Parallel LinesProject to Intersecting Lines
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Asan applicaion d (7), consider a set of parallel linesin 3D, say

Xl(s) = (Xl’f )—l—s(é)

Here X’,f, fork =1,..., K, andt are 3D vedorsin theworld coordinate frame. Here¢'isthe common
3D tangent diredionfor all thelines, and X’k‘) isan arbitrary paint onthe £ line.

Then, acoording to equation (7), the images of these pointsin hamogeneous coordinates are given by
Bi(s) = MX(s) = B(0) + sp",

where M = M;,;M.,; isa3 x 4 matrix, g = M(&™,0)7 and 5}(0) = M((X?)”,1)T. Note 5" and
p1(0) are both constant vedors, independent of s. Converting to standard pixel coordinates, we have

ils) = 0 +
where a(s) = pj. 5(s) isthird comporent of " (s). Therefore we have shown pj.(s) isin the subspace
spanned by two constant 3D vedors. It is also in the image plane, p, 3 = 1. Thereforeit isin the
intersedion o these two planes, whichisalinein theimage. That is, linesin 3D are imaged as lines
in 2D. (Although in pradice, some lenses introduce “radial distortion”, which causes the image of a
3D lineto be bent. However, this distortion can be removed with careful cdibration.)

In additionit followsthat o(s) = pf! 5(0) + Bs where 3 = p5 = (0,0,1)M(£7,0)". Asauming 3 # 0,
we have 1/a(s) — 0 ands/a(s) — 1/3 ass — oo. Therefore the image points j,.(s) — (1/8)p7,
which is a constant image point dependent only on the tangent diredion o the 3D lines. This shows
that the images of the parallel 3D lines X,"(s) all i ntersect at theimage paint (1/3)7?".
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