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* Rasterizing a triangle
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Triangle Rasterization

Use Midpoint Algorithm for edges and fill in?
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Triangle Rasterization
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Triangle Rasterization

What's the color of P?
C

V1

J

V2
© www.scratchapixel.com
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Barycentric Coordinate

P(x,y) =0+ xX+yY

PB,y)=a+p?+y?




Barycentric Coordinate

P(x,y) =0+ xX+yY

P(By)=a+p? +y?
a+pf(b—a)+ y(c—a)
a+ fb—pPa+yc—ya
a+ pb—pfa+yc—ya




Barycentric Coordinate

P(x,y) =0+ xX+yY

Pla,B,y) =a+L?+y?
=a+p(b—a)+ y(c—a)
=a+ fb—Lfa+yc—vya

a+ fb—pPa+yc—ya

a(l—p—y)+bB +cy

aa+ b+ yc a=1-~-v)
>a+p+y=1

=
|

In a barycentric coordinate system: location of a point is

X ' specified by reference to a triangle for points in a plane.



Barycentric Coordinate

P(x,y) =0+ xX+yY

P(a,B,y) =aa+ [b+yc

Barycentric

a+p+y=1

@ 0 <a<l,
0<pB<1,
0 <y <l




Barycentric Coordinate

P(x,y) =0+ xX +yY

P(a,B,y) =aa+ [b+yc

a+B+y=1 Cartesian — Barycentric

¢ ; 0<a<l, P(x,y) = Pla.f.v)
0<pB<1,
0<vy <l




Cartesian — Barycentric

c(xc,¥e) y=mx+b

>y—mx—b=0

(x,y) _
=>y_376 yax—b=0
Xc — Xa
a(Xar Vo) = (e =%0)Y = Ve=Ya)X — (Xc—Xxg)b =0

= (xc _xa)y - (yc_ya)x —C=0

= Vag—V)x + (X —x5)y—C =0



Cartesian — Barycentric

¢(Xe) Ye)
C = (ya—yc)x + (xc T xa)y
(x,y) — (ya—yc)xa + (xc — xa)}’a

a(xy,Vy) = XcYa — XaXc




Cartesian — Barycentric

c(Xc, Ye)
C=Wa—yc)x+ (xc—x5)y
Ga) = Va—Ye)Xq + (Xc — Xg)Vq

a(xq, Vq) = XcYa — Xa)c

fac(,¥) = Va—Ye)x + (Xc = X0)Y — XcVa + XqYe =0




Cartesian — Barycentric

c(xXe, ye)

a(xq, Va) Jan (x, y) b(xp, Vp)




Cartesian — Barycentric

c(X¢)Ye) PI
__ Jac XY

TS

b(xp,yp)




Cartesian — Barycentric

c(X¢)Ye) PI
__ Jac XY

- fac(xb» yb)

p

— (ya, B yC):E T (:CC o xa)y + LalYe — LeYa
(Yo — Ye)Tp + (Te — Ta)Yp + Tale — TeYa

b(xp,yp)

Question — 1: In which case f becomes 1?

Question — 2: What will happen when (x,y) lies on f,,(x,y)



Cartesian — Barycentric

c(Xc, YVe)
g = Jac(x,¥)
fac(xb»yb)
)  fae6,9)
a(Xq Ya) Jan (x, ) b(xy, V) Y fac(Xp, ¥p)




Cartesian — Barycentric

c(X¢)Ye)
g = Jac(x,¥)
fac(xb»yb)
)  fae(y)
a(xa»ya) fab(x,y) b(xb,yb) Y fac(beYb)
a=1-f~-vy




Cartesian — Barycentric
P(x,y) = P(a,B,v)

c(X¢)Ye)
g = Jac(x,¥)
fac(xb»yb)
)  fae(y)
a(xa»ya) fab(x,y) b(xb,yb) Y fac(beYb)
a=1-f~-vy




Barycentric Coordinate

Another approach:

d

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Triangle Rasterization (1/7)

Use Midpoint Algorithm for edges and fill in? Use an approach based on
barycentric coordinates

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Triangle Rasterization (2/7)

* If the vertices have colors c,, c,, and c,, the color at a point in the
triangle with Barycentric coordinates (a, B, y) is:

Cc = acp + fcg + e

Co
C,

Cq

* This type of interpolation of color is known in graphics as Gouraud
interpolation
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Triangle Rasterization (3/7)

for all x do ‘
for all y do |
compute («, 3,7) for (z,y)
if (¢ € [0,1] and 5 € [0,1] and v € [0, 1]) then
C = acy + e + e
drawpixel (x,y) with color ¢

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Triangle Rasterization (4/7)

(x

max’ ymax)

for ¥ = Ymin tO Ymax do

(Xminl ymin)

compute (051 /67 7) fOI' (CB, y)

if (0« > 0and 3 > 0 and v > 0) then
c = acp + fc1 + e
drawpixel (z, y) with color c

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Triangle Rasterization (5/7)

for ¥ = Ymin tO Ymax do
for x = xp, tO Tpax dO
a = fi2(x,y)/ f12(xo, Yo)
B = fa(z,y)/ f20(z1, Y1)

Y= fm(ﬂ%y)/fm(ﬂ?myg)
if(a>Oand5:>Oand7>0)then

c = acp + fc1 + e Co
drawpixel (z, y) with color c c,
€y

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Triangle Rasterization (6/7)

fﬂl(xa y) = ('yo - ’91)37 + (1?1 - 270)’9 + ToY1 — T1Yo,
f12(39, y) = (y1 - yg)ﬂ? + (2172 - 2171)’9 + T1Y2 — T2Y1,
fOI‘ y — ymin to ymax d f20($: y) = (yz - ’90)37 + (3?0 - 372)’9 + T2Yo — ToY2-

for x = xp, tO Tpax dO )
‘a = fia(z,y)/ fr2(20, y0)
ﬁ f20(z,y)/ fa0(1, 1) i

\
~

-------------------------------------------

1f(a>03nd5>03nd7>0)then
c = acp + fc1 + e

drawpixel (z, y) with color c c,

Cy

Credit: Fundamentals of Computer Graphics 3™ Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/

M. I. Jubair 27



Triangle Rasterization (7/7)

Credit: Fundamentals of Computer Graphics 3" Edition by Peter Shirley, Steve Marschner | http://www.cs.cornell.edu/courses/cs4620/2019fa/
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Practice Problem

* Take three vertices of a triangle, choose two points, P and Q , such
that they stay inside and outside the triangle respectively.

* Apply barycentric interpolation and verify that P lies inside and Q lies outside
the triangle.



