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Functionality

MaZda WS - MRI Analysis Software  © 1998-2006 by Piotr M. Szczypinski

A MaZda:
— IS a software package for 2D and 3D image texture analysis

— computes a variety of textural features within arbitrarily shaped regions
of interest

— computes feature maps of images
— performs statistical analysis of computed feature sets
— aids in image texture classification
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The long story short

« Development started in 1996 with the Mammo program (L6dz-
Warszawa)

*  Combining procedures from NMRWin (DKFZ-Heidelberg)

* MaZda - the name derived from Macierz Zdarzen

*  1998-2002 development within COST B11, 2002-2007 COST B21 project

 aimed at analysis of magnetic resonance images texture
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Texture

—  perceived by humans as complex patterns composed of
spatially organized, repeated subpatterns, which have
characteristic somewhat uniform appearance

— carries substantial information about the structure of physical
objects — analysis is an important issue in image processing
and understanding
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Analysis pathways
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Gray-scale images formats to load: (
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Color image

NULA

Brightness Red Green Blue

‘1L

U channel V channel Hue Saturation

Disadvantage - texture analysis methods
for gray-scale image analysis only.

To extract substantial information

procedures for color to gray-scale image
conversion are implemented.
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3D image loading

MZ 3D Editor [;]@

Loading:

|Ei|e Edit  Analysis  Help
—  Window bitmaps o= ERCEL

“~ BROOOOEMP  °- BROODE.BMP " BRODLZ.BMP " BROOLZ.EBMP ™
. BROOO1.BMP . BROOO7.BMP . BROOL3.BMP . BROO19.EMP

m . BRODOZ.BMP . BRODOG.BMP  “. BRODI4.BMP . BRODZDBMP
3 D B f fo rl I I at “ BROOO3BMP  “ BRODOS.BMP . BROOIS.BMP - BRODZ1LEMP " F
“ BRODD4.BMP
* BRODOS. EMP

~ BROOI0.BMP  “. BROOLE.BMP  ° BROO2Z.EMP "
. BROO11.BMP . BROOL7.BMP  BROOZ3.BMP 2

3D Dicom d : :
ICO ata File pame:  ["BRIO0G3.BMP" "BRO000 BMP™ " BROCT.BMP Open
Files of type:  |Windows bitmap [* bp] ~| Cancel

View adjustment: ——
—  Cross-sections selection
— adjustment of angles
e S NZOD
—  gray-scale window
— gray-scale thresholds v VP
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Region of interest

* Region of interest (ROI) is a set of pixels in 2D image or voxels in 3D
Image selected for processing.

* ROIs concentrate computation effort on image fragment that is relevant
to a goal of computation and thus helps avoid processing of
unnecessary image fragments. Q
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2D ROI Editor in MaZda QY
a) window title bar, b) menu bar, c) image panel, d) load file
button, €) copy and move buttons, f) graphics toolbar for ROI
edition, g) morphological tools for ROI edition, h) drawing mode
selection buttons, i) ROI color selector, j) ROI on/off switches,
k) zoom in/out buttons, 1) sliders for adjustment of grey-scale
palette, m) image view mode selector, n) status bar

‘et

9 10/ 213 14[816

| e i e el e e
Integay(207, 126) = 198

1=

Piotr M. Szczypinski - ICCMA, £o6dz 2007 n



3D ROls
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Textural features computation

MEReport AEx
Flle Feature selection  Tools
2007912 12_45_42 | 2007918 12_45_48
Image File: BO3.bmp ~] %
RO File: nevdraw foi i
Image size: 256 » 256
Mir. lum.: 1
— Har, hm: 218
Mazda options Bits/pinel: &
Features l Maps ] \.\.l'a\.-e|et3] Geometry Mormalisation = 1 percent
Histogram analysis = Yes
C0 matis analysis = s, Dimensions = B « 6, Distances =13
] L matrix analysis = Yes, D =6
v RLM features v COM features [ Gradient features .;,EQ}Z,[LZ‘ZE‘T;;?S'S: N:S mensian -
FLH bits/pixel COM bits/pixel Digtances Gradient bits/pixel i
8 8 v 1 12 7 Fealure name [ Y| 7 2] 73] d 4] [
7 7 [ 2 11 B @ _tea 33027 9512 12953 10044
~ @ _Mintlom 1 2 3 2
o0 o0 V3 o5 @ _Mastlom 135 143 191 178
-5 -5 [ 4 " 9 v 4 of Mean 28656 107.26 77421 1054
4 4 il g [ W Variance 15239 23055 0164 23883
W Skewness 12352 0023104 040837 042005
Namalisation o Kurtosis 035023 037895 1601 DB6054
. of Perc 01% 1 2 g 2
" Default " +/- 3 sigma o 1%-99% o Perc 10% | 19 17 1
of Pere.50% 2 110 71 m
of Pere.90% 92 173 150 168
. W Perc.99% 136 194 192 180
I Histogram features [ AR model @ _trea S0.0) 55128 18734 25658 19326
S(1.0)4ngS chom 030843 0040141 0009213 00050203
W S(1.0)Cantrast 6,061 51411 2197 5.6434
W S(1.0)Carelat 099078 09892  09%85 099058
Cancel W 5(1,0)5umDISgs 327.96 237.98 MB67 2994
W S0.0InvDftom 07873 053221 067185 056383
W S(1.0)5uméverg 27.08 70813 49736 74943
W S(1,0)5umivame 1305.8 679 13925 1192
W S(1.05umEntip 1.2083 2023 1.9873 20277
W S(1.0Entropy 14711 25712 23452 2542
b) O tionS for the anal SiS W S0 ame 5.4421 32307 1.4818 3832
p y W S(1L0IDIEntp 048134 DBE744  OBMEZ  OEESEE
H @ _tea S(01) E5150 18748 25662 19840
(SE|ECtI on of feature groups to W 5(0,1)ngS chom 030834 00033362 0003407 00043516
Compute, aIgorith ms parameters, W S10.1)Contrast 33841 36191 24221 46722 =
1 ) n . . Gl i T T T
a) Input image image normalization options, etc.)

(columns of the report correspond with the
defined ROIs)
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Feature lists analysis

A Goal’ Tools:
Finding a way — Combining reports for further analysis

of texture classification — Defining class names of regions (columns)
— Selection of most discriminative features

M2 MaZda - C:\Documents 0ST_ fal nalysistelgrain... [ 0153
e alaf
4 Min Max
3
J
MZ Report < | g@
File Feature selection  Tools G,
E
2006-6-1318_10_24 A = S prs| p.-
Image File: elgrain.bmp .: > ~ ﬂ
ROl File: elarain.roi = q
Image size: 641 = 358 |
Min. lum.: 1 ) e |
Max. lum.: 255 tenshy (54, 202) = 62 >
Bits/pivel: B v ™
P P N
= e, S Y
Feature name | W  Cap... | W Cap... | W Cap.. | W Cap.. | oW Cap.. | W  Grain | W Grain | W Grain | W Grain | W Grain | W Grain | 12 | |
& _Hrea SER2 2483 2853 2535 2E5E E24E E045 5244 E173 EREE ER97 a b |
@ _MirNam 100 4 2 28 18 52 55 4E 21 50 57 a
@ _MaxMarm 222 2E7 152 142 276 282 278 283 273 21 280 a
W Mean 1616 154,46 97.508 85175 1283 167.28 16716 166.24 14732 1E61.26 169.34 a
W Variance 415,49 14246 9598.09 3E0.23 2421.7 14736 13732 1566 1760.7 13574 12819 1]
W Skewness -1.1738 043217 059604 1.3669 0.17895 0.16635 0.72544 051188 030046 -0036412 -0.79907 a
W Kurtosis 027687  -0.025056  -0.082339 1.8885 -1.2378 0.67554 0.18297 -0.5981 0.76142 -0.83923 -0.160E8 1]
W Perc.01% 107 a7 43 57 47 73 E3 BE 58 78 fal a [
< 11 >
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1.The number of features computed by MaZda may reach

several-hundred per region, which is difficult to handle.
2.The several-hundred features turns into the problem of
analysis of a several-hundred-dimensional space =>
time consuming, inefficient or even not feasible.
3.Usually only a limited number of features carry relevant
information needed for texture discrimination.

MaZda allows for selection of most effective features
and rejection of the others.

Four methods for feature selection are implemented,
which use different mathematical criteria:

1.Fisher coefficient

2.classification error combined with correlation coefficient
3.mutual information

4.optimal subsets with minimal 1-NN classification error

Feature selection

rlull Report E]@ﬁ

File = Feature selection  Tools

2000 Select al

-] Deselectal
Imac )
[=14]] Invvert selection

Min|  Felect highlighted

Fisher
POE+ACC
cod Mutualinformation

anz FE » B, Distances =13
Dptimal subsets [ &

MI+PA+F (30)

v 1] 2] W |A

Feature name

@ _fiea 33027 9512 129
@ _MinMom 1 2

@ _MaMam 135 193 1¢
o Mean 28.66E 107.26 774
W Wariance 1523.9 22085 306
W Skewness 1.2352 0023104 0,406 4
£ >
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Feature space visualization

|. b11 - texture data analysis [Z]@ B raw data analysh E]@

Files ©Options Analysis  Classification  Clustering  Segmentation  About  Exit

Input {data) Output (report) Save Close Flip "S(1, 1)SumMarnc” axis
i * hll report file [raw data analysis] <200
BO7-9-18 14:07.59 * Data file names: 7"
features * Selected features [5 out of 5]

45dgr_ShrtREmp selected 45dgr ShrtREmp [#1/#1]; p.mean= 9.867179E-

31, 1) SunVarnc Sil,1) 3umarnc [#2/#2]; p.mean= S.40848E+(

(0, 1) SumEntrp feature S(0,1) SuvEntrp [#3/#3]1; p.mean= 1.94153E+0 1.9

2(1,0)3umEntep hames S{1,0) 3umEntrp [#4/#4]; p.mean= 1.94258E+(

Kurtosis [#5/#5]:; p.mean=-1.54470E-001, p.

Feature wvector standardized: NO

ClassB names of _ 3(0,115umErt
Classh Classes * Results [raw-data analysis]
> Fisher cosfficient, F = 564.2

11 0.98337533 497.665867 1.945939 > 1-NN classification of raw dats

2 1 0.98z200083 E09.56674 1.9619153 Mizsclassified data wectors: 0732 [or 0.0C

3 1 0.958307459 495.79502 1.9613115 1.92

4 1 0.98206163 455.32143 1.956452 4 8E +002 0195

51 0.98162974 510.64234 1.9519921 ’

6 1 0.98163336 501.75494 1.95538564

7 1 0.98368204 4B82.25392 1.9597626 [ 501.7)5umivamc 45dgr_ShitRE mp
<) =< 2] 1364003 g

Raw data analysis

List of selected features loaded into
B11 module. The features are
computed for textures of two different
classes.

Visualization of feature space in B11
module.
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