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Imn = /Sxmyndxdy

e Moment Invariants
Widely used in Pattern classification.
e Extraction of Elliptic shape parameters
Computer Vision and Medical Imaging

Image Features



where



(by Chuang et. al., Wang et. al.)

¢ builds a Multiresolution analysis (Mmallat)

=
z(t) = D> dirvik
ik
y(t) = D> > dip i
ik
ik di g Mallat’s algorithm

e Sparse Representation

e Useful in Constraining Shapes

Ck, dk

= Wavelet curves also fall in the framework.



To compute the moments of a region bounded
by a parametric curve represented in some ba-
sis functions

1) Pixel Based Schemes
e |.0SS of subpixel accuracy.

e Error dependent on the orientation.

e Indirect Approach.

2) Approximation as a polygon
e Linear splines — low approximation order.

e Impossible to compute the curvature .

e Indirect Approach.



Moments — double integral

Imn = //S 2"y dady

Surface
. Line Integral
Integral
Volume integral of Diver- Surface integral
gence of a vector field of the field
/ (VF)IV = [ F.ds.
\Y S

oF, OF,
dzd =7§Fd—Fd
s Con g Dty = (Fydar — Fady)



F= ("% ey and C = (a(1), y(1))

m n+1
I = 3 T OU 020

oo = [ y(a'(dat
If x(t),y(t) € span{p(t—k); k€ Z}

Ioo = ) drg

gg(m) = > 1. go(m — kM), where

go(m) = /_Zgo’(t)go(t—m)dt

Hence,

IOO — Z dp Z Ck_HgO(l)

k=0 [=—N

\ . >4

(d,go D)
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¢ = Linear B-spline

le—-1,0,1

go -

Hence,
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(P, gtn” * (P @ aptrt i)
n-+1 ’

Im,n —

Imn() = [ Ot = k1) ot = o 1)l

and clm] =c®c®R...cC
mtrmes

M (2N —2)(m+n+2)
©'(t) = @1(t) —p1(t — 1), where
p1 < 2H(2)/(1+271)

gm(K) = fm(k) — fm(k — 1),
where
fm(K) = [o1(D)p(t — k1) ... o(t — km)dt

= Make use of its properties



e Finite support:
I=[-N,N—-1]x...[-N,N —1] x [-N, N — 1]
e Symmetry:

f(k) = f(oi(k))

e [ wo-scale relation

fm(K) = X1ezm Hm(Dfm(2k — 1), | where

1 m m 1
Hm(z1,22,..,2m) = §H1 I 2| 1] HGz, )
k=1

k=1

fo(k) = > Ho(l)fo(2k —1)

1eZ
= (Ag—-DiH, = 0
[Aolky = Ho(2k—=1); [o = [f(=N + 1),... f(N = 2)]*
Partition of Unity = [1,1...1]fp =1
Bofy = [0,0,...1]



A.m p— ,

where dim(A.) = (2N —2)™ x (2N — 2)™

With the One - One mapping
p: [-N4+1,N—-2]" — [0,(2N —2)™ — 1]
and
Am =Hn(2p71() = p~());
Normalization Constraint — >, (i) = 1

= Bpfm =[0,0,...0,1]"

e Exact and Unique Solution.
fm(k) — Samples of Box Spline function.
Refine with two-scale relation — Non-integer

Samples.
10



e Moments are computed as

/ _ (Cp7g£+n*(cp[ﬂ%]®dp[n+l])>
m,n n—+1 ’

where

gm(K) = fm(k) — fm(k = 1),

e T he Kernel f,, is precomputed by solving
B,,fm = [0,0,...0,1]7,

where dim(Bw) = (2N — 2)™ x (2N — 2)™

11



Linear Spline

fo(k1), k1 € {—1,0} : %[ 1 1]

111 2
fl(klakQ);klakQG{_lvo} : 6[2 1]

==
L 1

=W

( [ 1
fa(=1, ko, k3)i ko, ks € {-1,0} : 15| 3
< :
1
f2(0, k2, k3)i ko ks € {-1,0} : & ]
Cubic Spline
fo(k1) : —[1 57, 302, 302, 57, 1]




e Ellipse sampled — linear and cubic spline
interpolation.

e Ellipse Rasterized.

Curve Sampling Method Surface Sampling Method
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The main advantages of the new method are:

e the exactness of the computation;

e the independence of the orientation

e Consistency with the snake model

e Direct Approach.

e Simple Implementation - Filtering with a
kernel * followed by an inner product.

*Higher order spline Kkernels are available at
http://bigwww.epfl.ch/jacob
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