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Lo1 né1 dau

LO'l NOI PAU

Hién nay d6 hoa may tinh (Computer Graphics) 1a mot trong nhitng chuong trinh thong
dung nhét, n6 da gdp phan quan trong 1am cho giao tiép giita con ngudi va may tinh trd nén than
thién hon. That vay, giao dién kiéu van ban (text) da duoc thay thé hoan toan béng giao dién dd
hoa, cung vdi cong ngh¢ da phuong tién (multimedia) da dua nganh Cong Nghé Thong Tin sang
mot phién ban moi.

Cudn tai lidu giang day nay, t6i mudn mang lai cho ban doc cic co s& 1y thuyét vé dd hoa
may tinh tir don gian nhat nhu cac thuét toan vé duong thang, duong tron, da giac, ky tu..... Tiép
dén cac k¥ thuat xén tia, cac phép bién doi d6 hoa trong khong gian 2D va 3D.... Chung ta 1an luot
1am quen v&i thé gidi mau sic thong qua cac hé mau: RGB, CMYK, HSV.... Phirc tap hon nita 1a
cac phép chiéu, cac phuong phap xdy dung duong cong va mit cong cho dbi tuong.

Tai liéu gdm bay chuong, trong d6 chuong mét gitup ban c6 cai nhin tong quan vé k¥ thuat
dd hoa tir trude dén gid cung dinh huéng twong lai cho linh vuc nay. Cac chuong tiép theo, mdi
chuong s& 1a mot van dé tir don gian dén phuc tap. Cudi mdi chuong déu co phan bai tap cho
chung ta kiém tra lai kién thire vira doc duoc. Bai tap gém hai dang: dang tinh toan va dang lap
trinh, ddi voi dang 1ap trinh ban ¢ thé viét bang C/C++ hay BC tham chi bang VB déu dugc.
Cubi cing 13 phan phu luc gdm cic huéng din dé ching ta 1am bai tap 1ap trinh, ngdn ngit hay
dung ¢ day la C/C++ hay BC.

B& cuc rd rang, hinh anh phong phu, da dang. Du cho ban chua timg biét vé d6 hoa may
tinh hay ban da nhiéu nam lam viéc trong linh vyc nay, ban déu c6 thé nhan théy rﬁng cudn sach
nay 1a mot bo tham khao day du cac thong tin hiru ich va c6 tinh chat thyc tién cao.

Trong qua trinh bién soan mic du da cd ging hét strc nhung van khong tranh khoi nhing sai
sot, rat mong nhan duoc sy dong gop chan thanh tir quy ban doc.

Xin chan thanh cam on.

Tac gia
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CHU'ONG 1: TONG QUAN VE KY THUAT DO HOA

1. CAC KHAI NIEM TONG QUAN CUA KY THUAT PO HOA MAY
TINH (COMPUTER GRAPHICS)

1.1. L ich sir phat trién

- Graphics nhitng nam 1950-1960

1959 Thiét bi d6 hoa dau tién la man hinh xut hién tai Puec.

1960 - SAGE (Semi-Automatic Ground Environment System) xuat hién but sang thao tac
v6&1 man hinh.

1960 William Fetter nha khoa hoc nguoi My, 6ng dang nghién ctru xay dung md hinh
buong 14i may bay cho hang Boeing ciia My. Ong da dya trén hinh dnh 3 chiéu cua mé hinh nguoi
phi cong trong budng lai ciia may bay dé xay dung nén mot mo hinh t61 uvu cho budng lai may
bay. Phuong phap nay cho phép cac nha thiét ké quan sat mdt cach tryc quan vi tri cia nguoi lai
trong khoang. Ong dat tén cho phuong phép nay l1a do hoa may tinh (Computer Graphics) .

Man hinh 1a thiét bi thong dung nhét trong hé dd hoa, céc thao tac ctia hau hét cac man hinh
deu dya trén thiét ké ong tia &m cuc CRT (Cathode ray tube).

Khi d6 gia dé 1am tuoi man hinh 1a rt cao, may tinh xtr Iy cham, dit va khong chic chin
(khong dang tin cay).

- Graphics: 1960-1970

1963 Ivan Sutherland (hoi nghi Fall Joint Computer - 1an d4u tién c6 kha ning tao méi, hién
thi va thay d6i dugc thyc hién trong thoi gian thyc trén man CRT).

Hé théng nay dugc dung dé thiét ké mach dién: CRT, LightPen (but sang), computer (chtra
chuong trinh xtr 1y thong tin). Nguoi sit dung c6 thé v&€ mach dién tryc ti€p 1én man hinh thong
qua but sang.

- Graphics:1970-1980

Raster Graphics (dé hoa diém). Bit diu chudn d6 hoa vi du nhu: GKS(Graphics Kernel
System): European effort (két qua ctia chau au), Becomes ISO 2D standard.

- Graphics: 1980-1990

Muc dich dic biét vé phﬁn cung, thiét bi hinh hoc dd hoa Silicon. Xuét hién cac chuin cong
nghiép: PHIGS (Programmers Hierarchical Interactive Graphics Standard) x4c dinh cac phuong
phap chuan cho cac mo hinh thoi gian thyc va lap trinh huéng doi tuwong.

Giao dién nguoi may Human-Computer Interface (HCI)

- Computer Graphics: 1990-2000

OpenGL API (Application Program Interface — giao di¢n chuong trinh tng dung).

Completely computer-sinh ra nganh dién anh phim truyén (Toy Story) rat thanh cong.

Céc tiém tang phan cimg moi: Texture mapping (dan cac anh cia canh that 1én bé mit cua
do1 tugng),blending (tron mau)....

- Computer Graphics: 2000- nay

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 1: Toéng quan vé ky thuat d6 hoa

Anh hién thyc.cac cac @6 hoa cho may tinh (Graphics cards for PCs), game boxes and game
players

Cong nghiép phim anh nho vao d6 hoa may tinh (Computer graphics becoming routine in
movie industry): Maya (thé gidi vat chat tri gidc dugc)....
1.2. K§¥ thuit db hea vi tinh.

Definition (ISO): Phuwong phép va cong nghé chuyén ddi dit liéu tir thiét bi d hoa sang may
tinh.

Computer Graphics la phwong tién da ndng va manh nhdt cia giao tiép giita con ngudi va
may tinh.

Computer Graphics (Ky thudt d6 hog mdy tinh) 1 mot linh vuc ctia Cong nghé thong tin ma
& d6 nghién ctru, xay dung va tap hop cac cong cu (md hinh 1y thuyét va phan mém) khac nhau
dé: kién tao, xay dung, luu trit, xir Iy Cac md hinh (model) va hinh anh (image) cta di twong.
Céc md hinh (model) va hinh anh nay c6 thé 1a két qua thu dugc tir nhitng linh vuc khac nhau cta
rat nhiéu nganh khoa hoc (vat ly, toan hoc, thién van hoc...)

Computer graphics xtt 1y tit ca cac van dé tao anh nho may tinh.
2. CAC KY THUAT PO HOA
2.1. Ky thuat dd hoa diém (Sample based-Graphics)

- Cac md hinh, hinh anh cia cac d6i tuong dugc hién thi thong qua ting pixel (tmg mau
101 1ac)

- bic diém: C6 thé thay dbi thudc tinh

+ Xoa di ting pixel ctia mo hinh va hinh anh cac dbi tugng.

+ Cac md hinh hinh anh dugc hién thi nhu mot ludi diém (grid) cac pixel roi rac,

+ Tung pixel déu co vi tri xac dinh, duge hién thi véi mot gia tri roi rac (sé nguyén)
céc thong s hién thi (mau sic hodc do sang)

+ Tap hop tat ca cac pixel ctia grid cho ching ta mo hinh, hinh anh déi tugng ma
chtng ta muén hién thi.

Hinh 1.1 Anh d6 hoa diém
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Bitmap

Pascal C
program
3
SRP

library

A graphics algorithms
positions colour
X Window
System : § raphics hardware
Image \/—J

———_ image formats, compression, transfer

Hinh 1.2 K§ thuit d6 hoa diém

Phuong phap dé tao ra cac pixel

- Phuong phap dung phan mém dé v& truc tiép timg pixel mot.

- Dya trén céc ly thuyét mé phong (Iy thuyét Fractal, v.v) dé xdy dung nén hinh anh mé
phdng cua sy vat.

- Phuong phap roi rac hoa (s6 hod) hinh anh thuc cta déi tuong.

- C6 thé stra doi (image editing) hodc xir 1y (image processing) mang cac pixel thu dugc
theo nhitng phuong phap khac nhau dé thu dugc hinh anh dac trung cia doi tugng.
2.2. K§ thuit d6 hoa vector

0 hinh ¢ tham s
0 hoa trat

v

Hinh 1.3 M6 hinh d6 hoa vector

t bi ra

- M6 hinh hinh hoc (geometrical model) cho mé hinh hodc hinh anh cta ddi tuong

- Xac dinh cac thudc tinh cia m6 hinh hinh hoc nay,
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- Qua trinh t6 trat (rendering) dé hién thi tung diém ctia md hinh, hinh anh thyc cua d6i

tuong

Co thé dinh nghia dd hoa vector: B0 hoa vector = geometrical model + rendering

So sanh gitra Raster va Vector Graphics

Po hoa diém(Raster Graphics)

- Hinh 4anh va moé hinh cta cac vat thé
dugc biéu dién boi tap hop cac diém cua ludi
(grid)

- Thay ddi thudc tinh cua cac pixel =>
thay doi timg phédn va ting ving cua hinh anh.

- Copy dugc cac pixel tr mot hinh anh
nay sang hinh anh khac.

Po hoa vector(Vector Graphics)

- Khong thay dbi thudc tinh cia ting
diém tryc tiép

- Xu ly véi tung thanh phan hinh hoc co
sO cua nd va thyc hién qua trinh to trat va hién
thi lai.

- Quan sat hinh anh va m6 hinh cta hinh
anh va su vat & nhiéu goc do khac nhau béng
cach thay ddi diém nhin va goc nhin.

Vi du v& hinh anh dd hoa Vector

Hair

Render and Touch

Hinh 1.4 Vi du vé @6 hoa vector
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2.3. Phin loai ciia dd hoa may tinh

Phén loai theo cac linh vuc ctia 6 hoa mdy tinh

CAD/CAM System

Kién tao dd N .
D06 hoa minh hoa
hoa

. Do hoa hoat hinh va ngh¢ thuat
K¥ thuét do hoa

Xt 1y anh

K¥ thuét nhan dang

K¥ thuat phan tich va tao anh

Phan loai theo hé toa do

K¥ thut d6 hoa 2 chiéu
K¥ thuat db hoa
K thuat do hoa 3 chiéu

- Ky thugt do hoa hai chiéu: 1a ky thuat dd hoa may tinh st dung hé toa do hai chiéu (hé toa
d6 phang), sir dung rat nhiéu trong k¥ thuat xir Iy ban dd, d thi.

- Ky thudt do hoa ba chiéu: 13 k¥ thuat d6 hoa may tinh st dung hé toa do ba chiéu, doi hoi
rt nhiéu tinh todn va phtrc tap hon nhiéu so véi k§ thuat d6 hoa hai chiéu.

Céc linh vue ciia d6 hoa may tinh:

- Ky thuat xir 1y anh (Computer Imaging): sau qua trinh xir Iy anh cho ta anh sb cta d6i
tuong. Trong qué trinh xir 1y anh st dung rat nhiéu cac k¥ thuat phuc tap: ki thuat khoi phuc anh,
k¥ thuat lam ndi anh, k¥ thuat xac dinh bién anh.

- K§¥ thuat nhan dang (Pattern Recognition): ti nhitng anh mau c6 sin ta phan loai theo cu
truc, hodc theo cac tiéu tri dugc xac dinh tir trudce va béng céc thudt toan chon loc dé co thé phan
tich hay téng hop anh da cho thanh mot tap hop cac anh gdc, cac anh gbe nay duoc luu trong mot
thu vién va cin cir vao thu vién nay ta xay dung dugc cac thuat giai phan tich va td hop anh.

- K§ thuat tong hop anh (Image Synthesis): 1a linh vuc xdy duyng mé hinh va hinh anh cua
cac vat thé dua trén cac d6i tugng va mdi quan hé giita chung.

- Cac h¢ CAD/CAM (Computer Aided Design/Computer Aided Manufacture System): k¥
thuat do hoa tap hop cac cong cu, cac ky thuat trg gitip cho thiét ké cac chi tiét va cac hé théng
khac nhau: hé théng co, hé théng dién, hé théng dién t1r....

- Bd hoa minh hoa (Presentation Graphics): gdbm cac cong cu gitp hién thi cac sé liéu thi
nghiém mat cach truc quan, dya trén cac mau dd thi hodc cac thuét toan c6 sin.
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- P hoa hoat hinh va nghé thuat: bao gdm céc cong cu gitp cho cac hoa si, cac nha thiét ké
phim hoat hinh chuyén nghi¢p lam cac k¥ xdo hoat hinh, v€ tranh... Vi du: phan mém 3D Studio,
3D Animation, 3D Studio Max.

2.4. Céc trng dung tiéu biéu ciia ky thuat dé hoa

D hoa may tinh 1a mot trong nhitng linh vyc 1y thu nhat va phét trién nhanh nhit cia tin
hoc. Ngay tur khi xuat hi¢n n6 da co suc 161 cuon manh li¢t, cuon hut rat nhiéu ngudi ¢ nhiéu linh
vuc khac nhau nhu khoa hoc, nghé thuat, kinh doanh, quan ly...Tinh hap dan cta né c6 thé duoc
minh hoa rat tryc quan thong qua cac ung dung ctia no.

- Xay dung giao dién nguoi dung (User Interface)

Giao dién dd hoa thuc su 1 cudc cach mang mang lai sy thuan ti¢n va thoai mai cho nguoi
dung tng dung. Giao dién WYSIWYG va WIMP dang duogc da s6 nguoi dung wu thich nho tinh
than thién, dé st dung cta no.

- Tao céc biéu do trong thuwong mai, khoa hoc, ky thuat

Céc tmg dung nay thuong dugc ding dé tém luoc cac dir lidu vé tai chinh, thong ké, kinh
te, khoa hoc, toan hoc... gitip cho nghién ctru, quan ly... mét cach co6 hi€u qua.

- Tw ddng hod van phong va ché ban dién tir

- Thiét ké véi su tro gitip ciia mdy tinh (CAD_CAM)

- Linh vuc giai tri, nghé thudt va mo phong

- Diéu khién cdc qua trinh san xudt (Process Control)

- Linh vuee ban dé (Cartography)

- Gido duc va dao tao

Mot s6 vi du cua img dung k¥ thuat do hoa:
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than cong . .¢

Hinh 1.5 CAc wng dung ciia ky thuit dd hoa

Tarlside, Ie

(ZAR Dl

i Y5 Gyt FIL | )y
a2 O Kbt m 28 m
i T e

Hinh 1.6 H¢ &ng dung CAD - CAM
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2.5. Céc chuén giao dién ciia hé do hoa

Muc tiéu can ban cua ph?m mém dd hoa dugc chuan 1a tinh twong thich. Khi cac cong cu
duogc thiét ké véi ham dd hoa chuin, phdn mém c6 thé duge di chuyén mot cach d& dang tir hé
phan cimg nay sang hé phan ctng khac va dugc dung trong nhiéu cai dit va ing dung khac nhau.

GKS (Graphics Kernel System): chuan xac dinh cac ham do hoa chuan, duoc thiét ké nhu
mot tap hop cac cong cu dd hoa hai chiéu va ba chiéu.

GKS Functional Description, ANSI X3.124 - 1985.GKS - 3D Functional Description, 1SO
Doc #8805:1988.

CGI (Computer Graphics Interface System): hé chudn cho cac phuong phap giao tiép voi
céac thiét bi ngoai vi.

CGM (Computer Graphics Metafile): xac dinh cac chuan cho viéc luu trit va chuyén doi
hinh anh.

VRML (Virtual Reality Modeling Language): ngdn ngit thyuc tai 40, mot huéng phat trién
trong cong nghé hién thi duoc dé xuat boi hing Silicon Graphics, sau d6 da dugc chuan héa nhu
mot chuan cong nghiép.

PHIGS (Programmers Hierarchical Interactive Graphics Standard): x4c dinh cac phuong
phap chuan cho cdc md hinh thoi gian thuc va lap trinh hudng dbi tuong.

PHIGS Functional Description, ANSI X3.144 - 1985.+ Functional Description, 1988, 1992.

OPENGL thu vién d6 hoa cua hang Silicon Graphics, duoc xay dung theo ding chuan ciia
mot hé d6 hoa nam 1993.

DIRECTX thu vién do hoa cua hang Microsoft, Direct X/Direct3D 1997
3. PHAN CUNG PO HOA (GRAPHICS HARDWARE)

3.1. Céc thanh phan phén ciing ciia hé d6 hoa twong tic

CPU:thuc hién cac chuong trinh ung dung.

Bo xu ly hién thi (Display Processor): thuc hién cong viéc hién thi di liéu d6 hoa.

Bo nhd hé thong (System Memory): chira cac chuwong trinh va dit liéu dang thuc hién.

Goi phan mém dd hoa (Graphics Package): cung cp cac ham d6 hoa cho chuong trinh ting
dung

Phan mém tng dung (Application Program): phan mém do hoa tung dung.

B6 dém ( Frame buffer): cd nhi€ém vu chira cac hinh anh hién thi.

B6 diéu khién man hinh (Video Controller): diéu khién man hinh, chuyén dr liéu dang s6 &
frame buffer thanh cac diém sang trén man hinh.

11
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fﬂ, System

Memory (DRAM) Peripherals

1

|
{—* 3D Geometric maths acceleration

Geometry
Processor

e Display
Processor

+ 2D Support (Windows, Blitting)
+ 3D Support (Polygon Filling, Texture Mapping)

Display Frame Video
Memory (VRAM)  Buffer > Controller
= -

» DACs
» CLUTs

Hinh 1.7 Cac thanh phén cirng ciia h¢ dd hoa twong tic
3.2. May in
Dot size: duong kinh ctia mot diém in bé nhat ma may in co thé in dugc

Addressability: kha nang dia chi hoa cac diém in c6 thé c6 trén mot don vi d6 dai (dot per

inch)
S6 lwong mau cé thé vé trén mot diém:
Dot size Point per inch
8 - 20/ 100inch 200, 600
5/1000inch 1500
May vé 6,15/1000 inch 1000, 2000
3.3. Man hinh CRT

Mot chum céc tia dién tur (tia &m cyc) phat ra tr mot sting dién tr, vuot qua cudn lai tia dan
dén vi tri xac dinh trén man hinh duogc pht mot 16p phosphor. Tai mdi vi tri twong tac véi tia dién
ttr hat phosphor s& phat 1én mot chim sang nho. Nhung chim sang sé mo dan rat nhanh nén can
¢6 cach nao né duy tri anh trén man hinh. Mot trong cac cach la: lap di lap lai nhiéu lan viée v& lai
anh that nhanh bang cach hudéng cac tia dién tir tro lai vi tri cii. Goi 1a 1am tuoi (refresh CRT).

) luong tdi da cac diém co thé hién thi trén mot CRT duogc goi la do phan giai
(Resolution). Hay do phan giai 1a sé luong cac diém trén mot cm ma co thé duge vé theo chiéu
ngang va chiéu doc (dwoc xem nhu tong sé diém theo mdi hudng).

12
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Anode

Shadow Mask [+ —* DetPith

Cathode A\ >

(“ _ =B | £ /
(z' I_ |

f'l :

Electron Gun \ 7

Deflection
Amplifiers Phosphor Coated
Screen
Phosphor Coated
Screen
Shadow Mask

Aperture Grill
NEC Hybrid Hitachi EDP Standard Dot-trio SONY Trinitron

Hinh 1.8 Cong nghé man hinh CRT

Kich thudc vat ly cia man hinh dd hoa dugc tinh tr do dai cta duong chéo man hinh.
Thuong dao dong tir 12-27 inch, hodc 16n hon.

Thudc tinh khac ctia man hinh 13 ty sé phuong (aspect ratio). N6 1a ty 1& cua cac diém doc
va cac diém ngang can dé phat sinh cac doan théng c6 do dai don vi theo ca hai huéng trén man
hinh. Man hinh ¢6 ty s6 phuong khac mot, thi hinh vudng hién thi trén d6 thanh hinh chit nhét con
hinh tron thanh hinh ellipse.

Man hinh dang diém (Raster Display): thuong gip nhit trong s cac dang man hinh st dung
CRT trén cong nghé truyén hinh. Mdi diém trén man hinh duoc goi 1a pixel. Cac thong tin vé anh
hién thi trén man hinh dugc luu trir trong mot ving bd nhd goi 1a ving dém 1am tuoi (Refresh
buffer) hay 1a ving dém khung (Frame Buffer). Vung luu trit tdp céc gia tri cuong do sang cua
toan bo cac diém trén man hinh va ludn ton tai mot cach song anh giita mdi diém trén man hinh va
mdi phan tir trong ving nay.

13

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 1: Tong quan vé k¥ thuit d6 hoa

Dé tao ra hinh anh den tréng, don gian chi can luu thong tin cia mdi Pixel 1a mot bit (0,1)
(xem hinh 1.9). Trong truong hop anh nhiéu mau thi cin nhiéu bit hon, néu thong tin mdi pixel
dugc luu bang b bit thi ta c6 thé ¢6 2° gid tri mau phan biét cho pixel do.
Trong cadc man hinh mau, nguoi ta dinh nghia tap cdc mau lam viéc trong mdt bang tra (LookUp
Table - LUT). Mdi phﬁn tu cua LUT dugc dinh nghia mgt bg ba gia tri (RGB) mé td mdt mau nao
d6. Khi can sir dung mot mau, ta chi can chi dinh s thir ty (index) tuong Gmg cta mau do trong
LUT, s6 phéan tir trong bang LUT chinh 13 s6 mau c6 thé dugc hién thi cing mot lac trén man
hinh.

Vi du mé hinh db hoa diém ngbi nha va ngéi sao.

Interface to host

computer
(interaction data)
(Display
commands) - Keyboard
Display | =
‘ PIOCESSO | g D313 input
l CRT
000000000000000
000000000010000
00
000000000000000
Bitmap refresh buffer
(the 1’s are accentuated
for contrast) | ‘| 5
—

Hinh 1.9 Song anh giira ving dém khung va man hinh

X: 0, Xmax2 mau/ 1 bit 640 x 480 x 16 - Video RAM =2MB
Y: 0, Ymax16 mau/ 4 bit ;256 mau/ 8bit 1024 x 1024 x 24 — Video RAM = 24MB
2" maw/ 16 bit ;2" mau/ 24 bit

Viéc lam tuoi trén man hinh dang nay dugc thyc hién & tbc d6 60 - 80 frame/ gidy. Doi khi
toc d6 1am twoi con duge biéu dién bang don vi Hertz (Hz - s6 chu ky trén/gidy), trong d6 mot chu
ky tuong tng v6i mot frame. Vay toc d6 1am tuoi 60 frame/gidy don gian 1a 60 Hz. Khi dat dén
cubdi mdi dong quét, tia dién tir quay trd lai bén tri ciia man hinh dé bat dau dong quét ké tiép.
Viéc quay tré vé bén trai man hinh sau khi 1am twoi mdi dong quét dugc goi 1a tia hdi ngang
(Horizontal retrace). Va téi cudi mdi frame, tia dién tir (tia hdi doc - Vertical retrace) quay tro lai
gdc bén trai ciia man hinh dé chuén bj bat dau frame ké tiép.

14
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Chuong 1: Toéng quan vé ky thuat d6 hoa

Hinh 1.10 Quét manh va quét dong cia man hinh CRT

Vi du vé viéc tia quét trén man hinh CRT:
MOVE 10,15
LINE 400,300
LINE 600,800
Refesh Buffer
DrawLine(A, B):
Turn beam off,
move to A.
Turn beam on,
move to B.
3.4. Man hinh tinh thé 16ng (Liquid Crystal Display — LCD)
Duya vao céng nghé truyén anh sang qua dién cuc ma dat gitta la cudn day xoan. Khi chua
co tur truong (chua c6 dong dién) ¢ cudn day thi anh sang truyén thang, khi cé tir truong thi anh

sang truyén doi chiéu.

Polarizer Twisted Nematic Cell Polarizer

Incident A

Light l

Blocked
Light

-—
Electric
Field

Polarizer Polarizer

ln:fd::lt @

Twisted Nematic Cell

Transmitted
Light

Hinh 1.11 Cong nghé¢ truyén dnh siang trong man hinh tinh thé 16ng
15
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CRT Displays (man hinh CRT)

Advantages (uu diém) Disadvantages (nhuoc diém)

Dép tng nhanh (c6 do phan giai cao) Lén va nang (typ. 70x70 cm, 15 kg)

Mau sic da dang (C6 d6 sau va rong) Tiéu t6n ngudn dién cao (typ. 140W)

Mau sic bio hoa va tu nhién Co hai cho suc khoé vi truong di¢n tir va tir tinh
Cong nghé khong qua dat va hoan thién Man hinh nhip nhay (at 50-80 Hz)

Go6c nhin rong, twong phan va do sang cao Hinh hay bi méo tai 4 goc

LCD Displays (man hinh tinh thé long)

Advantages (uu diém) Disadvantages (nhuoc diém)

Hinh dang nho, trong lugng nhe (approx 1/6 of | Gié thanh cao (presently 3x CRT)
CRT, typ. 1/5 of CRT) Géc nhin hep hon (typ. +/- 50 degrees)
Tiéu ton ngudn thap (typ. 1/4 of CRT) d6 twong phan thap (typ. 1:100)

Man hinh phing tuyét ddi nén khong méo tai d6 choi (d6 ngoi) thap hon (typ. 200 cd/m?)
cac goc
Mau sic déu, anh sinh dong

Khoéng bi hi¢u ung dién tur truong

C6 thé man hinh vira 16n vira rong (>20 inch)

Tém tit chwong:

Su ra doi ciia d6 hoa may tinh thyc sy 1 cudc cach mang trong giao tiép gitra nguoi ding
va may tinh. Vi luong thong tin truc quan, da dang va phong pha dugc truyén tai qua hinh anh.
Céc ung dung dd hoa may tinh da 16i cudn nhiéu nguoi nho tinh than thién, d& dung, kich thich
kha ning sang tao va ting dang ké hiéu suét 1am viéc.

Db hoa may tinh ngay nay dugc dugc ung dung rat rong rai trong nhiéu linh vue khao hoc,
k¥ thuét, nghé thuat, kinh doanh, quan 1y...Céc ung dung dd hoa rit da dang, phong phu va phat
trién lién tuc khong ngimg. Ngay nay, hau nhu khong c6 chuong trinh img dung nao ma khong st
dung k¥ thuat d6 hoa dé 1am ting tinh hap dan cho minh.

Mot hé thong do hoa bao gio ciing gdbm hai phan chinh d6 13 phan cimg va phan mém. Phan
cting bao gém céc thiét bi hién thi (thiét bi xuat) va cac thiét bi nhap. Tiéu biéu nhat 1a man hinh,
c6 hai loai thong dung 1a CRT va LCD.

Bai tap:
1. Céu tao va nguyén Iy hoat dong ctia man hinh dang diém. Néu cac khai niém ving dém
khung, d6 phan giai, ty s6 phuong.... ciia man hinh loai nay?

2. Y nghia va hoat dong ciia bang tra LUT?

16
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Chuong 1: Toéng quan vé ky thuat d6 hoa

3. Tinh Video Ram cta cdc man hinh 1an lugt c6 do phan giai 1a 640x480, 1024x768,
1280x1024 ma c6 mdi pixel dugc mo ta la 8bit, 12 bit, 24 bit.

4. Néu chung ta dung cac gia tri 12bit cho mdi pixel trong mot bang tham chiéu lookup
table, c6 bao nhiéu hang muc ma lookup table cé dugc?

5. Tai sao phai chuin ho4 cac phan mém? Liét ké va tim hiéu cac chudn ho phan mém d6
hoa.
Bai tip tric nghiém:
1. Ty sd phuong (aspect ratio) cia man hinh 14 1,4 vay mot hinh tron khi hién thi trén man
hinh d6 s€ cho:
a. Hinh tron
b. Hinh ellipse ndm ngang (ban kinh theo truc x dai hon ban kinh theo truc y)
c. Hinh ellipse dimg (ban kinh theo tryc x ngan hon ban kinh theo truc y)

d. Hinh thoi
2. Cho man c6 do phan giai 1024x1024 va mdi pixel dugc mo ta 24bit vay video RAM ctia
man hinh la:
a. 1048576 bit
b. 2MB
c. 3MB
d. 4MB
3. Néu ta dung céc gia tri 24 bit cho mdi pixel trong mot bang LUT. Thi bang LUT ¢6 sb
mau la:
a. 24 mau
b. 1024 mau

c. 16777216 mau
d. 16000000 mau

17
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CHUONG 2: CAC GIAI THUAT SINH THUC THE CO SO

1. CAC POI TUQNG PO HOA CO SO

1.1. Hé toa dd thé giéi thwe va hé toa dd thiét bj
a. H¢ toa dp thé gidi thue (WCS: World Coordinate System)

WCS hay hé toa do thuc 1a hé toa do dugc dung mo ta cac dbi tugng trong thé gidi thuc.
Mot trong hé toa d thuc dugc dung nhiéu nhat 1a h¢ toa d§ Descartes. Bat ki di€ém nao trong mat
phéng duoc mo ta béng cdp toa do (x,y) trong do x,y €R. Gdc toa do 1a diém O c¢6 toa do (0,0),
Ox,0y lan lugt 1a truc hoanh va truc tung va x,y 1a hoanh d¢ va tung do.

Céc toa d6 thé gidi thuc cho phép ngudi sir dung bat ki mot thir nguyén (dimension) qui
udc: foot, cm, nm, km, inch....tuy y.
b. Hé toa dé thiét bi (DCS: Device Coordinate System)

Hé toa d6 thiét bi 1a hé toa d6 duoc dung bai mot thiét bi xuat cu thé nao d6 nhu may in,
man hinh...

Céac diém duoc biéu dién boi cap toa do (x,y), nhung x,y €N. biém trong toa do thuc dugc
dinh nghia lién tuc, con trong toa do thi€t bi thi rdi rac do tinh chét cua tap céac so tu nhién.

Céc toa do (x,y) c6 gioi han trong mot khoang nao do.
1.2. Piém va doan thing
a. Diém

Trong h¢ toa do hai chiéu (X,y), ngoai ra n6 con co6 tinh chit mau séc.
b. Poan thing

+ Biéu dién tudng minh: y = f(x)

Mot doan théng duoc xac dinh néu biét 2 diém thudc nd. Phuong trinh doan théng di qua 2
diém P (x1,y1) va Q(x2,y2) nhu sau:

(y-y)/(x-x1) = (y2-y1)/( X2-X1)

(y-yD)(x2-x1)=(x-x1)(y2-y1) A

(Xo-x1)y=(y2-y )X + y1(X2-X1) - X1(y2-¥1) Q(x2, 2)

Y = ((Y2ry)/(Xe-x1))x + y1 - (Y2-y )/ (Xe-X1))X1

y=kx+m

k = (y2-y1)/(x2-x1) D6 dbc hay hé sé goc cia duong P(x1, 1)

m = y;- kx;Poan chén trén tryc y >

Ay = kAx (tirc 1a khi x thay dbi thi y thay ddi theo)

Hinh 2.1 V& doan thing PQ

+ Biéu dién khong tudong minh: ax+by+c=0

18
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Taco
(Y2ryDX - (Xo-X1)y + (X2-X1)y1 - (Y2-y1)x1 = 0
(Y2ry DX - (X2-X1)y + X2y1 - X1y2 =0

hay rx +sy +t=0
s =-(X2-X1 )
r=(y2-y1) va t = Xayi - X1y2

+ Biéu dién thong qua tham so:
P(u) =P; +u(P, - Py)u €[0,1]
X(w) =x; tu(xz2-Xx)
y(@=yi tu(y2-y1)

2. CAC GIAI THUAT XAY DUNG THUC THE CO SO

2.1. Giai thuit vé doan thing thong thuong

Nguyén Iy chung: cho mot thanh phén toa d§ x hay y bién dbi theo tung don vi va tinh do

nguyén con lai sao cho gén véi toa do thue nhat.
Vo= N (

Xy =X

Taco y= x—xl)—y1

Cho x thay ddi tim y, trong bai nay cho x; thay doi tién t6i x, ta chon don vi nhé nhat ctia
man hinh Ax=1.
Giai thuat thong thuong:
void dline(int x1,int y1, int x2,int y2, int color)

{
float y;

int x;

for (x=x1; x<=x2; x++)

{
y =yl + (x-x1)*(y2-y1)/(x2-x1) ;
putpixel(x, Round(y), color );

b
2.2. Thuat toan DDA (Digital Differential Analizer)

Tién hanh tinh tai m&i bude vén st dung két qua tir bude trude d6. Gia s bude i da tinh
(X;,yi), budc ti€p (Xi+1,yi+1) s€ nghiém ding voi Ay/Ax=k.
AY = Yis1 -¥i AX = Xi1-X;
Vay:yi+ =y; tkAxva x;+1 =x; + Ay/k
- 0 <k <1 (dam bao sy thay ddi cua x trén truc toa do s& 1on hon y)
- Bit dau x=X1 (X1<X3) Va y=y;
Xiy; =X+ 1 dat Ax=1 (gia s6 theo X)
Vi, = yi + k ¢t nhu thé dén x,
19
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Chuong 2: Céc giai thuat sinh thuc thé co s

- Khi k>1 bit dau y=y1 (y1<y2) va X=X,

- dat Ay =1 (gia s6 theo y)

Xir =X; + 1/k tiép tuc dén V2

Thuat toan

Begin

A 4

x=x+1;

y=y+tm;

End

Hinh 2.2 So d6 khéi thuat toan DDA

void ddaline (int x1,int y1,int x2,int y2,int ¢)
{int x=x1;
float y=y1;
float k=(float)(y2-y1)/(x2-x1);
putpixel(x,round(y),c);
for(int i=x1;i<=x2;i++)

{
X++;
y=y+k;
putpixel(x,round(y),c);
by
b
Chuy:

- y=y+k nhanh hon han y=k*x+m (khir dugc
phép nhén véi sb thuc)
- Han ché vé toc dd vi cong sb thuc va lam tron

- Bai tap: viét thuat toan cho ca 4 truong hop k.

2.3. Giai thuat Bresenham

1960 Bresenham thudc IBM theo nguyén 1y tim ra cac diém gan véi dudng thang dua trén

do phan giai hiru han. Giai thuat nay loai bd dugc cac phép toan chia va phép toan lam tron nhu ta
da thay trong giai thuat DDA.
Xét doan thang v6i 0 <k < 1

yitl

Yi

CuuDuongThanCong.com

(¥

Xi

Xi+1

Hinh 2.3 Mo ta giai thuat Bresenham
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CuuDuongThanCong.com

Goi (xi+1,y) la diém thudc doan thang, ta c6 y=k(xi+1)+b
di=y-yi =kxi+1)+b-y;
2=y -y =yi+1-k(xi+1)-b
-Néu dj <=dp=>yi,, =V
- Nguoc lai dp >dp => yi,, =yi+l
batD=dq -dy=2k(xi+1)-2y; +2b-1
Co k=Ay/Ax
bat Pi=AxD =Ax (d] - dp)
Pi= Ax(2Ay/Ax(x; +1)- 2y; +2b-1)
= 2Ayx; +2Ay -2Axy; + 2bAx -Ax
Ta tinh budc tiép:
Pit1 = 2Ayxi1 +2Ay -2AXyi + 2bAX -Ax
Pii1 - Py = -2AX(yir1 -yi) + 2Ay(Xi+1 -Xi)
C6 xi+1 =x;+1 nén:
Pis1 - Pi = - 2AX(yis1 -yi) + 2Ay = 2Ay - 2AX(Yi+1 -Yi)
Néu Pi<=0thi yi«i=y;
P = P1+_2AY

Néu Bi > 0 thi Vi+1 = Vi +1

Pisi =P+ 2Ay - 2Ax
Tinh gia trj dau: P,?
P, = Ax(d] - d2)
= AX(2Ay/Ax(x; +1)- 2y; +2b-1)
= 2Ayx; T2Ay -2Axy; + 2bAx -Ax
Co y1=kx; + b = Ay/Ax x; +b
P, =2Ayx; +2Ay -2Ax((Ay/Ax)x; +b) + 2bAx -Ax
= 2Ayx; +2Ay -2Ayx; - 2bAx + 2bAx -Ax
P, =2Ay - Ax

https://fb.com/tailieudientucntt
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/*Thuat toan Bresenham ve dthang (0<k<1) */
void Bre_line(int x1, int y1, int x2, int y2, int )

{int x, y, dx, dy,p,const1,const2;

x=x1;y=yl; y =vy1;
dx=x2-x1; dx = x2 - x1;
dy=y2-yl; dy =y2-yl;
44 p = 2*dy - dx;
Putpixel (x,y); constl = 2*dy;

const2 = 2*(dy-dx);

0 NO—J, for (x=x1; x<=x2; x++) {
yes
A4

—— p=p+2dy-2dx putpixel(x, y, c);
- if (p < 0)

| p=p+2dy | y=y+1 p += constl; // p=p + 2dy

! ! else {
Y%@ p +=const2; //p=p+2dy-2dx
y++

no b

}

¥

Hinh 2.4 So do khéi thuat toan Bresemham cho
duong thang

2.4. Giai thuit trung diém-Midpoint

Jack Bresenham 1965 / Pitteway 1967, ap dung cho viéc sinh cac duong thang va duong
tron 1985.

Xét trung diém cua doan AB (M)
Néu M & trén doan théng AB thi chon B con
M & dué6i doan théng AB chon A
Cong thue don gian hon, tao dugc cac diém tuong tu nhu voi Bresenham

d=f(x;+ 1, y; + 1/2) 1a trung diém cua doan AB

d<0 d>0
Al Al
L~
_A/ 4 A
A [ _ [ [
Y B
W w+l +7 by ®+1 +2

Hinh 2.5 M6 ta giai thuat Midpoint
So sanh hay kiém tra M s& duogc thay bang viéc xét gia tri d.

- d> 0 diém B dugc chon khi d6 yi,, =y;
22
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-néu d < 0 diém A dugc chon khi 0y =y + 1
Trudng hop d = 0 ching ta c6 thé chon diém bat ky hodc A, hoic B.
St dung phuong phap biéu dién khong tudng minh

f(x,y)=ax +by +¢ =0 (1)dx =x,-x; dy =y»-y;
Biéu dién tudng minh:
y= (dy/dx)x +B hay
f(x,y)=0= xdy - ydx +Bdx (2)
So sanh (1) va (2)
a=dyb=-dx c= Bdx
C6 f(x,y)=0 v&i moi (x,y) thudc duong thang
bat di=f(xi+1,yi+1/2) = a(x;+1) +b(y; +1/2) +¢
+ Néu chon A (d<0) thi M s& ting theo 2 huéng x,y
din=f(xi+2,yi1t3/2) = a(x;+2) +b(y; +3/2) +¢
dis1—d;=atb
Hay dis; = di+dy - dx

+ Néu chon B (d>0) thi M s& tang theo x
di=f(x+2,yi+1/2) = a(x;+2) +b(y; +1/2) +c
disi-di=a
Hay di;; = d;j+dy

Tinh d; ?

d, = f(x;+1Ly,+1/2) = a(x;+1) +b(y; +1/2) +c
= ax; tby; +c +a +1/2 b = f(x,,y;) +a +b/2

C6 (x1,y1) 1a diém bat dau, nam trén doan thang nén f(x,,y;) =0

Vay d; =at+b/2 =dy - dx/2
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/* Thuat toan Midpoint de ve doan thang
(0<k<I) */
void Mid_line(int x1, int y1, int x2, int y2, int c)

L { intx, y, dx, dy,d;
dx=x2-xl; =v1i:
dy=y2-yl; Y=L
d=dy-dx/2; dx = x2 - x1;
: dy =y2-yl1;
Putpixel (x,y); d=dy - dx/2;
for (x=x1; x<=x2; x++)
No {
v , )
putpixel(x, y, c);
x=x+1 d=d+dy-dx )
yes ¢ if (d <=0)
v d=d+dy;
d=d+dy y=y+1
T | else
{
yes y ++;
o d=d+dy-dx;
1

P

Hinh 2.6 So d6 khoi gidi thuit Midpiont cho
doan thang

2.5. Giai thuat sinh dwong tron (Scan Converting Circles)(Bresenham)
- Phuong trinh duong tron di qua tadm c6 toa do (X.,y.) la:
(x-x) +(y-yo) =1’

Hinh tron 13 hinh d6i xtmg tam cach

e e
y %
(-y, xY , Ly, x)
| - |
(=v, _X). .(Yr -X)

(-x, -y, %, -y)

Hinh 2.7 Hinh tron di xirng 8 phan
Pé don gian ta xét tim tring goc 0:x* +y* =1
Ta xét cac diém tao ra tir goc phan tu thr 2: tir 90° dén 45° , thyc hién theo hudng +x, -y
Gia st bt diu x; vay Xi = X; +1
y' =1’ - (x+1)?
di=yi’ -y =y -1’ - (i +1)°
24
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dy= y - (yi- 1)’=1" - (xi +1)* - (yi - 1)?
pi=di-d=2(xi+1 Y +y +(yi- 1)’ -
Xét: p; <0 (d;<d,) chon diém nam ngoai dudng tron yiy =y;
pi >=0 (d;>=d,) chon diém nam trong dudng tron yi:; =y; +1
pi =2(xi+1 >+ 2y -2yi 1 - 21
Pt = 2(xi +2 )’ +oyiei® - 2y + 1 - 217
Pici = Pi + 4% +6 + 2yii” - 2yi- 2yier + 2y
Pict =Pi T 4% 6+ 2(yir1” - ¥i0)- 2(Yie1 - Vi)
+ Néu pi <0 hay yi1 =Yyi
Dt =P +4%;+6
+ Néu pi>=0 hayyi,; =yi-1
pir1 =pi T4xi+6-4y;+2+2
piri =pi +4(xi-yi)+10

+ Tinh P; ? khi d6 Gng voi x,=0 va y; =r
pr=2(x; +1)? +y 2 + (y; - 1)? 21
=241+ (r-1)*-2r’=3-2r

Giai thuat la:
Bit dau void Bre_circle(int xc, int yc, int Radius, int
color)
lr {
X=0; y=r; intx, y, p;
p=3-2r; X =0;
! y = Radius;
Putpixel(x,y,c); p = 3 - 2 * Radius;
while (x <=y)
X++ {
putpixel(xc + x, yc + vy, color);
if (p < 0)
-4y+4x+10 +=4*X + 6;
p=p+4x+6; Py P
3 else
VS {

X p +=4*(x-y) + 10;
X<r .
y==r
b
X++;}
d2 )

Hinh 2.9 So' 6 khdi giai thuit Bresemham cho
dwong tron

25
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Céu héi: luc sir dung tinh d6i xtng cho tdm cach dé v& mot dudng tron ddy du tir cc toa do
pixel dugc tao Gmg voi goc phan tu thir hai. Mot vai Pixel dugc v& hai lan, hién tugng nay goi la

Overstrike. Hay chi dinh xem noi nao xay ra hi¢n tuong d6?
Tra 10i: Tai (r,0) hodc (0,r) va vi tri duong chéo: (ar, ar) trong d6 a.= 1/N2 ~ 0.7071

/* Thuat toan Bresenham de ve duong tron */
#include <graphics.h>
#include <conio.h>
#define pc(xc,yc,x,y) {
putpixel(xc + x, yc + vy, color);
putpixel(xc - X, yc -y, color);
putpixel(xc -y, yc +x, color);
putpixel(xc +y, yc -, color);
b
void Bresenham_Circle(int xc, int yc, int Radius, int color){
intx,y, p;
x=0;
y = Radius;
p = 3 - 2 * Radius;
pc(xc,yc, Radius,0); //ve 4 diem dac biet
while (x < y){
if (d < 0)
p+=4*x+6;
else{
p+=4*(xvy)+ 10;
Y-

X++;
pc(Xc,yc, X,Y);
pC(Xc,yc, ¥,X);

b

pc(xc,yc, v,y); // ve 4 diem phan giac x=y

¥

void main(){
int gr_drive = DETECT, gr_mode;
initgraph(&gr_drive, &gr_mode, "");
Bresenham_Circle(getmaxx() / 2, getmaxy() / 2, 150, 4);
getch();
closegraph();

¥

2.7. Giai thuat sinh dwong tron Midpoint
Phuong trinh dudng tron khong tuong minh:
f(x,y) = x2+y2-R2 =0
Néu f(x,y) = 0 thi ndm trén dudng tron
f(x,y) > 0 thi nam bén ngoai dudng tron
f(x,y) < Othi ndm bén trong duong tron
Thuc hién giai thuat trén 1/8 dudng tron va lay dbi xtmg cho cac goc con lai.
V6i M la diém giita cia AB

Véi dila gia tri cua duong tron tai mot diém bét ky
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Ta co: di = f(xit1,y;i - 1/2) = (xi +1 )* + (yi - 1/2)* - 1
+ di <0 chon A thi diém ké can s& dich chuyén theo x mot don vi
dis = f(x; +2, yi -1/2)
= (% 2 + (yi- 1/2)° - 1
divt - di = (x; +2)* - (xi +1 )2 =2x; +3
diy; = di +2x;1+3
+ di >=0 chon B thi diém ké can s& dich chuyén theo x 1 don vi, theo y -1 don vi
dis = f(x; +2, yi -3/2)
= (xi +2)* + (vi- 32y -
dis - di =2x; - 2y; +5
diy1 =di +2x; - 2y; +5
Tinh d,? tai diém (0, r)
dy =f(1,r-1/2)= 1> + (r-1/2)* - 1*
d; =5/4 r

Thuat toan _nhu sau;

Bit dau void Mid_circle(int xc, int yc, int Radius, int
color)
v {
X=0; y=r; d=1-r; intx,vy,d;
x=0;
g y = Radius;
Putpixel(x,y,c); d = 1- Radius;
while (x <=y)
X++ {
@ putpixel(xc + X, yc + y, color);
\ 4 if (d< 0)
d=d+2x-2y+5 d+=2%x+3;
d=d+2x+3; else
v
: {
v y--
d+=2*(xy) +5;
X<r Y=-1
b
X++;
End b
}
Hinh 2.10 So do khdi giai thuit Midpoint vé
dudng tron

2.8. Giai thuat sinh dwong ellipse

Tinh dbi xung dugc thuc hién trén 4 cach

F(x,y)=b*x+a’y*—a’h* =0

27
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Chuong 2: Céc giai thuat sinh thuc thé co s

A A
tiep tuyen = -1
B gradient
B
M >

v

i
Hinh 2.11 M0 ta gidi thuat sinh dwong ellipse
Vector L véi tiép tuyén gradient =1
Ta c6 tiép tuyén v6i cung tron (do dbc) = -1= dy/dx = - fx/fy
Trong d6 fx=2b’x dao ham riéng phan cia f(x,y) v6i x
Va fy=2a’y dao ham riéng phan cua f(x,y) voi 'y
Gia st ta chi xét trén goc phan tu thir nhat: gia st ta chia cung tir (0,b) dén (a,0) tai Q, c6 do
doc -1
Trén phan 1: x thay dbi thi y thay doi theo
Trén phan 2: y thay doi thi x thay doi theo
+ Xét trén phén 1:
Bit dau tir (0,b), budc thir i (x;,y;) chon tiép
Axitl, yy)
B(x*+1,y;-1)
Tham sb quyét dinh:
P; = f(xi+1,y-1/2) = bA(xi+1)* + a’(yi-1/2)* -a’b?
Py = X1+ 1,yie1-1/2) = b2 (X1 +1)* + @°(yini-1/2)* -a°b’
Py - Py = b((Xin+ 1) - (H1)? )+ aX((yin-1/2)* - (vi-1/2)7)
Pisi = P+ 2b%+ b7 + 2%((yini-1/2)” - (vi-1/2)*)
- Néu P; <0 chon A
Xi+1=X;t1
Yi+17Yi
Pii = P; + 2b%xi(xi+1) +b% = P; + 2b%x; +3b?
Hay Pj.; = P;+ b*2x; +3)
-Néu P, >=0 chon B
Xi+1=X;t1
Vir1=yi -1
Pii = P+ 2b%x(xi+1) +b* + a’((yi-1 -1/2) - (yi-1/2)*)
= P; + 2b’x; +3b” +a’(-3y; +9/4 +y; -1/4)
=P; + 2b%x; +3b? +a’(-2y; +2)
Hay Pi,; = P+ b*(2x; +3) + a’(-2y; +2)
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- Tinh P4? tai (0,b)
P, = f(x;+1,y1-1/2) = b + a*(b-1/2)* -a’b’
P, =b’-a’b +a%/4
+ Xeét trén phén 2:
Ta ldy toa do cua Pixel sau cung trong phan 1 cua dudng cong dé tinh gia tri ban dau cho
phan 2.
Gia st pixel (xxyx) vira chuyén quét cudi cing cta phan 1 nhap vao budc j cho phan 2
(X},;)-
Pixel ké ti€p co thé la:
Cxp.y;-1)
D(xj+1, yj-1)
Tham s6 quyét dinh:
qi = f(xi+1/2,y;-1) = b(x;+1/2)* + a’(y;-1)* -a’b*
Qi1 = fx1+1/2,y501-1) = b2 (X1 +1/2)* + a*(yja-1) -a’b’
Qo1 - @ = (%501 +1/2) - (172 ) aX((yjor-1) - (351)°)
Qi1 = g+ b((x1+1/2)* - (x7+1/2)7 )+ a- 22’y
- Néu qj <0 chon D
Yir=yj-1
Xj+1=Xj 1
Qi1 = qj + bX((x+3/2)" - (x;+1/2)* )+ a’- 2a(y; -1)
Qi1 = q; + b*(3x; +9/4- x; -1/4) +3a* -2a’y;
Hay g1 = g+ b*(2x; +2) +a’ (-2y; +3)
- Néu q; >=0 chon C
Yir=yj -1
Xj+1= X
g = ¢ +a’- 22%(y;-1)
Hay g1 = ¢ +2°(3 - 2y;)
- Tinh q;?
q1 = f(x+1/2,y1-1) = b*(x+1/2)* + a*(yi-1)* -a’b?
Cau hoi: luc 1éy ddi xung 4 cach dé tim 1 Ellipse hoan chinh tir cac toa do pixel dugc tao ra
v6i cung phan tu th 1. C6 hién tugng overstrike xay ra hay khong?
Tra 10i: hién tugng overstrike xay ra tai:
(0,b); (0,-b); (,0); (-a,0)
Thuat todn

#include <graphics.h>

#include <conio.h>

#define ROUND(a) ((long)(a+0.5))

void plot(int xc, int yc, int x, int y, int color){
putpixel(xc+x, yc+y, color);
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putpixel(xc-x, yc+y, color);
putpixel(xc+x, yc-y, color);
putpixel(xc-x, yc-y, color);
b
void Mid_ellipse(int xc, int yc, int a, int b, int color){
long x, v, fx, fy, a2, b2, p;
x=0;
y=b;
a2=a*a; //a°
b2 =b*b; //b?
fx =0;
fy=2*a2xy, //2a
plot(xc, yc, x,y, color);

p = ROUND(b2-(a2*b)+(0.25*%a)); /] p=b* - a’b + a%/4
while (fx < fy){
X++;
fx += 2*b2; //2b°
if (p<0)
p += b2*(2*x +3); // p=p + b? (2x +3)
else{
Y-
p+= b2*(2*x +3) + a2*(-2*y +2); // p=p+bA(2x +3) + a% (-2y +2)
fy -= 2*a2; [/ 2a?
b
plot(xc, yc, X, y, color);
b
p = ROUND(b2*(x+0.5)*(x+0.5) + a2*(y-1)*(y-1) - a2*b2);//b(x+1/2)*+a*(y-1)? - a’b?
while (y>0){
Y-
fy -= 2%a2; [/ 2a°
if (p>=0)
p+=a2*(3 - 2%y); p=p +a’(3-2y)
else{
X++;
fx += 2*b2; // 2b?
P += b2¥(2*x+2) + a2*(-2*y +3); //p=p + b%(2x +2) +a*(-2y +3)
b
plot(xc, yc, X, y, color);
b
b
void main(){
int gr_drive = DETECT, gr_mode;
initgraph(&gr_drive, &gr_mode, "");
Mid_Ellipse(getmaxx() / 2, getmaxy() / 2, 150, 80, 4);
getch();
closegraph();
b

2.9. Giai thuit sinh ky tw

Trong man hinh text, truy xut cac ky tu trén man hinh dugc hd trg boi phan cimg. Cac ky
tu dugc luu trir trong bo nhd ROM, duédi dang bitmap hay cac ma tran anh. Phan cung s€ dua ky
tu 1én man hinh tai vi tri xac dinh, tinh toan cudn trang va xubng dong.
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Trong d6 hoa:
+ Vector: dinh nghia cac ky tu theo nhitng dudng cong mém bao ngoai ciia chung, ton kém
vé mat tinh toan.

- phure tap (tinh toan phuong trinh)
s - Ivu trir gon nhe
- cac phép bién ddi dwa vao cong thirc bién ddi
- Kich thudc phu thuoc vao méi truong (khong cé kich thudce

Hinh 2.12 Ky tw vector €0 dinh)

+ Bitmap: dinh nghia mdi ky tw vé&i 1 font chit cho truéc 1a 1 anh bitmap hinh chit nhat nho.

g mESEnn ERE - Pon gian trong viéc sinh ky tu
E : i (copypixel)
il malis - Luu trit 16n
- _ Cac phép bién dbi(IB,U, scale) doi hoi
luu trit thém

Hinh 2.13 Ky tw bitmap - Kich thudc khong doi

+ bitmap: sir dung ham copypixel (copy diém anh) duoc luu trit trong bd nhé cb dinh -
Fontcache, dua vao bd nhd dém hién thi. Mdi 1 ky tu nhu 1 ma tran 2 chiéu cta cac diém anh -
mat na.

Ham_sinh_ki_tu (mask)

{xmax, ymax, xmin, ymin //cac gigi han clla mat na

x0, yo//di€ém gbc trén bd dém hién thi
for (i=ymin;i< ymax ;i++)
for (j=xmin; j< xmax ; j++)
if (mask(i,j) <> 0)
copypixel ((mask(i,j), pixel(xo+j, yo+i));
b

Ky tu fontcache bitmap don gian cia SRGP luu trit cac ky tu theo chudi lién tiép nhau
trong bo nhé. Nhung d6 rong cac ky tu khac nhau, truy nhap cac fontcache théng qua ban ghi vé
chu trac cho timg ki ty.

CAu trtc font chi

typedef struct {

int leftx;
int width;
} Charlocation; //Vi tri clia text
struct {
int Cacheld;
int Height; // D06 rong chir

int CharSpace; // Khoang cach gilra cac ky tu
Charlocation Table [128]; //bng ch ci
} fontcache;

+ Ky tu vector
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Xay dung theo phuong phap dinh nghia cac ky tu boi duong cong mém bao ngoai ctia
chung dé dang thay d6i kich thudc cua ki tu cling nhu ndi suy ra cac dang cua ki ty. Hoan toan
doc 1ap voi thiet bi.

+ Téi vu nhit: lwu trit font dudi dang dudng bao. Khi cac chuong trinh tng dung sir dung 1a
bitmap twong tng vdi chiing.

2.10. Giai thuat sinh da giac (Polygon)
a. Thudt gidi vé dwong bao da gidac

Viéc biéu dién da giac thong qua:

- Tap cac doan thang

- Téap cac diém thudc da giac

Céc loai da giac:

triangular  convex non-convex self-intersecting religious

Hinh 2.14 Cac loai da giac
Pa giac 16i: 1a da giac co dudng thang nbi bat ky 2 diém bén trong nao cua da giac déu nam
tron trong da giac. Pa giac khong 10i 1a da giac 16m.
Cac duong thiang bao da giac - canh cua da giac. Cac diém giao ctia canh - dinh cua da gic.
Thong tin can thiét dé xac dinh da giac:
- S6 canh
- Toa @6 céc dinh cua da giac
Giai thuat:
Polygon (arrayx, arrayy,n)
{ if (n<3//khdng phai da giac
exit;
for (i=1; i<=n-1; i++)
line(arrayx[il,arrayy[i], arrayx[i+1], arrayy[i+1]);
line(arrayx[i+1],arrayy[i+1], arrayx[1], arrayy[1]);
by
b. Cdc thudt todn té mién kin da gidc
Loi thé cta hién thi raster 1a: kha nang luu trit, copy, t6 mau mét vung...Co hai dang ving
t6 thuong gip do6 1a: to bang mot mau thuan nhét (solid fill), t6 theo mau t6 (fill pattern) nao do.
Con thiét bi vector thi han ché do cac vung t0 mau tao ra bédi mot tdp cac doan théng sat
nhau - lam cham qua trinh 1am tuoi.
+ Gidi thuat duong bién (Boundary - fill Algorithm)
- Bit du tir 1 diém (x,y) trong ving can duoc to mau:
+ X4c dinh mau diém: getpixel(x,y,c)
+ T6 mau putpixel(x,y,c)
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- Budc tiép: kiém tra thudc tinh mau cac diém 1an can
+ diém lan can da t6 mau (exit)
+ trung v&i1 mau duong bién(exit)
+ Néu khong thi t6 mau

Céc phuong phap xac dinh diém lan can

o © 00
00 000
o o 00

4-connected 8-connected

Hinh 2.15 Phwong phap tinh tién giai thuat
Giai thuat t6 mau duong bién:
#include <graphics.h>
#include <conio.h>
void FloodFill (int x, int y, int in_color, int new_color){
if (getpixel(x, y) == in_color){
putpixel(x, y, new_color);
FloodFill(x-1, y, in_color, new_color);
FloodFill(x+1, vy, in_color, new_color);
FloodFill(x, y-1, in_color, new_color);
FloodFill(x, y+1, in_color, new_color);
b
¥

void main(){
int gr_drive = DETECT, gr_mode;
initgraph(&gr_drive, &gr_mode, "");
circle(getmaxx() / 2, getmaxy() / 2, 15);
FloodFill(getmaxx() / 2, getmaxy() / 2, 0, 4);
getch();
closegraph();

}

+Giai thudt dong quét (scanline) cho vi¢c to6 mau vung

Giai thuat dya trén ¥ tudng sir dung mot dudng quét trén truc y ctia man hinh di tir yina, dén
Vmin CUa VUNg can duoc td mau.

Véi mdi gia tri y = y; dudng thang quét cit cac dudng bién cua ving can to tao ra doan
théng Y =Yi VO1 X €[Xmin, Xmax]- Tré€n doan thé'ing d6 chung ta t6 mau cac diém tuong ing di tr Xpin
dén X, €O céc diém to (Xi, Yi) €Y =Yi.

- Pon gian nhét vi du t6 mau hinh chir nhat:

void scanline_rectg(x1,y1,x2,y2,c){ inti,j;

for(i=y1; i>=y2; i--)
for(j=x1; j<= x2;j++)
putpixel(i,j,c);

}

- Phép t6 mau 1 da giac bat ky s& phirc tap hon rat nhiéu so v6i hinh chir nhat
33
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Gia str ving t6 duoc cho bai 1 da giac n dinh: p; (xiyi), i=0,1.....,n-1. Da giac nay co thé 1a
da giac 161, da giac 16m hay da giac ty cit....

Céc budc tom tit chinh cia thuét toan:

- Tim Yiop, Ybottom lan luot 1a gia tri 16n nhét, nho nhit cia tap cac tung do cua cac dinh cua
da giac da cho.

Yiop = Max {y1,(xi,y1) €P},
Vhottom = Min{yi,(xi,yi) €P}.
- Ung vé6i mdi dong quét y=k, v&i k thay ddi tir Ypeom dén yiop 1ap:
+ Tim tit ca cac hoanh d6 giao diém cuia dong quét y=k vdi cac canh cua da giac
+ Sép xép cac hoanh do giao diém theo thir ty ting dan: XX, ....
+ T6 mau cac doan thing trén dudng thang y=k 1an lugt dugc giéi han boi cac cap
(XosX1)s (X25X3)5 wueevey (XokoXakt1)-

Chung ta s& gap 1 s6 van dé sau:

- Ung véi mdi dong quét khong phai lac nao tit ca cac canh ciia da giac ciing tham gia cat
dong quét. Do do dé cai thién toc do can phai c6 mdt cach nao do dé han ché dugc sb canh can
tim giao diém tng v&i mdi dong quét.

- Néu s6 giao diém tim duoc giita cac canh da giac va dong quét 13 1é (diéu nay chi xay ra
khi dong quét s& di qua cac dinh cua da giac) khi d6 ta s& tinh s6 diém 1a 2 thi co thé t6 khong
chinh x4c. Ngoai ra, viéc tim giao diém ctia dong quét véi cac canh nam ngang 13 truong hop dat
biét...

yqmax

¥q

yq

yqmin

v

X
Hinh 2.16 Giai thuit scanline cho mot da giac bat ky
Dé giai quyét cac van dé trén ta c6 cac phuong phap sau:
+ Danh sach cac canh kich hoat (AET - Active Edge Table)
MBJi canh cua da giac dugc xay dung tir 2 dinh ké nhau Pi(xi,yi) va Piri(Xis1,Yis1) g6m cac
thong tin sau:

Vmin: €14 tri nho nhét trong 2 dinh ctia canh
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Xintersect: NOANh dQ giao diém cua canh v4i dong quét hién dang xét
DxPerScan: gia tri 1/m (m 13 hé s goc cua canh)
DeltaY: khoang cach tir dong quét hi¢n hanh t61 dinh yax

Danh sach cac canh kich hoat AET: danh sach nay dung dé Iuu cac tap canh cua da giac co
thé cét ing voi dong quét hién hanh va tap cac diém giao twong tmg. N6 c6 mot sé dic diém:

Céc canh trong danh sach duogc sip xép theo thir ty ting dan cua cac hoanh do giao diém dé
¢6 thé t6 mau cac doan giao mot cach dé dang.

Thay doi ung v6i mdi dong quét dang xét, do d6 danh sach nay s& dugc cap nhat lién tuc
trong qua trinh thyc hién thuat toan. Pau tién ta c6 danh dach chira toan bd cac canh cua da giac
goi 1a ET (Edge Table) dugc sip xép theo tht ty ting din cta Y, 10i sau mbi lan dong quét thay
d6i s& di chuyén cac canh trong ET thoa diéu kién sang AET.

Mot dong quét y=k chi cit 1 canh cua da giac khi va chi khi k>=y,,, va Ay>0. Chinh vi vay
ma vé6i cac td chuc coa ET (sép theo thu tu tang dan cta Vimin) diéu kién dé chuyén cac canh tu ET
sang AET s& 12 k>=y,; va diéu kién dé loai mot canh ra khoi AET 1a Ay<=0

+ Cong thirc tim giao diém nhanh

Néu 201 X, Xg+1 lan luot 1a cac hoanh do giao diém ctua mot canh nao d6 voi cac dong quét
y=k va y=k+1 ta co:

Xi+1 - Xk = 1/m ((k+1) - k) = 1/m hay xx+; = Xx + 1/m

Nhu vay néu luu hoanh dé giao diém tng véi dong quét trude lai, cing voi hé sb goc cua
canh, ta xac dinh duoc hoanh do giao diém tng v6i dong quét ké tiép theo cong thirc trén. Nén
thong tin cta canh co6 2 bién: DxPerScan , Xntersect-

+ Truong hop dong quét di ngang qua mot dinh:

Tinh 1 giao diém néu chiéu cua 2 canh ké cta dinh d6 ¢6 xu hudng ting hay giam

Tinh 2 giao diém néu chiéu cua 2 canh k& cta dinh d6 c6 xu hudng thay ddi, nghia 14 ting-

giam hay gidm-tang.

) Pi-1 ) Pi+1
Pi+1

Pi-1
_ \ Pi \/
Pi / Pi Pi+1 Pi

Pi-1 Pi+1 Pi-1
A B

Hinh 2.17 Qui tic tinh: mdt giao diém (A) va hai giao diém (B)
+ Giai thuat t6 ving kin theo mau (Pattern filling)
object (anh mau)
A[m,n]
Vén dé: xac dinh diém ¢ mau va nhiéu diém twong Gng v6i chung trén man hinh.
Phuong phap 1:
Tim diém neo ¢ dau trai nhat hang dau tién cua da giac.
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Nhuoc diém: khong co diém dinh vi tri phan biét mot cach rd rang cho mau té trong mot da
giac bat ky.

Phuong phap 2: st dung cho SRGP

Léiy diém neo & géc toa do, gia sur ta coi ca man hinh dugc lat boi mau t6 cac thuc thé 1a cac
duong bién cho cac ving t, vay néu ngoai cac thuc thé cac mau t6 khong duoc phép thé hién.

A

A y

nco

A\ 4
[
v

X X

Hinh 2.18 Phwong phap liy diém neo
Tém tit chwong:

Céc dbi twong dd hoa co s& cung cp cac cong cu co ban nhét cho viée xay dung cic anh dd
hoa ciia cac d6i tugng phirc tap. Cac doan thing, dudng cong, ving 6, ky tir....1a cac ddi tuong do
hoa co s& duoc hau hét tat ca cac cong cu lap trinh dd hoa hd trg.

Dé c6 thé hién thi cac dbi twong dd hoa trén thiét bi hién thi dang diém ma dién hinh 12 man
hinh, can phai c6 mdt qua trinh chuyén cac mo ta hinh hoc cua cac ddi tuong nay trong hé toa do
thé gi01 thuc vé day cac pixel tuong ing gﬁn v6i chung nhét trén toa do thiét bi. Qua trinh nay con
duogc goi 1 qué trinh chuyén dbi bang dong quét. Yéu cau quan trong nhat dbi voi qué trinh nay
ngoai viéc phai cho két qua xap xi tot nhat con phai cho tdc do ti uu.

Ba cach tiép can dé vé doan th?mg gém thuit toan DDA, thuat toan Bresenham, thuat toan
Midpiont déu tap trung vao viéc dua ra cach chon mot trong hai diém nguyén ké tiép khi da biét
diém nguyén & budc trude. Thuat toan DDA don gian chi dung thao tac 1am tron nén phai dung
cac phép toan trén sb thuc, trong khi d6 thuat toan Bresenham va Midpiont dua ra cach chon phirc
tap hon nhung cho két qua tot hon. Tuong tu ding hai giai thuat Bresenham va Midpiont dé vé
duong tron va ellpise va mot s dudng cong khac.

Céc thuat toan t6 mau ving gdm thudt toan loang (dé qui) hay thut toan dong quét. Co thé
t6 cing mot mau hay t6 theo mau.

Bai tap:
1. Chi dinh cac vi tri manh nao s€ dugc chon boi thuat toan Bresenham Iic chuyén quét mot
dudng thang tir toa d0 pixel (1,1) sang toa do pixel (8,5).
2. Dung giai thuat Bresenham viét ham sinh doan thiang (xét tit ca cac truong hop cia hé sd
g6c¢).
3. Dung giai thuat Midpiont viét ham sinh doan thang (xét tat ca cac truong hop ciia hé s6
gac).
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7.
8.
9.

Dung giai thuat Midpiont viét ham sinh dudng tron (toa d6 tim (xc,yc) va ban kinh r).
Dung giai thuat Midpiont viét ham sinh duong ellipse (toa d6 tm (xc,yc) va ban kinh rx
vary ).

T ham v€ duong théng thiét ké va cai dat ham v& cac hinh sau: hinh chit nhat, da giac,
ngoi nha....

Viét giai thuat tim giao diém hai doan thang.

Viét chuong trinh t6 mau Floodfill (str dung dé qui véi 4-connected).

Pua ra luu d6 thudt toan t6 mau theo dong quét.

10. Viét thuat toan t6 mau scan-line.

Bai tip tric nghiém:

1.

4,

Xay dung giai thuat tong quat dé vé dudng thing ta c6 xét hé sb k (hé sb goc cua dudng)
s& c6 tit ca cac trudng hop cua k:
4

o ®

3

c. 2
d. 1
Pé biéu dién doan thang thong qua phwong trinh tham sé nhu sau:

a. y=f(x) hay y=kx+b

b. f(x,y)=0 hay ax + by +c =0

c. x(v)=x; tv(x2-X;) va y(v) =y +v(y2-y1) co v € [0,1]

d. P(u)=P;+u(P:-P;)coéu e [0,1]
Khi xay dung giai thuat v& duong tron day du ta chi can viét phuong trinh cho 1/8 duong
tron, roi goi doi xing 8 cach. Khi d6 xay ra hién tugng overstrike. Vay diém xdy ra hi¢n
tugng do 1a: (r 1a ban kinh cta duong tron)

c. (0,r) va(-r,0)

g
d. (r,0)va(0,r)

Giai thuat sau 1a giai thuat gi? Va da dung bao nhiéu diém lan can?

1 1
a. Orva|—r,—r
v 3ri3r]

b. (r,0) hoac (0,r) va (—

1
r’
V2

-

void Function (int x, inty, int c1, int c2){
if (getpixel(x, y) == c1){

putpixel(x, y, c2);

Function (x-1, y, c1, c2);

Function (x+1, y, c1, c2);

Function (x+1, y+1, c1, c2);

Function (x-1, y-1, c1, c2);

Function (x, y-1, c1, c2);
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Function (x, y+1, c1, c2);

b
by
Giai thuat scanline, sO | Giai thuat t6 mau | Giai thuit t0 mau | Giai thuat t6 mau
diém lan cén la: duodng bién, s6 diém | loang, s6 diém lan | theo miu, s6 mau lan
lan cén la: can la: can la:
A B c d

5. Giai thuat vé duong thang sau vé& cho truong hop k la:
void Midline(int x1,int y1,int x2,int y2,int c){
int x=x1,y=y1,dx=x2-x1,dy=y2-y1,p=2*dx-dy;
while(y<y2) {
putpixel(x+320,240-y,c);
if(p<=0){
p=p+2*dx;
by
else{
p=p+2*dx-2*dy;
X++;
by
y++;
r}
0<=k<=1
k>1
c. k<=-1
d. -1<k<0

6. Giai thuat vé duong thang sau vé& cho trudng hop k la:

ISR

void Midline(int x1,int y1,int x2,int y2,int c){
int x=x1,y=y1,dx=x2-x1,dy=y2-y1,p=2*dy+dx;
while(x<x2) {
putpixel(x+320,240-y,c);

if(p<=0){
p=p+2*dy+2*dx;
Y=
b
else{
p=p+2*dy;
b
X++;
b3
a. k>=0vak<=1
b. k>1
c. k<=-1
d. -1<k<0
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7. Giai thuat sau la giai thudt nao?
void Function(int xt, int yt, int r, int c){
intx,y,d;
x=0;
y=r
d=3-2%*r;
while (x <= yX
putpixel(xt + x, yt + vy, c);
putpixel(xt - x, yt +y, c);
putpixel(xt + x, yt -y, c);
putpixel(xt - x, yt -y, c);
putpixel(xt + y, yt + x, c);
putpixel(xt - y, yt + x, c);
putpixel(xt + vy, yt - x, c);
putpixel(xt - y, yt - X, c);
if (d <0)
d+=4*x+6;
else{
d+=4*(x-y) + 10;
Y-
¥
X++;
h3s

Giai thuat Bresenham xay dung duong tron

o ®

Giai thuat Midpoint xay dung dudng tron

Giai thuat Bresenham xay dung duong ellipse

S

Giai thuat Midpiont xay dung duong ellipse
8. Chuong trinh sau dua gi ra hinh?

#include <graphics.h>
#include <conio.h>
void Function(int xc, int yc, int r, int c){
intx, vy, d;
x =0;
y=r
d=3-2%*r;
while (x <= y)X
putpixel(xc + x, yc + vy, c);
putpixel(xc - x, yc + Y, ¢);
putpixel(xc - x, yc -y, C);
putpixel(xc + y, yc - X, ¢);
putpixel(xc -y, yc - X, c);
if (d < 0)
d+=4*x+6;
else{
d+=4*(x-y) + 10;
Y-
X++;

b

void main(){
int gr_drive = DETECT, gr_mode;
initgraph(&gr_drive, &gr_mode, "");
Function(getmaxx() / 2, getmaxy() / 2, 150, 4);
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getch();
closegraph();
b
& )
—_— —
A B

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

40


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 3: Céac phép bién d6i @b hoa

CHUONG 3: CAC PHEP BIEN BOI DO HOA

1. CAC PHEP BIEN POI HINH HQC HAI CHIEU

1.1. Phép bién ddi Affine (Affine Transformations)

Phép bién d6i Affine 1 phép bién ddi tuyén tinh toa d6 diém dic trung cia ddi trong thanh
tap twong ng cac diém maéi dé tao ra cac hidu tmg cho toan ddi tuong.

Vi du: phép bién ddi toa dd véi chi 2 diém dau cudi cua doan théng tao thanh 2 diém méi
ma khi ndi chung véi nhau tao thanh doan thing méi. Cac diém nam trén doan thang sé& co két qua
1a diém nam trén doan thang méi véi cing phép bién d6i thong qua phép ndi suy.

1.2. Cac phép bién ddi ddi twong

Céc dbi twong phang trong d6 hoa 2 chiéu mo ta tap cac diém phang. Piém trong d6 hoa 2
chiéu biéu dién thong qua toa do, viét duéi dang ma tran goi la vecto vi tri.

C6 2 dang biéu dién:

Mot hang va 2 ¢ot: [x  y]

X
Hai hang va 1 cot: [ }
M

Trong tai liéu nay chiing ta chon biéu dién diém 12 ma tran hang (mot hang va 2 cot).

Tép cac diém duoc luu trix trong may tinh s€ dugc viét dudi dang ma tran vi tri ciia chiing.
Chung c6 thé 1a duong thiang, duong cong, anh....that dé dang kiém soat cac ddi tuong thong qua
cac phép bién ddi ching, thuc chit cac phép bién doi d6 hoa nay duoc mé ta dudi dang cac ma
tran.

1.2.1. Phép bién déi vi tri

Gia sir ta c6 diém P = [ x y ] trong mit phiang v6i [x y] 1a vecto vi tri cia P, ki hiéu Ia [X].

-2 4

Goi ma tran T 1a ma tran bién doi s€ c6 dang:
A

N
>

X

Hinh 3.1 Phép bién ddi vi tri
Ta c6 diém P sau phép bién doi thanh P’ ¢6 gia tri [x’ y’].

Thuec thi phép bién doi ding trén 1 diém anh s& ding vdi toan bo dbi tuong.
41
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= b)) e oyl 5]
Hay ta co: x> =ax +cy
y’ =bx +dy
Xét ma tran bién d6i T:
® Phép bit bién:
Khi d6: a=d =1 va b =c =0 va ma tran cho phép bit bién 1a:

r-[; 1]
P [r]=[x yk{ }:h V=l ]

Viy x’=x vay =y’ hay 1a P’ = P chung t6 bét bién qua phép bién dbi.
@ Phép bién d6i ty 1¢ (scaling):

- Néu d=1 va b = ¢ = 0 thi ma tran bién ddi 1a:

S

X’ = ax

1 0
0 1

y =y
P’ dich chuyén theo truc x véi ty 1€ a xac dinh.
0
GRS I

- Néu b = ¢ =0 thi ma tran bién ddi 1a:

a O
0 d

SRR b S A
Hay téng quat hon goi Sx, Sy lan luot 1a ty 1€ theo truc x va tryc y, thi ma tran ty 1€ s¢€ la:
Sx 0
T =
[ 0 Sy}

Khi Sx , Sy >1 goi 1a phép phong to
Khi Sx, Sy <1 goi 1a phép thu nho
- Céc truong hop dac biét:

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt
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A A
Sy=-1 Sx=Sy=-1
4 Sx=-1 Y Y
P P
P’ P |
P’ P’
Doi xtmg qua 'y Déi ximg qua x Déi xtmg qua gdc toa do

Hinh 3.2 Céc phép ddi ximg trén 2D
® Phép bién dang
Khi a=d =1 thi toa d§ cua P’ phu thudc vao thay ddiciabvac
-Xétc=0

- o),

b

J:[x pes )=l o]

A P s
A
- y'=bxty

bx

\4

Hinh 3.3 Phép bién dang theo truc oy
C6 P’ khong thay d6i gia tri toa d x, con y’ thay ddi phu thudc vao ca b va x
-Xétb=0

R RO e R R B

A

A\ 4

Hinh 3.4 Phép bién dang theo truc ox

Chu ¥: diém gbc toa do P[0 0] bt bién v&i moi phép bién d6i
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@ Phép quay
C6 00 nguoc chiéu kim dong hd
F Ao 5:'"
PI
Yl
¥ P
o
b,
B x
% = o
Hinh 3.5 Phép quay trén 2D
Ta co:
P[x y]= [rcosp rsinf]
P’[x> y’] = [rcos(a+P) rsin(a+f)]
P’[x> y’] =[r(cosacosf - sinasinB)r(cosasinf3 + sinacosf)]

= [(xcosa - ysina)(xsina. + ycosa)]
Vay: x’ =xcosa - ysina
y’ =xsina. + ycosa
Ta co:
[X°]= [X]* [T] = [(xcosa. - ysina) (xsina + ycosa)]
Vay T tong quat khi quay dbi twong quanh gdc toa do 1 goc a bat ky 1a:

[T]:[ cosa sina}

—sina cosa

1.2.2. Phép bién doi tong hop

Phuong phap bién dbi str dung phép nhan ma tran véi toa d6 diém thong qua cac vecto vi tri
that sy hi¢u qua va dem lai cong cu manh vé d6 hoa cho nguoi st dung. Nhung thuc té cac thao
tac thuong can khong chi mot ma nhiéu phép bién ddi khac nhau. Ta c6 phép hoan vi khi nhan ma
tran 1a khong thuc hién nhung kha nang to hop cac phép nhan lai cho phép tao ra mot ma tran bién
d6i duy nhat. Lam giam b6t dang ké khdi lwong tinh toan trong qué trinh bién ddi, 1am ting tdc
cac chuong trinh tng dung va tao diéu kién cho viéc quan 1y cac bién ddi trong tng dung.

Gia str ta co P v6i [X] =[x y], ¢6 hai phép bién d6i [T1] quay quanh gbc toa do 90°:

0 1
T1=

Va [T2] lay déi xtmg P qua gbc toa do:
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Ta co:
SUREIRCE O

}=[—y x]
o)< [ [r2)=[-» x]{‘l “}[y ]

0 -1
Gia st [T3] 12 ma tran tong hop [T1] va [T2]

el be - H) b -

1

Két luan: bién d6i qua nhidu ma tran thanh phan s& trong duong véi phép bién d6i qua ma
tran tong hop tir cac phép bién doi do.

2. TOA PO PONG NHAT VA CAC PHEP BIEN POI

2.1. Toa d dong nhat
Ta xét phép tinh tién:
X=X+ dx
y =y+dy
Vay P’=P+[T]

Vay phép bién ddi tong hop:

PV=P*[T°]+ [T”]= (P +[T]) [T"] +[T"’]

RS rang khong thé biéu dién thong qua ma trén tong hop 2 chiéu 2x2 duge. Phép tinh tién
dua ra ma trdn bién doi tong hop 1a khong thé.

Thé nao 1a phuong phap biéu dién toa d6 dong nhit ? 13 phwong phap biéu dién mé rong
thong qua toa do dong nhat ctia cic vecto vi tri khong ddng nhat [x y] 14 tng dung ctia phép bién
d6i hinh hoc ma ¢ d6 toa do diém dugc mo ta dudi ma tran [x* y* h] v6i x=x*/h, y=y*/h c6 h la
mdt sb thuc tuy y. Vay mot vecto vi tri [xy] bat ky trén mat phang xoy bang tdp vo sb cac diém
ddng nhit [hx hyh]. Vi du: [2 5] s& biéu dién bang [4102], [6153]..... don gian nhat 1a [251].

Viy toa d6 ddng nhit ciia vecto vi tri [X]=[ x y 1]. Khi d6 ma tran bién ddi s& la 3x3:

a b 0
[T]=| ¢ d ©
dx dy 1

a b 0

P=P[T|=[x y 1J*| ¢ d 0

dx dy 1
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x’=ax + cy +dx
y’=bx +dy + dy
[X']=[x" y'1]
Trong d6 dx, dy 1a khoang tinh tién theo tryc x va y.
2.2. Phép bién doi v6i toa d9 dong nhat

Ma tran bién d6i ddng nhét

a b 0
[T]=|c d 0
m n 1

® Phép tinh tién
Co6 a=d=1 va b=c=0

I 0 0
[T]=]0 1 0
m n 1
1 0 O
[x' y 1]=[x » 10 1 O|=[x+m y+n 1]
m n 1

Chu y: trong mat phéng toa do, moi diém ké ca géc toa do déu co thé bién doi.
Phép bién d6i téng hop clia hai phép tinh tién theo khoang [m1 nl] va [m2n2] bang phép
bien doi duy nhat mdt khoang co6 gia tri bang tong ctia hai phép bién d6i [m1+m2nl+n2].
That vay:
I 0 0 1 0 O 1 0 0
[r1]*[r2]=] 0 1 ol*f 0 1 ol= 0 10
ml nl 1| |m2 n2 1 ml+m2 nl+n2 1
@ Phép ty 1¢

Tuong ty ma tran ty 1¢:

Sx 0 0 Sx 0 0
[7s]=| 0 Sy o [x ¥ 1=[x y 110 Sy 0|=[xSx »p.Sy 1]
0 0 1 0 0 1

Chu ¥: Phép bién d6i tong hop ctia hai phép ty 18 Sx1, Sx2 va Sy1,Sy2 bang phép bién d6i
duy nhét co ty 1¢ 1a tich hai phép bién ddi trén Sx1#Sx2, Sy1*Sy2.
® Phép quay
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cosa sina O
[x' » 1]=[x y 1] |-sina cosa 0
0 0 1

= [(xcosa —ysina) (xsina+ ycosa) 1]

N E

(x )

B > X

Hinh 3.6 Phép quay

3. CAC PHEP BIEN POI HINH HQC BA CHIEU

Céc phép bién ddi chuyén vi - translation, ti 1é-scaling va quay-rotation sir dung trong

khong gian 2D déu c6 thé mé rong trong khong gian 3D.

3.1.Biéu dién diém trong khong gian 3 chiéu

[x* y* z* h] hay[x*/h y*/hz*/h 1]
Viét gon hon:[xy z1]

Ma tran bién ddi tong quat trong khong gian 3D véi toa do dong nhat (4x4)

a b c¢cp

d e f ¢
[T]= o

g 1 ] T

Il m n s

3.2. Phép tinh tién

Hay T =

a b ¢ 0
d e [ 0
g i h 0
dx dy dz 1

Pay 1a phép bién ddi don gian nhat, mé rong tir phép bién ddi trong khong gian 2D ta co:

1 0 0 O

[T (dx,dy,dz)] = oo
0O 0 1 0

de dy dz 1

[XT=[X].[T(dx,dy,dz) ]
[x'y' Z1]=[xy z 1][T(dx,dy,dz)

= [ xtdx y+dy z+dz 1 ]

CuuDuongThanCong.com
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3.3. Phéptile
Tuong tu trong 2D ta c6 phép ti 1€ trong 3D la:

Sx 0 0 0 T,
0 S 0 0
Is = Y
0 0 Sz 0
0 0 0 1 b

Ta c6 Sx,Sy va Sz 1a cac hé so ti 1€ trén cac truc
toa do

[X]=[X]. [T(Sx,Sy.Sz) ]

Sx 0 0 0

O | P D H
0 0 Sz 0 inh 3.8 Phép ty 1€ trén 3D
0 0 0 1

= [x.Sxy.Sy z.Sz 1]
3.4. Phép bién dang
- Ta c6 tit ca cac phan tir ndm trén dudng chéo chinh bang 1
- Céc phan tir chiéu va tinh tién bang 0
[X°]=[X] . [Tsh]

1 b ¢ O

d 1 f 0
¥y 2 =[x y oz 1]

g i 1 0

0 0 0 1

=[x+yd+gz bx+y+iz cx+ fy+z 1]

f - | 4
£
Hinh 3.9 Cac phép bién dang trén 3D
3.5. Phép ldy doi xirng
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Déi ximg qua truc ox Dbi xtg qua mit xoy Déi xtig qua gbc O
1 0 0 O 1 0 0 O -1 0 0 O
-1 0 0 01 0 O 0 -1 0 O
Mox = Mxoy = Mo =
-1 0 00 -1 0 0 0 -1 0
0 0 1 0 0 0 1 0 0 0 1

3.6. Phép quay 3 chiéu
2.6.1. Quay quanh cdc truc toa dj

Pon gian nhat 13 phép quay quanh cic truc toa d6 ox,0y va oz voi goc duong:

Hinh 3.10 Xac dinh goc quay dwong trén 3 truc toa do

Khi nay phép quay lai dua vé& phép quay khong gian 2D quanh gdc toa do

- Quay quanh tryc oz:

x =xcosa — ysina
cosep sing

T7 y =xsina+ ycosa 0
C —sing cosep 0
P'(x.y.0 z2=2 Tz]=
(z.5.0) [7z] 0 o 1
0 0 0
= P(zy,0)

z

Hinh 3.11 Quay quanh truc oz

- Quay quanh tryc ox:
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[ 7 X =x
y =ycosa—zsina
P(xy,0 | .
&30 z =ysina+zcosa
o F‘\
Pty 0) o=

i

Hinh 3.12 quay quanh truc ox

- Quay quanh tryc oy:

M

>

X =xcosa+zsina
y =Yy
z =—xsina +zcosa

P(y.0) Piees0)

Hinh 3.13 quay quanh truc oy

1 0 0 O
(Tx] = 0 co's ¢ sing 0
0 —sing cosg O
0 0 0 1
cosfd 0 —sin@ O
(Ty]= 1 0 0
= sind 0 cos@é O
0 O 0 1

Ghi_chit: phép quay trong khong gian 3D sir dung phuong phap nhan ma tran bién doi

khong c¢6 kha nang hoan vi cac ma tran.

3.6.2. Quay quanh mot truc bat ky song song vdi cdc truc toa dj

- Péu tién chuyén dich ddi twong cho dén khi toa d6 dia phuong cua ddi twong trung véi

truc toa do ma truc dia phuong song song.

- Quay dbi twong xung quanh truc ctia né (chinh 1a truc toa do)

- Pua d6i tuong vé toa dd trude khi dich chuyén ta ¢ ma tran téng hop la:

[To/] = [T ][ Ta]-[Tes]

Vi du: quay d6i twong xung quanh mét truc // v6i truc z v6i khoang dich chuyén 1a x,y va

gbc quay 14 a.

Giai:
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[T

allz

1 0 0 0][ cose sine 0 0][1 0 0 0
10 1 0 Of|-sina cosa¢ O O||O 1 O O
1o 0 10 o 0 1 0[lo 0 1 0
-x -y 0 1 0 0 0 1flx y 0 1
- cosa sina 0 O|ll 0 O O
—sina cosa 0 0|0 1T 0 O
B 0 0 0 oflo 010
| (—xcosa+ysina) (—xsina—ycosa) 0 1jx y 0 1
- cosa sin 0 0
B —sina cosa 0 0
- 0 0 10
| x(I-cosa)+ysina y(l-cosa)—xsina) 0 1

J=[r, 7 ]T,.]

3.6.3. Quay déi twong quanh mét truc bat ky

® Xét bai toan sau, hiy tim ma tran bién doi dé dwa mot truc bat ky c6 hudng: V=ax + by +

cz Ve trung v

01 truc oz theo chi€éu duong.

Hinh 3.14

Quay déi twong quanh mot truc
bit ky di qua tim

Ta thuc hién cac budc nhu sau:

* Quay V quanh truc y mdt goc (-a) sao cho

nam trén mat phang (y, z) duge V,

= Quay V; quanh tryc x mot géc B sao cho

trung voi truc z duge V,

Buoc 1:
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A y
.............. b
........... N a A v a
a X
C
A/ Vv’
z a

Hinh 3.15 Quay V=ax+by+cz quanh truc oy
Ta tinh a?

Chiéu V trén mat phéng (x,z) dugc V’. Ta co:

. a
sinq =
a’+c?
c
cosa =
a’+c?
_ . . -
cosa 0 —sin(-a) 0 ﬁ 0 JEE 0
[T ]: 0 1 0 0 _ 0 1 0 0
Y lsin(-a) 0 cosa O |___ @ 0 ¢ 0
0 0 0 1 a’+c’ a’ +c?
i 0 0 0 1]
Vecto: VI(O,b,\/a2 +c° 4y
Budce 2:
"""""""""""" b
Vl [ R
........ { \Y
......... a >
i X
: c
V2 a
z

Hinh 3.16 Quay vector V; quanh truc ox
. b
sin f = ———
Na* +b* +¢?
[ 2 2
+
Na’ +b* +¢c*
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1 0 0 0
1 0 o 0] |, Va’ +¢c? b 0
[T ]: 0 cosf sinf 0 _ N +b*+* a2 +b’+c’
A0 —sinf cosB 0 0 b Na®+c? 0
0 0 0 1 \/(12+b2+6‘2 \/aerbz+c2
10 0 0 1]

Vay [Ty] = [Tooy]- [T

Néu dua nguoc lai ta dugc:

=0 ) = [l ]

@ Cho truc quay L (vecto V = ax + by + ¢z) va mot diém P nam trén truc L. Hiy tim ma
tran bién d6i quay ddi twong xung quanh truc L mét goc 6.
Giai:
Ta thuc hién nhu sau:
1. Tinh tién P vé géc toa do.
2. Chuyén truc L vé tring véi truc OZ
3. Quay ddi tuong xung quanh truc OZ mét goc 6.
4. Thuyc hién nguoc lai 2,1

Iz, J=[r, W ), o i,

Vay:

Tém tit:

Cac phép bién d6i hinh hoc cho phép dé dang thao tac trén cac ddi tuong dd duogc tao ra.
Chting lam thay ddi mé ta vé toa do cua cac ddi tuong, tur do ddi tuong s€ dugc thay doi vé
hudng, kich thude va hinh dang. Cac phép bién ddi hinh hoc co sé bao gom tinh tién, quay va
bién d6i ty 16. Ngoai ra mot sé phép bién doi khac ciing thudong duoc ap dung dé 1a phép ddi ximg
va bién dang.

Cac phép bién ddi hinh hoc 2D déu duoc biéu dién duéi dang ma tran déng nhat 3x3 dé tién
cho viéc thuc hién céc thao tac két hop gitta chung. Trong h¢ toa do déng nhét, toa d6 ciia mot
diém duoc mo ta boi mot vector dong bao gém ba gia tri, hai gia tri dau tuong ung voi toa do
Descartes ciia diém do, va gia tri thir ba 1a 1. Vi cach biéu dién nay, ma trin ctia phép bién ddi co
dugc tir sy két hop cua cac phép bién ddi co so s& bang tich cta cac ma trin cia cac phép bién dbi
thanh phﬁn.

Phép bién dbi hinh hoc 3D 1a sy md rong cua phép bién dbi 2D. Tuong tir nd cling cd cic
phép: tinh tién, ty 1&, bién dang va quay. Phirc tap nhét 1a phép quay, nén chiing ta khao sat lan
luot tir don gian dén phire tap: quay ddi twong quanh cac truc toa do, quanh 1 truc song song voi
truc toa d9, quanh 1 truc bat ky....Do khao sat cac phép bién d6i affine véi biéu dién dang ma tran
ddng nhat (4x4 v6i 3D) nén cong viée kha don gian va nhat quan.
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Luu ¥ phép tinh tién va quay c6 chung thudc tinh 1a: sau khi bién d6i hinh dang va kich
thudc cia dbi twong khong thay d6i ma chung chi bi thay doi vi tri va dinh hudng trong khong
gian.

Bai tap:
1.
a. Hay tim ma trdn biéu thi phép quay mot dbi tugng mot goc 60° quanh gde toa do.
b. Tim toa d0 mai cua P(-3,3) sau khi thuc hién phép quay trén?
2.
a. Hay viét dang tong quat ctia ma tran diéu chinh ty 1é twong tmg v6i mot diém cb
dinh Q(a,b)?
b. Phéng 16n tr gidc c6 cac dinh A(0,0), B(1,3), C(4,2) va D(3,1) 1én hai lan kich
thudc ban dau cua né trong khi van giit diém D(3,1)?
3.

a. Mo ta phép bién d6i nham quay 1 ddi twong mot goc o xung quanh mot tim cd
dinh Q(a,b)?
b. Thuyc hién phép quay tam giac ABC c6 A(0,0), B(1,1) va C(4,2) mot goc 45° xung
quanh diém (-1, -1)?
4. Cho AABC c6 cac toa do dinh 1a A(2,2), B(3,1) va C(4,3). Xac dinh ma tran bién d6i
affine bién d6i tam giac nay thanh A’B’C’ biét anh A’(4,3), B’(4,5) va C’(7.3).

a. hiy tim mot ma tran danh cho phép phan chiéu déi ximg guong xung quanh mot
duong thang G v6i do déc m va tung do gdc (0,g)?

A
P’

A\ 4

b. Tao phan xa ddi ximg guong da gidc ma dinh cua né: A(-1,0), B(0,-2), C(1,0) va
D(0,2) xung quanh duong G trong cac truong hop sau:

1. x=2
. y=3
1. y=2x+3

6. Cho hinh chép ABCD c6 cac toa d6 A(0,0,0), B(1,0,0), C(0,1,0) va D(0,0,1). Quanh hinh
chop quanh dudng L (v=x+y+z) di qua diém C mot goc 45°. Tim toa ¢ hinh chép méi.

a. Hay tim phép bién doi danh cho phép dbi xtmg guong tuong tng voi mot mat
phang da cho (c6 vector phap tuyén M, trén d6 c6 mot diém P).
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b. Ap dung tim ma tran cho phép ddi ximg guong véi mit phang di qua gbc toa do
va vector phap tuyén c6 huéng M=x+y+z.
8. Viét chuong trinh v&i d6i tugng (dudng thang, tam giac, tir giac...) trong mit phang 2D
a. Dich chuyén (dung cac phim dich chuyén)
b. Phoéng 16n, thu nhé (dung phim dich chuyén hay g& vao tir ban phim)
¢. Quay vdi goc quay duge gd vao tir ban phim (goc gd vao duoc tinh bang do)
9. Viét chuwong trinh véi d6i tugng (hinh kim cuong, hinh 1ap phuong ...) trong 3D
a. Dich chuyén
b. Phong 16n, thu nhd
c. Quay mot goc

Bai tap tric nghiém:

1. Cho AABC c6 céc toa do A(1,1), B(1,2) va C(3,4) thu nhé tam giac chi con ¥4 ma van gitr
¢ dinh diém A. Toa d6 méi ciia tam giac la:
a. A’(1,1),B’(1/4,1/2) vaC’(3/4,1)
b. A’(1,1),B’(0.5,1) vaC’(1.25,1.5)
c. A’(0.25,0.25),B’(1, 1.5) va C’(0.75,2)
d. A’(1,1),B’(1, 1.25) va C’(0.5,1.75)
2. Cho doan thing AB c6 toa do A(2,3) va B(6,1) quay AB mét goc 60° van giir ¢ dinh B.
Toa dd moi cia AB la:

a. A(1-V3)-v3+2) a6
b A(4-3)-2v3+2))vaB6,1)

c. A‘(G—zﬁj,(—\@+—1)j va B’(1,6)
A A(-1+43) (a3 +1) vaB(6.1)

3. Cho hinh chit nhat ABCD c6 cac toa d6 1a A(-1,-1), chiéu rong HCN 1a 4 va chiéu dai 1a 3.
Ngudi ta phong 16n HCN dé n6 cao 1én gap 2 1an va rong gap 1.5 1an ma van giit ¢d dinh
A. Toa @0 médi ciia HCN do:

A’(-1,-1), B’(5,-1), C’(5,-7) va D’(-1,-7)

A’(-1,-1), B’(-1,5), C’(5,-1) va D’(-7,-1)

A’(2,2),B’(3,4), C’(5,-7) va D’(-7.,5)

A’(-1,-1), B’(0,-1), C’(-1,-7) va D’(-1,5)

e o o w
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4. Cho duong tron c6 tam tai (1,4), mot diém trén duong tron A(1,0). Quay duong tron mot
goc 90° quanh diém A, tAm méi cta duong tron l1a:

a. (0.5,2)
b. (-3,1)
c. (2,5

d. (-2,3)

5. Cho doan thing AB trong khong gian co6 toa do A(2,1,1) va B(1,3,4), quay doan thing
quanh truc 0z mot goc 30° van ¢d dinh A. Toa d6 méi cua AB la:

a. AL, B(1-v3)(3+2)3)
b. A((z f),(f j JB(134)
. A0135), B(1-v3)(3+2)3)

d A1), B'[(z—lg}ﬁA}

6. Cho AABC trong khong gian c6 toa do A(1,1,1), B(4,6,0) va C(2,-1,3) kéo dan cho tam
giac rong ra (theo hudng truc ox) 1én 2 1an van giir c6 dinh B. Toa d6 mai cua AABC la:
A’(2,1,1), B’(4,6,0) va C’(2,-1,3)
A’(-2,1,1), B’(4,6,0) va C’(0,-1,3)
A’(2,1,1),B’(2,3,1) va C’(2,-1,1)
. A’(2,2,2),B’(4,6,0) va C’(1,-0.5,1.5)
7. Cho h1nh kim cwong ABCD c6 cac toa d6 1a A(4,6,1), B(1,2,3), C(2,2,5) va D(7,2,4). Pbi
xtng guong hinh kim cuong qua tryc ox, toa do méi cta hinh kim cuong la:
a. A’(4,6,-1),B’(1,2,-3), C’(2,2,-5) va D’(7,2,-4)
b. A’(-4,6,-1), B’(-1,2,-3), C’(-2,2,-5) va D’(-7,2,-4)
c. A’(4,-6,-1),B’(1,-2,-3), C’(2,-2,-5) va D’(7,-2,-4)
d. A’(-4,-6,-1), B’(-1,-2,-3), C’(-2,-2,-5) va D’(-7,-2,-4)
8. Cho hinh kim cuong ABCD c6 cac toa do la A(5,6,1), B(0,0,0), C(3,2,5) va D(8,2,4). Quay
hinh kim cwong quanh truc oy va van giit ¢ dinh B. Toa &6 méi cta hinh kim cuong 1a:
A’(-1,5,-1), B’(0,0,0), C’(2,3,-3) va D’(2,4,8)
A’(1,6,-5), B’(1,2,2), C’(5,2,-3) va D’(2,-4,8)
A’(-1,5,-1), B’(0,0,0), C’(2,3,5) va D’(2,4,8)
d. A’(1,6,-5), B’(0,0,0), C’(2,5,-3) va D’(2,4,-8)
9. Trong doan ma sau cac sb tir @, @, @, @ lan lugt 1a cac phim mii tén dich chuyén:

e o o

e o w

¢ = getch();
switch (c)
{
case 75: x-=10; // ©
break;
case 77: x +=10;// @
break;

case 72:y-=10; // ®
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o o e

d.

break;
case 80: y +=10;// ®
break;

Trai, phai, trén va dudi
Trai, phai, dudi va trén
Trén, dudi, trai va phai
Trén, dudi, phai va trai

10. Chuong trinh sau dua ra cai gi?

CuuDuongThanCong.com

#include<stdio.h>
#include<conio.h>
#include<graphics.h>
#include<math.h>
#define RADS 0.017453293
void Function1() {
line (10,getmaxy()/2,getmaxx()-10,getmaxy()/2);
line (getmaxx()/2,10,getmaxx()/2,getmaxy()-10);
b
void Function2(int x1,int y1,int x2,int y2,int x3,int y3){
line (getmaxx()/2+x1,getmaxy()/2-y1,getmaxx()/2+x2,getmaxy()/2-y2);
line (getmaxx()/2+x2,getmaxy()/2-y2,getmaxx()/2+x3,getmaxy()/2-y3);
line (getmaxx()/2+x3,getmaxy()/2-y3,getmaxx()/2+x1,getmaxy()/2-y1);
¥
void Function3(int x1,int y1, int x2, int y2, int x3, int y3,int xq, int yq,float goc ){
float x11,y11,x22,y22,x33,y33;
float anpha = RADS *goc;
x11 = int(x1*cos(anpha) - yl*sin(anpha) + (1 - cos(anpha))*xq + sin(anpha)*yq);
y11 = int(x1*sin(anpha) + y1*cos(anpha) - sin(anpha)*xq + (1 - cos(anpha))*yq);
x22 = int( x2*cos(anpha) - y2*sin(anpha) + (1 - cos(anpha))*xq + sin(anpha)*yq);
y22 =int( x2*sin(anpha) + y2*cos(anpha) - sin(anpha)*xq + (1 - cos(anpha))*yq);
x33 =int( x3*cos(anpha) - y3*sin(anpha) + (1 - cos(anpha))*xq + sin(anpha)*yq);
y33 =int( x3*sin(anpha) + y3*cos(anpha) - sin(anpha)*xq + (1 - cos(anpha))*yq);
Function2(x11,y11,x22,y22,x33,y33);
¥
void main() {
clrscr();
int driver = DETECT, mode;
initgraph(&driver,&mode,"c:\\tc\\bgi");
int x1 =50,y1 = 20,x2 = 50,y2 = 100,x3 = 200,y3 = 20;
int xq=100,yq=100;
float goc=30 ;
Function1();
Function2(x1,y1,x2,y2,x3,y3);
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Function3(x1,y1,x2,y2,x3,y3,xq,yq,goc);
getch();
closegraph();

= | | &=

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

58


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 4: Céc giai thuat d6 hoa co s

CHUONG 4: CAC GIAI THUAT DO HOA CO SO

1. HE TQA PO VA MO HINH CHUYEN POI

1.1. Cac hé thong toa d trong do hoa

Mot hinh anh duoc tao ra bang may tinh thuong trinh bay mot khung xem (viewing) ting
phan ctia quang canh 16n. Gidng hét nhu ta nhin canh vét qua ctra s6 hay mot kinh ngdm camera.
Pé tao ra hinh anh dbi twong trén céac thiét bi hién thi bit budc ngudi st dung phéi c¢6 bude bién
d6i trung gian.
1.1.1. Hé toa do thuc (WCS — World Coordinate System)

Hé toa do cua ddi tugng dugc cac chuong trinh ung dung st dung dé mé ta toa do cac ddi
tuong trong thé gidi thyc.

Pon vi trong hé théng toa d0 phu thudc vao khong gian va kich thudc cia dbi tuong duoc
md ta: A°, nm, mm, m, km. ..

’ ki window

Hinh 4.1 H¢ toa d¢ thuc
1.1.2. Hé toa dé thiét bi (DCS — Device Coordinate System)

La hé thong toa do cta thiét bi noi hién thi hinh anh va khong gian ctia ddi twong ma tng
dung mo ta. Khong gian cua hé théng cua toa do nay chinh la kich thudc cua thiét bi hién thi duoc
su dung.

Vi du: man hinh VGA 640x480, SVGA 600x800...

1.1.3. Hé toa dé thiét bi chudn (NDCS — Normalized Device Coordinate System)

Chuyén d6i dbi twong tir khong gian thuc vao toa do thiét bi hién thi. Phan mém db hoa
duoc viét s& thuc hién su chuyén ddi ma chua thé xac dinh rd kich thuée cua thiét b cling nhu do
phan giai. Ta c¢6 cong cu doc lap voi thiét bi nham mo ta vung hién thi ra hé toa do thiét bi chuin
ho4. Coi NDCS nhu hé toa d6 thiét bi c6 kich thudc man hinh hién thi 12 mét hinh vudng c6 canh
la mét don vi (1x1).
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¥ window

X

Hinh 4.2 WCS - World Coordinate System

E

¥

worlstation window

Hinh 4.3 NDCS — Normalized Device Coordinate System

A

¥
worlstation wewport

Hinh 4.4 DCS — Device Coordinate System
- Qui trinh dé chuyén doi cac dbi tuong trong WCS sang NDCS duoc goi 14 phép anh xa
clra sd sang céng xem hay phép bién d6i chuan hoa (Window to Viewport mapping or
Normalization Transformation)
- Qui trinh ¢6 thé ap cac toa do thiét bi hién thi chuan hoa sang cac thiét bi roi rac duoc goi
1a phép bién ddi tram lam viéc (Workstation Transformation)
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1.2. Phép anh xa tir ctra s0 vao cong xem

e
¥ window
Ywrmaw | — — —
window
Yw -— —— — — -
|
I
Ywmin | — —
|
o |
| |
[
| | | :;_
Mwinin 2w Ywmag *
Hinh 4.5 P6i twong trong cira s6
%
¥
Yvmax | — —
v ——4
I
. I
Ty L — — i
.
[
| I
| | 2,
Hvmn sy Hwrnax X

Hinh 4.6 Pdi twong tai cong xem

- Mot cira s6 (window) duogc chi dinh boi bon toa d6 thuc (WCS): Xwmin, Xwmax,
Ywmin, Ywmax

- Mot céng xem (viewport) dugc mo ta boi bdn toa d6 thiét bi chuin hoa (NDCS): Xvmin,
Xvmax, Yvmin, Yvmax

Muyc dich ctia phép anh xa nay la chuyén ddi cac toa do thuc (Xw,Yw) cua mét diém tuy v
sang thiét bi chudn hoa tuong tng (Xv,Yv). Dé giit lai khoang cach cua diém trong cong xem
bang véi khoang cach cua diém trong ctra sd, v6i yéu cau:

'xv B xvmax ‘xw B ‘xwmin

X —X X -

vmax ymin wmax wmin

yv_yvmax — yw_ywmin
yvmax _yvmin ywmax _ywmin

Ta co:
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X = (xvmax —X
’ (xWITIB.X - x

ymin

(xw - xwmin ) +Xx

vmax

)
wmin )
)

_ (yvmax B yvmin
= (
(ywmax - ywmin)
Ta ¢ tam gia tri & trén dé xac dinh cira s6 va cong xem déu 1a hang s6. Vay chung ta hoan
toan tinh dugc (Xv,Yv) tu (Xw, Yw) qua phép bién d6i:
[XvYvl]=[XwYw 1].[T]
[T]=[Tew]. [Ts] . [Ta]

- Ma trén tinh tién theo window:

yv yw_ywmin)+yvmax

1 0 0

r.]=f o 1 0

- xw - yw 1

- Ma tran chuyén d6i ty 1¢ window vao viewport la:
xvmax — xvmin O O
xwmax - xwmin
[TS]: 0 Yymax ~ Vvmin 0
ywmax T ywmin

0 0 1

- Ma trén tinh tién theo toa do viewport:

1 0 O
r.]=j0 1 0
x, oy 1
Viay ma tran bién doi tir cura s vao cong xem:
xvmax B xvmin O O
wmax xwmin
Y ~Vomi
[T] — O vmax ymin 0
ywmax T ywmin
X, =X, Voo = Vomi
vmax vmin vmax v min
xvmin - xwmin . yvmin - ywmin : 1
L wmax xwmin wmax ywmin a

2. CAC GIAI THUAT XEN TIA (CLIPPING)

2.1. Khai niém

Xén tia 1a tién trinh xac dinh cac diém ctia mot ddi twong nam trong hay ngoai cira s6 hién
thi. Nam trong dugc hién thi, ndm ngoai loai bo.

Viéce loai ting diém anh cua ddi tuong thuong cham nhét 1a khi ddi tugng ma phén 16n nam
ngoai ctra so hién thi.

62

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 4: Céc giai thuat d6 hoa co s

2.2. Clipping diém
Gia su (x,y) la toa do cia mot diém, vay diém d6 duoc hién thi khi thoa man:
Xmin <= x <= Xmax
Ymin <=y <= Ymax
2.3. Xén tia doan thing
“

—

Céc doan thang khong cat ctra so thi: hoac ndm |Néu doan thiang cat ctra s thi phan chia qua

trong hoan toan, hodc ndm ngoai hoan toan diém cat phan nam trong va phan nam ngoai

Hinh 4.7 Cac dang xén tia doan thang

2.3.1. Thudt toan Cohen-Sutherland

Y tudong: Cac doan thang c6 thé roi vao cac truong hop sau

- Hién thi (visible): ca hai dau cudi ctia doan thing déu ndm bén trong cira s6

- Khong hién thi (not visible): doan thing xac dinh ndm ngoai cira s6. Didu nay xay ra khi
doan thang tir (x1,y1) dén (x2,y2) thoa man bat ky mét trong bon bat dang thirc sau:

X1,X2 PXmaxY1,Y2 = Ymax

X1,X2 < XminY1,Y2 < Ymin

- Xén tia: doan thang can xén tia

Viéc cai dat giai thuét chia lam hai budc:

® Gan ma vung 4-bit cho moi diém cudi ciia doan thang

1001 1000 1010

ool Qoo Qoo
TWind cnar

o101 o100 o110

Hinh 4.8 Mit phing mi trong cac trudng hop clipping doan thing
Ma ving duge xac dinh theo 9 ving cia mét phang ma cac diém cudi nam vao dé. Mot bit
duoc cai dat true (1) hodc false (0).
Bit 1: diém cubi & bén trén ctra s6 = sigN(Y-Ymax)
Bit 2: diém cudi ¢ bén dudi cira s6 = sign(Ymin-y)
Bit 3: diém cubi & bén phai cira s6 = sign(X-Xmax)

Bit 4: diém cuoi ¢ bén trai cura sO = sign(Xmin-X)
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Qui udc sign(a) = 1 néu a duong
=0 néu a am
@ Qua trinh kiém tra vi tri cua doan théng so voi ctra s0. Tét ca diém dau va diém cudi cua
doan thang da c6 ma.

© Néu mi cia P1 hoac P2 déu = 0000 thi toan b doan théng thudc phﬁn hién thi.

If (P1.Ma OR P2.Mi == 0000) then“ ca doan thang thudc ctra sb hién thi”
® Néu mi cua P1 va P c6 ciing mot vi tri ma & d6 P1 va Py => cling phia

If (P1.Ma AND P2.M3 != 0000) then 2 diém nam vé 1 phia ctia cira s6”

© Xét giao diém:
D(1010)

B(1000)
P ' /‘/

Ymax /' /‘/
A@0001) " /

Ymin /

C(0100)

Xmin Xmax

Hinh 4.9 M6 ta thuat toan Cohen Sutherland outcode

- Tim giao diém cua duong thang voi cira sd, chinh xac hon 14 voi phan mo rong cua duong
bién.
- Cha y: cac duong bién ma diém cudi dugc chon s& “ddy ngang qua” nham thay d6i ma “1”
thanh “0”
- Néu:
Bit 11a 1: ¢t Y=Y max
Bit 2 13 1: cit y= yuin
Bit 3 12 1: ¢t X=Xax
Bit 41 1: cit X=X,y
Nhin trén hinh ta c6: goi diém cubi cia doan (X1,¥1)
Néu C duoc chon thi dudng y=ymi, chon dé tinh phan cit nhau (bit 2 = 1)
Néu D duoc chon thi y=ymax hodc X=Xmax (bit 1 va bit 3 =1)

Toa d6 cét:

xi = xmin /xmax
Y=y +mx; —x;)

X = xmin

X = Xinax

Hoac:
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y = ymin

{xi =X +(y[ _yl)/m
y:ymax

yi :ymin/ymax

Co6 m 1a do déc cua doan théng

m=(y>-y1)/(X2-X1)
Bay gio thay diém cudi (x,,y1) v6i diém cit (x;,y;)
Vi du: Cho cira sb cit tia hinh chit nhat co goc trai dudi L(-3,1), goc phai trén R(2,6)
Hay tim ma ving danh cho c4c diém cudi clia cac doan AB c6 A(-2,3), B(1,2) ; CD c6 C(-
4,7), D(-2,10) ; IK c6 1(-4,2), K(-1,7)
Tim hang muyc cit tia ctia chung
Gidi:
- Ma vung
Bit 1 = sign(y-ymax) = sign(y-6)
Bit 2 = sign(ymin-y) = sign(1-y)
Bit 3 = sign(X-Xmax) = sign(x-2)
Bit 4 = sign(Xpmin-X)= §ign(-3-x)
Qui udc sign(a) = 1 néu a duong
=0nfuaam
Vay:
A(-2,3) c6(0000)
B(1,2) c6 (0000)
C(-4,7)c6 (1001)
D(-2,10) c6 (1000)
1(-4,2) c6 (0001)
K(-1,7) ¢6 (1000)
- Hang muyc cat tia ‘ .
AB c6 ma vung déeu 1a (0000) nén n6 nam hoan toan trong .
CD ¢6 (1001) and (1000) = (1000) (!=(0000)) nén hoan toan nam ngoai
IK ¢6 (0001) or (1000) =(1001) va (0001) and (1000) =(0000) nén phai xén tia.
Xét 1(0001) dya trén duong bién Xy, =-3

Xe = Xinin
{Vc =y, +m(x, —x,)
Xmin = -3
m=(y2-y1)/x2-x1)= (7-2)/ (-1-(-4)) = 5/3
y=2 +5/3 (-3-(-4)) = 11/3
Thay I boi I; (-3,11/3) (c6 ma vung 0000)
Xét K(1000) cét yomax =6
{xc =x,+(y,—y)/m
Ve = Vimax
ye=6
x=-1 +(6-7)/(5/3)=-8/5
Thay K boi K;(-8/5,6) c6 ma vung 0000)
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Vay sau khi xén tia doan IK thu dugc [,K,

2.3.2. Gidi thudt Lyangbarsky
Biéu dién doan thang theo tham bién: doan thing bat ky di qua hai diém P(x,,y;) va
P,(x2,y2) chung ta c¢6 phuong trinh tham bién:

Ui=0 _ Pi(x1,y1)

Py(x2,y2)
U,=1

O
Hinh 4.10 Phwong trinh tham s6 cho doan thing

x=x(u) c6 O<=u<=1
y=y(u)

Vi vecto chi ¢c6 mot chiéu nén vecto vi tri:
P(u)=P1 + (Pz-Pl).u

X=X, +(X,-x)u=x, + Ax.u

y=y, t(y,-y)u=yl +Ay.u

U=1
top P, U
Ymax / !
left P ﬁ‘
C R
“Tu | right
T Up=0

Ymin

U

’ bottom
Xmin Xmax

Hinh 4.11 Mo ta giai thuat LyaBarsky

+ Khi ta chuyén dong doc theo dudng md rong vai u thang tir oo t6i +oo thi ta phai:

Chuyén tir bén ngoai vao bén trong hai dudng bién cia cira s cit tia (& dudi va bén trai)
- Sau d6 chung ta di chuyén tir trong ra bén ngoai ciia hai dudng bién khéac (tir trén va tir
bén phai)
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+ Véi diém (x,y) nam bén trong ctra sd cét tia:
Xmin <= X] T AX.U <= Xpax
Ymin <= Y1+ Ay.U <= Yimax
Suy ra:
-AX.U <= X1 — Xmin k=1
AX.U <= Xpax — X1 k=2
-Ay.U <=Y| — Vmin k=3
Ay <= Y —y1 k=4
Viét tong quat:
Py.u <=qx c6 k=1,2,3,4
Trong do:
Py =-AXq1=X| — Xmin (phai)
Py = AXQp=Xmax — X1 (trai)
P3 = -Ayqs=y| — Ymin (trén)
Py = Ayqs=ymax —y1 (dudi)
Xét:
+ Néu P, = 0: diéu d6 twong duong voi viéc doan thang dang xét song song v4i canh thir k
cua hinh chir nhat clipping.
a) Néu q <0 doan thing nim ngoai cira s6 (hé bat phuwong trinh trén v6 nghiém)
b)Néu g >= 0 thi doan thing nam trong hodc nam trén canh cia cira s6 clipping. Yéu cau
khao sat ti€p.
+Néu Pk # 0: doan thiang dang xét s& cit canh k twong tng cuta cira s6 clipping tai vi tri trén
doan thang u, = qu/Px
a) Py < 0 doan thing c6 dang di tir ngoai vao trong cia dudng bién twong (g
b) P > 0 thi doan thang mé rong tién hanh tir trong ra ngoai ciia duong bién twong tng.
Két hop lai ta c6 cac bude sau:
(Véiu <=u<=up)
@ Néu P=0
qx <0 tmg véi bat ky gi tri nao cia k. Loai bo doan thang => Exit
qi>=0 thyc hién budc tiép theo
@ Tinh:
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U, =max[{0}u{uk U, =%,Pk <O}]

k

U, :min({l}u{uk ‘u, =%,Pk > O}J

k

u; la cac gia tri cyc dai cua tap hop dang chira 0 va cac gia tri ux duogc tinh

u, la cac gia tri cuc ti€u cua tap hgp dang chira 1 va cac gia tri ux dugc tinh

Vi du: cho cira s6 cit tia hinh chir nhat ¢ goc trai dudi L(1,2) va goc phai trén R(9,8). Co
cac doan AB toa d6 A(11,10) va B(11,6), doan CD toa d6 C(3,2) va D(8,4), doan 1J toa do 1(-1,7)

va J(11,1). Tim cac hang muc cit tia.

Giai:

® Xét AB
P, =0q,=10
P, = 0qp=-2
P;=-4q;=4
P, =4qs=2

C6 P, =0 ma q, =-2<0 nén AB nam hoan toan ngoai

@ Xét CB

Py =-5q;1=2 u;=-2/5 (W=qx/px)

P, =5q=6 w=6/5
P;=-2q5=0 u;=0
P, =2 qs=6 =3

Vay u;=max(0,-2/5,0)=0 (v&i Px<0)

u,=min(1,6/5,3)=1(v6i P, >0)

Vay CD nam hoan toan trong ctra sO

® Xét1J

Py =-12q;=-2 wu=1/6
P, =12 q,=10 u=5/6
P;=6q5=5 u;=5/6
Ps=-6 qs=1 us=-1/6

Vay u;=max(0,1/6,-1/6)=1/6 (v&i Px<0)
u,=min(1,5/6,5/6)=5/6(voi Pi>0)

Vi u;<u, nén hai diém cudi cua duong cit tia 1a:
Xe=x1 + Axuyp =-1 +H(11-(-1)).1/6 =1
Y.=y; + Ay.u=7 +(1-7).1/6 =6
Xo=x1 + Ax.u; =-1 +(11-(-1)).5/6 =9
Y=y + Ay.u=7 +(1-7).5/6 =2

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

68


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 4: Céc giai thuat d6 hoa co s

Viay duong sau khi cit tia 1a: [T, ¢6 1;(1,6) va 1(9,2)
2.4. Giai thuat xén tia da giac (Sutherland Hodgman)
2.4.1. Khdi niém

triangular  convex non-convex self-intersecting religious

Hinh 4.12 Cac loai da giac

- Da giac 16i: 1a da gidc co duong thing ndi bit ky 2 diém bén trong nao cua da giac déu
nam tron trong da giac. Pa gidc khong 16i 1a da giac 15m.

- Theo qui wdc: mot da giac véi cac dinh Py, .....,Py (cac canh 1a P, P; va PyPy) duogc goi la
theo huong duong néu cac hinh theo thr ty di cho tao thanh mot mach nguoc chiéu kim
ddng ho.

Néu ban tay trai cua mot nguoi doc theo bat ky canh P;;P; hoac PyP; cling chi vé bén
trong da giac.

Hinh 4.13 Qui tic tim huéng dwong ciia mjt da giac huwéng

- Khao sat mot diém so véi mot dudng thang:

1 ABXAP

A

P(x,y)

A(X1,y1) B(x2,y2)
Hinh 4.14 Khao sat mdt diém so véi dwong thing
C6 diém A(X1,y1), B(x2,y2) va P(x,y)

Theo dinh nghia thi tich cia hai vecto (ABxAP) chi theo hudng cua vecto KL voi mat
phang (xoy). Co:

AB=(x2-x1)i + (y2-y1)]
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AP=(x-x))i + (y-y1)j
Vay ABXAP=[ (xo-x1).(y-y1) = (y2-y1)-(x-x1) ].K

Do d6 hudng duoc xac dinh nhu sau:

C=(x, =) =2) == »)x—x)
- Néu C duong thi P ndm bén trai AB
- Néu C am thi P ndm bén phai AB
2.4.2. Gidi thudt Hodgman
Cho Py,......,Px 1a danh sach céc dinh cua da giac da bi cit tia. Cho canh AB (diém A.B) la

canh bat ky. Da giac cit tia 16i huéng duong.

output A A

A A
Pii
P;
/ \ output P;
|
Pi  Pig
B B

B

Pi

B
/ I -
P; output

output
Hinh 4.15 Céac truwdong hgp trong gidi thuiat Hodgman

® Néu ca P, va P; déu nim bén trai cua canh nay thi P; dugc luu lai (dua vao output) cua
da giac cit tia.

@ Néu ca P;; va P; déu ndm bén phai cta canh thi khong c6 dinh nao dugc luu lai.

® Néu P, ; nim bén trai va P; nam bén phai cua canh thi giao diém I cua P, (P; voi canh sé
duoc luu lai.

@ Néu P;; nam bén phai va P; nam bén trai thi ca giao diém I va P; déu duoc luu lai.

2.4.3. Minh hoa thuat toan Sutherland — Hodgman

F=P, (F la dinh duoc dua vio dau tién, S 1a dinh dua vao trude P - dinh dugc dua). So do
bén phai khép kin da giac boi PyPy
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P(Vertex Input)
Vertex Output, F,AB,N

Giao cat I

A 4

Vertex output

I
:
S:Pi
Y N
‘@ S bén tréi
/ AB
N

Vertex output

A

2.4.4. Vi du minh hoa:

CuuDuongThanCong.com

Tim giao I

A 4

< Vertex output I >

»
A

End

S

Hinh 4.16 So dd khéi thuit toan Hodgman
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Vidul: cit Eg da giac Al,....A5 dua trén cira s6 ABCD

D B5
: N
A
A4
Al B4
Bl
MB\/ ¢
A2 B2 B C B3
A3
C5
A D C4
D5 D
A
1 D4
D1
C2
B C3 C
D2 B D3 C
E5 D
A
E4
El
E2 B E3 C

Hinh 4.17 Vi du dung gidi thuat Hodgman xén tia da giac A1...AS

Vi du 2: hdy sir dung thuat toan Hodgman dé cit xén doan thiang ndi Pi(-1,2) dén Py(6,4)
trén cira s6 A(1,1), B(5,1), C(5,3) va D(1,3)

A 12 Il /o P2(6,4)
D(1,3) 63
.// 13
Pi(-1,2)
AL B(5,1)

»
»

Hinh 4.18 Vi du dung thuit toin Hodgman xén tia doan P,P,
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Theo thuat todan Hodgman ta xén P,P, dya trén tirng canh.

@ AB: ta xét C=(x2-x1)(y-y1) — (¥2-y1)(X-X1)
Piém P;: C=(5-1)(2-1)-(1-1)(-1-1) =4 >0 nam bén trai
Diém P,: C= (5-1)(4-1)-(1-1)(-1-1) = 12 >0 nam bén trai

Vay PP, déu duoc luu

@ BC
Diém P;:C = (5-5)(2-1)-(3-1)(-1-5)= 12 >0 nidm bén trai
Piém P,:C = - (3-1)(6-5) = -2 <0 nam bén phai

Giao diém I;:

2
m = = —
2

Vo= G xm =24 (- ()2 =32
7 7
1,(5,26/7) vayP1; luu lai
® CD
Piém P;: C = (1-5)(2-3) =4 >0 nam bén trai
Piém I,:C=(1-5)(26/7 -3) = -20/7 <0 nam bén phai

Giao diém I,:

y. =3
x.=x+(y,—y)/m
7 5
= 1+(3-2)L==
( )2 5

Vaylx(5/2,3)cé PiLLdugce luu
@ DA
Piém P;: C =-(1-3)(-1-1) = -4ndm bén phai
Piém I,: C=-(1-3)(5/2-1) =7/2nam bén trai
Giao diém Is:
x, =1
Ve =y +(x,—x;)m

=2+(1- (—1)).% = 2§

I5(1, 18/7)
Tém lai: Cét xén doan PP, duoc doan L15¢6 1,(5/2,3) va I3(1,18/7)
Tém tit chwong:

Hién thi d6i tuong la qua trinh dua cac mo ta dbi tuong tur thé gidi thyc sang mot thiét bi
xuét cu thé nao d6. Mdi dbi tuong cé thé duoc quan sat & nhiéu vi tri va g6c do khac nhau. Thong
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thuong mdi hinh anh ma chung ta quan sat duoc trén man hinh thiét bi dugc goi 1a mot goc nhin
(view) cua ddi tuong.

Qua trinh loai bd cac phé‘in hinh anh nam ngoai mot vung cho trudc dugc goi la xén tia.
Vung dugc dung dé xén tia goi 14 cira s6 xén tia.

Céc thuét toan xén tia doan thang Cohen-Sutherland, LyaBarsky déu tip trung giai quyét
hai van dé chinh nham t6i wu toc d6 thuat toan d6 1a: loai bo viée tim giao diém ddi v6i cac doan
thang chic chin khong cit cira s6 (nhu nam hoan toan trong, nam hoan toan ngoai), va voi doan
thang c6 kha ning cat clra sO, cAn phai tim cach han ché s6 lan tim giao diém véi cac bién khong
can thiét. Thuat toan Cohen-Sutherland giai quyét hai ¥ ndy thong qua kiéu dir liéu ma ving ma
vé ban chit d6 chi la sy mo ta vi tri twong d6i ciia ving dang xét so véi cac bién cua cira s6. Con
thuat toan LyaBarsky thi tuy dua vao phuong trinh tham sé ctia doan thang dé lap luan nhung
thuc chat 1a dua trén viéc xét cac giao diém c6 thé co gitra doan théng kéo dai véi cac bién cua
ctra s6 (ciing duge kéo dai). Cac giao diém nay tuong tmg véi cc gia tri r, = qu/pr. Ca hai thuat
toan nay déu c6 thé duge mo rong cho viéc xén hinh trong dd hoa 3D.

Bai tap:
1. Tim phép bién ddi chuan hoa tao anh xa cho mét cira s6 ma goc bén trai phia dudi ctia nd
(1,1) va géc bén phai trén (3,5) vao:
a. La man hinh thiét bi dugc chuan hoa toan bo.
b. Mot cong xem co gbc bén trai dudi (0,0) va goc bén trai trén (1/2,1/2)
2. Cho cira so cat tia hinh chit nhat c6 goc bén trai dudi (-3,-2) va goc phai trén (2,3), ding
giai thuat Cohen Sutherland xén tia doan thang AB c6 toa d6 12 A(3,2) va B(-2,-4).
3. Cho ctra sb cit tia hinh chit nhat c6 goc bén trai dudi (-3,-2) va goc phai trén (2,3), ding
giai thuat LyaBarsky xén tia doan théng AB c6 toa do la A(3,2) va B(-2,-4).
4. Viét chuong trinh cai dat thuét toan Cohen Sutherland.
Viét chuong trinh cai dat thuat toan LyaBarsky
6. Viét chuong trinh cai dat thuat toan Sutherland Hodgman

Bai tp tric nghiém:

1. Hé toa do thiét bi chuan (NDCS) c6 kich thuéc man hinh hién thi 1a hinh chir nhat c6
chiéu dai gap doéi chieu rong. Vay néu mdt hinh chir nhat dung (co6 chicu dai gap doi chiéu
rong khi hién thi trén man hinh s€ cho:

a. Hinh chif nhat nim ngang (chiéu dai gip d6i chiéu rong)
b. Hinh vudng

c. Van 4 hinh chit nhat ding

d. Hinh chit nhat c¢6 chidu dai gip 1.5 chiéu rong

2. Phép bién d6i chudn hoa tao anh xa cho mdt ctra s6 ma gdp bén trai phia dudi (1,3) va goc
bén phai trén (4,7) vao man hinh dugc chuan hoa toan bo la:
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W~ N

© |

1

3. Cho ctra s cét tia goc trai dudi (-2,2) va goc phai trén (4,7). Ma ving 4bit cia diém A(-

4. Cho ctra sb cat tia co goc trai dudi (2,-3) va phai trén (5,6), ma ving 4bit cia diém

L
3
a.| 0 1—
4
IR
| 3 4
—— 1
3
b.| 0 =2
0
L
3
c.|0 -—l
151
| 4 4
-2 0
d| 0 1l
3
0 ——3}-
L 4
3,-1) la:
a. 1000
b. 1010
c. 0101
d. 0001
M(6,10) la:
a. 1010
b. 1100
0101
d. 0001

5. Cho cira so cit tia c6 goc trai dudi (2,2) va goc phai trén (5,10). Cho doan AB ¢6 A(1,5)
va B(6,8), sau khi xén tia ta thu dugc toa do mai la:
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(132 (23
[523) (132)
(o) (73

6. Cho cira sb cit tia c6 goc trai dudi (1,2) va phai trén (9,8). Poan thang MN ¢6 M(-1,7) va
N(11,1), sau khi xén tia ta thu dugc doan thang c6 toa do la:
a. (2,6)va(7,1)
b. (5,2)va(9,1)
c. (1,6)va(9,2)
d. (3,9)va(6,3)
7. Giai thuat LyaBarsky dya vao phuong trinh dudng thing:
a. Tuong minh y=f(x)
b. Khong tudng minh f(x,y) =0
c. Tham sb x =x(t), y=y(t) co t € [0,1]
d. Do o6ng duara
8. Trong cac cau noi sau cau nao sai ?
Poan théng duoc hién thi khi ca hai dau cudi déu trong clra s6 hién thi
b. Doan thing nim hoan toan ngoai khi né6 pham bat ky mot trong bdn bét ding thirc
sau:
X1,X27 XmaxX1,X2 <XminY 1,2 ~Ymaxy1,Y2 <Ymin
c. DPoan thing dugc hién thi khi:
Py.ma or P,.ma ==0000 (P;,P, Ia hai diém cuéi)
d. Poan thing nim hoan toan ngoai khi n6 thoa man mét trong bén bét dang thirc
sau:
X1,X2 2= XmaxX1,X2 <Xmin Y1,¥2 = Ymax¥1,¥Y2 <= Ymin
9. Poan mai sau cai dit giai thuat Cohen Sutherland, gon ma ving 4bit cho mdi diém cudi cua
doan thang xén tia. Tir giai thuat dd duoc hoc ban hiy cho biét thir thy tr @, @, @, @ s& c6 mi
vung lan luot s€ la:
@#define EDGE_10x1
@#define EDGE_2 0x2

®#define EDGE_3 0x4
@#define EDGE_4 0x8

a. Trai, phai, trén va dudi
b. Trai, phai, dudi va trén
c. Trén, dudi, trai va phai
d. Phai, trai, trén va dudi
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10. Ham sau la mgt ham trong gidi thuat Cohen Sutherland. Ban hay cho biét 1an luot cac dong
lénh @, @, ®, @ s& cho cac mi ving 4bit 13: (chiéu theo dinh nghia ma ving 4bit trong sach ky
thuat d6 hoa)
unsigned char encode(double x, double y, double xmin, double ymin,
double xmax, double ymax)
{
unsigned char code = 0x00;
if (x < xmin)
code = code | LEFT_EDGE;//®
if (x > xmax)
code = code | RIGHT_EDGE; //®@
if (y < ymin)
code = code | TOP_EDGE; //®
if (y > ymax)
code = code | BOTTOM_EDGE;//®
return code;

b

0x8, 0x4, 0x2 va 0x1

0x1, 0x2, 0x4 va 0x8

0x1, 0x2, 0x8 va Ox4

. 0x2, 0x8, 0x4 va 0x1

11. Ban héy cho biét ham sau 1a mot trong nhitng ham dé cai dat cho giai thuat xén tia nao?
#define TRUE 1
#define FALSE 0
int cliptest(double p, double g, double *u0, double *u1)

oo

{
double r;
int retVal = TRUE;
if (p < 0.0)
{
r=q/p;
if (r > *ul)
retVal = FALSE;
else
if (r > *u0)
*u0 =r;
by
else
if (p > 0.0)
{
r=q/p;
if (r < *u0)
retVal = FALSE;
else
if (r < *ul)
*ul =r;
by
else
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{
if (q < 0.0)
retVal = FALSE;
b
return (retval);
¥
a. Cohen Sutherland
b. Lyabarsky
c. Hodgman
d. Khong phai giai thuat xén tia
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CHUONG 5: PHEP CHIEU —-PROJECTION

1. KHAI NIEM CHUNG
1.1.Nguyén ly vé 3D (three-Dimension)

Do hoa 3 chiéu (3D computer graphics) bao gdm viéc bd xung kich thudc vé chiéu sau cua
do1 tugng, cho phép ta biéu dién chung trong thé gidi thuc mot cach chinh xac va sinh dong hon.
Tuy nhién cac thiét bi truy xuét hién tai déu 14 2 chiéu, Do vay viéc biéu dién dugc thyc thi
thong qua phép t6 chat (render) dé gay do giac (illusion) ve do sau
D6 hoa 3D la viée chyén thé gidi ty nhién dudi dang cac mé hinh biéu dién trén céac thiét bi
hién thi thong qua k¥ thuat t6 chat (rendering).
1.2. Pic diém ciaa ky thuit do hoa 3D
C6 cac ddi twong phire tap hon cac d6i tugng trong khong gian 2D
- Bao boi cac mit phang hay cac bé mat
- C6 cac thanh phan trong va ngoai
Céc phép bién ddi hinh hoc phirc tap
Céc phép bién ddi hé toa do phuc tap hon
Thudng xuyén phai b xung thém phép chiéu tir khong gian 3D vao khong gian 2D
Ludn phai xac dinh cac bé mat hién thi
1.3.Cac phuwong phap hién thi 3D
V6i cac thiét bi hién thi 2D thi chiing ta c¢6 cac phuong phap sau dé biéu dién déi tuong 3D:
- K§ thuat chiéu (projection): Truc giao (orthographic)/phdi canh (perspective)
- K§ thuat danh dau d6 sau (depth cueing)
- Nét khuat (visible line/surface identification)
- T6 chéat bé mit (surface rendering)
- Cit lat (exploded/cutaway scenes, cross-sections)
Céc thiét bi hién thi 3D:
- Kinh stereo - Stereoscopic displays*

- Man hinh 3D — Holograms
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Exploded/cutaway Perspective (phdi  Shadows as depth cues (tao béng cam
scenes (cat lat) canh) and Depth of gidc c6 chiéu sau)
Field (chiéu sau)

Hinh 5.1 Cac cach md ta ddi twong 3D

Hinh chiéu canh Hinh chiéu bang Hinh chiéu dimg
Hinh 5.2 Cac goc nhin khac nhau ciia mé hinh 3D
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Nét khuét
(Implicit)

P gide M6 hinh 3D
(Polygonal) (3D Modelling)

x =sin46
y =C0S26

Manh nho
(Particles)

Tham s
(Parametric)

Hinh 5.3 Cac cach md ta ddi twong 3D
2.PHEP CHIEU

Dinh nghia vé phép chiéu

Mot cach tong quat, phép chiéu 1a phép chuyén dbi nhimng diém cua dbi twong trong hé
thdng toa do n chidu thanh nhitng diém trong hé thong toa d6 c6 sé chiéu nho hon n.

Dinh nghia vé hinh chiéu

Anh cia d6i twong trén mat phang chiéu dugce hinh thanh tir phép chiéu boi cac duong
thang goi 1a tia chiéu (projector) xudt phat tir mot diém goi 1a tam chiéu (center of projection) di
qua cac diém cua ddi tuong giao v4i mit chiéu (projection plan).

Cic buwéc xdy dung hinh chiéu

1. Béi tugng trong khong gian 3D véi toa d thuc duoc cit theo mot khoéng gian xac dinh
goi la view volume.

2. View volume duoc chiéu 1én mat phéng chiéu. Dién tich choan bdi view volume trén mit
phang chiéu d6 sé& cho chiing ta khung nhin.

3. La viéc anh xa khung nhin vao trong mét cong nhin bat ky cho trudc trén man hinh dé
hién thi hinh anh.
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TOA PO THUC TOA PO THEO VUNG . TOA PO THIET
D CAT KHUNG NHIN BI
. ) P PHEP BIEN POI VAO
CAT THEO VIEW .| PHEP CHIEU TREN R T |
- > VOLUM MAT PHANG CHIEU v Tc(()):gg ?:{l\iﬁcTUﬁl

Hinh 5.4 M6 hinh nguyén ly ciia tién trinh biéu dién d6i twong 3D

TRUC GIAO

CHIEU
BANG

CuuDuongThanCong.com

PHEP CHIEU HINH HOC
PHANG
PHEP CHIEU SONG PHEP CHIEU PHOI CANH
SONG
PHEP CHIEU N
XIEN MOT DIEM
AXONOMETRIC
CAVALIER HAIDIEM
TRIMETRIC
CHIEU CABINET BA DIEM
PUNG
CHIEU | | DIMETRIC e
CANH PHEP CHIEU
ISOMETRIC KHAC
Hinh 5.6 Phan loai cac phép chiéu
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Hinh 5.5 Vi du minh hoa cac phép chiéu phéi canh

3. PHEP CHIEU SONG SONG (Parallel Projections )

Phép chiéu song song (Parallel Projections) 1a phép chiéu ma & dé céc tia chiéu song song
v6i nhau hay xuét phat tir diém vo cung.

Phan loai phép chiéu song song dya trén huéng cia tia chiéu (Direction Of Projection) va

mit phang chiéu (projection plane).

3.1.Phép chiéu truc giao (Orthographic projection)

La phép chiéu song song va tia chiéu vudng goéc voi mat phang chiéu. V& mit toan hoc,
phép chiéu truc giao 1a phép chiéu voi mot trong cac mat phang toa do c6 gia tri bang 0. Thuong
dung mit phiang z=0, ngoai ra x=0 va y=0.

Ung vGi moi mat phang chiéu ta c6 mot ma tran chiéu twong (ng.

e

S O o =
S O O O
S = O O
- o o O
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S = O O
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1000 N 3 Diection
R Projection
(T]= 01 00 x:::\\
: 00 0O \\;\\
000 1 z L
\\ X
/

Hinh 5.7 Phép chiéu truc giao
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Thong thuong thi ngudi ta khong str dung ca 6 mit phang dé suy dién ngugc hinh cia mot
dbi twong ma chi sir dung mot trong sé ching nhu: hinh chiéu bang, ding, canh.

Ca sau goc nhin déu co thé thu dugc tir mot mat phang chiéu théng qua cac phép bién doi
hinh hoc nhu quay, dich chuyén hay iy déi ximg.

Vi du: gia st chiing ta ¢6 hinh chiéu bang trén mat phing z=0, v&i phép quay dbi tuong
quanh truc mot goc 90° s& cho ta hinh chiéu canh.

Doi vai cac ddi twong ma cac mat cua chiing khong song song véi mot trong cac mit phang
hé toa do thi phép chiéu nay khong cho hinh dang that cua vat thé. Mudn nhin vat thé chinh xac
hon nguoi ta phai hinh thanh phép chiéu thong qua viéc quay va dich chuyén ddi twong sao cho
mit phing d6 song song véi cac truc toa do.

Hinh cta dbi tugng qua phirc tap can thiét phai biét cac phan bén trong ctia dbi twong doi
lac chung ta phai tao mat cat ddi tugng.

3.2. Phép chiéu truc lugng (Axonometric)

Phép chiéu truc lwong 13 phép chiéu ma hinh chiéu thu duoc sau khi quay dbi tuong sao cho
ba mit ctia ddi tuong duoc trong thy rd nhat (thuong mit phang chiéu 1a z=0).

C6 3 phép chiéu

- Phép chiéu Trimetric

- Phép chiéu Dimetric

- Phép chiéu Isometric
3.2.1.Phép chiéu Trimetric

La phép chiéu hinh thanh tir viéc quay tu do ddi twong trén mét truc hay tit ca cac truc cua
hé toa d6 va chiéu ddi twong d6 bang phép chiéu song song 1én mit phang chiéu (thuong 13 mat
phang z = 0).

Ngoai trir nhitg mat phang cia dbi twong song song véi mit phiang chiéu khong thay doi.
Céac mit khac cua d6i twong hay hinh dang cta dbi tuong thudng bién dang sau phép chiéu.Tuy
nhién ti 1& co (Shortening Factor - SF) 1a ty s cua d6 dai doan thang chiéu so voi do dai thyc té
cua dbi tugng. Trén co s& SF phép chiéu truc lugng dugc chia lam ba loai sau:

= Phép chiéu Trimetric
= Phép chiéu Dimetric
= Phép chiéu Isometric

Viéc tinh cac gia tri SF nay cua cac truc tuong ung dua vao cong thic [U]* [T].

100 1 Yoy 01
oy 01

[Ul={o 1 0 1 ="
0011 x, ¥, 01
0O 0 01

[ U ]: la ma tran vector don vi cla cac truc x, y, z bét bién
[ T ]: 1a ma tran chiéu tong hop tuong (mg

SF- ti 1€ co theo cac truc la:
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_ ) o) ‘f‘Y = xy2v+y|2y ﬂ = 'wx'i'i'y'i
fx Y xx + yx g ) g

3.2.2.Phép chiéu Dimetric
La phép chiéu Trimetric v&i 2 hé s6 ti 1& co bang nhau, gia tri thir 3 con lai 1 tuy ¥.
Phép chiéu dugc xdy dung bang cach quay dbi twong quanh truc y theo mét goc ¢, tiép do

quanh quanh truc ox mot goc ¢ va sau cung 1a phép chiéu trén mit phang z=0 véi tim chiéu tai vo

RRalal,
jalal
PR Y
DO O

Hinh 5.8 Anh ciia phép chiéu Trimetric v6i cac tham s6 géc xoay thay ddi

[T]=[Ry][Rx][Pz]

cosg 0 —sing O]f1 0 0 O0f/1 0 0 O
01 0 0/|0 cosep sing 0|0 I 0 O
- sing 0 cosg O0[|0 —sing cosp 0[]0 0 0 O

0 O 0 10 0 0 1|0 0 0 1

cosg singsing 0 0 x. y. 00

7= .0 cos? 0 0| |ux, y"y 00
sing —cosgsing 0 0 x, y. 00

0 0 0 1 0 0 1

fI=(x7+y’)=cos’ g+sin’ g.sin’ ¢
2 2 2 2
Sy = +y/)=cos" ¢
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Ty 1€ co trén x va y bang nhau nén ta c6:
cos’® = cos’¢ + sin’¢.sin’e
1- sin’p = 1-sin’¢ + sin’¢.sin’p

sin“¢(sin’p-1) = - sin’p

f2=(x]+y?)=sin’ g+cos’ gsin’ ¢
=sin’ ¢ +sin’ p(1—sin” ¢) = sin’ ¢ +sin” g(1 —sin’ )
sin® ¢ = fo=sing _ sin*g
l1-sinp 1-sin’¢

I

sin® @ =

¢ =sin"' (i—fz )
2—f7
L)
V2

Ta thiy ty 1& co thudc khoang [0 1], v&i mdi f, ta c6 bdn kha ning cta phép chiéu.

AN RN

@=sin"'(

£,=0 f,=1/2 f,=1

Hinh 5.9 Phép chiéu hinh hép véi £=0, f=1/2 va f=1
Khi £, =1/2 thi:

@=sin" (iﬁ) ~sin~' (£0.35355) ~ £20.705°

é=sin"' (+ \/17%) = sin ™ (£0.378) ~ £22.208

3.2.3.Phép chiéu Isometric

La phép chiéu truc luong ma & d6 hé s6 co canh trén 3 truc 1a béng nhau.

Géc quay tuong tmg 1 35.26" va 45°

Puoc tng dung nhiéu trong viéc xdy dung cic gbc quan sat chuan cho ddi tuong trong cac
hé soan thao dd hoa.
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. 1
smgp=iT
3

@ =135.26°

sinp  1/3

——= =1/2
I-singp 1-1/3

sin” ¢ =

. 1
smeg=+—
G

¢ =145°

0
=435.26
£:i45° f=+/cos’ @ =4/2/3 =0.8165

Vi du cac phép chiéu song song:

.

othergraphic oblique

|

—_—

/-

Dimetric isometric

Hinh 5.10 Vi du cac phép chiéu song song

3.3. Phép chiéu xién - Oblique
= Phép chiéu Cavalier
= Phép chiéu Cabinet
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\

P LO 0 1]

P1 z

Hinh 5.11 Phép chiéu véi tAm chiéu trén truc oz

3.3.1.Phép chiéu Cavalier

Phép chiéu cavalier 12 phép chiéu xién duogc tao thanh khi cac tia chiéu lam thanh véi mit
phang chiéu mot goc 45°

Heé s co trén cac hé truc toa do béng nhau.

Ta c6 vecto don vi theo truc z 1a P=[0 0 1] tia chiéu lam v&i mat phing mot goc va p duge
chiéu 1én mat phang chiéu.

Ta c6 P10 va PP2 14 2 tia chiéu ciia phép chiéu xién v&i gbc B v6i mit phang chiéu.

P2 1a anh ctia P

P1 1a diém dich chuyén cta P tao ra tia chiéu song song PP2

Tia chiéu P10 c6 thé thu duoc tir phép bién ddi P dén diém [-a-b]

Trong khong gian hai chiéu dich chuyén s& 1a:

1 0 O
T'=| 0 1 0
—-a —-b 1

Trong khong gian ba chiéu, f 1a chiéu dai cta hinh chiéu vecto don vi truc z trén mat phiang
chiéu, d6 chinh 1a hé sé co.

1 0 00 a=f cosa 1 0 00
0 1 0 0 .
[7"]= b= fsina [T]= 0 ! 00
-a -b 00 —fcosa —fsina 0 0
0 0 0 1 0 0 0 1

£=0, b=90° phép chiéu s& tré thanh phép chiéu truc giao.
Con voi £ =1 kich thudc ctia hinh chiéu bang kich thude cua ddi twong => cavalier

Phép chiéu Cavalier cho phép gia tri ctia a bién d6i mot cach tu do a =30 va 45°
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3.3.2.Phép chiéu Cabinet

Phép chiéu xién véi hé sd co tilé f=1/2 .

Véi phép chiéu cabinet, gia tri ctia a. c6 thé thay d6i tuy y. Thong thudng thi cac gia tri hay
duoc sir dung 1a 30° va 45°

Theo phép chiéu xién mot s6 mat cua ddi tuong co thé dugc hién thi nhu hinh dang that cho
nén rat pht hop voi viéc mé ta cac d6i tugng c6 hinh dang tron hay cac bé mit cong.

S
ﬁ cos (W)
Y
/2 )_63.435°
,/12+(1/2)2)

Vi du vé phép chiéu xién (Oblique Projections)

=cos'(

A A

P S

Hinh 5.12 Vi du cac phép chiéu xién hinh hop
4. PHEP CHIEU PHOI CANH (Perspective Projection)

Phép chiéu phéi cinh 13 phép chibu ma céc tia chiéu khong song song véi nhau ma xudt
phat tir mot diém goi 13 tdm chiéu. Phép chiéu phdi canh tao ra hiéu tmg vé luat xa gan tao cam
giac vé d0 sdu ciia dbi tugng trong thé gidi that ma phép chiéu song song khong 16t ta dugc.

Céc doan thing song song ctia md hinh 3D sau phép chiéu hdi ty tai mot diém goi 13 diém
tri¢t ti€u (vanishing point).

Phan loai phép chiéu phéi canh dya vao tam chiéu - Centre Of Projection (COP) va mit
phang chiéu projection plane
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z-axis vanishing point

z-axis vanishing point

- X > X
z z
Mot tam chiéu Hai tdm chiéu Ba tdm chiéu
1 point Perspective 2 point Perspective 3 point Perspective

Hinh 5.13 Phép bién ddi phéi cianh

Hinh 5.14 Phép chiéu véi tim chiéu trén truc z
Phép chiéu phdi canh cta cac diém trén d6i tuong 1én trén mit phang 2D thu dugc tir phép

chi€u tryc giao va phép bién doi phoi canh.
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Chuong 5: Phiéu chiéu — Projection

4.1. Phép chiéu phdi canh mdt tim chiéu
Gia str khi mat phfmg duoc dat tai z= 0 va tam phép chiéu ndm trén truc z , cach truc z mot
khoang zc = -1/r.
Néu ddi tuong ciing nam trén mit phang z = 0 thi d6i twong s& cho hinh anh that.
Phuong trinh bién dbi:
[xyz1][Tr]=[xy z rz+1]
ma tran bién d6i mot diém phéi canh [ Tr ] ¢6 dang:

b

y y
\ I

D’ C

H
H’ G’

E |F X
) = AR F’ B
\ B X
Z -

5.15 Phép chiéu phéi canh mdt tim chiéu

100 0]t 000][1 00O 1000
ot oo[|o1 00|l ]o100 010 0
oot A foooolTlooo | oyl =l v 0 =]
000 1//000 1] o001 00 01

[ ' 2 1]{ al S 1}

rz+1 rz+1
4.2. Phép chiéu phdi canh hai tim chiéu

VP (y=1

.
D’,#’C’,G\’\ ..... -
VP[ x = 10) ! o

[ ........... -

A’,E’'B’IF’

Y

5.16 Phép chiéu phoi canh hai tAm chiéu
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Chuong 5: Phiéu chiéu — Projection

[Te] =[Tpq][Tz]

100 plft oo0o0] [t oo p
10010 g[|01 00 010 g
1o o1 0/]00 0Ol ]0O0O0O
000 1]|/00O0T1] (0001
(1 0 0 p
010 ¢
T 1=
[T1=10 0 1 0
000 1
(1 0 0 p
010 g
1 = +qy+1
[xyZ]OOIO [x v z (px+qr+D)]
000 1

1 1 1 x y Z
[x V' oz 1]: 1
(px+qy+1) (px+qy+1) (px+qy+1)
Hai tam chiéu: [-1/p 0 0 1]va [ 0 -1/q 0 1 ]

Diém triét tiéu (VP -Vanishing point) trong tmg trén 2 truc x vay 1a diém: [ 1/p 0 0 1]va
[01/q011]

4.3. Phép chiéu phéi canh ba tim chiéu
[Tpqr] =[Tp J[Tq][Tr]

1 00 p/|{l 00 O0]1 00O 1 O0O0 p
1001 0 0(]0 1 0 g¢||01 00 |010 g
oo 1 ofloo0o 10001 |00 ¢
o000 1]{0 00 1]]0 0 0 1| |0 0 0 1
1 00 pj{|1 0 0 O 1 00 p
010 ¢gj||]0O1 00 01 0 g¢g
=t |lr.]= _ -
[”][”'][“] 001 {0 0 0 O 00 0 r
00 0 1]/0 0 0 1 0 0 0 1
1 00 p
01 0 g¢g
[x y z 1] =[xy z (px+qy+rz+1)]
0 01 r
0 0 0 1
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Chuong 5: Phiéu chiéu — Projection

[ » =z 1]:[ al J z 1}

(px+qv+rz+1) (px+qv+rz+1) (px+qy+rz+1)

y

A
VP (y =10)

VP (x=10)

Y x

Hinh 5.17 Phép chiéu phdi canh ba tim chiéu

Ba tam chiéu:trén truc x tai diém [-1/p 00 1],
ytaidiém [ 0 -1/q 0 1 ]
ztaidiém [0 0 -1/r 1]
Piém triét tiéu -VP s& tuong Gng véi cac gia tri:
[I/pO0O0O1],[]O0O1/q01 ][00 1/r 1]
Tém tit chwong:

Chung ta xét hai phép chiéu song song va phéi canh, trong phép chiéu song song thi phan ra
cac loai: tryc giao, truc lugng va phép chiéu xién. Phép chiéu truc giao chi don gidn 1a bo di mét
trong ba toa do ciia diém chiéu bang cach cho céc tia chiéu song song v&i mét trong cac truc toa
d6. Phép chiéu tryc lugng thi quay dbi twong khi thay dugc rd nhat dbi tugng rdi méi cho cac tia
chiéu song v&i cac truc toa d6. Phép chiéu xién thi tia chiéu khong song song vdi truc toa do ma
thay bang né 1am voi cac miat phang chiéu mot goc khong vudng.

Phép chiéu phdi canh thi sir dung mot diém cd dinh goi 1a tam chiéu va hinh chiéu cta cac
diém duoc x4c dinh bang giao diém cua tia chiéu (ndi diém chiéu va tim chiéu) v6i mat phang
quan sat. Phép chiéu phdi canh hoi ty tai mat nén ddi tuong cang xa trong cang nhoé va nguoc lai.
Bai tap:

1. Cho Hinh vudéng ABCD c¢6 cac toa do la: A(0,0,0), B(0,2,0), C(2,2,2) va D(2,0,2). Tinh
toa d0 m&i cua hinh vudng sau khi chiéu n6 boi phép chiéu Isometric?

2. Cho Hinh vuong ABCD c6 cac toa d¢ la: A(0,0,0), B(0,2,0), C(2,2,2) va D(2,0,2). Tinh
toa d6 moi cua hinh vudng sau khi chiéu n6 boi phép chiéu Dimetric v6i fz=1/2 (ty 1é co theo truc

z)?
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Chuong 5: Phiéu chiéu — Projection

3. Cho tam gidc ABC c¢ cac toa do la A(2,3,1), B(0,4,6) va C(5,2,7), Hay tinh toa d0 mdi cua
hinh tam gi4c d6 sau khi chiéu phdi canh sau:

- Mot tam chiéu tai P(0,0,10)

- Hai tam chiéu tai M(5,0,0) va N(0,-8,0)

- Ba tam chiéu tai M(4,0,0), N(0,-6,0) va P(0,0,12)

4. Viét chuong trinh chiéu hinh kim cuong (ABCD) v6i phép chiéu tryc giao.
5. Viét chuong trinh chiéu hinh 1ap phuong véi phép chiéu
=  Trimetric
= Dimetric
= Jsometric
6. Viét chwong trinh chiéu hinh kim cuong (ABCD) v&i phép chiéu xién
= Cavalier
= (Cabinet
7. Viét chuong trinh chiéu hinh 1ap phuong véi phép chiéu phdi canh.
Bai tip tric nghiém:

1. Phép chiéu 1a phép chuyén déi’ nhimg diém cla déj tugng trong hé thong toa do n chiéu
thanh nhiing diém trong hé thong toa dd co so chiéu la ...... Cac phuong an sau dién vao
cham cham thi phuong an nao sai:

a. Co sb chiéu nho hon n
b. Thuong la (n-1)
c. Téng quat 14 s6 chiéu nho hon n, thudng (n-1)
d. C6sb chiéu (n+1)
2. Chuong trinh AutoCad di sir dung phép chiéu:
a. Tryc giao
b. Truc lugng
c. Xién
d. Phdi canh
3. Phép chiéu Dimetric 1a phép chiéu song song co cac tia chiéu vudng goc voi man chiéu,

hinh chiéu thu duoc sau khi quay ddi tugng sao cho 3 mat cua dbi tugng dugc trong thiy
(thuong mit phang chiéu 1a z=0) va hé s6 co .... Phuong 4n nao dién vao chim cham 1a

ding?
a. fx=fy=1z
b. fx=1{1y

c ﬁc=ﬁ=fz=\E

d fx=fy=fz=1/2
4. Phép chiéu trimetric 1 phép chiéu song song c6 cac tia chiéu vudng goc voi man chiéu,
hinh chiéu thu dugc sau khi quay doi tugng sao cho 3 mat cua doi tugng dugc trong thay
(thuong mat phang chiéu la z=0) va h€ so co .... Phuong &n nao dién vao cham cham la
dang?
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Chuong 5: Phiéu chiéu — Projection

a. fxz=fy=1z
b. fx=1y
2

d fx=fy=1fz=1/2
5. Phép chiéu Isometric 1 phép chiéu song song c6 cac tia chiéu vudng goc voi man chiéu,
hinh chiéu thu duoc sau khi quay doi tuong sao cho 3 mat ctia doi tugng dugc trong thay
(thuong mat phang chiéu l1a z=0) va h¢ so co .... Phuong an nao dién vao cham cham la

dang?
a. fxz=fy=1z
b. fx="»fy

c. ﬁC=va=fZ=\E

d fx=fy=1fz=1/2
6. Hinh sau 1a hinh chiéu:

8-

Othergraphic (truc giao)
Trimetric

o owp

Dimetric
d. Isometric
7. Hinh sau 13 hinh chiéu:

Othergraphic (truc giao)
Trimetric

c o ®

Dimetric
d. Isometric
8. Hinh sau la phép chiéu:
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Chuong 5: Phiéu chiéu — Projection

z-axis vanishing point

E
/ z-axis vanishing point

z

a. Phdi canh mot tim chiéu
b. Phéi canh hai tdim chiéu
c. Cabinet
d. Cavalier

9. Hinh sau 1a phép chiéu:

—>
X D)
D)
a. Phdi canh mot tAm chiéu
b. Phéi canh hai tim chiéu
c. Cabinet
d. Cavalier
10. Hinh sau 13 phép chiéu: T
—p
e / D
D
a. Phdi canh mét tdm chiéu
b. Phdi canh hai tdm chiéu
c. Cabinet
d. Cavalier

11. Cho doan thing AB ¢6 toa do 1a A(2,6,1) va B(-1,2,-3) phép chiéu phdi canh mot tim
chiéu P(0,0,5) doan thang AB ta thu duoc toa d0 mai ciia AB la:
a. (-1.5,5.5)va(-0.25,2.125)
b. (2.5,7.5)va(-0.625, 1.25)
c. (3.5,-7.5)va(-0.65,1.5)
d. (-4.5,1.25)va(0.25,2.5)
12. Cho doan thang AB c¢6 toa do 1a A(1,4,-2) va B(3,-1,7) phép chiéu phdi canh hai tim
chiéu M(10,0,0) va N(0,-5,0) doan thang AB ta thu dugc toa d6 mdi cua AB la:
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Chuong 5: Phiéu chiéu — Projection

1717

(L A (3.1

17020 ) G D

b. (12,8 va 26
15°15

e
17°17

a (10493 i 6-2)
17°17

13. Cho doan thang AB ¢6 toa d¢ 1a A(2,-5,3) va B(-1,4,0) phép chiéu phdi canh ba tim chiéu
M(4,0,0) , N(0,12,0) va P(0,0,-10) doan thang AB ta thu dugc toa d6 mdi ciia AB la:

10 25 20 80
* E’_Ej [‘?E]
b, i_ij [_i ij

107 25 20’80

1 24 22 70
. 5’?) (‘?‘?}

o (10 _25) (_20 80
L1711 11711

14. Poan ma sau 1a thudc bai “...quay mot dbi tugng quanh truc toa do...” phép quay trong
3D. Hay cho biét truc ma ddi trong quay quanh:
#define RADS 0.017453293// ddi dd ra radian
struct point{

int x,y,z;
b
point quay(int &x, int &y, int &z, int goc , int chieu)
{
point p;
if(chieu==1)
{
p-x = x*cos(RADS*goc) + z*sin(RADS*goc);
p.z = -x*sin(RADS*goc) + z * cos(RADS*goc);
Py =Y

return p;

a. ox
b. oy
c. 0z
d. Caba déu sai
15. Poan ma sau 1a thudc bai “...quay mot d6i tuong quanh truc toa do...” phép quay trong
3D. Hay cho biét truc ma doi tugng quay quanh:
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Chuong 5: Phiéu chiéu — Projection

#define RADS 0.017453293// ddi dd ra radian
struct point{
int x,y,z;

b
point quay(int &, int &y, int &z, int goc , int chieu)

if(chieu==2)

{
p.y = y*cos(RADS*goc) - z*sin(RADS*goc);
p.z = y*sin(RADS*goc) + z * cos(RADS*goc);
p.-X =X;

return p;

a. ox
b. oy
c. oz
d. Caba déu sai

16. BPoan ma sau la thudc bai “...quay mot débi tugng quanh tryc toa dog...
3D. Hiy cho biét truc ma déi trong quay quanh:
#define RADS 0.017453293// ddi d ra radian
struct point{

2

phép quay trong

int x,y,z;
¥
point quay(int &, int &y, int &z, int goc , int chieu)
{
point p;
/T
if(chieu==3)
{
p.x = x*cos(RADS*goc)-y*sin(RADS*goc);
p.y = x*sin(RADS*goc)+y*cos(RADS*goc);
pz=1z
b
return p;
¥
a. ox
b. oy
c. 0z
d. Caba déu sai
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Chuong 6: Mau séc trong dd hoa

CHUONG 6: MAU SAC TRONG PO HOA

1. ANH SANG VA MAU SAC (light and color)

1.1. Quan niém vé anh sang
e Anh sang dem dén su séng cho con ngudi
e Anh sang dem dén mau sic cho con nguoi
Mau sic 1a cam gidc ma né xay ra khi c6 ning luong ctia 4nh sang, xuét hién trén vong mac
va nhan biét dugc nhé ndo.
e Hanh phtc ciia con nguoi 13 cam nhén duge mau sic
e Nguyén tic cta anh sang dya trén hai goc do
0 Vatly - physics
0 Sinh ly - physiology
1.2. Yéu to vat ly
Anh sang phu thudc vao mirc nang luong dugc truyén hay budc song cia anh sang. Anh
sang tring hay dai song ma mat ngudi co thé cam nhan duoc, sau khi phan tich qua ling kinh
thanh cac phé mau: tim, cham, lam, luc, vang, da cam, do....Anh sang la song dién tir c6 budc
song A di tr 400nm — 700nm.

Frequency TWaymelensth
fihz) (elor g
. __ 400
7w D14_ Vialet
Elue
6 X100 — Greett | snp
Tellowar
14 o]
o100 — fnge |- A00
RFed
4 — 700
4 Zﬁ'C'lD1 —

Hinh 6.1 Tén s6, mau sic va budc séng cia anh sang nhin thiy
Téng nang lugng dic trung cho timg loai budc song duge biéu dién bang ham phéan bd niang
lwong phd P(L).
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Chuong 6: Mau sic trong d6 hoa

HEEE
400 440 480 520 560 600 640 €80

Wavelength (nm!

Hinh 6.2 P thi phan b6 ba mau

Nguyén Iy pha mau véi cac sic mau co ban 1a do, luc, lam (Red, Green, Blue). Theo nguyén
1y ba mau ndy, mot mau bt ky déu cé thé dugc tao ra tir ba mau co ban.

Frequency (Hz)
10 10 10 10 10 10 10° 10°
A T 1 I s e s O s
|
Radio Frequency iMicrowavesi Infrared | X-Rays H-Rays

| / \ Ultraviolet ‘

Visible Spectrum

Hinh 6.3 Ving anh sing thay dwoc

Phd ciia 4nh sang (Spectrum)

e Anh sang xuét phat tir ngudn sang duoc xac dinh boi phd I(A) cia né - spectrum, phd
I(\) nay dugc do boi nang lugng cta anh sang véi budce song cho trude di qua mot don
vi dién tich trong mot khoang thoi gian.

e Thuat ngit khic phd cong suit - power spectrum, véi don vi 1a watts/m?.

e Pho cong suat dugc dung dé do cudng do phat sang ctia ngudn - emission intensity

e Hay con goi cudng d6 truyén din - transmission intensity cuia anh sang theo ludng trong
khong gian, hay cudng d6 phat sang- illumination intensity ciia anh sang dap 1én bé mat.

Mau sic

e Isaac Newton - anh sang tring di qua thau kinh thuy tinh s& phat tan ra thanh phd cac

mau cau vong
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Chuong 6: Mau séc trong dd hoa

e Nguoc lai, thdu kinh c6 thé két hop cac phd anh sang dé tao thanh anh sang tring.
e Chum sang khi phén tach thanh phé mau c6 lién quan dén phd niang lugng I(L).

e Pho dién tir d6 ¢6 bude song tir 350 t6i 780 nm va mau duoc dic trung bai c())

c(A)
A

Nnn}

Y

350 780 A

Hinh 6.4 Phé dién tir ciia anh sing
1.3. Cam nhin mau sic ciia con ngudi (Physiology - Sinh 1y - Human Vision)
Céu tao hé quan sat ctia con nguoi gom 2 loai té bao cam thu - sensors
- Rods (& bao que): cho cam nhan cudng do anh sang thip hay trong bong t6i
- Cones - té bao hinh nén
Nhay cam véi dnh sdng madu sdc
Chia lam 3 logi non - cone
Ba loqi sé co ba gia tri goi la tristimulus values cdm nhdn twong ung trén 3 mau co ban

va guri den ndo nhitng tin hiéu tao ra cam nhdn vé mau sac S-M-L.

Dé dat duoc mot sy cam nhan vé mot mau bat ky ta phai xac dinh gia tri cua 3 dai lugng

9

nay

and cones

Optic nerve

Hinh 6.5 CAu tao mit con nguoi Hinh 6.6 Con ngudi cim nhin mau sic

Ba loai té bao non s€ ¢6 do nhay cam véi 3 mau va cac budc song khac nhau nhu:

101

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 6: Mau sic trong d6 hoa

- L or R, hau nhu nhay cam v&i anh sang d6 (610 nm)

- M or G, nhay cam véi anh sang luc (560 nm)

- Sor B, nhay cam v6i anh lam (430 nm)

- Vay ta c6 ngudi bi mu mau ching qua la mat t& bao nén

S:M:L ty 18 = 1:20:40 = tir 46 ta thdy con ngudi nhay cam v6i mau d6 hon 1a mau xanh

lam.
» " NO khong chi don gian la
S M | L 3 A
&| RGB cong voi anh sang
rod 7/ £ A 13 N7
=Két hop t€ bao que va non
g / mang lai cdm nhan cd mau sic
-'+L—) (— [+ va anh sang
" N
»T¢ bao dap ung thay doi véi
otz et A cuong do:
/ 4
binolar el L+ | — ., , £ p ’
’ - Khi anh sang yéu: thich tng
v6oi nhin t61, t€ bao que troi
Yelow/Blue RediGreen Black/White

hon cam nhan mau sac khong
dang ké

e

=)

- Khi 4nh séng 1a trung binh:
thi ca hai la mtrc trung binh

- Anh sang cao: xur ly mau
séc, té bao non trdi hon

Hinh 6.7 Ciu tao va nguyén ly hoat dong cac té bao mit

56

86

Hinh 6.8 Cim nhian mau sac cia con ngudi

Ta thdy mau do tuoi (bdo hoa) khac mau do tai (chua bio hoa).
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Chuong 6: Mau séc trong dd hoa

Yéu t6 cam nhan sinh 1y:

- Hue - sic mau: dung dé phéan biét sy khac nhau giita cac mau nhu xanh, do,
vang.....

- Saturation - d0 bdo hoa: chi ra mirc 6 thuan ciia mot mau hay khoang cach cua
mau t6i diém c6 cuong do cin bang.

- Lightness - do sang: hién than vé m6 ta cuong do sang tir anh sang phan xa nhan
duoc tir d6i tuong.

- Brightness - d6 phat sang: cudng d6 anh sang tu dbi twong phét ra chir khong phai
do phan xa tir cac ngudn sang khac.

- Hé théng mau duoc st dung rong rii dau tién do A.H.Munsell dua ra vao nhiing
nam 1976 khong gian ba chiéu bao gdm ba yéu td Hue, Lightness va Saturation.

Sdc mau trong hoi hoa: thuong dugc xac dinh mau trén goéc do sdc thai (tints), sic do

(shade), tong mau (tone) tir cic méau nguyén chét hay bao hoa. Sic thai 1a dwoc hinh thanh tir viéc
thém sic td tring vao cic mau nguyén chat dé giam do bao hoa. Sic do hay con goi la do giam
mau dugc tao ra bfing cach thém mau den vao cac mau nguyén chat dé giam di do sang cua mau.
Con tong mau 1a két qua cua ca hai qua trinh trén khi thém ca mau tring 1an mau den vao cac mau
nguyén chat.
1.4. Cac dac trung co ban cua anh sang

Anh séng c6 thé duoc mé ta bang ba thuat ngi:

- Do sang (Lightness): dua vao tinh chit vat Iy cua no, hay con goi la tinh phéat sang
(brightness). Tinh phét sang do luong ning luong toan phéan trong anh sang. N6 ty 18 véi dién tich
gidi han bai P(L) va truc A trong ddy 400 dén 700 nm. Dién tich nay duogc tinh nhu sau:

j P(A)dA

Tinh phat sang cang cao, thi d6 sang cang sang hon ddi v6i nguoi quan sat.

- Séc d6 (shade): dé phan biét anh sang tring v6i anh sang do v6i anh sang xanh. Déi véi
anh sang c6 su phan bd quang phd 1y tuong nhu hinh dudi, sic do thich ing véi mot tinh chat vat
1y khac dugc goi 1a budc song trdi cta su phan bo.

1 P(A) /bu’éc song tro1 (Dominant warelength)
Pure color
White
A(nm)
400 700

Hinh 6.9 Phin bd quang pho ciia anh sing
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Chuong 6: Mau sic trong d6 hoa

- B9 bao hoa (Saturation): mé ta mirc d§ choi loi cia anh sang. Vi du hai anh sang mau do
c¢6 thé khic nhau ¢ tinh phat sang/dd sang va chung cé thé khac nhau & muc do choéi loi (vi du
mau dé tuoi/bao hoa khac véi mau doé tai/ khong bao hoa). Ching ta co:

mau tuoi

Do bao hoa =

Mau twoi + mau tring
2. ANH SANG DON SAC

Khong cdm nhan dugc cac sac mau khac nhu vang, do, tim... khi quan sat trén man hinh
den trang

Pinh luong 1a thudc tinh duy nhét cta cac tia sang don sdc va vé mat vat Iy n6 dugc tinh
bang ning luong cua tia sing duge mo ta cudng do (intensity) hay do chiéu sang (luminance).

Dudi goc do cam nhan vé mit tim ly thi cuong do cua tia sang chinh 1a d§ sang cua vat
(brighness)

Str dung pho ké - photometer dé do d6 sang thip nhat (min) va cao nhit (max) ctia man
hinh. Va d¢6 1a khoang dong.

Khoang cuong d6 nhan gia tri min 1a Ip, dén max 1a 1.0. Lam thé nao dé thé hién duoc 256
muc xam khéc nhau?
2.1. Cwong dg sang va cach tinh

Cudng do cua ngudn sang sé thay doi trong khoang tir 0 dén 1: 0 qui wdc cho mau den va 1
cho mau trang.

khoang tang cua cuong do sang s€ phan chia theo ham logarit

=I,L=rl,L=rL =1y, ..., Lss=1° I=1

=1/ 10)1/255 =11y = 125590255

I[=kN'

Véi k va v 1a cac hang s (c6 y tir 2.2 -> 2.6), N s lugng hat tai mot thoi diém phat ra tir
cathode trong mot chum tia dién tur.

I():Io

Il :I‘I()

Iz = I‘Il = 1‘210

x5Sy _
[>ss=rlss=1""1p=1

2.2. Phép hi¢u chinh gama
Tacd I=K.V' hay V= (I/K)"”

Trong d6 V dién 4p ti 18 v6i N trén mdi diém anh.
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Gia sir chiing ta c6 mot cudong do sang I thi budc dau tién ta phai lam 14 tim ra gié tri [j gan
nhat qua phép lam tron. Gid tri j tim duoc I= Pl vay r'=I/I, suy ra j = ROUND(log, (1/1y)).

Thay j vao cong thirc ta co:

[=r.1

Budc tiép theo cua tién trinh 1 x4y dung muc dién ap V; cho diém anh ma cudng d6 4nh
sang co gia tri tuong ung la I;.

V; =ROUND(Ij /K )"

Ta thiy dé cuong do sang 1a nhu nhau cho cdc man hinh (hay anh 1a nhu nhau), thi chi con
thay d6i gia tri gama. Gia tri gama 1a s6 mii ciia ham luy thira, gia tri d6 ddi véi loai phim nhwa
35mm trong phong tdi 1a 1.5. Nhung hé ) gama cua CRT la loai thiét bi do sang phu thudc vao
dng phong tia dién tir. Thyc té gia tri gama ciia CRT dao dong tir 2.3 dén 2.6.

Ta ¢ su phan hoi tuyén tinh cia CRT c¢6 thé dugc bu bai phan cing va phép bu nay goi 1a
phép hiéu chinh gama (Gama correction). Viéc sir dung I; 1am chi s6 trong Lookup table (LUT) dé
tim ra cuong do sang cho cac diém anh trén man hinh goi 1a phép hiéu chinh gama véi bang LUT.
Vay bao nhiéu khoang s€ 1a du nhé cho viéc thé hién mot diém anh den tréng la lién tuc? Theo
tinh toan thi r=1.01 13 mic ngudng phan biét cia mat. Néu r<1.01 thi mat s& khong phan biét
duoc su khac 1énh gitra hai cuong do 1an cin nhau I va Ij.

=(1/1y).1/n =1.01 véy n=log, o;(1/Iy) v6i (1/1y) 1a khoang bién dong cua thiét bj phan cimg.
2.3. Xép xi ban tong - halftone

Str dung den tring dé mo ta anh nhiéu mau ?

Phuong phap trén dua vao cau tao mat clia nguoi ciing nhu nguyén 1y thu nhan anh cta mat
khi nhin nhitng viing nho & khoang cach xa. Luc d6 mat khong thé phan biét duoc cac vat mot
cach cu thé ma chi ghi nhan cudng do trung binh cua ving anh d6. Phuong phap nay dugc goi 1a
xAp xi ban tong.

Phuong phéap nay cho phép dat dugc do phan giai trong in anh bao vao khoang tir 60->80

Hinh 6.10 Dung den tring dé thé hién anh mau

Ta c6 giai thuat phan ngudng (Thread Hold). Phan ngudng 14 1dy mot gia tri trung binh cua
ca vung anh 1am ngudng va so sanh n6 véi muc sang cia timg diém anh trong 6. Néu gia tri cua
n6 16n hon ngudng thi diém d6 duge bat (on), néu nguoc lai thi tit (off).
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Ta thiy voi phuong phap ndy mat di nhiéu thong tin ciia anh gy ra mét s6 hiéu tng phu

cho anh. Dé giai quyét ta ding phuong phap sau:

Mau t6: ta biéu dién mot diém anh trén man hinh theo cac mau to. Pon vi nho nhat cua anh

ludi 12 2x2 ta c6 5 mac do dé thé hién cuong do sang cua vung don vi. Ma tran ludi kich thude

nxn chiing ta ¢c6 n’+1 d6 phan giai khac nhau. Hinh du6i day 1a ma tran 3x3 va cdc don vi mi 1a 0

dén 9.

|

1 2 3 4
6 7 8 9

Hinh 6.11 Phén b6 cic diém trong viing theo thir tu ting din

Viéc thé hién cuong do vung anh I bay gio chi con don thuan 1a bat tat ca cac vitri <I

Thir nhat:Khong ding ma tran miu c6 dang dudng thing ngang

Thir hai: Cac mau phai dwoc hinh thanh theo chudi cac budc lién tiép nhau sao cho moi
diém anh c6 mat do thé hién ngudng a déu phai c6 mat dé thé hién moi ngudng b véi b
> a.

Thir ba: Cac mau phai dugc phat trién theo quy tic tir tim di dan ra xung quanh. Nho d6
s& gy duoc cho ngudi sir dung hiéu ing tang kich thudc diém.

Thir tw: V&i mot s6 cac thiét bi in nhu may in laser hay cac thiét bi ghi hinh, vin dé vé
cac diém doc 1ap tuyét dbi 1a rat kho co kha nang dat duoc. Khi ma dai da phan cc diém
anh duoc bat cho mot cudng do sang thi chung s& giy ra cac thay ddi cho cac diém con
lai.

Xép xi ban tong voi anh mau: Ta 1ay mdi cell khong phai 1a mot don vi nita ma 1a ba don vi
nho dac trung cho ba mau (Red, Green, Blue).
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Hinh 6.12 Mau séc trong dnh mau

2.4. Ma tran Dither va phép lay xap xi ban tong

Bayer nam 1973 da dua ra dang ma tran dither ma nho d6 tang dugc d§ min cua anh khi
hién thi.

Ma tran 2 x 2 ma tran dither ¢6 ky hiéu D%

(2n)

Tinh cic ma tran D®" thong qua D™:

_ 0 2 Do) _ 4D(n/2)+D(gg)U(n/2) 4D(n/2)+Dé%)U(n/2)
= 3 1 h 4D(n/2)+D1(§)U(n/2) 4D(n/2)+D(12)U(n/2)

1

p®

U™ 12 ma trin n x n véi tat ca cac phan tir = 1

Véin =4 va két qua tir D@

0 2 11 0 2 11
4 +0 4 +2
po_| 131 11 301 11

0 2 11 0 2] [1 1
4 +3 4 +1
31 11 31 11
0 8 2 10
D(4)_124146
3 111 9
15 7 13 5

Dé xac dinh diém (x,y) 12 bat hay tit, ta can xac dinh vi tri diém twong ng véi vi tri ma tran
Dither dé so sanh cuong d6 sang trung binh S v&i gia tri d6 trong ma tran. Néu S>D;; thi bat.
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3. CAC HE MAU TRONG MAN HiNH PO HQA

Mo hinh mau - color model: 13 hé théng c6 quy tic cho viéc tao khoang mau tir tip cac mau
co ban.

C6 2 loai m6 hinh mau la:

- Mau thém (additive): mé hinh mau thém st dung 4nh sang - light dé hién thi mau.
Mau sic cia md hinh nay 14 két qua cta 4nh sang truyén dan - transmitted

- Mau bu (subtractive): m6 hinh mau bu sir dung muc in - printing inks. Mau sic cam
nhan duoc 14 tir 4nh sang phan xa - reflected light (Idy mau troi).

Khoang mau ma chiing ta tao ra véi tdp cac mau co ban goi 1a gam mau hé thong (system’s
color gamut)

Mbi md hinh mau c6 khoang mau hay gam mau riéng gamut (range) ctia nhitng mau ma no
c6 thé hién thi hay in.

M&i mé hinh mau duoc gii han khoang ctia phé mau nhin duge. Gam mau hay khoang con
duogc goi 1a khong gian mau "color space". Anh hay db hoa vector c¢6 thé noi: sir dung khong gian
mau RGB hay CMY hay bét cir khong gian mau nao khac.

Mot sé tmg dung dd hoa cho phép ngudi dung sir dung nhiéu mé hinh mau dong thoi dé
soan thao hay thé hién dbi tuong hinh hoc. Diém quan trong la hiéu va dé cho ding mo6 hinh can
thiét cho cong viéc.

C6 ba hé mau dinh hudng phan clng:

- RGB (Red, Green, Blue) dung voi CRT

- YIQ trong hé thong tivi mau bang tan rong

- CMY (Cyan, Mangenta, Yellow) str dung mot s thiét bi in mau

Khéng c6 mt md hinh mau nao trong cac md hinh thyc té trén co tinh d& sir dung, vi ching
khong ¢6 mbi lién hé truc tiép véi ¥ niém mau truc gidc ctia con ngudi. Mau ma con ngudi cam
nhan:Hue (sdc mau), Saturation (d6 bo hoa), Lightness (d0 sang).

Céac mo hinh mau khac nhau dugc phat trién nhim st dung cho mot tiéu chi nhéat dinh.

3.1. M6 hinh mau RGB (Red, Green, Blue - dé, luc, lam)

Gam mau thé hién trong man hinh CRT xéc dinh béng nhitng dac tinh cta hién tugng phat
quang cic chét phét pho trong man hinh CRT. M6 hinh khéng gian mau RGB dugc sép xép theo
khéi 1ap phuong don vi. Pudng chéo chinh ciia khbi 1ap phuong véi su cAn bang vé sd luong timg
mau gdc twong Gmg v6i cac mie do xam véi den 14 (0,0,0) va trang (1,1,1).

108

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Chuong 6: Mau séc trong dd hoa

Hinh 6.13 M6 hinh khong gian mau RGB
C=rR+gG+bB
Trong d6 C = mau hodc anh sang Kkét qua. (r,g,b) = toa d0 mau trong mién [0 1], (R,G,B) =

cac mau co ban do, luc va lam.

X7 [x, x, Xx,[R
Y|=|Y, Y, Y |G
z| |z, z, z,|B

Néu hai mau tao ra cung mot gia tri kich thich thi chung ta khong thé phan biét duoc hai
mau. Khong gian mau RGB duya theo chudn ITU-R BT.709, v6i gama = 2.2 va diém tring clia mo
hinh 1a 6500 degrees K.

3.2. M6 hinh mau CMY (Cyan, Magenta, Yellow - xanh tim, Pé twoi, vang)
Pay 1a mo hinh mau bu (Subtractive color models) hién thi anh sing va mau sic phan xa tir
muc in. B6 xung thém muc dong nghia vdi anh sang phan xa cang it.
Khi bé mit khong pht muyec thi 4nh sang phan xa 1 anh sang tring - white.
Khi 3 mau c6 cung gia tri cho ra mau xam. Khi cac gia tri dat max cho mau den.
Color=cC+mM +yY
Ta c6 Red +Cyan = Black ; Green +Magenta = Black ; Blue + Yellow = Black
1| C 1| | R
Black=|1|{|M |=|1|-| G
|| Y | B
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0,10
IMagenta

Hinh 6.14 M6 hinh khéng gian mau CMY
Mo hinh mau CMY- K

Mo hinh mé rong cia CMY tmg dung trong may in mau. Gié tri den bd xung vao thay thé
cho ham lugng mau bang nhau cia 3 mau co ban.
Cong thirc chuyén doi:
K =min(C,M, Y);

C =C-K;
M=M-K;
Y=Y-K;

C-Cyan, M-Magenta, Y-Yellow; K-blacK
3.3. M6 hinh mau YIQ
Mo hinh mau YIQ 14 md hinh mau dwogc Gmg dung trong truyén hinh mau bing tan rong tai
MY, va do d6 né ¢6 mdi quan hé chat ché voi man hinh d6 hoa mau raster. YIQ 1a sy thay doi cua
RGB cho khé ndng truyén phat va tinh twong thich véi ti vi den trang thé hé trudce. Tin hiéu truyén
st dung trong h¢ thong NTSC (National Television System Committee).
Su bién d6i RGB thanh YIQ dugc xac dinh theo cong thuc sau:

Y 0.299 0.587 0.114 R
I 1=1059 -0275 -0321|=|G
0 0.212 -0.523 0.311 B

Y do choi, I & Q dai luvong vé mau sdc
Chu ¥: Y giéng nhu Y trong mo hinh CIE’s
N6 hoan toan twong thich véi den/tring (B/W) ciia TV
Nhimng dai lugng trong ma tran bién d6i dugc tim bang cach str dung cac phosphor NTSC RGB
chuan c6 céc toa do sac pho la R(0.67 0.33), G (0.21 0.71) va B(0.14 0.08). Nguoi ta cling gia
dinh rang diém trang nam ¢ x,, =0.31 ,y, =0.316 va Yy, =1.0.
3.4. M6 hinh mau HSV (Hue, Saturation,Value) - My thuét

Yéu t6 cam nhan mau sac:

- Hue - sac mau: dung dé phan biét su khac nhau gitta cac mau nhu xanh, do, vang...
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- Saturation - do bio hoa: chi ra mérc d6 thuan ctia mot mau hay khoang céch ctia mau
t6i diém c6 cudng d6 can bang(mau xam)

- Lightness - d6 sang: hién than vé mo ta cudng do sang tir 4nh sang phan xa nhan duoc
tir d6i tugng.

- Brightness - 6 phat sang: cudng do anh sang ma ty d6i twong phat ra chir khong phai
do phan xa tir cac ngudn sang khac.

Mo hinh mau RGB, CMY, YIQ duoc dinh huéng cho phan cimg

HSV (Hue, Saturation, Value)=HSB(Hue, Saturation, Brightness) dinh hudéng nguoi su
dung dya trén co s¢ vé truc giac vé tong mau, sdc do va sic thai my thuat

Mo hinh mau HSV dugc Alvey Ray Smith dwa ra 1978. Hue: mau sic 0°-360° do boi goc
quay xung quanh truc dimg v6i mau do 1a 0°, mau luc 1a 120°, mau lam 1a 240°. Cac mau bd sung
cho hinh chép & 180° dbi dién voi mau khac.

Value-Brightness:(d6 sang) 0-1 duong cao V véi dinh 1a cac diém gdc toa do (0,0). Diém &
dinh 12 mau den va gia tri V=0, tai cac diém nay gi tri cia H va S khong lién quan dén nhau. Khi
diém co S=0 va V=1 1a diém mau tring, nhitng gia tri trung gian ctua V d6i voi S=0 (trén duong
thang qua tdm) 1a cic mau xam. Khi S=0 gié tri cia H phu thudc dugc goi boi cac qui ude khong
xac dinh. Nguoc lai khi S khéc 0 gia tri H s& 1a phu thudc.

Saturation: P9 bao hoa 0-1, gia tri cua S 1a tap cac gia tri tir 0 trén duong truc tam (truc V)
dén 1 trén cac mit bén tai dinh coa chép 6 canh.

Saturat

OK

Cyan

Cancel

s

Preview

Magenta

= Red: |205 5‘ Mew
Sat: |16z = Green: IZISE‘

Blue: |30 =

0.0
Black Current

Hinh 6.15 M6 hinh mau HSV

Mo hinh mau HLS (Hue, Lightness, Saturation Model) — khong gian mau tryc quan

Mo hinh thuong dugc st dung trong k¥ thuat dd hoa. Uu diém 1a rat truc giac vi du ta co
thé chon mau, thay ddi do sang va thay ddi do bio hoa. Nhuoc diém 13 khi chuyén dbi voi khong
gian mau RGB s& ¢6 sai sd (cube stood on end) thay doi trén cac loai man hinh khéac nhau, rd rang
khong cam nhan déu cac mau.
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Hinh 6.16 M6 hinh mau hinh chép sau canh déi HLS

Chung ta ¢ thé coi mod hinh HLS nhu mot sy bién dang cia mé hinh HLS ma trong dé mé

hinh ndy mau tring dugc kéo huéng 1én hinh chép séu canh phia trén tir mat V=1. Nhu véi mo
hinh chop sau canh don, phan bd sung ctia mau sic dugc dit ¢ vi tri 180° hon 13 xung quanh hinh
chép sau canh doi, sy bao hoa dugc do xung quanh truc dung, tr khong trén truc téi 1 trén bé mit.
Do sang (Lightness)=0 cho mau den (tai diém mut thap nhat ctia hinh chép sau canh d6i) va bang
1 cho mau tréng (tai dAu mut cao nhat).
3.5. Biéu d6 mau CIE (1931 — Commission Internationale de I’Eclairage)

Nhuoc diém ctia RGB:

- Két qua thyc nghiém cho thiy rat nhidu nhitng 4nh sang mau khong thé tao thanh tir 3

thanh phan mau co s& voi nguyén nhan do vo ciia vong mac - retinal cortex.

- Véi mau Cyan: cuong do cua anh sang 2 mau green va blue kich thich cam nhan mau
d6 trong mat ngin khong cho thu duoc mau chinh xac

- Céach duy nhit dé thu dugc mau nay 1a loai bt phan mau do bang cach thém anh sang
d6 vao mau ban dau.

- Bang cach thém tir tir anh sang do vao thu dugc (test + red) s& cho ra mau dung bang
(blue + green)

-C+rR=gG+bB <=>C=gG+DbB-1R

- Van dé dit ra 1a viéc phirc tap trong phan tich mau va chuyén d6i mau véi dai luong
am cua anh sang do doc lap thiét bi.
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Hinh 6.17 Ham phén b6 ba mau co s¢ (qua thwe nghiém - phu thudc vao mit ngudi)

CIE stands for Comission Internationale de ['Eclairage (International Commission on

[llumination)

Commission thanh 1ap 1913 tao mot dién dan qudc té vé trao ddi ¥ tuong va thong tin ciing
nhu tip chuén - set standards cho nhing van dé lién quan dén 4nh sang.

Mo hinh mau CIE color phat trién trén co s& hoan toan doc lap thiét bi

Dua trén sy cam nhan cla cia mat nguoi vé mau séc.

Yéu t6 co ban ciia mo hinh CIE dinh nghia trén chuan vé ngudn sang va chuin vé ngudi
quan sat.

CIE XYZ - Color Space
- CIE - Cambridge, England, 1931. Véi y tudng 3 dai lugng anh sang - lights mau X, Y,

Z cung pho twong tng.

MJi séng anh sang A c6 thé cam nhan dugc boi su két hop cua 3 dai luong X,Y,Z

Mo hinh - 13 khéi hinh khéng gian 3D X)Y,Z gdm gam mau (gamut) cia tit ca cac
mau c6 thé cam nhan duoc.

Color=X’X+Y'Y+Z2'Z

Céc gia tri XYZ thay thé cho 3 dai luong truyén thong RGB

Mau dugc hicu trén 2 thuat nglt (Munsell's terms): mau sac va sac do

Uu diém cua 3 loai mau nguyén 1y co ban la c6 thé sinh ra cdc mau trén co sG tong cac
dai lugng duong cia mau maoi thanh phan.

- Viéc chuyén ddi tir khong gian mau 3D toa d6 (X,Y,Z) vao khong gian 2D xac dinh
bi toa dd (x,y),theo cong thirc dudi phan s6 cua cta téng 3 thanh phan co ban.
- x=X/(X+Y+Z),y=Y/(X+Y+Z) ,z=Z/(X+Y+Z)

Co:x+y+z=1, 6 day toa d0 z khong dugc sir dung
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0.4
Z
0.3

0.2 y X

0.1 -

0.4

W7 T 7 1T T 1T T T T T T T 1T
380 430 470 a10 a4a0 a40 m30 70 710

Hinh 6.18 Ham phan b ciia cac dai lwgng CIE co sé

- Chuan CIE xéc dinh 3 mau gia thuyét hypothetical colors, X, Y, and Z 1am co s& cho
phép tron mau theo mé hinh 3 thanh phan kich thich.

- Khéng gian mau hinh moéng ngua - horseshoe-shaped 14 két hop ciia khong gian toa
do 2D mau x, y va d0 sang.

- Ax =700 nm; Ay = 543.1 nm; Az =435.8 nm

- Thanh phﬁn dd sang hay do chaéi dugc chi dinh chinh b%lng gia tri dai luong Y trong
tam kich t6 ciia mau sic

Hinh 6.19 Khéng gian mau hinh méng ngua
Mo hinh CIE xyY

80

= 10
L ILLUMINANT C

0

y

Hinh 6.20 M6 hinh mau CIE xyY
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- Thang do ciia Y xuét phat tir diém tring trén duong thing vudng goéc voi mit phing
X,y voi gia tri tr 0 té1 100.

- Khoang mau 16n nhat khi Y=0 tai diém tring va bang CIE Illuminant C. Day la day
cua hinh.

- Khi Y tdng mau tré nén sang hon va khoang mau hay gam mau giam di¢n tich trén toa
dd x,y cling giam theo.

- Tai diém trén khong gian véi Y= 100 mau c6 sic xam bac va khoang mau ¢ dy 1a bé
nhat.

7 axie
i

= :
IIIIIIIIIMII'IIII#III'

=

i u w u

¥ axis
Hinh 6.21 Khéng gian mau hinh méng ngua

4. CHUYEN POI GIUA CAC HE MAU

Viéc xay dung va thé hién mau sic cua cac dbi tuong trén man hinh dd hoa chi thuc hién
qua mo hinh ba mau ma phan ctrng ho trg RGB. Vay khi phan mém tng dung c6 st dung dén céc
mo hinh mau khéc, ta phai chuyén doi gitra chiung.
4.1. Chuyén déi HSV - RGB

Hé HSV ¢6 H (sic mau) chay tir 0° dén 360° véi mau do tai 0°.

S (46 bao hoa) va V (gia ti cuong do anh sang) thudc khoang [0 1]

If (S==0)//H khong tham gia - den trdng

R=V;
G=V,;
B=V;

Else // Khi d6 S<>0 trudng hgp mau
// Mau cla diém anh dudc xac dinh thdng qua 3 bién phu M,N va K

if (H==360)

H=0;

Else

H = H/60;

I = (int)H; // lay gia tri nguyén
F=H-T;
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M = V¥(1-S);

N = V(I - S*F);

K = V*(1- S*(1- F));
if I == 0 then (R,G,B) = (V,K,M);
if I == 1 then (R, G, B) = (N, V, M);
if I == 2 then (R, G, B) = (M, V, K);
if I == 3 then (R, G, B) = (M, N, V);
if I == 4then (R, G, B) = (K, M, V);
if I == 5then (R, G, B) = (V, M, N);

4.2. Chuyén d6i RGB sang XYZ

X a, a, a;|R
Yi=lay, a, ay|G
Z a, 4y, as; | B

Céc nha san xuét cung cap cac toa dd XYZ cho phdt pho tuong tng véi mau RGB ma man
hinh hién thi: (X, Yo, Z: ), X Ye Zg) Vi (Xb, Yo, Zb)

Hay viét lai:

x| |X, X, X,[R

yi=1Yy Y, VY G

Z Z Z, Z,|B
Co R=1

R 1 X| | X,

G|=|0|suyra | Y |=| 7Y,

| B 0 Z Z,
Tuong tu G=1 Tuong tu B=1

R 0 X X, R 0 X| | X,
G|=|1]| suyra | Y |=|7, G|=|0| suyra | Y |=| Y,
B| |0 Z Z, B 1 VA Z,

Thuong [X Y Z] cho mdi phét pho (phosphor) thi khéng duoc cung cép, nén chung ta tinh
voi truong hop diém trang (whitepoint) khi R=G=B=1.

Bay gio chiing ta can biét d6 chéi cua diém tring duoc giri boi Y, . Ta dat:

E,=X,+Y;+Zsuyra x,=X,/E,vay X, =x; .E;; Y:=v:.E; ; Z, = (1- x, — y; ).E;

Tuong tu:
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X x E x E, x,E, R
Y = yrEr ygEg ybEb G
Z (1_'xi‘_yr)Er (l_xg_yg)Eg (l_xb_yb)Eb B

Ta c6 diém trang:

X, 1
Y, =[M]1
zZ, 1
Ma ta c6 theo NTSC: RGB chuin (Xw» Yw, Yyw) nhu sau: x,, =0.31, y, =0.316 va Y, =1.0
Co:
Y Y
Vym e (X Y, Z,) =
X, +Y +Z, W
XW ¥
xW: Xw=Xw (X + Y+ Zy, w:xw_w
X +Y +Z, % ( ) y

Y
va: Z,, :(l_xw_yw)_w

w

TacOR+G+B=W nén:
x1 x| [x,] [x

r g w
Yr +| 7, g + Yb =Y w | suy ra Xy =X; + X, + Xp, = X,E; + X.Eg + xpEp
z |z, | |z,] |2,
Tu do:
X, X, X, X, E,
Y, |= Y, Ve Vs E,

Zw (l_xr_yr) (l_xg_yg) (l_xb_yb) Eb
Ta hoan toan tinh dugc: E,, E; va Ey
Toém tit:

Chuong nay chiing ta nghién ctru cdu tao cta anh sang (vé mat vat 1), roi xét bo phan cam
nhan anh sang ctia con ngudi 1a mat. Pua ra cic hé mau dinh huéng cho phan cimg nhu: RGB
ding cho may tinh, CMYK dung cho mdy in va YIQ ding cho truyén hinh. Tat ca cic hé mau nay
con nguoi déu khong cam nhan duoc, con nguoi chi cam nhan duoc hé mau HSV hay HLS. Tu tat
ca cac wu nhugce diém cua cac hé mau trén, tir sy cam nhan mau sic cua con nguoi phu thude vao
ciu tao cua cac té bao mit nén nam 1913 t6 chirc qudc té vé anh sang dd dua ra hé mau chuan
thuan nhit CIE. Hé mau nay co thé bao ham tit ca cac hé mau trén, nd giai quyét duoc cac nhuoce
diém ciia hé mau RGB. Cudi cung chiing ta dua ra cac cong thirc dé chuyén ddi giita cic hé mau
v&i nhau.
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Bai tap:

1. Gia st rang moi truong trong tim 1a khong khi (hodc chan khong) hiy mo ta dai quang
phd hién thi bang mot dai tan so.

2. Tai sao moi thtr trong c6 vé mau xam hodc den trong mdt phong tdi noi chiing ta hau nhu
khong thé nhin thiy duoc?

3. Hay thiét 1ap mot cong thirc don gian dé tinh dién tich bi gidi han boi ham phan bd P(L).
(Xem hinh 6.9 sach K§ thuét @b hoa)

4. Turham phan bb P(L) hay lap cong thirc tinh d¢ bao hoa tir hinh 6.9 - sach k¥ thuat d6 hoa.

5. Su khac nhau gitta Y trong CMY va Y trong YIQ la gi?

6. Gia sir raing mot man hinh hién thi tao nén nhiing gi dugc goi 1a mau tring chuan véi x,, =
0.313 yy =0.329 va Yy, = 1.0 (R=G=B=1). Va cac toa do sic pho cta phdt pho giéng nhu
toa d0 duoc tim théy 6 mo hinh mau.

R(0.62 0.34)G(0.290.59)B(0.150.06)
Hay tim ma tran bién d6i mau M cho man hinh hién thi.
7. Hay kiém nghiém rang Y trong mé hinh CIE XYZ tuong tu Y trong mé hinh mau NTSC

YIQ. Ta ¢6 NTSC chuén thi: x,, =0.31 , y,, = 0.316 va Y, =1.0 va str dung cic toa do sic
pho cuia cac phét pho NTSC chuan: R(0.67 0.33), G (0.21 0.71) va B(0.14 0.08).

Bai tip trac nghiém:

1.

Man hinh CRT thi gia tri gama la:
a. 1.5
b. Tir2.3 d&n2.6
c. 33dén4
d. 1.01

Ngudoi bi mi mau (chi thay sang va t6i) 1a nguoi:
a. Mit bj mat té bao que
b. Mit bi mét té bao non
c. Mit bi mit ca té bao non va que

d. Mit co ty 18 ba té bao nén khong binh thuong

Con nguoi nhay cam voi mau:
a. Luc
b. Lam
c. Vang
d. bo

Trong anh den tring, ta biéu dién mot diém anh trén man hinh theo cac miu t6. Néu ma
tran ludi ciia mau to kich thude 4x4, thi ching ta c¢6 ca thy sb mau to l1a:
15
16
c. 17
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d. 18

5. H¢ mau ma con ngudi cdm nhén la:
a. Hue (sic mau), Saturation (d0 bdo hoa) va Lightness (46 sang)
b. RGB (Red - do, Green - luc, Blue - lam)
c. CMY (Cyan - xanh tim, Mangenta - do tuoi va Yellow - vang)
d. CIE

6. Ta c6 ba mau nudc doé (Red), luc (Green) va lam (Blue) dem tron cdc mau bao hoa va can
bang thi thu dwgc mau:

a. Tréng
b. Pen
c. bo

d. Caba déu sai

7. May in mau thuong gom s6 hop muc mau:

a. 2hop
b. 3 hdp
4 hop

d. Cang nhiéu hop thi in cang dugc nhiéu mau
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CHUONG 7: PUONG CONG VA MAT CONG TRONG 3D

1. PUONG CONG - CURVE

Trong cac ting dung cua dd hoa may tinh, hau nhu cac thuc thé 1a duong cong mém va mit
cong, chung dung dé mo ta thé giGi thuc: nha cira, xe ¢d, nti non....hay xay dung nén cic thuc thé
dang duogc thiét ké. Nhung ta thay st dung cac phuong trinh duong cong khong thé hién dugc
hinh anh thyc hay ¥ tuong ciia ngudi thiét ké, con néu ta dung tap hop cac diém thi thuong can
nhiéu dung lwong nhé dé luu trir ciing nhu tdc do tinh toan.

Ta c6 quy dao chuyén dong ciia mot diém trong khong gian thi tao thanh dudng cong.
Trong chuong ndy s& dua ra phuong phap tong thé vé nhitng mé hinh toan hoc dé biéu dién va
xay dung céc loai dudong va mat cong trong khong gian 3D trén may tinh.

1.1. Piém biéu dién dwong cong (curve represents points )

Ta thiy qua hai diém v& dugc mot dudng thiang. Qua ba diém vé duoc mot duong cong
trong mit phang. Qua bén diém v& dugc mot duong cong trong khong gian. Dung cac phuong
trinh duong cong nhu Hypebol, parabol... thi tinh toan phirc tap va khong thé hién dwoc hinh anh
thuc hay y tuong cua nguoi thiét ké.

Chon dudng cong nhu thé nao dé phu hop véi may tinh? Biéu dién Piém va kiém soét
duong cong -Points represent-and control-the curve. Pudng cong 1a cac ddi tuong co ban thudng
1a két qua cia tién trinh thiét ké va cac diém déng vai trd 1a cong cu dé kiém soat va mo hinh hoa
duong cong. Cach tiép can nay 1a co s¢ cua linh vyc thiét ké mé hinh hinh hoc nhd may tinh
(Computer Aided Geometric Design - CAGD).

Céc cach dé biéu dién duong cong:

* Tuong minh (Explicit functions):
y =f(x), z=g(x)
»  Khong tuong minh (Implicit equations):
f(x,y,z2) =0
= Biéu dién cic dudng cong tham bién (Parametric representation)
x =x(t), y =y(t), z=z(t) trongdo t €[0 1]
Han ché:
= Hé d6 hoa tmg dung chi mé ta bo hep trong doan nao day
=  Puong cong bic cao véi mdi gia tri ctia x ta ludn c6 2 tip gia tri cua y (thuc té chi can
1)
» Ching ta cin biéu dién duong cong mém (chi bidu dién duong “cong giy”)
1.2. Pwong cong da thirc bic ba tham bién

Phai dam bao 1a duong cong khong gian voi 3 truc toa dd X, y, z. Tranh dugc nhiing tinh

toan phirc tap va nhitng phan nhap nhé ngoai ¥ mudn xut hién & nhitng dudng da thirc bac cao.

Cong thire mo ta:
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Tuong minh : y = £(x),z = g*(x)
P3

Khoéng tudng minh: £(x,y,z) =0 o1 .

PO
Hinh 7.1 Pwong cong da thirc bac ba

Biéu dién cic dudng cong tham bién (Parametric representation):
x =f(u), y =), z=f(u) trong 46 u €[0 1]
Theo Lagrange:
x=a; +bju+ ¢’ +du’
y=a+bu+ cou’ + dou®
z=a; +bsu + cyu’ + dsu’
O day ba phuong trinh véi 12 an s
Véi 4 diém Po, P1, P2, p3 phuong trinh xac dinh (vi 4 diém thi x4c dinh 1 duong cong trong
khong gian).
X, X, X, X,
Mbi 1 diém cho tacap 3 giatri: B, =| v, | P=|» | B, =|y, | B =]y,
= z, z, Zy
Ca thay c6 12 phuong trinh, thay vao 3 phuong trinh trén ta tinh duoc 12 4n a;.....ds
Ghi chii: 15 rang c6 sy thay d6i mot chiit vé dudng cong thi ta lai phai giai lai hé phuong
trinh dé tinh cac tham s6 cho duong cong, dan dén tinh toan cham.
1.3. Puwong cong Hermite

Phuong phép Hermite dua trén co s¢ cia cach biéu dién Ferguson hay Coons nim 60. V&i
phuong phép ctia Hermite duong bac ba s& xac dinh boi hai diém dau va cudi cing vai hai goc
nghiéng tai hai diém do.

P

P P1

pPo

Hinh 7.2 Pwong cong Hermite
Theo cong thic toan hoc ham bac ba dugc biéu dién dudi dang:
p = p(u) = ko + kju + kou® + ksu®
p(u) = Ykuien (vi k; 1a cac tham s chua biét)

Do dbc ciia duong cong duoc do bang p’(u)
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p’=p’(u) =k + 2ku + 3ksu’
Po va p; ta co hai d6 déc pe’ vap’ v6iu=0 vau =1 tai hai diém dau cudi ctua doan [0,1].
py (u=0)=k,
p’o(u=0)=k,
p,(u=1)=k,+k,+k,+k,
p’,(u=1)=k,+2k,+3k,
hay
ko=po va k;=p’,
k2=3(p1 —Po) - 2po’ — p1’ va ks =2(po-p1) + po’ + p1’
Khi da c6 ko, ki, ks, k3 thay vao:
p=p(u) =ko + kju + kou® + ksu®

po(1-3u?+2u?) + p1(3u-2u°) + po’(u-2u*+u’) + pi’ (-u*+u’)

1 0 0 0][p

0 0 p

=puw)=[1uul 1
p=p()=[ 33 0 Ll
2 2 1 1]]|p,

Thay d6i cua cac diém hay cac goc nghiéng (thay ddi 2 vector) din dén su thay ddi hinh
dang cua duong.

1.4. DPuong cong Bezier

Viéc st dung diém véi cac vector kiém soat duoc do doc cua duong cong tai nhirng diém
ma noé di qua. Tuy nhién khong dugce thuan lgi cho viéc thiét ké tuong tac, khong tiép can voi cac
d6 ddc cua duong cong bang cac gia tri sd (Hermite).

Paul Bezier, nhan vién hang RENAULT vao nim 1970 di dau trong viéc img dung may tinh
cho viéc xay dung cac bé mat. Hé thng UNISURF ctia ong duoc ap dung trong thuc té vao nam
1972 dugc thiét ké va kiém xe Mezesez hay Renaut.

Bezier di sir dung da giac kiém soat cho dudng cong tai nhitng dinh ciia da giac va tiép
tuyén tai d6 (p0,p1,p2,p3).

Ta co po, p3 twong duong véi po, p1 trén duong Hermite, diém trung gian p,, p, duoc xac
dinh bang 1/3 theo d6 dai cua vector tiép tuyén tai diém po va ps

pl p2

0 p3

Hinh 7.3 Pa giac kiém soat Bezier

po” = 3(P1 —Po)
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pr’ =3(ps —p2)
p =p(u) = po(1-3u2+2u3) + p;(3u2-2ul) + po’(u-2u2+u3) + pl’(-u2 + u3)
p=p) =po(l - 3u+ 3u? - v’) + p;(3u-6u-3u’) + po(3u® - 3u’) + psu’

0 Py
p=pw=[luwv’] |0 ° i
3 -6 3 0 D,
-1 3 -3 1 D5
1 1
0 u

0 1

Hinh 7.4 Ham hop cua dwong cong Bezier
Uu diém:

Dé& dang kiém soat hinh dang cua dudng cong hon vector tiép tuyén tai p,” va p;’ cua
Hermite.

Nam trong da giac kiém soat véi s6 diém trung gian tuy ¥ (s6 bac tuy ¥), c6 sd bac =sb diém
kiém soat -1.

Pi qua diém dau va diém cudi cua da giac kiém soat, tiép xuc véi cap hai vector cia dau
cudi do.

Biéu thurc Bezier-Bernstain

Puong Bezier ciing ¢ thé dugc biét dén nhu biéu thirc Bezier Bernstain boi ky thuat ma
Bezier st dung 13 4p dung cong thirc hod cac vector trong phép tinh da giac xap xi duoc Bernstain
phat trién gan ddy. Phép toan dai sb duoc xac dinh nhu sau:

0<u<l1

01=1, u; =1 khii=0
P)=) B,, )P,
i=0

B (u)=C(n,iu'(1—u)""

in

) n!
Clmi)= il(n—1)!

Trong do Py.....P,: vector vi tri cua da gidc (n+1) dinh.
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1.5. Puong cong B-spline
1.5.1. Duong cong bdc ba Spline

Trong cong thiic ciia Bezier, chung ta sir dung ham hop lién tuc dé xac dinh diém kiém soat
tuong ddi. Vi cac diém noi suy thi mirc d6 tuong ddi s& khac nhau ma trong d6 mot chudi cac
phan tir nho s& két hop vé6i nhau tao ra dudng cong da hop. Theo tinh toan thi dudng bac ba s& da
thirc bac thap nhét c6 thé dé biéu dién mot duong cong trong khong gian va chudi diém Hermite
s& phil hop nhat d6i véi viée xay dung nén dudng cong da hop nay.

Viéc yéu cdu nguoi sir dung dua vao cac vector tiép tuyén tai mdi diém trong tap hop cac
diém 1a cuc ky bat tién cho nén thudng trong cac dudng bac ba da hop ta sir dung cac diéu kién
bién lién tuc trong phép dao ham bac mot va hai tai diém ndi gitra. va dudng cong dugc xac dinh
nhu trén goi 1a duong spline bac ba voi phép dao ham lién tuc bac hai. Gia tri dao ham cia duong
cong sé& xac dinh do cong tai moi diém nat va no cling dua ra diéu kién bién cho mdi doan trén
duong cong.

Vay duong bac ba spline ¢6 vu diém 1a khong phai xac dinh d6 dbc ctua dudng tai cac nat
nhung nhugc diém cta no 1a chi tao ra su thay ddi toan cuc khi ta thay ddi vi tri cua diém.

Puong cong — Spline di qua n diém cho truéc ma mdi doan 1a cac duong cong bac ba doc
1ap c6 do dbc va do cong lién tuc tai mdi diém kiém soat hay diém nat. Véi n diém ta c6 (n-1)
doan v&i mdi doan gdm bdn vector hé sé hay 4(n-1) cho n-1 doan, va 2(n-1) diéu kién bién va (n-
2) diéu kién vé d6 ddc cung (n-2) vé do cong.

Dé xdy dyng nén duong spline c¢6 tham sd véi n diém nut ta co mot diy cac gia tri tham sd
ma ta goi la vector ntt.

Up......Uy 1 trong do ui+ >u;

Can lua chon tai mdi nit, cach lwa chon don gian nhét 1a theo cach don diéu c6 nghia la voi
gia tri 0 tai diém dau va ting 1én 1 tai nhitng diém ké tiép. tuy vdy phuwong phap nay dan d&én do
cong khong mong mudn tai cac diém vi vay viéc tham sb hoa s& dwa vao chidu dai, nhung phuong
phap nay ciing khong duoc chinh xac khi ma duong cong chua xac dinh chiéu dai. Tuy nhién
thong thuong ngudi ta st dung vige tich luy cua cac day cung véi:

uo =0va uj+; =u; + dis; trong do d;: 1a khoang cach gitra 2 diém Pi-1 va pi

Trong cac truong hop dudng cong ¢ bac 16n hon ba c¢é thé ding cho dudng spline. Thong

thuong duong spline bac n s& duoc xay dung trén cac phan nho lién tuc cta cac bién doc 1ap.
y(0)

Py / TVa

Hinh 7.5 Két ndi hai dudong cong
Hinh trén cho thdy hai doan cong c6 chung diém ndi ma dudng cong lién tyc tai diém do,
viéc biéu dién tinh lién tuc cua dudng cong thong qua chit cai C-Cuntinue. Cy dé dam bao khong
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co su gian doan gitra hai doan cong. C, tinh lién tuc bac nhat hay dao ham bac nhét tai diém nbi.
C, dao ham bac hai lién tuc cua duong cong tai diém nbi.

Gia str khi biéu dién dudng cong mém thong qua cac doan cong ql, q2, g3 (mdi doan co 4
vector hé sb) can thoa mén:

Lién tuc tai diém nbi hay cly=0C%

Do dbc (hay vector tiép tuyén) tai diém ndi (diém cudi cia q1 va dau q2) 1a nhu nhau: C'; =
C?, (dao ham bac nhat)

Thoa mén lién tuc trén tai diém ndi (dao ham bac 2 lién tuc tai diém néi)Clz =C%

Viéc két hop cac doan cong Hermite bac ba dé mo ta mot duong cong mém theo kiéu phan
doan spline 1a phuong phap don gian nhit hay con goi 1a phuong phap Hermite ndi suy. Véi
phuong phép nay thi tham bién u; cho mdi doan cong i cua tip cac doan cong Hermite s& bién d6i
trong khoang tir 0 dén 1 va ludn ton tai dao ham béc nhit cua cac doan cong tai cac diém ndi.
Phuong trinh cho mdi doan cong duoc sir dung lac nay 1a phuong trinh duong cong bac ba

Hermite:
1 0 0 0][p
00 1 0ffp
=pu)=[1uu !
p=pw=1I[ 33 22 |
2 2 1 1]]|p,

Hinh 7.6 Phan doan cia duwdng cong Spline - Hermite
Theo Hermite cac doan 1a cac duong cong, tinh li€n tuc ciia dao ham bac hai tai cac diém
noi co the dé dang dat dugc bang cach dat P’;(u;.1=1) 1a dao ham bac hai tai di€ém cudi cua doan
(i-1) bang voi P*’i(u;=0) dao ham bac hai tai diém dau cua doan thu i.
P’ i.1(1)=P’;(0)
Co phuong trinh:
Pi(u) = koi + kyju + koju” + ks’
Pao ham bac hai s¢€ la:
P”’i(u) = 2ky; + 6ksu
P>’i1(1)=P?’(0) nén 2kyi.p) + 6Ksgi-1yu= 2ky;
Vi diém cudi cta doan i-1 tring v6i diém dau cta doan thir i(Pi(0)=P;.,(1))
Theo Hermite: k, = 3(p1 — po) - 2po” —p:1’ va
k3 =2(po-p1) + po” + p1’
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23(Pi — Piy) - 2P’y — P?)+6(2(Pi1-P;) + P’y + P7)=2(2(Py.s - Py) + P’y + P7)

Hay: P’;; +4P’; + P’y = 3(Pi1 —P) (%)

Véi phuong trinh (*) nay thi phuong trinh dang téng quat ciia dudng cong Spline 13 tp cua
cac doan cong Hermite s€ xac dinh voi diéu kién ban dau cho 1a tap cac diém kiém soat cua duong
cong va hai vector tiép tuyén tai hai diém du cudi ciia dudng cong dé. Str dung (*) ta co thé tinh
duogc cac gia tri clia cac vector tiép tuyén tai timg diém kiém soat ciia duong cong.

10 P, P,
1410 . ||P 3(P,-F)
01 410 B
01 41 P;;—z 3(Pn—1 - Pn—a)
| - . . . 0 1__]),,_1_ L ])r;—l .
Tuong duong voi
P10 Tl p ]
P 4 1 0 3(P,-F)
(o1 410
P, |- . 01 4 3(Pa~Fs)
2% I I I | I R

1.5.2. Duong B-spline

Vi Bezier hay spline déu khong cho ta thay ddi dudng cong mét cach cuc b, viée thay doi
vi tri cac diém kiém soat hay céc vector tiép tuyén khong chi anh huong truc tiép dén do doc cua
duong cong lan can quanh diém kiém soat ma con kéo theo anh huong dén cac phﬁn con lai cua
dudng cong. Pudng Bezier thém vao d6 1a khi tinh xdp xi & bac cao s& rat phuc tap con khi lién
két nhiéu doan Bazier hay Hermite bac thap (bac ba) co thé dem lai ich lgi khi tinh toan nhung
yéu td rang budc vé tinh lién tuc cua dao ham béc cao tai cac diém ndi khong cho diéu khién cuc
bo nhu mong mudn.

Viéc két hop ludn phién cac doan cong tong hop, thong qua cac da thirc tham sé xac dinh
riéng r& trén mot sb diém kiém soat 1an can voi sb bac tuy v khong phu thude vao sb lugng cac
diém kiém soat, cho phép tao nén dudng cong tron mém B-spline. Puong cong nay d khéc phuc
duoc cac nhuoe diém ma cac dang duong cong trudc chua dat dugce. Co6 nghia la khi dich chuyén
diém kiém soét ctua dwong cong thi chi mot vai phan doan 1an can cia diém kiém soat d6 bi anh
huong chir khong phai toan by duong cong.

Véint+ 1 sd diém kiém soét P; ta co:
P(u)= N, (u).P,
i=0

Trong do Njx(u) 1a ham hgp B-Spline bac k-1 va su khac biét gitta B-spline va Bezier s&
duoc thé hién trén do. Trong duong Bezier bac cua da thuc dugc xac dinh boi s6 doan cong trén
duong cong do, con véi B-spline bac dugc thoa man ddc 1ap véi s6 diém kiém soat cta duong.
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Hon nita ham hop cua Bezier khac 0 trén toan bo khoang cta tham s u con B-spline chi
khac 0 trén doan ngin cta cac tham sb. M&i doan trén ham hop chi twong tmg v6i mot diém thi
chi dan tdi sy thay d6i cuc bo trong khoang ma trén d6 tham sé cia ham hop khac 0.

Biéu dién toan hoc cua B-spline, v&i ham B-spline ¢6 bac k-1 xac dinh thi:

(M — Ui+l—k ) (Ui+1 — M)

N, (u)= Bt - WA
! (Ui - Ui+1—k ) (Um - Ui+2—k )

Niiia (u)+ N (u)

1 welu,u,]
0 others

Trong do u; 1a gia tri tai ntt p; voi bién so 1a u dugc goi 1a cac vector nut.

Ni,l(u) =

Tat ca cac gia tri nit ddng thoi xac dinh trén vector nut va cac nut nguyén thudng st dung
dé dang. Trong trudng hop nay cac ham hop bac k s& khac 0 trong khoang k clia vector niit va
toan bo cac gia tri trén vector cho mot tap hop diém bang n+1+k.

Khong nhu Bezier, duong B-spline khong di qua hai diém dau va cudi trir khi ham hop
duoc dung 13 tuyén tinh.

Puong B-spline ¢ thé duoc tao qua hai diém dau, cudi va tiép xuc véi vector dau va cudi
cta da giac kiém soat. Bang cach thém vao cac nut tai vi tri ctia cac nat cudi ciia vector tuy nhién
cac gia tri gibng nhau khong nhiéu hon bac ciia dudng cong.

Gidng nhu duong cong Bezier, tinh chit bao 10i cua da giac kiém soat va tinh chat chuén
dugc thoa man. Vay co:

n
zNi,k (=1
i=0
Trong duong cong B-spline, so0 Iugng cac nut, bac cia duong cong va so diem dicu khién
ludn c6 cac quan hé rang budc:

0<u<n-k+2

p4
p2 p6

N7, 4w
L\ No, 4w N2, 4Cu) N6, 4w

N3, 4 N4, 4Cud

NL, 4w N3, 4Cw)

Hinh 7.7 Puwdong cong B-spline
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Vay viéc xéac dinh céc vector ntt s€ phu thudc vao sy phan loai ciia chinh ban than chung va
di€u do6 s€ anh huong dén hinh dang cua duong cong dugc mo ta. Phan loai s€ dya trén loai cua
duong cong nhu sau:

Déu tudn hoan (periodic)

Khéng tuan hoan (open or unperodic)

Khong déu (non-uniform)

a. B Spline - Péu va tuin hoan

Vector niit 1a déu khi gié tri ciia ching cach déu nhau mét khoang V xac dinh.

Vidu:[012345]vo6iV xacdinh=1

[ -2-1/2 1 5/2 4]véiV xac dinh = 3/2
[ -1-0.6 -0.2 0.2 0.6 1]v6iV xac dinh=0.4

Trong cac bai toan thuc té, thong thuong thi khoang xac dinh ctia tham bién nam trong
khoang tir 0 dén 1 hay tir 0° dém 360° thi viéc chon gia tri cua céac vector nut dugc chuan hoa
trong khoang [0 1] hay [0° 360°] do.

[ 00.2 0.4 0.6 0.81]véiV xac dinh=0.2
[ 0°120°240°360° ] v6i V xac dinh = 120°

Bac (k-1) | Cip (k) Vector niit (m=n-+k) Khoang tham s6 (k-1)<t<(n+1)
1 2 [01234567] 1<t<6
2 3 [012345678] 2<t<6
3 4 [0123456789] 3<t<6

Céc vector nut goi 1a déu va tuan hoan khi cac ham B-spline ddi véi mdi phan doan cé thé
chuyén d6i 13n nhau. Bang trén chi ra sy thay d6i cia mién tham sb va vector niit khac nhau cua
cac dudng cong B-spline khi bac ciia dudng cong thay dbi. S6 lugng cia vector nit duge qui dinh
boi biéu thirc m-n+k va sd lugng cac diém kiém soat tinh qua biéu thirc (n+1) bange.

Tinh chét:

Anh huéng ctia mdi ham co sé dugc gidi han trong k doan 1a cap cua dudng cong cin thé
hién. Vay ching ta sit dung duong cong bac ba thi anh huong ctia ham co so trai dai trén bon
doan cua duong cong.

Puong B-spline tuan hoan khong di qua cac diém dau va cudi cta da giac kiém soat ngoai
trir véi duong bac 1 (k=2) ma khi d¢6 dudng cong chuyén dang thanh duong thing.

Vi du vé cac dudng B-spline tudn hoan c6 cac bac khac nhau co cing cac diém va da giac
kiém soat. Khi k=2 dudng cong bac mot tring vai cac canh cua da giac kiém soét.

Khi k=3, duong cong B-spline bac 2, bat dau tai trung diém cta canh tht nhit va két thuc
tai trung diém cua canh cudi cing cua da giac kiém soat.

b. Khong tudn hoan (Open — Non Uniform)

Mot vector khong tuan hoan hodc mé 1a vector nat cd gia tri nuat tai cac diém dau cudi lap
lai v6i sb lugng cac gia tri 13p lai nay bang chinh cdp k ciia dudng cong va cac gia tri nit trong
mdi diém 13p nay 1a biang nhau
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Néu mot trong hai diéu kién nay hodc cé hai diéu kién khong dugc thod man thi vecto nut la
khong déu.

Vi du, xét mot da giac kiém soat voi bdn dinh. Cac duong cong B-spline cip 2,3,4 dugc xiy
dung dua trén da giac kiém soat c6 s6 luong cac nut m=n+k s& c6 vector nit nhu sau:

Cép (k) ) lugng nut (m = n + k) Vector nit khong tuan hoan
2 6 00123 3]
3 7 [0001222]
4 8 [00001T1T11]

Céc bicu thirc phai dugc thoa man doi véi nit u; trén vector nit khong tuan hoan bat dau tai
Up.

Danh séach cac vector nut khong tuan hoan da dua ra & muc nay déu thoa man céac biéu thirc
sau:

ui=0 1=<i<=k
u; =1i-k k+1<i<=n+1
u; = n-k+2 n+1<i<=n+k+1

Céc vector niit khong tuan hoan cung cdp cac ham co s duogc dinh nghia trong mot mién
tham s phirc tap va khong co sy mat mat nhu véi loai vector tuan hoan va vi vdy duong cong B-
spline loai nay ludn di qua cac diém dau va cudi cta da giac kiém soat.

Vi du: ham hop bac ba tinh xdp xi cho 8 khoang s& xac dinh trén vector nut la
00001234555. O diy ching ta con thiy sy thay ddi cuc bd trén dudng cong khi ta thay ddi vi tri
mdi diém.

Puong cong Bezier 13 truong hop dic biét ciia B-spline khong tuan hoan, trong dé sb luong
cac dinh sir dung bang véi cap ciia dudng cong. Vector nut trong trudng hop nay 1a:

[00...0 11 ... 11]

Puong cong B-spline bac ba vdi bon diém kiém soat va vector khong tuan hoan [0 000 1 1
1 1] cling chinh 1a duong cong Bezier.

c. Khong déu

Trong vector nut khong tudn hoan, gia tri cac nut xuét hién tai cac bién dugc lap lai va céac
nut bén trong cac budc nit bang nhau. Néu mét trong hai diéu kién nay hodc ca hai diéu kién nay
khong dugc thoa man thi vector nat 1a khong déu.

Vi du céac nat khong déu co thé tao ra b?mg cach dat cac gia tri 1ap lai dbi véi cac nat &
khoang gita [0 1 2 3 3 4 5]

Hay tao ra budc nhay khong bang nhau giita cac nat [0.0 0.2 0.5 0.75 1.0]

Céc vector nit loai déu cho phép nguoi sir dung dé hinh dung va xir 1y trong cac phép toan
nhung trong mot sb cac truong hop bude nit khong déu lai co nhitng wu diém dic biét. Vi du nhu
trong viéc diéu khién hinh dang cia duong cong trong tién trinh thiét ké khi cac sai léch khong
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mong muon cd thé xuat hién ma viéc st dung duong cong B-spline déu véi cac dir ligu diém cod
cac khoang cach tuwong doi 16n ma khong déu nhau.

Két luan

(0]

o O O O

B-spline 1a mét dong cua Bezier
Thyec té khi ta chon bac k cho tap hop k diém thi thi B-spline chuyén thanh Bezier
Khi bac cua da thirc giam sy anh hudng cuc bd ctia moi diém nut cang ro rang hon.
Khi ton tai anh hudng cuc b cang 16n va dudng cong phai di qua diém do.
Chung ta c6 thé thay ddi hinh dang dudng cong B-spline bang cach:

0 Thay ddi kiéu vector nut: déu tuan hoan, mé, khong déu

0 Thay ddi cép k ciia duong cong

0 Thay d6i sé dinh va vi tri cac dinh da giac kiém soat

0 Su dung cac diém kiém soat tring nhau

2. MO HINH BE MAT (Surface) VA CAC PHUONG PHAP XAY DUNG

2.1. Cac khai niém co ban

Mit cong (surface): 1a quy dao chuyén dong ciia mot dudng cong tao nén. Biéu dién tham

bién cho mat cong:

v" Dua vao viéc xay dung va tao bé mit toan hoc trén nhirng diém dit liéu

v' Dua trén viéc xay dung nén bé mit phu thudc vao bién sd c6 kha niang thay ddi mot

cach truc dién thong qua cac tuong tac dd hoa.

Ta co:

x=x(u,v,w) uv,w € [0, 1]
y=y(u,v,w) utv+w=1
z=7(1,V,W)

Q(u,v,w) = Q[ x=x(u,v,w) y=y(u,v,w) z=z(u,v,w) |

Biéu dién theo manh

v Biéu dién miéng tir giac - quadrilatera Patches
v Biéu dién miéng tam giac - Triangular Patches

2.2. Biéu dién manh tir gidc

Phuong trinh:

x=x(u,V)

y=y(u,v) uvel0,1]

z=z(u,v)

Q(u,v) = Q[ x=x(u,v) y=y(u,v) z=z(u,v) ]
Thanh phan

u,v la cac tham bién
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Cac diém Q(0,0) Q(0,1), Q(1,0), Q(1,1) 14 can cua manh, cac duong cong Q(1,v), Q(0,v),
Q(u,0), Q(u,1) 14 cac bién ciia manh. Pao ham riéng tai diém Q(u,v) xac dinh vector tiép tuyén
theo huéng u, v.

Hinh 7.8 Biéu dién ménh tir giac
d0(u,v)/ ou = Q[ox(u,v)/ du,dy(u,v)/ du,dz(u,v)/ 6u]
d0(u,v)/ v = Olox(u,v)/ dv,8y(u,v)/ 6v,dz(u,v)/ év]

2.2.1. Két néi manh i gidc

Hinh 7.9 Két ndi manh tir giac
Thuc thé hinh hoc biéu dién thong qua cac manh cing dang, cac manh c6 thé ndi v6i nhau
theo cac huéng u,v khi hai manh cung huéng d6. Néu moi diém trén bién cua hai manh bang
nhau, hay hai bién bang nhau. Hai manh lién tuc bac Co. Néu hai bién bang nhau va dao ham bang
nhau trén cling mot hudng thi hai manh goi 1a két n6i bac C,.

2.2.2. H¢ toa dp Barycentric Coordinates
Tap céac diém P,,P, ... Py, tap cac td hop cta cac diém do

k1P1 + k2P2 + k3P3 ..t knPn
Véi k1+k2+k3+...+kn=1

Céac diém tao thanh khong gian affine vdi cac gia tri toa d0 nates
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ki,kaks,..k,dugce goi 1a hé toa do barycentric.
2.2.3. Tam giac — Triangular
P2

P3
Hinh 7.10 Méanh tam giac
Trong tam giac céac diém c6 dang Py, P,, P;
Hé sd: ki, ko, ks € [ 0, 1]
ki +k, +ks=1
P =kP, + koPo+ k3Ps
Néu Hé s6 k; > 1 hodc <0 diém P s& ndm ngoai tam giac (Q)
Néu Hé s6 k; = 1 hodc =0 diém P s& nam trén canh tam giac (R)
2.3. M6 hinh hoa cac mat cong (Surface Patches)
2.3.1. Mat ké (Ruled Surface)
B& mit dugc xdy dung bang cach cho trugt mot doan thing trén hai dudng cong. Cac mat
ké nhan dugc bang phép noi suy tuyén tinh tir hai duong cong bién cho trudc twong tng véi hai
bién doi dién cuia mat ké Py(u) va P,(u).

Hinh 7.11 M hinh bé mit ké

Phuong trinh mat ké:
Q(u,v) =P2(u)v + P1(u)(1-v)

Néu hai duong cong cho trudc tuong tmg 1 P,(v) va P,(v)
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Thi mat ké c6 phuong trinh:

Pl(V)}

O(u,v) = P (v)(1=u)+ P, (v)u = [(1 - u){ o

2.3.2. Mat tron xoay (Revolution surface)

_

Hinh 7.12 M6 hinh mét tron xoay
Mit dugce xay dung boi dudng thing hay mot duong cong phang, quanh mdt truc trong
khong gian.
Gia sir duong cong phing c6 dang:
P(t)=[x(t) y(t) z(t)] 0<t<tmax
Vi du: quay quanh tryc x mot thuc thé ndm trén mat phang xoy, phuong trinh bé mit 1a
Q(t, /) = [ x(t) y(t) cosfz(t) sinf ]
0<¢g<L2rxm
Vi du: Mat tron xoay
Pl 1 0] vaP,[6 2 0] ndm trong mit phing xoy. Quay duong thing quanh truc ox s&
dugc mot mat non. Xac dinh diém ciua mat tai t=0.5, f=p/3.
Phuong trinh tham s6 cho doan thang tir P, t&i P, 1a:
P(t)=[x(t) y(t) z(t)]=P1+(P1-P2)t 0<t<1
Véi cac thanh phan Dé-cac:
x(t) =x1 + (x2- x1)t = 1+5t
y(t) =yl + (y2-y)t=1+t
z(t)=z1 +(z2-z1)t=0
Dung phuong trinh:
Q(1/2, p/3) = [ 1+5t(1+t)cosf (1+t)sinf ]

7 3 T 3 T
=|— =cos— —sin—

2 2 3 2 3
|73 33

2 4 4
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2. 3.3. Mat truot (Sweept Surface

Hinh 7.13 M6 hinh mat trugt
Sweep surface la mat dugc tao boi b?mg cach truot mot thuc thé.
Vi du: mot duong thang, da giac, mot dudng cong, mdt hinh... doc theo mot dudng trong
khong gian.
Q(u,v) =P()*[ T(v) ]
P(u) thyc thé can truot
[ T(v) ] 12 ma tran bién d6i ([ T(v) ] c6 thé 1a ma tran tinh tién, quay, hay ti 1¢ ...hodc la két
hop cta nhiéu phép bién doi do).
Vi du:
P4{000], P,[03 0]
P(t)=P; + (P, —Py) *u=[0 3u01]
0<uv<1
1 0 0
0  cos(2[Tv) sin(2I1v)
0 —sin(2ITv) cos(2I1v)
10v 0 0
Vi du vé mit truot (Sweept Extrusion)

T

— o o O

Hinh 7.14 Hinh thanh mat truot

Hinh vuong xac dinh bdi 4 dinh:
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P,[0 -10], P,[0-1-1]
P5[01 -1], P4[01 1]
Puong cong truot:
x= 10vy=cos(Pv) — 1
0 -1 1

1
Pl
P 0 -1 -1 1 ! (1) 00
|P(u) =| = 0 1 -11 I7(v)|= 0 00
0 1 1 1 0 0 10
pa 0 -1 1 1 10v cos(ITv)—1 0 1

Quay 1 goc khi truot:

cos(p) sin(¢)

—sin(p) cos(p)
0 0

10v cos(ITv)—1

2.3.4. Mt ngi suy trén bon dwong bién(Boolean sum surface

S = O O
- o O O

Mit dugc xdy dung trén 4 diém va cac duong cong bién, S(u,v) mit ndi suy trén 4 duong
bién.
P, Boolean Sum Pio

-1—-ft|{."':l

T""---...______...-—-""T

aglu) a1t

‘“Z‘\ -d—ftl;'zl":' j-{:]u

Hinh 7.15 M6 hinh méit cong Boolean Sum
S(u, v) = Si(u, v) + Sz(u, v) - P(u,v)
Voi:
P(u,v) = (1-u)(1-v)Pgy + (1-u)vPy; + u(1-v)Pyy + uvPy,;
Si(u,v) = vag(u) + (1-v)ay(u)
S>(u,v) = ua;(v) + (1-u)as(v);
P la cac dinh ciia manh 4
aj(u) 1a cac phuong trinh duong bién
Vi du vé& mit Boolean Sum:
Voiu=0
S(0,v) = 81(0,v) + S5(0,v) - P(0, v)
=vay0) + (1 -v)ay(0) + 0a;(v)+ 1 az(v) - (1 - v)Pgyo - v Py
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=v Py + (1 - v)Poo + a3(v)
=a3(v)

2.4. Mt tir cac dudng cong

-(1 —V)P()()—VP()l

2.4.1. Mat cong bdc ba Hermite

Mat cong tham bién dugc tao boi bé mit qua tai 4 diém dit lidu tai 4 gbc va cac duong cong
¢6 phuong trinh bac ba qua chung, nhu vdy 16 vector diéu kién hay twong duong véi 48 gia tri dai

s0 can thiét dé xac dinh cac hé so phuong trinh.

Khi nhitng hé s6 1a 4 diém dit liéu goc va 8 vector tiép tuyén tai cac diém d6 theo cac hudng
u,v trong Gmg cung 4 vector xoan thi mit cong tao thanh 1a mit cong Hermite. Phuong trinh ¢

dang:

CuuDuongThanCong.com

Q(u, v)=[U]ICIIV]I'0<u, vl
Véi:u=[v’v’ul]l,v = [v} v} v 1]

Va ma tran hé s [C] la:

COO COl CO2 C03
[C] — CIO Cll C12 C13
C20 CZI C22 C23
C30 C31 C32 C33

Cubi ciing ta thu duogc cac hé sé theo phuong trinh méi ¢6 dang:

Q(u, v) = [UIMn] [B] Mu]T [VIT u,v € [0,1]

2 =2 1 1
[M ]: -3 3 -2 -1
0 0 1 0
1 0O 0 O
Va
Va B 12 ma tran diéu kién bién:
POO POI PvOO PvOl
[B]z PlO Pll Pvlo Pvu
I)uOO ])uOl PMVOO Pqul
])ulO Pull Pule ])uvll

Hay v6i dang thire rat gon ctia ma tran [B] theo cac ma tran diéu kién bién twong tng:

[B] ma tran cac gia ti tham sd
[P.], [Py] cac vector tiép tuyén theo u,v tuong tng.

[Pyy] ma tran xoan trén u,v
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al

ol

Hinh 7.16 Mt cong Hermite va cac diém dix liéu
Céc vector tiép tuyén va vector xodn cua bé mit cong duoc biéu dién qua phuong trinh sau:
Qu(u,v) = [U] [Mu]" [B] [Mu]" [V]"
Qu(u,v) = [U] [Mu]" [B] [Mu]" [V]"
Qui(w,v) = [U] [Mu]" [B] [My]" [V]"

Véi:
0 0 0 0
6 -6 3 3
M, " &M, | =
A 0 B
0 1 0

2.4.2. Mdt cong Bezier
Manh-patch Bézier

Hinh 7.17 Mat cong Bezier
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Manh Bezier dugc hinh thanh trén phép trugt ctia duong cong Bezier.Viéc xdy dung nén
manh Bezier dudi cac diém kiém soat, tao nén da dién ki€ém soat.

P :0<i<n0<j<m
2, j

Phuong trinh tong quat cia mit cong tham bién Bezier c6 dang:

P(u,v) = z P, B, (u).B,, (v)trong d6 u,v € [0, 1]
j=0 =0
Manh Bezier bac ba:

Mat cong Bezier bac ba 1a mit phé bién nhat trong CG, vi di do don gian cua nd. N6 hinh
thanh trén 4x4 diém kiém so4t, cong thirc c6 dang:

Ou,v)= i iBn,i (”)Bm,j (V)Pu

i=0 j=0
Da thuc Bernstein c6 dang:

Bo(t) = (1-t)°
Bi(t) = 3t (1-t)°
B,(t) = 3t* (1-1)
Bi(t) =t
Tinh chét cia manh Bézier
= Tinh bao 16i: Mt cong Bezier luén nam trong da dién 16i cta cac diém kiém soat
= Mit cong di qua 4 diém cén Py, Po1,P10,P11 hay chinh xac
Q(0,0)=Pqo, Q(0,1)=Po1, Q(1,0)=P10, Q(1,1)=P1
* DPuodng cong bién cia Mat Bezier 1a duong cong Bezier
=  Mat cong la lién tuc va dao ham riéng cac bac tdn tai cua nd cling lién tuc.

= Pao ham riéng cua mat cong co6 dang:

Ow.v)=[U] [N] [B] [M]Tr]

00(0,0)/ &u =3(By, ~ Py)
00(0,0)/ v =3(P,, ~ Fyy)
00(0.1)/ du =3(Py; ~ Py)
80(1,0)/ &v = 3(P, — By,)

Q(u,v) la moi diém nam trén mat cong va
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-1 3 =31
g x 3 -6 3 O
[N] va [M] duogc biéu dién =
— 3 0 0
1 0 0

-1 3 -3 1B, B, B, B[l -3 3 -1+
0=l u* u 1 3 -6 3 0|B, B, B, B,|0 3 -6 3|+
-3 3 0|B, B, B, B,||l0 0 3 =3|y
1 0 O|B, B, B, B,|0 0 0 1|1

Hinh 7.18 N6i hai manh Bezier bac ba

Hai manh Q va R ciing chung tham bién tai bién (Gia sir u), hai dudng cong bién phai bang
nhau Q(1,v)=R(0,v). H¢ s6 clia cot cudi ma tran Q = cot dau ma tran R, tuong tu: néu theo hudng
cua v thi hang s¢€ thay cot ma tran.

Bic cia mit cong theo mdi hudng cta tham bién bang s6 diém kiém soat trir 1. Tinh lién tuc
hay dao ham ctia mit theo mdi tham bién béng sb diém kiém soat trir 2. Hinh dang ctia mat bién
dbi theo céc canh cua da giac kiém soat. Mit lu6i chi di qua cac diém goc canh cua da giac kiém
so4t, né chi nam trong phan gii han boi ludi cua da giac 16i kiém soat va khong thay d6i dudi tac
d6ng ciia cac phép bién doi affine. Mdi dudng bién ctia mat Bezier 1a mot dudng cong Bezier voi
mat cong bac ba Bezier cdc duong cong bién luon dam bao 1a cac duong Bezier bac 3. Nhu vay
ludi da giac cho bé mat s& 12 4 x 4.

2.4.3. Mat cong B-Spline

Phuong trinh mat B-spline:
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O(u,w) = ifN,,k(u).M w(W.P,

i=l j=1

N lx, <u<x,,
i’k(u) | 0 otherwise
Nik(u) = (u _x")N"»k—l (1) i (X0 _u)‘NHl,k—l ()
X1 — % Xip =Xy
x,=0(1<i<k)
x,=i—k(k+1<i<n)
X, =n—k+l(n+1<i<n+k)

P; 1a diém kiém soat
N va M la da thic B-spline
Véi cac mat cong mé mat cong phu thudc vao cac nit vector

Dic diém ciia mat cong B-Spline
S6 bac caonhét ciia bé mit theo mdi hudng thi bang sb diém kiém soat -1 theo hudng do.
Pao ham riéng ciia phuong trinh bé mit theo mdi tham bién c6 bac bang s6 diém kiém
soat theo tham bién do trir 2.
Bé mit B-spline thi khong chiu anh huéng cua phép bién ddi anfine. Bé mat sé thay ddi
néu ta thay d6i da giac kiém soat.
Anh huéng cia mot diém kiém soat don duogc gidi han boi + - k/2 h/2 khoang ddi véi mdi
tham s0.
Néu sb dinh cua da giac kiém soat bang s bac theo mdi tham bién va khong ¢ diém kép
nao thi mat B-spline s& chuyén thanh mit Bezier.
Néu cac da giac kiém soat co dang tam giac thi ludi da giac kiém soat s& c6 hinh dang gan
gidng v4i bé mit cong.
M&i mit B-Spline lun nam trong bao 16i ciia da giac kiém soat .

Mbi mit B-Spline c6 dang diéu luon bam theo hinh dang ciia da giac kiém soét.

Tém tit:

Viéc tao ra cac duong cong theo y muon cling la van dé€ thuong gap khi lam viéc véi do hoa

may tinh. Chiing ta khao sat cach tiép can vé dudng cong bang Hermite, Bezier va B-spline. Cac
cach tiép can nay dua trén co s¢ v& dudng cong bang mét tip diém mo ta hinh dang cia dudng
cong goi 1 tap diém kiém soat. Khi thay ddi tap diém nay, hinh dang cua dudng cong s& thay doi
theo. Cach tiép can nay cho thay sy thun lgi va linh hoat khi cn phai v& cac dudng cong phuc
tap va do d6 n6 dugc dung nhiéu trong thiét ké.

Mot nhuoc diém trong cach vé duong cong bang Bezier 14 khi mot phan cua dudng cong di

dat yéu clu, nhung khi hi¢u chinh ph?ln con lai s& méat di ph?ln da dat yéu cAu, hay vi¢c ndi tron
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cac duong cong sin co. Dé khic phuc cic van dé nay ta co cach tiép can cai tién vé dudng cong
bang B-spline.

Tuong tu nhu vay viéc biéu dién cac mat cong trong dd hoa may tinh ciing 14 mot van dé
can thiét dé mo ta ddi twong trong thé gidi thyc. Chung ta khao sat vé cac phuong phap biéu dién
mit cong thong qua phuong trinh tham s6. Trong d6, phuong trinh tham sé cia mot mit c6 dang
13 mot phuong trinh tham s6 hai bién p(u,v) va mot diém bét ky trén mat s& duoc biéu dién dudi
dang p(u,v)= (x(u,v), y(u,v), z(u,v)). Chung ta khao sat mot s mat don gian nhu: mat ké, mat tron
xoay, mat trugt va mat Boolean Sum.

Trén co sé cac duong cong biang Hermite, Bezier va B-spline chung ta ciing xay dung dugc
cac mat Hermite, Bezier va B-spline.

Bai tap:

1. Cho 4 diém Py(1,3,6), P1(6,0,3), P5(-1,3,-2) va P3(5,4,1) ding 4 diém trén lam diém kiém

soat dua ra phuong trinh cua duong cong Bezier.

2. Cho hai diém P,[-2 4 5] va P,[0 1 -6] ndm trong mit phing xoy. Quay dudng thing

quanh tryc ox s€ dugc mot mat non. Xac dinh diém cta mit tai t=0.8, ¢=m/4.

3. Cai dat thuat toan vé dudng cong bang Bezier cho phép ngudi ding dinh nghia tap diém
kiém soat mo ta hinh dang dudong cong va cho phép nguoi dung hiéu chinh mot sé diém
kiém soat mo ta hinh dang dudng cong va cho phép nguoi dung hiéu chinh mot sé diém
kiém soat dé hiéu chinh duong cong theo ¥ mudn.

Viét phuong trinh v& duong Spline.

Viét chuong trinh sinh duong C_curve (Fractal).
Viét chuong trinh sinh dudng Dragons (Fractal).
Viét chuong trinh sinh dudng Kon (Fractal).

Viét chuong trinh sinh dudng Mandelbrot (Fractal).

O © NNk

Viét chuong trinh sinh dudng Pythagoras (Fractal).
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PHU LUC 1

Huéng dan sir dung thu vién do hoa trong C/C++ hay BC
1. Yéu cau

Phai ¢o tap tin diéu khién man hinh EGAVGA.BGI (théng thuong tép ndy thuong nam
trong thu muc \BC\BGI hay TC\BGI khi cai dat).

Néu ching ta c6 sir dung téi font chit thi cdn phai c6 thém cac file (*.CHR) nhu:
GOTH.CHR (ch@t Gothic), LITT.CHR (chr Small Font), SANS.CHR (ch@r Sans Serif),
TRIP.CHR (chit cao gip 3).

bé dung dugc thu vién cac ham dd hoa can c6 dong 1énh:

#include <graphics.h> va dat muc chon Graphics library 1la ON ([x] trong menu
Options/Linker/Libraries.

Khi can tham khao ct phap, cach st dung ctua bat ky mot ham dd hoa nao, dua con trd vé
tén ham trong chuong trinh sau d6 nhén t6 hop phim CTRL+F1. Mudn tham khéo danh sach toan
bd cac ham cua thu vién d6 hoa nhin t6 hop phim CTRL+F1 ngay tai dong chit <graphics.h>.

2. Khéi tao va déng ché d do hoa

Do phén giai cia man hinh dugc do béng sb diém theo chiéu ngang nhan voi s6 diém theo
chiéu doc ctia man hinh db hoa. Toa d6 gdc ctia man hinh d6 hoa (0,0) 1a diém nam tai goc trén
cung phia bén trai. Moi kiéu d6 hoa dung mot hé toa dd riéng. H¢ toa d6 cho man hinh VGA 1a
640x480.

Khéi dong dd hoa v6i man hinh ngﬁm dinh:

#include <graphics.h>

void main(void){

int gdriver, gmode, errocode;

gdriver = DETECT;//ngam dinh
initgraph(&gdriver,&gmode,”C:\TC\BGI"); //tim mode man hinh trong thu muc BGI
errorcode = graphresult();
if (errorcode '=grOk) {
printf(“\n Khong khdi tao dugc”);
getch();exit(1);

................... // Cac thao tac do hoa tiép theo
closegraph();
¥
Vi dy: viét chuong trinh hai duong thing cat nhau

#include <conio.h>

#include <graphics.h>

#include <math.h>

// hé s6 déi tir dd sang radian
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#define RADS 0.017453293
void giaodiem(double x1, double y1, double x2, double y2,
double a1, double b1, double a2, double b2) {
double dx, dy, da, db, x, v, t, tich;

dx = x2 - x1;
dy =y2-y1;
da=a2-ail;
db = b2 - bil;
tich =db * dx -
if (tich '=0) {
t=(@l-

da * dy;

x1) * dy - (bl - y1) * dx) / tich;

if (t>=0.0 && t<=1.0) {
x=t*(a2-al) + al;

y =t*(b2-bl) + bi;
line(x1, y1, x2, y2);

line(al, bi, a2, b2);
seffillstyle(SOLID_FILL, RED);
fillellipse(x, vy, 3, 3);

int gr_drive = DETECT, gr_mode;

double x1, y1, x2, y2, a1, bi, a2, b2;
printf("\nNhap vao toa do doan thang thu nhat: ");
scanf("%lIf%If%If%If", &x1, &y1, &x2, &y2);
printf("\nNhap vao toa do doan thang thu hai: ");
scanf("%lIf%If%If%If", &al, &b1l, &a2, &b2);
initgraph(&gr_drive, &gr_mode, "");

giaodiem(x1, y1, x2, y2, a1, bil, a2, b2);

closegraph(); //déng ché d6é d6 hoa

¥
b
b
void main() {
getch();
b

3. Cac ham co ban

3.1. Bang mau ciia man hinh db hoa.

Setbkcolor(int color)

thiét lap mau nén cho man hinh db hoa

setcolor(int color)

dat mau v€ cho nét v€ hién tai

getmaxcolor()

lay s0 mau cao nhat dugc sir dung trong ché do do hoa hién tai

setallpalette(struct palettetype far
*palette)

s& 1am thay d6i toan bo mau trong bang mau palette

setpalette( int colox, int colory)

s& 1am thay d6i mau thir colorx thanh mau colory

getpalette(struct palettetype far
*palette)

s& 14y lai gié tri cia palette dang ding

textheight(“W”)

lay chiéu cao cua dong van ban
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outextxy(int x, int y, char * msg) |Chi thi dwa xau ki ty msg ra man hinh do hoa tai vi tri (x,y)

3.2. Nguyén so diém

Nguyén so don gian nhét chinh 1a diém, moi nguyén so khac déu dugc xay dung nén tir

diém.

int getmaxx()

S6 chdm diém 16n nhéat theo chiéu ngang trong ché d6 dd hoa hién tai

int getmaxy()

S6 chdm diém 16n nhét theo chiéu doc trong ché d6 dd hoa hién tai

putpixel( x, y, color)

bé v€ mdt diém sdng 1én man hinh tai di€m (X, y) c6 mau color

getpixel(x,y)

nhan biét mau hié¢n tai cua di€ém (X, y)

3.3. Nguyén so dwong

Céc ham cho duong:

moveto(int x, int y)

di chuyén vi trf con tré hién tai ciia man hinh dd hoa t4i toa do xy)

getx(), gety()

lay toa d6 cua con tré hién tai theo chiéu ngang va chiéu doc man hinh do
hoa

lineto(int x, int y)

v€ mdt duong théng tir vi tri con trd hién tai toi vi tri ¢6 toa do (X, y) trén
man hinh d6 hoa

line(int x1, int y1, int x2,
int y2)

V& mot duong thang tir toa do (x1,y1) dén toa do (x2, y2) trén man hinh
d6 hoa. Puong thang méi dugc vé khong phu thude vao vi tri hién thoi cia
con tro man hinh

linerel(int dx, int dy)

V& mot doan théng tur vi tri con trd hién tai toi vi tri (x +dx, y+dy). Sau khi
v& con trd chuyén t&i vi tri méi (x+dx, y+dy)

3.4. Nguyén so hinh chir nhat

rectangle(int x1, int y1, int X2, int y2) v& hinh chir nhat c6 toa d6 phia goc trén bén trai la
(x1, y1) va géc dudi bén phai co toa do (x2,y2).

bar(int x1, int y1, int x2, int y2) v€ hinh chir nhat c6 t6 mau phia trong. Hai chi thi rectangle

va bar khac nhau & chd rectangle chi tao nén mot hinh chir nhat véi dudng vién bao quanh.

bar3d(int x1,int y1,int x2,int y2,int depth, int top) v& khéi hop chir nhat, mat ngoai ctia n6 1a
hinh chit nhat xac dinh bdi cac toa do (x1,y1,x2,y2) hinh chit nhat nay duoc t6 mau, depth la

chiéu sdu ctia khéi 3 chiéu, top nhan gia tri 1 hodc 0 dé khdi 3 chidu co nép hay khong co nép.

3.5. Nguyén so hinh tron

Tt ca cac ham dudi ddy, goc tinh theo do va gi tri tir 0° dén 360° .

arc(int x, int y, int gd,int gc,int r) v€ cung tron co (X,y) toa do tdm tron, r ban kinh, gd goc

dau, gc goc cudi.

circle( int x, int y, int r) 1a ham v& hinh tron c6 tim tai diém (x,y) véi ban kinh r.

ellipse(int x, int y,int gd, int gc,int xr, int yr) v& 1 hinh ellipse co6 (x,y) toa d6 tam cung, gd

goc dau, ge goc cudi, xr 1a ban truc ngang, yr 1a ban truc dung.
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pieslice(int x, int y, int gd, int gc, int r) v€ va td mau hinh quat c6 (x,y) la toa do tdm quat,
gd 1a goc dau, ge la goc cudi, r 1a ban kinh.
3.6. Nguyén so da giac

drawpoly(int numpoints, int far *polypoints) s& v& nén mot duong gip khac bat ky véi
numpoints la so diém ma duong gap khuc di qua, polypoints (mang) toa do diém (x1,y1,x2,y2....).
Khi diém cudi (xn,yn) trung voi diém dau (x1,y1) thi dugc mot da giac.

fillpoly(int numpoints, int *polypoints) s& t6 mau da giac bang mau hién thoi.

setfillstyle(int pattern, int color) ding dé xac dinh miu t6 cho da giac, trong d6 mau to 1a
cac hang so6 nguyén dugc dinh nghia nhu sau:

Tén hiang miu Gia tri Mo ta
EMPTY FILL 0 T6 bang mau nén
SOLID FILL 1 T6 bang nét lién
LINE_FILL 2 TO ------
LTSLASH_FILL 3 T /1)
SLASH FILL 4 T6 ///// in dam
BKSLASH_FILL 5 T6 W\ in ddm
LTBKSLASH_FILL 6 T6 \W\
HATCH_FILL 7 T6 duong gach bong nhat
XHATCH_FILL 8 To duong gach bong chir thap
INTERLEAVE FILL 9 T6 duong dut quang
WIDE DOT FILL 10 T6 bang ddu chim thua
CLOSE DOT FILL 11 T6 bang ddu chim day

3.7. Nguyén so van ban

outtext( char far *textstring) s& hién thi noi dung x4u textstring tai vi tri hién thoi ciia man
hinh d6 hoa.

outtextxy(int X, int y, char far *textstring) hién thi noi dung xau textstring tai toa do (x, y)
trong man hinh do hoa.

settextstyle(int font, int direction, int charzise) dung dé xac 1ap kiéu chir voi cac font chir
khéc nhau.

Trong d6 int font dugc xac 1ap thong qua cac hing sau:

TEN FONT Gia tri Y nghia
DEFAULT FONT 0 Font 8x8 bit-mapped
TRIPLEX FONT 1 Stroked triplex font

145

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Phu luc 1

SMALL FONT 2 Stroked small font
SANS SERIF FONT 3 Stroked sans-serif font
GOTHIC FONT 4 Stroked gothic font

int direction duoc xac dinh néu HORIZ DIR = 0 14 nam ngang tir trai qua phai, VERT DIR
=1 la thang dung tir dudi 1én trén.
int charsize nhan gid tri tir 1 dén 10 1 hé s6 phong dai chit.
settextjustification( int hoz, int vert) x4c dinh vi tri dong vin ban duoc dua ra man hinh d6
hoa boi outtext() va outtextxy().
Trong d6 int hoz c6 thé nhan mot trong cac hang sau:
LEFT_TEXT =0 vin ban xuét hién phia bén trai con tré man hinh d6 hoa
CENTER_TEXT =1 vin ban xuit hién ¢ giita voi tdm 1 con tré man hinh db hoa
RIGHT TEXT =2 vin ban xuat hién phia bén phai con tré man hinh d6 hoa
Con int vert 1 tham sb c6 thé nhan céac gia tri sau:
BOOTTOM_TEXT=0 vin ban xuét hién & phia trén con tro
CENTER_TEXT=1 vin ban xuit hién ¢ quanh con tr6
TOP_TEXT=2 vin ban xuat hién ¢ phia dudi con trd
textheight(char *s) tra vé chiéu cao (theo pixel) cia chudi do s tro toi. V&i 8x8 bit map Font
va hé s0 khuyéch dai chir la 1 thi textheight(“H”’)=8
textwidth(char *s) tra vé chiéu dai ciia chudi tinh theo pixel.
3.8. Cira s0 (viewport)
viewport 13 1 ving hinh chit nhat trén man hinh d hoa gidng nhu window trong textmode.
setviewport(int x1, int y1, int X2, int y2, int clip) trong d6 (x1,y1,x2,y2) la goc trai trén va
gdc phai dudi thod man diéu kién nhu sau:
O<=x1<=x2 va O<=yl <=y2
Tham s6 clip: clip=1 khong cho phép v& ra ngoai viewport
clip=0 cho phép v& ra ngoai viewport
getviewsettings(struct viewporttype *vp) nhan viewport hién hanh,
struct viewporttype {
int left, top,right,bottom;
int clip;
h
clearviewport(void) xoa viewport
cleardevice(void) xo4 moi thir trén man hinh va dwa con trd vé toa d6 (0,0) ciia man hinh
Chu v: nho st dung viewport ta c6 thé viét cac chuong trinh dd hoa co truc toa do, béng
cach thiét 1ap viewport véi clip=0 (cho phép vé& ra ngoai gidi han)
3.9. Tao hinh anh chuyén dong
Nguyén so méi ma chiing ta s& xay dyung 14 tao hinh anh chuyén dong trén man hinh d6 hoa.
Vé nguyén tac, dé co the tao nén nhirng hinh anh chuyén dong ching ta can c6 mdt hinh mau, sau
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d6 Iuu hinh mau trén man hinh dd hoa lai béng chi thi getimage(int x1, int y1, int x2, int y2, void
far *bitmap); trong d6 bitmap 1a mién nhé dung dé luu hinh anh cta hinh chit nhat c6 toa do
(x1,y1) va (x2, y2) trén man hinh d6 hoa.

Chi thi getimagesize(int x1, int y1, int x2, int y2) dung dé xac dinh kich thuéc bo nhé dung
dé cit hinh anh gid1 han trong hinh chir nhat ¢6 toa do (x1, y1), (x2,y2).

Chi thi putimage(int x, int y, void far * bitmap, int copymode) dung dé khéi phuc lai hinh
anh da duoc cat giit bang getimage(). Chi thi putimage() két hop véi chi thi lam tré (delay() ) sao
cho s6 cac hinh anh hién thi trén man hinh d6 hoa khoang 24 hinh/gidy chung ta s& nhan dugc mot
hinh anh chuyén dong.

Vi du 1: Tao hinh anh chuyén dong la mot miii tén.

#include <graphics.h>

#include <stdlib.h>

#include <stdio.h>

#include <conio.h>

#define ARROW_SIZE 10

void draw_arrow(int x, int y);

int main(void) {

/* request autodetection */
int gdriver = DETECT, gmode, errorcode;
void *arrow;
int X, y, maxx;
unsigned int size;
/* initialize graphics and local variables */
initgraph(&gdriver, &gmode, "\\TC\\BGI");
/* read result of initialization */
errorcode = graphresult();
if (errorcode !'= grOKk) { /* an error occurred */
printf("Graphics error: %s\n", grapherrormsg(errorcode));
printf("Press any key to halt:");
getch();
exit(1); /* terminate with an error code */
¥
maxx = getmaxx(); x =0;
y = getmaxy() / 2;
/* draw the image to be grabbed */
draw_arrow(X, Y);
/* calculate the size of the image */
size = imagesize(x, y-ARROW_SIZE, x+(4*ARROW_SIZE), y+ARROW_SIZE);
/* allocate memory to hold the image */
arrow = malloc(size);
/* grab the image */
getimage(x, y-ARROW_SIZE, x+(4*ARROW_SIZE), y+ARROW_SIZE, arrow);
/* repeat until a key is pressed */
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while (kbhit()){
/* erase old image */
putimage(x, y-ARROW_SIZE, arrow, XOR_PUT);
X += ARROW_SIZE;
if (x >= maxx)
X =0;
/* plot new image */
putimage(x, y-ARROW_SIZE, arrow, XOR_PUT);
by
/* clean up */
free(arrow);
closegraph();
return 0;
by
void draw_arrow(int x, int y) {
/* draw an arrow on the screen */
moveto(X, Y);
linerel(4*ARROW_SIZE, 0);
linerel(-2*ARROW_SIZE, -1*ARROW_SIZE);
linerel(0, 2*ARROW_SIZE);
linerel(2*ARROW_SIZE, -1*ARROW_SIZE);
}

Cac code chuwong trinh vi du cho bai tap 1ap trinh

Bai 1: quay ddi twong
#include<stdio.h>
#include<dos.h>
#include<conio.h>
#include<graphics.h>
#include<stdlib.h>
#include<math.h>
#include<alloc.h>
#define RADS 0.017453293
struct point{
int x,y,z;
b
a[4]=
{
{110,180,807%,
{10,200,80},
{120,50,80},
{110,180,250}
&
int noi[4][4];
void Bresenham_Line(int x1,int y1, int x2, int y2, int c)

{
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if(x1 == x2)
{
inti;
if(yl < y2)
for(i = y1; i <=y2;i ++)
{
putpixel(x1,i,c); delay(10);
b
else
for(i = y2; i<=yl; i ++4)
{
putpixel(x1,i,c); delay(10);
b
b
if(yl ==y2)
{
inti;
if(x1 < x2)
for(i=x1; i <=x2; i ++)
{
putpixel(i,y1,c);delay(10);
b
else
for(i = x2; i <=x1; i ++)
{
putpixel(i,y1,c); delay(10);
b
by
if(x1 < x2)
{
if(yl < y2)
{
if((y2 - y1)/(x2-x1) < 1)
{
inti;
int Dx = x2 - x1;
int Dy = y2 -y1;
int p = 2*Dy - Dx;
putpixel(x1,y1,c);
for(i=x1; i< x2;i++)
{
if(p < 0)
p +=2*Dy;
else
{
p += 2*(Dy - Dx);
yl ++;
b
X1 ++;

putpixel(x1,y1,c); delay(10);
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else

inti;
int Dx = x2 - x1;
int Dy = y2 -vy1;
int p = 2*Dx - Dy;
putpixel(x1,y1,c);
for(i=vyl;i<y2;i++)
{
if(p < 0)
p += 2*Dx;
else
{
p += 2*(Dx - Dy);
X1 ++;
b
yl ++;
putpixel(x1,y1,c); delay(10);

¥
if(yl > y2)
{ if((y2 -y1)/(x2 - x1)>-1)
{
inti;
int Dx = x2 - x1;
int Dy = y2 -y1;
int p = 2*Dy + Dx;
putpixel(x1,y1,c);
for(i = x1; i <= x2; i ++)
{
if(p > 0)
p += 2*Dy;
else
{
p += 2*(Dy + Dx);
y1--;
b
X1 ++;
putpixel(x1,y1,c); delay(10);

else

inti;

int Dx = x2 - x1;
int Dy = y2 -y1;
int p = 2*Dx + Dy;
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putpixel(x1,y1,c);
for(i=vyl;i>=y2;i-)
{
if(p < 0)
p += 2*Dx;
else
{
p += 2*(Dx + Dy);
X1++;
b
yl-
putpixel(x1,y1,c); delay(10);
b
¥
by
b
if(x1 > x2)
{
if(yl <y2)
{ if((y2-y1)/(x2-x1) > -1)
{
inti;
int Dx = x2 - x1;
int Dy = y2 -y1;
int p = -2*Dy - Dx;
putpixel(x1,y1,c);
for(i=x1;i>x2;i--)
{
if(p < 0)
{
p=p - 2*Dy - 2*Dx;
yl ++;
b
else
p =p- 2*Dy;
x1 --;
putpixel(x1,y1,c);delay(10);
b
by
else
{
inti;
int Dx = x2 - x1;
int Dy = y2 -y1;
int p = -2*Dx - Dy;
putpixel(x1,y1,c);
for(i=vyl;i<y2;i++)
{
if(p < 0)
p -= 2*Dx;
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}

if(yl > y2)

{
if(
{

CuuDuongThanCong.com

else

p -= 2*¥(Dx + Dy);
x1 --;
b
yl ++;
putpixel(x1,y1,c); delay(10);

(y2-y1)/(x2-x1) < 1)

inti;
int Dx = x2 - x1;
int Dy = y2 -y1;
int p = 2*Dy - Dx;
putpixel(x1,y1,c);
for(i = x1; i > x2;i--)
{
if(p > 0)
{
p =p - 2*¥Dy +2*Dx ;
yl--;

else

p -= 2*Dy;

x1 --;
putpixel(x1,y1,c); delay(10);
¥
b
else
{
inti;
int Dx = x1 - x2;
int Dy = y1 - y2;
int p = 2*Dx + Dy;
putpixel(x1,y1,c);
for(i=vyl1;i>y2;i-)
{
if(p < 0)
{
p =p - 2*Dx + 2*Dy ;
x1 --;
by

else
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p =p - 2*Dx ;
yl--
putpixel(x1,y1,c); delay(10);
b
b
b
b

b
void Dothi()
{

Bresenham_Line(getmaxx()/2,getmaxy()/2,getmaxx()-10,getmaxy()/2,15);
Bresenham_Line(getmaxx()/2,10,getmaxx()/2,getmaxy()/2,15);
Bresenham_Line(getmaxx()/2,getmaxy()/2,getmaxx()/2-170,getmaxy()/2+170,15);
Bresenham_Line(getmaxx()/2-170,getmaxy()/2+170,getmaxx()/2-170,getmaxy()/2+166,15);
Bresenham_Line(getmaxx()/2-170,getmaxy()/2+170,getmaxx()/2-163,getmaxy()/2+167,15);
settextjustify(CENTER_TEXT,CENTER_TEXT);

outtextxy(getmaxx()-9,getmaxy()/2+1,"O0");

outtextxy(getmaxx()-9,getmaxy()/2+10,"y");

outtextxy(getmaxx()/2,10,"-");

outtextxy(getmaxx()/2 - 10,10,"z");

outtextxy(getmaxx()/2-155,getmaxy()/2+170,"x");

b
point Diem3d(int x , inty , int z)
{
point p;
if(x>=0&&y>=0&&z>=0)
{

p.x = int(getmaxx()/2+y - x*cos(RADS*45));
p.y = int(getmaxy()/2-z + x*cos(RADS*45));
b

if(y>=0&&x<0&&z>=0)

{

p.x = int(y+getmaxx()/2-x*cos(RADS*45));
p.y = int(getmaxy()/2-z+x*cos(RADS*45));
¥

if(x>=0&&y<0&&z>=0)

{

p.x = int(getmaxx()/2+y-x*cos(RADS*45));
p.y = int(getmaxy()/2-(z-x*cos(RADS*45)));

b

if(x>=0&&y>=0&&z<0)

{

p.x = int(getmaxx()/2+y-x*cos(RADS*45));
p.y = getmaxy()/2-z+x*cos(RADS*45);

b

if(y>=0&&x<0&&z<0)

{

p.x = int(getmaxx()/2+y-x*cos(RADS*45));
p.y = int(getmaxy()/2+(-z-x*cos(RADS*45)));
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b

if(x>=0&&y<0&&z<0)

{
p.x = int(getmaxx()/2+y-x*cos(RADS*45));
p.y = int(getmaxy()/2-z+x*cos(RADS*45));

b

if(z>=0&&y<0&&x<0)

{
p.x = int(getmaxx()/2-(-y+x*cos(RADS*45)));
p.y = int(getmaxy()/2-(z-x*cos(RADS*45)));
by

if(x<0&&y<0&&z<0)

{
p.x = int(getmaxx()/2+y-x*cos(RADS*45));
p.y = int(getmaxy()/2-z+x*cos(RADS*45));

b
return(p);

by

point hinhchieu(int &x, int &y , int &z, int chieu)

{

point p;

if(chieu==1)

{
p.x =int( getmaxx()/2+y - x*cos(RADS*45));
p.y =int( getmaxy()/2 + x*cos(RADS*45));

b

if(chieu==2)

{
p.x =int ( getmaxx()/2+y-x*cos(RADS*45)-y);
p.y =int ( getmaxy()/2-z+x*cos(RADS*45));

b

if(chieu == 3)

{
p.x =int( getmaxx()/2+y-x*cos(RADS*45)+x*sin(RADS*45));
p.y =int( getmaxy()/2-z);

by

return(p);

b

point quay(int &, int &y, int &z, int goc , int chieu)

{

point p;

if(chieu==1)

{
p.x = x*cos(RADS*goc) + z*sin(RADS*goc);
p.z = -x*sin(RADS*goc) + z * cos(RADS*goc);
py=Yy;

b

if(chieu==2)

{
p.y = y*cos(RADS*goc) - z*sin(RADS*goc);
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p.z = y*sin(RADS*goc) + z * cos(RADS*goc);
p.X =X;

b

if(chieu==3)

{
p.x = x*cos(RADS*goc)-y*sin(RADS*goc);
p.y = x*sin(RADS*goc)+y*cos(RADS*goc);
p.z=12

b

return p;

b

void chieumat(point k[],int t, int m )

{

int i,j=0;

int n[4][4];

for(i=0;i<4; i++)

forG =0;j<4; j++)

{

n[ilf]=1;

n[llil=1;

b

for(i=0;i<4;i++)

{

k[i] = hinhchieu(k[i].x,k[i].y,k[i].z,t);
b

for(i=0;i<4;i++)
for(j=0;j<4;j++)
{
if(i'=j&&n[i][jl==1&&n[j][i]==1)
{
Bresenham_Line(k[i].x,k[i].y,k[j].x,k[j].y,m);
n[i][{1=0;
n[j1[i1=0;
b
by
by
void main()
{
clrscr();
point b[4],c[4],I[4];
int j=0;
int goc[2]={45,35};
int driver = DETECT, mode;
initgraph(&driver,&mode,"c:\\tc\\bgi");
Dothi();
for(inti=0;i<4;i++)
b[i] = Diem3d(a[i].x,a[i].y,a[i].z);
for(i =1;i<4;i++)
{
Bresenham_Line(b[j].x,b[j].y,bli].x,b[i].y,10);

155

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


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Phu luc 1

}

Bresenham_Line(b[1].x,b[1].y,b[2].x,b[2].y,10);
Bresenham_Line(b[1].x,b[1].y,b[3].x,b[3].y,10);
Bresenham_Line(b[2].x,b[2].y,b[3].x,b[3].y,10);

settextjustify(LEFT_TEXT,RIGHT_TEXT);
printf("\nQuay quanh truc : oy goc 45");
printf("\nQuay quanh truc : ox goc 35.5");
for(i=0;i<4;i++)

({:[i] = quay(a[il.x , a[il.y , a[i].z, goc[1] ,1);
f}or(i =0;i<4;i++)

{c[i] = quay(c[i].x,c[i].y,c[i].z,goc[2],2);
f}or(i =0;i<4;i++)

I[i] = [i];

for(i=0;i<4;i++)
c[i] = Diem3d(c[i].x,c[i].y,c[i].z);
outtextxy(10,110,"Chon mat chieu: ");
outtextxy(10,120,"xoy: Bam so 1.");
outtextxy(10,130,"xoz: Bam so 2.");
outtextxy(10,140,"yoz: Bam so 3.");
outtextxy(10,150,"Bam so 4 de ket thuc");
char m;
do{
m = getch();
for(i=0;i<4;i++)
c[i] = I[i];
switch (m)
{
case '1' :{
chieumat(c,1,5);
break;
by
case 2" :{
chieumat(c,2,7);
break;
by
case '3':
{
chieumat(c,3,9) ;
break;
by
by
Jwhile( m 1='4");
closegraph();
by
Bai 2: xén tia

#include <conio.h>
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#include <graphics.h>
#include <math.h>
#include <stdlib.h>
#define ROUND(a) ((double)(a+0.5)
#define TRUE 1
#define FALSE 0
int cliptest(double p, double g, double *ul, double *u2)
{
double r;
int retVal = TRUE;
if (p < 0.0)
{
r=q/p;
if (r > *u2)
retVal = FALSE;
else
if (r > *ul)
*ul =r;
b
else
if (p>0.0)
{
r=q/p;
if (r < *ul)
retVal = FALSE;
else
if (r < *u2)
*u2=r;
b
else
{
if (q < 0.0)
retVal = FALSE;
b
return (retVal);
b
void clipline(double x1, double y1, double x2, double y2,
double xmin, double ymin, double xmax, double ymax)

double ul = 0.0, u2 = 1.0, dx, dy;
double oldx1, oldy1, oldx2, oldy2;

oldx1l = x1;
oldyl =vy1;
oldx2 = x2;
oldy2 = y2;
dx = x2 - x1;

if (cliptest(-dx, x1 - xmin, &u1, &u2))
if (cliptest(dx, xmax-x1, &ul, &u2))
{
dy =y2-y1;
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if (cliptest(-dy, y1 - ymin, &ul, &u2))
if (cliptest(dy, ymax - y1, &ul, &u2))
{
if (U2 < 1.0)
{
x2 =x1 + u2 * dx;
y2 =yl + u2 * dy;
b
if (ul > 0.0)
{
x1 +=ul * dx;
yl +=ul * dy;
b
setcolor(RED);
line(oldx1, oldy1, x1, y1);
line(x2, y2, oldx2, oldy2);
setcolor(YELLOW);
line(x1, y1, x2, y2);
b

}

void main()
{
int gr_drive = DETECT, gr_mode;
char c;
double x1, y1, x2, y2;
initgraph(&gr_drive, &gr_mode, "");
rectangle(100,50, getmaxx()-100, getmaxy()-50);
randomize();
outtextxy(100, getmaxy()-10, "Nhan phim bat ky de sinh duong khac; ESC de thoat");
do {
x1 = random(getmaxx() / 2);
y1 = random(getmaxy());
x2 = getmaxx()/2 + random(getmaxx() / 2);
y2 = random(getmaxy());
clipline(x1, y1, x2, y2, 100, 50, getmaxx()-100, getmaxy()-50);
¢ = getch();
} while (c I= 27);
closegraph();
by
Bai 3: Phép chiéu
#include<stdio.h>
#include<dos.h>
#include<conio.h>
#include<graphics.h>
#include<stdlib.h>
#include<math.h>
#include<alloc.h>
#define RADS 0.017453293
struct point{
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int x,y,z;
b
a[8]=
{
{30,100,50},
{30,230,50},
{30,230,90},
{30,100,90},
{120,100,503},
{120,230,503},
{120,230,903},
{120,100,90}
7
int n = 3,*d;
int noi[20][20];
void Dothi()

{

line (getmaxx()/2,getmaxy()/2,getmaxx()-10,getmaxy()/2);

line (getmaxx()/2,10,getmaxx()/2,getmaxy()/2);

line (getmaxx()/2,getmaxy()/2,getmaxx()/2-170,getmaxy()/2+170);

line (getmaxx()/2-170,getmaxy()/2+170,getmaxx()/2-170,getmaxy()/2+166);

line (getmaxx()/2-170,getmaxy()/2+170,getmaxx()/2-163,getmaxy()/2+167);
settextjustify(CENTER_TEXT,CENTER_TEXT);
outtextxy(getmaxx()-9,getmaxy()/2+1,"0");
outtextxy(getmaxx()-9,getmaxy()/2+10,"y");
outtextxy(getmaxx()/2,10,"-");
outtextxy(getmaxx()/2 - 10,10,"z");
outtextxy(getmaxx()/2-155,getmaxy()/2+170,"x");

¥
point Diem3d(int &x, int &y, int &z)
{
point p;
p.x = int(getmaxx()/2+ y - x*cos(RADS*45));
p.y = int(getmaxy()/2 - z + x*cos(RADS*45));
return p;
b
point chance(int &x , int &y , int &z)
{
point p;
if(x>=08&y>=0&8&z>=0)
{
p.x = getmaxx()/2+y - x*cos(RADS*45);
p.y = getmaxy()/2-z + x*cos(RADS*45);
¥
if(y>=088&x<0&8&z>=0)
{
p.x = y+getmaxx()/2-x*cos(RADS*45);
p.y = getmaxy()/2+z-x*cos(RADS*45);
b
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if(x>=0&&y<0&&z>=0)
{
p.x = getmaxx()/2+y-x*cos(RADS*45);
p.y = getmaxy()/2-(z-x*cos(RADS*45));
by
if(x>=0&&y>=0&&z<0)
{
p-x = getmaxx()/2+(sqrt(pow(x,2)+pow(y,2)))*cos(RADS*45);
p.y = getmaxy()/2+(sqrt(pow(x,2)+pow(y,2)))*cos(RADS*45)-z;
by
if(y>=0&&x<0&8&z<0)
{
p.x = getmaxx()/2+y-x*cos(RADS*45);
p.y = getmaxy()/2+(-z-x*cos(RADS*45));
by
return(p);
¥
point hinhchieu(int &x, int &y, int &z, int chieu)
{
point p;
if(chieu==1)
{
p.x =int( getmaxx()/2+y - x*cos(RADS*45));
p.y =int( getmaxy()/2+x*cos(RADS*45));
¥
if(chieu==2)
{
p.x =int ( getmaxx()/2+y-x*cos(RADS*45)-y);
p.y =int ( getmaxy()/2-z+x*cos(RADS*45));
¥
if(chieu == 3)
{
p-x =int( getmaxx()/2+y-x*cos(RADS*45)+x*sin(RADS*45));
p.y =int( getmaxy()/2-z);
by
return(p);
b
point quay(int &, int &y, int &z, int goc , int chieu)
{
point p;
if(chieu==1)
{
p.x = x*cos(RADS*goc) + z*sin(RADS*goc);
p.z = -x*sin(RADS*goc) + z * cos(RADS*goc);
Py=Y;
by
if(chieu==2)
{
p.y = y*cos(RADS*goc) - z*sin(RADS*goc);
p.z = y*sin(RADS*goc) + z * cos(RADS*goc);
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p.-X =X;
b
if(chieu==3)
{
p.x = x*cos(RADS*goc)-y*sin(RADS*goc);
p.y = x*sin(RADS*goc)+y*cos(RADS*goc);
p.z=1z
b
return p;
by
void chieumat(point k[],int t, int &m )
{
inti,j;
for(i=0;i< 8; i++)
k[i] = hinhchieu(k[i].x,k[i].y,k[i].z,t);
for(i=0;i<8;i++)
for(j=0;j< 8;j++)
{
if(noi[i][j]l==1&&noi[j][i]==1)
{
Bresenham_Line(k[i].x,k[i].y,k[j].x,k[j].y,m);
b
by
noi[0][3]=1,n0i[3][0]=1;
noi[4][7]=1,noi[7][4]=1;
noi[3][7]=1,noi[7][3]=1;
by
void main()
{
clrscr();
d = &n;
point b[8],9[3]1[8],c[8],I[8];
intt, goc ;
int driver = DETECT, mode;
initgraph(&driver,&mode,"c:\\tc\\bgi");
Dothi();
for(inti=0;i<8;i++)
b[i] = Diem3d(a[i].x,a[i].y,a[il.z);
for(i =0;i<3;i++)
{
line(b[i].x,b[il.y,b[i + 41.x,b[i + 41.y);
line(b[i].x,b[il.y,b[i+1].x,b[i+1].y);
line(b[i+4].x,b[i+4].y,b[i+5].x,b[i+5].y);
noi[i][i+4]=1, noi[i+4][i] =1;
noi[i][i+1] = 1, noi[i+1][i]=1;
noi[i+4][i+5]=1, noi[i+5][i+4]=1;
¥
noi[0][3]=1,n0i[3][0]=1;
noi[4][7]=1,n0i[7][4]=1;
noi[3][7]=1,n0i[7][3]=1;
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line(b[0].x,b[0].y,b[3].x,b[31.y);
line(b[4].x,b[4].y,b[7].x,b[71.y);
line(b[3].x,b[3].y,b[71.x,b[7].y);
settextjustify(LEFT_TEXT,RIGHT_TEXT);
printf("\nQuay quanh truc :");
printf("\ny.Bam so 1");
printf("\nx.Bam so 2.");
printf("\nz.Bam so 3.");
scanf("%d",&t);

printf("\nQuay goc bao nhieu do:");
scanf("%d",&goc);
for(i=0;i<=7;i++)

{

c[i] = quay(a[il.x, alil.y , alil.z, goc ,t);
I[i1 = [il;

}

for(i=0;i<8;i++)

c[i] = Diem3d(c[i].x,c[il.y,c[i].2);

for(i =0;i<3;i++)

{

line(c[il.x,c[il.y,cli + 4].x,c[i + 41.y);
line(c[il.x,c[il.y,cli+1].x,c[i+1].y);
line(c[i+4].x,c[i+4].y,c[i+5].x,c[i+5].y);
b

line(c[0].x,c[0].y,c[3].x,c[3].Y);
line(c[4].x,c[4].y,c[7].x,c[7].y);
line(c[3].x,c[3].y,c[7].x,c[7].y);
outtextxy(10,410,"Chon mat chieu: ");
outtextxy(10,420,"xoy: Bam so 1.");
outtextxy(10,430,"xoz: Bam so 2.");
outtextxy(10,440,"yoz: Bam so 3.");
outtextxy(10,450,"Bam so 4 de ket thuc");

char m;
do{
m = getch();
for(i = 0;i < 8; i ++)
c[il= I[il;
switch (m)
{
case '1' :{
chieumat(c,1,*(d));
break;
b
case 2' :{
chieumat(c,2,*(d));
break;
b
case '3':
{

chieumat(c,3,*(d)) ;
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break;
b
b
Iwhile( m 1="4");
closegraph();
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PHU LUC 2

P2 bai didu kién 1

MON: KY THUAT PO HOA
Ho va tén: Lép:

Dung giai thudt Bresenham viét ham sinh doan thing (xét tit ca trudng hop cia hé sd k).
void Bre_line(int x1, int y1, int X2, int y2, int mau);
Xay dung thi tuc v& tam giac (trong hé toa d co gdc (0,0) & gitta man hinh) c6 céc toa do
dinh sau:
A(xl,yl) ..... (40,50), B(x2,y2) ....... (90,80), C(x3,y3) ........ (80,10)
Quay tam giac trén mot goc alfa quanh diém co toa do:
S(x4,y4) ....... (-40,50), alfa = 60"
Chuyén dong tam giac trén (xoa hinh cii khi chuyén dong) khi dung cac phim mili tén €,
>, MV
Cho hinh tr dién c6 cac toa do dinh:
A(xl,yl,z1)....(40,50,10) B(x2,y2,22) ......(90,80,0)
C(x3,y3,23) ....(80,10,90) D(x4,y4,z4) .....(100,50,60)
a. V& hinh chiéu vudéng goc ctia n6 trén mit phang z=0 (xoy)
b. V& hinh chiéu vudng goc sau khi quay né xung quanh truc oy mét goc Fi=-60°
¢. V& hinh chiéu Isometric ctia né 1én mit phang z=0 (xoy)
Chii y: C6 thé ndp bai theo cac phuong an sau:
a. NOp céc cau thanh cac file *.CPP
b. Gop thanh mot bai, trong bai d6 chon cac phuong an dé chay cac cau cta bai thi

c. Co thé dan cac cau (*.CPP) hay mdt bai 16n dang menu chon vao soan thao word, roi
gui file do.
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P2 bai didu kién 2

MON: KY THUAT PO HOA
Ho va tén: Lép:

1. Dung giai thuat Midpoint viét ham sinh doan thing (xét tit ca cac truong hop cia hé sb k).
void Mid_line(int x1, int y1, int X2, int y2, int mau);

2. Xay dung thu tuc v€ hinh chir nhat (trong h¢ toa do co géc (0,0) ¢ gitra man hinh) co6 céac toa
d6 dinh sau:

A(xl,yl) .. (50,50), B(x2,y2) ... (100,50), C(x3,y3) ...(100,80), D(x4,y4)...(80,50)
3. Quay hinh chit nhat trén mot goc alfa quanh diém co toa do:
S(x4,y4) ... (-40,50), alfa=45°
4. Chuyén dong hinh chit nhét trén (xo04 hinh cii khi chuyén dong) khi ding cac phim miii

tén €, >, MV
5. Cho hinh tir dién c6 céc toa dd dinh:
A(x1,yl,z1)....(40,50,10) B(x2,y2,22) ......(90,80,0)
C(x3,y3,23) ....(80,10,90) D(x4,y4,z4) .....(100,50,60)

a. V& hinh chiéu vudng goc ctia né trén mat phang z=0 (xoy)
b. V& hinh chiéu vudng goc sau khi quay né xung quanh truc oy mét goc Fi=-60°

c¢. V& hinh chiéu Isometric ciia n6 1én mit phing z=0 (xoy)
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P2 bai didu kién 3

MON: KY THUAT PO HOA
Ho va tén: Lép:

1. Dung giai thuat Midpoint sinh duong tron.
void Mid_circle(int xc, int yc, int r, int mau);
2. Xay dyng thu tuc v& hinh 3 duong tron cit nhau (trong hé toa do c6 gbc (0,0) & giita man
hinh).
3. Quay 3 dudng tron trén mot goc alfa quanh diém c6 toa do:
S(x4,y4) ... (60,-70), alfa=30°
4. Chuyén dong 3 dudng tron trén (xo4 hinh cii khi chuyén dong) khi ding cac phim mii tén &,
>, MV
5. Cho hinh tr dién ¢6 cac toa do dinh:
A(xl,yl,z1)....(40,50,10) B(x2,y2,72) ......(90,80,0)
C(x3,y3,23) ....(80,10,90) D(x4,y4,z4) .....(100,50,60)
a. V& hinh chiéu vudng goc ctia né trén mat phing z=0 (xoy)
b. V& hinh chiéu vudng goc sau khi quay né xung quanh tryc oy mét goc Fi=-60°

c. V& hinh chiéu Isometric ciia n6 1én mit phang z=0 (xoy)
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P2 bai didu kién 4

MON: KY THUAT PO HOA
Ho va tén: Lép:

1. Dung giai thuat Midpoint sinh duong ellipse.
void Mid_ellip(int xc, int yc, int rX, int ry, int mau);
2. Xay dung thi tyc v& chir H (trong hé toa d6 c6 gbe (0,0) ¢ gitra man hinh)
3. Quay chit H trén mot goc alfa quanh diém c6 toa do:
S(x4,y4) ....... (120,-60), alfa =90°
4. Chuyén dong chit H trén (xo04 hinh cii khi chuyén dong) khi ding cic phim miii tén €, >, M,

NZ
5. Cho hinh tir dién c6 cac toa do dinh:
A(x1,yl1,z1)....(40,50,10) B(x2,y2,22) ......(90,80,0)
C(x3,y3,23) ....(80,10,90) D(x4,y4,z4) .....(100,50,60)
V& hinh chiéu vudng goc ciia nd trén mit phang z=0 (xoy)
b. V& hinh chiéu vuéng goc sau khi quay né xung quanh truc oy mét goc Fi=-60°
c. V& hinh chiéu Isometric ctia n6 1én mit phang z=0 (xoy)
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