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Cac thuat toan ve duong

Dan nhap

Gia si toa d9 cac diém nguyén sau khi xap xi d6i
tugng thuc 14n lugt 1a (x;,5,)i=0,.... Pay 1a cdc diém
nguyén sé dugce hién thi trén man hinh.

Bai toan dit ra la néu biét dugc (xi7yi) la toa do
nguyén xdc dinh ¢ buéc thd i, diém nguyén ti€p theo
(xi+19yi+1)Sé dugc x4c dinh nhu thé nao.

Do6i tuong hién thi trén luéi nguyén dugc lién nét,
cac diém ma (xi+17yi+1) c6 thé chon chi 14 mot trong
tam diém dugc danh s6 tir 1 dén 8 trong hinh sau
(diém den chinh 1a (xi,yi)).Hay néi cach khac
(xi+17yi+1) = (xi tlLy, + 1).
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Dang diéu cua duong sé cho ta goi y khi chon mot
trong tdm diém trén. Cach chon cdc diém nhu thé
nao sé tuy thudc vao tung thuat toan trén co s¢ xem
xét t6i van dé toi uu toc do.




Thuat toan vé duong thang

Xét doan thang c6 hé sd géc 0 <m <1lva Dx >0,

V6i cac doan thang dang nay, néu (x;,5;) 1a diém
da xdac dinh dugc & budc thd i (diém mau den) thi
diém can chon (%015 Y1) & bude tha (i+1) sé 1a mot
trong hai truong hop nhu hinh vé sau :

1% =x; +1

’:\yi+1,|\ {yi’yi +1}

J\(Xiﬂ’ y+1)

2

yi w\l\V(Xﬁ_l’ yl)
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Van dé con lai, 14 cach chon mot trong hai diém trén
nhu thé nao dé cé thé t6i uu vé mait toc do.




Thuat toan DDA (Digital Differential Analyzer)

Viéc quyét dinh chon Yi+1 12 ¥; hay ¥; t1, dua vao
phuong trinh cia doan thing Y =mx+b_ Nghia la,
ta sé tinh toa dd cda didm (r; +1,y) thudc vé doan
thiang thuc. Tiép d6, Yi+1 sé 1a gid tri sau khi lam
tron gia tri tung do y.

y = m(xi + 1) + b
Nhu vay : Vi = Round(y)

I
(x.+1, Round(y))

o _

MR
‘/. (Xi+l, y)

ST

X, V)

Néu tinh truc ti€p gid tri thuc y 6 moéi budc tu
phuong trinh ¥ =mx +bthi phai cAn mot phép todn
nhan va mot phép todn cong so thuc. Dé cai thién
toc do, nguoi ta tinh gid tri thuc cia y 6 moi buée
theo cach sau dé khit phép tinh nhan trén s6 thuc :

Nhén xét I‘éng v Ysaw —MXjy + b = m(xi + 1) + b

D ysau :ytrwa'c tm
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Luu dé thudt toan DDA

< Begin >
x=x1;
y=y1,

putpixel(x, Round(y), c);

m=Dy/Dx;

X<x2 No

Yes

X=X+1;
y=y+m;
putpixel(x, Round(y),c);

|
T
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Vi du : Cho A(12, 20) va B(22, 27), ta c6 m= 0.7

i X Yi y
0 12 20 20
1 13 21 20.7
2 14 21 21.4
3 15 22 22.1
4 16

5 17

6 18

7 19

8 20

9 21
10 22 27

Cai dat minh hoa thuat toan DDA

#define Round(a) int(a+0.5)
int Color = GREEN,;

void LineDDA (int x1, int y1, int X2, int y2)
{

int x = x1;

floaty = y1;

float m = float(y2-y1)/(x2-x1);

putpixel(x, Round(y), Color);
for(int i=x1; i<x2; i++)
{

X++:

y +=m;

putpixel(x, Round(y), Color);

}
} /[l LineDDA
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Thuat toan Bresenham

(x+1,y)
(P) —

X xi+1

Goi (x; +Ly) 1a diém thuoc doan thang. Ta cé:
y=m(x, +1)+b

Y- Ui
(yi +1)' Yy

d,
bat d,

Xét tat ca cac vi tri tuong d6i cia y so v6i Vi va
y; +1, viéc chon diém (%, 9:0) 12 S hay P phu thudc
vao viéc so sanh d; va d, hay d4du ciaa d, - d, .

Né&u d; - dy <0 ta s& chon diém S, ticla Yia = V;.

Nguoc lai, néu d; - d; 2 0 ta sé chon diém P, tdc la
yi+1 = yi +1

Xét p; = Dx(al1 - d2) = Dx(2y- 2y, - 1)

P p, = Dx[2(m(xi +1)+b)- 2y, - 1]
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D
Thay m :D_i vao phuong trinh trén ta dugc

p;, =2Dyx, - 2Dxy, +c, v6i ¢ =2Dy+(2b- 1)Dx,

Nhan xét rang néu tai buéc thd i ta xdc dinh dugc
ddu cia P; thi xem nhu ta xdc dinh dugce diém can

chon 6 bué6e (i+1).

Ta co :
D - DP; = (ZDyxi+1 - 2Dxy. 4 +c)- (2Dyxi - 2Dxy, +c)

U piw-p; = 2Dy(xi+1 - xi)' 2Dx(yi+1 - yi)

U p,., - p, =2Dy- 2D3c(yi+1 -y, ), do x,,, =«x;, +1

Tu day ta c6 thé suy ra cdch tinh p,,, tU P; nhu sau :
Néu P; <0 thi pivy = p; +2Dy do ta chon Yie1 = ;.

Nguoc lai, néu P; 3 O, thi Pin = P; +2Dy- 2Dx | 4o
ta chon Yis1 = ¥; 1,
Gid tri Po dugc tinh tir diém vé dau tién (xo,¥,)
theo cong thic :
Do = 2Dyx, - 2Dxy, +c¢ = 2Dyx, - 2Dxy, + 2Dy - (2b - l)Dx
Do (x0ayo) la diém nguyén thudc vé doan thang

_ _ Dy y
nén ta c6 Yo =M% +b_D_xx° +b  Thé& vao phuong

trinh trén ta suy ra : Po =2Dy- Dx
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Luu dé thudt todn Bresenham

Begin

p=2Dy-Dx;
Const1=2Dy;,
Const2=2(Dy-Dx);
x=x1;

y=y1;

putpixel(x, y, c);

X<X2 No

O

Yes

NO—

*

Yes

v
p=p+Constl,

v
p=p+Const2;

y=y+1

<
v

X=x+1;

putpixel(x,y,c);

End
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Vi du : Cho A(12, 20) va B(22, 27),
Ta c6
Dx = 22-12 = 10, Dy=27-20=7
Const1 = 2Dy = 14, Const2 = 2(Dy — Dx) = -6

po = 2Dy — Dx = 14-10 = 4

i Xi Yi pi
0 12 20 4
1 13 21 -2
2 14 21 12
3 15 22 6
4 16 23 0
5 17 24 -6
6 18 24 8
7 19 25 2
8 20 26 -4
9 21 26 10
10 22 27 4
Nhan xét

Thuat toan Bresenham chi lam viéc trén s6 nguyén va
cac thao tdc trén s6 nguyén chi 12 phép cong va phép
dich bit (phép nhan 2) diéu nay 1a mot cii tién lam tang
t6c do dang ké so vdi thuat toan DDA. Y tudng chinh cla
thuat todn niam & chd xét dau P; d€ quyét dinh diém ké&
ti€p, va st dung cong thic truy hoi Pi+1 -~ P; dé tinh P;
bang c4dc phép toan don gidn trén sé nguyén.

Thuat todn nay cho két qua tuong tu nhu thuat todn
DDA.
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Cai dat minh hoa thuat toan Bresenham

void LineBres (int x1, int y1, int X2, int y2)
{

int Dx, Dy, p, Constl, Const2;

int x,y;

Dx = X2 - X1;
Dy =y2-yl,
p =2*Dy - Dx; // Dy <<1 - Dx
Constl = 2*Dy; // Dy <<1
Const2 = 2*(Dy-Dx); // (Dy-Dx) <<1
X =Xx1;
y=ylL
putpixel(x, y, Color);
for(i=x1; i<x2; i++)
{
if (p<0)
p += Constl;
else
{
p += Const2;
y++;

}

X++:
putpixel(x, y, Color);

}
} /l LineBres
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Thuat toan MidPoint
Thuat toan MidPoint dua ra cach chon Y;«1 la Y

hay »¥; +1 bang cach so sanh diém thuc Q(xi + 1,3’)
v6i diém MidPoint 12 trung diém cia S va P. Ta c6 :

Néu diém Q nam du6i diém MidPoint, ta chon S.

Néu diém Q nam trén diém MidPoint ta chon P.

Ta c6 dang té6ng quat ciia phuong trinh dudng thang :
Ax+By+C =0 vi1 A = Y9 - yl,BZ-(x2 - xl),C:xzyl - X1Yo
bat F(x,y)= Ax+ By +C  ta c6 nhan xét :

1<0, néu (X, y) nidm phia trén dudong thang
F(x, y): = 0,néu (x,y) thudc vé dudng thing

1> 0,néu (x,y) niim phia dugi dudng théng.
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Ldc nay viéc chon cdc diém S, P & trén dugc dua vé

. . e 16
viéc xét dadu caa P = 2F(M|dP0|nt): ZFgXi +1y, +§g,

Néu p; <0, diém MidPoint ndm phia trén doan thing.
Lic nay diém thuc Q nim duéi diém MidPoint nén ta
chon S, ticla Yi+1 = Yi.

Nguge lai, néu P; ®* 0, diém MidPoint ndm phia dudi
doan thang. Lic nay diém thuc Q nim trén diém
MidPoint nén ta chon P, tic 1a Y1 = ¥; t1.

Mat khac :
— o 16 o) 16
Pivi - P; = 2F9xi+1 +1L, Yy, +—=- ZFQxi +1,y, + =
e 29 e 29
. é 16 o & s
U Din-p = Q‘éA(xm + 1)+B§a3’i+1 + 224 Cy- Q'éA(xi + 1) +B€%’i +_9+Cl]
& e 20 0 & e 29 0

~

U p-p; = 2A+2B(yi+1 } yi):2Dy' 2Dx(yi+1 } yi)
Nhu vay :
Pis1 =D0; ¥2Dy ngu P, <0 do ta chon Yi«1 = V.

Py =Pp; *2Dy- 2Dx néu p; %0 do ta chon
Yin =¥ t1.

Ta tinh gid tri Po Gng véi diém ban diu (¥o,¥,), véi
nhan xét riang (%0, 50) 12 diém thudc vé doan thang,
tuc la c6 : Ax, +By, +C =0

- <0
Py —2F§xo+1,yo+19: 2 (x0+1)+BE§/0+19+Cu
€ g & e g 0

b p, =2(Ax, + By, +C)+2A+B=2A+B=2Dy- Dx
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CAu héi kiém tra

Xét thuat toan Bresenham, véi cach dat d; va dy nhu
trén, c¢6 khi nao d; hay d; 4m hay khong ? Cho vi du
minh hoa.

Tai sao phai so sanh gia tri p; v6i 0 trong cac thuat
toan MidPoint va Bresenham, ban chat cua viéc so
sanh nay la gi ?

Tai sao phai nhan F(MidPoint) véi 2 khi gan cho p;
theo cong thic p;=2*F(MidPoint) ?
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Cai dat thuat toan cho truong hop 0 £ m £ 1, Dx<O0.
Ta st dung thuat toan véi truong hop 0 £ m £ 1,
Dx>0 da cai dat cong thém mot s6 thay doi sau :

Thay biéu thic x=x+1 bang x=x-1 va y=y+1 bang y=y-1 vi
trong trudng hop nay x va y déu gidm dan.

Nhan xét rang khi p<0 ta gan p=p+Constl, nhu vay dé
huéng dén su can bang Constl phdi 14 mot gia tri duong.
Tuong tu nhu vay, khi p20 ta gan p=p+Const2, Const2
phai la gia tri &m.

Tu nhan xét trén, trong cac cong thidc ta sé thay Dx
bang abs(Dx), Dy bang abs(Dy).

M6 rong thuat toan trén dé vé doan thang trong
truong hop m bat ki.

Truong hop dic biét m=¥ : Poan thing song song truc
tung nén rat don gidn khi vé.

Truong hop —1 £ m £ 1 : S dung cac cong thic caa thuat
toan vé trong truong hop 0£ m £ 1, Dx>0 va thay d6i mot
s0 diém sau :

< Néu Dx<0 thi buéc nhdy cia x sé& thay bang -1.
Tuong tu néu Dy<0, budc nhay cta y cing sé la —1.

X/

< Thay Dx bing abs(Dx), Dy=abs(Dy) trong tat ca cac
cong thic c6 chia Dx, Dy.

Truong hopm £ -1 haym 3 1:

< Thay d6i vai tro cta x va y, nghia l1a thay x bang y, y
bang x, Dx biang Dy, Dy biang Dx trong tit cd céc
cong thiec.

% Thuc hién nguyén tic vé budc nhady, thay déi cong
thic Dx, Dy nhu trong truong hop -1 £m £ 1
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Vé duong tron bang thuat toan MidPoint

Do tinh d6i xting cia dudng tron (C) nén ta chi can
vé cung (CY®) 1a cung 1/8 dudng tron, sau dé 18y d6i
xting. Cung (CY®) dugc mo td nhu sau (cung ctia phan
td0 xam trong hinh vé) :

! V2

{0E£x £ RZ
% 2
%R%?EyER
A
('le) (le)
(-y,x) (Y:X)
R >

(-y,X) V2 #(y,x)

(-X,-y) (X,-y)

Nhu vay néu ¢6 (x,y) 1 (CY®) thi cdc diém : (y, X), (Y-
X)! (X1'y)1 (_X’_y)1 (-y,-X), (-y,X), ('X,y) sé thl,l@C (C)
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Chon diém bat dau dé vé 1a diém (O,R).

Dua vao hinh vé, néu (xi Y i) 1a diém nguyén da tim
duge & bude thd i, thi didm (Xi1>Yim) & buse tha
(i+1) 1a su lua chon gitta S va P.

12 =% +1
I

Nhu vay Iyi+1T {yi’yi - 1}

X. xi+1

Pat Flx,y)=x +y* - R* tac6 :

e

1< 0,néu (x, y) nim trong dudng tron

F(x, y): = 0,néu (x,y) nim trén dudng tron

1> 0,néu (x,y) nim ngoai duong tron.
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. . 16
Xet P = F(MidPoint) = FEE, +1,y, - 22 Ty ¢4 .
e g )
Néu P; <0 di&dm MidPoint nim trong dudng tron. Lic
nay diém thuc Q gan S hon nén ta chon S, tic

1aYis1 — Vi,

Nguge lai, ndu P; * 0, diém MidPoint nim ngoai dudng
tron. Lic nay diém thuc Q gan P hon nén ta chon P, tic

aYin =¥ - 1

Mat khac :
16 e 10
Disy - ngHl +1 s Yiv1 T ST ngl + 1) Yi- o~
2 e 20
0 u é 2 0
U p, - dxzﬂ ) +§)’l+1 B 19 ) R2l;|- gxi +1)2 +§’i B 19 - R2l;|
26§ @ ¢ 20

~ _ 2 2
U p.- b =2x +3+(yi+1 - Y )' (yi+1 - yi)
Vay :
Pis1 =P; ¥2x; +3 nu P; <0 o ta chon Y41 = ;.

Pivy =D; Y2x; - 2y, +5 néu P;®0 go ta chon
Y =¥ - 1

Do tng v6i diém ban dau (x0,70,)= (0O, R).

Do :F§CO+1,yO- Eé—Fa:Ti R - lg—ﬁ- R

e 7} 2qg 4
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Luu do thudt toan MidPoint vé duong tron

p=5/4-R;

x=0;

y=R;

Put8Pixel(x, vy, C);

X<y No

No—

Yes

v
p=p+2*x+3;

v
P=p+2(X-y)+5;
y=y-1

<
v

X=x+1;

Put8Pixel(x,y,c);

End

Cdc thuét todn vé dudng 18/22
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Cai dat minh hoa thudt toan MidPoint vé duong tron

void CircleMidPoint (int R)

{
int x,y;
X =0;
y=R;

Put8Pixel(x, y);
p=1-R;//5/4-R
while (x <vy)
{
if (p <0)
p +=2*X + 3;
else

{
p+=2%(x-y) + 5;

Put8Pixel(x, y);

} /I CircleMidPoint
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Vi du : Vé duong tron tam I(0,0), ban kinh R=15.

Deltal | Delta2

Yi Pi
15 -14 | 1-15

15 -11 | -14+2*(0)+3
15 -6 |-11+2*(1)+3
15 1 |-6+2*(2)+3

14 -18 | 1+2*%(3-15)+5
14 -7 | -18+2%(4)+3
14 6 |-7+2%(5)+3

13 -5 | 6+2(6-14)+5
13 12 | -5+2(7)+3

12 7 12+2(8-13)+5
11 6 |7+2(9-12)+5
10 9 |6+2(10-11)+5

== -
= o|©| 0N UAWN RO
==

= o|©0No UM~ WN P O|IX

Nhan xét :
Néu dat Deltal = 2*x+3, Delta2 = 2*(x-y)+5 thi

Do mbi budec déu ting x nén sau mdi lan lap gid tri
Deltal ludon tang 2.

Do y bi giam 1 khi gidp p30 va gitt nguyén gia tri trong
trudng hop nguge lai nén néu lan lip trude gia tri p30
thi gia tri Delta2 sé dugc tiang 4 va néu lan lap truge gia
tri p<O0 thi gia tri Delta2 sé dugc tdng 2 ma thoi.

Hay t61 uu hoa cai dit thuat toan MidPoint vé dudong
tron tu nhan xét trén.
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Vé duong conics va mot s6 dudng cong khac

Phuong trinh tong quat cia cdc dudng conics c6 dang :
Ax® +Bxy+Cy* +Dx+Ey+F =0 Gia tri cta cac hang
s6 A, B, C, D, E, F sé quyét dinh dang cia dudng conics, cu
thé 1a néu:

1< 0, dang dudng tron (néu A =C va B = 0) hay ellipse
B2 - 4AC| =0, dang parabol
1> 0, dang hyperbol.

Ta sé ap dung y tudng cia thuat toan MidPoint dé vé cic
duong conics va mot s6 dudng cong khac, theo cac buéde
tuan tu sau:

Budéc 1 : Dua vao dang diéu va phuong trinh duong
cong, dé xem thi c6 thé raut gon phan dudong cong
can vé hay khong.

Buéc 2 : Tinh dao ham dé tu d6 phan thanh cic
vung Ve :

12, =x; +1
Neu O£/ () £ ¢m 1y 7 {y y +1} (*)

1%, =% +1
Neu -1 E f(x) £0 th %ymT {y,y, -1 %

' ‘l,yi+1 :yi +1
Neu ") >Lem Ly e o +1} (9

121

\I,yi+1 :yi +1
Neu f(®) <-1 tm %leT {xi,xi - 1} (*)
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Budc 3 : Xac dinh cong thic cia Pi cho tiung truong
hop dé quyét dinh (*) dua trén ddu chapP;. P; thuong
12 ham dugc xay dung tir phuong trinh dudng cong dé
cho P; =0 né&u (xi’yi)thuf)c vé dudong cong. Viéc
chon P; can phai chd y sao cho thao tdac tinh P; sau
nay han ché& phép todn trén sé thuec.

Buéc 4 : Tim moéi lién quan cia Pi+1 va P; biang
cach xét hiéu Pi+1 - P;.
Budéc 5 : Tinh Py va hoan chinh thuat todn.

Bai tap

Giai thich tai sao chi chon cung 1/8 dudng tron dé vé
roi 14y doi xing ma khong mé rong cho cung 1/16
hay 1/32.

Gidi thich tai sao c6 thé thay cong thudc py=5/4-R
bang cong thic po=1-R khi cai dat.

Hay trinh bay thuidt toan MidPoint vé cung 1/8
dudng tron sau :

I
|R\/7£ £R
|
) \/E
".0EVER—
foEYERT

Ap dung céc budc trén dé vé doan thing trong
truong hop tong quat.

Hay trinh bay khung chinh cua thuat toan vé ellipse,
parabol, hyperbol dua vao cac buédc trén.




