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LAP TRINH 3D VOl OPENGL




Gioi thieu OpenGL
Drawing
Hién thi va bién doi
Anh sang
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Muc tiéu bai giang

GiUp sinh vién tiép can vai lap trinh dé hoa
3D.

Cac bvdc co ban nhat dé tao ¢ng dung 3D
tren Windows.

Hudng dan cac khai niém chinh cda 1ap trinh
3D v&i OpenGL/GLUT.
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OpenGL la gi

OpenGL = Open Graphics Library

Do Silicon Graphics (5GI) phat trién vao 1992.
Phat trién thanh chuan ti IrisGL (1990-clng
do SGI).

boc lap HPH.

La dang State Machine (moi bién la trang
thai).

Chixt ly 3D Graphics. Khong doi hoi platform
(Windowing, Fonts, Input, GUI)
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OpenGL la gi

Giao dién phan mém cho phan cing do
hoa (~150 commands).
La API d6 hoa 3 chiéu
High-quality color images composed of
geometric and image primitives
V&i OpenGL, developer phai ty tao
model thong qua cac do6i tveong hinh hoc
co ban.
Quan ly bé&i Khronos Group.
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Cac cong nghée 3D

OpenGL. Phién ban m&i OpenGL 4.0.

Scene Graphs, BSP: Open SceneGraph,
Java3D, VRML, PLIB

DirectX (Direct3D)

Co thé két hgp mot vai phan cla DirectX voi
OpenGL (vd: OpenGL va Directlnput trong
Quake 1)

Cac thuv vién ho tro: GL(graphics library), GLU
(graphics library utilities).

GLUT: dé, don gian khi lam viéc v&i OpenGL.

Db hoa may tinh-Ngd Qubc Viét 7



Toa do OpenGL

/ v\ S dung vector 4 thanh
phan dé bi€u dién diém.
Pvoc xem la hé toa do
thuan nhat.

Gia tri w thuong bang 1.
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He Toa do

Mién gia tri mau (R, G, B, A) trong khoang [o,1].
Toa do (X, Y, Z) theo right-hand rule.

Pon vi hé toa do: do xac lap tuy theo d lieéu va
ng dung

Thueong s dung World Coordinate System
(mién gia tri -1 dén 1) dé mo hinh do6i tvong.
World Coordinate System co dvgc do chuyén
bién doi t toa do doi tvong qua ma tran
ModelView.

Toa d6 mat duoc xay dyng t& phép bién déi qua
ma tran ModelView
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He toa do

Ma tran ModelView chi¥a ca hai phép bién doi
cho md hinh va mat nhin. Mat nhin tai gdc,
vOi huvdng nhin doc theo tryc Z am.

Toa db xén do bién d6i toa d6 mat nhin qua
ma tran Projection. Mién gia tri toa d6 cla 3
tryc tv -W_dénW..

Phoi canh thuc hién trén Clip Coordinates tao
ra Normalized Device Coordinates, v&i mién
gid tri-1to 1 cho ca 3 truc
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Quan sat canh: camera

V@i camera

WVai may tinh

Quan sat

- |

photograph

Xac dinh hinh déng cla khéi nhin

. —-

viewport
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Bién doi toa do

Modelview [> Projection

Viewport
hatrix hlatrix Transformation

¥
Y
)
W eve clip normalzed device window
coordinates coordinates coordinates coordinates
object
coordnates
e I e
5 12
My M M s
! ;
M| 2 6 10 14 v'= Mv
hrr S S 1 ] I
7 11 1S
M m e
i I VIS ]
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Khai niem ma tran ModelView

Dung cho bién doi vi tri camera (bién doi vi tri
quan sat)

Dung cho bién d6i va hudng ca mo hinh (vat
thé can vé).
glMatrixMode (GL MODELVIEW) ;
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Khai niem ma tran projection

Xac dinh lens cho camera.

Xac dinh vung nhin (field of view) va cac tham
sO khac
glMatrixMode (GL PROJECTION) ;
Co thé thyc hién day cac bién doi qua khai
niém matrix stack v&i cac ham.

glPushMatrix() and glPopMatrix()
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Chiéu phoi canh

bottom

rear

A
Y

far

glFrustrum(left, right, bottom, top, near, far);
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Chiéu phoi canh v&i GLU

Fgar

i ar -

gluPerspective (fovy, aspect, near, far);

Fovy = gdc (theo d0) cUa vung nhin (field of view) theo hudngy .
Aspect = ti |é cUa vung nhin theo hudng x
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Chiéu tryc giao

|eft —5..
| \ I,
o d

the
5 viewing volu me
botto m

viewpoint
near far

glOrtho(left, right, bottom, top, near, far);
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Pinh vi tri camera

Vi tri camera, diém camera hvdng dén, va
vector hudng cla camera

gluLookAt (eyex, eyey, eyez,
centerx, centery, centerz,
upx, upy, upz);

WS s e NEw Srnean-space Vi
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Quy voc trong OpenGL

Functions in OpenGL start with g1
Hau hét ham bat dau g1 (e.g., glColoxr ())
Mét s6 ham bat dau vdi glu la ham tién tich (e.q.,
gluLookAt())
Ham bat dau vdi glx la giao dién v&i X Windows
system (e.qg., in gfx.c)
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Quy voc trong OpenGL

Suffix | Data Type Tvpical Corresponding OpenGL Type
C-Language Type Definition

b 8-bit integer signed char GLbyte

5 16-bit integer short GLshort

1 32-bit integer int or long GLint, GLs1ze1

t 32-bit tloating-point float GLfloat, GLelampf

d 64-bit tloating-point double GLdouble. GLelampd

ub 8-bit unsigned integer unsigned char GLubyte. GLboolean

us 16-bit unsigned integer | unsigned short GLushort

m 32-bit unsigned mteger | unsigned int or unsigned long GLuint, GLenum.

GLbattield
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Quy voc trong OpenGL

Tén ham chi ra ki€u va s6 lwvgng tham s6
Ham c6 dudi £ c6 tham so floats
Ham c6 dubi i cd tham sé ints
Ham co6 dudi b c6 tham so bytes
Ham co6 dubi ub cé tham s6 unsigned bytes
Ham co6 dubi v c6 tham so array.

Vidu
glColor3£ () cotham so la 3so floats
glColor4dfv () co6tham sd mang 4 floats
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Cac lenh hop le gitra glBegin va glEnd

Command

Purpose of Command

glVertex®()

set vertex coordinates

zglColor®()

set current color

glIndex*®()

set current color index

glNormal™()

set normal vector coordinates

glTexCoord™() set texture coordinates
glEdgeFlag™() control drawing of edges
glhaterial™() set material properties

glArrayElement()

extract vertex array data

glEvalCoord™®(). glEvalPoint™®()

generate coordinates

glCalllist(). glCallL ists()

execute display list(s)
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Anh sang trong OpenGL

Cac kiéu ngudn sang: emit (tv phat), ambient
(xung quanh), diffuse (khuéch tan), specular
(phan chiéu).
Emit:
Ambient: khong cé nguon cy thé. Moi doi tvong
déu bi tac dong cla anh sang nay
Diffuse: b&i nguon sang va vat liéu bé mat.
Specular:
Mau va cvong d6é sang xac dinh bdi vector
(R,G,B,A) trong ty nhu mau sac.
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Anh sang trong OpenGL

Vi tri nguon anh sang (vd: bong dén): xac dinh
boi vector (leftright, updown, frontback, 1)
trong ty nhv mot toa do.
Gia tri frontback
Zero: |a nam trén mat phang Z.
Duwong: nguon sang chiéu vao man hinh.
Am: nguén sang chiéu tlr sau vao man hinh.
Gia tri leftright: chay trén tryuc x.
Gia tri updown: chay trén trucy.

Ham glEnable(GL_LIGHTING) bat nquén sang
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Anh sang trong OpenGL

GLfloat lightAmbient[] = { 0.4, 0.5, 0.0, 1.0 };
GLfloat lightDiffuse[] = { 1.0, 1.0, 1.0, 1.0 };
GLfleoat lightSpecular[] = { 1.0, 1.0, 1.0, 1.0};
GLfleoat lightPosition[] = {1.0, 1.0, 1.0, 0.0};
glLightfv (GL LIGHTO, GL AMBIENT, lightAmbient);
glLightfv (GL LIGHTO, GL DIFFUSE, lightDiffuse);
glLightfv (GL LIGHTO, GL SPECULAR, lightSpecular);
(

glLightfv (GL LIGHTO, GL POSITION, lightPosition);

glEnable (GL LIGHTO) ;
glEnable (GL LIGHTING) ;
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Vat liéu bé mat trong OpenGL

D6 bdng, mau phan xa ... cUa vat liéu anh hudng toi
render mo hinh

glMaterial{if}[v](GLenum face
GLenum pname,
TYPE param);

GLfloat material|[] = {0.1, 0.5, 0.8, 1.0 }:
glMaterialfv (GL FRONT AND BACK, GL AMBIENT AND DIFFUSE,
material) :

GLflcat matsSpecular([] = { 1.0, 1.0, 1.0, 1.0 };
GLfloat lowShininess[] = { 5.0 };

glMaterialfv(GL FRONT, GL SPECULAR, matSpecular);
glMaterialfv(GL FRONT, GL SHININESS, lowShininess);
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Dan texture cho bé mat

glHormal3f( O0.0f. 0O.0f. 1.0f3);

Load bltma Iém 1 TexConrd2f(0 0f. 0.0f): glVertex3fi-1 0f. —1.0f. 1.0f):
F) glTexCoord2£¢1 0f. 0.0f£);: glVertex3f( 1.0f, -1.0f. 1.0f):
glTexCoord2£¢1 . 0f. 1.0f£);: glVertex3f( 1.0f, 1.0f. 1.0f):
. glTexCoord2£ {0 . 0f, 1. 0f): glVertexdf(-1.0f, 1.0f. 1 .0f):
texture. Sinh texture =R
glHormal3£ 0. 0f, 0.0f.-1.0£3%;
7 = glTexCoord2£¢1 . 0f. 0.0f): glVertex3f(-1.0f, -1 .0f. -1.0f):
VO |GenTextU @G ogllexCoord2f(1.0f. 1.0f); glVertex3f(-1.0f. 1.0f -1.0f):
SJ J g9lTexCoocrd2f(0.0f, 1.0f); glVertex3f( 1.0f, 1.0f, -1.0£f{);
glTexCoord2£ (0. 0f. 0.0f£); glVertex3f( 1.0f, -1 .0f. -1.0f):
. . <« Top Face
g BlndTEXture glHormallf( 0.0f, 1.0f, 0.0f):
/ glTexCoord2£ (0. 0f. 1.0f£); glVertex3f(-1.0f, 1.0f. -1.0f):
. glTexCoord2£ (0. 0f, 0.0f); glVertexdf(-1.0f, 1.0f, 1.0f):
g Texparameteﬂ- g1TexCoord2f(1 0f. 0.0f). glVertex3f( 1.0f. 1.0, 1.0f):
I glTexCoord2£¢1 . 0f. 1.0f£);: glVertex3f( 1.0f, 1.0f. -1.0f):
#« Bottom Face
T I D_ glHormal3f¢ 0.0f . -1.0f, 0.0f);
g eX mage2 / glTexCoord2£¢1 . 0f. 1.0f£);: glVertex3f(-1.0f, -1.0f. -1.0f):
glTexCoord2£ {0 . 0f, 1 .0f): glVertexdf( 1.0f, -1 .0f. -1 .0f):
. . glTexCoord2£ (0.0, 0.0f£); glVertex3f( 1.0f, —-1.0f. 1.0f):
g UBUIleDMIpmapSI‘ glTexCoord2£(1.0f., 0.0f); glVertexdf(-1.0f. -1.0f. 1.0f}:

< Right face
glHormal3f( 1.0f. 0O.0f. 0O.0f);

.D : h : kh h glTexCoord?fi1 0f, 0.0f): glVertex3f(
I n VI Ung C O glTexCoord2£{1 . 0f. 1.0f£). glVerte=m3i(
- - glTexCoord2f{0.0f. 1.0f); glVertexif(
glTexCoord2£ {0 .0, 0.0f£): glVertexli(

texture khi dan lén bé Z&=rE

glHormal3£(—1.0£f, 0.0f, 0O.0f3%;
glTexCoord2£ (0. 0f. 0.0f): glVertex3f(-1.0f, -1 .0f. -1.0f):

J J = l: 1
. 1Te=C d2f(1 . 0f, 0.0f£); glVerte=x3f(-1 . 0f. -1.0f. 1. 0f):
I I lat le g |TeXC00rd 2fl ngZnggidEfil.Df, 1.0f); gl?Z;:ZiEf{—l.Df, 1.06, 1.0f);
(—1.0f. ) :

ngEHCDDrdEf(D.Df, 1.0f£); glVertexifi-

0f, -1.0f, —1.0f);
0f, 1.0f. —1.0f):
0f, 1.0f. 1.0f):
0f, -1.0f. 1.0f):

Y ]
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Vector chuan

Morma l
I".‘I!I'i"il"

t2 vl tt

V2 e L

glBegin(GL_POLYGON)
glNormal3fv(no);
glVertex3fv(vo);
glNormal3fv(na);
glVertex3fv(vi);
glNormal3zfv(n2);
glVertex3fv(v2);
glNormal3fv(n3);
glVertex3fv(v3o);
glEnd();
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OpenGL va GLUT

GLUT (OpenGL Utility Toolkit).

Thu vién bo sung

La windowing API

Khong phai la thanh phan cba OpenGL
Cac tac vu chinh

Tao cra so.

Pang ky sy kién.

Mouse buttons, movement, keyboard, etc...
Viét cac ham Callbacks x& ly sy kién.
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Cach cai dat GLUT

Download GLUT: http://www.opengl.org/resources/libraries/glut.html
Két hop voiVisual C++. Copy files vao cac folder sau:

glut.h - VC/include/gl/
glut32.lib - VC/lib/
glut32.dll - windows/system32/

Header Files, luon dva cac include sau vao dau file
header cé s& dung OpenGL.

#include <GL/glut.h>
Lib Files: Glu32.lib; GLaux.lib va OpenGL32.lib (néu
la GLUT c0).
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Chuvong trinh mau

#include <GL/glut.h> Specify the display

#include <GL/al.h> Mode — RGB or color
a /9 Index, single or double

: . Buff
void main(int argc, char** argv) wrer
{ i
: _ . Create a window
int mo@e - GLUT RGB|GLUT DOUBLE; Named “simple”
glutInitDisplayMode( mode ); with resolution
500 x 500
. . Your OpenGL initialization
init(); = code (Optional)
glutDisplayFunc( display ); P
glutKeyboardFunc( key ); Register your call back

functions

glutMainLoop();
; \ Infinite loop waiting for
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Khoi tao OpenGL

void init( void )

{

glClearColor (0.0, 0.0, 0.0, 0.0);

glviewport (0, 0, width, height); Xac lap hinh chiéu cba camera.
glMatrixMode (GL_PROJECTION) ; < Ph&i canh.
glLoadIdentity ()

glortho (-10, 10, -10, 10, -10, 20);<— Hétoadodtrycgiao

glLoadIdentity () ;

glEnable ( GL LIGHTING ) ;
glEnable ( GL DEPTH TEST );

Ma tran don vi 4x4

Ma tran 4x4 duvogc xem nhv
phép bién doi
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Cac ham GLUT Callback

biéu khién sy kién: Chuvong trinh s& dung
windows
Input/Output

Cho sy kién nhat dinh xuat hién, sau do thyc hién yéu
cau tuy theo sy kién

Sy kién — key press, mouse button press and

release, window resize, etc.
» Chuong trinh OpenGL luén ¢ trong vong ldp
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GLUT Callback Functions

Ham Callback : thd tuc dvoc goi khi event xuat hién
Window resize hay redraw
User input (mouse, keyboard)
Animation (render many frames)

"Bang ky” callbacks trong GLUT v&i cac ham
glutDisplayFunc( my_display_func);
glutldleFunc( my_idle_func);
glutKeyboardFunc( my_key_events_func);
glutMouseFunc ( my_mouse_events_func);
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Hang cho Event

Keyboard

Mouse

MainLoop() I [

7
7
Y S

Event queue /

Window

Mouse_callback() Keypress_callback()] | window_callback()

{ { {
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Rendering Callback

Ham Callback x& ly moi thao tac vé ,
Moi chvong trinh GLUT phai c6 ham callback hién thi.

m  glutDisplayFunc( my_display_func); /* this partisin main.c */

void my_display_func (void )

glClear ( GL COLOR BUFFER BIT );

glBegin( GL TRIANGLE );
glVertex3fv( v[0] );
glVertex3fv( v[1] );
glVertex3fv( v[2] );

glEnd() ;

glFlush() ;
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Idle Callback

Dung cho animation va cap nhat lién tyc
Cé thé dung glutTimerFunc hodc callbacks timer cho animations

glutldleFunc( idle);
void idle( void )

/* change something */
t += dt;
glutPostRedisplay () ;

h
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Ham Callbacks cho User Input

X ly user input
glutKeyboardFunc( my_key_events);

void my_key_events (char key, int x, inty )

{
switch ( key ) {
case ‘g’ : case ‘Qf
exit ( EXIT SUCCESS);
break;
case ‘r’ : case ‘R’
rotate = GL TRUE;
break;
}
}
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Mouse Callback

Bat sy kién mouse press va release.

glutMouseFunc( my_mouse );

void myMouse(int button, int state, int x, int y)

{

if (button == GLUT LEFT BUTTON && state ==
GLUT DOWN)

{
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Cac sy kién trong OpenGL

Event Example OpenGL Callback
Function

Keypress | KeyDown glutKeyboardFunc
KeyUp

Mouse leftButtonDown glutMouseFunc
leftButtonUp

Motion | With mouse press glutMotionFunc
Without glutPassiveMotionFunc

Window | Moving glutReshapeFunc
Resizing

System | Idle glutIdleFunc
Timer glutTimerFunc

Software | What to draw glutDisplayFunc
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Cac doi tvong hinh hoc trong

OpenGL

Thyc thé hinh hoc dvgc xac dinh béi cac dinh 3D.
C6 10 kiéu thyc thé hinh hoc:

AN

GL_LINES .

GL_ POLYGON

GL_POINTS

A

GL_TRIANGLES

D6 hoa may tinh-Ng6 Quéc Viét 41



Pinh dang lenh OpenGL

glVertex3fv( v )

e

Number of Data Type Vector
C'OHIPOHEHtS b - byte omit “v” for
2 - (x,y) :'b : :;z;gned byte scalar form
3 - (x,y,2) us - unsigned short
4 - (x,y,z,w) i - int glvertex2f( x, v )
ui - unsigned int
f - float
d - double
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Cac dinh va do6i tvong

Cach thuc hién dvoc xac dinh boi
glBegin( primType );

glEnd();

primType xac dinh cach két hop cac dinh

GLfloat red, green, blue;

Glfloat coords[nVerts] [3];

/*Initialize coords and colors somewhere in program*/
glBegin( primType ) ;

for (1 = 0; 1 < nVerts; ++1i ) {
glColor3f( red, green, blue );
glVertex3fv ( coords[i] );

}

glEnd () ;
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\Y

du

vold drawParallelogram( GLfloat

{

color|[] )

glBegin( GL QUADS ) ;
glColor3fv (

glVertex2f
glVertex2f
glVertex2f
glVertex2f
glEnd () ;

(
(
(
(

color )
.0,

0

1
1
0

.0
.5
5

’

~

4

~e

R = O O
R R O O -~
~e
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Cac dinh va doi tvong

Points, GL_POINTS
DPiém r&irac
Kich thwdc diém co thé thay doi
glPointSize (float size)

glBegin (GL _POINTS) ; P P.z P
glColor3fv( color ); i s
glVertex2f( PO.x, PO.y ); Poe eP,
glVertex2f( Pl.x, Pl.y );

glVertex2f( P2.x, P2.vy ); P?. ° 'P5
glVertex2f ( P3.x, P3.y ): Ps
glVertex2f( P4.x, Pd.y );

glVertex2f( P5.x, PL.y ); -

glVertex2f( P6.x, Pob.y ); = .

glVertex2f( P7.x, PT7.y );

glEnd() ; GL POINTS
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VD: vé doan thang gitra 2 dinh

Lines, GL_LINES
NGi gitra 2 dinh: vi dy sau vé 8 doan thang.
Cé thé chira do day voi.
glLineWidth (float width)

P
glBegin (GL LINES)
glColor3fv( color ); P1 T PFs
glVertex2f( PO.x, PO.y ); PG’/ Pd
glVertex2f( Pl.x, Pl.y ); f{
glVertex2f( P2.x, P2.vy ); Pr ~—_ Ps
glVertex2f( P3.x, P3.y ); Ps
glVertex2f( P4.x, Pd.y );
glVertex2f ( P5.x, P5.y );
glVertex2f( Po.x, P6.y ); \\\\
glVertex2f( P7.x, P7.y );
glEnd() GL LINES
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Ve polyline khep kin

Line Loop, GL_LINE LOOP

GL LINE LOOP
S dung GL_ POLYGON

P,
Po

P

GL POLYGON
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VD: vé tam giac

Triangles, GL. TRIANGLES P,

A P; P;

GL TRIANGLES
S’ dyng GL_TRIANGLE STRIP

GL TRIANGLE STRIP
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VD: ve quat tam giac

S dyng, GL_TRIANGLE FAN v%%
V4
VO

V5
GL TRIANGLE FAN

Sirdyng GL_QUADS vd&i bdé 4 dinh

P
P; P3
’ Po P4
P Ps

GL QUADS P,
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Thay doi mau

Mau theo bo 4 (Red, Green, Blue, Alpha)

glColor4f(red, green, blue, alpha);
glColor3f(red, green, blue);
glColor3f(o.0, 0.0, 0.0); /* Black */
glColor3f(1.0, 0.0, 0.0); /* Red */
glColor3f(o.0, 1.0, 0.0); /* Green */

glColor3f(z.0, 0.0, 1.0); /* Magenta */

(
(

glColor3f(z.0, 1.0, 0.0); /* Yellow */
(

glColor3f(z.0, 1.0, 1.0); /* White */)
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gluPerspective

Xac lap ma tran chiéu phdi canh
gluPerspective( GLdouble fovy, GLdouble aspect,
GLdouble zNear, GLdouble zFar)

fovy: liéc theo goc thang dirng; aspect: ti & gilra
ngang va doc; zNear, zFar: khoang xén
Ma tran chiéu xac dinh nhw sau

{ fonay

f = cotangent, = f o o o |
W aspect
0 F 0 0
Far+zNe 2=zF, Na
0 0 ;‘fi:r‘fz}-':: z;f’sj:ii}'nir
Lo o -1 0o
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Chwong trinh mau: Dan bitmap tai

cac vi tri khac nhau

Tao texture (load bitmap, sinh texture).

Vé quads da bind bitmap texture tai cac vi tri
texture.

Co s dung ham glColor4ub (4 bytes mau).
Dung cac ham glRotate, glTranslatef dé vé
quad co dan texture.
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Hién thi TEXT

Xac lap mau
glColor3f(1.0f*float(cos(cntl)),1.0f*float(sin(cnt2)),1.0f-
0.5f*float(cos(cntl+cnt2)));

DPinh vi tri dong text
glRasterPos2f(-0.45f+0.05f*float(cos(cntl)),
0.32f*float(sin(cnt2)));

Hién thj Text
glPrint("Active OpenGL Text With Me - %7.2f", cntl);
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Cau hoéi ngan

Lam sao vé hinh ch& nhat phd toan bo clra s6 viewport?
Set ca modelView va ProjectionView la Identity
Vi du sau ve tai zNear=-1

glMatrixMode (GL_MODELVIEW);

glPushMatrix ();

glLoadldentity ();

glMatrixMode (GL_PROJECTION);

glPushMatrix ();

glLoadldentity ();

glBegin (GL_QUADS);

glVertex3i (-1, -1, -1); glVertex3i (3, -1, -1); glVertex3i (1, 1, -1); glVertexzi (-1, 1, -1);
glEnd ();

glPopMatrix (); gIMatrixMode (GL_MODELVIEW);
glPopMatrix ();
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Lam cach nao gil* nguyén ti |é phdi canh khi
kich thudc cra so thay doi.
glMatrixMode(GL_PROJECTION); glLoadldentity();
gluPerspective(foy,
(float)windowWidth/(float)windowHeight, zZNear, zFar);
Hoac
float cx, halfWidth = windowWidth*o.5f; float aspect =
(float)windowWidth/(float)windowHeight;
glMatrixMode(GL_PROJECTION); glLoadldentity();
glFrustum(cx-halfWidth*aspect,
cx+halfWidth*aspect, bottom, top, zNear, zFar);
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