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Figure: Image aligment
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Figure: NASA Mars Rover images °

[Source: N. Snavely]




Figure: NASA Mars Rover imaes with SIFT feature matches

[Source: N. Snavely]
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Detection: Identify the interest points.
(bl o gi) canlio bl gl (S5 )5l O

Description: Extract vector feature descriptor around each
interest point.

(B 3lkail O
Matching: Determine correspondence between descriptors in

two views.
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o geometric invariance: translation, rotation, scale

o photometric invariance: brightness, exposure,

[Source: N. Snavely]

Feature Descriptors
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“flat” region:
no change in all
directions

“edge”:
no change along the
edge direction

“corner”:
significant change in a
all directions

credit: S. Seitz, D. Frolova, D. Simakov
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summing up the squared differences (SSD)

PN

E(u,v) = Z (x4 wy+v)—I1(xy)]?

(xy)ew e




alakasl ooles Hloxe Sy o1,k
AUTO-CORRELATION FUNCTION
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o Auto-correlation function
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direction of the
fastest change
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slowest change
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Aq and A, are small;
E is almost constant
in all directions

A

‘6Edge7’
Ap>> 0

“Flat”
region

“Corner” ‘

Aq and A, are large,
A~ Ay
Eincreases in all
directions
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“edge”™ “corner”: “flat” region
A >> 0, A, and A, are large, A, and 2, are
Az iy A~ Ay; small;




o 5!

D9l Ao Sz 99 ;0 poa jlalali o LolS O
D9 dwle abais o glp A il ©
D9 dlne alais o gl A oy polie O

Db ad S a0 Tho leie 4l i 43[:...)1»)'1 LQH'T alio! S a5’ bls O




Ax =Ax=>(A—-ADx =0
det(A—AI) =0
“ZA dfa]zo
(a—A)(d—-21)—bc=0
A —(a+d)A+ad—bc=0
M+ A, =a+d = trace(A)
A, = ad — bc = det(A4) a

A=[‘C1 Z],A—/U=det[




RESPONSE FUNCTION (R)
FIRST APPROACH

OoR = min(A4,4,)
ox<<y:>Ty‘x< 11)~x
y yt

det(A)

oR = min(ll»AZ) = m




RESPONSE FUNCTION (R)
SECOND APPROACH

OR = A]_AZ - K(Al + Az)
oR = det(4) — ktrace(A)?,
Kk € [0.04,0.06]

rrrrrr

R = det(M) — strace?(M)

R0 R<0

A 4

A




SIMPLE HARRIS CODE

img = cv2.imread(image_path)
gray = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
gray = np.float32(gray)

#H g 2L3 L s
Ix = cv2.Sobel(gray, cv2.CV_64F, 1, 0, ksize=3)
Iy = cv2.Sobel(gray, cv2.CV_64F, 0, 1, ksize=3)

# b polic aculxM
Ixx = Ix**2
Iyy = Iy**2
Ixy = Ix*Iy

# abwR

k = 0.04

det M = Ixx * Iyy - Ixy**2
trace_M = Ixx + Iyy

R = det_M - k * (trace_M**2)

#oloassS ol s laSalnl
threshold = ©.01 * R.max()
o corners = R > threshold




IMAGE TRANSFORMATIONS

Geometric:

Rotation

Photometric:

Intensity change

[Source: N. Snavely]
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Ellipse rotates but its shape (i.e. eigenvalues)
remains the same
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All points will be Corner !
classified as edges

[Source: K. Grauman]



SCALE INVARIANT FEATURE
TRANSFORM (SIFT)




SIFT BACKGROUND

o Scale-invariant feature transform

SIFT: to detect and describe local features in an images.
Proposed by David Lowe in ICCV1999.

Refined in 1JCV 2004.

Cited more than 65953 times till now(March 2022).

Wildly used in image search, object recognition, video tracking,
gesture recognition, efc.
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o Invariant to scale change

o Invariant to rotation change

o Invariant to illumination change

o Robust to addition of noise

o Robust to substantial range of affine transformation
o Robust to 3D view point

o Highly distinctive for discrimination




CLAIMED ADVANTAGES OF SIFT
o Locality: features are local, so robust to occlusion
and clutter (no prior segmentation)

o Distinctiveness: individual features can be
matched to a large database of objects

o Quantity: many features can be generated for even
small objects

o Efficiency: close to real-time performance

33




o Scale-space extrema detection
o Keypoint localization

o Orientation assignment

o Keypoint descriptor




filter scales

Laplacian-of-Gaussian = “b/ob” detector
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convolution kernel
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LoG vs. DoG

w95 DS Y o8

VG, (X,Y) = (X Y —%JGG
O' (o2

LoG

DoG: Difference of Gaussians




OCTAVE &
SCALE

*Octave is a set of images at different
resolutions.

*Within each octave, the image is blurred by
different amounts.




GENERATING DOG IMAGE BY SUBTRACTING TWO
CONSECUTIVE BLURRED IMAGES IN EACH OCTAVE

:gﬁ l

/—/OCI:IVS 3

Octave 1 Sample D(x,y, o)

Scale
Gaussian-filtered images, L(x,y, o)



LocAL EXTREMA DETECTION

o Detecting extrema (maxima or minima) of the D(x,y,o)
images in an octave.

o Compare x with its 26 neighbors at 3 scales

Scale Gy )




ORIENTATION

Gradient and angle:

m(x,y) = Y(EEx+1,y) - LE -Ly)? + (L(x,y +1) - L(x,y - 1)
B(x,y) = atan2((L(x,y +1)— L(x,y ~D)(L(x +1,y) — L(x-1,)))

Orientation selection




SIFT DESCRIPTOR

o Making descriptor rotation invariant

* Rotate patch according to its dominant gradient orientation
* This puts the patches into a canonical orientation. @




COMPUTING

| A KEYPOINT

DESCRIPTOR

P S el ——
R RN A
M A NI
PSR RT E A2 A B B PR
=P = N N A
[ il el I 4 PR N N Gl Il A Al Gl
~ === N[ <] =N =] ]
v
sl S ERNINAST A e e ]
'
AN TN N A = e s
AT =N =TT - = 7 ]
ARNEENERNDRERNENE
NN RPN
A=t e ]S
o s A el o 1 Gradients
YA NNEZR
T LT L E ] in 16 X 16
NI T T =TT -’\\‘reglon

:

Gaus

sian weighting function

e = Keypoint

K12k | H 1k

s
-
%

¥ | K 2K %

#

i

8-directional histogram (the
bins are multiples of 45°)

Keypoint descriptor = 128-dimensional vector




SUMMARY OF SIFT FEATURE

o Descriptor: 128-D
* 4 by 4 patches, each with 8-D gradient angle histogram:
4X4X8 = 128
» Normalized to reduce the effects of illumination change.
o Position: (x, J)
e Where the feature is located at.
o Scale
» Control the region size for descriptor extraction.
o Orientation
« To achieve rotation-invariant descriptor.




MATCHING LOCAL FEATURES

@ To generate candidate matches, find patches that have the most similar
appearance (e.g., lowest SSD)

@ Simplest approach: compare them all, take the closest (or closest k, or
within a thresholded distance)




AMBIGUOUS MATCHES

@ At what SSD value do we have a good match?

@ To add robustness, consider ratio of distance to best match to distance to
second best match

o If low, first match looks good.
o If high, could be ambiguous match.

-

Closest / NextClosest< threshold(0.6 for example)
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