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LOI MO DAU

P hoa la ndt trong nhirng knh wrc phat trén rit nhanh éa nganh Céng ngh
thong tin. Nodugc ¢ng cung 1ong rai trong nku linh wc khoa hc va cong ngh
Chéng han nhr y hoc, kién tric, gii tri... D6 hoa may tinhia gitp ching ta thagbi
cach éam nhin va st dung may tinh, n@a tro thanh nlkng céng a truc quan quan
trong khong th thiéu trongdoi song hing ngay. Vi vy mon ‘Do hoa” da tr thanh
mot trong nlirng mén ke chinh trong cac chuyén nganh Coéngétitdng ting cac
truong dai hoc.

Cubn sach “Gido trinh ly thuyy dd hoa” duoc bién san theo sat éi dung
chuong trinhdao «o ar nhan Céng nghthdng tin. Nbi dung d@ia giao trinh nay
cung ép mot b kién thrc co ban vé ly thuyét va thuit todn xay d¢ng cac céng
dd hoa 2D va 3D. T d6 gitp sinh vién c6 thdoc lap xay drng nhirng thr vién do
hoa cho riéng minh va phéatén cac pin mém ang dung d6 hoa cao bn.

Gido trinhduoc chia lam 8 chong va pln phi luc, sau i chuong déu cé
phan bai fip dé kiém tra kién thic va rén lugn kha nang lap trinh cho bn doc. Bé
thuan tién cho véc trinh bay thét toan ndt cach @ hiéu, cac gii thuat trong gido
trinh dugc viét trén ngdn ng “tya Pascal” va cac ma nguduoc caidat trén Turbo
Pascal 7.0. Ndm giap tan doc bot lGng tlng trong qua trinh cakit cac gai thuat,
phan phu luc liét ké ndt sb ma ngén caidat cac thit toan trong cac atong. Tuy
nhién, fan doc nén tr cai dit cac thdt toand phan ly thuyét, néu cam thdy kho
khan [5m msi nén tham kko phan phy luc nay.

Churong 1, 2 va 3 trinh bayéwcac ¥u td co so ciadd hoa nhr: man hinhdd
hoa, diém, doan thing, dudng tron, cac Bimau va cac thit toan td mau, xén hinh ...
Chuong 4 trang bcéac kén thirc toan o vé cac phép B doi trong khong gian 2D
va 3D. Chrong 5, 6 va 7 dii thiéu cAc mé hinkid hoa 3D, cac dii thuat khar mat
khuat va o bong cho §t thé... Chrong 8 trinh bay & phuong phéap thit ké cac
duong cong Bezier va B-Spline.

Mic duda it ¢b ging trong qué trinh bién so nhing chic chin gido trinh
nay \dn khong ti tranh khbi nhiing thiéu s6t. Chiing toiat mong ntan dugc nhiing
y kién dong gop éa tan doc ading nhr cac fan dong nghép trong tnh wrc Db hoa
dé gido trinh ngay canduroc hoan thén hon trong bn tai bin saubia cH lién lac:

Khoa Cdng ngl# Théng tin, treong Pai hoc Khoa rpc Hué.
Dién thogi: 054.826767. Emailpaphuong@hueuni.edu.vn
nhtai@hueuni.edu.vn

HW, thang 08 riin 2003
Céac tac gi
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CAC YEU TO CO SO CUA PO HOA

1.1. TONG QUAN VE PO HQA MAY TIiNH

Db hoa may tinh 1a Bt 1anh wrc phat trén nhanh nht trong Tin lvc. NO dugc ap
dung ong rai trong nkiu 1anh wc khac nhau thic vé khoa hc, ky nghg, y khoa,
kién tric va gii tri.

Thuit ngir dd hoa may tinh (Computer Graphics)duogc dé xuit bai nha khoa hc
nguoi My tén la William Fetter vaoam 1960 khi 6ngiang nghién¢u xay drng mo
hinh bwng lai may bay cho hang Boeing.

Céc chlrong trinhdd hoa tng ding cho phép chdng ta laméeivoi may tinh nat

cach thai mai, tr nhién.
1.1.1 Gibi thiéu vé dd hoa may tinh

Db hoa may tinh 1a @t nganh khoa hpc Tin hec chuyén nghiénwu vé cac
phwong phap vaky thuat dé cé tié md # va thao tac trén catdi tuong aia thé gioi
thic bing may tinh.

Vé ban chit: d6 1a mdt qua trinh xay dwng va phat trién cac cong ¢ trén & hai
linh wrc phan arng va pn mém ho tro cho céacdp trinh vién thét ké cac clrong
trinh c6 kh niang db hoa cao.

Véi viéc mo ta dir liéu théng qua cac hinhanh va mau sic da chng aia no, cac
chuong trinhdd hoa throng thu hat ngoi sir dung boi tinh than thén, & dang,... kich

thich khi ning sangdo va nang caoamg st lam viéc.
1.1.2. CAC KY THUAT PO HOA

Dya vao cac plong phap ¥ ly dit liéu trong & thong, ta phan ra lam hajykhuat
dd hoa:

1.1.2.1. K thuét d6 hoa diém
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Nguyén ly @a ky thuat nay nhr sau: cac hinfinh dugc hién thi thdng quattng
pixel (trng mau rdi rac). Véi ki thuat nay, ching ta cé éhtao ra, x6a hac thaydoi
thuoc tinh @a trng pixel @a cacddi tugng. Cac hintinh duoc hién thi nhe mot luéi
diém roi rac (grid), g diém déu cé \i tri xacdinh duoc hién thi voi mot gia ti
nguyén biu thi mau dc haic db sang da diém do6. Tap hop tit ca cac pixel éa grid

tao nén hinkinh aiadéi tuong ma ta mén biéu dién.
1.1.2.2. K thuét dé hea vector

Nguyén ly @a ky thuat nay la xay ¢ng mé hinh hinh ¢t (geometrical model) cho
hinhanh déi tuong, xacdinh cac thac tinh @ia mé hinh hinh ét, saudé dya trén md
hinh naydé thyc hién qua trinh té trat (rendering} hién thi tirng diém cia mé hinh,

hinhanh aiadéi tuong.

O ky thuat nay, ching ta dHuu trir md hinh toan éc cia cac thanh gim trong mé
hinh hinh bc cung i cac théc tinh trong tng ma khdng an lru lai toan b tat ca

cac pixel @a hinhanh ddi tuong.

1.1.3.Ung dung cia d6 hoa may tinh hién nay

Ngay nay,dd hoa may tinhdwogc sr dung ong rai trong nkiu linh wrc khac
nhau nly: Céng nghip, throng mai, quan ly, gido dic, gii tri,... Sauday l1a ndt sd
trng ding tiéu béu:

1.1.3.1.Tgo giao dén (User Interfaces): nhcac clrong trinhing ding WINDOWS,
WINWORD, EXCEL ...dang duoc da $ nguoi st dung va chwng nhy tinh than
thién, & s dung.

1.1.3.2.Tgo ra cac béu do dung trong threng mai, khoa hpc va I§ thugt: Cac béu

dd duoc tao ra ét da chng, phong pha baodgn ¢ hai chéu lan ba chéu gop phn

thic ddy xu hréng phat trén cadc md hinh @l liéu hd trg dic luc cho véc phan tich
thdng tin va ty gilp ra qugt dinh.

1.1.3.3.Tw déng hoa vin phong va clé bin dign tr: dung nling tng ding aia do

hoa dé in 4n cac tai u v6i nhiéu loai dix liéu khac nhau nit van ban, biéu do, do thi

va nhéu loai hinhanh khéc ...

1.1.3.4.Thiét ké véi sw tro' gilp aia may tinh (Computer aided design): atltrong

nhitng loi ich 16n nhit cia may tinh 1a t gitp con ngoi trong viéc thiét ké. Caciing

2
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dung d6 hoa cho phép chiing ta #hiké cac thét bi co khi, dién, dién t, 6 t6, may bay,
... nhr phan mém AUTOCAD ...

1.1.3.5.Linh vuec gidgi tri, nghé thudt: cho phép cacda g tao ra cac hintainh ngay
trén man hinhi@a may tinh. Ngoi hoa § ¢6 th ty pha mau, tin mau, thrc hién mot
sb thao tac: at, dan, &y, xoa, phong to, thu h.. nhr cac plin mém PAINTBRUSH,
CORELDRAW,...

1.1.3.6.Linh viec bin dé: xay ding va inan cac ln do dia ly. Mot trong nhing tng
dung hién nay @ado hoa la I¢ thong thdng tindia Iy (GIS - Geographical Information
System).

1.1.4. Cacinh vic cia dd hoa may tinh

1.1.4.1. Cac & CAD/CAM (CAD - Computer Aided Design, CAM — Computer
Aided Manufacture)

Céc & nay xay dng tip hop cac cong e dd hoa try gitp cho véc thiét ké cac chi
tiét va cac B théng khac nhau: cac #ibi co khi, dién tir... Ching han nhr phin mém
Auto Cad @a hang AutoDesk...
1.1.4.2. Xr ly anh (Image Processing)

Pay 1a inh wrc xx ly cac dr liéu anh trong céc $Hng. Sau qua trinhexly anh, di
liéu dau ra laanh aia d6i tugng. Trong qué trinhxly anh, ching ta&sir dung rt
nhiéu cac K thuat phic tap: khéi phuc anh, xacdinh bién...

Vi du: prin mém PhotoShop, Corel Draw, ...
1.1.4.3. Khoa loc nhan dang (Pattern Recognition)

Nhan dang la nét linh wc trong K thuat xa Iy anh. Tr nhitng mau anh cé 4én, ta
phan lai theo du tric hdc theo cac piong phap xadinh naodé va king cac that
todn chon loc dé co the phan tich haydng hyp anh da cho thanh @t tap hop cacanh
gdc, cacanh goc nayduoc leu trong ndt the vién va én or vao thr vién naydé nhin
dang cacanh khac.

Vi du: PHin mém nhin cang chir viét (VnDOCR) d@a vién Céng ngh Thong tin
Ha Noi, nhan dang van tay, nin dang mat nguoi trong khoa hc hinh ...

1.1.4.4P6 hoa minh hoa (Presentation Graphics)




Churong |. Cac yéu té co sé ciia do hoa

Pay 1a Inh wc dd hoa bao ém cac céng ¢ tro gilp cho véc hién thi cac $ liéu
théng ké ndt cach terc quan théng qua cacamdé thi haic biéu b 6 gin. Ching han
nhu cac béu d6 (Chart) trong cac gim mém Word, Excel...

1.1.4.5. Hat hinh va ngh¢ thuat

Linh wrc d6 hoa ndy bao m cac cong ¢ gilp cho cac da 4, cac nha thit ké
phim anh chuyén ngldp thuc hién cac cong viic cia minh théng qua cacg/kkao &

tranh, hat hinh hac cac K xao dién anh khac...

Vi du: PHin mém xu ly cac K xao haat hinh nhr: 3D Animation, 3D Studio

Max..., plin mém x ly cac I§ xao dién anh: Adobe Primiere, Cool 3D,...
1.1.5. Tong quan & mét hé dd hea (Graphics System)
1.1.5.1. K théng dd hoa

Phan mém dé hea: La tip hop cac caudnh dd hoa aia k¢ thbng. Cac cauéhh lap
trinh ding cho céc thao té6 hoa khéngduoc cac ngén nglap trinh théng dng nhr
PASCAL, C, ... b tro. Thong throng, né ch cung ép nhr 1a mot tap cong @ thém
vao trong ngdn nigy Tap cac cdng e nay dungié tao ra cac thanh gin co sv caa Mht
hinh anh d6 hoa nhr: Biém, doan thing, dudng tron, mau &,... Quadd, cac nhadp

trinh phii tao ra cac chong trinhdd hoa cé ki nangung ding cao bn.

Phdn cing dé hea: La céc thét bi dién tr: CPU, Card, man hinh, cbity phim...

gilp cho véc thyc hién va phat tén cac pn mém do hoa.

1.1.5.2. Cac thanh pAn cia mdt hé théng dé hoa
Tap hop cac cbng e nayduoc phan lai dua trén nlrng cbng véc trong frng hoan

canh ax thé: xuat, nhap, bién doi anh, ... bao gm:

« Tap cOng @ tao ra anh goc (output primitives): cungap cac céng ¢ co ban
nhat cho vic xay drng cac hinkinh. Cacanh ghc bao @m céac chdi ky tu, cac thrc
thé hinh hoc nhr diém, duong thing, da giac,duong tron, ...

« Tap cac cdng a thay doi thudc tinh (attributes): dungé thaydoi thuoc tinh @ia
cacanh ¢bc. Céac thdc tinh @ia anh ghc bao m mau &c (color), kéu duong thing

(line style), kéu vin ban (text style), riu td vung (area filling pattern),...
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» Tap cac cong a thay déi hé quan séat(viewing transformation): Mt khi ma cac
anh gic va céc théc tinh @ia nédugc xacdinh trong 8 toa do thuc, ta én phii chiéu
phin quan satia anh sang rt thiét bi xuat cu thé. Cac cdng ¢ nay cho phéginh

ngha cac vung quan sat tréé thado thuc dé hién thi hinhanh dé.

e Tap cac cong a phuc vu cho céc thao tac np dir liéu (input operations): Cac
trng dung do hoa 6 tié sr dung nhiu loai thiét bi nhap khac nhau nhbdt &, bang,
chuwt, ... Chinh vi gy, cin xay drng thém cac conguanaydé diéu khién va xx Iy cac
dir liéu nhip sao cho cé Bu qua.

Mot yéu éu vé phan arng khéng th thiéu dit ra cho cac pin mém db hoa la:
tinh & mang chugn (portability), c6 ngta 1a chrong trinh c6 th chuyén d6i mot
cach @& dang gira cac kéu phin arng khac nhau. 8u khéng c6 s chuin hoéa, céac
chuong trinh thét ké thuong khdng th chuyén dbi dén cac 1§ thong phin arng khéc
ma khong Wt lai gan nhr toan  cheong trinh.

Sau nitng rd luc caa cac  chirc chuin héa giée t#, mot chuan cho véc phat trén
cac plin mém d6 hoa da radoi: d6 1aGKS (Graphics Kernel System- Hé d6 hoa o
s6). Hé thdng nay bantiu duoc thiét ké nhu [a mot tap cac céng e dd hoa hai chéu,
saudo dugc phat trén ¢é mo rong trongdd hoa ba chiu.

Ngoai ra, con cé Bt sb chuin db hoa pld bién nhu:

. CGI (Computer Graphics Interface Systemy:dhan cho cac phiong phap

giao tép véi cac thét bi ngaai vi.
. OPENGL: thu vién d6 hoa aia hing Silicon Graphics.
. DIRECTX : thu vién db hoa aia hang Microsoft.
1.2. MAN HINH PO HOA

Mdi may tinhdéu c6 mét CARD dungdé quan Iy man hinh, gi 1a Video Adapter
hay Graphics Adapter. C6 ghi loai adapter nt: CGA, MCGA, EGA, VGA,
Hercules... Cac adapter cé& tm viéc ¢ hai clé d6: vin ban (Text Mode) vaid hoa
(Graphics Mode).

C6 nhiu cachdé khoi tao caAc modetd hoa. Ta cé th s dung ham $00 nig $10

cua BIOS i cac Mode sau:
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« Mode $12: ch d6 phan gii 640x480x16
« Mode $13: ch do phan gii 320x200x256

Ta c6 tke viét mot thu tuc dé khoi tao ché d6 dd hoa nhr sau:

Procedure InitGraph(Mode:Word);
var Reg:Registers;
Begin
reg.ah :=0;
reg.al := mode;
intr($10,reQ);
End;

Céc tun c6 thé tham khio thémé cac tai lidu vé Idp trinh hé thong.
1.3. CAC KHAI NI EM
1.3.1.Diém (Pixel)
Trong cac B thdng do hoa, mbt diém dugc biéu thi boi cac badod bang 9.
Vi du: Trong it phing, not diém & ndt cip (x,y)
Trong khdng gian ba chi, mot diém la b ba (x,y,2)

Trén man hinhi@ may tinh, rt diém la not vi tri trong vang nl man hinh dung
dé luu trir cac théng tin & d6 sang @éadiém twong tng trén man hinh.

S5 diém V& trén man hinhdugc goi la dé phan gii cia man hinh (320x200,
480x640, 1024x1024,...)

Céch hién thi thdng tin 1én man hinhdé hea:

Ving déém man hinh hay conogla bd nhs hién thi duoc bit dau tr dia ch
AO000h:$0000h Vi vay, dé hién thi théng tin ra man hinh thi taictin dwa thong tin

vao vungdém man hinh fit dau tir dja cH trén ladwoc.
C6 nhiu cachdé vé mot diém ra man hinh: c6 éhdung cac pic vu cia BIOS héc
cling c6 tké truy xuit truc tiép vao vang nb man hinh.

« Néu dung phc wu cua BIOS, ta dung ham $0C #tgb10:

Procedure PutPixel(Col,Row:Word; Color:Byte);
Var reg:Registers;

Begin
reg.ah:=$0C;
reg.al:=Color;
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reg.bh:=0;

reg.cx:=Col,

reg.dx:=Row;

Intr($10,req);

End;
« Néu mudn truy xuft tryc tiép vao vingdém man hinh: Gi st mot diém (x,y)

duoc V& trén man hinh & d6 phan gii 320x200x256 (mode 13h{jiém d6 < duoc
dinh Vi trong viingdém bit dau tr dia cH segment A00OOh vdia cH offsetdugc tinh

theo cOng thc: Offset = y*320 + x

Ta co tht viét tha tuc nhr sau:

Procedure PutPixel(x,y:Word; Color:Byte);
Var Offset:Word;
Begin
Offset:=(y shl 8) + (y shl 6) + x;
Mem[$A000:Offset]:=Color;
End;

1.3.2. Céc béu dién toa do

Hau hét cac clrong trinhdd hoadéu dung k& toado Decartes (Hinh 1.1).

Ta bén doi:
Q MaxX
Y YA
|
/o x |7 X
|
|
|
I
MaxY
Toadd thé gisi thuc Toa do thiét bi man hinh.
Hinh 1.1
1.3.3.Poan thiang
Trong céac B théng d6 hoa, cacdoan thing duoc biéu thi bai viéc “t6” doan thing

bat dau tir diém dau mut nay kéo dai chdén khi gip diém dau mut kia.

1.4. CAC THUAT TOAN VE POAN THANG
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1.4.1. Bai toan V& doan thang di qua 2diém A(x1,y1) va B(x2,y2)
* Truong hop x1=x2 hac y1=y2: ht don gian.

* Truong hyp duong thing c6 1§ sd goc m:

Y wong:

Vi céc Pixeldugc V& ¢ cac \ tri nguy@n némtuong thing duoc V& gibng nhr hinh
bac thang (do lam tron).

Van dé dit ra 1a clon cac bado nguyén gn véi duong thing nhit.

1.4.2. Thuat toan DDA (Digital differential analyzer)
Xét duong thing c6 1§ sb goc 0<nxl(gia S diém dau A nam bén trai vatiém cubi
B nam bén phi). Néu ta clon Ax=1va tinh gia try ké tiép nhr sau:
Yerr = Y T AY = Y+ mAX
=y +m
Véi hé sb goc m>1: ta hoaddi vai trd aia X,y cho nhau. 8l chpn Ay=1 thi:
Xer1 =%+ 1/m
Tuong tr, réu diém B rim bén trai va A #m bén phi thi:
Vet = Y- M (O<nxl, Ax= -1)
X1 =%-1/m  (m>1Ay=-1)
Tom lai: Ta cé thidt toan \& dudong thing DDA nhr sau:
> Nhap A(x1,yl) B(x2,y2)
» TinhAx=x2-x1 Ay=y2-yl Step = Maxt| , Ay|)
» Khoi tao cac gia tr.
IncX =Ax/Step; IncY =Ay/Step; {hrdéc tang khi \&}
x=x1;, y=yl; {Chn diém & dau tién}
Ve diém (X,y);
> Choi chuy tir 1 dén Step:
= X=X+IncX; y=y+IncY;
= V& diém (Round(x),Round(y))
Tir d6 ta c6 thi tuc V& doan thing theo that toan DDA nhr sau:
Procedure DDALine(x1,y1,x2,y2:Integer);
var dx,dy,step,i:integer;
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xInc,ylInc,x,y:real;
Begin
dx:=x2-x1; dy:=y2-y1;
If abs(dx)>abs(dy) Then step:=abs(dx)
else step:=abs(dy);
xInc:=dx/step;
yInc:=dy/step;
X:=x1;
y:==yl;
Putpixel(round(x),round(y),15);
for i:=1 to step do
Begin
X:=x+xInc;
y:=y+yinc;
Putpixel(round(x),round(y),15);
End;
End;

1.4.3. Thuit toan Bresenham A
Phrong trinhduong thing c6 tié phat
biéu dudidang:y=m.x+b (1)

N N 2 .2 Yi + .
Phrong trinhduong thang qua atiem: 1
x—-x1 - y—w_ (*) y
x2-x1 y2-vyl
Yi /‘ ®
bat Ax=x2-x1
Ay =y2 -yl i XiF1 >
(*) = y=x &y, yl - xl.A—y Hinh 1.2
AX AX
_Ay 4 -
Suy ram A nén Ay =m.AXx (2)
X
b =yl-mx1l (3)

Ta ch xét trrong hop hé 6 goc 0<m<1.

Gia sir diém (xi,yi) daduoc V8. Ta phii chon diém ké tiép 1a:
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(x + 1,y) haic (x +1,y +1) (Xem hinh 1.2)
Xét khaing cach dia 2 diém chon voi diém nam trénduong thre. Néu khaing
cach nao bédn thi ta fy diém do.

Pit:

h=y-y=m@x+l)+b-y

b=(+1l)-y=y+1-m(x+1)-b
Suy ra:

d-h=2m.(x+1)-2y+2b-1

=2 (x+1)-2y+2b-1
AX

= AX(d; - i) = 2Ay.X; - 2AX.y; + 2Ay + Ax.(2b - 1)
bat p=4Mx(d;-d) va C=2y+Ax.(2b-1)

thi p = 2Ay.x; - 2AX.y; + C (4)
P1 = 2AY.Xisg - 2AX.Yiug + C
Suy ra:
Pe1 - B = 28Y(Xie1 - X)) - 2BX(Yi - Yier)
= Ay - 20X(Yie1 - Vi) (5)
(ViXa-%=1)
* Nhgn xét

Neup<0:Chonyi =y T B)= P =P+ 28y.  (dh<dp)
Neup=0:Chnyi; =yi+1 Tu(B)=pwu=p+20y-2Ax. (d>d,)
Véi diém matdau tién, theo (4) ta co:
P = 20y.X; - 2AX.y; + 20y + AX[2.(y; - M) - 1] = 2Ay - AX
Tir d6, ta co th tom t thuat toan & duong thing theo Bresenham charémg hop hé
sb géc 0<m<1 nh sau:
« Buwéc 1 Nhap cacdiém dau mat.Diém dau mat bén trai oa hado (x1,y1),diém
dau mat bén phi chira bado (x2,y2).
« Buwéc 2 DPiém duoc chon dé vé dau tién 1a (x1,y1).
 Bwéc 3 TinhAx = |x2 - x1| Ay = |y2 - y1| va P= 2Ay - Ax
Néu p < O thidiém ké tiép 1a (x + 1,y)
Nguoc lai: diém ké tiép 1a (x + 1,y + 1)

10
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Sauday la thi tuc caidat thuat toan:

Buwéc 4 Tiép tuc ting x 18n 1 PixelO vi tri x; +1, ta tinh:

Pe1 = P+ 20y neup <0
Pei=p+2.(Ay-Ax) nfup=0

Néu p.1 < 0 thi ta chn toa d6 y ké tiép 1 v,

Nguoc lai thi ta clon y.q +1

Buwéc 5 Lip lai budc 4 chodén khi x = x2.

Procedure LINE(x1,y1,x2,y2:integer); { 0<m<1}

var dx,dy,x,y,p,cl,c2,xMax:integer;

Begin

dx:=abs(x1-x2);
dy:=abs(yl-y2);
cl:=2*dy;
c2:=2*(dy-dx);
p:=2*dy-dx;
if x1>x2 then
begin
X:=X2; y:=y2; xMax:=x1,;
end
else
begin
x:=x1;y:=yl;xMax:=x2,;
end,;
putpixel(x,y,red);
while x<xMax do
begin
X:=x+1,;
if p<0 then p:=p+cl
else begin
y:=y+l;
p:=p+c2,
end,;

11
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putpixel(x,y,red);
end;
end,;

1.4.4. Thiuat toan MidPoint
Ta ch xét trrong hop hé b goc 0<m<1.
Thuat toan naydua ra cach aofn diém S(x+1,y) hay P(x+1,y+1) bing cach so
sanhdiém thec Q(x+1,y) Wi diém M (trungdiém caa S va P).
> Néudiém Q ram dudi diém M thi clondiém S
> Nguoc lai, chon diém P. (Xem hinh 1.3)
Ta c6 dng Hng quét éa phrong trinhdudng thing:
Ax+By+C=0
VoiA=y2 -yl K B=—-(x2-x1),
C=x2.yl -x1.y2
bat F(x,y) = Ax + By + C, ta c6 rim xét:
< 0 r8u (x,y) rim phia trénfuong thing
F(x,y)< =0 #Bu (x,y) thibc V& duong thing
> 0 rgu (x,y) rim phia aréi duong thing
Ldc nay, véc chon cacdiém S hay Rluoc dua \é viéc xét diu aua:

p=F(M) = Fs+ Ly +2)

> Néu p < 0= M nam trén doan A

thang= Q ram dusi M = Chon S

> Néu p=0= M nim dueéi doan VYi*

=

thang= Q ram trén M= Chon P
Mat khac:

po= FO+ 1,y+%)

v

Xi

1
Pe1= FOGr + LY + ) Vo
2 Hinh 1.3

nén

1 1
Pir- P = F(e1 + L Yer + E) -F(x+ Ly + E)

12
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= A1) + B + ) + C - A1) - Bly + 5) - C

= A% - %) + B(Yier - )
= A+ B(Yer - Y1) (VI X1 - % =1)
Suy ra:
Pirs = P + A+ B(Yiur - Vi) *)
*Nhgn xet:
.Néu p < 0: Chon diém S:yi.q = Y, Te(*)suyrapi=p+A
.Néup=0:ChondiémP:y,; =y +1 Te(*)suyrap,.=p+A+B
Véi diém matdau tién, ta co:

D= Fq+ Ly + %) = A(xa+1) + By, + %) +C

:Ax1+Bx1+c+A+g :A+g (vi Axq + Bx, + C = 0)

Thuit toan MidPoint cho & qui tirong tr nhur thugt toan Bresenham.
1.5. THUAT TOAN V E PUONG TRON
Xét duong tron (C) tam O(xy.) ban kinh R. ( 4

Phrong trinh 6ng quét éadudng tron cé dng: v \
XX+ (y-w' =R (¥ € / ooy

= Y=Yt JR-(x-x)" (1)
2 . \ . (-X!- (X)-
bé don gian thuit toan,dau tién ta xéduong » A
(

tron c6 tamy goc toadd (x.=0 va y=0). >

v

*Y trong: Hinh

Do tinh dbi xtng aia duong tron nén éu diém t
(x,y)O(C) thi caadiem (y,x), (-y.X), (-X.y), (-X,-Y), (-¥,-%), (¥,-X)(x,-y) ciing O (C) (Hinh 1.4)
Vi vay, ta ch can v& mot phin tdm cung trondi lay d6i xang qua gc O va 2 tac toa

do thi ta céduoc toan 6 duong tron.

1.5.1. Thuat toan Bresenham

Gia sir (x;,y;) d& & dugc. Gin chpn diém ké tiép 1a (x +1,y) haic (x +1,y -1)
(Hinh 1.5)

Tur phrong trinh: X + Y = R

ta tinhdugc gia ti y thuc rng Wi x; +1 la:

13
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Y =R - (x +1)

Pat o =y2-yP =y - R+ (% + 1 4
d= ¥ - (- 1F = R~ ( + 1F - (yi - 17 R~

Suy ra: in

p=d-h=2.(x+1F+y*+(y-1F-2R (2 1 o
= Pt = 2.001 + 1P + Vs + (Vs - 1Y - 2R (3) R
Tu (2) va (3) ta co: X. .

P~ P = 4% + 6+ 2.(ier - Y1) - 2,01 - V) Hinh
= Per =0+ A%+ 6+ 2.(Fir - Vi) - 2.(%e1 - )

(4)

* Nhgn xét
Néu p < 0: chon iy =y, 4)=pe=p+4%+6
Neup=20:chony=Vyi-1 (A)=pa=p+4.05-Vy)+10
Ta clon diém dau tién é@n vé (0,R), theo (2) ta c6: p1 = 3 - 2R
TOm lgi: Ta co thdt toan & duong tron:
« Buwéc 1: Chon diém dau céin v& (x1,y1) = (O,R)
« Buwéc 2 Tinh Pdau tién: p1 = 3 - 2R
Néu p < 0: clon diém ké tiép 1a (% +1,y). Nguoc lai chon diém (x + 1,y - 1)
 Buwéc 3 x:=x + 1, tinh &i p:
Néup < 0:ps = p + 4% + 6. Ngroc lai: py = p + 4.0 - y) + 10
Khi dé:
Néu p.1 < 0: cton diém ké tiép 1a (% +1,Yi+1). Nguoc lai chon diém (x+1,Y.1-1)
« Buwéc 4 Lip lai buéc 3 chodén khi x = y.
Sauday la thi tuc dé caidat thuat toan:
Procedure Circle(x0,y0,r:Integer);
Var p,x,y:Integer;
Procedure VeDiem;
Begin
PutPixel( x0 + x , y0 + vy, color);
PutPixel( x0 - x , yO + vy, color);
PutPixel( x0 + x , y0 -y, color);
PutPixel( x0 - x, y0 -y, color);

14
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PutPixel( x0 +y , y0 + x, color);
PutPixel( x0 -y, y0 + x, color);
PutPixel( x0 + vy, y0 - x, color);
PutPixel( x0 -y, y0 - x, color);
End,;
Begin
x:=0; y:=r;
p:=3 - 2*r;
While x<=y do
Begin
VeDiem;
If p<O then p:=p + 4*x + 6
Else
Begin
p:=p + 4*(x-y) + 10;
y:=y-1,
End;
X:=x+1;
End;
End;

1.5.2. Thuat toan MidPoint
T pheong trinhduong tron: X + y? = R +
Pat F(x,y) = ¥ + y* - R ta c6: yi ®

< 0 rgu (x,y) & trongdudng tron

|

F(x,y)< =0 8u (x,y) ¢ trénduong tron 1

> 0 rgu (X,y) & hgoaduong tron

Lac nay, véc chpn cacdiém S(x+1,y) hay Xi xi +1

P(x+1,y-1) dugc dua \E viéc xét diu caa:
p=FM)=F+1)- %) (Hinh 1.6)

> Néu p< 0= M nam trongduong tron= Q gin S lon = Chon S
> Néu p=0= M nim ngoaidudng tron= Q ¢in P ton = Chon P

15
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Mat khac:

1
P =F(x+1,y-§)

1
Pe1 = FO%1 + 1Y - E)

nén

1 1
Pir- B = F(er + 1Y - E) -F(x + 1y - E)

= (00t + Ooa - 5)° - R - [P + (- 5 ) - R

= (062 + (s - ) - R - (1) + (- 5 ) - R

= 2%+ 3+ (Wi - Y - (Viur - ¥8)

Suy ra:

Pier = P+ 2% + 3+ (er” - Vi) - (Vier - V1) (*)

*Nhdn xét:

.Néu p <0: Clondiém S :yj1 = Y

Tur (*) = pwr=p+2%+3

.Néup=0:ChondiemP:yiy =Vi-1 Te*) =pm=p+20%-y)+5

Véi diém dau tién (0,R), ta co:

by :F(x1+l,yl-%):F(l,R-%):1+(R-%)2-R2:§-R

1.6. THUAT TOAN VE ELLIPSE

4

Dé don gian, ta clon Ellipse c6 tamy goc toa A
d6. Phrong trinh @ia né co dng:
2 2

X_ + y_ = K
a® b’

9 , 2 g
Tacoth viétlai:  y’=-— X+ (¥
a
*Y tgng: Gidng nhr thuit todn \& duong tron. Hinh

1 7

Chi c6 sr khac bét ¢ day |a ta phi v& 2 nhanh: Mt nhanh ¢ trén xwng va not

nhanh t dudi 18n va 2 nhanh nayesgap nhau 4i diém mag do ke b goc @a tiép

tuyén voi Ellipse = -1 (Hinh 1.7).

Phrong trinh tép tuyén véi Ellipse i diém (xo,Yo) O (E) :

16
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X y _
)@.g + yo.F =1

X, b?
-
Yol

Suy ra, & sb goc @a tiép tuyén tai diém do la:

1.6.1. Thuiit toan Bresenham

O day, ta chi xét nhanh & tir trén xung.

Gia sr diém (x,y,) da duoc V&. Piém tiép theo én chon < 1a (x+1,y) haic
(xi+1,%-1)

2
Thay (x +1) vao (*): Y= -% (X +1Y + 1
Pit:
dy= yiZ - V2 = yi2 b? 2 _p?
=Yyl -y =Y +¥-(Xi +1) -

d= 2 - (y -1F = z— (6 +1F + 1P - (y, 17

S p=d- =202 (1P 4 2,08+ ) 1

P = 2-[2—2 (Xieg 1) - 07 + 2.(Yer” + Wiea) -1
Suy ra:

i P =22 [ #1P (1 + 2002V W) ()
*Nhdn xét

e pPi<0:Chny, =Y,
2
() = B = p + 2.% (2% + 3)

e p20:Chhny,i=y -1

2

(%) = P =p + 2.2 (2x +3) - dy
a
Vi diém dau tién (0,b), ta co:
b2
Q_ = 2; - 2b +1

T d0, ta co th tuc vé Ellipse nhr sau:

17
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Procedure Ellipse(xc,yc,a,b:Integer;Color:Byte);

Var p,a2,b2:real,

X,y:integer;

Procedure VeDiem;

Begin
PutPixel(xc+x,yc+y,Color);
PutPixel(xc-x,yc+y,Color);
PutPixel(xc-x,yc-y,Color);
PutPixel(xc+x,yc-y,Color);

End,;

b2:=b*b;
{Nhanh 1}
x:=0; y:=b;
p:=2*b2/a2 - 2*b + 1;
While (b2/a2)*(x/y)<1 do
Begin
VeDiem:;
If p<0 then p:=p + 2*(b2/a2)*(2*x+3)
else Begin
p:=p - 4*y + 2*(b2/a2)*(2*x+3);
y:=y-1;
End;
X:=X+1;
End,;
{Nhanh 2}
y:=0; x:=a;
p:=2*(a2/b2) - 2*a + 1,
While (a2/b2)*(y/x)<=1 do

18



Churong |. Cac yéu té co sé ciia do hoa

Begin
VeDiem;
If p<0 then p:=p + 2*(a2/b2)*(2*y+3)
else Begin
p:=p - 4*x + 2*(a2/b2)*(2*y+3);
X:=x-1;
End,;
y:=y+l;
End,;
End,;

1.6.2. Thiuat toan MidPoint

Goiy:
. ) . X2 yz
Phrong trinh Ellipse: e + b =1
Nhanh L
po=tf -+ d

If pp<0Then p;=p + B + 2%
else p1 = p + B + 241 - 2&Yinst
Nhanh 2

=+ )+ d(yi- 1F - b’

If pi>0Then pi=p + & - 2&Yyins
else p1 = p + & + 2% - 2Yieg
Procedure MidEllipse(xc,yc,a,b:Integer;Color:Byte);
Var p,a2,b2:real;
X,y:Integer;

Procedure VeDiem;

Begin
PutPixel(xc+x,yc+y,Color);
PutPixel(xc-x,yc+y,Color);
PutPixel(xc-x,yc-y,Color);
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PutPixel(xc+x,yc-y,Color);
End;

{Nhanh 1}
x:=0; y:=b;
Vediem;
p:=b2 - a2*b + 0.25*az;
While (b2/a2)*(x/y)<1 do
Begin
X:=x+1,;
If p<O Then p:=p + b2 + 2*b2*x
else begin
y:=y-1;
p:=p + b2 + 2*b2*x - 2*a2*y;
end,;
Vediem;
End;
{Nhanh 2}
p:=b2*(x+0.5)*(x+0.5) + a2*(y-1)*(y-1)- a2*b2 ;
While y>0 do
Begin
y:=y-1;
If p>0 Then p:=p + a2 - 2*a2*y
else begin
X:=X+1;
p:=p + a2 + 2*b2*x - 2*a2*y;
end,;
Vediem;
End;
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End;
1.7. PHUONG PHAP VE PO THI HAM SO
1.7.1. Bai toan V& db thi caa ham 8 y = f(x) tréndoan [Min,Max].

*Y twong: Cho x chy tir ddu dén cui dé lay cac bva do (x,f(x)) saudo lam tron
thanh & nguyén éi ndi cacdiém do lai véi nhau.
1.7.2. Gil thuat:
« Buwéc 1: Xacdinhdoan cin v& [Min,Max].
« Buwéc 2: -Dit goc toadd [én man hinh (x0,y0).
- Chia ¥ 18 vé trén man hinh theoarsd k.
- Chon burdc ting dx @a mbi diém tréndoan cin Vé.
« Buwéc 3: Chon diém dau cin vé&: x = Min, tinh f(X)
Doi qua baddé man hinh va lam tron:
x1:=x0 + Round(x.k);
y1:=y0 - Round(y.k);
Di chuyén dén (x1,y1): MOVETO(x1,y1);
* Buwéc 4
Tang x Ién \bi s6 gia dx: x:=x + dx;
Déi qua baddé man hinh va lam tron:
x2:=x0 + Round(x.k);
y2:=y0 - Round(y.k);
V& dén (x2,y2): LINETO(x2,y2);
« Buwéc 5: Lap lai budc 4 chodén khi x > Max thi @ng.
Vi du: V& db thi ham $ f(x) = Sin(x)
Uses crt,Graph;
Var dau,cuoi:real;
Gd,Gm:Integer;
Function F(x:real):real;
Begin
F:=Sin(x);
End,;
Procedure VeHinhSin(ChukyDau,ChuKyCuoi:real);
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var x1,y1,x2,y2:integer;
a,x,k:real;
x0,y0:word;
Begin
x0:=GetMaxX div 2;
y0:=GetMaxy div 2;
K:=GetMaxX/30;
a:=Pi/180;
x:=ChuKyDau;
x1:=x0 + Round(x*Kk);
y1:=y0 - Round(F(x)*k);
Moveto(x1,yl);
While x<ChuKyCuoi do
Begin
X:=X+3a,;
x2:=x0 + Round(x*K);
y2:=y0 - Round(F(x)*k);
LineTo(x2,y2);
End;
End;
BEGIN
Gd:=0;
InitGraph(Gd,Gm,'C:\BP\BGI’);
Dau:=-4*Pi; cuoi:=4*Pi;
VeHinhSin(Dau,cuoi);
repeat until KeyPressed;
CloseGraph;
END.
BAI T AP
1. Cho haitiém A(20,10) va B(25,13). Hay tinh cac giaRi, xi, yi & mdi budc khi &
doan thing AB theo that toan Bresenham/MidPoint vatlkgaa dién vao kng sau:
i 1 2 3 4 5 6
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Churong |. Cac yéu té co sé ciia do hoa

Pi ? ? ? ? ? ?
Xi ? ? ? ? ? ?
yi ? ? ? ? ? ?

2. Caidit tha tuc V& doan thing theo thét toan Bresenham va MidPoint cho céac
truong hop hé s goéc m>1, m<-1, -1<m<0.
3. Viét thu tuc LineTo(x,y:Integer); dé vé doan thing tir vi tri hién thoi dén diém c6
toado (x,y).
4. Viét tha tuc LineRel(dx,dy:Integer); dé vé doan thang tir vi tri hién thoi dén diém
méi cachdiém hién thoi mot khaang theo tac x 1a dx va theo tic y [a dy.
5. Caidat tha tuc vé duong tron theo théit toan MidPoint.
6. Viét tha tuc Arc(x0,y0,91,92:Integer; R:Word); dé vé cung tron c6 tam (x0,y0)
ban kinh R i géc bit dau 1a g1 va goc & thac 1a g2.
7. Viét thu tuc Sector(x0,y0,g91,g2:Integer; Rx,Ry:Word);dé vé cung Ellipse c6 tam
(x0,y0) ban kinh theodr X 1a Rx, béan kinh theouc Y 1a Ry Wi goc hit dau la g1
va goc Kt thac 1a g2.
8. Viét thu tuc DrawPoly(P:Array; n:Byte; xc,yc,R:Word); dé vé mot da giacdéu
c6 ndinh lru trong nang P i tiép trongdudng tron tam (xc,yc) ban kinh R.
9. Viét tha tuc Circle3P(A,B,C:ToaDo2D); dé vé dudng trondi qua 3diém A,B,C.
10. Viét tha tuc Arc3P(A,B,C:ToaDo2D); dé vé cung trondi qua 3diém A,B,C.
11. V& db thi cAc ham & sau:

y=aX+bx+c, y=ax+tbx+cx+d, y=ak+hbi+cdé+dx+e

_ax+b _ax’ +bx+c
cx+d’ dx+e

12. V& cacduong cong sau:

_ XY X2y
yEx Gl g T

Bai tdp lon: Viét cheong trinh kiio sat va ¥ d6 thi cac ham & so cip & bai ip  11.
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CHUONG 2

TO MAU

2.1. GIOI THI EU VE CAC HE MAU

Gi4c quan ¢a con ngdi cam nhin duoc cac vt thé xung quanh théng qua cac tia
sang maudt hon rat nhidu so Wi 2 mau téng den. Vi \y, viéc xay drng nén cac

chuan mau & mt trong nhiing ly thuyét co ban acia ly thuyét do hoa.

Viéc nghién ¢u v& mau éc ngoai cac §u to vé mat vat Iy nhu buéc song, aong
d6, con c6 3 yu 6 khac lién quardén cam nhan sinh ly @a mit nguoi dudi tacdong
cia chum sang madi dén tr vat thé 1a: Hue (8c mau), Saturationd6 bao hoa),
Lightness ¢6 sang). Mt trong ntirng K mauduoc sr dung ©Ng rai dau tién do
A.H.Munselldua ra vao am 1976, bao §m 3 yéu t: Hue, Lightness va Saturation.

Ba mé6 hinh maduoc sr dung va phat tén nhiu trong cac pin aing la: RGB -
ding \6i cac man hinh CRT (Cathode ray bube), YIQ — diiagg cac A thdng ti vi
mau king @n rong va CMY - & dung trong not sb thiét bi in mau.

Ngoai ra, con cé nbir & mau khac ni: HSV, HSL, YIQ, HVC, ...
2.1.1.H RGB (Red, Green, Blue)

M3t cua chiing ta am nhan ba mau rd rdt 14 Red @0), Green (ic), Blue (xanh).
Vi vay, nguoi ta ¢ xay drng mé hinh mau RGB (Red,Green, Blue)ap it ca cac
mauduoc xacdinh thdng qua ba maura néu. Chén naydau tiénduoc xay drng cho
cac ¢ vo tuyén truyen hinh va trong cac may vi tinhattnhién, khéng pii Ia tat ca
cac maudéu co té biéu dién qua ba mau néi trén mhg hiu hét cac mautéu co tre
chuyén vé duoc.

Hé nayduoc xem nir mot khdi ba chéu véi mau Red Ia trc X, mau Green ladc
Y va mau Blue 1a trc Z. Mdi mau trong B nay dugc xacdinh theo ba thanh ph
RGB (Hinh 2.1).



Chuwong 1. TG mau

Blue Cyan
Magent White
Black N
Green
Red Yellow

Hinh 2.1. ¥ mau RGB
Vi du:
Mau Red la (1, 0, 0)
Mau Blue 1a (0, 0, 1)
Red + Green = Yellow
Red + Green + Blue = White
2.1.2. B CMY (Cyan, Magenta, Yellow)

Hé nay ding duoc xem nlr mot khdi ba chéu nhr hé RGB. Nhrng t& CMY trai
nguoc Voi hé RGB, cling han:
White c6 thanh pin (0, 0, 0)
Cyan c6 thanh gim (1, 0, 0)
Green c6 thanh gh (1, 0, 1) ...
Sauday la cong ttic chuyén d6i tir hé¢ RGB — CMY :
C 1 R
MI=[1—-|G
Y 1 B
2.1.3. B YIQ

Hé mau nayduoc tng ding trong trugn hinh mau ng én rong ti My, dodo no

c6 mdi quan 1§ chit chd vi man hinh raster. YIQ lausthay déi ca
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Chuwong 1. TG mau

Y 0299 0587 0114 R
| |=10596 -0275 -0321|*|G
Q 0212 -0523 0311 B

Ma tran nghtich dao cia ma tan bién d6i RGB thanh B YIQ dugc st dung cho phép
bién d6i tir hé Y1Q thanh RGB.
2.1.4. £ HSV (Hue, Saturation, Value)

MO hinh mau nay coduoc goi la e HSB Wi B |a Brightnessdo sang) da trén o
s nén tang tnrc giac \é tong mau, & d6 va sic thai ny thuat (Hinh 2.2).

Hue c6 gia trtr O°~ 360

S,Vcogiatrtr 0 - 1

Green Yellow

Cyan

0.0 ¢
Black

Hinh 22. H¢ mau HSV

Vi du:

Reddugc biéu dién (¢, 1, 1)
Greenduoc biéu dién (120,1,1)
2.1.5. B¢ HSL (Hue, Saturation, Lightness)

Hé naydugc xacdinh bai tap hop hinh chép sauaah déi cua khéng gian hinhir
(hinh 2.3).

Hinh 2.3. B mau HSL
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2.2. CAC THUAT TOAN TO MAU
2.2.1. Bai toan

Choda giac S xadinh ki n dinh : B, P,
..., P Hay t6 mau néin S.

* Phuong phapdng quat :

- Tim hinh clt nhat W nh nhit chta S P,
(hinh 2.4).

- Duyét qua it ca cacdiém P(x, y) O W. P
Néu PO S thi t6 mawtiém P. Hinh 2.4
2.2.2. Thuit todn xacdinh PO S

2.2.2.1. S lata giac bi

- Ldy PO W, ndi P wi cacdinh aia S thi taduoc n tam giac : S PRP.y, VOi
Pre1=P1.
n
“Néu D, d(S) =dy(s) thi PO S.
i=1

Ta c6 cOng thc tinh dén tich @a S:

1 n
s_~2|Z§>.<y+1—x+1>{)I
i=1

2.2.2.2. Taeong hep téng quét (Thuit toan Jordan)
Lay P(x, y)O W, k& niradudng thing AP xuit phat r P va khongti qua caatinh
cuada giac S.
Goi S(P) 1a 6 giaodiém caa AP Wi cac bién éa S.
Néu S(P) & thi PO S.
*\/an dé con hi 1a tim S(P):
Buwéc 1 Ké niraduong thing AP // Oy va lrxéng & phia y>0.
Bwéc 2 V6i mdi canh G= PP, cia S:

+ Néu x=x, thi xét 2 anh c6 1dau 1a P:

Néu y<y: thi
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« Néu ca 2dau kiag cung ndt phia @a AP thi ta tinhAP cit ca 2 canh.
« Nguoc lai : AP cit 1 anh.
+ Nguoc lai:
o Néu x>Max(x,x+1) haic x<Min(x;,x;+1) thi AP khéng ét Ci
* Nguoc lai:
-Néu y<= Min(y,, yi1) thi AP cit C
-Nguroc lai :
Xét bado giaodiém (x0, y0) @a AP i C;
Néu y >= y thi AP khéng ét C;.. Nguoc lai AP cit G

Thuat toan nay c6 thdugc caidit bang doan chrong trinh nhr sau:

Type ToaDo=record
X,y:integer;
End,;
Mang=array[0..30] of ToaDo;

Function SOGIAODIEM(a:Mang; n:Byte):Integer;

var dem,i,j,s:Integer;
Begin
dem:=0;
fori:=1tondo {Tim so giao diem }
begin
if i=n then j:=1 else j:=i+1;
if i=1 then s:=n else s:=i-1;
if x=a[i].x then
begin
if y<a[i].y then
If (x<=Min(a[s].x ,a[j].x))OR
(x>=Max(a[s].x,a[j].x)) then dem:=dem+2
else dem:=dem+1;
end
else
if (x>Min(a[i].x,a[j].x)) and
(x<Max(a[j].x,a[i].x)) then
if y<=Min(a][i].y,a[j].y) then dem:=dem+1
else if y <= (x-a[j].x)*(a[i].y-a[j].y)/
(a[i]-x-a[j].x)+a[j].y then dem:=dem+1;
end,
SOGIAODIEM:=dem;

End;
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2.2.3. Thuit toan t6 mau theo dong quét (Scanline)

Pit xo = Min(x), i0l [1,n].

ty
Buéc 1 Ké Dy//Oydi qua % (hinh 2.5). e
: Dy

Bwoc 2 Xac dinh cac giaodiém M. <
(x,y) cia Dy Wi cac anh G. >

Néu c6 anh G = PP,,; song song va //
tring Wi Dy thi xem nlx Dy cit Ci tai \\
2 diém R va R... T~
Buéc 3 Sip xép lai cacdiem M; theo XX >

the tr ting din dbi vai y; (diém dau

tién co thr tu 1a 1).

Hinh 2.5

Buwéc 4 Nhitng diém rim trén Dyé giiFa giaodiém Ié va giaodiém chin lién tiép 1a
nhitng diém ram trongda giac va nting diém nay $§ duoc to.

Buéc 5 Tiang X [&n mbt Pixel. Néu x, < Max(x) thi quay 4i busc 1.

2.2.4. Thiat toan td6 mau theo ét dau loang

, . T
Lay P(x,y)O S, t6 mau P. // X \~\
Xét cacdiém Ian @n cia P (Hinh 2.6). < X c X \
Néu cacdiém lan @n do6 van con théc S va chra \ X J
, \
duogc t6 mau thi td mau catem lan an do... \//
Thuat toan trén co6 thduoc minh ha bing thi tuc Hinh 2.6

dé qui:
ProcedureTOLOANG(x,y:Integer; Color:Word);
Begin
If (P(x,y) 0S)and(P(x,y)ch  watd) Then
Begin

PutPixel(x,y,Color);
TOLOANG(x+1,y,Color);
TOLOANG(x-1,y,Color);
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TOLOANG(x,y+1,Color);
TOLOANG(x,y-1,Color);
End,;
End,;
BAI T AP
1. Viét hamDienTich(P:Array; n:Byte); dé tinh dén tich ¢ia da giac bi co6 ndinh
luu trong nang P.

2. Viét ham KiemTra(x,y:Integer; P:Array; n:Byte):Boolean; dé kiém tra diém

(x,y) nim trong hay ngoata giac c6 rdinh duoc lwu trong nang P theo hai cach:
- Dung cdng tic tinh dén tichda giac @i véi da giac bi).
- Dung thuit toan Jordandfi voi da giac 1t ky).

2. Viét cheong trinh caidat thuat todn td mau it da giac theo thit toan Scanline.

3. Viét chrong trinh caidat thuat toan t6 mau @t da giac theo &t dau loang theo hai
phuong an:
a.bé qui.

b. Khir d¢ qui.
4. Viét thu tuc FillRec(x1,y1,x2,y2:Integer; color:Byte);dé td mau hinh clh nhat xac
dinh bi 2 dinh (x1,y1) va (x2,y2).
5. Viét thu tuc FillEllipse(x,y,Rx,Ry:Integer; color:Byte); dé t6 mau Ellipse c6 tam
(x,y) va ban kinh theo hair Ia Rx va Ry.
6. Viét thu tuc FillSector(x,y,Rx,Ry,g1,92:Integer; color:Byte):dé t6 mau hinh cat
Ellipse c6 tam (x,y), ban kinh theo haidra Rx va Ry, goc i dau 1a g1 va goc &
thuc la g2.
7. Viét tha tuc Donut(x,y,Rmin,Rmax:Integer; color:Byte); dé t&6 mau hinh vanh
khan c6 tam (x,y) va ban kinh hédirong tron trongtng la Rmin va Rmax.
Bai tdp lon: Xay drng mdt the vién 46 hoa MYGRAPH tuwong tr nhr thu vién
GRAPH.TPU cua Turbo Pascal.
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CHUONG Il

XEN HINH

3.1.PAT VAN PE

Cho not mién D O R” va F & nét hinh trong R (FO R"). Ta @i F n D 1a hinh c6
duoc tir F king cach xén vao trong D va kyéhila Clip o(F).

Bai toandit ra la xaatinh Clip p(F).
3.2. XENPOAN THANG VAO VUNG HiNH CH U NHAT CUA R?
3.2.1. Ganh caa hinh chir nhat song song i cac truc toa do

Ldc nay:

D:{(x,y)DR2|XminSXS Xmax}

Y min< y <Y max
va F ladoan thing rdi 2 diém (x1,y1), (x2,y2) nén ptong trinh @a F 1a:

{x:xl+(x2— xl). t t0[0.1]

y=yl+(y2- yD. t
Do do, F co ti dugc viét dudi dang:
F={(x,y) OR?|x=x1+ (x2 -x1).t; y = y+ (y2 -yl).t; 0< t < 1}

Khi d6, giaodiém cia F va D chinh la

nghiém caa kg bt phrong trinh (theo t): y? A \p
y Max
Xmin < x1+ (x2 - x1).t< Xmax \
Ymin < yl+(y2 -yl).t< Ymax yM n C\
O<t<1 B
Goi N la tap ngheém cia k¢ pheong trinh XV R XVEX X

trén.
Hinh 3.1

Néu N =0 thi Clipy(F) =0
NEuUNzO thiN=[t,t] (<t
Goi P, Q la 2 giadiém xacdinh hoi:



Churong 11l. Xén hinh

{sz)d+(x2— X)). t {QX:A+(X2— X)). 12

Py=yl+(y2-y). tl Qy=y1+(y2- y). t2

thi:  Clipp(F) = PQ (Hinh 3.1)

3.2.1.1. Thidit toan Cohen - Sutherland

« Chia mit phing ra lam 9 viing, 6i vingdanh ndt ma nh phan 4 bit (hinh 3.2).
Bit 1: Quidinh ving Am bén trai ¢a $

100 100 101

Bit 2: Quidinh viing Am bén phi cia $ ! n "

. .. . . . . . 000 000 001
Bit 3: Quidinh vung am bén dadi cua $ 1 n n

Bit 4: Quidinh viing Am bén trén ¢a $ 010 010 011
1 n n
« XétdiémPOR: Hinh 3.2
Pleft _ 1 naqu::X .<A).( min
0 Ngeealai
PRight = 1 nauulfX .>A).( max
0 Ngeealsi
PBelow = 1 nauul(:)>y.<A\_( min
0 Ngaealei
PAbOVE = 1 nauul? >j.{ max
0 Ngeealsi

« Xétdoan thaing AB, ta ¢ cac trong hop sau:
i/ Néu M&(A) = M&(B) = 0000 thi AB] D = Clipp(F) = AB

il Néu M&(A) AND M&(B) # 0000 thidoan AB nim hoan toan bén ngoai hinh
chir nhat = Clipp(F) =0

Chua y. Phép toan AND la phép toan Logidrgicac bit.
ii/ Néu (M&(A) AND M&(B) = 0000) va (Ma(A¥ 0000 hac M&(B)# 0000) thi:
Gia sir M&(A) # 0000 = A nim ngoai hinh cih nhat.

¢ Néu Aleft = 1 : thay A i diém rim tréndoan AB va cit canh trai (i dai)
cua hinh cli nhat.
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¢ Néu Aright = 1: thay A bi diém nim tréndoan AB cit canh phii (ndi dai) aia
hinh chr nhat.

¢ Néu ABelow = 1: thay A bi diém rim tréndoan AB va cit canh dr6i (ndi
dai) aia hinh clr nhat.

¢ Néu AAbove = 1: thay A bi diém ram tréndoan AB va ¢t canh trén (i
dai) aia hinh clx nhat.

Chl v: Qué trinh naytuoc lap lai: Sau mdi lan lap, ta phi tinh lai ma aia A.
Néu cin, phai doi vai tro aia A va Bdé dam bao A luén lubn Am bén ngoai hinh éh
nhat. Qua trinh & dirng khi »dy ra ot trong 2 terong hop: i/ haic i/
3.2.1.2. Thdit toan chia nhi phan

e Y tuéng aia thuit todn naywong tr nhr thuat toan tim nglim bang phrong phap

chia nh phan.

e M¢nh dé: Cho M: trungdiém aia dogn AB, M&(A)Z 0000, M&(B)Z 0000, M&(M)
#0000 thi ta co:

[MA&(A) AND MA(M)] #0000
haic [M&(M) AND M&(B)] #0000.

Y nghia hinh hec cia ménh dé: Néu i ba diém A, B, Mdéu ¢ ngoai hinh ch
nhdt thi cé it nlat mét dogn hodn toan dm ngoai hinh cii nht.

e Ta phat tho thuat toan nhr sau:
i/  Néu Ma(A) = 0000 va M&(B) = 0000 tllipo(F) = AB
i/ Néu M&(A) AND M&(B)# 0000 thiClipp(F) =0
iii/ Néu MA(A) = 0000 va M&(B¥ 0000 thi:
P:=A; Q:=B;
Trong khi % -Xg| + |y - Yol = 2 thi:
¢ Lay trungdiém M cia PQ;

¢ Néu M&(M)# 0000 thi Q:= M.
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Ngroc lai: P:= M.
= Clipp(F) = AP
iv/ Néu M&(A) # 0000 va M&(B) = 0000 thBdi vai trd aia A, B va ap dng ii/
v/ Néu MA(A) 2 0000 MA(B) va [Ma(A) AND MA(B)]= 0000 thi:
P:=A; Q:=B;
Ly M: trungdiém PQ;
Trong khi M&(M)# 0000 va [X - Xg| + | - Yol 2 2 thi:
¢ Néu M&(M) AND M3(Q)# 0000 thi Q:=M. Ngoc lai P:=M.
¢ Ly M: trungdiém PQ.
Néu M&(M) # 0000 thiClipp(F) = O . Nguwoc lai, ap ding ii/ ta co:
Clipp(MA) = MA ;

Suy ra: dip(F) = AB,
3.2.1.3. Thdit toan Liang - Barsky
bat Ax=x2-x1 Ay =y2 -yl
pl = -AX gl = x1 - xMin
p2 = AX g2 = xMax - x1
p3 = -Ay g3 =yl - yMin
p4 = Ay g4 = yMax -yl

thi hé bat phrong trinh giaadiém cia F va D ¢6 thviét lai:

P.t<Q,, k=1.4
O0<t<1

Xét cac teong hyp sau:

i/ [k: Pk =0 va Qk < 0: Puong thing song songdi cac bién va im ngoai ving
hinh chi nhat )
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— Clipp(F) =0
i/ Ok O {1,2,3,4): Pk# 0 haic Qk= O:
Pit K,={k|Pk>0}

Ko={k | Pk<0}

= Max({-2| kO Kz} 0 {0}

k

e = Min({ 2| KO Kg} 0 {L)

k
Néu u, > w, thi Clipp(F) = O
Nguoc lai: Goi P, Q la 2diém thoa

{Px: X1+ AX.U, va {Qx = X1+ AX.U,
Py=yl+Ay.y Qy=yl+Ay.u,

thi Clipp(F) = PQ

3.2.2. Khi anh caa vung hinh chir nhat tao véi tr uc hoanh njt gécall(0,M1/2)

Ta ding phép quaydt toa do dé dua bai toan & truong hop cac enh aia hinh

chir nhat song song & cac tuc toadd (hinh 3.3).

Goi R 1a ma tén quay @a phépddi truc, ta co:

(X minj _R (X minj
Ymin) \Ymin

(X maxj “R (X maxj
Ymax)  \Ymax

R = ( cos@) sin@ )J

Véi ,
—-sin(a@) cos@r

y A

Hinh 3.7
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3.3. XENPOAN THANG VAO HINH TRON
Gia s ta codudng tron tam O(xc,yc) ban kinh R daan thing din xén [a AB i
A(x1,yl), B(x2,y2) (Hinh 3.4). . A
* Thu at toan:
* Tinh d(O,AB)

* Xét cac trong hop:

v

i/ Néu d > R thiClipp(F) =0

i/ Néu d = R thiClipo(F) = Ao V6i Ag 12 Hinh 3.4
chandudng vudng goc it O xubng AB.

iii/. Néu d < R thi xét cacidng hyp sau:
+ (OA<R)AND (OB <R)thi ClipD(F) = AB

¢ Néu mot diém nam trong vadiém kia rim ngoai hinh tron, émg han
OA<R va OB>R thiClipp(F) = Al véi | a giaodiém duy nlit giira AB

vaduong tron.

¢ (OA >R) AND (OB > R) thi ClipD(F) = 13 4i I, J 14 hai giaafidm cia

AB vai duong tron.
Sauday la phrong phap tim giadiém gitta doan thing vaduong tron:
¢ Phrong trinhduong tron: (x - xcj + (y - yef = R (1)

X =x1+(x2-x1).1
¢ Phrong trinhdoan AB: {y = y1+(y2-y1).A (2)
0<A<1

—-a++a’-bc

0 Thay (2) vao (1) ta suy ra = —& -

Trongdo:
a =Ax.(x1 - %) +Ay.(yl - yc)
b = @x)° + (Qy)?
c=(x1-%)°+(yl-ycf-R
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AX = x2 - x1
Ay =y2 -yl
0 Dua vaodiéu kien 0< A < 1dé chon giaodiém.

3.4. XEN PUONG TRON VAO HINH CH U' NHAT CO CAC CANH SONG
SONG VOI TRUC TQA PO

Luc nay:
D = {(x,y)] xXMin £ x £ xMax ; yMin< y < yMax }

F={ Y (x-%)*+(y-%)* =R}

*Trugc hét, ta kiém tra cac trong hop dic biét sau: 25

i/ Néu xMin < xc -R; xc +R< xMax;
yMin< yc-R; y¢ +R < yMax;

thi Clipo(F) = F (Hinh 3.5) O

i/ Néu x +R < xMin

haic xc -R > xMax O O
haic yc +R < yMin Q

haic yc - R > yMax
4G Ye y Hinh
A

thi Clip o(F) = O (Hinh 3.6)
*Xét truong hyp con hi: Tim céc giaaliém cia F va D. $p xép cac giaaliém d6
theo chéu ngroc kim déng Hb.
« CA&c cung trordugc tao boi 2 giaodiém lién tép € hoan toan #m trong D
hoic hoan toan #m bén ngoai D.
« Dé xacdinh cac cung nayam trong hay ngoai D, ta tlean liy trungdiém
M cua cungd6. Néu M O D thi cungdé nam trong D, ngoc lai thi né rim

ngoai D.
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3.5. XENDPA GIAC VAO HINH CH U NHAT

ANNM.

Hinh 3.7. Xén7a giac vao hinh ahnhgit

Thuat toan SutherLand - Hodgman

i/ Néu tit ca cAcdinh aia da gidcdéu ram trong hinh ch nhat thi hinh én xén
chinh lada giac va bai toan coi nhié duoc giai quyét.

Al

Al :
AI\ Ai+\‘\Ai+ / Ai/./

+

>
>

Hinh 3.8. Cac trong hop cin xét
i/ Truong hop ngroc lai:

- Xuét phat fr mot dinh rim ngoai hinh ch nhit, ta chiy theo @c bién @a da

giac. V6i mdi canh aiada giac, ta c6 cacudng hop sau:
> Néu c haidinh déu nim ngoai hinh ci nhat thi:
Néu Ma(A) and Ma(A.,) # 0000 thi khénguu dinh
Nguoc lai thi leu hai giaadiém.
> Aingoai, A, trong: kru giaodiém P va A.
> Ca haidinhdéu ram trong hinh cti nhat: luu A va A.;.

> A, trong, A.; ngoai: lru A va giaodiém P.
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- Sau khi du$t qua it ca cac anh aiada giac thi ta cduoc mot day caatinh mbi
phat sinh: B, B,, ..., B,

Néu trong day cadinh msi ndy cé haidinh lién tép khéng @m trén cung rét
canh aia hinh clr nhat , gia s haidinhdo la B va B, thi tadi doc cac anh aia hinh
chir nhat tir B; &én Bi,;, dé tim tit ca cacdinh aia hinh cly nhat ndm trongda giac bi

bd sung chung vao ga B va B.
Tap dinh m5i tim duoc chinh lada gidc xéntuoc.

- Néu tap dinh moi nay 1a Bng: Néu c6 nét dinh aia hinh cly nhit nim trongda
giac thi hinh xértugc chinh la toan & hinh chir nhat. Nguoc lai, hinh xénduoc 1a

rong.
BAI T AP
1. Viét hAmMA(P:ToaDo):Byte; dé danh ma chdiém P.

2. Caidat thuat toan xén mt doan thing vao nét hinh chir nhat theo céc thit toan:
Liang-Barsky, Cohen-Sutherland, chia phan.

3. Caidit thuat toan xén rat doan thing vao ndt hinh tron.

4.Caidat thuat toan xén it da giac vao ot vung hinh cir nhat.
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CHUONG IV

CAC PHEP BIEN POI

4.1. CAC PHEP BIEN POI TRONG M AT PHANG

4.1.1. Gy so toan hoc

Phép bin d6i Affine 2D s3 bién diém P(x,y) thanhtiém Q(x’,y") theo & phrong

trinh sau:
X' = AX + Cy + trx
y' = Bx + Dy + try

Dudi dang ma tén, h¢ nay co dng:
A B
y) = (xy). + (trx t
o y)= 09§ 2]+ oy

Hay viét gon hon: X' = X.M + tr

voi X'=(X,Y);  X=(X,y); tr=(trxtry) - vector tinh tién;
M = (A B) - ma tén bién ddi.
C D

4.1.1.1. Phépatong dang

Ma tran cia phépddng cang la:

(A Oj X'= AX
M= =
0 D y'= Dy

Cho phép ta phong to hay thuoriiinh theo mt hay hai chiu.

4.1.1.2. Phépléi xirng

bay 1a tirong hop dic biét caa phépdong cing wi A va D dbi nhau.

-1 0 .
( 0 J doi xirng qua Oy
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1 0 .
(0 _J doi xung qua Ox

-1 O . .
( 0 _]j doi xung qua @gc toadod

4.1.1.3. Phép quay

Ma tran tong quéat 6a phép quay la R ECOS(C’) Sln(a)]

-Sin(a) Coda)
chay
« Tam dia phép quaguoc xéto day 1a dc toa do.
« Dinh thic cia ma tan phép quay ludn ludrihg 1.
4.1.1.4. Phépinh tién
Bién doi (x,y) thanh (x’,y’) theo cong tirc sau
X =x+M
y'=y+N

Dé thuan tién biéu dién duéi dang ma tan, ta c6 th biéu dién cac bado dudi dang

toadd thun nkit (Homogen):

1 0 O
xyl]o0o 1 0o=x+M y+N 1)
M N 1

4.1.1.5. Phép kiin dang
Ma tran tong quatla: M =1 g
Trongdo: (h 1]
g = 0: bén dang theo tac x.
h = 0: bén dang theo toc .
4.1.1.6. Hyp ciia cac phép bén doi

C6 ma tfin bién déi 1a tich dia cAc ma fin caa cac phép Bn doi.
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Vi du: Phép quay quanhdandiém bit ky trong miit phing c6 tié thuc hién boi tich
cia cac phép Bn d6i sau:

o

Phép inh tién tam quayién goc toa do.

° Phép quay & gbcda cho.

o

Phép inh tién két qua vé tam quay badau.

Nhu vy, ma tan cia phép quay quanhandiém bit ky duoc thyc hién boi tich
cua ba phép Bn déi sau:
1 0 0 (Coqa) Sita) O

1 0 O
0 1 0|.[-Sin(a) Coga) 0.0 1 O
-M -N 0 0 M N 1

4.2. Vi du minh hoa
Viét chrong trinh mé phng phép quay 6t tam giac quanhég toa do.

Uses crt,Graph;
Type ToaDo=Record
X,y:real;
End;
var k,Alpha,goc:real;
P,PP,PPP,P1,P2,P3:ToaDo;
x0,y0:word;
ch:char;
Procedure VeTruc;
Begin
Line(GetMaxX div 2,0,GetMaxX div 2,GetMaxY);
Line(0,GetMaxY div 2,GetMaxX,GetMaxyY div 2);
End,;
Procedure VeHinh(P1,P2,P3:ToaDo);
Begin
Line(x0O+Round(P1.x*k),y0-Round(P1.y*k),
x0+Round(P2.x*k),y0- Round(P2.y*k));
Line(x0+Round(P2.x*k),y0-Round(P2.y*k),
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X0+Round(P3.x*k),y0- Round(P3.y*Kk));
Line(x0+Round(P3.x*k),y0-Round(P3.y*k),
x0+Round(P1.x*k),y0- Round(P1.y*k));
End,;
Procedure QuayDiem(P:ToaDo;Alpha:real; var PMoi:Toa Do);
Begin
PMoi.x:=P.x*cos(Alpha)-P.y*sin(Alpha);
PMoi.y:=P.x*sin(Alpha)+P.y*cos(Alpha);
End;
Procedure QuayHinh(P1,P2,P3:ToaDo;Alpha:real;
var P1Moi,P2Moi,P3Moi:ToaDo);
Begin
QuayDiem(P1,Alpha,P1Moi);
QuayDiem(P2,Alpha,P2Moi);
QuayDiem(P3,Alpha,P3Moi);
End;
BEGIN
ThietLapDoHoa;
xX0:=GetMaxX div 2;
y0:=GetMaxyY div 2;
k:=GetMaxX/50;
Vetruc;
P.x:=5; P.y:=3; PP.x:=2; PP.y:=6; PPP.x:=6; PPP.y =-4;
P1.x:=5; P1.y:=3; P2.x:=2; P2.y:=6; P3.x:=6; P3.y =-4;
Alpha:=0; goc:=Pi/180;
SetWriteMode(XORPut);
VeHinh(P,PP,PPP);
Repeat
ch:=readkey;
if ord(ch)=0 then ch:=readkey;
case Upcase(ch) of
#75: Begin
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VeHinh(P1,P2,P3);
Alpha:=Alpha-goc;
QuayHinh(P,PP,PPP,Alpha,P1,P2,P3);
VeHinh(P1,P2,P3);
End,;
#77: Begin
VeHinh(P1,P2,P3);
Alpha:=Alpha+goc;
QuayHinh(P,PP,PPP,Alpha,P1,P2,P3);
VeHinh(P1,P2,P3);
End;
End;
Until ch=#27,
CloseGraph;
END.
4.2. CAC PHEP BIEN POI TRONG KHONG GIAN

4.2.1. C4c 1§ truc toa do
Dé dinh i mot diém trong khéng gian, ta coédtehon nhiéu k¢ truc toa do:

z z

/">
Y X

(0]

o]

v

Hé truc tiép H gian tép

Hinh 4.1

« He tpa dg truc tiép : néu tay phii cAm truc Z sao cho ngoén cailing theo
chiéu dwong aia truc Z thi n ngén condi s& quay ftr truc X sang tac Y (Qui tic

ban tay phi).
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e Hetpads gian tiép : nguoc lai (Qui tic ban tay trai).
Thong throng, ta ludn ludrtinh vi mot diém trong khéng gian quashinuc tiép.

Trong I toado truc tiép, ta chia ra lam 2 ¥ sau:

VA A
N
\\
~
~-P(xy.2) A-P(RE.Q)
R
I < v
Y
o ! o) //\‘p !
~ | \\/ I
~ |// e T
S N © ~d
X X
He toado Descarter #iciu
Hinh 4.2

Ta c6 cong tic chuyén d6i toadd tir he nay sang &ikhac:
X = R.C0sQ).Cos@®)
y = R.Sin@).Cos@)
7 = R.Sin@)
RP=xX+y+7
Dé thuan tién cho véc tinh todn, &t ca cacdiém trong khdng giadéu dugc mé &
dusi dang ma tén 1x4, trc & (x,y,z,1). Vi vy, tit ca cac phép BBin d6i trong khong
giandéu dugc biéu dién bsi cac ma tin vudng 4x4 (Ma #in Homogen).
4.2.2. Cac cong tlrc bién doi
Phép bin doi Affine 3D c6 ching: X'=X.M + tr
voi X'=(X,y',2));  X=(x,y,z); M -matran biéndoi; tr=(trx,try,trz) - vector
tinh tién

4.2.2.1. Phép thayoi ti ¢

A0 O O |
0B 0O X= AX
M= - '= B.
0 0C O y=5Yy
zZ=Cz

00 0
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4.2.2.2. Phépldi xirng

1 0 O
01 0O -

Mz = 00 -1 0 doi xirng qua it (XY)
0 0 O
1 0 O
0 -1 00 .

My= ol Xun t (XZ

Y=o 0 1 o doi xirng qua nat (XZ)

0O 0 O
-1 0 O
0O 1 00O .

Mx = ol Xun t(YZ
0010 doi xang qua nat (YZ)
0O 0O

4.2.2.3. Phépinh tién

1 0 O .
X'=x+ M
M 0O 1 0 O . N
0O 0 1 O .
zZ=z+ P
M N P

4.2.2.4. Phép quay

Ta nHin thiy rang, réu phép quay quay quanhdtrtruc naodoé thi ba do caa VAt

thé tai truc d6 5 khdng thaydéi. Do dd, ta c6 ma fn cia cac phép quay ntsau:

Cogd) Sing) 0 0
ny | ~SiN6) Cogd) 0 0
0 0 10

0 0 01

1 0 0O o
Ry |0 Codo) sin6) o
0 -Sing) Cogd) O

0o o0 0o 1
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Cog6) 0 Sin@) O
| o 1 o o
" |-Sin®) 0 Cogs) O

o 0 0 1

Chu y Tich dia 2 ma tin néi chung khéng giao hoan néét jui caa 2 phép quay lién
tiép tuy thubc vao thir tu thuce hién tich $.

Vi du: Ry.Ry # Ry.Ry
4.2.3. Ma tran nghich dao

Pinh nghia: Hai ma tan duoc goi 1a nghich dao cia nhau Au tich $ cua chang la

ma tian don vi.

Ma tén nghich dao aia ma tén M ky hiéu 1a M*

Vi du:
1 2 3 6 -2 - 1 0O
1 3 3/./-1 1 0|=0 1 O
1 2 4 \-1 0 1 00

Nguoi ta chrng minhduoc ring: Tat ca cAc ma #in cia cac phép Bn déi da néud

tréndéu cé ma tin nghch dao.

« Ma tran nghch dao cia phép inh tén céduoc bing cach thay M, N, Ping -
M, -N, -P.

« Ma tran nghtich dao caa phép thaytéi ti 1& codugc bang cach thay A, B, Cang
1/A, 1/B, 1/C.

« Ma tran nghichdao cia phép quay cduoc bing cach thay gé8 bang 0 .
4.3. CAC PHEP CHIEU CUA VAT THE TRONG KHONG GIAN LEN M AT PHANG
4.31. Phép chéu phdi canh (Perspective)

Phép chiu nay cho hinfainh gibng nhr khi nhin it thé.

Dé tim hinh chéu P’(y’,2’) cua P(x,y,z), ta éi P voi mit (tdm chéu). Giaodiém

cuaduong nay Wi mat quan sat chinh la P’ (hinh 4.3).

Gia sir P ram phia trréc miat, tec 14 P.x < E.
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U

Mit phing chiéu

Hinh 4.3
Phrong trinh @a tiadi qua mit va P 1a: r(t) = (E,0,0).(1-t) + (x,y,2).t *)

Giaodiém voi mat phang quan sat cé thanh phx’ = 0.

Do thanh phn x’ cua tia r 1a E.(1-t) + x.t = 0 nén t 1 1/ = Thay t vao (*) ta
- X

tinh duoc:

) y 7 =
1-x/E 1-x/E

NHAN XET

i/  Phép chdu phbi canh khéng gk nguyén hinh ghg aia VAt theé.

i/ Chi c6 nhing duong thing song songdi mit phing chéu thi msi song song
véi nhau.

iii/ Phép chdu phbi canh dugc quidinh ki 5 bién:
« Huéng aia mit phing chéu so \6i vt thé.
« Do cao dia tdm chbu so \6i vat thé.
« Khoang cachi tam chéu dén vat thé (R).
« Khoang cachi mit phing chéu dén tam chéu (D).
« Do dich chugn ngang @a tam chdu so \oi vat thé.

Chu y Véi toadd ciu, ta chi cin 4 tham &: R, ®, 6, D.

.49



Churong IV.Céac phép bén ddi

4.32. Phép chéu song songParallel)
Phép chu nay c6 tdm ckii & vo arc va y'=y, z’=z.(Hinh 4.4)
Tinh song songuoc bao toan.

A |
<

Tam chigu (L))

Bv

Vﬁ

Mt phing chi€u
Hinh 4.4

B

4.4. CONG THUC CUA CAC PHEP CHIEU LEN MAN HINH

Khi quan sat it vat thé trong khéng gian wbi mot gocdo ndodo, ta cé 2 kh

nang chon lya:
« Piém nhin (man hinhdang yén va it thé di dong.
 Vat thé dang yén vaiiém nhin § duoc b tri thich hp.
Ta throng chon giai phap thir hai vi né sat i thuc t hon.

X0

Man hinh
Hinh 4.5

Khi quan sét rt vat thé bat ky trong khong gian, ta ghtuan thi cac nguyénic
sau (hinh 4.5):

« Vat thé phai duoc chiéu 1én ndt hé triec tiep (O,X,Y,2).
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« Con mit phai nim & gbc caa mdt hé gian tép thr hai (0, Xo,Y 0,Z0)
« Man hinh la mat phang vuéng goc &i duong thing OO’.
« Truc Z, cia k¢ quan séat ahdén gic O.

Néu ding I toa do ciu dé dinh Vi mit caa ngroi quan sét thi ta&ldang thaydoi

goc ngim bang cach thaytoi goco vad.

Bay gi, ta khio sat phép Bin d6i ma \at thé (X,Y,Z) phai chiu dé cho né trung

véi hé quan sat (X Yo,Zg) dé cuwi cung ko ra ¢ toadd man hinh (Xe,Ye).
Busc 1: Tinh tién gbc O thanh O’ (hinh 4.6).

Z1

o
g

> |

8 Z/\\ |

X1 ~

X
Hinh 4.6
Ma tran caa phépinh tién (Liy nghich dao):
1 0 0 1 0 0

Al O 1 0 0 0 1 0 0
1o o0 1 0 0 0 1 0
-M -N -P 1) (-RCo46). Cotp) - R Sif). Cés) - .R n) 1

va ke (X,Y,Z) bién d6i thanh & (X1,Y1,Z1).

Busc 2: Quay k¢ (X1,Y1,Z1) mdt géc 0 (6'=90° - 8) quanh tac Z1 theo chiu kim
ddng h. Phép quay nay lam chaitram @a Y1 cit truc Z (hinh 4.7).

Ta i Rz |a ma tin thng quat éa phép quay quanhutr Z. Vi day la phép quayéh

truc nén phi dung ma tn nghich dao R%,.
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Co{d Sita 00 Co{d -Sitya 0 0

= -Sin(a Co¢a 0 O L Sinfa Cog¢a 0 O
0 0O 10 z 0 0 1 0
0 0 0 0 0 0

ta thay goc a =0 . Theo cac phép toandng giac:
Sin(0') = -Sin@') = -Sin(9¢ - 8) = -CosP)

Cos(#') = Cos@') = Cos(98-6) = Sin@)

z Z2
\\ O'
|~
Y
0 @ |
Me' I
8 |
X2 ~
X N
Hinh 4.7

Nén ma tin cia phép quay tirduoc £ cO chng:

SinG) Co¢d) 0 O
—Cog6) Si6) 0 0 L
B = %5( ) 'g ) | o VaTE (XLYL,Z1) béndéi thanh I¢ (X2,Y2,22).
0 0 o0

Buéc 3: Quay 1§ (X2,Y2,22) mt goc 90 + & quanh tac X2. Phép Hin ddi nay $
lam cho toc Z2 hréng dén goc O (hinh 4.8).

Ta co:

1 0 0
_ 0 Coga) Sina)

0 -Sinfa) Cogqa)
0 0 0

, O O O
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Y3

o
Z3
oo s, !
LA Je
0 <
~d
X
Hinh 4.8
1 0 0
w1 - |0 Cogd -Sifa O
*“10 Sin(d Coga O
0 o0 0

Thay géc a = 90+ @ , ta c6: Cos(90+ @) = -Sin@) va Sin(98 + ®) = Cos(p)

nén ma t&n timduoc £ c6 ding:

1 0 0
0 -Sin(p —-Cosp O

0 Coqey -—Sifp) O
0 0 0

Ldc nay, 1& (X2,Y2,Z2) bén d6i thanh & (X3,Y2,Z3).
Buoc 4: Bién d6i hé truc tiép (X3,Y3,23) thanh & gian tép (hinh 4.9).

Trong hréc nay, ta phi doi huéng tuc X3 hing cachdéi diu cac phn tir caa

cot X. Ta nkin duoc ma tén:

-1 00

0O 100
D=

0O 010

0O 0O

va ke (X3,Y3,Z3) bén d6i thanh & (Xo,Y0,Z0).

.93



Churong IV.Céac phép bén ddi

YO X0

Hinh 4.9
TOM L Al
Cécdiém trong khéng giandsnhin trong & quan sat it toado co cing:
(X0,Y0,20,1)=(xy z 1).AB.C.D

Goi T = A.B.C.D, ta tinhduoc:

-sin(@) -Cos(@).Sinp) - Cof). Caw) O

Cog6f) - Sirfh). Sifp) - Sif@). Cde) O
0 Coq¢) — Sirfg) 0
0 0 R

T=

Cubi cling ta co:
(X0.¥0:20,1)=(xy z 1).T
hay:
Xo = -X.Sin@) + y.Cos@)

Yo = -X.C0s@).Sin(®P) - y.Sin@).Sin(®) + z.Cos(b)
Zy = -X.C0sP).Cos@) - y.Sin@).Cos@) - z.Sin@) + R

* Bay gio'ta chiéu dnh ciia hé quan sat [én man hinh.
1. Phép chéu phéi canh
Chodiém P(x,y,z) va hinh chu P’(x0,y0,z0) @a né trén rit phang.

Goi D la khaing canh i mit phing dén mit (géc toadd). (Hinh 4.10)
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YO
/ @ P(x0,y0,20)
P
pd
P ]
-~ P'(xH,yE,zE)
e Z0
0 e
X0 Man hinh
YO
I P(x0,y0,20)
YVE |- —— :

I

o D

Man hinh Z0

(0]

|
xE m—— :
e P(x0,y0,z0)
X0
Hinh 4.10

Xét cac tam giaddng cang, ta co:
XE/D = x/z, va YE/D = y/z,
=X, = D.x/z, vay, = D.y/z,

Chu ¥ z, bao ham \ic phéng to hay thu hvat thé.

2. Phép chéu song song

Toado quan sat (xYo,Zo) va haddo man hinh tha man céng tirc:

X, = X, va Ye = Y,
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Phéngto  Thu nhd

)f Vit thé

Man hinh

in
2

Man hinh

Hinh 4.11

KET LUAN

C6 4 gié tr anh hrong dén phép chiu vat thé 3D la: cac go® , @ , khaing cach R

tir O ¢én O’ va khang cach D O’ dén mit phing quan sat.

Cu thé:

« Tang gim 0 S8 quay \it thé trong mit phang (XY).

« Tiang giam @ s quay \at thé 1én xubng.

« Tiang gam Rdé quan sat M tir xa hay gn.

« Tang gam D d phong to hay thu rhanh.

4.5. PHU LUC
Tao UNIT DOHOA3D (DOHOA3D.PAS).

UNIT DOHOAS3D;

INTERFACE

USES graph,crt;

{ Cac hang de quay hinh }

Const IncAng =5; {Tang goc}
TypeToaDo3D=Record

X,y,z:real;
End;

ToaDo2D=Record

X,y:integer;
End;

. 56



Churong IV.Céac phép bén ddi

PhepChieu = (PhoiCanh,SongSong);
VARR,d,theta,phi : real;
auxl,aux2,aux3,aux4 : real;
aux5,aux6,aux7,aux8 : real;

projection : PhepChieu;
XProj,yproj - real,

Obs,O : ToaDo3D;
PE,PC : ToaDo02D;

{ cac bien dung quay hinh }
ch : char;

PROCEDURE ThietLapDoHoa,;
PROCEDURE KhoiTaoPhepChieu;
PROCEDURE Chieu(P :ToaDo3D);
PROCEDURE VeDen(P :ToaDo3D);
PROCEDURE DiDen(P :ToaDo3D);
PROCEDURE TrucToaDo;
PROCEDURE DieuKhienQuay; {dung de quay hinh}
IMPLEMENTATION
Procedure ThietLapDoHoa,;
var gd,gm:integer;
Begin

Gd:=0;

InitGraph(gd,gm,'C:\BP\BGI");

End,;
PROCEDURE KhoiTaoPhepChieu;
VAR th,ph :real;
BEGIN

th := pi*theta/180;

ph := pi*phi/180;

auxl := sin(th);

aux2 := sin(ph);

aux3 := cos(th);
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aux4 := cos(ph);
auxs = aux3*aux2;
auxe6 = auxl*aux2;
aux7 := aux3*aux4,
aux8 := auxl*aux4,
PC.x := getmaxx div 2;
PC.y := getmaxy div 2;
END;
PROCEDURE Chieu(P :ToaDo3D);
BEGIN
Obs.x := -P.x*aux1 + P.y*aux3 ;
Obs.y := -P.x*aux5 - P.y*aux6 + P.z*aux4 ;
IF projection = PhoiCanh THEN
BEGIN
obs.z:=-P.x*aux7 -P.y*aux8 -P.z*aux2 + R;
Xproj := d*obs.x/obs.z;
Yproj := d*obs.y/obs.z;
END
ELSE BEGIN
Xproj := d*obs.x;
Yproj := d*obs.y;
END,;
END,;
PROCEDURE VeDen(P :ToaDo3D);
BEGIN
Chieu(P);
PE.x := PC.x + round(xproj);
PE.y := PC.y - round(yproj);
lineto (PE.x,PE.y);
END,;
PROCEDURE Diden(P :ToaDo3D);
BEGIN
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Chieu(P);
PE.x := PC.x + round(xproj);
PE.y := PC.y - round(yproj);
moveto (PE.x,PE.y);
END,;
PROCEDURE TrucToaDo; {Ve 3 truc}
var OO, XX,YY,ZZ:ToaDo3D;
Begin
0O0.x:=0; 0O0.y:=0; 00.z:=0;
XXx:=3;  XX.y:=0; XX.z:=0;
YY.x:=0; YY.y:=3;, YY.z.=0;
272.x:=0; Z2y:=0; Z27.z:=3;
DiDen(0O0); VeDen(XX);
DiDen(O0); VeDen(YY);
DiDen(0O0); VeDen(Z2);
END;
PROCEDURE DieuKhienQuay; {Dieu khien Quay/Zoom hin h}
BEGIN
ch :=readkey;
IF ch = #0 THEN ch := readkey;
cleardevice;
CASE UpCase(ch) OF
#72 : phi := phi + incang;
#80 : phi := phi - incang;
#75 : theta := theta + incang;
#77 : theta := theta - incang;
END; {of case ch}
END; {of Procedure}
END. {Of UNIT}
4.6. Vi DU MINH H QA

Viét chrong trinh mé 4 phép quay &a nbt hinh Bp phrong quanh céc dc (hinh
4.12).
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Churong IV.Céac phép bén ddi

Z
P6 P7
P5 P8
Pl Y
P2
P4 P3
X
Hinh 4.12

Uses crt,graph,Dohoa3D;

var P1,P2,P3,P4,P5,P6,P7,P8:ToaD0o3D;
Procedure KhoiTaoBien;

Begin

D:=70; R:=5;

Theta:=40; Phi:=20;

P1.x:=0; P1ly:=0; P1.z:=0;
P2.x:=0; P2y:=1; P2.2:=0;
P3.x:=1; P3.y:=1;, P3.z:=0;
P4.x:=1; P4y:=0; P4.z:=0;
P5.x:=1; P5.y:=0; P5.z:=1;
P6.x:=0; P6.y:=0; P6.z:=1;
P7.x:=0; P7.y:=1, P7.z:=1;
P8.x:=1; P8.y:=1;, P8.z:=1;
End;

Procedure VelLapPhuong;
begin

Diden(P1); VeDen(P2);
VeDen(P3); VeDen(P4);
VeDen(P1); VeDen(P6);
Veden(P7); VeDen(P8);
VeDen(P5); VeDen(P6);
DiDen(P3); VeDen(P8);
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DiDen(P2); VeDen(P7);
DiDen(P4); VeDen(P5);
end,

Procedure MinhHoa;

BEGIN
KhoiTaoBien;
KhoiTaoPhepChieu;
TrucToaDo;
VelLapPhuong;

Repeat
DieuKhienQuay;
KhoiTaoPhepChieu;
ClearDevice;
TrucToado;
VelLapPhuong;

until ch=#27;

END;

BEGIN { Chuong Trinh Chinh}
Projection:=SongSong{Phoicanh};
ThietLapDoHoa;

MinhHoa;

CloseGraph;

END.

BAI T AP

1. Cho 3 tam giac sau:

ABCVsi A(L1) B3l C(L4)
EFG Wi E(4,1)  F(6,1) G(4,4)
MNP Wi M(10,1) N(10,3) P(7,1)
a. Tim ma #in bién d6i tam giac ABC thanh tam giac EFG.
b. Tim ma tin bién doi tam giac ABC thanh tam giac MNP.
2. Caidat thuat toan xén rat doan thing vao nét hinh chir nhat c6 anh khéng song

song \bi truc toa do.
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Churong IV.Céac phép bén ddi

3. Viét chrong trinh \& mot Ellipse c6 cac trc khdng song songovhé truc toa do.

4. Dya vao baidp 2, hdy md pbng qua trinh quayua not Ellipse xung quanh tam
cia no.

5. Viét cheong trinh mé phng qua trinh quaydéi xang, inh tién, phéng to, thu nk
bién dang aia mot hinh Hit ky trong niit phiang.

6. M6 phong chuyn dong aia trdidat xung quanh it troi dong thyi mé t chuyén

dong aia mit tring xung quanh tratat.
Mé rong trong khdng gian 3 chu.
7. Viét chuong trinh \& d6ng h dang hat dong.
8. Viét chrong trinh \& cac ki da dién déu trong khéng gian.

Mé rong: diéu khién phong to, thu nk) quay céac kbi da dién quanh céc ...
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CHUONG V

BIEU DIEN CAC POI TUQNG BA CHIEU

5.1. MO HINH WIREFRAME

M6 hinh WireFrame thhién hinh dang@a di tugng 3D king 2 danh séach :

 Danh sach cadinh : lru toadd caa cacdinh.

« Danh séch caaoh : lru cac @p diém dau va céi cua trng anh.

Céc dnh va céac anh dugc danh $ thir tu cho thich kp.

Vi du: Biéu dién 1 cn nha thd s (hinh 5.1)

Danh sach caginh 7
Vector x y z P4
1 0 0 0
2 0 1 0
3 0 1 1 S < P3
4 0 0.5 15 /
5 0 0 1 1 p3
6 1 0 0
7 1 1 0 ol \
P2
8 1 1 1
9 1 0.5 15 Pf/ P7
10 1 0 1 X
Hinh 5.1

C6 nhéu cach dé luu git md hinh

WireFrame O day, ching ta dungia trac record da trén 2 rang:

Const MaxDinh =50; { S 5 dainht &i a4a}
MaxCanh = 100; {S b5canht &i a4a}
Type ToaDo3D =record
X,Y, z:real;
end;

WireFrame = Record



Churong V.Biéu dién cacdéi tweng ba chiu

Sodinh: 0..MaxDinh;

Dinh: array [1..MaxDinh] of ToaDo3D;

Socanh : 0..Maxcanh;

Canh :array[1..Maxcanh, 1..2] of 1..MaxDinh;
end,

Khi d6, ta ding rot bién & moé & cin nha :

Var House : WireFrame;

v6i bién houses trén, ta co th gan gia tr nhu Danh Sach cacoh

sau: Canh Pinhdau binh cubi

With House Do 1 1 2

Begin 2 2 3

sodinh:=10; 3 3 4

socanh:=17; 4 4 5

dinh[1].x:=0; 5 5 1

dinh[1].y:=0; 6 6 7

dinh[1].z:=0; 7 7 8

8 8 9

canh[1, 1]:=1; {Sb dinh thr nhat caa | g 9 10

anh $ 1} 10 10 6

canh[1, 2]:=2; {Sé dinh thr hai dia 11 1 6

anh $ 1} 12 2 7

13 3 8

end,; 14 4 9

5.2. VE MO HINH WIREFRAME V Ol CAC | 19 > 10

PHEP CHIEU 16 Z 5

17 1 3

Dbé v& mot dbi tuong WireFrame, ta & ting
canh trong danh sach caanh aia md hinh. ¥n dé 1a 1am ti ndodé vé 1 duong

thiang trong khéng gian 3 ot vao nit phing?

Dé lamdiéu nay, ta phi bo bét di 1 chiéu trong md hinh Bu dién, trc & ta phi
dung phép clu tir 3D - 2D .

64



Churong V.Biéu dién cacdéi tweng ba chiu

K§ thuat chungdé vé mot duong thing 3D la:

> Chiéu 2diém dau mut thanh cadiém 2D.

> V& duong thingdi qua 2diém wira duoc chiéu.

Sauday la thi tuc xacdinh hinh chiu cia mbt diém qua phép cBu phoi canh:

Procedure Chieu(P3D:ToaDo3D; E:Real; Var P2D:ToaDo2 D);
Var t:Real;
Begin
If (P3D.x >=E) OR (E=0) Then
Writeln(‘ piémnamsaum dtho dcmatn amtrénm itph ang
nhin’);
Esle
Begin

t:=1/(1 - P3D.X/E);
P2D.y :=t*P3D.y;
P2D.z := t*P3D.z;
End;
End;

5.3. VE CAC MAT TOAN HQC
Ta $ V& cac nit cong dra trén plrong trinh tham & caa cac nat dé.

Vi du:

Hinh 5.2

* Mat Ellipsoid: (hinh 5.2.a)

x=Rx.cos(u).cos(v)

y=Ry.sin(u).cos(v)
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z=Rz.sin(v)

Trongdd: Gcu<2imt  -2<v<T172
* Mzt Hypeboloid: (hinh 5.2.b)

X=u

y=v

z=tF -

Trongdd u,v[-1,1]
 Hinh xuyén: (hinh 5.2.c)

x=(R + a.cos(v)).cos(u)
y=(R + a.cos(v)).sin(u)
z=a.sin(v)

Trongdd: u< 2t -2<v<T172

e Hinh tn tron (Cylinder)

X = R.cos(u)
y = R.sin(u)
z=nh

* Hinh nén (Cone)

p(u,v) = (1-v).B + v.Py(u)
trongdo:

R): dinh nén
x=R.cos{)

P.(u): duong tron { y = R.sin(u)

u,vld[0,1]

* Chao Parabol (Paraboloid)

X = a.v.cos(u)
y=b.v.sin(u) Q[-mm,v=0
Z=V

Phrong phép chinlé day ding la \& cacduong vién theo u va v.
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DPé vé mot dudng vién u i gia tri u’ khi v chay tr VMin d&én VMax ta lam nix

Sau:

e Tao mot tap hop cac gia trv[i] O [VMin ,VMax], xac dinh v tri P[i] =
(X(u, Vi), Y(u,vi]), Z(uvIi])).

« Chiéu tirng diém P[i] Ién mit phing.

« V& cacduong dip khic dra trén cadiém 2D P[i].

Sauday la thi tuc vé ho duong cong theo u:

ProcedureHoDuongCongU;
Var P: ToaDo3D;
u,v,du,dv:Real;
Begin
u:=UMin; du:=0.05; dv:=0.05;
While u<=UMax do
Begin
v:=Vmin;
P.x:=fx(u,v);
P.y:=fy(u,v);
P.z:=fz(u,v);
DiDen(P){ bi dén di ém xu &t phat ban dau }
While v<=VMax do
Begin
v:=v+dv;
P.x:=fx(u,v);
P.y:=fy(u,v);
P.z:=fz(u,v);
VeDen(P){V & dén di ém moi}
End;
u:=u + du;
End,;
End,;

Tuong tr, ta ¢ th v& ho dudng cong theo v.
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TOM L Al: Mudn V& mot mat cong, ta tirc hién céc Ixéc sau
« Nhap céac I sd caa phrong trinh nit: a, b, ¢, d, Umin, Umax, Vmin, Vmax.
« Tinh cac ham 2 Bin: X(u,v), Y(u,v), Z(u,v).
« Khai tao phép chiu: Song song/R canh.
* V& ho duong cong u.
Vé ho duong cong v.
BAI T AP

1. Hay xay gng mbt cau trac dr lidu dé leu trir mé hinh WireFrame.

2. Tao file textdé luu cacdinh va anh aia mt vat thé trong khéng gian 3D theo mé
hinh WireFrame &i cau tric nhr sau:
> Dongdau tién chira hai  nguyén m, n dungé lvu £ dinh va $ canh aia mé
hinh.
> m dong tép theo, ndi dong kru toado x, y, z @a timgdinh trong md hinh.
> n dong tép theo, i dong kru hai $ nguyén latinh dau vadinh ci cua trng

canh trong mo hinh.

3. Viét thu tuc dé doc cAc gia trtrong file text fru vdo md hinh WireFrame.
4. Viét tha tuc dé vé vat thé tr mé hinh WireFrame.

5. Viét chrong trinh béu dién cac kidi da dién sau: Tr dién déu, Khdi 1ap phrong,
Bat dién déu, Thap nh dién déu, Nh thap dién déu.

6. Viét chrong trinhdé mé ptong cac nit toan kc: yén ngra, mit cau, hinh xugn...
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CHUONG VI
THIET KE PUONG VA M AT CONG

BEZIER VA B-SPLINE

Khac Wi nhitng phrong phap Hu dign mit va duong hoi cac cdng thic toan hc
trong minh,o day ta § bandén cac cong ¢ cho phép chra cac dng dudng va nit
khac nhau da trén cac d liéu.

Diéu nay c6 ngta 1a Wi mot duong cong cho tréc ma ta cha xacdinh dugc cdng
thirc toan ke cia no thi lam th ndodé cé thé nim hit duoc dang aia dudng congdd
moét cach trong dbi chinh xac qua ¢t sr dung Mot tap nh cacdiém By, Py ,... cing
v6i mot pheong phap Hi suy ndodé tir tap diém naydé tao ra duong cong mong
mubn voi mot ¢ chinh xac cho phép.

C6 nhéu cachdé nim bit duoc dudng cong cho tréc, ching han:

« Lay mot mau dudng cong ching vai chuc diém cach nhauuong ddi ngan roi
tim mt ham toan bc va clinh ham nay sao cho nh qua cacdiém nay va
khép véi duong cong bamtiu. Khi do, ta céduoc cong thirc ciaduong va dung
né dé vé lai duong cong.

« Cé&ch khéc 1a dung &b tip cacdiém kiém soat va dung 6 thuit toandé xay
dung nén Mt duong cong éa riéng né da trén caatiém nay. Co th duong
cong bandau vadudng cong 40 ra khéng kiip nhau 4m, khi d6 ta cé ti di
chuyén mot vai diém kiém soéat va lic nay thttoan hi phat sinh mt duong
cong noi dua trén p diém kiém soat néi. Tién trinh nay 4p lai cho dén khi
duong cong 4o ra khop voi dudng cong bardiu.

O day, ta § tiép cin van dé theo plrong phap tir hai, dungdén cacduong cong

Bezier va B-Splineié tao cacduong va nit.
Gia sir mot diém trong khong giartugc biéu dién dudi dang vector tham&p(t).
Vi cacduong cong 2D, p(t) = (x(t), y(t)) va caarong 3D, p(t) = (x(t), y(t), z(t)).

6.1.PUONG CONG BEZIER VA M AT BEZIER

6.1.1. Thuiit toan Casteljau



Chuong VI.Thiét ké dwong cong va nit cong Bezier va B-Spline

Dé xay drng duong cong p(t), taweh trén nét daly caaliém cho tuéce i tao ra gia
tri p(t) tng v6i mdi gia tri t ndodo. Viéc thaydoi cacdiém nay § lam thaydoi dang
cua duong cong. Phong phap nayab raduong cong da trén nét day cac boc noi
suy tuyén tinh hayngi suy khaing giiza (In-Betweening).

Vi du: Vé6i 3diém By, Py, P, ta co the xay drng mdt Parabol fi suy tr 3 diém nay
bang cach chn mot gia ti t O [0, 1] ndodo rdi chia doan RyP; theo t 1€ t, tadugc
diém R trén RP; . Tuong t, ta chia t#p PP, ciing theo t Ié t, taduoc Pt . Nbi Pyt
va B!, lai 1dy diém trén RB'P,* chia theotitlé t, taduoc Ry~

Vi cach lam nay, tagslay nhiing gia ti t khacO [0, 1] thi $ dwoc tip diém R
Do chinh laduong cong p(t).

Ta béu dién bing phrong trinh:

Po'(t) = (1-t).R + t.P, (1)
Pl(t) = (1-1).R + t.R, (2)
Pt = (1-).R'+tR"  (3)

Thay (1), (2) vao (3) tdwuoc:

P(t) = RA(t) = (1-tF.Py + 2t.(1-1).R + £.P,

bay la ndt duong cong lc 2 theo t nén nd laghParabol.

Tong quét hoa ta co thutoan Casteljau cho (L+H)jém:

Gia sr ta co dp diém: P, P, P, ..., R

Véi mdi gia tri t cho turde, ta ko radiém R(t) & thé hé tha r, tir thé hé tha (r - 1)
trudc do, ta co:

P'(®) = (1-).R7(® + tR.7()  (3)

r=0,1,..L vai=0,..,L-r
Thé hé cudi cuing B (t) duoc goi la dwdng cong Beziercua caadiém P,P; ,Ps,...,.R.
Céacdiém P, i=0,1,...,Lduoc goi la cacdiém kiém soathay caaliém Bezier.

Pa giac #0 bai cAcdiém kiém soéat nay ¢ 1a da giac kiém soathayda giac Bezier.
6.1.2. hng Bernstein dia cacdwong cong Bezier

Puong cong Bezierwh trén (L+1)diém kiém soat B ,P; , ...,R duoc cho Wi cdng

thuc:

P =3 PeB ()
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Trongdo, P(t) 1a not diém trong nit phing hdic trong khéng gian.
B."(t) duoc goi la da thrc Bernsteinduoc cho Wi cong thic:

L!

m(l-t)L'k.tk V6i L = k

B-(t) =

Madi da thrc Bernstein c6 4x 1a L. Théng tirong ta con gi cac B-(t) 1& cacham
tron (blending function).
Tuong tr, d6i véi mat Bezier ta co plong trinh sau:
M L
Puv) = > Piy.BM(u).Be"(v)
i=0 =0

Trong trdong hop nay, kidi da dién kiém soat 8 c6 (M+1).(L+1)dinh.

Duong cong Bezierdr 2 ’ Duong cong Bezierdr 3
Hinh 6.1
6.1.3. Ding biéu dién ma tran cia dwong Bezier

Dé thich lyp cho véc xi Iy trén may tinh, ta Bu dién hai ming BL(t) va P nir
sau:
B"(t) = (Bo (), B. (), ..., B (V)
P=R.P,...R)
Do do: P(t) = B(t).P  (tich vd kxéng)
hay  P(t) = B(t).P" (P'la dang chuyn vi caa P)
Duéi dangda thirc, c6 ti¢ biéu dién B (t) nhr sau:
Bi)=a+at+tat+.. +at=E0. OD@,a,..a)
Do d6 P(t) c6 tié biéu dién lai nhu sau:
P(t) = Pow (t).BeZ .P’
Vi
s Pow(t) = (Ct,....H)
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« BeZ |a ma tan biéu dién mang B-(t) trongdé mbi hang i @a ma tén tng Wi
cac It s trvongung (a,a ,...,a) ciada thrc B-(t) va i vi tri (i,j) trong ma tin Bez
c6 gia ti BeZ (i,j) = (-1)".C,.C}

Vi du: Ma tran BeZ cho caaiuong Bezier c 3

1 0 O

-3 3 0 O
BeZ =

3 -6 3 O

-1 3 -3

6.1.4. Tao va & cacdwong Bezier

Dé tao ra nmdt duong cong Bezierit mot day cacdiém kiém soat ta & ap ding
phrong phap 4y mau ham p(t)s cac gia tr cachdéu nhau éa tham é t, vi dy c6 thé
lay ti = i/N, i=0,1,...,N. Khido ta € dugc cacdiém P(f) tir cong thirc Bezier.

N&i cacdiém nay king cacdoan thing ta § duoc dudng cong Bezier an ding. Dé
tinh P(f) ta c6 tlk &p ding ma tén cia P(t)& trén trongdd chi c6 thanh pin Pow (t)
|a thayddi, con tich BezP' véi P = (R ,P,, ...,R ) la khong thayidi.

Sauday la thi tuc minh hva viéc V& dudng cong Bezier trong fih phing:

Type Mang = array[0..50] of PointType;
function tich(x,y:word):real;
var s:real;i:word,
begi n
if y<=1 then tich:=1
el se begin
s: =1,
for i:=x toy do s:=s*i;
tich: =s;
end;
end;
function CLK(I, k:word):real;
begi n
CLk: =tich(k+1,1)/tich(1,1-k);
end;
function Xmu(x:real;nm:word):real;
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var 1:word;s:real;
begi n
i f nmu=0 then s:=1

el se begin

s:=1;
for i:=1 to nu do s:=s*X;
end;
Xmu: =s;
end;
function BKL(t:real;I, k:word):real;
begi n
BKL: =CLK(I, k) *xmu(1-t,|-k)*xmu(t,K);
end;

procedure Pt(t:real;L:word; A Mang; var di em Poi nt Type);

var k:word;s, x,y:real;

begi n
x:=0; y:=0;
for k:=0 to L do
begi n

s: =BKL(t, I, k);
X: =X+A[ k] . x*s;
y: =y+A[K] . y*s;
end;
di em x: =r ound( x) ;
diemy: =round(y);
end;
procedure Vebezier (A Mang; L:integer);
var i, SoDi emword; Di em Poi nt Type;
dx, x: real
begi n
sodi em =100;

dx: =1/ sodi em
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x: =0;
i f L>0 then
begi n
for i:=1 to sodiemtl do
begi n
Pt(x,L, A Diem;
if i=1 then noveto(round(di em x), round(diemy))
el se | i net o(round(di em x),round(diemy));
X: =X+dX;
end;
end
end;

6.1.5. CAc tinh clit cia dwong cong Bezier

i/ Noi suyduoc cacdiém dau va cuéi.

Chizng minh

L
Taco:  P(t) = PeB (1)
k=0
L
Dodd  P(0) =Y Pi.B(0)
k=0

trongdd: B-(0) = b (1-0)-*.0¢ Ok#0vakzL

kI(L- K)!
:LO =
kI(L-K)!
Vivay, P(0) =RBy(0) + R.B.(0)
=R + 0 =R

Ly luan trong tr cho P(1). Ta c6 P(1) 5P

i/ Tinh Wit bién Affine:

Khi bién d¢6i mot duong cong Bezier, ta khondim bién d6i moi diém trénduong
cong ndt cach riéngd ma ch can bién doi cacdiém kiém soat éaduong congdo ri
st dung cong titc Bernsteinié tai tao lai dwong cong Bezieda dugc bién doi.

Chizng minh
Gia sir diém P(t) bén d6i Affine thanh P’(t)
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P'(t) = PA).N +tr =3 PBL(D.N + tr

Trongdo:
N: ma tén bién doi.

tr: vector tnh tién.
L
Xétduong cong>” (PN +tr).BH(t) (¥
k=0

duoc tao ra king cach kin dbi Affine cac vector R Ta € ching minhduong cong

nay chinh la P’(t).

. L L
Khai trién (*) ta 6: Y PN.B () + D tr.B- (1)
k=0 k=0
L L
= Y PNBH®) + Y. Bt (**)
k=0 k=0

L
Nhung theoda thic Bernstein thi}_ B"(t) = (1-t+t) = 1 nén & hang thr hai aia
k=0

(**) sé lartr.
Vi vay, P’(t) rim trénduong cong Bezierab ra ki cacdiém kiém soét R
iii/ Tinh cHit cua bao di: duong cong Bezier P(t) khéng baaygti ra ngoai baodi
cua no.
O day, bao i cua cacdiém kiém soéat ladp dinh nh nhit chra it ca cacdiém
kiém soaido.
Chizng minh
Bao bi cua cacdiém kiém soat @ng chinh ladp hop céc & hop 16i cua céac
diém kiém soat.
Ta béu dién 6 hop tuyén tinh @a caadiém Pk:

L
PO =>akR , a=20
k=0

L
Do P(t) la & hop 16i cua cacdiém kiem soatdt 0 [0,1] va > B () = 1
k=0

Néndudng cong Bezier&snam trong baodi cua caadiém kiém soat.

iv/ Do chinh xac tugn tinh:
Puong cong Bezier cé thtrg thanh nat dudng thing khi it ca cacdiém kiém
soat am trén ndt duong thing vi khidd bao bi cua chang la bt duong thing
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néndudng Bezier b kep vao bén trong ba®il nén né éng to thanhduong
thang.

v/ Bat ky mot duong thing hay nit phing nao éng luén luén &t dudng cong
Bezier it kn hon so \bi cit da giac kém soat.

vi/ Pao ham da cacduong Bezier:
L-1
Taco:  (P()) =LY ARPBEH () , APc=Rar- R
k=0

Do d6, dao ham @a duong cong Bezier la 6t duong cong Bezier khaduoc
tao ra ir cAc vector Kim soatAP, ( Ta ch can liy cacdiém kiém soat gc theo

tirng cip dé tao ra caatiém kiém soét cho (P(t)).
6.1.6.Panh gia cacdwong cong Bezier

Bing cacdiém kiém soat, ta co6 thtao ra cac dng dudng cong khac nhauihg
cach htu chinh cacdiém kiém soat chodi khi tao raduoc mdt dang duong cong
mong mén. Cong véc nay hp di lap lai cho dén khi toan 1 dudong cong tiha yéu
Cau.

Tuy nhién, khi ta thaydi bat ky mot diém kiém soéat nao thi toamhiuong cong b
thayddi theo. Nhrng trong thrc €, ta throng mong mén chi thaydéi mét it vé dang
duong congd gan khu wrc dang héu chinh caadiém kiém soat.

Tinh aic b yéu acia duong cong Beziettugc biéu hién qua cadla thrc B (t) déu
khac 0 trén toan khog [0,1]. Mit khdcduong cong p(t)di [a mot t6 hop tuyén tinh
cua cacdiém kiém soatduoc gia tong i cdc ham B-(t) nén ta Kt luan ring ndi
diém kiém soéat cé&nh hrong dén duong congo tat ca cac gia trt O [0,1]. Dodo, hiu
chinh bt ky mot diém kiém soat naoing € anh hrong dén dang aia toan th duong
cong.

Dé giai quyét bai toan nay, tatsdung nmdt tap hop cac ham tn khac nhau. Cac
ham ton nay cogia mang (support: khang ma trénié ham fiy gia ti khac 0) chla
mot phan caa khaing [0,1]. Ngoai gia mang nay ching cé gidaro.

Thuong ta clon cac ham tm la caada thrc trén cac gia mandp, cac gia mang nay
ké nhau. Nir vay, cdc ham tin chinh & mt tdp cacda thic duwoc dinh ngha trén

nhizng khaing ké nhaudugc ndi lai voi nhaudé tao nén ndt dudng cong liénic. Cac
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duong cong Kt qua duoc goi 1a da thic riéng plin hay trng phin (piecewise
polynomial).
Vi du: tadinh nghia ham g(t) §m 3da thirc a(t), b(t), c(t) nhr sau:

a(t) :% t? cogiamangO0,1]
g(t) =<b(t) :g- (t -:—23)2 cogiamang1,2]
c(t) = % (3-t)° cogiamang2,3]

Gia mang t@a g(t) l1a [0,3]

Céc gia tr cia ttng Wi cac ctb noi cua cacdoan goi 1a nat (knut), ching han
t=0,1,2,3 & bn nat @ia g(t). Fbn nira, ki cac ck ndi cua duong cong g(t) 1a tn,
khéng b gip khic. Dodo, ta @i d6 1a hamSpline.

Vdy, mpt ham Spline ép m lada thizc riéng phin cdp m codgo ham d@p m -1
lién tuc ¢ méi nit.

Dva trén tinh cft cia ham Spline, ta cé &dung né nkr cAc ham n dé tao ra

duong cong p(t) da trén cadiém kiém soéat B,...,R . Khi d6:
L
P(t) =) Pe.o(t)
k=0

Téng quat hoa, ta xayutig mit ham p(t) Wi L+1 diém kiém soét nkr sau:
V6i mdi diém kiém soéat R, ta co6 ndt ham ton twong tng R(t) vatdp cac nit gi
la vector nUtT=(to,ty,...,t) voi ti O R, t < t4, . Khi do:

L
P(t) =Y PR(t)
k=0
6.2.PUONG CONG SPLINE VA B-SPLINE
6.2.1.Pinh nghia
L
Theo trén ta co: P(t) 2 PR (¥
k=0

trongdé R voi k=1..L & caadiém kiém soat.
R(t) l& cac ham @n lién tic trong ndi doan con [t, t.4]va lién uic trén
mdi nat. Mai R(t) 1a mot da thrc riéng plan.

Do d6 dudng cong p(t) 1adng aia caada thic nay, fy trén caatiém kiém soét.
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Céacdoan duong cong riéng pin nay gp nhaué cacdiém nat va 4o choduong
cong ti nén lién tic. Ta @i nhirng duong cong nkr vay la SPLINE.

Cho trgc mot vector nat thi c6 thed nhéu ho ham ton duge dingdé tao ra not
duong cong Spline c6 thdinh ngha trén vector nitd. Mot ho cac ham nin vay duoc
goi la co so cho cac Spline.

Trong $ cac b ham nay, co Bt co s cu thé ma cac ham én caa n6 co6 gia mang
nho nhit va nhy vay né dem hi kha ning kiém soat ac b 16n nhit. D6 14 cacB-
Spline, v6i B viét tit cua chi Basic (o $9).

Doi voi cac ham B-Spline, fi da thic riéng pln tao ra n6coé mjt cap m naodo.
Do d6, thay vi dung ky Bu Rk(t) cho cac ham riéng fi nay ta & ky hiéu cac ham
tron nay laNy m(t).

2 I3 ~ L
Do d6 cacduong cong B-Spline c6 hbicu dien lai: P(t) = Z Pk-Ni m(t)
k=0

TOM LAI
Dé xay drng cacdudng cong B-Spline tain co:
o Mot vector nat T=(, ty, to, ..., km-1)-
e (L+1) diém kiém soat.
« Cip m dia cac ham B-Spline va congithoo ban cho ham B-Spline Nq(t) la:
j Nicm-a(t) + (

t—tk

tk+m-1—1k

tk+m—1

Ni m(t) = ( J Nia1 ma(t) V6i k=0..L

tk+m—tk+

A1 R . 1 tmt<tes
bay la ndt cong thirc d¢ quy Wi Ny (t) = <1 R __k Al_
’ 0 ngeealadi
(Ham Bing king 1 tréndoan (& , teq)

Déi vai cac miit B-Spline, ta cé cong it biéu dién trong tr:

P(u,v) :i i Pk Ni m(U).Ng m(V)

i=0 k=0

Nhan xét Cac duwong Bezier la caduwong B-Spline.
6.2.2. CAc tinh clit hiru ich trong viéc thiét ké cacdwong cong B-Spline

i/ Céc duong B-Spline ép m la cacda thrc riéng pln cip m. Chang 1a céc
Spline do ching c6 m-2ip dao ham lién #c & moi diém trong gia mangi@

chung.
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Céac ham B-Splineap m to thanhmét co' s& cho kit ky Spline nao c&ung
cAp duoc dinh ngha tréncung cac nat Cac Spline cé thdugc biéu dién nhur
mot t6 hop tuyén tinh @ia cac B-Spline.

i/ ' Ham ton B-Spline N (t) bat dau ¢ tk va Kt thicd t., . Gia mang ga no la
[tk.te+m]. Gi& mang @a hp cAc ham Ni(t) vaoi k=0,...L [a kh@ng [to,tmL]-

iii/ Mot duong cong B-Splingdng dra trén L+1diém kiém soét c6 th dugc tao ra

bang cach dung ptong trinhduong B-Spline tén hoan sau:
L
P(t) = P.No((t-k) mod (L+1))
k=0

Vi gia thiét cac nat cacldéu nhau trongtinh nghia aia ham N {...).

iv/ Néu dung vector chin thi duong cong B-Spline&noi suy cacdiém kiém soét
dau tién va céi cung. Cac hong khoi dau va Kt thic dia duong congdd <
nam doc theo cac anh dau tién va céi cung diada giac kém soat.

v/ Mbi ham B-Spline Ny(t) 1a khong anilt, va Hng cac b ham nay bng 1:
L
D Nim(® =1 OtO[to, tmer]
k=0

vi/ CAcdudng cong da trén cac B-Spline |Bit bién Affin. Do do, dé bién doi
mot duong cong B-Spline, drcan bién d6i cacdiém kiém soét, sadé khoi tao
lai dwdng cong i cacdiém kiém soatdd duoc bién doi nay.

vii/ Mot dudng cong B-Spline&nam trong baodi caa caadiém kiém soéat

Manh hon: O bét ky t nao, chcé m ham B-Spline 1a khac 0. Vay ¢ mdi t duong
cong phi nam trong baodi cua Hu hét m diém kiém soat kich hat ké nhau.
(Céacdiém kiém soat kich hat 1a cacdiém ma &i d6 ham B-Spline khac 0)

viii/ D6 chinh x&c tu§n tinh dia duong cong B-Spline: Bu m diém kiém soat k&
nhau 1a tugn tinh cung nhau thi baéilcua ching 1a it duong thing. Dodo
duong cong @ng $ tré thanhduong thing.

ix/ Tinh cHit giam d6 bién thién: $ giaodiém gitta dudng cong B-Spline &i bét
ky mot mat phing nao (Bu co6) luén ludn nb hon $ giaodiém (néu co) gira

da giadc kém soat éa no6 i mat phing do.

6.2.3. Thiét ké cac mit Bezier va B-Spline
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Ta c6 tik dung cac ham én Bezier va B-Splingé mo & va \& cac nit cong.béi
véi cac miit cong, ta kdu dién chdng @i dang tham é qua ndt ham vector i 2
tham $ la u, v. Ding Hng quat éa mdt mit cong la:

p(u,v) = (X(u,v),Y(u,v),Z(u,v))
o p(u,v) = X(u,v).i + Y(u,v).j + Z(u,v).k

Khi u, v bén thién trén rat khaing naodoé thi cac ham X(u,v), Y(u,v) va Z(u,v)
thayddi gia tri, dodé lam cho vtri caa p(u,v) thaydoi trong khdng gian 3 chi.

Chung ta & khéng béu dién cac nit qua cac ham toarpb trong minh ma & biéu
dién ching qua céadiém kiém soat.

Vi du: p(u,v) = (1-v).((1-u).B + u.Bg) + v.((1-u).R; + u.Ry) dung 4diém kiém
SO&td 4 goc 1a Pij i cac ham ®n 1a tuyén tinh theo u, v.

6.2.4. C4c king Bezier

Puong cong Bezier trong khdng gian 3 @hico thé dugc viét dudi dang la ndt
ham @a tham é v voi L+1 diém kiém soat tly théic vao tham & u theo nét kiéu nao
d6: Ching lan  P(u,v) :i P(u).BE(V) (%)

=

Nghia la ndi duong vién u 1a ndt dudng cong Bezier chim, nhrng ¢ nhitng gia ti
u khac nhau thi catiém kiém soat éng rim ¢ nhirng i tri khac nhau.

Khi u bién thién thi ndi diém kiém soéat Ru) $ chay trén nét dudng cong a thé.
Do d6, mit cong c6 th xem nhr 1a mjt sy dich chuyn dudng Bezier trong khéng
gian.

Ta trong trong bt da giac kém soat chugn dong trong khéng gian va thaibi
dang khi chugn dong. O mdi vi tri, da giac naydo nén nét duong cong Bezier va
mit cong 8o thanh chinh la c&#t condé lai bén drsi cuaduong cong nay.

Vi du: Phép chu phi cAch @ia mpt mat duoc tao ra i viéc i suy tuyén tinh
gitta 2dudng cong Bezier gh trén 2da giac kém soat 1a Pva B. M&i duong cong
kiém soat p(u) dugc moi suy tuyén tinh gira 2diém kiém soat B va R* khi u bién
thién gira O va 1:

p(u) = (1-u).R°+u.R* k=0,1,2,3
Gia sir cAcduong cong kém soat p(u) chinh 1& caduong cong Bezier, Bi duong

cong nay ¢a trén m +diém kiém soéat éa ching.
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M
Vi vay: P(u) = Y P B (u)
i=0
Két hop p(u) nay vao phong trinh (*) taduoc:
M L
P(uv) =) > Pik.Bi (U).Be"(v) (**)
i=0 k=0
Ta i day la dingtich Tensorcho ling Bezier.
Ciing gibng nhr cacda giac kém soat trong 2D, 6t khdi da dién kiém soat la rt
mang ¢om c6 (M+1).(L+1)dinh.
Tom li, dé tao ra ndt bang ta chi cin chi ra cac vtri caa caadinh nay 6i saudé ap

dung phrong trinh (**) dé vé cacduong vién haydinh nghia cang mit cong.
6.2.5. Dan cac bng Bezier wi nhau

Muc dich 1adé tao ra cac dng mit phic tap gdbm nhéu bing Bezier Kt lai véi nhau
mot cach ton tru o cac bién chung.

Khi ndi 2 bing Bezier 4i véi nhau, ndi bang cé ndt khdi da dién kiém soét riéng
va déu duogc tao ra tr pheong trinh (*) Wi u, v bén thién trong khang [0,1]. \An dé
la lam sao cho 23ng c6 tit dan vao nhau @t cach ton tru.

« Hai hing € gap nhauo tit ca cacdiém doc theo bién chungéu cac kidi da dién
kiém soéat éa ching kiip nhaud bién. Nhr vay, ta chi cin chpn cacda giac kém soat
biéndé cho 2 king dong nHit nhaud bién. Cé th thay dugc diéu nay khi thay u=0 vao
trong phrong trinh (*) & trén.

« Mot diéu kién da nira 1a ndi cap canh aia khbi da dén ma né gp nhaud bién
phai tuyén tinh ciing nhau.

6.2.6. Cac king B-Spline

Céac ham B-Spline c6 &rduoc ar dung trong dng tich Tensor thay cho céa thic
Bernsteindé dat duoc tinh kém soat cao én khi thiét ké mat cong.Diéu d6 c6 nglia
ta € thay phrong trinh (**) thanh:

M L

P(u,v) =Z Z Piic-Nim(U) - Nigm(V)

Khéi da dién kiém soat ¢m c6 (L+1).(M+1)diém kiém soét; u,v kin thién tr 0 ©i

gi4 tri Nt I6n nhit trong c&c vector natrbng tng aia ching.
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Déi véi cac bing B-Spline, ngoi ta vin ding cac B-Splineds 4. Do véc chon &
diém kiém soat la khéng gi han nén co th tao ra nhéu dang mit cong ét phic tap.
Tat nhién khi thét ké, ta phii chon khbi da dién natdé tao ra mit c6 cing mong

I4
A

muon.
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CHUONG VIl

KHU PUONG VA MAT KHU AT

7.1. CAC KHAI NI EM

Mot vat thé 3D c6 ti¢ biéu dién trong may tinh ing nhéu md hinh khac nhau, song
hai md hinh pé bién nhit d6 & md hinh khung day (WireFrame) va mo hidls mit
da giac( Polygon mesh model)

« Mb hinh WireFrameDa trinh bays chrong 5, né cho ta hinh dangia \at thé
dudi dang not bo khung

« M0 hinh céc nit da giac:o day mot vat thé 3D duoc xacdinh thdng qua cac ih
(thay vi cac gnh nhr trong mé hinh WireFrame), vadmmot mat lai dugc xac
dinh théng qua cadiém ma caaliém nayduoc xem nhx 14 cacdinh aia mit da
giac, Wi md hinh céac rit da giac thi chang ta khéngictao radugc hinh dang a
vat thé nhe md hinh Wireframe ma coné&tién dugc cacdic tinh v mau éc va
nhiéu tinh chit khdc @a \at thé. Songdé co thé mé & vat thé 3D mdt cach trung
thuc (nhr trong t gioi Mit 1 ,

thuc) thi doi hoi nguoi lap

trinh phii tinh toan va di lap

nhiéu théng tin, ma u chbt Mit 5

12 vén d& khir mit khuét va ; C//

chiéu sang.Trong akong Mat 4
> . o gn Mat 3

nay ching ta & tap trung a9~ —

/

nghién &u van dé kher mat
khut. 4

Vi du: M6 ta vat thé nhu trong Mt 2
hinh 7.1. 6 |
- Danh séach céaéinh: 1,2,3,4,5,6 Hinh 7.1
- Danh sach céac #hdugc xacdinh theo Bng sau:
Mat binh
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1 1,2,3
2 4,5,6
3 1,3,6,4
4 3,2,5,6
5 1,254

Chung ta c6 thdua ra nhéu ciu trac dr liéu khac nhawté lvu trir choda giac. Drdi
day la phat tho mot kiéu cu truc:
Type Point3D = Record {Piém 3 chéu}
X,Y,z:.real;
end;
Vect or 3D = Record {Vector 3 chéu. Mic di né ging i
X, Y, z:real ; Point3D song taan khaidé cac thuit toan
end; dwoC twong minkt}
RGBCol or = Record {Cdu tric mau &c aia mst mgt}
B, G R Byt e;
end;
Ki euMat = Record
PhapVT: Vect or 3D;  {Ph&p vector ¢a mit}
Sodi nh: cardinal ; {S dinh aia mit}
Li st:array of integer;{Danh sach tl tw cacdinh tzo
nén . O day ta dung ning déng}
Col or : RGBCol or ; {mau gic aia mit}
end;
bj 3D = record  {Pdi twong 3 chéu}
Obj Nane: string; {Tén aia doi tirong}
Sodi nh: cardinal ; {S dinh}
Di nh: array of point3d; {Danh sach#inh.O day ta dung
kieu ming déng}
SoMat : car di nal ; {S6 mat}
Mat : array of Ki euMvat; {Danh sach nit}
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Xwor | d, Ywor I d, Zwor | d, Zoom Real ; {Tog do va kich
thréc thit cia vat trong Fé tog dé thé gidi}
end;

Khi cai dit cho mdt tng ding a1 thi viéc sr dung ming & dinh c6 tié gay ra cac
tré ngai vé kich thrac ti da hay éi thiéu, aing nhr viéc st dung b nhé khong bi uu.
Vi thé ngoai cach dung éng & dinh, ta c6 th dung nang dong trong ndt sb ngén
ngit nhu Visual Basic, Delphi hay Visual C++,... fmding du tric danh sach moc
ndi. Song song & diéu do 1a viec bot di hay dua thém céac thic tinh dn thiét dé biéu
dién cacdic tinh khac éa mit hay @addi tuong.

*\/an dé khir mat khu at

Khi thé hién vat thé 3D, mdt van dé& nay sinh 1a lam sao dhhé hién cac it co thé
nhin tHy duoc ma khodng th hién cac nit khuit phia sau. \dc mot mat bi khuit hay
khéng b khuit thi tuy thudc vao du tric cac it caa vat thé va v tri caa diém nhin

ciing nhr bdi canh ma it thé d6 duoc dit vao.
7.2. CAC PHUONG PHAP KHU MAT KHU AT
7.2.1. Ghi thuat ngudi the son va gip xép theo chiu sau (Depth-Sorting)

Nguoi tho son (hay Depth-sorting) 1a téria mbt thuat giai don gian nhét trong $
cac thdt todn & anh thrc 3 chéu. Néu dé y nguoi the son 1am vic, ching ta &thiy
anh ta sn bic tranh & trong ra ngoai, & cac @nh Vit tir xadén gain. Chang ta co th
ap ding mbt cach trong tr dé vé cacda giac trong danh sach oda giac. Song co 6t
van dé can phai chon lya, 6 1a mt da giac dn tai trong khéng gian 3D cét ba Hn
dinh, va nlitng dinh nay c6 th cé cac gia irz ( gia ti do sau ) khac nhau. Ching & s
khéng bét chon gia ti nao trong & chiing. Tr nhitng kinh nghém trong thrc €, nguoi
ta cho &ng nén & dung gié ti z trung binh & cho Kt qua tét trong Hu hét cac trong
hop.

Nhu vy, chiing ta &n phii sip xép cac nit theo thir tu tir xadén gan, 10i saudo vé
CAc nit tir xa turée, i vE cac nit & gan sau, ntr thé thi cac mit ¢ gan < khéng b
che khit bai cac miit & xa, ma chco cac mit & xa mbi co thé bi cac nit & gan che

khuat, do cac it & gan V& sau nén c6 thduoc V& chong 1én hinhinh aia cac nit xa.
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Nhu vay, thuat giai Depth-Sortingdugc thec hign mot cach @ dang khi ching ta
xacdinh mot gia ti d6 sau (la gia irz trong 1§ toa d6 quan satjai dién cho @ mat.
Céac mit dya vaods saudai dién cia minhdé so sanhdi sip xép theo nét danh séach
giam dan (theodd saudai dién). Budc tiép theo |a ¥ cac nit 1én mit phing theo tit
tu trong danh séach.

Giai thuat con ndt sb vuéng mic sau (hinh 7.2):

& Khi hai mit cit nhau thi thét giai nay cH thé hién nhr chiing clbng I&n nhau.

v

v

Hinhanh that Khi v& bang ghi thuat trén
Hinh 7.2
& Khi hai mit ¢ trong cung mt khaang khéng gian & d6 sau va hinh chu aia
chdng 1én nit phing chéu chbng 1én nhau (hay émg mdt phan 1én nhau). Cing
han nhur:

Mit A

Mfi/ M4t nhin

Hinh 7.3

Tt nhitng vi di trén chang ta cé éhthiy rang, cé nliing tnrong hop cacda giac
duoc sip xép sai dn dén két qua hién thi khdngding. Liéu chiing ta cé thkhic phuc
duoc van dé nay khéng? Cauddoi di nhién la cé nhing ding déng nghia la ching ta
s8 phai xur ly thém ét nhiéu cac trong hop va lam ing do phac tap tinh toan.

« Phép kiém tra phan kéo dai Z
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Phép kém tra nay nm xacdinh phin kéo dai z ¢a haida giac co §i 1én
nhau hay khong? & cac phn kéo dai Z Ia §i |én nhau 4t c6 th cacda
giac nay én dugc hoandoi. Vi thé phép kém tra tép theo phi duoc thec
hién.

« Phép kiém tra phan kéo dai X

Phép kém tra nay tong tr nhu phép kém tra turge, nhrng néd § kiém tra
phan kéo dai X éa haida giac c6 §i 1en nhau hay khéng?& c6, thi it co
thé cacda giac nay an dugc hoandoi. Vi thé phép kém tra tép theo phi

duoc thuc hién.
« Phép kiém tra phan kéo dai Y

Phép kém tra nay kém tra pfain kéo dai Y éa haida giac c6 §i Ién nhau
hay khéng? Bu co, thi t co thé cacda giac nay &n dugc hoanddi. Vi thé
phép kém tra tép theo phi dugc thuc hién.

« Phép kiém tra canh xa

Gia sr A va B la haida giac ma sau khiip xép theodd sau trung binh thi A
dung tréc B. Song qua 3 phépékn tra trén ma an khéng xaalinh dugc
liéu trat ty trén ladang hay chkra. Luc nay ching gihtién hanh phép km
tra aanh xa. Phép Km tra anh xa ndm xacdinh xemda giac B c6 &m
phia sau anh xa @a da giac A hay khéng? & c6 thi tat tw nay ladang,
nguoc lai thi phai qua hrgc kiém tra tép theo.

Dé kiém trada giac B c6 &im sau anh xa @ada giac A hay khong, chang
ta thrc hién viéc kiém tra ndi dinh aiada giac B. Cadinh naydéu nim vé
cung ndt phia @iada giac A theo cBu truc Z khéng? Nu ding thi Kt qua
trat tu trén ladung. Ngroc lai, cé thé xay ra ndt trong hai tinh héng nhr
hinh (7.2) hac hinh (7.3)dé xacdinh duoc ta phii tiép tuc sang bdc kiém

tra tiép theo.
« Phép kiém tra canh gan

Phép kém tra @nh gin nhim xacdinh xemda giac A c6 am phia sauanh

gan cia da giac B hay khong? & co thi tht tr xacdinh tredc day khong
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dang, chang taam phai hoandaéi lai trat tu. Nguoc lai thi rd rang haita giac
dang @t nhau (nfx hinh 7.2) hac chéo vao nhau (hinh 7.4), ltc nay chang
ta phii tién hanh chia nkhaida giac A va B thanh 3 (ko 4) da giac con,
duong chia ét chinh ladudng giao ét cua 2da giac. Sau phép chia chang

ta tién hanh &p xép lai cacda giac con.

Hinh 7.4

7.2.2. Gii thuat BackFace

S rat don gian réu ta ding Vector phap téiy dé khir cac it khudt caa mbt ddi
tuong 3Ddic va bi. Ta $ tinh goc gira véc & huéng nhin V va phap vector Nia
mat, néu géc nay ladn hon 9¢° thi mat [a khéng nhin thy (bi khuat), ngroc lai thi
mat & kha kién.

Diu cia tich vo lrdng aia 2 vector 1a dong réu goc gira ching nb hon hay king
90°. Vay thuat todndé xét mdt mit bi khuit hay khéng chdon gian la:

If V.N>=0 then Mjtthay
Else Mat khong thay (mat khu at);

A Y N
‘ Mat nhin
{v\Vector hréng nhin

4_ L
——— Vi u<9C® nén mnit
K ¢ guan sattuoc

»
|

Hinh 7.5
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Hinh 7.6
Cai dat minh hoa cho thuat toan chon lgc mit sau

Function Tich_vo_huong(v, n: Vector3D):real;
{Tinh tich vb éngaia 2 vectof
Begi n
Ti ch_vo_huong: =v. x*n. x+v. y*n. y+v. z*n. z;
End;
Procedure DrawObj FilterRear Face( Obj: Obj 3D,
Canvas: TCanvas; W dt h, Hei ght : i nt eger;
Zoomreal ; V: Vector3D);
{Vé dsi twong theo thdt toan cten loc mit sau.
Trong do:
+ Obj: chira doi twong 3D ain &
+ Canvas: Vi vé (hay vungiém khung)
+ Width, Height: Kich théc cia Canvas
+ Zooom: H 0 ty 1¢ khi \é ddi trong (Hay 1# o thu phéng)
+ V: Vector heéng nhin. Nu Objda dwoc chuyn sang l tog dé quan sat O’'UVN
thi V=(0,0,-1}
Var i,k, P, cx,cy:integer;
Pol y: array of TPoint;
begi n
cx:=Wdth div 2;cy:=Height div 2;

{Duyét qua tit cd cac nat cia doi twong}
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For k:=0 to Qbj.SoMat-1 do
if Tich_vo_huong(v, Obj. Mt [ K].PhapVT)>= 0 then
{Mat kha kién}
begi n
setl engt h(Pol y, Obj . Mat [ K] . Sodi nh) ; {Thiét ldp dé dai aia
ning Poly ing  dinh aia da giag
For i:=0 to Qbj.Mt[K]. Sodinh -1 do
{Puwa taa do cacdinh aia da giac vao Poly
begi n
P.=Cbj . Mat[K].list[i];
Poly[i].X =round(Qbj.di nh[P].x*zoom +cxX;
Poly[i].Y:=-round(Qbj.dinh[P].y*zoom +cy;
end;
[Thiét Iagp mau cho bt té #oc khi tg
canvas. Brush. Col or: =rgh(Obj . Mat[ K] . Col or. R,
Obj . Mat[K] . Color. G Qbj . Mat[K] . Col or. G ;
Canvas. Pol ygon(pol y); {T6da gidc \6i mauda duwoc thiét 1Gp}
end;
setl engt h( poly, 0);
end;

R6 rang, thét toan &t don gian vado phac tap tinh toan khéng cao. Song khii s
dung phii ludn dam kao ring ddi tuong codit tinh 1a ‘dac va bi”, néu dbi tuong
khéng th@a mandiéu kién d6 thi chang ta ph 4p ding mot thait toan khac hay cé

nhitng sradoi can thiét dé tranh s thé hién sai hc.
7.2.3. Gii thuat vung dém d¢ sau (Z-Buffer)

Biang céach tinh gia trdd sau (1a gia irZ trong I toa 46 quan sat) @a nbi diém
trong #t ca cac mit da giac, 4i mdi diém trén nit phing chéu cé tké coanh aia nhéu
diém trén nhéu mit da giac khac nhau, song hind ehi duoc thé hién hinhanh aia
diém c6do sau thp nhit ( trc ladiém ¢ gan nhat). Vi cach thrc hién nay gai thuat

c6 thé khir duoc tht ca cac tirdng hyp ma céc gii thuat khac nic phai.
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Gi6éi han cia phrong phap nay l&oi héi nhiéu b nhé va thre hién nhiéu tinh toan.
Z-Buffer [a mdt bo dém dungdé lwu do sau cho i pixel trén hinhanh aia \at thé,
thdng throng ta 6 chirc nd 1a ndt ma tén hinh cki nhat. Néu dung 1 byteté biéu dién
d6 sau da mdt pixel, thi mdt vat thé c6 hinhanh trén nit phing chéu 1a 100x100 &
can 10000 byte dungdé lam Depth Buffer, va khié vingdém d6 sau & cho phép ta
phan bét dugc 256 mirc sAu khac nhadjéu nay c6 ngta la réu c6 257 pixeb 257d0
sau khac nhau thi kidié bwt ta phi quy 2 pixel naaié vé cung ndt d6 sau. Nu ta
ding 4 byteié biéu dién do sau d@a ot pixel, thi khidé vingdém d6 sau & cho phép
ta phan bit duoc 4294967296 %) mic sau khac nhau, song ldé < phai can 40000
byte cho mt bo dém kich thréc 100x100. Do tinh ¢l 2 mit nay nén ty vao tinh
hudng va yéu 8u ma ta c6 thting hay gim  bytedé luu giir d6 sau @a 1 pixel. Va
thdng throng ngroi ta dung 4 byteté luu gitt 46 sAu @a mdt diém, khido thido chinh

Xac it cao.

Mot cau toi co thé dit ra 1a [am sao c6 étinhdo sau aa nmdi diém trongda giac.

O day c6 2 plrong phép: ptiong phap tirc tiép va phrong phap gian ép.

« Phrong phép trc tiép < tinh do sau @a mdi diém dya vao plrong trinh
mit phing chra da giac. \6i phuong phap nay ching tarm duyt qua ft
cacdiém aiada giac (it nhién ch hitu han diém), bing cach cho céc thanh
phan x va y, gu cip gia ti (x,y) tha trong mén giéi han cia da giac thi
ching ta & tim thanh phn tht 3 1a z Bing cach thay thx va y vao phong
trinh mit phing dé tinh ra thanh pin z. V& mat toan ke thi phrong phap
truc tiép rd rang lat khoa hvc, song khi 4pehg ta § gip phii vuéng mic:
Can phii tinh bao nhiéutiém d hinh anh thé hién cia da giac 1én it
phing chéu da min va ding khéng btinh tang qué nin (trc 1a \& rat nhiu
diém chbng chit 18n nhau khoéngan thiét ma hi gay ra tinh tng chim
chap va ting d6 phic tap tinh toan. @ng nén nk rang khi tré hién mot da
giac 1én nit phang chiu thianh aia n6 cé th dugc phéng to hay thu rif.

« Phrong phap gian &p: Chang ta & tinh d6 sau @éa ot diém gian tép
thdng quaid sdu da caadiém lan dn. Bé thuc hién ching ta in hanh theo

cac hrdc sau:
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Goi G la mpt mit da gidcdugc biéu dién boi tap cacdiém P, P, ... B,
va G’ la hinh chiu cia G xwng mit phing chéu Vi tap cacdinh
PPy ,... Py,

Dé thé hién hinhanh aia G 1én it phing chiu thi ré rang 1a ching ta
phai tién hanh téda gidc G’. Song nhthuit toanda phat bdu, ching ta
can xacdinh xem ndi diém M’ bat ky thuoc G’ laanh aia diém M nao
trén G va g¢a vaods sau @a M dé so sanh &i do sduda co trong z-
buffer dé quyét dinh 1a c6 & diém M’ hay khéng. Nu ta gan thém cho
cacdiém anh mdt thanh pln nira, d6 1a gia ti d6 sau @a diém tao anh
(tec ladiém ¢4 o radiém anh sau phép chi) thi ltc nay ta khdngaa
thiét phai xacdinh M dé tinh do sau, ma ta cé étinhduoc gia ti 46 sau

nay qua cong tic sau:
Néu M’ nam tréndoan thing P’Q’ Véi ty ¢ 1a: P'M'/P’Q’=t
va réu biét dugc d6 sau éa P’ va Q' in luot & z(P’) va z(Q’) thido sau

madiém anh M’ nhan duoc 1a
z(M)=z(P)+(z(Q)-z(P))t (2.3.1)

Ta c6 ti sir dung dugc cong thirc trén \6i tat ca cac phép ckiu
c6 ho toanduong thing. Tr d6 ta cé tk xacdinh quy trinh € da giac

G’ la anh aia G nhr sau:

+ Gan thém cho i diém dinh aia da gidc G’ ndt thanh phn z c6 gia
tri bang d6 sau éa diém tao anh. C6 ngia 1a P} s3 chra thém gia ir
z(P), P’, s chra thém gia irz(P,), hay nt cach éng quéat P’s3 chira
thém gia tr z(R) véi i=1..n.

Tién hanh tada giac G’ theo @t quy trinh trong tir nhu thut toan to
da giac theo dong quét. C6 righHa cho mt dong quét chy ngang qua
da giac, 4i mdi vi tri bit ky caa dong quét, ching taéti hanh tim ap
cac giaodiém cia dong quét & da giac. Gi {x .} 1a tap cac giaatiém,
mot diéu cin chu y 1a ta #n tinhdo sau cho cac giadiém nay. Gi s X;
la giaodiém aia duong quét bi canh R'P; thé thi ta c6 th tinh radd

sau @a x thébng qua cong trc (2.3.1) nlr sau:
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NEU Qoi Vscanld Qid ti tungdd caa dong quét ththi:
z(x) = z(R)+z(Py)*[(Y scan— Y(RD/(Y(P;)-y(P)] (2.3.2)
{trong d6 y(P) |a thanh pin toa d6 y caadiém P}

RG rang qua cong tic trén ta thy, néu x 1a trungdiém cia R'P;’ thi
z(x) = z(R)+z(P)*1/2

Cai dat minh hoa cho ghi thuat “vung dém d¢ sau”

T nhitng phan tinh trén ching ta cé tén hanh khai bao cadu tric dr liéu cin
thiét va caidat cho thit toan.
« Khai bdo cac4u trac dt liéu cin thiét;
Sauday la cac khai bacan thiét ¢é cho phépuu trir mot déi tuong 3D theo md
hinh cac it da giac, clng cac khai baarcthiét dé tién hanh kir mat khuat
theo thdt toan z-Buffer theo ngdn figPascal trong mdiong aia trinh bién
dich Delphi

{B it ddu phan khai bao phc vu cho gii thuat Z-buffer}

Type Z_BufferType=Array of Array of cardinal; {Kiéu by dém Z,
day 1a mpt ming déng 2 chéu ma mai phan tr c6 kiéu cardinal, diéu @6 c6 ngha 1a
vingdém dg sau & cho phép ta phan #ii diroc 4294967296 (%) mirc sau khac nhgu

Nut Pol y_Z=r ecord {Cdu trac aia mpt dinh aia da giac chéu G’}
X, y: | nteger; {Tog dé ciaanh trén nat phing chiéu}
z:real ; {Thanh plin dé saudi kém (ladé sau @a tzo dnh)}
end;

Pol ygon_Z =array of NutPoly Z; {Pa giac chéu la mjt ming
déng. Nhe mgt da giac 2 chéu, song rii mét dinh
c6 chra thém thanh pin @6 sau @a dinh}

CanhCat _Z=record {Cdu tric aia cac anh da giac duoc xay deng

nham phuc w cho qua trinh tinh giadiém}
y1l,y2:Integer; {Tungdd bat dau va It thic aia mst cenh
(y1<=y2)}
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XG ao: real ; {hoanhds xuit phat @ia cznh. Song trong qué trinh
tinh toan né & la tung dg giao diém aia cnh Wi
dwong quét ngang}

xSt ep: real ; {Gia tri thaydsi cia x khi y thay#si 1 don Vi, n6 cho
biét d6 doc aia canh}

zG ao: real ; {Gia tri dé sau ti diém xuit phat eia cnh. Song
trong qua trinh tinh toan nééda gia tri dé sau aa
giaodiém i dwong quét ngang}

zSt ep: real ; {Giatri dj sau @a giaodiém tiép theo so ¥i gia tri
dé sau @a giao diém truéc d6 & chénh éch nhau
mot khaing la zStep}

end;

DanhSachCanhCat _Z=array of CanhCat_Z; {Danh sach cac anh
diroC 1g0 ra tir da giac chéu G’, danh séch nay @m ph: vu cho qué trinh tinh
to&n cac giaafiém Wi dwong quét éng nhr g sau @a i giao diem}

G aoDi em Z=record {Luu taz dg giaodiém vads sau trong #ng \Gi

giaafiém do}
X, y: | nteger; {Toa dé giaodiém}
z:real; {Gia tri do say

Chi SoCanh: i nt eger; {Ch s canh cit tzo ra giaodiém (Nhim muc
dich khr cac giaodiém thra)}
end;
DanhsachG aoDi em Z=array of G aoD em Z;
{K ét thic plan khai bao ptic vu cho gii thuat Z-buffer}

Procedure Drawbj (Obj: Obj 3D, Zm n, ZMax: Real ;
Z Buffer:Z BufferType; Canvas: TCanvas;
W dt h, Hei ght: i nteger; Zoomreal);
{Pdu vao: +Paoi tuwpng 3D chra trong Obj
+ Gidi han dg sau trong khéng gian ma ebng trinh x¢ Iy 1a tr Zmindén

Zmax. Ta &thyc hién anh x cac gia té do sau tinhduroc cia cacdiém trénda
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giac sangdogn 0..4294967294. Bi rang d¢ sau Zmining Wi 0 va Zmaxing
V6i 4294967294. 46 sau 4294967295 lam gié tmic dinh cho céaefiém reén

+ Z_Buffer: & ma tin chra dé sau caadiém anh aia cacdoi twong da thé
hién trén Canvas (xem nHa mit phing chiéu). Neu ta chra Vé ddi tirong nao
truoc do thi Z_Buffeduoc khoi dong la 4294967295

Canvas: Tim wi vé. Chang ta & thic hién v hinhdnh aia dsi twong Ién
Canvas.

Width,Height: La cliu réng va cao ga Canvas

+ Zoom: ¥ 1¢ thé hién doi tirong l1én Canvas sau khigth hién phép chiu,
ta 0 thé hiéu ném na layt I¢é thu phong.

vVar i,k, P, cx,cy:integer;
Pol y: Pol ygon_Z;
CuongDoSang: Real ;
Col or: Tcol or;
Begi n
cx:=Wdth div 2;cy:=Height div 2;
For k:=0 to Obj.SoMat-1 do {Duyét qua tit ci cAc mit da giag
begi n
setl engt h( Pol y, Cbj . Mat [ K] . Sodi nh) ;
{Thiét Idp s phin tr ciia Poly hing $ dinh aia mit ma n6 8p chia}
For i:=0 to Qbj.Mat[K]. Sodi nh -1 do
{Duyét qua tit ca cacdinh aia mit va thiét Idp gia tri cho mdi dinh
cua Poly
begi n
P.=Cbj . Mat[K].list[i]; {Dinh thri trongda giac K €
la dinh thr P trong danh sachinh aia Obj}
{Dung phép chiu tryc giaodé chiéu diém Obj.dinh[P] xwng mit
phing OXY taduoc tpa dé anh l1a (Obj.dinh[P].y,Obj.dinh[P].x),
roi saudd phong theoytlé 1a Zoom vajnh tién theo vector (cx,cy)
nham giGpdwa hinhdnh ra ving gia Canva}
Poly[i]. X =round(Qbj.dinh[P].x*zoom +cx;
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Poly[i].Y:=-round(Qbj.dinh[P].y*zoom +cy;
Poly[i].Z: =((0j.dinh[P].z-2ZM n)/ (ZMax- Zm n)
*4294967294) ; [/IMaxCardinal=4294967295
{Gia tri do sau @a dinh Poly][i] la gia tri Obj.dinh[P].z songfuwoc
anh x: vaodoan 0..42949672%4
end;
Col or: =RGB(Obj . Mat [ K] . Col or. R, Obj . Mat [ K] . Col or. G
Qbj . Mat [ K] . Col or. B);

Fi I | Pol ygon3D( Pol y, Col or, Z Buf fer, CanVas) ;
end;
setl engt h( poly, 0);
end;
Procedure Fill Pol ygon3D(Pol y: Pol ygon_Z; Col or: TCol or;
Z Buffer:Z BufferType; Canvas: TCanvas) ;
{Thu tyc t&6 mau mit da giac theo that toan Z_Buffey

var L, H ND, NG i,j,Y, MaxY, M nY:i nt eger;
D. DanhSachCanhCat _Z;

G DanhsachG aoDi em Z;

Z BufferWZ BufferH | nteger;

{L,H:Giéi han ch s6 cia ming Poly

D:Danh sach cacanh duwroc o ra tr Poly, chra nhing théng tin dn thiét dé
tinh giaodiém vads sau @a giaodiém mpt cach nhanh chong

ND: & phin tr ciia ming D

G: Chrra danh sach céac giadiém coduoc sau mai lan dong quét thayoi
NG:s phin tr ciia ming G

Procedur e TaoDanhSachCanhCat ;

{Thu tuc nay wo ra danh sach D, la danh sach camh aia da giac ir thong

tin ddu vao Poly

Var i,dl, d2, Dem Dy, Cuoi : i nteger;
begi n
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{XAacdinh $ canh aia da giag
If (Poly[L].x<>Poly[H].Xx)or
(Poly[L].y<>Poly[H].y) then
begi n
ND: =H L+1;
setl engt h(D, ND);
Cuoi : =H,
end
el se
begi n
ND: =H-L;
setl engt h(D, ND);
Cuoi : =H 1;
end;
Dem =0;
{Tao ra cac anh}
For i:=L to Cuoi do
begi n
If i<H then j:=i+1 el se j:=L;
{Xacdinh diém dau vadiém cwi cia canh, diémdau ladiém cé gia tr y nhs}
If Poly[i].y<=Poly[j].y then
begin dl:=i;d2:= end
el se
begin dl:=j;d2: =i end;
D dem .yl: =Pol y[d1l].y; D[ den].y2: =Pol y[ d2] . vy;
{ Lueu trir tungdg xudt phat va Kt thag
D den] . xG ao: =Pol y[ d1] . x;
{Tung dé xuat phéat. Kisi dau thi (D[dem].y1,D[dem].xGiao) chinh |& dads
ciia diém dau cia canh}
D dem . zG ao: =Pol y[ d1] . z;
{P¢ sau @a giaodiém ki diémdiémdau aia canh}
Dy: =(Pol y[d2].y-Pol y[dl].Yy);
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{Dé chénh gch tungds cia diém dau vadiém cwi}

| f Dy<>0 then

begi n
D dem . xSt ep: =(Pol y[ d2] . x- Pol y[ d1] . x) / Dy;
Dl dem . zStep: =(Pol y[d2] . z- Pol y[ d1]. z)/ Dy;
{Twr do chénh éch Dy ta suy ra gia tmg aia X vado sau z khi gia try tang 1
don Vvi. Néu khi dong quétdi qua diém dau thi taz d¢ giao diém la
(D[dem].y1,D[dem].xGiao) &i d¢ sau |a D[dem].zGiao, du saudé dong quét
ting 1 don v thi rd rang ta do giao diem ¢ la
(D[dem].y1+1,D[dem].xGiao+D[dem].xStep) va d6 sau € |la
(D[dem].zGiao+D[dem].zStep)}
end
el se
begi n
D den] . xSt ep: =0;
D deny . zSt ep: =0;
end;
Dem =Demt1,
end;

end;
Procedure TaoDanhSachG aoDi em

{ Tao danh sach céc giadiém Wi dirong quét co tungs y hien thoi}

Var i:integer;
Begi n

Setl engt h(G ND);
NG =0;

{Duyét qua tit ci cac anh
for i:=0 to ND-1 do
begi n
If (Di].yl<=y)and(y<=D[i].y2) then
{C6 giaodiém Wi duwong quét ¥
Begi n
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{Lueu lgi tog dé giaodiém vads sag
G NG . x:=round(D[i].xd ao);
gnNg . y:=y;
NG .z:=Di].zG ao;
d NG . Chi SoCanh: =i ;
{Chi s canh d4 g0 ra giaodiém. Nhim phic w cho qué trinhdc
bé cac giaodiém khong én thiét}
{Luweu lgi Tungds vadé sau @a giaodiém Wi diwong quét tp theo
(y+1) vao chinh DJi].xGiao va DJi].zGiap
Di].xGao:=D[i].x3E ao+Di].xStep;
Di].zGao:=0i].zG ao+Di].zStep;
NG =NG+1;
end;
end;
end;
Procedure SapXepValLoc;
{Sip %ép lai cac giaodiém va be bs cac giaodiém thra}
Var i,j,Cl, C2:integer;
Tg: G aoDi em Z;
Begi n
{Sip *ép lai cac giaodiémy
for i:=0 to NG 2 do

For j:=i+1 to NG 1 do
If di].x>dj].x then
begi n
Tg:=di];dqi]:=¢dj];dj]:=Tg;
end;
I :=0;

{Khix nhitng Giaodiém thra}
While i <(NG 2) do
begi n
If di].x=Fi+1].x then {2 giaodiém tring nhay
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begi n
Cl: = i]. Chi SoCanh;
C2: = i +1] . Chi SoCanh;
{C1 va C2 |a hai enh d4 tz0 nén 2 giaafiém tring nhaufang xé}
If (D Cl].yl<>D[ C2].yl)and(D[ Cl].y2<>D[ C2].y2))
or (OJC1] .y1=D[Cl].y2)or (D C2].y1=D[ C2].y2) then
{Xo04 kst mgt giao diém réu nhe: 2 cgnh o nén 2 giaadiém nay
nam \é hai phia @a dwrong quét hdc co ndt cgnh [a nim ngang
begi n
For j:=I to NG2 do Fj]:=(d]j+1];
NG =NG 1;
end;
end;

=l +1;

end;

Pr ocedur e ToMauCacDoan;

{Thuc hién t6 mau caelogn thing 1a phin giao @ia dwong quét Vi da giac.

DO la cacdoan XXz, XaXa, ..}

Var i,x, K integer;Dz:real;
Z: Cardi nal ;

0;

Wiile i <NG 1 do

begi n
Ki=di+l].x - §i].x;
If k<>0 then Dz:=(di+1].z-di].z)/K
el se Dz: =0;
For x;:=Fi].x to §i+1].x do
{Vé6i méi doan ta thec hién tinh dé sau @a trng diém réi so sénh i
gia tri cé trong Z_Buffer
begi n
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I f (0<=x)and(x<=Z_BufferWand(0<=y)
and(y<=Z BufferH) then
begi n
z:=round(di].z);
If Z Buffer[x,Ji].y]>Z then
{So sanhd¢ sau @adiém tinhduoc véi do sauda cé }
{Néu dg sau @a diém tinhduwoc nhs hon dé sauda cé trong
Z_Buffer thi rd rang lafiém tinhdwoc ¢ gan hon diém da vé
truoc do trong vungiém Z va Canvas}
Begi n
Canvas. Pi xel s[x,Ji].y]:=Col or;
{Vé diém 1én Canvas
Z Buffer[x,gi].y]:=Z {Cdp nhitdj sau aa
diém wvra vé vao vingiém 2
end;
end;
Ji].z:=di].z+Dz; {Gan gia tr dé sau gadiém tiép
theo vao trong G[il .k
end;
=1 +2;
end;
end;
{Thu tuc chinh}
Begi n
L: =l om Pol y) ;
H. =Hi gh(Pol y);
{Xacdinh gizi han trén va gbi han dwdi cua Poly}
Z_Buf f er W =hi gh(Z_Buffer); {Xacdinh cac chiu cia ma ten Z_Buffe}
Z BufferH =high(Z Buffer[O0]);
{Z_BufferW+1:Chéu réng (tr 0..Z_BufferWw)
Z_BufferH+1:Chéu cao (ir 0..Z_BufferH)
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{ Tim gia tf y lén nhit va ntv nhdt cia da giac Polydé tir 36 cho dong quét ke hién
quét tr trén mindén max
MaxY: =Pol y[ L] . y;
M nY: =Maxy;
For i:=L+1 to H do
i f MaxY<Poly[i].y then MaxY:=Poly[i].y
else If MnY>Poly[i].y then MnY:=Poly[i].vy;
TaoDanhSachCanhCat; {Tgo danh sach cacanh aia da giac Poly vi cac tham
s6 thiét Idp nhum gitp cho \dc tinh toan giaafiém dwrgc & dang
For y:=MnY to MaxY do {Cho dong quét ely tr MinY dén MaxY}
begi n
TaoDanhSachG aoDi em;  {Tim danh sach cac giabém aia diwong quét y
vi cac enh aia Poly}
SapXepVaLoc: {Sip »ép lai cac giaodiém va be bs cac giaodiém thia}
ToMauCacDoan; {Dwya vao cac giadiém dé xacdinh ra cacdogn nam
trongia giac, tr do td mauing diém tréndogn do dya

vaais sau so sanhdi gia tri do sau trongung trén Z_Buffer

end;
Set | engt h( D, 0); {Gidi phéng nang D}
Set |l engt h(G 0); {Giai phong nang G
end;
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BAI T AP
1. Caidat cho thuat giai Depth-Sorting
Cai dit cheong trinh cho phép Bii dién va quan séata thé 3D theo mé hinh "céac
mit da giac" trongl6 Sr dung thuit giai Depth-Sortingdé khir cac nit khuit
2. Caidat cho thuat giai chen loc mét sau

Cai dit chuong trinh cho phép B dién va quan séatat thé 3D theo mé hinh "cac #h
da giac" trongdd sr dung thuit giai chon loc mit saudé khir cac mit khuit. Véi doi

tuong la cac hinhab phrong, tr dién, bat dén, cu, ...
3. Caidat cho thuat giai vung dém d¢ sau

Cai dat chuong trinh cho phép B dién va quan séatat thé 3D theo mé hinh "cac #h
da giac" trongd6 sr dung thuit giai chon loc mit saudé khir cac mit khuit. Véi doi

tuong 1a c&c nit cit nhau, cac hintdl 1I6m bat ky.

103



CHUONG VIl

TAO BONG VAT THE 3D

8.1. KHAI NI EM

Khi biéu dién céacddi tuong 3 chéu, mdt yéu t6 khong tié bo quadé ting tinh thrc
cua dbi twong d6 14 Bo bong sang choav thé. Bé thyc hién duoc diéu nay, chang ta
can phai 1an leot tim hiéu cac dng ngwn sang cé trongutnhién, éing nhr cac tinh
chat dic treng khac nhaui@ nbi loai ngudn sang. T d6 dua ra cac gii phap K thuat

khac nhau ndm thé hién sr tacdong aia cac ngbn sang khac nhau |éidi tuong.
8.2. NGUON SANG XUNG QUANH

Anh sang xung quanh ladm sang trung binhph tai trong mdt vang khéng gian.
Mot khéng gian ly ®ong 1a khéng gian maait d6 moi vat déu dugc cung ép mot
lwong anh sang Iénétmit 1a nhr nhau, & moi phiad moi noi. Théng throng anh sang
xung quanhiugc xacdinh Wi mot mac cu thé goi 1a mic sdng xung quanhia ving
khéng gian ma at thé d6 ar ngu, saudé ta @ng Wi cuong d6 sang cadugc tir cac
ngwn sang khadé cé duoc arong do sang cdi cung 1&n ndt diém hay ndt mit cua

vat thé.

Vector phap tuén aia mat Anh sang phn

AN

Anh sang p Anh sang di )
Anh sang @i

>

N

Hinh 8.1. & phun xz cia anh sang
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8.3. NGUON SANG PINH HUONG

Ngudn sangdinh hréng gibng nhr nhitng gi ma it troi cung dép cho chang ta. N6
bao @m mot tip cAc tia sdng song songt ké cuong do cua ching cé ging nhau hay
khéng. C6 hai lai két qua caa anh sanginh hréng khi chang cliiu d¢én bé mat Ia:
khuyéch tan va pin chiéu. Néu bd mat phan xa toan 1 (gibng nhr mat guong) thi cac
tia phan xa £ c6 hxéng ngroc Vi hudng aia goc & (Hinh 8.1). Trong trong hop
nguoc lai, néu b3 mit 14 khdng phn xa toan pln (c6d6 nham, xu xi) thi bt phan
cac tia sangéshi toa di cac hréng khac hay bhap thy, phan con hi thi phan xa lai, va
lwong &nh sang pim xa lai nay ty 1& voi goc 6i. O day ching ta&quan tamién hién
twong phin xa khdng toan pin vi day la hén twong prod bién (vi cH cé nhing doi
tuong duoc Giu tao tir nhitng mit nhe mit gwong Moi xay ra hién trong phn xa toan

phan), vaddng thyi tim cach tinh eong do cua anh sang pim xa trén & miat.
Vector phép tu§n caa mit Vector phép tu§n caa mit

Anh sang phn Anh sang di

Anh sang phn xa Anh sang di
A A

(@) (b)
Hinh 8.2. % phin xz khéng toan ptn aia anh sang

Trong hinh 8.2 thhién ar phan xa anh sang khéng toan &rh 6 dam nét @a cac
tia Anh sangdi thé hién crong 46 sang caodd manh aia cac tia phn xa thé hién
cuong d6 sang thp. N6i chung, khi B mat 1a khéng phn xa toan pln thi arong do
cua anh sang gim xa (hay tm goi la tia phin xa) luén bé lon so \6i ceong do caa anh
sang &i (hay oi la tia ©1), va arong do cua tia ptan xa con ¥ I¢é vai goc gira tia ti
véi vector phap tudn caa b8 mat, néu géc nay cang rihthi arong d6 phan xa cang
cao (hinh 11.2 (a)), éu géc nayén thi arong do phan xa rat thip (hinh 11.2 (b)).0 day
ta cH quan tamién thanh phn anh sang khiégh tan vadm bo qua hén twong phin
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xa toan pln. Bé cho tén trong véc tinh toan taam doi hudng aia tia i thuc ar, vay

bay gt huéng aia tia 61 dugc xem la ledng ngroc lai cua tia sangdi.

Néu goi 0 1a goc gira tia ti véi vector phap tudn cia BB mit thi Cos) phu thude
vao tia 6i a va vector phap téy cia mit n theo cong tic:

an
A

Trong céng thc trén Cosf) bang tich vo lréng aia a va n chia cho tiatd lon cia

Cog®) = 8.1)

chang. NMu tada chudn hoado Ion cia cac vector a va néwl tr truge thi ta co th

tinh gia ti trén ndt cach nhanh chéng afsau:

Cos(@) = tich v6 hrong aia a va n = a.x*n.x+a.y*n.y+a.z*n.z

Vi Cos@) co gia ti tir +1 dén -1 nén ta c6 thsuy ra cdng tic tinh arong do cua
anh sang pin xa la:

Cwong dé anh sang ptin xa = Cwong do cia anh sangdinh huwéong * [(Cos(0)+1)/2] (8.2)

Trongdd [(Cos)+1)/2] c6 gia t trong kha@ng tr 0 dén 1. VAy qua codng thc (8.1) va
(8.2) chung ta c6 thtinh dugc ardng do caa anh sang gim xa trén & mat khi biét

duoc arong dé cia anh sanginh hréng ding nhr cac vector phap tép caa mit va
tia toi.

Cai dat thuat toan

Duéi day la pln trinh bay cac thtuc phuc wu cho vic V& ddi tuong 3D dic 16i,
theo thdt toan cln loc mit sau cé tinkién van dé chiéu sang aa ngwn sang xung
quanh va ngdn sangtinh hrong.

Function Cuong_Do_Anh_Sang_Dinh_Huong(v,n:VectorB4y;
{Thi tuc tinh arong dé &nh sang ptin xz trén b mat cia da giac khi bét diroc tia i
Vv Va vector phap tén n
var s,treal;
begin
S:=sqrt(v.X*v.X+V.y*v.y+Vv.z*v.z)*sqrt(n.x*n.x+ry*n.y+n.z*n.z);
{Géan S lang tich @a |v[*|n[}
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if s=0 then M¢t trong hai vector bng 0 dod6 tam xem gongds sang lang 1
begin Cuong_Do_Anh_Sang Dinh_Huong:=1;end
else
Begin t:=tich_vo_huong(v,n)T{nh tich v6 hong aia v va
If t>0 then {Nu gdc gita v va n Bim trong kha@ng tr 0 dén 90d5 thi}
Cuong_Do_Anh_Sang_Dinh_Huong:=(T/s)
else
Cuong_Do_Anh_Sang_Dinh_Huong:=0;
end;
end,
Procedure DrawObj_FilterRearFace(Obj:Obj3D; Canv@anvas;
Width,Height:integer;
Zoom:real;
AnhSangNen,AnhSangDinhHuong:real;
VectorChieuSang:vector3D; V:Vector3D);
{Vé doi tirong 3D ddc loi theo thidt todn chon loc mit sau c6 tinhién win dé chiéu
sang @a ngwn sang xung quanh va ngusangdinh heéng.
Trong do:
+ Obj: chuira déi twong 3D a@in &
+ Canvas: Vi vé (hay vungiém khung)
+ Width, Height: Kich tléc aia Canvas
+ Zooom: H s ty 1é khi & doi tirong (Hay I# o thu phong)
+ V: Vector heéng nhin. Nu Objda duroc chuyn sang i tog @6 quan sat O’'UVN
thi V=(0,0,-1)
+ AnhSangNen: Gia trarong dé cia Anh sang xung quanh mai turong co tig thu
nhan dwroc
+ AnhSangDinhHuong: Gia trcuwong dé cia &nh sangdinh heéng madsi
tirong ¢ tté thu nhin duoc
*Cha y: AnhSangNen + AnhSangDinhHuong <%1.4ay ta xemdng arong dé
cia cac ngdn sang &o ra gisi han trong khang 0..1. Tr 46 chang ta c6 thdiéu
chinh arong dé chiéu sang da cac ngdn sang bing cach éng hé so cwong dé cia nd

song vin phii ludn luén tha man tng aia ching nb hon hay king 1. Khi ngt mat
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nhdn duwoc tong arong dé séng 1a 1 & cac ngwn sang khac nhau cungp thi mit ¢
cho mau thrc cia n6. Nu tvng arong dé sang ma noé thdwoc tir cAc ngwn sang ni
hon 1 mit < hoi tdi di.
+ VectorChieuSangbay la vector biu dién tia i (chi y nd c6 héng ngroc Vo
hiéng aia &nh sang cléu ©i nhe @& noi trong plan ly thuyét}
Var i,k,P,cx,cy:integer;
Poly:array of TPoint;
CuongDoSang:Real;
R,G,B:byte;
Begin
cx:=Width div 2;cy:=Height div 2;
For k:=0 to Obj.SoMat-1 do
if Tich_vo_huong(v,0bj.Mat[K].PhapVT)>= 0 then
begin
{Thiét Igp da giac 1a hinh chiu cia mit xusng mit phing OXY (c6ihh tien vadoi
huong truc Y}
setlength(Poly,Obj.Mat[K].Sodinh);
For i:=0 to Obj.Mat[K].Sodinh -1 do
begin
P:=0bj.Mat[K].list[i];
Poly[i].X:=round(Obj.dinh[P].xbom)+cx;
Poly[i].Y:=-round(Obj.dinh[Pfgoom)+cy;
{Tog d6 cia dinh sau khi chiu 1a (Obj.dinh[P].x,0bj.dinh[P].y), song
diroC bién doi ty 1é véi hé 6 1a zoom 6i doi huong truc Y va inh tién theo
vector (cx,cy)
end,
{Tinh arong dé sang ma @it nhin dwoc: bang tng arong dé sdng do ngén
sang xung quanh (anh sangm va ngwn sangdinh hréng cung ép}
CuongDoSang:=AnhSangNen + AnhSangDinhHuong *
Cuong_Do_Anh_Sang_Dinh_Huong(VectorChieuSang,Ol[Hl&@hapVT);
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{ O day arongds sang ma @it nhdn diroc do ngwn sangdinh heéng cung dp
phu thugc khéng chvao erongdé sang ma ngén phat ra, ma con phthusc
vao hréng dén anh séngda mit vaduwroc biéu dién bsi biéu thic:
AnhSangDinhHuon*Cuong_Do_Anh_Sang_Dinh_Huong(VE&tt®uSang,Ob
j-Mat[K].PhapVT}
R:=round(Obj.Mat[K].Color.R*CuongDoSgng
G:=round(Obj.Mat[K].Color.G*CuongDoS3gng
B:=round(Obj.Mat[K].Color.B*CuongDoSang
{ Thiét Idp mau gc cho ndt bang céach: &y arong dé mau gc mit dinh aia mit
Obj.Mat[K].Color, nhan i cuwong dé sdng ma né nin duwoc trong thee t tinh
to&n duwoc CuongDoSang.:Td6 ta thiy, nfu mit nhdn duwoc day di &nh séng
(cuong do sang =1) thi nit ¢ c6 mau nit dinh aia nd (xacdinh khi thit ké
doi tuong), Ngroc lai thi mit ¢ c6 mau &c i hon. Neu mit khéngduroc chiéu
sang r cac ngwn sang (eong ds sang =0) thi mit s¢ c6 mauder}
canvas.Brush.Color :=rgb(R,G,B);
Canvas.Pen.Color:=canvas.Brush.Color;
Canvas.Polygon(poly);
{vé da giac Wi mau sic da duoc xacdinh treéc boi bat td (Brush.Color) va bat

vé (Pen.Color)

end;

setlength(poly,0);

end;

8.4. NGUON SANG PIEM

Ngudn sangdinh hréng la trong dwong Wi nguon sangdiém dat ¢ vé tn. Nheng

khi nguon sangliém dugc mangdén gin déi tugng thi cac tia sangrind phat ra khéng

con song songita maduogc taa ra theo mi huéng theo dng hinh au. Vi thé, cac tia

sang 8 roi xudng cacdiém trén & mat dudi cac géc khac nhau. &br vector phap

tuyén cia mit [& n=(xn, yn, zn)diém dang xét c6 ta do 1a (%, Yo, Z) V& ngbn sang

diém c6 bado la (plx, ply, plz) thi &nh sang soi dén diém dang sét theo vector ¢x

pIx, Yo-ply, Z-plz), hay tia @i:

a = (plx - %, ply - Yo,plz - %).
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Tir d6 ardng do sang 4i diém dang xét & phu thusc vao Cosf) gitta n va a nh da
trinh bay trong pin ngwn sanglinh hréng.

Vay véi nguon sangdinh hréng, chdng taan tinh tia 6i cho mpi diém trén nit, tir
d6 két hop voi vector phap tugn caa mit dé tinh duoc ardng do sang 4i diém do, réu
tinh toan tec tiép thi c6 tk mit kha nhéu thdi gian do pli tinh vector a va tinh
Cos) théng qua cong trc (8.1) \i tat ca cacdiém trén mit. Nén ni ring trong tinh
huéng ngwn sangdiém thi chang ta bac 16ng phii tinh Cosg) théng qua céng trc
(8.1) vi vector a&thay doi khi mat hay ngén sang thayidi (trir khi mat tinh, song
néu mit tinh va ngdn sang 6 dinh thi suy ra ching ta thcin tinh arong d6 sang

mot 1an).
8.5. MO HINH BONG GOURAUD

M6 hinh bong Gouraud laghphrong phéap & bong, o choddi tuong 3D c6 hinh
dang cong c6 Bt cai nhin cé tinh tic hon. Phrong phap nayit co s trén thre t
sau:ddi véi cacddi tuong 3D c6 B mat cong thi ngoi ta throng Xap § bé mat cong
cua ddi twong bing nhBu mit da giac pling, vi di nhe mot mat cau co thé sip 9 boi
mot tap cac nit da giac phing co kich tixéc nhd sip xép lai, khi s da giac ¥p xi ting
lén (co6 nglte 1a dén tich it da giac nid lai) thi tinh thrc cia mit cau s tang, € cho
ta cim giac nit ciu trong tron tia hon, min va cong bn. Tuy nhién, khi & da giac
Xap xi mot mat cong ting thi ki lwong tinh toan vaulu trix ciing ting theo ¢ 1& thuan
theo $ mat, diéu d6 din dén toc d6 thuc hién s tré nén clim chap hon. Chang ta hay
thir voi mot vi du sau:Dé md ptong mbt mit ciu ngroi ta xap xi N6 i 200 mit thi
cho ta not cam giac hi gdb ghé, nhrng Wi 450 mit thi ta thy né min va tron tia hon,
song khi 8 mit 1a 16200 thi cho taam giac hinh &u rit tron va nin (hinh 8.3). Tuy
hinhanh mit ciu v6i 16200 nit da gidc thi nin hon so \6i 200 mit, song trong tinh
to&n phi thyc hién trén ndi da giac éing ting 1én gp 16200/200= 81ih.

Song vin dé van con riy sinh ndt khi ta phong dn hay thu nb vat thé. Néu ta
phong bn thi rd rang 1a cada giac ding dugc phong én theo cungst 1¢, din dén hinh
anh & cac nit da giac i hién rd va gay raam giac khongiugc tron min. Ngroc lai,
khi ta thu nld thi réu s da giac ¥p xi 16n thi € dan dén tinh tang cacda giac qué

nho, chdng cHit I&n nhau khéngam thiét.
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~i,

iOO it 450 rat 16200 rat
Hinh 8.3

Pé giai quyét van dé trén, ching ta co éntién hanh theo pkong phap té6 bong
Gouraud. Md hinh béng Gouraugbtchoddi tugng nmbt cai nhin gbng nhr 1a n6 cé
nhiéu mit da giac Bing cach & mdi mat khéng ch voi mot cuong do6 sang ma & véi
nhiéu crong d6 sdng khac nhau trén cac ving khac nhau, 1am é@ming nom nix
bi cong. Bi thuc chit ta am nhin duoc d6 cong Ga cac nit cong do hu tng anh
sang khi chiu Ién nit, tai cAcdiém trén nit cong § c6 phap vector khac nhau nén s
don nHin va phin xa anh sang khac nhauy &6 ching ta & cam nhin dugc cacdo

sang khac nhau trén cungihmat cong.

A N
T0 bong thong T6 bong theo Gouraud
Hinh 8.4

Thuong thi ndi mit da gidc cé mt vector phap tudn, va nhr phan trénda trinh
bay, vector phap tén do duoc dungdé tinh ardong do cia anh sang gim xa trén k&
mat cua da giac tr do6 suy ra aong dé sang éa mit. Tuy nhién mé hinh Gouraudi |
xem ndt da giac khdng ahcd bt vector phap tudn, ma ndi dinh aia mit da giac 4i
c6 mdt vector phap tudn khac nhau, vartvector phap tun aia cacdinh ching ta®
noi suy radugc vector phap tudn oia trng diém trén nit da giac, & d6 tinh duoc
cuong do sang @éadiém. Nhr thé, cacdiém trén cung ét mat caada giac § c6 arong
d6 sang khac nhau va cho tantgidc nit da gidc khong pii 1a mit phing ma [a it

cong.
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Vector trung binh éng king trung
binh &ng aia cac vector phap
tuyen lan én

Hinh 8.5

Thuc chit thi mdi mat da giac ch c6 mbt vector phap tusn, song plrong phap
Gouraud tinh toan vector trung binimdi dinh aia da giac ing cach: 4y trung binh

cong cac vector phap téy cia caada giac co6 chadinh dang xét.

Viéc mi suy vector phap tén aia trng diém trén mit da giacduoc thyc hién
tuong tr nhu viéc noi suydo sau trong gii thuat “vung déém d6 sau”da duoc trinh bay

trong chrong trréce.
Cai dat thuat toan

Dudi day |a pfin trinh bay cac thtuc phuc vu cho vic & dbi tuong 3Ddic 16i va
cong, theo thit todn clon loc mit sau c6 tinktén van dé chiéu sang éa ngwn sang
xung quanh va ngwn sangiinh hréng, song i da giac & dugc td bong theo prong
phap Gouraud.

{B it dau phan khai b&o phc vu cho gii thuat to da giac theo plrong phap Gouraud}
Type Nut Pol yGour and=r ecord {1dinh aiada giac chéu (ladnh aia mit
da giac xwéng mit phing OXY¥
N: Vect or 3D; {Phé&p vectordi 1 dinh aia da giag
X, y:Integer; {Toa do cua dinh}

end;
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Pol ygonGour and =array of Nut Pol yGour and;
{mdng déng dungdé chira cacdinh aia da giac chéu}
CanhCat =r ecor d {M¢t cgnh aia da giac dwoc tz0 ra nhim phic w cho
qua trinh tinh giadiém nhanh
yl,y2: 1 nteger;
xG ao: real ;

XSt ep: real ;

NG ao: Vect or 3D; {Phap vectordi dinh, song nd &dwroc chra phap
vector tai giadiém \6i dirong quél

NSt ep: Vect or 3D; {dé bién thién @a Phap vector khi di chdn doc
theoanh, ndi lan y thaydsi 1 don vi thi phap

vector thaysi mét liong la NStep
end;

DanhSachCanhCat =array of CanhCat;
G aoDi enFrecord  {Cdu tric chra giao diém aia dwong quét ngang
Vi canh da giac chéu }
X,y: | nteger; {Toa dé giaodiém}
NG ao: Vect or 3D, {Phép vectordi giao diém}
Chi SoCanh: i nt eger ; {Ch/ 6 canh d4 1o ra giaodiém}
end;
DanhsachG aoDi em=array of G aoDi em
Procedure DrawCbj Gouraud_Fil t er Rear Face( Qoj : Obj 3D;
Canvas: TCanvas; W dt h, Hei ght : i nt eger; Zoom r eal ;
AnhSangNen, AnhSangDi nhHuong: r eal ;
Vect or Chi euSang: vect or 3D; V: Vect or 3D) ;
{Vé doi tuong 3Ddqdc 16i va cong
Var i,j,k,DemP, Q cx, cy:integer;
Pol y: Pol ygonGour and;
Di nhLi nkMat : array of Recor d{Ch#a Danh sach cac i co lién It

dén mpt dinh}
SoMat : | nt eger;
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A:array of integer;
end;
CM.D: array of integer; {S6 mat co lién It véi dinh thz i}
begi n
cx:=Wdth div 2;cy:=Height div 2;
Set | engt h( Di nhLi nkMat , Obj . Sodi nh) ;
Set | engt h( CMLD, Qbj . Sodi nh) ;
For i:=0 to obj.Sodinh-1 do CMLD[i]: =0;
{X&cdinh mji dinh c6 bao nhiéu it lién két dén}
For i:=0 to obj.SoMvat -1 do
For j:=0 to obj.mat[i]. Sodi nh-1 do
begi n
K:=obj.mat[i].List[j];
CMLD[ k] : =CMLD[ k] +1; {S6 mat lién két dén dinh thi k duoc ting l1én
khi c6 ngt mét c6 lién Kt dén n6}
end;
{Thiét Igp danh sach cac @nlién két dén tirng dinh aia doi twong}
For i:=0 to obj. Sodinh-1 do
begi n
set | engt h(Di nhLi nkMat[i].A CMLD[i]); {S6 mit lién ket véi dinh i
la CMLDI[}
Di nhLi nkiat [i]. SoMat : =0;
end;
{ Qua trinh xaectinh rd nhing mit nao lién Kt véi dinh i}
For i:=0 to obj.SoMvat -1 do
For j:=0 to obj.mat[i]. Sodi nh-1 do
begi n
K:=obj.mat[i].List[j];
Dem =Di nhLi nkivat [ K] . SoMat ;
Di nhLi nkMat [ K] . A[ Deni : =i ;
Di nhLi nkivat [ K] . SoMat : =Di nhLi nkMat [ K] . SoMat +1;
end;
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Set | engt h( CMLD, 0) ;
For k:=0 to Qbj.SoMat-1 do
if Tich_vo_huong(v, Obj. Mt [ K].PhapVT)>= 0 then
begi n
setl engt h( Pol y, Cbj . Mat [ K] . Sodi nh) ;
For i:=0 to Qbj.Mt[K]. Sodinh -1 do
begi n
fthiét 1dp cac thic tinh aia dinh thz i cia Poly ¢fa giac chéu) }
P.=Cbj . Mat [ K] . list[i];
Poly[i]. X =round(Qbj.di nh[P].x*zoom +cX;
Poly[i].Y:=-round(Qbj.dinh[P].y*zoom +cy;
{Tinh Vector phap tén tzi dinh Poly king cach tinh dng aia cac
vector phap tugn aia cac ndt co lién it véi dinh 46}
Poly[i].N.x :=0;Poly[i].Ny :=0;Poly[i].N z :=0;
For j:=0 to DinhLinkiMat[P]. SoMat-1 do
begi n
Q =Di nhLinkMat[P]. Alj];//Mat ke voi dinh P
Poly[i].N x:=Poly[i].N x+obj.Mt[Q . PhapVT. x;
Poly[i]. N y:=Poly[i].N y+obj.Mt[Q.PhapVT.y;
Poly[i].N z:=Poly[i].N. z+obj.Mt[Q . PhapVT. z;
end;
end;
Fi | | Pol ygonGour and( pol y, Vect or Chi euSang, AnhSangNen,
AnhSangDi nhHuong, CanVas, Cbj . Mat [ K] . Col or);
{T6 da giac Poly theo thit toan tdda giac theo dong quét, song céi 1Isuy vector
phap tuyn cho mai diém, va tinh eong dé sang @a moi diém trongda giac dra vao
vector phap tush tai diém do}
end;
set | engt h( pol vy, 0);
For i:=0 to obj. Sodinh-1 do
setl engt h(Di nhLi nkMat[i]. A 0);
Set | engt h( Di nhLi nkMat, 0) ;
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end;
Procedure Fill Pol ygonGour and( Pol y: Pol ygonGour and;
Vect or _Chi eu_Sang: Vect or 3D;
Anh_Sang Nen, Anh_Sang_Chi eu: real ;
Canvas: TCanvas; Col or : RGCol or);
{T6 da giac Poly theo thit toan tdda giac theo dong quét, song céi Isuy vector
phap tuyn cho mai diém, va tinh eong dé sang @a moi diém trongda giac dra vao
vector phap tugh tai diém do.
Thu tuc nay trong tw nhe thu tuc t6 da giac theo thadt toan Z-Buffer song thay vbn
suyds sau z éa myi diém, thi thi tuc ndy € ngi suy phap vectori@ mji diém, roi
dira vao phap vectori@ diém d6 ma tinh ra eong dé sang ma no cdwec do nguén
sangdinh heéng cung dép}
var L, H ND, NG i,j,Y, MaxY, M nY:i nt eger;
{L,H:Gioi han chi so cua mang Poly
ND: So phan tu cua mang D:DanhSachCanhCat
NG:So phan tu cua mang G:DanhsachGiaoDiem}
D: DanhSachCanhCat ;
G DanhsachG aoDi em
Procedur e TaoDanhSachCanhCat ;
Var i,dl, d2, Dem Kc, Cuoi : i nteger;
begi n
If (Poly[L].x<>Poly[H .x)or(Poly[L].y<>Poly[H] .y) then
begi n
ND: =H- L+1,
setl engt h(D, ND) ;
Cuoi : =H;
end
el se
begi n
ND: =H- L;
setl engt h(D, ND) ;
Cuoi : =H 1;

116



Churong VIII. Tao béng \at thé 3D

end;
Dem =0;

For i:=L to Cuoi do

begi n

If i<H then j:=i+1 else j:=L;

If Poly[i].y<=Poly[j].y then
begin dl:=i;d2:= end

el se

begin dl:=;d2: =1 end,
Dl dem .yl: =Pol y[d1l].y; Dfdem .y2: =Pol y[ d2] . y;
Dl dem . xG ao: =Pol y[ d1] . x;
D dem . NG ao: =Pol y[ d1] . N,
Kc: =(Pol y[d2].y-Poly[dl].y);
| f Kc<>0 then

begi n

D deni .
D deni .
D deni .
D[ den .

end
el se
begi n
Dl denj

D dend .
D deni .
D deni .

end;
Dem =Dem+1;
end;
end;

XSt ep: =(Pol y[d2] . x- Pol y[ d1] . x) / Kc;

NSt ep. x: =(Pol y[ d2] . N. x- Pol y[ d1]. N. x) / Kc;
NSt ep. y: =(Pol y[d2] . N. y-Pol y[d1] . N. y)/ Kc;
NSt ep. z: =(Pol y[d2] . N. z- Pol y[ d1] . N. z) / Kc;

. XSt ep: =0;

NSt ep. x: =0;
NSt ep. y: =0;
NSt ep. z: =0;

Procedure TaoDanhSachG aoD em

Var i,Dy:integer;
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begi n
Setl engt h(G ND);
NG =0;
for i:=0 to ND -1 do
begi n
If (Di].yl<=y)and(y<=D[i].y2) then
begi n
Dy:=y-Dfi].yl;
G NG . x:=round(Di].xG ao+Di]. XSt ep*Dy);
d NG . y: =y;
G NG . NG ao. x: =D[i].NG ao. x+D i ]. NSt ep. x* Dy;
G NG . NG ao.y:=D[i].NG ao.y+Di].NStep. y*Dy,;
G NG . NG ao.z:=D[i].NG ao. z+D i ]. NSt ep. z*Dy;
d NG . Chi SoCanh: =i ;
NG =NG+1;
end;
end;
end;

Procedure SapXepValLoc;
Var i,j,Cl, C2:integer;
Tg: G aoDi em
begi n
for i:=0 to NG 2 do
For j:=i+1 to NG 1 do
If di].x>dj].x then
begi n
Tg:=di];dqil:=dj]:dj]:=Tg;
end;
i :=0;
{Khu nhung Giao Diem thua}
Wiile i <(NG 2) do
begi n
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If di].x=di+1].x then//[Trung nhau
begi n
Cl: = i]. Chi SoCanh;
C2: = i +1] . Chi SoCanh;
If ((DCl].yl<>D C2].yl)and(D[ Cl].y2<>D[ C2].y2))
or (D[Cl].yl1l=DCl].y2)or(D C2].yl1=D C2].y2) then
/[Xoa bo bot 1 giao diem
begi n
For j:=I to NG2 do G j]:=(d]j+1];
NG =NG 1;
end;
end;
=i +1;
end;
end;
Procedur e ToMauCacDoan;
Var i, X, K:iinteger; CuongDoSang, Dx, Dy, Dz: r eal ;
Re, G, Bl , Cd: byt e;
begi n
If Red then Re:=1 el se Re: =0;
If Geen then G:=1 else G: =0;
If Blue then Bl:=1 el se Bl:=0;
I . =0;
Wiile i<NG 1 do
begi n
Ki=@i+l].x - Gi].x;
I f k<>0 then
begi n
Dx:=((di+1].NG ao.x-Ji].NG ao. x)/K;
Dy:=((di+1l].NG ao.y-Ji].NG ao.y)/K;
Dz:=({di+1l].NG ao.z-Ji].NG ao. z)/ K;
end
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el se
begi n
Dx: =0; Dy: =0; Dz: =0;
end;
For x;:=Fi].x to Hi+1].x do
begi n

CuongDoSang: =Anh_Sang Nen + Anh_Sang_ Chi eu*
Cuong_Do_Anh_Sang Di nh_Huong( Vect or _Chi eu_Sang,
Ji].NG ao);
{ Cuong dé sang ti méi diém duwoc tinh hing ¥ng aia cwong dg anh sang
nén céng Wi cuong dé co duoc tir nguan sangdinh hwéng, songdé tinh
diroc arong dé sdng céduwoc tir ngwn ding heéng cung ép thi ching ta
dwa vao tia &i (Vector_Chieu_Sang) va phap vectorac diém
GJi].Ngiao.}
Cd: =r ound( 255* CuongDoSang) ;
Canvas. Pi xel s[x,J1i].y]:=rgb(Cd*Re, Cd*G, Cd*Bl ) ;
{Noi suy phap vectori@diém tiép theo va gan vao G[i].NGiao}
FJi].NG ao. x: = i].NG ao. x+dx;
Ji].NG ao.y:=Ji].NG ao. y+dy;
Ji].NG ao.z:=Ji].NG ao. z+dz;
end;
o =1 +2;
end;
end;
Begi n
L: =l om Pol y); H: =Hi gh(Pol y);
MaxY: =Pol y[ L] . y; M nY: =MaxY;
For i:=L+1 to H do
I f MaxY<Poly[i].y then MaxY:=Poly[i].y
else I'f MnY>Poly[i].y then MnY:=Poly[i].Yy;
TaoDanhSachCanhCat ;
For y:=MnY to MaxY do
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begi n
TaoDanhSachG aoDi em
SapXepValLoc;
ToMauCacDoan;
end;
Set | engt h( D, 0);
Setlength(G 0);
end;

BAI T AP
1. Xay drng mbt chrong trinh cho phép quan séitwhé 3D dic 16i. Chuong trinh cho

phép thayddi vi tri quan sat, cho phépéttién tdcdong aia cac ngbn sang xung

quanh vatinh hréng l1énddi tuong.

Nang cao: Cho thép thaidi cuong do6 caa cac ngbn sang, @ng nhr thay doi
huéng chéu caa ngwn sanglinh hréng.
2. Hay xay d@ng chrong trinh i cic chirc nang nhr Bai 1 song & dung phrong phap
t6 bong Gouraud.
3. Hay 6ng hop cac kén thic da biét d¢é xay drng mdt cheong trinh md phng thé
gidi thuc trongdd cé nhéu d6i tuong khac nhauan dong.
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PHU LUC
MOT SO CHUONG TRINH MINH H QA

|. CAC THU AT TOAN TO MAU

1. Thuat toan t6 mau theo lat

Type Toado=record
X,y:integer;
end;
mang=array[1..20] of Toado;

var minx,miny,maxx,maxy,n,maul,mau2:integer;
a:mang;

Procedure NhapDuLieu(var a:Mang; var n:Byte);
var i:Byte;
Begin
write('nhap vao so dinh : *);readin(n);
fori:=1tondo

begin
write('x',i," = ");readIn(a[i].x);
write('y',i," = ");readIn(a[i].y);
end,

write('mau vien da giac: '); readin(maul);
write('mau to da giac: '); readin(mau?2);
End;

Procedure vedagiac(P:mang;sodinh:byte);
var i,j:byte;
Begin
setcolor(maul);
for i:=1 to sodinh do
begin
if i=n then j:=1 else j:=i+1;
line(P[i].x,P[i].y,P[j]-x,p[i].y);
end,;
End;

Function min(c,d:integer):integer;
begin

if c<d then min:=c else min:=d
end,
Function max(g,h:integer):integer;
begin

if g<h then max:=h else max:=g
end,

Procedure Tomau(P:mang; n:Byte);
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var |,i,k,m,truoc,sau,tg:integer,;
r-real;
z:array[1..15] of integer;
Begin
for i:=minx+1 to maxx-1 do
begin
m:=0;
forj;=1tondo
begin
truoc:=j+1;
if j=n then truoc:=1;
sau:=j-1;
if =1 then sau:=n;
if i=P[j].x then
begin
if (i>min(P[sau].x,P[truoc].x))and

(i<xmax(P[sau].x,P[truoc].x)) then

begin
inc(m);
z[m]:=P[il.y;
end
else
begin
inc(m);
z[m]:=P[jl.y;
inc(m);
z[m]:=P[jl.y;
end;
end;
if (I>min(P[j].x,P[truoc].x))and

(ixmax(P[truoc].x,P[j].x)) then

begin
inc(m);

r:=(P[truoc].y-P[j].y)/(P[truoc].x-P][

z[m]:=P[j].y+trunc(r*(i-P[j].x));
end;
end;

for ;=1 to m-1 do
for k:=j+1 to m do
if z[j]>z[k] then
begin
tg:=z[j];z[j]:=z[K];z[K]:=tg;
end,;

setcolor(mau2);
For k:=1 to m-1 do

11:);

If Kk mod 2<>0 then line(i,z[k],i,z[k+1]);

end;
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End;

Procedure ThietLapDoHoa;
var Gd,Gm:Integer;
Begin
Gd:=0;
InitGraph(Gd,Gm,’C:\BP\BGI");
End;

Begin

CLRSCR;
NhapDuLieu(a,n);

minx:=a[1].x;

maxx:=minx;

miny:=a[1].y;

maxy:=miny;

fori:z=1tondo

begin
if minx>a[i].x then minx:=al[i].x;
if miny>a[i].y then miny:=a[i].y;
If maxx<ali].x then maxx:=ali].x;
if maxy<ali].x then maxy:=ali].y;
end;

ThietLapDoHoa;

vedagiac(a,n);

Tomau(a,n);

readin;

closegraph;

end.

2. Thuat toan t6 loang ®¢ qui)

uses crt, graph;
Type ToaDo=record
X,y:integer;
End,;
Mang=array[0..30] of ToaDo;
Var a:Mang;
x,y¥,n,Gd,Gm:Integer;

procedure NhapDaGiac(Var n:integer);
var iinteger;
begin
clrscr,;
write('Nhap vao so dinh cua mot da giac n=");
readin(n);
fori:=1tondo
begin
writeln("Toa do dinh thu',i,'la:");
write('a[',i,'].x=");
readIn(ali].x);
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write('a[',i,"].y=");
readIn(ali].y);
end,
Write('Nhap x="); ReadIn(x);
Write('Nhap y="); ReadiIn(y);
end,

Procedure VeDaGiac(n,color:integer);
var i,j:byte;
begin
SetColor(Color);
fori:z=1tondo
begin
if i=n then ;=1 else j:=i+1;
line(a[i].x,ali].y,a[j].x.a[j].y);
end;
end,;

Function Max(a,b:integer):integer;
Begin

if a<b then Max:=b else Max:=a;
End,;

Function Min(a,b:integer):integer;
Begin

if a<b then Min:=a else Min:=b;
End,;

Function KiemTra(x,y:Integer;a:Mang):Boolean;
var dem,i,j,s:Integer;
Begin
dem:=0;
fori:=1tondo {Tim so giao diem }
begin
if i=n then j:=1 else j:=i+1;
if i=1 then s:=n else s:=i-1;
if x=a[i].x then
begin
if y<a[i].y then
if (x<=Min(a[s].x ,a[j].x)) OR
(x>=Max(a[s].x,a[j].x)) then dem:=dem+2
else dem:=dem+1;

end
else
if (x>Min(a[i].x,a[j].x))and(x<Max(a[j].x,a[ i].x))
then
if y<=Min(a][i].y,a[j].y) then dem:=dem+1
else if y <= (x-a[j].x)*(a[i].y-a[j].y)/(a[ i].x-
a[j]-x)+a[j].y then dem:=dem+1;
end;
if dem mod 2=1 then KiemTra:=True else KiemTra:= False;

125



Phu luc. Mt sé chwong trinh minh hoa

End;

Procedure ToLoang(x,y:Integer;color:Byte);
Begin
if KiemTra(x,y,a) and (GetPixel(x,y)<>color) the n
Begin
PutPixel(x,y,color);
ToLoang(x+1,y,color);
ToLoang(x-1,y,color);
ToLoang(x,y+1,color);
ToLoang(x,y-1,color);
End;
End,;

BEGIN
Nhapdagiac(n);
Gd:=Detect;
InitGraph(Gd,Gm,'D:\TP\BGI');
Vedagiac(n,4);
Toloang(x,y,14);
readin;
closegraph;

END.

3. Thuat toan t6 loang (Khir dé qui)

Uses crt, graph;
Type ToaDo=record
X,y:integer;

End;
DANHSACH="DS;
DS=Record

Data:ToaDo;
Next:DANHSACH;
End,;
Mang=array[0..30] of ToaDo;
Var Stack:DanhSach:;
a:Mang;
x,y,n,Gd,Gm:Integer;

Procedure KhoiTaoStack;
Begin

Stack:=Nil;
End;

Procedure PUSHStack(a:ToaDo;Var Stack:DanhSach);
{ Nhap vao dau danh sach }
Var p:DanhSach;
Begin
new(p);
p/.Data:=a; p".next:=nil;
p/.next:=Stack;
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Stack:=p;
End,;

Procedure POPStack(Var Stack:DanhSach;var x,y:Integ er);
{ Lay ra o dau danh sach }
Var p:DanhSach;
Begin
If Stack<>nil then
Begin
p:=Stack;
Stack:=Stack”.next;
x:=p”.Data.x;
y:=p”.Data.y;
Dispose(p);
End,;
End,;

procedure NhapDaGiac(Var n:integer;var a:Mang);
var iinteger;
begin
clrscr,;
write('Nhap vao so dinh cua mot da giac n=");
readin(n);
fori:=1tondo
begin
writeln("Toa do dinh thu',i,'la:");
write('a[',i,'].x=");
readIn(ali].x);
write('a[',i,'].y=");
readIn(ali].y);
end,
Write('Nhap x="); ReadIn(x);
Write('Nhap y="); Readin(y);
end,

Procedure VeDaGiac(n,color:integer);
var i,j:byte;
begin
SetColor(Color);
fori:=1tondo
begin
if i=n then ;=1 else j:=i+1;
line(a[i].x,ali].y,a[j].x.a[j].y);
end;
end,;

Function Max(a,b:integer):integer;
Begin

if a<b then Max:=b else Max:=a;
End;
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Function Min(a,b:integer):integer;
Begin

if a<b then Min:=a else Min:=b;
End,;

Function KiemTra(x,y:Integer;a:Mang):Boolean;
var dem,i,j,s:Integer;
Begin
dem:=0;
fori:=1tondo {Tim so giao diem }
begin
if i=n then j:=1 else j:=i+1;
if i=1 then s:=n else s:=i-1;
if x=a[i].x then
begin
if y<a[i].y then
if (x<=Min(a[s].x ,a[j].x))OR
(x>=Max(a[s].x,a[j].x)) then dem:=dem+2
else dem:=dem+1;
end
else
if (x>Min(a[i].x,a[j].x)) and
(x<Max(al[j].x,a[i].x)) then
if y<=Min(a][i].y,a[j].y) then dem:=dem+1
else if y <= (x-a[j].x)*(a[i].y-a[j].y)/
(afi].x-a[j].x)+a[j].y then dem:=dem+1;
end,;
KiemTra:=dem mod 2=1;
End,;

Procedure ToLoang(x,y:Integer;color:Byte);
Var B,C:ToaDo;
Begin
if KiemTra(x,y,a) and (GetPixel(x,y)<>color) the n
Begin
PutPixel(x,y,color);
B.x:=x+1; B.y:=y;
PUSHStack(B,Stack);
B.x:=x-1; B.y:=y;
PUSHStack(B,Stack);
B.x:=x; B.y:=y+1;
PUSHStack(B,Stack);
B.x:=x; B.y:=y-1;
PUSHStack(B,Stack);
End;

While Stack<>nil do

Begin
POPStack(Stack,B.x,B.y);
if KiemTra(B.x,B.y,a) and
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GetPixel(B.x,B.y)<>color) then

Begin
PutPixel(B.x,B.y,color);
C.x:=B.x+1; C.y:=B.y;
if KiemTra(C.x,C.y,a) and

(GetPixel(C.x,C.y)<>color) then

PUSHStack(C,Stack);
C.x:=B.x-1; C.y:=B.y;
if KiemTra(C.x,C.y,a) and

(GetPixel(C.x,C.y)<>color) then

PUSHStack(C,Stack);
C.x:=B.x; C.y:=B.y+1,
if KiemTra(C.x,C.y,a) and

(GetPixel(C.x,C.y)<>color) then

PUSHStack(C,Stack);
C.x:=B.x; C.y:=B.y-1;
if KiemTra(C.x,C.y,a) and

(GetPixel(C.x,C.y)<>color) then

PUSHStack(C,Stack);
End;
End,;
End;

BEGIN
KhoiTaoStack;
Nhapdagiac(n,a);
Gd:=Detect;
InitGraph(Gd,Gm,'D:\TP\BGI");
Vedagiac(n,4);
Toloang(x,y,14);
readin;
closegraph;

END.

ll. CAC THU AT TOAN XEN HINH

1. Thuat toan Cohen Sutherland

Uses crt,graph;

Const LEFT=1,
RIGHT=2,;
BELOW=4;
ABOVE=S;

Type ToaDo2D=record
X,y:integer;
end;

var Tren,Duoi,A,B:ToaDo2D;

gd,gm:Integer;
ch:char;
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procedure NhapDinhHCN;
begin

Tren.x:=100;
Tren.y:=100;
Duoi.x:=450;
Duoi.y:=350;
randomize;
a.x:=random(GetMaxx);
a.y:=random(GetMaxY);
b.x:=random(GetMaxx);
b.y:=random(GetMaxY);
end;

PROCEDURE VeHCN,;
begin
line(Tren.x, Tren.y,Duoi.x,Tren.y);
line(Duoi.x, Tren.y,Duoi.x,Duol.y);
line(Duoi.x,Duoi.y, Tren.x,Duol.y);
line(Tren.x,Duoi.y,Tren.x,Tren.y);
setwritemode(xorput);
line(a.x,a.y,b.x,b.y);
ch:=readkey;
line(a.x,a.y,b.x,b.y);
setwritemode(orput);

end;

FUNCTION MA(P:ToaDo2D):Byte;
var s:Byte;
BEGIN
s:=0;
if P.x<Tren.x then s:=s OR Left;
if P.x>Duoi.x then s:=s OR Right;
if P.y<Tren.y then s:=s OR Above;
if P.y>Duoi.y then s:=s OR Below;
Ma:=s;
end;

Procedure Swap(Var A,B:ToaDo2D);
var t:ToaDo2D;
Begin
t:=a; a:=b; b:=t;
End;

Procedure Clipping(A,B,Tren,Duoi:ToaDo02D);
Var stop,draw:Boolean;
m:Real;
Begin
stop:=False; draw:=False;
While not stop do
Begin
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If (Ma(A)=0)and(Ma(B)=0) then
Begin
stop:=True; draw:=True;
End
else
If (Ma(A) and Ma(B)<>0) then stop:=True
else
Begin
If (Ma(A)and Ma(B)=0)and
(Ma(A)<>0)or(Ma(B)<>0)) then

Begin
if Ma(A)=0 then Swap(A,B); {A luon nam ngoai}
if A.x=B.x then
Begin
if Ma(A) and ABOVE<>0 then A.y:=Tren. y

else A.y:=Duoi.y;
if Ma(B)<>0 then
Begin
if Ma(B) and ABOVE<>0 then B.y:=Tre n.y;
if Ma(B) and BELOW<>0 then B.y:=Duo LY;
End;
stop:=True; draw:=True;
End
else {Ax<>Bx}
Begin
m:=(B.y-A.y)/(B.x-A.X);
If Ma(A) and LEFT<>0 then
Begin
A.y:=round((Tren.x - A.X)*m + Ay );
A.Xx:=Tren.x;
End
else
If Ma(A) and RIGHT<>0 then
Begin
A.y:=round((Duoi.x - A.X)*m + Aly);
A.x:=Duoi.x;
End
else
If Ma(A) and ABOVE<>0 then
Begin
A.x:=round((Tren.y - A.y)/m + A.X);
A.y:=Tren.y,;
End
else
If Ma(A) and BELOW<>0 then
Begin
A.x:=round((Duoi.y - A.y)/m +A.X);
A.y:=Duoi.y;

131



Phu luc. Mt sé chwong trinh minh hoa

End;
End;
End;
End;
End;
setcolor(14);
If draw then Line(A.x,A.y,B.x,B.y);
setcolor(15);
End;

BEGIN

gd:=detect; Initgraph(gd,gm,'D:\TP\BGI');
repeat

NhapDinhHCN;

VeHCN;

Clipping(A,B, Tren,Duoi);

until ch=#27;

closegraph;

END.

2. Thuat toan chia nhi phan
Uses crt,graph;

type ToaDo2D=record
X,y:integer;
end;

var Tren,Duoi,A,B:ToaDo2D;
gd,gm:Integer;

procedure NhapDinhHCN;
begin
Tren.x:=100;
Tren.y:=100;
Duo0i.x:=300;
Duoi.y:=200;
a.x:=352;
a.y:=122;
b.x:=22;
b.y:=23;

end;

PROCEDURE VeHCN;
begin
line(Tren.x,Tren.y,Duoi.x,Tren.y);
line(Duoi.x, Tren.y,Duoi.x,Duoi.y);
line(Duoi.x,Duoi.y, Tren.x,Duoi.y);
line(Tren.x,Duoi.y, Tren.x,Tren.y);
setwritemode(xorput);
line(a.x,a.y,b.x,b.y);
readin;
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line(a.x,a.y,b.x,b.y);
end;

FUNCTION MA(P:ToaDo2D):Byte;
var s:Byte;
BEGIN
S:=0;
if P.x<Tren.x then s:=s OR Left;
if P.x>Duoi.x then s:=s OR Right;
if P.y<Tren.y then s:=s OR Above;
if P.y>Duoi.y then s:=s OR Below;
Ma:=s;
end;

PROCEDURE XuLyATrongBNgoai(A,B:ToaDo2D);
Var C,D,M:ToaDo2D;
begin
c:=a;d:=b;
While abs(C.x-D.x)+abs(C.y-D.y)>2 do
begin
M.x:=round((C.x+D.x)/2);
M.y:=round((C.y+D.y)/2);
if ma(M)<>0 then D:=M else C:=M;
end;
line(A.x,A.y,C.x,C.y);
end,

PROCEDURE Clipping(A,B,Tren,Duoi:ToaDo2D);
Var C,D,M:ToaDo2D;
Begin
if (ma(a)=0) and (ma(b)=0) then line(a.x,a.y,b.x
if (ma(a)=0) and (ma(b)<>0) then XulyATrongBNgoa
if (ma(a)<>0) and (ma(b)=0) then XulyATrongBNgoa
if (ma(A)<>0) and (ma(B)<>0) and ((ma(A) and ma(B
then
begin
C:=A,; D:=B;
M.x:=(C.x+D.x)div 2;
M.y:=(C.y+D.y)div 2;
while (ma(M)<>0)and(abs(C.x-D.x)+abs(C.y-D.y)>
begin
if (ma(C) and ma(M))<>0 then C:=M else D:=
M.x:=(C.x+D.x)div 2;
M.y:=(C.y+D.y)div 2;
end,
if ma(M)=0 then
begin
XulyATrongBNgoai(M,A);
XulyATrongBNgoai(M,B);
end,

0.y);
i(A,B);
i(B,A);
))=0)

2) do
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end;
End;

BEGIN

NhapDinhHCN;

gd:=detect; Initgraph(gd,gm,'D:\TP\BGI');
VeHCN;

Clipping(A,B, Tren,Duoi);

readin;

closegraph;

END.

3. Thuit toan Liang-Barsky

Uses crt,graph;
var PTop,PBottom,A,B:PointType;
gd,gm:Integer;

procedure NhapDinhHCN;

var i:integer;

begin
writeln(‘Nhap toa do dinh tren trai cua HCN:');
write('x1=");readIn(PTop.x);
write('y1=");readIn(PTop.y);
writeln(‘Nhap toa do dinh duoi phai cua HCN:");
write('x2=");readIn(PBottom.x);
write('y2=");readIn(PBottom.y);

writeln(‘Nhap toa do dinh thu nhat cua duong than g:);
write('a.x=");readlIn(a.x);
write('a.y=");readIn(a.y);
writeln(‘Nhap toa do dinh thu hai cua duong thang );
write('b.x="); readin(b.x);
write('b.y="); readin(b.y);

end,

PROCEDURE VeHCN;

begin
line(PTop.x,PTop.y,PBottom.x,PTop.y);
line(PBottom.x,PTop.y,PBottom.x,PBottom.y);
line(PBottom.x,PBottom.y,PTop.x,PBottom.y);
line(PTop.x,PBottom.y,PTop.x,PTop.y);
setwritemode(xorput);
line(a.x,a.y,b.x,b.y);
readin;
line(a.x,a.y,b.x,b.y);

end,

Function Clip(p,q:real; Var ul,u2:real):Boolean;
Var r:real,
Begin

Clip:=True;
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If p<0 then
Begin
r:=q/p;
If r>u2 then Clip:=False else If r>ul then ul =T
End
else If p>0 then
Begin
r:=q/p;
If r<ul then Clip:=False
else If r<u2 then u2:=r;
End
else If q<0 then Clip:=False;
End,;

Procedure LiangBaskyClip(p1,p2,PTop,PBottom:PointTy pe);
Var ul,u2,dx,dy:real;
Begin
ul:=0; u2:=1,
dx:=p2.x - pl.x;
If Clip(-dx,pl.x - PTop.x,ul,u2) then
If Clip(dx,PBottom.x - p1.x,ul,u2) then
Begin
dy:=P2.y - Pl.y;
If Clip(-dy,pl.y - PTop.y,ul,u2) then
If Clip(dy,PBottom.y - pl.y,ul,u2) then
Begin
If u2<1 then
Begin
p2.x:=pl.x + Round(u2*dx);
p2.y:=pl.y + Round(u2*dy);
End;
If ul>0 then
Begin
pl.x:=pl.x + Round(ul*dx);
pl.y:=pl.y + Round(ul*dy);
End;
Line(pl.x,pl.y,p2.X,p2.y);
End,;
End;
End,;

BEGIN

clrscr;

NhapDinhHCN;

gd:=detect; Initgraph(gd,gm,'D:\TP\BGI');
VeHCN;
LiangBaskyClip(a,b,PTop,PBottom);
readin;

closegraph;
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END.
. V E CAC POI TUQNG 3D

1. Vé mat yén ngwa

USES crt, graph, DOHOAS3d ; {Su dung Unit DoHoa3D}
VAR u,uMin, uMax,du : real;

v,vMin, vMax, dv : real;

al,a2,bl,b2,cl,c2,d :integer;

PROCEDURE Nhap_tham_so;
BEGIN
projection := Phoicanh;
rho :=50; de :=2000;
theta := 40; phi = 20;
uMin:=-1; uMax:=1;
vMin:=-1; vMaxi=1;
du :=0.095; dv:=0.09;
al:=0; a2:=0;
bl:=0; b2:=0;
cl:=0; c2:=0;
d:=1;
END;

FUNCTION fx(u,v:real): real;
BEGIN

fx:=al*cos(u) + b1l*cos(v) + c1*cos(u)*cos(v) + d* u;
END;

FUNCTION fy(u,v:real): real;
BEGIN

fy:=al*cos(u) + b1*sin(v) + c2*cos(u)*sin(v) +d *V ;
END ;

FUNCTION fz(u,v:real): real;
BEGIN

fz .= a2*sin(u) +b2*sin(v) + d*u*u - d*v*v ;
END ;

PROCEDURE ho_duong _cong _u;
VAR P :ToaDo3D;
BEGIN
u = uMin; {Mat cat U ban dau}
WHILE u<=uMax DO
BEGIN
v :=vMin; {Mat cat V ban dau}
P.x :=fx(u,v);
P.y :=fy(u,v);
P.z :=fz(u,v);
DiDen(P); {Move to point (x,y,z) ban dau}
WHILE v <= vMax DO {Thay doi mat cat V}
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BEGIN
P.x :=fx(u,v);
P.y :=fy(u,v);
P.z :=fz(u,v);
VeDen(P); {Ve den diem (x,y,z) moi}
v :=v+dv; {tang gia tri mat cat V}
END;
u:=u+du; {tang gia tri mat cat U}
END;
END;

PROCEDURE ho_duong _cong vV ;
VAR P :ToaDo3D;
BEGIN
v := vMin; {Mat cat V ban dau}
WHILE v<=vMax DO
BEGIN
u :=vMin; {Mat cat U ban dau}
P.x :=fx(u,v);
P.y :=fy(u,v);
P.z :=fz(u,v);
DiDen(P);
WHILE u <= uMax DO
BEGIN
P.x :=fx(u,v);
P.y :=fy(u,v);
P.z :=fz(u,v);
VeDen(P);
u :=u+du; {tang gia tri mat cat U}
END;
v :=v+dv; {tang gia tri mat cat V}
END; {of while v}
END;

PROCEDURE DEMO;
BEGIN
nhap_tham_so;
REPEAT
XoaManHinh;
KhoiTaoPhepChieu;
ho_duong_cong u;
ho_duong_cong_v ;
DieuKhienQuay;
UNTIL upcase(ch) = char(27);
END;

BEGIN { Main program }
ThietLapDoHoa;
demo;

CloseGraph;
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END.
2. Vé cacddi twong WireFrame

uses crt,Graph,DoHoa3D;
Const MaxDinh=50;
MaxCanh=100;

Type WireFrame=Record
SoDinh:0..MaxDinh:;
Dinh:Array[1..MaxDinh] of ToaDo3D;
SoCanh:0..MaxCanh;
Canh:Array[1..MaxCanh,1..2] of 1..MaxDinh ;
End;

Var a:WireFrame;

Procedure KhoiTaoBien;
Begin

Rho:=5; Theta:=20;
Phi:=20; De:=3;

End;

Procedure DocFile(FileName:String; Var WF:WireFrame );
var f:Text;
x,i:Integer;
Begin
assign(f,FileName);
Reset(f);
With WF do
Begin
read(f,x); SoDinh:=x;
read(f,x); SoCanh:=x;
For i:=1 to SoDinh do {Doc so dinh}
Begin
read(f,x); Dinh[i].x:=x;
read(f,x); Dinh[i].y:=x;
read(f,x); Dinh[i].z:=x;
End;
For i:=1 to SoCanh do {Doc so Canh}
Begin
read(f,x); Canhli,1]:=x;
read(f,x); Canhli,2]:=x;
End;
End;
Close(f);
End;

Procedure VeWireFrame(WF:WireFrame);
Var i:Byte;

d1,d2:ToaDo3D;
Begin
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With WF do
Begin
for i:=1 to SoCanh do
Begin
d1:=Dinh[Canh][i,1]];
d2:=Dinh[Canh[i,2]];
DiDen(d1);
VeDen(d2);
End;
End,;
End;

Begin
DocFile('bacdien.txt',a);
Projection:=SongSong{PhoiCanh};
ThietLapDoHoa;
KhoiTaoBien;
repeat
KhoiTaoPhepChieu;
VeWireFrame(a);
DieuKhienQuay;
until ch=#27;
CloseGraph;

End.

3. Khir mit khuat theo giai thu 4t BackFace

Uses crt,graph,DoHoa3D;

Const MaxSoDinh=50;
MaxSoMat =30;
MaxDinh =10;

Type TapDinh=Array[1..MaxSoDinh] of ToaDo3D;
TapMat=Array[1..MaxSoMat,0..MaxDinh] of Intege r;
FaceModel=Record

SoDinh:Integer;

Dinh:TapDinh;

SoMat:Integer;

Mat:TapMat;
End;

Var Hinh:FaceModel,
O:ToaDo3D;

Procedure KhoiTao;
Begin
Projection:=Phoicanh;
Rho:=1500; Theta:=20;
Phi:=15; DE:=3000;
End;

Procedure VectorNhin(Dinh1,Dinh2,Dinh3:Integer;
Var v:itoaDo3D);
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Begin

With hinh do
Begin
v.X:=0.x - Dinh[Dinh1].x;
v.y:=0.y - Dinh[Dinh1].y;
v.z:=0.z - Dinh[Dinh1].z;
end,

End;

Procedure VectorChuan(Dinh1,Dinh2,Dinh3:Integer; Va r
N:ToaDo3D);
Var P,Q:ToaDo3D;
Begin
With hinh do
Begin
P.x:=Dinh[Dinh2].x - Dinh[Dinh1].x;
P.y:=Dinh[Dinh2].y - Dinh[Dinh1].y;
P.z:=Dinh[Dinh2].z - Dinh[Dinh1].z;
Q.x:=Dinh[Dinh3].x - Dinh[Dinh1].x;
Q.y:=Dinh[Dinh3].y - Dinh[Dinh1].y;
Q.z:=Dinh[Dinh3].z - Dinh[Dinh1].z;
N.x:=P.y*Q.z - Q.y*P.z,
N.y:=P.z*Q.x - Q.z*P.x;
N.z:=P.x*Q.y - Q.x*P.y;
End;
End;

Function TichVoHuong(v,n:ToaDo3D):Real;
Begin

TichVoHuong:=v.x*N.x + v.y*N.y + v.z*N.z;
End;

Procedure ToaDoQuanSat;
Begin
KhoiTaoPhepChieu;
0O.x:= Rho*Aux7;
0O.y:= Rho*Aux8;
0.z:= Rho*Aux2;
End;

Procedure DocFile(FileName:String; Var WF:FaceModel )i
var f:Text;
X,i,J:Integer;
Begin
assign(f,FileName);
Reset(f);
With WF do
Begin
read(f,x); SoDinh:=x;
read(f,x); SoMat:=x;
For i:=1 to SoDinh do {Doc so dinh}
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Begin
read(f,x); Dinh[i].x:=x;
read(f,x); Dinh[i].y:=x;
read(f,x); Dinh[i].z:=x;
End;
For i:=1 to SoMat do {Doc so Mat}
Begin
read(f,x); read(f,x); Mat[i,0]:=x;
For j:=1 to Mat[i,0] do
Begin
read(f,x); Mat]i,j]:=x;
End;
End;
End;
Close(f);
End,;

Procedure VeMat(f:Integer);
Var SoCanh,i,j:Integer;
P,P0:ToaDo3D;
Begin
With hinh do
Begin
SoCanh:=Mat][f,0];
For i:=1 to SoCanh do
Begin
J:==Mat[f,i];
P.x:=Dinh[j].x; P.y:=Dinh[j].y; P.z:=Dinh[j]. z;
If i=1 Then
Begin
DiDen(P);
PO.x:=P.x; PO.y:=P.y; P0.z:=P.z;
End
Else VeDen(P);
End;
VeDen(PO0);
End;
End,;

Procedure VeVatThe(Hinh:FaceModel);
Var f,Dinh1,Dinh2,Dinh3:Integer;
v,n:ToaDo3D;
Begin
With hinh do
Begin
For f:=1 to SoMat do
Begin
Dinh1:=Mat|[f,1]; Dinh2:=Mat][f,2]; Dinh3:=Mat]| f,3];
VectorNhin(Dinh1,Dinh2,Dinh3,v);
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VectorChuan(Dinh1,Dinh2,Dinh3,N);
If TichVoHuong(v,n)>0 Then
Begin
SetLineStyle(SolidLN,0,NormWidth);
VeMat(f);
End
Else Begin
SetLineStyle(DottedLN,0,NormWidth);
VeMat(f);
End,;
End;
End;
End,;

PROCEDURE DieuKhien;
BEGIN
ToaDoQuanSat;
VeVatThe(Hinh);
Repeat
DieuKhienQuay;
ToaDoQuanSat;
VeVatThe(Hinh);
Until ch=#27,
END;

BEGIN { Chuong Trinh Chinh }

DocFile('Batdien.txt',Hinh);
ThietLapDoHoa;
KhoiTao;
DieuKhien;
CloseGraph;

END.
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