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Introduction

OGMs

e Based on orthogonal polynomials and functions
- Useful feature descriptors
- Advantages in computation and numerical stability
- Legendre, Hermite, Chebyshev, Zernike polynomials etc.

* OGMs
Vin = Cmcnjj I:)m (X) I:)n (y) f (X’ y)dXdy
Q
m,n=0,12,---
. Orthogonality
IP w(x)dx =h,3,,

w(x) is welght function; 0., is Kronecker delta.



Design of OGM

Approach to define OGM

e Use existing OG polynomials

- Legendre, Gaussian-Hermite, Krawtchouk moments ...
* Seek functions that meet orthogonality

- Exponent, Bessel moments ...

A common way to define OGMs in polar coordinates
- Jacobi-Fourier, Zernike, Fourier-Mellin, ...

——————

/j R (MR, (r)w(r)rdr =d,o,,

0
Orthogonality should be over[0,1] or[0, +0) .



HFMs

New Orthogonal Radial polynomials

* NewR, (r) with r €[0,1] or[0,+x) can generate OGM

* R,(r) can be generated by parity of orthogonal

polynomials
- Hermite, Legendre polynomials have obvious parity

* Hermite polynomials
- Definition

H, (x)=(-1)"exp(xX*)
- Orthogonality

n

—exp(—x)

dx




HFMs

Normalized Hermite Polynomials (NHPs)
* NHPs

- Formation

- Orthogonality
j H, (xo)H, (x0)dx=3,

- Parity

L

J(=x:0)=H, (x;5) forniseven
H,(-x;0)=-H,(x;c) forn isodd



Plotting of NHPs ..
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HFMs

Radial Hermite Polynomials (RHPs)

* Orthogonality from Parity
- Formulation of RHP

Ha(rio)= G\/anl-n!ﬁ (%jz i (gje)(p(_ Zizj

i Tflm (r;0)H, (r;a)irdr:: 5.

' coordinates. !
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Plotting of RHPs

HFMs
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HFMs

New OGMs
e HFMs defined over disc

- Basis functions
V., (r,8;0)=H,(r;c)-exp(ilo)

- Moments

271 o©

:_H (r,ON, (r,6;0)rdrdé

- Image reconstructlon

f. (n0)=3 3 n,

N=0 I=—N,



HFMs

Rotation Invariants
* Image f(r.9) is rotated by « anticlockwise

- Phase shift property

() ~ila
hnI — hnI €
- Rotation invariants
h, .
Vv, = o withh =0

()



HFMs

Discrete Implementation

xj,yk)
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HFMs

Accurate Computation

* For digital image f (j.k)withN xN pixels

- Implementation in discrete case

:—ZZf(x yk) (i.k), X2 +yg <1

j=1 k=1
Qjy1 by
where ‘Pn,(j,k):f '[Vn’;(x,y;a)dxdy
aj by

- Gauss-Legendre numerical integration

8, -8, )(b,—b)Quy 11
(Jl J) k+1 ™k 'a)uwwv (Iu’y\” )
' r__
] Consta_r1Es_:

Y., (k)=
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Experiments

Image Reconstruction
 Methods: HFMs, Zernike (ZMs), Fourier-Mellin

(FMMs), pseudo-Zernike (PZMs)
- Criterion NMSE

(o (3.k)= £ (3.K))’
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Experiments

Up to first 31 orders

Up to first 75 orders
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Experiments

Reconstruction of noise free images
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Experiments

Reconstruction of noisy images

Reconstruction of peppers with Gaussian white noise
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Reconstruction of noisy images

Experiments

Reconstruction of goldhill with Gaussian white noise
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Experiments
Template Matching
 Methods: Rotation invariants of HFMs and Geometric
rotation invariants.

- Reference image
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Experiments

Template Matching

* Feature
- HFMs: the first 4 odd-order of HFMs (18 rotation invariants)

- GEMs: Invariant bases of order 2 to 5 (18 rotation invariants)

* Matching result

P

Green rings: template locations
Red rings: templates found by HFMs Overlap means correct matching.
Blue rings: templates found by GEMs
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Conclusions

Summary

* Develop OGMs based on Parity of polynomials
* Define a new class of OGMs called HFMs

* Test image representation ability via image
reconstruction

e Test discrimination power by invariant template
matching
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