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For a given 2D point p = (s u, s v, s), the homography H (homogeneous 3x3
matrix) will project it to the point p’ = (s «/,s v/, s), according to the relation

p’=H:-p:

S U/ hll h12 h13 SUu
S ’U/ = hgl hgg h23 SV
S hsi hsy  hs3 S
This expands to:
o = s _ hyu+ higv + by o — sv' ~ horu + hogv + hags

S N h31u + th'U + h33 S N h31u + h32’U + h33

As H is homogeneous, we can fix h33 = 1, thus this can be written as:

hayuu’ + hasvu' + u' = hyju + higv + hag
hgluvl + h32’U'U/ + 'U/ = hzlu + hQQU + h23

Rewritten as:

{hnu + h1av + hiz — hayuu’ — hgpvu' =o' (1)

hglu + h22U + h23 — hgluv' — hggUUI = U,
We have 8 unknowns h;;, that we set up in a vector X:
XT == [hll h12 h13 h21 h22 h23 h31 h32}
Thus (1) can be written as (2):
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Now, if we have 2 sets of 4 (non-colinear) points ps, p2, ps, p4 and pi, ps, v, P,
such that p’; = H - p;, we will have 8 equations similar to (1) that we can use to

fill the matrix A (8 x 8):
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and:
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The exact solution will come from solving (2) (or computing A~! and using
with (3)). This will provide an exact solution for all the h;; values. Any linear
algebra library should be able to compute this.

X=AlB 3)

If we have more than 4 sets of points, then it will be necessary to use a robust
estimator such as RANSACY(]] as a classical solving using Least Squares is much

too sensitive to outliers.

1https://en.wikipedia.org/wiki/Random_sample_consensus
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