Graphics Pipeline: Clippin Clipping: Introduction
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B Pk [ Clip the objects inside other regions
[J Shadow generation
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2D Clipping Line Clipping
e ) e )
/
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W: clipping window -
[ Point clipping i

e z; <z<zxpg, 7%

® yr <y < yg. o \/q \

0 Line clipping —_—

e: Segment with endpoints p and g.

e Cohen-Sutherland

e Liang-Barsky p € W,q € W: Accept e.
O Polygon clipping ) \/ pe W,q¢ W: Compute o = e N IW, accept po.
o Sutherland- . Q p & W,q € W: Compute o = e OW, accept oq.
Hodgeman - v g Wi d W

o Weiler-Atherton

. [ p,q lie oustide the same boundary line of
o Weiler

W, reject e.
[J Otherwise, a more complicated test.
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Cohen-Sutherland Algorithm
s & )

0y)

{: Line supporting an edge of W,

outer halfplane: Halfplane bounded by ¢ and not

containing W.

0 A 4-bit outer code OC(p) asaszaza; for each
point p.

[J One bit for each outer halfplane.

[J Bit is 1 if p lies in that outer halfplane.

bit1 a; left r<zp b
bit 2 as right z>xzp 4
bit 3 as bottom y<y, {3
bit 4 a4 top y>yr La
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Cohen-Sutherland Algorithm
s & )

7 #

Cohen-Sutherland Algorithm
a & )

001} 1000 / 1010

0 OC(p) OR OC(q) = 0 = accept e.
[0 OC(p) AND OC(q) # 0 = reject e.

O Otherwise, do the following
e If OC(p) =0, then swap (p, q)
e Find the rightmost bit OCji(p) = 1
e Compute 0 =eN¥;
e Set p = o, compute OC(p)

[J Repeat the above steps until e ac-
cepted/rejected.
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— Computing the Intersection —

a=(d,. g,
p=(r,.R,)

Parametric representation of a line

e = pt+it(q-p) tER
r = Pz +t(QE 7pz)7
y = py+ilay—py)

p:t=0 g¢g:t=1.
0 = (04,0,): Intersection point of L and y = a.

oy =«

a—py
a=py+tqy —py) = t=—"—"
Y (y y) 0y — Dy
qupz
0z =ps+(a—py) ———.
( y) PR
~ s —/
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— Computing the Intersection —

a=(a, )

P=(R, R,

P
e: Segment with endpoints p and ¢

e(t) =p+ (¢ —pt.

L: Line with outward normal N and a point £ € L.
(x—€) N=0
o: Intersection point of e and L.

Since ¢ = L Ne, 3, € R,
c=p+(qg—pits, & (6—-&-N=0,

(p+(g—p)its—€ -N=0=
to(¢g—p)  N=(-p)'N

_E-p-N _[E-p)-N
“ (¢g-p N’ PHia p)[(q—p)-N}
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Liang-Barsky Algorithm
(- g y Alg _\

[\!}

N

0
:N Nz‘g

&

;: Line supporting the i-th boundary of W
N;: Inward normal of L; (pointing toward W)

o;: Intersection point of e and L;.
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Liang-Barsky Algorithm
(- g y Alg _\

[0 Cohen-Sutherland algorithm works well when
few lines appear inside the window

[J Computing interscetion points explicitly is ex-
pensive

[J Use parametric representation of segments:
cet)=(1-tp+1g
e Computety,ts € [0,1]s.t. WNe = e(t1)e(ta)
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[0 Potentially entering (PE) at o; if (g—p)-N; >
0 (i.e., entering the inner halfplane).

[0 Potentially leaving (PL) if (g—p)-N; < 0 (i.e.,
leaving the inner halfplane).

O (g—p) N1 =z —Pz, (—p)- N2 = —(¢z — Pz)
[0 o; is PE = update t;
[0 o; is PL = update t2
t=(fifp)'Ni/(Q*P)'Ni
if (g—p) - N; >0

then t; = max{ty,1}
else ty = min{t,,t}

\ e -
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Polygon Clippin Sutherland-Hodgeman Algorithm
/- yg pping N /- g g —\

Clipping the edges is not enough.

L 2\
4 \/

Clipped portion might be disconnected

r
B

(b)

g~ ~ g~
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~ Sutherland-Hodgeman Algorithm N — Sutherland-Hodgeman Algorithm N

[ Follow the boundary of P in the counter-
clockwise direction.

[J For each edge e of P, compute the vertices of
the clipped polygon lying on e.

Processing an edge p;piy1:
pi €4f, piy1 €47 :

[0 Compute o; = p;piy1 N L.
[J Output o; and then p;y1. .

pi € £f,piv1 € £F: Do nothing.
Di €47, piv1 €4 :

[0 Compute o; = p;piy1 N L.
[0 Output o;. -

pi € L4; ,pir1 € L; : Output pit1.

~ @S et
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— 3D Clipping

(X, Y9, 25)

T

Gy, 91, 2) ‘max Ymax Zmax)

e

min Ymin® Zmin) |

N

(x

x

Extend the 2D algorithms.

Cohen-Sutherland Algorithm:
Maintain a six-bit code.

bit 5 front 2z < zp
bit 6 back 2z > zg
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3D Clipping

\ g~

Perspective view volume

[J Apply the above approach to the perspective
view volume directly.
Computing segment-plane intersection is diffi-

cult.

[ Transform a perspective view frustum to an
orthographic view frustum.

e Need only one precedure for clipping.

e Simplifies the hardware.

[J Clipping after rasterization
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3D Cohen-Sutherland Algorithm
a & )

Computing plane-segment intersection:

ere(t)=(1-t)p+tq .

m:Nx—-§ =0 —~ /
N(qg-p) f

~ cartith
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OpenGL Commands
P

OpenGL provides six additional clipping planes
GL_CLIP_PLANE]1, ... GL_.CLIP_PLANES6
glClipPlane(plane, *equation);

O plane: GL.CLIP_PLANEI (i=1,...,6)

0 equation: Four coefficients of the plane equa-
tion

Az +By+Cz+ D=0

[0 glEnable(GL CLIP PLANE)

0 glDisable(GL_CLIP PLANE;)

\ g~
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Display Lists
(- play

drawCircle ()
{
GLAfloat i;
GLfloat cosine, sine;
glBegin(GL_POLYGON);
(i=0;4<100;++)
{
cosine = cos(z * 2.0 x 7/100.0);
sine = sin(i x 2.0 x 7/100.0);
glVertex2f (cosine, sine);
}

g1End();

}
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Display Lists
P \

buildCircle ()

MY _CIRCLE 1

GLfloat i;

GLfloat cosine, sine;

glNewList(MY_CIRCLE, GL_COMPILE);

glBegin(GL_POLYGON);
(1=0;1<100; %+ +)

{
cosine = cos(i * 2.0 x 7/100.0);
sine = sin(i * 2.0 x 7/100.0);
glVertex2f (cosine, sine);
}
g1End();
glEndList();

}

glCallList(MY_CIRCLE);

e
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