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• Look at neighborhood!
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• Given n pixels, then we have

⎥
⎤

⎢
⎡

⎤⎡⎥
⎥
⎤

⎢
⎢
⎡ )1()1()1( tyx

E
E

uEE
EE

⎥
⎥
⎥
⎥

⎢
⎢
⎢
⎢

−=⎥
⎦

⎤
⎢
⎣

⎡
•

⎥
⎥
⎥

⎢
⎢
⎢ )2()2()2( tyx E

v
uEE

LLL

H t l ?? L t !

⎥⎦⎢⎣
⎦⎣

⎥
⎥
⎦⎢

⎢
⎣ )()()( ntnynx

EEE
• How to solve??   Least squares!



Least squares..q

EEE
tyx )1()1()1(

⎥
⎤

⎢
⎡

⎥
⎤

⎢
⎡

EuEE t

t

yx )2(

)1(

)2()2(

⎥
⎥
⎥

⎢
⎢
⎢

−=⎥
⎦

⎤
⎢
⎣

⎡
•
⎥
⎥
⎥

⎢
⎢
⎢

E
v

EE ntnynx )()()(
⎥
⎥

⎦⎢
⎢

⎣

⎥
⎦

⎢
⎣

⎥
⎥
⎥

⎦⎢
⎢
⎢

⎣

LLL

( )
bAx

y )()(

=
⎦⎣

( ) bAAAx tt 1−
=



Least squares..q

EEE
tyx )1()1()1(

⎥
⎤

⎢
⎡

⎥
⎤

⎢
⎡

EuEE t

t

yx )2(

)1(

)2()2(

⎥
⎥
⎥

⎢
⎢
⎢

−=⎥
⎦

⎤
⎢
⎣

⎡
•
⎥
⎥
⎥

⎢
⎢
⎢

E
v

EE ntnynx )()()(
⎥
⎥

⎦⎢
⎢

⎣

⎥
⎦

⎢
⎣

⎥
⎥
⎥

⎦⎢
⎢
⎢

⎣

LLL

( )
bAx

y )()(

=
⎦⎣

( ) bAAAx tt 1−
=

• Inversion at each pixel is SLOW 
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• If… λ1, λ2> τ (threshold) – unique solution, do 
inverse.
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Eigen valuesEigen values

• If… λ1> τ, λ2<= τ – constant gradient. Use 
gradient flowg

http://graphics.cs.cmu.edu/courses/15-463/2005_fall/www/Lectures/direct-alignment.ppt
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This MUST be invertible, to solve for x.

has two solutions, two eigen values0)det( =− IA λ

In our case, 2x2 window… 
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0)( =− xIA λ 0)( =− xIA λ

This MUST be invertible, to solve for x.

has two solutions, two eigen values0)det( =− IA λ

In our case, 2x2 window… 
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• Equations in your notes have weights.  This is 
easy.y

( )
= bAx
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Algorithm!
1. Compute Ex, Ey, Et
2. Compute Ex2, Ey2, ExEy, ExEt, EyEtp y y y
3. Convolve step 2 with gaussian weights
4. Check if AtA is invertible (look at eigen

values)
4.   Invert / ignore /gradient flow


