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: 1. Find a set of
distinctive key-
points

2. Define a region
around each
keypoint

3. Extract and
normalize the
region content
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4. Compute a local
descriptor from the
normalized region

Similarity
5. Match local

. measure
fg) <T
descriptors

K. Grauman, B. Leibe 5
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Goals:

0 Repeatable detection
0 Precise localization
0 Interesting content

look for two-dimensional signal changes 10

K. Grauman, B. Leibe
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2. Hesslan Detector » s
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| |
Hessian(l)= =~ 7
I Xy yy
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Intuition: Search for strong
derivatives in two
orthogonal directions

Visual Object Recognition -

K. Grauman, B. Leibe 12
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_ | |
Hessian(l) = IXX Ixy
Xy yy
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det(Hessianl)) = |
In Matlab:
o™ 1y - (IXy)"Z

K. Grauman, B. Leibe

" yy
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Hessian Detector — Responses
N /.

BCD
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Effect: Responses mainly
on corners and strongly
textured areas

Visual Object Recognition -




Hessian Detector — Responses

[A BCD
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8" 3

C.Harris, M.Stephens. “A Combined Corner and EdgeeEtor”. 1988
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“flat” region: “‘edge™ “corner’:
no change in no change along significant change
all directions the edge direction in all directions
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Visual Object Recognition -

Harris Detector

# *

*

15(so)  1Ly(Sp)

n(sl’sD):g(sl)* ley(SD) Ii(sD)

Intuition: Search for local
neighborhoods where the
Image content has two main
directions (eigenvectors)

K. Grauman, B. Leibe
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Harris Detector iz cc;

i(50) 1 y(Sp)

ms,,Sp)=9(s,)* ley(SD) Ij(so)
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1. Image derivatives

0«(Sp), 9,(Spb)

Visual Object Recognition -

K. Grauman, B. Leibe 20




Harris Detector iz cc;

i(50) 1 y(Sp)

ms,,s,)=9(s,)* ley(sD) Ij(SD)
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1. Image derivatives

o(Sp), 9,(Sp),

2. Square of
derivatives

Visual Object Recognition -




Harris Detector iz cc;

15(so)  L1,(Sp)
Lly(sp)  15(Sp)

1. Image
derivatives

M=ms,,s;)=9(s)"
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2. Square of
derivatives

3. Gaussian
filter g(s,)

Visual Object Recognition -
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Measure of corner response.

N~
N~
N~
N~
(o)

(k— empirical constank = 0.04-0.06)

Visual Object Recognition -

Motivation: computation avoids explicit eignevalue deco mposition
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¥
* Rdepends only on
eigenvalues of M

* Ris large for ecorne
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* Ris negative with large
magnitude for amdge

e IR| is small for dlat
region

Visual Object Recognition -




Harris Detector iz cc;

15(55) 1 (5p)
L1, (55)  15(Sp) 1. Image
derivatives

ms,,sy)=9(s,)*

2. Square of
derivatives
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3. Gaussian
filter g(s,

4. Cornerness function — both eigenvalues are strong

har =det[n{s,,s )] - altrace(r(s,.s p))]° =
g(1)a(1y)- [g(L1))° - alg(1) +g(1 )’

Visual Object Recognition -

5. Non-maxima suppression 25




|
L&
=
Cm

i
6 &
e
= &=
=5
L
e
F il
==
o E
5
53
B
(= N

uoniubooay 193lgO [ensin




TR TP U AR
Trie Habrigw ety of Temmalam

Compute corner responke

N~
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N~
(o)
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Find points with large corner respong&>threshold
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Take only the points of local maxima Igf
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Harris Detector — Responses
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Ellipse rotates but its shape (i.e. eigenvalues)
remains the same

Corner respons& is invariant to image rotation

Visual Object Recognition -




Only derivatives are used => invariance
to intensity shifi ® | +b

N~
N~
N~
N~
©

Intensity scalet ® al

AN AV TR AN

reshol

Visual Object Recognition -

X (image coordinate) X (image coordinate)
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Iy =

All points will be Corner !
classified agdges

Visual Object Recognition -
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f(l, i (xs)) = f(l, ; (x(s9)

Same operator responses if the patch contains the same image up to scale
factor

Visual Object Recognition -

K. Grauman, B. Leibe 35
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The Habraw Linhversity of Jerzalam
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SIFT Slides credit: Sebastian Thrun & Jana KoSecka
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T T T
= 0 1 1q.
2.0°3.89 =i 18 -:r-:'a]e

f(l, 1, (xs)) f(lil im(X(’s))

K. Grauman, B. Leibe 38
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1.0 1 19,
2.0°3.89 =i 18 -=r?a]n.=t

f(l, 1, (xs)) f(lil im(X(’s))

K. Grauman, B. Leibe 39
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1.0 1 19,
2.0°3.89 =i 18 -=r?a]n.=t

f(l, 1, (xs)) f(lil im(X(’s))

K. Grauman, B. Leibe 40
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o 3ale 19

F(l, o, (xs))

K. Grauman, B. Leibe 41
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o 3ale 19

F(l, o, (xs))

K. Grauman, B. Leibe 42
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f(l, i, (%s)) f(lil im(X(,S())

K. Grauman, B. Leibe 43
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From Gaussian scale pyramid -- create Difference of Gaussian (DOG) images
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And find maximum response over space and scale:

Visual Object Recognition -

Images from: David G. Lowe, Object recognition from local scale-invariant featu res, 60

International Conference on Computer Vision, Corfu, Greece (September 1999), pp. 1150-1157
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(a) 233x189 image
(b) 832 DOG extrema

Visual Object Recognition -
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Computing Harris function Detecting local maxiﬁ%a
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Harris points

Harris-Laplace points

K. Grauman, B. Leibe

% MKD
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Threshold on value at DOG peak and on ratio of principle curvatures
(Harris approach)
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(c) 729 left after peak value threshold (from 832)
(d) 536 left after testing ratio of principle curvatures

Visual Object Recognition -
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J.Matas et.al. “Distinguished Regions for Wide-baseline SteBM\V.C, 2002.
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Point descriptor should bge:
1. Invariant
2. Distinctive

Visual Object Recognition -
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