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B4M33DZO(10) Motivation (2/27)

Real world and image registration:

lack of features, occlusion, different exposure, small overlap
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BAM33DZO(10) Point-based approach (3/27)

In contrast to image-based approach:

Efficiency: significant problem reduction (e.g. 1k point vs. 1M pixel)
Robustness: occlusion, exposure, noise, does not require initialization
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B4M33DZ0(10) IntereSting pOintS (4/27)

Good localization:

S Ayl —Ta+s,y+t)* >0 Y(s,t): [[(s,8)]| >0
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B4M33DZ0(10) IntereSting points (4/27)

Good localization:

S Ayl —Ta+s,y+t)* >0 Y(s,t): [[(s,8)]| >0
VAR v X X
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B4M33DZ0(10) IntereSting points (4/27)

Good localization:

S Ayl —Ta+s,y+t)* >0 Y(s,t): [[(s,8)]| >0
' v X X

il

Harris detector:
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B4M33DZ0(10) InterGSting points (5/27)

Repeat until specified number of points was found:

1

2.
3.
4,

find pixel (z,y) where R[z,y] has maximal value
compute centroid (c,, ¢,) in a neighborhood of (z,y)
store the centroid to the list of interesting points
remove point by drawing zero circle around (z,y) in R
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B4M33DZ0(10) IntereSting points (5/27)
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B4M33DZ0(10) IntereSting pOintS (6/27)

Problem: output of Harris detector depends on the selected scale.
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B4M33DZ0(10) IntereSting pOintS (6/27)

Problem: output of Harris detector depends on the selected scale.

SIFT (Scale-invariant feature transform):

Local extremes of normalized Laplacian-of-Gaussian scale-space.
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B4M33DZ0(10) IntereSting pOintS (6/27)

Problem: output of Harris detector depends on the selected scale.

SIFT (Scale-invariant feature transform):

Local extremes of normalized Laplacian-of-Gaussian scale-space.
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B4M33DZ0(10) IntereSting points (7/27)

L o GG scale-space:
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B4M33DZ0(10) InterGSting points (8/27)

L o GG scale-space:

|
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B4M33DZ0(10) IntereSting points (9/27)

Problem: L o G has strong response along edges.
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B4M33DZ0(10) IntereSting points (9/27)

Problem: L o G has strong response along edges.

Edge elimination:

Large curvature across edge and small in perpendicular direction.
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B4M33DZ0(10) InterGSting points (10/27)

Digital Tmage | Lecture 10: Tmage Registration 3 | Daniel Sykora & Ondrej Drbohlav (FEE CTU), 2024



B4M33DZ0(10) POiI’It descriptor (11/27)

Normalized cross-correlation:

L3 (Aley) - A) (Ba.y) - B)

O’AO'B
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B4M33DZ0(10) POiI’It descriptor (11/27)

Normalized cross-correlation:

LSS (At - 4) (3 -5)

OAOB

Histogram of gradient orientations (weighted by magnitude):
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B4M33DZ0(10) POint descriptor (12/27)

Histogram of gradient orientations (illumination changes):

=

.
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B4M33DZ0(10) POint descriptor (13/27)

Histogram of gradient orientations (rotation & translation):
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B4M33DZ0(10) POint descriptor (14/27)

SIFT descriptor
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B4M33DZ0(10) POint descriptor (15/27)

1. Besides location also orientation and scale are important.
2. Single location may contain multiple interesting points.
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savzpzoqo) EStimating model parameters

(16/27)

Select > M best matching point correspondences:

, a1+ ay + o J - G212 + a2y + Yo
fix+ foy +1 fix+ foy +1
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savzpzoqo) EStimating model parameters (16/27)

Select > M best matching point correspondences:

) _ G + a1y + o J - G212 + a2y + Yo
fix+ foy +1 fix+ foy +1

Built (overdetermined) linear system:

7y y1 1 0 0 0 —2im —xh ai x)
0 0 0 = w1 -—ym —Y1 ai2 Y
o y2 1 0 0 0 —zhas —xhys T xh
0 0 0 290 wya2 1 —yhuo —yay2 | | axn | _ | ¥

. ) oo )

Yo :
v ym 10 0 0 —2yazm —2yym fi 'y
0 0 0 zpm ym 1 —yﬁ,fl‘M —yfwyM f2 ZUM

4-point model: M =4, for M > 4 use least-squares solution (SVD)
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savznzoo) Oingular value decomposition (17797

Each matrix A ;. x can be decomposed into:

A=U-D.-VT
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savznzoo) Oingular value decomposition (17797

Each matrix A ;. x can be decomposed into:

A=U-D.-VT
A
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savznzoo) Oingular value decomposition (17797

Each matrix A ;. x can be decomposed into:

A=U.D.VT
A
U&V: |[Ux|| = ||x]| ut=u" vuT =UvTu=1
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savznzoo) Oingular value decomposition (17797

Each matrix A ;. x can be decomposed into:

A=U.D.VT
A
U&V: |[Ux|| = ||x]| ut=u" vuT =UvTu=1
g1 0 0
0 (o) 0
Dyxn = . .

0 0 ce Jmin(M,N)

0i =V A= eigenvalue of M = ATA Mx; = \iXs
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savznzoo) Oingular value decomposition (18/27)

W = Viin(m,N) € V minimizes ||Aw||? subject to ||w|| = 1.
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savznzoo) Oingular value decomposition (18/27)

W = Viin(m,N) € V minimizes ||Aw||? subject to ||w|| = 1.

Last column of V = non-trivial solution to Aw = 0.
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savznzoo) Oingular value decomposition (18/27)

W = Viin(M,N) € V minimizes ||Aw||? subject to ||w|| = 1.

Last column of V = non-trivial solution to Aw = 0.

Example: Fit line w - x + c to a set of points P.

A=P-1p" p=1ipn

A=U-D - VI = w=v,
w = (a,b)

ZIP-w—c-12=0
2(nc — wITPT1) =0

= c=p'w
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B4M33DZ0(10) Robustness (19/27)

Problem: outliers can affect accuracy of parameter estimation.
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B4M33DZ0(10) Robustness (20/27)

QOutlier detection:
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B4M33DZO(10)

Robustness

(21/27)

RANSAC (RANdom SAmple Consensus):

aRrLNE

Select M random correspondences.
Compute exact model parameters p.
Use p to get number of outliers N.

If N < Ny, then Ny, = N and p* = p.
If Npin < € then return p* else goto 1.

2

4
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B4M33DZO(10) Applications (22/27)

Hyper-resolution pan itching:




B4M33DZ0(10) Applications (23/27)

Image and object retrieval:

Digital Image | Lecture 10: Image Registration 3 | Daniel Sykora & Ondiej Drbohlav (FEE CTU), 2024



B4M33DZ0(10) Applications (24/27)

Recovering background from occluded observations:
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B4M33DZ0(10) Applications (25/27)

Augmented reality:
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B4M33DZ0(10) Applications (26/27)

Structure from motion:
source lmages novel view synthesis
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B4M33DZ0(10) Applications (27/27)

Space carving;:
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