Lecture 2

Math Reiew 2
Introduction to OpenGL



Line equations

parametric equation:
q(t) = p + vt
t = parameter
p = point on the line
Y/ = unit normal
D v = unit vector along
implicit equation:
(n"(q-p))=0

if we know n =[n,,n ], then we can take v to be
v = [n,,-n,], and the other way around.

How about a line segment in parametraziin?

1 2001, Denis Zorin



Line equations

Intersecting two lines:
take one in im plicit form: ((q-pY)&*) =0
the other in parametric: q =p°+ Vv°t

f g =p”+Vv°t' is the intersectio n point, it satisfies
ooth equations.
Plug parametric into implic it, solve for t:

((p* +Vvt' =pHan’)=0

2 %~ 1
If (v:&') =0, then ti=_(p ‘Zp%n
(vean)

Otherwise, 7?7
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Line equations

Intersecting two lines:
take one in im plicit form: ((q-pY)&*) =0
the other in parametric: q =p°+ Vv°t

f g =p”+Vv°t' is the intersectio n point, it satisfies
ooth equations.
Plug parametric into implic it, solve for t:

((p* +Vvt' =pHan’)=0

2 %~ 1
If (v:&') =0, then ti=_(p ‘Zp%n
(vean)

Otherwise, the lines are parallel or coincide.
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Plane equations

implicit equation: (g-p,n)=0, exactly like line in 2D!
also helps in determination o
point placement

S e S

parametric equation : 2 parameters t,,t,

q(t,,t,) =v,t, +v, t,, wherev, and v,are two
vectors in the plane.

V, &V, #n

I 2001, Denis Zorin



Intersecting a line and a plane

Same old trick: use the parametric equation for the
line, implicit for the plane.

[/

(p'+vt' —pn =0

ti— (P'-P)}N Do not forget to check
(V - n) for zero in the denominator!
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Triangles

¥ fundamental modeling primigs

¥ area in 2D D how to derive?
| , sign of aea?
A = Xp! X, X! X,
Yo ! Yo VYe ' Ya C

a

NI =

¥ information per \ertex and interpolation

2
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Triangles

¥ non-orthogonal coodinate system :

v=1

C

—

—

1 =118=0

¥ ary point represented y (B,Y) : p = a +y(c-a) +B(b-a)

¥barycentric parycenter = center of mags C
p=(1-! —")a+ Ib+ " aAb

E.TO6



Triangles

¥ inside/outside/on edge trivial
- inside :0<B,y,1y-f <1
- on edge either one off, y,1-y-B =0
- on \vertex :two of B,y,1-y-p =0
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Triangles

¥ given a point phow to computebarycentric coods?

- sole a linear system based on
p =a +y(c-a) +p(b-a)

¢ | = AJA
A T
a
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Triangles - 3D

¥ same érmula holds:
p=(1-! —")a+!b+"cC

¥normal n=(b! a)" (c! a)
¥ area (1/ 2)]|[n]]

n-Na n -y n-ri,

Iy = | = =
|In|[? In|[? In||2
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Introduction to
OpenGL



What is OpenGL?

¥software library that creates an interface to gp&ics
hardware

¥ hadware and OS independent

- M&y use accelerated haware for rendering

¥ low-level interface

- polyg

- smal

pn based endering

nmber of geometric primit@s:pts,linespolyc

pDNS

¥ no commandsdr windowing tasks or user input
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What can it do?

¥construct shaes fom geometric primitie
¥arrange objects in 3d spagcelect vigving pt
¥calcu|ate colors (lighting/textaretc)

¥ convert objects and color ird to pixels
(rasterization)



Extensions
¥ OpenGL Utility Libray ( GLU )

- routines iImplemented in terms of OpenGL
commands

- Include vigving transbrmations,3D modelsguadric
surfacesetc...

¥ OpenGL UtilityToolkit ( GLUT )

- window system independent
- simple windaving+user input facilitie®f OpenGL

¥ X Window System extension ( GLX )
¥ Windows extension (WGL)
¥ Apple extension (&L)
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OpenGL A State Machin

¥ As a primitie is dravn each ertex is afécted ly
current opengl states

¥ States stain efect until changed.

¥ All states hee a default value
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OpenGL A State Machin

Types of States

On/0Off States

- glEnable(...gg/Disable(...glisEnabled(...)
- E.gGL_POINT SMOQH,GL_LINE_STIPPLE,

Mode States

- StatevValues mg be one of options
- E.gglShadeModel(GL_SMA®), glShadeModel(GL_FTA
- Query by:glGet(GL_SHADE MODEL)



OpenGL A State Machin

Types of States(ComtO

Value States
- Assign elevant values to states.
- Query values p.glGetBoolean(...glGetDouble(...)..
- Set valuesy,e.g.:

- Color: glColor3f(GLFloat,/GLFloat g GLFloat b)
- Point Size glhintSize(GLFloat size);
- LineWidth : glLineWidth(GLFloat width);

One can see a collection of state variables on an
attribute stack the pop andestore later
(gIPushAttrib()glRopAttrib())



OpenGL Basics

Commands :

prebPx(glOand initial cpital letters br each word

e.g.glClearColor()

Constants:

begin withOGL_ O all caital,underscoes br word
separation

e.g.GL COLOR BUFFER BIT

Replaceyl & GL with glut & GLUT for glut
and withglu & GLU for glu
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OpenGL Basics

Basic Command:
glh\ertex*#

\ type of args :
| : GLint (integer)
nr of coords f:GLRoat (Roat)

(2,3 or 4) d: GLdouble (double)
b:GLbyte (byte)

¥ Samedrmat used in other commands such as:
glColor*#,glRasterBs*#,gINormal*#

¥ Sometime©vO akd to pass aector(aray)
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OpenGL Primitres

glBegin(GLam mode);
gl\ertex3f(0.0.,0.);

gl\ertex3f(0.,3.,0.);

gl\ertex3f(4..3.,0.)

g I\értexé.f.(IS. 2.,
gh\ertex3f(4.0.,

o O

)
);

glENd();
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OpenGL Primities
glBegin(GLaiim mode);

/I"II ! Ny
W Wi
Y0 T w0 '

]

¥E| W7 ME
Al —uatll v
GL_LINES GL_LINE_STRIP GL_LINE LOOP

N

Wi

GL_POLY G0N GL_GUADS GL_GUAD STRIP

Jor Ve v

B W w5

GL_TRIANGLES GL_TRIAMGLE_STRIP GL_TR IAMNGLE_FAN

glENd();
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OpenGL Primities

glBegin(GLaim mode);

glEnd();

E.TO6

g
g
g

g

Color(....);
Normal(...);
TexCoord(...);

i\értex(...);

—>

\Vertex Attributes

All need to come
bebre call to glértex
to affect that \ertex



OpenGL Plygpns

¥ Can be complicated and sicto draw

- vertex arays
- disply lists

¥ Ovalid pgipnO

- simple: edges cannot intersect
- convex :no indentation
- planar: vertices nust lie on a plane

¥ all non-simplenon-corvex,non-planar can be
described g unions of valid pgbpns
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OpenGL Plygpns

¥ Can be complicated and sicto draw

¥ Ovalid pgipnO

- simple: edges cannot intersect
- convex : no indentation
- planar:vertices nust lie on a plane
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Coordinate Systems

¥ Object(Local) Coodinate System

Object coords don®O

- orientation/alignment of object changeworld
- useful in otations coordinates change
- transbrmation of = opp.transbrmation
an object of its coord system
World

Coordinates

=
Screen
Coordinates e
£
! Coordimate

/

/

ImagePatrick Mauo
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Coordinate Systems

¥ World Coordinate System

- contains scene to beandered
- ma/ be 2D(ike a camas)or 3D (like a bx)

World
Coordinates

™
Screen
Coordinates s

Coordimate

/

/

ImagePatrick Mauo
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Coordinate Systems

¥ Window(Sceen) Coodinates

location on sceen,counted in piels
(0,0) upper left

range gign by window size

mouse coods

™
Screen
Coordinates s

World
Coordinates

. " )
(Xs,Vs) | O
! Coordinates
.-""'/

/

ImagePatrick Mauo
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OpenGL Rendering Pipeli

series of pocessing stages -- not strict but aayl guide

Werex Pervertex
data operations
and primitive

e | EVELIETD 15 |
A assermbly

Fer-fragment

—2- [lisplay— N
— - it B F:a:s.tenj?atu:-n T o perations
1]
¥ | F 1221 Texture Crarmabufar
r—— |2 Perations (- assembly
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Wertex Per-vertex
data operations

goe| EVE|LIGHD 15 | g 211 PHITIITIVE
A assemblhy

Dz play Rasterization EE;}ZﬁEE’F”t

J
¥ | iXE Texture
- Framebuffer

r—= |2 perations [--= assembly

E.TO6

nitialVertex Data :vertices,polygons,lines
nitial Piel Data pixels,imageshitmgos
nixel = smallest visible element the digpla
nardware can put on saen




Fer-wertex
operafions

goe| EVE|LIGHD 15 | g 211 PHITIITIVE
A assemblhy

Rasterization | e Epel;‘rZﬁgalEﬂt

Ly .,
w12 Texture Framebuffer
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o perations [--= assembly

general purposelata describing geomstipixels
storesstaticgeometry + attributes
for current(immediate) ollater use

Speed-up



Werex Perwvertex
data opetations

o | EVE|LISHD 15 | g 211 PHITIITVE
A assemblhy

—-| [isplay S Fer-fragment
—a-| it B Rasterization —m- operations

J 'f
¥ 2| F 1221 Texture
——— - Framebuffer

r—= |2 perations [--= assembly

v . .
curnves and surfaces in parametrozrrm
control points + basis functionsompactgasy to

modlfy and stoe

Opo}nomlal mapingO

vertex data spatial coods,normal.tex coords,color
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Verex Fer-vertex
data operafions
Evaluato rs | g 20d pAMITHVE

A azsefnbly _J'

Rasterization | e Epel;‘rZﬁgalEﬂt

] £ L
Fixel J; Texiure

o perations [--= assembly

Framebuffer

vertices to primitives
transbrmations

If texture :compute tex coods and pply transbrmations
If lighting :compute using position/normal/light saar
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—— -

Fer-fragment

o perations

Vertex Fer-vertex
datis operafions
goe| EVa|LIGHD 15 | gl 201 PEITIITIVE
A assemblhy
—2- Llisplay 4
— |ict = F!aatenjtatlt:-n
A
Y )
—— -

E.TO6

/- e perations (--=

Texture
assembly

clipping - aplication specibc or wevolume
| points:reject/accept

I line/polg

perspectie division
viewport and depth operations

culling

DN : New vertices,edges

Framebuffer




I o VT TNE=) () e S

Werex Perwvertex
data operations
and primitive _¢

assembly
—-| [isplay S Fer-fragment
—a-| it B FIEAE-’[EI*I_E&’[IGH Bl operations
M
¥ | iXE _,.__Te:-:tu re Erarnabufier
r—= |2 perations [~ -~ |assembly
| |

tex memory
gprrect ormat with Opiel mpO  Scaled, /

an aray in Ounpacking
Sys memoy o —— > proper nr of Pagep— > processed‘N frame bufér

+ pixel transér ops
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I o VT TNE=) () e S

Fer-verex
operafions
and primitive
assembly

Fer-fragment

Hasterization - —me- o perations

| iXE

o perations [--=

] £ L
——— - Texture Framebuffer

assembly

\

texture objects - or easy witch if mary texture images
Ohigh pedirmance textue memoryO - prioritize!
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Vertex Perwvertex
data operations

goe| EVE|LIGHD 15 | g 211 PHITIITIVE
A assemblhy

Dizplay— S Fer-fragment
list B FIELE-’[EI*I_E&’[I'DH_:- o perations

0 L—
Texture Framebuffer

E.TO6

assembly

Oprimitie to 2D imageO

If In render mode §s opposed to selection oeédback
geometric/piel data => fragments

each fragment is a @kin the framebuér

line width, points size, shading taken into account
antialiasing calculations
color, depth values



Verex Fer-vertex
datis operafions
goe| EVE|LIGHD 15 | g 211 PHITIITIVE
A assemblhy
—-| [isplay S Fer-fragment
— - |jst 1 FIEAE-’[EI*I_E&’[IGH T o perations
L Fixel J : :
ol — —m=-| Framebuffer
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r—— o perations

modify/delete fragments before anything drawn

* tests such as depth buffer, fog, stencil,

alpha, scissor

* blending/dithering operations

* logical operations

can all be enabled/disabled



Yertex Per-vertex
data operations
goe| EVE|LIGHD 15 | g 211 PHITIITIVE
A assemblhy
—-| [isplay S Fer-fragment
— - |jst 1 FIEAE-’[EI*I_E&’[IGH ™ o perations
M
¥ | iXE 2 Texture Framabuffer
—- (o perations [~ - lassembly
I |

eqch made Qf
ObitplanesO
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finally draw onto frame buffer
to be rendered on screen

Frame Buffer =

color buffer + ———__ control each

depth buffer +
stencil buffer +

(draw, clearread copy...)

accumulation buffer /



Summay Each point in an image with
relevant inb such as

color, depth,texture

\ertices
transforma¥ons, lighting, cIipping, .

coloring, tex coords a
rastefization _
Piels
In frame bu#r - a set of logice
Primitives

bufters:color, depth,stencil...
points,line segmentyolygns
with relevant
edge Rag,olor and textue
Info per vertex
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GLUT Basics

¥ Open GL UtilitiesTool

kit

¥ Basic windw and interaction management

GLUI an option ér somew

nat more complex user interface)

¥ More complicated 3¢

cone cube dodecahedon,i
sphee,tegot, tetrahedion,

E.TO6

objects (simo. glu)

cosahedon,octahedon,
torus



Glut - window managemer

¥ glutinit(&arggargv) - initialize GLUEmd line args

¥ glutinitDisplgMode(unsigned int mode)

\\\\‘ G
G
G

¥ glutlnitWindowPosition(x,y)
¥ glutlnitWindownSize(wh)
¥ glutCreateWindow()

_UT_DOUBLE,
LUT_DEPTH,

_UT RGB,



Callbacks => eent driven interaction (kyboaid, mouse...)

Event ks
Idle >
State l
\ Process
Event

Why? - OpenGL operations genesall
computationall expensig. Process ony
as necessar
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Keyboaid events:

¥ glutkeyboardFunc(weid (*func)(unsigned chakek int x, int y));
¥ glutSpecialFunagid (*func)(int key, int x, int y)):

Mouse eents:
¥ glutMouseFunc@rd (*func)(int buttonjnt state int x, int y));
¥ glutMotionFunofoid (*func)(int xjnt y));

Timer events:
¥ glutTimerFunc( uint msec®id (*func)(int value)alue));

Reshae events:
¥ glutReshpeFunc(@id (*func)(int widthjnt height));

|dle erents:
¥ glutldleFunc@d (*func)(wid));
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¥ glutDisplgFunc(eid (*func)(wid));
¥ Most impottant
¥ All routines br drawing

¥ glutPstRedispla)

¥ glutMainLoop()
¥ glutSwaBufers()




GLU Basics

¥ OpenGL Utility Libray
¥ Can be useddr:

Manipulation of imagesrfuse Iin texturing (image
scaleautomatic mipmpping)

Transbrmations ( pojection/viaving )
Polygon tessellation

Rendering quadrics (splres,conesgtc. with
textures,normalsprimitives..)

NURBS (sampling methodsmming,etc.)
more emror handling



¥ code examples
¥ 2D & 3D\ector Classes

¥ templatecpp
¥ movingsquag.cpp

E.TO6



