= Lecture 10
-~ Introduction to OpenGL

__.__l-- = — .

~~_~ Based on lecture of Dave Shreiner,Ed Angel,
Vicki Shreiner
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Q@JHHE prlmltlves
— Qo mes anad' polygons

Jmclcf ;_ = rlmltlves

_ges and bitmaps
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— separate pipeline for images and geometry
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— "_; “* |inked through texture mapping

"= Rendering depends on state
— colors, materials, light sources, etc.
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SWAEE GLX, WGL

BGluE between OpenGL and windowing
D/Jr""'; S

e} j@penGL Utility Library)

e ‘ﬁart of OpenGL
== —NURBS tessellators, guadric shapes, etc.

e GLUT (OpenGL Utility Toolkit)

— portable windowing API
— not officially part of OpenGL

—



application program

R s | = e AR e
A = TTThN gt 3 :

OpenGL Motif GLUT

widget or similar

GLX, AGL
or WGL GLU

X, Win32, Mac O/S GL

== software and/or hardware
.
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N rlrlerg_ Files
JfJer b <G|_/g| h>
Jf}f“ ude =GL/glu.h=

SR clude <GL/glut.h>

— = Lior IeS

1*;..?% ufnerated Types

= OpenGL defines numerous types for

compatibility
— GLfloat, GLint, GLenum, etc.
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pplication Structure
SGonfi J'_'_ % and open window
Jm jalize OpenGL state

: @elgter Input callback functions
— “j'° render

i-__?' ~ e resize

=

T *nput: keyboard, mouse, etc.
— Enter event processing loop
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Vo el mmJnu-*~= argc, char** argv
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= .I

10rE mgd{_ GLUT RGB|GLUT DOUBLE:;
JJHF tbDisplayMode( mode );
JJI a-eateW|ndow( argvjO] );
::. S mnitQ;

1glutD|splayFunc( display );

-~ glutReshapeFunc( resize );

.QIUtKeyboardFunc( key );
glutldleFunc( 1dle );

glutMarnLoop() ;

¥



T—)

-

OJIENG ﬂ1‘t1§£@-‘_t'lﬂﬂ

e S

J c-earColor( 0.0, 0.0, 0.0, 1.0

~¢@TtlearDepth( 1.0 );

- glEnable( GL_LIGHTO );
glEnable( GL _LIGHTING );
glEnable( GL DEPTH _TEST );

¥ :
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PROULINE to ‘call' when somethlng happens
— vvmrlow re3|ze Or redraw

— e e e = -

-,—_:, ( tlon

--l'_._—

= — =

'eg|Ster” callbacks with GLUT

'%;?::E_glutDlsplayFunc( display );
- glutldleFunc( idle );

glutKeyboardFunc( keyboard );
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RENOENNG Callback s

> Do allgiyaguee raWwingrhere
gJuﬁilsplayFunc( drsplay’ )5
vold digq ay( vord' )

=
‘~(7’;-ar( GLL COLOR_BUFFER BIT );
=glBegin( GL_TRIANGLE _STRIP );
ﬁgi.*’ “giVertex3tv( v[O] );
~—  glVertex3fv( v][1] ):
— fgIVertex3fv( vi2] );
glVertex3tv( v[3] ).
glEnd ()5
glutSwapBuffers();

¥
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nation and continuous update
j tIdIeFunc( 1dle );

-f::ugﬂutPostRedlsplay()
==
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2 Procassitgal JnpUt
glut «ﬁyboardFunc( keyboard! );
VJJJ kenaoard( char key, Int X, Int y )

- wvﬁ"f‘ NC key ) {
= CGase. - _case 8
;ﬂ ‘exit( EXIT _SUCCESS ):

-:rf break:;
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~ case ‘r’ - case “R’
rotate = GL TRUE;
break;

}}
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G URCHERAS

| Function Name | Usage | Purpose | General Notes
glBegin glBegin(type_of shaps) Starts drawing a shape. The different types of shapes that can be drawn
are documented i the “Drawing Paradigm™ sec-
tion.
glCalor gléelor(R, G, B[, &1) Beta the color of the shape to be | The first three (required) arguments specify the
drawn. eolor. The last argument specifies the opacity and
1= apticnal. If omitted, it defaults to 1 {apaque).
glClear glilsar (bit faeld) This clears a specified buffer. If GLCOLOREUFFEREBIT 1= passed in, all the
buffers being drawn on in color are reset to the
color specified by glCleaarColor
glClearColor gltlsarColor (R,B,G,A) Beta the color to be used when a | The arguments work just as in glColor except the
buffer is clearad. last argument 1s required.
glEnd glEnd () Sets up the program for using | You passin arge and argv because you can change
Open(sL. certain Open(GL settings at the command line.
glFimszh glFiniah{) Lets OpenGL catch up with vou. | This function returns when OpenGL 12 finished
executing whatever jobs it has on its queue.
glFlush glFluzh() Forces OpenGL to finish every- | This works like ££1uzh in that it ensures that
thing it's doing in a finite amount | all previous OpenGL commands will be executed.
of time. Unlike glFinish this 1= non-blocking.
glLoadldentity glloadIdentity() Effectively clears cut the matnix | It really loads an identity matrix.
to which vou are drawing.
glMatrizMods glMatrixMods (bit field) Seta which type of matrix we are | You will probably just want to stick with
editing. GL_PROJECTION, used for editing in window cocrdi-
nates, though GL_MODELVIEW might also be useful.
glPopMatrix glPopMatrix() Saves the current matrix by push- | You set which matrix will be duplicated with
ing 1t onto a LIFO queue, glMatrixMods.
glPointSize glPoint8ize(aize) Seta the size of drawn points. Size 18 the size in pixels.
glPushMatrix glPuahMatrix() Retrieves the next matrix on a | You set which matrix will be duplicated with

LIFD queus, discarding the top
one.

glMatrizMede.




Binctions:(cont.)
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glRasterPoa(x, y, z)

Specify the x, v, and z coords-

You will primarily use this to pesition text on the

nates of the raster. sereen. This wauld be usad m eanjunction with
glutEitmapCharacter.
glRact glRect (x1, y1, x2, y2) [lraws a rectangle. Remember to specify the tvpe of vanable heing
passed inl
glRatate glRotate(angle, 1, v, zJ Ritates a matrx. angle 15 the angle through which to rotate. x v,
and z specify the vector about which to rotate the
matrix.
glScale glécals(x, y, =l Scale. There are different parameters for the x, y, and z,
axes 50 vou can scale them mdependantly.
glShadeMadel glhadeModal (ehading moda) Specifies the shading mode, Just use GL_SMOOTH as the argument.
glTranslate glTranalate(x, y, z) Translate a matrix. %, ¥, and 2 spacify the vector along which to trans-
late the matrix.
glVertex glVertex(x, y[, z, v]) Sets a vertex to be used by | The coordinates this function uses are set by
glBagin for drawing, gllrthe.
glViewpart glVisuport(x, y, vidth, height) Sets up where the viewpart 1 n | x and y are the coordinates of the lower-left comer
the OpenGL window. of the viewpart in the window. width and helght

are the width and height of the viewpart. This
should be called whenever the window 18 resized!!
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gluCrtho glulrtho(lsft, right, bottom, top) | Set up a cocrdmate svstem for | This function technically gets you an "orthe-
voul to use In the window. graphic projection” of the world from the camera’s

perspective. If vou are dong stuff m 2D, you de

et need to know what this means, and can just

think of this as sstting up vour coordinate system

n world-coardinates,

-__—'-— _— =
-
mi— -
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glutBitmapCharacter

glutBitmapCharacter (font,
character)

Write a character to the screen.

See documentation for a full hst of fonts, A few
us=ful cnes are GLUT_BITHAP_TIMES ROMAN_13 and
GLUT_BITMAP _HELVETICA 10

glutCreateWindow glutCreatedindow (nams) Creates a window. The parameter is the name of the window,
glutDestrowWindoer glutDeatroyWindow (window) Closes a window. The parameter mdicates which windew to close.
Ewverv window 1= asscclated with a mumber, and
vou can find cut what this 1s with .
glutDizplayFunc glutDisplayFunc (diaplay) Registers the function to be used
if the window 15 to be redisplayed. -
glutGet glutiet (wvhat_to_gat) (Gets variables local to OpenGL, | Calling this with GLUT_WINDOW_HEIGHT and

such as the window =mze or the
number of red pixels.

GLUT_WIMDOW WIDTH could be useful for trans-
forming windows coordinates to a mors useful
coordinate svetem, Le. vour coordinate system.

glutaet Wind ow glutGetWindow () all this and it will return the in-
teger identifier of the current win- -
e,
glutldleFunc glutIdleFunc (idle) Registers the function to be used
if there are no events, -
glutlmt glutInit (karge, argv) Setz up the program for using | You passin arge and argyv because you can changs
OpenaL. certain OpenGL settings at the command line.
glutInitDhsplay Meode glutInitDisplayMede{bitfield) Sets up the envircnment in which | For this project, vou can usually pass GLUT_RGEA
Open(GL w1l run. | GLUT_DOVELE | GLUT DEFTH in as the argument.
glitInitWindowPesition | glutInitWindowFesition(x, ¥) Seta the mmitial window position | Passing in negative values lets the windowing pro-
in pixels. gram choces where to put the window.
glutlnitWindowSize glutInitWindowBize(width, height) Setz the mitial window =ize mn | The parameters have to be positive,
pixels.
glutlevboardFune glutEeyboardFunc (keyFunec ) Registers the function to be used
if a kev 1= pressed. _
glutMainLoop glutMainLoop () Enters the main event-loop.
glutMouzeFune glutMonasFunc (monaeFunc) Regizters the function to be ussd

if mouse-button 1= clicked or un-
clicked.
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Actiens.(cont.)

N

Force glutDisplayFunc to be

ghutPost Redisplay glutPoatRediaplay()
called on the next iteration of the
main loop.
glutReshapaFune glutReshapeFunc (reshaps) Registers the function to be ussd
if the window 1= resized.
glutSpecialFune glut8pecialFunc (epecialKeyFunc) Registers the function to be ussd
if special keve (arrows, funetion
keys, etc.| are pressed.
glutSwapbuffers glutSwapBuffera() Prints the buffer that has been | This 158 where the double-buffering mechani=m 1=
edited to the screen. used. You still need to redisplay after you swap!
glutTimerFunc glutTinerFune (time, timerFunc, Registers the function to be | Time 1= the time in mllissconds to wat before
valus) called at specified ntervals. calling this funchion. Value 15 passed into the reg-

isterad function as a parameter. Als note, onee
this functicn iz called, 1t 1= no longer registered.
You have to call glutTimsrFune from within the
registerad function to regularly have this called.




display diaplay() Called when the window needs to
be redisplayed.
1dle idled) Called when there are no events,
keyFune keyFunc (unaigned char key, int x, | Called when a kev 1= pressed. The ASCII value of the depressed key 1= the key
int ) parameter. The window coordinates of the mouse
are also passed m.
mousefune meuzeFunc (button, state, int x, Called when a mouse button 13 | The mouse button whoss state has changed and
int ) cheked or un-cheked. the state of that button are passed m as argu-
mentzs. The window coordinates of the mouse are
also passed m.
reshape reahaps(width, height) Called when the window 15 re- | The new width and height are passad 1n sc vou
aized. can update the viewport.
specialevFunc apecialKeyFunc(key, int x, int y) | Called when aspecial key {arrow, | The #defined value of the depressed key 1s the key
function key, etc.) is pressed. parameter. The window coordmates of the mouse
are also passed mn.
tirmerFunc timerFunc (valus) Called when a specifisd amount | Value 1= the third argument passed in by
of time has passed since the fune- | glutTimerFunc. You must re-register the function
tion was registered. w the funchion if you want it called again after o
spectfied amount of timel!
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> RGBA of Gc)le)r o]

color index mode
Red Green Blue

L2 2 4

219

24 1123
25
26

74

RGBA mode
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OIENGE]

> All regeldrige)eiigie Utes are encapsulated
If) inle Oc nGL State

—rend £l mg styles
— \Jf C @ [ﬁgﬂ
== *T—gﬁ‘tlng
;'*-— texture. mapping

——

=
==
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yeimpuiating OpenGLSte

‘\,J,J-J,lr.mr'-‘ controllediby’current state
ior 2 a‘prlmltlve toirender) {

deo teiOpenGll state

rrw-' e“ primitive

- e -

__J_' —
.: 2 1puIat|ng vertex attributes Is most

ir:emmon way to manipulate state
"T?:i.— = glColor>() 7 glindex*Q
== gINormal*Q

gliextoord*()

-
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L%: gIDlsabIe( GL TEXTURE _ 2D )
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l\/lorlehru

\/Jévvmg
OrlHrJ_ Camera
__—_ r I:flon
-mmatlon

Map tor screen

—
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JebNs st like taking a photograph (lots of
pioLegraphs!)

viewing
volume

25
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INEnRsSIormat

» Projedijegl 'ransfor’matlons

— 2l Ulb the Iens of the camera

\/Jev\ 59 ‘transformations

— J?Od —define position and orientation of the
e ~viewing volume in the world

—

— Modellng transformations

— moving the model

® \/lewport transformations
— enlarge or reduce the physical photograph

R
ol
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sepdinate Systems anad

Treifls o rmatnﬂ?’s»

» Stzggl Forming an Image
— 50ed]j geometry (World coordinates)
=i jge JTy camera (camera coordinates)
mject (Window coordinates)

o i

ﬁ-f“'e-“- — map to viewport (screen coordinates)

= ‘Each step uses transformations

e Every transformation Is equivalent to a
change in coordinate systems (frames)

27
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~ Progreliig er has two styles of specifying
rrlruo J! ations
) matrlces (glLoadMatrix,

—_._.___

e emfy operation (ghiRotate, glOrtho)

"i-.._-i'

f—"’ﬂi‘lrogrammer does not have to remember
- the exact matrices

— check appendix of Red Book (Programming
Guide)

28
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> Prigf rov , 'ermg, \View, Iocate, and
O fjep)is

— r‘/v—‘r emera p05|t|on

; —'-" éometry

e _--_._—_

= aﬂage the matrices

e .--._....-—

-

~  —including matrix stack
e Combine (composite) transformations

29
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iichsionmation
Pl 02—

||

- normalized s
device

Modelview| |
Matrix |

Projection | |Perspective | Viewport
Matrix Division Transform

l

XDOrrtr=0D<

= Modelview | |Projection .
e : e other calculations here
Fl-'-"__ g -
== |\ - — material = color
= oullhien — shade model (flat)

; — polygon rendering mode

— polygon culling
— clipping

30
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2 Sgeciiy CugEne i esitic,e
JJNUrrJ,gMe GL MODELVIEW o) f
HRQ CIHIONY

2 O,n-ar Vgl {x or: Stack Operations

lec,e dentlty() glPushMatrix{)
favszv glPopMatrix()

— =l"—-.-.—..-

= s \/jewport

o e

—— usuaIIy same as window size

- — viewport aspect ratio should be same as projection
transformation or resulting image may be distorted

giVaewport( X, Yy, width, herght )

31




16T VIEWIT _
~*/ejg.1 Sotion

Qs .r'"

Perg"‘c IVe(« fovy, aspect, z\ear, zEar

g

JUEENdl m( lefit, right, bottom, top,
——— ‘ear zEar: )

" - _-

;;__;_!T;@gihographlc parallel projection

‘ﬂ_i'glOrtho( left, right, bottom, top, zNear,
z&=ar )

gluOrthoe2D( left, right, bottom, top )

® calls ghlOrtho with z values near. zero
32



ARRIVING |

IiEnsiormations:

SNV PIGAIRUSEN(GIENOUIapnIC Projection)
GINVALIXVOAE(E CLLEPROIECTION )55

le QJ_J_ Eﬂtlty()

Jjgf ( lefit, right, bottom, top, zNear,

%
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VIEWING Tran .rmatdi@m’:"

-

> PosiElggRigles camera/eye in the scene
— glzeige rrr trlpod down; aim: camera tripod
Oy i fough a scene

Char ge Viewing transformation and ®

—*

: '-': edraw. scene

ll_LookAt( eye,, eye,, eye,,
aim,, aim,, aim,,
Upy 5 Upy, Upz )
— Up vector determines unigue orientation

— careful ofi degenerate positions

.E-
== =
-
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HVIOVE QO ect e
JJrr slate{fd}( R, N = 7 )

I-{C)I'rll"‘ object around arbitrary axis (x y z)
1;- etate{fd}( angle, X, y, Z )

.—-

- o
i '-I

~— — angle is in degrees

.-.--F'Eq—-

-

" _.,—-..1."

*-f-D’Iate (stretch or shrink) or mirror object
-~ glScale{fd}( x, y, z )

35



Corlnle tlon \Viewing and_
Vodeling, 1

alVBYiig|camera IS equivalent to moving
EVETY ( o) ]ect I the world toewards a
station Ay camera

,é ng transformations are equivalent to
—= veral modeling transformations
— gluLookAt() has its own command

-."‘

i

can make your own polar view or pilot view

36
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STOjECtior ﬁis—l_ggaan@ledﬁ;

> Projeeije] ‘transformations
(JJlJr)er ectlve glortho) are left handed

rmg;r f zNear and zFar as distance from
Viey 1oomt

- '_—-n- _._,-|—- -

— — ‘verythlng else Is right handed, including

—— ﬁtTTe vertexes to be rendered :
= y zZ+

left handed ‘ i right handed 2
X

Z+

S,
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SOIIITION Transiormation:

— = e
g

e | s ——

M-S

SEEXAMpIESIofresize () routine
— rasi JI\-\:O rojectlon & viewing transformations
> Usiuailly yicallediwhen window resized

e =

aé IS ered as callback for

38
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vold ras1zaC e

1 )

5 _;3/ ewreTt( 0, 0, (Glsrzer) w, (GLsizer)

n-);

sJNn:-axMode( GLL_PROJECTION );
th;}@ldentlty()

0 'j.r spective( 65.0, (GLfloat) w / h,

:égz:;_ 1.0, 100.0 );

ffﬁ%:”'lMatrlxMode( GL MODELVIEW )

— gILoadIdentlty()

glullookAt( 0.0, 0.0, 5.0,
0-0, 0.0, 0.0,
0.0, 1.0, 0.0

L_L_

)

39
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85 previous LookAt

ST ETET] oG
vold ras _E( ot W, 1t h )

J‘

JJV Jﬁport( 0, 0, (GLsizer) w, (GlLsizer)

10 \;trlxMode( GL_PROJECTION );

Léf*f glloadldentity(Q;

== ,quPerspectlve( 65.0, (GLfloat) w/h,

— 1.0, 100.0 );
gIMatrixMode( GL_MODELVIEW );
glLoadldentity();
glTranslatef( 0.0, 0.0, -5.0 );

by

410)

e S

es mo Persp"é?:w
Ifanslate i“'&n-




glJqule lefit =
Glldouble bottonm
Viewport( 0, 0, (GlLsizei)

-2.5, right

-2.95, top =

= __,';,—.0

glloadldentity();
.. continued ...

= (Gl.double) wrdth /.

W, (GLS|ze|) h
_=.-'l'l;" E
= *‘*‘glMatrlxMode( GL _PROJECTION );



Akl
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N

e
=
=
N
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»
i

1“ J.&.

L

bot om *= aspect;

-_;Lqmﬁ == aspect;

-: j%gj@;tho( left, right, bottom, top, near,

-~ glIMatrixMode( GL_MODELVIEW );
glLoadldentity();
¥
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SOIIPOS mg Mod*‘llnw
icisiormation

-
e R

- oolerr“ 2 "ieraréhi'cal objects

— gfleh ;S|t|on depends upon: a previous
oo~-- on

— Ee ot armi or hand; sub-assemblies

_-"'"_'..... e

2 e ution 1: moving local coordinate system

e =

—_— ”*modelmg transformations move coordinate
-~ system

— post-multiply column-major matrices
— OpenGL post-multiplies matrices

H
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SEMPOSItNg Modellng P

T rzigife rmatrdﬂ'é»

© Progldl 2k objects move relatlve to absolute
weorlelof ;g_ln

= my ¢ object rotates around the wrong origin

J‘Jp ake it Spin aroeund its center or something else

2 o)l Ilon 2 fixed coordinate system

= g

7—:modelmg transformations move objects around fixed
f?i‘;—u ~coordinate system

= . pre-multiply column-major matrices
— OpenGL post-multiplies matrices

— must reverse order of operations to achieve desired
effect

44
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Aclelitg; ﬂmrg Pler

-

- e S =

ateast 6 more clipping planes avallable
> Gooel rr cross Sections
;_iew matrix moves clipping plane

= :L_. +By+Cz+D<0 clipped
__-eaz-d"-g1Enable( GL CLIP_PLANE® )

gICIlpPIane( GL_CLIP_PLANEi, GLdouble*
~coeff )

45
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space pack to world space
( GL VIEWPORT, GLint viewport|[4] )
( GL_MODELVIEW_MATRIX, GLdouble mvmatrix[16] )

ev( GL_PROJECTION_MATRIX,
== GLdouble projmatrix[16] )

J ect( GlLdouble winx, winy, winz,

- mvmatrix|[16], projmatrix[16],
e — GLint viewport|[4],

s GLdouble *objx, *objy, *objz )

s gluProject goes from world to screen
space

46
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Al 0)] wﬂa

. e buffering and' animation

=1 e o
TT."'

Sl 55 h idden surface removal using the

s ——— ——
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Per :
Pl Vertex -
- -
CPU -~ DL Raster Frag
- i > Texture

Back

—— Buffer Buffer

Display
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Alination Slnguble -

SUErng e =

\ W -n—-' —— ——  — i
— = - o

oREYIIEStardoUbleRUTTered colorrbufier
gluels tDlspIayMode( GLLUIE RGB! |
JI ““”DOUBLE )

Q(I‘—‘,L Ior puffer
=0 Clear( GLL_COLOR! BUFFER BIT ):

# ender scene

@ Request swap of front and back buffers
glutswapBuftfers();

® Repeat steps 2 - 4 for animation

10



epth Buffering and i

Hiclele, Surfac‘érRemoval

\

.—-""
_-—-

Color
Buffer

Depth
Buffer

51

--"f*r

-ﬂ



' "—"' P~ mm 1

ORRENES{TA GE LI
JJJr}; oDy splayMode(@ GLLUTE RGB! |
=,_—uOUBLE |FGLUTDERPTH®);

@-—n.ul Tdepth buffering
= Eﬁable( GIL_DEPTH_TEST );

=\ lear color and depth buffers

=== iClear( GL COLOR BUFFER BIT |

e a—

=~ = GL DEPTH BUFFER BIT );
@Render: scene
®:SWap color buffers

52
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Anr Ug mﬁwﬂm{w

. ——

vold uzinc arge, char=> argv )

e
= H

IULINT L &arge, argy )s
g;%&lnitDi%PIayModeg_GLUT RGB' |

& GILUN DOUBLE | GLUT_DEPTH! )3

glutCreateWindow( “Tetrahedron™

- glutldleFunc( 1dle );
glutDisplayFunc( display );
glutMarnlLoop();
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Ar] UTE! {<lo ProW

©one)

= ——

vod Jru void )
gld ‘arCoIor( 0.0, 0.0, 1.0, 1.0

.:_‘ -
_-F =

e

glutPostRedirsplay();
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AgaUpdatec Progw

((CHWE§“_ I o . -

= —— — —— —

vold dramseznaC void )
g ‘

B
g

~J€ft vertaces|] = { . };
doat: colors[] = { .. }3

ear( GL_COLOR_ BUFFER BIT |
.;:fﬂ L DEPTHI BUFFER BIT );

".-

.;; IBEgin( GL_TRIANGLE STRIP );

—'d_‘ﬂ_-'

;  f caIIS to glColor>() and glVertex>()

%:-‘“'*/

- glEndQ;
glutsSwapBuffers();

o .- -'

S——
—
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T——

ol

Lic)niEigle riﬂgjﬂgg __

—— e — e

Liejal rm}*s mulates how: objects refiect light
— mcl,r.err composmon of ebject
— JJJ(EF-e» and position
=global lighting parameters

_— g --l-_._—- .
—— — —- -

_.;..;- ~ s ambient light
-~ = two sided lighting

-

- — available in both color index
and RGBA mode
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e

pBIROPENGL SimulatesHl:

— = e
g

i e ———
— —— =
— = =

2ENeNg ighting model”
— (orno' ed at vertices

L] Jn e contrlbutors
— S ace material propertles

‘_—_

*’ Lrght properties

---—"'_
e

'-F'
-— -—-:_.-l--—

-
—=
e

- — Lighting model properties

—
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Raster

Suiface r
NOFEUSES z—ﬁ£‘+ Coome—

Texture

S\ Brmals define how: a surface reflects light
;EeINormal3f( o N s

r it normal is used to compute vertexs
"a EI:E

= Use umit normals for proper lighting: /

_'__..-
_.-_:___.-_
e i

== = scaling affects a normal’s length

- glEnable( GL_NORMALIZE )
or
glEnable( GL_RESCALE_NORMAL )
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™
| Properties

T

Iiace properties ofi a

gﬁifv( face, property, value

| oL piIFFUSE

] Base color

— | GL SPECULAR

Highlight Color

= | —GL_AMBIENT

Low-light Color

: GL_EMISSION

Glow Color

GL_SHININESS

Surface Smoothness

— separate materials for front and back

5]0)



:**Fg t, property, value );
‘specifies which light

pie Ilghts starting with GL_LIGHTO
GetlIntegerv( GL_MAX_LIGHTS, &n );

erbpertles

=
=

- _' - °p03|t|on and type
® attenuation
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LJhE \‘C-'!" o)

e

> ng r*olor:e OPET ’Fe .
Gl '\wu
g _.ﬁFUSE

ECULAR
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2 OpenGL s SUPPOrts two types of nghts
— | OL;IJ omt) light sources
Jr rrr ar- (Directional) light sources

SSIN :f light controlled by w coordinate

—
—— .,_‘ !

_--"""
e
__=_-—

‘w=0 Infinite Light directed along (x y z)
~ w=0 Local Light positioned at (¥, % %)

.__.-h—-—
-

-
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' ““:..ﬁ
IUiFIg onthe Lights _—

_ﬂ_h..:_q___

i — ==

e

lipreach light's switch:
JJff6 {f'“GL LIGHTN );

> LUl o_e he pPOwWer
Ji:.":e GL LIGHTING );

.._—_—__=;-. -
== —-‘l"l- - —

| —

] il e
":'.-F = — -
— _—___.I:-___'_-':.--
— -
= t -
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Cornige 'iﬁg-a;ﬂg;tvs Paos

2 VGUEIVIEW maltrix affects a Ilght S poesition

— JJIHH t efifects based on when position; is
JpﬁJ ed

- -,aa" s coordinates

— mv'-vérld coordinates

_{i:”—-:—;f = model coordinates

~ — Push and pop matrices to uniguely control a

light’s, position

— e — i - -
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AuVenced Lig

SSpotlight a'*;"'

Joccllue ghtlng affects
—cji ‘HOT DIRECT ION
@wﬂ POT CUTOFF
r@L SPOT EXPONENT

_-__
'_..-
-d—"""'l'_'_.u_

_|—

=
=
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e

e

AOVENCed Lighting Featu

e

—

o Ly a."__' nuation
— Oecree Se Ilght intensity with distance
tﬂ CONSTANT ATTENUATION

o5 é' "LINEAR _ATTENUATION
_f__;; ""GL QUADRATIC ATTENUATION

__-:_._.F_- — -

= 1
= ;
K. +k,d +k.d
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T——

' —
Llejrigulvle e\lwne e

s ——— ——

gj gy \/Lref V(€ pProperty, value );
'rJ WO sided! lighting
" MODEL_ TWO_SIDE

| mblent color
'LIGHT VODEL AVMBIENT

= —' °-‘L—ocal viewer mode
- GL LIGHT MODEL LOCAL VIEWER

e Separate specular color
GL LIGHT MODEL COLOR CONTROL

|~r
=[]ell)
GL
OE"

e
-
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Tios rc "@‘t't%_htiﬁg

o Reaezll H& jting computed only at vertices

— morlel ssellatlon neavily affects lighting
ruuﬁ
e*-teter results but more geometry to process

— -_
e e ———

s-'e a single infinite light for fastest

—— e — i - -

= *‘Jightmg

~ — minimal computation per vertex

61
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—
Ieging e dﬁ@lﬁ’er@#& |

IDESE rJow@ 9enGL’s raster pr|m|t|ves
OJFmrIOLS Image rectangles

> Jerr__ ,trate how to get OpenGL to read
ﬁender pixel rectangles

ik



——

IREIFIESEd prmItives

e

SSIifaps
— 20 rnrr' " of pIt masks for pixels
2 ILF ate pixel color based on current color

SSimages

--l-_._—

Jﬁ,,f.—“ZD array of pixel color information

-—.__.-l-—-—

e complete color information for each pixel

“» OpenGL doesn’t understand image
formats
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BIelNPIpeline

DJrrlfF
runrl I'fr-l

s_

Per |
Vertex

Raster

vle pixel storage
sfer operations

©). gIDrawPlers()

~ Pixel-Transfer Rasterization
Per Fragment
Operations (including = Opera?ions I;ra:crfne
(and Pixel Map) Pixel Zoom) il
}
Texture | glCopyTex*Image();
Memory
glReadPixels(), glCopyPixels()




_-L. §

—.

—

P O3 ch -I-m@'erPHmmﬂg’

J— i

gjg'* erPos3f( x, vy, z )
SVster position transformed like geometry

I--_

— rhﬁﬁ ded liff raster positio
_$S|de ofi vViewport

= "'"":-.-
_'q-l-—"'
_’._--'

= s'may need to fine tune
== :_Z ~ viewport for desired results

—
il — i

Raster Position
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Xorig, yorig,

)
o
]
=
e o
_ 57 S
‘ S \ | < R S O %
o0 =
) - eh_/ c <
o L 5 oY
e O = D
> DO S 55
S - - e
N E— t e -m y P a
an 22 el T
. = O © S
, @=L S
- o .r_ elile) ab) &=
[ R D >
SOy
! S J“.W-A. ) ..a QVD
o o e _V e
IR | £
‘ _ .”q__ ._.. ;“_.J-.VIA_\-*
AL
....,.h_. .r_..._.__ .

—1
o —
5 T
—— —
- —

width

Xorig

Xxmove
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T—

i
-

| - - —
%mrlaﬁ ’WSIH@‘B‘E’E";

— e — i - -

- Ooer . ses| bitmaps for font rendering
" t“aracter is stored in a display list
ning a bitmap

= M_cl_@w system specific routines to access
— ~ System fonts
jr_'_" -'=4-4 ~sglXUseXFont()

= *wglUseFontBitmaps()
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Hef) Hm_gg_gs J‘*"

gJJrawH xe S( Wlekan helght format type,
S pixels )

;-|." X

—rer o] r plxels with lower left @
N age at current raster positi

= _:: numerous formats and data types
~ for specifying storage in memory

——
—

=~ ®pest performance by using format and type that
- matches hardware

K

Tk



e —— i

, width, herght, format,
type, pixels )

ixels form specified (x,y) position in

fzl buffer

_ﬂ = &EIS autematically converted from
4-- ‘framebuffer format into requested format and

~ type
» Framebuffer pixel copy
glCopyPixels( x, y, width, height, type )
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| ' - i
FIXEI'Zoom .. J""

gi"lerZodm( XN )
- '-‘,(,J,lf d} shirink or; reflect pixels
Jr nd current raster; position

| ctlonal Z00m supported

-—
-
_'.' =

= —
e

__.....-
";..--
T“

;"‘r-j'_ 3 Raster glPixelZoom(1.0, -1.0);
— Position

.

-
- S
—
—

e —
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dge ¢ ﬁel-j"@_s*fer-l\yﬂnﬁf;

SLONcC _f_ odes control accessmg memory
o/r’e:a in host memory
— e,ugf- a subimage

— 5 j‘ sfer modes allow modify pixel values

.,:.J,.:— scale and bias pixel component values

-

S—

~~  —replace colors using pixel maps
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eture Mapping

- -
s r =
= = —e—
= -
— |
—
= =
_— B ——
=
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2> Avoly = ""2D, or 3D/ Image. to; geometric
,)rmur /es
2 Use Texturlng

—

jp————

4:.-5_ ulatlng materials
e Jreducmg geometric complexity
- —image warping

— reflections
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geometry screen

v

S 83



O 0ef)é

| PAEM';V a%pmgﬁd_w

MINENES ¢ nd geometry flow through
& Uzl el :plpelmes that join at the

-1.'_"\-

[el: E -'"fe

= “cor plex textures do not affect geometric
= @mpIeX|ty

——
_-—-_E E
e

-

-— s
B
e —

S o _vertices ——{geometry pipeline \

Image ——| pixel pipeline

rasterizer
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| - —
= ‘Xﬁﬂ)ﬂgf J‘b

o) ,r.ey tiure (below) s a

250 X 256/ image that has been
ffll Qe ed to a rectangular

_j 10))) gon Which Is viewed In

;{,__h _erspectlve

-
——— —

.-ll-"
I —
—
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T

-‘-'

Agglyigie ﬁ)%e:l =

o

i or generate image
n to texture

- —_ _-I.
— ._.-__E_.s._:"'
_J-lf
T —
~b

331gn texture coordinates to vertices
~ ©specify texture parameters

il

=

=

= ‘s \Wwrapping, filtering
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'-F' _.d"‘f'_

= blnc texture object
- —enable texturing

_._..'_-—
—

RYeIVIng %WU

e——

-'—__

—"*

—

—

\ '_ re function
e‘ ture Wrap mode
—o‘ptlonal perspective correction hint

— supply: texture coordinates for vertex
® coordinates can also be generated
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BIENUISpIay ists for texture images
— Ofe erw 2 Per: texture object

— fflel / :s_;hared Py several graphics contexts
2 Qgrgg cse- texture names

-..l_

glGenTextures( n, *texlds );
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_-—5_—-—

|r-1dTexture( target,

ar—
a— — =
- =
— =
——
= X
== ——
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|

Per |
Vertex
DL r- |
I i

extiine

= I

Raster —# Frag

-

o i

o DETINE a exture image from an array of
lexels ln CPU memory

JJFe/}'ggeZD('target level, components,
wf-h border, format, type, *texels

-r:....

= -t
2 e e

—_ _--" -l',
_--""" - e
-

f_‘"”—-f— dimensions of image must be powers of 2

o —

-

- ® Jexel colors are processed by pixel
pipeline
— pixel scales, biases and lookups can be
done 90

e



e——

-'—__

e

SORVETLING AJiexturedimage:

T

—
_—.r' —— —  — ——
—

—

SNiidimensions of | image are not power of 2

JJ'JJF 1e|mage( format, w_in, h_in,
pe In, *data _In, w_out, h_out,
type out, *data_out );

ey ..l__l...___-

P
--

E . L
—' _'h 2

e — :.— __‘_*_ -
=" ~in /s for source image

-~ — > 0ut /s for destination image

_._..'_-—
—

- e |mage interpolated and filtered during scaling
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309511‘\}1]‘ ja Tex"U'F'e‘ﬁ
e etm

e
e —— i

—

USE rrrnme Iou fer as source of texture image
SES w ent puUffer as seurce Image

gICopyTexlmageZD( )
glCopyTexlmagelD( )

d_:-,_f-- gl TexSublImage2D(.- - -)
s gl TexSublmagelD(...)

e Do both with glCopyTexSublImage2D(.- - .),

etc.
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l\/l,_or ng a

T *
.
Per |
Vertex

> Poly.
7
DL ||

’-I> Texture

- Pixel

._ — r ."-—-—

P

|
T

param etric textu re cCoo I’d INates

Object Space
(s, t) = (0.2, 0.8)

e -
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Gene'

\uromrmc- I/ generate texture coords
gITexGen{lfd}[v]()

2 3 pec]—f:ﬁ?-

’ﬁeTate texture coordinates based upon

:E distance PO Mgnecz + D =0
= }ge neration modes
- _GL OBJECT LINEAR
— GL_EYE LINEAR

— GL _SPHERE_ MAP
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-
Syatie Application; Vi

SILEISVIO0E 0S
— mmmr*’ Hon or magnification
— 51#@ 1 mipmap minification filters

—— }j 210 Modes

.,i.a-::-— Clamplng or repeating
= Texture Functions

— how to mix primitive’s color with texture’s
color

® blend, modulate or replace texels
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—_ /
= / \\
e Sl
/ —-._‘- - \
o

- = = 3 —

e s e — ——
——— —— 1 —
e e By

e .

Texture Polygon Texture Polygon
Magnification Minification
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_-L. §

-

Vipinepped Tiexture

—.

-

> Migseigelllolli for prefiltered texture maps of
g fiesolutions

L | ~rnterpo|at|on errors for smaller
r@g d @hjects

—I—I—-"

= u-@- Iare mipmap level during texture definition
:*'=<ngexlmage*D( GL_TEXTURE_*D, level,

)

e GLU mipmap builder routines
gluBum d*DMipmaps( .. )

® OpenGL 1.2 introduces advanced LOD controlsr

~

r rrr
aeCr :‘cy
c

AN
3‘33



S —

vvr,_oc gle M@g@‘ ._.P:—i—

Exarrrp; |
gJTe/ﬁéfameteri( GL_TEXTURE_ 2D,
- GL TEXTURE _WRAP_S, GL CLAMP )

Jﬁ;“_Parameterl( GL TEXTURE_ 2D,
GL TEXTURE _WRAP_T, GL_REPEAT )

i
_—
= - —
e - - - =
- -
= o
i —
e
i el N
il — i H u
S — =
— M |

J,

GL_REPEAT GL_CLAMP

texture : :
wrapping wrapping
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2 Copjifefss }r'é W texture is applied
i re/rr\ﬁ. GL TEXTURE_ENV, prop,
i param )

-
T

ECIL TEXTURE_ENV_MODE modes

\

= Gl /ODULATE

:——"'F‘GL BLEND
—— —GL REPLACE

e Set blend color with
GL TEXTURE ENV COLOR
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ormate and color interpolation
early N Screen space
, hg depth/perspective values (slower)

—

L
.L'::r

l\ic" hble for polygons “on edge”

--l-_._—_

——=—T F[Int( GL_PERSPECTIVE CORRECTION_HINT,

e .--._....-—

= hint )

- where hint is one of
=Gl DONT CARE
eGL NICEST
eGL FASTEST
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s There Rﬁ@met_g%a«'remia@:"

2 OIH/ el igestdimensioneiiexturelmace,
i /p} ly/largest square texture

con3|der Internal format size

tegerv( GL_MAX TEXTURE SIZE,
&size )

_ re proxy.
.:; WI|| memory accommodate requested texture
_—— size?
=== — no image specified; placeholder
— [ texture won't fit, texture state variables set
to 0

® doesn’'t know about other textures
® only considers whether this one texture will fit all of memory 101

.i'



Teciufe eﬂg@j -":"

—

2 \/\/or}qmr i _ of ’textu'"res
= NIC Jn rf femance, usually hardware accelerated
Bextlres must be in texture objects

L
et =

= a_%ii fure N the working setis resiaent

_-.

-

= ? * I reS|dency of current texture, check
— ‘I GL ~ TEXTURE_RESIDENT state

e If 100 many textures, not all are resident
— can set priority to have some kicked out first
— establish 0.0 to 1.0 priorities for texture objects

' '.*? \

—
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T—)

-

B m,ﬁ;

AGVENCEd OpenGlt e

JiEplay Lists and Vertex Arrays
r\lonrn endlng and Antialiasing
- Usigle] ﬁe Accumulation Buffer

' _'-,_Lr_f_;_F'é “'_‘

S
i W
s o
= _J

==
i
-

-F

:-eedback & Selection
-ragment Tests and Operations
* Using the Stencil Buffer

—
—
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IMEQIALE I\/IodeVersus D_@i%,
HSLEC 'Rend

® mm@djz"' lode Gréphics
— HerJrJ\f‘ 5 are sent to pipeline and display right away
— J\Jo Ff mory off graphical entities

- Jue ay lListed Graphics

= -rlmltlves placed in display lists

T,_, “Display lists kept on graphics server

— Can be redisplayed with different state

— Can be shared among OpenGL graphics contexts

I —

'I_-

—

| 'L' |

—
= i
—
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Mmediate Mode Versus

BEElay Lists ==

-
O

|

] Per Vertex

Polynomial | Operations &
Evaluator | Primitive
Assembly

Y

- . | Per Fragment .| Frame

> Rasterization > ; >
_ Operations Buffer
e = | == A
~_Display Ljisted

Texture

Memory

v,| Pixel |
Operations
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Per |
Vertex

Q]rl_

b Texture

C
Q)
—
(D
(5
(¥ ]

(DI_1L
o

Ol
L[
'ﬁHHl

ol

=B)
2 -c-.'.‘LE'ﬁ

G

: éL COUPILE,
roucines

(_
r (@) i
\ -‘“\'-_"w
| = ) Vg —
i=
l’
o tl

Il |.'1

T e

=-C ’*1 a created list
_ -J%/md display( void )

: glCallList( id );
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—— - I;"’ :
> OJEL-\ rlS{'S:!;: ‘ — -

> Noyi all@_x;"" 5L routines cani be stored'in
dpr?l/
IELERC ;-:_,nges persist, even after a display list

’_.-—:'r_'_g: ,E ﬁlay lists can call other display lists

'ui'-_"-:l'._.'-

'Héplay lists are not editable, but you can fake
It
— make a list (A) which calls other lists (B, C, and D)
— delete and replace B, C, and D, as needed
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——
pIsplay Listsiand Hier

J(Oﬂjd44 odel of a car
Creel ze |splay ISt for chassis

'\-

Cr e display list for wheel
of LN t( CAR, GL_COMPILE );

Zf,u,:ﬁJJLlst( CHASSIS );

= ,gJTranslatef( );

—

~glcallList( WHEEL ):

glTranslatef( .. );
~glCallList( WHEEL );

“IIﬂ Ann

glEndListQ);
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S
AdvarL@-e s

2 \ariax '\gr' ays
==t 11Polynomial Evaluators

— 'r Dr GLLU NURBS
=% URBS (Non-Uniform Rational B-Splines)

— el

—h'_

-_l-|—______
:-—'-
—E

EU Quadric Objects
_' T:.:"'-' "7. sphere
~ —cylinder (or cone)
— disk (circle)

! b.
'1 i||
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\eriey ..
AT ——

'-|> Xtu

Ly Pixel

2 Pass ays of vertlces colors etc (0]

Color Vertex

O,)r\n(‘ Linralarge chunk data  data

T‘texPomter( 3, GL_FLOAT, 0, coo )
_:CﬂlorP0|nter(4 GL_FLOAT, 0, coloimms

: _,- ' g?l EnableClientState( GL VERTEX ARRAY
= '—:glEnableCllentState( GL_COLOR_ARRAY. ).

glDrawArrays( GL_TRIANGLE STRIP, O,
numvVerts );

e All"active arrays are used Iin rendering
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Whypuse Display Lists or Veriexss
Ao ——

-

P

QVEyprovide better performance than
Jmmechr. mode rendering

> DSl Ilsts can be shared between
=nu ilple OpenGL context

_'—_.-—

= reduce memory usage for multi-context
- applications

e \/ertex arrays may format data for better
MEemory access
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-

| ——
Alpha:.;..' e 4 @_r_-@o ] ’

SVEESUrE of Opacity

— i)t Jrf Ttranslucent objects
- g-}fl'i-.. S, water, etc.

?-_ié':c’ | c S|te IMages

e

;-_";- A ntlallasmg

T

.-z_....-— -

—_—— |gnored i blending Is not enabled
= glEnable( GL_BLEND )
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Per |
Vertex

Raster —# Frag

b Texture

SIETIEINGT

- Copmloiglegs |xe S withiwhat's in already
If) rre _ mebuffer

IendFunc( src, dst )
C —srcC +dstC

g v
Blended
Fragment Pixel
(src)
Framebuffer
Pixel
(dst)
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—_—
VDI FJ~O««-L€‘“ RENC rqﬁg

——
e 5 "_' e gy —

SEIETding allows results from multiple
clrelvinle J | o) sses o be combined together
— emrlg} -xmore complex rendering algorithms

e " —
e =
= e _"_"'-‘:"_-' "
— "'-r = m—
. s =

o

o

S -' R . - _ - ( Example of bump-mapping
. done with a multi-pass
e = OpenGL algorithm
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RREITESIY

r@movmr the Jaggies

;toIEnable( mode )

q(li"QINT SVOOTH
;;ff —L]NE SVOOTH

el

_.r o a—-

= ®Glt POLYGON_SMOOTH
d_ff:- — alpha value computed by computing

__._..-

-~ Sub-pixel coverage

— available in both RGBA and colormap modes
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T
el

_*ﬁ._
ACCmulation Buiier s

e —— i B

IOBIEMS. of compositing into color buffers

— JJmJEdC._ Olor reselution

J,;s plng
= Iass of accuracy

__,:__:w = ccumulatlon buffer acts as a “floating point”
— celor buffer
' - ®accumulate into accumulation buffer

® transfer results to frame buffer

-
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\Cceu C ﬁwiaﬂe e

—— e — i - -

@:f'tum”"Op; value )

SOpErAtions
5 W"Ew the accumulation buffer: GL_ADD,
- GL_WULT

' --__;_—Ef read buffer: GL_ACCUM, GL_LOAD

S 5
—

=—— . el isfer back to write buffer: GL_RETURN

— —r
= - —
S—

~ —glAccum(GL_ACCUM, 0.5) multiplies each
value in write buffer by 0.5 and adds to
accumulation buffer
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Accuimulation Bu‘ﬁ%’

—

Apgllest ons e

. (OmOJJHJa < i
FUllSiE ef e 'Antlallasmg
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=

il EJF € We move the viewer, the Image
SAIRES "

B

l--

— Dif J’ nt allasing artifacts in each image

w:eraglng Images using accumulation

= 45uffer averages out 7
:'__'"‘i -athese artifacts A=

© 0O 4
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Jeorm OCUS : RW

PIelrIENIENRE l"" e —

i = - —————
= ——

o

| wer to keep one plane
Back Plane

— | \/\ ﬂ// Focal Plane

Front Plane

eye pos, eye pos,
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ty, value )

UL ___J JC
> Degil C' ng
= Joeuy 1 range for a linear fog ramp

=Gl FOG | INEAR

- ..'-n-l - 1___--.- T
— = e =

— e Fr 1'r0nmental effects

e

_.-—-r-':_..--——

_— Slmulate more realistic fog

——

g e[ FOG EXP
*GL FOG EXP2
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eedfr M@d&@ ﬁ

—— e — i

| ransqu- ned vertex data is returned to the
FlooJ]ca“r , not rendered

— llf);ft-' “to determlne which primitives will make
_rﬁ 0 the screen

= ‘_ -_

s eed to specify a feedback buffer
— “?§1FeedbaCkBuffer( size, type, buffer )

" Select feedback mode for rendering
glRenderMode( GL_FEEDBACK )
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e —— i B

) determine which primitives are
V|eW|ng volume

- Neel ) set Up a buffer to have results
rezb to you

s _,_..___ —

r=

= ngeIectBuffer( size, buffer )

:_—-__‘.:-#‘—"

_":" Select selection mode for rendering
' glRenderMode( GL_SELECT )
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SEIECUON

SONOENtiTy ¢ primitive, give it a name
= erlfﬂ\'—‘: are jUSt Integer VaIueS not Strlngs

SN rrmmu are stack based
_;_,—Hr 1‘6ws for hierarchies of primitives

—

_

= &G slection Name Routines

- -
--_"'-

e

= - glLoadName( name ) glPushName( name )
gl InitNames()
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Plcinie)

> Pie kaﬂ a speciall case of selection

-~ OJrrlIr Iing steps
SEstict “arawing” to small region near pointer

d_._-.

~ Use ‘gluPilckiMatrix() on projection matrix

o —
-r' --l-_._—_

Jﬁjﬁ“'e‘nter selection mode; re-render scene

-—.__.-l-—-—

— prlmltlves drawn near cursor cause hits
- — exit selection; analyze hit records

=
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HengTemplates —#’2"

— —

JiuEpuSeFunc( pickiie );

vo]d‘erVM int button, int state, int x, int
¥ ) _*ﬁjg

GILU ﬂt ‘nameBuffer[256];

| "‘(“‘"" ‘hits;

‘Ej?—1nt myV|eWport[4]

- 1T (button !'= GLUT LEFT BUTTON ||

-~ state != GLUT DOWN) return;
glGetlntegerv( GL VIEWPORT, myV|eWport s
glSelectBuffer( 256, nameBuffer )=
(void) glRenderMode( GL_SELECT );

gllnittNames();

s .'_
- e
—
B
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Plcinie 'em%feﬁ ﬁ

giairrrxiede( GL_PROJEC o)) ¥

o) JPUs R lx()

leoadJr htlty()

gJuHJrVWatrlx( (GLdouble) x, (GLdouble)
(’w Iewport[S]—y) 5.0, 5.0, myViewport

..._ I.-.

_J '*c uPerspectlve or glOrtho or other
E===nlojection */

..-F'—_"

— glPushName( 1 );
/* =diraw something */

glLoadName( 2 );
" Loz draw. something else .. continue .. */
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T
RCKIng Tlemplate (conis)

it

JiStrixode C GLL_PROJEC

o) JPoglidd] ;ﬁ); =

Qits = J;"nenderMode( GL_RENDER );
RES ce shameBuffer */

— -
e g
e e

a— = A
- = —
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HMCKINGS 'deas_!&' J"’"

=OIROPENGLL Picking ec anism

=onlyirender what is pickable (e.g., don’t clear

SC raa 1)

=se ani “invisible” filled rectangle, instead of
-=-. t =

'— = if several primitives drawn In picking region,
5‘-’ — hard to use z values to distinguish which
"~ primitive is “on top”

e Alternatlves to Standard Mechanism

— color or stencil tricks (for example, use
glReadPixels() to obtain pixel value from

back buffer)
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_ i Scissor Alpha Stencil
B Test Test Test

Logical
Operations

Blending gg Dithering

Framebuffer
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Syadditional Clipping Test
JlQCISSOF( XV W= 15)
= ,u_n\ '.-:'_' gments outside of box are clipped

—F SE =UT for updating a small section of a
= |ewport
*J:.'f' t"‘ ® affects glClear () operations

=
-
=
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[s/ based on their alpha value
haFunc( func, value )

g —fn_able( GL _ALPHA TEST )
I ___jéipha as a mask in texturds
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e

.

Per
quy. Vertex
_

DL r‘

= G
-

oo )

Texture

L

controll drawing based oni values
|I pufifer

nts that fail the stencil test are not

_.--_a_ : 'xa'mple create a mask In stencil buffer and

—_-_._.-l-—-

- draw only objects not in mask area

i
__-

=

—
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Copl rrc; M’Q-WFBHﬁ

() lSj emem Func( func, ref mask )
—C OmOrb value I buffer with rek using func
OrJlj;aFO plled fior bits in mask which are 1

=Sne is one of standard comparison functions

= ‘_ __

;ﬂ#@ _—»StencHOp( fail, zfail, zpass
= ),

- _ Allows changes in stencil buffer based on

passing or failing stencil and depth tests:
GL_KEEP, GL INCR

— e e e = -
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SIEating

NCIL]..

giNrEbrsplayMoede( .. =
SlEEnable GL_STENCIL_TEST );
gJCJeargﬁiﬁﬁil( Ox1 );

'FunC( GL ALWAYS, Ox1, Ox1 );

— glS 10p(C GL REPLACE, GL REPLACE,
?%-";ff“ GL_REPLACE );
-~ draw mask
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EIgrStencil lVask

sitencri=unc(C GL_EQUAL, O OXA )

rlrrrw jects where stencil = 1
giStenc IFunC( GL_NOT_FQUAL, Ox1, Oxl

— =

- - -l__-..l--".:—-

= =g  —
— _'|- — b

jp————

-l-l-._—

ehClIOp( GL KEEP, GL_KEEP, GL KEEP
d_, == B s
e draw objects where stencil != 1
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.l : 7 — 1V~ =

=

> Djigldfe 3 [o] s for better looking results
— Use }-,_,é;' SImuIate more available colors

e
=

— = ; 'Uq.
e i -
o ™
& =
— el -
=

.-_
d—

el —
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ogerrlrJof'
**JgILongp( mode )

— @-e on modes

e -'-'—-"-l—"

— —HOGL XOR

" -

— -GL _AND

SeOIBINE Pixels usingl bitwise logical

——
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Auvericed |

= o

Ieeiziefig) J set
— Oplhy rn,;' Iable ifGL_ARB_1maging definea

> C Q}ﬁ *fnatrlx
ﬁvolutlons
@Ior tables
— Hlstog ram

- s MinMax

® Advanced Blending
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Or=Ligle

news:c?’ graphlcs api -opengl
SRV ZAVWIWESN - com/software/opengl
£ , .- mesasddl. org/

fan Paul’'s Mesa 3D
p,//www.cs.utah.edu/~narobins/opengl.html

= very special thanks to Nate Robins for the OpenGL Tutors
- = source code for tutors available here!

141



BOOKS

AOIENE Jrogrammlng Guide, 3 Edition
- Ooem@l“' Manual, 3 Edition
Oorﬁr L Programming for the X Window

—i

-_

,,m

Tncludes many GLUT examples

_____.;-l._-

—

~ © Interactive Computer Graphics: A top-
down approach with OpenGL, 2" Edition
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