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Sub-pixel geometric image processing
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image grid (pixels)
f(y) = (2(7),9(7))




Variational energy minimization framework

arg m}n \P(Sl(X), SQ(X), e af) — \deata(sl(x)a SQ(X), e af) + \Ilconst'r'aint(f)
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Image force term

e registration (alignment):  f : R® — R®

* edge detection: f(v) = ((v),y(v))



Image registration

Viata(81(X), 82(%), -+, f) = - T(x, f)dx Discretize first variation

Yx, ) = 5 (5100 + v(0) — 920)°

f(x) =x+v(x)
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(s1(i+v(i)) = s2(1)) Vsilitvi) =0

A

lIIdata,(sl(x% 32(x)a e af) = Z (Sl(i) - 32(i + V(i)))z

icZd Differentiate sum




* Sampled digital images: g, — (i), i € Z¢

So = Sz(i), i€ Zd

e Spatial transformation:

FS =3(f(a) = )Y _ s(i)n(f(q) —1i), with f:R?— R

* Image registration minimization problem:

mfin |FS1 — Sal|?



Edge detection

data(5(x), f) = /0 P(f,)dy

P(f,7) = [Vs(f(1))]?
flir)=X;,i=0,--- ,L—1

Discretize first variation

v
VP|x, =0

A

i=0 Differentiate sum




e Edge (contour) function:

f(v) = (@(v),y(v))

e Edge detection minimization problem:

L-1
mjn =7 3 V(7T 7= -

Derivatives computed based on
interpolation/approximation



Image interpolation

‘:.-371 — ",371—1 % ,’30

e B- 1 . 1
B-splines: )

 Image interpolation: §(x) = s(i)n™(x —1i)
icZd

e Cardinal splines:




An interesting experiment
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Stochastic image model

e Additive noise:  s(i) = wy(i) + e(i)

e Image covariance:  R,(i,j)
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e Interpolated covariance (white noise):

Rs(x,x) =0 ) [n"(x—q)]°

q€eZ4

2
Sk(xx—JZZ[—(x q} gk — d45(x)

dz .
e dzy, k



Rs(x,x) =0 3 [n"(x — Q)

q€eZd

Ree(x,%x) =02 Y Z%(x— )
k

q€Zd
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Simulation

Linear interpolation  Sinc interpolation



Deconstructing 2 norms

* Image registration:

|Fus — t]|* = [FuWws — Wel|* + [lec]|* +|[[Fues|*|+ G

e Edge detection:

Z [Vs(f(ir))|* = Z IVads (f Gr)II* = |IIVE(f (i) II°|+ Q

1 2 : : : :
Nd ||Fves || ~ K3 — image sample variance (uniform translation)
L-1
1

f Z ”Vé(f (’1:7' )) ||2 ~ ng — derivative sample variance (st. line)
1=0



Back to intriguing experiment
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|Fys —t]* = Q1 + Q2

Q1=
Q2 =

[FoWs — We)® + e

e

objective function: SSD
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rotate

|Fus —t]|* = Q1 + Q2

Q1 = [|FuWe — Wi + [|ec]?

Q2 = HFresH:2

Rotation too
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Other similarity measures (cost functions)

 Cross correlation:

C (Fus)'t
[Fusll||t]]

V(s(f(a)).t(q), f)

VIFus|? = V[[FoWs|| [+ Foes|?

e Mutual Information (Gaussian assumption):

W($(F (@) Ha), ) = 5 log (1 - )

'

correlation coefficient



Edge detection

Gradient magnitude: noisy phantor
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Real data:

Registration cost function
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Summary & Conclusions

e 'I'rying to obtain information about geometry to
sub-pixel accuracy from discrete images is
problematic: local optima artifacts.

e Provided a stochastic description for artifacts in
terms of the variance/covariance of B-spline
interpolated images.

e Solutions: blurring, higher degree (sinc)
interpolation.



