






































E(p) =
∑

(x,y)∈W

w(x, y)[I(x+ u, y + v)− I(x, y)]2

p = (u, v)

E(p) � [u, v]M [u, v]T

M =
∑

(x,y)∈W

w(x, y)

[
I2x IxIy
IxIy I2y

]



R = det(M)− k(traceM)2





































Θ = f(xi1, xi2, · · ·xin)

X = (x1 · · ·xM ) M

n Θ

nΘ
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Trace(EET )E = 0

det(E) = 0

E = U

⎡
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0 σ 0
0 0 0

⎤
⎦V T



p′Ep = 0 E =

⎡
⎣e11 e12 e13
e21 e22 e23
e31 e32 e33

⎤
⎦

p = (x, y, 1) p′ = (x′, y′, 1)

Ae =
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1x1 x′
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1 y′1x1 y′1y1 y′1 x1 y1 1

...
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...
...
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...
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...

...
x′
nxn x′

nyn x′
n y′nxn y′nyn y′n xn yn 1

⎤
⎥⎦ e = 0

x′xe11 + x′ye12 + x′e13 + y′xe21 + y′ye22 + y′e23 + xe31 + ye12 + e33 = 0
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Trace(EET )E = 0

det(E) = 0

Ae =

⎡
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⎤
⎥⎦ e = 0

E = xX + yY + zZ + wW
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“In my view, (LiDAR) is a crutch that will drive companies to a local
maximum that they will find very hard to get out of. Perhaps I am wrong, and
I will look like a fool. But I am quite certain that I am not.” Elon Musk




