point on extrema
— Walk from extrema point in clockwise (or ccw) direction
— no:_J_omS angles with all points in neighborhood with maximum subtended
angle

How can this be extended to polygons?
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Coloring Your Objects

Colors can either be from [0 — 1] or [0 — 255], we stick to
former

So typically all we need is glColor3f( R G B)
What about Alpha ?

— As long as we stick to just glColor(), alpha is not needed.
— Will come into play when using materials, (later)

Looking back at the polygon example

— The first polygon is white in color, the second; each vertex has its
own color

— Color of the polygon is taken from the immediately preceding
“state”
— State Management

e Number of things can affect the way primitives are rendered
(graphical objects like lines, polygons etc.)

e Things that affect them include color, lighting , texture etc. are called
states or state variables

e States can be turned “on” or “off” using glEnable and glDisable

e Once a state is enabled it will affect all primitives succeeding it in

code till it is disabled or another state is enabled which overrides the
previous one.

e F.e. color of polygon changing per object and per vertex.
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s+ Coloring
glColor3f( 1., 1., 1. }):

47 Hatrizx operation for rotation
mwmsmwzwwHHNﬁuh
s For rotation
\\mwﬂm*uammﬂ gpin, 0.. 0., 1. }:
77 kotual code to do the drawing
glBegin{ GL_POLYGON ):
glVertex3f{ 0.25, 0.25,
glVertex3f( 0.75, 0.25,
glVertex3f( 0.75, 0.75,
glVertex3f( 0.25, 0.75,
glEnd():
glPopHatrix{ ):
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glBegin{ GL_POLYGOHN }:
glColor3f( 1.. 1.. 1.
glVertex3f{ 0.25, 0.25,
glColoxr3€£( 1., 0., 0.
glVertex3f( 0. um. 0. mm
glColor3f( 0. .
glVertex3f( o um‘ o um
glColor3f{ 0.. 0., 1.
glVertex3f( 025, 0.75.

glEnd(}:

uvvv
DODD
~




Animation

Draw — Erase — Redraw , The way the computers do it !

Computationally more cheaper than updating changed pixels
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Basic Animation

Sequence of pictures at 24 frames per second
Monitor refresh rate — 60 fps
But also account for redraw and clearing times
Double buffering, i.e. two frame buffers

— Oneis drawn, the other displayed

— Draw — Erase — Swap, repeat
Difference between Single and Double Buffering

— One artist with one sketchpad versus two artists with sketchpads working in

tandem, one preparing the current drawing and the other preparing the next
one. |

OpenGL does not inherently support double _ocjﬂm::m
Glut comes in here

— glutSwapBuffers() , Forces the swapping of the two display buffers.
— To be put at the end of the “display” code. |
— GLUT_DOUBLE, initializes the window to support double buffering
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