CMSC 425 Dave Mount

CMSC 425: Lecture 3

Basic Elements of OpenGL and GLUT
Thursday, Jan 31, 2013

Reading: See any standard reference on OpenGL or GLUT.

GraphicsLibraries: In this lecture we will discuss programming a 3-dimensional interactive graghs-
tem. In particular, we will discuss OpenGL and GLUT. The essence alfyming interactive graphics
involves generating a description of the scene being rendered, agatirepthis process at a rate of
roughly 30 frames per second. We call each such redrawdigpkay cycle or arefresh cycle, since
your program is refresh the current contents of the image.

In modern graphics systems, the image is generated by the graphicssmmgasst (GPU), and the
job of your program is to describe the scene to be displayed to the GPU & litecrendered. The
commands sent to the GPU take the form of procedure calls made by y@raprdo a graphics
library. The procedures of the library are defined according to alicagipn programmer’s interface
(API). There are a few common graphics APIs. Generally, they come imifferent types:

Retained Mode: The system maintains the state of the computation in its own internal data struc-

tures. With each refresh cycle, this data is transmitted to the GPU for regdérstene graph

is typically employed as the method for storing this information. Examples of retaiiele
systems includdava3d, Ogre3D, andOpen Scenegraph. The principal advantage is that global
optimizations can be performed, since all the scene information is known tystens This
approach is less well suited to time-varying data sets, since the internedéegpation of the data
set needs to be updated frequently.

Immediate Mode: In this sort of system, your program provides all the information needddato
each scene with each display cycle. In other words, your prograsniigsmicommands directly
to the GPU for execution. Examples of immediate-mode systems in€lpeleGL andDirectX.
Immediate-mode systems tend to be more efficient, since they provide closesl acifrthe
hardware. The principal disadvantage is that it not possible for theray® perform the sort of
global optimizations (such as culling non-visible entities), which is possible wittimed-mode
approaches.

OpenGL: OpenGL is a widely used industry standard graphics API. It has bedadoto virtually all
major systems, and can be accessed from a number of different pnogng languages (C, C++,
Java, Python, ...). Because it works across many different plagfoit is very general. This is in
contrast to the principal alternative, DirectX, which has been designedrtoprimarily on Microsoft
systems.

For the most part, OpenGL operatesrimmediate mode, which means that each function call results in
a command being sent directly to the GPU. There are some retained elemamtgehd-or example,
transformations, lighting, and texturing need to be set up, so that theyecapied later in the
computation.

Because of the design goal of being independent of the window sysigoparating system, OpenGL
doesnot provide capabilities for windowing tasks or user input and output. Fomeie there are
no commands in OpenGL to create a window, to resize a window, to determinertiemtcmouse
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coordinates, or to detect whether a keyboard key has been hit. Ewgrigfiocused just on the process
of generating an image. In order to achieve these other goals, it is aecésuse an additional
toolkit. There are a number of different toolkits, which provide various ciéifab. We will cover

a very simple one in this class, call&LUT, which stands for th&L Utility Toolkit. GLUT has the
virtue of being very simple, but it does not have a lot of features. Tohgese features, you will need
to use a more sophisticated toolkit.

There are many, many tasks needed in a typical large graphics systemeg\dtathere are a number
of software systems available that provide utility functions. For examplgcaagpthat you want to
draw a sphere. OpenGL does not have a command for drawing spbatdascan draw triangles.
What you would like is a utility function which, given the center and radius sblzere, will produce
a collection of triangles that approximate the sphere’s shape. Open@idesa simple collection of
utilities, called theGL Utility Library or GLU for short.

Since we will be discussing a number of the library functions for Open@Gll),&nd GLUT during

the next few lectures, let me mention that it is possible to determine which libranycion comes
from by its prefix. Functions from the OpenGL library begin with “gl” (as aiTtiangle”), functions

from GLU begin with “glu” (as in ‘gluLookAt”), and functions from GLUT begin with “glut” (as in
“glutCreateWindow”).

The Main Program: Before discussing how to draw shapes, we will begin with the basic elemigmbsvo
to create a window. OpenGL was intentionally designed to be independantyafpecific window
system. Consequently, a number of the basic window and system opeiionst provided. This
is the principal reason faBLUT. This toolkit which provides the necessary tools for requesting that
windows be created and providing interaction with I/O devices.

Let us begin by considering a typical main program (see the following fragenent). Throughout,
we will assume that programming is done in C/C++, but our examples candis/redapted to other
languages. (Do not worry for now if you do not understand the meaifthe various calls. We will
discuss them in greater detail below.) This program creates a window #@Q jgixels wide and 300
pixels high, located in the upper left corner of the display.

Typical OpenGL/GLUT Main Program

#i ncl ude <@./ gl ut. h> [l AUT, GQU, and QpenG defs
int main(int argc, charx+* argv) /'l program argunents
{

glutlnit(&argc, argv); /1 initialize glut and openG

/1 doubl e buffering and RGBA
glutlinitD splayMde(GLUT_DOUBLE | GLUT_RGBA);

gl ut | ni t WndowSi ze(400, 300); /1 initial w ndow size
gl utl ni t WndowPosition(0, 0); /] initial w ndow position
gl ut Cr eat eW ndow( argv[ 0] ); /] create w ndow

...initialize callbacks here (described below)...

nylnit(); /] your own initializations
gl ut Mai nLoop(); /] turn control over to gl ut
return 0; // we never return here; this just keeps the conpiler happy

Lecture 3 2 Spring 2013



CMSC 425 Dave Mount

Note that the call tglutMainLoop turns control over to the system. After this, the only return to your
program will occur due to various events, calt@tibacks. (The final ‘teturn 0” is only there to keep
the compiler from issuing a warning.) Here is an explanation of these fusction

glutinit: The arguments given to the main prograarg¢ andargv) are the command-line arguments

supplied to the program. This assumes a typical Unix environment, in whichrdgggon is
invoked from a command line. We pass these into the main initialization procegluthait. This
procedure must be called before any others. It processes (andegnesommand-line arguments
that may be of interest to GLUT (e.g., allowing the user to override the defindiow size) and
the window system and does general initializations. Any remaining argumentisem left for
the user’s program to interpret, if desired.

glutinitDisplayMode: This performs initializations informing OpenGL how to set up its frame buffer.

Lecture 3

Recall that the frame buffer is a special 2-dimensional array in the GRdisory where the
graphical image is stored. OpenGL maintains an enhanced version ofathe fsuffer with
additional information. For example, this includes depth information for hiddeflace removal.
The system needs to know how we are representing colors of ourajeresds in order to
determine thelepth (that is, the number of bits) to assign for each pixel in the frame buffex. Th
argument taylutinitDisplayMode is a logical-or (using the operatof’) of a number of possible
options, which are given in Table 1.

Display Mode Meaning

GLUT_RGB Use RGB colors
GLUT_RGBA Use RGB plusy (recommended)
GLUT_INDEX Use colormapped colors (hot recommended)

GLUT_DOUBLE | Use double buffering (recommended)
GLUT_SINGLE | Use single buffering (not recommended)
GLUT_DEPTH Use depth buffer (needed for hidden surface remoyal)

Table 1: Arguments tglutinitDisplayMode. (Constants defined in glut.h)

Let us discuss each of these elements in greater detail.

Color: We need to tell the system how colors will be represented. There arentietbeds, of
which two are fairly commonly used@sLUT_RGB or GLUT_RGBA. The first uses standard
RGB colors (24-bit color, consisting of 8 bits of red, green, and blae{l is the default.
The second requests RGBA coloring. In this color system there is a foarttponent
(designated “A” ora), which indicates the opaqueness of the color (1 = fully opaque, 0 =
fully transparent). This is useful in creating transparent effects. Waliscuss how this
is applied later this semester. (It turns out that there is no advantage in toysage space
using GLUT_RGB over GLUT_RGBA, since according to the GLUT documentation, both
are treated the same.)

Single or Double Buffering: The next option specifies whether single or double buffering is
to be usedGLUT_SINGLE or GLUT_DOUBLE, respectively. To explain the difference, we
need to understand a bit more about how the frame buffer works. terrgaphics sys-
tems, whatever is written to the frame buffer is immediately transferred to the yidples
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process is repeated frequently, say 30—60 times a second. To do thygitdat approach is
to first erase the old contents by setting all the pixels to some backgrourndsatdlack.
After this, the new contents are drawn. However, even though it miglereyery fast, the
process of setting the image to black and then redrawing everything m®duuoticeable
flicker in the image.

Double buffering is a method to eliminate this flicker. In double buffering, tretesn
maintains two separate frame buffers. Trant buffer is the one which is displayed, and
the back buffer is the other one. Drawing is always done to the back buffer. Then taepda
the image, the system simply swaps the two buffers (see Fig. 1). The swampicess
is very fast, and appears to happen instantaneously (with no flickeriubl®duffering
requires twice the buffer space as single buffering, but since memoefaiively cheap
these days, it is the preferred method for interactive graphics.

Swap buffers Redrawing

Monitor
Front [Front]

Monitor

Redrawing
Fig. 1: Double buffering.

Depth Buffer: One other option that we will need later with 3-dimensional graphics will be
hidden surface removal. Virtually all raster-based interactive grapyiseems perform
hidden surface removal by an approach calleditiph-buffer or z-buffer. In such a system,
each fragment stores its distance from the eye. When fragments aezeadras pixels only
the closest is actually drawn. The depth buffer is enabled with the otiaT _DEPTH.

For this program it is not needed, and so has been omitted. When thereéptiobuffer,
the last pixel to be drawn is the one that you see.

glutinitwindowSize: This command specifies the desired width and height of the graphics window.
The general form iglutinitwindowSize(int width, int height). The values are given in numbers
of pixels.

glutinitPosition: This command specifies the location of the upper left corner of the grapimes
dow. The form isglutlnitWindowPosition(int x, int y) where the(z,y) coordinates are given
relative to the upper left corner of the display. Thus, the argum@nts places the window in
the upper left corner of the display.
Note thatglutinitWindowSize andglutinitWindowPosition are both considered to be ordygges-
tions to the system as to how to where to place the graphics window. Depending amithow
system’s policies, and the size of the display, it may not honor these teques
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glutCreateWindow: This command actually creates the graphics window. The general form of the
command igylutCreateWindow(char* title), wheretitle is a character string. Each window has a
title, and the argument is a string which specifies the window'’s title. We pasgu[0]. In Unix
argv[0] is the name of the program (the executable file name) so our graphics wéramwe is
the same as the name of our program.

Asynchonous Creation: Note that the calylutCreateWindow does not really create the window, but
rather merely sends a request to the system that the window be creatgddd/Nou care?
In some OpenGL implementations, certain operations cannot be perforrtesss time window
(and the associated graphics context) exists. Such operations shoptafbened onlyafter
your program has received notification that the window really existsr poragram is informed
of this event through an event callback, eitheshape or display. We will discuss them below.

The general structure of an OpenGL program using GLUT is shown in2Fi¢Don’t worry if some
elements are unfamiliar. We will discuss them below.)

glutReshapeFunc: i
| if (first call) {
glutlnit OpenGL initializations
glutlnitDisplayMode }
glutlnitWindowSize/Position (re)set viewport/projection
glutCreateWindow glutPostRedisplay
| initializelcallbacks | glutDisplayFunc:
clear buffers
| your internal initializations | redraw scene
{ glutSwapBuffers
| glutMainLoop | v
I other event callbacks: i
update internal state
glutPostRedisplay
v

Fig. 2: General structure of an OpenGL program using GLUT.

Event-driven Programming and Callbacks: Virtually all interactive graphics programs ageent driven.
Unlike traditional programs that read from a standard input file, a gragagram must be prepared
at any time for input from any number of sources, including the mouseydrdard, or other graphics
devises such as trackballs and joysticks.

In OpenGL this is done through the useaaflbacks. The graphics program instructs the system to
invoke a particular procedure whenever an event of interest qczaysthe mouse button is clicked.
The graphics program indicates its interestragisters, for various events. This involves telling the
window system which event type you are interested in, and passing it the afia procedure you
have written to handle the event.

Note: If you program in C++, note that the Glut callback functions you definetrhas'standard”
procedures; they cannot be class member functions.
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Types of Callbacks: Callbacks are used for two purposaser input events andsystem events. User input
events include things such as mouse clicks, the motion of the mouse (withoung)ieltso called
passive motion, keyboard hits. Note that your program is only signaled about evertéaippen to
your window. For example, entering text into another window’s dialoguevlid not generate a
keyboard event for your program. Here are some common examplesniaty is given in Table 2.
There are a number of others as well (special keys, status of shifg@alfrdetecting key releases.)

System Event Callback request User callback function prototype (returnvoid)
(Re)display glutDisplayFunc myDisplay()

(Re)size window| glutReshapeFunc myReshape(int w, int h)

Timer event glutTimerFunc myTimer(int id)

Idle event glutldleFunc myldle()

Input Event Callback request User callback function prototype (returnvoid)
Mouse button glutMouseFunc myMouse(int b, int s, int X, inty)

Mouse motion | glutPassiveMotionFunc | myMotion(int x, int y)

Keyboard key glutkeyboardFunc myKeyboard(unsigned char c, int x, int y)

Table 2;: Common callbacks and the associated registration functions.

Display Event: At a minimum, every OpenGL program must handle this event. It is invokesiwhe
the system senses that the contents of the graphics window need todeneidr example:

e the window is created initially or it has been resized,

¢ the window system has determined that the graphics window has been “edinfadpich
might occur, for example, if an obscuring window has been moved awag/révealing all
or part of the graphics window),

¢ the program explicitly requests redrawing, for example, because theahgtate has changed
in a way that affects the scene, by calligigtPostRedisplay.

Recall from above that the commapgtiitCreateWindow does not actually create the window,
but merely requests that creation be started. In order to inform yograrothat the creation
has completed, the system generates a display event. This is how you latoy@thcan now
start drawing into the graphics window.

Reshape Event: This happens whenever the window’s size is altered, including its initiatiorea
The callback provides information on the new size of the window. Recallythat initial call
to glutinitWindowsSize is only taken as a suggestion of the actual window size. When the system
determines the actual size of your window, it generates such a callbacfotmigou of the
actual size.

Idle/Timer Events: Often in an interactive graphics program, the user may not be providing an
input at all, but it may still be necessary to update the image. For example jghesiimulator
the plane keeps moving forward, even without user input. To do this, tigrgamn goes to sleep
and requests that it be awakened in order to draw the next image. Thdreoavays to do this,
atimer event and anidle event. An idle event is generated every time the system has nothing
better to do. This is often fine, since it means that your program wasteghes c

Often, you want to have more precise control of timing (e.g., when trying tcageparallel
threads such as artificial intelligence and physics modeling). If so, amaféeapproach is to
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request a timer event. In a timer event you request that your prograonstgep for some period

of time and that it be “awakened” by an event some time later, say 1/50 ofoadédater. In
glutTimerFunc the first argument gives the sleep time as an integer in milliseconds and the last
argument is an integer identifier, which is passed into the callback function.

Input Events. These events include keyboard key presses and mouse key pressesise motion.
When any such event occurs, the system will inform you which key kas Ipressed (or re-
leased), and where the cursor is at the instant of the event. Here graribipal input events
your program can listen for.

For example, the function calls shown in the code fragment below showsdogister for the
following events: display events, reshape events, mouse clicks, kelyboikes, and timer events.
The functions likemyDraw andmyReshape are supplied by the user, and will be described later.

Typical Callback Setup
int main(int argc, charx+ argv)

{

gl ut Di spl ayFunc(myDraw) ; /1 set up the call backs

gl ut ReshapeFunc( nyReshape) ;

gl ut MouseFunc( myMuse) ;

gl ut Keyboar dFunc( nmyKeyboar d) ;

gl ut Ti mer Func(20, nyTi meQut, 0); /1 timer in 20/1000 seconds
}

Most of these callback registrations simply pass the name of the desiretlnston to be called
for the corresponding event. The one exceptioglisTimeFunc whose arguments are the number
of milliseconds to wait (an unsigned int), the user’s callback function, andtager identifier. The
identifier is useful if there are multiple timer callbacks requested (for diftarmes in the future), so
the user can determine which one caused this particular event.

Callback Functions: What does a typical callback function do? This depends entirely on tHeaiim
that you are designing. Some examples of general form of callbackdasds shown below.

Note that the timer callback and the reshape callback both invoke the fugtiibostRedisplay. This
procedure informs OpenGL that the state of the scene has changeloarhdl Ise redrawn (by calling
your drawing procedure). This might be requested in other callbackelas

Note that each callback function is provided with information associated witeviat. For example,
a reshape event callback passes in the new window width and height. A mlatiscallback passes
in four arguments, which button was hit (eft, middle, right), what the buttons new state is (p
or down), the(x, y) coordinates of the mouse when it was clicked (in pixels). The variousrEeas
used forb ands are described in Table 3. A keyboard event callback passes in thectérathat was
hit and the current coordinates of the mouse. The timer event callbas&gimsthe integer identifier,
of the timer event which caused the callback. Note that each cgllifimerFunc creates only one
request for a timer event. (That is, you do not get automatic repetition of gweats.) If you want
to generate events on a regular basis, then insert a cgliffimerFunc from within the callback
function to generate the next one.
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Examples of Callback Functions for System Events

void myDrawm) { /1 called to display w ndow
/1 ...insert your draw ng code here ...
gl ut SwapBuf fers(); /'l make the new stuff visible
}
voi d nyReshape(int w, int h) { /1 called if reshaped
wi ndowW dth = w; /1l save new wi ndow si ze
wi ndowHei ght = h;
/1 ...may need to update the projection ...
gl ut Post Redi spl ay(); /1 request wi ndow redisplay
}
void myTineQut (int id) { /1l called if tinmer event
/1 ...advance the state of animation increnentally...
gl ut Ti mer Func(20, nyTimeQut, 0); /1l schedul e next timer event
}

Examples of Callback Functions for User Input Events
/1 called if nouse click
void myMouse(int b, int s, int x, int y) {

switch (b) { /1 b indicates the button
case GLUT_LEFT_BUTTON:
if (s == GLUT_DOMWN) /1 button pressed
...
else if (s == GUT_UP) /1 button rel eased
/1
br eak;
... /1 other button events
}

}
/1 called if keyboard key hit
voi d nyKeyboard(unsigned char ¢, int x, int y) {

switch (c) { /[l cis the key that is hit
case 'q': /1 g nmeans quit
exit(0);
br eak;
... /1 other keyboard events
}

GLUT Parameter Name Meaning
GLUT_LEFT_BUTTON left mouse button
GLUT_MIDDLE_BUTTON | middle mouse button
GLUT_RIGHT_BUTTON right mouse button
GLUT_DOWN mouse button pressed down
GLUT_UP mouse button released

Table 3: GLUT parameter names associated with mouse events. (Consfargd deglut.h)
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