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1. keypoint selection
e rotation
e translation

e blur/scale
2. feature descriptor
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The Design of Approximate Hilbert Transform
Pairs of Wavelet Bases
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Image processing with complex wavelets
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Image processing with complex wavelets
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The dual-tree complex wavelet transform
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dual-tree complex wavelet transform (Kingsbury)
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multiplication table of H

1 i j Kk

1 1 i j k
i 1 -1 k —j
J J kK -1 —i
k k —j —i 1
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require ’'selesnick’

require ’kingsbury’
img=MultiArray.load_grey8("circle.png")
hwt=HWT .new(MultiArray: :SFLOAT)
himg=hwt.decompose (hwt.prepare(img), 3)
img2=hwt.finaliseChwt.compose(himg,3))
diff=img2-img

diff.range

# -0.00522037548944354..0.0319054499268532
diff.normalise.display
Math::sqrt((diff**2).sum/diff.size)

# 0.00274400669319458
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A=H B=H A=G,B=H A=H B=G A=G,.B=G

Ao(z1) Bo(z2)

A1(z1) Bo(z2)
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wavelet tree
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linear combinations of 1-D basis wavelets
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2-D separable basis wavelets
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linear combinations of 2-D basis wavelets

animation

Vi(z) = ) Ha(z) Hyza) ROV, )+ 21 Ax, j/2
a,be{0,1) / 0
Ga(z1) Hp(22) 1(v, )+ Ve
Hy(21) Gp(z2) T (v, )+ 2w Axyif2
Ga(21) Gp(22) K(v,, ) ’ 0

animations require Javascript
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Rotation-invariant local feature matching A steerable complex wavelet construction

and its application to image denoising

A Steerable Complex Wavelet Construction
and Its Application to Image Denoising

Anll Anthony Hhurath and Jeflicy Ng

with complex wavelets

ROTATION-INVARIANT LOCAL FEATURE MATCHING
WITH COMPLEX WAVELETS

Nk Kimgsbury

Sagraal Procewang G,

Dept. of Enguacerng, |
phore + 18
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Direct parametrisation

Scripting

—arguments

— Seript

forjinQ..z B

foriin 0..2
| ide=a*iz*ji+i}
q = w[idx...(dx+47]
o[jI[i] = HyperComplex( q[0].q[1].q[2].q[3] }
end

end

dx = 2.0 * Math::PI * v[16] f 50.0

dy = 2.0 * Math::PI * «[17] 50.0

v = Matrix[ *o ]

sx = Matrix[ [ { dx * HyperComplex: IS 2 Jexp, 0.0 ], [
0.0, { dx * HyperComplex:I dexp ] ]

sy = Matrix[ [ { dv * HyperComplex::1 S5 2 Jexp, 0.0 ], [
0.0, { dy * HyperCamplex::1 dexp ] ]
o={(sy*yv*zxito_a

e ][ g |

] |
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“ blob-like pattern

MATERIALS AND ENGINEERING

[1 0, [1 0
(1 = k) cos(a) J+(z— 7) sin(a@) J
0 0 0 0

animations require Javascript
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“ edge pattern

MATERIALS AND ENGINEERING
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[0 1 (o 1
(1 + k) cos(a + p) J+ (i + j) cos(a — p) J+
0 0 0 0

| [0 o (o 0
(1 + k) sin(a + p) J+ (i + J) sin(a — p) J+
10 10

1 _ 0 O 1 0 O
— (1 —1i) sin(a) + — (1 =) cos(a)
2 (o 1J 2 [0 1J

animations require Javascript
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. . cross pattern

MATERIALS AND ENGINEERING

[o 0
(1+i+j+k) cos(a) J+
0 1

| [o 0
(1 +i—j—k) sin(a) J+
1 0

| [0 |
(=1 +i—j+k) sin(a) J
0 0

cos(a@) H; +sin(a) Ho, where H;, H, € HCA>*?

animations require Javascript
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conclusion

improved understanding of high frequency pattern

e enable use of hypercomplex wavelets beyond edge detection
e several fully steerable patterns (translation, rotation)

e hypercomplex matrices for representing local structure

animations require Javascript
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future work

complete basis of steerable patterns? rotation around any point?
e understand interaction between neighbouring coefficients
e understand interaction of different layers of wavelet pyramid (Kingsbury)

e choose keypoints, descriptors

animations require Javascript
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“ Hornetseye

MATERIALS AND ENGINEERING GPL (free and open source software)
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e

IRB/FXRI/NaturalDocs/RDoc ‘ Application
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http://rubyforge.org/projects/hornetseye/
http://sourceforge.net/projects/hornetseye/
http://vision.eng.shu.ac.uk/mediawiki/index.php/Hornetseye
http://raa.ruby-lang.org/project/hornetseye/
http://www.wedesoft.demon.co.uk/hornetseye-api/
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“ filter design (Selesnick)

MATERIALS AND ENGINEERING

RESEARCH INSTITUTE e e
perfect reconstruction
— \ recursio = —
{ Hy(z) Ho(2) 5(Ho(2)X(2) + Ho(=2)X(=2))Ho(2)+
H () F=@—=@—= (2 LWHIDX (@) + Hi(-2)X(-2)H) (2) =¥ X(2)
{ recursio <

{ Go(2) G2
G\(2) =@ —=@— G,(2)
Thiran filter (v = 0.5)

— Ho(z) Ho(—2) + Hi(z) Hi(=2) =0 (1)
Ho(z) Ho(z) + Hi(2) Hi(z) =2 (2)

d(m) = (1) (=1 T2y e Ry
vanishing moments ?I(Z) = Ho(-2) (1)
K=1 1 -1 Hi(z) = —Hp(-2)
K=2 1-21 Ho(@) = Q@) (1+ 27 Y D(2) @) -
K=3 1-33-1 Ho(z) = O(2) (1 + 7 HK Dz ") 7!

4 1 -46-41
: ° () 11 21([L 21(x(m))) o= & (X(2) + X(=2)
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“ filter design (Selesnick)

MATERIALS AND ENGINEERING

RESEARCH INSTITUTE e e
perfect reconstruction
— \ recursio = —
{ Hy(z) Ho(2) 5(Go(2)X(2) + Go(—2)X(=2))Go(2)+
H () F=@—=@—= (2 LG1@X @) + G1(-9X(-2)G1(2) =) X(2)
{ recursio <

{ Go(2) G2
G\(2) =@ —=@— G,(2)
Thiran filter (v = 0.5)

— Go(z) Go(—2) + G1(2) G1(~=2) = 0 (3)
Go(z) Go(z) + G1(2) G1(z) = 2 (4)

dim) = (") (=1 Ty St Ry
vanishing moments (il (@) = Go(=2) (3)V
K=1 1 -1 G1(2) = -Go(~2)
K=2 1-21 Go@ = Q@ (1 + ) DEhz ™
K=3 1-33-1 Go(z) = 02) (1 + 7YX D(z)

4 1 -46-41
: ° () 11 21([L 21(x(m))) o= & (X(2) + X(=2)
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MATERIALS AND ENGINEERING

filter design (Selesnick)

Ho(z) Ho(z) + Hi(2) H(z) = 2
H\(z) = Ho(-2)

H\(z) = —~Ho(~2)

Ho(z) = Q(z) (1 + 27 H% D(z)

Ho(@) = 0@ (1 + 7 HX Dz 2!

(2) - -

1 = Hy(z) Ho(z) = (1 + 7YX D) DN 2L 0(2) 0(z)
=:5(2) =R(2)
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MATERIALS AND ENGINEERING

filter design (Selesnick)

Go(2) Go(2) + G1(2) G1(2) = 2
G1(2) = Go(-2)

G1(z2) = —=Go(-2)

Go(z) = Q) (1 + 27 HX Dz ' F
Go(2) = 0(2) (1 + 77 HX D()

(4)- - -

] = Go(2) Goz) = (1 + 7YX D) Dz 2L 0(2) 0(2)
=:5(2) =R(2)
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“ filter design (Selesnick)

MATERIALS AND ENGINEERING

RESEARCH INSTITUTE I
(2,4)- -
( SN 0 ( r (
SN2 Sn-1 sy 0 -] 0
S() 00 =1e| E L = [1] ~ R@)
~— ——

k@) s 0 S1 S2 53 rnN-1 0

\ O sijUmv ) 1)
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“ spectral factorisation (Laquerre
MATERIALS AND ENGINEERING P (Lag )

RESEARCH INSTITUTE —

spectral factorisation

R(z) symmetric, real-valued
Input: Polynomial p(x) Aim Alm

Output: zero crossing o € C of p f\ f\ %
x+— 0.0+0.01: ¢+ 100; - .
while ¢ > 0 do kJ Re k)/ x Re

if |p(x)| sufficiently small then

Laguerre

return o = x; tuples quadruples
end
¢ = p/(0)/p(x); M
h=g"—p"x)/px);
if |g +d| > |g —d| then FRR; /R"R; fr\g /R"R;
a = n/(g+dy; o " e o " e
else —
a=n/(g—d); 0(z) Q(z)

Ho(2) = 0(2) (1 + 77" D(z)

o X —d e 1 Ho(2) = Q) (1 + ) D 2!
end H(z) = Ho(=2), Hi(2) = —Ho(-2)
(2,4)V

end

E@ Sheffield

Hallam University



	title
	motivation feature extraction
	state of the art
	keypoint selection
	recent wavelet publications
	Thomas Bülow
	Ivan Selesnick
	Nick Kingsbury
	Ivan Selesnick, Richard G. Baraniuk, Nick Kingsbury

	1-D basis wavelets
	dual-tree complex wavelet transform (Kingsbury)
	commutative hypercomplex algebra

	implementation
	test image
	hypercomplex components
	wavelet tree

	phase shifts
	linear combinations of 1-D basis wavelets
	2-D separable basis wavelets
	linear combinations of 2-D basis wavelets

	rotations
	coping with rotations (Kingsbury) (Bharath,Ng)
	wavelet editor
	blob-like pattern
	edge pattern
	cross pattern

	conclusion & future work
	conclusion
	future work

	Appendix
	Hornetseye
	filter design (Selesnick)
	spectral factorisation (Laguerre)




