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COST B11: “Software and Statistics” Working Group

Goals

To develop PC MS Windows computer programs with
appropriate GUI and agreed set of functions.

To develop efficient techniques of image processing
and pattern recognition, adequate for MRI quantitative
texture analysis.
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i~ patient #4[mizsed ima.. eml 729197
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[ 1[c_prostata.1] <DIH>
[ 1[c_prostata.?] <DIH>
[ 1[c_prostata.3] <DIH>
[ 1[c_prostata_4] <DIH>
111 _cirrous] <DIH>

(][l _cirrous_pancratitis. 1] <DIR>
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[ 1[l_cirrous_pancratitis. 3] <DIR>

11 tomour] <DIR>
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_____________ T — T
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[ ][ratimagesz] <DIR>
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Mame TExt Size |
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[ J[hans] <DIR>
[ ][heidelberg] <DIR>
[ 1[lothar] <DIR>

[ ] [zoftware] <DIR>

teel--1 <DIR>
[ ][c_prostata.1] <DIH>
[ 1[c_prostata.?] <DIR>
[ 1[c_prostata.3] <DIR>
[ ][c_prostata. 4] <DIR>
1 _cirrous] <DIR>
11 _cirmous_pancratitiz. 1] <DIR>
Il _cirrous_pancratitis. 2] <DIR>
[ 1[1_cirrous_pancratitis. 3] <DIR>

1 _tomour] <DIR>
] [neuroblastom] <DIH>
] [phantoms] <DIR>
_____________ lpreamantl Bk
[ ][ratimagesz] <DIR>

Z| readme kxt 1 401
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File BROI Analysis

e Instytut Elektroniki

Politechnika Lodzka

warsion 2,21
MR Analysis Software
Copyright® 1958-2000 by Pictr Szczypinski

MR irmages loader by Michael Friedlinger

l .

MZMaZda - Image: 399-6-107.ima ROL: r6_106.bmp

File BROI  Analysis

fidth: 256
Height: 255
kdir. Iurm.: 1

bd &, lum.: BET
BitzApinel: 10

_ i x|
Help

Image File: 399-B-107.ima ;l

ROl File: r6_106.bmp J

Image size: 256 = 256
kir. lum.: 1

b, lum.: BEY
Bitz/pixel 10

Hiztogram analvziz = Mo

Mormalization = 3 zigma

Gradient analysis = Y'es, Max pixel value = 54

AL matrix analyziz = Yes, Dimengion = 64

CO matrix analysiz = Yez, Dimensionz = B4 « 64, Distances =
AR model analysiz = Yes

Histogram data = Mo

1[red] Zlareen] bl
Area = 492 453 431
kdin_narm = A1 2a1 197
bl ax_norm = 209 337 262
Area = 422 332 T

1| | H

MaZda, ver. 2.21

Feature extraction

Input: images in 11 file formats

Methods
histogram, gradient, CO matrix,
AR model (total of 259 features)

Qutput:
- (*.par) text file,
- (*.bmp) histograms
- (*.omp) feature maps
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convert

3 Convert: MaZda -> B11

[riput files
* Single file

" Sequence of files

Eeature selestion

Input file:
Output file:

Esit |

Help

Save

S awetadd

Aot |

Input: (*.par) files from MaZda
Methods: Fisher coefficient, POE+ACC,
multidimesional analysis of variance, manual choice

Output: (*.sel) files
!IEI

I Fizher coefficient

Feature name F

311, 1l)Correlat 44,00
310, 1l)Correlat 43 .52
311, O0)Correlat 37.59
311, 1) SunWarnc 36.19
310, 1)Contrast 35.72
311, 0)Contrast 33.66
311, 1)Contrast 33.01
301, 0)DifEntrp 31.47
Sigma 29.65
311,-1)Correlat 27.96

P POE+ACC _|r

Feature selection

3 Options _ O] =]

Number of features selected: 44

Available Features

Select all |

Dezelect al |

(1. DAngSchkiom
S(1. MContrast
501, MCaorrelat
(1. 0SumOfSgs
(1. DinvDfkdom
(1. DSurndwery
301, OSumvamc
(1. 0SumEntrp
501, MEntropy
51, MDifvarmc
(1. MDHE ntrp
S00. 'I]lAngScMDm
S(0. )Conitrast
(0. NCorrelat
S(0. NSumOf3gs
S0, DinvDikdom
S0, DSumsvery
S0 1Sumyarne
"ol ﬂ
Feature name u
5(0, 1)SumEntrp 5.11E16
5(0, 4)AngScMom 1.28E16
45dygr ShrtREmp 1.21E1¢6
S(4,-4)Correlat 5.73E15
314, O0)Entropy 6.63E15
5(0, 4)DifEntrp 6.42E15
S (5, -5) InvDEHam 4.63E15
5(0, 4) InvDfMom 3.43E15
54, 0)ALngScMom 3.38E15
5(1,-1) SumEntryp 3.24E15

RERREEERERERRR R R

[ o o T o o T o o T o o o I o

11Contrast
11Correlat
11SumiofSgs
NinyDiftdom
11Sumaverg
11Sumiarnc
11SumEntrp

1 Entropy
11Difvarmc
1DifEntrp
~NAngSchdorm
~NContrast
SNCorrelat
S1SumOfsgs
ANl Db om
S11Sumdeeerg
S1Sumarnc
~11SumEntrp
~1NEntrapy
SNDifvYarmc
~1DifEntrp

Opti

" F coefficient
i~ POE+ACC

= Multidirn, measure

OF. |
Cancel |

— Categories — |
¥ mClazz1

v mClass2
[ mClazsa
[~ mClazsd
[~ miClassh

[ miClassh

Feature name POE +ACC
Gri¥ean o.oa
300, 1) 3unWarnc 0.0z
204, 4)DhifVarnc 0.06
Tetad 0.10
310, 5)Correlat 0.10
304,-4) Sumbverg 0.10
a5, 0)DifVarnc o.11
301, 0)DifEntrp o.10
311, 0)SunWarnc 0.12
A301,-1) InwvDEMom 0.1z
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Fb11 - m25.txt _ O] x|

Filez Options  Analwziz  Clazsification About Exit Help Bll
Input [data] Output [report] ———
*label 2| |* bll report file [raw data analysis] ;I

AR mocdel, phantom image analysis * Data file nate: "ma5.txt”

*features * Selected features [5 out of 5]

1 tetal tetal [H#1/#1]: p.mean= 1.35928E-001, p.=std= 1 |nQUt

2 teta? tetaZ [H2/#2]: p.mean=-4.31560E-002, p.std= & % .

3 tetal tetad [#3/H#3]: p.mean= Z.795383E-001, p.std= 1 = ( .SEl) flleS
4 tetad tetad [H#4/#4]: p.mean= Z.069Z0E-00Z, p.std= 3

& sigma Zicma [H#5/#5]: p.mean= 9.08444E-001, p.std=s 7

*oategories = |Feature wector standardized: NoO Out ut

1 Large-si=ze bubhles * Besults [raw data analysis] _L

2 Glass beads > Fisher coefficient, F = 40.0 M

3 Medium-size bubbles - text fIIeS’

4 Zmall-zize bubbles

5 Background noise - BMP graphs
*data

1 3.004e-1 -5.460e-2 4.466e-1 4.100e-2

1 2.936e-1 -4.150e-2 4.425e-1 7.440e-2

1 3.630e-1 -7.520e-2 4.04Z2e-1 5.020e-2

<]

=1 00 @
X .
I_I<_
rFs

E11"f49_10.txt" - raw data analyziz
Save Cloze Flip "S[1.0]Contrast 4.5" axis

0.62

Analysis,

classification

Methods
» data analysis: raw, PCA, LDA, NDA

+ classification: k-NN, neural network

5.2E-003

S[1.00ngSchdom 1.0

oE-003
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Example - PS phantom image analysis

22 images

@ class 1
class 2
@ class 3
class 4

22 (*.par) files, each contains 259 texture parameters

2 (*.sel) files, each of 10 parameters (F, POE)

Exploratory data analysis and classification
( COST B11, Brussels: © 2000 by Andrzej Materka J
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Example - PS phantom image analysis

> Exploratory data analysis and classification

bll

Raw data First 3 PCAs

1l "milan_p_sel” - raw data analysis 11 "milan_p.sel” - Principal Component Analysis

Save LCloze FElip "S[1. )5umYarnc' awiz Save [Cloze FElip "MEF 2" axis

1.47 14.47

31, DIDIFE rkrp MEF 2

1.26L-"" . 991L- .
23348 19,58 14.57 73.61
51, O)Surmifarnc i Grtdean MEF 2 MEF 1
F — 230 18I 414 F — 239 A28 A

1-NN-: 8 classification errors 1-NN: 10 classification errors
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Example - PS phantom image analysis

> Exploratory data analysis and classification

b1l
Linear Discriminant Analysis Nonlinear Discriminant Analysis
E11 "milan_p.sel” - Linear Dizcriminant Analysis E11 "milan_p.sel” - Honlinear Discniminant Analysis !EI
Save [loze FElip "MDF 2" axis Save [loze
0.97
019
MDF 3 MDA, f2
3 R 2
sl 3
o7 3 017
k%} 0.00 : 4
—_ 006 0.00 1.00
F=14.2 0.20 F=287602.6 MDA, F1
1-NN: O classification errors 0 classification errors
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Projects under way

= MaZda: ROI editor (to replace MS Paint). 0

= MaZda: new texture features (wavelets and mathematical
morphology).

= MaZda: reading header of image files, supporting new
Image file standards.

= MaZda: image brightness scaling (optionally manual/auto).
= MaZda: integration of tools (ROIEdit, BMPView).

= Convert: feature reduction and selection techniques.

= Bl1l: testing on separate data sets (PCA, LDA, ANN).

= Extensive experiments using test object and biological MRI.
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