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B4M33DZ0(9) ROtat'on (2/15)

Polar transformation:

rotation = translation on y-axis
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B4M33DZ0(9) ROtat'on (2/15)

Polar transformation:

rotation = translation on y-axis

r= \/(m_xc)2+(y_yc)2
Y—Yc
T — X,

«a = arctan

Digital Tmage | Lecture 9: Tmage Registration 2 | Daniel Sfkora & Ondiej Drbohlav (FEE CTU), 2024



B4M33DZ0(9) Rotation (2/15)

Polar transformation:

rotation = translation on y-axis

r= \/(x_xc)2+(y_yc)2
Y—Yc
T — Te

«a = arctan

radius
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B4M33DZ0(9) Rotation & Scale (3/15)

Log-polar transformation:

scale = translation on x-axis
rotation — translation on y-axis
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B4M33DZ0(9) Rotation & Scale

(3/15)
Log-polar transformation:
scale = translation on x-axis
rotation — translation on y-axis
log(radius)

r=log (1+ /(@ =2 +(y—v.7)

Y—Yc
T — Te

«a = arctan
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savznzoe) ROtation & Scale & Translation (a/15)

Fourier-Mellin transformation:

1. Estimate rotation and scale using frequency domain.
2. Resample image to have the same rotation and scale.
3. Use standard phase correlation to estimate translation.
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savznzoe) ROtation & Scale & Translation (a/15)

Fourier-Mellin transformation:

1. Estimate rotation and scale using frequency domain.
2. Resample image to have the same rotation and scale.
3. Use standard phase correlation to estimate translation.
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BAM33DZ0(9) Affine & Projective (5/15)

Generalized gradient descent:

E=Y (A[W(x;,p)] - Bx)> ~ Y (A; + AlJp - B,)’

% A
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BAM33DZ0(9) Affine & Projective (5/15)

Generalized gradient descent:

E= Z (A[W(x:,p)] — B[x])? ~ Z (A; + AlJp — B;)?
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BAM33DZ0(9) Affine & Projective (5/15)

Generalized gradient descent:

E=Y (A[W(x;,p)] - Bx)> ~ Y (A; + AlJp - B,)’

% A

_22 (ALT) T (A + ALJp - B;) =0
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BAM33DZ0(9) Affine & Projective (5/15)

Generalized gradient descent:

E=Y (A[W(x;,p)] - Bx)> ~ Y (A; + AlJp - B,)’

% A

_22 (AL3)" (A; + AlJp —B,) =0

p=H"1Y"(A)" (B, - Ay)
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Affine & Projective

B4M33DZ0(9) (6/15)
Generalized gradient descent:
2
E=> (A[W(x;,p)] - Bxi])’~ Y (A;+ AjJp—B;)
—22 (ALT) T (A + ALJp - B;) =0
p=H"1Y"(A)" (B, - Ay)
oW,  OW, OWy
op, Op, 77 0Op, ST,
J= oW, OW, oW, H= Z (AiJ) AiJ)
op; Op, U op,, i

Digital Tmage

. Hessian
Jacobian
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BAM33DZ0(9) Affine & Projective (6/15)

Jacobian
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BAM33DZ0(9) Affine & Projective (6/15)

Jacobian

Affine transformation: pP= ((Lll, aiz, 21,022, g, y())

' =anx+ a2y + 20 Y = anx + any + Yo
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B4M33DZO0(9) Affine & PrOjeCtive

(6/15)

Jacobian

Affine transformation: pP= ((Lll, aiz, 21,022, g, y())

' =anx+ a2y + 20 Y = anx + any + Yo

J_xOyOIO
“\0 2z 0 y 0 1

Digital Tmage | Lecture 9: Tmage Registration 2 | Daniel Sfkora & Ondiej Drbohlav (FEE CTU), 2024



BAM33DZ0(9) Affine & Projective (6/15)

Jacobian

Affine transformation: p = (a11, a12,a21, ass, o, Yo)
' =anx+ a2y + 20 Y = anx + any + Yo
j—(* 0Oy 010
“\0 2z 0 y 0 1
Projective transformation: p = (a11, a1, asi, ass, 20, Yo, f1, [2)

;e +any+ o Y = a21% + az2y + Yo
fiz+ fay+1 fiz+ foy+1
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BAM33DZ0(9) Affine & Projective (6/15)

Jacobian

Affine transformation: pP= (all, aiz, 21,022, g, y())

' =anx+ a2y + 20 Y = anx + any + Yo
j—(* 0Oy 010
“\0 2z 0 y 0 1

Projective transformation: p = (a11,a12, as1, ase, o, Yo, [1, [2)

,  a11T + apy + xo J = (217 + az2y + Yo
hiz+ foy+1 fiz+ fay+1
J_ 1 z 0 —xx' y 0 —yzi’ 1 0)
fie+ foy+1\0 = —zy 0 y —yy 0 1
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B4M33DZ0(9) Afhne (7/15)

Jacobian

B p Hessian
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BAM33DZO(9) Hierarchical approach (8/15)

Hierarchical gradient descent (Lucas-Kanade):

1. Model: translation = rigid = affine = projective
2. Scale: 32x32 = 64x64 = 128x128 = 256x256

Composite Error
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BAM33DZ0(9) Deformable Registration

(9/15)

Algorithm:
repeat

1. Push:
block matching

2. Regularize:
shape matching

until convergence
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BAM33DZ0(9) Deformable Registration

(10/15)

Algorithm:
repeat

1. Push:
block matching

2. Regularize:
shape matching

until convergence
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Regularize

——




BAM33DZO(9) Deformable Registration (11/18)

Algorithm: Regularize

=

repeat

1. Push:
block matching

2. Regularize:
shape matching

until convergence
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BAM33DZO(9) Deformable Registration (12/18)
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B4M33DZ0(9) App“cations (13/15)

source frames
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B4M33DZ0(9) App|icati0ns (14/15)
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B4M33DZ0(9) App“cations (15/15)

source color frame
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