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MO DAU

D hoa mdy tinh 12 mot trong nhitng linh vyc hap din va phat trién nhanh cia
Cong nghé Thong tin. N6 duoc ra doi boi su két hop ciia 2 linh vyc thong tin va truyén
hinh, va dugc st dung rong rdi trong hau hét cic tng dung nhu khoa hoc va cong
nghé, y hoc, gido duc, kién tric, va ké ca giai tri. Ngay nay, nho vao su tién bo cia
khoa hoc k¥ thuat nén phan cing va gid thanh ctia mdy tinh cang ldc cang phit hop,
cic ky thuat d6 hoa duoc mg dung trong thyc té nhidu nén ngay cang c6 nhiéu ngudi

quan tam nghién ctru dén linh vyc nay.

Tuy nhién, viéc day va hoc k¥ thuat d6 hoa may tinh thi khéng don gian vi chii
dé nay c6 nhiéu van dé phic tap, lién quan dén tin hoc va ca toan hoc. Hau hét cic giai
thudt v&, td mau cung cdc phép bién hinh déu dugc xiy dung dua trén nén tang cia

hinh hoc khong gian hai chiéu va ba chiéu.

Gido trinh D6 hoa mdy tinh nay dwoc xay dung dua trén kinh nghiém giang day
da qua va dua trén tai liéu tham khdo chinh 1a : “Donald Hearn, M. Pauline Baker;

Computer Graphics; Prentice-Hall, Inc., Englewood Cliffs, New Jersey , 1986”.

Gido trinh Do hoa mdy tinh 1a mdt mén hoc dugc giang day cho sinh vién
chuyén nganh Cong nghé Thong tin véi 45 tiét 1y thuyét va 30 tiét thuc tap. Noi dung

cua gido trinh nay gom c6 3 van dé chinh nhu sau :

e Trinh bay cic thuét todn v& va td cdc duong co ban nhu dudng thang, da
gidc, duong tron, ellipse va cdc duong Bezier, B-Spline. Céc thuat todn nay
gitp cho sinh vién c6 thé tu thiét ké dé vé va td mau mot mod hinh d6 hoa .

e Noi dung thir hai dé cap dén cic phép bién doi Affine, tim giao cic ddi
tuong, td mau cua do hoa hai chiéu.

e Noi dung tht ba trinh bay vé& quan sat, hién thi va bién doi Affine trén khong

gian ba chiéu.

Trong qud trinh bién soan chic khong tranh khoi thiéu sét, toi xin trdn trong
nhan dugc sy gép ¥ cua cic quy dong nghiép va sinh vién dé gido trinh ngay cang

duoc hoan thién hon.
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Chuong 1

GIOI THIEU VE PO HQA MAY TINH

Noi dung chinh

> Tong quan vé dd hoa mdy tinh.
> Céc ung dung cua d6 hoa mdy tinh.
> Céc thanh phan co ban ctia hé d6 hoa mdy tinh.

> Hé toa do thuc va hé toa do dd hoa.
1.1 Tong quan d6 hoa may tinh

Db hoa mdy tinh bao gom tat ca nhiing gi lién quan dén viéc sir dung mdy tinh dé
phét sinh ra hinh anh. Cdc van dé lién quan dén cong viéc nay bao gdm: tao, luu tri,

thao tac trén cac mo hinh va cac anh.

Ngay nay, hau hét cic chuong trinh soan thao, bang tinh st dung d6 hoa trong
giao dién voi nguoi ding. Sy phit trién ctia do hoa mdy tinh ngdy cang rong rdi véi
cédc ché do d6 hoa hai chiéu (2D) va 3 chiéu (3D), va cao hon, né phuc vu trong céc
linh vuc xa hdi hoc khac nhau nhu khoa hoc, gido duc, y hoc, k¥ thuat, thuong mai va
gidi tri. Tinh hép dan va da dang cua dd hoa mdy tinh cé thé dugc minh hoa rat truc

quan thong qua viéc khao sat cac irng dung cua no.

Do hoa mdy tinh dugc sur dung rat rong rai vi cé dén 80% céc ung dung lién quan
dén hinh anh va dugc Ung dung trong nhiéu linh vyc khic nhau nhu cong nghiép,
thwong mai, quan 1y, gido duc, giai tri, ...v.v. S6 lugng cdc chuong trinh db hoa tng
dung rat 16n va phat trién lién tyc. Sau ddy 1a mot sé Gmg dung tiéu biéu cua d6 hoa
trong thuc té:

®H, tro thiét ké - CAD/CAM (Computer-Aided Design/ Computer-Aided

Manufacturing): Céc hé thong thiét ké va ché tao véi su trg gitip ciia may tinh
dugc tmg dung trong cdc linh vuc nhu phan tich thiét ké két cu xdy dung,
cong nghiép dién tir, cong nghiép thoi trang, cdc nganh coéng nghiép ché tao

0t0, may bay, xe may....
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® D6 thi va ban do (Graphs and Charts): Day 1a tng dung chii yéu trong linh vic
d6 hoa minh hoa, tng dung nay cho phép hién thi cdc biéu d6 dir lidu ciing
nhu trong linh vuc biéu dién va xir Iy ¢ hoa. Mot trong sé nhitng tng dung
hién nay 12 hé thdng thong tin dia Ii GIS (Geographical Information System).:

e Gidi tri: Vi su ho trg dd hoa hién nay ching ta c6 thé san xuét nhiéu san phém
phuc vu cho linh vyc gidi tri ddc biét 1a phim hoat hinh va céc tro choi trén
mdy tinh. Nhiéu phian mém va ngdn ngit 1ap trinh hd tro ra doi cho phép ta tao
ra cc hinh anh dong gan véi véi cudc song thuc. Trong gido trinh nay chiing
ta s€ lam quen v&i cong cu OpenGL.

e Ung dung mo phong va thuee tai do (Simulation and Virtual Reality): Bén canh
viéc hd tro thiét ké kién tric va trong san xuat cong nghiép, d6 hoa mdy tinh
con ¢6 tng dung rat quan trong trong md phong cdc cong trinh kién tric, cdc
di san van héa, trong giang day cdc mén hoc. Ung dung thyc tai 4o 13 mirc
cao hon ctia md phong. Thuc tai 40 dp dung cdc k¥ thuat d6 hoa két hop véi
céc thiét bi 3D tao ra cdc tmg dung md phong giéng nhu thuc nhung duoc
thuc hién trén mdy tinh nhu 14i mdy bay, ban sing trong quén su, giai phau
trong y khoa, ....

® Xur Iy anh (Image Processing): Céac ki thuat xtr ly va thay doi mot birc anh cé
san va dugc dp dung trong nhiéu linh vuc cua doi sdng. Vi du ta c6 thé sir
dung phan mém dé khéi phuc mot buc anh, phan tich cdc bic anh duoc chup
tir v€ tinh...

® Ki thudt nhdn dang (Pattern Recognition): Pay 1a mgt Iinh vyc cua ki thuat xi
If anh, cdc chuyén gia s& xdy dung mot thu vién anh gbc bang céch dp dung
cac thuat toan phan tich va chon lgc tir nhitng anh mau ¢ san. Dua trén thu
vién d6 cdc chuyén gia c6 thé phan tich va to hop anh

® Giao dién do hoa nguwoi ding (Graphical User Interface-GUI): Rat nhiéu phan
mém tng dung ngdy nay cung cdp GUI cho ngudi ding. Thanh phan chinh
ctia mot giao dién d6 hoa d6 1a chuwong trinh quan 1f ctra s6 cho phép nguoi st
dung hién thi nhiéu ctra s6 nguoi ta goi d6 1a céc cira s hién thi. Nho ¢6 GUI
ma nguoi sir dung c6 thé dé dang thiét ké giao dién cho cdc chuong trinh tng

dung.
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1.2 Cac thanh phin co bin ciia h¢ @6 hoa may tinh

Dé phat trién hé thong dd hoa mdy tinh ta can phai trang bi ca phan ciimg 1an phan
mém ciing nhu cdc ung dung khac. Trong d6, cdc thiét bi phan cung 1a tuy thude vao

ting tng dung do hoa cu thé ma c6 thé can thiét hodc khong can thiét.
Phén cirng

e Thiét bi thu nhan: 1iy dir liéu dau vao cho tng dung dd hoa nhu ban phim,
chudt, may quét, camera, ...

e Thiét bi hién thi: hién thi hinh anh cta tng dung do hoa nhu cic loai man hinh
CRT, LCD, ...

e Thiét bi trong tdc: 1am giao tiép trung gian giita ngudi ding va cic ung dung
d6 hoa thyc tai 40, tao cam gidc ngudi dung gidng nhu thao tic tryc tiép trong

mdi truong thé gidi thyc nhu ging tay, kinh 3D, ...
Phin mém

Phan mém dd hoa c6 thé phén thanh 2 loai: cic cong cu lap trinh va cic trinh (mg
dung dd hoa phuc vu cho mdt muyc dich nao d6. Cac cong cu 1ap trinh cung cép mot
tap cdc thu vién dd hoa c6 thé duoc ding trong céc ngdn ngit 1ap trinh cip cao nhu
Pascal, C/C++/C#, Java, ... hay tham tri c6 ca mot thu vién d6 hoa c6 thé nhiing vao
cdc ngdn ngit 1ap trinh cdp bat ky nhu OpenGL, DirectX. Cdc ham co s clia né bao
gdm viéc tao cic dbi twong co s& cuia hinh anh nhu doan thang, da gidc, duong tron, ...

thay doi mau sac, chon khung nhin, bién doi affine, ...

D¢ phat trién cic ng dung d6 hoa mdy tinh can c6 cic loai phan mém sau:

e Tao md hinh: 3DS Max, Maya, ...
e Lap trinh, phit trién tmg dung: OpenGL, DirectX, ...

1.3 Hé toa dd thé gii thuc, hé toa dd thiét bi va hé toa d chuin
Mot hé db hoa bao gém 3 mién nhu sau:

e Mién diéu khién : bao boc toan bo hé théng.
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e Mién thyc : nam trong mién diéu khién. Khi mot gid tri ndm trong mién
thuc, né s& dugc chuyén thanh sé thuc ddu phay dong, va khi c6 mot sb roi
khoi mién nay thi né s& duoc chuyén thanh sé nguyén.

e Mién hién thi : nim trong mién diéu khién nhung phin biét véi mién thuc.

Chi c6 gia tri s6 nguyén mdi nam trong mién hién thi.

Trong linh vyc k¥ thuat dd hoa, ching ta phai hiéu dugc réng thuc chét cua do6
hoa 12 1am thé nao dé c6 thé mo ta va bién ddi duoc cic ddi tugng trong thé gidi thuc
trén mdy tinh. Cédc dbi twong trong thé gidi thuc dugc md ta bang toa do trong mién
thuc. Trong khi d6, hé toa do thiét bi lai sir dung h¢ toa do nguyén dé hién thi cac hinh
anh. Day chinh 12 vin d& co ban can giai quyét. Ngoai ra, con c¢6 mot khé khin khac
nira 12 véi céc thiét bi khac nhau thi c6 cdc dic trung vé thong sb ky thuat khac nhau.
Do d6, cin c6 mdt phwong phap chuyén ddi twong tng giira cic hé toa do va ddi tuong

dé c6 thé mo ta gan ding voi hinh anh thuc bén ngoai.

Hai m6 hinh co ban ctia rng dung dd hoa 1a dya trén mau sd héa va dua trén dac
trung hinh hoc. Trong trng dung dd hoa dua trén mau s6 héa thi céc d6i tuong dd hoa
dugc tao ra bdi ludi cac pixel roi rac. Cac pixel nay cé thé duoc tao ra béng cac
chuong trinh v&, may quét, ... Cdc pixel nay mo ta toa do xac dinh vi trf va gia tri mau.
Thuan loi cta tng dung nay 12 dé dang thay doi hinh anh bang cdch thay d6i mau sic
hay vi trf ctia cdc pixel, hodc di chuyén ving anh tir noi nay sang noi khic. Tuy nhién,

diéu bat loi 1a khong thé xem xét dbi twong tlr cdc géc nhin khéc nhau.

Ung dung dd hoa dva trén dic trung hinh hoc bao g@)m cdc dbi tuong dd hoa co
so nhu doan thang, da gidc, ...v.v. Ching dugc luu trit bang cdc md hinh va cdc thudc
tinh. Chéng han, doan théng duoc md hinh béng hai diém dau va cudi, c6 thudc tinh
nhu mau sic, do day. Nguoi st dung khong thao tdc tryc tiép trén cic pixel ma thao

tac trén cac thanh phﬁn hinh hoc cua dbi tuong.
H¢é toa d thé giéi thuc

H¢ toa do thuc thuong dugc dung dé mo ta cac dbi tugng trong thé gidi thyce 1a
hé toa do Descartes. Trong hé toa d6 nay, mdi diém P dugc biéu dién bdi mot cap toa

do (x, y,) v6i x,, y, € R (xem hinh 1.1).
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}!p --------------- I

Hinh 1.1 Hé toa do thuc
Trong do :

e QOx: truc hoanh.
e Qy: tryc tung.
e x,:hoanh do diém P.

® y,:tungdd diém P.
Hg¢ toa d§ thiét bj

H¢ toa do thiét bj duoc dung cho mdt thiét bj xuat cu thé ndo dé, vi du nhu mdy
in, man hinh, ...v.v. Trong h¢ toa do thiét bj thi cdc diém cling dugc md ta boi cdp toa
dd (x,y). Tuy nhién, khic véi hé toa do thuc la x, y € M. Diéu nay c6 nghia la cic diém
trong h¢ toa do thyc dugc dinh nghia lién tuc, con cic diém trong h¢ toa do thiét bi 1a
o1 rac. Ngoai ra, cic toa do x, y cua hé toa do thiét bj chi biéu dién duoc trong mot

gi¢i han nao d6 cua M.

Vi du : BJ phan giai cua man hinh trong ché d6 d6 hoa 12 640x480. Khi d6, x €
(0,640) va y € (0, 480) (xem hinh 1.2).
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(0.0)

(640.0)

A

r

(0, 480)

(640,480)

Hé toa do man hinh

Hé toa dd thiét bj chuin

Do céch dinh nghia cidc hé toa do thiét bi khdc nhau nén hinh anh hién thi chinh

xdc trén thiét bi nay thi chua chic hién thi chinh xdc trén thiét bi khic. Ngudi ta xdy

dung mot h¢ toa do thiét bi chuan dai dién chung cho tat ca cdc thiét bi dé c6 thé mé ta

cdc hinh anh ma khong phuy thudc vao bét ky thiét bi nao.

Trong hé toa do chuan, céc toa do x, y s€ dugc géan cdc gia tri trong doan tur [0,1].

Nhu véy, viing khong gian ctia hé toa do chuan chinh 1a hinh vudng don vi ¢6 géc trdi

dudi (0, 0) va géc phai trén 1a (1, 1).

Quy trinh hién thi céc dbi tuong thyc nhu sau (xem hinh 1.3):

Anh dinh nghia

trén toa do the
g101 thure.

» Toa do chuan hoa

A 4

» man hinh

Toa do thiét bi

Hinh 1.3 H¢ toa d¢ thiét bi

> may in

—> thiét bi

khac

Giso trinh D6 Hoa M4y Tinh

10



Chuong 2

CAC THUAT TOAN

VE POI TUQNG PO HQA CO BAN

Noi dung chinh

» Caéc thuat toan v€ doan théng: DDA, Bresenham, MidPoint.
» Thuat todn MidPoint vé duong tron, ellipse.

> V& duodng cong tham sb Bezier, B-Spline.

2.1 Thuit toan vé doan thing

(x+2.y7H2) ®
® o
® (xi+3.yit+2)
(xitLyi+1)
®
« |

(X1.yi)
Hinh 2.1: Cdc diém gan doan thang thuc

Xét doan thang c6 hé sb géc m € (0, 1] va Ax > 0. Vi céc doan thang dang nay,
néu (x;, y;) 1a diém da duoc xdc dinh & budc thir i thi diém ké tiép (x;1, yir1) 0 bude thir

i+1 s€ 1a mot trong hai di€ém sau:

Vi +1

X =2+ 1
[}"iﬂ = {

Vi

Van dé dat ra 1a chon diém v& nhu thé nao dé doan thang dugc v€ gan vdi doan
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théng thuc nhét va tdi vu héa vé mat toc do, thoi gian thyc.
2.1.1 Thuat toan DDA (Digital DifferentialAnalyzer)

DDA (hay con goi la thuat todn sb gia) 1a thudt todn v€ doan théng xac dinh cac
diém dya vao hé sé géc cta phuong trinh duong thang y = m.x + b. Trong d6, m =
Ay/Ax, Ay = Vir1 - Vi, Ax = xi11 - x;. Nhan thdy trong hinh v& 2.1 thi toa d6 cua diém x
s& tang 1 don vi trén mdi diém v&, con viéc quyét dinh chon y;1a y; + 1 hay y; s& phu
thudc vao gid tri sau khi lam tron ctia tung do y. Tuy nhién, néu tinh truc tiép gid tri
thuc ctia y & mdi budc tir phuong trinh y = m.x + b thi cAn mot phép todn nhan va mot

phép todn cong s thuc:
Visi=mXxi +b=mx;+1)+b=mx;+b +m
Pé tdi vu tdc do, ngudi ta khir phép nhan trén s thuc.
Tacd:y=mx; +b
=Yir1=Yitm
e Toém lai, khi 0 < m < 1thi:
Xipi=x;+1
Yir1r=Yyitm

e Truong hgp m > 1: chon budce tang trén truc y mot don vi.

1
Xiy1 = Xi+ —
Trt

Yis1 =Yyit+ 1

Hai trudng hop nay ding dé vé mot diém bat dau tir bén trai dén diém cubi cling
bén phai ctia duong thang (xem hinh 2.2). Néu diém bat dau tir bén phai dén diém cubi

cung bén trai thi xét nguoc lai :

e O<m<l:xy=x—-1
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Yir1:=Yi-m

1
®* m> 1:xi+1=xi—a

Yisi=Yyi—1

Hinh 2.2 : Hai truvong hopm >1va0<m< |
Cai dat minh hoa thuit toan DDA

void DDALine(int x0, int y0, int x1, int y1)

int x;

float dx, dy, y, m;

dx:= xI — x0;
dy:=yl —y0;
m:= dy/dx;

y =y0;

for (x=x0; x <= xI; x++)

{
glVertex2i(x, Round(y));
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y=y+m

/

Tuong ty, ta c6 thé tinh toan cic diém v& cho trudng hop m < 0, Iml < 1 hoic Iml > 1.

2.1.2 Thuéat toan Bresenham

Hinh 2.3 : Thudt todn Bresenham vé doan thang c¢6 0 < m < 1.
Goi (x; +1, y;41) 12 diém thudc doan thang (xem hinh 2.3). Tacé y = m(x; +1) + b.
batd) = yivu-yi,d= i+ -yiu

Viéc chon diém (Xi +1, i +1) 12 Py hay P, phu thudc vao vi€c so sanh d; va d, hay

daucuad, - d,:

e Néud,-d<O0: chon diém Py, tic 1a Vie1= Vi

e Néud, -d, >0:chondiém P,, ticlay;, = y; +1
Xét Pi = A)C(dl - dz)
Ta cé Idl-dz = 2yi+1'2yi'1

2m(xi+1) +2b - 2y;- 1

Giso trinh D6 Hoa M4y Tinh 14



=  Py=Ax(d - dp) = Ax[2m(x;+1) + 2b - 2y; - 1]
= AX[2(Ay/Ax)(x;+1) + 2b - 2y; - 1]
= 2Ay(xi+1) - 2Ax.y; + Ax(2b - 1)
=2Ay.x; - 2Ax.y; + 2Ay + Ax(2.b - 1)
Viay C= 2Ay+ Ax(2b - 1) = Const (hing s6)
= P;=2Ay.x; - 2Ax.y; + C

Nhan xét rang néu tai budc thir i ta x4c dinh dugc dau ctua P; thi xem nhu ta xac

dinh duogc diém can chon & bude (i + 1). Tacé :
P - Pi= Ay.xi — 24x. ;41 + C) - QAy.x; - 24x.y; + C)
& Py =P + 28y = 2Ax(yin1 - i)
-Néu P,<0: chon diém Py, tic 1a Yiqi=Y va Pig =P; +2Ay.
-Néu P;>0:chon diém P,, ttc 1a y; ,;= yi +1 vd Py, =P, +2Ay — 2Ax
- Gid tri Py duoc tinh tir diém v& dau tién (x, yo) theo cong thirc :
Py =24y.x) — 24x.y0 + C
Do (xp, yo) 12 diém nguyén thudc vé doan théng néntacod:
Yo =2m.xo + b = Exo+b
Thé vao phuong trinh trén ta duoc :
Py =24y — Ax
Cai dat minh hoa thuat toan Bresenham

void Bresenham_Line (int x1,int yl,int x2,int y2)
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int dx, dy, x, y, P, increl, incre2;

dx =x2-xI; dy =y2-yl;

P = 2%*dy - dx;

increl = 2*dy ; incre2 = 2*(dy - dx) ;

x=xlI; y=yl;

glVertex2i(x, y);

while (x < x2 )

{
x =x+/;
if(P<0) P=P+increl
else
{
y =y+l;
P =P + incre2
/
glVertex2i(x, y);
/
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Nhén xét

- Thuat todn Bresenham chi thao tic trén sd nguyén va chi tinh todn trén phép
cong va phép nhan 2. Didu nay 1a mot cai tién 1am ting toc d6 déng ké so voi
thuat toan DDA.

- Y tudng chinh cia thuat todn nay 1a & chd xét dau Pi dé quyét dinh diém ké
tiép, va st dung cong thic truy hdi P;,, - P; dé tinh P; bang cdc phép todn don
gian trén s6 nguyén.

- Tuy nhién, viéc xdy dung truong hop tong quét cho thuét todn Bresenham cé

phurc tap hon thuat todn DDA.
2.1.3 Thuéat toan MidPoint

Pitteway cong bd thuat toidn MidPoint vao 1967, Van Aken cai tién 1984. Xét h¢
s6 géc thude [0, 1]. Gia thiét rang da chon P dé vé&, xdc dinh pixel tiép theo s& 1a tai N
hay NE (xem hinh 2.4). Giao ctia dudng thang vé6i X,+1 tai O, M 1a trung diém cua NE

va E.

P =|:X:H Y:u} X3+1 X +2

Hinh 2.4: Thuadt todn MidPoint vé doan thcfng

Y tudng cua thudt toan MidPoint 1a xét diém M xem nam phia nao cia dudng
thang, néu M nam phia trén dudng thang thi chon E (tic 1a duong thang gan véi E hon
NE), nguoc lai chon NE. Vi viy, ta can xédc dinh vi trf twong dbi ctia M so véi duong

thang chira doan thang can vé.

e Phan tich thuat todn v& doan thang dya trén phuong trinh dang tong quét ciia
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duong thang chira doan thang: F(x, y)= a.x + b.y + ¢

Suy ra dang tong quat: F(x,y) = g.x + B — vy = 0. Hay tuong duong:
F(x,y) =dy.x —dxz.y+ B.dx = 0.
Tir d6, ta c6 céc hé sb cia phuong trinh dang tong quat 1a :
a=dy, b=-dx, c=B.dx
o Gid tri ham tai M: F(M)=F(x,+ 1, y, + %) —d

o Néud>0, M nim dudi duong thing thi chon NE.

o Néud< o,M nam phia trén thi chon E.

o Néud =0, chon E hay NE ty ¥.

e @Gid tri cia ham tai M cua cia diém ti€p theo s€ vé

o Goi gid tri d vua tinh la:

1
dam=a(xp+1)+b(yp+5]+c

o Gia st vira chon E:

1 1
dyore — F (xp +2, ¥ +§) —al(x, +2)+b (yp +§) +c

Ao = Ao + @ = d, g + dy — dv 12 56 gia cia diém tiép theo.

o Gia st vira chon NE:

2

o

3 3
Ongw = F(xp +2r}’p+_) = a(xp-i-Z) —I—b(}fp—l—i)—i-c

dﬂaw = da!d +a+ p = da.fd + (djl} - dﬁ) —3 (dj} — dX) la Sé gla cua

diém tiép theo.

Tinh gia tri khéi diu cia d tai cac trung diém
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o Gia st v€ doan théng tr (xo, yo) dén (x;, y1), tur d6 trung diém tha nhit c6

toa dd (xo+ 1, yo+ %). Suy ra:
1 1
F (xn + 1,y + 2) =alxg+ 1) +b (}'n + 2)+ c

b b
=a.xn+£:.y,3+c+a+E=F[xU,yn)+a+§

dx

b
o F(XO: y0)=09dxmrt=a+5=dy_?

o Trénh sb thap phan cua dg,,, dinh nghia lai ham nhu sau:
F(x, y)=2(a.x + b.y + ¢)
o Do vay, ta co:
diars = 2dy - dx; AE = 2dy; ANE = 2(dy - dx)
Cai dat minh hoa thuit toan MidPoint

void MidPoint_Line(int x0, int y0, int x1, int y1, int color)

int dx, dy, x, y, d, incrE, incrNE ;
dx = x1 — x0;

dy =yl —y0;

d = 2%dy - dx;

incrE = 2*dy;

incrNE = 2*(dy - dx);

x = x0;

y =y0;
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glVertex2i(x, y);

while (x<x1)

{
if (d<=0)
{ //chon E
d:= d+incrE;
x=x+1
/
else
{ //chon NE
d = d+incrNE;
x =x+1;
y =y+1
/
glVertex2i(x, y);
/
/
Nhén xét

e Céc thuat DDA, MidPoint trinh bay xdy dung thuat toin vé doan thang trong
truong hop hé sb géc thude doan [0, 1]. Céc trudng hop con lai phén tich trong

tu d6i véi tung thuat todn.
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e C6 mot tinh chat d6i xung c6 thé dp dung dé vé& doan thang trong céc trudng
hop hé s6 géc khong thude [0, 1] ma khdéng phu thude vao thudt toan. Didu nay
c6 nghia 1a ta s& ldy ddi xung céc doan thiang nay vé truong hop thudc doan
[0,1], tinh todn xong mdi toa dd (x, y) ta lai 1dy d6i xtng tro lai rdi vé.

e Sau déy la chuong trinh cai dat thuat toan DDA tong qudt cho tit ca cic truong
hop theo phuong phép 14y d6i xtng :

void LineDDA_DX(int x1, int y1, int x2, int y2)

{
if (x2 < xI)
{
intt=x2;
x2 =xl;
xI =t
t=y2;
v2 =yl;
vl =t;
/
double m;
intdx = x2 - xI;
intdy =y2-yl;
m = (double)dy / (double)dx;
intd;
if (m>1)
{
d=1;
int temp = x1;
xl =yl;
vl = temp;
temp = x2;
x2 =y2;
y2 = temp;
dy=y2-yl;
dx =x2 -xI;
m = (double)dy / (double)dx;
}
else if (m>0)
{
d=2;
/
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else if (m > -1)
{
d=3;
vl =-yl;
y2 = -y2;

dy =y2-yl;
dx =x2 -xl;

m = (double)dy / (double)dx;

/

else
{
d=4;
int temp2 = x1;
xl =-yl;
vl = temp2;

temp2 = x2;
X2 =-y2;
y2 = temp2;

dy =y2-yl;
dx =x2 -xl;

m = (double)dy / (double)dx;

/

int x;
double y;
y=yl;
Sfor (x =xlI; x <=x2; x++)
{
if(d==1)
{
glVertex2i(Round(y), x);
}
else if (d == 2)
{
glVertex2i(x, Round(y));

/
else if (d == 3)

{
glVertex2i(x, -Round(y));
/
else // d==4
{

glVertex2i(Round(y), -x);

y+=my
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2.2 Thuit toan MidPoint vé duwong tron
Trong h¢ toa dd Descartes, phuong trinh duong tron ban kinh R c6 dang:

e V6ithm 0(0,0): X’ +y' =R’
o V&itim C(x, vo): (x-x)°+ (y-y.) ' =R

Trong h¢ toa dd cuc :

® x= x.+ R.cosd

e y= y. + Y.sin0

v6i 0 € [0, 27].

-¥x)

(=y,=x)

7 2y

Hinh 2.5: Poi xitng 8 diém trong dwong tron

Do tinh ddi xtng cta dudng tron C (xem hinh 2.5) nén ta chi can v& 1/8 cung
tron, sau d6 liy ddi xing qua 2 truc toa do va 2 dudng phan gidc thi ta vé duoc ca

dudng tron.

Thuéat todn MidPoint dua ra cich chon y;,; 1a y; hay y;, bé'mg céch so sanh diém
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thue Q(xi,1, y) v6i diém gitra M 1a trung diém cua S1 va S2. Chon diém bat dau dé vé
12 (0, R). Gia st (x;, y;) 1a diém nguyén da tim dugc & budc thr i (xem hinh 2.6), thi

diém (Xit15 Yis1) 6 bude i+1 1a sy lya chon gifra S1 va S2.

J.— 1
Yier — {} ¥,

Hinh 2.6 : Puong tron véi diém Q(x +1, y) va diém MidPoint.
Pat F(x, y)=x’ +y* - R’ tacé:

e F(x,y)<O0, néu diém (x, y) nam trong dudng tron.
e F(x, y)=0, néu diém (x, y) ndm trén duong tron.

e F(x,y)>0, néu diém (x, y) nam ngoai dudng tron.
1
Xét Pi=FM)=F(x;+1, y- 5)' Taco:

e Néu P, <0 : diém M nam trong dudng tron. Khi d6, diém thyc Q gan véi
diém S1 hon nén ta chon Visl = Vi
e Néu P, >= 0 : diém M nam ngoai duong tron. Khi d6, diém thyc Q gan véi

diém S2 hon nén ta chon yi, 1 =y;- 1.

Mait khac :

1 1
Piyi - Pi= F(xig+1, yiy -;) -F(xqi+ 1,y - ;)
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= [+ + it~ 27 - K] -0 417+ (-2 - ]
= 2%+ 3+ (Ot D>+ 00 - Gt - W)
Viy :

L NéllPi<OIChQnyi+1:yi.Khid6,Pi+1:Pi+2.xi+3
L NéuPi>:O:chQnyi+1:yi- 1.Khid(’),Pi+1:Pi+2xi-2yi+5.

e P, g v6i diém ban dau (xo, yo) = (0, R) 1a:

1 1 [
Py= F(xo+l,yo-g):F(l,R-E):;_R

A < R , A N - A - ~ A - y 1
e D¢ rit gon bicu thirc trén va tranh vi¢c tinh todn sé thuc, ta dat P’y = P - :L

= 1 — R. Ta c6 nhan xét rang ddu cua P’y khong thay ddi trong thuat todn

MidPoint.
Cai dat minh hoa thuat toan MidPoint vé€ dwong tron

void Ve_doi_xung_8diem(int xc, int yc, int x, int y)

glVertex2i(x + xc, y + yc);
glVertex2i(y + xc, x + yc);
glVertex2i(-x + xc, -y + yc);
glVertex2i(-y + xc, -x + yc);
glVertex2i(-x + xc, y+ yc);
glVertex2i(-y + xc, x + yc);
glVertex2i(x + xc, -y + yc);

glVertex2i(y + xc, -x + yc);
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void MidPoint_Circle(int xc, int yc, int r);

{
int x,y, p;
x=0;
Y=r,
p=I-r,
while ( 'y > x)
{
Ve_doi_xung_8diem(xc, yc, x, y);
if (p<0) p=p + 2%+ 3
else
{
p=p+2%x-y)+5;
y=y-1I;
/
x=x+1;
/
/
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2.3 Thuit toan MidPoint vé Ellipse

Xét phuong trinh elip c¢6 tam tai géc toa do
F(x,y) =b*x* +a*y* —a®b* = (

Ap dung thuét todn MidPoint v& dudng tron dé vé& elip. Tinh dbi xing cia elip
12 khi biét toa do mot diém c6 thé d& dang suy ra toa do ba diém ddi xtng véi né qua

céc truc Ox, Oy va goc toa do.

Vi elip chi c¢6 tinh chat doi xitng bon diém nén ta phai vé mot phan tu cua elip,
sau d6 mdi lay doi xiing dé v€ cac phan con lai cua elip. Pau tién ta tim ranh gidi hai

mién trong géc phan tu thir nhét cua elip

Hé sé goc tiép tuyén

Mién 1: Thanh A \
phan j Ién hon i E Gradient vector = Gradient vector
thanh phan i &
a’y>bx mién 1 S E
- mién 2 = :

Hinh 2.7: Phan chia hai mién ciia elip

e Vitri: Diém P Ia tiép di€m cua tiep tuyeén c6 hé so goc —1

e Xac dinh: Véc to vudng géc véi tiép tuyén tai tiép diém, gid tri gradient:

dF (x,v) OF . OF. 2b% x.i4+2a%y.i=0
= — — ] = X, F.] =
gra X, é‘xl-l_é‘jfj xX.l+2a"y. |

e Tai P cic thanh phan i va j ctia véc to gradient c6 ciing do 16n.

Y tuong cua thuat todn 1a ddnh gid ham tai trung diém hai toa do pixel dé chon vi

tri tiép theo dé v&. Dau cta né cho biét trung diém nam trong hay ngoai elip.

Hinh 2.8: Phan tich vé hai mién ciia ellipse
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Xét mién 1

e Tinh bién quyét dinh tai trung diém dau tién néu diém dang xét 1a Xp, Vi
1
d=Fxy)=F(x,+1,y,- ;)

e Néud<O0: chon E, x ting 1, y khong thay dbi.

f 1 3 142
T R S

1 1 \
Upew = F (xp + 2, — E) =b’ (xp + 2)2 + a” (Vp — E)? —u’b?
d:rts'w = da!d + bz [zxp + 3} = da!d + &E
e Néud>O0: chon SE, x tang 1, y giam 1:

3 . 2 342

dﬂgw = da!d + bz (zxp + 3) L az (_Eyp + 2) = da!d + ﬂl5.1'3
Xét mién 2:

 Tuong ty, tinh bién quyét dinh d = F(x, y) = F(x, + 3 Yp- 1)
o Néud<0: chon SE, x ting 1, y giam 1.
o Néud>0: chon S, x khong ting, y giam 1.

e Timsb gia nhu mién 1, ta duoc:
o AS=d*(-2y, +3)
o ASE =b*(2x,+2) + a*(:2y + 3)

Tim gid tri khoi dau cia sb gia d:
e Mién1:

o Gia st a, b nguyén, diém bét dau vé 1a (0, b)

o Trung diém tha nhat: (1, b - 1/2)
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\ : 1 A A .2 £
® Mién 2: Phy thudc vao trung diém (x, + 1, y, - 5) cua diém tiép theo di€m cudi

cung cua mién 1.

1 1
F(x,p 2,3, 1j=b2[x+§]2—|—a2(y—1)2—azb2

2

b-
= b?x? —I—bzx—l—E—i—az(}f— 1)? — a?b?

Cai dat minh hoa thuat toan MidPoint vé Elip

void Ve_doi_xung_4diem(int xc, int yc, int x, int y)

{
glVertex2i(x + xc, y + yc);
glVertex2i(-x + xc, y + yc);
glVertex2i(-x + xc, -y + yc);
glVertex2i(-y + xc, x + yc);
/
void ellipse(int xc, int yc, int a, int b)
{
int x, y;
float dl, d2;
x=0; //{Khoi dong)
y=b;

dl=b*-a’b+a’/4;
Ve_doixung_4diem(x, y);
while (a’(y-1/2)>b*(x+1)) {Ving 1}
{
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If (d1<0) {Chon E}

{
d1=dI1+b*(2%x+3);
x=x+1
/
else {Chon SE}
{
dl= d1+b*(2%x+3)+a’(-2%y+2);
x=x+1;
y=y-1;
{

Ve_doixung_4diem(x, y);
/
d2=b*(x+1/2) +d*(y-1)° -a’b*;
while (y>0) // {Viung 2}

{
if (d2<0)  //{ Chon SE }
{
d2=d2+b*(2%x+2)+a’(-2%y+3);
x=x+1;
y=y-1
/
else
{
d2=d2+a’(-2%y+3);
y=y-1
/
Ve_doixung_4diem(x, y);
/
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2.4. Puong cong tham sb
2.4.1. Puong cong Bezier
2.4.1.1. Thuat toan de Casteljau

Thuét todn de Casteljau dua trén ddy cdc diém diéu khién dé xdy dung véi gid
tri ¢ trong doan [0, 1] twuong Ung v&i mot diém P(). Do d6, thuat toan sinh ra mot day
cdc diém tir cdc diém diéu khién cho trudc. Khi cdc diém diéu khién thay d6i, duong
cong sé& thay dbi theo. Cach xay dyng dudng cong dua trén phép ndi suy tuyén tinh va
do d6 rat d& dang giao tiép. Ngoai ra, phuong phdp nay ciing dua ra nhiéu tinh chat

quan trong cua dudng cong.
Parabol dwa trén ba diém

Trong mit phing R? xét ba diém Py, P,, P,. Dt

Py (t) :=(1—t)P, +tP,
P!(t) :=(1 —t)P, +tP,

Trong d6, ¢ € [0, 1]. N6i cdch khdc, véi mdi ¢ € [0, 1], cdc diém Pol ), P'(t)

nam trén cc doan théng PyP, va PP, tuong Ung.

e

{1+
(b)

Hinh 2.9: Puong cong Bezier xdc dinh béi ba diém diéu khién
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Lip lai phép néi suy tuyén tinh trén cdc diém méi B (t) va P (1) ta duoc:
Pr(t) = (1 - DR +tP (D)

Quy tich ciia P(t):=P; () khi ¢ thay ddi trong doan [0, 1] s& cho ta duong

cong nhu trén hinh (b).
Dé dang suy ra
P(t) =(1—1t)*P +2t(1—t)P, +t*P,

Suy ra P(f) 1a duong cong parabol theo bién r.

Vi du: Phuong trinh dudng cong Bezier P(f) twong ung ba diém diéu khién
PO(I’ 0)9 P1(29 2)9 P2(69 O) la:

P(t) =(1—t)?P, +2t(1 —t)P, + t*P,
=(1—-0)*(1,0)+2t(1—1)(2,2) + t*(6,0)
= (3t?+ 2t + 1,—4t* + 41)
Tong quét cho truong hop s6 diém diéu khién > 3 ta c6:
Thuit toan de Casteljau cho L + 1 diém diéu khién

Trong mit phing R* xét L+1 diém Py, Py,..., P. V6i mdi gid tri t cho truoc, ta xdy
dung theo quy nap duong cong Py (f) nhu sau:

Budc 1: [Khéi tao] Pat r = 0 va P’ (¢) =P, véi moi i=0, 1, ..., L-r.

Budc 2: [Két thic?] Néu r = L dimg; nguoc lai dat

Pri(t) = (1 —t)Pr(t) + tPr ()

Budc 3: Thay r béi r+1 va chuyén sang budc 2.
Cai dat minh hoa thuéit toan Casteljau

Point Casteljau(float t)
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Point Q[Max];
inti, r;

for(i=0;i<=L;i++)

{
Qli].x = P[i].x;
Qli].y = P[i].y;
/
for(r=1;r<=L;r++)
{
for(i=0;i<=L-r;i++)
{
Oli]l.x = (1 -8)*Q[i].x + t*Qfi + 1].x;
Qlil.y = (1-1)*Q[il.y + t*Q[i + I].y;
/
/
return(Q[0]);

Pé v& dudng cong Bezier ta chi can dp dung goi ham Casteljau trong thu tuc

DrawCurve sau:

void DrawCurve(float a, float b, int NumPoints)

{
float Delta = (b — a)/(float) NumPoints;
float t = a;
int i;

moveto(Casteljau(t).x, Casteljau(t).y) ;
for (i = 1; i <= NumPoints; i++)
{

t += Delta ;

lineto(Casteljau(t).x, Casteljau(t).y) ;

/
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2.4.1.2. Thuat toan Horner

Da thirc Bernstein va dwong cong Bezier

Cich tiép can trong phan trudc cho ta thuat ton hinh hoc v& dudng cong Bezier.

Phan nay trinh bay cédch biéu dién giai tich cua duong cong Bezier.

That vay, dé dang chimg minh rang duong cong Bezier P(1) tuong tng céc diém

diéu khién Py, P,..., P;, xdc dinh boi:

L
rt) — Z P, BE(t)
k=0
trong dé
BL(¢) 1= (i) (1— t)bk. ¢*

L
1a da thuc Bernstein, va ( kj 12 t6 hop chap k ctia L phan tir.

Vi dy, tir dinh nghia trén, ta cé céc da thic Bernstein bac ba:

Bi(®) = (g) (1—1)3.t=(1 —1¢)3

B3(t) — (]) (1-0)2.t' = (-2t
Bi(t) = G) (1—0)Lt2 = (1 —1). ¢

Bi(t) = @) (1—1t)%.t3=1¢t3

b6 thi minh hoa cua bon da thire nay khi t € [0, 1]:
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Hinh 2.10 . Cdc da thirc Bernstein bdc ba

Vi du, phuong trinh tham s6 cia dudng cong Bezier twong tng bon diém diéu

khién Py(1, 0), Py(2, 3), P5(6, 0), P5 (9, 2) c6 dang:
P(t) =(1—1t)*P,+3(1—0)tP, +3(1— O)t*R, + 3P,
=(1—-1)*(1,00+ 31— 1t)?t(2,3) +3(1—t)t?(6,0) + t3(9,2)
=[(Ll—-t)*+6(l—t)*t+18(1L —)t*+9t3,9(1 — t)°t + 2t7]

=[1+3t2—3t—t® +6t—12t*+6t>+18t%>—18t%+ 9¢t3,9¢
— 18t +9¢3 + 2t?)]

= (—4t3+9t2 4+ 341,113 — 18t + 91)

Vé duong cong Bezier qua da thirc Bernstein

Dua vao luoc 6 Horner dé tinh gid tri da thirc Bernstein, ta xdy dyng thi tuc
xdc dinh dudong cong Bezier hiéu qua hon Casteljau. Mot vi du nhan long nhau cua

luge d6 Horner trong trudng hop da thirc bac ba:
Co+tc, +t%c, + ey = ¢y + t(cy + t(c, + tcy))

Tuong tu voi duong cong Bezier bac ba:
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4

trong d6, s = 1 — . Nhan xét rang:

L—i+1
(L) =LT (L s
l i i—1

Do d6, ta c6 chuong trinh tinh gia tri ham Bezier P(f) trong truong hop tong

quat, v6i NumVertices chinh 12 s6 diém diéu khién L+1.
Cai dat minh hoa thuat toan Horner

Point Horner_Bezier(float t)
{
int i, L_choose_i;
float Fact, s;
Point Q;
s=10-t
Fact = 1.0;
L_choose_i = 1;
0.x = P[0].x*s;
Q.y = P[0].y*s;
for(i=1;i<L;i++)
{
Fact *=1t;
L_choose_i *= (L -i+ 1)/i;
0.x = (Q.x + Fact*L_choose_i*P[i].x)*s;
Q.y = (Q.y + Fact*L_choose_i*P[i].y)*s;
/
0O.x += Fact*t*P[L].x;
Q.y += Fact*t*P[L].y;

return(Q);
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2.4.2. DPuwong cong B-Spline

Puong cong Bezier duogc diéu khién mot cich “toan cuc”, ¢ nghia 1a khi mot
diém diéu khién thay d6i thi toan bd duong cong ciing thay do6i theo. Trong thuc té, ta
mong mudn thay d6i mot doan trén duong cong nhu hinh 2.11, tic 1a diéu khién mot
cch dia phuong. Didu nay duong cong Bezier khong thuc hién dugc. Do d6, ta can
tim cic da thirc tron lai (ham tron) ma van gilr tinh chit tot cua da thirc Bernstein va
cdc da thic nay c6 gid tri chira trong doan [0, 1] dé ngudi thiét ké diéu khién dudng
cong theo mong mudn mot cich dia phuong.

Dé c6 thé diéu khién hinh dang cdc ham tron, ta can xdy dung cdc ham lién tuc
R,(t) 1a nhitng da thiic tirng khiic. Do d6, Ry(t) trén mdi khoang (t; t,,,] 1a mot da thuc.
Suy ra, dudng cong P(1) 1a tong cédc da thirc timg khiic voi trong luong 1a cdc diém

diéu khién. Ching han, trong khoang nao d6 thi dudng cong c6 dang:

P(t) =F (Bt —4t+2) + A(Bt*— /3t —59)+ -

. V&) Py
a) °

Mong mudn
Y

Ihién tai

I

P Py
{1‘)}

Hién tai

2
Iy

Hinh 2.11: Thay déi dwong cong mong muén

Trong khoang ké tiép, dudng cong dugc cho bdi mot cic da thirc khéc, va tit ca

céc doan cong nay tao thanh mdt duong cong lién tuc. Puong cong nay dugc goi la
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duong cong Spline. Trén mot ho cdc ham trdn, ta chon xay dung cdc ham trdn c6 gia
tri nho nhat va do d6 diéu khién dia phuong t6t nhat. Khi d6, ta goi dudng cong nay 1a
B-Spline. Mdi ham B-Spline phuc thudc vao m va c6 bac m-1, ching ta ky hiéu Ny,

thay cho Ry(t). Do d6, phuong trinh duong cong B-Spline c6 dang:

L
P(t) :=Z PN, ()
k=0

Nhu vdy, dé xdc dinh duong cong B-Spline, ta can:

e Vector knot T = (¢, 14, ..., ).
e [ +1 diém diéu khién Py, Py, ..., Py.

e Bac m cua cac ham B-spline.

Cong thure xac dinh ham d¢ quy B-spline Ny,

t—t, ) thom — L
N (4 (T Ny )
k

F+m—1 L hrrm T tJ?.-+‘J

Nm(® = (

voik=0,1,...,L, va

Tméut, <t <fp,.,

0 néu ngwoc lai

Nk,l UJ = {

Vi dy, xét vector Knot 7= (tp =0, 1 = 1, £, = 2,...) ¢6 khodng cdch gilta cic

Knot 1a 1. Khi d6:
t 22—t
Ny, (f) = 1 Ny, () + T N, ; (t)

tnéul0<t<1
=492—tneul =t <2
0 néungworc lai

Do thi ciia ham No(2) trén doan [0, 2] 1a céc da thuc bac 1 va 1a mot tam gidc

V61 cdc dinh (0, 0), (1, 1) va (2, 0).
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Noalt)

Hinh 2.12: Dé thi cdc ham B-spline tuyén tinh.

Trong thuc té, m = 3, va m = 4 thuong dugc sir dung twong ng véi dudng
cong B-Sline bac 2 va bac 3.

t J—t
Npa(t) = ENU,E () + 5 Ny2(2)

- 1 .
Etzné'u,{] <=1
3

_], Z)Enéul =t=2

E(E—tjzxéiiZ <t <3

X 0 néu ngwoc lai

Noasl(t)

i
bl ==
e

Hinh 2.13: Dé thi ham B-Spline bic 2(m=2)
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w(l—t)néuld <t <1
v(2—t)néul =t =2
Nps(D) =v(t—2)néu2 =t <3
u(t—3)néul3 <t =4
.0 néungu';:rc lai

ul(t) = %(1 — )3

1
v(t) = A (3t — 612 + 4)3

Ng.4(t)
2 | 0.41¢)
3 I
I
I
v(2—t) : v(t—2)
\ | /
/ : \
/ ! i
N 1 )
1L | \
6 A | Y
, . Al | Y , .
u(l—1t)/ I Py ult—3)
I I I
\\ 1 1 1 /
| | |
I I I
I I I
1 1 1 .!L
0 1 2 3 4

Hinh 2.14: D6 thi ham B-Spline béc 3 (m=4)
Cai dat minh hoa thuit toan vé dwomg cong B-Spline

void Create_Knot(int m)
{
if(L<mll L+ m>Max)
return;
inti;
for (i=0;i<m,; i++) Knot[i] = 0;
for (;i<=L;i++)Knot[i] =i-m+ I;

for (; i<L+ m; i++)Knot[i] =L-m + 2;
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int N(int k, int m, float t)

{

if (m==1)

{
if (t < Knot[k] |l t > Knot[k + 1]) return 0;
return 1;

/

else

{
float Sum, Demol, Demo2;
Demol = Knot[k + m - 1] - Knot[k];
if (Demol !=0)

Sum = (t - Knot[k]) * N(k, m - 1, t) / Demol;
else
Sum = 0;
Demo?2 = Knot[k + m] - Knot[k + 1];
if (Demo2 !=0)
Sum += (Knot[k + m] -t) *N(k + 1, m - 1, t) / Demo2;

return Sum;

/

/

Point Brestern_Spline(float t)
{
Create_Knot(M);
Point Q = new Point();
0.X=0;
QY=0;
floatx =0,y =0;

for (inti = 0; i <= NumVertices; i++)
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x+=N(i, M, t) * P[i].X;
y+=N(i, M, t) * P[i].Y;

/
0.X = (int)x;
Q.Y = (int)y;
return Q;
/
Bai tap chwong 2

1. Viét chuong trinh v& bau trdi c¢6 1.000 diém sao, mdi diém sao xuat hién
v6i mdt mau ngiu nhién. Nhimg diém sao nay hién 1én rdi tir tir tit ciing
rat ngau nhién.

2. Viét chuong trinh v& doan thang AB véi theo giai thuat DDA.

3. Viét chuwong trinh vé& doan thang AB véi theo giai thuat Bresenham.

4. Tuong ty nhu bai tdp 3 nhung st dung giai thuat MidPoint trong trudng
hop hé s gée thudc [0, 1].

5. Cai tién bai tap 3, viét chuong trinh v& duong thing bing giai thuat
MidPoint cho tit ca cdc trudng hop cta hé sd géc. Luu ¥ xét trudng hop
dic biét khi duong thiang song song véi truc tung hay véi truc hoanh.

6. Viét chuong trinh v& doan thang trong trudng hop hé sé géc tong quat
bang phuong phép 1dy d6i xtng v&i céc thuat todn DDA, Bresenham,
MidPoint.

7. Viét chuong trinh v& mot dudng tron tim O ban kinh R theo thuét todn
MidPoint.

8. Cai tién bai tap 7 dé v& duodng tron dic (t6 mau dudng tron).

9. Viét chuong trinh vé Elippse theo thuat toan MidPoint.

10.Cai tién bai tap 9 dé vé& Elippse dic (t6 mau Elippse).

11. Viét chuong trinh v& m{t hinh chit nhat, m¢t hinh vudéng va mot hinh
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binh hanh.

12. Viét chuong trinh v€ mdt tam gidc. Toa d¢ cic dinh dugc nhép tir ban
phim, mdi canh ¢6 mdt mau khac nhau.

13. Viét chuong trinh v& mot da gidc c6 n dinh.

14. Viét chuwong trinh v& dudng cong Bezier voi n diém diéu khién: Py, P,,
..., P, nhap tu file text.

15. Viét chwong trinh v& dudng cong B-Spline véi n diém diéu khién: P,, P,,

..., P, nhap tu file text.
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Chuong 3

Noi dung chinh

> Co s6 vé mau sic.
» Cac thuat todn t6 mau don gian
> Thuét todn t6 mau bang dong quét (ScanConvert).

» Thuat toan t6 mau theo bién (FloodFill).

3.1 Gi6i thiéu vé mau sic

T6 mau mot ving 12 thay d6i mau sic cua cdc diém v& nam trong viing can to.
Mot vung t6 thuong duoc xac dinh boi mdt duong khép kin nao d6 goi la duong bién.
Dang dudng bién don gian thuong gdp la da gidc. Viéc t6 mau thuong chia lam 2 cong

doan :

e Xac dinh vi tri cac diém can tdé mau.
¢ Quyeét dinh t6 cdc diém trén bang mau nao. Cong doan nay s& tréd nén
phuc tap khi ta can td theo mot mau t6 nao dé chir khong phai t6 thuan

mot mau.
Gido trinh gidi thi¢u 3 cach tiép can chinh dé t6 mau:

e T6 mau theo tirng diém (c6 thé goi 12 t6 mau don gian).
¢ To6 mau theo dong quét (ScanConvert).
e T6 mau dya theo vét dau loang (FloodFill).

3.2 T6 mau don gian

Thuat todn nay bat dau tr viéc xac dinh mot diém c6 thude ving can t6 hay

khong , néu diing thi s t6 v&i mau muon to.

Khong mét tinh tong quat, ta xét to mau mot da gidc bat ky. Pau tién ta tim hinh

chir nhat nho nhat c6 cidc canh song song vdi hai truc toa do chtra da gidc can td dua

Giso trinh D6 Hoa M4y Tinh 44



vao hai toa dd (Xyin Yimin)» Xmaw Ymar)- Trong d6, X,im Ymin 12 hoanh d§ va tung d¢ nho

nhat, X, Yme 12 hoanh do va tung do 16n nhat cia cac dinh cta da giéc.

Cho x di tl X G0 Xy, y di 8 Vi G0 Yyee. X6t diém P(x, y) c6 thudc da gidc

khong, néu c6 thi to voi mau can t6 (xem hinh 3.1).

Ymax

Y min

v

Xmin Xmax
Hinh 3.1: Pa gidc néi tiép hinh chit nhit.
Nguyén tic xac dinh mét diém nim trong da giac
Mot diém nam trong da gidc thi sé giao diém tir mot tia bat ky xuét phét tir diém
d6 cat bién cua da gidc phai 12 mot s6 1é. Tia xuat phat c6 thé sang phai hay sang tréi.

Dac biét, tai cac dinh cyc tri thi mdt giao diém phai dugc tinh 2 lan (xem hinh 3.2).

Vidu: Xét da gidc gdm 13 dinh 1a Py, Py, ....., P,

Hinh 3.2: Pa gidc co 13 dinh.
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Goi tung dg cua dinh P;1a P..y . Néu :
- P,y <Min(Py..y, Pi.,.y) hay P.y > Max(P;,,.y, P;;.y) thi P;1a dinh cyc tri.
- P..y<P.y<Piyhay P,y > P.y > P;;,.y thi P;1a dinh don di¢u.
- P; = Py va P,y < Min(P;,,.y, Pi.i.y) hay P; > Max(P;,,.y, P;.y) thi doan
[P, P;,;] 1a doan cuc tri.
- P;=P; vaP..y<P.y<P;,yhay P.; > P.y > P;,,.y thi doan [P, P;,;] 1a

doan don diéu.
Thuit toan xac dinh diém nam trong da gidc

- V6i mbi dinh cua da gidc ta ddnh diu 1a 0 hay 1 theo qui udc nhu sau: néu 1a
dinh cuc tri hay doan cuc tri thi danh s6 0. Néu 1a dinh don diéu hay doan don
diéu thi ddnh dau 1.

- Xét s6 giao diém cua tia nira duong thang tir P 13 diém can xét véi bién cua da
gidc. Néu sb giao diém 1a chan thi két luan diém khéng thudc da gidc. Nguoc

lai, s giao diém 12 1¢ thi diém thudc da gidc.
Minh hoa thuit toan xét diém thugc da giac

int next(int i)
{
return ( (i + n+ 1) modn );
/
int prev(int i)
{
return ((i + n-1)modn );
/
bool Pointlnpoly(Point[] d; Point P;int n)
{
int count, I, x_cut;
count = 0;
for (i =0; i< n; i++)
if (d[il.y==P.y)
{
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if dfi].x>P.x
{
if ((d[prev(i)].y < P.y) && (P.y < d[next(i)].y)) |l
((d[prev(i)].y > P.y) && (P.y > d[next(i)].y))
count = count + 1;
if (d[next(i)].y == P.y)
if ((d[prev(i)].y < P.y) && (P.y < d[next(next(i))].y)) |l
((d[prev(i)].y > P.y && (P.y > d[next(next(i))].y))

count = count + 1;

/
} else //Ad[i].y = P.y
if (d[i].y < P.y) && (P.y < d[next(i)].y)) ||
((d[i].y > P.y) && (P.y > d[next(i)].y))
{
x_cut :=d[i].x + Round((d[next(i)].x - d[i].x)
/(d[next(i)].y - d[i].y) * (P.y - d[i].y));
if x_cut >= P.x count := count + I;
/
if (count mod 2 =0) return false;

return true;

Minh hoa thuit toan to da giac

void TomauDagiac ( Point[] d; int n, int maubien)
{
int x,y;
Point P;
for (x=xmin; x<= xmax; x++)
for ( y= ymin; y<= ymax; y++)
{
Px=x, Py=y;
if pointlnpoly (d, P, n)
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if getpixel(x,y) != maubien putpixel(x,y,color);

Nhin xét: Thuat toan to don gian c6 uu diém Ia to rdt min va c6 thé st dung
dugc cho da gidc 16i hay da gidc 16m, hodc da gidc tu cit, duong tron, ellipse. Tuy
nhién, giai thuat nay s& tr nén cham khi ta phai goi ham PointInpoly nhiéu lan. Dé

khic phuc nhuoc diém nay ngudi ta dua ra thuat todn t6 mau theo dong quét.
3.3 T6 mau theo dong quét (ScanConvert)
Y twong: St dung giao diém giita cdc bién da gidc va dudng quét dé xdc dinh cic

di€ém nam trong da giic.

déng quét 1

déng quét 2

Hinh 3.3: Té mau theo dong quét.
Cac buodc thuit toan:

- Tim Y Ymae 180 luot 12 gia tri nho nhat, 16n nhat cia tap cdc tung dg cua cic
dinh cua da gidc da cho.

- Ung v6i mdi dong quét y = k v6i k thay d6i tir Yy, dén vy, 13p

- Tim tit ca cdc hoanh d6 giao diém cua dong quét y = k véi cdc canh cia da
gidc.

- Sa‘ip Xép céc hoanh do giao diém theo thir tu tang dan : xq, X1y, X,.

- V@ cac doan théng trén duong théng y = k lan luot duogc gidi han bdi cic cdp

céch quang nhau: (xo, x1), (x1, X2), ....

3

Van dé can cha y
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- Han ché dugc s6 canh can tim giao diém trng véi moi dong quét vi tng vdi moi
dong quét khong phai ldc nao cling giao vdi cdc canh cua da gidc.

- bé tim giao diém gilra canh da gidc va dong quét, ta c6 nhan xét sau:

1 1 1
Xpaq — X =H((ﬁ:+ 1) — k) = — hay X = % +—

Trong d6, m 1a hé s6 gbc cua canh.

- Giai quyét trudng hop sé giao diém di qua dinh don diéu thi tinh sb giao diém

1a 1 hay di qua dinh cyc trj thi tinh s giao diém 1a 0 (hodc 2).
Thuit toan ScanConvert

void ScanFill(Point[] Poly)
{

int min_y = Poly[0].Y, max_y = Poly[0].Y;

int min_x = Poly[0].X, max_x = Poly[0].X;

for (inti = 1; i< Poly.Length; i++)

{
if (Poly[i].Y > max_y) max_y = Poly[i].Y;
if (Poly[i].Y < min_y) min_y = Poly[i].Y;

if (Poly[i].X > max_x) max_x = Poly[i].X;
if (Poly[i]. X < min_x) min_x = Poly[i].X;
/
Point G = new Point();
Point A, B;
for (inty = min_y; y < max_y; y++)
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List<Point> list = new List<Point>();
for (inti = 0; i< Poly.Length - I; i++)
{

A = Poly[i];

B = Poly[i + 1];

if (Giao(A, B, new Point(min_x, y), new Point(max_x, y), ref G) == true)

{

if (G == Poly[j])
{

if(j==0)

{

if ((G.Y > Poly[Poly.Length - 1].Y && G.Y > Poly[1].Y) ||
(G.Y < Poly[Poly.Length - 1].Y && G.Y < Poly[1].Y))
{
list. Add(G);

else

if (G.Y > Poly[j - 1].Y && G.Y > Poly[j + 1].Y) | (G.Y <
Poly[j - 1].Y && G.Y < Poly[j + 1].Y))

{
list Add(G);

list. Add(G);
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A = Poly[Poly.Length - 1];
B = Poly[0];
if (Giao(A, B, new Point(min_x, y), new Point(max_x, y), ref G) == true)
{
if (G == Poly[j])
{
if(j==0)
{
if ((G.Y > Poly[Poly.Length - 1].Y && G.Y > Poly[1].Y) |l
(G.Y < Poly[Poly.Length - 1].Y && G.Y < Poly[1].Y))
{
list Add(G);

else

if ((G.Y > Poly[j - 1].Y && G.Y > Poly[j + 1].Y) Il (G.Y <
Poly[j - 1].Y && G.Y < Poly[j + 1].Y))

{
list Add(G);
/
/
else
{
list.Add(G);
/
SortList(list);
DrawlList(list);
/
/
void SortList(List<Point> list)
{
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for (inti= 0, i< list.Count - I, i++)
{
for(intj=i+ I;j<list.Count; j++)
{
if (list[i]. X > list[j].X)
{
Point t = list[i];
list[i] = list[j];
list[j] = t;

/

void DrawlList(List<Point> list)
{
for (inti=0;i<listCount-1;i+=2)
{
Line (list[i], list[i + 1]);

3.4 T6 mau theo vét dau loang (FloodFill)
Y twomng

e Thuit to4n nham t6 mau vung kin, gi¢i han béi mau Beolor, mau st dung dé to
1a Feolor véi diém (x, y) ndm trong viing to mau.

e Thuat sir dung phép goi dé quy, ban dau (x, y) duoc kiém tra mau, néu mau cia
n6 1a Feolor hodc Beolor thi tién trinh két thiic. Trong trudng hop nguoc lai,
diém (x,y) dugc to voi mau Feolor va qué trinh goi dé quy vdi céc diém lang

giéng cua (x, y). Cic diém ldng giéng dugc sir dung 12 bon lang giéng.
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X (x,y) X
X

Suy ra, bon ldng giéng cia (x, y) 1a: (x + 1, y), (x- 1, y), (x, y+ 1), (x, y - 1)

Chwong trinh minh hoa thuit toan FloodFill

byte[] getPixel(int x, int y)

{
int[] Pos = new int[2];
glRasterPos2i(x, y);
glGetlntegerv(GL_CURRENT_RASTER_POSITION, Pos);

int width = 1, height = 1;

byte[ ] pixels = new byte[3 * width * height];
glReadPixels(Pos[0], Pos[1], width, height, GL_RGB,
GL_UNSIGNED_BYTE, pixels);

return pixels;

/

void FloodFill(int x, int y, int Bcolor, byte[] Fcolor)
{
glColor3ubv(Fcolor);
if(getPixel(x, y) = Bcolor && getPixel(x, y) != Fcolor)
{
glVertex2i(x, y);
Boundary(x+1,y,Bcolor,Fcolor);
Boundary(x-1,y,Bcolor,Fcolor);
Boundary(x,y+1,Bcolor,Fcolor);
Boundary(x,y-1,Bcolor,Fcolor);

Thuét todn dé quy trén s& khong kha thi néu nhu viing can t6 mau 16n. Khi d6,
thoi gian thyc thi va viing nhd luu trit trong qué trinh dé quy 1a rat 16n. Dé khic phuc
diéu nay, ta s& xét thuat toan khir dé quy bang cach ding mang luu trit cdc pixel (hang

doi) thay vi goi ham d¢ quy:
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Chwong trinh khir d¢ quy

void FloodFill(int x, int y, int Bcolor, byte[] Fcolor)

{
glColor3ubv(Fcolor);
byte[] color;
int count=0;
Point mPT[MaxPT];
mPT[count].x=x; mPT[count].y=y,
while(count>0)
{
count--;
color = getPixel(mPT[count].x, mPT[count].y);
if(color != Bcolor & & color != Fcolor)
{
glVertext2i(x,y);
mPT[count].x=x+1; mPT[count++].y=y;
mPT[count].x=x-1; mPT[count++].y=y;
mPT[count].x=x; mPT[count++].y=y+1;
mPT[count].x=x; mPT[count++].y=y-1;
/
/
/
Bai tap chuwong 3

1. Viét chuong trinh v& mot da gidc n dinh, xét xem mot diém P nao d6 c6 thudce
da giac khong ?

2. Viét chuong trinh v& mét da gidc n dinh. T6 da gidc bang giai thuat to don gian.

3. Viét chuong trinh v& mot da gidc n dinh. T6 da gidc bang giai thuat FloodFill.
Luu y cho céc trudng hop cta da gidc : hinh chit nhat, da gidc 16i, da gidc 16m.

4. Viét chuong trinh v& mot da gidc n dinh. T6 da gidc bang giai thuat

ScanConvert.
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Chuong 4

PHEP BIEN DOI HAI CHIEU

Noi dung chinh

> Céc phép bién d6i ma tran.
> Céc phép bién ddi Affine 2D co s0.
> Ciéc phép bién d6i 2D gop.

4.1 Nhic lai cac phép toan co sé véi ma ma tran.
Cong, trir ma tran: Chi thyc hién cho hai ma tran cung bac
[A(m, n)] + [B(m, n)] = [C(m, n)]
LEUJ = LRUJ + LbUJ

Nhan hai ma tran: Ma tran bac n;x m; va ma tran bac n,x m, nhan dugc véi nhau néu

mp= np
[AGm, ][B(n,p)] = [C(m,p)]
Cig = Li=q@yiby, , j=1,..,mvak=1,..,p
Pdo ma tran vuong: Khong c6 phép chia ma tran

e Néu [A][X]=[Y] thi [X]=[A]" [Y], trong dS[A]" 1a ma trdn dao ciia ma tran
vuong [A].
e [Al[A]" =[1], trong d6 [I] 12 ma tran don vi.

1
" det[4]

[417* [l

v/ Tinh llAll: Thay céc phan tir ciia[A] bang cdc phan phu dai s6 ctia né.
v’ Phan phu dai s6 ctia phan tir (a;) 1a:
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(-1 [My;]
v' [M;;] dugc tao ra nho x6a hang i, cft j cua [A].
4.2 Phép tinh tién
C6 hai quan diém vé phép bién ddi hinh hoc, d6 1a

e Bién doi doi tugng : thay doi toa d) cta cac diém md ta doi twong theo mat
qui tac nao do.
e Bién doi hé toa do : Tao ra mot hé toa d0 moi va tat ca cac diém mo ta doi

tugng s€ dugc chuyén vé hé toa do mai.

Céc phép bién ddi hinh hoc co s 1a : tinh tién, quay, bién d6i ti 18. Phép bién ddi
Affine hai chiéu (goi tic la phép bién d6i) 1a mot dnh xa T bién déi diém P(P,, P,)
thanh diém Q(Q,, Q,) theo h¢ phuong trinh sau:

{Qx=a Ftch t+in
Q,=b.P, +d.P, +tr,

(Q.xr 'gy) = (EM 'F:‘v} (i z) + [t?}, t?})

hay @ — P.M +tr

Néu goi tr, va tr, lan luot 12 ¢ doi theo truc hoanh va truc tung thi toa do diém

méi Q(x’, y’) sau khi tinh tién diém P(x, y) s&la:

(x" = x +tmn,
4

I‘j}'r =y + tT_:,,

Trong do, (tr,, try) dugc goi 1a vector tinh tién hay vector d0 doi (xem hinh 4.1).

1 0

HayQ=PM+ur 1= 7).tr = (tn.tn)
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&
. Q(xy")
tr, :
P(xy) :
\C T’
0 ' >
X X
+—p

Hinh 4.1 : Phép bién doi tinh tién diém P thanh Q
4.3 Phép bién doi ty 1¢

Phép bién doi ti 1& 1am thay doi kich thudc dbi twong. Dé co hay gidn toa do cua
mot diém P(x, y) theo truc hoanh va truc tung lan lugt 1a S, va Sy (goi la céc h¢ s6 ti

1¢), tanhan S, va S, 1an luot cho cdc toa dd caa P.

r
=x.5
{:c = x.5,

r
=y £
y =y.5,

e Khi cic gid tri S,, S, nho hon 1, phép bién déi s& thu nho ddi tugng.
Nguoc lai, khi cdc gid tri nay 16n hon 1, phép bién doi s& phéng 16n ddi
tugng.

e Khi S, =3S,, nguoi ta goi d6 la phép ddng dang. Pay l1a phép bién ddi bao
toan tinh cén xtng cta ddi tugng. Ta goi 1a phép phéng dai néu ISI>1 va 1a

phép thu nho néu ISI<1.

Néu hai hé s ti 1& khdc nhau thi ta goi 1a phép khong dong dang. Trong truong

hgp hodc S, hoac S, ¢6 gia tr1 1, ta goi do 1a phép cang.
4.4 Phép quay

Phép quay 1am thay doi huéng ctia d6i twong. Mot phép quay doi hoi phai c6 tim
quay, géc quay. Géc quay duong thuong duoc qui wée 1a chiéu nguoc chiéu kim dong

ho.
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e Phép quay quanh goc toa dd

Ta c6 cong thirc bién d6i cia phép quay diém P(x, y) quanh gbc toa do géc 6 (xem
hinh 4.2):
{x’ = x.cos8 — y.sinf
v’ = x.sinf +y.cosd
Hay Q = P.M, trong d6: M — ( CG,SH Smﬁ)
—sinf  cosB
y A .
Qx, ¥
________ e P(RY)
6 i
(.-} i i --_—_
X
Hinh 4.2 : Phép quay quanh géc toa do
e Phép quay quanh mdt diém bat ky
A
D
___________________________ v P
Q 5 ;
St P ;
0 ’ ' ' : >
X
Hinh 4.3 : Phép quay quanh mét diém bat ky.
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Xét diém P(P.x, P.y) quay quanh diém V(V.x, V.y) mot géc 0 dén diém
0(Q.x,0.y). Ta c6 thé xem phép quay quanh tdim V dugc két hop tir phép céc bién co

ban sau:

= Phép tinh tién (-V.x, -V. y) dé dich chuyén tam quay vé géc toa do.
= Quay quanh gdc toa do O mot géc 6.
= Phép tinh tién (V.x, V.y) dé dua tim quay vé vi tri ban dau.

Ta can xdc dinh toa d6 cia diém Q (xem hinh 4.3).

= T phép tinh tién (-V.x,-V.y) bién d6i diém P thanh P’ ta duoc:

P =P+V
Hay

P x=Px-Vx

Py=Py-Vy

= Phép quay quanh gdc toa do bién doi diém P’ thanh Q'
Q'=P'M
Hay
Q'x = P'x.cosf - P'y.sinf
Q'y = P'x.sinf + P'.y.cost

= Phép tinh tién (V.x, V.y) bién doi diém Q' thanh Q ta dugc

0=0Q'+V
Hay
Ox=0'x+Vx
Qy=0Q0.y+Vy
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Q.x = (P.x-V.x)cosO - (P.y - V.y) sinf + V.x

Q.y = (P.x- V.x)sinf + (P.y - V.y) cos@ + V.y

Q.x = P.x.cosf - P.y.sin@ + V.x (I- cosf) + V.y.sin6

Q.y = P.x.sinf + P.y.cosf - V.x.sinf + V.y (1- cos6)
Viy, Q = P.M + tr, trong d6:

_ (cosf  sinf
= (—Siﬂ,ﬂ' cosﬁ')
tr= (V.x(1 —cos8) +V.y.sinf, V. x.5inf + V.y(1 — cos?))

4.5 Phép doi xirng

Phép dbi xtmg truc ¢6 thé xem 12 phép quay quanh tryc déi xting mdt géc 180°.

Phuong trinh ban dau :
Ox=aPx+cPy+tr,
Q.y=bPx+dPy+tr

a b

¢ )+t tn)

Hay (Q.x,Q.v) = (P.x, P.y}(

) ¢
o Truc do6i xung la truc hoanh : M = ké _{]1)

, Q. x=P.x
Taco: {Q-;v =—FP.y
o Tuong tu tryc d6i xtng 1a tryc tung :

. .x=—F.x -1 0
Ta cé : { M ( 0 1)
4.6 Phép bién dang

Phép bién dang lam thay do6i, méo mé hinh dang ciia cdc dbi twong. Bién dang

theo phuong truc x s& 1am thay d6i hoanh do con tung d6 giir nguyén.
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Vi du, bién d6i diém P(P.x, P.y) thanh diém Q(Q.x, Q.y) theo phuong truc x la

phép bién doi dugc biéu dién béi phwong trinh sau:

Qx=Px + hPy

Q.y=Py
1o
M= 1

- Bién dang theo phuong truc y s& lam thay d6i tung do con hoanh do giir

nguyeén.
O.x=Px

Qy=gPx+P.y

u=(5 9

4.7 Phép bién ddi Affine ngwoc

Phép bién d6i ngugc ding dé khoi phuc mot phép bién doi da thuc hién. Goi Q 1a
anh ctia P qua phép bién doi T c6 ma tran bién d6i M 1a P.M

Phép bién doi nguge T' s& ¢6 ma tran bién ddi 1a M 1a ma trén nghich dao cua

ma tran M. V61 ma tran bién d6i Affine dang:

thi ma tran nghich déo la:

1 _
M= ad — be (—df: ab)

e Phép tinh tién
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-G )

e Phép quay

M

(Co o)

= (g o)

e Phép bién ddi ti 1¢

e Phép bién dang

=G, 9

1 1 —g
-1 _ g
M l—g.h(—h 1,}

4.8 Hé toa d9 thuin nhit

Toa do thudn nhat ciia mot diém trén mat phéng duoc biéu dién béng bo ba s ti
16 (x4 v, h) khong dong thoi bang 0 va lién hé véi cdc toa do (x, y) cta diém d6 boi
cong thtrc :
Xh Yh

X =— J = —
h Y h

Néu mot diém c6 toa d6 thuan nhat 12 (x, y, z) thi né cling c6 toa do thuan nhét 12
(h.x, h.y, h.z), trong d6 h 1a s thuc khéac 0 bat ky. Mot diém P(x, y) s& duoc biéu dién

dudi dang toa do thuan nhat 1a (x, y, 1). Trong hé toa do thuan nhat cdc ma tran cia
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phép bién d6i dugc biéu dién nhu sau :

e Phép tinh tién

e Phép quay
"cosf  sinfl 0
M= (—sfﬂﬂ' cosf 0
0 0 1

e Phép bién doi ti 1¢

Se 0 0
M = ( 0 S, n)
0 0 1

Thuén 1oi ctia hé toa do thudn nhat 1a khi ta két hop hai hay nhiéu phép bién doi
affine thi ma trin hop ctia nhiéu phép bién ddi duoc tinh bang cich nhan cic ma tran

ctia cdc phép bién d6i thanh phan.
4.9 Két hop cac phép bién doi

Quid trinh dp dung cdc phép bién doi lién tiép dé tao nén mot phép bién doi tong

thé duoc goi 12 su két hop cac phép bién doi.
e Két hop phép tinh tién

Néu ta thuc hién phép tinh tién 1én diém P duoc diém P’, roi lai thuc hién tiép
mot phép tinh tién khic 1én P’ duoc diém Q. Nhu vay, diém Q 14 4nh ctia phép bién
d6i két hop hai phép tinh tién lién tiép.

{Q.x =P.x = (tn + t13;)
Q.y = P.y+ (try; + try;)
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1 0 0 1 0 0 1 0 0
M=(u 1 n)(c 1 u)=( 0 1 Ul
ey thy LN, tn, 1 thy Tty thy 6, 1)

Vay két hop hai phép tinh tién 12 mot phép tinh tién. Tir d6, ta c6 két hop cua

nhiéu phép tinh tién 12 mot phép tinh tién.

e Két hop phép quay
Tuong ty, ta ¢6 toa do diém Q la diém két qua sau khi két hop hai phép quay
quanh géc toa d0 My;(0;) va Mgy(0,) la:

{Q.x = P.x.cos(8, + 6,) + P.y.sin(8, +6,)
Q.y = P x.sinlf; + 8,) + F.y.cos(8, + 6;)

—sinf; cos@, 0| —sinf, cosf, 0

(cusﬂl sinfy U) ‘cosf, sinf, U)
M= (

0 0 14 % 0 0 1
cos (0 +6,) sin(f;+6,) 0y
—| sin(fy16;) cos(By18;) O |
0 0 1/
e Két hop phép bién ddi ti 1é

Tuong ty nhu phép tinh tién, ta c6 toa do diém Q 1a diém c6 dugc sau hai phép

tinh tién M,(S1, Sy1), Ma(Sia, Sy0) 1a:

!Q.x = &'le'sxz
|~Qy = Ev-syl'syz
54 0 Oy/5, 0 0 Sy1-Syo 0 0
M= ( 0 S U)( 0 S, U) =( 0 S5,1.5 U)
0 0 1/ 0 0 1 0 0 1

Bai tap chuwong 4

1. V& mot hinh binh hanh bang cich sir dung phép tinh tién. (V& doan thang AB,
sau d6 tinh tién AB thanh doan thing CD//AB; v& AD, tinh tién AD thanh BC.

2. Viét chuong trinh v€ mgt hinh vuéng ABCD (xem hinh vé).
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e Tinh tién hinh vudng d6 dén vi tri khac.
e Phong to hinh vuong ABCD.
e Bién dang hinh vudng thanh hinh thoi.

3. Vé mot elip, sau d6 v€ thém 3 elip khic c6 cung tam vai elip da cho, ¢6 d¢ dan
¢ truc OxlakvaOylal.

4. Viét chuong trinh mé phong su chuyén dong cua trai dat quay quanh mit troi.

5. Viét chuong trinh v& mot dudng tron tdm O ban kinh R. V& mot dudng kinh
AB, va quay duong kinh nay quanh tdm duodng tron.

6. Tim vi tri méi cia tam gidc A(1, 1), B(3, 2), C(2, 4) qua phép quay géc 30° qua
diém (5, 5).
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Chwong 5

GIAO CAC POI TUQNG PO HOA

Noi dung chinh

> Khii niém cira so.

» Thiét ké va cai dat dugc cdc thuét todn tim giao cic dbi tuong dd hoa: duong
thang, hinh chir nhat, da gidc.

» Ky thuat Ray tracing.

5.1. M& dau

Hinh anh trong hé toa d6 thé gidi thuc dugc hién thi trén cdc hé toa do thiét b
dya trén hé toa do dd hoa. Chéng han, trong mot vung dd hoa ta can x4c dinh vling nao
cta hinh anh s& duoc hién thi va mubn dit né & dau trén hé toa do thiét bi. Mot ving
don 1¢ hodc vai vung cua hinh anh c6 thé duoc chon. Nhirng vung nay c6 thé duoc dat
¢ nhitng vi tri tich bi¢t, hodc mgt ving c6 thé dugc chén vao mot vung 16n hon. Qua
trinh bién d6i nay lién quan dén nhing thao tic nhu tinh tién, bién doi ty 1¢ ving duoc

chon va x6a bd nhitng phan bén ngoai ving dugc chon.

Vung c6 dang hinh chir nhat dugc xac dinh trong hé toa do thé gidi thuc dugc goi
12 mot cira s6 (window). Con ving hinh chit nhat trén thiét bi hién thi dé cira s6 d6 4anh

xa dén duogc goi 12 mot ving quan sat (viewport).

YWouy |

___________________

Ving quan sat

!"-\..‘tl.l.'\i -

YW

¥Vemin L

1 ]
XWrmin XW LY

Hinh 5.1: Cua so va viung quan sdt
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Anh xa mdt ving ctra s6 vao trong mdt vung quan sat, két qua la chi hién thi
nhiing phan trong pham vi ctra s6. Moi thir bén ngoai ctra s6 s€ bi loai bo. Cac thu tuc
de loai bo cac phan hinh 4nh nam bén ngoai bién ctra s6 dugc goi la cdc thuat toan tim

giao hodc cit xén (clipping).

Vén d& dit ra trén ddy cling 12 mot trong nhitng van d& co so, quan trong cia dd
hoa mdy tinh nhu xdc dinh phan giao ciia cdc ddi twong dd hoa: giao cua hai doan
théng, doan théng va hinh chita nhét, da gidc va hinh chir nhat, ... Céac thuat todn can
thuc hién nhanh nhat c6 thé ¢é minh hoa cap nhat cic két qua thay ddi trong tng dung

d6 hoa. Phuong phdp giai tich dugc ding dé giai quyét cdc bai toan trong chuong nay.
5.2. Giao ciia hai doan thing

Ta xét giao cua hai duong thang di qua hai diém dugc minh hoa théng qua thi dy
don gian sau: duong théng di qua toa do (4,2) va toa do (2,0) c6 giao vdi doan théng di

qua (0,4) va (4,0)?
Giai phap

- Xéc dinh phuong trinh duong thang qua 2 diém y = ax + b, trong d6 a = (y, -
y/(xz - xp)

- Tuthidutrén,tacd: y=x-2va y=-x+4 giao diém tai (3, 1)
T(R)ng quat: néu ta c6 y=a; + bix vay = a,+ byx thi giao diém sé ¢ tai:

x; = -(ar - a))/(b; - by)

yi= a+ bx;

Truong hop dic biét: duong thang song song vdi truc x hay truc y, hay song song
v6i nhau. Néu sir dung phuong phép tim giao duong thang: doi hoi kiém tra toa do cia

giao dudng thang c6 nam trong cdc doan thing.

Phuong phdp biéu dién doan thing bang tham sb s& hiéu qua hon, doan thang thi
nhat tir (x4, y4) dén (xp yg); doan théng thtr hai tir (x¢, yc) dén (xp, yp); tinh todn giao

cua 2 doan théng tai toa do cot, s:
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x =x4 +t(xg —x4)
V=Ya+p —Va)
x =xp +t{xp —xc)
y=¥c+t(yn—¥c)
D=t=1vad=s<=1

(e — 24 (ye — yp) — (e — x2p) (e — ya)
(xr? _xa.]'('i’r? - .1’:}:]' - (xr. - xﬂ.)fﬁ”ﬂ — Va)

(xg — x24) Ve — V) — (xp — x40 (Vg — V)

T Exs - XA)@: - }"D) - Ex.: - xn)ltifs — Va)

A

-
X

Hinh 5.2: Biéu dién tham sé cua doan thdng
5.3. Poan thang va hinh chir nhat
Vi trf trong d6i ctia doan thang va hinh chit nhat (R) ¢6 bon trudng hop sau:

1. Ca hai diu mdt cia doan thang nam trong hinh chit nhat, chang han AB.

2. Mot trong hai dau miit ctia doan thang nam trong hinh chir nhat, chang han
BC.

3. Ca hai diu mit cua doan thang nim ngoai hinh chir nhat nhung c6 giao

diém, chéng han CD.
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4. Ca hai ddu mut cta doan thang nam ngoai hinh chit nhat va khéng cé giao

diém, chéng han DE.

C

—7

D —
( —Hinh chit nhat (R)

E A

Hinh 5.3: Cdc trwong hop giao cia doan thang va hinh chir nhdt

Hai truong hop 1 va 4 goi 1a cdc trudng hop tim thudng, tic 12 xdc dinh duoc
ngay c6 ton tai giao diém hay khong. Céc truong hop con lai ta phai tién hanh thuat
todn x4c dinh giao diém s& dugc trinh bay trong phan tiép theo sau.

CH

Ymax — r——————————— - 1

Hinh 5.4: Hai truong hop tam thuong cia giao doan thang va hinh chit nhdt
5.3.1 Tim giao bang cach giii hé phwong trinh

Pua bai todn vé x4c dinh giao diém ciia hai doan thang dugc trinh bay trong phan
3.2. Theo phuong phép nay, chiing ta can tinh toan va kiém tra nhiéu kha ning; do d6

khong hi€u qua.

5.3.2 Thuat toan chia nhi phan
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Mot tiép can 1a dua trén co ché ddanh ma dugc phat trién béi Cohen va

Sutherland. Moi diém & hai ddu miit doan thang trong hinh anh s& dugc gan mot ma

nhi phén 4 bit, dugc goi 12 mi viing, gidp nhan ra viing toa dd cia mot diém. Cac viing

nay dugc xay dung dya trén sy xem xét v6i bién cira s6, nhur & hinh 6-8. Mdi vi trf bit

trong ma vung dugc dung dé chi ra mot trong bon vi tri toa dd twong tng cua diém so

véi cira sO: bén trai (left), phai (right), trén dinh (top), dudi ddy (bottom). Viéc danh

sO theo vi tri bit trong ma ving tir 1 dén 4 cho tir phai sang trdi, cdc viing toa do c6 thé

lién quan véi vi tri bit nhu sau:

B
1001/ 1000 | 1010
D
A oop1 0091 | 000p-T 0010
B=1001 A C
C = 0DDOD
D =00i0 D101 0100 | 0110

bit 1 - left
bit 2 - right
bit 3 - below
bit 4 - above

Hinh 5.5: Ma héa cdc dau miit ciia doan thang

Gia tri 1 ¢ bat ky vi tri nao chi ra rang diém ¢ vi tri twong rng, ngugc lai bit & vi

tri d6 1a 0. Néu mot diém nam trong ctra s0, ma vi tri 1a 0000. Mot diém bén dudi va

bén trdi ctra s6 c6 ma vung la 0101.

Cai dat minh hoa thuat toan ma héa

byte EncodePoint(Point LeftTop, Point RightBottom, Point P)

{
byte code = 0;
if (P.X < LeftTop.X)
{
code 1= 8;
/
if (P.X > RightBottom.X)
{
code |=4;
/

if (P.Y < RightBottom.Y)
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code |= 2;
/
if (P.Y > LeftTop.Y)
{
code |=1;
/

return code;

Thuit toan chia nhi phan

1. Néu E(A) = 0 va E(B) = 0 két luan AB N (R) = AB; thut todn ding.
2. Néu [E(A) AND E(B)] != 0 két luan AB N (R) = @; két thic thuat todn.
3. Néu E(A)=0va E(B) # O(ticc A € (R) va B & (R)) thuc hién:
a. PitC=A,D=B.
b. Trong khi d6 dai lICDIl 16n hon &
Dit M 1a trung diém cta doan CD.
Néu E(M) = 0 thi c4p nhat C = M nguoc lai D = M.
c. Kétluan AB N (R) = AM; két thiic thuat toan.
4. Néu E(A) =0 va E(B) =0, hoan doi vai trd ctia A va B; 1ap lai budc 3.
5. Nguoc lai, thyc hién:
a. DPitC=A,D=B.
b. Trong khi d¢ dai lICDIl 16n hon &
Dit M 1a trung diém cta doan CD.

Néu E(M) = 0 4p dung Budc 3 cho hai doan MC va MD. Két luan
ABN(R) = CD;két thiic thuat todn.

Néu [E(M) AND E(R)] !=0 dat C = M.
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Néu [E(M) AND E(D)] != 0 dat D = M.

Néu [E(R) AND E(D)] != 0 két luan AB N (R)= @; két thdc thuat todn.

YUmin —

Hinh 5.6: Minh hoa cua thudt todn chia nhi phan.

5.3.3 Thuat toan Cohen-Sutherland

Xdc dinh nhanh doan thang c6 can cét xén hay khong nhd cdc phép todn logic
AND va OR:
e Két qua phép OR hai md dau mit doan thiang cho két qua 0: ca hai diém
nam trong chir nhat.
e Két qua phép AND hai ma dau mit doan thang cho két qua khéc 0: ca hai

diém nam ngoai chir nhat.

(Xminerin) / (Kzr Vz)

/ (xmaxIYmax)
(X, ¥,)

Hinh 5.7: Poan thang giao véi hinh chit nhdt
Giao ctia doan thang v&i cdc canh chit nhat song song truc tung:

® X6 gid tri Xpip Xpnax VA hé 86 g6¢ a = (y; - y1)/(x; - X))
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* y=yi+alx-x)
Giao doan thang véi cic canh song song truc hoanh:
® 0 gid trf Ypin Youar VA hE 80 gbe @ = (v2 - y1)/(x2 - 1)

e x=x;+(y-y)a
Cai dat thuat toan Cohen-Shutherland

void InterLineRectangle(Point LeftTop, Point RightBottom, Point A, Point B)
{
byte codeA, codeB, codeOut;
floatx =0,y = 0;
codeA = EncodePoint(LeftTop, RightBottom, A);
codeB = EncodePoint(LeftTop, RightBottom, B);
while (true)
{
if (codeA == 0 && codeB == 0)
{

return true;

/
if ((codeA & codeB) !=0)

{

return false;

if (codeA != 0) codeOut = codeA;

else codeOut = codeB;

if ((codeOut & 8) != 0)//L
{
x = LeftTop.X;
y=A.Y + (float)((x - A.X) *(B.Y - A.Y))/ (float)(B.X - A.X);
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else if ((codeOut & 4) != 0) /R
{
x = RightBottom.X;
y=AY + (float)((x - A.X) *(B.Y - A.Y)) / (float)(B.X - A.X);
/
else if ((codeOut & 2) != 0)//B
{
y = RightBottom.Y;
x=AX+ (float)((y - A.Y) * (B.X - A.X)) / (float)(B.Y - A.Y);

/
else if ((codeOut & 1) != 0)//T
{
y = LeftTop.Y;
x=AX + (float)((y - A.Y) *(B.X - A.X)) / (float)(B.Y - A.Y);
/

if (codeOut == codeA)
{

A.X = (int)x;

A.Y = (int)y;

codeA = EncodePoint(LeftTop, RightBottom, A);
/

else
{
B.X = (int)x;
B.Y = (int)y;
codeB = EncodePoint(LeftTop, RightBottom, B);

5.3.4 Thuat toan Liang-Barsky
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Mot thuat todn tim giao doan thang va hinh chit nhat hi¢u qua ding phuong trinh
tham s6 dd duogc phét trién boi Liang va Barsky. Nhan xét rang hinh chir nhat (R)
gdm tap cdc diém nam trong mit phang giGi han boi cdc duong thiang qua céc canh
€161 han cua né; tuc la:

ER) = {[.’X.', }}:] € Rzlxmiﬂ =x= Xmaxs Vmin = ¥ = }}max}

Phuong trinh tham sb cua doan AB: P(t) :=A +t (B -A) v6it € [0, 1]. Nhu vay

bai todn dua vé xdc dinh cdc gid tri tham sd t thoa hé cdc bt phuong trinh sau:

Xmin = X4 + tExB _xA]’ = Xmax

Ymin = Ya + t(}"s - }}A]’ = Ymax
0=r=1

Hay twong duwong : q; < p;it ,i=0,1,2,3. Trong d6 :

Po = dx’ 4o = Xmin - XA
P = 'dx’ q1 = XA = Xmax
P2 = dy, 42 = Ymin - YA

D3 = 'dy’ q3 = YA = YAmax

VOl dx = xp— X4 ; dy = Y — ya.

Néu ton tai chi s6 i €{0, 1, 2, 3} sao cho p; = 0 va ¢; > 0 thi hé bat phuong trinh

trén vO nghiém ; tirc 1a doan théng AB giao v6i hinh nhat béng rong. Nguoc lai, ta dit :

Z.O = maX{O, max{ ﬁ|I)l > 0, l= O, 17 27 3}}

pi

t := min{ Lmin{ 21 p, < 0,i =0, 1,2,3}).

pi

Khi d6 hé bat phuong trinh twong duong véi : ty < t < t;. Diéu nay chi ra rang, diéu

kién dé doan thang AB c6 giao diém vdi hinh chit nhat (R) [aty <t
AB n(R) ={P(t)|t € [ty t ]}

Tur do6, ta c6 thuat toan sau :
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Bude 1: Tinh p;, ¢; v61i=0, 1, 2, 3.
Budc 2: Khéitaoi=0varty=0, t,=1.
Budc 3: Néu p; = 0 va ¢; > 0 thi két luan AB n (R) = @ ; két thic thuat todn.

Budc 4: Néu p; > 0 dit 1, := max{t,, —£}. Chuyén sang budc 7.
Pi

Buéc 5: Néu p; < 0 dat ¢, := min{t,, ﬂ}. Chuyén sang budc 7.
Pi

Budc 6: Néu 7, > ¢, thi két luan AB n (R) = 0 ; két thic thuat todn.

Buéc 7: Néu i < 3 thay i = i + 1 va ldp lai budc 3; Nguoc lai, két luan

AB N(R) = CD ; trong d6 :
C=A+1(B-A)
D=A+t(B-A)
Vi du, xét hinh chit nhat :

(R) ={(x,y)ER?0<x<80<y=<4)

va hai diém A(1, -2) va B(10, 9). Ta c6 phuong trinh tham s6 cta doan thang AB 1a: A
+ #(B - A). Ta can giai hé phuong trinh:
0<1+t(10+1)<8

0<-24+t(9+2)<4
0=r=1

Hay tuong duong :

1=11t =8
2=11t =6
0=t=1

Vay
2 6
11 1

=t

Suy ra, giao diém cta AB va hinh chit nhat 13 doan thang CD, trong d6 :

Giso trinh D6 Hoa M4y Tinh 76



C=A4 +f—1 (B—A4)=1(1,-2) + 12—1 [(10,9) - (1,-2)] = (2 :—1,0)

6 . 6 10
D= A—I—H(B‘ —A4)=1(1,-2) +H[[1u,9) -(1,-2)1= ol

Thuét to4n Liang va Barsky giam bét cdc tinh todn can thiét dé cat cac doan. Mdi
lan cap nhat t, va t; chi can mot phép chia, va cac giao diém v6i ctra s6 dugc tinh chi
mot lan, khi ma cdc gid tri ty va t; vira hoan thanh. Ngugc lai, thuat toan ctia Cohen-
Sutherland 13p lai viéc tinh giao diém cua doan véi cédc bién ctra s6, va mdi phép tinh

giao diém can ca hai phép chia va nhan.
5.4. Giao ciia doan thing va da giac 16i
Vi tri twong d6i ciia mdt diém véi doan thing

Trong nhiéu Gng dung, ta quan tim dén khdi niém nira mat phang trong va nira mit
phang ngoai xdc dinh boi mot doan thang. Khai niém nay lién quan mat thiét ¢én phap
vector ciia doan thang.

n Q)

- T:%. po 2o nonad (1)
_® Nira mat phang ngoai (I7)

CTTTT T/ 777777 7777777777
A

Nita mét phang trong (I7)

Hinh 5.8: Vi tri twong doi cia diem Q voi doan thcfng L.
Phuong trinh tong quét ctia doan thing [ ¢6 dang a.x + b.y + ¢ = 0. Ky hiéu:
(I*) = {P € R*|(0P,n) > D}
(I7) = {P € R*|(DP,n) < D}

12 cdc ntra mat phang ngoai va nira mit phang trong xdc dinh béi /, trong d6 D = -c, n

= (a, b)". Tiéu chuan dé kiém tra diém Q thudc mot nira phéng nao cua doan théng l:
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1. Q € (I")néu(n,0Q)> D
2. Q € (I")néu(n,0Q) <D

3. 0 €lnéu{n00)=D

Thuit toan xac dinh giao diém doan thang va da giac 10i

Hinh 5.9: Giao ciia doan thang va da gidc 16

Thuat todn Cyrus-Beck dya trén tiéu chudn loai bo don gian bang céch xdc dinh vi
tri tuong ddi cua mot diém véi mot doan théng. Gia st da giac 16i (R) duoc dinh nghia
nhu mét day céac dinh P; = (x; y;), i=0, 1,..., L, trong h¢ toa d¢ thyc voi Py = P;. Muc
dich cua phan nay 12 loai bé nhitng phan ciia doan AB khong nam trong ctra s6 (R)

(Hinh 5.9).
Ky hiéu l, i = 0, 1,..., L, 1a doan thang di qua hai dinh lién tiép P, P.,,. Dit:
(1) = {P e R?|(0P,n;) > D;)
(I7) = {P € R?|(0P,n,) < D)

12 cdc nira mat phang ngoai va mat phang trong xdc dinh boi [, trong dé n; 1a phdp
vector cua /; dugc chon hudng ra ntra mat phéng ngoai va D;la héng s6 ndo dé. Vi (R)
1a tap 16i nén duoc xdc dinh bai:

L

®) =)

i=0

Y tudng cua thudt toan nhu sau:
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e Vi mdi doan théng I, i =0, I,..., L, ching ta loai bo phﬁn cua doan théng AB
thudc nira mat phéng ngoai xdc dinh béi /; va cap nhat AB=ABN(1).

e Néu tai budc nao d6, AB < (1) thi két ludn giao ctia doan thiang va da gidc 16i
bang tréng; nguoc lai, néu & bude cudi ciing phan doan thang AB con lai nim

trong (R) chinh 12 phan giao can tim.
Thuit toan

void Cyrus_Beck(Point *A, Point *B, VertPtr Poly)
{

float t_in = 0.0, t_out = 1.0, t_hit, Denom, D;

Point F, S;

Vector ¢, n, a;

VertPtr Tempt = Poly,

if (Tempt == NULL)

return False;

F = Tempt->Vertex;

c.dx = (*B).x - (*A).x;

c.dy = (*B).y - (*A).y;

a.dx = (*A).x;

a.dy = (*A).y;

while ((Tempt = Tempt->Next) != NULL)
{

S = Tempt->Vertex;
n.dx = (S.y - F.y);
n.dy = -(S.x - F.x);
D = n.dx*F.x + n.dy*F.y;
if ((Denom = Dot2D(n, c)) == 0.0)
if (Dot2D(n, a) > D) return false;
else
{
t_hit = (D - Dot2D(n, a)) / Denom;
if (Denom > 0.0)
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if (t_out > t_hit) t_out = t_hit;
else
if (t_in < t_hit) t_in = t_hit;

if (t_in > t_out) return false;

F=S;
/
Fx=(1-t_in)*(*A).x + t_in*(*B).x;
F.oy=(1-t_in)**A).y + t_in*(*B).y;
S.x = (1-1t out)*(*A).x + t_out™(*B).x;
S.y = (1 -t_out)*(*A).y + t_out*(*B).y;
*A = F:
*B = S:

return true,

5.5. Giao hai da giac
Thuat toan Sutherland-Hodgman

Ky hiéu Subj va Clip 1a danh sich céc dinh cua hai da giic (S) va (C) tuong tng.

C6 bon kha ning xay ra giita mdi canh cua (S) va cia (C):

Hai dinh F va S nam trong: xuat S.
Pinh F nam trong va S nam ngoai: tim giao diém I va xuat nd.

Hai dinh F va S ndm ngoai: khong xuét.

el

Dinh F nam ngoai va S nam trong: tim giao diém I; xuat I va S.
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Hinh 5.10: Bon truong hop voi méi canh cia (S)
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X¢ét vi du hinh (a):
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Hinh 5.11: Vi du thuat todn Sutherland-Hodgman
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1. Danh sich Subj sau khi cit (S) v6i canh bén trdi cta (C):
(I1,2,D,E, F, G, 3,4, 1A, I).
2. Danh sich Subj sau khi cit (S) v6i canh bén dudi cua (C):
(5,6, E F,7,54,1A,1)>)).
3. Danh sich Subj sau khi cit (S) v6i canh bén phai cua (C):
(8,9, F, 7,541LA1S5,3).
4. Danh siach Subj sau khi cit (S) v6i canh bén trén cua (C):
(9, F, 7,541 10, 11,5,8, 9).
Thuat toan Weiler-Atherton

Cich tiép can cua Weiler-Atherton nham tim ra giao ciia hai da gidc bat ky, tham
chi ¢6 16 hong trong céc da gidc. Ngoai ra ¢6 thé tim phan hop va hiéu hai da gidc nita.

Xét vi du hinh 5.12 sau:

i| E
C
1 2 3 6
[} [
d
B 4 5
b \ &
D

Hinh 5.12: Vi du thudt todn Weiler-Atherton

Hai da giac (S) va (C) dugc biéu dién béi danh sdch céc dinh, ky hiéu Subj = (A,
B, C, D, E, A)vaClip = (a, b, ¢, d, e, a) tuong ing.
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e Tit ca cic giao diém cua hai da gidc dugc xac dinh va luu vao mot danh
sach. Trong vi du trén c6 tAt ca sdu giao diém: 1,2 3 4, 5,6.
e Thuc hién tién trinh: “lan theo hudng thuan va nhay” 1a xdy dung hai danh

sach:
Subj: (A, 1,B,2,C,3,4,D,5,6,E, A)
Clip: (a, b,4,5,c,d, e,6,3,2,1, a)

Xuét phat tir giao diém “di vao” 1a diém di tir ngoai vao trong cua da gidc (C),
duyét trén (S) dén khi gip giao diém thi chuyén sang duyét trén (C), va lap lai.
Qua két thic khi gap diém xuét phat ban dau. Tiép tuc kiém tra giao diém trén
(S) chua dugc di qua va 1ap lai tién trinh trén. Ta c6 hai da gidc sinh ra la (1, B,

2, 1)va(3,4,5,6,3).

Xuét phat Xudt phat lai

Subj: A |é B 2 C 'é 4 D 5 6 E A
o] (o] (o] (o] o]
o] (o] (o] o] o] o]

Clipr «a b 4 5 ¢ d € 6 2 a

ba duge viéng tham
e = diém dwroc xuat ra

Hop hai da giac (S) U (C)

Di trén (S) theo huéng thuan cho dén khi gip “diém ra” 1a diém di tir trong ra
ngoai cua da giac (C) duyét cho dén khi gap giao diém khdc véi (C) thi duyét sang (C)
cho dén khi gip giao diém ké tiép rdi chuyén sang (S). Qua trinh két thiic khi gip diém
xudt phét ban dau. Két qua () U (C) gdm hai da gidc:

e (2,C, 3,2) (16 hong).
e 4,D,5,¢,d, e,6,E A, 1,a,b,4).
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Hiéu hai da giac (C) \ (S)

Di trén (S) theo huéng thuan cho dén khi gap “diém vao” duyét cho dén khi gap
giao diém khac véi (C) thi duyét sang (C) theo huéng nguoc cho dén khi gip giao

diém ké tiép roi chuyén sang (S). Qué két thiic khi gap diém xudt phét ban dau.

e (O\N):(,B2,3,4,b,a,1);va(5,6,ed, c,)5).
e H\NO): 4,5 D, 4),va(6,3 C 2,1, A E,0).

5.6. Ky thuat Ray tracing

K¥ thuat Ray tracing 13 phuong phép dp dung mot sé khéi niém hinh hoc dé tao
tmg dung d6 hoa md phong qud trinh chuyén dong cia tia sang trong budng kin. K¥
thuat Ray tracing 12 mot cong cu quan trong trong d6 hoa mdy tinh dé tong hop hinh
anh. Trong tong hop hinh anh, céc tia sdéng nhan tao “lan theo” trong thé gidi thyuc ba
chiéu chira nhiéu ddi twong. Pudng di ciia mdi tia sing xuyén qua céc dbi tugng hoic
phan xa lai tily theo muc d6 phan xa ctia ddi tuong cho dén khi né dung lai & ddi
tugng nao d6. Mau cua dbi twong ndy s& duge dat cho pixel twong Gng trén thiét bi

hién thi. M6 phong quaé trinh Ray tracing rat dé dang trong khong gian hai chiéu.

Ta xét quy dao cua trai pinpall nho khi va cham vao céc ddi tuong trong buong
kin. Hinh bén dudi minh hoa nhét cat ngang ciia mot budng kin ¢6 nim birc tuong va
chtra ba “tru tron”. Trai pinpall bat dau tai vi tri S va di chuyén theo hudng vector ¢
cho dén gip vat can s& bi phan xa va di chuyén theo huéng méi. Qua trinh dugc 1ap lai
nhiéu 1an. Quy dao cua tréi pinpall 1a dudng gap khiic ma ta c6 thé hinh dung dudng di

clia tia sang di chuyén trong budng kin.

Bay gid ta s& xdy dung thudt todn xdc dinh ddi tuong giao vdi tia sdng s& trudc
va vi trf va tram tai d6. Vi trf va cham 1a diém khoi dau cho cho duong di ké tiép véi

hudng di chuyén méi.
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Hinh 5.13: Vi du vé Ray tracing.

Vector phin xa

Hinh 5.14 phan giai vector ¢ gém thanh phan m doc theo n va thanh phan e

vudng goc voin. Tacd, r = e—m. Nhunge =c—-mnénr = c - 2m.

I

I C r — I

L
L

Hinh 5.14: Phan xa tia sdang
Vi vector m la vector phan giai cua vector ¢ theo vector n nén

m = {cm) ” F—e— 2 (cm)
= —c— 2"
|Inffz "~ |Inl12

mn

Thi tuc xdc dinh vector phdn xa r tir vector ¢ va phdp vector n

void Reflection(Vector c, Vector n, Vector *r)
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float Coeff = 2.Dot2D(c, n)/Dot2D(n, n);
(*r).dx = c.dx — Coeff.n.dx;

(*r).dy = c.dy — Coeff.n.dy;

Giao ciia tia sing va dwong thiang

Phuong trinh tham sb cia tia sdng xudt phét tir S chuyén dong theo vector chi

phuong ¢ cho boi
R(t):=S +ct, t>0.
Birc twong tuong tng duong thang:
(D) = {P € R*|(n,0P) = D}

trong d6, phdp vector n huéng ra ngoai budng kin. Néu <n, ¢> # 0 thi tia sdng cat

duong thang tai P, = S + ct,,, trong d6:

_D- (n, 08)

t, = e

Vi du, cho dudng thiang 6x — 8y + 10 = 0 va tia sdng xuat phat tir S(2, 4) di
chuyén theo vector chi phuong c= (-2, 1)". Pudng thing c6 n =(6,-8)' va D = —10. Ta

z

CO:

_ D—{n,03) -10-(12-32) 1
" e (c12-8 2

Suy ra giao diém I:
1 9
I=S+tc=2,4)+ (-2, )x 2= (1, E)'

Vector phan xa:
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(c,n) ) —20,6y 17 9
T=¢—2||n||z“=(_1)_zﬁ(. s)=E~- 11)

Thii tuc xdc dinh thoi diém giao t,

void Ray_With_Line(Point S, Vector c, Vector normal, float D, float *t_hit)

{
float Denom = Dot2D(normal, c);
Vector2D s;
PointToVector2D(S, &s);
if (Denom == 0.0)
*t_hit = -1.0;
else
*t_hit = (D - Dot2D(normal, s))/Denom;
/

Giao cia tia sang va hinh tron

Hinh tru twong tmg duodng tron (C) ban kinh R tdm 1. Xét sy twong giao cua tia

sdng va duong tron. Ta cé:
IS + c.t]|* = R®
Suy ra:
TS| 2 + 275, e)t +||c||?t? = R?
Hay twong duong:

At2 2Bt 1 €C=0C
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trong d6, A = [|c|[%, B = {IS,c), C = |[I5])? — R2.

Nghiém ctia phuong trinh (c6 thé 1a nghiém ao)

t, =

B WB? -AC
A~ A

Vi dy, cho dudng tron (x — 1)* + (y — 4)* = 4 v tia sdng xuat pht tir S(8, 9) di chuyén

theo vector chi phuwong ¢ = (-1, -1)’.
Phuong trinh giao diém:
Af +2Bt+C=0,
trong d6, 4 = ||e||* = 2,B = (IS, c) = —12,C = ||I§||* — R? = 70.
Suy ra:

B I VB —A.C
AT A

-
— J

th =
Vay toa d giao diém1aP, =S+ thc=(8-5,9-5)=(3, 4).

Vector phan xa:

{c,n) _ -2
rme-2a - ()22 (3)- (4)

Thii tuc xdc dinh thoi diém giao

void Ray_With_Circle(Point S, Vector c, Point Center, float Rad,float *t_hit)

float A, B, C, delta;

Vector tempt;
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tempt.dx = S.x - Center.x;

tempt.dy = S.y - Center.y;

A = Dot2D(c, c);

B = Dot2D(tempt, c);

C = Dot2D(tempt, tempt) - Rad*Rad;

delta = B*B - A*C;

if (delta < 0.0)

*t_hit = -1.0;

else

*t_hit = (-B - sqrt(delta))/A;
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Chuong 6

PO HQA BA CHIEU

Noi dung chinh

» Giéi thiéu d6 hoa 3 chiéu (3D).
> Hién thi ddi twong 3D.
> Céc phép bién d6i Affine 3D co so.

6.1. Gi6i thiéu dd hoa 3 chiéu

Cic d6i tuong trong thé gidi thuc phan 16n 1a céc ddi twong 3 chiéu con thiét b
hién thi chi 2 chiéu. Do vay, mudn c6 hinh anh 3 chiéu ta can phai gia 1ap. Chién lugc
co ban 1a chuyén doi timg budc. Hinh anh s& duoc hinh thanh tir tir, ngay cang chi tiét

hon.
Qui trinh hién thi anh 3 chiéu nhu sau

e Bién d6i tir hé toa do dbi twong sang hé toa do thé gidi thuc. Mdi dbi tuong duoc

mo ta trong mdt hé toa do riéng duoc goi 1a hé toa do ddi tuong.
C6 2 cach md hinh héa ddi tuong:

o Solid modeling: md ta céc vat thé (ké ca bén trong).

o Boudary representation: chi quan tdm dén bé mit di tuong.

Cic ddi twong c6 thé duoc biéu dién bang md hinh Wire-Frame. Nhan thay rang
khi biéu dién ddi tuong, ta cé thé chon géc toa do va don vi do luong sao cho viéc biéu
dién 1a thuan loi nhat. Thuong thi ngudi ta chudn héa kich thudce cia ddi tugng khi
biéu dién. Biéu dién bién cho phép xtr 1y nhanh con silid modeling cho hinh anh day

du va xac thuc hon.
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Loai bo cic dbi tuong khong nhin thdy dugc: Loai bo céc ddi twong hoan
toan khong thé nhin thiy trong canh. Thao tic ndy gitp ta luoc bd bét cic
dbi twong khong can thiét do d6 giam chi phi xu 1y.

Chiéu sdng cac ddi tuong: Gan cho céac ddi twong mau sdc dya trén cdc dic
tinh ctia cdc chit tao nén ching va cdc ngudn sing ton tai trong canh. C6
nhiéu mé hinh chiéu sdng va tao béng : constant-intensity, Interpolate,...
Chuyén tor word space sang eye space. Thuc hién mot phép bién doi hé toa
do dé dat vi tri quan sat vé géc toa do va mat phéng quan sat vé mot vi tri

mong udc.

Hinh anh hién thi phu thudc vao vi tri quan sat va géc nhin.
Hé qui chiéu c¢6 gbc dat tai vi tri quan sat va phit hop voi huéng nhin s&

thuan lgi cho cdc xur 1y that.

Loai bo phﬁn nam ngoai: Thyc hién vi¢c xén doi tugng trong canh dé canh
nam gon trong mot phan khong gian hinh chép cut gidi han viing quan sat
ma ta goi l1a viewing frustum. Viewung frustum cé truc trung véi tia nhin,
kich thudc giéi han boi viing ta mudn quan sét.

Chiéu tir khong gian nhin xudng khong gian man hinh: Thyc hién viéc chiéu
canh 3 chiéu tir khéng gian quan sit xudng khéng gian man hinh. C6 2
phuong phap chiéu 1a phép chiéu song song va phép chiéu phdi canh. Khi
chiéu ta phai tién hanh viéc khir mat khuat dé c6 thé nhan dwoc hinh anh
trung thuyc. Khir mat khuét cho phép xac dinh vi tri (x, y) trén man hinh

thudc vé doi tugng nao trong canh.

o Chuyén dbi twong sang dang pixel.

o Hién thi ddi tuong.

6.2. Biéu dién doi twong 3 chiéu

Trong d6 hoa mdy tinh, cdc dbi tugng 1ap thé c6 thé dugc md ta bang cdc bé mat

ctia chiing. Vi du : mot hinh 1ap phuong dugc xay dung tir sdu mit phang, mot hinh tru

dugc xay dung tur su Kkét hop ciia mt mat cong va hai mat phéng va hinh ciu duoc xay

dung tir chi mot mat cong. Thong thuong dé biéu dién mot dbi twong bat ky, nguoi ta

ding phuong phép xdp xi dé dwa cdc mit vé dang cdc mit da gidc.

Giso trinh D6 Hoa M4y Tinh 92



« Piém trong khong gian 3 chiéu c6 toa do (x,y,z) mo ta mot vi tr trong khong gian.

typedef struct {
int x;
inty;
int z;

} Point _3D ;
* Vecto : xdc dinh boi 3 toa do dx, dy, dz m6 td mot hudng va do dai cua véc to.

Véc to khdng c6 vi tri trong khdng gian.

IV = Jdx® +dy® +dz’
Tich vd hudng cuia hai véc to
V *V =dx dx +dy dy +dz dz
12 12 172 12
Hay V *V =V IV Icos 6
12 12
typedef struct {
int dx;
int dy;

int dz;

} Vector ;
« Poan thing trong khong gian 3 chiéu: biéu dién té hop tuyén tinh cia 2 diém
Pé biéu dién dang tham s cua doan thang, ta c6 :
P=P +t(P,-P),(0<tZ1)

typedef struct {
Point P1;
Point P2;

} Segment ;
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* Tia (Ray) : 1a mdt doan théng véi mot ddu nam & v cuc.
Biéu dién dang tham s6 cua tia :
P=P +tV,(0<t<wo)

typedef struct {
Point P1;
Vector V;

} Ray;

« Puong thang (Line): 12 mot doan thang véi ca hai diu ndm & v6 cuc
Biéu dién dang tham s6 ctia dudng thang
P=P+tV,(©0<t<m)

typedef struct {
Point P1;
Vector V;

} Line;

« Pa giac (Polygon) : 12 mot viing gidi han boi han day céc diém dong phang .

typedef struct {
Point *Points;
int nPoints;

} Polygon;

C6 thé biéu dién mot mit da gidc bang mot tap hop cdc dinh va cdc thudc tinh
keém theo. Khi thong tin cua mdi mat da gidc dugc nhap, dir liéu sé dugc dién vao cdc

bang s& duoc ding cho céc xir 1y tiép theo, hién thi va bién doi.

Cic bang dir liéu mo ta mat da gidc ¢ thé to chirc thanh hai nhém : bang hinh
hoc va bang thudc tinh. Cac bang luu trir dit liéu hinh hoc chtra toa d6 cic dinh va céac

tham s6 cho biét vé dinh hudng trong khong gian ciia mat da gidc. Thong tin vé thudc
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tinh cua cdc dbi twong chira céc tham sé mo ta do trong sudt, tinh phan xa va cic thudc
tinh két cau cua ddi tuong. Mot cach t6 chire thuan tién dé luu trit cdc dir liéu hinh hoc
la tao ra 3 danh sach : mgt bang luu dinh, mdt bang luu canh va mét bang luu da giac.

Trong do:

o Céc gid tri toa d6 cho mdi dinh trong d6i tugng duoc chira trong bang luu
dinh.

o Bang canh chira cdc con tré tré dén bang dinh cho biét dinh nio duoc nbi
véi mot canh cua da giéc.

o Cudi ciing 1a bang luu da gidc chira cdc con tro tro dén bang luu canh cho

biét nhitng canh nao tao nén da gidc.
« Mit phing (Plane) :

typedef struct {
Vector N;
intd;

} Plane;

Phuong trinh biéu dién mit phang c6 dang : A.x + B.y + C.z + D = 0. Trong d6
(x, y, z) 1a mot diém bat ky ctia mat phang va A, B, C, D 1a céc hang s6 dién ta thong

tin khong gian ctia mat phang.

Dé xic dinh phuong trinh mit phang, ta chi cin xdc dinh 3 diém khéng thang
hang cta mit phang nay. Nhu vay, dé xdc dinh phwong trinh mit phang qua mot da

gidc, ta s& sur dung toa do cua 3 dinh dau tién (X1,¥1), (X2,¥2), (X2,y3) trong da gidc nay.

Tt phuong trinh mit phang trén, ta co:

A.xk+B.yk+ C.Zk+D=0,k=O, 1,2, 3.

Trong do6 :
1 vy =z ¥ 1 =z
= |1 Vi Zy B — Xg 1 3
1 vy =24 Xy 1 2Zg
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X3 ¥ 1 Xy Vi &
C=|xz y2 1 D=|xXz V2 I
X3 ¥z 1 Xy Va I3

Khai trién cdc dinh thirc trén ta c6 :
A=y (2y-23) + ¥2 (23— 21) + Y3 (21— 22)
B =27 (X2—x3) + 22 (X3— X1) + 23 (X] — X2)
C=X1 (y2-y3) + X2 (y3-yD) + X3 (y1— ¥2)
A ==X (¥223— Y322) — Xo (Y321 — Y123) — X3 (Y122~ Y2 Z1)

Hudng ctia mit phang thuong dugc xdc dinh théng qua véc to phdp tuyén ctia né. Véc

to phdp tuyén n = (A,B,C).

n=(A,B,C)

A4

Hinh 5.15: Mt phang trong khéong gian

« M6 hinh khung néi két

Mot phuong phdp thong dung va don gian dé mo hinh héa ddi twong 12 mé hinh
khung ndi két. Mot mo hinh khung ndi két gdm c6 mot tip céc dinh va tip céc canh
nbi cdc dinh d6. Khi thé hién bang mé hinh nay, cdc ddi twong 3 chiéu c6 vé rong va
khong giéng thyc té 1im. Tuy nhién, v& bang mo hinh nay thi nhanh nén nguoi ta
thudng diing né trong viéc xem phéc thao cic ddi tugng. Dé hoan thién hon, nguoi ta

ding céc k¥ thuat tao béng va loai bo céc dudng khuat, mat khuat.
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Véi mo hinh khung ndi két, hinh dang ctia d6i twong 3 chiéu duoc biéu dién bang
hai danh sdch: danh sich cdc dinh va danh sdch céc canh ndi cdc dinh d6. Danh sdch
céc dinh cho biét thong tin hinh hoc, con danh sach cac canh xdc dinh thong tin vé su
két ndi. Chiing ta hdy quan sit mot vat thé ba chiéu duoc biéu dién bang md hinh

khung nbi két nhu sau:

y
X
Hinh 5.16: Mé hinh khung két noi
Bang danh sich cdc canh va dinh biéu dién vat thé
Vertex List Edge List
Edge Vertex]l | Vertex2

Vertex | x y z 1 1 ]
1 0 0 0 | back side 2 2 3

3 3 4

2 0 1 0 1 4 5

3 0 1 1 5 5 1

6 6 7

4 0 [05]15 7 7 3

5 0 0 1 8 8 9
. 9 9 10

6 1 0 0 | frontside [0 T 6

7 l 1 0 11 | 6

12 2 7

8 l 1 1 3 3 3

9 I 105|115 14 4 9
15 5 10

10 l 0 1 6 > 5
17 1 3
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Nguoi ta c6 thé vé cic dbi trong theo md hinh khung nbi két bang céch str dung cic

phép chiéu song song hay phép chiéu phdi canh s& duoc gidi thiéu & chuong 6.
6.3. Cac phép bién doi 3 chiéu
6.3.1. Hé toa do ban tay phai - ban tay trai

* Hé toa do theo qui woc ban tay phai : dé ban tay phai sao cho ngén cdi huéng

theo truc z, khi nam tay lai, cdc tay chuyén dong theo hudng tir truc x dén tryc y.

Hinh 5.17: Hé toa do ban tay phai

* Hé toa toa do theo qui udc ban tay trdi : dé ban tay phai sao cho ngén céi hudng
theo truc z, khi nim tay lai, cic ngén tay chuyén dong theo hudng tir truc x dén

trucy.

Hinh 5.18: Hé toa do ban tay trdi

* Hé toa d6 thuan nhat: Mdi diém (x, y, z) trong khdng gian DPé-cic duge biéu
dién béi mot bod bon toa do trong khong gian 4 chiéu thu gon (hx, hy, hz, h).
Nguoi ta thuong chon h = 1.
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* Céc phép bién doi tuyén tinh 12 t6 hop cua cdc phép bién doi: ti 18, quay, bién
dang va ddi xtng. Céc phép bién doi tuyén tinh c6 cdc tinh chat sau:

- Géc toa d6 12 diém bat dong.

- Anh cua duong thang 1a duong thang.

- Anh cua cdc duong thang song song 1a cdc dudng thang song song.

- Bdo toan ti 1¢ khodng céch.

- T6 hop céc phép bién ddi c6 tinh phan phdi
6.3.2. Cac phép bién ddi Affine co sé

« Phép tinh tién

1 0 0 O

I 0 O

Tr(tr,,tr,,tr.) = 0o 1 0

tr, tr, tr, 1

« Phép bién ddi ti 1¢

S 0 0 0
S(5.5.5.) 0 S 0 0
10 0 S0
0O 0 0 1

Khi §, = Sy =5, ta 6 phép bién ddi dong dang.

6.3.2.1 Phép quay quanh truc x

v

VI
~v

Hinh 5.19 : Phép quay quanh truc x
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Phép quay quanh truc 12 phép bién ddi P(x, y, z) 2 P’(x’, y’, z’) qua phép quay

g6c a quanh truc x. Tacéd :

xX'=x
y'=ycosax—zcosx
Z'= ysina + zcos

Cic toa d0 y’, z’ bién thién twong tu phép quay géc o quanh géc toa dd trong mit

phang yOz (y déng vai trd x, z déng vai trd y).

Do d6,
1 0 0 0
. 0O cosa sina 0
10 —sina cosa O
1

0 0 0

6.3.2.2 Phép quay quanh truc y

Phép quay quanh tryc y 12 phép bién d6i P(x,y,z) > P’(x’,y’,z’) qua phép quay

géc B quanh truc y. Ta c6 :

y'=y
z'=zcos f—xsin 8
x'=zsin S+ xcos 8

Do dé,
cosf 0 —sinf O
0 1 0 0
T,=| .
! sinf 0 cosf O
0 0 0 1

6.3.2.3 Phép quay quanh truc z
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Phép quay quanh tryc z 12 phép bién ddi P(x, y, z) > P’(x’, y’, z’) qua phép quay

g6c ¥ quanh tryc y. Ta c6 :

7=z
X'=xcosy—ysiny

y'=xsin ¥+ ycosy

Do dé,
cosy y 00
—siny cosy 0 O
T, =
0 0O 10
0 0 0 1

6.3.2.4 Phép quay quanh truc song song voi truc toa do

Phép quay quanh truc song song véi truc toa do hiéu qua véi nhiéu phép bién doi,
trong thuc té ddi tugng thuong quay quanh tryc ciia né. Ta xét trudng hop truc dbi
tugng song song voi 1 trong céc truc toa d6. Bé don gian ta phéan tich chuyén dong

quay cua doi tugng song song véi truc cho trude theo cac budce :

v" Budée 1 : Tinh tién truc ddi tugng trung véi truc toa dd ma nd song song.
v" Buwéc 2 : Quay ddi twong quanh tryc ctia né twong duong quay quanh tryc toa
do.

v Buée 3 : Tinh tién tré lai.

VD : Xét phép quay gbéc a quanh truc x’ song song voi x di qua (m, n, [)

Hinh 5.20 : Phép quay quanh truc x’ song song voi x
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Budre 1 : Tinh tién x’ tring voi x

1 0O 0 O
0 1 0 O
T[-m,-n,-1]=
0 0O 1 O
-m —-n -1 1

Budc 2 : Quay quanh tryc x véi goc o

1 0 0 0
T = 0 cosa sina O
10 —-sina cosa O
0 0 0 1
Bwéc 3 : Tinh tién tra lai
1 000
T"[-m,-n,-1]= T[m,n,1] = 0 100
0 010
m n [ 1

Do d6, ma tran biéu dién phép quay géc o quanh truc x’song song x di qua (m,n,1) 1a :
T=T[-m,-n,-l]xT, ,xT[m,n,l]

Vi du: Tim anh cua hinh chir nhat A(1, 2, 1), B(3, 2, 1), C(3, 4, 3), D(1, 4, 3) sau phép

quay géc a = 30° quanh truc x’ song song x di qua (1, 1, 1).
Huwéng din giai:

Tinh : T=T[-1, -1, -1] X T, 5, x T[1, 1, 1]

1 0 0 0
1 0 0 c 0 SEN | 0 1 0 0 0
o 1 o ¢ 2 2 01 0 0
o 0o 1 ¢ [y 23 Sfloo 10
-1 -1 -1 1/ \, 2 2 11 1 1

0 0 1
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A(1,2,1) 24 =(1,2,1, ) x T
B(3,2,1) 2B’=(3,2,1,1) x T
C(3,4,3) 2C’=(3,4,3, 1) xT
D(1,4,3) 2D’=(1, 4,3, 1) xT

6.3.2.5 Phép quay quanh truc bat ky

Xét phép quay géc aquanh truc bat ky, ta thyc hién qua cdc bude sau :

Hinh 5.21: Phép quay quanh truc bdt ky

Bwéc 1 : Tinh tién tring gdc toa do

1 0 0 0

T[-P.x,-Py,-P.z] = 0 ! 0 0
0 0 1 0

-Px —-Py —-Pz 1

Buwdc 2 : Quay quanh truc z géc a sao cho P,P’ thuoc (xOz)

cos ¥y y 00
—siny cosy 0 O
700 0 10
0 0 0 1

Budc 3 : Quay quanh truc y géc B sao cho P, P’ thugc Ox
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cosf 0 —sinf O
0 1 0 0

T,=|
’ sinf 0 cosff O
0 0 0 1

Budc 4 : Quay quanh tryc x géc o

1 0 0 0

T 0 cosa sina O
10 —sina cosa O
1

0 0 0
Buwdc S : Nguoc budce 3
Budc 6: Nguoc budce 2
Buwdc 7 : Nguoc bude 1
Céch xac dinh chiéu dwong trong cic phép quay

Dinh nghia vé chiéu quay dugc diing chung cho ca hé toa do theo qui wdc ban tay

phai va ban tay trai. Cy thé chiéu duong duoc dinh nghia nhy sau :

o Quay quanh truc x : tir truc duong y dén truc duong x
o Quay quanh truc y : tir truc duong z dén truc duong x

o Quay quanh truc z : tir truc dwong x dén truc duong y
Ngoai cdc phép bién doi trén, ta xét thém mot sb phép bién doi affine khéc sau ddy:

« Phép ddi xirng qua mit phing toa do

-1 0 0 0
(y02): Mr(x) = 0 100
0O 010
0 0 0 1
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(zOx) : Mr(y) =

o o o =

(xOy): Mr(z) =

oS o o =

« Phép ddi xirng qua truc x, y vaz

M (x) =

S O O =
e
|
—

M(y) =

o

S O = O
|
—_

M(z) =

|
—
oS = O O

* Phép bién dang

oS O = O

- o O O - o O O

- O O O

- O O O

o = O O

- O O O

- O O O
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Bai tap chwong 6

1. Tim vi tri méi cia hinh chit nhat ABCD véi A(1, 2, 1), B3, 2, 1), C(3, 4, 3),
D(1, 4, 3) sau phép quay géc a=45° quanh géc toa do.

2. Tim vi tri mdi cua hinh ch@t nhdt ABCD véi A(1, 2, 1), B(3, 2, 1), C(3, 4, 3),
D(1, 4, 3) sau phép quay géc a=30° quanh diém M(1, 1, 1).

3. Tim vi tri méi cua hinh chir nhat A(1, 2, 1), B3, 2, 1), C(3, 4, 3), D(1, 4, 3) sau
phép quay géc a=45° quanh truc x’ song song x di qua (1, 1, 1).
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PHU LUC
THU VIEN PO HQA OpenGL

OpenGL la gi?

OpenGL (Open Graphics Library) 12 phan mém giao dién véi cdc phan cing do
hoa. OpenGL duoc phit trién boi Silicon Graphic Inc. OpenGL ciing 1a mot giao dién
1ap trinh ng dung (Application Program Interface — API). N6 bao gdm khoang 150
cau 1énh hd trg nhiéu ngdn ngit nhu C, C++, Java, C#...Cho phép ngudi 1ap trinh st

dung dé tao ra tng dung tuwong tic d6 hoa 3D.

OpenGL dugc thiét ké khong phu thudc nén tang phan ctng ciing nhu hé diéu
hanh mdy tinh. Nhu mot chuong trinh trung gian giita ngudi diing va phan cting mdy
tinh. Vi OpenGL chiing ta s& tao ra cdc md hinh phtrc tap tir nhitng d6i tugng hinh

hoc co ban. D6 12 cdc diém (Point), doan théng (Line) va da giac (Polygon).
Ci phap cua OpenGL

Céc cau 1énh ctia OpenGL déu st dung tién t6 gl va cdc tir tiép theo dugc bit dau
bang ki ty hoa, vi du glClearColor(). Tuong ty nhu vy, cdc hang dugc dinh nghia
bang tién t6 GL_ tiép theo 1a céc tir viét hoa duoc ngin céch boi ki ty gach dudi, vi du
GL_COLOR_BUFFER_BIT.

glVertex3fv \

chi ra dinh dang vector, néu c6

loai dir li€u: f float

d double float
S6 dbi, (2,3 hoac4) s signed short integer

i signed integer

Loai dit liéu khéc trong 1énh OpenGL :
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- b character
- ub unsigned character
- us unsigned short integer
- ui unsinged integer.
Dt liéu vo hudng va dinh dang vector.

Cau 1énh OpenGL cho ta thiy dugc ¥ nghia chic ning ctia ham.Tham s6 va loai

tham s6 xuat hién tuy thudc cac ham khéc nhau.

Poi khi trong cdu 1énh c¢6 thém dau * dé chi rang cd phdp nay c6 thé c6 nhiéu
Iénh. Vi du, glColor*() c6 gid tri cho céc I¢nh khiac nhau dé ban thiét lap mau hién
hanh. Hodc glClear*() c¢6 cac I¢énh sau: glClearColor(), glClearDepth(),
glClearA ccum(), glClearStencil().

OpenGL la mt may trang thai

OpenGL 1a mot mdy trang thi. Chiing ta c6 thé dat né cdc trang thi khac nhau.
Ching gitt nguyén tic dung cho dén khi ta thay doi trang thai khdc. Chang han dat
mau hién hanh 12 mot bién trang thai. Chiing ta c¢6 thé dat mau hién tai boi mau tring,
mau d6é hodc mau ndo khic, va sau dé6 mdi ddi tuong dugc v€ bdi mau do6 cho tédi khi
ban dit mau hién tai bang mau khdc. Mau hién tai chi 12 mot trong nhiéu bién trang
thdi ma OpenGL luu giit. Con nhiéu trang thai khdc nhu diém nhin hién hanh, vi tri va

dac tinh 4nh sing, thudc tinh chat liéu, ...

Bién trang thdi 12 noi luu giit céc trang thdi. Mdi bién trang thai hodc ché do c6

mat gid tri mac dinh ban dau. Ta ¢ thé xem gid tri cua chiing thong qua 6 ham sau:
o glGetBooleanv()
o glGetDoublev()
o glGetFloatv()

o glGetlntergerv()
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o glGetPointerv()
o gllsEnabled()

Mot vai bién trang thdi c6 nhidu hon chi dinh 1énh yéu cdu (ching han
glGetLight*(), glGetError(), hoic glGetPolygonStipple()). Hon nita ta c¢6 thé luu va
léy ra cc gia tri cia tap trang théi bién trén thudc tinh stack véi 1énh glPushAfttrib()

hodc glPushClientAttrib() va glPopAttrib() hoic glPopClientAttrib().
Cac thw vién lién quan

Mic dit OpenGL 1a cong cu manh song céc ddi twong v& déu 1a nhing ddi tuong
hinh hoc co ban. Pé don gian mot s6 thu tuc, ching ta dugc cung cép mot sb thu vién

deé cé the dicu khién viéc vé doi tugng ¢ mirc cao hon.

¢ OpenGL Utility Library (GLU): Bao gom mdt sb thu tuc thiét 1ap ma trn
xdc dinh huéng nhin, ma tran cdc phép chiéu, va biéu dién cdc mit trong khong

gian 3 chiéu.

¢ OpenGL Utility Toolkit (GLUT): bao gdm céc thil tuc nhim don gian hod
viéc tao cdc ddi twong hinh hoc. Piac biét hinh trong khong gian 3 chiéu (solid

hinh déc, wire hinh khung).

¢ Khi 1ap trinh OpenGL trong C# ta st dung mot sd thu vién sau: csgl.dll,
csgl.native.dll, CsGL.Basecode.

Hién thi cac ddi twong hinh hoc co ban: diém, doan thing, da gidc

Pé tao mot dbi tuong hinh hoc tir cidc dinh, ta dat cic dinh gitta hai ham
glBegin(param) va glEnd(). Tham s6 param dua vao cho ham glBegin() s& quyét dinh

d6i tuong OpenGL V& ra tlr cdc dinh khai bdo bén trong.
Vi du:
glBegin(GL_POLYGON);

glVertex2f(0.0, 0.0);

Giso trinh D6 Hoa M4y Tinh 109



glVertex2f(0.0, 1.0);
glVertex2f(0.5, 1.0);
glVertex2f(1.0, 0.5);
glVertex2f(0.5, 0.0);

glEnd();

Ham glBegin(Glenum mode). Bién mode chi ra d6i tuong dugc v€, nhdn mot trong cac

gid tri sau:

GIA TRI Y NGHiA
GL_POINTS V& cdc diém
GL_LINES Vé cac doan théng
GL_POLYGON V& da gidc 16i
GL_TRIANGLES VE€ tam giac
GL_QUADS Ve tir gidc
GL_LINE_STRIP V& duong gap khiic khéng khép kin
GL_LINE_LOOP V& duong gap khiic khép kin
GL_TRIANGLE_STRIP | M¢t dai cac tam giac lién két voi nhau
GL_TRIANGLE_FAN | Mot dai céc tam gidc lién két theo hinh quat
GL_QUAD_STRIP Mot dai cic tir gidc lién két véi nhau

Danh sich cdc hinh thé hién két qua twong tmg ctia bién mode
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Hinh phu luc 1: Cdc doi twong hinh hoc co bdn

Quy luat hién thi rd rang trén hinh v&, riéng v6i GL_QUAD_STRIP dugc vé& véi quy

luat ndi 4 diém c6 vi tri 2n, 2n + 1, 2n + 3, 2n + 2 v6i 2n 12 diém khai dau cua hinh t

gidc. Dé chi dinh 1 dinh ta dung Iénh sau: glVertex{2,3,4}{sifd}[v](toa dj). Trong do:

- {2,3,4} chi dinh s6 chiéu cua khong gian.

- [v] néu toa do diém duogc truyén tir mot mang cho trudc.

- {sifd} chi dinh kiéu dit liéu cua toa dd, y nghia dugc chi dinh trong bang sau:

Ki hiéu Kiéu dir li¢u Tén kiéu ciia OpenGL
S 16 bit - integer GLshort
1 32 bit - integer GLint
f 32 bit - float GLfloat
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d 64 bit - float GLdouble

OpenGL chi cho phép mot s6 1énh nam bén trong glBegin() va glEnd()

glVertex*() Khai bédo vertex

glColor*() Thiét lap mau

gllndex*() Thiét lap chi myc mau
glNormal*() Thiét 1ap toa d6 vector chi phuong
glEvalCoord*() Sinh toa d6

glCallList(), glCallLists() | Thuc thi Display List

glTexCoord*() Thiét 1ap toa do texture
glEdgeFlag*() Diéu khién viéc vé& canh
gIMaterial*() Thiét 14p thudc tinh chét liéu

Moi ham OpenGL ngoai cdc ham trén déu khong duge nam giita glBegin() va
glEnd(). Tuy nhién ta van c6 thé diing cic cau tric diéu khién khac (vi du 1 vong lip

for chéng han).

Bit dau lam quen OpenGL bang ngon ngir C#
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e M6 chuong trinh Visual Studio .NET (2005) va tao mdi ung dung C# trong

Windows Application.

i— New Project

Project bypes: Templates:

1= Vi.sual c# || ¥isual Studio installed templates
- Windows |

{ @ Smart Device ation [ Class Library

Database c#|\Windows Contral Library :#Console Application

- Skarter Kits Ecrystal Reparts Application LﬁDewce Application

[#- Other Languages

[#- Other Project Types My Templates

[5=arch Online Templates. ..

& praject For creating an application with & Windows user interface

Mame: | OpenaGl ..
Location: DAy Document|Bai GiangiDo Hoa May TinhiExampleiLabz :VJ
Solution Mame: OpenGL | [#]Create directory for solution

[ add to Source Cantral

o] [ ]

Hinh phu luc 2:Tao project do hoa méi

« Nhip phai chudt vao References, chon Add References ... chon thé Browse dé

thém thu vién CsGL. (File csgl.dll)

4]
0
[

R EHR O

tion Explorer - Solution .., » 48 X

BE
[ _: SGIui:iﬁn-'-dbenGL; 4! pro-iecEjl”
= L DpenGL
[# |=d| Properties

—— |
=
fJ “' Add Reference. ..

- Add Web Reference. ..
Lo TrSErERT DEDIEYTERE

Lo sl Swstem.Drawing

L W23 System.Windows Forms
L 23 System.¥ml

ﬂ Forml.cs

E%j Program.cs

[ulu cam| ucnnﬁp:g E‘;T

|sagadald

Hinh phu luc 3: Thém thu vién OpenGL vao project

. Nhép phai chuot vao project va chon Add\Class... (Vi dy, dat tén 16p 1a
OpenGL.cs)
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Add New ltem - OpenC 2x
Templates: | EI
Yisual Studio installed templates I“,
] Class 2oy Interface #] Code Fil
wWindows Form 3 User Control [ Customn Contral
== Inherited Farm 2 Inherited User Contral i’dWeb Custom Control
o] Component Class [_j 5L Database li':l;JDataSet
4] ML File | 2] ¥ML Schema _;H ®5LT File =
ﬂ HTML Page ,t‘ﬂ Shwle Sheet
|4 Bitmap File [ |Cursar File
ﬁCrystal Report Icon File d_i_] Windows Service
@j Installer Class e_stScript File g_g_}\n'BScript File
'-L_E]Windows Script Host c_?__] Assembly Information File Application Configuration File
@Resources File _j Settings File QMDI Parent
About Baox gDebugger Visualizer ‘%1 Class Diagranm |
[
An empty class definiton
Mame: | OpenGl.cs
i Add I I Cangel

Hinh phu luc 4: Thém lop moi vao project

» Khai bao 16p OpenGL:
o Khai bdo thu vién CsGL.OpenGL;
o Thira ké 16p OpenGLControl.
o Khai bdo qué tai phuong thirc glDraw(), InitGLContext() va
OnSizeChanged(EventArgs e).

uzing CsGL.OpenGL; //Khai béac thwr vién OpenGL

namespace OpenGL
{
class OpenGLl:OpenGLControl
{
public override void glbraw()//Phuong thic vE& dd hoa
{
GL.glClear (GL.GL_COLOR_BUFFER BIT | GL.GL_DEPTH BUFFER_EIT): /f Zba sach man hinh va ving dém
GL.glViewport (0, 0, 3ize.Width, Size.Height):; //Ehai b&ao kKhung nhin ad hoa daé ve
GL.glBegin(GL.GL_POINTS); //Khdi tao ché 48 dd hoa v cdo pixel

//Thuédt hién cdc thudt tosn vé dd hoa & day
GL.glVertexzi(-100, 100): //VE& mdt pixel tai toa dd (x=-100, ¥=100)

GL.glEnd()://Pong ché dé g4 hoa v& cdc pixel
GL.glFlush()://Don sach rac trong vang nhé
}
protected override void InitGLContext()//Phwong thic khéi tao céc théng =4 ad hoa
{
GL.glClearColor (0.0f, 0.0f, 0.0f, 0.0f); //Khdi tao wau nén (R,G,B,hé sd alpha), £ chi =8 thuc
GL.glColor3f(1.0f, 0.0f, 0.0f): //Khdi tao méu vé déi twong (R,G,B)
GL.glPointSize (1.0f)://Khdi tao kich thwée v& d4i twomg, chudn 1a 1.0
}
protected override void OnSizeChanged(Eventirgs e) //Phuong tlikc hat sy kién khi kich thudc giao dién thay adi
{
hase.On3izeChanged(e) ;
GL.glMatrixMode (GL.GL_PROJECTICH) ;
GL.glLoadIdentity();
GL.glOrtho(-Size.Width / 2, Jize.Width / 2, -Size.Height / 2, SFize.Height / 2, -3ize.Height / 2, Size.Height / 2):

Hinh phy luc 5: Viét code khdi tao ché dé do hoa OpenGL

Giso trinh D6 Hoa M4y Tinh 114



o Lo&p OpenGL khai bdo trén nhu mot User Control. Bay gio ta thém User

Control trén vao Form1 nhu sau: (hodc c¢6 thé kéo User Control qua Form)

File Edit ‘Miew Refactor Project Build Debug  Data  Tools  Window  Copimeumit — Help

H-E-E -l 6 G € - - b Debug ~ &ny CPU

E -: == [ QE_]. -i‘b =
b Start Page “Forml.cs | OpenGL.cs [ Forml.cs [Design]
, “% OpenGL.Forml
l B using System;
uszing System.Collections.Generic:
using System.ComponentModel;
using System.Datar
using System.Drawing;
using System. Text;
Lusing S3ystem. Tindows.Forms:
E namespace OpenGL
i
= public partial class Forml : Form

i
Opentl myOpenGl = new COpenGL () ;
= public Formli)

Hinh phu luc 6:Thém control OpenGL vao form

o Chay chuong trinh thtr (nhd chép file csgl.native.dll vao thu muc Debug),

néu thdy xuat hién mot pixel mau do trén nén mau den la thanh cong.

Hinh phu luc 7: Két qua khoti tao ché do do hoa OpenGL
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V& doi twong 3D trong OpenGL

OpenGL cho phép vé& cic ddi twong 3D dé dang va tao cdc hiéu tng mau, dnh séng,

bién ddi trong khong gian 3D rat chinh xdc. Sau ddy 1a mot s6 hinh anh 3D duogc 1ap

trinh tr thu vién OpenGL.

Hinh phy luc 8: Cdc doi twong hinh hoc 3D co ban

{# NeHe Lesson 07 — Texture Filters, Lighting & Keyboard Control =]

Sl = z : Fl
@W ; PRI p it

Hinh phu luc 9:Hinh khoi ldp phwong hién thi bang texture
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OpencL

2 _c W s

Hinh phu luc 10: Hinh 3D va phéng chir trong dé hoa OpenGL

@ Schaap's Fireworks -- Some Particle-Based Fi

M ||
51472009 | |

A & it o

Hinh phu luc 11: Phdo hoa dwoc biéu dién bang OpenGL
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| (3 Misc Pong Mania - 3D Pong!

-
4:46 PM
6/14/2009 | ||

O A
Hinh phu luc 12: Game don gidan viét bang OpenGL

Doan chuong sau minh hoa vé dbi twong hinh chép tam gidc. Ta thyc hién vé 4 mat
ctia hinh chép, mdi mit cta né 12 mot tam gidc gdm 3 dinh, ¢6 mau dugc pha tron tir

mau cua cac dinh.

glBegin (GL TRIANGLES):
glColor3f(1.0f, 0.0f, 0.0f):
glVertex3f (0.0£f, 100.0£, 0.0f);
glColor3f(0.0f, 1.0f, 0.0f):;
glVertex3f (-100.0£, -100.0f£, 100.0f);
glColor3f(0.0f, 0.0f, 1.0f):
glVertex3f (100.0£, -100.0£, 100.0f):

glColor3f(l.0f, 0.0f, 0.0f);
glVertex3f (0.0f, 100.0f, 0.0f):
glColor3f(0.0f, 0.0f, 1.0f):
glVertex3f (100.0f, -100.0f, 100.0f):
glColor3f(0.0f, 1.0f, 0.0f):
glVertex3f (100.0f, -100.0f, -100.0f):

glColor3f(l1.0£f, 0.0f, 0.0f):
glVertex3f (0.0f, 100.0f, 0.0f):
glColor3f(0.0f, 1.0f, 0.0f):
glVertex3f (100.0f, -100.0f, -100.0f);
glColor3f(0.0£f, 0.0f, 1.0f):
glVertex3f (-100.0f, -100.0f, -100.0f):

glColor3f(1.0f, 0.0f, 0.0f):
glVertex3f (0.0£f, 100.0f£, 0.0f);
glColor3f(0.0f, 0.0f, 1.0f):
glVertex3f (-100.0£, -100.0f£, -100.0f):
glColor3f(0.0f, 1.0f, 0.0f):
glVertex3f (-100.0f, -100.0f, 100.0f);:
glEnd () ;
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Vi 3 mit sau ciia ddi tuong trén bi khuat nén khi hién thi chi thdy mot mit ciia hinh

chép tam gidc.

2 c W n B 3

Hinh phu luc 13: Hinh chdp tam gidc ban dau trong OpenGL

Dé thay duoc cdc mit con lai ta phai quay hinh chép tam gidc quanh cic truc mot géc
nao do. Chéng han, ta quay hinh chép mot géc 30° quanh cdc truc x, y, va z, ta dugc
két qua sau: glRotatef(30, 1, 1, 1);

. L E & @@“ : - omE D

Hinh phy luc 14: Hinh chop tam gidc sau khi quay trong OpenGL
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