Solution to Assignment 3

Com S 477/577

Sep 17, 2010

1. According to the lecture notes, the orthographic projection matrix is

n% + n% —ning —N1N3 —N1N4
2 2
T —ning Ny +n3 —nNong —Nang
M=vn" —(v-n)ly=| b o 9
ning ngny Ny + ny nsngy
0 0 0 1

To get foreshortening ratios in the z-, y-, and z-directions, we multiply the transformation to
a unit vector in each direction to get the projected length.

In the z-direction, we get the foreshortening ratio

nj +nj
= :2122 = \/(”% +n3)2 + (n1n2)? + (nin3)? = \/(n% + n2 +n2)(n3 +n3)
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=/ (n% +n3). (since n? +n3+ni=1)
Similarly, in the y- and z- directions, we multiply the projection matrix to (0,1,0,0) and
(0,0,1,0), obtaining the foreshortening ratios (n? + n2)/? and (n? + n3)"/? respectively.

2. We have the normal n = (n1, ns, n3, ny) of the projection and the viewpoint v = (v1, va, v3, v4).
The perspective projection matrix is

M=vn! —(v-n)l4

—MN2¥2 — N3V3 — 144 n2v1 n3vy n4v1
_ n1v2 —N1v1 — N3v3 — N4aV4 n3v2 n4v2
n1v3 n2v3 —N1v1 — N2¥2 — N4l4 n4v3

n1v4 N2v4 n3v4 —N1v1 — N2t — N3U3

The infinity point at direction (z,y, z) is projected to a vanishing point as follows:

—x(ngug + N3vs + N4vy) + Yynovr + 2n3vy
rn1v2 — Y(n1v1 + n3vs + nqvy) + 2nzvg
xnivs + yngug — z(n1v1 + nove + ngvy)

(xny + yng + 2n3)vy
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which, in Cartesian coordinates, is (p1, p2, p3), where

b1

P2

ps3

—2(ngug + n3vs + ngvy) + ynovy + 2nzuy

va(zny +yna + zn3)
vy — y(nivi + n3vs + nava) + 2n3va

)

va(xny + yng + 2ng)
xnqvs + yngvs — z(N1v1 + navy + ngvy)

)

va(zn1 + yna + zn3)

. (a) The projection matrix and the transformed vertices are
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(c) Note that it’s a parallel projection:
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