VW WLIEIN YT A ¥ VIO v ey

Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.
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Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

PO HOA MAY TINH

CHUONG 1:

GIO|I THIEU DO HOA
MAY TINH
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NOI DUNG TRINH BAY

- Gidi thiéu tdng quan vé dd hoa may tinh
1 Doi twong co ban trong dd hoa may tinh
- Thiét bj hién thj dd hoa
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CHUONG TRINH

Noi dung

Chwong 1-Gidi thiéu dd hoa may tinh

Chwong 2-Buwéc dau tao dwng hinh &nh

Chwong 3-Xay dwng cdng cu vé hinh anh

Chwong 4-Vector trong d6 hoa may tinh

Chwong 5-Bién déi hinh

Chwong 6-M6 hinh héa ddi twong 3 D bang lwai da giac
Chuwong 7-Phép nhin trong khéng gian ba chiéu
Chwong 8-Té mau vat thé ba chiéu

Chuwong 9-Ky thuat Iap dé quy, trng dung tao hoa van
Chwong 10-Do hoa raster
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CHUONG TRINH

2 Cach tinh diém
— Thi gitra ky: 20%
— Thi cudi ky: 50%
— Thwc hanh:
—Baitap 30%

" - Piém danh: 28
- NOp bai tap: 12

< - Chira bai tap: 20

- Thywc hanh: 20
_-Baitap lon: 20

Bai tap: Tuan: 2, 4,6, 10, 12, 14, 16
Thwe hanh: Tuan: 1,3,5,7, 11,13, 15 (Tai C6)
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TAI LIEU MON HOC

1] Francis S. Hill, Jr, Computer Graphics, Macmillan Publishing
Company, 1990.

Foley, van Dam, Feiner, Hughes, Computer Graphics principles and

practlce Addison-Wesley Publishing Company, 1996.

Nguyen Hiru Loc, B6 hoa may tinh va mé hinh héa hinh hoc, Nha

xuat ban thanh pho H6 Chi Minh, 2000.
4]
db hoa may tinh, Nha xuat ban gido duc, 2000.

Hoang Kiém, Dwong Anh Dirc, Lé Dinh Huy, Vi Hai Quén, Co so

Nguyén Quoc Cwong, Hoang Pirc Hai, D6 hoa vi tinh, Nha xuat ban

giao duc, 1998.

Tong Nghla Hoang Drc Hai, D6 hoa may tinh trong ngén ngr C, Nha

xuat ban giao duc, 1999.
7
ban thong ké, 2001.

Nguyen Tién, Ngé Quoc Viét, Gigo trinh d6 hoa may tinh, Nha xuat

Lé Tan Hung, Huynh Quyét Thang, Ky thuat do hoa, Nha xuat ban

Khoa hoc va Ky thuat, 2004

O

http://www.cse.hcmut.edu.vn/~tgson/Computer Graphics
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PDINH NGHIA PO HOA MAY TINH

1 Dung may tinh dé tao ra hinh anh
Do hoa may tinh va xt ly &anh
— P06 hoa may tinh: tao hinh anh dwa trén dac ta hoac
mO hinh
— X& ly anh: nang cao chat lwong hodc chinh stva hinh
anh.
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NG DUNG CUA PO HC_)A MAY TIiNH

 Ung dung trong giai tri, xuat ban va nghé thuat
— San xuat phim hoat hinh, tao hiéu trng cho phim nhwa
— Tro choi may tinh
— Duyét Web
— Ché ban dién tr
QX Iy anh
d Ung dung trong tw ddng hda va diéu khién
M6 phdng
 May tinh hé tro thiét ké
— Hb tro thiét ké kién trdc
— Hb tro thiét ké mach dién tdr
O Hinh anh héa sé liéu khoa hoc
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POl TUONG CO BAN TRONG PHMT

dPuwdng gap khuc (polyline)

dVan ban (text)

JVung t6 (filled region)

- Anh ma tran diém hay anh raster (raster image)
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PUONG GAP KHUC

dPuwdng gap khuc 1a mét tap cac doan thang dwoc ndi voi
nhau.

dPuwdng gap khuc dwoc dung mé phdng dwérng cong.
J Cac ham lién quan

— Vé diém: drawDot(x1, y1)

— V& doan thang: drawLine(x1, y1, x2, y2)

— V& dworng gap khuc: drawPolyline(poly)
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PUONG GAP KHUC

1 Khi dinh déu’ va dinh cudi dwoc ndi bang modt doan thang
thi dwdng gap khuc tré thanh da giac
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PUONG GAP KHUC

1 Thudc tinh
— Mau sac
— DO day
— Kiéu duworng (lién nét, it nét)
— Cach ndi hai canh day
 Thiét 1ap thudc tinh:
setDash (dash7) hoac setLineThickness(thickness).

AWAWAWAN
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VAN BAN

1 M6t sb thiét bj co hai ché dd hién thi
— Ché d6 hién thj van ban
— Ché dd hién thi d6 hoa

O Tha tuc hién thi chubi
— drawString(x, y, string);

1 Thudc tinh

Font

Mau sac

Kich thwoc

Hwong

Khodng cach gilra cac ky tw trong chuoi
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VAN BAN

Arial
Anal bold
Arial iftalic
Times
Times Bold
Times italic
Courler
Courier bold
Jourier italic

)
B
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VUNG TO

d Hinh dwoc t6 b&i mau hodc mau té. Pwdng bién thwong
la hinh da giac.
A Thu tuc : fillPolygon(poly, pattern);

A E
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VUNG TO

 Dung vung td dé mé phéng cac mat khac nhau cia vat
thé t6 mau
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ANH RASTER

dPwoc tao bdi cac pixel
d Lwu trér dwdi dang mang cac gia tri

| HEEEEN
I |

o I R O
I o o O
o I o o O
-1 -=1 b2 B2 B3 B
— = -] b EJ B
-] — = -] k3 b
-] — = = -] B

 Phwong phépl ltao anh raster
— Thiét ké tha cong
— Tao bang thuat toan
— Quét
 Anh raster c6 thé tién hanh x ly
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THIET Bl HIEN THI DO HOA

] Thiét bi dd hoa vector: tao hinh anh tir nhirng doan
thang

— Wu diém: nhanh
— Khuyét diém: khdng té mau cho vung dwoc
- Cac loai thiét bi vector thuwdng gap
— May Vvé:
* May vé flatbed
« May vé dang trong
— Man hinh vector
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THIET Bl HIEN THI DO HOA

1 Thiét bi raster: Tao hinh &nh tlr ma tran diém
1 Phan loai:
— Man hinh video
— Man hinh tdm phang
— C4c thiét bj sao chép clrng
* May in film (film recorder)
* May in laser
* May in phun

Faculty of Computer Science and Engineering - HCMUT

Slide 18



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

THIET Bl RASTER

0 Céac van dé can tim hiéu
— Bé& mat hién thi
— B6 dém frame
— Qua trinh quét dong

1 Bé& mat hién thij (display surface)

0 639
_ >
SA
479 J
v =¥

Faculty of Computer Science and Engineering - HCMUT  Slide 19



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

THIET Bl RASTER

1 B6 dém frame

B6 diéu khién
/ quet dong \

-

CPU B&énhé | B6 dém
hé théng j

| Bé mat hién
Bus hé thong thi

/

<«

B6 chuyén déi

A A
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THIET Bl RASTER
J Qua trinh quét dong

> iy x
al B3 ditu khifn
_ cquet dang |
dia chi ¥ Y i trd
logic @ (639, 0) it Iy
Yy Vv chuyén gia tri pixel - w 630 x
1] thanh mau sic e S
L]
n
pizel & dia chi ' g \\
X, ’ dim & (x,
[z, ¥] | o .4 4\l (x, ¥)
bi dém frame ’ Y'Y bé mit hifn thi
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THIET Bl RASTER

J Man hinh video mau

hd dign khién quét

i i sing han x

= >_|iléﬂ tr
C : ; / ¢ HH’I
)y luc } L Yy %‘a .
S | = AYNIE
HEEE : > cac cudn day difu H“= J

b3 dém frame Dac  dufnhwing ding
T w4 ngang

(6 tnt phéng]
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THIET Bl RASTER

 Mau chi muc va bang tim kiém

63

b dém frame  chi muc
(6 mat phang)  trong LUT

39 |01010 (11001 |i0010

0)

I

LUT

YYYYYY

NN
Y s) 5;»._._/!,
N
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THIET Bl RASTER

 Mau chi muc va bang tim kiém

g thanh cao (hd dém frame ~4 MEB)

24 hitsfpozel .

= |~
<l

[~

“—.>

1.3 triéu prxel
a4 thanh thip (bd dém frame ~1 MEB)

2 hits/pzel
&
— 74
[, E}_,
1.3 trifu pixzel < 4
™, Ex
Py
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THIET Bl RASTER
 Man hinh tam phang

tam chiva wat
~"1iéu "hién thi

4————  nOr guan sat

)
ngang 5/ 1.7

/.-"-.‘13 45

%
hrdr %i? rd
7

hrert doc
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Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

CHUGNGZ:
BUOC BDAU TAO HINH ANH
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NOI DUNG TRINH BAY

 Xay dwng chwong trinh dé hoa.

 Thanh phan co ban trong mét chwong trinh st dung
OpenGL.

Vé diém, vé doan thang, v& dwdng gap khuc, vé hinh
chir nhat.

- Giao tiép v&i chudt va ban phim.
Mot s teng dung.
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XAY DUNG CHUONG TRINH BO HOA

1 MO trwong lap trinh
— Phan cng: man hinh, card dé hoa.

— Phan mém: hé diéu hanh (Window), ngén ngi I4p
trinh (MS Visual C++), thw vién do hoa (OpenGL,
Direct X).

O Trinh tw xay dwng chwong trinh dé hoa
— Thiét 1ap ché do hién thi (van ban, do hoa)
— Thiét 1ap hé truc toa do

— St dung cac ham cla méi trwdng 1ap trinh dé tao
dwng hinh anh.
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THIET LAP TRUC TOA PO

1 Moi trieong lap trinh DOS

/(100,50) \
(150, 80)
(0, 290) /
2 MOi trwong 1ap trinh Window
4 2
\_ /
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SU DUNG CAC HAM BE XAY DUNG HINH ANH

 Ham do hé diéu hanh va ngén ngl 1ap trinh cung cap:
— setPixel(x, y, color)
tén khac: putPixel(), SetPixel() hoac drawPoint()
_ line(100, 50, 150, 80);
line(150, 80, 0, 290);
J Ham do thw vién d6 hoa cung cap.
J Ham tw xay dwng.
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THANH PHAN CO BAN CUA CT SU DUNG OpenGL

1 OpenGL la thw vién 1ap trinh dd hoa ddc 1ap thiét bj
— Khéng phu thudc vao phan cieng va hé diéu hanh
— Cach lam thong nhat cho ca do hoa 2D va 3D
J Lap trinh Window
— Lap trinh sw kién la gi?
— Hang dgi sw kién (event queue).
— Callback function.
— Pang ky ham x& ly sw kién:
* glutDisplayFunc(myDisplay)
* glutReshapeFunc(myReshape)
 glutMouseFunc(myMouse)
* glutKeyboardFunc(myKeyboard)
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THANH PHAN CO BAN CUA CT SU DUNG OpenGL

// phén #include nhitng file header can thiét - xem phu luc 1
void main(int argc, char* argv)
{

glutlnit(&argc, argv); Zinitialize the tool kit

glutinitDisplayMode(GLUT _SINGLE |GLUT_RGB);//get the display
mode

glutlnitWindowSize(640, 480); /set window size
glutlnitWindowPosition(100, 150); // set window position on screen
glutCreateWindow("My first program"); // open the screen window

// reqgister the callback function
glutDisplayFunc(myDisplay);

mylnit(); //additional initialization as necessary
glutMainLoop();

}
Faculty of Computer Science and Engineering - HCMUT Slide 7



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

THANH PHAN CO BAN CUA CT SU DUNG OpenGL

- Thiét 1ap hé truc toa do

void mylnit()
{

glMatrixMode(GL_PROJECTION);

glLoadldentity();
gluOrtho2D(0.0, 640.0, 0.0,480.0);

b o

N

~

.

-
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glBegin(GL_POINTS);

9

g
g
glEnd();

Vertex2i(100, 50);
Vertex2i(100, 130
Vertex2i(150, 130
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VE DIEM

);
);

My first program

thw
vién
gl

i

glVertex2i(...)

ban caa géi sé
tén ham

| >

phénco 6 lwong kiéu caa

doi so
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VE DIEM
 Trang thai trong OpenGL

— glColor3f(1.0, 0.0, 0.0); / d6i mau vé thanh mau dé

— glClearColor(1.0,1.0,1.0,0.0);// set white background
color

— glPointSize(4.0);
— glLineWidth(2.0);
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VE DIEM

J M6t chwong trinh hoan chinh
int main(int argc, char* argv|])
{
glutlnit(&argc, argv); Zinitialize the tool kit

glutinitDisplayMode(GLUT _SINGLE |GLUT _RGB);//set the display
mode

glutinitWindowSize(640, 480); /set window size
glutlnitWindowPosition(100, 150); // set window position on screen
glutCreateWindow("My first program"); // open the screen window
glutDisplayFunc(myDisplay);/ register redraw funtion

mylnit();

glutMainLoop();/ go into a perpetual loop

return O;
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VE DIEM
void mylnit()
{
glClearColor(1.0,1.0,1.0,0.0);/ set white background color
glColor3f(0.0f, 0.0f, 0.0f); // set the drawing color
glPointSize(4.0); // a ‘dot’is 4 x 4 pixels
glMatrixMode(GL_PROJECTION);

glLoadldentity();
gluOrtho2D(0.0, 640.0, 0.0, 480.0);
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VE DIEM
void myDisplay()
{
glClear(GL_COLOR_BUFFER_BIT); / clear the screen
glBegin(GL_POINTS);
glVertex2i(100, 50); // draw three points
glVertex2i(100, 130);
glVertex2i(150, 130);

glEnd();
glFlush(); // send all output to display
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MOT SO Vi DU

' Vé chom sao Dai Hung:
{Dubhe, 289, 190}, {Merak, 320, 128}, {Phecda, 239, 67},
{Megrez, 194, 101}, {Alioth, 129, 83}, {Mizar, 75, 73},
{Alcor, 74, 74}, {Alkaid, 20, 10}

Bl =2 My first progr

o JOMIOT pioih ﬁ/ \ |

T g ¢
./ : ;;,11‘{}5\?}\ B
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MOT SO VI DU
Vé Sierpinski gasket

Sierpinski gasket
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MOT SO Vi DU

 Vé& Sierpinski gasket

1. Chon 3 diém ¢ dinh T0, T1, T2 dé tao nén mét tam gidc. Luu y
rang chung ta khong vé 3 diem nay Ién man hinh

2. Chon diém khéi dau p0. Biém p0 dwec chon ngau nhién trong s6 3
diem T0, T1, T2. Sau doé vé pO0.

L&p lai nhirng bwdc sau cho dén khi dat dwoc mot két qué vira y
3. Chon mét diém bat ky trong s6 3 diém T0, T1, T2. Goi diém do 1a T.

4. Tao diem tiép theo (pk ) bang céach lay diém trung diém cta doan
thang ndi T va diém trwdc do (pk-1 ). Tle 1a : pk = diém gilra cla
pk-1vaT

5. Dung ham drawDot() dé vé pk.
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MOT SO Vi DU

] Vé& Sierpinski gasket
void Sierpinski()

{
GLintPoint T[3]={{10, 10}, {300, 30}, {200, 300}} ;

int index = random(3) ;
GLintPoint point = T[index] ;
giClear(GL_COLOR_BUFFER_BIT);
drawDot(point.x, point.y) ;
for(int i=0; i<1000;i++)
{
index = random(3);
point.x = (point.x + T[index].x) / 2;
point.y = (point.y + T[index].y) / 2;
drawDot(point.x, point.y) ;

}
glFlush();

}
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MOT SO Vi DU

class GLintPoint{

public :
GLint x,y;
}s
int random(int m)
{
return rand() % m;
}

void drawDot(GLint x, GLint y)
{ /Iv& mbt diém & toa do (x, y)
glBegin(GL_POINTS);
glVertex2i(x, y);
glEnd();

}
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VE DOAN THANG

J glBegin(GL_LINES);
glVertex2i(40, 100);
glVertex2i(202, 96);

glEnd();
 void drawLinelnt(GLint x1, GLint y1, GLint x2, GLint y2)
{
glBegin(GL_LINES); -
glVertex2i(x1, y1); —_ o
glVertex2i(x2, y2); -t — i
glEnd(); o
} a) doan thang méng b) doan thidng day c)’ :ioan thang dut

 glBegin(GL_LINES);
glVertex2i(10, 20);/ vé doan thang thir nhat
glVertex2i(40, 20);
glVertex2i(20, 10);/ vé doan thang thir hai
glVertex2i(20, 40);
thém 4 Ioi goi ham glVertex2i()dé vé hai doan thang con lai
glEnd();
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VE PUONG GAP KHUC

- p0 = (x0, y0), p1=(x1,y1), .., pn=(xn, yn)
d gIBegin(GL_LINE_STRIP); /vé duong gap khic mé
glVertex2i(20, 10);
glVertex2i(50, 10);
glVertex2i(20, 80);
glVertex2i(50, 80)
glEnd();

J GL_LINE_LOOP
a) b)
vé duong gap khic khép kin
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VI DU

[ void hardwirededHouse()
{
glBegin(GL_LINE_LOOP);//vé khung ngdi nha
glVertex2i(40, 40
glVertex2i(40, 90

( 120
(
glVertex2i(70, 120);
(
(

);
);

glVertex2i(100, 90);

glVertex2i(100, 40); 40 T
glEnd(); ) | |
glBegin(GL_LINE_STRIP);//vé 6ng khoi 40 120

glVertex2i(50, 100);

glVertex2i(50, 120);

glVertex2i(60, 120);

glVertex2i(60, 110)
glEnd();

... // vé ctra ra vao

... //Vé clra s6
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VI DU

d \rqu'd rEzslrameterizedHouse(GLintPoint peak,GLint width,GLint
eig
// toa dé cua ndc nha la peak,
// chiéu cao, chiéu réng ctuia ngdi nha la height va width
{
glBegin(GL_LINE_LOOP);
glVertex2i(peak.x, peak.y);
glVertex2i(peak.x + width/2,peak.y — 3*height/8);
glVertex2i(peak.x + width/2,peak.y — height);
glVertex2i(peak.x - width/2,peak.y — height);
glVertex2i(peak.x - width/2,peak.y — 3*height/8);
glEnd();
vé bng khoi
V€ clka ra vao
Vé clra s6

}
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VI DU

Draw Houses
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VE PUONG GAP KHUC

 class GLintPointArray
{
const int MAX_NUM = 100;
public:
int num ;
GLintPoint ptfMAX_NUM] ;
%
] void drawPolyLine(GLintPointArray poly,int closed)
{
glBegin(closed ? GL_LINE LOOP : GL_LINE STRIP);
for(int i=0;i<poly.num;i++)
glVertex2i(poly.pt[i].x, poly.pt[i].y);
glEnd();
glFlush();

}
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VE DOAN THANG DUNG moveto(), lineto()

- GLintPoint CP; //global current position
void moveto(GLint x, GLint y)
{
CP.x = x; CP.y =y, /lupdate CP
}
void lineto(GLint x, GLint y)
{

glBegin(GL_LINES); //draw the line
glVertex2i(CP.x, CP.y);
glVertex2i(x, y);
glEnd();
glFlush();
CP.x = x; CP.y =y, /lupdate CP
}
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VE HINH CHU NHAT

J Cu phap
glRecti(GLint x1, GLint y1, GLint x2, GLint y2);
// v& mdt hinh chi¥ nhat ma hai géc doi dién cé toa do la (x1, y1) va
(x2, y2)
// hinh chi nhat sé duoc té bang mau vé hién hanh (current color)
J Vidu
glClearColor(1.0, 1.0, 1.0, 0.0); // nén mau trang
glClear(GL_COLOR_BUFFER_BIT):// x6a ctra sb
glColor3f(0.6, 0.6, 0.6); // bright gray
glRecti(20, 20, 100, 70);
glColor3f(0.2, 0.2, 0.2); // dark gray
glRecti(20, 20, 100, 70);
glFlush();
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HE SO TY LE CUA HINH CHU NHAT

. width
aspect ratio =—-
height
$=1.618034
A B
11/8.5 4/3 ©
golden
landscape tv screen rectangle
- F
D
i 8.5/11 1/
portrait
square
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NHUNG BOI TUONG DO HOA CO BAN KHAC
TRONG OpenGL

GL TRIANGLES GL TRIANGLE STRIP GL TRIANGLE FAN

GL _QUADS

SO
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GIAO TIEP VO'I CHUOT

Thao tac baAm chuét
- glutMouseFunc(myMouse)
J void myMouse(int button, int state, int x, int y);
button: GLUT LEFT BUTTON, GLUT_MIDDLE_BUTTON va
GLUT_RIGHT BUTTON
state: GLUT_UP va GLUT_DOWN

X, y: toa dé man hinh, truc x chay tu trai sang phai, truc y chay tu
trén xuong dwai

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

{
if(button == GLUT_LEFT_BUTTON && state == GLUT_DOWN)
drawDot(x, screenHeight - y);
else if(button == GLUT_RIGHT_BUTTON && state == GLUT_DOWN)
exit(-1);
}
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GIAO TIEP VO CHUC)T

Thao tac di chuyén chuést

- glutMotionFunc(myMovedMouse)

- void myMovedMouse(int x, int y)

J void myMovedMouse(int mouseX, int mouseY)

{

_int X = mouseX;

_int Y = MOuseY;

_int brushSize = 20;

glRecti(x, y, x + brushSize, y + brushSize);
glFlush();

}
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GIAO TIEP VOI BAN PHIM

[ glutKeyboardFunc (myKeyboard)
J void myKeyboard (unsigned int key, int x, int y);
— key: md ASCII cuia phim bi nhén
- X, y: vi tri chuét
] void myKeyboard (unsigned char theKey, int mouseX, int

mouseY) {
GLint X = mouseX;
GLint Yy = screenHeight - mouseY;
switch (theKey)

{
case ‘p’: drawDot(x, y); //vé& motdiém & vitri con chudt
break;
case GLUT KEY LEFT: List[++last].x = x ;
List[last].y = y;//thém diém
break;
case ‘E’': exit(-1);
default: break;
}}
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NOI DUNG TRINH BAY

 Clra s va khung nhin

- Phép bién dodi tr ctra s6 sang khung nhin

2 Giai thuat cat xén

 Xay dwng I&p Canvas phuc vu cho viéc vé hinh anh
- Vé twong dbi va do hoa con rua

 Tao hinh &nh tir da giac déu

1 Vé duwong tron va cung tron

- Biéu dién va vé dworng cong theo dang tham sb
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CUA SO VA KHUNG NHIN

1 Hé truc toa do thé giéi: hé truc miéu ta doi twong, khdng quan
tam dén don vi do.

 Ctra s6: hinh chi¥ nhat trong hé truc toa do thé gi®i. Phan nam
trong ctra so sé duoc vé, phan nam ngoai bi loai bo.

2 Khung nhin: hinh chi nhat trong ctra s6 man hinh, cho phép hién
thi hinh anh & dau trén man hinh.

%/ I | khung nhinJ

. ’/

cura s6 —
‘ cta s6 Uung dung
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

' g
ek

X Vb -

Wb | | .
V. V.r SX

 Ctra s6 1a hinh chir nhat co vi tri va kich thwéc bat ky
J Khung nhin cung Ia hinh ch@ nhat co vi tri va kich thwoc
bat ky, nhwng phai nam trong ctra s6 (rng dung

JHé so ty |é cua clra s va khung nhin khéng nhat thiét
bang nhau. Khi hai gia tri nay khac nhau, hinh anh sé bi
bién dang
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

VA sy khung nhin
W.t
w. Vi [~
Wi - :
[
N _ []
x Vb —
| A | >
W.b i Vi \ v
ctza 86

B A s
ctra sO ung dung

d (x, y) nam trong ctra s6 > tim (sx, sy) thudc khung nhin

- Phép bién déi phai bdo toan ty I& khoang cach

- sx phu thudc tuyén tinh vao x, sy phu thudc tuyén tinh vao y:
sx=Ax+C
sy=By+D
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

l | | \ |
w.l W.r V.l V.r
sx—V.l x—W.l Vir=V.1 Vir=V.l
_ _ V.- Wl
Vvl wWr-wi T wr_wi T ( Wor—Wi )
A = V-Vl C=V.l- Vr—V.l W.l=V.I-AW.
W.r— W.l W.or-W.l
B= Vt—V.b D=V.b- V.t=V.b W.b=V.b-BW.b
W.t—W.b W.t-W.b
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Hién thwc trong OpenGL

void setWindow(float left, float right, float
bottom, float top)

{
glMatrixMode (GL PROJECTION) ;
glLoadIdentity() ;
gluOrtho2D (left, right, bottom, top);

}

void setViewport(int left, int right, int bottom,
int top)

{

glViewport (left, bottom, right - left, top -
bottom) ;
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Vi du

sin(7zx)

sinc(x) =
71X

void myDisplay ()

{ /\
setWindow(-5.0, 5.0, -0.3, 1.0); \K/ \//
setViewport (0, 640, O, 480);
glBegin (GL_LINE STRIP);
for (GLfloat x = -4.0; x< 4.0; x+=0.1)

{

GLfloat y = sin(3.14159 * x) / (3.14159 * x);
GLVertex2f (x, y),

}
glEnd() ;

glFlush() ;
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Ung dung
] Cat xén mot phan cda hinh anh
- Phong to, thu nho va dao trong khung canh

e y =2 pake N-gon

e N-g

o
fi¥:

T

=2 Ma
Lot

—
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Thiét 1ap clra s6 va khung nhin tw dong

JThiét l1ap cira s6

-Thwc hién tha tuc vé hinh nhwng khéng thwe hién thao
tac v& ma chi dé tinh dwdng bao. Sau dé, thiét 1ap clra sb.

- Thwe hién tha tuc v& hinh mét Ian nira. Nhwng lan nay
thwe hién thao tac vé.

(0.36, -1.75)
| T T T T T T T T _'_______: dufdng bao
| |
| |
|
| |
| |
-

y

AN

(3.44, -0.51)
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Thiét lap ca sé va khung nhin tu déng
- Thiét 1ap khung nhin bao toan ty 1& khodng céch
— R > W/H : setViewport(0, W, 0, W/R);
— R <W/H : setViewport(0, H*R, 0, H);

khung nhin ~ €Ua s man hinh khung nhin ~ €U@ s6 man hinh
ctia 8O # 1 ctra s * T
hé sb tylé: R H , i
R | ilee O | AR
W g ) W
a) R > W/H b) R < W/H
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PHEP ANH XA TU CUA SO SANG KHUNG NHIN

Thiét lap cra sé va khung nhin tu déng

J Suvw kién Resize
— glutReshapeFunc (myReshape) ;

— void myReshape (GLsizei W, GLsizei H);
— void myReshape (GLsizei W, GLsizei H)
{
if (R > W/H) // R Ia bién toan cuc, R=hé sé ty Ié cda ctra s6
setViewport(0, W, 0, W/R);
else
setViewport (0, H*R, 0, H);

Faculty of Computer Science and Engineering - HCMUT  Slide 12



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

GIAl THUAT CAT XEN

Cat xén doan thang

Xéy dung ham clipSegment (pl, p2,
window) trd vé 0 néu doan thing nam
ngoai cua sd, tra vé 1 trong cac trwong
hop con lal.

— Nam trong ctra sb (CD), tra vé 1.

— Nam ngoai clra sb (AB), tra vé 0.

— M6t dau mut nam trong clra s6, mot
dau mut nam ngoai (ED), cat bo
phan nam ngoai va tra vé 1.

— Hai dau mat nam ngoai, mét phan
doan thdng nam bén trong (EA), cat
bd phan nam ngoai va tra vé 1.
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GIAl THUAT CAT XEN

Giai thuat Cohen-Sutherland
1 Ma trong ngoai caa diém: ma hoda vi tri caa diém so vai
- 2
cua so

o P nam bén trai W? S .
—————————————————— P nam dudi W?

|
|
|
cuaso (W) | micaaP [T|T|F|F
|

_____________ j \\

Pndm trén W? P ndm bén phai W?

TTFF FTFF FTTF

TTFF FFFF FFTF
cua sb

TFFT FFFT FFTT
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GIAl THUAT CAT XEN

Giai thuat Cohen-Sutherland
d Trwdng hop chap nhan don gian va loai bé don gian
— Chap nhan don gian (AB), dung clra s0 I&n. Ma cda hai dau mut
déu la FFFF.
— Loai bé don gian (CD), dung clra sd nhé. Ma hai dau mut déu
c6 cung gia tri T @ mét trwdng

Faculty of Computer Science and Engineering - HCMUT  Slide 15



General ted by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

GIAl THUAT CAT XEN

Giai thuat Cohen-Sutherland
 Cac trwdng hop con lai:

A : pl
» s |
d__ e o L omS : ﬁ ]
B Y A ety
dely delx i /
i p2 < v

bottom |— b-—mm ] delx
e =pl.x-W.right;
delx = p2.x - p1.x; | ;
dely = p2.y - pl.y; left right

pl.y = pl.y + (W.right - p1.x)*dely/delx
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GIAl THUAT CAT XEN

int clipSegment(Point2& p1, Point2& p2, RealRect W)
{
do{
if (trivial accept) return 1;
if (trivial reject) return O;
if (p1 nam ngoai
{ (p goai) /p2
if (p1 nam bén trai) cat xén p1 vé&i canh trai ¢
else if (p1 nam bén phai) cat xén p1 vé&i canh phai D
else if (p1 nam dwéi) cat xén p1 véi canh dwéi
else if (p1 nam trén) cat xén p1 vé&i canh trén
} . /B
else /lp2 ndm ngoai 4
{ P!
if (p2 nam bén trai) cat xén p2 vé&i canh trai
else if (p2 nam bén phai) cat xén p2 vé&i canh phai
else if (p2 nam dwéi) cat xén p2 véi canh dwdi
else if (p2 nam trén) cat xén p2 v&i canh trén
}
twhile(1);

}
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XAY DUNG LOP CANVAS

Muc dich:

- Cung cap nhirng tién ich dé vé cac ddi twong nhu
dwong thang, da giac v.v

- Cung cap cach lam don gién dé tao ctra s6 (rng dung,
thiét 1ap clra s6 khung nhin, thiét 1ap anh xa bién doi tw
ctra sO sang khung nhin, cung v&i nhirng tién ich trong
dd hoa con rua
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XAY DUNG LOP CANVAS

Cac 1o)p ho tro’
class Point2

{
public:

Point2() { x =y = 0.0£; } // constructor

Point2 (float xx, float yy) { x = xx; y = yy; }
void set(float xx, float yy) { x = xx; y = vy, }
float getX() { return x;}

float getY() { return y;}
void draw() { glBegin (GL POINTS) ;
glVertex2f ((GLfloat)x, (GLfloat)y);

glEnd() ;

private:
float X, YV,
};
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XAY DUNG LOP CANVAS

Cac |&p ho tro
class IntRect
{
public:
IntRect() { 1 = 0;, r = 100; b = 0; £t = 100; }
IntRect( int left, int right, int bottom, int top)
{ 1 = left; r = right; b = bottom; t = top; }
void set( int left, int right, int bottom, int top)
{ 1 = left; r = right; b = bottom; t = top; }
void draw () ; // draw this rectangle using OpenGL
private:
int l, r, b, t;

};
class RealRect

{
giéng nhu 1lép intRect ngoai trw dung
float thay cho int
};
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XAY DUNG LOP CANVAS

class Canvas({

public:
Canvas (int width, int height, char* windowTitle) ;
void setWindow (float 1, float r, float b, float t);
void setViewport(int 1, int r, int b, int t);
IntRect getViewport():;
RealRect getWindow () ;
float getWindowAspectRatio() ;
void clearScreen();
void setBackgroundColor (float r, float g, float b);
void setColor(float r, float g, float b);
void lineTo(float x, float y);
void lineTo (Point2 p);
void moveTo (float x, float y);
void moveTo (Point2 p) ;
nhing phuong thuc khac sé duoc dinh nghia sau

private:
Point2 CP; //current position in the world
IntRect viewport; // the current viewport
RealRect window;// the current window
nhitng bién thanh vién khdc sé duoc dinh nghia sau };
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XAY DUNG LOP CANVAS

Canvas: :Canvas (int width, int height, char* windowTitle)
{

char* argv|[l];

char dummyString[8];

argv[0] = dummyString;

int argc = 1;

glutInit(&argc, argv); //initialize the tool kit

glutInitDisplayMode (GLUT SINGLE |GLUT RGB), //set the display
mode

glutInitWindowSize (width, height); //set window size
glutInitWindowPosition (20, 20); // setwindow position on screen
glutCreateWindow (windowTitle) ; // open the screen window
setWindow (0, (float)width, 0, (float)height);//default window
setViewport (0, width, 0, height) ; //default viewport
CP.set(0.0£f, 0.0f); //initialize the CP to (0, 0)

};
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XAY DUNG LOP CANVAS

void Canvas::moveTo(float x, float y)

{
CP.set(x, y);
}
void Canvas::lineTo(float x, float y)
{
glBegin(GL_LINE);
glVertex2f((GLfloat) CP.getX(), (GLfloat) CP.getY());
glVertex2f((GLfloat) x, (GLfloat) y);
glEnd();
CP.set(x, y);
glFlush();
}
void Canvas::setWindow(float I, float r, float b, float t)
{
glMatrixMode(GL_PROJECTION);
glLoadldentity();
gluOrtho2D((GLdouble)l,(GLdouble)r,(GLdouble)b,(GLdouble)t);
window.set(l, r, b, t);
}
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XAY DUNG LOP CANVAS

Canvas cvs(640, 480, "try out Canvas");

void display()

{
cvs.clearScreen(); /xéa man hinh
cvs.setWindow(-10.0, 10.0, -10.0, 10.0);
cvs.setViewport(10, 460, 10, 460);
cvs.moveTo(0, -10.0);// vé doan thang
cvs.lineTo(0, 10.0);
RealRect box(-2.0, 2.0, -1.0, 1.0);/tao hinh chir nhat
box.draw();

void main()

{
cvs.setBackgroundColor(1.0, 1.0, 1.0);

cvs.setColor(0.0, 0.0, 0.0);
glutDisplayFunc(myDisplay);
glutMainLoop();
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VE TUONG PO

moveTo (first data point);
drawMarker () ;

for (each remaining data point)

{

lineTo (the next point) ;
drawMarker () ;

}
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VE TUONG PO

void Canvas: :moveRel (float dx, float dy)

{
CP.set (CP.getX() + dx, CP.getY () + dy):

}
void Canvas: :lineRel (float dx, float dy)

{
float x =CP.getX() + dx;
float y =CP.getY¥ () + dy:
lineTo(x, y)
CP.set(x, vy):
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VE TUONG PO

void arrow(float f£,float h,

float t,float w)
_CP {
lf L////\\\\> cvs.lineRel (-w-t/2, -f);

cvs.lineRel (w, 0);

h I cvs.lineRel (0, -h);

LT cvs.lineRel (t, 0);

w t  w cvs.lineRel (0, h);
cvs.lineRel (w, 0);

cvs.lineRel (-w-t/2, f);
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PO HOA CON RUA

- Thém vao I&p Canvas:
q CPmdl | 0 Bién CD chira hwéng hién hanh

J turnTo (float angle)

CD = angle;
] turn(float angle)

CD

CD += angle; (CCW)

CP ci O forward(float dist,int isVisible)

void Canvas: :forward(float dist, int isVisible) {
const float RadPerDeg=0.017453393;
float x = CP.getX() + dist*cos (RadPerDeg *CD) ;
float y = CP.getY() + dist*sin (RadPerDeg *CD) ;
i1f( 1isVisible) lineTo(x, V)
else moveTo (x, V),
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PO HOA CON RUA

Vi du: for (some number of iteration) {
_ _ /[draw a line in current
Vé polyspirals forward (length, 1);

/lturn through angle degreee
directionturn (angle) ;

// increment the line length
length += increment;

B polyspirals

a)
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TAO HINH ANH TU DA GIAC BEU

Binh nghia: da giac don, cac canh bang nhau, hai canh

ké nhau hop vé&i nhau mét goc bang nhau.

/\

O

40
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TAO HINH ANH TU BA GIAC PEU

Vé da giac déu
Pi = (Rcos(2n/n), Rsin(2x/n)) véii=0,1, ..., n-1.

void ngon (int n,
Y 4 float cx, float cy,
p P= (Rcos(ia), Rsin(ia)) float r, float rotA){
2 if (n < 3) return;
/// double angle = rotA*PI/180;
a X double angleInc = 2*PI/n;
\\\ R//ﬂy ] cvs.moveTo (r*cos (angle) +cx,
r*sin (angle) +cy) ;
for(int k=0;k<n;k++)
{

angle += anglelnc;
cvs.lineTo (r*cos (angle) +cx,
r*sin (angle) +cy) ;
}
}
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TAO HINH ANH TU DA GIAC BEU

Vé da giac bang dé hoa con rua

for (1=0;1i<6;1i++)

{
cvs. forward (L, 1); 360//’1/
cvs.turn (60) ; -

}

Bién thé cua da giac deu

B2 Variation on n_Gons

7
Srey
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VE DPUONG TRON VA CUNG TRON

Ve dwéng tron
void drawCircle (Point2 center, float radius)

{

const int numVerts = 50;

ngon (numVerts,center.getX() ,center.getY () ,radius,0);

}

1 Cach chi dinh mét dwdrng tron
— Tam va ban kinh
— Tam va mot diém nam trén dworng tron
— Ba diém nam trén dwdng tron
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VE DPUONG TRON VA CUNG TRON

] Vé cung tron

void drawArc(Point2 center, float r, y
float rotA, float sweep) f\
R
{
-
Sorae
X

const int n=30; /number segments L
float angle = rotA*P1/180; c
float angleinc = 2*Pl/n; >
float cx=center.getX(), cy=center.getY();
cvs.moveTo(r*cos(angle)+cx, r*sin(angle)+cy);
for(int k=1;k<n;k++)

{

angle += angleinc;
cvs.lineTo(r*cos(angle)+cx, r'sin(angle)+cy);
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DANG BIEU DIEN THAM SO CUA BUONG CONG

J Dang an: mo ta duang cong bang ham F(x, y). Ham nay
cho biét moi quan hé glua X va y: diém (x, y) nam trén
dwdng cong néu va chi néu F(x, y) = 0.

— F(x, y) = (y - Ay)(Bx - AX) - (x - Ax)(By - Ay)  (dth&ng)
— F(x, y) = x? + y? = R? (dtron)
1 Ham trong ngoai
— F(x, y) = 0, néu (X, y) nam trén dwdng cong
— F(x, y) > 0, néu (x, y) nam ngoai dwérng cong
— F(x, y) <0, néu (x, y) nam trong dwdng cong
- Nhwoce diém cua dang an

— DP6i v&i ham da tri, khong thé suy ra y=g(x) ttr F(x, y),
chang han tir dang an cuia dwong tron, ta co:

V= J_r\/R2 —x°
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DANG BIEU DIEN THAM SO CUA DU’C)’NG CONG

Dang biéu dién tham s6
— Vi du 1: Doan thang c6 hai dau mut 1a A va B. O thoi
diém t = 0, di qua diém A; & thdi diém t = 1 qua diém
B.
X(t) = Ax + (Bx - Ax)t
y(t) = Ay + (By - Ay)t @t=1
B (Bx, By)

@t=0
A (Ax, Ay)
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Dang biéu dién tham s6
- Vidu 2: BDuong ellipse co cac
ban kinh la W va H
X(t) = Wcos(t)
y(t) = Hsin(t)
voi (0<t<2n)

2

s

” La)
), y(wH%
o > 27 >

W

-C

=r

(&

X

x;t)

t
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DANG BIEU DIEN THAM SO CUA DU’C)’NG CONG

Dang biéu dién tham s6
— dang an va dang tham sb cé cung biéu dién mot
dwong cong hay khéng?
— t&r dang tham sé tim dang an?
« Vi du: dbi v&i hinh ellipse
X(t) = Wcos(t) > cos(t) = x/W
y(t) = Hsin(t) sin(t) = y/H

w H

cos2(t) + sin2(t) = 1 > (ijz +(lj2 _
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Vé dwdng cong biéu dién dwéi dang tham s6

a) t=1 b) P

P,

P1) = (x(0), y(v)

//draw the curve (x(t), t(t)) using
//the array t[0], ..., t[n-1] of “sample-times”
glBegin (GL LINES) ;
for(int 1=0;i<n;i++)
glVertex2f (x(t[1]), y(t[i]))
glEnd () ;
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DANG BIEU DIEN THAM SO CUA DU’C)’NG CONG

Superellipse
. Dang én B2 The SuperEllipse

x n y n ~

) ) - 7 )

— Dang tham sb ye N
x(t) =W cos(t)|cos” " (¢) L

J(6) = H sin()sin®" (¢) L //
n=2m/(2n+1) 5

n<1covao
n > 1 phinh ra
n =1 hinh vudng
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Superhyperbola
— Dang biéu dién tham sé 5 The Superhyperbola

x(t) = Wsec(t)‘sec” ”_l(t)‘
¥(t) = H tan(t)|tan” " (¢)

n=2m/(2n+1)
n<1covao

n > 1 phinh ra

n = 1 dwdng thang
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Pwong cong trong hé toa do cuc

x(t)=r(t)cos (0(t))
y(t)=r(t)sin(0(t))

£ (0) cos (0)
£ (0) sin (0)

i du

< <X

cardioid

£(0) = K(1 + cos(0))
rose

£(0) = Kcos (n0)

Archimedean spiral
£(0) = K0
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Pwong cong trong hé toa do cuc
— Mat cat non (conic section)

1 a=1->parabola
O = facos@)  O<a<i-elipse
a>1->hyperbola

— Pwdng xoan oc logarit
f(e) = Keae B2 The Logarithmic spiral [:”E”Z|

a = cot(0)

a) b)
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DANG BIEU DIEN THAM SO CUA BUONG CONG

Pwéong cong 3D
P(t) = (x(t), y(t), z(t))

Pwong helix
X(t) = cos(t)

y(t) = sin(t)
z(t) = bt

Pwong toroidal spiral
X(t) = (asin(ct) + b)cos(t),
y(t) = (asin(ct) + b)sin(t),
z(t) = acos(ct)
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Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

PO HOA MAY TINH

CHUONG 4:

VECTOR TRONG
PO HOA MAY TINH
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NOI DUNG TRINH BAY
1 Gidi thiéu
1 On tap kién thirc vé vector
1 Tich vo hwong
J Tich c6 hwong
- Biéu dién dbi twong hinh hoc
1 Giao cua hai doan thang
dPuwdng tron di qua ba diém
- Giao cia dwdng thang va mat phang
- Bai toan lién quan dén da giac
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GIO| THIEU

] Tai sao vector lai quan trong trong do hoa may tinh

a)
4, 6]

-

tam i
-

(2, 2]

(2. 3]

tnat phé:ing tihit
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GIOI THIEU

1 Hé truc toa do
— Hé truc toa do ban tay phai (dung trong toan hoc v.v)
— Hé truc toa dd ban tay trai (trong do hoa)
— Pon vi cua truc toa dé khéng quan trong

a) &) Y a ©)
¥ &
B
- 3 3
19_||I|||||; /\
z x
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ON TAP KIEN THUC VE VECTOR

1 Dinh nghia:

Vector la dai lwgng co d6 dai va huwong. N6 thwong dwoc
dung de¢ biéu dién cac dai lwgng vat ly nhw lwc, van toc.

Lwuy:
- Diém dat cua vector khdng quan trong
- Vector vj tri

~

—_ [ L s S
i

s
/
2t
Ry

Gl
W
N
|
I
|
<>
y

L1
23

I
1
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ON TAP KIEN THUC VE VECTOR

=(2,5,6),b=(2,7,1)
dPhépcong:a+b=(0,12,7)
1 Phép nhan ty 1é: 6a = (12, 30, 39)
dPhéptr:a-b=a+ (-b)=(4, -2, 5)
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ON TAP KIEN THUC VE VECTOR
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ON TAP KIEN THUC VE VECTOR

aT6 hop tuyén tinh cua m vector v,,v,,...,v_. la vector
w=av,tay,+...+ta v
(v&ia,, a,, ... ,a,, la cac dai lwong vo hwdng)
A T6 hop affine 1a td hop tuyén tinh voi
a,ta,*+...+ta_ =1
1 TO hop 101 la to hop tuyén tinh voi
a,ta,*...+a_ =1va
ch >=0, vOoi i=1,...,m
D6 16N clia vector: [w] = \Jw? + w2 +...+w?

a

JdVectordonvi: 4, =1
g
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TICH VO HUONG

d Dinh nghia: Tich vé hwdng d cla hai vector n chiéu v =
(Vy, Vs, .oy V) VAW = (W, W,, ..., W) va dwoc ky hiéu la
Vew Vva CO gia tri

n
d=vVew= Zvl.wl.
=1

2 Tinh chat:
— Tinh d@6i xtrng (symmetry): aeb = bea
— Tinh tuyén tinh (linearity): (a + c)eb = aeb + ceb

——

— Tinh d6ng nhat (homogeneity): (sa)eb = s(aeb)
— |bJ2= beb
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TICH VO HUONG

1 Gobc gitra hai vector:
bec = |b||c| cos(0)

cos(f)=u, eu_

f 4

herc=1] h=c=1 hec<I
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TICH VO HUONG

- Vector vudng goc véi vector 2 chiéu
Cho a = (ax, ay). Thi a L = (-ay, ax) la vector vuong goc
ngwoc chieu kim dong ho voi a. Vector nay thuwong
dwoc goi la vector "perp" (viét tat cua perpendicular).

b)

a)

~
7N
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TICH VO HUONG

 Phép chiéu truc giao va khoang cach tir mot diém dén dt

c = Kv + Mv!t (can xac dinh K va M)

1
Cov = Kvev + Mviey > K =—— M = cl.vl
Vvev V eV
1 1

= o v T |V distance=VL;ch:‘V o
M N M M
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TICH VO HUONG

 Tim tia phan xa
r=e—-m,e=a-m-=->r= a-2m

aen
m=——->—n=(aeu, )u,

n
r=a-2@eu,)u,

a) AN b AN
m a T .
‘, I v
LTI s - -
p e
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TICH CO HUONG

[ Tich c6 hwdng cua hai vector |a mbét vector
 Tich c6 huwdng chi dwoc dinh nghia cho vector 3 chiéu

1 Cho hai vector 3 chieu a = (a,, a,, a,) vab = (b,, b,, b,),
thi tich c6 huwédng cua chung nhw sau

axb=(ab,—ab)i+(ab,—ahb,+(ab,—ahb,k

° ° 4 axh

1 J k dién tich = |a x h|
axb=la  a, a,

b, b, b,

|a x b| = |a]|b|sin(6)
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BIEU DIEN BDOI TWONG HINH HOC

1 Hé toa do va khung toa do

— (3, 2, 7) l1a diém hay la vector?

— Khung toa dd: goc 9 va 3truca, b, ¢

— Biéu dién vector v bang cach tim (v,, v,, v,) sao cho
v=va+v,b+ve

- Biéu dién diém
P-3=p,a+p,b+psc
P=3%+pa+pb+psc
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BIEU DIEN BDOI TWONG HINH HOC
- Biéu dién dong nhat

/vl\ /pl\
V=(a,b,c,9) " P:(a,b,c,S)P2
Vs P
0 1)

— Hé toa do théng thwdng >hé toa dd dong nhat
diém: thém 1; vector : thém 0

- Hé toa dd déng nhat > hé toa dd théng thuwdng
diém: x6a 1; vector : xda 0.
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BIEU DIEN BDOI TWONG HINH HOC

dDiém — diém = vector(x, y, z, 1) - (u, v, w, 1) = (x - u,y -
v,z - w, 0).

dDiém + vector =diém; (x,y,z, 1)+ (d, e, f,0)=(x+d, y
+e, z+1,1).

J Vector + vector = vector; (d, e, f,0)+ (m, n, r,0)=(d +
m,e+n,f+r0)

dPai lwong vo hwéng x Vector = Vector; 3(d, e, f, 0) = (3d,
3e, 3f, 0)

1 Td hop tuyén tinh cla vector la vector; v = (v1, v2, v3, 0)
vaw = (w1, w2, w3, 0), a, b la hai dai lwong vb huwédng
thi av + bw = (av1 + bw1, av2 + bw2, av3 + bw3, 0)
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BIEU DIEN BDOI TWONG HINH HOC

A T6 hop affine cac diém: 1a mot diém. P = (P1, P2, P3, 1)
va R=(R1, R2, R3, 1), goi fva g la hai gia tri vd hwdng:
fP+gR=(fP1+gR1,fP2+gR2,fP3 +gR3,f+ Q).

Diém cdng vector 1a t6 hop affine cac diém

-P=A+H{B-A)
.x"?"l!rPi"‘Pz}
- P=tB+(1-1HA e =g A
2 X , % - 4 Phn thudc hé
1 TO hgp tuyén tinh phu . $ Fre=T f,\i m;ilguaﬂﬁ
A n A g 4N
thudc hé toa do R f,f;'f a;f:"f (P1+P)
!
r";ff 27Ty (PrtPi
P Lt
! e -
s -
;o
_,:_,,.-'
L Ll
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BIEU DIEN BDOI TWONG HINH HOC

I Noi suy tuyén tinh hai diém: P = A(1 - t) + Bt
I float lerp(float a, float b, float t)
{ returtna+(b-a)*t; }
1 Point2 Canvas:: Tween(Point2 A, Point2 B, float t)
J S& dung tweening trong nghé thuat, hoat hinh
- P.()=(1-1HA +1B.
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BIEU DIEN BDOI TWONG HINH HOC

1 NOI suy bac 2, bac 3
- P =(1-02A+2(1-0tB+ t°C 1=((1-1t) + 1)
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BIEU DIEN BOI TUONG HINH HOC
- Biéu dién dworng thang: doan thang, tia, dwdng thang

1) duing thing b doan thang ) tia
oo /
u:hem

o
hatdau
1 Biéu dién tham sé
¥ (@t =1
_L(t)=C + bt ) —
— Poan thang, 0 <t< 1 Lo b
- ; @ =1
—Tla,OSt%w ”'{‘-:»_\ @ =0
— Pbwong thang, -0 <t<ow @t <0 h
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BIEU DIEN BDOI TWONG HINH HOC
 Dang biéu dién diém phap tuyén: ne(R - C) =0

b Il
VB
o R

- Chuyén dbi gitra
nhirng cach biéu dién
khac nhau
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BIEU DIEN BDOI TWONG HINH HOC

- Biéu dién mét phang
dwdi dang tham so:
P(s,)=C+sa+tb

 Chuyén dbi gitra

nhirng cach biéu dién

khac nhau R

A=C+

) ~ a o 2=(0.0,Dxn
=C+h b=n=a
=4d_ _
=F. fi=axh
datiz
tham s
‘ {C,a, b}
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BIEU DIEN BDOI TWONG HINH HOC

Manh phang: P(s,t)=C + as + bt
P(0, 0) = C; P(1,0)=C+a
P0O,1)=C+b P(1,1)=C+a+b

a) b
F 3
d khing sian
thatm s
1
'E hi toa d§
1 thé gidi
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GIAO DIEM CUA 2 BDOAN THANG

AB(t)=A +bt; CD(u)=C+du
Giao diém: timtva usaocho A + bt=C + du
bt=c+du vdic=C-A

diebf=dlec
v dteb=0. . B B
d ec ¥ h:'/ -
[ = T I H/D
d-eb ﬂ/ ) ﬂ )
1
u:b oC o4 A
d*eb ’ S
vdteb=0 A =
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PUONG TRON Pl QUA 3 PIEM

El

trre #1

1
dDwong trung trwvc  L(2) = E(A +B)+(B-A)'t
dbata=B-A:b=C-B;:c=A-C;
dTrung trwc cua AB; A+ a/2 +a't;cuaCD; A-c/2+clu

Jdaltt=b/2 + clu =2

t—lb'c S:A+%(a+ bec ai)

2atec a’ec
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GIAO CUA DPUONG THANG VA MAT PHANG

ne(F-F=10

dne(A+ct,;-B)=02>ne(A-B)+nect, =0
_ne(8-4)
hit — nec
ddiémcat P, = A +ct,
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GIAO CUA DPUONG THANG VA MAT PHANG

a) t1a "nim doc" theo n b t1a "nam ngwoc" chifu viin

dnec >0, tia di "doc theo" hwdng phap tuyén cia dworng
thang

dnec =0, tia song song v&i dwdng thang

Qnec <0, tia di "nguoc voi" hwéeng phap tuyén cua
duwong thang
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BAI TOAN LIEN QUAN DPEN DA GIAC

. Dinh nghia da giac va da dién
1 Cac bai toan lién quan
— Biém P cho trwéc nam trong hay nam ngoai da giac (hoéc
khoi da dién)
— Giao diém dau tién tia R v&i da giac (hoac khoi da dién)

— Phan nao clia dwong thang L s& nam trong da giac (hodc khoi
da dién), phan nao nam ngoai.
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BAI TOAN LIEN QUAN DEN DA GIAC
 Bai toan tim giao diém
Pa giac (da dién) 16i dwoc mé ta bdi cac duc‘yng,théng
(mat phang) bao > tim giao diém v&i dworng thang

chang qua tim giao diém cla dwdng thang voi tap cac
duwong thang (mat phang) bao

A 1) C)

~ tra khong
Slatl 1g0ad
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BAI TOAN LIEN QUAN DEN DA GIAC
- Tim giao diém cla tia v&i da giac

— Diém catvao = A + ct,_;

—~Diémcat ra=A+ ctout :

— Nam trong da giac[t,, t. ;|-
] Cat xén tia

A =A+cmax(©, ;) C =A+cmin(1,t,,)
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BAI TOAN LIEN QUAN DPEN DA GIAC

) Xac dinh tia di vao hay di ra khoi da giac
— Néu n e ¢ > 0, tia di ra khoi P
— Néu n ¢ ¢ = 0, tia song song v&i dwdng thang
—Néunec<0,tiadivaoP

2 V&i moi dwong bao, ching ta sé phai xac dinh:
- Thoi gian cat cla tia voi dwdng bao.
- Tia di vao hay di ra khoi da giac & dwd'ng bao.
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BAI TOAN LIEN QUAN DPEN DA GIAC

phin doan thing  doan phén doan thang
nirn ngoal P dr tuvén nirn ngoal P
J\—— X |,
I tii Tt 1

Goi doan [t,, t . ]1a doan dw tuyén

d Kh&i gan gia tri ban dau [0, 1] cho doan du tuyén

d  Vé&i méi dwong bao, xac dinh t,, va xac dinh tia di vao hay di ra
khoi da giac:
— Neéu tia di vao da giac, thi t,, = max(t,, t,. ).
— Neéu tia di ra khéi da giac, thi t,,, = min(t, ., t, ).

 Né&u tin > tout thi tia khéng cat da giac, va chwong trinh két thuc.

O Néu doan dy tuyén khong trong, thi doan thang tir A + ct,, dén A
+ ct, , nam trong P.
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NOI DUNG TRINH BAY
- Gidi thiéu nhirng khai niém co ban cda phép bién dbi
affine.
 Phép bién di hinh 2D
 Phép bién ddi hinh 3D
1 Bién dbi hé truc toa do
1 S& dung phép bién dodi affine trong chwong trinh
dVé khung canh 3D vé&i OpenGL
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CAC KHAI NIEM CO BAN

- Phép bién doi affine Ia khai niém co ban nhat cia dé hoa
may tinh, la trong tdm cua OpenGL.

- Dung khung toa dd va hé toa dd ddng nhat.
1 Phép bién doi affine tong thé la hop clia 3 phép bién doi
affine co ban: phép bién doi ty 1&, phép quay va phép tinh

tién.
a) b) Ay
sau khi Ch

y4  biénddi Satt Rl truse khi
bién doi ch aze
1en doi

Q truée khi

bién dé:i

X . X
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CAC KHAI NIEM CO BAN
d Ung dung cla phép bién doi

jjilﬂmﬂmmmm

| 100 0 o o o
o _ o6 _o o _o o

!

(YT YT

dung hinh mau
12 1an

Y

v'Tao khung canh 3D
tir nhirng doi twong
don gian

v'Tao doi twong
phtrc tap twr doi
twong don gian
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CAC KHAI NIEM CO BAN

d Ung dung cla phép bién doi
v'Nhin khung canh ¢
KN A i
v'v nhirng goc nhin khac ,
nhau bang cach thay doi
hwdng, vi tri cua camera

a v'Tao hoat hinh bang
& /| cach di chuyén va quay
) J hé toa do riéng cua

£ tirng doéi twon
Ny oA e
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CAC KHAI NIEM CO BAN
1 St dung phép bién déi trong OpenGL

PoPyl o |QpQpiXEly & buong ong do
hién thi hoa: [a mét loat
< nhirng thao tac
y /7 dwoc ?p dung cho
g’ cac diem glri
xudbng dwong Ong.
Z X

glBegin (GL LINES) ;

glvertex3f(. . .); /lg&i P1 dén dwdng 6ng

glvertex3f(. . .); /lg&i P2 dén dwdng 6ng

glvertex3f(. . .); /lg&i P3 dén dwdng 6ng
glEnd() ;
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CAC KHAI NIEM CO BAN

- Bién dbéi doi twong va bién dbi hé truc toa do
— B[én g"éi doi twong: hé truc toa dd gilr nguyén, bién
doi doi twong.
— Bién dai hé truc toa do: bién ddi hé truc toa do, biéu
dién doi twong trong hé truc mo.

/ S S .

\d L]
o° %o, .
L]
O - . % =
S .
n (3 (3 ‘- =
.
. v
- g
% vausst o
* .
Yvaanst
» »
» »
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CAC KHAI NIEM CO BAN

- Binh nghia phép bién dbi tbng quat
— Phép bién ddi lam thay doi dlem P trong khong gian

2D (ho&c 3D) thanh mét diém Q bang mot cong thire
hay thuat toan T nao do.

P = (Px, Py, 1 )Q (Qx, Qy, 1) (Q -anh)

(Qx, Qy, 1) =T (Px, Py, 1) (T — phép bién dbi)
Q= T(P).

2) b ]

V4 Q

o
‘P
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CAC KHAI NIEM CO BAN

- Phép bién dbi affine
— La phép bién dbi thdng dung trong d6 hoa may tinh

— C6 dang don gidn: toa do cta Q 1a té hop tuyén tinh
cac toa do cua P.

Q, = my P, +tm P, +m,,

Q, = my, P, +my,Py +my,
(Qx\ my, My, m13\(})x\
Qy =My My, My, Py

1) 0 | |

hang thtr 3 ludn
la (0, 0, 1)
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PHEP BIEN DOI HINH 2D
Phép tinh tién

QX=PX +m13
_ O =10 1 m,|P
Qy_ Py+m23 Y 23 y
1) 0 0 1 1)

(Qx\ (1 0 m13\ })x\

|y 1 0| 2) |y
0 1]1
0 0 1)
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PHEP BIEN DOI HINH 2D
- Phép bién doi ty lé

(0.} (5. 0 0P
8)( i gx ﬁx O, 1= 0 5, 0)£F
y y'y N 1 ) kO 0 IA 1 )
Y , X
| Phép bién
% \ I
130 0 doi ty 1é
Y 0O |13]0 déu
. 0 0 1) x
s ' ,
2 (1510 0 Phép bién
= doi ty 1é
0 10510 > khdng déu
i > x‘
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PHEP BIEN DOI HINH 2D
 Phép bién doi ty 1é (phép dbi xirng)

[-1{0 0)
0o [1 o] )

\O 0 1)
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PHEP BIEN DOI HINH 2D
 Phép bién doi ty 1é (phép dbi xirng)

Ay
e O o
[ ] o
® ° 00:
[ o 0. o
[ J o
—e—9 oo ——— 0 0o —0o >
° ° : : X
[ J [ J
[ J [ ] e o ©
) )
e o o

1—1
0
0 0 T,

| O
o O
_/
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PHEP BIEN DOI HINH 2D

1 Phép quay (cos(8) —sin(@) 0)
Q, = P, cos(9) — P, sin(0) sin(0)  cos(d) 0
Q, = P, sin(0) + P, cos(0) L0 0 1)

(05 —3/2 0)
.y J3/2 05 0
|0 0 1
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PHEP BIEN DOI HINH 2D

1 Phép quay (chirng minh)

A

Q. =Rcos(0+¢)
Q, = Rsim(0 + )
O, =Rcosfcosp—Rsmbsing =P cost—P sind
Q, =Rsinfcosp+ Rcosfsinp =P sinf+ P, cosd
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PHEP BIEN DOI HINH 2D

JPhéptrwot (1 5 () i

01 0 )

0 0 1,

ty (1 0 0

g 1 0] )
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PHEP BIEN DOI HINH 2D

2 Nghich dao ctia phép bién doéi affine

a)
Y4 /,]j'_"oQ
P~—"T
-
P=T'Q=M1Q
e 1 my, m,
detM\-m,,  m,

da s céac trwdng hop
cot ther 313 (0, 0, 1)
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PHEP BIEN DOI HINH 2D
2 Nghich dao ctia phép bién doéi affine

Phép Pién doi t)’(\ & Phép quay
|
e 0 0 (cos(6) sin(@) 0
e Ox 1, M™ =| —sin(@) cos(d) 0
0 0 1
\ / Phép tinh tién
Phép trwot '
‘1 —h 0) (1.0 —m;)
M7=l0 1 o0 M7 =10 1 —m,
0 0 1 001
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PHEP BIEN DOI HINH 2D

O Hop cac phép bién doi
I r T,(T,P) = (T,T,)P

% \20 + Tinh tién didm P v&i vector v = (- V,, -V,)
\/ W

* Quay xung quanh goc toa d6 goc 6.
« Tinh tién diém P vé vij tri cd.

10

1 0 V. )\cos(d) —sin(@) 01 0 -V
0 1 V |sin(d) cos(d) 0|0 I -V

< | oo Tk o 1Jo o0 1,
o P (cos(@) —sin(@) d.)
=|sin(¢) cos(0) d,
L0 0o 1,

Faculty of Computer Science and Engineering - HCMUT  Slide 19



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

PHEP BIEN DOI HINH 2D

Tinh chat cta phép bién doéi affine
1 Bao toan té hop affine clia cac diém
T(a,P, +a,P,)=a,T(P,) +a,T(P,) vdia, +a,="1
 Bao toan dwdng thang va mat phang
] Bao toan tinh song song
J Anh hwéng dén dién tich :

area after transformation

= |det M
area before transformation ‘ ‘

1 Bao toan ty 1€ khoang cach

A i
T(W

I(B)

Faculty of Computer Science and Engineering - HCMUT  Slide 20



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

PHEP BIEN DOI HINH 2D

Tinh chat cta phép bién doéi affine
1 C6t cua ma trdn M la khung toa dé sau khi bién doi

vt \ Phép quay xung
2 (2,3) quanh diém (-2, 3)
{/’ml V2 v&i goc quay 30°
it ms W (0.866 —0.5 1.232)
N : ' 0.5 0.866 1.402
/mn m, m13\ 9 0 L

M =\my, my my, :(ml m, ms) m, = Mi, m, = Mj,

0 Mé6i PBD affine 1a hop ctia nhirtng PBD affine don gian
M = (tinh tién)(trwot)(ty 1&)(quay)
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PHEP BIEN DOI HINH 3D
1 Céng thirc tong quat

my, my, m; my,
my, My Ny My,
my, My, My My

0 0 0 1

) (B
Qy :M Py
0, F,

1) (1)
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PHEP BIEN DOI HINH 3D

- Phép tinh tién
1 0 0 my,)

0 1

0 m,,

0 0 1
0 0 0

My

1)

Q Phép bién dbi ty I1&
(S 0 0
S 0

S

0) ’ ”
O zZ
O O V X f/

Y
1)

o O

\
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PHEP BIEN DOI HINH 3D

AL a=(p, P, +P,P,)
OO 1 O
0 0 0 1,
1 Phép quay
y1 v' x-roll, y-roll, z-roll
P’€§Q’ v" khi géc quay la 90°;
~ z-roll: x>y
Q’ N
d \Q@P\ x-roll: y>z
¢ x | y-roll: z>x
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PHEP BIEN DOI HINH 3D

J Phép quay
1 0 0 0) (¢ 0 s 0 (¢ —s 0 0
0O ¢c -5 O 0O 1 0 O s ¢ 00
Rx (ﬁ) — R — R =
0O s ¢ 07 (P -s 0 ¢ O (f) 0 1 0
0 0 0 1 L0 0 0 1 0 0 0 1)
a) ngoi b) quay quanh truc c) quay quanh truc d) quay quanh truc

nha y (309) z (- 90°)

9?9 99
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PHEP BIEN DOI HINH 3D
O Hop cac phép bién doi

— Phép quay xung quanh mét truc bat ky

yA

c+(1-c)u:
(I-c)uu, +su,
(I-cuu, —su,

0

v u -2 X
v' Quay xung quanh truc x v&i goc

quay 3.
v" Khéi phuc u.

RU(B)=Ry('e)Rz((l))Rx(B)Rz('(l))Ry(G)

(I-cuu, —su, (-cuu, +su,

(I-c)uu, +su, c+(1-c)u’

0
c+(1- c)ui (I-cuu,—su, 0
0

0 0 1
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BIEN BOI HE TRUC TOA BO

/px\
Yy (P,, P,, Nt > Py
b———————;,—li\’ \1/
aX’ »
j ’ s (a) (¢
S
- L x b|=M|d
d) Uy
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BIEN BOI HE TRUC TOA BO

O Hop cla nhiéu phép bién déi hé truc toa do

(a) () (e)

) w )
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

1y
#2
25}
A #
i
1=,
32

[ Co 2 cach vé
ngoi nha #1

Vé ngoi nha
#2 ?7?7°?

//ngegin(GL_LINES);
glVertex2d (V[0] .x, VI[O0].y):;
glVertex2d(V[1] .x, V[1].y):;
glVertex2d(V[2] .x, V[2].y);
...// nhitng diém coén lai

< glEnd () ;

cvs.moveTo (V[0]) ;
cvs.lineTo (V[1]);
cvs.lineTo (V[2]) ;

\ ...// nhiing diém con lai

cvs.setWindow(...) ;
cvs.setViewport(...);
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

J Cach lam phtrc tap
— Q = transform2D(M, P);

— cvs.moveTo (transform2D (M, V[0])) ;
cvs.lineTo(transform2D (M, V[1])) ;
cvs.lineTo(transform2D (M, V[2]))
...// nhitng diém coén lai

- Van dé la khé tim ra ma tran M
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

 Cach lam don gian

khung
Sy VA
T ° / nhin
V Jer [ wav |5, 5
V. /\]‘ “\,\ . Sx
> Qe | ~cua s
CT duoc khéi gan la ma trén
don vi: glScaled(sx, sy, 1.0)
glTranslated(dx, dy, O0)
_— *
CT=CT*M glRotated (angle, 0, 0, 1)
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

J Cach lam don gian

cvs.setWindow (...): //thiét lap cua s

cvs.setViewport(...) ;// thiét lap khung nhin

cvs.initCT () ; //bat dau véi bién doi dong nhat
house () ; // ve ngoi nha sO #I

cvs.translate2D (32, 25); /CT bdy gio la phép bién doi tinh tién

cvs.rotate2D (-30) ; //CT bdy gio bao gom phép tinh tién va phép quay
house () ;// ve ngoi nha sO #2
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

void Canvas: :initCT (void) {
glMatrixMode (GL MODELVIEW) ;
glLoadIdentity () ;

}

void Canvas: :scale2D (double sx, double sy) {
glMatrixMode (GL MODELVIEW) ;

glScaled(sx, sy, 1.0);

}

void Canvas: :translate2D (double dx, double dy) {
glMatrixMode (GL MODELVIEW) ;

glTranslated(dx, dy, 0);
}

void Canvas: :rotate2D (double angle) {
glMatrixMode (GL_MODELVIEW) ;

glRotated (angle, 0, 0, 1.0);
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

1 Vi du

Sstor d=ly for (count=0; count<5; count++)

a) b) {
/Q\ 4?& starMotif () ;

\j2%§2§i// cvs.rotate2D (72.0) ;
}

void drawFlake () {
for (count=0; count<6;count++)

{

flakeMotif () ;
cvs.scale2D (1.0, -1.0);
flakeMotif () ;

a) b) l
dwong thang 30°

C%%:% //27/ R cvs.scale2D(1.0, -1.0);

»

cvs.rotate2D (60.0) ;

}
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

d Lwu git» CT dé sau nay dung dén

a) trudc  b) sau khi pushCT() c¢) sau khi rotate2D() d) sau khi
CT3.Wate popCT(

CT4 CT4
CT3 CT3 CT3 CT3
CT2 CT2 CT2 CT2
CT1 CT1 CT1 CT1

void Canvas: :pushCT () {
glMatrixMode (GL MODELVIEW) ;
glPushMatrix () ;

}

void Canvas: :popCT () {
glMatrixMode (GL MODELVIEW) ;
glPopMatrix() ;

}
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SU DUNG PHEP BIEN POl TRONG CHUONG TRINH

JVidu a) by |

- G
RS

cvs.pushCT () ; // so we can return here
cvs.translate2D (W, H); // position for the first motif
for(row = 0; row < 3; row++){ //draw each row
pushCT () ;
for(col = 0 ; col < 3; col++){
motif () ;
cvs.translate2D (L, 0) ;} //move to the right
cvs .popCT () ; // back to the start of this row
cvs.translate2D (0, D) ; }/move up to the next row
cvs .popCT () ; //back to where we started
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Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

PO HOA MAY TINH

CHUONG 6:

MO HINH HOA BOI TUONG
3D BANG LUO1 DA GIAC



DO O

J
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NOI DUNG TRINH BAY
_wQ@l da giac
Khoi da dién
Khdi quét

_wéi xap xi mat cong

 Mat chra canh thang

1 Mat tron xoay

1 Mat bac hai

1 Mat siéu bac hai

 Mat biéu dién bé&i ham twérng minh
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LUOI DA GIAC

d Lwoi da giac 1a tap hop cac da giac phang (cac mat) tao
nén bé mat déi twong, 1a phwong phap chuan dé biéu
dién doi twong.

Ly do st dung lwéi da giac: dé biéu dién (tAp hop cac
dinh), it thudc tinh (dinh, vector phap tuyén), dé bién doi,
dé hién thi.

a) h

biéu dién gan dung
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MO HINH HOA KHOI RAN BANG LU Ol

1 Khoi ran:cac mét xép khit véi nhau déng kin mét phan khéng
gian
- “Bé mat” méng: cac mat khong déng kin mot phan kg
J Lwoi da giac:
— la tap hop cac da giac
— dwoc biéu dién b&i danh sach cac da giac va théng tin

huwong %
hwéng cho biét mat e
nhan dwoc bao nhiéu
anh sang va thwong A,
dwgc dung trong qué P e
trinh t6 mau va;t; iﬁp tuyén

Faculty of Computer Science and Engineering - HCMUT

Slide 4



General ted by Fox tPDFC ator © Fo tSftW
http://www.foxitsoftware.com For evaluation onIy.

MO HINH HOA KHOI RAN BANG LU O

- Phap tuyén dinh va phap tuyén mat
— gan moi dinh thudéc méat mét vector phap tuyén
-V, va V; tuy cung 1 diém nhwng dung phap tuyén
khac nhau (t6 mau phang)
— V, va V; dung phap tuyén giong nhau (t6 mau tron).
Vector phap tuyén nay vuong goc v&i mat cong tai
diem dang xét
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PINH NGHIA LUOI BA GIAC

O Lwdi da giac la tap hop cac da giac ma moi dinh cua tirng mat
dwoc gan mot vector phép tuyén
) Cach Iam hiéu qua: tb chirc thanh ba danh sach. Danh sach dinh

(théng tin vi tri), danh sach phap tuyén (théng tin hwéng), danh
sach mat (théng tin lién két)

0o o 0 0
1 1 0 0
2 |1 1 0
3 (05150
4 |0 1 0
S |0 |0 |1
6 1 0 1
7 |1 1 1
8 (05151
9 (0 |1 1 : cac di cac
0 (trai) 0,5,9.4 |0,0,0,0
1 (mainhatrai) |3,4,9.8 WO T oy |
2 (mai nha phai) | 2,3,8,7 2,2,2,2
3 (phai) 1.2,7.6 3,3.3.3
4 (day) 0,1.6.5 4,4.4,. 4
5 (trwoc) 5,6,7.8.9 | 5,5,5,5,5
6 (zau) 0,4,3,2,1 |6,6,6,6,06
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PINH NGHIA LUOI BA GIAC

- Tim vector phap tuyén:
— néu mat 1a phang—> phap tuyén mat l1a phap tuyén dinh.
— dung tich vd hwédng tinh phap tuyén m = (V1 —V2) x (V3 — V4).
— hai van dé: (1) khi hai vector gan song song véi nhau (2) da
giac khong thwe sw phang

N-1
m, = Z(yz - ynext(i) )(Zi T Zﬂ€3€f(i))
=0 -next(j) = (j + 1) mod N

N-1
m, = Z(Zi = Zpour)(Xi + Xouy) - cac dinh duyét theo CCW
N-1

0
mz — Z (xi o xnext(i) )(yl + yl’l€Xf(i))
0

1=

- m chi ra phia ngoai
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TINH CHAT CUA LU’O’I PA GIAC

- Tinh d&c; néu dong kin mét phan khéng gian

- Tinh lién thédng: gitba hai dinh bat ky cé 1 dwdng dan

A Tinh don gian: khéng co 16 hdng

- Tinh phang: cac méat déu Ia da giac phang (e.g tam giac)
dTinh 16i

PYRAMID DONUT

98 __

=
o

< 5 /"\
%_ ‘}
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Do twong khdng dac dwoc coi la “cai vo” co chiéu day

vO cung bé.

a) BOX

by STRUCT

J g o —
. S i
g™ =
n L | s e
o 1 ﬂu‘f
L I s e
=L L Sﬂ-_ qll-. :: il
'-.._,_.._.l'.l'; L LA
Fa N ':"
R i
“:P-:l.-'l.lc . L%
LR ?"*;:-j; i
% b - = i T,
5 GE_:‘- 5- - y = e
] ._‘!;r}‘._.l._ T P -
VL - i
= - L R =
.n"r b -_m_,_k_.,‘,r__'!_‘ —_\ e
et - i i T
& i e ..'.l-..g-.'_"a :
P r Al e,
. i e
- T
- - -
T
-
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LUO1 DA GIAC TRONG CT

class VertexID{
public:
int vertindex; /index of this vertex in the vertex list
int normlndex; // index of this vertex's normal
I3
class Face{
public:
int nVerts; // number of vertice in this face
VertexID* vert; // the list of vertex and normal index
Face() { nVerts = 0; vert = NULL; }
~Face() { delete[] vert; nVerts = 0; }
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LUO1 DA GIAC TRONG CT

class Mesh {
private:
int numVerts; // number of vertices in the mesh
Point3* pt; // array of 3D vertices
int numNormals; // number of normal vectors for the mesh
Vector3* norm; // array of normals
int numFaces; // number of faces in the mesh

Face® face; // array of face data

// ... others to be added later
public:

Mesh();

~Mesh();

int readFile(char” fileName);

// ... others
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LUO1 DA GIAC TRONG CT

void Mesh::draw()
{

for (int f = O0; f < numFaces; f++)
{
glBegin(GL_POLYGON);
for (int v = 0; v < face[f].nVerts; v++)
{
int in = face][f].vert[v].normIndex;
int iv = face[f].vert[v].vertindex;
glNormal3f(norml[in].x, norm[in].y, norm[in].z);
glVertex3f(pt[iv].x, pt[iv].y, pt[iv].z);
}
glEnd() ;
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LUO1 DA GIAC TRONG CT

JVidu
a) b
vV erts | 4 I 1 I I
[0 0 1 0
pt | @ i 0 i 1
ek 577 [0 1 |0
e I g 0 1
577 | -1 |0 0
' ! 3 3 3 3
..n-"""*
A g ~ W y
110 01 0]z |3
710 71 5| 2 3|3
310 T 1 7| 2 03
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KHOI BA DIEN

- Pinh nghia: I1a lwdi lién thdng cla cac da giac phang don gian. Cac
da giac nay bao boc moét kg gigi han.

- Tinh chat: (1) mdi canh thudc 2 mat, (2) dinh Ia giao diém cula it
nhat 3 canh, (3) cac mat khédng xuyén qua nhau.

- Cbéng thire Euler: (1) V + F - E = 2 (cube V=8,F=6,E=12), (2)V + F
—E=2+H-2G (H: tdng 16 hdng nam trén cac mét, G: tong 16
hong xuyén qua da dién)

by
I T
-
IR i e
X1
4 B
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HINH LANG TRU VA PHAN LANG TRU

- Hinh lang tru: quét da giac doc theo doan thang. Khi d vuéng goc
vOi da giac thi lang tru la lang tru ding

- Lang tru déu: da giac la da giac déu

 Phan lang tru: da giac dinh quay 180/n d6 so v¢&i day

*

a) da giac déu 1) da gidc déu

_—
hinh widng tarn giac déu
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KHOI DA DIEN BEU (PLATONIC)

Binh nghta: cac mat bang nhau va déu |a da giac déu

Khoi V F E Schiafli
Tt dién 4 4 6 (3, 3)
Lap phuong 8 6 12 4,3)
Khoi 8 mit § 5 12 3. 4)
Iilltfri 20 mat 12 20 30 (3, 5)
Kho1 12 mat 20 12 30 /}‘* }}
sO canh clia mat
Ehii § matdéu  Khdi 20 mit déu
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KHOI DA DIEN BEU (PLATONIC)

- Khéi da dién déu dbi ngau: D 1a dbi ngau cla P thi dinh cta D 1a
tam cda P = D ndi tam hai mat ké nhau cta P.

2 D c6 s6 canh bang so dinh ctia P va so dinh bang so canh cla P.
Néu P co gia tri Schlafli 1a (p, q) thi D c6 gia tri Schlafli 1a (q, p)
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KHOI DA DIEN BEU (PLATONIC)
1 M6 hinh cta khbi da dién déu

2) Khéi 1 dien b) Khdi 1ap phuong -mat 4 cua lap phwong
P gom 1,5,6,2->dinh 4
cua (c) la giao cua cac
mat 1,5,6,2
2 8 —s -t&r dién tw d6i ngau >
o) Khii Platonic 8 mt 3 danh SéCh CéC dinh
/\ cia mat k sé trung voi

2 )
L VA S, ) . s
/ﬂ\l/i\jw danh sach cac mat
3 5\3/1 3

giao nhau tai k.

3
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KHOI DA DIEN BEU (PLATONIC)
 Phap tuyén cla khoi Platonic

v, +),

m

tamm cnia mat
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KHOI DA DIEN BEU (PLATONIC)

 Khoi tir dién déu: co thé ndi tiép trong khdi lap phwong

sao cho cac dinh trung véi cac dinh cua Iap phwong, cac
canh nam trén cac mat. Gia st khéi 1ap phwong co6 cac
dinh 1a (1, £1, £1), mét dinh cua t&r dién la (1, 1, 1)

Danh sach dinh Danh sach mat
Pinh ‘. i Mt Cac dinh
() 1 1 1 0 1.2.3
1 1 -1 -1 1 0,3,2
2 -1 -1 1 2 0,1.3
3 -1 1 -1 3 0,2,1
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KHOI DA DIEN BEU (PLATONIC)

1 Khoi Platonic 20 mét: xay dwng bang ding 3 hinh chir nhat vang
c6 canh daibang 1, canh ngédnla r=(/5-1)/2=0.618

bih [x |y |z oo
. y . J ?/Mg\g
1 0 : e 15 /N 9
2 1 r 0 i TN/ PN\ 9 1
T T AVAVAVAVAY
TR TUON/R
3 - -
-- Eff 3 : i 38
6 r 0 1 W
7 -7 0 |
8 r 0 1 L
( -7 0 -1
10 -1 E 0 5 mat tao nén
11 _1 - 0 hinh chap dinh ’
10 mét tao tién
phinlingtry — ©

5 mat tao nén
hinhk chép déy '
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KHOI DA DIEN BEU (PLATONIC)

 Khoi Platonic 12 mat: 1a khoi déi ngau cia khoi Platonic
20 mat = dinh k ctia khoi nay nam & tdm mat k cta khoi
20 mat
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KHOI DA DIEN NUA BEU

 Cac mat van la da giac déu nhwng cé nhiéu loai mat
khac nhau:

— hinh lap phwong vat goc
— khoi cau bucky
— khdi vom geodesic
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KHOI QUET

dPuwoc tao bang cach quét mot hinh 2D trong khéng gian
 Hinh lang tru: phap tuyén dinh la phap tuyén mat

a) Pa giac day by P duwoc kéo theo hrdng = Xéy du)ng Iu_,é,i d'a giéC:

=

¥ 4 .
41
# i
F¥ w -

F |

R

::\.._I

x L

-xay dwng ds dinh

-xay dwng ds mat

<) M0 i cia Hih ling ry ARROW -phap tuyén mat dwoc
; tinh bang phwong phap
R L S A Newell
&0 #2 #ea
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KHOI QUET

[ Mang cac hinh lang tru: mét s6 thw vién d6 hoa khong vé
dwoc da giac Ilom—>khi da giac la [6m thi can phai tach
no thanh tap da giac 10i
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KHOI QUET

0 Quét két hop voi xoan: P = {p,, p,, ..., P, } (day)
P’ ={Mp,, Mp, , ..., Mp,._, } (dinh)

07 0 0 O
0O 07 0 O
M =
a) 4 b} 4 O O 1 H
S »f 0 0 0 1
L] > >
» f_;;; . co.s(H) sin(d) 0 O
o = —sin(@) cos(d) 0 O
- ~L P 0 0 0 1
' L w .~ n
‘g;} ) / ds mat gitr nguyén,
« 7 dinh va phap tuyén
thay doi
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KHOI QUET

0 Xay dwng khoi quét phan doan: gom nhiéu doan, méi doan cd ma
tran bién doi riéng.

C(t) = (cos(t), sin(t), bt)
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KHOI QUET

A Lay mau C(t) & {t,, t;...}, x&y dwng da gidc eo nam trong
mat phang vuéng goc voi duwdng cong o C(t). Xay dwng
hé truc toa dd sao cho truc z tiép tuyén v&i dwdrng cong

 Dung C(t) dé xac dinh hé toa dd cuc bd

- T(t) tiép tuyén dc,

N(t), B(t) vuéng goc

voi T(t)

- Ma tran M. bién doi

da giac day thanh da

glac eo

-M; = (N(t) | B(t) | T(£)

| C(£))
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KHOI QUET

1 Tao khung Frenet

C'(f) = (C', (1), C',(1),C’, (1))
T(t) Ia C’(t) sau khi chuan
hoa

B(¢) =

C'(t)xC"(¢) ) ! R
C'(t)xC"(2)
N(f) = B(f) x T(?)

T(t) =

(—sin(¢),cos(t),b)

1
J1+b?

1
V1+b?
N(t) = (-cos(?),-sin(t), 0)

B(f) =

(bsin(¢),—bcos(t),]1)
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KHOI QUET

- Tao khung Frenet bang phwong phéap tinh
Ct+e)—-C(t—¢) . C(t—¢e)=-2C()+C(t+¢)
» C'(1) = e

C'(t)=
aVvibu

C(f) = ((a + bcos(qt))cos(pt),
(a + bcos(qt))sin(pt), csin(qt))
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KHOI QUET

(g(t) 0 0 0
0 g() 0 0
0O 0 10

L0 0 0 1,
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1
0
0

sin(6))
0

cos(6))
0

0
0
0
1
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KHOI QUET

0 Duing khoi quét xap xi mat tron xoay: phép bién doi
affine Ia phép quay, dc xwong song & goc toa db

cac diém nam trén duwdng
gap khuc thwr i la

(xicos(8,), y;, x;sin(8))
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LUOI XAP Xi MAT CONG

J Phwong phap chung: “da giac héa” mat cong, dinh va
phap tuyén dwoc tinh tr cbng thirc cua mat cong.

- Biéu dién mat cong:
— dang tham so: P(u, v) = (X(u, v), Y(u, v), Z(u, v)),
—dang an: F(x,y,z) =0
— ham trong ngoai: diém (x, y, z)

« nam trén mat cong néu F(x, y, z) = 0
« nam bén trong néu F(x, y, z) <

0
* nam bén ngoai néu F(x, y, z) > 0
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LUOI XAP Xi MAT CONG

 Tim vector phap tuyén

Ty W
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LUOI XAP Xi MAT CONG

 Mat cong duwoc biéu dién dwdi dang tham s

op O
n(uo,vo):(a];xaij

U=uUgy,v=yvy,

(n co6 thé dwoc chuan héa néu muodn)
Vi du: mat phang P(u, v)=C + au + bv
n(u,v)=axb
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LUOI XAP XI MAT CONG
 Mat cong duwoc biéu dién dwdi dang an

oF OF OF
Ox Oy Oz

n(x,,y,,z,)=VF

x=x0 ,y:yo ,Z:ZO

X=X0,V=Y0,2=2
Vi du: dang an cia mat phang la:
Fx,y,z)=ne((x,y,z)—A)=0
hay: n.x +ny+n,z-neA =0
- phap tuyén la (n,, n,, n,)
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CAC MAT CO SO

0 Mat cau co’ so:
vdangan F(x,y, z) = x2 + y2 + 72 — 1
- phap tuyén (2x, 2y, 2z)
v'dang tham s P(u, v) = (cos(v)cos(u), cos(v)sin(u), sin(v))
—>phap tuyén n(u, v) = -cos(u, v)p(u, v)
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CAC MAT CO SO

J Mat tru co so:
—dang an F(x, y,z) =x2+y2—(1+(s=1z2 0<z<1 >
n(x, y, z) = (x, y, -(s = 1)(1 + (s -1)2))
— dang tham s&
P(u, v) = ((1+ (s—1)v)cos(u), (1 + (s—1)v)sin(u), v)
- n(u, v) = (cos(u), sin(u), 1-s)
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CAC MAT CO SO

J Mat n6bn co so
-dangan: F(x,y,2)=x2+y2—-(1-22=0 0<z<1
>n=(x,y, 1-2)
- dang tham s& P(u, v) = ((1 — v) cos(u), (1 — v)sin(u), v)
->n(u, v) = (cos(u), sin(u), 1)
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XAY DUNG LUOI DA GIAC

1 Xay dwng lwéi da giac cho hinh cau:
— chia thanh nhiéu lat(stack) va mui(slice)
— u. = 2ni/nSlices voi 1 =0, 1, ..., nSlices -1
— Vv, = /2 - m/nStacks, voij=0, 1, ..., nStacks
— phap tuyén norm[k] chinh la pt[k]
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MAT CHUA CANH THANG

1 Ton tai it nhat mét dt thude mat di qua moi diém
 Dang biéu dién tham so

P(u, v) = (1-v)P,(u)+ vP(u) € P(u, v) = (1-v)P,+ vP,
1 MGi ham cho b&i 3 thanh phan

P, (u) = (Xp(u), Yolu), Zy(u))
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MAT CHUA CANH THANG

J Mat non: P(u, v) = (1-v)P, + vP,(u)

J P, la dinh caa mat non

JVidu: P,(u) = ((u)cos(u), l(u)sin(u), 1)
r(u) = 0.5 + 0.2cos(5u)
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MAT CHUA CANH THANG

 Mat tru:
— Py(u) = Pyu) +d
— biéu dién tham sé: P(u, v) = P,(u) + dv
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MAT CHUA CANH THANG

 Manh tuyén tinh déi
— Py(u) = (1 - u)Pyq + uPy,
- P(u,v)=(1-v)(1-u)Py + (1-v)uPy + V(1 -u)P,y + uvPy,

[2, 2, -2]

[_29 2? 2:' F 3 .:I"?

Pu {H:I

Y, 2D
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MAT CHUA CANH THANG

1 M6t s mat chva canh thang khéac
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MAT CHUA CANH THANG

 Manh trén tuyén tinh déi: manh Coons
— tbng quat hda clia mat chra canh thang la mat dwoc
tao boi 4 dwdng cong bién p,,(u), p,,(u), Py (V) va
p, V), véi u va v nhan gia tri trong doan [0, 1]
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MAT CHUA CANH THANG

 Manh trén tuyén tinh déi: cach xay dung

S ez

CoNg thire: P(u, v) = [po,(V)(1 - u) + py,(v)u] + [pyo(u)(1 - v) +
Pur(UVI - [(1 - U)(1 - V)P, {0) + U(1 - V)P4, (0) + V(1 - u)py,(1) +
UVP1V(1 )]
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MAT TRON XOAY

 Mat tron xoay dwoc tao bdi quét dc phang C (profile)
xung quanh maot truc
1 Profile c6 phuwong trinh C(v) = (X(v), Z(v)) khi quay
quanh truc z géc u =2 (X(v)cos(u), X(v)sin(u), Z(v))
 Kinh tuyén: dc profile & mét thoi diém nao doé. Vi tuyén:
mot diém bat ky thuéc dwong cong khi quay mét vong.
 Phwong trinh tham sé:
P(u, v) = (X(v)cos(u), X(v)sin(u), Z(v))
d Tiép tuyén:
n(u, v) = X(v)(Z'(v)cos(u), Z'(v)sin(u), -X'(v))
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MAT TRON XOAY

Vi du:
— dc profile: C(v) = (D + Acos(v), Asin(v))
— P(u, v) = ((D + Acos(v))cos(u), (D + Acos(v))sin(u),
Asin(v))
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MAT BAC HAI
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MAT BAC HAI

khoang bién thién

Dang tham s0 . .
e cluay va i

Dang an

Tén mit cong

Ellipso1d iyt -1 | (cos{Vcos(n), cos(Vsin(u), sin(v)) | (-m/2, W2, (-1, )
Hyperboloid métting | 242 -2 -1 | (sec(vicos(w), sectvisinu), tan(v)) | (mf2, mi2), (-, 1)
Hyperboloid hai ting | -y -2 -1 | (sec(v)cos(), secOvitan(z), tan(v)) | * (c0/2, m/2)
Elliptic cone xt oyt -2 (veos(u), vain(u), v) 36 thye batky, (-1, )
Elliptic paraboloid ty-z (veos(u), vein(u), v) v, (-1,
Hypetbolic parabolotd | x4 +)y* -z (veos(u), veec(u), v) vl (71,7

* khoang bifn thitn ciav cho ting #1 & (-1/2, 1/2) va thng #2 1a (72, 3m/2)
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MAT BAC HAI

O Lwu y: - vét cat: 1a giao clia mat phang v&i mét cong.
- vét cat chinh: khi mat phang song song véi mét
phang chinh.
- vét cat |a thiét dién ndn
1 Ellipsoid:
— hai tham s6 bang nhau =>mat tron xoay
— ba tham s6 bang nhau >mat cau
— vét cat 13 ellipse
- Hyperboloid mat tang
— a = b ->mat tron xoay

— vét cat chinh z = k 1a ellipse, hai vét cat chinh kia 1a
hyperbola

— la mat chva canh thang
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MAT BAC HAI

- Hyperboloid hai tang :
— a = b ->mat tron xoay

— vét cat chinh x = k 1a ellipse, hai vét cat chinh kia la
hyperbola

- Elliptic Cone :

— a = b ->mat tron xoay

— mat non co duwong sinh twa trén ellipse

— |4 mé&t chra canh thang, vét cat chinh z = k 13 ellipse
1 Elliptic Paraboloid :

— vét cat chinh z = k 14 ellipse

— a = b - mat tron xoay
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MAT BAC HAI

1 Hyperbolic Paraboloid :

— mat yén ngua

— 14 mét chra canh thang

— vét cat v&i z = k 1a hyperbola, hai vét cat kia Ia parabol
 Phap tuyén cia mat bac hai:

Vi du: phap tuyén cua ellipsoid

- tinh theo ham an F' = (2x, 2y, 22)

- thay dang biéu dién an cta x, y va z

n(u, v) = (cos(v)cos(u), cos(v)sin(u), sin(v))
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SIEU BAC HAI

L
S
A

o

{ G A
s
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MAT SIEU BAC HAI

Dang 4n

Dang tham so

Khodng bién
thién cna v vau

Superellipsoid [yt (cos®™(Vicos*™u), cos*™ (Visn¥™(u), | [-mi2, mi2),
s ™ (v) (-7, 7]
Superhyperboloid | (x4~ 2" - 1 (sec*™ (vicos®™(w), sec®™ (visn¥™(w), | [-m/2, W2),
mdt ting tant™(v]) -7, 7]
Superhyperboloid | (" -y - 2" - | (sect™(Wisec?™n), sec®™(Witan®™(w), | (-2, W/2)
hai tang tar™(v))
Supertoroid (=t — g+ 2 =1 | ((dHcos™))cos™(u), [-1, ), [, )
(dHcos®™ (Wsit™), sin®™(v))
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MAT BIEU DIEN BOI HAM TUONG MINH

J Ham don tri theo moét truc toa do nao do
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MAT BIEU DIEN BOI HAM TUONG MINH

- Dang tham s6: P(u, v) = (u, flu, v), V)
 Phap tuyén: n(u, v) = (-of / ou, 1, -of | ov)
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NOI DUNG TRINH BAY

2 On tap vé camera
1 Xay dwng camera trong chwong trinh

 Hinh chiéu p
 Hinh chiéu p
 Hinh chiéu p
D6 sau gia

W6i can
WOi can

WOi can

2
" cla diém

h clia doan thang

1 St dung toa dd dong nhat

'Y nghia hinh hoc ctia phép bién ddi phdi canh
O Thé tich nhin chuan
1 Cat xén v&i thé tich nhin
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GIO| THIEU

 Xay dwng va diéu khién camera tao hinh chiéu phdi canh
I Diéu khién vi tri va hwéng clia camera

I Diéu khién thé tich nhin cia camera

J Cat xén véi thé tich nhin clia camera
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ON TAP VE CAMERA

 Thé tich nhin: mét phan cta hinh chop cé dinh 1a mat
nhin.
J Cac thanh phan: mat nhin, géc nhin (tinh bang dd), mat

phang gan mat phang xa, mat phang nhin (thwéng 1a
mat phang gan)

b)

3) mit phing za

mit phing gin
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ON TAP VE CAMERA

1 Thiét Iap thé tich nhin: hinh dang cla thé tich nhin chiva trong ma
tran pheép chiéu.
glMatrixMode (GL PROJECTION) ;
glLoadIdentity () ;

gluPerspective (viewAngle, aspecRatio, N, F);

Y & ndt nhin mét phing za

/ mit phing gan )
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ON TAP VE CAMERA

I Dinh vi tri va dinh hwdng cho camera

glMatrixMode (GL MODELVIEW) ;
glLoadIdentity () ;
glulLookAt (eye.x,eye.y,eye.z,look.x,look.y,look.z,

up.xXx,u p.y,up.z);

& v ¥
BV E

A -
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ON TAP VE CAMERA

I Dinh vi tri va dinh hwdng cho camera
Khi diéu chinh hwéng clia camera ngwoi ta thwdng ding
cac thuat nglr cua nganh hang khdng: pitch, roll, yaw

a) pitch b) roll C) yaw
n

\

1

/o@

Faculty of Computer Science and Engineering - HCMUT Slide 7



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

ON TAP VE CAMERA

J Chlrc nang cua gluLookAt(): ttr eye, look, up 2> u, v, n
n song song voi eye — look
u, v vudng goc voi n
up hwdng trén camera
u chi phia bén camera

n = eye — |look.
u = upxn,
V = nxu

up

S —

look
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ON TAP VE CAMERA

J Ma tran mé hinh-phép nhin la tich cia V va M
(u. u, u. d.)

Vx Vy VZ dx (dy, d,, d,) = (-eye e u, -eye e v, -eye o n)
V — X y z y
n. n, n,_ d,
0 0 1) . v
/eyex\ (0) /Mx\ B u ey/‘ %‘ 4y
v eye, | _ 0 v u, | _ 0 -
eye, 0 U, 0 Z<
AN N AN x
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XAY DUNG CAMERA TRONG CT

class Camera
{
private:
Point3 eye;
Vector3d u, v, n;
double viewAngle, aspect, nearDist, farDist;
void setModelViewMatrix();
public:
Camera();
void set(Point3 Eye, Point3 look, Vector3 up);
void roll(float angle);
void pitch(loat angle);
void yaw(float angle);
void slide(float delU, float delV, float deIN);
void setShape(float vAng,float asp,float nearD,float farD);

};
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XAY DUNG CAMERA TRONG CT

void Camera :: setModelViewMatrix(){
float m[16];
Vectord eVec(eye.x, eye.y, eye.z);
m[0] = u.x ; m[4] = u.y; m[8] = u.z; m[12] = -eVec.dot(u);
m[1] = v.x ; m[5] = v.y; m[9] =v.z; m[13] = -eVec.dot(v);
m[2] = n.x ; m[6] = n.y; m[10] = n.z; m[14] = -eVec.dot(n);
m[3]=0 ;m[7]=0 ;m[11]=0 ; m[15]=1.0;
glMatrixMode(GL_MODELVIEW);
glLoadMatrixf(m);

}

void Camera :: set(Point3 Eye, Point3 look, Vector3 up){
eye.set(Eye);
n.set(eye.x — look.x, eye.y — look.y, eye.z — look.z);
u.set(up.cross(n));
n.normalize();
u.normalize();
v.set(n.cross(u));
setModelViewMatrix();
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Jd Trwot: di chuyén camera doc theo cac truc u, vva n ma

khdéng quay no.

void Camera :: slide(float delU, float delV, float deIN){

eye.x +=de
eye.y +=de
eye.z +=de

U*u.x + de
U*u.y + de
U*u.z + de

setModelViewMatrix();

V*v.Xx + de
V*v.y + de
V*v.z + de

N*n.x;
N*n.y;
N*n.z;

Faculty of Computer Science and Engineering - HCMUT

Slide 12



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

XAY DUNG CAMERA TRONG CT

] Quay camera: quay xung quay cac truc u, vva n cua né
— pitch (quay xung quanh u), roll (quay xung quanh n),
yaw (quay xung quanh v).

u’ = cos(a)u + sin(a)v, . AV
vV’ = -sin(a)u + cos(a)v, v

void Camera :: roll (float angle){

float cs = c0s(3.14159265/180 * angle);
float sn = sin(3.14159265/180 * angle);
Vector3 t=u;

u.set(cs*t.x — sn*v.x, cs*t.y — sn*v.y, cs*t.z — sn*v.z);
v.set(sn*t.x + cs*v.x, sn*t.y + cs*v.y, sn*t.z + cs*v.z);
setModelViewMatrix();}
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VI DU

#include <windows.h>
#include <gl/gl.h>
#include <gl/glut.h>
#include “camera.h”
Camera cam;
void myKeyboard(unsigned char key, int x, int y){
switch(key){
case ‘F’: cam.slide(0, 0, 0.2); break;
case ‘F’ —64: cam.slide(0, 0, -0.2); break;
case ‘P’: cam.pitch(-1.0); break;
case ‘P’ — 64: cam.pitch(1.0); break;
}
glutPostRedisplay(); }
void mylnit(){
glClearColor(1.0,1.0,1.0,0.0);
glColor3f(0.0f, 0.0f, 0.0f);
glPointSize(2.0);
glMatrixMode(GL_PROJECTION);
glLoadldentity();
gluOrtho2D(0.0, 400.0, 0.0, 400.0); }

Faculty of Computer Science and Engineering - HCMUT  Slide 14



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

VI DU

void myDisplay(){
glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);
glutWireTeapot(1.0);
glFlush();
glutSwapBuffers(); }

int main(int argc, char* argv([]) {
... khdi tao cira s6
glutKeyboardFunc(myKeyboard);
glutDisplayFunc(myDisplay);
glClearColor(1.0f, 1.0f, 1.0f, 1.0f);
glColor3f(0.0f, 0.0f, 0.0f);
glViewport(0, 0, 640, 480);
cam.set(4,4,4,0,0,0,0, 1, 0);
cam.setShape(30.0f, 64.01/48.0f, 0.5f, 50.0f);
glutMainLoop();
return 0;

}
Faculty of Computer Science and Engineering - HCMUT  Slide 15



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

HINH CHIEU PHOI CANH

dPuwdng 6ng do hoa:
— diém sau khi thuc hién phép bién doi mo hinh — phép
nhin sé co toa do nam trong hé toa do camera.
— thwe hién phép chiéu phoi canh
— thwe hién viéc cat xén véi clra sb trén mat phang nhin

toa d5 toa d5 toa d5 thift bi toa d5

mit nhin 1 cit :{éni chuén hoa 1 clra G 1
he .. ‘ ) |

tha tran md hinh tha trin phép clia tha tran
phép nhin phép chiéu phioi canh khung nhin
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HINH CHIEU PHOI CANH CUA DIEM

) b) +y mit phing
gat)

i
- -
- / =TT Fy S x
— @l :‘ ,
1 .-'r
ll"

X! y’
%

TN (x*,y*>=(N LBy ]

P -P -P =P
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HINH CHIEU PHOI CANH CUA BT

- Phép chiéu nhirng dwdng thang song song
-dtdiqua A = (Ao Ay, A)) co hwong ¢ = (c,, c,, C,) 2 pt
tham s6 P(t) = A + ct. A ves  Adct
- hinh chiéu dt la: p(®) =(N A e T4 _szj
- khi dt song song véi mat phang nhin (c, = 0), thi hinh
chiéu cua dt la:

N
p(t) = j(Ax +c.t, A, +c )

- khi dt khéng song song v&i mat phang nhin, thi hinh
chiéu cua mét diem nam & vb cung la (diém bién mat)

p(oo>=(N S NS j
_CZ _CZ
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HINH CHIEU PHOI CANH CUA BT

- Phép chiéu nhirng dwdng thang song song
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HINH CHIEU PHOI CANH CUA BT

dPuwdng thang chay ra phia sau mat nhin
 Bat hop ly khi quan sat cac dt dai song song

A o ) -
mat phang hat dwirng day dién thoat

(nhin
B AT c
o x

: i
oy
\ b

B

L
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PO SAU GIA

1 Phép chiéu phoi canh 1am mat thdng tin do sau
1 To6n tg khi tinh d6 s&u theo cong thirc \/pZ 4 p? 4 p?

- X ¥y z
Vi P, cang am thi diém cang & xa = dung P, tinh d6 sau

P
(x*,y*,z*): N L, N2 ,al)z—l_b
-r -F =P

F'y

(=" ¥*)
F
V
o \l
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PO SAU GIA

Java b dwoc chon sao cho db sau gia nam trong [-1, 1]
—chonz*=-1khiP,=-N
—chonz*= 1khiP,=-F

a__F+N b_—ZFN
F-N F-N
4 dd sdu ma
L e
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S DUNG TOA DO BDONG NHAT

1 Biéu dién toa d6 dong nhatctia P = (P, P,, P,) 1a P =
(P,, Py, P,, 1) cua vector v = (v,, Vy, v,)lav=(v, Vys Vs, 0)
(M6 rong céach biéu dién dong nhat P = (wP,, wP, wP,,
w), cach diém nam trén cung tia, diem & vé cung co6 w=0.
(3, 6, 2, 3) =>toa db thong thwong la (1, 2, 2/3)
 Cach chuyén doi:
— thdng thwdng > ddng nhat (thém 1)
— dong nhat - théng thwdng (chia cho thanh phan toa
do thr 4 va bo di thanh phan toa do thw 4)
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S DUNG TOA DO BDONG NHAT
 Nhan v&i phép bién dbéi affine
2 -1 3 1 \wP) (wQ.)
6 5 1 4 |wP | |wO,

y

0 4 2 -3|wP wQ.

z

 Nhan v&i ma tran chiéu (phép bién dbi phdi canh)

(N 0 0 O0)wP)\ ( wNP )
O N 0 O wa B WNPy

0 0 a b| WP - w(aP. + b)
0 0 -1 O w) \ —-wk
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S DUNG TOA DO BDONG NHAT
- Phép chia phdi canh

P
NPx,N y,aPZer
P P’ -P

z

 Phép bién dbi phdi cadnh
P
(})}C’}))}’})Z)_)(N Px N2 ’CZPZ‘Fbj

- Phép chiéu trwc giao

P P
L aLrh) v E N
R M i

z

(phép chiéu phéi canh) = (phép b ién doéi phéi canh) +
(phép chiéu truc giao)
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Y NGHIA HINH HOC CUA PHEP BBPC

- Bién déi P > P’ (cung trong 3D)

1 Bao toan tinh thang, tinh phang va tinh nam trong
J Lam cong khong gian 3D

- Bién ddi thé tich nhin thanh mét hinh hop

Faculty of Computer Science and Engineering - HCMUT  Slide 26



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

Y NGHIA HINH HOC CUA PHEP BBPC

dZ=-1
dZ=1

dy =top
'y = bottom
 x = left

- x = right
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THE TICH NHIN CHUAN

- Sau khi thwe hién PBDPC, chuing ta tinh tién, co dan thé
tich nhin dé dwoc thé tich nhin chuan. Ma tran 13

2N right + left
right — left right — left
0 2N top + bott
R = top —bott  top — bott
0 0 —(F+N) -=-2FN
F-N F—-N
0 0 —1 0

- Thé tich nhin chuan khdng phu thudc va camera, dé

dang cho cat xén.

¥ a

X

ileft, top, - M)
1
-1
=h | 1 - ot
phép hién di ir
Z phii carh \ &
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THE TICH NHIN CHUAN

JHam glFrustum(left, right, bott,top,N,F) taora

ma tran R

JHam gluPerspective (viewAngle, aspect,N,F) Cing

tao ra ma tran
fop = N tan

bott = -top,

R bang cach tinh cac gia tri:

( T
——viewAngle/ 2)
\ 180

right = top x aspect va left = -right
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CAT XEN VOI THE TICH NHIN

Diém dwoc biéu dién dwdi dang toa dd dong nhat

- Sau khi thye hién qua trinh cat xén xong, mot s6 dinh cé
thé bi mat, mot s6 dinh méi cé thé dwoc thém vao

Faculty of Computer Science and Engineering - HCMUT  Slide 30



General ted by Fox tPDFC ator © Fo tSftW
http://www.foxitsoftware.com For evaluation onIy.

CAT XEN VOI| THE TICH NHIN

- Xac dinh tinh trong ngoai cla diém so v&i mat phang

-BCO w+x x=-1 BC1 w-x x=1

-BC2 w+y y=-1 BC3 w-y y=1

-BC4 w+z z=-1 BCS w-z z=1
 Chap nhan don gian: 12 gia tri BC déu dwong

- Loai bé don gian: ca hai dau mut déu nam ngoai moét mp
- Tim giao diém
edge(f) = (a, + (c,—a)t, a,+ (c,—a )t a,*+ (c,—a,t a
+ (c, —a,)t) voi x =1
a +(c.—a)t a,—da.

a, +(c,—a,t (a,—a.)—(c, —c.)

w
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CAT XEN VOI| THE TICH NHIN

int clipEdge(Point4& A, Point4& C)

{
double tin =0.0, tOut = 1.0, tHit;
double aBCJ6], cBCJ6];
int aOutcode = 0, cOutcode = 0;

.. tim cac gia tri BC cho A va C...

...taomacho AvaC...

if ((@0Outcode & cOutcode) !=0) /loai bo don gian
return O;

if (@Outcode | cOutcode) =0)  //chép nhan don gidn
return 1;
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CAT XEN VOI THE TICH NHIN

for(inti=0;i<6; i++)

{
if(cBC[i] < 0) / di ra: C ndm ngoai
{
tHit = aBC[i)/(aBC[i] — cBC[i]):
tOut = MIN(tOut, tHit);
}
else if (aBC[i] < 0) / di vao: A ndm ngoai
{
tHit = aBC[i]/(aBC[i] — cBCIi]):
tin = MAX(tIn, tHit);
}
if(tln > tOut) return 0; // Cl réng; két thuc sém
}
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CAT XEN VOI THE TICH NHIN

// Cép nhét céc diém dau mut néu can thiét
Point4 tmp;
if(@Outcode != 0) { // A ndm ngoai: tin thay doi
tmp.x = A.x +1tln * (C.x — A.x);
tmp.y = Ay +tin * (C.y — Aly);
tmp.z=A.z+1tIin* (C.z-A.z);
tmp.w=Aw+tln* (C.w—- A.w);
}
if(cOutcode != 0) {// C nam ngoai: tOut thay ddi
C.x=Ax+tOut* (C.x - AX);
Cy=Ay+tOut” (Cy—-Aly);
Cz=Az+1tOut* (C.z-A.z);
C.w=Aw+tOut * (C.w—A.w);
}
A =tmp; // cap nhat A
return 1;}

Faculty of Computer Science and Engineering - HCMUT

Slide 34



General tdbyF tPDFC ator © Foxit Softwar
http://www.foxitsoftware.com For evaluation only.

Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

PO HOA MAY TINH
CHUONG 8:
TO MAU
VAT THE 3 CHIEU



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

NOI DUNG TRINH BAY
2 Gigi thiéu
1 M6 hinh t6 mau
- St dung ngudn sang
1 T6 mau phang, t&6 mau tron
1 Dan texture |én mat da giac
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GIOI THIEU

1 Tap trung vao tinh toan mau sac cho pixel

J Dwa vao mo hinh mau (m& hinh héa viéc anh sang
twong tac voi doi twong)

1 Khdng mé phdng hét cac nguyén ly vat ly cla sw phat
tan va phan xa anh sang

dPwa ra mé hinh mang tinh xap xi va tao nén nhiéu mdc
do chan thwec khac nhau
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GIOI THIEU

M6 hinh khung day (wireframe)
— don gian, chi c6 cac canh dwoc vé
— nhin xuy@n qua vat thé, kho phan biét dwoc vat thé
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GIOI THIEU

- Line Drawing: mé hinh khung day v&i cac mat khuat
dwoc loai bo.
— chi c6 cac canh dwoc vé
— nhin gidng khoi ran, phan biét dwoc vat thé

s ,‘ q @
\Ool 0‘ gz ‘,ﬁ

‘*"v ‘\\\ 5'? ;
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GIO| THIEU

1 T6 mau phang (flat shading):
— anh sang phan xa dwoec tinh tai mot diém bat ky
— cac diém thudc mat duoc té b&i modt mau
— thay rd ranh gid¢i gitba cac mat
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GIO| THIEU

1 T6é mau mwot (smooth shading):
— mau duoc tinh & mét s6 diém, sau do ndi suy cho cac
diém con lai. -
— ranh gi®i gitba cac mat bién mat als phan chiéuj
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GIO| THIEU

 Tao béng dd, dan texture 1&n bé mat doi twong
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MO HINH TO MAU
 Nguon sang khdng mau cé nhiéu mirc xam
J Ngudn sang diém va ngudn sang nén
0 Anh séng t¢i twong tac véi bé mat theo 3 cach: (a) hap
thu chuyén thanh nhiét, (b) phan xa, (c) truyén vao trong
- Thanh phan anh sang phan xa
— Als khuyéch tan: phat tan theo moi hwong, twong tac
mgnh vO'i bé mat, mau sac phu thudc vao mau sac vat
thé
— A/s phén chiéu: tinh dinh huéng cao, khong di vao vat
th,é, phan xa & bé mét vat thé, tang do sang bé mat
doi twong, mau gidbng mau a/s toi
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MO HINH TO MAU
 Yéu t6 hinh hoc dé xac dinh anh sang phan xa
— vector phap tuyén m cta bé mat

— vector v tr P dén mat nhin
— vector s tl P dén ngudn sang

1=
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MO HINH TO MAU
- Thanh phan anh sang khuyéch tan
— phan anh xa phan xa dén dwoc mat nhin, ky hiéu |,
— khuyéch tan ddng nhat theo moi huwédng = chi phu thudc
m, S. B Seom sem
_ dinh luat Lambert:  1¢ = LsPa s TP max[sm’ol
— | cwong dO n/s, py:h/s p/x khuy.ch tan

a) %} b) 't
£
m
- -

H /EJ

i
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MO HINH TO MAU
- Thanh phan anh sang khuyéch tan

— Vidu: hé sb p/x khuyéch tan 0, 0.2, 0.4, 0.6, 0.8, 1.0.
Cwdng dd ngudn sang 1a 1, cwdng dd a/s nén 0.4
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MO HINH TO MAU
 Thanh phan anh sang phan chiéu

— t&ng d0 sang, tdng mirc d6 chan thwc cho ddi twong
co dac tinh sang bodng.
— lwong anh sang phan xa lén & hwéng p/xr.

A
r=-s+2—am | —Ips[r "J f:[1, 200]

|

‘”3‘ ﬂ

r r

L %.—’ F .-’.-r":l-'.-"'_..-".f".-r’ ey FE
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MO HINH TO MAU
 Thanh phan anh sang phan chiéu
— f > v cling: tap trung chi yéu & hudng p/x

4 coso)

Giam tg tinh toan, dung vector nira dwudngh =s + v. 3
= 0, nhin thay lwvong a/s phan chiéu nhiéu nhat

hom)
[SP :[Spsmax O)(ﬂ.ﬂ
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MO HINH TO MAU
 Thanh phan anh sang phan chiéu

— hé s0 p, tlr trén xuong la 0.25, 0.5, 0.75. Hé so f i
trai sang phaila 3, 6, 9, 25, 200.
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MO HINH TO MAU
- Anh sang nén:
— khac phuc hién twong phan khéng nhan duoc als c6
mau den hoan toan, thém a/s nén.
— khéng ¢6 vi tri ¢o dinh, chiéu sdng déng nhat theo moi
hwong
— Thém |_: cwdng dd, p,: hé s6 phan chiéu nén

p,: 0.0, 0.1, 0.3, 0.5, 0.7: cang l&n khung canh cang sang
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MO HINH TO MAU
1 Téng hop cac thanh phan anh sang
I=1,p,+1,p,xlambert+1 p, x phong’

il m) and  phong = max(0, h_m
hm|

lambert = max (0,

s|lm

dThém mau sac

[.=1,p,+1,p, xlambert+1_ p . X phong’

I,=1,p, +1;p, xlambert+1 x phong’

g SPE '0 SE

Ly, =1 oy +1 g Py X lambert + 1, p o, x phong’
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MO HINH TO MAU

11, Iy
Va, Iy b ) b
— Tl - ME _f‘ﬂ - catxén —w T2 ﬂ-ﬂﬁ
chigu khung nhin
Vo, Ty Td mau duoe
thope hign & day

O Chi dinh camera,  9lBegin(GL_POLYGON);
ngudn sang, vector for(inti=0; i< 3; i++)
phap tuyén dinh glNormal3f(norm[i].x, norm[i].y, norm[i].z);
0 Sau khi thue hién glVertex3f(pt[i].x, pt[il.y, pt[i].2);}
phép bién d6i mo
hinh—phep nhin, tat
ca duoc biéu dién
trong hé toa do
camera

glEnd();
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SU DUNG NGUON SANG

- Tao ngudn sang
- vi tri
GLfloat myLightPosition[] = {3.0, 6.0, 5.0, 1.0};
glLightfv(GL_LIGHTO, GL_POSITION, myLightPosition);
glEnable(GL_LIGHTING); //enable
glEnable(GL_LIGHTO);//enable this particular source
(x, y, z, 1) 2>nguén sang diém, (x, y, z, 0)>n/s dinh hwéng
- mau sic
GLfloat ambOQ[] ={0.2, 0.4, 0.6, 1.0};
GLfloat diff0[] = {0.8, 0.9, 0.5, 1.0};
GLfloat specO[] ={1.0, 0.8, 1.0, 1.0};
glLightfv(GL_LIGHTO, GL_AMBIENT, amb0);
glLightfv(GL_LIGHTO, GL_DIFFUSE, diff0);
glLightfv(GL_LIGHTO, GL_SPECULAR, spec0);
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SU DUNG NGUON SANG

 Nguén sang dang dén pha

glLightf(GL_LIGHTO, GL_SPOT_CUTOFF, 45.0); // géc cat bang 450
glLightf(GL_LIGHTO, GL_SPOT_EXPONENT, 4.0); // £ = 4.0

GLfloat dir[] = {2.0, 1.0, -4.0}; // hwéng clia ngudn sang
glLightfv(GL_LIGHTO, GL_SPOT_DIRECTION, dir);

1
k. +kD+k D’

dSuy giam anh sang theo khoang cach atten =
glLightf(GL_LIGHTO, GL_CONSTANT_ATTENUATION, 2.0);
GL_LINEAR_ATTENUATION va GL_QUADRATIC_ATTENUATION
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SU DUNG NGUON SANG

J Chi dinh thudc tinh vat liéu
GLfloat myDiffuse[] ={0.8, 0.2, 0.0, 1.0};
glMaterialfv(GL_FRONT, GL DIFFUSE, myDiffuse);

GL_BACK,

GL_AMBIENT,
L FRONT_AND BACK GL_SPECULAR,GL_EMISSION

[ =e, +]mrpar+2atten X Spot; X ]erar+]6’,rpd x lambert, +]Sp,,psr><ph0ng )
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TO MAU PHANG, TO MAU TRON
1 Té mau mat da giac
— di chuyén theo cac dwdng | wwr
quéet, xac dinh mau cho yo | colon
moi pixel.
., Ar g osa > x. ¥e I
— da giac |6i hiéu qua vi mol Prow |-
duwong quét chi cat da e
giac t6i da & 2 diem et gt

colots

colots

for (int y = ybott ; y <= ytop ; y++) {
find xleft and xright;
for (int x = xleft; x <= xright; x++) {
find the color c¢ for this pixel;
put ¢ into the pixel at (x, y); } }
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TO MAU PHANG, TO MAU TRON

 T6 mau phang:

- nguon sang ¢ xa, mat la
da giac phang > cac diém
thuéc mat c6 cung mau
sac

— glShadeModel(GL_FLAT);

for (int y = ybott ; y <= ytop ; y++) {
find xleft and xright;
find the color c for this scan line;
for (int x = xleft; x <= xright; x++) {
put ¢ into the pixel at (x, y); } }
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TO MAU PHANG, TO MAU TRON

1 To mau Gouraud:

Vs 7V
color,, = lerp(color,, color,, f), [ =252
Y 4 Y bott
— X = xleﬁ
c(x) = lerp| color,, ,color,,,.,
xright o xleﬁ

color .

right COZOI/Ieﬁ

c(x+1)=c(x)+

xright o xleﬁ

for (int y = ybott ; y <= ytop ; y++){
find xleft and xright;
find colorleft and colorright;
colorinc = (colorright — colorleft)/ (xright — xleft)
for (int x = xleft, c = colorleft; x <= xright; x++, ¢ += colorinc ) {
put c into the pixel at (x, y);}}
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TO MAU PHANG, TO MAU TRON

1 Té mau Gouraud:
— glShadeModel(GL_SMOOTH);
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TO MAU PHANG, TO MAU TRON

1 Té mau Phong:
— cham hon nhiéu so véi phwong phap td mau Gouraud
— OpenGL khdng ho tro phwong phap t6 mau nay

My = lerp(m4,m3, is :?1 ]
3 V4

Y i

¥
Iy |
Yel |
I ml
Yat :
- p 3
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DAN TEXTURE LEN MAT DA GIAC
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DAN TEXTURE LEN MAT DA GIAC

J Cp hai loai texture: texture bitmap va texture duwoc tao
bang giai thuat

1.0

Color3 texture(float s, float t){
return txtr[(int)(s*C)][(int)(t*R)];}
float fakeSphere(float s, float t){
float r=sqgrt((s-0.5)*(s-0.5)+ (t-0.5)*(t-0.9));
if (r <0.3) return 1-r/0.3;
else return 0.2;}
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DAN TEXTURE LEN I\/IAT PA GIAC

[ Cac buwdc dé dan texture 1én bé mat
— doc hoac tao di¥ liéu texture vao mang textureData
— tao ddi twong texture:
» glGenTextures(1, &textureObject);
— gan kiéu texture
 glBindTexture(GL_TEXTURE_2D, textureObiject);
— gan so liéu cho déi twong texture

* glTeximage2D(GL _TEXTURE 2D, 0, GL_RGB,
wid, height, 0, GL_RGB, GL _UNSIGNED_BYTE,
textureData);
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DAN TEXTURE LEN I\/IAT PA GIAC

[ Cac buwdc dé dan texture 1én bé mat
— lwa chon texture:
 gIBindTexture(GL_TEXTURE_2D, textureObject);
— gan toa do texture cho cac dinh cua da giac
glBegin(GL_QUADS);

glTexCoord2f(0.0, 0.0); glVertex3f(1.0, 2.5, 1.5);
glTexCoord2f(0.0, 0.6); glVertex3f(1.0, 3.7, 1.5);
glTexCoord2f(0.8, 0.6); glVertex3f(2.0, 3.7, 1.5);
glTexCoord2f(0.8, 0.0); glVertex3f(2.0, 2.5, 1.5);

glEnd();
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DAN TEXTURE LEN MAT DA GIAC

d Ung dung cua texture
— Tao ddi twong phat sang
— Piéu chinh hé sb phan xa
— Mé phéng sw go ghé
bang phép anh xa Bump

m'(z, v)

Pl v Pl v)
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Trwdng Pai Hoc Bach Khoa TP HO Chi Minh
Khoa Khoa hoc & Ky thuat May tinh

PO HOA MAY TINH

CHUONG 9:

KY THUAT LAP, BDE
QUY UNG DUNG TAO
HOA VAN
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NOI DUNG TRINH BAY
1 Gidi thiéu
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FRACTAL VA TINH TU TU’O’NG TU

A Tinh tw twong tw: gidong nhau & moi ty 1&

J Tl'ph tw twong tw chinh xé]c: hinh anh sau khi phdng to
giong hét hinh anh ban dau

A Tinh tw twong ty thong ké&: mirc dd bat quy tac va lwon
séng chi giong nhau & muc dé trung binh

JVidu: dwong bo bién khi nhin tl trén cao, sau dé tién lai
gan

 Fractal: cac hinh thirc khac nhau cua sv tw twong tw

 Cac dwdng cong c6 chiéu dai vo tan cd chiéu nam gitra
1va2
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FRACTAL VA TINH TU TUONG TU

 Tinh chinh dwdng cong: dwd'ng cong Koch

— Tao K4 tw K, bang cach chia mc“)i doan cua K, thanh 3 phan
bang nhau va thay doan gilra bang mo6t tam giac déu
— Chiéu dai bang (4/3)
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FRACTAL VA TINH TU TUONG TU

 Bdng tuyét Koch
— Chu vi bang 3(4/3)" = vé cung
— Dién tich bang (8/5)S, khi n = vé cling

CEX

File Edit Demo Yiew Help

CEX

RRRRR

RRRRR
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FRACTAL VA TINH TU TUONG TU

J Vé duwong cong Koch

Vé Kn:
if (n bang 0)
V& mot doan thang;
else
{
Vé Kn-1
Quay trai 60°
Vé Kn-1
Quay phai 1200
Vé Kn-1
Quay trai 60°
}
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SINH CHUOI VA TAO BUONG CONG PEANO

 Dung chudi dé diéu khién con rua
'F' ¢6 nghia la forward(L, 1) (di theo hwdng hién hanh mot
khodng L, c6 vé doan thang)

'+' 66 nghia I turn(A) (quay phai mot goc A do)
'-' ¢6 nghia la turn(-A) (quay trai mot goc A do)

'F-F++F-F', vai goc A bang 60° - ve Knoch bac 1

J Twx chudi 'F-F++F-F‘ chuyén thanh chudi phac tap?
— dwa vao tap luat sinh
—'F' =2 "F-F++F-F" (luat caa dwong cong Koch)
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SINH CHUOI VA TAO BUONG CONG PEANO

 Chudi ban dau: F
O Thé hé th nhat: S, = "F-F++F-F"
A Thé hé tha 2: S, = "F-F++F-F-F-F++F-F++F-F++F-F-F-
F++F-F"
1 for (each character ch in the input file)
if (ch =="+"|| ch =="-") write it to the output file;
else if (ch =="F") write "F-F++F-F" to the output file;
1 for (each character ch in the input file)
if (ch =="+") turn(A);
else if (ch =="-") turn(-A);
else if (ch =="F') forward(1, 1);

Faculty of Computer Science and Engineering - HCMUT Slide 8



Generated by Foxit PDF Creator © Foxit Software
http://www.foxitsoftware.com For evaluation only.

SINH CHUOI VA TAO BUONG CONG PEANO

a) Hai giai doan cua qua trinh sinh

b) Hé th&ng ham 13p

chudi F-F++F-F
F / Sn-l Sn
produce() produce() — +— produce() >
F-F++F-F-F-F++F-F++F-F++F-F-F-
F++F-F
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SINH CHUOI VA TAO BUONG CONG PEANO

d M& rdng ngdn ng
—'F'>'F
—'X' 2> "X+YF+“ & tap luat sinh dwdng cong con rong
- 'Y' 2> "-FX-Y"
— atom = "FX"
1 Bat dau véi nguyén ti FX, chung ta cé
— S, = "FX+YF+"
— S, = "FX+YF++-FX-YF+"
— X, Y bo qua khi vé
— F, +, - van dwoc théng dich nhw trwdc day.
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SINH CHUOI VA TAO BUONG CONG PEANO

- Sinh chubi dé quy va thao tac vé
void produceString(char *st, int order){
for(;st ; st++)

switch(*st) {

case '+': CD -= angle; break;

case -'. CD +=angle; break;

case 'F". if (order >0) produceString(Fstr, order — 1);

else forward(length, 1);

break;

case 'X': if (order > 0) produceString(Xstr, order — 1);
break;

case 'Y': if (order>0) produceString(Ystr, order —1);
break;}}
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SINH CHUOI VA TAO BUONG CONG PEANO

J Cho phép ré nhanh:
T : saveTurtle()~> lwu trang thai hién tai cua con rua

T : restoreTurtle()> khéi phuc trang thai cia con rua vé
trang thai truwdc do.

d Trang thai cua con rua = {CP, CD}

Jthém cac Iénh sau vao produceString():
[ saveTurtle();break; < day trang thai hién hanh cla
con rua vao ngan Xxep.
T: restoreTu,rtIe();break; < |3y trang thai hién hanh tw
dinh ngan xép.
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1 May photocopy thwc nghiém
— Cac hinh anh & dau ra c6 héi tu vé hinh anh nao

kKhéng?
a) may photocopy b)
ﬂ'/' F - FFF
“_ X N -
hinh anh ban dau dauvao  bancopy
I/ B
|—> >
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S DUNG HE HAM LAP TAO HINH ANH
1 May photocopy Sierpinski

IF F F'FF
F F IFFFF IFFFIF
— [FF — e —
F F [ [F e FF
F F FrFE fife e
FIFIF FFFFFFFF A AN
/ 1 I 2

F
I I

-Hinh &nh hoi tu vé tam giac Sierpinski va khéng phu
thudc vao hinh anh ban dau

-Gom 3 thau kinh mdi thau kinh thwe hién ba phép
bién dbi cho chi* F dé nhan dwoc 3 chitr F moi
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S DUNG HE HAM LAP TAO HINH ANH

1 May photocopy Sierpinski
- Cac phép bién doi la

1 1 1 1
~ 0 0 - — 0 -
21 200 2 4
M =0 — 0 Mzzoll M:()ll
2 2 2 ’ 2 2

0 01 0 0 1 0 0 |1

Pé tién lgi, chung ta liét ké cac phan tl cia ma tran
dw¢i dang danh sach

T ={my,, myy, My, Myy, M3, My}
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SU DUNG HE HAM LAP TAO HINH ANH

- Ly thuyét cta qua trinh copy

— hinh anh nhap / = tap cac diém mau den = {(x, y) sao
cho (x, y) dwoc té mau den}

— hinh anh xuat = T1(/) U T2(I) U T3(/)

— téng quat héa W(.) = T1(.) u T2(.) u T3(.)

— khi 153p di I3p lai thao tac dwa hinh anh xuit vao ngo
nhap thi quy dao cua ly, 14, 1, ... s& hdi tu vé mét hinh
anh goi la nhan té6 hip dan A

- W(A) = A
» A khdng phu thudc vao hinh anh ban dau
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SU DUNG HE HAM LAP TAO HINH ANH

Q The hién thao tac vé & 1an 1ap thir k
— 1, 1a mét dwdng gap khuc
— Io 1a mot diém

dVidu: vé la cay dwong xi
-T1={0,0,0, .16, 0, O};
- T2={2,.23,-.26, .22, 0, 1.6};
— T3 ={-.15, .26, .28, .24, 0, .44},
— T4 ={.85, -.04, .04, .85, 0, 1.6};
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S DUNG HE HAM LAP TAO HINH ANH

void superCopier(RealPolyArray pts, int k)
{
int i, j;
RealPolyArray newpts;
if(k ==0) drawPoints(pts);
else for(i = 1; i <= N; i++)
{
newpts.num = N*pts.num;
for(j = 0; j < newpts.num; j++)
transform(affinesJi], pts.pt[j], newpts.pt[j]);
superCopier(newpts, k-1);

}
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TAP MANDELBROT

B2 fMandelbrot Set . : m@
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TAP MANDELBROT

df(z)=z2+c

Jvéigia tri ban dau s, ta c6 quy dao
—dl1=(s)+c
—ad2=((s)*+cy+c

—d3=(((s)*+cy+cy+c

—add=((((s)*+cy+cy+cy+c

’ l A
/
d
() + c/ "
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TAP MANDELBROT

s va c co thé 1a sb phirc

1 quy dao hoi tu va quy dao phan ky

- diém ¢ dinh cla hé thdong thda man
—f(z)=z> z2+c=z

1 /1
,P.=—x.|——cC

- diém cb dinh hap dan, diém cb dinh day
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TAP MANDELBROT

1 Dinh nghia:
— Vv&i s ludn bang 0
— diém ¢ nam trong M néu quy dao cua 0 héi tu
— diém ¢ nam ngoai M néu quy dao cla 0 phan ky
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TAP MANDELBROT

¢ ¢6 nam trong tap M hay khéng?
d, vwot qua gia tri 2 thi quy dao phan ky
thoi gian dé d, vwot qua gia tri 2 dwoc goi la thoi gian cw tru
¢ nam trong M c6 thdi gian cw trd rat Ion (Can trén 1a Num)

int dwell(double cx, double cy){
#define Num 100

double tmp, dx = cx, dy = cy, fsqg =cx * cx + cy * cy;
for(int count = 0; count <= Num && fsq <= 4, count++)

{
tmp = dx;
dx =dx * dx - dy * dy + cx;
oy=20"mp oy sy AN
fsq =dx * dx + dy * dy;
}

return count;}
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TAP MANDELBROT

[ Xac dinh mau cho diém ¢
— ¢ nam trong M: t&6 bang mau den
— ¢ nam ngoai M: float v = d/(float) Num;
glColor3f(v*v, v*v, 0.2);

cuwong dé mau
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TAP MANDELBROT

 Xac dinh sw twong tng gitra pixel trén man hinh véi s6
phirc c

Im A cols

Trows

l+1 j—|—1
¢;=| P+ —2W,P,——2W
cols cols
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TAP MANDELBROT

for(j=0;j < rows; j++)
for(i = 0; 1 < cols; i++)
{ ,
tim s6 phtrc ¢ twong teng voi pixel o vitri i, j
xac dinh thoi gian cuw tra cua quy dao
duwa trén thoi gian cuw trd xac dinh mau sac ttrong
tkng
setPixel(i, j, color);
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TAP JULIA

- cho c ¢o dinh, khdo sat cac gia tri khac nhau cua s
 Tap Julia day du: I1a tap hop tat ca cac diém khéi dau s
co quy dao hoi tu.
J vé tap Julia
for( j = 0; 7 < rows; j++)
for(i = 0; 1 < cols; 1i++){
tim sé phtrc s twong trng voi pixel & vitrii, |
xac djnh thoi gian cuw tru cua quy dao
duwa trén thoi gian cw tri xéc dinh mau séc tuong
tkng
setPixel (1, 7j, color);}
 phai truyén ca s va c cho ham dwel1 ()
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TAP JULIA

O Tap Julia J_: 1a dwdng bién cua tap Julia day da K,
dTiénanhclaz: +4/z—c
 Cac tién anh cla z cé quy dao giong nhw quy dao cla z

- a) Im A b)

# 5

x e/
tién anh _— .

cua s " \\

f(s)
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TAP JULIA

J Ve tap Julia
do{
if(coin flip is head) =z = z-c
else z=—z-c
draw dot at z;
}while (not bored);
dTinh can bac haicuaz =x + iy
Vz=a+ib , ¥>=0 |z |+x |z | —x
a:J 2 b:J

\/;:—a+lb sy<0 2
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