
Jacobian of a homography

The homography f associated with the 3× 3 matrix M is a function R2 −→ R2 defined as

f (x, y) ∼M × (x, y, 1)T

The Jacobian of f is

Jf (x, y) =
1

M[2,:] · (x, y, 1)
M[0:2,0:2] −

1(
M[2,:] · (x, y, 1)

)2 (M[0:2,:] × (x, y, 1)T
)
×M[2,0:2]

=
1

h (x, y)2

(
M0,0h (x, y)− g0 (x, y)M2,0 , M0,1h (x, y)− g0 (x, y)M2,1

M1,0h (x, y)− g1 (x, y)M2,0 , M1,1h (x, y)− g1 (x, y)M2,1

)
where

h (x, y) = M[2,:] · (x, y, 1) = M2,0 x + M2,1 y + M2,2

g0 (x, y) = M[0,:] · (x, y, 1) = M0,0 x + M0,1 y + M0,2

g1 (x, y) = M[1,:] · (x, y, 1) = M1,0 x + M1,1 y + M1,2

Proof:

f 0 (x, y) =
g0 (x, y)

h (x, y)

f 1 (x, y) =
g1 (x, y)

h (x, y)

df i (x, y)

dx
=

gix (x, y)

h (x, y)
− gi (x, y)hx (x, y)

h (x, y)2

=
gix (x, y)h (x, y)− gi (x, y)hx (x, y)

h (x, y)2

df i (x, y)

dy
=

giy (x, y)h (x, y)− gi (x, y)hy (x, y)

h (x, y)2

where

gix (x, y) = Mi,0

giy (x, y) = Mi,1

hx (x, y) = M2,0

hy (x, y) = M2,1

Note that Jf : R2 −→ R2×2 and Jf (x, y) = [fx (x, y) , fy (x, y)].
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