From Vertices to Fragments
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Geometric Pipeline

o 7]3} 9ol L e}<l (geometric pipeline)
= 74 A ] (vertex processing)
2237 7|2 242 27 (clipping and primitive assembly)
2 2~¥] 8} (rasterization)
A A ¥ (fragment processing)

Vertices —m Yertex | Clipperand | Rasterizer Fragment

= Pixels

e processor primitive assembler processor
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Four Major Tasks

o 29 % (modeling)
n 738 A S Ae A

x_l = 2] (geometrlc processing)

|
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w 7|28 AZF (primitive assembly), 223 (clipping)
» > 2 (hidden surface removal)
o 2H =¥ &} (rasterization)
» 7AW 2 (scan conversion) &38| 5
o @3 A 2] (fragment processing)
= SHE] el o]/ (anti-aliasing)
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Geometric Processing

Object model = Vertei(x, y, z) (B A HEA)
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(= FEA)
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Transformation (Fewis)
Clip coordinates *
(221 2EA)
Projecti _ _
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Normalized device coordinates *
(8rshe A 2EA) .
Viewport (FEEW
Transformation e

Screen window coordinate (x,, y,) ——— Rasterization
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Clipping

o 22+ 227 9% (clipping window)
o 32+ =23 4 A 4 A (clipping volume)
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2D Line-Segment Clipping

o A3 223 (clipping 2D line segments)
= A7 (clipper)& oW 7] 4 Ev 1 AFT} §}U4 o
LEbLpof WAL g = E 3F7] = B A of O}L As 24
m 78§ (accepted): #| g3 #= F 1ol Fol2 7]li QA= T8
» 75 (rejected) == A (culled): 3HH ol YERE =78
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Cohen-Sutherland Algorithm

O Cohen-Sutherland ¢8]33 <1185+

1. %E]'Tg %E‘?“g 47H9] ‘{ﬂ E—@—EHE z};g—g]_ﬂl :OV_ZJ__% 97H‘04
ool o7 K3t
11— T =

1001 y 1_0(%9 o 1010
= ) max
0001 0000 0010
X = Xmin . X = Xmax
0101 10 0110
)})_ g/min
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7} ol aLfre] 21243 (outcode), byb,b,by & Th&-2t o] &
1 ity >y, {l ify < VYo {1 ifX> X, {1 if X< X,
A 3

0 otherwise 0 otherwise

~0 otherwise |0 otherwise
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Cohen-Sutherland Algorithm

o A& AB2] 7-$: A’s outcode = B’s outcode =0
m Ao F EHo] 2 A= ol A= 4, accepted
AE CDY 7 -$: C's outcode AND D’s outcode =+ 0
o A3o] o 2ol 227 AL g wel ool Y= AL,
rejected

A’s outcode = 0000

B’s outcode = 0000 Y = Ymax oD
°B
X = Xpin Ay X=Xmax O
Y = Ymin C’s outcode = 0010

D’s outcode = 1010
CAND D =0010 # 0




Cohen-Sutherland Algorithm

Liang-Barsky Algorithm

X v‘% EF 9] 7 $-: E’s outcode # 0, F's outcode =0

2] 3 - S8 95 o QI v s 95
9)\‘: 739, subdivide
17)] x4 (1ntersect1on)'°— Zrolof 5}
o A& GH, A5 19 4 -$-: G's outcode AND H’s outcode =0
& EFHo] BF o) Hd = 4-F, subdivide. A& GH7 ¢
AR} iﬁl” A= o QS
o1 S o s st A A% 48]
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O Liang-Barsky 22|33 &g+
1 v Al e
Pla)=1-a)P +aP,, 0sa <1
X(ar) =(1-a)x +ax,
y(@)=(Q1-a)y, +ay,
Hito] 29 AmSo] S Mot e 43S AL

Yax = A=03) Yy, + Y,
Xmin = (L—0,) X + &, X,

)

;\ﬂ 7‘511 EEL Z J i ayl
s Ve = Y i ; =
oY= ym%F G’s outcode = 0001 Oy === L i /
_ H’s outcode = 1000 Y, — g :
IOGO G AND H = 0000 .
— [e] _ o, = min
X'= Xmin E X= Xnax I's outcode = 0001 2 X,
E’s outcode = 0000 J’s outcode = 1000
F’s outcode = 1000 Y = Ymin [ AND J = 0000
Polygon Clipping Pipeline Clipping of Line Segments

o 253k oz (concave polygon)2| &2
o WL 299 F e G om B uy
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W2 0 B3k 1h7he o] g o 2 Ll (tessellate), 2]
shtel o2 A4
EE RS
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i3 (Tessellation)

O Sutherland-Hodgeman %3125
= A7 A7 Qw99 & wo) dis)A Fel ks o 2hd e
7] spol Eakel 0.2 A
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X3 :Xl+(ymax_y1) 1%, %)
Y= W1 § t
Yo = Vouo e oI S
X = Xnin o yad X = Xmax
b, vl
19‘7 }'2]'/- _
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Pipeline Clipping of Polygons

Bounding Boxes

O Sutherland-Hodgeman ¢312] &

Input: B2+ (44 2| 2E)3 225 W

Output: M 2% S o] & th4d (44 2| =E)

27+ Th2h ol i gk A 442l dd7] (pipeline clipping of
polygons)

32+ 9] 79, AW (front) ¥} $-¥ (back) 2285 F7H

Top . Botom
clip clip

L?H . Ri?hf
clip clip

o thzted o] S8 d A A EAL (axis-aligned bounding box)
= 1Y (extent)E =8F o ARE-
B2 WS 7 539 A o ¢
o BAVIAE R S 23kehe ARl AEE 7P 22 A
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(max)& AlAtste] Ao F
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Bounding boxes

Cohen-Sutherland Algorithm in 3D

0 AAIAE ALg el e 2903 3

Reject

Requires detailed clipping
7k o] BE WS ARg-aL]
AR FEE e

o 3xtol A= ol Aol B AIG o] obd A &1t
(bounding volume)®ll tj&}o] &2
O Cohen-Sutherland 22|33 ¢33+
w 2P b US4 E AR S5 M E o] R R A ekaL
2211 2] 739} #o] ALk

lifz>z,,
*7 10 otherwise

lifz<z,,
b, = .
0 otherwise




Liang-Barsky Algorithm in 3D

Rasterization

O Liang-Barsky 22|38 &g+
= 0] 379 v W
Pl@)=1-a)R+aP,, 0<a<1
X(a) =([1-a)x, +ax,
y(@) = L-a)y, +ay,
(a)=(1-a)z,+az,

B (B n)o] FH OEVE af =
P(a)=(1-a)P +aP,

o 2 2¥] 3} (rasterization) == =70 ¥ 8} (scan conversion)
w ZE Ao A ThH ] P Aol o] 2= T o mpx 1} thHA|
2 E T8 A ofd A4S e AIAE AA s 2]
w 47t3} 7FAI 53] (normalized device coordinates)l 4] TTEE.E_
(viewport) = o] A}
B JEAEE JHAREZ WSS AR E VTR
AES stz v
Hs sluxtns W
4wzaﬂHA13c 2 ZeAel oA o)W g4 E Aol
2718 ABCE 7Hd & 133 & e

n-(P(a)~P) =0 : m
— n- (PO - Pl) Ao B
n- (Pz - Pl) o = u
Se 1O 2] #]
Rasterization Line Scan-Conversion

0 A< (float) FEE B(int) FE= WS
» Y REENrEHol dg
w dE 5o, AHe HEXE H(H7F(1.9514) > 32 (2, 1) 2 ¥HgE
w 3t AN WE (1.5 <=x<25)01aL (05 <=y <159 ZE AHL
(2, 1)= AHE

o 2E HE dargFo] A8y = 7HE 7124 AA 7L
/4 (line segment)

o A A& 2 ARlo] st ojd sthw AV = A E
2745 —?Foﬂ U A 3has e A




Line Scan-Conversion

o WA A o] ¢ MBS RELETFAOE 8] SEA

void LineDraw(int x1, int y1, int x2, int y2)
{ (x2,72)
float y, m;
int dx, dy;
dx =x2-x1;
dy =y2- 1, oLy ]
m=dy / dx;
for (x = x1; x <= x2; x++) { X
y =m*(x-x1) +yl;
DrawPixel(x, round(y)); AX
}

}

DDA (Digital Differential Analyzer)

=) >~ [OF =] >~ S
o Fsagd ale FeagT tigor Het

void LineDraw(int x1, int y1, int x2, int y2)
{
float m, y;
int dx, dy;
dx =x2-x1; A
dy =y2-yl;
m=dy / dx; (xLy1)
y=yL =
for (int x = x1; x <= x2; x++) {

y+t=m; y=mX+hWherem:M_ﬂ

x2-x1 A
DrawPixel(x, round(y)); = Ay = MAX
} =>Ay=m (x7}14 S/ )

}

(x2,y2)

DDA (Digital Differential Analyzer)

O DDA &arg] & o] g A4l

X xy) e A
x=0 (0, 0.00) 0,0
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)

DDA (Digital Differential Analyzer)

o DDA o4

s BEAS A
B2 o] A4 ko] v g g

o R
round() 34 A 8ol Zal = Az

s 2 Ao A8 E
BEago] A5 a7} Ze g
A% QALY o3 9 F 4
Aelg b7 A AR A A Wol A A I F(Drift)




Bresenham’s Line Algorithm

o 312] 55 (Midpoint Algorithm) 2} 3% £

O %-7(_51 =
s RERELSH AMNS veta A4 ALk o) &
w A YrE ) BE daalFo] ¥ AN g aE ) daE
(x2,y2) (x+1y+1)
e i I
i Ly
M C I I 5
<Ly Sa B o (¥ o (HLY)

o A(xy)AdHE
= U3 3haE B (x+1,y), C (x+1, y+1) & 3}t
= Bk T I AT 422 A el o8 what

w Aol T4 Mo ofell 9l 514 B, #lell 3l

oW 54 CE A

Bresenham’s Line Algorithm

0 12 A=(x1, y1)ol 2} 3} 3l2 B, Co] 5 M9] Fx=
(x1+1,yl +%)0] H:= ], o] & Foll thygai

dy
y:mx+h,m=& F(x,y):F(x1+1, y1+;j
_dy
Y=t :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 (x4, y1) + 2dy — dx

F(x1, y1) = 2x1dy — 2yldx + 2hdx =0
F(x,y)=2dy—dx

Bresenham’s Line Algorithm

o 28WHTFF(x, y)oll 93l T3 o] A9 #

ot

= THFE(x, y) <002, FH o] A% gl 9l
Al

m WFeFF(x,y) > 002 H, 5% st A

F(X!y)ZZdy—dX
if (F(x,y)<0) select E /&% 324

else  select NE /[ EEZ 35 A9

I

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

Bresenham’s Line Algorithm

0 @A el T 9l S8 AEE (x y)eha S e}
&% A7 A Y H AT v GAY A AIAE (x+1,
y), B85 3as) A8 E AT e e e FH 91 =
(x+1,y+1)°] drt

Ot ©AIY AR
ohS-ah o] A4

incre = F(x+1,y)-F(x,Y)
= (2(x +1)dy — 2ydx + 2hdx)— (2xdy — 2ydx + 2hdx)
=2dy

o} & WAl o] AW Aol

incrNE =F(x+Ly+1)—-F(X,y)
= (2(x+1)dy — 2(y +1)dx + 2hdx)— (2xdy — 2 ydx + 2hdx)
= 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-yl,

Bresenham’s Line Algorithm

Im| >1.0

| XQ]'YE H]'lﬂ}\‘] 74]/\ ?:l]—

= YO FIPATBA, X3k AR
o 2L 9o, S5 A= w2 A e

= 2*dy - dx; /] ARRT s 2713}
incrE = 2*dy; & 3 YA SR
incrNE = 2*ydy - 2%dx; ;; %5‘% S HEa] 27 = Ay=0 (hOI'l.ZOI‘lt'al line)
for (x=x1; x <= x2; x++) { = Ax =0 (vertical line) yl<y2 y1<y2
if (D <=0) { /] BREFT 5 s 55 Y = | Ax|=[Ay] (diagonal lines)
D +=incrE; /] ARWS Z7}
}
else { /] BRRFTL . FEE S Y
D += incrNE; /] BT 57
y++; /] B g 5%
}
DrawPixel (x, v); s}~ 12 7]
| (xy) // el | yaen
} 1<m<oo[-©°<m<-1
Bresenham’s Line Algorithm Bresenham’s Line Algorithm
o oS 501 (0,0)7 (6,4)5 A= A& o AgAitel o =TT+ st=sol 2 7
0, 0) D>0 O A 8- Hol A vk A 2]
= U2 A2 o], WALkl 48
(1,1) D<0 |
21 _ .
(6,4) o9 A =
w AN dareE3 A




Polygon Scan-Conversion

Flood Fill

o thebale] @) 2E 8 = th2ka 21971 (polygon filling)
w ol v o] ol vk RS WA o w A
SRR REEEEE
= =% 1% (even-odd rule)
AR W2 A7} %#(odd) kil KH w2 Ui, #4E (even) WA
A o) 5-7F Al vhan
= 71815 713 (non-zero wmdmg rule)
FAPD R ob el A A o matshi A7) SleE 1S S50 E e

o W %7 (flood fill)

o FEE w9 A7

= Uh2hg ul o] AA A (seed point)ol X A #f5te], e gt O
o] & A¥ Bl vkef o] 5 o] W] Ffo] ofyfhil A7 Moz
A%

void flood_fill(int x, int y) { // T2 W5 2714 (x, y)oll Al Al =
if(read_pixel(x,y)= = WHITE) { // @A Al o] v} 7 2 (white) ©] A
write_pixel(x,y,BLACK);  // #5714 (black) o= &

BA ek aLatske 174 flood_fill(x+1, y); /) SBZ0 F i
olu] 7] 817k o r 2 -7 —3— u% ek flood_fill(x-1, y); /] 9% 07 NHE
flood_fill(x, y+1); // ot &2 HkE

A AT flood_fill(x, y-1); // 1= b
7@r F\ }

@r //\ }

) =) 1)
Scan Line Fill Aliasing

O AR A-$-7] (scan line fill)
= Y-X TH2HE FAbA el F
A edgeE Y# <41 5 7 H3ke] Edge List (EL)E 713
m) A o] A & 5 A}8h= o X & Lol A 7l o] Active Edge List
(AEL)Z o] %
3 A 2} 7 edget WA S 270 A& K| o] Alo] & Al

};=6 ’elHeBH
= H

1 Edge List ’ el H e2 H e3 ‘
g l; 2 62 Active Edge List
SN e O
0 ¥ ol y=2 [0~ [ |
R e

|

o Al th(Stair-step, Jaggies) &< Azl A A A

w HIEY] FdoA = 3 @ = AR & < atel] 917w

» PG EE AL EAE R AYEE AL A UA d9 R
2 s o Wl d o2 Jojus A




Anti-Aliasing

B3 Baol A AEY. ALY B Y
3 3hao TS 0

LL

» A H (jitter)ol] ©] 3+ 3 A E
o B4 ZA| 7t B °] g Btz WMEH o] 1712

o 3 A1E % (Super-Sampling)
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