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OpenGL

« 2KL2l 8l 3X} &l AEE d2jEAE 2|5t cross-language,
multi-platform API




OpenGL APIs

OpenGL core library
Gl.h opengl32.lib opengl32.dll

GLU(OpenGL Utility Library) — part of openGL
Glu.h glu32.lib glu32.dll

GLUT(OpenGL Utility Toolkit) — not part of openGL
Glut.h glut32.lib glut32.dll

openGL Extensions

Glew, etc...




Installation

» Mark Kilgard 7} 7|| &St GLUT-= open sourceZ} OFL| 11 &G
O| EE|X| Q7| 20 freeglut A

* http://www.transmissionzero.co.uk/software/freeglut-devel/

* Freeglut 2.8.0 MSVC Package Ct&



http://www.transmissionzero.co.uk/software/freeglut-devel/
http://www.transmissionzero.co.uk/software/freeglut-devel/
http://www.transmissionzero.co.uk/software/freeglut-devel/

Project Settin

* New visual studio project

IR Wicrosoft Visual Stadic (Adminiatate

[File] Edit View Qt Tools Test Window Help

New » | 3] Project.. Ctrl+Shift+N
Open * | @ | Website... Shift+Alt+N
Close ‘| File... Ctrl+N
Close Solution Project From Existing Code...

Save Selected Items  Ctrl+5
Save Selected Items As...
Save All Ctrl+Shift+5

&

Export Template...

Page Setup...
Print... Ctrl+P

L B

Recent Files 2

Recent Projects 3

I Exit

@Solu‘tio... (&3 Class Vi.. Propert...

-|@deleteLi v|ﬂ§|§§

®00j00L e [iainjdeg mnes gl | .

Output
Show output from: hé | {_Jj | F:J 5b| =,

Code Definition Window 3 Call Browser| =] Output @ Find Results 1 [ Find Symbol Results [} Error List |

Ready




Project Setting

* Win32 Console Application

-
MNew Project - - m

Project types: Templates: -MET Framework 3.5 ']
Qtd Projects Visual Studie installed templates

Visual C++ @Winﬂ Console Application: EWin32 Project
ATL

CLR

General

MFC

Smart Device

Test

Win32
Other Languages
Other Project Types
Test Projects

My Templates

j5earch Online Templates...

A project for creating a Win32 conscle application

MName: OpenGL
Location: E\DocumentsiVisual Studio 2008\Projects - Browse...
Solution Name: OpenGL Create directory for solution




Project Setting

* Empty project

.
Win32 Application Wizard - f ‘ - - — . [P [t

Application Settings

Overview Application type: Add common header files for:

Application Settings () Windows application ATL

(@ Console application
© Dl
() Static library

Additional options:
Empty project

Mext = Finish ] [ Cancel




Project Setting

* Add new item
* C++ file

" OpenGL - Microsoft Visual Studio (Administrator)

File Edit View Qt Project Build Debug Tools Test Window Help

-S| s G- -

- Win32

| b Debug - | @ del

[ Solution ‘OpenGL' (1 project)
= (54 OpenGL

[ Header Files

[3 Resource Files

New Item...
Existing ltem...
New Filter

Paste Class...

Remeve Resource...

Rename

Properties

cRSolutio... [FF Class Vi.. [ Propert...
Output

Show output from: -

A=

Creating project f'.. project creation failed.

wg Code Definition Window | $3Call Brawser| =] Output [ Find Results 1 | Find Symbol Results | 73 Error List |

- — —
Ad New e - OpenGL | i e S
penG

Categories: Templates:
Visual C++ Visual Studie installed templates =
uI [Elwindows Form [#] C++ File [.cpp)
Code [#] HTML Page (-htm) Static Discovery File (.disco)
Data [1] Header File (h) L= Midl File [idl)
Resource = . .
Web Resource File (.rc) L&Ser\rer Response File (.srf)
Utility ﬁModule-Da‘finition File {.def) ’@Reginration Script (.rgs) =
Property Sheets Property Sheet (wsprops) |4 Bitmap File (bmp)
Qt Forms @Assemb\y Resource File (.resx) @] Component Class
(t Resources Configuration file (app.config) ﬂlnstaller Class
@ User Control XML Schema
,g? X5LT File E(Iursor File (.cur) L
@Icon File (.ico) [=] Frameset (htm)
2 Resource Template File (rct) QESQL Script File (.sql)
=) Text File (.tt) 2] XML File (3emi) il

RAce o en o -

= ~

Creates a file containing C++ source code

MName: main

Location:

e\Documents\Visual Studic 20084 Projects\OpenGL\OpenGL

| Add

J

Cancel




Project Setting

* Project properties

- =

& Open6l - Microsaft Visual Studio (Administratar) lalEly
File Edit View Ot | Project | Build Debug Tools Test Window Help

| & - i - 5 @) g Add Class.. ebug - Win32 - | @ deleteli | S
L b A g | Add Resource... _

Solution Explorer - OpenGl 2] Add Newltem..  Ctil+Shift+A - 3 [T
= | 2 [2]| Add Existing Item...  Shift+Alt+A . w
m Solution 'OpenGL' (1 | = | Mew Filter §
SRS OpenGL 5| Shaw Al Files =

. [ Header Files N = o
- [ Resource Files Unload Project z
- [iZ Source Files References... i)%
[ in.
'_] main-cpp Add Web Reference... %
Set as StartUp Project 2
Custom Build Rules...
Tool Build Order...
+4 | Refresh Project Toolbox Items

Properties Alt+F7
@Solutio... @Class\u’i.. |E|Proper‘t..- |“ <| L
Output
Show output from: h | _ﬂ | v‘J —’—'r| X

[£3 Code Definition Window |3 Call Browser|E| Output @ Find Results 1 |£J, Find Symbol Results Lﬂ Error List |

Ready




Project Setting

* Copy *.h, *.lib and freeglut.dll to /include, /lib, and ./ folders
respectively.

* Change include directories (to use *.h)

(o |

OpenGL Property Pages

Configuration: | Active(Debug)

v] Platform: [Adwemi“ﬂ)

'l [ Canfiguration Manager... ]

Commen Properties
Configuration Properties

General

Debugging

C/C++
General
Optimization
Preprocessor
Code Generation
Language
Precompiled Headers
Qutput Files
Browse Information
Advanced
Command Line

Linker

Manifest Tool

XML Decument Generator

Browse Infermation

Build Events

Custom Build Step

¢| T |p

Additional Include Directories
Resolve #using References
Debug Information Format
Suppress Startup Banner
Warning Level

Detect 64-bit Portability Issues
Treat Warnings As Errors

Use UNICODE Response Files

Jinclude

(o]

Program Database for Edit & Continue (/ZI)

Yes (/nologo)
Level 3 (/W3)
Mo

Mo

Yes

Additional Include Directories

Specifies one or more directories to add to the include path; use semi-colon delimited list if more

than one.  (/I[path])

| [ Cancel Apply




Project Setting

* Change library directories (to use *.lib)

F ki
OpenGL Property Pages m

Configuration: | Active(Debug) * | Platform: |Active(Win32) vl [ Configuration Manager... ]

C/C++ - Qutput File S{0utDir)\S(ProjectMame).exe
General Show Progress Mot Set
Optimization Version
Preprocessor i Enable Incremental Linking Yes (/INCREMENTAL)
Code Generation Suppress Startup Banner Yes (/NOLOGO)
Language Ignore Import Library No
Precompiled Heade Register Output Mo
Qutput Files ) Per-user Redirection Mo
Browse Information Additicnal Library Directories it =)
J:i:::nc::d Line £ Link I_.ibrar}r Dependencies Yes

Linker Use Library Dependency Inputs Mo
General Use UNICODE Response Files Yes
Input
Manifest File
Debugging
System
Optimization | |
Embedded IDL
Advanced Additional Library Directories
Command Line - | | Specifies one or more additional paths to search for libraries; configuration specific; use

4 Iil b semi-colon delimited list if more than one.  (/LIBPATH:[dir])

[ ok [ cancel || apply |




Project Setting

* Add additional dependencies as follows.

F h
OpenGL Property Pages m

Configuration: | Active(Debug) v] Platform: [Ad'rve('WiniZ} V] ’ Configuration Manager... ]
Comnmen Properties opengl32.lib glu32.lib freeglut.lib] [
Configuration Properties Ignore All Default Libraries No

General Ignore Specific Library
Debugging Module Definition File
C/Ce+ Add Module to Assembly
Linker Embed Managed Resource File
General Force Symbol References
Input Delay Loaded DLLs
Manlfe# File Azsembly Link Resource
Debugging
System
Optimization
Embedded IDL
Advanced
Command Line
Manifest Tool

XML Document Generator
Browse Information

Build Events

Custom Build Step

Additional Dependencies

Specifies additional iterns to add to the link line (ex: kernel32.lib); configuration specific,

14 1 | »

| OK | l Cancel Apply




Code example

- main.cpp

(Global Scope)]

13 #include <GL/freeglut.h>

23l

30 void display(){

4 glclearColor(l.f,1.f,1.¥,1.F);
5 glClear(GL_COLOR_BUFFER_BIT);
6 glColor3f(e.f,8.f,1.7);

7 glBegin(GL_POLYGON);

8 glvertex2f(-.5f,-.57);
9 glvertex2f(.5f,-.5T);
18 glvertex2f(.5f,.5T);

11 glvertex2f(-.5f,.5T);
12 glend(};

13 glFinish(};

149 }

158~

168 int main(int argc,char** argv){
17 glutInit(&argc,argv);

18 glutCreateWindow( "Openal™};
19 glutDisplayFunc(display);
20 glutMainLoop();

21 return &;

2213

i —
5| DpenGL
i




OpenGL Primitives

GL_LINES % G

GL_LINE STRIP GL_LINE LOOP

o L 4

GL_TRIANGLES

‘ GL_QUADS

GL_QUAD STRIP

GL_POLYGON
GL_POINTS

GL_TRIANGLE_ STRIP GL_TRIANGLE_ FAN




Drawing Primitives

glVertex3fv( v )

unsigned int
float
double

Number of Data Type Vector
components b - byt? omit “v” for

2 - (x,9) Lle - :iz::z“‘ad byte scalar form

3 - (x,y,2) s - unsigned short

4 - (x,y,2,w) - int glVertex2f( x, y )

A e B D
|,.|.




Modelview & Projection matrix

* Modelview Matrix * Common
The relative transformation glMatrixMode()
between object and camera glLoadldentity()
glTranslate() glPushMatrix()
glRotate() glPopMatrix()
glScale()

gluLookAt()

* Projection Matrix
Clipping volume (viewing
frustum)

Projection to screen
glOrtho()
gluOrtho2D()
glFrustum()
gluPerspective()




Projection transformation

Projection transformation

Vorid-space view Screen-space view

gluPerspective

World-space view Screen-space view

glOrtho




Code example

#include <GL/freeglut.h>

R void display() { int main(int argc, char **argv) {
VOIdg:E:;:::$21ff, 0.f, 0.6): glClearColor(1.f, 1.f, 1.f, 1.f); glutInit(8argc, argv);

glBegin(GL_LINE_LOOP); glutInitDisplayMode (GLUT_DOUBLE | GLUT_RGB);

glvertex3f(-1.f, -1.f, -1.f); glClear(GL_COLOR_BUFFER_BIT); glutInitwindowSize(500, 500);

glvertex3f(1.f, -1.f, -1.f); glutInitWindowPosition(250, 250);

glvertex3f(1.f, 1.f, -1.f); glColor3f(e.f,0.f,1.); glutCreatewindow("Example”);
glengtzjrtex3f( %25, 200 glPushMatrix(); glutDisplayFunc(display);
glColor3f(e.f, 1.f, o.f); gliranslatef(0.f, o.f, -2.f); glutReshapeFunc(reshape );
glBegin(GL_LINE_LOOP); glRotatef(45.f, 1.f, 1.f, 1.f);

glvertex3f(-1.f, -1.f, 1.f); gii:;;::§°'5f' 9.2, 8.51); GliatnLaop();

H return ©;
glvertex3f(1.f, -1.f, 1.f); glPopMatrix(); )

glvertex3f(1.f, 1.f, 1.f);
glvertex3f(-1.f, 1.f, 1.f);

glEnd();

glcolor3f(e.f, 0.f, 1.f); ¥

glBegin(GL_LINES);
glvertex3f(-1.f, -1.f, -1.f);
glvertex3f(-1.f, -1.f, 1.f);
glvertex3f(1.f, -1.f, -1.f);
glvertex3f(1.f, -1.f, 1.1);
glvertex3f(1.f, 1.f, -1.f);
glvertex3f(1.f, 1.f, 1.f);

glutSwapBuffers();

void reshape (int w, int h) {
glviewport(@, ©, w, h);
glMatrixMode (GL_PROJECTION);
glioadIdentity();
glortho(-1.f, 1.f, -1.f, 1.f, 0.1f, So.f);
glMatrixMode (GL_MODELVIEW);

glvertex3f(-1.f, 1.f, -1.f); } glloadIdentity(); I
glvertex3f(-1.f, 1.f, 1.f);
glend();




Reshape funtion

» glViewport(GLint x, GLint y, GLsizei w,GLsizei h)

O

Clipping window

glViewport(250, 0, w-250, h);




Callback functions

glutDisplayFunc(void (*func)(void));

glutReshapeFunc(void (*func)(int width, int height));

glutKeyboardFunc(void (*func)(unsigned char key, int x, int y));

glutMouseFunc(void (*func)(int button, int state, int x, int y));

glutMotionFunc(void (*func)(int x, int y));

glutldleFunc(void (*func)(void));




Learning OpenGL

The Red Book
opengl.org

nehe.gamedev.net

lighthouse3d.com/opengl

Google




