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‘;‘.'q * analysis difficult due to the evident texture effects
u. + image confused with the background

+ burns

+ low frequencies of the image impressed

Improvements required for image analysis:

s texture effects elimination
_ »image denoise

~ +determination of the frequencies corresponding to defects

CHOICE of the ANALYSIS
METHOD

Possible and most common methods for image analysis, taken into
congideration for the texture effect elimination:

* FET application to determine the periodically repeating defects

+ Continuous Wavelet Spectrum of the signal to determine the frequencies
corresponding to defects and pyraridal dMallat algorithim to decormpose the
image and eliminate the coefficients corresponding to defects at the various
levels of decomposition

+ Filtering techniques such as the Gaussian filter with an appropriate radius
and the Median filter
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CHOICE of the ANALYSIS
METHOD

* the FFT analysis is difficult to use in this case, because:

1. The image is characterized by low frequencies, therefore the FFT
spectrum does not allow a clear separation between defects and image
frequencies

2. Onee the analysis window has been chosen, it does not allow a
multiresolution analysis because resolution 15 wnplicitly fixed

* the advantages in using the Wavelet technique are:

1 By means of the ‘scale’, or ‘scaling’, details of various size can be
analyvzed with adequate resolution. The connection between scale and
frequency 1z maintained, therefore it is always possible to find the position
of the image corresponding to a specific range of frequencies.

2 Wavelet Transforms give a good relation between the frequencies found
and their spatial colloecation, whereas using Fourter Transforms requires a
contimious process of choice ol the frequencies to be eliminated and centrol
of the results obtained by means of the Inverse Transform.

CHOICE of the ANALYSIS
METHOD

* Other filtering techniques:

1.They can be applied after the use of a basic algorithm to eliminate defects
if there iz the necessity to improve the image quality, but their only
application 13 not sufficient to sliminate the dafects (or texture effects)

2. Graussian filtering can be used to eliminate the high frequency
components remaining after tha denoise process. The main disadvantage is
that they can cause a lozs of definition of the image already dengized with
another process.

3. The median filter iz a sliding-window spatial filter, but it replaces the
center value in the window with the median of all the pizel values in the
window.

+ In conclusion, Wavelet filtering seems to be the most appropriate analysis
method to be used inthe case of Bhroud 1mages.

* In particular, the FFT can be applied after having performed the mair.
denaise of the image, in order to eliminate the residual defects due to
Wavelet filtering.

+ The FFT application becornes useful because the wavalet denoise cavses a
better separation among image frequencies and defects frequencies than for
the original image.



ANALYSIS PROPOSED

How to get the improvements required for the Analysis
{elimination of the texture effect)?

By applying the wavelet filtering techimique to some sample images
taken from the Shrawd.

In fact, after having considered the methods proposed, it 1z clear that the use of a
Continuous "Wavelet Spectrum to characterize defects in terms of their
frequencies and the application of the Mallat algorithm to denoise the images
represent the best process to be used to denoize the unages taken into
consideration.

This technique allows:

* the elimination of the texture effects

* the determination of frequencies and scales corresponding to defects

* a multiresolution analysis

ANALYSIS PROPOSED

The method used can be divided in a series of steps:

1. Determination of the frequencies corresponding to vertical and
horizontal defects using continuous wavelet spectrum

. 2. Application of these frequencies to denoize the Shroud sample
o images by means of the Mallat pyramidal algorithom

i 3. Elirnination of the residual defects with other filtering techniques,
such as:

. the Median filter

. the Gaussian filter
g - the elimination of the noisy frequencies directly from the FFT
' spectrum (its application follows the main dengize procedure based on
wavelet)
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WAVELET TRANSFORMS

« Wavelet technique maintains the space-frequency relation
-+ Possibility of analysis with variable resolution
3 ‘! + Jood image compression, with high qualities

Continuous wavelet transform:

the Continous Wavwvelet Spectrum

Definition: Wf (61, T) = J.f(f)lj!;f (x)"ix

i 1 xX—T
- Mother Wavelet: Wﬂ,f(x} - EW 4

a = scaling factor
T =translation factor
1/a=normalization coefficient

Using different scales means using analysis windows characterized
by different dimensions.

WAVELET TRANSFORMS

Discrete wavelet transform (DWT):

1 x—krpad
@ () = _f}f( )
.Jilak aﬁil s

At every scaling step, the spectrum 15 divided into:

A approximation, high pass
Tr: detail, low pass
3 original signal

+ It 15 used to determine the frequencies corresponding to defects plotting
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+ Tzed to denoize the images by means of the Mallat pyramidal al gorithm



MALLAT ALGORITHM

It uses the 2D discrete wavelet transform to decompose the two-
dimnensional image into various levels of approxzimation and detail.

'_!Decompc-sition: Asdy

[ _"llﬁ_r._u

=t % direction !
. v direction [T =5
Four images are generated: ADy Hy
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The relation between scale and decomposition level

15 as follows: @ = scaling factor

ol
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S | = decomposition lewel

IMAGES ANALYZED

737 x 061 pixels
R i Image of the human face
without blood traces

1495 x 1281 pixels
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IMAGES ANALYZED

Entire Shroud

WAVELETANALYSIS OF THE IMAGE
OF THE SPOT AND OF THE FACE

Sampling areas to obtain the gray levels variation

* the one-dimensicnal signal 1s sampled in the horizontal and vertical
directions

» the sampling areas are appropriately chosen, avoiding areas with
burns or other gray levels variations not corresponding to the texture

+ it contains information about gray levels variations, due to the texture

« after the sampling, the signal is used to create the continuous wawvelet
spectrum using ©hiatlab Wavemenu

» the spectrum obtained 15 analyzed to find the correlation peaks, which
give information about the frequencies of the defects to be eliminated

* the basic praoblem is to plot the spectrum using the most suitable
wavelet shape

* the frequencies found from these samplings on the left, have been
used to denoize both the image of the spot and of the human face, with
a1 acceptable result.

268



WAVELET ANALYSIS OF THE IMAGE
OF THE SPOT AND OF THE FACE

Wavelet Spectrum of the horizontal gray levels Wavelet Bpectrum of the vertical gray levels
variation variation
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WAVELET ANALYSIS OF THE
SPOT AND FACE IMAGES

The frequencies corresponding to defects for the images representing the hurman face and the spot are as
follows:

Frequencies related to Vertical Defects Frequencies related to Horizontal Defects
Wavelet | Scales | Frequencies Wavelet Scales Frequencies
[1/pizel] [1/pixel]
Rhics & 5 0129 Ebics.8 19 0.028
Ebios. 8 i@ 0.092 Ebios. 8 23 0.034
Rbios.8 14 0.044 Ehics. & o 0072
Fbios.8 25 0.028

These frequencies have been used for the wavelet filtering of two sample images: the spot and the
hurnan face with blood spots

269



RESULTS
Results after wavelet denoise for the image of the spot
DRengised spot image

Original spot image

Dengised spot image after Gaussian
filtering (radius 1.5 pixel)

RESULTS

Results after wavelet denoise for the image of the face

Original face umage Dennised face image
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RESULTS
Results after wavelet denoise and successive filtering for the image of the face

Dengised image .Of th? hu_maﬂ face DRenoised image of the human face after
after Median filtering Gaussian filtering (radius 3 pixels)

”ﬁﬁg _
ENHANCEMENT

+ The results obtained for these two sample images could be enhanced using the FFT
spectrum to eliminate the diagonal lines due to the wavelet filtering process

* This iz proved by an example applied to the image of the human face

Denoised image after Gaussian filtering
(radius 3 pizels)

Its FFT spectrum
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RESULTS ENHANCEMENT

Frequencies to be eliminated from
the irmage filtered

The extrerna correspond to
diagonal lines in the image, the
FFT provoles a rotation of 202

After the elimination of the
frequencies highlighted with red
circles by means of the FFT

Horizontal Defects \ o

uoq

Vertical Defects

W %W i

Sarnpling areas of this image
without blood traces in the

horizontal and vertical directions

I
1

| r | \"ﬂ‘ o
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IMAGE WITHOUT BLOOD TRACES

The frequencies corresponding to defects for the image representing the human face without blood traces.

Frequencies related to Vertical Defects Frequencies related to Horizontal Defects

Wavelet Scales Frequencies Wavelet Scales Frequencies
[1/pixel] [1/pixel]

Ebios.8 47 0.014 Ebios.2 41 0.016
Rbiot.8 23 0.028 Rbio6.8 14 0.046
Ebioe 3 13 0.036 Rhiog 8 10 0 0ES
Ebios.2 10 0.065 Rhicé & 5 0179
Ebioe 2 3 0216

These frequencies have beenused for the wavelet filtering of the image without blood spots.

IMAGE WITHOUT BLOOD TRACES

After wavelet Particular showing the Defects eliminated
filtering diagonal lines and the with wavelet
texture effects left after filtering

the main filtering process
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IMAGE WITHOUT BLOOD TRACES

Result after the application
of a Gaussian filter
(radius 2 pixzels)

* The diagonal defects due to the
wavelet filtering can be eliminated
at least partially by using the FFT,
as proved for the other image of the
human face containing blood traces

* These effects are only related to
the wavelet filtering process,
because the other diagonal defacts
characterized by high frequency
and due to the texture have been
eliminated with the Gaussian
filtering

IMAGE WITHOUT BLOOD TRACES

After the application of a
Gaussian filter:

®* The FFT spectrum has been
used to select the frequencies
corresponding to the diagonal
lines resulting from the wavelet
filtering

* The diagonal defects caused by
the wavelet filtering have
disappeared after the final FET
image elaboration

« The green lines correspond to
the area elaborated with a specific
software for the FFT spectral

analysis
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ENTIRE SHROUD: SAMPLES

Parts of the Shroud used as
samples for:

* vertical defects

® horizontal defects

The choice of these areas for the horizontal
and vertical samplings is due to:

+ the absence of burns which can represent
local effects which are not due to the texture;

+ the fact that the horizontal lines are
particularly evident inthe legs areas whereas
the vertical lines result to be wisible inthe
hands area.

ENTIRE SHROUD: FREQUENCIES

The sampling signal seen in the previous page are linked to the frequencies corresponding to vertical
and horizontal defects. The hypothesis applied in the study is that the frequencies determined from those
samplings are representative of the defects of the entire Shroud Thus, the same frequencies have been
used to denoise every part of the Shroud, even if a particular area was chosen to characterize the defects
in terms of their frequencies.

Frequencies related to Vertical Defects Frequencies related to Horizontal Defects

Wavelet Scales Frequencies Wavelet Scales Frequencies

[1/pizel] [1/pizel]
Fhioé 8 11 005w Rbios. & 19 0.034
Ebios g 18 0.036& Thios 8 58 0.023
Ebioe .8 28 0.023

These frequencies have been used for the wavelet filtering of the entire Shroud




ENTIRE SHROUD: RESULTS

Original Images

Details

..t'*h

4

1

ENTIRE SHROUD: RESULTS

Images After Wavelet Filtering

Defects Eiminated from the original
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ENTIRE SHROUD: DETAILS

ENTIRE SHROUD: DETAILS

Face and Hands after Wavelet Filtering and
Faussian filtering (radius 1.5 pixel).

J Comparison between the denoised image of the
hurnan face and the original image.
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ENTIRE SHROUD: DETAILS

‘J Comparison between the ggggljggg image of the
hands and the original image

CONCLUSIONS

* The determination of the frequencies comresponding to the defects by means of the Continuous Wavelet
Spectrum has proved to be efficient

* The elimination of the frequencies found has been performed using the hiallat pyramidal algorithm

+» The elimination of particular combinations of frequencies corresponding to vertical and horizontal
defects causes diagonal lines to appear as a noise effect

* The results obtained using wavelet filtering can be improved also applving some other filtering techniques
like the Iedian filter or the Gaussian filter,

* The problem of diagonal defects can be eliminated, or at least reduced, using the Fourier Spectrum of the
denoised and filtered image to cancel the highest frequencies of the cross having an inclination of 45° with
respect to the horizontal direction.

The yellow lines are meant to highlight the cross visible in the FFT
Spectrum of the denoizsed and filtered image.

* The results obtained with the application of the method proposed in this work have been shown and refer
both to the sample images and to the entire Shroud of Turin.

278



(@_‘[) %ﬂﬁﬂﬂﬂ

Dhanks

Books and papers

L Boems, C. 5. and B & G, H. G,

INTROD DCTION IO WAVELETS 4D WAVELET
TRANSFORMY 4 PRMMER

Upper Saddle River, NI (154 Prentice Hall 1995,

L. CAderhank. 4 F.and L Daheerhies V7. Samddens B -

L. ¥en

AVELED FRAEFOAN FEAT MAP BTEGIRY D
DTEGERY

Proceedings of the [EEER Cardérer e or Buage Processing.
Prepririt, 1996,

IEEE Prese, 1997, To appesr.

3. Danduerhies, I

TEMNLFCTURES W WAYELETS Inded
Philadelphia: S1AR, 1950,

CEME-HEF regional corderauce series i applied
muthenatics 61,

4. Hubbard E. Birlie

THE WORLD A0 CORDNT IO WAVELE I
Wellesey, MU (TTSA): A EDptare, 1006,

5. Kaker, .

A FRENTEY G UIDF 1D WAVFLERS

Bostory: Biddhiger, 1994,

6. Econer, T\,

FOURER AMLLFSTY

Cambridze , TE: Cambridge Urivereity Precs , 1996,
7. Mfat, 5 G

A TERORY FORMUL NRESOL UTROMN SREhEL
DECOMPOSITION: THE WAVILET
REFRESENTATION

IEEE Transactiors an Pattem Spabeeie and hlackine
Ftelligerce, Wl 11, Ho, 7 (1939

& Py, Y.

WAFELET TRPEFORNS

T The travefomme and applications handbook. EQ by & T Doaylapiloas,
Boca Faton F1(TT24): CRE Press, 1990,

The Electrical Buygmeering Hatdbook: Serjes.

& Vettedi M. and C. Herdey.

WAVELETY AND FILTRR BANES: THEQRY D DESREN

IEEE Transactiore an Signal Processing, Wal 40, Ho, 9 (19927

10, Vs L.

HAFELENY AND WIDFRAD O ORRIL AT P2 OCFLT DG

IEEE Signal Processing Mlagaxine , Jaoary (19947,

11. 5 Grace Chang, Bin Y, Martin Yetterti

ANAPTIE WAVELE T THRESEFQLDIG FOR Idd7F DENOINIG 4D
CORLPRE SR

IEEE Travsactiore an Inage Processmg, Wol9, Ho 9, Septanber (20007
1} Morden ¥ Huares

DTRODUTTROWN 'O THE ARERT HUHMNG TRANSFORN D ITE RFLLTED
il THENSATRCAT PRORIFNLT,

Chapter 1

13.D.-M Tsai, ©-Y Heidh

AUTOMATED STRFACF MEPIC TIO FOR DRACTIONGT. TEXTIRES
Deparhrerit oct’md:smalmgnem.g Tabaran 1999

14, Waddal Traverso

Craeinal fifle: ELM DFLVEFFFEITD DJ FRAME DT DAL G DT
DFLLS SNDONE MEDIITE APFPLCATZRONG DFLL4 TRCNICA WAVELET
Tromglated itle: TEXTURE EFFEC T ELRANATTION FROM SHRG U0 D4 GRS 5
DEEANT QOF THE WAVELFT NECENTD TS

Departetit of Setospace Engieering, Thikrers iy of Padua, Babye 2006

15. ¥ Ropsini

el e Ld TRASFORN S Td WAVELET 20 FER L ANALINTDF Mhdd T
DFTALTC O LN APFLICASTONE ATL4 SRIDONE

Trmpiated title: THE 20 WAVZLE T TRANGFORM FOR DIGTAT MEIGE
_ANATYETE WITH A APPLICATION FO TRE SHROTD

Thanks to IWMaddalena Render and Daniele Traverso, who statted this analysis in the ywear 2007 with the two sample images of the spot

ard of the human face.

279





