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4. Discrete Wavelet Transform

4.1 Discrete Wavelet Transform (DWT)
4.2 Features of the DWT

Severe shift dependence.
Poor directional selectivity

4.3 New Design Method for CDWT

Make Real and Imaginary components of the complex
Mother Wavelet must be a Hilbert pair
4.4 New Calculation methods for CDWT
For scaling functions, which shapes of the real and
Imaginary components are completely same and positions
are different from 1/2 sample

4.5 Example of De-noising
Model signals, EEG, Music



Important point of the 1D-DW'T

1) Basis and fast algorithm of the DWT
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2) Low-pass and High-pass filter and Wavelet, scaling functions
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3) Severe shift dependence problem

(MW is Daubichies 8)
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4)PTI CDWT DT

The condition of Perfect Translation Invariance (PTI) :
s%(t)and ¢'(t) have the same shapes with the 1/2-sample distance.
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'Example of the PTI complex wavelets
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Comparing DWT and CDWT

MW is the m=4 Spline Wavelet
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5.1 2D-Discrete Wavelet Transform

1) Calculation method
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Example of a Model Image

» Decomposition

Reconstruction
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5.2 2D-Complex Wavelet Transform

1) Calculation method
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2) 2D-Mother Wavelets
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Carrying out root sum square of coefficients of RR, IR, RI
and obtaining Translation invariant coefficient (TI) d.

d, =(d1)2+ (L) +(d L) +(d})’
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W Determination component
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2) Translation invariance property of 2D-CDWT

level —1

(a) 256X256 Peppers Image (b) Characteristic Image by using
RI-Spline wavelet’s 2-D CDWT

d, =(d1)2+(dd)F+(d) +(d})’
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5.3 Application on de-noising
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1) Example of de-noising by model image

g . 4 ' 4

P %ﬁ ~ m
(a)l.mage w1tﬂdaussian noisé (b)Smoothing filter (5X5 pixels),
SNR=6.0dB SNR=13.06dB

W

(c) The m=4 Spline wavelet, (d)The m=4,3 RI-Spline wavelet,
SNR=11.86dB SNR=13.49dB

20



2)Application in Inspection of metallic surface




Objective

The overall objective 1s to design a new automated
inspection method of metallic surface.

e

Original image 99




Proposed Method

Note:using template matching method.
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Image Filtering

processing by m=4,3 RI-Spline WT

Filled with average 1'

<-De-nosing
soft thresholding
<-Magnifying

two times
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Defects Detection

sample

template edge
canny operator

<>Dilation:
SE

edge of template

v
v

result

(D

25



Extraction of a cloth surface crack

Extracted surface crack

A I

Q. T

Cutting texture
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5.4 Direction detection property of 2D-CDWT

1) Calculation method
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Fig. 3 Calculations of the Directional Selection
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2D-Mother Wavelet
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2D-Mother Wavelet with Direction selection
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Impulse responses

@ -15° ® -45° ® -75°

Fig.5 Impulse responses on level -4
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2) Direction Selection Results

(1) Example of DWT

(a) Circle Image (256 X 256) (b) Directional selection obtained
by m=4 Spline wavelet
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(2)Example of CDWT
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Sample A Sample A’ Sample B

(b)) CDWT on ascale of 1/2
Fig. Analyzing results of fingerprints
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Fingerprint analysis results by RI-Spline

Sample A Sample A’ Sample B Sample A Sample A’ Sample B

Results by RI-O-Spline wavelet
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Detection results using RI-Spline

Sample A’

Sample B

Sample B

02 peak = 0.022

119

-15°

peak = 0.264

45°

peak = 0.262

-75°

Results by using RI-O-Spline wavelet
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Fingerprint analysis results by Spline wavelet

Sample A

Sample B
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peak = 0.031
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Results by O-Spline 3 wavelet
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4) Extracting crack in a grass Braun table

Crack

L

(a)Original image  (b)Result from RI-O-Spline (c)Extracted crack
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5.5 Direction detection by 2D-Wavelet
Packet Transform
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5.@5 2D-Wavelet Packet Transform

o 2D-CWPT decompose each frequency component using filter

f(x,y)=RR+RI+IR+II

Row filtering

Column filtering
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プレゼンター
プレゼンテーションのノート
Next, we expand 2-dimension.

In 2D complex wavelet, f(x,y) decomposed to RR,RI,IR,II

This flowchart shows process of 2D-CWPT.

Image is the input signal, at first image is filtered each row and image is decomposed to Low and High frequency component in row direction.

Next , image is filtered each column and image is decomposed to Low and High frequency component in column direction.

At result we will get a row and column directions and each frequency component




Result of Direction Selection by 2D-CWPT

®
o 2D-CWPT leads 30 dlrectlons of edge
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*Next step is that we need to define the direction and resolution

*Because In previous research, definition of
directions and resolutions are NOT clear



プレゼンター
プレゼンテーションのノート
This is the result of direction selection by 2D-CWPT.

This image shows 2D-CWPT leads 30 directions of edge.

This image shows the range of ω<π/2

Direction selection is improved by using 2D-CWPT.



In next step, we make clear the property of direction selection in 2D-CWPT.

We carried out quantitative evaluation about direction resolution.










o

A New Evaluation Method

e SO0 In order to make clear, we proposed new evaluation method.
— This method uses impulse signal for result is not affected by model signal

Impulse Response
of 2D-CWPT

!

Reconstruct
Specified

directional component

2D-FFT
Get sub-band of
directional component

A
Evaluate each

 Definition of each parameter
—Direction (0):
The angle of origin and center of sub-band

—Resolution (A 6):
__________hof origin and sup-band

N

[/

-nl/2 .

sub-band

7]

in frequency domain

Flowchart of
evaluation

1
-1 -08 06 -04 -02 0 02 04 06 08 1
i | 2

Xw/'rn N
One of the impulse Response Calculate the A6 ,and 6
in each sub-band

of 2D-CWPT in Frequency domain


プレゼンター
プレゼンテーションのノート
So, we propose method.

At first, Input the impulse response, and the direction selection component is only reconstructed.

We can get directional component in each mother wavelet.



Directional component is applied Fast Fourier Transform

And calculate the frequency sub-band of each  directional component.




Restilt of evaliiatinn
Defined directions and resolutions are drawn in space
domain with Impulse response and model image

Defined@ andA 6 capture
the direction and resolution
In Impulse response
and model image

Defined line (6 ) Definecivre.svollevtipvrvl Ae)
Comparison of factual instrument result

Error of average

| |
¥ Horizont 5
[ alline 0 I o
| ! ' - Direction 8.04%

Resolution 6.53[deg]

There Is the error, but it also can get same tendency at
factual instrument result
We confirm the validation of evaluation method
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Example of extracting direction components
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5. Image processing by Wavelet Transform

5.1 2D-Discrete Wavelet Transform
1) Calculation method 2) Characters

5.2 2D-Complex Wavelet Transform
Calculation method, 2D-Mother Wavelets,

Translation invariance property of 2D-CDWT

5.3 Application on de-noising
Model Image, Inspection of metallic surface

5.4 Direction detection
Calculation method, Extracting fingerprint and
crack in a grass Braun table
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