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COST B11 Working Group 1
“Software and Statistics”

Tasks

To develop efficient techniques of image
processing and pattern recognition, adequate
for MRI quantitative texture analysis.

To develop MS® Windows® computer program
with appropriate GUI and agreed set of
functions.
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i WavEnHL_s-1
WavEnHH_s-

“iris.sel” - raw data analysis

Save Close  Elip "sepal width" axis

E.90

petal length

32451

Feature name | W psl | W ps? | L)
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graphics
toolbar

Editing ROI

grey-scale palette
sliders
tin M ax

—

ROI color selector

MaZda, ver. 3.08
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Image normalization

A

‘ROI histogram

MaZda, ver. 3.08
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ME Mafda - C:hamicostidistribution_files\MazD... M aZd a , Ve r i 3 . 08

File Edit Mew Analvsis Help

Feature extraction

I Input
Images in 12 file formats
Methods
e histogram
e gradient

e RL matrix
e CO matrix
e AR model
/2 Instytut Elektronik - e wavelets

\_» Politechnika todzka

Output
e (*.par, *.sel) text files

e (**.bmp) histograms
e (*.bmp) feature maps

Via/Zdao
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MaZda, ver. 3.08

What is hew {ﬂ‘ EM
in MaZda 3.08
Min kax

e integration of MaZda, Convert and B11 |
e wavelet-derived features

e increased number of ROIs (now 16)

e graphical tools for ROI edition

e new multi-report window + tools for
parameter selection

e windows for image viewing (with image A
enhancement sliders)

e image header window

e feature maps in separate windows _

e script-driven automated texture “BE

analysis o

e ANN classifier testing

‘ il z2m 45 c 78 9 1013 141816
| | | | | | | | | | | | | | | |

P o] (n w0 ][]
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MaZda 3.08
windows

Me MaZda - C:hamcostidistribution_files\MazD. .. Z i A
File Edit Miew &nalvsis Help
kin bk ax
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Histogram

bl amlum: 252

Histogram window
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Clear ——
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Main window
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MaZda 3.08

File Feature selection  Tools WI ndOWS
P A002-2-14 14,716,582

Image File; text0324.ima
RO File: nessdraws.roi
Image size: 266 » 256
kir ;1

b aw. lum.: 1240
Bitz/pixel 11

Mormalization = 3 zigma

Hiztogram analysiz = Mo

CO matriv analysiz =vesz, Dimenzionz =6 = 6, Distancez =1 2345
RL matrix analysiz = 'ez, Dimenzion = 6

Gradient analysiz = Yes, Max pixel value = 64

Feature name | X red i | R | W 3 | o |
& Area 1336 1343 1208 1312
W MinNom 251 3239 334 -40
W Maxomm 1264 1103 1145 223
& Area_5(1.0) 2036 2605 2344 2044
% S[1.0)ngSchom 0.0025745 002741 00012777 0.0012053
W S[1.0)Contrast 109.67 186.E6 193.78 152.88
% S[1.0]Camelat 040377 0.044443 0.041113 0.3004E
W S[1.015um0fS gz 31.972 97.671 101.05 109.27
W S[1.00nwDfram 015312 0.033241 0.057363 010185
W S[1,015umbverg B5.273 Gd4. 706 E5.113 G4.554
W S[1.0)5umame 258,21 204.02 210.4 284.21
% S[1.0)5umE ntrp 1.6922 1.7436 1.7529 1.8186

W S[1.0)Entropy 2. 7RG 29823 29813 2.0003
4

L s R s Y s s Y e Y e Y o e Y e Y e o g R |

Report window
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= B)X] MaZda 3.08
windows
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WM< mage Info

File M ame:

Image Dimensions:
bin; M ax Luminance:
Bitz Per Pizel:

o 2 W avel Size:

Shce Thickness; Gap; Position:

[mztitution:
Station;

t anufacturer;
M odel:

Image Madality:

Sequence Type:
Mucleus:
Receivin Coil:

b agretic Field:
TH:TE; TI Tirne:
Date & Time:

Patient Mame:

Fatient Sex; |D:

Fatient ‘weight, Birthday:
Study:

Sernes:

Diagnosiz:

(=3

C:hamhcostsdiztribution_flezh\MazDa_newaomml047 . ima

256 = 256
0 218
10

(.39 (.39 (.39
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F ooy
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Image header window

MaZda 3.08
windows
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Mazda - options

Features ] Maps ] W’avelet&]
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Features selected

M azk

Step

£ (* Clear
oo

MaZda 3.08

windows

QK | Cancel |
Ok | Cancel ‘
Mazda - options g| Mazda - options E|
Features Maps ]W’avelet&] Feature&] Maps W5V3|3t3]
+-_7] ALM A | ¢ Select (" Clear
-3 COM il
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Option windows
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E? MaZda on-line User's Manual

@mEE MaZda 3.08
¢ Ef windows
ey Wiatecz Druku)  Opoje

=] 1.2 Functionality

=113 Msin windiow MaZda User's Manual

El 1.4 Hiztogram sincow:

% 1.2 Report windowy

% 1.6 Image Wiew: window

3 1.7 Image infarmation wincdow
=] 1.8 B11 window

=] 1.9 Options window

=] 25 2. Getting started with MaZda

£] 2.1 Input and output data

a 2.2 Loading the image

2] 2.3 Edlting ROl

El 2.4 Image analysis

% 2.5 Parameter selection and reducti
a 26 Analysiz automation

=1 £3 3. Theoretical background

3 3.1 Tendure analysis methads
£] 3.2 Feature reduction methads

ViaZdao

= a 4. B11 program for data analysis and ¢
=] 4.1 Introduction

2] 4.2 Input and output data
El 4.3 Getting started with B11

abouk,,,  Chrl+FL

@ 5. Copyright

On-line help
£ >

> | window
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Marr

Select all
Deselect all

Select highlighted
Deselect highlighted

POE+HACT

HiEtr_":"!_llll arrart=

Fisher coefficient

POE+ACC

MaZda, ver. 3.08

Feature selection

Input
(<.par) files from MaZda

Methods

e Fisher coefficient
e POE+ACC

e manual choice

Output
(*<.sel) files

Feature name F Feature name Feature name W psl W ps2? W o
5[4 D)AngSchom 12,3768 Tetal 0.3612

512 DiAngS chdom 307.7508 Horzl RLManlri 0.3647 @ trea Lk L L 5?
S[3.0)4ng5 chom 305, 4635 S[1.0)Camrelat 0.2770 W MinMom 10 -4 -
3[2.-5)Ang5cMom 2347775 45dar_GLevMonl 0.3344 2 b axM orm 77 71 ;
5[4 -4)angS cMom 282 1180 Tetal 0.4249 -
S[1.-1}4ngs chom 277 8941 Teta? 04389 W Mean 41.344 33.973 37.B.
5(5.0)ngS cMom 271.6925 || S(0.31Camelat 0.4400 Wiaiance | 10RE9

5[3.-3ngS chom 2684229 Wertl_RLMonlni 0.4403

5[0 2)nas chom 2B, BEEZ 5[ MDifvarnc 0.4541 X, Skewness 030804 021075 0.3k
S[4.41naScham 2552278 S[0.3IDEntm 0.5000 X Eurtosis 0.43048 01714 -0.560:

W Perc.01% 19 d
Acoept Dhzcard Acoept Dhzcard r |
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MaZda, ver. 3.08

Automation

Analysis automation

if This is an example of macro file for MaZda software

Loadlmage siemZ.dcm
LoadROI testroi.roi

LoadOptions opcjel.ini
RunAnalysis

SaveReport wynikl.par

SaveMap mapa3.bmf

CloseMap

SaveMap mapaZ.bmf

CloseMap :
SaveMap mapal.bmf :?ﬁ
CloseMap 3

MaZda scripts
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Ab11 - m25.sel B 1 1

Files Options Anakysis  Classification  About  Exit  Help ———
Input (data) Qutput (report)
*labhel -~ * bll report file [raw data analysis]
AR model, phantom image analysis r * Data file name: "mZ5.sel” Exploratory
*features % Selected features [5 out of 5] -
1 cetal tetal [#1/#1]: p.mean= 1.35928E-001, p.sto data anaIyS|S,
2 tetaz teta: [H#2/#2]: p.mean=-4.31560E-002, p.stc
3 tetad tetad [#3/#3]: p.mean= Z.79588E-001, p.stc £ -
4 tetad tetad [#4/#4]: p.mean= 2Z2.06920E-002, p.sStc CIaSSIflcatlon
5 sigma zicma [#5/#5]:; p.mean= 9.03444E-001, p.stc
fogtegories 8 Feature wvector stahdardized: NoO
1 Large-size bubkles * Results [raw data analysis]
2 Glass heads > Fisher coefficient, F = 40.0 Ingut
3 Medium-size bubbles > 1-HN classification of raw data
4 Zmall-size bubbles Missclassified data wectors: 4/25 [or 16.0 (* Sel) files
5 Background noise SJample No: 4; Category: 1; ClassResult: -
*data Sample No: 57 Category: 1; ClassFesult:
11 3.004e-1 -5.460e-2 4.486e-1 4,1C Jample MNo: 10; Category: 2 ClassResulr:
2 1 =2.936e-1 -4.150e-2 4.428e-1 7.4¢ Jample No: Z0; Category: 4: ClassResult: Outl !ut
3 1 3.630e-1 -7.5Z0e-2 4.04Ze-1 5.0: -
4 1 3.140e-1 -9.010e-2 4.068e-1 8.1ty e text files
< | > < | >
Raw data analysis ® BMP gra’phs

“f48_10.sel” - raw data analysis

Save Close Elip "s(1,00Contrast” axis

Bll ana

0.e2

Methods

e PCA, LDA, NDA
5.2E-003 * k—NN, ANN

S(1.0)bngSchdom

S(1.0)Comelat

S[1.01Contrast

17352 {ae-0n3
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b11 - Options

| Feature standardization
Feature selection box

v tetal
| tetaZ
¥ tetal

Metad

W sigma

Meural network parameters

optirmzation ker, it <1..1000=

1st hidden layer <1..10= |5

2nd hidden layer <2.4= |2

backprop eta <0.01-0.99> | 15

backprop iter. lirmit <50k..1M= |z0000n

a0

Classification

Selected category |1

ok |

Bll

ANN
classifier
testing

texture data analysis

bns  Analysis EEEEEGEEGN About  Exit
1_MN

AMM: one-class (training)
AMM: n-class (training])

A classifier testing

HIDDEM LAYER

INFUT LAYER
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Example - PS phantom image analvsis

22 images

@class 1
class 2
@class 3
class 4

@@22 (*.par) files, —~300 texture parameters
F

MaZda:> 2 (*.sel) files, 10 parameters each (F, POE)

>
A— Exploratory data analysis and

bll classification
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Example - PS phantom image analvysis

> Exploratory data analysis and
bll classification

Raw data First 3 PCAsS

“milan_p.sel” - raw data analysis |Z||E|[z| “milan_p.sel” - Principal Component Analysis |Z||E|[z|

Save Close  FElip "S(1, 0ySumiarnc” axis Save Close Flip "MEF 2" axis

1.47 14.47

;1. DIDIfE rtrp MEF 3

125077 941l

e 1 1 42
23348 19,59 14.57 1 4 4 79.61
1
501, MSum arte Grkean MEF 2 FEF 1

F =230 183 g1 F=23.9 128 g
1-NN: 8 classification errors 1-NIN: 10 classification errors
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Example - PS phantom image analvysis

> Exploratory data analysis and
bll classification

Nonlinear Discriminant Analysis

“milan_p.sel” - Honlinear Discriminant Analysis E@

Linear Discriminant Analysis Save Close

"milan_p.sel” - Linear Discriminant Analysis E@ 1.00 33,
Save Close FElip "MDF 2" axis

019 MO 2

MOF 3

0.00 14 28529

D.D?\ . _ E :|:|_|391324 MDA 0.99
MDF 2 1-NN: O classification errors

1-NN: O classification errors
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7Y Instytut Elektronik
o |

plitechnika btoédzka

Summary MaZdaao

e MaZda allows computation of almost all
texture parameters known up to date.

e It is a unique tool for guantitative analysis
of image texture.

 MaZda report files can be further studied
using Matlab®, Excel®, Statistica®, etc.

e It supports 12 image file formats.

e The program is being extensively tested
worldwide (= 300 download requests).

e Shareware version will be launched soon.
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