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CHI TIET BAO CAO

1. Cac thuit toan co ban va cac phép bién d6i hinh hoc co bén
1.1. Thuat toan DDA - Digital Differential Analyzer

Thuat toan DDA - Digital Differential Analyzer (bo phan tich vi sai) c6 thé

tom tat qua cac budc mot cach tong quan:

Bude 1: Gia sir toa do ciia hai diém A(x,, y,), B(Xs, vs) khong trung nhau
v6i diéu kién 14 x,, V,, Xg, ys déu 13 s6 nguyén.

Budc 2: Tinh s6 diém anh ciia dudng thang dugc vé thém trén man hinh.

So sénh tri tuyét d6i clia d, = X - X,, d, = Y - y, va lay tri tuyét d6i 16n nhét
vi x4c dinh cang nhiéu sb giao diém thi duong thing cang rd va min.

Goi 1a steps 1a s6 diém anh duoc vé& thém, khi d6 steps = max(|d,, d, ).

Budc 3: Sau khi xac dinh duge sd giao diém steps s& xac dinh duogc gia tri
cong vao cho x vay bat dau tir toa do A(X,, Ya) cho to1 toa do diém B(xg,
yp). Cac gia tri nay s€ dugc tinh nhu sau: x_inc = d, / steps, y_inc = d, /
steps, gia tri la s6 thuc.

Budc 4: Sau khi c6 tat ca cac thong sd can thiét bao gdm A(x,, V,), B(Xg,
yg), steps, x_inc, y_inc, tién hanh budc cudi cung 1a tim céc toa do can vé.
Chi can cong x,, y, v6i x_inc, y_inc theo cong thirc x;+1 = x; + x_inc, y+1 =
y; +y _inc. Sau d6 1am tron két qua vé sd nguyén dé ra cac toa do tiép theo.

a.Vé dwong thang
Trién khai chuong trinh:



#include <graphics.h>
#define Round(a) (int)(a+@.5) £/ lam tron so
int color = 3;//Mau wve tu 8-15

void lineDDA(int =1, int y1, imt =2, int y2){ // thuat toan DDA
int x unit = 1, Dx = x2 - x1, Dy = y2 - yl; // Khol tac cac gia tri ban dau
int x = xlj
float y = y1;
float m = (float)Dy/Dx; ff he so gocm

putpixel(x, Round(y), color);

while(x < x2){

' delay(18); // thoi gian tre khi wve 1 diem anh
X += x_unit;
¥ +=m;
putpixel(x,Round(y), color);

1
1

int main(){
int gm,gd=DETECT;

initgraph(&gd,&gm,NULL); /{ khoi tac cua so do hoa
lineDDA (58,150, 308, 2848); // we ducng thang
getchar();

return @;

L
1

Két qua chuong trinh:

B Windows BGI (Mot Responding) — X




b.Vé duong tron

Str dung thuét toan DDA xac dinh 8 diém cua duodng tron va goc gitra hai

duong thang lién ké:

(‘K:Y

('Y:x)

(X.y)

(y.X)

(-Ys-x}
('KJ'F}

Xéc dinh 8 diém:
putpixel(x + xc, y + yc, color);
putpixel( y + xc, x + yc, color);
putpixel(-y + xc, x + yc, color);
putpixel(-x + xc, y + yc, color);
putpixel(-x + xc, -y + yc, color);
putpixel(-y + xc, -x + yc, color);
putpixel(y + xc, -x + yc, color);
putpixel(x + xc, -y + yc, color);

Trién khai thuat toan:
void DDA(int xc, int yc, int 1)

{

ntx=0,y=r;

drawcircle(x, y, xc, yc);

while(x<=y)

| >

ﬁ (Y: -X)

(X I'Y)

{
X++;
y = ROUND(sqrt(pow(r,2)-pow(x,2)));
drawcircle(x, y, xc, yc);

}

}

Trién khai chuong trinh:



#include<graphics.h»

#include<math.h>

Fine color 3

#define ROUMD(a) ((int)(a+8.5})

volid drawcircle{int =, int y, int xc, int yc}
f

putpixel(x + xc, ¥ + yc, color);
putpixel( y =+ xc, ®x =+ yc, color);
putpixel(-y + xc, X + yC, color);
putpixel(-x + xc, ¥ + yC, color);
putpixel(-x =+ xc, -y + yc, color};
putpixel(-y + xc, -xX + yc, color);
putpixel(y + xc, -x + yc, color);
putpixel(x + xc, -y + ¥y, color);
H
void poa(int xc, int yc, int r)
f
int x =2, ¥y =r;
drawcircle(x, y, xc, ycl;
while(x<=y)
i
i Mes]
¥ = ROUND({sqri(pow(r,2)-pow{(x,2)));
: drawcircle(x, y, xc, yc);
t

int main()}

initwindow (228 ,428);
DDs (288,288, 188)

getchar();
return 2;
1
Két qua chuong trinh:
B Windows BGI (Mot Respending) — X

1.2. Thuat toan Midpoint
Thuét toan Midpoint (trung di€m) c¢6 thé mo ta nhu sau:



Déi voi viée lua chon diém vé tiép theo sau A, ¢6 hai lya chon d6 1a diém P
va Q v6i M 1a trung diém gitta chung. Viéc quyét dinh chon diém nao dé vé& tiép
theo phu thudc vao vi tri ciia M so voi dudng thang dang v&. Néu M nam phia duéi
duong théng, chon diém Q. Nguoc lai, néu M nim phia trén duong théng ta chon
diém P.

Cac truong hop xét dudi day vo1 0 <m < 1.

a.Vé duong thang

X Xi+1

Phuong trinh dudng thang 1a:
y=m*x+b,m=d,/d,
oy=d,/d;*x+b

©d *x+(-d*y)+b*d, =0(1)

Ma:
Fx,y)=a*x+b*y+c=0(2)
(1),2)=>a=d,b=-d,,c=b*d,

Tim gid trid
FM) =F(x;+1,y;+1/2)
=F(x,y)+ta+tb/2=0+d,+d,/2=d,+d,/2

Tim gid tr1 d,,,
batd =FM)



e Néud >0, chon diém Q dé v&.
e Néud<0, chon diém P dé vé.

Truong hop 1 - chon Q

M *X+2,y;t1/2)=de =Fx+2,y;+1/2)
(AD)Q = dyey - doa
=Fx;+1,y;+1/2)-Fx+2,y;+1/2)=a

=d,

= dyew = doa T dy

Trudng hop 2 - chon P

M *X+2,yi+3/2)2d =F(x;+ 2,5, +3/2)
(Ad)P =d,e,, - daa
=F(x;+1,y,+1/2)-F(x;,+2,y,+3/2)=a+b
=d, - d,

= dyew = dog T dy - di

Trién khai chuong trinh:
#include <graphics.h:

void Midpoint(int x1, int yl1, int %2, int y2,int c){
int %, ys dx, dys d;
y=y1j
dw=x2-x1;
dy=y2-y1;
d=dy-dx/2;
for (x=xljx{=w2jx++){
putpixel(x,y,c);
if(d<=2)
5 d=d+dy;

else
{
Y++j

d=d+dy-dx;

L7
delay(1@};
¥

int main(){
int gm,gd=DETECT;
initgraph{&gd,&gm,NULL);
Midpoint(5@,158, 5848, 288,15); !/ we dueng thang vei ¢ la mau tu @8-15
getchar();
return &;

Két qua chuong trinh:



B Windows BGl (Mot Responding) — -

b.Vé dwong tron
BPuong tron c6 tam O(xc, yc) = (0, 0), ban kinh r c6 phuong trinh:
X2+y2=r2=>X2+y2-r2=0

batf(x,y)=x*+y* -1’

Vi moi diém P(x,y) nam trong h¢ toa do Oxy:

e P(x, y) nam trén duong tron O néu f(x, y) =0

e P(x, y) ndm ngoai dudng tron O néu f(x, y) > 0

e P(x, y) nam trong dudng tron O néu f(x, y) < 0

Sau d6 vé& 8 diém ddi xtng. Gia str da vé dugc (Xi, Yi) 6 bude thir i, cin xac

dinh (Xi.,, Y;;;) 0 budc thui+ 1.

X = Xitl

Y €1Y;, Yi- 1}

Tinh F1

PitF,= F(X, Y - 1/2):

FX,+ 1, Y;- 1/2) = (X;+ 1) + (Y, - 1/2)* - R?

F=X2+2X,+Y2-Y,+5/4-R?

NéuF,;<0e (X, Y)gainvoi Y, = Y, =Y,
10



NéuF,>0 e Xy, Y)ganvoi Y, = Y = Yy,

Tinh Fi +1 theo Fi

Fi-F=2X,+3+(Y,+12- Yi2)+ Y -Y) ()

Néu F, <0 thi F.,, = F, + 2X; + 3, do thay thé Y., = Y; vao (*¥)
NéuF,;>0thiF,., =F,+ 2(X;- Y, + 5, do thay thé Y,,, = Y., vao (¥)

Tinh gia tri F dau tién
F(X1+ 1, Yi_ 1/2) = (X1+ 1)2 + (Y1 - 1/2)2 - R2
F=X*+2X.+Y?-Y,+5/4-R?

Thay X; =0 va Y, = R trong cong thtrc trén:
F=5/4-R
Trién khai chuong trinh:

#include<stdio.h>

#include<graphics.h>

#include<math.hx

int color=1a;

void ve8diem(int xc, int yc, int %, int vy, int color)

i

putpixel
putpixel
putpixel
putpixel(-x + xc, -y + yc, color);

(x + xc, y + yc, color);
(
(
(
putpixel( y + xc, ®x + yc, color);
(
(
(

X
-¥ + XC, ¥y + yc, color);
X+ HC, -y + yo, color);

putpixel(-y + xc, x + yc, color);

putpixel(y + xcy -x + yc, color);

putpixel(-y + xc, -x + yc, color);
¥

void Midpoint{int xc, imnt yc, int r, int coleor)

{

int x = 8, yv = r;

int f =1 - r;

veBdiem(xc, yc, %, ys color);
while (x < y)

;

1
if (f < @) f += (x << 1) + 35
else
1
H y__j
: f+= {({x - y) << 1) + 5;
T
W+j

11



veBdiem({xc, yc, %, ¥, color);
delay(1lea);
}
}
int main()
1
int gd = DETECT, gm;
initgraph{fgd, &gm, "c:\\tc\\bgi™);
Midpoint(3ea, 388, 188, color);
getchar();
return @;

1
J

Két qua chwong trinh:

B Windows BGI (Not Responding) — X

1.3. Thuat toan Bresenham
Mo t4 thuat toan Bresenham: thudt todn dua ra cach chon y;,, 1a y; hay

yir; theo mdt hudng khac (gidm thoi gian thyc hién hon so véi DDA). D6 1a so sanh
khoang cach giita diém thuc y v6i 2 diém gan ké né nhat. Néu diém ndo nam gan
diém thyc hon thi s& dugc chon lam diém vé tiép theo.
Xét truong hop 0<m<1
Goi y 1a gia tri thuc (gi tri chinh x4c) cua duong thang tai x ¢ budc thir i+1 .
y=m(x; + 1)+b
Goi d, 1a khoang cach tiry dén 'y,
Goi d, 1a khoang cach tiry dén y.,
Ta co:

d=y-yi=mx;+1)+b-y,

d,=yi+1-y=y;+1-[m(x;+1)+b]
Taxét(d,-d,):

d-d,>0=>d,>d,=>y; +1
Nguoc lai: d, -d, <0=>d,<d,=>y+l =y,

12



o dy-dy=[m(x; +1) + b -y ] - [ yi+1 - m(x; +1) -b]
=m(x; t1) tb - y; - y; -1 + m(x; +1) +b
=2m(x; +1) - 2y; + 2b - 1
D& thiy d, - d, ton tai phép toan véi sb thue m = dy/dx .Va dé tuan thi theo diing
¥ twong thuat toan chi thyc hién cac phép toan trén sd nguyén, ta khir phan s ( triét
tiéu mau s6) bang cach nhan 2 vé voi dx:

Mat khac dx =0 véi moi treong hop
= diu ctia P, cung dau véid; — d,
=h>0=2yim=yit1
B =0=yi1 =i
Talai c6: P, 1 = 2dyx;,1 — 2dxyj,1 +C
P = 2dyx; — 2dxy; + ¢

= By1 =B = 2dy(Xiy1 — X1) — 2dx(¥i41 — Yy)
= 2dy — 2dx(yj4q — Yy) VOl (%41 — %) =1

By1 =B+ 2dy — 2dx(yi4+1 — y1)
NéuP, <0y =y; =Py =B +2dy
Ngwoclaih > 0=y, =y;+ 1= P, =P+ 2(dy — dx)
Tacé: P, = 2x3dy — 2y;dx+c
= 2x,dy — 2 (52, + b)dx + 2dy + (2b- 1)dx
= 2dy — dx

a.Vé duong thiang
Phét trién chuong trinh:

#include <graphics.h>
#define DELAY 18
int color = 9;
void Bresenham{int x1, int ¥1, int =2, int ¥2}{
int %, v, D%, Dy, p, c1, c2;
Dx = abs(x2 - x1);
ov = abs{y2 - y1);
p = 2*Dy - Dx;
¢l = 2*Dy;
€2 = 2*(Dy-Dx);
X = x1;
¥ = ¥l;
int »_unit = 1, y_unit = 1;
putpixel(x,y,colaor);
whila(x != x2)}{
delay (DELAY);
if (p«<g) p += cl;

elsa{
i p += C2;
¥ += y_unit;

Y
¥ += ¥_unit;
putpixel(x, vy, color);

13



'
int main(}{
int pgm,gd=DETELT;
initgraph{&gd,&gm ,NULL);
Bresenham {158,158, 388, &288); /¢ we duong thang
getchar();
return 2;
}

Két qua chuong trinh:

B Windows BGI (Not Responding) — X

b.Vé dwong tron

Budce 1:

- Chon diém dau can vé& (x,y) = (O,R).
- Tinh p d4u tién: p=3 - 2R.

- V&8 diém tng véi (x,y).

Budce 2:

- Tangxlén 1 pixel: x=x+1.

- Néup<O0:p=p+4x+6.

Nguoclai: p=p+4(x-y)+10vay=y—1.
- Védiém 8 diém ung véi (x,y) méi.
Budc 3: Lip lai budc 2 cho dén khi x =Y.
Trién khai chuong trinh:

14



#include<stdio.h>
#include<graphics.h>
#include<conio.h¥
#include<math.h>

int color=1@;

vold veBdiem(int xc, int yc, int %, int v, int color)

I
L

putpixel(x + ®xc, vy + yc, color);

putpixel(-»x + ®xc, v + yc, color);
putpixeli{x + xc, -¥v + yc, color);
putpixel(-x + xc, -¥ + vC, color):
putpixel( v + xc, ¥ + yc, color);
putpixel(-y + ®xc, ®x + yc, color);
putpixeli(y + ®xc, -x + yc, color);
putpixel(-y + xc, -¥x + vC, color):

1
i)

vold Bresenham(int xc, int yc, int r, int color)
r

1
int x=8,y=r;
int p=3-2%*r;
while (x <= y)
T
L
veddiem(xc, vc, %, ¥, color);
if (p < 8) p = p+d*x+6;
else
I.
' p = p+d¥(x-y)+18;
i ¥--3
1
I
H++}

: delay(lea);

}
1
int main()
1

int gd = DETECT, gm;

initgraphi&gd, &gm, "c:\N\tc\\bgi™);

Bresenham(28a, 288, 188, colaor);

getchar():

return @;
1

Két qua chuong trinh:

B Windows BGI (Not Respending) — “

15



1.4 Phép tinh tién

Neéu ta ki hiéu toa do cac diém va véc to nhu sau:

X x' t,
[T
'y Vv IJ.

khi d6 phép tinh tién dugc mo ta boi phuong trinh:

ES X {,
P=;_}=P+T=; }+ '
y y !

L ¥

Phép tinh tién khong 1am thay doi hinh dang cua vat thé.
Trién khai chuong trinh:

16



#include<iostream>
#include<stdlib.hz
#ifdef _ APPLE__
Felze
#include<GlL/glut.h>
#endif

using namespace std;
float ballX = -8.5+;
float ballyY 8.at;
float balll = -1.8f;
static int flag=1;
void drawBall(void) {

5 glColor3f(e.a, 1.8, @.8); f/dat mau hinh tron
glTranslatef(ball¥,ballY,balli);
glTranslatef(ballX+1.5,ball¥,balll);
glutSolidsphere (8.3, 28, 28): 7/

: h

volid keyPress({unsigned char key,int x,int v)
{

switch(key)

I

at

§ case 17:

: : exit(@);
h

}

void initRendering()

r
L

glEnable(GL_DEPTH_TEST);

i

void handleResize(int w, int h) {
glViewport(@, @, w, h);
glColor3f{@.8, 1.8, @.8);//Mau sac dol tuong
glMatrixMode(GL_PROJECTION)
glloadIdentity();
gluPerspective(45.8, (double)w / (double)h,l.@,288.8);

h

float _angle = 38.8+;

float _cameraAngle = @.8F;

ffhinh tron

vold drawScene()

{
glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT):
glMatrixMode (GL_MODELVIEW);
glloadIdentity();
drawBall():

S idrawBallz();
glutswapBuffers();

h

f/ifloat _angle = 38.68+;

void update(int wvalue) {
if(flag)

I

L
ballX += 8.881F;
if(ball¥>@.3)

I
I'.

flag=8;

17



1
: 1
1

!
if (!flag)
I
L
ballX -= 8.881f;
if(ballX<-8.3)
T
L
flag=1;

1
: I
1

I
glutPostRedisplay();
glutTimerFunc(25, update, 8);

int main(int argc,char** argv)

glutInit(&argc,argv);
glutInitDisplayMode(GLUT DOUBLE |GLUT_RGE|GLUT_DEPTHY;
glutInitWindowSize(ada,488);
glutCreateWindow("Hinh tron tinh tien™):
initRendering():

glutDisplayFunc(drawscene);
glutkKeyboardFunc(keyPress);
glutReshapeFunc(handleResize);
glutTimerFunc(15, update, @); f/thoi gian woay
glutMainLloop();

return(@);

Két qua chwong trinh:

B Hinh tron tinh tien - m] X

1.5. Phép xoay ‘ q

Trong khong gian hai chi€u ta xét phép quay vat thé quanh tam quay 1(x,.y,)
v6i goc quay 0 (0 > 0 néu chidu quay nguoc chiéu kim dong hd va 0 < 0 néu chiéu
quay cung chiéu kim dong ho).

18



J/I ‘

P(x,y)

O X

Ta c6 cac phuong trinh bién d6i sau:

x'= 1 cos(D+0)=r cos®@cosh- r sin®sinb

y'=r1 sin(®+0)=r cos®@sin6+ r sindcosb

Mat khéc ta lai c6 x=r cos® va y=r sin®. Thay vao hai phuong trinh trén ta co:
x'=X cosO- y sinf

y'= X sinf+ y cosf

Do d6 phép quay dugc mo ta boi phuong trinh:

X cosd —sind| | x

y sinf/ cos@ | |y

Phép quay ciing gidng nhu phép tinh tién khong 1am thay d6i hinh dang cua vat thé.
Trién khai chuong trinh:

19



#include<iostream:>
#include<stdlib.h>
#ifdef _ APPLE__
f#else
#include<GL/glut.h>
#endif

using namespace std;

vold keyPress({unsigned char key,int x,int y)
r

1
switch(key)
I
L

case 27:

: exit(a@);
h

h

vold initRendering()

I
L

H
vold handleResize(int w, int h) {
glViewport(@, @, w, h);
glColor3f(@.a, 1.8, @.8);//Mau sac doi tuong
glMatrixMode (GL_PROJECTION);
glioadIdentity();
gluPerspective(45.8, (double)w / (double)h,l.@,288.8);

glEnable(GL_DEPTH_TEST);

¥
float _angle = 28.8f;
float _cameraAngle = 8.8+;

S/ihinh tam giac
vold drawScene()
1
glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT);
glMatrixMode (GL_MODELVIEW):
glloadIdentity();
glPushMatrix();
glRotatef({_angle, -1.5F, @.5F, -5.8F);//¥oay quanh truc z

E1Begin(GL_TRIANGLES);

glVertex3f(-@.5f, @8.5F, -5.8F);
glVertex3f(-1.8F, 1.5F, -5.8F);
: glVertex3f(-1.5F, @.5F, -5.8F);
glEnd(};
glPopMatrix();
glutswapBuffers();

h
void update(int wvalue) {
_angle += 2.8+;// toc do quay
if (_angle »> 368) {
; _angle -= 368;
¥

glutPostRedisplay();
glutTimerFunc(25, update, @);

int mainiint argc,char** argv)

glutInit(&argc,argv);
glutInitDisplayMode(GLUT_DOUBLE |GLUT_RGE|GLUT_DEPTH);
glutInitWindowSize(aaa,488);
glutCreatelWindow( "Quay tam giac");
initRendering();

glutDisplayFunc({drawsScene);
glutKeyhoardFunc(keyPress):
glutReshapeFunci{handleResize);
glutTimerFunc(15, update, @); //thol gian xoay
glutMainLoop();

return(a);

20



Két qua chuong trinh:

B Quaytam giac — [m] x

1.6. Phép ti 1€ ‘ ,

Phép ti 1€ s€ nhan hoanh d¢ va tung do ban dau voi hé so ti 1€ s, va s, tuong
g, cu thé ta s& c6 x'=x.s, va y'= y.Sy. Phuong trinh cua phép bién d6i ti 16 c6 thé
duogc mo ta nhu sau:

x s 0 x
P'= =S.P=| | :
1 0 s y

a .1-

Khi (sx, sy)#(1, 1) phép bién doi ti 1¢ s& lam thay d6i hinh dang ctia vat thé
Trién khai chuong trinh:

Binclude<iostream>
#include<stdlib.h>
#ifdef _ APPLE__
#include<openal/openal.h>
#include<GLUT/glut.h>
Felse
#include<GL/glut.h>
#endif
using namespace std;
double rotate_by_key=48;
double rotate_x=8.5;
f/Bien minh qua phim mui ten len/xuong
wvold keyPress(int key,int x,int w)
{
1f(key==27)
f Poexdti|d;
if (key == GLUT_KEY_UP)
i i rotate_x += .@5;
if (key == GLUT_KEY_DOWN)
H j rotate_x -= .85;
glutPostRedisplay();
1
vold initRendering()
1
glEnable(GL_DEPTH_TEST):
1
FrGol cua so window
wvold handleResize(int w, int h) {
glViewport(@, @, w, h);
glMatrixMode (GL_PROJECTION):
glLoadIdentity();//Lam mol man hinh
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gluPerspective(45.8, (double)w / (double)h,l.@,288.8);

}
vold drawScene()
{
glClear(GL_COLOR_BUFFER_BIT|GL_DEPTH_BUFFER_BIT):
glMatrixMode(GL_MODELVIEW);
glloadIdentity();
glscalef( rotate_x,rotate_x,1.8F )
glRotatef( rotate_by_key,-1.8f, 1.5F, -5.8F );
glBegin(GL_TRIANGLES);
: glVertex3f(1.8F, 8.8+ £
glVertex3f(@.a+, 1.8+ f
: glVertex3f(-1.8f, @8.8f, -5.8
glEnd();
glutSwapBuffers();

int main{int argc,char** argv)

glutInit(&argc,argv);
glutInitDisplayMode(GLUT DOUBLE|GLUT_RGE|GLUT_DEPTH):
glutInitWindowsize(d4aa,4a8);
glutCreateWindow( "Bien hinh tam giac");
initRendering();
glutDisplayFunc(drawscene);
glutSpecialFunc(keyPress);
glutReshapeFunc(handleResize);
glutMainLoop();
return(@);

1

Két qua chwong trinh:
Ghi chu: St dung phim mili tén 1én — xudng dé diéu chinh ti 1& hinh, khi hinh thu
nhoé hét murc s& doi chiéu hinh anh (twong tng la phep dbi xrng)

B Bien hinh tam giac - O d

2. Chay cac chwong trinh demo dd hoa bang OpenGL 9 ‘ ,
OpenGL (Thu vién d6 hoa mé) 1a mot API ti€u chuan da nén tang, tang toc

phan ctng, khong phu thudc vao ngdn ngir dé két xuat do hoa 3D (bao gdm ca 2D).

May tinh hién dai c6 GPU chuyén dung (Bo xir Iy d6 hoa) v6i bo nhd riéng dé ting
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toc d6 két xuit dd hoa. OpenGL 1a giao dién phin mém voi phan cimg d6 hoa. Noi
cach khac, cac 1énh két xuét d6 hoa OpenGL do cac ung dung ctia ban dua ra c6 thé
duoc chuyén hudng dén phan ctimg do hoa va duogc ting tc.

2.1. V& hinh hgc 3D véi OpenGL
Trién khai chuong trinh:
#include <GL/glut.hs

GLfloat light diffuse[] = {1.8, @.8, @.8, 1.8};
GLfloat light_position[] = {l1.8, 1.8, 1.8, @8.8};
GLFfloat n[E6][3] =
(-1.8, @.8, 8.8},
{e.@, -1.8, 8.8},
GLint ¥aces[6][4]
[E 1, 2, :'}.r L:'r
[4 5, 1, E}.r L ¥
GLFloat w[8]1[3];

[sx i
5]
L]
[}
[ax ]
e o
[P
=

T R ey iy iy
[
]
L]

=
e
M

=
L]

=9
o

[a]
L]

Ly
L
e
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wold
drawBox(woid)
{
int 1i;
for (i = 8; 1 <« G; 1++) {
glBegin(GL_QUADS) ;
glNormal3fv(&n[i][€]);
glVertex3fvi&v[faces[1][
glVertex3fwi&v[faces[1][
glVertex3fvi(&v[faces[1i][
glVertex3fv(&v[faces[1i][
glEnd(]};
h
i
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[ S ]
| s W R |
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void

dizplay(woid)

I

L
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
drawBox();
glutSwapBuffers();

}

void
init(wvoid)

r
L

vielle]l = v[1][e] = v[2][e] = v[3][e] = -1;
v[4]1[e] = v[5][e] = v[&][e] = v[7][e] = 1;
vi@l[1] = v[1][1] = v[4][1] = v[5][1] = -1;
v[2][1] = v[3][1] = w[&][1] = v[7][1] = 1;
vi@l[2] = v[31[2] = w[4][2] = w[7][2] = 1;
v[11[2] = v[2][2] = w[5][2] = v[6][2] = -1;

gllightfv(GL_LIGHT®, GL_DIFFUSE, light_ diffuse);
gllightfv{GL_LIGHT@, GL_POSITICON, light_position);
glEnable(GL_LIGHTE);

glEnable(GL_LIGHTING);

glEnable(GL_DEPTH_TEST);

glMatrixMode (GL_PROJECTION);
gluPerspective(4@.8,1.8,1.8,18.8);

glMatrixMode (GL_MODELVIEW);

glulLookAt(®.8, @.8, 5.8,0.6, 0.8, ©.8,8.8, 1.8, @.);
glTranslatef(®.8, .8, -1.8);

glRotatef(68, 1.8, 8.8, 8.8);

glRotatef(-28, @.8, 8.8, 1.8);
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int
main(int argc, char **argv)
{
glutIniti&argc, argv);
glutInitDisplayMode(GLUT DOUBLE | GLUT_RGE | GLUT_DEPTH);
glutCreateWindow("Lap Phuong 3D");
glutDisplayFunc(display);
init();
glutMainLoop();
return @;

}

Két qua chuong trinh:

B red 30 lighted cube - O X

2.2. M6 phong hé Mat Troi voi Ope:nGL

Str dung thu vién OpenGL két hop .Net Framework va ngdén ngr C# mo
phong hé Mat Troi (soure code tham khao). Ung dung dang Winform véi cac chiic
nang thu phong, cung nhiing class C# sau:

Solution Explorer > O x
w | & EE &

7 SistemaSolar

+- [l Properties

01 3¢

X0q|o

- | References
O ShadowEngine
3 System
O System.Data
3 System.Deployment
3 System.Drawing
O Systemn.Windows.Forms
3 System.Xml
O Taoc.OpenGl
+- [ Resources
] Camara.cs
#- 0] MainForm.es
g [ Planet.cs!
] Program.cs
4] Satellite.cs
] SclarSystem.cs
4] Star.cs
4 Sun.cs
] winapi.cs
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Camara.cs
Pay 1a mot may anh dang FPS (goc nhin thir nhat) ¢6 dién. Giai thich vé cach hoat
dong cua FPS vuot ra ngoai pham vi ctia bai viét nay. Chung hoat dong theo cach

sau:

. Con tré chudt dugc ghim chinh gitta man hinh.

. Khi nguoi dung di chuyén chudt, delta X va delta Y duoc tinh tir diém
dau.

. Delta X va delta Y dugc chuyén thanh cac goc va cach quay ctia may
anh.

. Khi nguoi ding mudn tién hodc 1ui, may anh sé& di chuyén theo huéng
la gbc tro.

. Nguoi doc c6 thé xem qua public void Update(int pressedButton) tai

16p camera dé hiéu rd hon.

MainForm.cs
L&p nay la code chinh va duy nhét cta dy an. N6 chia 1énh go1 tai két cau, khéi tao
bdi canh 3D, ban v& ndi dung 3D, v.v. N6 ciing xtr Iy phim nhép vao tir ngudi ding
va dau vao cta chudt. Vi noi dung 3D yéu cau vé it nhat 30 khung hinh / gidy nén
tac gia dd sir dung bo dém thoi gian va dat tat ca cau 1énh ctia ban vé bén trong 1énh
do.
Planet.cs
M6t hanh tinh chira cac bién sau:

. Toa do

. Két cdu (luu dang anh trong \bin\Debug\texturas\)

. Quy dao quay (khoang cach hi¢n tai tinh ttr mat troi)

. Goc quay hién tai

. Téc d6 di chuyén trén quy dao hién tai
Tac gia da st dung OpenGL mit cong bac 2 dé v& hinh cau mé phong hanh tinh.
Quadrics(mdt cong bac 2) la cac hinh dang duoc xac dinh trudec OpenGL dé tro
gitip trong cac tac vu v& nho. Trong mdi khung, hanh tinh chuyén dong trén quy
dao cta no theo toc do di chuyén. Ngoai ra, c6 mot bién bool dugc goi la hasMoon
dé chi dinh xem nguoi ding c6 mubén xem ban v& mat tring cho hanh tinh d6 hay
khong. Tac gia chi c6 mit trang ctia Trai Dat nhung néu ngudi dung thich, vi du, dé
v€ mat trang sao Hoa 1a Phobos va Deimos, ho co thé su dung ma d6. Mot chuc
nang thu vi khac c6 chira trong 16p hanh tinh 14 chtc ning dugc str dung dé vé quy
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dao cua no. Pau tién, tac gia tao cac diém béng ham sin va sau d6 két ndi ching
biang GL LINE STRIP. Day la code:

public void DrawOrbit ()

- Gl.glBegin(Gl.GL LINE STRIP):
Or i = 36l1;

for (int i = it++)

Gl.glVertex3fip.x * (fleoat)Math.3in(i * Math.FI / 180),
0, p-x * (floatiMath.Co=s(i * Math.PI / 180));:

}
Gl.glEnd{):

Satellite.cs
L&p vé tinh chira moi bién giéng véi 16p khai bao hanh tinh. Piém khac biét duy
nhat 13 tim quay ctia n6 khong phai 13 mit troi ma 1a hanh tinh chu cta né.

SolarSystem.cs
Day 14 16p chira danh sach cac hanh tinh, cic ngdi sao va vé tinh. Lép nay dé khai
bao va vé cac dbi tuong dd hoa do.

Star.cs
Pay 1a 16p vé& cac ngdi sao. Cac ngdi sao vé bang GL POINTS don dugc vé & cac
vi tri ngdu nhién (ving ngoai). Py 13 ma 1énh dé v& ching:

public void CreateStars(int amount)

Random r = new Random()
int count = 0;

while (count != amount)

o
[n]
]
I
it
1
]

p = default|

ogition);

P-X ([r.Hext(110)) * (float)Math.Powi(-1, r.Hext()):
p-z = (r.Hext (110)) * ([float)Math.Pow(-1, r.Hexti)):
p.v = [(r.Next(ll0)) * (float)Math.Pow(-1, r.Next()):
if (Math.Pow(HMath.Powip.x, 2) + HMath.Powip.v, 2) +
Math.Pow(p.z, 21, 1 / 3f) » 15)
starzs.add(p) :
count++;
¥

Sun.cs

L6p mit troi 13 16p don gian nhat, né giéng nhu 16p hanh tinh chi 14 n6 khoéng c6
quy dao. N6 chi c6 mot chuyén dong quay quanh truc ciia né.
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Thong tin cac 16p duge dich sang Tiéng Viét boi Nguyén Vian Hai Long. Blog ca
nhan cia tic gia c6 kém nhiéu chwong trinh 3D: http://vasilydev.blogspot.com.
Két qua chwong trinh( St dung Visual Studio):

Press O key to show orbit
Press Escape to Exit

2.3 DPoc file OBJ sir dung OpenGL 7 7
Tép OBJ 1a mdt dinh dang t¢p mo hinh 3D. Mot tiéu chuan dugc phat trién

boi Alias Wavefront cho phan mém hoat hinh va mé hinh 3D "Advanced

Visualizer", pht hop dé twong tac 14n nhau giita cdc mo hinh va phan mém 3D, nd

cling ¢6 thé duoc doc va lap trinh théng qua Maya.

Trién khai chuong trinh:

#include<GL/gl.h>
#include<GL/glut.h>
#include<stdio.hz>
GLuint elephant;
float elephantrot;
char ch="1"}
void loadObj()
{
char fname[&5],tenfile[24],ducngdan[ ]="data/";
st:printf("Mhap ten file 0OB1:"):scanf("#%s",tenfile);
strcpy(fname,duongdan):// Saoc chep chuol ducngdan vao fname
strcat(fname,tenfile); s/ Noi chuoi dang wvao tenfile wvua sao chep
FILE *¥p;
int read;
GLfloat x, v, Z;
char ch;
elephant=glGenlists({1);
fp=Ffopen(fname,"r");
if (!+¥p)
1
: printf("Khong the mo file: Hs%n", fname);
goto st
1
glPointSize(2.8);
gllewlist{elephant, GL_COMPILE);
i
: glPushMatrixi);
glBegin(GL_POINTS);


http://vasilydev.blogspot.com

while(!({feof(Ffp)))
I
A
read=fscant(fp,"%c %f %f %Ff",&ch,8x, 8y, Ez);
if(read==4&&ch=="v")
i
L

)
}

glEnd();

glVertex3fix,v,z);

T
glPopMatrix();

glEndList();
fclose(fp);
h

vold reshape(int w,int h)
1
glViewport(@,8,u,h);
glMatrixMode (GL_PROJECTION) ;
glloadIdentity();
gluPerspective (68, (GLfloat)w / (GLfloat)h, @.1, 1&8a8.8);
glMatrixMode (GL_MODELVIEW);

h

vold drawElephant()

1
glPushMatrix();
glTranslatef(@,-38.88,-188.88);//Toa do chieu obj
glColor3€(1.8,08.23,8.27);:
glscalef(®.1,8.1,8.1);
glRotatef(elephantrot,8,1,8);
glCalllist{elephant);
glPopMatrix();
elephantrot=elephantrot+8.83;// Toc do quay vat the
if(elephantrot:368)elephantrot=elephantrot-368;

h

vold display(wodid)

{
glClearColor (9.9,8.8,8.8,1.8);
glClear (GL_COLOR_BUFFER_BIT |
glioadldentity();
drawElephant();
glutswapBuffers(); //swap the buffers

GL_DEPTH_BUFFER_BIT);

int main(int argc,char **argv)

glutInit(&argc,argv);

glutInitDisplayMode(GLUT_DOUBLE |GLUT_RGE|GLUT_DEPTH);
glutInitWindowsize(8@a,458);
glutInitWindowPosition(2a,2a8);

glutCreateWindow("0bj Loader™);
glutReshapeFunc(reshape);

glutDisplayFunc(display);

glutIdleFuncidisplay);

loadObj();

Két qua chuong trinh:
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B C\Users\PH La ptop\Onelrive\Docurments\KiThuy

Nhap ten file OBJ:v

3. Puong cong Bezier va mat cong Bezier
3.1. Dwong cong Bezier ,

buong cong Bezier 1a mot duong cong tham s6 thuong duge s dung trong
dd hoa may tinh va mot sd linh vuc khac. Dang tong quat hoa cua duong cong
Bezier trong khong gian nhiéu chiéu duoc goi 1a mit phang Bezier, trong d6 tam
giac Bezier 1a mdt truong hop dac biét.

Puong cong Bezier dugc cong bd 1an dau vao nim 1962 bdi mot ky su
ngudi Phap Pierre Bezier, ngudi st dung nd dé thiét ké than 6t6. Nhung viéc
nghién ciru nhitng dudng cong nay thyc té da bat dau tir nAm 1959 bai nha toan hoc
Paul de Casteljau, 6ng str dung giai thuat De Casteljau dé danh gia cac duong cong
do.

V& mit tng dung, dudng cong Bezier thudng dugc sit dung trong dd hoa
vector d& mé hinh hoa cac duong cong muogt (smooth curves) va nhimg dudng
cong d6 co thé dugc phong to hodc thu nho theo mot ti 1¢ khong gidi han. "Puong
dan" (path), mot khai niém dugc st dung trong cac chuong trinh xir 1y anh, dugc
tao ra bang cach lién két cac dudng cong Bezier voi nhau. Pudng cong Bezier con
thuong dugc st dung nhu la mdt cong cu dé diéu khién su chuyén dong
(animation).

Mo ta thuat toan vé duong cong Bezier 1ap phuong hay bac ba (cubic). Véi 4
diém Py, P,, P, va P, trén mit phing hodc trong khong gian nhiéu chiéu c6 thé dinh
nghia mot duong cong Bezier bic 3. Puong cong nay bat dau tir diém P, di theo
huéng cta diém P, va P, trude khi két thic tai p;. Puong cong duoc hinh thanh
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thuong khong truc tiép di qua diém P, va P, va 2 diém nay chi mang tinh dinh
huong cho duong cong.

Phuong trinh dudng cong Bezier bac 3 ¢ thé duoc dinh nghia bang cach két
hop 2 duong cong Bezier bac 2 voi nhau, voi phuong trinh cho duong cong Bezier
bac 2 1a Byp;,p;,p, trong do P;, P;, Py 1a cac diém cua duong cong do:

B(t) = {1 — t)BPG,,P-l,Pg (t) + prthjpg '[:t), t e [{}, 1]
Dang tuong minh cho phuong trinh nay la:
B(t) = (1 - t)°Py + 3(1 — t)*tPy + 3(1 — )t*Py + Py, t € [0, 1).

Trién khai chuong trinh v& Bezier bac 3:

#include<graphics.hs
#include<math.h>
#include<conio.h®
#include<stdio.hs
int main()
i
f/Khal bao toa do x,y duol dang mang
int x[4]={16a8,388,368,158},v[4]={288,258,388,408};
double put_x,put_vw,t;
int gr=DETECT,gm;
initgraphi&gr,&gm, "C:\\TURBOC3NABGI™) ;
printf("ywn**:+*** Duong cong Bezier bac 3 F*EEFFEEEx"] .
for(int i=@8;i<4d;i++)
i
putpixel{x[i],v[1i],BLUE};
setcolor(BLUE) ://Chon mau ve khung

Aif (i<3)

line(w[i],v[1],x[1+1],v[1i+1]);// Ve khung

i

for(t=0.8;t<=1.8;t=t+8.881)

I

L

put_x = pow(1l-t,3)*x[8] + 3*t*pou(l-t,2)*x[1] + 3*t+t*{1-t)*x[2] + powl(t,3)*x[3];
put_y pou(1l-t,3)*y[8] + 3*t*pow(l-t,2)*y[1] + I*t*t*(1-t)*y[2] + pow(t,3)*v[3];
putpixel({put_x,put_v, RED):

h

getch();

closegraph();

Két qua chuong trinh:
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B Windows BGI - O X

3.2. Mat cong Bezier

Mot bé mat Bezier cho trudc c¢6 bac (n, m ) duge xac dinh boi tap hop
(n +1)(m + 1) diém diéu khién k ; ; trong d6i=0, .., nvaj=0, ..., m . N6 anh
xa theo don vi vudng (12 mot hinh vudng c6 d6 dai cac canh 1a 1) thanh mot bé mat
lién tyc duogc dat trong khong gian chirak; ;.
Vi du, néu k i la tat ca cac diém trong khong gian bdn chiéu, thi bé mit d6 s& ndm
trong 1 khong gian bdn chiéu.
Mot bé mit Bezier hai chiéu c6 thé dugc dinh nghia 1a mdt bé mat tham sb trong do
vi tri ctia mot diém p 1a mgt ham cua cac toa do tham s6 u , v duoc cho boi:

n m
p(u,v) = D> BI(u) B} (v) ki
i=0 j=0
duoc xét trén binh phuong don vi, trong do

B (u) = (”) (L = g

la mét da thirc Bernstein co sé , va
n\ n!
i il(n —1)!

31
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Trién khai chuong trinh:

#include <math.h>»
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <stdarg.h>
#if defined (__APPLE_ ) || defined (MACOSX)
#include <GLUT/glut.h>
Helse

#include <GL/glut.h>
#endif

#ifdef _WIN32

#define M_PI 3.141592@
#endif

#define MAX_MESH 1@
GLFfleoat angleCube = 8.8F;
GLfloat mesh[MAX_MESH] [MAX_MESH];

GLfloat old_x, old_y, spin_x = @, spin_y = @;

void
reshape(int width, int height)
i
glViewport(@, @, width, height);
glMatrixMode (GL_PROJECTION;
glioadIdentity();
gluPerspective(s®, (GLfloat)width/fheight, @.1, 1888.8);
glMatrixMode(GL_MODELVIEW);
glioadIdentity();
gluLookAt(e, @, 3, @, @, @, a, 1, a);

glshadeModel (GL_FLAT);

glEnable(GL_DEPTH_TEST);

glPolygonMode (GL_BACK, GL_LIMNE);
h

void
dizplay(wvoid)
1

int i, k, swap = @;

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_EIT);
glPushMatrix():
glTranslatef(-MAX_MESH/2, @, -MAX MESH*2):
glRotatef(spin_x, @, 1, @);
glRotatef(spin_v, 1, @, €);
glColor3ub(l2@, 255, 255);:
glBegin(GL_TRIANGLE_STRIF):
for (k = 8; k < MAX _MESH-1; k++) {
if (swap) {

for (i = MAX_MESH-1; i »= @; i--) {

? glColor3ub(255, @, @)
glVertex3f(i, mesh[k][i], k);
glVertex3f(i, mesh[k+1][1i], k+1);
: if (i == @)
§ E glVertex3f(i, mesh[k+11[1], k+1):
h
b oelse {

for (i = @; 1 « MAX_MESH; i++) {

: glColor3ub(@, @, 255);//
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glVertex3f(i, mesh[k][i], k)
glVertex3f(i, mesh[k+1]1[1i], k+1);
if (1 == MAX_MESH-1)
{ ! glvertex3f(i, mesh[k+1][1], k+1);
¥

h

swap = 1;
¥
glEnd();

glPopMatrix();

glutswapBuffers();
h

vold keyboard{unsigned char key, int x, int y)
I
L

static int wireframe = @;

if (key == 27) {
f exit(a@);
b oelse if (key == "w') {
wireframe "= 1;
if (wireframe)
! glPolygonMode (GL_FRONT, GL_LINE);
else
: glPolygonMode (GL_FRONT, GL_FILL);
} else if (key == "'¢') {
if (glIsEnabled(GL_CULL_FACE))
j glDisable(GL_CULL_FACE);
else

: glEnable(GL_CULL_FACE);
h

glutPostRedisplay();
h

void mouse(int button, int state, int %, int y)
I
L

old_x = x;

old_v = v;

glutPostRedisplay();
h

void motion(int =, int w)
r

1

spin_x = x - old_x;
spin_y = ¥ - old_v;

glutPostRedisplay();
h

void timer(int walue) {
glutPostRedisplay();
glutTimerFunc(refreshMills, timer, @);
h
void reshape(Glsizel width, Glsizei height) {
if (height == @) height = 1;
GLfloat aspect = (GLfloat)width /7 (GLFfloat)height
glViewport(@, @, width, height);
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glMatrixMode (GL_PROJECTION);
glloadIdentity();
gluPerspective(45.8F, aspect, 8.1F, 188.8F);
1
int
main(int argc, char** argv)
1
int i, Kk
glutInitDisplayMode (GLUT_SINGLE | GLUT_RGE | GLUT_DEPTH);
glutInitWindowPosition(l@e, 128);
glutInitWindowSize(e@a, 488);
glutIniti&argc, argv);

for (k = @; K <« MAX_MESH; k++) {

: for (1 = @; 1 ¢« MAM_MESH; i++) {

. mesh[k1[1i] = sin((float)(i+k) /MAX_MESH*M_PI)*3;
: h

}
glutCreateWindow("Mat cong Bezier");
glutDisplayFunci(display);
glutReshapeFunc(reshape);
glutkKeyboardFunc(keyvboard);
glutMotionFunc{motion);
glutMouseFunc(mouse);
glutDisplayFunci(display};
iglutReshapeFunc(reshape);

dnitaliy;

iglutTimerFunc(@, timer, @);
glutMainlLoop();

return @;

Két qua chuong trinh:

B Mat cong Bezier (Mot Responding) —
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4. Demo dd hoa véi Java
Demo nhiing chuong trinh do hoa don gidn trén kénh Youtube:

https:/www.youtube.com/channel/UC4SVo0Ue36XCfOybSLh1viQ

Chay code trén moi truong Apache NetBeans IDE:
Tén chuong trinh: Ran sdn moi

CAu tric:

%

=-['F Source Packages
= [ ransm

@] DataOfSquare.java
EEI] Keyboardlistener.java
@ Main.java
@] Sguarefanel java
&) ThreadsController.java
EEI] Tuple.java
@ Windaow.java
[+ | g Dependendes
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DataOfSquare.java
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% import java.util.ArravyList:
import java.awt.Color;
pukblic class DataOfSgmare {
ArrayList<Color> C =new ArrayLlList<> ()
int color;
SquarePanel sguare;
= pukblic DataOfSqgumare (int col) {
C.add (Color.d=
C.add (Colox.BLUE) ; 1
C.add (Coloxr.wvhits) ; 2

color=col;

square = new SguarePanel (C.get(color)):
- }
= public woid lightMeOp(int c){
square.ChangeColoxr (C.get (c) ) -
- }

KeyboardListener.java

35


https://www.youtube.com/channel/UC4SVo0Ue36XCfOyb5Lh1viQ

Géan phim su kién:

% import java.awt.event.Keyadapter;
import java.awt.event.EeyEvent:

puklic class KeyboardListener sxtends EHeyRdapter{
=] puklic wvold keyPressed (EeyEvent ) {

switch(e.getKeyCode ()) {
case 35: -> Right
if (ThreadsController.dir
ThreadsController.
break:
case 38: -» Top
break:
case 37: -» Left
if (ThreadsController.dirsc
ThreadsController.
break:
case 40: —-> Bottom
if (ThreadsController.dirsc
ThreadsController.
break:
defaunlt: break:;
}
= }
}
.
SquarePanel.java

package ransm;

ianthor Nouveén Ee HA S S

7] import java.awt.Color:
- import javax.swing.JPanel;

pukblic class SgunarePanel cextends JPanel{

private static fimal long serizlVersionUID = 1L;

] public SgmarePanel (Color d){
thiz.setBackground (d) ;

- }

] puklic wvold ChangeColor (Color dj{
thiz.setBackground (d) ;
thiz.repaint():

- }

}

Tuple.java
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pubklic class Taople {
puklic int =
puklic int w»
public int =xf:
public int vf:

puklic Tople(int x, int v) {
this.x = x;
this.y = v:

H

pubklic volid ChangeData(int x, int y){
this.x = x;
this.y = vy;

H

public int getX(){
return x;

public int get¥ () {
return v:

public int getXf(){
return xf;

pulklic int getYLf () {
return vi;

}

Két qua chuong trinh:

| £ Rin sdn mbi — O
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