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B4M33DZ0(7) Translation (2/30)

=x+ 2

=Y+Y%

1-point:

- -
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B4M33DZ0(7) Translation (2/30)

oo (1) =()+ ()

- -
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B4M33DZ0(7) Translation (2/30)

1-point: x' =x+t

- -
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B4M33DZ0(7) Translation (2/30)

x’ 1 0 a9 T
1-point: y =10 1 w Yy
w’ 0 0 1 1
A A
- -
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B4M33DZ0(7) Translation (2/30)

1-point: x=T-x

- -
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B4M33DZ0(7) Similarity (3/30)

2-point: T =x+ 10
(translation) v =y+y

- -
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B4M33DZ0(7) Similarity (3/30)

2-point: ' = px + 29
(translation + scale) y =y + o

A A

- -
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B4M33DZ0(7) Similarity (3/30)

2-point: x peos(a)x + psin(a)y + o

(translation + scale + rotation) y' = —psin(a)x + peos(a)y + yo

A A

- -
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B4M33DZ0(7) Similarity (4/30)

2-point:
. . xX=T M -R-x
(translation + scale + rotation)

A A

- -
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B4M33DZ0(7) Similarity (4/30)

2-point: 10z
lati T=10 1 u
(translation) 00 1

- -
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B4M33DZ0(7) Similarity (4/30)

2-point:

o oOx
o= O
—_ o O

(scale)

- -
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B4M33DZ0(7) Similarity (4/30)

2-point:
(rotation) 0 0

- -
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B4M33DZ0(7) Similarity (4/30)

2-point: peos(a)  psin(a) g
(translation + scale + rotation) =1~ S(l)n(a) /“305(04) ylo

A A

- -
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B4M33DZO(7) Similarity (5/30)

2-point: [v] u-v
(scale + rotation)
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B4M33DZ0(7) Similarity

(6/30)

2-point: ¥ = az+by+ o
(translation + scale + rotation) Yy = —bx + ay + o

[X2,Y-]

[x2.y:l
———>°

[xi.y1l

[x4,y1]
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solve a linear system:

] = awy+ by + 20
Yy = —bx1 + ay1 + yo
.’E’z = ars + byg —+ 29

Yo = —bxa + ays + Yo



B4M33DZO(7) Afhne (7/30)

3-point: =ap1T+ apy + xo

(translation + scale + rotation + skew) Y = a1 + asy + Yo

- -
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B4M33DZO(7) Afhne (7/30)

3-point: air a2 To
. . A=|axn ax y
(translation + scale + rotation + skew) 0 o0 1

- -
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B4M33DZO(7) P I’Oj eCtive (8/30)

o = + a2y + o
4-point: fiz+ fay+1
(homography) ;a1 + any + Yo

Jix+ foy+1

L
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B4M33DZO(7) P I’Oj eCtive (8/30)

4-point: (fix+ foy+1) -2 =anz+ apy+ xo
(homography) (fiz+ foy+1) -y = anix + asny + yo

A
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B4M33DZO(7) P roj ective

(8/30)

4-point: a1 a2 o
= | aa a2 Yo
(homography) b1

-
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B4M33DZO0(7) Forward mapping (9/30)

Problem: directly transformed pixels will not fill the target grid.
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B4M33DZO(7) BaCkward mapping (10/30)

forward
—
T
et —
?
K ?
b backward O
L—1 T
-—
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BAM33DZO(7) Signal reconstruction (11/30)

Nearest neighbor:

Io = 1[|z], [y]] I3 = 1I[z] + 1, [y] +1]
L=T1z|+1,]y]] d;s=2—|z]
L=1z, [y +1] dy=y—[y]

I[2',y] = (Io(1 —ds) + Lidy)(1 — dy) + (I2(1 — d;) + I3d,)d,

dy

dx bilinear

D .
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BAM33DZO(7) Free-form deformation (12/30)

v = f(l'7y)

N-point:
Y =g(z,y)

A A
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BAM33DZ0(7) Free-form deformation (13/30)

Least squares (affine):
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BAM33DZO(7) Free-form deformation (14/30)

Least squares (affine):

* gk : 2
(A% ¢7) = argmin } | [piA +t — g
1
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BAM33DZO(7) Free-form deformation (14/30)

Least squares (affine):

* gk : 2
(A% ¢7) = argmin } | [piA +t — g
1

9 .
aZmiA—l—t—ti:O = t"=q,—PA
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BAM33DZO(7) Free-form deformation (14/30)

Least squares (affine):

* gk : 2
(A% ¢7) = argmin } | [piA +t — g
1

9 .
EZ|PiA+t—qi|2:0 = t"=q,—PA

Pe=7%20Pi Q=72
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B4M33DZO(7) Free-form deformation

(14/30)

Least squares (affine):

* gk : 2
(A% ¢7) = argmin } | [piA +t — g
1

6 *
%leiAﬂLt—quQ:O = t'=q.—pA

Pe=7%20Pi Q=72

P;,=P;,—P. 4=9;—q,
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B4M33DZO(7) Free_form deformation (15/30)

Least squares (affine):

* : A~ ~ 12
A" = argrr};nz [DiA —q
7
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B4M33DZO(7) Free_form deformation (15/30)

Least squares (affine):

* : A~ ~ 12
AT = argn};nz D;A — 4
7

-1
%ZI@A—%F:O = A*=<me»> > _bjd,
i i J
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B4M33DZO(7) Free_form deformation (15/30)

Least squares (affine):

* : A~ ~ 12
AT = argn};nz D;A — 4
7

-1
%ZI@A—%F:O = A*=<me»> > _bjd,
i i J

t" = Qe — pcA*
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BAM33DZ0(7) Free-form deformation (16/30)

Moving least squares (affine):
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BAM33DZO(7) Free-form deformation (17/30)

Moving least squares (affine):

* g% . 2
(A*, t") = arg%{{lZwﬂpiA—i—t — q
1
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BAM33DZO(7) Free-form deformation (17/30)

Moving least squares (affine):

* g% . 2
(A*, t") = arg%{{lZwﬂpiA—i—t — q
1
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BAM33DZO(7) Free-form deformation (17/30)

Moving least squares (affine):
* gk : 2
(A", %) = argg}{lZWi [PiA +t — g
1

1

R C——

—1
A (Z pfwlﬁl) Zf)] q; t" =q. —p.A”
i J
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BAM33DZO(7) Free-form deformation (17/30)

Moving least squares (affine):
* gk : 2
(A", %) = argg}{lZWi [PiA +t — g
1

1

R C——

—1
A (Z pfwlﬁl) Zf)?qj t" =g — pA”
i J

Pe =2, WiP;/ 2 wi Ao =Y, wid;/ Y ; wi
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BAM33DZ0(7) Free-form deformation (18/30)

Moving least squares (as-similar-as-possible):
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BAM33DZO(7) Free-form deformation (19/30)

Moving least squares (as-similar-as-possible):

* g% . 2
(S*,t") = argrltsl}?ZwﬂpiS—i-t - q
1
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BAM33DZO(7) Free-form deformation (19/30)

Moving least squares (as-similar-as-possible):
* gk . 2
(S*,t%) = argng}tnzvvi S +t — g
1

STS = \?1
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B4M33DZO(7) Free-form deformation

(19/30)

Moving least squares (as-similar-as-possible):
* gk . 2
(S*,t%) = argng}tnzvvi S +t — g
1

STS = \?1
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B4M33DZO(7) Free-form deformation

(19/30)

Moving least squares (as-similar-as-possible):

* g% . 2
(S*,t") = argrltsl}?ZwﬂpiS—i-t - q
1

STS = \?1

p=>Y wpp; (9" =(y,—2)
i
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BAM33DZ0(7) Free-form deformation (20/30)

Moving least squares (as-rigid-as-possible):

"nﬂ{\

Digital Image | Lecture 7: Image Deformation | Daniel Sykora & Ondvrej Drbohlav (FEE CTU), 2024



BAM33DZO(7) Free-form deformation (21/30)

Moving least squares (as-rigid-as-possible):

* g% . 2
(R, t") = argnﬁ{{lZwﬂpiR—&-t—qﬁ
1
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BAM33DZO(7) Free-form deformation (21/30)

Moving least squares (as-rigid-as-possible):
* gk . 2
(R, t") = argnﬁ{{lZwi [p; R+t — q;
1

RTR =1
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B4M33DZO(7) Free-form deformation

(21/30)

Moving least squares (as-rigid-as-possible):

* g% . 2
(R, t") = argnﬁ{{lZwﬂpiR—&-t—qﬁ
1

RTR =1

zwz(,i) (@ )
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B4M33DZO(7) Free-form deformation

(21/30)

Moving least squares (as-rigid-as-possible):

* g% . 2
(R, t") = argnﬁ{{lZwﬂpiR—&-t—qﬁ
1

RTR =1

zwz(,i) (@ )

n= (;wiqip?> <szqxiT)2
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BAM33DZO(7) Free-form deformation (22/30)

Moving least squares (advanced weights):
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BAM33DZO(7) Free-form deformation (23/30)

Moving least squares:

interactive manipulation
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BAM33DZO(7) Free-form deformation (24/30)

Coupled bodies (as-similar-as-possible):

Nl
N

TN

]
.;
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B4M33DZO(7) Free_form deformation (25/30)

Coupled bodies (as-rigid-as-possible):
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BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):

Digital Image | Lecture 7: Image Deformation | Daniel Sykora & Ondvrej Drbohlav (FEE CTU), 2024



BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):
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BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):
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BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):
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BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):

Digital Tmage | Lecture 7: Image Deformation | Daniel Sfkora & Ondvrej Drbohlav (FEE CTU), 2024



BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):
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BAM33DZO(7) Free-form deformation (26/30)

Coupled bodies (basic concept):
; °
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|

»

T



BAM33DZO(7) Free-form deformation (27/30)

As-similar-as-possible coupled bodies (algorithm):

T

sifjey;

1 2

Repeat until convergence:

1. Get best similarity transformation (S*,t*) for each square.
2. Move each point to the centroid of its new locations.
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BAM33DZO(7) Free-form deformation (28/30)

As-rigid-as-possible coupled bodies (algorithm):

T

alsvyos,

1 2

Repeat until convergence:

1. Get best rigid transformation (R*,t*) for each square.
2. Move each point to the centroid of its new locations.
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BAM33DZO(7) Free-form deformation (29/30)

As-similar-as-possible coupled bodies:

interactive manipulation
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BAM33DZO(7) Free-form deformation (30/30)

As-rigid-as-possible coupled bodies:

interactive manipulation
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