Huwéng din 14p trinh OpenGL cin ban

Huwdéng dan 1ap trinh OpenGL
can ban
Téac gia: Lé Phong

Tai liéu nay dwoc viét véi mue dich hwéng din 1ap trinh OpenGL & mire cin ban. Nguoi
doc da phai nam dwoc mot sb kién thic thiét yéu vé aé hea 3D.

Tai liéu dwoc viét dwa vao cac chwong 1, 2, 3, 4 va 13 trong OpenGL redbook

http://glprogramming.com/red

¢6 lwgc bé di nhirng kién thire chwra cin thiét va to chir lai, dién giai lai y cho rd rang hon.

Ngudi doc dwge dé nghi tham khao truc tiép trong sach dé.
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Chwong 1: Giéi thiéu vé OpenGL
1. OpenGL la gi

OpenGL 12 bé thu vién dé hoa c6 khodng 150 ham gilp xay dung cdc doi twong va giao tac can
thiét trong cac #ng dung twong tic 3D.

Nhitng thir OpenGL khdng hd trg

e ban than OpenGL khdng cd sin cac ham nhap xuat hay thao tac trén window,

e OpenGL khdng c6 sin cac ham cip cao dé xay dung cac moé hinh ddi twong, thay vao do,
ngudi ding phai tu xay dung tir cac thanh phan hinh hoc co ban ( diém, doan thang, da
giac).

Rat may la mot s thu vién cung cap san mot sé ham cip cao dugc xay dung nén tir OpenGL.
GLUT (OpenGL Utility Toolkit) 1a mot trong s6 d6 va duoc sir dung rong réi. Trong tai liéu nay,
ching ta s& st dung chu yéu 1a OpenGL va GLUT.

Nhirng thir OpenGL hd tro la cac ham d6 hoa

e xay dung cac dbi twong phic tap tir cac thanh phan hinh hoc co ban (diém, doan, da giéc,
anh, bitmap),

e sip xép dbi twong trong 3D va chon diém thuan loi dé quan sat,

e tinh todn mau sic cua cac doi twong (Mau sic cua dbi tuong duge quy dinh bai diéu kién
chiéu sang, texture ciia d6i twong, moé hinh duoc xay dung hoic 1a két hop caa ca 3 yéu th
do),

e bién ddi nhitng md ta toan hoc cua dbi twong va thong tin mau sic thanh cac pixel trén
man hinh (qua trinh nay duoc goi la resterization).

2. Cau trac lénh trong OpenGL

OpenGL st dung tién t g1 va tiép theo d6 1a nhitng tir dwoc viét hoa ¢ chirGai dau d@é tao nén
tén cua mot Iénh, vi du g1ciearcolor (). Tuong tu, OpenGL dit tén cac hang s6 bat dau bang

G va cac tir tiép sau déu duoc viét hoa va cach nhau boi dau ¢, Vildus
GL COLOR BUFFER BIT.

Bén canh d6, vdi mot sb 1énh, dé am chi s6 luong ciing nhu kiéu tham sé dugc truyén, mot s6
hau té duoc str dung nhu trong bang sau

Hiu té Kiéu dir ligu Twong iing véi kiéu trong C Twong iing véi kiéu trong OpenGL
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B 8-bit integer signed char Glbyte

S 16-bit integer Short Glshort

| 32-bit integer int or long GLint, Glsizei

F 32-bit floating-point | Float GLfloat, Glclampf

D 64-bit floating-point | Double GLdouble, GLclampd

Ub g-bit unsigned unsigned char GLubyte, GLboolean
integer

Us _16-bit unsigned unsigned short GLushort
integer

Ui _32-bit unsigned unsigned int or unsigned long GLuint, GLenum, GLbitfield
integer

Vidu: glvertex2i (1,3) tuong Gng v6i xac dinh mot diém (x,y) voi x, y nguyén (integer).

Luu y: OEenGL c6 dinh nghia rpcf)t s6 kiéu bién, viéc sur dung céc ,dinh nghia nay thay vi dinh
nghia co6 san cua C s€ tranh gay 161 khi bién dich code trén mét h¢ thong khac.

Vi du: glcolor3ffi (color array) thicolor arrayla mang 1 chiéu c6 3 phﬁn tur 1a float.

3. OpenGL Utility Toolkit (GLUT)
Dé khic phuc mot sé nhuoc diém cua OpenGL, GLUT duoc tao ra véi véi nhiéu ham hd tro

e quan ly window

e display callback

e nhap xuat (ban phim, chudt,...)

e V& Mot s6 ddi tuong 3D phirc tap (mat cau, khéi hop,...)

Tén cac ham ciia GLUT déu ¢ tién t6 1a g1ut. Dé hiéu rd hon vé GLUT, ngudi doc tham khao ¢

http://glprogramming.com/red/appendixd.html

4. Mot s6 vi du don gian
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Huwéng din 14p trinh OpenGL cin ban

Dé khai bao sir dung OpenGL va GLUT, ching ta download & day

http://www.opengl.org/resources/libraries/glut/glut downloads.php#windows

va chép cac file sau vao trong cung thu muc cua project.

e glut.h

e glut32.dll

e glut32.lib
41.Vidul

chang ta SEIEEEEEE :u tring trén nén den.

#include "glut.h"

/* ham thuc hién cac thao tac vé& theo yé&u ciu cua chuong trinh */
void display(void)
{
/* xba moi pixel */
glClear (GL_COLOR BUFFER BIT);

/* v& hinh chit nhat c6 diém trai-trén va phdi-dusi
* (0.25, 0.25, 0.0) and (0.75, 0.75, 0.0)
*/
glColor3f (1.0, 1.0, 1.0); /* thiét 1l4p mau vé: mau trang */
glBegin (GL_POLYGON) ; /* Dbit diu vé da gidc */
glVertex3f (0.25, 0.25, 0.0); /* =x&c dinh cac dinh cua da giac */
glVertex3f (0.75, 0.25, 0.0);
glvVertex3f (0.75, 0.75, 0.0);
glvVertex3f (0.25, 0.75, 0.0);
glEnd(); /* két thtc vé da gidc */

/%
* thuc hién qua trinh diy ra buffer
*/

glFlush ();

}

/* ham thuyc hién cac khdéi tao */

void init (void)

{

/* chon mau dé xbéa nén (ttc 1la s& phi nén bing mau nay) */
glClearColor (0.0, 0.0, 0.0, 0.0); /* mau den */

/* thiét 1lap cac théng sb cho view */
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ()
glOrtho(0.0, 1.0, 0.0, 1.0, -1.0, 1.0);

}

/* ham main cta chuong trinh */
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Huwéng din 14p trinh OpenGL cin ban

int main(int argc, char** argv)
{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT SINGLE | GLUT RGB); /* khoi tao ché do6 vé
single buffer va hé mau RGB */
glutInitWindowSize (250, 250); /* khoi tao window kich thudc 250 x 250 */
glutInitWindowPosition (100, 100); /* khoi tao window tai vi tri
(100,100) trén screen */
glutCreateWindow ("rectangle"); /* tén cua window la ‘rectangle’ */

init (); /* khoi tao mdt sb ché dd dé hoa */
glutDisplayFunc (display); /* thiét 1ladp ham vé& 1a ham display() */
glutMainLoop () ; /* Db&t ddu chu trinh 1l8p thé hién vé */

return 0;

Két qua khi chay chuong trinh

I =

< hello [= ==

4.2.Viduy 2

Chang ta sé vé hinh chir nhat twong ty nhu trong vi du 1, hon nira, hinh chr nhat nay sé quay
guanh tam cua né.

Pé tranh trudng hop hinh bi ‘giut’ khi chuyén dong, ching ta s& khong dung single buffer nhu &
vi dul ma s& dung double buffer. Y twong cia double buffer la

e trong khi buffer 1 dang dugc ding dé trinh dién frame t trén screen thi chuong trinh s&
dung buffer 2 dé chuan bi cho frame t+1,

e khi dén Iuot trinh dién frame t+1 thi chuwong trinh chi can thé hién buffer 2 va dua buffer
1 vé dang sau dé chuan bi cho frame t+2.
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Huwéng din 14p trinh OpenGL cin ban

Do d6 ma thoi gian chuyén tiép giira 2 frame lién tiép s rat nho va mat nguoi khdng phat hién ra
duoc, dan dén viéc trinh dién cac frame lién tiép s& rat muot.

#include "glut.h"
static GLfloat spin = 0.0; /* gbéc quay hién tai cua hinh ch@t nhat */

void init (void)

{
glClearColor (0.0, 0.0, 0.0, 0.0);
glshadeModel (GL _FLAT);

}

void display(void)
{
glClear (GL,_COLOR BUFFER BIT);
glPushMatrix () ;
glRotatef (spin, 0.0, 0.0, 1.0); /* xoay mdt gdbc spin quanh truc z */
glColor3f (1.0, 1.0, 1.0); /* thiét 1lap mau vé& cho hcn (mau trdng) */
glRectf (-25.0, -25.0, 25.0, 25.0); /* vé& hcn */
glPopMatrix () ;
glutSwapBuffers(); /* thuc hién viéc hoan ddéi 2 buffer */
}

void spinDisplay (void)
{
spin = spin + 2.0; /* xoay thém 2 deg cho mbéi 14n 1lip */
if (spin > 360.0)
spin = spin - 360.0;
glutPostRedisplay(); /* théng bdo cho chuong trinh rdng: can phai thuc
hién viéc vé lai */

}

/* cac thao téac cin lam khi cuwa sb bi thay dbi kich thudc */
void reshape (int w, int h)
{
glViewport (0, 0, (GLsizei) w, (GLsizei) h); /* thay ddi viewport */
glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ()
glOrtho (-50.0, 50.0, -50.0, 50.0, -1.0, 1.0);
glMatrixMode (GL_MODELVIEW) ;
glLoadIdentity ()
}

/* céac thao téac xu ly chudt */
void mouse (int button, int state, int x, int y)
{
switch (button) {
case GLUT LEFT BUTTON: /* khi nhén chudt trai */
if (state == GLUT_DOWN)
glutIdleFunc (spinDisplay); /* khi chuong trinh dang trong trang
théi idle (khdéng phai xu ly gi ca) thi sé& thuc hién ham spinDisplay */

break;
case GLUT MIDDLE BUTTON: /* khi nhin nut gitta */
if (state == GLUT_DOWN)

glutIdleFunc (NULL) ;
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break;
default:
break;

}

/* ham main cua chuong trinh */
int main(int argc, char** argv)
{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT DOUBLE | GLUT RGB); /* khai bao viéc su dung
ché d6 double buffer */
glutInitWindowSize (250, 250);
glutInitWindowPosition (100, 100);
glutCreateWindow ("spinning rectangle");
init ()
glutDisplayFunc (display) ;
glutReshapeFunc (reshape); /* ding ky ham reshape cho su kién cua sé bi
thay ddi kich thudéc */
glutMouseFunc (mouse); /* d&ng ky ham mouse cho su kién vé chudt */
glutMainLoop () ;
return 0;

}

Chuong trinh s& chay nhu sau néu chdng ta click chudt trai vao hinh chir nhat

NI,

Frame 0 Frame 10 Frame 20 Frame 30 Frame 40
Diang Nguyén Dirc Tién - Vii Quéc Hoang - Lé Phong Page 7

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Huwéng din 14p trinh OpenGL cin ban

Chwong 2: V& cac ddi twong hinh hoc

1. Mt s6 thao tac co ban
1.1. X6a man hinh
Trong OpenGL ¢6 2 loai buffer pho bién nhat

e color buffer: buffer chira mau cua cac pixel can duoc thé hién

e depth buffer (hay con goi la z-buffer): buffer chira chiéu sau cua pixel, duoc do bang
khoang cach dén mat. Muc dich chinh cua buffer nay 1a loai bo phan dbi twong nam sau
db6i twong khéc.

MJi lan v&, chiing ta nén x6a buffer

glClearColor (0.0, 0.0, 0.0, 0.0); /* x&c dinh mau dé xbéa color buffer
(mau den) */

glClearDepth(1.0); /* x&c dinh gid tri dé xoéa depth buffer */

glClear (GL_COLOR BUFFER BIT | GL DEPTH BUFFER BIT); /* xba color
buffer va depth buffer */

1.2. Xac dinh mau

Khi v& mot dbi tuong, OpenGL s& tu dong sir dung mau di duoc xac dinh trude d6. Do do, dé vé
dbi twong véi mau sic theo y minh, can phai thiét 1ap lai mau vé. Thiét 1ap mau vé mai dung
ham glcolor3f (), vidu

glColor3£(0.0, 0.0, 0.0); // black
glColor3f (1.0, 0.0, 0.0); // red
glColor3f (0.0, 1.0, 0.0); // green
glColor3f (1.0, 1.0, 0.0); // yellow
glColor3£(0.0, 0.0, 1.0); // blue
glColor3f (1.0, 0.0, 1.0); // magenta
glColor3f(0.0, 1.0, 1.0); // cyan
glColor3f (1.0, 1.0, 1.0); // white

2. V& cac doi twong hinh hoc

OpenGL khong c6 sin cac ham dé xay dung cac d6i twong hinh hoc phuc tap, nguoi dung phai
tu xay dung chdng tir cac dbi twong hinh hoc co ban ma OpenGL hd tro: diém, doan thing, da
giac.

Khai bdo mot diém, ding ham glvertex®® voi X 1a sb chiéu (2, 3, hoic 4), Y 1a kiéu di liéu
(nhu da no61 ¢ chuong 1).

Diang Nguyén Dirc Tién - Vii Quéc Hoang - Lé Phong Page 8

CuuDuongThanCong.com https://fb.com/tailieudientucntt


USER
HighLight

http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Huwéng din 14p trinh OpenGL cin ban

Viéc xay dung cac dbi twong hinh hoc khac déu cé thé duoc thuc hién nhu sau
glBegin (mode) ;
/* x&c dinh toa d6 va mau sdc cua cac diédm cua hinh */
glEnd() ;

mode €O thé 13 mot trong nhitng gia tri sau

Gid tri Y nghia
GL_POINTS individual points
GL_LINES pairs of vertices interpreted as individual line segments
GL_LINE_STRIP series of connected line segments
GL_LINE_LOOP same as above, with a segment added between last and first
vertices
GL_TRIANGLES triples of vertices interpreted as triangles
GL_TRIANGLE_STRIP linked strip of triangles
GL_TRIANGLE_FAN linked fan of triangles
GL_QUADS quadruples of vertices interpreted as four-sided polygons
GL_QUAD_STRIP linked strip of quadrilaterals
GL_POLYGON boundary of a simple, convex polygon

Hinh sau minh hoa cho cac loai mode
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it

i L]
vie  wyR

GL_POINTS
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GL_LINES GL_LINE_STRIP GL_UNE_LOOF
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v vE
NZ .
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GL_TRIANGLES GL_TRIANGLE_STRIP GL_TRIAMGLE_FAMN
] w7
yaullh "
Wi
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bt 3
GL_OUARS Gl _QuAD_STRIF GL_POLYGON

Vi du: v& hinh chir nhat mau tring

glColor3f (1.0, 1.0, 1.0); /* thiét 1l4p mau vé: mau trang */

glBegin (GL_POLYGON) ; /* Dbit didu vé da gidc */
glVertex3f (0.25, 0.25, 0.0); /* =x&c dinh cac dinh cua da giac */
glvVertex3f (0.75, 0.25, 0.0);

glvVertex3f (0.75, 0.75, 0.0);
glvVertex3f (0.25, 0.75, 0.0);
glEnd(); /* két thtc vé da gidc */

Mau sic thoi chua du, mot sb tinh chit cua diém va doan can quan tam co thé duoc thiét lap qua
cac ham

e kich thudc ciia mot diém: void glPointSize (GLfloat size)
e d0 rong clia doan thang: void glLineWidth (GLfloat width)
o kicu vé

glEnable (GL LINE STIPPLE); // enable kiéu vé

glLineStipple (factor, pattern); // pattern dugc cho trong bang sau,
factor thuong la 1

/* thuc hién céc thao téc v& */

éibisable (GL_LINE_STIPPLE); // disable kiéu vé&
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PATTEANM FACTOR
OxOFF
OxDOFF
0x0COF
OxDCOF
OxXAAAA,
OxAALE
OxAAAR
OxAAAA

[ Ty

-k

LA

GLUT hd tro san mot sb ham dé v& cac ddi tuong hinh hoc phuc tap hon (dé nghi ngudi doc tu
thir qua cac ham nay)

void glutWireSphere (GLdouble radius, GLint slices, GLint stacks);

void glutSolidSphere (GLdouble radius, GLint slices, GLint stacks);

void glutWireCube (GLdouble size);

void glutSolidCube (GLdouble size);

void glutWireTorus (GLdouble innerRadius, GLdouble outerRadius, GLint nsides,
GLint rings);

void glutSolidTorus (GLdouble innerRadius, GLdouble outerRadius, GLint nsides,
GLint rings);

void glutWireIcosahedron (void) ;

void glutSolidIcosahedron (void) ;

void glutWireOctahedron (void) ;

void glutSolidOctahedron (void) ;

void glutWireTetrahedron (void) ;

void glutSolidTetrahedron (void) ;

void glutWireDodecahedron (GLdouble radius);

void glutSolidDodecahedron (GLdouble radius);

void glutWireCone (GLdouble radius, GLdouble height, GLint slices, GLint
stacks) ;

void glutSolidCone (GLdouble radius, GLdouble height, GLint slices, GLint
stacks) ;

void glutWireTeapot (GLdouble size);

void glutSolidTeapot (GLdouble size);
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3

Chwong 3: Cac phép bién doi
1. Giéi thiéu

Trong OpenGL, tién trinh di tir diém trong khong gian thé gidi thuc dén pixel trén man hinh nhu
Sau

IvERTDE} i [7:-

X
¥
z
w eya clip normalized device window
coordinates coordingtes coordingtes coordinetes
object
coordinates

Tuong trng v6i cac thao tac trong chup anh nhu sau

With a Camera With a Computer

viewing

I

positiening the viewing volume
in the world

rrioddal modaling

\%“&

posiioning the models
In ﬂl% world
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lefis prajsction

Ty

detarmining shape of viewing valums
photograph viewport

Trong OpenGL cac diém duogc biéu dién dudi hé toa do thuan nhat. Do do, toa d ctia mot diém
3D duoc thé hién boi (xy.z W) thong thuong w = 1 (cht y: cach biéu dién vector diém ¢ day la
dang cot). Mot phep bién ddi trén mot diém v twong Gng voi viée nhan v voi ma tran bién d6i M
kich thude 4x4: v’ = M.v.

Trong mdi budec ModelView va Projection (chiéu), tai mdi thoi diém, OpenGL déu luu trit mot
ma tran bién doi hi¢n hanh. D& thong bao voi chuong trinh rang sé thuc thi budc ModelView,
chiing ta can phai goi ham

glMatrixMode (GL_MODELVIEW)
Tuong tu, dé thong bao cho budc Projection, chiing ta goi ham

glMatrixMode (GL_PROJECTION)
Dé thiét 1ap ma tran bién d6i hién hanh bang ma trin M, chung ta dung ham sau

void glLoadMatrix{fd} (const TYPE *m);

Chu y: ma tran M c6 dang

mioms mo M3
Wy g o Mg
L R DRI
4 g M Mg
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Vi mét 1i do nao d6 ching ta phai thay ddi ma tran hién hanh, nhung sau dé chung ta lai mudn
khoi phuc lai n6. Vi du nhu chung ta doi t6i mot diém nao d6 dé vé khdi hop, sau d6 ching ta
mudn trd lai vi tri ban ddu. Dé hd trg cac thao tac luu trit ma tran hién hanh, OpenGL c6 mdt
stack cho mdi loai ma tran hién hanh, véi cac ham sau

e day ma tran hién hanh vao trong stack: void glPushMatrix (void)
e lay ma tran hién hanh ¢ dinh stack: void glPopMatrix (void)

2. Thao tac trén ModelView

Trude khi thuc hién cic thao tac trén ModelView, chung ta can goi ham
glMatrixMode (GL_MODELVIEW) ;

2.1. Mt s6 ham bién déi affine

OpenGL h trg sin cac ham bién dbi affine co ban nhu sau

e tinh tién

void glTranslate{fd} (TYPEx, TYPE y, TYPEz);
e quay quanh truc noi goc toa do vdi di€m (x,y,z)

void glRotate{fd} (TYPE angle, TYPE x, TYPE y, TYPE z);
e tilé (tam ti I¢ tai goc toa do)

void glScale{fd} (TYPEx, TYPE y, TYPEz);

Véi muc dich tong quat hon, viéc nhan ma tran M c6 thé duoc thyc thi boi ham

void glMultMatrix{fd} (const TYPE *m);

Chay:

moi thao tac bién ddi trén déu co nghia 1a léy ma tran bién doi hién hanh nhan v&i ma
tran bién ddi affine can thuc hién.

thtr tu thuc hién s€ nguwegc voi suy nghi ciia chiing ta, vi du thir ty thuc hién ma ching ta
nghi la: quay quanh truc z mgt géc a, sau do tinh tién di mot doan (try, try, try) thi sé duoc
thuc thi trong OpenGL nhu sau

glTranslatef (try, try, tr,)
glRotatef(a, 0, 0, 1)

(giai thich: nguyén nhan cta viéc 1am ngugc nay 1a do toa do duoc biéu dién bang vector
cot — nhd lai 1a (AB)" = BTAT)
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Vi du: chung ta thuc hién phép quay quanh truc z mot gbc o va tinh tién di mot doan theo vector
(try, try, tr;), cac budc thuc hién s€ la

Thao tac Ma trdgn hi¢n hanh
Khoi tao ban dau 1
glMatrixMode (GL_MODELVIEW) 1
1
glLoadIdentity () 1
Tinh tién 1 tr,
glTranslatef (try, try, tr,) 1 tm
1 tr,
1
Quay cosa —sSina tr,
glRotatef (a, 0, 0, 1) Sina Cosa tm
1 tr,
1

2.2. Thiét 1ap view

Gidng nhu chup hinh, thiét 1ap view 1a thiét 1ap vi tri cling nhu goc, hudng ctia camera. GLUT c6
mot ham gitp thi€t 1ap view mdt cach nhanh chong

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

trong do

e (eyex, eyey, eyez) la vi tri dat cua view,

e (centerx, centery, centerz) 1a diém nam trén dudng thang xuat phét tir tim view huéng ra
ngoai,

e (upx, upy, upz) la vector chi hudng lén trén cua view

Vi du:

o (eyex, eyey, eyez) = (4,2, 1)
e (centerx, centery, centerz) = (2, 4, -3)
b (UpX, upy, UpZ) = (2! 2! '1)
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Huwéng din 14p trinh OpenGL cin ban

3. Thao tac trén Projection (Phép chiéu)
Trude khi thuc hién cac thao tac chiéu, chung ta goi 2 ham

glMatrixMode (GL_PROJECTION) ;
glLoadIdentity ()

3.1. Chiéu phéi canh (Perspective Projection)
Dic diém cua phép chiéu nay 1a d6i twong cang Iui ra xa thi trong cang nho
Dé thiét 1ap phép chiéu nay, OpenGL c6 ham

void glFrustum(GLdouble left, GLdouble right, GLdouble bottom,GLdouble
top, GLdouble near, GLdouble far);

trong d6 cac tham sé duogc thé hién nhu hinh duéi day.
top

Wﬂ :

frustum

right

- near L
- -

Ngoai ra, dé dé dang hon, chiing ta c6 thé sir dung ham
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Huwéng din 14p trinh OpenGL cin ban

void gluPerspective (GLdouble fovy, GLdouble aspect, GLdouble near,
GLdouble far);

trong d6 cac tham sé duge miéu ta nhu hinh dudi day

-‘ near ’-

far

(aspect =w/h).

3.2. Chiéu truc giao (Orthogonal Projection)

Trong phép chiéu nay, khoang cach ctia vat téi camera khong anh hudng toi d6 16m cua vat do
khi hién thi.

Dé thiét 1ap phép chiéu nay, OpenGL c6 ham

void glOrtho (GLdouble 1left, GLdouble right, GLdouble bottom, GLdouble
top, GLdouble near, GLdouble far);

trong d6 cac tham sé duogc thé hién trong hinh dudi day.

= /m
AL
Iaﬂ—sb
- N
thaard ‘Lﬂght
viewpaint
; viewing valume
botlom E 5
near Tar

4. Thao tac trén Viewport
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Huwéng din 14p trinh OpenGL cin ban

OpenGL c6 ham dé thiét lap viewport
void glViewport (GLint x, GLint y, GLsizei width, GLsizei height);

trong d6 (x,y) 1a vi tri diém trai-trén trong cira s0 v&, width, height 1a chiéu rong va cao cua
viewport. Mac dinh (x,y,width,height) = (0,0,winWidth, winHeight) (chi€ém toan bd cura s0)

Hinh sau minh hoa viéc thiét lap viewport.

distorted

Chu ¥: 1ap trinh trong moéi truong Windows (vi du nhu dung MFC), toa do trong ctra sd thong
thuong duoc quy dinh nhu sau

Tuy nhién, trong viewport, chung ta can phai quén quy udc d6 di, thay bang

Luu y: khi bét su kién mouse thi toa do tra vé& van tuan theo quy tac cia Windows.

4. Vidu
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Huwéng din 14p trinh OpenGL cin ban

Chling ta xét vi du vé xay dung md hinh Trai P4t quay xung quanh Mit Troi
#include "glut.h"

static int year = 0, day = 0; // théng sb chi thoi gian trong ndm va thoi
gian trong ngdy dé xac dinh vi tri cua trai dit trén quy dao va xac dinh gbc
quay cua ndé quanh tam

/* Khoi tao */
void init (void)
{
glClearColor (0.0, 0.0, 0.0, 0.0);
glEnable (GL DEPTH TEST); // bat chic ndng cho phép loai bé mdt phin cua
dbéi tuong bi che bdi dbi tuong khéc
glshadeModel (GL FLAT);
}

/* ham vé */
void display(void)
{
glClear (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT); // xb6a color buffer va
depth buffer

glPushMatrix(); // luu lai ma tran hién hanh

glColor3f (1.0, 0, 0); // thiét 1ldp mau vé la mau do

glutWireSphere (1.0, 20, 16); // vé mdt troi 1a mdét ludi cidu cd tam tai
gbc toa do

/* di chuyén dén vi tri moi dé vé trai dat */

glRotatef ((GLfloat) year, 0.0, 1.0, 0.0); // gquay mdt gdbdbc tuong ung vdi
thoi gian trong nam

glTranslatef (2.0, 0.0, 0.0); // tinh tién d&én vi tri hién tai clha trai
dat trén quy dao quanh mit troi

glRotatef ((GLfloat) day, 0.0, 1.0, 0.0); // quay trai dat tuong tng voi
thdi gian trong ngay

glColor3f (0, 0, 1.0); // thiét lap mau vé& 1a mau blue

glutWireSphere (0.2, 10, 8); // vé trai dat

glPopMatrix(); // phuc hdéi lai ma tradn hién hanh cfi: tuong tng vdi quay
lai vi tri ban dau

glutSwapBuffers() ;
}

/* xtt 1y khi ctrta sb bi thay dbéi */
void reshape (int w, int h)
{

glViewport (0, 0, (GLsizei) w, (GLsizei) h); // thay ddi kich thudc
viewport
/* xét thao téac trén chiéu */

glMatrixMode (GL PROJECTION) ;

glLoadIdentity ();

gluPerspective (60.0, (GLfloat) w/(GLfloat) h, 1.0, 20.0); // thuc hién
phép chiéu phdéi canh

/* xét thao téc trén ModelView */
glMatriXMode(GLiMODELVIEW);
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Huwéng din 14p trinh OpenGL cin ban

glLoadIdentity ()
gluLookAt (0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0); // thiét lap view

}

/* xu ly su kién keyboard */
void keyboard (unsigned char key, int x, int y)
{
switch (key) {
case 'd':
day = (day + 10) % 360;
glutPostRedisplay () ;
break;
case 'D':
day = (day - 10) % 360;
glutPostRedisplay () ;
break;
case 'y':
year = (year + 5) % 360;
glutPostRedisplay () ;
break;
case 'Y':
year = (year - 5) % 360;
glutPostRedisplay () ;
break;
default:
break;

}

int main (int argc, char** argv)

{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT _DOUBLE | GLUT RGB);
glutInitWindowSize (500, 500);
glutInitWindowPosition (100, 100);
glutCreateWindow (argv[0]);
init ()
glutDisplayFunc (display) ;
glutReshapeFunc (reshape) ;
glutKeyboardFunc (keyboard) ;
glutMainLoop () ;
return 0;

}

Két qua khi chay chuong trinh
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Huwéng din 14p trinh OpenGL cin ban

- —

5
| chUsers\wind\Documents\Visual Studio 2008'Projects\TestOpenGL\.. [‘:' = iz-l

]
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Huwéng din 14p trinh OpenGL cin ban

Chwong 4: T6 mau
1. Ché @0 mau RGBA

OpenGL hd trg 2 ché do mau: RGBA va Color-Index. O trong tai liéu ndy, ching ta chi quan tim
dén RGBA.

Trong ché d6 mau RGBA, RGB lan luot thé hién mau Red, Green, Blue. Con thanh phén A (tac
alpha) khong thyc su anh huéng truc tiép 1én mau pixel, nguoi ta co thé dung thanh phan A dé
xac dinh d6 trong subt hay théng sd nao d6 can quan tam. O ddy, chung ta s& khong ban dén
thanh phan A nay.

Dé thiét 1ap mau v& hién hanh trong ché 46 RGBA, chung ta c6 thé st dung cac ham sau

void glColor3{b s i f d ub us ui} (TYPEr, TYPEg, TYPED);

void glColord{b s i f d ub us ui} (TYPEr, TYPEg, TYPEb, TYPEa);
void glColor3{b s i f d ub us ui}v (const TYPE*V);

void glColord4{b s i £ d ub us uilv (const TYPE*v);

trong d6, néu cic tham sé 13 sb thuc thi thanh phdn mau twong Gng s& nam trong doan [0,1],
nguoc lai thi s€ dugc chuyén do61 nhu ¢ bang sau

Suffix Data Type Minimum Value Min Maximum Max

Value Value Value
Maps to Maps to

b 1-byte integer -128 -1.0 127 1.0

S 2-byte integer -32,768 -1.0 32,767 1.0

i 4-byte integer -2,147,483,648 -1.0 2,147,483,647 1.0

ub unsigned 1-byte 0 0.0 255 1.0

integer
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Huwéng din 14p trinh OpenGL cin ban

us unsigned 2-byte 0 0.0 65,535 1.0
integer

ui unsigned 4-byte 0 0.0 4,294,967,295 1.0
integer

2. Thiét 1ap mé hinh shading

Mot doan thang ¢6 thé dugc t6 boi mdt mau dong nhét (ché do flat) hay béi nhiéu mau sic khac
nhau (ché d6 smooth). D¢ thiét 1ap ché do shading phu hop, ching ta cé thé sir dung ham

void glShadeModel (GLenum mode) ;

trong d6 mode 1 ché 46 mong mudn, nhan 1 trong 2 gia tri GL_sMOOTH hodc GL_FLAT.

2.1. Ché d9 smooth
Thong qua vi du sau chung ta s& hiéu dugc ché 6 smooth o tic dong nhu thé nao

#include "glut.h"

void init (void)
{
glClearColor (0.0, 0.0, 0.0, 0.0);
glshadeModel (GL SMOOTH); // thiét lap ché dé shading la smooth

}

void triangle (void)
{
glBegin (GL TRIANGLES); // vé tam giac
glColor3f (1.0, 0.0, 0.0); // dinh tht nhdt mau red
glvertex2f (5.0, 5.0);
glColor3f (0.0, 1.0, 0.0); // dinh tht 2 mau green
glVertex2f (25.0, 5.0);
glColor3f (0.0, 0.0,
glVertex2f (5.0, 25.0)

glEnd () ;

.0); // dinh tht 3 mau blue

’

}

void display (void)

{
glClear (GL_COLOR BUFFER BIT);
triangle ();
glFlush ();

}

void reshape (int w, int h)
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Huwéng din 14p trinh OpenGL cin ban

glvViewport (0, 0, (GLsizei) w, (GLsizei) h);
glMatrixMode (GL PROJECTION) ;
glLoadIdentity ()
if (w <= h)
gluOrtho2D (0.0, 30.0, 0.0, 30.0* (GLfloat) h/(GLfloat) w);
else
gluOrtho2D (0.0, 30.0* (GLfloat) w/(GLfloat) h, 0.0, 30.0);
glMatrixMode (GL_MODELVIEW) ;
}

int main(int argc, char** argv)

{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT SINGLE | GLUT RGB);
glutInitWindowSize (500, 500);
glutInitWindowPosition (100, 100);
glutCreateWindow (argv[0]);
init ()
glutDisplayFunc (display) ;
glutReshapeFunc (reshape) ;
glutMainLoop () ;
return 0;

}

Két qua khi chay chuong trinh

% c\Users\wind\Documents\Wisual Studio 2008\Projects\TestopenGLY.. (Sl =ls S
e N T R TR LS N A ey

2.2. Ché d¢ flat

Nhu d3 noi ¢ trén, ché do flat to hinh dang xét mot mau déng nhat. Khi do, OpenGL sé& léy mau
cua mét dinh lam mau t6 cho toan bd hinh.
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Huwéng din 14p trinh OpenGL cin ban

e Doi voi doan thang, diém d6 1a di€m cudi cua doan,
e Doi voi da giac, diem dé duoc chon theo quy tac trong bang sau

Loai da giac Pinh dugc chon dé 1dy mau cho da giac thir i
single polygon 1
triangle strip i+2
triangle fan i+2
independent triangle 3i
quad strip 2i+2
independent quad 4i

Tuy nhién, cach tot nhat dé tranh 1am 13n 13 thiét 1ap mau to ding 1 lan.
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Huwéng din 14p trinh OpenGL cin ban

Chuong 5: Twong tac voi nguwoi dung: chon doi twong
1. Gi6i thi¢u
Viéc cho phép nguoi dung chon dbi tuong bang cach click chudt trén cira s6 1a mot yéu cau thiét
yéu d6i véi cdc ng dung tuong tac. Dé thyc hién dugc nhitng chirc ning nhu vay, trong
OpenGL co san mot ché do 1a Selection.
C6 2 cong doan 16n chung ta can phai lam
1) Thuc hién céc thao tac vé& trong ché d6 render (day 1a diéu ma 4 chuong trudce di ban t4i)
2) Thuc hién cac thao tac v& trong ché do selection (glong hoan toan nhu trong cong doan
1), két hop v6i mot sd thao tac dic trung trong ché do selection.
Cong doan 1 la cac thao tac dé bién dé@ cac d6i tuong trong khong gian vé céc pixel va sau d6
hién thi 1én man hinh. Céng doan 2, gan nhu nguoc lai, chuong trinh xac dinh xem pixel ma
nguoi dung tuong tac (vi du nhu nhan chudt trai) thugc doi tugng nao.
Dé chuyén ddi qua lai giita cac cong doan (hay ché do), chung ta dung ham

GLint glRenderMode (GLenum mode) ;

trong d6 mode 1a G RENDER hodc GL SELECT (mode con ¢ thé 1a 6L FEEDBACK nhung & day
chung ta s€ khong xét toi).

2. Cac thao tac trén ché do selection

Trudc ti€n ching ta can kich hoat ché d selection

glRenderMode (GL_SELECT)
2.1. Xac dinh vung chgn

Vi du vé chon dbi tuong br:ing click chu¢t dugc cho nhu hinh dudi day
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Huwéng din 14p trinh OpenGL cin ban

mouse click position

selected volume

Viéc xac dinh viing chon tuong tu nhu 13 viéc xac dinh khéi nhin, ttrc 13 ching ta sé& thao tac trén
phép chiéu (projection — chuong 3, muc 3).

Thao tac tong quat nhu sau

glMatrixMode (GL_PROJECTION) ;

glPushMatrix ();

glLoadIdentity ()

gluPickMatrix (...);

gluPerspective, glOrtho, gluOrtho2D, or glFrustum
/x oo K/

glPopMatrix () ;

Trong do,

void gluPickMatrix (GLdouble x, GLdouble vy, GLdouble width, GLdouble
height, GLint viewport([4]);

Ia ham xac dinh ving quan tdm trong viewport (vi du nhu xung quanh vung click chudt) véi:

e (x, y, width, heignt) la tham sb xac dinh quan tdm trén viewport
e viewport[4] la mang 4 phan tir chira 4 tham so cua viewport, c6 thé dung ham
glGetIntegerv (GL VIEWPORT, GLint *viewport) dé€ lay ra.

2.2. Thiét 1ap ddi twong va danh tinh cho d6i tuwong

bé phan biét duoc cac ddi tuong voi nhau, OpenGL can phai dat tén cho cac ddi tuong can quan
tdm. Viéc dat tén nay co 3 dicu dang luu y

1) tén la mot s6 nguyén,

2) céac d6i tuong c6 thé mang cung tén: day 1a cac dbi twong duge gom vao cling mot nhoém
duoc quan tam, vi du nhu nhém cac hinh cau, nhom céc hinh khoi hop,...

3) tén co thé mang tinh phéan cip, thé hién & d6i twong duoc ciu thanh tir nhidu thanh phan
khac nhau. Vi du nhu khi click vao mot cai banh ctia cdi mot cai xe hoi, chung ta can biét
14 cai banh s6 may cua cai xe hoi s6 may.
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Huwéng din 14p trinh OpenGL cin ban

OpenGL c6 mdt stack giup thao tac trén tén cac déi tuong, voi cac ham

e void glInitNames (void) Khdi tao stack (stack lic ndy rong)

e void glPushName (GLuint name) dit tén ctia ddi tugng can xét vao trong stack
e void glPopName (void) ldy tén nam & dinh stack ra khoi stack

® void glLoadName (GLuint name) thay ndi dung cia dinh stack

Viéc st dung stack nay gitip cho muc dich thr 3 — xay dung tén mang tinh phan cip. Mdi lan
thuc thi g1PushName (name) hodc glLoadName (name) thi chuwong trinh s& hiéu 1a cac d6i tuong
duoc v& & cac dong 1énh sau s& c6 tén 14 name va chung 14 thanh phan bd phan cua doi tuong co
tén dat & ngay dudi dinh stack.

Vi du: xét doan ma gia sau
glInitNames () ;
glPushName (1) ;

/* vé& dbi tuong tht nhit */

glPushName (2) ;
/* v& dbi tuong thu 2 */

glPushName (4) ;
/* v& dbi tuong thu 3 */

stack s€ c6 ndi dung sau

thi nghia 1a déi twong (4) 13 thanh phan cta d6i twong (2), va dbi tuong (2) 1a thanh phan cua dbi
tuong (1).

2.3. Truy vén ddi twong trong ving chon
Dé co thé truy van xem doi tuong nao dugc chon, OpenGL xtr Iy nhu sau

e trudc tién s& ddnh diu moi d6i tugng nao c6 ving giao véi ving chon,

e sau d6, voi mdi ddi twong co ving giao, tén ctia nd VA gid tri z nho nhat, z 16n nhit cua
vung giao s€ dugc luu trong hit records

e moitruy van vé doi tuong dugc chon s€ dugc thuc hién trén hit records.
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Huwéng din 14p trinh OpenGL cin ban

Nhu vay, dua trén hit records ching ta biét duoc cac thong tin sau

1) sb recods = s6 luong d6i tugng can quan tAm nim trong ving chon
2) vo&i mdi record, chung ta biét dugc cac thong tin sau
a. tén ciia ddi twong (bao gdm tén cua tat ca cac doi twong ma nod 1a thanh phan)
b. z min va z max cta ving giao giita doi twong v&i ving chon (2 con sd nay naim
trong [0,1] va cin phai nhan véi 23-1 (0x7£c£e£££) ).

Dé khoi tao hit records, chung ta can phai goi ham
void glSelectBuffer (GLsizei size, GLuint *buffer)

trong do buffer chinh 1a mang chira hit records.

Chu y: tha thyc nay phai duoc goi trude khi chuyén sang ché d6 GL_SELECT.

4. Vi du

Trong vi du nay, tuong tu nhu vi ctia ctia chwong 3 muc 4, chung ta s& vé mo hinh trai dit quay
xung quanh mat troi. Hon nira, chiing ta s€ cho phép thuc hién céc thao tac sau

e néu ngudi dung click vao mit troi thi mit troi s& duoc v bang solid sphere thay vi 1a
wire sphere

e néu nguoi dung click vao trai dat thi trai dit s& dugc v& bang solid sphere thay vi 13 wire
sphere

e néu ngudi dung click vao ving khong thudc dbi twong nao thi ca trai dat va mat troi s&
duoc v& bang hinh mic dinh ban dau 1a wire sphere

#include "glut.h"

#define NON -1
#define SUN 1
#define PLANET 2

static int year = 0, day = 0;
static int ichosen = NON; // ghi lai xem dbi tuong nao dang dugc chon, NON
nghia 1a khéng c6 dbi tuong nao hét

void init (void)

{
glClearColor (0.0, 0.0, 0.0, 0.0);
glEnable (GL DEPTH TEST) ;
glShadeModel (GL FLAT) ;
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Huwéng din 14p trinh OpenGL cin ban

// ham vé tdng quat cho cad ché d& render va ché dbé selection
void draw (GLint mode)
{
glMatrixMode (GL_MODELVIEW) ;
glPushMatrix () ;
glColor3f (1.0, 0, 0);
if (mode == GL SELECT) // néu dang la ché dd selection thi d&t tén cho
mat troi
glLoadName (SUN) ;
if (ichosen == SUN) // néu dang chon SUN thi sé& v& mit trdi khac di
glutSolidSphere (1.0, 50, 50);
else
glutWireSphere (1.0, 20, 16); // nguoc lai thi vé& nhu binh thuodong

/* di chuyén dén toa d6 méi dé vé trai dat */
glRotatef ((GLfloat) year, 0.0, 1.0, 0.0);
glTranslatef (2.0, 0.0, 0.0);
glRotatef ((GLfloat) day, 0.0, 1.0, 0.0);

glColor3f (0, 0, 1.0);
if (mode == GL SELECT) // néu dang la ché dd selection thi d&t tén cho
mat troi

glLoadName (PLANET) ;

if (ichosen == PLANET) // néu trai dit dang dugc chon thi s& vé& khac di
glutSolidSphere (0.2, 30, 30);

else
glutWireSphere (0.2, 10, 8);

glPopMatrix () ;
}

void display ()

{
glClear (GL _COLOR BUFFER BIT | GL DEPTH BUFFER BIT);
draW(GL_RENDER);
glutSwapBuffers() ;

}

// ham xu 1y hit records
void processHits (GLint hits, GLuint buffer(])
{

unsigned int i, 7j;

GLuint *ptr;

float min z min;

ptr = (GLuint *) buffer;
ichosen = NON;

/* 18p voi mdi hit, trong trudng hop cé nhiéu hit thi sé& chon dbi
tuong & gan mit nhit */
for (i = 0; 1 < hits; 1i++) {
GLuint names = *ptr; ptr++;

float z min = (float) *ptr/Ox7fffffff; ptr++; // gid tri z min
cia vung giao dbi tuong véi vung chon
float z max = (float) *ptr/Ox7fffffff; ptr++; // gid tri z max
GLuint name = *ptr;
ptr++;
Diang Nguyén Dirc Tién - Vii Quéc Hoang - Lé Phong Page 30

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Huwéng din 14p trinh OpenGL cin ban

hon

}

if (1 == || min z min > z min ) // chon ddi tuong & gan
{
min z min = z min;
ichosen = name;
}
}
ptr = (GLuint*) buffer;

#define BUFSIZE 512
// ham x@ 1y théng diép vé mouse
void pick(int button, int state, int x, int vy)

{

GLuint selectBuf [BUFSIZE];
GLint hits;
GLint viewport[4];

/* chi xt 1y khi nguoi dung click chudt trai */

if (button != GLUT LEFT BUTTON || state != GLUT DOWN)
return;

glGetIntegerv (GL_VIEWPORT, viewport);

glSelectBuffer (BUFSIZE, selectBuf); // khdi tao hit records
(void) glRenderMode (GL SELECT); // chon ché dé selection

glInitNames (); // khoi tao stack tén
glPushName (0); // d&t tén cho dbi tuong rdéng 1la 0

/* thiét 1lap wvung chon */

glMatrixMode (GL_PROJECTION) ;

glPushMatrix ();

glLoadIdentity ();

gluPickMatrix ((GLdouble) x, (GLdouble) (viewport[3]- y), 5.0, 5.0

viewport); // vung quan té&m vung quanh mouse 5x5 pixel

gluPerspective (60.0, viewport[2]/viewport[3], 1.0, 20.0);
draw (GL_SELECT); // vé trong ché dd selection

glMatrixMode (GL PROJECTION) ;
glPopMatrix ();
glFlush ();

hits = glRenderMode (GL RENDER); // hits la sd hit trong vung chon
processHits (hits, selectBuf); // xu 1y hit records
glutPostRedisplay(); // bdt vé lai

void reshape (int w, int h)

{

glViewport (0, 0, (GLsizei) w, (GLsizei) h);

glMatrixMode (GLiPROJECTION);

glLoadIdentity ()

gluPerspective (60.0, (GLfloat) w/(GLfloat) h, 1.0, 20.0);
glMatrixMode(GLiMODELVIEW);

mat

4
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glLoadIdentity (),
gluLookAt (0.0, 0.0, 5.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
}

void keyboard (unsigned char key, int x, int y)
{
switch (key) {

case 'd':
day = (day + 10) % 360;
glutPostRedisplay () ;
break;

case 'D':
day = (day - 10) % 360;
glutPostRedisplay () ;
break;

case 'y':
year = (year + 5) % 360;
glutPostRedisplay () ;
break;

case 'Y':
year = (year - 5) % 360;
glutPostRedisplay () ;
break;

default:
break;

}

int main(int argc, char** argv)

{
glutInit (&argc, argv);
glutInitDisplayMode (GLUT DOUBLE | GLUT RGB);
glutInitWindowSize (500, 500);
glutInitWindowPosition (100, 100);
glutCreateWindow (argv([0]);
init ();
glutDisplayFunc (display) ;
glutReshapeFunc (reshape) ;
glutKeyboardFunc (keyboard) ;
glutMouseFunc (pick); // thiét 14p ham pick xu 1y théng diép mouse
glutMainLoop () ;
return 0;

Két qua khi click vao mdt troi
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i | c\Users\wind\Documents\Visual Studic 2008\Projects\TestOpenGLY,.. [‘:' (Sl | S
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