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Correspondence

Correspondence is the key problem of :
Multiview geometry
Motion estimation and tracking
Recognition

L ocal features are essential

Images from: M. Brown and D. G. Lowe. Recognising Panoramas. In Proceedings of the
the International Conference on Computer Vision (IQCR3)



The unsatisfactory aspects

. The unsatisfactory aspects of the previous
approached such as optical flow, template
matching using raw pixels, and Chamfer
matching

Hard to handle large translation

Suffer from variations caused by scale, rotation and
affine warping.

Sensitive to illumination change

Impossible for inter object matching.
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Interest point and descriptor approach

Similarity f
measure B

e.g. color e.g. color

d(f,, fg) <T

K. Grauman, B. Leibe

. Find a set of
distinctive key-
points

. Define aregion
around each
keypoint

3. Extract and
normalize the
region content

4. Compute a local
descriptor from the
normalized region

5. Match local
descriptors



1. Distinctive Image Features from Scale-
Invariant Keypoints (SIFT)

Mistinctive image features from scale-invariant
keypoints. David G. Lowe, International Journal
of Computer Vision, 60, 2 (2004), pp. 91-110

Aittp://www.cs.ubc.ca/~lowe/keypoints/
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SIFT Overview

1.
2.

Detector (Where to encode)
Find Scale-Space Extrema

Keypoint Localization & Filtering
Improve keypoints and throw out bad ones

3.

4.

Orientation Assignment
Remove effects of rotation and scale

Create descriptor
Using histograms of orientations

Descriptor (How to encode)

Source: Ofir Pele




SIFT Overview

1. Find Scale-Space Extrema

2. Keypoint Localization & Filtering
Improve keypoints and throw out bad ones

3. Orientation Assignment
Remove effects of rotation and scale

4. Create descriptor

Using histograms of orientations
Descriptor

Source: Ofir Pele




Scale Space

Need to find ©Och aaliant t
feature

~ Scale-Space: Continuous function of scale U
Only reasonable kernel is Gaussian:

L(x, ¥,55)=G(x y.5,)* 1(x,y)

[Koenderink 1984, Lindeberg 1994]



Scale Selection

Experimentally, Maxima of Laplacian-of-Gaussian
gives best notion of scale:

Thus use Laplacian-of-Gaussian (LoG) operator:
2 02
S DG

Mikolajczyk 2002




Approximate LoG

LoGI s expensi ve,
_ Using the heat-diffusion equation:
1G , Glks)- G(s)
S Ks - s

(k- 1)s%PG° Glks)- G(s)

sPb°G =

. Define Difference-of-Gaussians (DoG):
D(s)* (Glks)- Gs))*|

Source: Ofir Pele




DoG efficiency

. The smoothed images need to be computed in
any case for feature description.

. We need only to subtract two images.

Source: Ofir Pele



. First construct scale-space:

Increasings

G(s)* |

Gl(ks )* |

First octave

Source: Ofir Pele



Difference-of-Gaussianss

Now take differences:

A

Scale
(next
octave)

Difference of
Gaussian Gaussian (DOG)

Source: Ofir Pele



Scale-Space Extrema

Choose all extrema within 3x3x3
neighborhood.

Low cost 1

A

only several usually checked
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Source: Ofir Pele



SIFT Overview

1. FInd Scale-Space Extrema

2/ Keypoint Localization & Filtering
Improve keypoints and throw out bad ones

Descriptor
3. Orientation Assignment
Remove effects of rotation and scale

4. Create descriptor

Using histograms of orientations
v

Source: Ofir Pele




