From Vertices to Fragments
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Geometric Pipeline

o 7|8} TO|Z 2}+Q2l (geometric pipeline)

= 8™ K| (vertex processing)
s S2|EH 7242 X8 (clipping and primitive assembly)
= 2| AE{3} (rasterization)
= CHH X2| (fragment processing)
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Four Major Tasks

Geometric Processing

o 2EE (modeling)
= 7I5HSHN NS0l RBt A
o 7|5latA X 2| (geometric processing)
B3} (transformation)
29 (shading)
712 QAZXE (primitive assembly), 22|Z (clipping)
2MHXZ| (hidden surface removal)
o 2| AE{ 3} (rasterization)
m FTAMEHZ} (scan conversion) €11 2|5
o THH X 2|(fragment processing)
m QHE|¥2|0{ A (anti-aliasing)
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(E2l¥ zt=A) Protecti
rojective N
Diglision (F337=h
Normalized device coordinates *
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Clipping
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2|™ =2 (clipping window)
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2D Line-Segment Clipping

o Mg Z22|% (clipping 2D line segments)
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Cohen-Sutherland Algorithm

o Cohen-Sutherland E2|% &1 2|&
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Cohen-Sutherland Algorithm
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Cohen-Sutherland Algorithm

Liang-Barsky Algorithm

o ME EFQ| 4%: E's outcode # 0, F's outcode = 0 o Liang-Barsky 22|& & n2|&
= MEo ot EHE Z2|E YA WHo| L1, CHE Stite 250 LOOj7RE e AM F4
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Polygon Clipping Pipeline Clipping of Line Segments
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Pipeline Clipping of Polygons

Bounding Boxes

o Sutherland-Hodgeman €11 2|&

Input: Ot (39 2l2E)nt 22(E

Output: 22 S2(0| & CLt4d (88 2|2E)
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Bounding boxes

Cohen-Sutherland Algorithm in 3D
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Liang-Barsky Algorithm

in 3D

o Liang-Barsky 22|& &n2|F&
= MEFOl 3Kt o7 HYH
Ple)=1-a)R+aP,, 0<a<1
X(a) = ([1-a)x, +ax,
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(a)=01-a)z,+az,

Rasterization

o 2 AE 3} (rasterization)/A 70 =} (scan conversion)
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Rasterization Line Scan-Conversion

O Alzx=(float) Tt HEE H(int) ZtEZE H3t

= o
« 2 92 ol Be
« 0lE S0, YHo| =

E2 2 D2 AMYE

—

E FE7} (195 14) > 3t (2, )2 HHetEl
<= x < 25)0|1 (05 <=y < 159 &

=
=
—

o 2fiAH Het d02[E0| ML= 7t 7|28 el 4K 7t
ME (line segment)

o0 UEHNE ¥ B HEHO
XE 88st =0 Lt

- —

- S .
= 1ECH My ZES 57} / 7
» lHCf MO xREE =2 /0 T >
/
o 7|27|7F 228tH Mroyzrolg /0 e v
A ________ 7/
| 0 ke oo
= /
!
y Bl




Line Scan-Conversion

DDA (Digital Differential Analyzer)

O WX A 4Lhof ofet B2 Eeargdoz Q5
& N}

void LineDraw(int x1, int y1, int x2, int y2) (x2,%2)
{
float y, m;
1 1 A
int dx, dy; . y
dx = x2 - x1; (x1y1 T
dy =y2 -yl
m = dy / dx; X
for (x = x1; x <= x2; x++) {
y = m*(x - x1) + y1; AX
DrawPixel(x, round(y)); A (X, y1)(x2, y2) 2 A Lh= 2 A g 4]
}
_y2-y1
} Y—H(X—Xl)‘Fyl

void LineDraw(int x1, int y1, int x2, int y2)
{ (x2y2)

float m, y;

int dx, dy;

dx = x2 - x1;

dy = y2 - yl;

m = dy / dx; (xLy1)

y =yl E

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

y +=m; y =mx+h where m=

DrawPixel(x, round(y));

y2-yl Ay
x2—xl A
= Ay = mAX

} S ay=m (0} F7HE )

DDA (Digital Differential Analyzer)

DDA (Digital Differential Analyzer)

0 DDA Z12[F0] ofgh ALt

X xy) =2 A0
x=0 (0, 0.00) ©, 0)
x =1 (1, 0.33) (1, 0)
X =2 (2, 0.66) 2 1)
X =3 (3, 0.99) 3. 1)
x =4 4, 1.32) 4 1)
x=5 (5, 1.65) 5, 2)
x=6 (6, 1.98) 6, 2)
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Bresenham'’s Line Algorithm
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GAf efAE 7|9 BE EI

ot g AT 0l
2|E0| & M 2AEst 2neF

(x2,y2) (x+1y+1)

G
N 1 I
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Il (x+1Ly+%2)

(xLyl) S xy) A (FLY)

A B (B

O A (x, y)dEt
m O} $tAE= B (x+1, y), C (x+1, y+1) & otL}
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O Sf4 A=(x1, y1)O|2} &8 3l4 B, CO| BH MO| ItEE
(x1 + 1, yl + ¥2)0] &[= |, 0| & FOf C{ o= H

dy
y=mx+hm="> F(x,y):F(x1+1,y1+;j
_dy
y_&x+h =2(x1+1)dy—2[y1+;jdx+2hdx

ydx = xdy + hdx
0 = xdy — ydx + hdx
F(x,y) = 2xdy — 2ydx + 2hdx

= 2x1dy — 2yldx + 2hdx + 2dy — dx
=F(x1, y1) + 2dy —dx

F(x1, yl) = 2x1dy — 2yldx + 2hdx =0
F(x y) =2dy—dx

Bresenham’s Line Algorithm

Bresenham’s Line Algorithm
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F(x, y) =2dy—dx
if (F(x,y)<0) select E /553

else  select NE /55531

== (decision variable) F(x, y)0f 2|3 ZH0| M&9|

(x, y) < 00|2t&H, SHO| & 2l0f A U2t %

d2>d1 => F(x,y) <0

O X DHED Ue A0 ZHHE (x, y)2td St BreF
S 3j47t M EQICHR
= Cg A2l S flXl= x + 1 y), 55 ot A QUCHH
Cha EHAel 8 fIXl= (x + 1,y + 1)O| ElCt
= L3 THAo] 270t o ThAle 2 420 Xt0|= CHZat
ZO[ ALhElCt

incrE =F(x+1 y)—F(x,y)
=(2(x+1)dy —2ydx -+ 2hdx) —(2xdy — 2ydx+ 2hdx)
=2dy
incrNE =F(X+1 y+D)—F(X, y)
=(2(x+D)dy — 2y +2)dx -+ 2hdx) —(2xdy—2ydx +2haix)
=2dy —2dx




Bresenham'’s Line Algorithm

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

{

}

int dx, dy, incrE, incrNE, D, x, y=y1;
dx = x2 - x1; dy = y2 - y1;

D = 2*dy - dx; /] B78E S X713t
incrE = 2*dy; /] S5 stA MEHA| BT
incrNE = 2*dy - 2*dx; /] 325 2t LEH
for (x=x1; x <= x2; x++) {
if (D <=0){ /] BEHS
D +=incrE; /1 B8 St
}
else { /I BEHI L
D += incrNE; /] BEHE St
y++ /] ChE staes 855
}
DrawPixel (x, y); /] Bt 2| 7|

}

0<m<1

Bresenham'’s Line Algorithm

o |m|> 10
= xt yE HHYA 7l atet

= ydEo 2 SIHAZ|BAM, xS 2

o 1 o, £ BFE Wz Maldd

m Ay = 0 (horizontal line)
= Ax = 0 (vertical line)
= |Ax| = |Ay| (diagonal lines)
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c
y
yl<y2 yl<y2
—o<m<-1 |1<m<w
x2<x1 x1<x2
1<m<0 0<m<1
x2<x1 x1<x2
0<m<1 -1<m<0
y2<yl y2<yl
1<m<oo | -0o<m<-1

Bresenham'’s Line Algorithm

o O =9 (0, 01 (6, S T&ESt= M=

0, 0) D>0
(1,1) D<0
(2.1)
(6,4)

Bresenham'’s Line Algorithm
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Polygon Scan-Conversion

o CPZH&o| BjAES} = CF2Hs %127 (polygon filling)
= FO| CHdol W&o AUCHH 2AAS LR 2 Het
o Ch2 Lo Bt
=% 1l (even-odd rule)
FAM HE AA 7L 2=(odd) HA WALSHH LS, Br==(even)
HR WAtSHH Q7 A|ZFEIC D THEE
m ®7|28l% 72! (non-zero winding rule)
FAM EE O F ZAQ uXistH ®I| 2+=E 1 57t
fIZeto| At WASHH 12
ol F7| 214=7} 0ECH 2 F2H2 Cp2fHo| R HACZ THE

Flood Fill

o HE Xj 27| (flood fill)
= LR = FolE Y 27|
= CHZ LH22| A[XY (seed point)0f| A A|XS}HO], =2tX O 2
O|2E HHE 4, Otof 0| 50| Ho| FO| OfL|2tH X7
xS
=
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void flood_fill(int x, int y) { /] TP L2 RT18- (x, y)Ool A A E
if(read_pixel(x,y)= = WHITE) { // $1Xl| /0| HYZA Al (white)O|H
write_pixel(x,y,BLACK); /] R 7| M (black) e 2 &g

flood_fill(x+1, y); /| QEZOR Bt
flood_fill(x-1, y); /) YEoZ HtE

flood_fill(x, y+1); // O 2 HiE '
flood_fill(x, y-1); e
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Scan Line Fill

O FAMM X 7| (scan line fill)
= Y-X CHPY FARD 225
HH edgeE Y&t =M 2 HES}I0] Edge List (ELE T4
Of ZEAMAO| A2 MAFSI= O X| 2 ELO|A 7HL{O| Active Edge List
(AEL)Z 0|=
SHE FAMIDL Z} edge?t WAE S 2704 &S X|0] AO|E M=

1 ‘ Edge List | el H e2 H & |
g ‘ 1 E\.z & Active Edge List
N - e
s H AT 2 -
s L - -

9 X 3

y= [e—{&—1]
- -

Aliasing

O A EH(Stair-step, Jaggies) 2 Q| A Xl AAH M
= HEY BHME 2t THRIE ZAtSH & = 5Hof| 97| &
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o
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CHelZ SAte & [ 2
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Anti-Aliasing

Aliasing

Anti-aliased
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