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A In this paper, they propose a novel approach for
detectlng Interest pomts
Invariant to scale transformation (equal change all directions)
Invariant to affine transformation (X & Y change different)

A Based on previous results that:
Interest points extracted with Harris detector can be adapted to
affine transformations.
The characteristic scale* of local structure can be found by local
extremum over scale of normalized derivatives (the Laplacian).

The affine shape of an interest points neighborhood can be
estimated based on the second moment matrix ( i.e.
autocorrelation matrix)

* Characteristic scale determines a scale invariant region for each
point



The approach

Harris -Laplace Detector

Harris -Affine Detector

Scale invariant interest point % Refine interest points for affine

detector

1)

2)

Localize IP via scale adapted
Harris detector (corner & edge
detector based on local auto-
correlation)

Select only those points for
which Laplacian-of-Gaussian
(LoG) attains a maximum over
scale range

transform

Details follow

Two algorithms proposed :

1) Iterative algorithm to
simultaneously detect
location and scale

2) Simplified algorithm, less
accurate but more efficient



H arnS' Lap I ace D ete Cto r Harris -Laplace Detector

Scale invariant interest point

lterative Algorithm ——

1. Find the local extremum over scale of the LoG for

the point x'*', otherwise reject the pmni The inves-
tigated range of scales is limited to o i = e o

witht € [0.7. ..., L4].
2. Detect the spﬂtial location x"*™! of a maximum of

the Harris measure nearest to x® for the selected
k+l
! "

3. Goto Step | if o

k411

(k+17 ik
+ 3& G’; :IDI' x[i‘+l] ?E 1[-‘:].




H arnS' Lap I ace D ete Cto r Harris -Laplace Detector

Scale invariant interest point

Eq u at| O n S detector

The scale-adapted second moment matrix is defined by:

K11 le]
21 422

Li(x,0p) LILY(X,JD)] 0
LyLy(x,0p) L_E.(X, op)

(X, o7, 0p) :[
= o}, S’(U.r)*[

cornerness = det(u(X, o1, op)) Harris function

— atrace*(p(X, o1. op))

ILoG(x, a,)| = gf|LH(x, o) + Lyy(X, o) Laplace of Gaussians Equation



H arnS' Lap I ace Detector Harris -Laplace Detector

Scale invariant interest point

ReSU ItS detector

Point localization error Surface intersection error
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Figure 8. Detection error of corresponding points extracted with scale invariant detectors: (a) relative location and (b) surface intersection €g.
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The approach

Harris -Laplace Detector Harris -Affine Detector
Scale invariant interest point % Refine interest points for affine
detector transform
As described above 1) Spatial localization of an interest point

(at a given scale and shape) is
determined by the local maximum of the
Harris function,

2) Integration scale is selected at the
extremum over scale of the normalized
Laplacian,

3) Differentiation scale is selected at the
maximum of normalized isotropy,

4) Shape adaptation matrix is estimated
with the second moment matrix used to
normalize the point neighborhood. !



Harrls-Afflne Detector
Algorithm

. select integration scale oy at point x\

. compute pt
. concatenate transformation U® = 1\ . /*=D and

. initialize UV to the identity matrix
. normalize window W(x,)=1/71(x) centered on

U k=Dxk=1) — y(k=1)
k—1)

. select differentiation scale op = so;, which
maximizes }"m‘“f:‘”“; with s € [0.5,...,0.75] and
o= p(x,' _rﬁl .O01,0D)

. detect spatial localization X of a maximum of the

Harris measure (Eq. (2)) nearest to xff_” and com-
pute the location of the interest point x*

U—M ?(l{k} a1, op)

normalize U® to L. (U = 1

. goto Step 2if | — Amiﬂ(glk});’ﬁmx(ﬁ{ N > ec
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Harris -Affine Detector
Refine interest points for affine
transform




H arrls-Afﬁ ne pPetector Harris -Affine Detector

Refine interest points for affine

Afﬁ ne Norm al |Zat|0n transform
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H arrls-Afﬁ ne Dete Ctor Harris -Affine Detector

Refine interest points for affine

I te ra.tl O n S transform

Note how points converge and ellipses converge to corresponding image regions
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