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Chemnitz MTEX Workshop 2015
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applications
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Invited Speakers: D. Mainprice, K. Kunze, G. Nolze

Date: 9th to 13th of February 2015

Location: Chemnitz University of Technology, Germany

Organizer: R. Hielscher



What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

R. Hielscher, F. Bachmann (Germany) MTEX - a texture analysis toolbox ICOTOM, Dresden 2014 3 / 8



What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

why scripts?

reproducible results
templates for common tasks
extensively customizable
batch processing of many data sets
repeated calculations with different parameters
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ ) % l o a d data

g r a i n s = ca lcGra ins ( ebsd ) % r e c o n s t r u c t g r a i n s

[m, i n d e x ] = max( g r a i n s . area ) % f i n d l a r g e s t g r a i n

p lot ( g r a i n s ( i n d e x ) . boundary ) % p l o t l a r g e s t g r a i n
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ )

ebsd = EBSD (show methods , plot)

Properties: x, y

Phase Orientations Mineral Symmetry Crystal reference frame

1 3444 Andesina -1 X||a*, Z||c

2 3893 Quartz -3m X||a*, Y||b, Z||c*

3 368 Biotite 2/m X||a*, Y||b*, Z||c

4 4781 Orthoclase 2/m X||a*, Y||b*, Z||c
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ )

g r a i n s = ca lcGra ins ( ebsd )

grains = grain2d (show methods , plot)

Phase Grains Mineral Symmetry Cryst. reference frame

1 1951 Andesina -1 X||a*, Z||c

2 776 Quartz -3m X||a*, Y||b, Z||c*

3 305 Biotite 2/m X||a*, Y||b*, Z||c

4 1641 Orthoclase 2/m X||a*, Y||b*, Z||c
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ )

g r a i n s = ca lcGra ins ( ebsd )

[m, i n d e x ] = max( g r a i n s . area )

m =

1.4985e+06

index =

1795
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

Max:
880

{022̄1}

Min:
0

Max:
7.89

{022̄1}

Min:
0.01

{022̄1}
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

7 years of development
1000 functions
40 000 lines of code, 33 percent comment lines
14 reference paper, about 200 references
1500 downloads per version
1000 help pages
compatible toolboxes: MSAT, PolyLx
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What is MTEX?

1 a MATLAB toolbox for quantitative texture analysis

2 a scripting language

3 a tool for generating publication ready plots

4 large, well documented and exhaustively tested

5 free to use, to extend, to modify

Project Home Downloads Wiki Issues Source

My favorites ▼ | Sign in

mtex
Quantitative Texture Analysis Software   Search projects

Summary   People

Project Information

+5   Recommend this on Google

Project feeds

Code license
GNU GPL v2

Labels
texture, MATLAB,
polefigure, odf, diffraction,
ebsd, software, orientation,
crystal

 Members
ralf.hie...@gmail.com
2 committers
1 contributor

Featured

 Downloads
CrystalGeometry3.4.0.pdf
DXC10handout.pdf
mtex3.4.1.zip
mtex3.4.2.zip
Show all »

 Wiki pages
ChangeLog
ContactAuthors
FeatureList
InstallationGuide
MTEXInterfaces
ReferencePaper
Show all »

Links
External links
R. Hielscher, TU Chemnitz

Groups
MTEX Forum

A MATLAB Toolbox for Quantitative Texture
Analysis
HOT: MTEX 3.4.2 released Announcement Download ChangeLog

Features

Crystallographic geometry: all kind of symmetries, different Euler angle conventions,
import from crystallographic information files (CIF)
ODF modelling: any composition of uniform, unimodal, fibre and Bingham ODFs,
pole figure simulation, EBSD simulation
ODF analysis: modal orientations, difference ODFs, volume portions, entropy, texture
index, Fourier coefficients
Pole figure analysis: 28 data formats, data correction
Pole figure to ODF inversion: works for all symmetries, all measurement grids,
incomplete and not normalized pole figures, automatic ghost correction, zero range
method
EBSD data analysis: 8 data formats, data correction
Grain detection: grain boundary analysis, missorientation analysis
ODF estimation from EBSD data: automatic kernel width selection, arbitrarily many
individual orientations
3D EBSD Data Analysis: volume visualization, 3d grain reconstruction, topology of 3d
grains, i.e. boundaries, neighboring grains, etc.
Material tensors: average tensors from EBSD data and ODFs
Elasticity tensors: elastic stiffness tensor, elastic compliance tensor, Young's
modulus, shear modulus, Poisson's ratio, linear compressibility, compressional and
shear elastic wave velocities, wavefront velocities
High quality plots: pole figures, inverse pole figures, ODF sections, orientation maps
Batch processing of many data sets: allows scripting to handle multiple data sets
automatically
Extensive doumentation: 800 pages inline documentation, examples, tutorials,
created with dochelp
Platforms: Windows, Mac OSX, Linux, each 32 and 64 bit, simple installation
Requirements: MATLAB 7.1 or higher, no toolboxes
License: open source

Have a look at the FeatureList for more information!

Troubleshooting, Questions, Bugs, Contact and Mailing List
If you expire any problems with MTEX, if you have questions, suggestions, or bug reports
please use the links below and we will be happy to help you. You do not need a google
account. Your ordinary email and an arbitrary password are sufficient to login.

for questions: post a question in this forum
for reporting a bug: open a bug report issue
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

o r i 1 = or i en ta t i on ( ’ E u l e r ’ ,10∗ degree , 2 0∗ degree , 0 , . . .
loadCIF ( ’ q u a r t z ’ ) )

ori1 = orientation (show methods , plot)

size: 1 x 1

crystal symmetry: Quartz (P 32 2 1, X||a*, Y||b, Z||c*)

sample symmetry : triclinic

Bunge Euler angles in degree

phi1 Phi phi2

10 20 0
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

o r i 1 = or i en ta t i on ( ’ E u l e r ’ ,10∗ degree , 2 0∗ degree , 0 , . . .
loadCIF ( ’ q u a r t z ’ ) )

r = o r i 1 ∗ Mi l l e r (1 ,1 , −2 ,0 , symmetry ( ’ q u a r t z ’ ) )

r = vector3d (show methods , plot)

size: 1 x 1

x y z

0.305126 0.176165 0.203417
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

o r i 2 = or i en ta t i on ( ’ E u l e r ’ ,50∗ degree , 0 , 2 0∗ degree , . . .
loadCIF ( ’ o l i v i n ’ ) )

mor i = inv ( o r i 1 ) ∗ o r i 2

mori = misorientation (show methods , plot)

size: 1 x 1

crystal symmetry: IRON TETRATHIOSILICATE (P n m a)

crystal symmetry: Quartz (P 32 2 1, X||a*, Y||b, Z||c*)

Bunge Euler angles in degree

phi1 Phi phi2

60 90 40
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

od f = 0 . 8 ∗ unimodalODF ( o r i 1 ) + . . .
0 . 2 ∗ uniformODF ( symmetry ( ’ q u a r t z ’ ) )

odf = ODF (show methods , plot)

crystal symmetry: Quartz (P 32 2 1, X||a*, Y||b, Z||c*)

sample symmetry : triclinic

Radially symmetric portion:

kernel: de la Vallee Poussin , hw = 10

center: (30 ,90 ,0 )

weight: 0.8

Uniform portion:

weight: 0.2
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

p f = loadPoleFigure ( ’ Q u e e n s a l u . p l f ’ )

pf = PoleFigure (show methods , plot)

file name: Queens_alu.plf

crystal symmetry : cubic (m-3m)

specimen symmetry: orthorhombic

h = {111}, r = 90x17 points

h = {200}, r = 90x17 points

h = {220}, r = 90x17 points

h = {311}, r = 90x17 points
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

p f = loadPoleFigure ( ’ Q u e e n s a l u . p l f ’ )

p lot ( p f )

(111)

 

 
(200)

 

 
(220)

 

 
(311)

 

 

1 2 3 4 1 2 3 1 2 3 4 0.5 1 1.5 2
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

od f = calcODF ( p f )

odf = ODF (show methods , plot)

file name: Queens_alu.plf

crystal symmetry: cubic

sample symmetry : orthorhombic

Uniform portion:

weight: 0.14633

Radially symmetric portion:

kernel: de la Vallee Poussin , hw = 4

center: 2444 orientations , resolution: 3.9

weight: 0.85367
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

od f = calcODF ( p f )

plotPDF ( odf , p f . h )

(111)

 

 
(200)

 

 
(220)

 

 
(311)

 

 

1 2 3 4 5 1 2 3 1 2 3 4 0.5 1 1.5 2
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ )

ebsd = EBSD (show methods , plot)

file name: mylonite.txt

Properties: x, y

Phase Orientations Mineral Symmetry Crystal reference frame

1 3444 Andesina -1 X||a*, Z||c

2 3893 Quartz -3m X||a*, Y||b, Z||c*

3 368 Biotite 2/m X||a*, Y||b*, Z||c

4 4781 Orthoclase 2/m X||a*, Y||b*, Z||c
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

ebsd = loadEBSD ( ’ m y l o n i t e . t x t ’ )

p lot ( ebsd )
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

g r a i n s = ca lcGra ins ( ebsd )

grains = grain2d (show methods , plot)

Phase Grains Mineral Symmetry Cryst. reference frame

1 1951 Andesina -1 X||a*, Z||c

2 776 Quartz -3m X||a*, Y||b, Z||c*

3 305 Biotite 2/m X||a*, Y||b*, Z||c

4 1641 Orthoclase 2/m X||a*, Y||b*, Z||c
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

g r a i n s = ca lcGra ins ( ebsd )

p lot ( g r a i n s )
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

c s = symmetry ( ’ O l i v i n ’ ) ;
C = loadTensor ( ’ O l i v ine1997PC . GPa ’ , cs , . . .

’ p ropertyname ’ , ’ e l a s t i c s t i f f n e s s ’ , ’ u n i t ’ , ’ Pa ’ )

C = elastic stiffness tensor

unit : Pa

mineral : Olivin (mmm)

320.5 68.2 71.6 0 0 0

68.2 196.5 76.8 0 0 0

71.6 76.8 233.5 0 0 0

0 0 0 64 0 0

0 0 0 0 77 0

0 0 0 0 0 78.7
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Feature Overview

crystal geometry

odf modeling

pole figure measurements

individual orientation measurements

elastic and plastic deformations

p lot (C , ’ P lotType ’ , ’ v e l o c i t y ’ , ’ vp ’ , ’ d e n s i t y ’ )
p lot (C , ’ P lotType ’ , ’ v e l o c i t y ’ , ’ pp ’ , ’ d e n s i t y ’ )

min:
14

max:
18

min:
0.02

max:
1.6

Max:

12

north

Min:

1
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine

d e n s i t y = ca lcAng leDis t r ibut ion ( ebsd )
d e n s i t y = ca lcAng leDis t r ibut ion ( g r a i n s )
d e n s i t y = ca lcAng leDis t r ibut ion ( sym )
d e n s i t y = ca lcAng leDis t r ibut ion ( mdf )
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine

f u n c t i o n nu = PoissonRatio (C , x , y )
% compute P o i s s o n r a t i o n t r a n s v e r s e x and a x i a l y

S = inv (C ) ; % compute t he c o m p l i e n c e

% compute l a t e r a l and l o n g i t u d i n a l s t r a i n
a = EinsteinSum ( S ,[ −1 −2 −3 −4] , x ,−1 , x ,−2 , y ,−3 , y ,−4)
b = EinsteinSum ( S ,[ −1 −2 −3 −4] , x ,−1 , x ,−2 , x ,−3 , x ,−4)

% n e g a t i v e q u o t i e n t
nu = −double ( a ) . / double ( b ) ;
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine

f u n c t i o n nu = PoissonRatio (C , x , y )
% compute P o i s s o n r a t i o n t r a n s v e r s e x and a x i a l y

S = inv (C ) ; % compute t he c o m p l i e n c e

% compute l a t e r a l and l o n g i t u d i n a l s t r a i n
a = EinsteinSum ( S ,[ −1 −2 −3 −4] , x ,−1 , x ,−2 , y ,−3 , y ,−4)
b = EinsteinSum ( S ,[ −1 −2 −3 −4] , x ,−1 , x ,−2 , x ,−3 , x ,−4)

% n e g a t i v e q u o t i e n t
nu = −double ( a ) . / double ( b ) ;
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Benefits / Challenges of Big Projects

everything (needs to) works with everything

less code duplication - bugs have greater impact

additional features are simple / difficult to include

you can (must) plot everything with the same engine

p lot ( p f )
plotpdf ( odf , Mi l l e r (0 ,2 , −2 ,1))
plotpdf ( ebsd , Mi l l e r (0 ,2 , −2 ,1))

Max:
880

{022̄1}

Min:
0

Max:
7.89

{022̄1}

Min:
0.01

{022̄1}
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Design Principle - Everything is a Vector

[ g r a i n s , ebsd ] = ca lcGra ins ( ebsd )

grains = grain2d (show methods , plot)

Phase Grains Mineral Symmetry Crystal reference frame

1 1951 Andesina -1 X||a*, Z||c

2 776 Quartz -3m X||a*, Y||b, Z||c*

3 305 Biotite 2/m X||a*, Y||b*, Z||c

4 1641 Orthoclase 2/m X||a*, Y||b*, Z||c
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Design Principle - Everything is a Vector

[ g r a i n s , ebsd ] = ca lcGra ins ( ebsd )

g r a i n s (1795)

ans = grain2d (show methods , plot)

Phase Grains Mineral Symmetry Crystal reference frame

2 1 Quartz -3m X||a*, Y||b, Z||c*
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Design Principle - Everything is a Vector

[ g r a i n s , ebsd ] = ca lcGra ins ( ebsd )

g r a i n s (1795)

f o r i = 1 : length ( g r a i n s )
mor i = ebsd ( g r a i n s ( i ) ) . mis2mean ;
o r i S p r e a d ( i ) = sqr t (mean( mor i . angle . ˆ 2 ) ) ;

end
p lot ( g r a i n s , o r i S p r e a d . / degree )
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Design Principle - Everything is a Vector

[ g r a i n s , ebsd ] = ca lcGra ins ( ebsd )

g r a i n s (1795)

f o r i = 1 : length ( g r a i n s )
mor i = ebsd ( g r a i n s ( i ) ) . mis2mean ;
o r i S p r e a d ( i ) = sqr t (mean( mor i . angle . ˆ 2 ) ) ;

end
p lot ( g r a i n s , o r i S p r e a d . / degree )

g r a i n s ( o r i S p r e a d >5∗degree )

ans = grain2d (show methods , plot)

Phase Grains Mineral Symmetry Crystal reference frame

1 14 Andesina -1 X||a*, Z||c

2 17 Quartz -3m X||a*, Y||b, Z||c*

3 1 Biotite 2/m X||a*, Y||b*, Z||c

4 12 Orthoclase 2/m X||a*, Y||b*, Z||c
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Design Principle - Everything is a Vector II

s igma = tensor ( [ [ 0 0 0 ] ; [ 0 0 0 ] ; [ 0 0 1 ] ] , ’ s t r e s s ’ )

sigma = stress tensor (show methods , plot)

rank: 2 (3 x 3)

0 0 0

0 0 0

0 0 1
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Design Principle - Everything is a Vector II

s igma = tensor ( [ [ 0 0 0 ] ; [ 0 0 0 ] ; [ 0 0 1 ] ] , ’ s t r e s s ’ )

o r i = g r a i n s ( ’ Quartz ’ ) . m e a n O r i e n t a t i o n ;

ori = orientation (show methods , plot)

size: 776 x 1

crystal symmetry: Quartz (-3m, X||a*, Y||b, Z||c*)

sample symmetry : triclinic
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Design Principle - Everything is a Vector II

s igma = tensor ( [ [ 0 0 0 ] ; [ 0 0 0 ] ; [ 0 0 1 ] ] , ’ s t r e s s ’ )

o r i = g r a i n s ( ’ Quartz ’ ) . m e a n O r i e n t a t i o n ;

sigmaCS = rotate ( sigma , inv ( o r i ) )

sigmaCS = stress tensor (show methods , plot)

size : 776 x 1

rank : 2 (3 x 3)

mineral: Quartz (-3m, X||a*, Y||b, Z||c*)
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Design Principle - Everything is a Vector II

s igma = tensor ( [ [ 0 0 0 ] ; [ 0 0 0 ] ; [ 0 0 1 ] ] , ’ s t r e s s ’ )

o r i = g r a i n s ( ’ Quartz ’ ) . m e a n O r i e n t a t i o n ;

sigmaCS = rotate ( sigma , inv ( o r i ) )

m = Mi l l e r ( 0 , 0 , 0 , 1 , loadCIF ( ’ q u a r t z ’ ) )
n = Mi l l e r (1 ,1 , −2 ,0 , loadCIF ( ’ q u a r t z ’ ) )
tauMax = ca lcShearStress ( sigmaCS ,m, n , ’ s y m m e t r i s e ’ )
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Design Principle - Everything is a Vector II

s igma = tensor ( [ [ 0 0 0 ] ; [ 0 0 0 ] ; [ 0 0 1 ] ] , ’ s t r e s s ’ )

o r i = g r a i n s ( ’ Quartz ’ ) . m e a n O r i e n t a t i o n ;

sigmaCS = rotate ( sigma , inv ( o r i ) )

m = Mi l l e r ( 0 , 0 , 0 , 1 , loadCIF ( ’ q u a r t z ’ ) )
n = Mi l l e r (1 ,1 , −2 ,0 , loadCIF ( ’ q u a r t z ’ ) )
tauMax = ca lcShearStress ( sigmaCS ,m, n , ’ s y m m e t r i s e ’ )

p lot ( g r a i n s ( ’ q u a r t z ’ ) , tauMax )
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Geometry data types

CS

CS

SS

CS

quaternion

a,b,c,d

vector3d

x,y,z
theta,rho

tensor

M

rotation

phi1,Phi,phi2,i

symmetry

id

Miller

h,k,l
u,v,w

orientation

specimenSymmetry

crystalSymmetry

axes
mineral
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