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What is OpenGL?

» OpenGL is an acronym for Open Graphics Library
OpenGL Architecture Review Board (ARB)
Version 2.1 released on August 2, 2006

» Most Widely Adopted Graphics Standard
Easy-to-use / Well-documented
High Visual Quality and Performance

Portable/Reliable/Stable/Scalable | penG L

Low-level graphics commands

» Platform-independent graphics API.

UNIX, Linux, Windows9X/NT/2000/XP,
0S/2, MacOS, BeOS, etc.




What is OpenGL? — cont’

» What can we do with
OpenGL?

Modeling Primitives
Drawing Curve/Surfaces
Colors and Shading
Lights and Shadows
Texture mapping
Fog / Anti-aliasing
Blending / Transparency
And... So many things.




What is OpenGL? — cont’

» OpenGL Command Syntax
About 130 functions.

All of functions has a prefix gl
Ex) glTranslate3f()

All of variables has a prefix GL

Ex) GL_LIGHTING

Suffix C++ type OpenGL Type Definition
b signed char GLbyte
<Example> S short GLshort
|IColor3f goorsy
g glColor3i [ long GLint, GLsizei
glColor3f f float GLfloat, GLclampf
glColor3d
prefix type d double GLdouble, GLclampd
glColor4f ub unsigned char GLubyte, GLboolean
Command # of parameter glColor4fv .
us unsigned short GLushort
ui unsigned long GLuint, GLenum, GLbitfield




OpenGL programming with WinAPI

» To

do...

raw 2D polygon
oloring the objec
otate the object
raw 3D object

ference
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Open Source Code
» Open Visual Studio .NET 2003

Microsoft Development Environment [desig

Start Page
Fle Edit View Tools  Window  Help

_ﬁ'

: - = » - - @ R
5 Start Page| 4 I % || Solution Explarer 1 %
3
o
a Projects. Online Resources My Profile
4
@
Open an Existing Project
Atorn Today
Legsond Yesterday
" @ Solution Ex..[ 2 Class View |
| Dynamic Help 1 x
CAED
({3 Help
Installing Help for Wisual Studin
‘ New Project | ‘ Open Project
| Output R x|
=
Task List [ Output < it |
Fieady I I LA




Open Source Code — cont’

» Open Example1 (Lesson1.sIn)
File >> Open Solution >> Lesson1.sIn

*X Microsoft Development E

File | Edit  Miew Tools  Window

Mew ]

Open r

Add Project 3

|@ Open Solukion. .. kj

Gl save al Chrl+5hift+5
Source Control 3
Recent Files 3
Recent Projects ]
Exit

Open Solution

Look in:

History

My Projects
P

Desktop

*
Favorites

| Examplel

-l &-&

@ X [ E - Tools-

IEDEIJUQ

P pscond, sl n

Ly

File name: J

Files of type: |Solution Files {+sin)

Lef L]

Open

Cancel
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Open Source Code — cont’

» Execute the base code
Debug >> Start Without Debugging >> (Yes) >> (No)

Build | Debug | Tools  Window  Help
! Start FullScreen?

3 Windows 3

=g p F3 ;\’r_) Woaould ¥ou Like To Bun In Fullscreen Mode?
! Skart Wwithout Debugging Chr[+FS |

—[E5 Processes... 2 |%IIIIZ]HI:'?E}........IIEI ':'FLli?-'iErl% I
fjf, Exceptions. .. Ctrl4+-alk+-E .

e Wal = cpep ko Fi1

Thanks

Simizit,E  Step Qwer F10

“ve Fo

fv Sit LM Mew Breakpoint.. Chrl+B

sion t

Microsoft Deyelopment Enyvironment

"-\ These project configuration(s) are out of date:
£ lesson! - Debug Win32
Waould vou like to build them?

OFLL 2 (M3 e e ey




About Source Code

» GLU, GLAUX libraries are used.
» WInAPI functions are used to generate windows.

» Used Functions
ReSizeGLScene()
InitGL()
KillGLWindow()
CreateGLWindow()
WinMain()
DrawGLScene()

» We will keep modifying DrawGLScene() to create
different scenes.
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Draw a Triangle & Quad

» In DrawGLScene() function
Draw Triangle and Quad using glBegin() and glEnd()

int OrawBL3cene{GLvoid) Af Here's Where We Do Al The Orawing

glClear{GL_COLOR_BUFFER_EIT | GL_ODEPTH_BUFFER_EBIT): /¢ Clear Screen And Depth Buffer
gllLoadldentitwl n Af Reset The Current Modelview Matrix

gl Translatef{-1.5f, 0.0f, -6.0f ) /4 Move Left 1.5 Units &nd Into The Screen 6.0

glBegini{ GL_TRIAMGLES ) // Drawing Using Triangles
gl¥ertex3f{ 0.0f, 1.0f, 0.0F) 44 Top
gl¥ertex3f{-1.0f,-1.0f, 0.0f); 4/ Bottom Left
gl¥ertex3f{ 1.0f,-1.0f, 0.0f ) 4/ Bottom Right

glEnd{ ) #/ Finished Drawing The Triangle

gl Translatef{3,.0f,0.0f,0.0f ) 4 Mowve Right 2 Units

glBegin{GL_QUADS ): 7/ DOraw & Ouad
gl¥ertex3f{-1.0f, 1.0f, 0.0F) 4/ Top Left
glV¥ertex3f{ 1.0f, 1.0f, 0.0F); 47 Top Right
gl¥ertex3f{ 1.0f,-1.0f, 0.0f); 4F Bottom Right
gl¥ertex3f{-1.0f,-1.0f, 0.0f); 4/ Bottom Left

glEnd{ ) // Done Drawing The CQuad

return TRUE: A Everything Went 0K
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Execute
» Compile with ‘Ctrl+F7’ and Execute with ‘Ctrl+F5’

|Bqu
—————— Build started: Project: lessonl, Configuration: Debug Wind2 --———-—-
Compiling...
Legzanl . cpp

Build log was sawed at "file!/fc #0ocuments and Sett ingstsont gty Document sHSontg wrtCadhExanp (e1#0ebugdByi (dlod. htm”
lessonl - 0 error(s), 0 warning(s)

Done Compiling... (Can be skipped)

M NeHe's OpenGL Framework
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Coloring
» Modify DrawGLScene() using glColor3f()

int DrawGLEcenelGLvoid) Af Here's Where We Do &1l The Drawing

{
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glClear{GL_COLOR_BUFFER_EIT | GL_DEPTH_BUFFER_BIT): /¢ Clear Screen And Depth Buffer
glLoadldent ity( }: Af Reset The Current Modelview Matris

gl Translatef{-1.5f, 0.0f, -6.0f ) /4 Move Left 1.5 Units &nd Into The Screen 6.0
glBegini GL_TRIAMGLES ) // Drawing Using Triangles
[Color3ft1.0f, O0.0f, 0.0F) /7 Zet the color to red
glYertexafl 0.0f, 1.0f, O0.0F) 44 Top
[Color3feo,0f, 1.0f, 0.0F) /F change the color of second vertex to green
gliertex3fi -1, 0F,-1.0f, 0.0F 0 4/ Bottom Left
glColar3f(0.0f, 0.0F, 1.0F) // change the color of third vertex to blue
glverte=ar, 1.0f.-1.01, 0.07 % 7/ Bottom Riant
glEnd{ 3 /4 Finished Orawing The Triangle

glTranslatef{3.0f,0.0F,0.0F ) 4/ Howve Right 2 Units
glColor3f(0.6f,0.5f,1.0F3 S4%et The Colaor To Blue One Time Only

q1Beginl GL_OUADS 1, ¢7 Oraw & Quad

gl¥ertex3f(-1.0f, 1.0f, 0O.0F) 4/ Top Left

glYertexaf{ 1.0f, 1.0f, 0.0f); 44 Top Right

gl¥ertex3f{ 1.0f,-1.0f, 0.0f); #F Bottom Right

gl¥ertex3f{-1.0f,-1.0f, 0.0f% /¢ Bottom Left
glEndf 3 // Done DOrawing The Quad

return TRUE: Af Everything Went 0K



Execute
» ‘Ctrl+F5’

B NeHe's OpenGL Framewaork
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Shade Mode

» In InitGL() function
GL SMOOTH = GL_FLAT

alshadeMode [{GL_FLAT

int InitGL{GLvoid) A 411 Setup For OpenGL Goes Here
i _ _
g1 5hadelode | ': GL_SHOOTH :'J B NeHe's OpenGL Framework

glClearColor{0.0f, 0.0f, 0.0f, O.5f):
glClearDepthi1.0f )

glEnablef GL_OEPTH_TEST ).

gl0epthFuncl GL_LEQUAL J:

glHint{GL_PERSPECT I¥E_CORRECTION_HINWT, GL_MICEST )

return TRUE:

Result of Flat Shading Mode
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Rotate the objects

» Declare variables for Rotation Angle

GLfloat rtri: A4 Rotation &ngle for the Triangle
GLf loat rguad: A/ Rotation &ngle for the Quad

» Rotate the objects

int OrawBL3cene{GLvoid) Af Here's Where We Do A1l The DOrawing
i
glClear{GL_COLOR_BUFFER_EIT | GL_ODEPTH_BUFFER_EBIT): /¢ Clear Screen And Depth Buffer
glLoadldentitwl ) Af Reset The Current Modelview Matris
gl Translatef{-1.5f, 0.0f, -6.0f ) // Mowe Left 1.5 Units &nd Into The Screen 6.0
glRotatef{rtri, 0,0f, 1.0f, 0,06} ¢/ Rotate The Triangle On The ¥-axis
glEeginEEL-THIANGLESiJ 77 Orawing Using Triangles
glColaor3f(1.0f, 0.0f, O0.0F) // Set the color to red
glVertex3f( 0.0f, 1.0f, 0.0f) 45 Top
glColor3f{0.0f, 1.0f, 0.0F ) ¢/ change the color of second wertex to green
gl¥ertex3f(-1.0f,-1.0f, 0.0Ff): 4/ Bottom Left
glColor3f(0.0f, 0.0Ff, 1.0Ff) // change the colar of third vertex to blue
gl¥ertex3f{ 1.0f,-1.0f, 0.0f ) /F Bottom Right
glEnd{ ) #/ Finished Drawing The Triangle
gl Translatef(3,.0f,0.0f,0.0f 3 4 Move Right 2 Units
glRotatef({rguad, 1.0f, 0.0f, 0.0f) 4/ Rotate The fQuad On The X-axis
qiColor ar. 0 e, T, : B he Color To Blue One Time Only
glBegin{GL_0UADS }: /¢ Draw & Quad
gl¥ertex3f{-1.0f, 1.0F, 0.0F) // Tap Left
gl¥ertex3f 1.0f, 1.0f, 0.0Ff) 44 Top Right
gl¥ertex3f{ 1.0f,-1.0f, 0.0f ) /F Bottom Right
gl¥ertex3f{-1.0f,-1.0f, 0.0f3 /F Bottom Left

il R el D [rawing The Quad
rtri+=0,2f: Jf o Increase The Rotation Yariable For The Triangle
rquad-=0,15F; Jf Decrease The Rotation Yariable For The Quad
eI TROE: Af Everything Went 0K
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Execute
» ‘Ctrl+F5’

17



3D Objects — Pyramid

» Modify glBegin()~glEnd() using following

18

gIBegin(GL_TRIANGLES);
//Start Drawing The Pyramid

// Draw Front Face
glColor3f(1.0f,0.0f,0.0f);
glVertex3f( 0.0f, 1.0f, 0.0f);
glColor3f(0.0f,1.0f,0.0f);
glVertex3f(-1.0f,-1.0f, 1.0f);
glColor3f(0.0f,0.0f,1.0f);
glVertex3f( 1.0f,-1.0f, 1.0f);

// Draw Right Face
glColor3f(1.0f,0.0f,0.0f);
glVertex3f( 0.0f, 1.0f, 0.0f);
glColor3f(0.0f,0.0f,1.0f);
glVertex3f( 1.0f,-1.0f, 1.0f);
glColor3f(0.0f,1.0f,0.0f);
glVertex3f( 1.0f,-1.0f, -1.0f);

// Draw Back Face
glColor3f(1.0f,0.0f,0.0f);
glVertex3f( 0.0f, 1.0f, 0.0f);
glColor3f(0.0f,1.0f,0.0f);
glVertex3f( 1.0f,-1.0f, -1.0f);
glColor3f(0.0f,0.0f,1.0f);
glVertex3f(-1.0f,-1.0f, -1.0f);

//Draw Left Face
glColor3f(1.0f,0.0f,0.0f);
glVertex3f( 0.0f, 1.0f, 0.0f);
glColor3f(0.0f,0.0f,1.0f);
glVertex3f(-1.0f,-1.0f,-1.0f);
glColor3f(0.0f,1.0f,0.0f);
glVertex3f(-1.0f,-1.0f, 1.0f);

glEnd();

// Done Drawing The Pyramid




3D Objects — Cube
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glBegin(GL_QUADS);

//Start Drawing The Cube
// Draw Top Face (Green)
glColor3f(0.0f,1.0f,0.0f);
glVertex3f( 1.0f, 1.0f,-1.0f);
glVertex3f(-1.0f, 1.0f,-1.0f);
glVertex3f(-1.0f, 1.0f, 1.0f);
glVertex3f( 1.0f, 1.0f, 1.0f);

// Draw Bottom Face (Orange)
glColor3f(1.0f,0.5f,0.0f);
glVertex3f( 1.0f,-1.0f, 1.0f);
glVertex3f(-1.0f,-1.0f, 1.0f);
glVertex3f(-1.0f,-1.0f,-1.0f);
glVertex3f( 1.0f,-1.0f,-1.0f);

// Draw Front Face (Red)
glColor3f(1.0f,0.0f,0.0f);
glVertex3f( 1.0f, 1.0f, 1.0f);
glVertex3f(-1.0f, 1.0f, 1.0f);
glVertex3f(-1.0f,-1.0f, 1.0f);
glVertex3f( 1.0f,-1.0f, 1.0f);

// Draw Back Face (Yellow)
glColor3f(1.0f,1.0f,0.0f);

glVertex3f( 1.0f,-1.0f,-1.0f);
glVertex3f(-1.0f,-1.0f,-1.0f);
glVertex3f(-1.0f, 1.0f,-1.0f);
glVertex3f( 1.0f, 1.0f,-1.0f);

// Draw Left Face (Blue)
glColor3f(0.0f,0.0f,1.0f);
glVertex3f(-1.0f, 1.0f, 1.0f);
glVertex3f(-1.0f, 1.0f,-1.0f);
glVertex3f(-1.0f,-1.0f,-1.0f);
glVertex3f(-1.0f,-1.0f, 1.0f);

// Draw Right Face (Violet)
glColor3f(1.0f,0.0f,1.0f);
glVertex3f( 1.0f, 1.0f,-1.0f);
glVertex3f( 1.0f, 1.0f, 1.0f);
glVertex3f( 1.0f,-1.0f, 1.0f);
glVertex3f( 1.0f,-1.0f, -1.0f);

glEnd();

// Done Drawing The Cube




Execute
» ‘Ctrl+F5’
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OpenGL programming with GLUT

» GLUT
Graphic Library Utility Toolkit
Prefix “glut”

» To do...
Draw primitives using GLUT functions (Solid sphere)
Rotate the objects
Push / Pop Matrix
Parallel vs. Perspective projection
Lights

21



Open Source Code

» Open Example2 (Atom.sIn)
File >> Open Solution >> Atom.siIn

*X Microsoft Development E Oten oo &|

File | Edt  view Tools  Window e 3 o > T ]
ook In: wample - - [% [ ] b - -
= sl | i [ Examp o] ¢ - @ X [ - Tooks
i Debug
B i @
History
Add Project b
|@? Open Solukion. .. kj ;_”;*O“’}
: My Projects
Gl save al Chrl+5hift+5
Source Control 3
Recent Files » File name: ] Lj | Open ]
Recent Projects » Files of type: ]Snlutinn Files (= sln) Lj Cancel I
" |
Exit
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Open Source Code — cont’

» Execute the base code
Debug >> Start Without Debugging >> (Yes)

Build | Debug | Tools  Window  Help T
'% ﬂinduws » E.\Ie Edit  Miew Project  Build Debug Tools  Wildow Help
P-m-=EHa p Debug -
= < p Start FS A% %%
S . ) 5| Atom.
b Start without Debugging  Chrl+FS | I |(G|°E1|°)|
I i} obals
=] =77 o
55 Processes... L\}’ 4 /¢ OpenGL SuperBible, Chapter 5
— . = /¢ Demonstrates OpenGlL coordinate trgnsformation
3$ Exceptions. .. Chel+Alk+E o /¢ Program by Richard S liriaht ir
- ad #include <windc B S SEE
ade Wajogs Step Into Fi1 #include <gl/g|
Thank - tinclude <gl/gl
Lo = finclude "glut.
Simizi EE Step Ower F10 #include <math,
“ve Fo
fv Sit LM Mew Breakpoint.. Chrl+B Bofation s
! static GLFloat
zion t static BLFloat
L// Called to di
= void Renderscer
{
}
Microsoft Deyelopment Enyvironment X -
B // This functic
L4/ context.
"-\ These project configuration(s) are out of date: R SetupRC( )
o glEnable( Gl
£ Atorn - DEtILIEI Wiin 32 glFrontFace
gIEnab lef Gl
Would you like to build them? SRR O
glClearColt
}
O] 20 b EES
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About Source Code

» Used Functions
RenderScene()
SetupRC()
SpecialKeys()
TimerFunc()
ChangeSize()
main()
» We will mainly modify RenderScene() to create
different scene.

» ChangeSize() and SetupRC() will be modified for
projection and lighting.
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Draw a sphere

» Modify RenderScene()
Using glutSolidSphere()

void RenderScene{vaoid)

1
gqIClear{GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT}:
ff Clear The Colar &nd The Depth Buffer
glHatrizdode! GL_HOOELY IEW): /¢ Specify Model¥iew matrix as current
Sématriz on which subsequent matrix operations act
glLoadldent ity ), /¢ Reset ModelView Matrix to ldentity
glTranslatef(0.0f, 0.0F, -100.0f ), /5 Move 100 Units Along -7 Axis
giColor3ubl 255, 0, 0} /F Change The Color To Red
glutsolidsphere{10.0f, 15, 153 7/ Create & Sphere of Radius 10
glutSwapBuffers( ) // Zwap the buffers to see the rending result,

B OpenGL Atom
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Draw a smaller sphere
» With different radius

void RenderScenef{void)

{
qIClear{SL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT
Af Clear The Color &nd The Depth Buffer
glHatrixMode! GL_LMODELY IEW Y, // Specify Model¥iew matrix as current
Aématrix on which subsequent matriz operations act
glLoadldentity{ ) /¢ Reset Model¥iew Matrix to [dentity

glTranslatef(0.0f, 0.0f, -100.0f ) //F Mowe 100 Units &long -Z Axis
glColor3ub{ 255, 0, 0} /¢ Change The Color To Red
glutZolidspherel10.0f, 15, 160 /¢ Create & Sphere of Radius 10

B OpenGL Atom

glTranslatef(g0.0f, 0.0F, 0.0F) /4 Move B0 Units &long ¥ Axis
glGolor3ubf 255,255,044 Change The Color To Yellaow,
glut3olidspherel(&.0f, 15, 16} /F Oraw & 3olid 3phere With Radius OFf B.

glutSwapBuffers( ) // Swap the buffers to see the rending result.
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Add motion

» Yellow ball making a circle around Red ball

void RenderScenelvoid)

{

static float fElect! = 0.0f: ffdefine a static wariable for rotation angle.

gIClear{GL_COLOR_BUFFER_EIT | GL_DEPTH_BUFFER_BIT

Ff Clear The Color &nd The Depth Buffer

glMatrixMode! GL_MHODELY IEW): /7 Specify ModelYiew matrix as current
Afmatrix on which subsequent matrix operations act
glLoadldentityl : // Reset Model¥iew Matrix to ldentity

glTranslatef(0.0f, 0.0F, -100.0f ) /F Mowe 100 Units Along -7 Axis
glColor3ubf255, 0, 0) /4 Change The Color To Red
glutsolidspheref{10.0f, 15, 153 /F Create & Sphere of Radius 10

glColor3ubi 256,266,0) /F Change The Color To Yellow,
glRotatef(fElect!, O.0f, 1.0f, O.0F): 4/ Rotate fElect! angle about Y axis
glTransiater bo.of, 0.0f, 0.0f 5 77 Howve 60 Units Along ¥ Axis

glutZolidsphere(6.0f, 15, 153 45 Oraw & Zolid Sphere With Radius Of 6.

fElect1 += 10.0F; /7 Increase the rotation angle
if{fElecti = 3260.0f)
fElectl = 0.0f:

27

glutSwapBuffers( ) // Swap the buffers to see the rending result,



Execute
» ‘Ctrl+F5’

B OpenGL Atom B OpenGL Atom
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Draw another sphere

» Green ball which circle around the yellow ball

void RenderScene{vaid)
{

static float fElect! = 0.0f: ffdefine a static wariable for rotation angle.

gIClear{GL_COLOR_BUFFER_EIT | GL_DEPTH_BUFFER_BIT

Ff Clear The Color &nd The Depth Buffer

glMatrixMode! GL_MHODELY IEW): /7 Specify ModelYiew matrix as current
Afmatrix on which subsequent matrix operations act
glLoadldent ity ), /¢ Reset Model¥iew Matrix to ldentityw

glTranslatef(0.0f, 0.0fF, -100.0f); 4/ Mowe 100 Units Along -7 Axis
glColor3ubf 285, 0, 0) /4 Change The Color To Red
glutSolidsphere(10.0f, 15, 150 // Create & Sphere of Radius 10

glCalar3ubi 255,256,004 Change The Caolar To Yellaw,

glRotatef(fElect!, O.0Ff, 1.0f, O.0F); 4/ Rotate fElect! angle about Y axis
glTranslatef(g0.0f, 0.0f, 0.0F) // Move GO Units Along ¥ Axis
glutsolidsphere{d,0f, 15, 163 47 Oraw & Solid Sphere With Radius OFf &,

glColor3ubin,285,0) /4 Change The Color To Green

glRotatef(45.0f, 0.0f, 0.0f, 1.0f ) 4/ Rotate 45 degree about 7 axis
glRotatef(fElect!, 0.0F, 1.0f, O.0f ) 4/ Rotate fElect! angle about ¥ axis
gl Translatef(-50.0f, 0.0f, 0.0f) 4/ Translate 50 unites along minus ¥ axis
glutsolidspherel4.0f, 15, 16} /7 Draw a sphere of radius

fElect! += 10.0f:; // Increase the rotation angle
if({fElectl = 360.0f)
fElect1 = 0.0f:

glutSwapBuffers( ) // Swap the buffers to see the rending result,

29



Execute
» ‘Ctrl+F5’

B OpenGL Atom B OpenGL Atom

The movement of Green ball is Strange!!!
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Push / Pop Matrix

» Push Matrix
Store current transformation state in Stack

» Pop Matrix
Recover the saved state from Stack

B OpenGL Atom

glTranslatef(0.0f, 0.0fF, -100.0f); /F Mowe 100 Units Along -7 Axis
glColor3ubf255, 0, 0) /4 Change The Color To Red
glutsolidsphere{10,0f, 15, 153 /F Create & Sphere of Radius 10

glPushMatrist 1 AF Push matrix stack to keep the current transformation state
glColor3ub{255,256,0) /7 Change The Color To Yellow,

glRotatef(fElect!, O.0F, 1.0Ff, O.0f): 4/ Rotate fElect! angle about Y axis
glTranslatef(60.0f, 0.0f, 0.0F) // Move B0 Units Along ¥ Axis
glutsolidsphere(6.0f, 15, 153 47 Oraw & Solid Sphere Yith Radius OF 6.
glPopMatrixf i A Pop up the matrix to recover the saved state

glColor3ubin, 255,00 /4 Change The Color To Green

glRotatef{45.0f, 0O.0f, 0O.0f, 1.0Ff ) 4/ Rotate 45 degree about Z axis
glRotatef(fElect!, O.0F, 1.0F, O.0f) 4/ Rotate fElect! angle about Y axis
glTranslatef(-50.0f, 0.0f, 0.0f 3 /F Translate 50 unites along minus ¥ axis
glutdolidiphere{4.0f, 15, 1653 /F Oraw a sphere of radius

The movement of balls are reasonable now!!!
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Projection Mode

» Parallel Projection
glOrtho()

yvoid ChangesSize{int w, int hJ

{
GLf loat nRange = 100.0f:;
ifih == 0} £ Prevent a divide by zero
h= 1.
gl¥iewport{0, 0O, w, h) /5 Set Yiewport to window dimensions
glMatrixMode! GL_PROJECT IOM ) Af Reset coordinate system
glLoadldent ity )
Af Establish clipping wolume (left, right, bottom, top, near, far)
if (w <= h)
gllrtho {-nRange, nRange, nRange+hs/w, -nRange+xhs/w, -nRange+2 0f,
else
gllrtho {-nRange+w/h, nRange+w/h, nRange, -nRange, -nRange+2 0f,
glMatrixModel GL_MODELY IEW .
glLoadldent ity
1

32

B OpenGL Atom

nRange+2 . 0F

nRange+2 ., 0F ).



Projection Mode — cont’

» Perspective Projection _ 2
gluPerspective()

void ChangeZizefint w, int h)
i
GLfloat faspect: /7ratio of width to height of window

iflh =
h

ol Af Prevent a divide by zero
1

il

glYiewport{n, 4, %, hx ¢/ S8t Yiewport to window dimensions

glIMatrixMode! GL_PROJECTION ). £ Reset coordinate syeten
glLoadldent itwi )

faspect = (floatdw/(floatdh: A/ calculate the ratio of width to height
fAdefine perspective projection and its wiew clipping volume {angle, ratio, near, far)
gluPerspect ivel 80,0, faspect, 1.0, 500, 0)

More realistic!!!

glMatrixModel GL_MODELY 1EW 3.
glLoadldent ity :

AATranslate the scene into screenm (far from viewpoint), It is equal to changing wiewpoint.
g|Translatefi0.0f, 0.0f, -250.0F 1

!
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Lighting
» Modify SetupRC()

void SetupRCE D

{

GLfloat |ight_ambient{] ={ 0.0, 0.0, 0.0, 1.0 };/7ambient property of the [ight
GLf loat light_diffuse[] =1{ 1.0, 1.0, 1.0, 1.0 }://diffuse property of the light
GLf loat light_specular(] ={ 1.0, 1.0, 1.0, 1.0 ¥/ specular property of the light
GLfloat light_position[] ={ 1.0, 100.0, 200.0, 0.0 }./fposition of |ight

F+Set properties of the light+/

glLightfv{GL_LIGHTO, GL_AMBIENT, light_ambient ).
glLightfv{GL_LIGHTO, GL_OIFFUSE, light_diffuse};
glLightfv{GL_LIGHTO, GL_SPECULAR, light_specular):
glLightfv{GL_LIGHTO, GL_POSITION, light_position):
glEnablel GL_LIGHTING): #/Enable lighting

glEnab el GL_LIGHTOY //Enable LIGHTO

glEnab e GL_COLOR_MATERIAL Y //Enable color material

glEnab el GL_OEPTH_TEST }: ff Hidden surface remowval
glFrontFace! GL_CCW ) Af Counter clock-wise polygons face out
glEnablef GL_CULL_FACE ). A¢ Do not calculate inside of jet

A4 Black backsaround
giClearColor{0.0f, 0.0f, 0.0f, 1.0f N
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Final Result

B OpenGL Atom
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