SCALE-INVARIANT FEATURE TRANSFORM
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CHALLENGES OF FEATURE MATCHING
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FEATURE NORMALIZATION
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FEATURE NORMALIZATION

Scale normalization



FEATURE NORMALIZATION

Orientation normalization



SCALE-INVARIANT FEATURE TRANSFORM (SIFT)
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SCALE-INVARIANT FEATURE TRANSFORM (SIFT)

1. Input image
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SCALE-INVARIANT FEATURE TRANSFORM (SIF T)
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SCALE-INVARIANT FEATURE TRANSFORM (SIFT)

Descriptor extraction
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KEYPOINT DETECTION: SCALE SPACE EXTREMA
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KEYPOINT DETECTION: SCALE SPACE EXTREMA




KEYPOINT DETECTION: SCALE SPACE EXTREMA

D(x,y,0)=1(xy)*L(o)

Scale space response




RECALL: LAPLACIAN OF GAUSSIAN (LoG) ~ DoG
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RECALL: LAPLACIAN OF GAUSSIAN (LoG) ~ DoG
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LAPLACIAN ~ DIFFERENCE OF GAUSSIAN
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WHAT CHARACTERIZES KEYPOINT?
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WHAT CHARACTERIZES KEYPOINT?

D(x,y,0)=1(xy)*L(o)

Scale space response
Local extrema (minima/maxma)

"~ Characteristic scale




WHAT CHARACTERIZES KEYPOINT?

(X,Y) is keypoint if

D(x,y,0)>D(X£AX,y* Ay,c+ Ao)

or
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SUBPIXEL KEYPOINT LOCALIZATION

Discrete local extremum

VS S L A4 [
R o o Yo T D(X,y,G) :
() :

o Feereres 7
sz s S

P

T AT
e ]
£ s X

—>




SUBPIXEL KEYPOINT LOCALIZATION Continuous local extrermum

/ Discrete local extremum




SUBPIXEL KEYPOINT LOCALIZATION Continuous local extrermum

/ Discrete local extremum

Newton’s method .
f(X+AX)= f(X)+ f’Ax+§f"Ax2
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SUBPIXEL KEYPOINT LOCALIZATION
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THRESHOLDING: Low CONTRAST
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Principal curvatures are eigen
values of Hessian matrix:




A =4,

Principal curvatures are eigen
values of Hessian matrix:
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Figure 5: This figure shows the stages of keypoint selection. (a) The 233x189 pixel original image.
(b) The 1nitial 832 keypoints locations at maxima and minima of the difference-of-Gaussian function.
Keypoints are displayed as vectors indicating scale, orientation, and location. (c) After applying

a threshold on minimum contrast, 729 keypoints remain. (d) The final 536 keypoints that remain
following an additional threshold on ratio of principal curvatures.



ORIENTATION ASSIGNMENT

Peak orientation ~ dominant orientation
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Histogram of orientation
weighted by gradient magnitude and Gaussian




ORIENTATION NORMALIZATION

Histogram of orientation
weighted by gradient magnitude and Gaussian
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SCALE-INVARIANT FEATURE TRANSFORM (SIF T)
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Image gradients Keypoint descriptor




SCALE-INVARIANT FEATURE TRANSFORM (SIFT)

Descriptor extraction
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descriptor descriptor?






