1.1
1.2
1.3
1.4
1.4.1
1.4.2
1.4.3
1.5

2.1
22
2.3
2.4
2.4.1
2.4.2
243
2.4.4
2.4.5
2.5
2.5.1
2.5.2
2.6
26.1
2.6.2
263
2.7
271
2.7.2
2.7.3
2.8
29

3.1
32
3.3

Content

Foreword 9
What is the texture? 11
Introduction

Texture analysis
Approaches to texture description

Feature extraction tECHNIQUES ... veiimimisncesin st sss s sass st ss bt sssensssses 23
Statistical approach.......

Model-based approach

Image transform approach ... e 33
Conclusions

Modelling: from living body to MRI ...

Introduction

The steps of a MOdel AESIGNING ..cvvvurivvrririiirirri s ettt st esses 46
MRI and teXture ARALYSIS c...evurecueerririserms s ssss st ss b st 48
Modelling tissue morphology: tumour Growth ... 54
Variable anatomical scene generation w54
GIOWEH MOAEIS ..ot bbb bbb s st 56
CellULAr QUEOITIATON ..vvovecreecreriecramiecanermesssissesse s ar s bas b bbb b e bRt 0s 57

Particle system....

Validation

Modelling vascularization: hepatic Vascular tree ... 60
Vascular system MOdelling ... e 61
EXPErimental TESUILS ....nivmuiericrriemsen it sss st bbb sssi e bresns 63
Modelling pharmacokinetic processes: MR dynamic enhanced relaxometry. .66
Basic DCE-MRI and dynamic relaXOmetry ... ..o rimisisinsisssisisisssssssessessssisssesssssessens 67
Extraction of physiological parameters by modelling ... 68
Association of DCE-MRI and TA....ccumiiimiiiies s ssssssssssessecssessessssessaos

From modelling to MR image simulation
Different approaches of MR image simulation....
Overview of the simulators of MR images

Time Of COMPULATION «.....cciiiimiitiie it sab bbb bbbt s s
Virtual object defiNItioN. ... . ssses s sssssssss s s ess s sra s sane
COTCIUSIONS vivvivererinerireeeesessessesesassssasesestsbres s sae e baen s sb it s e a s bt o s s b e v b s pha b SR e s R bR e bbb nsbs b b st nen
Statistical methods 81
TNEFOAUCHION oottt ee et e s bbbt s et s s s b ssa s es e et st sevsesat s b bt snenenessnamen et sbabbbes e mesonsnabens 81
RANAOI VECLOTS vreeveiveieriieiensesinesissosessasesssessssssessssssssassssssnsassssassessssssesseecsestssssessaessasessmnsssensassinsssses 81

EStiMation Of PATarmIEterS.....c..oviiierniries sttt rs b s stas et nencnnse 85
Texture analysis and pattern reCoOgNItion ... e 87




3.5
3.6
3.7
3.8
3.9

5.1
5.2
521
5.2.2
523
5.3.
5.3.1
532
5.3.3
5.3.4
535
5.4

6.1
6.2
6.2.1
6.2.1.1
6.2.1.2
6.2.2
6.2.3
6.2.4
6.2.5
6.3
6.3.1
6.3.2
6.4
6.4.1
6.4.2
6.5

7.1
7.2
7.2.1

CLASSIIETS «.vveveveeceeevecet ettt e et etete st ebet st e et et eass s b esassasesasseseaseseseas et esbatesssbasessnsssssersessrnsesnnnass

Feature reduction and selection...
Texture analysis eXample ... s
Image SEGMENTALION ...ttt bbb
Conclusions

MaZda ....covvnvcnrinanns 107
Phantoms for texture analysis of MR images 115
Introduction - phantoms for MR IMaging ...

Phantoms for texture analysis of MR images . .
Construction of phantom fOr TA.......cci i
MR imaging protocol for phantom tests ...

Data evaluation..........c.c.......
Summary of phantom tests
Construction and evaluation of PSAG phantoms ..o 121
Texture parameters of PSAG phantoms.........c.ccvivinninienios 121
The influence of resolution on the separation of different structures......c...ccoveececrrercinnen 123

Test of the long-term stability of PSAG phantoms.......ccuieiiniisc s 123
Multicentre study..

CONCIUSIONS .veveieveeeeeeereeect et e e s eteetss e ee e s s er e er e e ssaessaseabestsssesnesasssassasas st asasesareesaesensentensansanen

Influence of resolution and signal to noise ratio on MR image texture

INETOQUCHION «.ttiervietcr it bbb bbbt ba b bbbt bbb

A short survey of measurement techniques and data collection strategies ...........ccco.eeveeene. 130
The concept of sequence parameters..
Spin Echo (SE) technique
Gradient Echo (GE) teChniqUeS......c.ccouiiiciricrcrniincs e 132
The concept of signal to noise ratio, SNR.

The effect of SNR on image teXture Parameters ...
The effect of SNR 0N VISUAL tEXTUTE ..ot renssssssssneen
The effect of SNR on quantitative texture analysis................

The effect of spatial resolution on image texture Parameters .........c..coccceericrrronnsnensonnienninns
Class-specific texture parameters as a function of voxel Size.........cccouoivviiniiniiinnininnnns
Quantification of structural anisotropy in trabecular bone using texture analysis .
CONCIUSIONS 1ovrriiiirec ittt st s b bbb bbb bbb

Clinical applications of texture analysis. 151
IEFOQUCTION oeveiei ettt bbb e sa bbbt s0n 151

Brain symmetry and structure..........cooocvnmnieininnen. .




AlZNEIMEL'S QISEASE..ee.vivertrerrerieer s e eee e srs s saas bbb er s bbb an s bbb b b s s
723 EPIEPSY weuriiriiicimicricniectism s s s s
7.2.3.1 Hippocampal sclerosis
7.2.3.2 Neocortical ePIilEPSY ...ceremriiinisiiniis s ss st st s
724  MUItiPle SCIETOSIS ..ot st s s
7.2.5 Brain tumours
7.3

7.4

7.5

7.6

7.6.1  Muscle diseases

762 MUSCLE TONE. ettt st bR bbb e

7.7

7.8

7.9

7.0 CONCIUSIONS 1ovvevcrreresieenrernieneescenecsersessessisasssssrssesssssssssssssss s essssssessssssssssansssssnes .

8. Textures in MR images of food products 193
8.1 TREFOAUCHION 1.t rertrieccrereeeresemenesretes b as R bbb e bR e R s e 193
8.2 Texture analysis of MR images of f00d Products ..., 194
8.2.1 Examples of TA appliCations ... e iessstinsssss s 195
8.2.2 Qualitative evaluation of textural characteristics of food products by MRL.......c.cccovvvcrrrrenns 199
8.2.3 Quantitative evaluation of structure and textural changes in food.......c..ccevvnecrneininninnnnnn, 200
83  Application of MR relaxometry to the study of f00d teXtUTE......everivmiecermsccirmcrcaimnirininnan. 201
9. The basics of magnetic resonance 209
9.1 TIETOAUCHION 1ot cree s esen e es st SRR eSS A b b SRSt 209
9.2 The principle 0f MRu ...t ssss s ssss st st ssssissss s ansssessssesesssssanisesssmses 209
9.3 The relaXation PrOCESSES ...ttt e bbb s 211
9.4 MR iMAge fOrMATION c.vuoverveurieresrieeemsr st eass s rsas s ssss b sss st is s b st 213
9.5 MR BAFAWATE ..t A R bbb s e st 215

Appendix A. List of abbreviations
Appendix B. Summary of MaZda parameters
Appendix C. CD-ROM with MaZda program

Annex A. Contributing authors
Annex B. COST B21 Management Committee Members




