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LOI NOI PAU

Gi4o trinh nay nhim mang dén cho ngudi hoc 1a céc sinh vién nganh
Cong nghé Thong tin nhing kién thirc co ban va chuyén sau trong linh
vuc dd hoa may tinh, rén luyén va phat trién ky nang thyc hanh thuc
nghiém, k¥ ning 1ap trinh cho linh vuc d6 hoa may tinh. Noi dung cia
gido trinh véi thoi luong giang day 3 tin chi gdbm ¢ 6 chuong, 2 phuc luc
va 7 bai thuc nghiém duoc trinh bay hudng dan chi tiét nham timg bude
phat trién k¥ ning 14p trinh db hoa, hiéu sau va danh gia chinh xac cac ly
thuyét va giai thuat do hoa. B6 cuc cta gido trinh gom:

LOINOI PAU

Chuong 1: Cac yéu t6 co sé cua dd hoa
Trinh bay cac khai niém co ban vé thiét bj d6 hoa va diém anh
(Pixel). Giéi thiéu va trinh bay chi tiét cac giai thuat dung cac
dudng co ban nhu: doan thang, duong tron, ellipse. Hudng dan
chi tiét cac bude dé tao ung dung khung phuc vu cho viéc thuc
hanh thuc nghiém théng qua “Bai thwe nghiém sé 17, dé tir 6
dan dit lam quen va trang bi tirng budc cac kién thirc lap trinh
d6 hoa trén windows véi VC++ va MFC.

Chuong 2: Cac hé mau va co ché to chirc b nhé man hinh
Trinh bay déi nét vé cau tric man hinh mau. Tinh chat giao thoa
anh sang va nguyén 1y tao diém mau trén man hinh hay may in.
Gi6i thi¢u so b vé cac h¢ mau RGB, CMY, HSV. Tim hiéu vé
co ché td chirc bd nhd man hinh, cach tinh dja chi dé truy Xuét
thong tin diém anh, qua do tim hiéu mot mode d6 hoa cin ban
la mode 13H.

Chuong 3: Céc phép xén hinh va t6 mau
Gidi thiéu pham vi va ing dung cua bai toan xén hinh. Trinh
bay chi tiét cac giai thuat xén hinh cin ban nhu: Xén doan thang
vao hinh chir nhat, xén da giac vao hinh chir nhat. Gidi thi¢u bai
toan t6 mau va tmg dung. Trinh bay chi tiét 2 giai thuat t6 mau
gom: Giai thuat vét dau loang (Flood fill), va giai thuat t6 da
giac theo dong quét (Scan-line). Tim hiéu sau hon vé van dé xu
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1y @6 hoa cuia hé théng thong qua “Bai thire nghigm s6 2 dé xtt
1y bai toan t6 mau theo giai thuat vét dau loang.

Chuong 4: Cac phép bién ddi hinh hoc
Trinh bay 1y thuyét bién d6i hinh hoc affine v&i cin ban 1a cac
phép tinh todn ma tran. HE toa do thun nhit va loi ich cua no
trén mo hinh xir Iy may tinh. Vi du huéng dan vé cac phan tich
bai toan bién hinh phirc tap vé thanh tong hop ctia nhimng phép
bién hinh co ban, dua trén viéc tinh tich cac ma tran. Phan tich
bai todn quan sat vat thé trong khong gian 3 chiéu va sy md
phong thé gidi thuc.

Chuong 5: M6 hinh WireFrame

Trinh bay chi tiét vé mo hinh Wireframe. Cach thirc t6 chirc luu
trit thong tin. Huéng dan xdy dung mot tng dung mo phong
viéc quan sat vat thé 3 chiéu trong khong gian theo mé hinh
Wireframe, ap dung két hop kién thiic ctia chuong 4 va chuong
5, thong qua “Bai thwe nghiém sé 3”
Chuong 6: M6 hinh cac mat da giac va van dé khtr mat khuét

Gi6i thi€éu mo hinh cac mat da giac, uwu va nhuoc diém cung
cach thirc t6 chire luu trix thong tin. Gidi thi€u bai toan khir mat
khuit va trinh bay chi tiét cac giai thuat sip xép theo do sau,
giai thuat chon loc mat sau, giai thuat vung dém d¢ sau. “Bai
thwe nghiém sé 4” gitp phat trién tng dung 3DViewer mo
phong viéc quan sat vét thé trong khong gian 3 chiéu trén may
tinh, trong d6 van dé khir miat khuat duoc xur 1y boi giai thuat
chon loc mit sau. Va “Bai thuwc nghigm s6 57 phét trién mot
ban nang cap cua tmg dung 3DViewer trong d6 van dé khir mat
khuit dugc xtr Iy boi giai thuat ving dém do sau.

Cudi cung 1a hé théng 2 phu luc nham gitip sinh vién c6 thé tim hiéu
va nghién ctru sau hon mot s6 van d& ma trong khuon kho thoi gian han
hep ctia hoc phan khong cho phép tim hiéu hét dugc. Cac phuc luc d6
bao gom:

Phu luc I: Cac phuong phép dung duong cong va mat cong
Trinh bay chi tiét cac phuong phép tao dudng cong va mit cong
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hi€éu qua trén mo hinh may tinh.
Phu luc II: Cac mo6 hinh chiéu sang

Trinh bay chi tiét viéc tinh toan mé phong cac loai hinh chiéu
sang 1én vat thé 3 chiéu nham tang tinh trung thuc cta hinh anh
mo phong, tao cho hinh anh mo6 phong dugc trung thuc va “dep
hon”. Pua ra cac giai phap cong nghé xir Iy két hop nham giai
quyét vin dé tbc do cho bai toan moé phong xtr 1y hinh anh 3
chiéu trén may tinh. “Bai thwe nghiém sé 6” va “Bai thuc
nghiém sé 7 gitp phat trién va hoan thién hon nita tng dung
3DView, dé tmg dung c6 thé md phong trung thuc hon cac dbi
tugng 3 chiéu, va qua d6 gitp sinh vién cé duge kién thirc sdu
hon va k¥ ning virg vang vé van dé xir Iy mo phong dbi tuong
3 chiéu trén may tinh.

Véi mong mubn tao diéu kién tdt nhat dé sinh vién c6 thé d& dang
linh hoi kién thic 1y thuyét, phat trién nang luc thuc nghiém va ky ning
giai quyét van dé noi chung hay k¥ niang lap trinh noi riéng. Tac gia di cb
ging dé trinh bay cac van dé thudc linh vuc d6 hoa may tinh mot cach
chi tiét mach lac va chuin x4c nhit co thé, cac k¥ thuat x1r Iy ludén sat voi
cong nghé trong thuc tién. Hy vong rang nd s& mang lai nhiéu b6 ich cho
sinh vién ciing nhu ban doc. Tac gia cling mong nhan duoc nhiéu dong
gop v kién cia quy dong nghiép cing ban doc dé cudn sach dugc hoan
thién hon trong 1an tai ban sau.

Téc gia

TS. Nguyén Hiru Tai
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Chuong 1. CAC YEU TO CO SO CUA PO HQOA

Trong chuong nay s& trinh bay cac khai niém vé diém anh, toa do
diém anh va ma trin diém anh trén thiét bi d6 hoa. Trinh bay cac giai
thuat gitp dung hinh mét cach hiéu qua ddi véi cac dbi twong co ban nhu
doan théng, hinh tron, hinh ellipse.

1. CAC KHAI NIEM CO BAN
1.1. Thiét bj d6 hoa va diém anh

Thiét bi d6 hoa duoc hiéu 13 nhitng phuong tién gitp ching ta thé
hién duoc cac hinh anh thong qua su diéu khién cua may tinh. Tir dé
chung ta c6 thé 1iét ké mot sb thiét bi quen thudc nhu man hinh may tinh,
may in, may v&,...Hinh 1.1 cho thdy kha nang hién thi sinh dong hinh v&,
chtr, hinh anh thu dugc tir camera trén mgt man hinh may tinh ctia hang
Dell. Bé c6 thé diéu khién duoc qua trinh hién thi théng tin (hinh v&, chit
viét, hinh anh, .. .) trén thiét bi dd hoa, ching ta can hiéu duoc tinh chét
ciu tao cua ching. Trong chuong ndy chung ta can tim hiéu mot sb khai
niém co ban lién quan dén qua trinh dyng hinh.

Hinh 1.1. Giao di¢n d6 hoa windows 8 thé hi¢n trén man hinh cia
hang Dell

Mdi thiét bi 6 hoa c6 mot mat phiang (hai chidu) dugce phan chia
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thanh cac dong (rows) va cac cdt (columns). Giao cua cac dong va céc
¢t tao nén cac diém anh, thuét ngi tiéng anh la Pixel. Kich thudc cua
diém anh phu thudc vao dién tich cua bé mit hién thi va sb diém anh t6i
da ma thiét bi diéu khién va hién thi duoc trén bé mat dé. PO phan giai
ctia thiét bi man hinh thudng duogc biéu dién bai kha ning phan chia véi
sb cOt va sb dong cuc dai. Vi du man hinh LCD Full HD s€ cho kha nang
phan chia dugc 1920 cot va 1080 dong, tir d6 tao nén hon 2 triéu diém
anh. Cac cot va cac dong dugc danh chi s6 bat dau tir 0 tai vi tri gdc trén
bén trdi nhu minh hoa trong Hinh 1.2. Tur d6 mbi diém anh duogc dinh
danh thong qua mot cip chi s6 (x,y) trong d6 x va y lan luot 1a chi sb cot
va chi sb dong tao nén diém anh do, cap chi ) nay con dugc goi la toa
d6 diém anh trén thiét bi dd hoa. Tir d6 ciing dé& thay ring toa do diém
anh trén thiét bi d6 hoa luén ludn phai 1a mét cip sé nguyén duong hoic
bang khong. Céac cdp gia tri toa do thuc (khong nguyén) hodc 4m khéng
dugc chdp nhan vi né khong gitp hé théng xac dinh duoc diém anh
(pixel) can diéu khién.

Pixel
0 1 2 X

0
|

.———'____——_.2-.

a
[

L4 | |

Hinh 1.2. Minh hoa viéc hién thj hinh anh d6 hoa trén thiét bi
1.2. Piém va doan thing trong mit phing

V& mit toan hoc thi mot doan thfmg bao gém mot tap vo han cac
diém trong mit phiang véi cip toa d6 thuc va khong co kich thude (hay
kich thudc vo cing bé). Khai niém nay c6 nhiéu khac biét voi khai niém
Pixel trén thiét bi dd hoa ma nguoi hoc can nim ving trudc khi bat dau
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tim hiéu bai toan dyng hinh trong linh vuc d6 hoa may tinh. Tir Hinh 1.2
ching ta c6 thé hiéu rang qua trinh dyng hinh trén thiét bi d6 hoa chinh Ia
qué trinh x4ac dinh mot tap cac diém anh (pixel) sao cho chiing c6 thé thé
hién duoc hinh anh ma ching ta mong mudn & mtc tot nhat (t6i wu nhat)
6 thé. Vi du doan théng mau den duge thé hién béng mot tap 6 pixel lién
tiép nhau nhu minh hoa trong Hinh 1.2, mdi pixel c6 mét kich thudc cu
thé phu thudc vao kich thudc va do phan giai cua thiét bi.

2. CAC GIAI THUAT VE POAN THANG
Phuong trinh tong quat cia mot duong thang duoc viét dudi dang:
y=ax+b
trong do:

- alahéso goc hay con goi la do doc, nd phan anh mdi tuong quan gitra
2biénsoxvay.

- b la khoang chén trén truc hoanh.
Phuong trinh dudng thang di qua 2 diém A(Xa, Va) va B(xs, yp) duoc

viét dudi dang:

Y~ Vo _ X7X,
yb_ya xb_xa

(1.1)

(Vo1 x,<>xp va y,<>yp. Khi x,=xp thi phuong trinh la x=x,, con khi y, =
Vp thi phwong trinh lay = y,)

pat Ax=x, —x vaAy=y, —y. thi (1.1) tr¢ thanh

Ay Ay
=——x-——x, +
y Ax Ax Ya
a—Ay
o y=ax+b V6§ Ax (1.2)

b=-ax, +y,

2.1. V& doan thing dua vao phwong trinh

Khi biét phuong trinh ciia mot dudong ching ta hoan toan c6 thé vé
3
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dugc duong biéu dién nhd vao cac tinh toan trén phuong trinh. O day
dudng ma ching ta cin biéu dién 12 mot doan thing AB v6i A(Xa,ya) va
B(xp,yp). Phuong trinh biéu dién dwoc cho boi (1.2) voi

XE xa’xb]’yel;va’yb]

Quy trinh cé thé tém tit nhw sau:

e Néu |A)] <|Ax], nghia 1a bién s6 x bién thién nhanh hon bién s6 y, luc

nay dé dam bao tinh lién tuc ciia cac diém vé& ching ta cho bién sb x
thay d6i tuan ty va tinh bién s6 y qua phwong trinh. Cu thé nhu sau:

Cho x nhén céc gia tri nguyén lan lugt tir x, dén xy, voi mdi gia tri
x ching ta thuc hién:

- Tinh y = ax + b thong qua phuong trinh
- V& diém (x, round(y))

O day diém trén doan thing c6 toa do 1a (x, y) song chiing ta
khong thé v& diém d6 boi gia tri y 1a mot gia tri thuc trong khi cac hé
théng biéu dién dd hoa chi ¢6 hitu han diém va mdi diém c6 toa do
nguyén. Tir d6 chung ta budc phai minh hoa cho diém (x, y) thudc
doan théng thuc boi mot diém trén hé théng thiét bi dd hoa gén vO1 nd
nhét, d6 chinh la diém c6 toa do cot 1a x va dong la gia tri 1am tron vé
s6 nguyén cua y.

e Nguoc lai, nghia 12 bién s y bién thién nhanh hon bién s x, lic nay
dé dam bao tinh lién tuc cia cic diém v& ching ta cho bién sb y thay
dbi tudn ty va tinh bién sé x qua phuong trinh. Cu thé nhu sau:

Cho y nhan cac gia tri nguyén lan luot tir y, dén yu, v6i mdi gia tri y
chung ta thuc hién:

B A Ax
> Tinh x = 2 =2 (hay x="—"y—""y, +x,)
a Ay Ay

> V& diém (round(x), y)

Vi du: Cho A(5, 4) dén B(10, 7) dé v& doan thiang AB chiing ta thuc
hién cac budc sau:
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Tinh: M=x, —x =10-5=5Av=y, —y, =7-4=3
a3
Ax 5
b=-ax,+y,=1
Vi ‘Ay‘S‘Ax

X, dén xp, vO1 mOi gid tri x chiing ta can thuc hién:

, nén chung ta cho x nhdn cac gia tri nguyén lan luot tir

» Tinh y = ax + b thong qua phuong trinh
> V& diém (x, round(y))

I _J ........ B T e

Hinh 1.3. Anh minh hoa mét doan thing tir A(5,4) dén B(10,7)

Cu thé nhu sau:
Khix=x,=5: y=axtb=4; V&diém (5.4)

Khi x = 6: y=23/5=4.6; V& diém (6,5)
Khix =7: y=26/5=52; V&diém (7.,5)
Khi x = 8: y=29/5=5.8; V& diém (8.,6)
Khix =9: y=232/5=6.4; V&diém (9,6)
Khi x = 10: y="1; V& diém (10,7)

Két qua chung ta c6 hinh v& doan thiang AB c¢6 thé minh hoa nhu
trong Hinh 1.3.
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2.2. V& doan thing dua vao giai thuit Bresenham

Muc 2.1 dd dua ra quy trinh dé v& mot doan thiang AB bét ky trén
thiét bi d6 hoa. Song phuong phap tinh toan con chua that sy hiéu qua.
Cu thé tai mdi budc lap dé tim ra duoc toa do cua mot diém vé chung ta
can phai tinh 1 phép nhan va 1 phép cong trén truong s thyc, ciing véi
mot phép tinh 1am tron (round) sb thue vé sé nguyén. Ciing véi cach tiép
can trén, song gidi thuat Bresenham hudng t61i mot sy phan tich bai toan
sdu sic hon dé di dén mot quy trinh it tinh toan hon.

Gia thiét dau tién ma giai thuat Bresenham dat ra l1a hé ) gbc cua
doan thing a € [0, 1], cac trudng hop con lai ciia hé sé goc nhu a €
[1,+00); a € [-1,0]; a € (—o,—1] c6 thé duoc quy vé truong hop
doan thang c6 hé s6 goc a € [0,1] théng qua cac phép lay dbi ximg, quy
trinh xtr 1y cu thé ddi véi cac doan thang c6 hé sb goc a ¢ [0,1] s& dugc
ban thao va huéng dan tai muc 2.2.3.

Tir gia thiét dat ra 1 hé s6 goc cuia doan thang a € [0, 1], chung ta co
thé suy ra rang trén toan b doan thang tham sé x ludn ludn bién thién
nhanh hon tham sb y. Tir d6 dua dén quy trinh: cho x nhén cac gia tri
nguyén lan luot tir x, dén xp,, voi moi gia tri x ching ta cn phai tim ra
mdt gia tri y nguyén dé (x,y) chinh 1a toa d¢ cua diém can minh hoa trén
thiét bi. Va diém mau chét ¢ ddy 1a viéc tim ra gia tri y phai théng qua it
phép tinh toan hon quy trinh da trinh bay ¢ muc 2.1.

Gia thiét voi hai diém dau mat A(Xa, ya) va B(xp, yp) cO toa do
nguyén va x,<xp (néu can thi hoan d6i hai ddu mut A va B dé thoa mén
giai thiét x,<x, ). RS rang diém anh dau tién can biéu dién trén thiét bi
chinh 13 diém A c¢6 toa do (Xa, Ya)- Néu goi diém anh duoc lya chon dau
tién trong quy trinh 1a (xo, yo) thi:

(X0, ¥0) = (Xa, Ya)

Theo 1ap luan quy nap:

e Gia thiét rz‘?lng dén bude thir i chung ta da chon dugc diém anh thi i,
hay néi cach khac la diém anh duoc chon ¢ bude tha i ¢6 tén go1 (Xi,
yi) da duoc xac dinh gia tri.

e Viy dén budc tiép theo (budc thir i+1) chung ta s& chon diém anh
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nao? Noéi cach khac 1a diém anh duge chon & bude thu (i+1) voi tén
201 (Xi+1, yi+1) s€ dugce xac dinh cac gia tri ra sao?
Chu y: x;, y; la tén goi cua toa do diém anh chon thir i, vi du nhur (X0, Yo)
la tén goi cua diém anh dwoc lwa chon dau tién (i =0) va no co gia tri la
(Xar Ya)
Dé tra 101 cau hoi nay chung ta can dya vao mot sb 1ap luan sau day:
Nhu da trinh bay thi diém anh chon thir i+1 s& phai ¢6 hoanh d¢ x
béng hoanh d6 cua diém anh duoc lya chon trude do cong thém 1:
Hay x,, =x, +1
Goi M 1a diém thudc AB sao cho x,, =x.,, = x, +1
Thi: y,, =ax,, +b=a(x,+1)+b=(ax, +b)+a
Vay diém tiép theo thudc doan thang ma ching ta can tim diém anh
minh hoa trén thiét bi 1a M( x;+1, (ax; +b)+a). Cau hoi dat ra la chung
ta s& chon diém nao trong 2 diém anh P( x,+1, YV)yvaQ(x, +1, y,+1) dé
minh hoa cho M trén thiét bi db hoa (xem Hinh 1.4).

Xi

Yi

Yi+1

g
Hinh 1.4. Minh hoa viéc chon lya diém P hay Q dua vao cic tham sb
Dé tra 101 cau hoi ndy ching ta can xem xét mot biéu thic trung gian:
bat  d =y —yp) Vad, =y ~1y)
7
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Xét biéu thire:

_yp+yg}

%—dz=wM—ng—u@—nn=2xw—o@+y@:zkw :

Néu goi I 1a trung diém cua QP thi: d —d,= 2[yM — y,]

RO rang la:

Néu d, —d, <0 dan dén y, < y,, suy ra P gan diém M hon Q, vay
chung ta s€ chon diém anh P lam diém minh hoa cho diém M thudc
duong thang trén thiét bi do hoa
e Néu d,—d,>0 din &n y, > y,, suy ra Q gin diém M hon P, viy

chung ta s€ chon diém anh Q lam diém minh hoa cho M trén thiét bi

d6 hoa
e Néu d, —d,=0dindén y, = y,, suy ra kha nang lya chon P va Q la
nhu nhau, song chung ta phai quyét dinh chon mét diém anh. Trong

tinh hudng nay giai thuat quy dinh chon diém Q.

Vay dé tim dugc diém minh hoa tiép theo chiing ta can xét dau cua
biéu thirc d,—d,. Song chung ta thiy biéu thirc d, —d, con kha phuc tap

va phai thuc hién tinh toan trén truong s6 thuc do trong d6 ¢ xuét hién

phép chia:
Yy =(ax, +b)+a=(ax, +(—ax,+y,))+a
(1.3)
:&xi _&xa +ya +&
Ax Ax Ax

Dé tranh tinh biéu thirc d, —d, trén truong s6 thuc nguoi ta hudng téi

mot biéu thire trong dwong vé dau do 1a
P = Ax(d, ~d,)

Viéc dua Ax vao nhiam loai bd mau sb trong biéu thirc d,—d,, th dod
thu dugc biéu thirc P tinh trén truong s6 nguyén. That vay:

F=Ax(d,—d,)=Mx(2y), —(yp + yQ)) =MAx(2yy —(y; +y,+1)

=Ax(2y,, =2y, - 1) =2Axy,, — 2Axy, — Ax
8
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Thay ym boi gia tri ¢ (1.3) chung ta dugc:

P =2Ayx, = 2Ayx, + 2Axy, + 2Ay — 2Axy, — Ax
(1.4)
=2Ayx; —2Axy, —2Ayx, +2Axy, +2Ay — Ax
Chuing ta théy biéu thire P, duogc xéc 1ap tir toa do cia diém chon thu
11a (x;, yi). Vay P,, s€ duogc xac lap tu diém chon thir i+1 13 (Xi+1, yis1)

nhu sau:

P

i+l

=2Ayx,

i+1

—2Axy,,, —2Ayx, + 2Axy, + 2Ay — Ax (1.5)

Vi d4u caa P va déu cua (d, —d,) la tuong duong nén co thé tom
tit quy tic chon diém anh tiép theo nhu sau:

e Néu P <0: Thi chon diém anh P lam diém minh hoa cho M trén thiét
bi d6 hoa. Hay noi cach khac 1a diém anh chon thir i+1 1& (Xi+1, yi+1) 58
c6 gia tri bang P. Nghia 13 (xi11, yi+1) = (xi+1, yi), tir d6 thay vao cong
thirc (1.5) ching ta co:

P

i+l

=2Ap(x, +1) = 2Axy, = 2Ayx, + 2Axy, + 2Ay — Ax = P + 2Ay

e Néu P, >0: Thi chon diém Q 1 diém minh hoa cho M trén thiét bi d6
hoa. Hay noi cach khéc 1a diém chon thtr i+1 1a (Xi+1, Vit1) S€ O gia tri
bang Q. Nghia 1a: (xi+1, yi+1) = (xit1, yi+1), tir d6 thay vao cong thirc
(1.5) chung ta cé:

P

i+l

=2Ap(x; +1) = 2Ax(y, +1) = 2Ayx, + 2Axy, + 2Ay — Ax

=P +2Ay-2Ax

Khii=0, ta c6 (X0, o) = (Xa, Ya) thay vao (1.4) chung ta co:

B, =2Ayx, —2Ayx, + 2Axy, + 2Ay —2Axy, — Ax =2Ay — Ax

Vay tir day chiing ta thdy dugc quy trinh chon ra cac diém trén thiét

bi dé minh hoa cho doan théng AB theo giai thuat Bresenham nhu sau:

e Diém chon dau tién (i = 0) 13 (xo, yo) = (Xe Ya) VA gid tri
P, =2Ay - Ax
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e Dua vao gia tri cia F, 1a am hay duong ma chung ta lai chon dugc
diém tiép theo (x,,y;) va tinh duoc gia tri P,
e Duva vao gid tri cia A la am hay duong ma ching ta lai chon dugc
diém tiép theo (X2,y») va tinh dugc gia tri P,
e Cu nhu vay ching ta tim ra dugc tap cac diém trén thiét bi dd hoa dé
minh hoa cho doan thing AB.
2.2.1. Tém tit gidi thudt Bresenham:
Pau vao: Toa dd (Xa, ya) va (Xp, yb) cia doan thing AB thoa mén gia
thiét hé sb goc thude doan [0,1] va x, < Xy,
Ra: V& céc diém anh nhim thé hién hinh anh doan théng AB trén mat
phang thiét bi d6 hoa.
e Budéc 1: (Budc khoi dong, tinh toan cac gia tri ban dau)
AX =Xp - Xa ; AY = Yb - Ya;
Constl =2Ay; Const2 =2Ay - 2Ax
Po=2Ay - Ax; (X0, Yo) = (Xa, Ya)
V& diém (xo, Vo)
e Buwdéc 2: (Bude lap, thuc hién tinh cac gia tri diém anh)
V6imdi gia trii (i=0, 1, 2,...) ching ta xét dau P;
> Néu P; <0: thi chon diém tiép theo 1a
(Xi+1, Yir1) = (xi + 1, i)
P;+1 = P; + Constl
> Nguoc lai (tic P; > 0): thi chon diém tiép theo 14
Xir1, yir) = (xi T L yi + 1)
P+ = P; + Const2

V& diém (Xi+1, Vir1) vUura tim duoc
e Buwéc 3: (Xac dinh diéu kién lip)

Lap lai budc 2 voi nhitng gia tri i tiép theo, cho dén khi
diém tim duoc tring véi B, nghia 13 ;. = x, thi giai thuat
10
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két thuc.
2.2.2. Vidu:

Cho doan théng AB véi A(5,6) va B(10,10). St dung gidi thuat
Bresenham chiing ta c6 thé tim dugc cac diém anh can vé dé biéu dien
doan AB trén man hinh nhu sau:

e Budc 1:
Ax=10-5=5; Ay=10-6=4;
Constl = 2Ay = 8; Const2 = 2Ay-2Ax = 8-10 = -2;
Py =2Ay-Ax =8-5=3; (X0, o) = (Xa , ¥a) = (5,6)
V& diém (X, Yo)
e Budc 2: Budc lap:
1=0:
Ta co Pp = 3>0 nén:
(X1, y1) = (X0 +1, yo+1) = (6, 7)
Py=Py+ Const2 =3 + (-2)=1
V& diém (x;, y1) = (6, 7)
i=1:
Ta c6 Py = 1>0 nén:
X, ) =1+ 1L yi+1)=(7,8)
P,=P;+ Const2 =1+ (-2)=-1
V& diém (x2, y2) = (7, 8)
1=2:
Ta c6 P, =-1<0 nén:
(x3,y3) =(x2t 1, y2) = (8, 8)
P;=P,+ Constl =-1+8=7
V& diém (x3, y3) = (8, 8)

11
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1=3:
Ta c6 P; =7 >0 nén:
(X4, ya) = (x3+ LLy3+1)=(9,9)
P4=P3;+ Const2 =7+ (-2)=5
V& diém (x4, y4) = (9, 9)
1=4:
Taco Py, =5>0nén:
(X5, y5) = (x4t 1, y4+ 1) = (10, 10)
Ps=P4+ Const2 =5+ (-2) =3
V& diém (xs, ys) = (10, 10)
Vi X5 = xp = 10, nén két thuc vong lap va ciing 1 két thuc giai
thuat.
Hinh v€ minh hoa (xem Hinh 1.5)

Hinh 1.5. Minh hoa doan thing dwoc vé trén thiét bi do hoa. Cac
Pixel vudng chinh Ia hinh anh thé hi¢n ciia doan thing AB trén man
hinh may tinh

2.2.3. Hudng din cho cdc trwong hop hé sé géc ngoai doan [0, 1]
Gia st cho A(0,50), B(100,10) d& dyng doan thing AB chung ta can
12
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tién hanh mot s6 phan tich:
AX=Xp—X,=100-0=100
Ay=yp—y,=10-50=-40
Suy ra hé s6 goc a = Ay/Ax =-0.4 € [-1, 0]
Luc nay ta can ldy ddi ximg cia AB qua truc OX dé duoc CD véi

C(0,-50) D(100,-10) nén xét trén doan thang CD chung ta c6

AX=%X4—%X.=100-0=100

Ay = yia—ye=-10~(-50) = 40

Suy ra hé s6 goc a = Ay/Ax = 0.4 € [1, 0] thoa mén diéu kién cta giai
thudt Bresenham. Tir d6 chung ta c6 thé 4p dung giai thudt Bresenham dé
tinh toan ra cac diém anh can v& trén CD nhung ching ta s& khong v& né

(vi muc dich chung ta 1a dung hinh AB) ma lai ldy ddi xtmg qua truc OX

(tire d6i xtmg nguoc lai véi luc dau) roi méi v&, thi lic nay cac diém anh

vé& ra s& 1a hinh anh cta doan thang AB. Nhu thé CD chi dong vai trd

trung gian nham ap dung duogc giai thuat con két qua sau cing chung ta
thu duogc van 13 hinh anh minh hoa cho doan AB.
Ap dung tuong ty:

- Trudng hop hé sb goc a e (1,+), lic nay chung ta can ldy dbi xtimg
qua dudng phan giac cta goc phan tu thir nhat dé hé s6 goc duoc quy
veé [0, 1].

- Trudng hop hé sé goc a € (—oo,~1), luc nay chiing ta can 1ay 2 1an dbi
xtng. Déi xtng qua OX rdi tiép dén dbi ximg qua dudng phan giac.
Xét diém M(x,y). Pbi xtmg qua OX chung ta dugc toa do méi 1a (x, -
y). tiép dén iy ddi ximg qua tia phan gidc goc phan tu thir nhat ching
ta duoc (-y, x). Hay noi cy thé hon 13 véi mot doan thang dau vao co
toa d6 12 A(X,, Ya) va B(Xp, o) thi doan thing trung gian cua no sé la
CD v6i C(-ya , Xa) va D(-yp , Xp).

2.3. Méi trwong thwe nghiém va cac bwdée thiét 1ap co béan

Chung t61 dé xuét sinh vién thuc hanh thuc nghiém trén moi truong

Microsoft Visual C++ st dung thu vién MFC (Microsoft Foundation

13
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Class Library) dé co6 thé d& dang tuong tac sdu véi thiét bj dd hoa va
mang lai nang luc thuc thi manh m&. Pong thdi né ciing phtt hop véi nén
tang kién thuc 1ap trinh huéng dbi twong va k§ nang lap trinh véi ngon
ngir C++ ma sinh vién di dugc trang bi trude khi dén véi mon hoc nay.
Tuy nhién sinh vién cling cAn phai trang bi va trau doi thém kha ning lap
trinh x 1y su kién trén giao di¢n dd hoa cua Windows va mot sd kién
thitc co ban vé MFC.

Bai thuc nghiém so 1:

Duéi ddy 1a cac budc hudng dan dé sinh vién co thé tiép can véi quy
trinh xay dung mét tng dung dd hoa co ban, img dung nay budc dau dat
nén tang cho qué trinh thuc hanh thuc nghiém, 13 qué trinh quan trong
gitip ngudi hoc c¢6 thé kiém tra tinh dang dén va tinh thuc tién cua cac ly
thuyét da duoc hoc thong qua két qua thuc nghiém va cac phan tich danh
gia, mang lai hiéu biét sau sic va da chiéu trén thuc tién.

¢ Budc 1: Tao mét du an (project) méi trong Microsoft Visual Studio st
dung ngdn ngir Visual C++ va thu vién MFC:

New Project ? x
P Recent .NET Framework4.52  ~ Sortby: Default - st i= earch Installed Templates (Ctrl+E p-
4 Installed - X
gs_] MFC Application Visual C++ Type: Visual C++
4 Templates A project for creating an application that
o
b Visual C2 m‘$ MFC ActiveX Control Visual Cos uses the Microsoft Foundation Class

b Visual Basic an Library

4 Visual C++ @ES  MFCDLL Visual C++
b Windows s
ATL
CLR

General

(s

b Cross Platform
Extensibility
b Visual F#
SQL Server
b JavaScript
b Python
b TypeScript
b Online
Name: [LineDemd = ]
Location: c:\users\huutai\documents\visual studio 2015\Projects - [ Browse.. |
Solution name: LineDemo [V] Create directory fd solution

[[] Add to Source Co

OK Cancel

Hinh 1.6. Cac buéc tao mot project phuc vu cho qua trinh thyuc
nghiém
Khi hop thoai MFC Application Wizard xudt hién, can bAm nat Next
dé chuyén dén muc Application Type. Tiép dén click chon muc “Dialog

14
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based” nhu hinh duéi day, rdi cudi cung bAm nut Finish dé két thuc qua
trinh tao khung img dung.

MFC Application Wizard - LineDemo ? X
— Application Type
===
Overview Application type: Project style:
(O Single document (®) MFC standard
Application Type = © San

(O Multiple documents

Compound Document Support

Document Template Properties

Database Support (®) Dialog based
User Interface Features [[] use HTML dialog
Advanced Features ["] No enhanced MFC controls 7
Generated Classes (O Multiple top-evel documents
v Use of MFC:

(®) Use MFC in a shared DLL
() Use MFC in a static library

Security Development Lifecyde (SDL)
checks

Resource language:
IEninsh (United States) VI

[ <previous |[ Next> |[ Finsh |[ cancel |

Hinh 1.7. Giao dién MFC Application Wizard gitip chon lwa kiéu
ung dung

Két thiic qua trinh trén, Microsoft s& tao ra mot khung tng dung
(template — Ban mau) v&i cac thanh phan va giao dién nhu hinh dudi déy:

15
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7 | Quick Launch (Ctrl+Q P o B x

Q) LineDemo - Microsoft Visual Studio
File Edit View Project Build Debug Team Tools Archite
@-2 | DT | Debug -

LineDemo.rc - IDD...0_DIALOG - Dialog* + X

Help ! tai nguyen huu ~
‘P 3 Z

Ctra s6
giao dién

Flution Explorer
@ o-5F <O f|-=

Search Solution Explorer (Ctrl+ P

2] Solution ‘LineDemo’ (1 project) -
4 [%] LineDemo
=8 References

»
&
2
]

L
)
]
=
)
=
T
S
g

& Extemal Dependencies

4 Header Files
LineDemo.h
LineDemoDIg.h
Resource.h
stdafch
targetver.h
4 .| Resource Files

4 LineDemo.ico

[ LineDemo.rc

[ LineDemo.rc2

4 .. SourceFiles
N 4. liaaDosae cny
RLUTLYSLIEY Team Explorer  Class View

Project véi cac
file ma nguon,
file tai nguyén,...

v v,

TODO: Place’

Properties
IDD_LINEDEMO_DIALOG (Dialog) IDIgEditor

Hinh 1.8. Hinh dnh ctia mgt irng dung dang dialog based lam khuén
miu xiy dung cac ing dung thue nghiém dé hoa may tinh.

% Budc 2: Thiét ké lai giao dién

y _— — \
: | Samph Ya: Samph
Cac edit control
deé nhap so liéu Xb: ¥b: @
V& doan théng
Button control dung
dé thuc hién 1énh vé
v&i thude tinh ID la:
IDC BUTTONI T
o /I -

Hinh 1.9. Thiét ké giao dién chwong trinh LineDemo

Tuy thude vao yéu cau ciia bai toan ma chiing ta c6 nhitng giai phap
thiét ké giao dién khac nhau. Hinh 1.9 1a thiét ké don gian cho bai toan
dung doan théng AB voi céac toa do dugc nhap vao thong qua cac hop
nhép liéu (edit control):

¢ Budc 3: Tao cac bién nhan dir liéu tir cac edit control

16
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Click chudt phai vao edit control can tao bién nhan dit liéu, tiép dén
chon muc “Add variable...” trong menu ngir canh.

nj =N
_; Xa:: Samph/w Ya: W
S N 3, RCGuE Ctrl+X
] Xb: [samp (3} Copy Ctrl+C
: 4] Paste Ctrl+V
3 VE X Delete Del

Add Event Handler...
Insert ActiveX Control...
*  Add Class...
e Add Variable...
g Class Wizard... Ctrl+Shift+X

@ Check Mnemonics Ctrl+M

Mockup Image:
o IS A Properties

Hinh 1.10. Menu ngit canh trong qua trinh tao bién nhén dir liéu tir
edit control
Sau d6 can xac dinh tén bién va cac théng sd co ban cho bién nhu
trong Hinh 1.11.
Thuyc hién tuong tu voi cac edit control con lai dé tao cac bién nhan
dir liéu toa dd cua doan théng AB, céc bién gém: xa, ya, xb, yb kiéu sd
nguyeén.

Add Member Variable Wizard - LineDemo ? X
Welcome to the Add Member Variable Wizard o
Access:
qlublic) V] Control variable
Variable type: Control ID: Category:
) v] [1oc_eprT1 vl Quae D v
Variable name: Control type:
Qe D | E |
Min value: Max value:
I | |

Hinh 1.11. Djt tén va xac dinh cac théng sé cho bién

% Budc 4: Thém ham xt 1y BresLine vao 16p CLineDemoDIg véi chire

17
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nang tinh toan theo thuat giai Bresenham va v€ hinh trén ctra s6 giao

dién
YHE &  Quick Launch (Ctrl+Q) P a0 & X
Tools  Architecture  Test Analyze Window Help 1 tainguyen huu ~
-~ B Local Windows Debugger ~ | 54 _ 7 '@ | = w |

Class View -1 xS
&
HWoo|a-|% g
<Search> -e A
3
4 [%] LineDemo C
b o= Maps
© Global Functions and Variables
I»l Macros and Constants
b “3 CAboutDlg
. = b “3 ClineDemoApp
= V&doanthing SR CLineDemoDlg
- #3  View Class Diagram Base Types
% Go To Definition F12 * _unnamed_enum_0004_1
’”=s -
i Go To Declaration Ctrl+F12 DemaDIg(CWind - pParemt = NULD =
m  Browse Definition ataExchange(CDataExchange * pDX)
Find All References Shift+F12
K&t thic 43 Filter To Type R e Class View
Go To Dialog
Add » | ¥ Add Function...
B> Class Wizard... Ctrl+Shift+X %@ Add Variable...
3 Copy Ctrl+C I
n B [ Rename... Ctrl+R Ctrl+R ClineNemaDla

Hinh 1.12. Cac buée dé thém mét ham xir Iy vao 16p CLineDemoDlIg

Pau tién chung ta can click chon vao tab “Class View”, tiép dén click
chuot phai vao muc CLineDemoDlg, r6i chon muc Add — Add

Function...

~
X

Add Member Function Wizard - LineDemo

Welcome to the Add Member Function Wizard

N

Return type: Function name:

[ void v] |BresLine I

Parameter type: Parameter name: Parameter list:

[ 2 | [ A

@?—v

faccess [ static [] virtual [] pure -cpp flle:

I public Vl O Inline ILineDemoDlg.cpp I E]

Comment (// notation not required):

[ |
S——

Hinh 1.13. Xéc dinh tén ham va cac tham so
Tiep dén can xé&c dinh tén ham, ki€u tra vé ciia ham va danh sach céc
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tham sd. Sau khi hoan thanh cin bdm nat Finish dé chuyén sang cong
doan viét ma lénh cho ham.

< Budc 5: Viét ma 1énh thuc thi cho ham BresLine:

void CLineDemoDlg::BresLine(int xa, int ya, int xb, int yb)

{ /* Gid thiét dau vao théa mdn hai diéu kién cia gidi thudt
Bresenham La hé sé goc a thudc [0, 1] va xa < xb. T dé chidng ta
chi can thuc hién theo diung cdc budc da dugc néu ra trong gidi
thugt.

Pé gidi quyét vdi dau vao téng qudt, sinh vién can tham Rhdo thém
phdn hudng dén xir Ly cho cdc tinh huéng hé sé géc a ngoai doan [0,
1]. Phdn nay dugc xem nhu mét yéu cdu ndng cdp md Lénh ma sinh vién
can thuc hién */

/* Ldy con trd qudn Ly déi tuong Device Context cua cira s6 giao
dién chuong trinh dé cé thé tién hanh vé cdc diém dnh trén cia sé

*/

CDC *p_DC = this->GetDC();
COLORREF Color = RGB(255, @, ©); //Mau dé

//Thuc hién Budc 0:

int Dx = xb - xa, Dy = yb - ya;
int P = 2 * Dy - Dx, Constl = 2 * Dy, Const2 = 2 * Dy - 2 * Dx;
int x = xa, y = ya;

p_DC->SetPixel(x, y, Color);
// Thuc hién Budc 2 (budc Ldp):

while (x < xb) // biéu kién dung (Budc 3)
{
X++;
if (P < @)
{
P += Constl;
¥

else

{

y++;
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P += Const2;

¥
p_DC->SetPixel(x, y, Color);

}

% Budc 6: Bim DoubleClick vao nit “V& doan thang” (tirc nat ¢6 ID 1a
IDC_BUTTONI1) dé chuong trinh MS Visual Studio tu dong thém
vao mot ham dap ung su kién khi nguoi sir dung click (hay bam chon)
vao nat “V& doan thing” ¢ dang:

void CLineDemoDlg: :0nBnClickedButtonl()
{

Tiép dén chung ta can viét ma I¢nh cho ham nay nhu sau:

void CLineDemoDlg::0nBnClickedButtonl()
{

/* Gol Lénh thuc thi viéc cdp nhat dir Liéu vao cdc bién xa, ya, xb, yb */

UpdateData(true);

// Goi ham vé dogn thdng theo gidi thudt Bresenham dd cai ddt
BresLine(xa, ya, xb, yb);

}

% Budc 7: Bién dich va thyuc thi chuong trinh, nhap toa d6 ciia AB vao
cac edit control rdi click nit “Vé& doan thang” s& thiy dugc hinh anh
biéu din cho doan théng AB dugc hién thi trén cira s6 nhu hinh duéi
day:
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&4 LineDemo X

Xb: [ 200 \ Yb: [ 150 ]

i Védoanthdng |

Két thic

Hinh 1.14. Két qua thyc thi chwong trinh véi hinh anh biéu dién cho
mét doan thang AB dwoc tinh toan theo giai thuit Bresenham.

2.4. So sanh danh gia hai giai thuat dung dwong thiang

Sau day chung ta s& tién hanh so sanh va danh gi4 hai giai thuat dung
doan thang trén mot sé tiéu chi quan trong:

1. Yéu cau vé phian cirng thye thi tinh toin:
R& rang rang hai giai thuat c6 hai yéu cu khac nhau vé phan cling
thue thi tinh toan. Cu thé:

> Giai thuat v& doan thing dwa vao phuong trinh yéu cau tinh toan
v6i kiéu dir liéu sb thuc, vi vy mot hé théng dd hoa néu str dung
giai thuat nay s& can c¢6 vi xir Iy hd trg tinh toan sd thuc, yéu cau
nay khong phai khi nao ciing dugc dap ung. Thyc té cho thay, rat
nhiéu hé thng thiét bi trong céng nghiép cho dén giai tri va gia
dung c6 man hinh hién thi dd hoa cap thap (46 phan giai thap véi
nhiém vu hién thi cac thong tin don gian), dugc xay dung trén cac
vi xir 1y s6 nguyén 8-bit, 16-bit, hay 32-bit nham dap g yéu cau
vé gia thanh. Vay nén cac hé thong nay khong thé dap ung duoc
yéu cau cua giai thuat, hodc chi dap (mg mién cudng theo mot
cach phirc tap hon d6 1a xay dung cac modul phan mém hd trg xir
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Iy s thuc dya trén cac 1énh tinh toan sé nguyén. Ngay ca vi xir 1y
méy tinh 16-bit clia hing Intel c6 ma hiéu 1a 8086 dugc thiét ké
trong giai doan 1976-1978, va trang bi trén cac may IBM PC, c6
kién trac bd xur 1y sd hoc va logic (Arithmetic Logic Unit, hay
ALU) chi thyc hién cac tinh toan trén truong sb nguyén, vi vay cac
tinh toan sb thyc trén may tinh giai doan d6 phai dwoc thyc hién
thong qua giai phap phan mém mat nhiéu thoi gian thuc hién.

Giai thuat v& doan thing dwa vao phwong trinh chi yéu cau cac
tinh toan cin ban trén truong sd nguyén gdm: so sanh, cong, trir,
va phép dich bit dé thuc hién phép nhan 2. Nhitng yéu cau tinh
todn nay la hét strc can ban va co thé thuc hién duoc trén hau hét
cac hé thong vi xur 1y.

S6 1énh may can thuc hién dé c6 thé tinh toan dwoc toa dd
diém anh

Giai thuit vé doan thing dua
vao phwong trinh

Gidi thuit Bresenham vé doan

thing

Tinh toan trong

phan khéi dong

AX = Xp - Xy

AY=Y¥b-Ya AY=Yo-Ya
a=Ay/Ay Constl = 2Ay
=-a*X,tYya Const2 = 2Ay - 2Ax
X =X, P =2Ay - Ax
Y= Ya X=Xa
Y= VYa

AX = Xp - Xa

Nhéan xét: Sé 1énh may can thuc hién & giai doan khoi dong cua cé hai
giai thuat khong khac nhau dang ké. Mit khac, do budc
khoi dong chi thuc hién mot 1an, nén gép phan khong dang
ké vao chi phi thoi gian tinh toan ciia toan bd quy trinh

thuce thi cua giai thuat.

Tinh toan trong vong lap dé thu dwoc toa dé mét diém anh minh hoa
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x=x+1 x=x+1
y=int (a.x + b+ 0.5) Néu P < 0:
P =P + Constl
Nguoc lai:
y=y+l
P =P + Const2
TOng cong: Tong cong trong tinh hudng xau
- 3 1énh cong $6 thuce nhét:
-1 1énh nhan s thyc - 3 1énh cong sb nguyén
- 1 Iénh ldy phan nguyén cua s | - 1 1énh chuyén huéng thyc thi
thuc (hay 1énh nhay).
Tong cong trong tinh hudng tot
nhét:
- 21énh cong sb nguyén
- 1 Iénh chuyén huéng thyc thi
(hay 1énh nhay).

Nhin xét: O ddy chung ta chi so sanh mang tinh tuong ddi, vi 2 giai
thudt c6 yéu cau nén tang tinh toan ctng cac 1énh méay khac
nhau nén sé rat khac nhau khi thuc hién trén cac nén tang
kién trac vi xtr 1y khac nhau. Nhung nhin chung giai thuat
dwa vao phuong trinh ngoai yéu cau phai thuc hién trén dir
liéu $6 thue, né con nhiéu hon mot 1énh nhan $6 thue, vi
thé khi doan thang cang dai, kéo theo sb lan lip cang 16n
thi hiéu qua cai thién vé thoi gian cta giai thuat Bresenham
cang cao.

Tir nhitng so sanh va danh gia trén cho thay, ching ta nén Iya chon
giai thuat Bresenham dé cai dat trén cac hé théng dd hoa dé mang lai hi¢u
qua thuc thi tdt nhat, con giai thuat dung duong tron dua vao phuong
trinh chi mang tinh tham khao va so sanh.
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3. CAC GIAI THUAT VE PUONG TRON

A
A\

Q.

B

v

Hinh 1.15. Do thi toan hoc ciia hinh tron tim O ban kinh R

Phuong trinh dudng tron tim O (gbc toa do) ban kinh R (nguyén) 1a:

X2+ y2 = R2

Trong muyc nay chung ta chi can tim phuong phap vé duong tron tam
tai géc toa do. Néu chung ta v& dugc dudng tron tam tai géc toa do thi
bang cach thém vao phép tinh tién ching ta dugc dudng tron tim (x,y)
bat ky.

D@ thiy, dé v& duoc duong tron tim goc toa do ching ta chi can tim
phuong phap v& cung mdt phan tdm AB nhu trén Hinh 1.15, két hop voi
cac phép iy d6i xtmg ching ta s& c6 cac phan con lai cia duong tron.

Vé6i cung AB thi 16 rang d6 déc cta nd thude doan [-1, 0]. Didu nay
ching ta c6 thé dé dang thay qua goc cua tiép tuyén v6i cung AB hay qua
dao ham phuong trinh biéu dién cung AB.

Vi cung AB c6 d6 déc trong khoang [-1, 0], nén chiing ta suy ra ring
trén toan bo cung AB khi bién s x ting thi bién s y giam, va tdc do thay
dbi cua y chdm hon cua x. Tir ddy ching ta c6 thé dé ra mot quy trinh
dung cung AB nham dam bao tinh lién tuc (hay ndi tiép, lién k&) cua cac
pixel dugc chon, cu thé:

e Cho bién s6 x nhan lan luot cac gia tri nguyén tir X, dén x,. Vi moi
gid tri x ching ta thyc hién:
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> Tim gi tri y nguyén tuong tmg dé pixel c6 toa do (x,y) sé 1a diém
gén nhét voi diém co toa do thuc (X, Yeircle) von thudc duong tron
vé mat toan hoc.
> V& pixel (x,y) tim duoc va cac ddi xtimg ctia n6 dé co dugc dudng
tron
Trong muc nay chiing ta s& di tim hiéu 2 giai thuat cho phép dung
duong tron (thuwce chdt la dung cung AB va cdc doi ximg ciia né) mot cach
hi€u qua vé mat toc do tinh toan.
3.1. Gidi thuat vé duwdng tron MidPoint
Giai thuat MidPoint hay con goi 1a giai thuat xét diém giira.

e Diém anh (hay Pixel) dau tién duoc chon dé dung cung AB s& chinh
1a diém A(O,R), nghia 1a diém chon dau tién ciia quy trinh dung hinh
v&i tén goi (Xo,Y0) s€ ¢ toa dd (0,R). Noi cach khac chung ta co:

(X0,¥0) = (O,R)

e Gia sir & budc thir i ching ta da xac dinh duoc gia tri diém anh can vé
ctia bude nay 13 (xy,y;), hay noi cach khac 1a diém v& thir i 1a (x;,y;) da
duoc xéac dinh gid tri. Cau hoi dat ra la dén budce thu i+1 ching ta s¢&
chon diém v& tht (i+1) nhu thé nao? Hay néi theo mot cach khac 1a
diém chon thir (i+) voi tén goi 13 (Xi+1,yi+1) ¢ gia tri bang bao nhiéu?

Vi diém anh chon lya ti€p theo cua quy trinh dung hinh phai dugc
chon lya trén co sé tuan thu quy tac da dé ra & cuéi muc 3, nén hoanh do
X cua no phai tang mdt gia tri so véi gia tri cia diém chon trudc do, hay
noi cach khac la:

X =% +1

Pong thoi vi trén cung AB (xem Hinh 1.16) khi x ting thi y giam va
tde do thay ddi cua y cham hon cua x, vi thé voi gia tri x tang 1 don vi
(hay mot cot) thi gid tri y s& thay d6i mot lwong Ay véi rang budc -1< Ay
<0. Ma diém anh chon budc trude 13 (xi,y;) nén diém anh chon & budc
tiép theo chi ¢ thé 1a mot trong hai diém anh P(x;i+1, y;) va Q(xi+1, y; -

1.
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Xi x;+1

Cung AB

Hinh 1.16. Minh hoa viéc chon lya diém P hay Q dwa vao cic tham
s0 khi dung cung AB trén man hinh
Pé quyét dinh dugc diém chon 1a P hay Q ching ta huéng dén mot
biéu thirc ma dau ctia n6 cho phép ching ta ra quyét dinh chon diém nao.

0 | K

v

Hinh 1.17. Minh hoa ham f,

ircle
Trudce hét chung ta xét ham (xem Hinh 1.17):

fcircle(xﬁy) = xz +y2 _Rz
Vo1 mot diém M(x,y) thi r0 rang chung ta co:

o ferceM) = f(X,y) = x>+ y2 — R% < 0 khi va chi khi diém M nim trong
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duong tron (tam O ban kinh R)
o feiretelM) = f(x,y) = x> + y* — R* > 0 khi va chi khi diém M nim ngoai
duong tron (tam O ban kinh R)
o feretelM) = f(x,y) = x> + y* — R* = 0 khi va chi khi diém M nim trén
duong tron
Tir két qua trén, néu ching ta goi I 1a trung diém cta PQ thi I(x; +
Ly;-0.5) va:
bat Pz = fCirCle(I) = fcircle (Xi +1,}’i - 05)

1.6
= (x;i 1)’ + (yi - 0.5 - R? (10

o Khi P = fere(I) <0 thi diém I ndm trong duong tron (zdm O ban kinh
R), vi thé diém P s& gan voi duong tron hon diém Q. Suy ra diém P s&
duogc lya chon 1am diém anh biéu dién cho cung AB & budc thir i+1.

o Khi P = feirae(I) > 0 thi diém I ndm ngoai duong tron, vi thé diém Q
s& gan v6i dudng tron hon diém P. Suy ra diém Q s& duogc lya chon
lam di€ém anh bi€u dién cho cung AB ¢ budc thir i+1.

e Khi P = feirce(I) = 0 thi diém I nim trén duong tron, suy ra kha nang
lwa chon P va Q 1 nhu nhau, song ching ta phai quyét dinh chon mot
diém. Trong tinh huong nay giai thuat quy dinh chon diém Q.

Tl day ching ta thy, ddu cua biéu thirc P, c6 thé dugc s dung nhur
mot ham ra quyét dinh cho viéc lya chon diém anh diém tiép trong qua
trinh dung hinh.

Dé giai thuat duoc don gian ngudi ta tdi wu hoa viéc tinh P theo

cong thirc truy hoi, cu thé:
Py= [ +Lyin - 0.5) = (i1 + 1)’ + (i1 - 0.5 -R* (1.7
Dau cua P sé quyét dinh gia tri P,, nhu sau:

e Néu P, <O0: thi diém chon tiép theo 1a P(x; +1,y;), diéu d6 c6 nghia la
(Xi+1,¥i+1) = (Xi +1,yi). Thay vao (1.7) ching ta thu duoc:
P, = (x/H1+1)* + (1 -0.5)* = R* = P+ 2(x;+1)+1 = P, +2x; +3
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e Néu P > 0: thi diém chon tiép theo 1a Q(x;+1,yi-1), diéu d6 c6 nghia
12 (Xi+1,yi+1) = (x; TL,yi - 1). Thay vao (1.7) ching ta dugc:
Py =(xt1+1) + (vi-1 - 0.5)° =R = B+ 2(xit1)+1-2(yi-0.5)+1
=P +2(x;—yi) +5

Pau tién ching ta chon diém A(O,R), nghia 1a (xo,y0) = (O,R), thay
vao (1.6) chung ta cé:

F, =1—R+l=§—R
4 4
Tir ddy quy trinh dung hinh c6 thé dugc thuc hién theo logic sau:

Tinh P, vé& diém (xo,y0) = (0,R)

Dua vao diu cua P, chung ta lai chon dugc diém v& tiép theo (x1,y1)

vagiatr B

Dua vao dau cia B ching ta lai chon dugc diém v& tiép theo (x2.,y»)

vagiatr P,

Qua trinh trén duoc 1ap di lap lai cho dén khi chung ta vé duoc diém
nguyén gan nhit véi B.

% Mot diém dang chii y & day cac gia tri P tiép theo c6 dugc bang cach
cong voi gid tri P trude do véi mot luong nguyén 2x; +3 hodc 2(x; —
yi) +5 tuy theo ddu cia P. Song néu gia tri P khoi dau la

1 N - A e g
P =1-R +Z la mot gia tri thyc s€ lam cho viéc tinh cac gia tri P

tiép theo ciling phai xir 1y trén truong sb thuc. Mot diéu dé thiy 1a néu
ching ta thay d6i gia tri P, khoi dau la 1-R thi diu ctia P, va cac P,
c6 duoc sau d6 khong hé thay d6i (mit du gia trj c6 bi giam mét luong
0.25), dan dén két qua chon lua cac diém anh cua giai thuat khong hé
bi thay doi, nhung céc tinh todn gia tri P chi can thuc hién trén
truong s6 nguyén, diéu nay gitp giam do phirc tap tinh toan néu xét
trén khia canh thuc hién bang phin mém (software) hay giam yéu cau
vé kién trac phan cimg néu xét trén khia canh thuc hién bang phan
cung (Hardware)
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3.1.1. Tém tit gidi thudt vé dwong tron MidPoint
e Budc 1: (Budc khoi dong, tinh toan cac gia tri ban dau)
Po=1-R; (x0,y0) = (O,R)
V& diém (xo,yo)
e Budéc 2: (Bude lap, thuc hién tinh cac gia tri diém anh)
Véi mdi gia tri i (i=0,1,2,...) ching ta xét dau P;
> Néu P;<0: thi chon diém tiép theo 1a
(Xit1,yir1) = (XitLyi)
Pii1=Pi+ 2x; +3
» Nguoc lai (tie P; > 0): thi chon diém tiép theo 1a
(Xis1,yir1) = (Xit1Lyi -1)
Piv =P+ 2(xi - yi) +5
V& diém (Xi+1,¥i+1) Vura tim duogc
e Buwéc 3: (Xac dinh diéu kién lip)
Lap lai budc 2 vé6i nhiing gié tri i tiép theo, cho dén khi chung ta vé&

dugc diém nguyén gin nhat véi B, nghia 13 X = round(xp) =

R .
Round(ﬁ) thi giai thuat ket thuc.

3.1.2. Cai dat

% Sinh vién can xay dung ham v& duong tron theo giai thuat da trinh bay
trén. Trén co s& d6 md rong chuong trinh LineDemo véi chiic nang
moi la v& dudng tron.

% Nang cép chuong trinh véi kha ning v& phong 16n, vé6i thiét ké giao
dién nhu hinh duoi day:
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Minh hoa Dung Circle theo gidi thuat MidPoint:

8 13 18 23 28 33
11 IIII}

Toa d8 tam duong tron

2 =
X |20 =|

5 =
Y: |20 =
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Hinh 1.18. Minh hoa viéc hién thi cic diém anh ciia dwdng tron véi
cac kich ¢& khac nhau

3.2. Gidi thuat vé dudng tron Bresenham

Lap luén tuong tu gidi thudt trén song khong dung ham f e ma
dung biéu thire (d, —d,) . Thuat giai duoc trinh bay chi tiét nhu sau:

e Diém anh dau tién dugc chon dé vé sé& 1a diém A(0, R), nghia la: (xo,
¥0)=(0, R)

e Gia sir &n budc thtr i chung ta di chon duoc diém anh (x;, y;) dé vé.
Cau hoi dit ra 1a dén budc thir i+1 chung ta s€ chon diém anh c6 tén
g0i (Xi+1, Vi+1) VOi gia tri bang bao nhiéu?

Vi diém anh ti€ép theo s€ chon theo quy tac da ndi trén sé c6 hoanh do
X tang mot gia tri so voi gia tri cua diém chon trudce, hay noi cach khac
la:
X, =x+1

Dong thoi vi trén cung AB khi x ting thi y giam va tdc do thay doi
ctia y chdm hon cua x, nén 13 rang chung ta thiy rang voi gia tri x ting 1
thi gia tri y s& thay d6i mot lugng Ay véi diéu kién rang budc 1a -1 < Ay
<0. Ma diém anh chon budc trude 1a (Xi,yi) nén diém anh chon tiép theo
chi c6 thé 1a mot trong hai diém P(x; +1, y;) va Q(x; +1, y; - 1).

Pé quyét dinh dugc diém anh can chon 1a P hay Q ching ta huéng
dén mot biéu thirc ma déu ctia n6 cho phép chung ta ra quyét dinh chon
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diém nao.
bat: dl=ylf,—y2 va d2:y2—yé
gia tri y o day chinh la tung do cua cung AB wng voi hoanh do x = x; +1

Ditt B=di-d=yr' +yo -2y =y + (yi-1)" - 2(R* - xi1”)

(1.8)
=y + (yi-1)? - 2(R7 - (xi +1)°) = y° + (yi-1)*- 2R® + 2(x; +1)°

Déu cua biéu thuc P cho phép xac dinh diém anh duoc chon tiép

theo 1a P hay Q.

e Khi P <O0: thi diém anh P s& gan voi duong tron hon diém anh Q, do
d6 chung ta s& chon diém anh P 1am diém biéu dién (v&).

e Khi P > 0: thi diém anh Q s& gan véi dudng tron hon P, do d6 chung
ta s& chon diém anh Q lam diém biéu dién.

e Khi P =0: khoang cach tr P va Q dén duong tron déu bang nhau, nén
chung ta c6 thé chon P hay Q déu duoc. Trong tinh hudng nay giai
thuat quy wéc chon diém anh Q lam diém biéu dién.

Vay tir day chiing ta thiy c6 thé dwa vao diu cua biéu thirc P dé ra
quyét dinh chon diém tiép theo.

Dé giai thuit duoc don gian ngudi ta tdi wu hoa viéc tinh P theo
cong thire truy hoi:

Py = yirrd + (yirr=1)7 - 2R? 4 2(xi0y +1° (1.9)

Déu cua P sé quyét dinh gia tri P, cu thé nhu sau:

i+l
e Néu P < 0: thi diém anh chon tiép theo 1a P(xi+1, y;), nghia la
(Xi+1,¥ir1) = (Xi T Lyi).
Thay vao (1.9) chung ta duogc:
By=yi + (yr 1) - 2R+ 2((xi + D)+ = B+ 2Q2(x+ 1)+

=P,-+4Xi+6
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e Néu P, >0: thi diém anh chon tiép theo 1a Q(x;+1, yi-1), nghia la:
(Xis1,yir) = (Xi + Lyi - 1).
Thay vao (1.9) chung ta duogc:
By = (yi-1) + (52)"- 2R% + 2((x; +1)+1)’
= P +(-4yi+4) + 2Q2(x;1)+1) = P +4(xi - yi) +10
Pau tién chung ta chon diém anh A(0,R), nghia 1a (x0,y0) = (O,R),
thay vao (1.8) chung ta co:
P, =yo" + (yo-1)*- 2R* + 2(xo +1)* =R*+ (R-1)* -2R* + 2
=R*+R*-2R+1 2R*+2=3-2R
Vay quy trinh vé dugc thuc hién nhu sau:
e Tinh P, v& diém anh (x,yo) = (0,R)
e Dua vao ddu cua P, ching ta lai chon dugc diém v& tiép theo (x1,y))
vagiatr B
e Dua vao diu cia B ching ta lai chon dugc diém v& tiép theo (x2.,y»)
vagiatri P,
e Qua trinh trén duoc lap di 1ap lai cho dén khi chung ta vé duoc diém
anh nguyén gan nhat véi B.
3.2.1. Tom tit gidi thudt vé dwong tron Bresenham :
e Budc 1: (Budc khoi dong, tinh toan cac gia tri ban dau)
Po =3 - 2R; (X0,y0) = (O,R)
V& diém (xo,y0)
e Budc 2: (Budc 1ap, thyc hién tinh cac gia tri diém anh)
Véi mdi gia tri i (i=0,1,2,...) ching ta xét dau P;
> Néu P;<0: thi chon diém tiép theo 1a

(Xi+1,Yi+1) = (xi+1,y1)
Pi+] = Pﬁ- 4Xi +6
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» Nguoc lai (tie P; > 0): thi chon diém tiép theo la
(Xi+1,yir1) = (XitLyi -1)
Py =P +4(xi - y;) +10
V& diém (Xi+1,¥i+1) vura tim duogc
e Buwdéc 3: (Xac dinh diéu kién lip)

Lip lai budc 2 véi nhitng gia tri i tiép theo, cho dén khi ching ta vé
dugc diém nguyén gan nhéat véi B, nghia 13 xi; = Round(xp) =

R .
Round(ﬁ) thi giai thuat ket thuc.

3.2.2. Cai dat

% Sinh vién can cai dit mdét ham vé duong tron theo gidi thuat
Bresenham va chuong trinh st dung ham dé vé& cac dudng tron ngiu
nhién.

3.3. So sanh danh gi4 hai giai thuit dung duwdng tron

Sau ddy chiing ta s& tién hanh so sanh va danh gi4 hai giai thuat dung
duong tron trén mot sb tidu chi quan trong:

1. Yéu ciu vé phan cirng thie thi tinh toan:
RS rang rang ca hai giai thuat MidPoint va Bresenham déu chi
yéu cau tinh toan trén trudong sd nguyén, vi vy yéu cau vé phan
cung thuc thi tinh todn ctia ching 1a nhu nhau chir khong c6 khac
biét.

2. S6 1énh may can thyc hién dé c6 thé tinh toan dwoc toa dd
diém anh

Giai thuat vé duwong tron Giai thuat vé duwong tron
MidPoint Bresenham

Tinh todn trong phan khoi déng

P=1-R P=3-2R
x=0 x=0
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y=R

y=R

Nhan xét: S4 1énh may can thyc hién & giai doan khdi dong cua cd hai
giai thuat khong khac nhau dang ké. Mit khac, do budc
khoi dong chi thyc hién mot 1an, nén gdp phan khong dang
ké vao chi phi thoi gian tinh toan cua toan bd quy trinh

thuc thi ctia gidi thuat.

Tinh toan trong vong lap dé thu dwoc toa do mét diém anh minh hoa

x=x+1

Néu P <0:
P=P+2x+3

Nguoc lai:
y=y-1
P=P+2(x-y)+5

x=x+1
Néu P < 0:
P=P +4x +6
Nguoc lai:
y=y-1

P=P+4(x-y)+10

% Toéng cong trong tinh hudng
xau nhat:

3 1énh cong s6 nguyén

2 1énh trir sb nguyén
1 1énh nhan s6 nguyén

1 1énh chuyén huéng thuc thi
(hay 1€nh nhay).

% Tdng cong trong tinh hudng tdt
nhat:

- 3 1énh cong s6 nguyén

- 1 1énh nhan sb nguyén

- 1 1énh chuyén huéng thyuc thi
(hay 1€nh nhay).

% Toéng cong trong tinh hudng
x4u nhat:

3 1énh cong s6 nguyén

2 1énh trir s6 nguyén
1 1énh nhan sé nguyén

1 1énh chuyén hudng thuc thi
(hay 1énh nhay).

% Tbng cong trong tinh hudng t6t
nhat:

- 3 1énh cong sb6 nguyén

- 1 1énh nhan sb nguyén

- 1 1énh chuyén huéng thyc thi
(hay 1énh nhay).

Nhan xét: D& thiy rang ca hai giai thuat 13 gidng nhau vé cac 1énh va

s6 1énh can thyc thi.

Qua két qua so sanh trén c6 thé giup chung ta di dén két luan rang ca

hai giai thudt 1a twong duong nhau trén cac tiéu chi danh gia. Vi vay,
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chung ta co thé chon lwa mot trong hai giai thuat trén dé cai dat trén cac
hé thdng dd hoa, va chiung mang lai hiéu qua thyc thi ngang nhau.

4. GIAI THUAT VE ELLIPSE

A(0,b)

C(xo0, Yo)

BAQ

Hinh 1.19. Hinh Ellipse véi cac cung AC va BC

Phuong trinh chinh tic caa Ellipse c6 dang:

2 2
X
LY

pERae =1 (1.10)

Dé dung duoc ellipse rd rang 1a chung ta chi can tim cach dung cung
AB, cdn cac phan con lai d& dang c6 duoc bang cach 1dy déi xtimg. Song
voi tu tuong chung dé dung mot duong bt ky 1a can phai xac dinh ra cac
mién ma trén toan mién d6 mot bién sb bién thién nhanh hon mot bién sb
khac.

RS rang trén cung AB thi d6 dbc giam lién tuc tir diém A (do ddc
bang 0) dén B (dd ddc tién dén —oo). Xét vé tdc do bién thién cua 2 bién
s thi:

e Tbc d6 bién thién cua bién sd X giam dan tir A d¢én B.
e Tdc dd bién thién cta bién s6 Y ting dan tir A dén B.

RS rang trén cung AB phai c6 mot diém ma tai d6 toc do bién thién
ciia X va Y 1a bang nhau (song x ting thi y giam), d6 chinh 1a diém ma
tai d6 c¢6 do doc béng -1.
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Goi C(xo,y0) 1a diém nam trén cung AB cua ellipse ma tiép tuyén tai
d6 c6 d6 doc bang -1. Khi d6 tiép tuyén d cua ellipse s& c6 dang:

XX, Y.y
azo " b20 =1
. x,b’
Mait khac do do doc cia d la:  — =2 > =—1 nén ching ta suy ra
Yod
2 b4
Yo =—5 X, (6 day ching ta ¢6 xo >0) = y; =—x; (1.11)
a a

Pdng thoi do C thudc ellipse nén chiing ta co:

2 2
Xo Vo
—+—==1 (1.12)
a* b?

Tu (1.11) va (1.12) chung ta suy ra:

a’ b
Na® +b’ ’ va’ +b?

Chung ta sé& trinh bay gia thuat dé v& cung AC (Pi tir A dén C theo
chiéu kim déng hé). Cung CB duoc thuc hién mot cach tuong tu khi
chung ta d6i vai tro ctia x va y. Cac phan con lai cua ellipse c6 duoc bang
cach lay ddi xung.

Xog =

Trén cung AC d6 doc nam trong doan [0, -1], nghia 1a x ting thi y
giam va tdc do bién thién cua x 16n hon cia y. VAy nén tu tudng cia
thuat giai dung cung AC s& 1a cho tham sb x bién thién tuan tu tir x, dén
X VO1 cac gié tri nguyén, va véi mdi gia tri x nhu vay ching ta tim mdt
gia tri y nguyén gan nhét véi gia tri y thuc cua ellipse.

Sau day chung ta s& tim hiéu giai thuit Bresenham 4p dung cho dung
ellipse.

4.1. Giai thuat Bresenham cho vé hinh Ellipse

RS rang diém anh déau tién dugc chon dé vé s& 1a diém A(0, b), nghia
la:

(XO, YO) = (03 b)
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Gia st dén budc thir i chung ta da chon dugc diém anh (Xi, ¥i) dé ve.
Cau hoi dat ra 1a dén budc thir i+1 chung ta s& chon diém anh c6 tén goi
(Xi+1, Vi+1) V6i gid tri bang bao nhiéu?

Vi diém tiép theo s& c6 hoanh d6 x ting mot gia tri so véi gia tri cia
diém chon trude, hay néi cach khac 1a:

X, =x+1

Pdng thoi vi trén cung AC khi x ting thi y giam va tbc do thay ddi
ctia y cham hon ctia x, nén rd rang ching ta thiy 1a véi gia tri x tang 1 thi
gia tri y thay d6i mot luong Ay véi rang budc -1 < Ay < 0. Ma diém chon
bude trudce 13 (x;, yi) nén diém chon tiép theo (xi:1, yi+1) chi c6 thé 1a mot
trong hai diém P(x;+1, y;) va Q(xi+1, yi-1).

Pé quyét dinh dugc diém chon 1a P hay Q ching ta huéng dén mot
biéu thirc ma dau ctia n6 cho phép ching ta ra quyét dinh chon diém nao.

2
0

bat:  dy=y,-y vad, =y’ -y
(gid tri y & biéu thitc trén la tung dé cia cung AC g véi hoanh dg dang
Xét Xiv1 )

bat P =(d, _dz)az

2 2 2
(a _le)

b
= [y +yq -2y’ la° =[yi + (yr-1)* - At )].a°

2@ = (5 + 1)), o

= [y + (yi-1)* -
=yi.a’ + (yi-1)%.a” - 2b%[a® — (x; +1)°]
=yia’ + (yi-1)%.a° - 2b%a + 2b% (x; +1) (1.13)

(lwong @’ dwoc dwa vao nham muc dich khir méu cia (d;-d>) song
khong lam cho P. va (d,—d,) khac ddu)

Dau cuia biéu thirc P cho phép xac dinh diém chon tiép theo 1a P hay
Q. Cu thé:

e Khi P <0:thi diém P s& sat voi cung AC hon diém Q, do d6 chung ta
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s& chon diém P lam diém biéu dién (v&).

e Khi P >0: thi diém Q s& sat v6i cung AC hon diém P, do d6 ching ta
s& chon diém Q lam diém biéu dién.

e Khi P = 0: khoang cach tir P va Q dén cung AC déu bang nhau, nén
chung ta c6 thé chon P hay Q déu duoc. Trong tinh hudng nay giai
thuat quy wéc chon diém Q lam diém biéu dién

Vay tir day chiing ta thiy c6 thé dwa vao diu cua biéu thirc P dé ra
quyét dinh chon diém tiép theo.

Dé giai thuit duoc don gian ngudi ta tdi wu hoa viéc tinh P theo
cong thire truy hoi:

P, =vyintal + (yin-1)%a” - 2b%a” + 2b° (xi1; +1)? (1.14)

i+l

Déu cua P s¢ quyét dinh gid tri P., cu thé nhu sau:

i+l
e Néu P, <0: thi diém chon tiép theo 1a P(x;+1,y;), nghia la:
(Xi+1, Yir1) = (X1, yi).
Thay vao (1.14) chung ta duogc:
P, =yia’+(yi-1)%.a’-2b%a* + 2b2[(x; +1)+1]°
= P +2b°[2(x; + 1) + 1]
= P +2b°(2x; + 3)
e Néu P, >0: thi diém chon tiép theo 1a Q(x; + 1, y; - 1), nghia la:
(Xi+1, yir1) = (X T1, yi - 1)
Thay vao (1.14) chung ta duogc:
P, =(yi-1)%.a° + (y;-2)%.a° - 2b%a” + 2b° [(x; + 1) +1]°
= P + a’(-4y; +4) + 2b7[2(xi+1)+1]
= P + 4a’(1-y;) + 2b°(2x; + 3)
= P +2b%(2x; + 3) + 4a’(1-y))
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Pau tién chang ta chon diém A(0, b), nghia 13 (xo, yo) = (0, b), thay
vao (1.13) ching ta co6:

B, =yo.a’+(yo-1).a’ - 2b%a’ + 2b% (xo +1)
=b%a’ +(b-1)%a’ -2a’ b + 2b°
= bz,a2 Jraz,b2 -2a2,b +a? -2212.b2 +2b° = -2a2.b +a% +2b>
= a’(1-2b) + 2b°
Vay quy trinh v& dugc thuc hién nhu sau:
e Tinh P, vé& diém (xo, yo) = (0, b)
e Dua vao diu cua P, chung ta lai chon dugc diém vé tiép theo (x1, y1)
vagiatri B
e Dua vao diu cua B chung ta lai chon duoc diém vé tiép theo (x2, y2)
vagiatri P,
e Qua trinh trén dugc lap di lap lai cho dén khi chung ta v€ dugc diém
nguyén gan nhat véi C.
4.2. Tém tit giai thuit Bresenham cho vé Ellipse:
e Budrc 1: (Bude khai dong, tinh toan cac gia tri ban dau)
Py =a’(1-2b) + 2b” ; (X0, yo) = (0, b)
V& diém (xo, yo)
e Buwdéc 2: (Bude lip, thuc hién tinh cac gia tri diém anh)
Véimdi giatrii (I=0, 1, 2,...) ching ta xét dau P;
> Néu P;<0: thi chon diém tiép theo 1a
(Xir1, Yir)=(Xit1, yi)
Pir = P+ 2b%(2x; + 3)
» Nguoc lai (tiec P; > 0): thi chon diém tiép theo la
(Xir1, yir) = (xi + 1, yi - 1)
Pyt = P; + 2b%(2x; + 3) + 4a’(1 - i)

Vé diém (Xi+1, yi+1) vira tim duogc
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e Budéc 3: (Xac dinh diéu kién lap)

Lap lai budc 2 vé6i nhiing gid tri i tiép theo, cho dén khi chung ta vé&
dugc diém nguyén gan nhat v6i C, nghia 1a xi; = Round(xc) =

2

Round ( =) thi giai thuat két thic.

4
Na’+b
Chu y: Tom Lt gidi thuat trén chi ap dung cho doan AC. Pé dung doan
BC chiing ta can cé sw thay déi vai tro ciia cia x va y ciing nhw a va b.
Cu thé dé dung dwoc cung BC can hodn doi trong toan bg gidi thudt: x
thanh y va y nguoc lai thanh x, a thanh b va b nguoc lai thanh a.
4.3. Cai dat giai thuat

Sau day 1a phan cai dit minh hoa cho giai thuat v& ellipse gdm c6: (1)
Ham Bre Ellipse thuc hién chirc nang v€ duong ellipse (khong t6 mau
phan bén trong). (2) Ham FillEllipse thyc hién chirc ning v& hinh ellipse
¢6 t6 mau phan bén trong hinh.

1. Ham Bre Ellipse

Vao: Con tré ngit canh thiét bi pDC, toa d6 tam cua ellipse
(X_center, Y_center), ban kinh theo truc x 1a a va ban kinh theo truc y l1a
b, mau sic ciia dudng ellipse 1a Color.

Ra: Hinh anh thé hién cua ellipse trén ngit canh thiét bi.

void CLineDlg::Bre_Ellipse(CDC * pDC, int X center, int Y _center,
int a, int b, COLORREF Color)
{
if ((a <=0) || (b <= 9))
return;

int x, y;
int P;
int Constl, Const2;

Constl
Const2

int(double(a*a) / sqrt(double(a*a + b*b)) + 0.5);
int(double(b*b) / sqrt(double(a*a + b*b)) + 0.5);

// Vé cung AC
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X =0; y=Db; P=a**(1-2*Db) -2 * b*b;

pDC->SetPixel(x + X center, y + Y _center, PenColor);
pDC->SetPixel(x + X_center, -y + Y_center, PenColor);

if (Constl > ©.5) // Cung AC c6 dé réng 1 pixel

{
while (x < Const1l)
{
if (P < @)
P 4= 2 * b*b*(2 * x + 3);
else
{
P 4= 2 * b*b*(2 * x + 3) + 4 * a*a*(1 - y);
if (y > Const2)
y--3
}
X++;
pDC->SetPixel(x + X_center, y + Y_center, PenColor);
pDC->SetPixel(x + X center, -y + Y _center, PenColor);
pDC->SetPixel(-x + X_center, y + Y _center, PenColor);
pDC->SetPixel(-x + X_center, -y + Y_center, PenColor);
¥
}

// Vé cung BC
y =0; x =a; P=>Db*b*(1 -2 *3) -2 * a*a;

pDC->SetPixel(x + X_center, y + Y_center, PenColor);
pDC->SetPixel(-x + X_center, y + Y_center, PenColor);

if (Const2 > ©.5) // Cung BC co dd cao hon 1 pixel

{
while (y < Const2)

{
if (P < 0)
P += 2 * a%¥a*(2 * y + 3);
else
{

P += 2 * a*a*(2 * y + 3) + 4 * b*b*(1 - x);
if (x > Constl)
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pDC->SetPixel(x + X center, y + Y _center, PenColor);

pDC->SetPixel(x + X_center, -y + Y_center, PenColor);
pDC->SetPixel(-x + X_center, y + Y _center, PenColor);
pDC->SetPixel(-x + X_center, -y + Y_center, PenColor);

2. Ham FillEllipse

Phén bén trong cua ellipse duoc tién hanh t6 theo kiéu quét dong. Tai
moi budc, chung ta tinh dugc diém (x;, y;) theo giai thuat va xac dinh
duoc thém 3 diém doi xtng cua no lan luot 1a (-xi, i), (Xi, -yi), (-Xi, -Vi).
Tu d6 xac dinh dugc 2 dong quét la:

Line 1: Tir diém (-Xi, i) dén diém (Xi, ¥i)

Line 2: Tir diém (-x;, -y;) dén diém (x;, -y;)

Tién hanh t6 mau cho Line 1 va Line 2 nhu Hinh 1.20 dudi déy.

Line 1 .

Line 2 o

Hinh 1.20. Minh hoa k¥ thuat t6 ellipse theo dong quét.
Tién hanh xay dung ham FillEllipse véi thong tin vao ra:
Vao: Con tro nglt canh thiét bi pDC, toa do tam cua ellipse
(X_center, Y_center), ban kinh theo tryuc x la a va ban kinh theo

truc y 14 b, mau sic cia duong ellipse 12 PenColor va mau to bén
trong duong ellipse 1a BrushColor.
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Ra: Hinh anh thé hién cua ellipse trén ngit canh thiét bi.

void FillEllipse(CDC * pDC, int X center, int Y center, int a, int
b, COLORREF PenColor, COLORREF BrushColor)

{

if ((a <= 0) || (b <= 9))
return;

CPen MyPen(PS_SOLID, 1, BrushColor);
HGDIOBJ 0ldPen = pDC->SelectObject(MyPen);
int x, y, 0ld_y;

int P;

int Constl, Const2;

Constl
Const2

int((double(a*a) / sqrt(double(a*a + b*b))) +0.5);
int((double(b*b) / sqrt(double(a*a + b*b))) +0.5);

// Vé cung AC

X =0; y=>b; P

a*a*(1 - 2 * b) - 2 * b*b;

pDC->SetPixel(x + X_center, y + Y_center, PenColor);

pDC->SetPixel(x + X _center, -y + Y _center, PenColor);
Old_y =y;

if (Constl > @.5) // Cung AC cé dé réng hon 1 pixel

{

while (x < Const1l)

{

if (P < 9)

P 4= 2 * b*b*(2 * x + 3);
else
{

P += 2 * b*b*(2 * x + 3) + 4 * a*a*(1 - y);
if (y > Const2)
y--s

pDC->SetPixel(x + X center, y + Y _center, PenColor);

pDC->SetPixel(x + X _center, -y + Y _center, PenColor);
pDC->SetPixel(-x + X _center, y + Y _center, PenColor);
pDC->SetPixel(-x + X _center, -y + Y _center, PenColor);
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if (y !'= 0ld_y)

{
pDC->MoveTo(-x + 1 + X_center, y + Y_center);
pDC->LineTo(x + X _center, y + Y_center);
pDC->MoveTo(-x + 1 + X_center, -y + Y_center);
pDC->LineTo(x + X_center, -y + Y_center);
Old_y =vy;

}

// Vé cung BC
y =0; x =2a; P =Db*b*(1 -2 * 3) - 2 * g*a;

pDC->SetPixel(x + X center, y + Y _center, PenColor);
pDC->SetPixel(-x + X _center, y + Y _center, PenColor);
if (y !'= 0ld_y)

{
pDC->MoveTo(-x + 1 + X_center, y + Y_center);
pDC->LineTo(x + X _center, y + Y_center);
0ld_y =vy;

}

if (Const2 > ©.5) // Cung BC co dé cao hon 1 pixel

{
while (y < Const2)

{
if (P < 9)
P += 2 * a%¥a*(2 * y + 3);
else
{

P 4= 2 * a*a*(2 * y + 3) + 4 * b*b*(1 - x);
if (x > Constl)
X==3
}

y++s

pDC->SetPixel(x + X_center, y + Y_center, PenColor);

pDC->SetPixel(x + X center, -y + Y center, PenColor);
pDC->SetPixel(-x + X _center, y + Y _center, PenColor);
pDC->SetPixel(-x + X _center, -y + Y center, PenColor);
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if (x > @)

{
pDC->MoveTo(-x + 1 + X_center, y + Y_center);
pDC->LineTo(x + X _center, y + Y _center);
pDC->MoveTo(-x + 1 + X_center, -y + Y_center);
pDC->LineTo(x + X_center, -y + Y_center);

}
pDC->SelectObject(0ldPen);

# Chuong trinh thyc nghiém minh hoa mét s& gidi thust db hoa my tinh - Giang vién Nguyén Hiru Tai

Toa dd diém A:
o m i ]
Toa d diém B:

e [0 o [20_]

Toa d6 tam:

Lura chon thao tac:
(O V& doan thing
(O V& duing tron
O Ve hinh tron
(O Vé duing ellipse
(® V& hinh elipse

O Ve va t5 da gidc

(O Xén da gidc vao HCN(AB)

vé

Save fie ...

Mau vé

Hinh 1.21. Hinh dnh thuc nghiém giai thuit Bresenham dung dudng

ellipse va hinh ellipse.

5. BAI TAP CUOI CHUONG

1. Cho diém A(5,7) va B(15,15). Str dung giai thuat Bresenham di

cho dé tim toa dg cac diém v€ (x;, yi).

2. Ké thira dy an LineDemo trong bai thwe nghiém sé 1 di duoc
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10.

11.

trinh bay chi tiét tai muc 2.3, sinh vién can xay dung mot ham vé
doan thang téng quat cho phép v& doan thing AB trong moi
truong hop hé sb goc.

Str dung giai thuat v& dudng tron Midpoint dé tinh gia tri cac
diém v& (x; , y;) biét rang R = 20.

Cai dat mot ham vé duong tron theo giai thuat MidPoint.

Cai dat mot ham cho phép t6 mau phan dién tich bén trong cua
duong tron. Ham c6 dang veid FillCircle(int x, int y, int R,
COLORREEF FillColor);

Cai dat ham ve€ dudng ellipse theo gidi thuat Bresenham

Cai dat mot ham t6 mau phan bén trong cia mot Ellipse.

Hay xay dung mot giai thuat dé dung dudng cong bac 2 (Parabol)
dang téng quat,y = ax’ +bx + ¢, trén mot doan xac dinh [x, X2]
Viét chuong trinh v& dudng Parabol.

Xay dung chuong trinh cho phép v& biéu d6 (Chart) tir s6 liu
dau vao nhu trong chic ning v& dd thi cia chuong trinh
Microsoft Excel.

Hiy xdy dung mot thu vién d6 hoa riéng véi cac ham vé cac
duong co ban do ban tu viét dua trén nhitng kién thirc d3 duge
linh hoi.
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