From Vertices to Fragments
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Geometric Pipeline

O 7|} mLO|Z 2491 (geometric pipeline)

= ®A X 2| (vertex processing)
s EC|Hut 7|22 A2 T (clipping and primitive assembly)
n 2| AE{3} (rasterization)
= CHH X2| (fragment processing)
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Four Major Tasks

Geometric Processing

o 2EE (modeling)
= JISketE| AN SO BE 4
o 7|5lat& X 2| (geometric processing)
m H3} (transformation)
m 29 (shading)
m 7| 224X (primitive assembly), 22|E (clipping)
» 2MHK 2| (hidden surface removal)
o A E 3} (rasterization)
m FAFHZE (scan conversion) &1 2|S
CHH X 2|(fragment processing)
m QHE|H¥Z2|0{A (anti-aliasing)

Geometric Fragment Frame

Modeling ———m= brocassing —m= Rasterization ——= processing > Luffer

Object model = Vertex (x, y, 2) (Zi K| ZtEH)

ModelView — |maa=wsh
Transformation
Eye coordinates ;
(= Zt=A) broect
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Transformation (FIEeh
Clip coordinates *
(21" zHEA) Provecti
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Di{/ision (F33weh
Normalized device coordinates *
(34THeIE BH DE) Viewport
HiTE S
Transformation (REERE

Screen window coordinate (x,, y —— Rasterization
(a3 A= FHEA)




Clipping

o 2Kt8 22|= A= 2 (clipping window)

0 3xt@ S22 A YH (clipping volume)
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2D Line-Segment Clipping

o ME Z2|¥ (clipping 2D line segments)
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Cohen-Sutherland Algorithm

o Cohen-Sutherland 22| ™ & 12|15
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1Lify>y.. 1ify<yun 1if X > X0
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S0 272 27 (outcode), byb,b,bsE CHZ1t 20|

1if X < Xy,
b, = .
0 otherwise

Cohen-Sutherland Algorithm

o ME ABO| A%: A’s outcode = B's outcode = 0
= MEO & EHO| 22| =2 YR s dR accepted
o ME CDo| 4%: C's outcode AND D's outcode # 0
» MEO & BHO| EE|E /=9 Z2 Bo| 970 Y= B2,
rejected

A’s outcode = 0000

B’s outcode = 0000 Y = Ymax oD
oB
X = Xpmin | o X=Xmax O
0
y= ymin

C’s outcode = 0010
D’s outcode = 1010
CAND D =0010 # 0




Cohen-Sutherland Algorithm

Liang-Barsky Algorithm

o ME EFQ| 4%: E's outcode # 0, F's outcode = 0
n MEOI T EH2 22|Y Y= LR UL, CHE St 250
A= AL, subd|V|de

m 17§ WX}H (intersection)& ZtOLOF &
o ME GH, M& o] 4%: G's outcode AND H's outcode =
0

s MEol & EFO0| ET Q20| 9= AL, subdivide. M& GHAL

MEQ| LRIt 228 A= R0 %l%
" MO e B R AN 2 20 Fel Atees
R HSH 7
o= A oY= ymaxo G’s outcode = 0001
_ H’s outcode = 1000
1@ G, G AND H = 0000
— o —
X= Xin E X= Xmax I's outcode = 0001
E’s outcode = 0000 J’s outcode = 1000
F’s outcode = 1000 Y = Yin I AND J = 0000

o Liang-Barsky 22|& 2|
1 OOj7jE A EIM ZAl
P(a)=(1- a)P+aP2,0SaS1

X(ar) =(1-a)x +ax,
y(@)=(1-a)y, +ay,
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Polygon Clipping

Pipeline Clipping of Line Segments

o @23 Ch2tY (concave polygon)o| 22| X
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Pipeline Clipping of Polygons

Boxes

o Sutherland-Hodgeman €11 2|&

Input: Ot (3 2|2E)nt 22(E

Output: 22 2[00l & Ct4d (88 2|2E)

2XHA CH2tof chet H=5HQl =T (pipeline clipping of
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Bounding boxes

Cohen-Sutherland Algorithm in 3D

Accept
A%g- ghol onw
ol gl Ao 8

Requires detailed clipping
g7tge) BE We Algatol
AR FE S

O 3XAAM= B HAFH0| ot dA St
(bounding volume)0j| CHSIO] 22| L
o Cohen-Sutherland S2|% & 2|&
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Liang-Barsky Algorithm in 3D

Rasterization

O Liang-Barsky 22|& &n2|F&
= MEo| XY owS B
Pl@)=1-a)R+aP,, 0<a<1
X(a) =([1-a)x, +ax,
Y(@) = L-a)y, +ay,
(a)=(1-a)z,+az,

= EE Py N2 SAHLERE aRk
P(a)=(1-a)P, +aP,
n-(P(a)-PR,)=0

o 2 AE 3} (rasterization)/AZH =} (scan conversion)
= I A0 M EHHOl W0 O|2&= 1Yol OpX| 9t ChA|
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Rasterization Line Scan-Conversion

o d==(float) ZEE Ha(int) ZEE HE
. |

£ 50, §Eo| BExE XIH7} (1.95 14) > 34 (2, D)2 HEtE
<= x < 250|1 (05 <=y < 159 2=
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O 2fAH Het 2|50 MEE= 71 7|2
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Line Scan-Conversion

DDA (Digital Differential Analyzer)

O WXE A 4Hof ofet B2 EEeargdoz Q5
& ¢ X3}

void LineDraw(int x1, int y1, int x2, int y2) (x2,92)
{
float y, m;
! ! A
int dx, dy; N y
dx = x2 - x1; (xLyl
dy =y2 -yl
m = dy / dx; X
for (x = x1; x <= x2; x++) {
y = m*(x - x1) + yl; AX
DrawPixel(x, round(y)); T (x1, Y1) (X2, y2)& X UHe 2 A w4
}
_y2-y
} V—H(X—Xl)+y1

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

) = Ay=m (x7H1¥ F7}E )

DDA (Digital Differential Analyzer)

DDA (Digital Differential Analyzer)

0 DDA 12[F0] ofgh A4t
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Bresenham’s Line Algorithm

S HEALY AME

| |.__lL X‘I 7;"A|-I:I|- OlR

o &8 &02|EF(Midpoint Algorithm) 2t & E &
n D E
|

X AHAEV| BE ¢RAIF0 € Y HAES ¢S

(><2,y2)

i ] J

dy

(Xl,yl) dx

[

(x+1y+1)
[ ]

l l (x+1Ly+%2)

A B D xy) o (xtLy)y

(| A (X y)A‘i EH

m Ot 3tAE= B (x+1, y), C (x+1, y+1) & SfLt
n ot S MEZE| =& AHa[of ofsf T
= MEO| FH MOl of2}of USB B4 B, 90 YOB B4 CE

Bresenham’s Line Algorithm

—

O A A=(x1, y1)O|2t S}H A B, Co| T M| ZtHE
(x1 + 1, yl + %)0| &|= O, O| & FOf| CHYSH LT

dy
y=mx+hm=— F(X,y):F(xl+1,y1+;j
—dyx+h
™ = 2(x1+1)dy — 2(y1+ )dx+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, y1) = 2x1dy — 2yldx + 2hdx =0
F(x,y)=2dy—dx

Bresenham’s Line Algorithm

o 2gH
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| OF2ZHOIK| S EHCH
FF(x, y) < 00|2tH

= e SO M2 2l

EH

_’?‘_"'AE
== -Q—I'—‘—E =

rx

F(x,y)=2dy—-dx

if (F(x,y)<0) select E /5% 3kA

else select NE [/ 5EZ34 A9

A |

]

H 2 (decision variable) F(x, y)0i| 2|8 ZX 0| M& 9]

maty 5%

=

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

Bresenham’s Line Algorithm

En "'I.Ajl. A-|EH 5| iCHD

—
= LfS A S /Xl= x + 1 y) 855 opa7t e[ ACHH
Chg EtACl "’S Xl (x + 1y + 1)O| ECf
= LIS THAo] Z2F et of EHAo] 2788420l Xt0|= CiZat
20| ALtECt

| ZFEE (x, y)2t2 Sf0 Oref

incrE=F(x+Ly)-F(x,y)

= (2(x +1)dy — 2ydx + 2hdx)— (2xdy — 2ydx + 2hdx)
= 2dy

incrNE = F(x+1, y +1) — F(x, y)

= (2(x+1)dy — 2(y +1)dx + 2hdx)— (2xdy — 2 ydx + 2hdx)
= 2dy — 2dx




Bresenham’s Line Algorithm

Bresenham’s Line Algorithm

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

{ 0<m<1
int dx, dy, incrE, incrNE, D, x, y=y1;
dx = x2 - x1; dy = y2 - y1;
D = 2*dy - dx; /] B8Es S =73t
incrE = 2*dy; /] &% 2pA MEA] SIHE
incrNE = 2*dy - 2*dx; /] 88% st MEIA| 742
for (x=x1; x <= x2; x++) {
if (D <=0){ /] B8HFIt 2. B2 ME
D += incrE; /] B8 57t
}
else { /] BEHFI S S5F ot HE
D += incrNE; /] BEHE St
y++; // Th& 24 e 855
}
DrawPixel (x, y); // =2k 2|7

}
}

o|m|> 10
= x2tyE HHYAM Abhe
= yHSoz ZIHAFIENM, xgtS A8

o
o 1 Qof, S43 42= W2 M|
m Ay = 0 (horizontal line) y
= Ax = 0 (vertical line) yl<y2 yl<y2
= |Ax| = |Ay| (diagonal lines) p<m<-l |1<m<wo
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

Bresenham’s Line Algorithm

o oE =9 (0 01 (6, 45 FEot= M=E

0, 0) D>0
(1,1) D<0
(2,1)
(6,4)

0 H4QM0| Oofgt =57t + S1EY 0|2 T
o X 8ZHO M FO
= C}2 MEL 0|5, ¥HASIo M8

=
.




Polygon Scan-Conversion

Flood Fill

| CHZgol LiRo| QUCHH OAS RMe= Het
S Ljo| BHEH A
® A&l (even-odd rule)

o ChAE ol B2 E3t = ChAPd xH27| (polygon filling)
0

A|
A 2 AA 7L Z24(odd) W mXISHH L2, Rr==(even)
AR WALSHH Q7 A|ZFEICE D THEE
» 87|25 72! (non-zero winding rule)
FAM EE O F ZAQ uxistH ®I| 2+=E 1 57t
ZEo| AA QL mXtSHH 124
ol F7| sl4=7t 0L Ct 2 772 CH2IHO| LHEHA o2 ThEh

o HeEF XL 7| (flood fill)
= 22 FolE Y ML

XE &HED, 2o 0| 50| Blo] FHO| OfL|2tH xY

0l
x5}

ook

void flood_fill(int x, int y) { /O LHE =78 (x, y)Oll M A&
if(read_pixel(x,y)= = WHITE) { // $1Xl| =/0| HYZ Al (white)O|H
write_pixel(x,y,BLACK); /] IR 7|M (black)e 2 &t

flood_fill(x+1, y); // LEZROZ Ht&
flood_fill(x-1, y); // YZOR Ht=E

flood_fill(x, y+1); // Of2 2 BtE '
flood_fill(x, y-1); /] 912 gt

} T

Scan Line Fill

Aliasing

O FAMM X 27| (scan line fill)
= Y-X CH2PY AR 2 a2]E:
HH edgeE Yot =M= FESHA Edge List (EVE 9
O ZEAFMO| M2 mA}SH= O X|2 ELOJA| 7HLHO| Active Edge List
(AEDZ 0|5
S FAMIDL Z} edget WAH S 2704 B2 X|0 AO|E M=

1 Edge List | el H e2 H e3 |
g . ‘l H\.z &2 Active Edge List
RNAREARRNE -1 -

6 ’ /;?'C v=2 [0 |

7 = _

8 P v [

y=6 [en—fa—]
- -

o A TH(Stair-step, Jaggies) 2 Q| HEl AAH M
= HEY BEHME 3t CTHRZE DA & = 8ol 87| &
» 23 SHMEE K| EHE R HYEE K| oA HE
O UofLtE A

CHRIZ TAte & [ 2




Anti-Aliasing

= X|E{Gittenof O/3t 4T MY

o B AHHZH 2R E 0|2 2R A

Aliasing / )

Anti-aliased

Magnified




