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A Tour of the OOF2 GUI via
A Simple Example Problem
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A Simple Example

oofdemo.png

Start OOF2 by typing in a terminal window:

7% 0of2 --image oofdemo.png menu bar

006
File Settings Windows

task page chooser

Task: Introduction

/r
| #]

o

Welcome to OOF2!
Version (unreleased)

QOF2 performs physical computations on microstructures, starting from a micrograph or
other image of the microstructure, The "Task" menu abowve brings up pages that lead yo
through the required steps.

task page

Here is an extremely simplified description of the process, just to get you started. For
more details and examples, see the Tutorials in the Help menu and the manual, which may
be found on-line at http:/fwww.ctcms.nist.gov/~langer/oof2Zman.

First, create a Microstructure, which is DOF2's basic data type. A Microstructure is a map
which assigns Materials to pixels. A Microstructure can contain Images. You can select
NL‘ pixels in an Image and assign Materials to those pixels in the Microstructure, j

ES;;‘;T; Welcome Credits Copyright Disclaimer |




The Message Window

60060 % OOFZ Messages 1
File Windows
E]ane ........ ¥ Error ¥ Query ¥ Report ¥ Warning ¥ Log

Welcome to 00FZ2 wversion (unreleased)!|
O0F .Microstructure.Create_From_ImageFile(filename="ootdemo.png’,
microstructure_name="oofdemo.png', height=automatic, width=automatic)

All consequential OOF2 commands have a text form
that appears in the message window, can be saved in a
file, edited, and reloaded. The file is a python script.
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Open a Graphics Window

806 X OOE2

File Seftings do Help
OOF2 Introduction hd ‘ O ‘
Console

ap Mew Ctri+G .|

Layer Editor
Activity Viewer |
Messages y fed)

OOF2 performs| [1850 Data NS on microstructures, starting from a micrograph or

other image of { Tutorial The "Task" menu above brings up pages that lead you  —

through the required steps.

Here is an extremely simplified description of the process, just to get you started. For
more details and examples, see the Tutorials in the Help menu and the manual, which may
be found on-line at hitp://www.ctcms.nist.gov/~langer/oof2Zman.

First, create a Microstructure, which is OOF2's basic data type. A Microstructure is a map
which assigns Materials to pixels. A Microstructure can contain Images. You can select
pixels in an Image and assign Materials to those pixels in the Microstructure, j

‘ Welcome Credits Copyright Disclaimer |
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toolbox chooser

| he

OF2 Graphics Window

contour

®06 x| OOF2 Graphics 1 info
File Layer Setlinds Windows
Toolbox: Viewer *‘ = Max
-Position Information
Pixel: CanvaS
FPhysical:
L O0m )
&, In ‘ElDut ‘@,Fill ‘
Zoom Factor: |1.5
Shift+Click: SGgom in
crf COQID O] min
s Canvas Info 4 b Clear Mark

Layers
Show ‘Map ‘What

How

0 Image(oofdemo.png)
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BitrapDisplayMethod

layer list




Switch to the Microstructure Page

object chooser

indows

1l

X OOF2

Help

Sk ;

A ‘ Microstructure

............

p—

] New...

Mlicro

cture= oofdemo.png *

j Mew from Image ‘ L3

S

1 New from Image File

E Rename...

-Microstructure Info
Fixel size: 85x81

Physical size: 85x81
Images:

cofdemo.png

@ Copy... ‘ ﬁ' Delete ‘ ﬂ Save...
Pixel Groups
Mew..,
Rename
il Mo pivel arouns defined!
S pixel group

info area

N
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The Image Page image

object choosers O arayymodification
| mip [tools
‘ ‘ Fade
w
d Dim
Microstructure= oofdemo.png 7‘1mage= oofdemo.py EIUr
Load... ‘ @ Copy... ‘ 3 Rename_,‘ g Delete ) Sav =l
‘Image Information: ‘Image M Degpeckle
Pixel-size-: 85x81 Method: | Ed¥e
Physical size: 85x81 { e
radius = = ANCE
sigma = Equalize
MedianFilter
Negate
InfO area &a pre| Mormalize
ReduceNoise
Sharpen

Eeilluminate
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A Slightly Sharper Image

% O0F2 Graphics 1

4 1

el




pixel Select Pixels in the Image
’E SeleCt|On % O0F2 Graphics 1

FiltOOls cettings Windows

Toolbox Viewer

Fixel Info
Method: Y
a| Pixel Selection
Skeleton Info
range = Skeleton Selection

Move Modes
Fin Nodes
‘:-1! und Mesh Info

Mesh Cross Section

-History—
down|-- -

up (15.8804 28.35

Layers
Show ‘Map ‘What How




Create a new Pixel Group and add the

selected pixels to

8eo0e \ OOF2
File Seftings Windows

It.

Help

Task: w.'i‘ Microstructure v

Kl

Microstructure= ocofdemo.png | ™

3_

D Mew... 3 Mew from Image ‘ E Mew from Image File
E Henarﬂe...‘ L_C Copy... ‘ ‘Ei‘ Delete ‘ Eﬂ Save..,
Microstructure Infor PixglGroups
hﬁxel. si;e.: ESxAE_lu
& 7 0 [x] Create n®

name = [ ‘Iettersl

<& oK

.....................................

T T L L LT T T

A
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Eemove

Clear

Info
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The Pixel Selection task page contains
mouseless pixel selection tools

Invert
SO6 X OO0F2
. . . Select Group
File Settings Windows
Add Group
Task: <@ ‘ Pixel Selection v | ‘ Unselect Group [

Intersect Group

Microstructure= oofdemo.png

Despeckle
Fixel Selection Status Pixel Selection Modif
. — s e e e e e Elkcepsead
4079 of GEE5 pixels selected Method: iInvert "
R mmemessssssssmssmnssssnannnu Expand
Shrink

Color Range

Copy
Select Element Pixels

Select Segment Pixels

National Institute of Standards and Technology
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All pixels have

been grouped.

(Pixel groups are useful, but not required.)

8enoe

x| OOF2

File Settings Windows

Task:

41 ‘ Micrastructure

| #]

Microstructure= ocofdemo.png "‘

DNEW...

‘ D Mew from Image

‘ D Mew from I

3 Rename...‘ Copy...

ﬁ Delete ‘

FMicrostructure Infor

Pixel Groups
Pixel size: 85x&81 New. ..
Physical size: 85x81
Images: Rename...
oofdemo.png
Copy...
Delete
[ Meshable

N
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OOF2 Materials

< A Material is a named collection of

(named) Properties.

> Example Properties:
<> Elastic Modulus

<> Thermal Expansion Modulus

< Color
<> Orientation
<> Properties are hierarchical: Mechanical
/, Stressfree
ElaStiCity Strain
4 N\

Isotropic

NIST
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Anisotropic
20, "
Hexagonal‘Tetraq

Cubic
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Create Materials

806 X/ OOF2
File Settings Windows Help

1 "*‘

D Mew.. ‘ 2‘] Fename... ‘ @ Copy... ‘ Ei Delete Save...‘

Color — | letter_material bl ‘

O )
b Mechar PI‘OpeI‘t)’ Materl‘ circle_material

Task: Qi‘ Materis

> 13 e Hierarchyf"ifﬂ H -

letter _material

O
| ‘Cg OK & Cancel ‘ Remove Property from Material

q 2 [+] Assign Material to Pixels...

uuuuu Remove Materials from Pixels...

NIST
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Create Properties, Assign to Materials

@ 7 7 x| Copy property Mechanical:Ela:

........ X OOFZ
fask: ¢ ‘”‘“”Materials "" 'i;‘ ‘
Fl Seas e, Material
Bz Copy... (@ netrize.., ﬁ Delete D New...‘ E Rename... ‘ @ Copy... ‘ ﬁ Delete Save...‘
olor 3 = | letter_material hd ‘
= Mechanical

=~ Elasticity

& 7 7 x| Parametrize Mechanical:Elasticity:lsotrog

~ lsotropic

stiff ] Gii
I+ Anisotropic 1 H
I StressFreeStrain 1 ‘ED.D Lame
E and nu
| 2
cijkl = 2 Bulk and Shear
£
2
5]
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Assign Materials to Pixels in the
Microstructure

006 X OOF2
File Settings Windows Help
Task: <& ‘ Materials v ‘ O ‘
-Froperty Material
@ Cnpy...‘ E Parametrize... e E’] New...‘ E Rename... ‘ @ Copy... ‘ @ Delete | Save...‘
: 3 1 -y

b Electric letter _material ‘

Orientation Mechanical: Elasticity: Isotropic: stiff
+ Couplings 1| Color:dark

= ThermalExpansion |

& 7 7 x| Assign material letter_rr
Remove Property from Material

b microstructure = | cofdemo.png ¥

O pixels = ileﬁerﬁ < selection 2 Assign Material to Pixels... 1
< all> Remove Materials from Pixels,

letters [

circle
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Display the Assigned Materials

aftings Windows

% 00F2 Graphics 1

Show Ctri+5
Hide Contour Map

Show Contour Map

"“3) Raise

Invert ‘

E Clear
Lower
"H|St|:|| Rearder All B ﬂ G
downf===="""" o Settings  Windows

N DOF2 Graphics Layer

1

Editor

up [67.2413 Displayed Object

Display Methods

Microstructure

‘1"3 Prev ‘

category =

Selection size: ID_

object = | ocofdemo.png

Layers
Show ‘Map ‘What

 — | il . (-
T —

National Institute of Stand
Technology Administration, U.S

D Mew Layer

R New‘ E E::Iit...‘ B Cnpy‘ i Delete

.................................

Destination= Graphics_1 ‘F‘ Send & ‘




The Layer Editor

= Waws v O0F2 Graphics Layer Editor

I-Select category

Display Methods

3. Select Display
Method

i ﬁ ‘..r——._ ‘.;".. ‘ﬁ. lew Displa ol fo "-.---.--_.I

category = N Nothing

Image

Microstructure .,

Material L3

Skeleton

Mesh Pixel Info
Active Area A New 2| A . '
i ﬁ no_material = Gray 0
Pixel Selection 2
D New Layer| Top Bitmap Des ion
il ) = RGBColor
Red 0
no_col\ = (Creen___| 0
Elue 1|1

NIST
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Material Color displayed in the Graphics Window

806
File Layer 5Seftings Windows

% 0O0F2 Graphics 1

Toolbox: Pixel Selection bl ‘ —
Method: Point ‘F‘
“ Undo ‘ § Red ‘ Y Cleal Invert ‘

History
down|-- --

up |67.2413 53.0022

& Prev @) Repeat Mext B ‘
Selection size: |D « (] Cle
Layers
Show ‘Map ‘What ‘Hnw
[«] £ Pivel Selartinni < ton micrrnstroctiure =% BitmanDiveaerlavDisnlavMeathnd
National Institute of Standards and Technology 19
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The Material Map
Cubic Elasticity, 45°, blue

Isotropic Elasticity (soft), light gray

v

,Jlsotroplc Elasticity (hard), thermal expansion, dark gray

Insti fS ndc
h I d n, U.S.



806

The Pixel Info Toolbox

File Layer Settings Windows

% OO0F2 Graphics 1

Toolbox: Pixel Info = ‘ ma3
x= |51
y= (20
%%ﬁ Update % Clear ‘
image= |oofdemo.png:oofdemo.png
(o RGE (" HSV
red= |0.92475776302738999
green= |(0.25926604104576892
blue= [0.060120545272983903
microstructure= |oofdemo.png
circle
pixel groups=
mir
material= |circle_material Clear |
Layers
Show ‘Map ‘What How

’ O

 Imagef{oofdemo.png)

BitmapDisplayMethod



Create a Skeleton

8006 x| OOF2

File Settings Windows Help

Task: 'iﬁ ‘ Skeleton "‘ E} ‘

1 Microstructure= oofdemo.png T‘Sheletun= skeleton T‘

simple.., ‘ EEename...‘ @Cnpy... ‘ g Delete ‘ HS&VE... ‘

~Skeleton Modification

rSkeleton
Mo, of Nodesy 121
Mo, of Elemepts: 100
Mo. of trianglgs: O
Mo. of quadsy 100

800 % New skeleton

criterior

name = [ |.:1|_|t-:-rri.:1ti-:

¥_elements = |10

degree

yv_elements = (10

Quadskeleton 2

skeleton_geometry =

]

Technology xamlnls’rrahon, Ug Bepar’rmen’r o! Eommerce

alphé




Adapt the Skeleton to the Microstructure

> Element material is
determined by dominant pixel
material.

> Skeleton needs to be adjusted
in order to be a good
representation of the
Microstructure.

material

> Refine (subdivide) elements. .= l.
<> Move nodes. L

H BN
<> Remove bad elements. EEEN

element material

NIST
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Snapping Nodes

OF2
Help
| ]
¥ [Skeleton= skeleton "‘
Q Copy... ‘ ﬁ Delete ‘ E Save.., ‘
— r=keleton Modification
method: Snap Nodes hd ‘
targets =  All Nodes d
Average Energy =
criterion =
alpha = | |0.80952
& Prev & ok ‘ Next & ‘
& 5-':-:I-:-‘

Moves nodes
to boundaries
between pixels
of different
types, if doing
so will reduce
the “effective
energy’.

24



Effective Energy E of a Skeleton Element

> Good elements have small E.
{> Many operations try to reduce E.

< E depends on element homogeneity & shape.

£ = OCEhomog. I (1 DN (X)Eshape

Ehomog. =0 Ehomog. — I

NIST
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Eshape =0

|

e — N8

Eshape — 1
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Refining Elements

JF2

Help
"| %]
¥ |Skeleton= skeleton ‘
t Copy... ‘ ﬁ' Delete ‘ E Save.., ‘
skeleton Modification
nethod: Refine "‘
Heterogeneous Elements s ‘
targets =
threshold = NEE
criterion = | Unconditional v
Bisection b
degree =
rule_set = liberal b
alpha = | |0.80952
@ Prev &P ok ‘ Next ‘
“ Undo & E-':-:I-:-‘

Subdivide
elements
according to
various criteria:
high E,
heterogeneous,
selected,
hetero. edges,
etc.

26



Skeleton Selection Page

Select skeleton components and group them.
806 X| OOF2
File Seftings Windows Help

Task: < ‘ Skeleton Selection - ‘ o ‘

Skeleton= skeleton "‘

Microstructure= ocofdemo.png | ¥

Selection Mode: (' Elements ® Nodes (' Segments

-MNode Selection Status -MNode Selection Operations
203 Nodes selected. Action: Select Internal Boundaries hd
-Mode group operations

New... ﬁ

Nc
Tec

27



Annealing Selected Nodes

Move nodes
at random
to reduce E.

28



Final Skeleton

(After using a few additional tools...)

NIST s this good enough!?

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce
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When to Stop!

<> Micrograph is an approximation of reality.

<> Material Map is an approximation of
Micrograph.

<> Skeleton is an approximation of Material
Map.

<> Finite Element solution is an approximate
solution on the Skeleton.

<> There’s no point in resolving nonphysical
pixel level detail!

NIST
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Material Map

NIST
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Coarse Skeleton

Over-refined
Skeleton
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The FE Mesh Page

800 % Create a new mesh ;
name = [ ‘.u_-. matic
mapping order 1 vi
nterpolation order: 13 [%] 9,

ElEFﬂEﬂt_‘tlyrpES — TR - I

J-sided element; T3 6 ¥

4-sided element: Q4_8 *

006
File Settings Windows

~d ‘ FE Mesh

1 rostructurg= oofdemo.png "‘SIieletﬂl"‘I: skeleton "‘Megh= mesh | ¥

......... ......... ‘ IE Rename‘ @ Cup‘y ‘ Q Delete ‘ [’:; Save...

-Mesh Information—— pElement Operations
Mo, of Nodes: 201«
Mo. of Elements:

C . .
NILE J sided element: 7-7 Estimator L ‘

National - .
Technologyl |1 S1dEd element:

Method: Adaptive Mesh Refinement "' ‘

32
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Define, Activate, & Initialize Fields

® Defined fields have values.

® Active fields will be solved for.
x| OOF2

8006
File Settings Windows

Task: é‘ Fields

| #]

Microstructure= oofdemo.png T‘Skeletnn= skeleton "‘Mesh= mesh | ¥

-Fields

Temperature [ defined [ active [ in-plane
Displacement [+ defined [v active [ in-plane
Voltage [  defined [ active [ in-plane

VO X Initial

Constant
*Function
Other Mesh

Const

-Field Initialization

initializer =

Field Initializer

value = |D.1|

Displacement <uninitialized =

Set Initializer...

&Y ok ‘ xgance||

Copy Field 5tate...|

33



Choose which Equations to solve

8eo0e x| OOF2
File Settings Windows Help

Task: 1‘2‘ Equations "" o ‘

Microstructure= oofdemo.png T‘Skeletnn= skeleton "‘Mesh= mesh | ¥

-Equations

Heat Eqn [ active

Plane Heat Flux [ active
Force Balance [« active
Plane Stress| [ active
Coulomb Eqn [ active
InPlanePolarization [ active

Copy Equation State

34



Set Boundary Conditions

8O0 % New Boundary Condition
name = [ |automatic
606 x| OOF2 | Dirichlet "‘
F”E SEttlngg WIF'IC'DWE ﬂEld _ Dlsplacement .................................. 1'_ ,_
Task: 'ﬁ‘ Eoundary Conditions field_component = X 2
equation = Force_Ealance
Microstructure= oofdemo.png ‘EHElE:tDn: ckele copdition =
ool E egn_component = | continyum Profile
Mame ‘Prnfile ‘ Mam Choose PrOﬁIe file = || top
right
left
Profil Choose Boundary|\=
rofiles oton |
Boundafy:|ox 1}
(reusable named - 3 f e
. COnd|t|OnS bottomleft
funCtIOnS) topright
bottomright
|
NEI’I‘IIII F.\.'-TI-II:II-I-“-T EI:IIt ............................................................. RenamEIll Editlll
l\ Copy... Save... Delete Copy... ‘ Copy All... Delete
Nat

Tech 35



Why is it necessary to specify both a
Field and an Equation for Dirichlet BCs!?

<> The Field specifies

: ® OO % New Boundary Condition
which degrees of ' L
feedom to hold name = [ |automati
ﬁxed Dirichlet

Displacement
<> One equation must field_component =
be ellmmated fOI" equation = Force_Balance
condition =
1?achdﬁxed degree of T
recdom.

Constant Profile
<> A b | profile = ‘ -
roitrary coupling value = |0.0
terms make it unclear boundary = bottom .

which equation to
L5, <P ok ‘ ﬂfﬂpplv‘ b
eliminate. ;

NIST
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¥

8006

The Solver Page

x| OOF2

File Setfings Windows

Task: Qi‘ Solver

Nat
Tech

Microstructure= oofdemo.png "Skeletnnz sk

-Solve

-Mesh Status

Stiffness Matrix: Symmetric
Solver: CGSolver

()

Solution Status: completed
Message:

CG converged!

residual = 9.59799e-14 number of
completed iterations = 381

(max_iterations=1000 tolerance=1e-1.

LinearDrive

method =

SoliSolvédMeshidlone

ton
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Contour Displays

3 7 7 %] New Display Method for Mesh mesh l

® 06 X O Hameant
File Layer Settings Windows where = Material Color
— : Solid Fill
Toolbox: V & & & | OOE2 Gr - :
= 006 X method = Contour Line
Position Inf File Settings Windows Wells1@]| Filled Contour
Pixel: | pisplayed Object ' Info
Physical. | category = Mesh Cross Section
width =k
rZ00m !

oofdemo.png

(£ In | 1 <ok | # Cancel |

object = | skeleton -
Zoom Factc
, mesh ‘r
Shi ,
Ctr |L[ﬁ_"| Copy ﬁ Delete

Mesh{mesh) MeshEdgeDisplay

() Skeleton(skelelgn) SkeletonEdgeDisplay

3 Image(oofdemo.pRag) BitmapDisplayMethod

> A

N Double-click, or use Layer/Edit menu

National Institute of Standards and Technology
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Magnitude of the Displacement Field

& 7 7 % New Display Method for Mesh mesh

FIlIEdCﬂntﬂur ....................................................................................................... _'_ . ‘
Field hi
Invariant B
what =

field = Displacement b

invariant =  Magnitude o~ ‘ |

method = B ’
where = | actual o .

min = & |0

max = | |automatic

leyvels = |11

nbins = |5

colormap = | Thermal S ‘

‘ & Cancel ‘

NIST
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Trace of the Stress (Tensile only)

8 OC % New Display Method for Mesh mesh
Filed Contour -]
Flux b
Invariant w
what =
flux = Stress B
invariant = | Trace = |
method = where = | actual = |
min = [~ |0
max = [
levels = |30
nbins = |5
colormap = = Thermal = |

@QH Cancel |

NIST
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Output:
scalar or
multicom-
ponent

Operation:
direct or
statistical

output

NIST

The Analysis Page

% OO0F2

File Settings Windows Help

R A A N A A R AN AR AN RE RN AREAREEREESREAaREEsEmREEay,

Task: <& ‘ Analysis T‘ O ‘

R A A AR R A RN AR A REEEEEEEEE RS

Microstructure= oofdemo.png "5ke|etcn= skeleton "Mesh= mesh "‘

Cutput Dormain
(e Scalar (' Aggregate | || Entire Mesh T‘
Field M
Component v
field = Temperature ¥ ‘
: ~|
Operation sampling

Direct Output

b ‘ Grid Points b \ ]

comment_character =

# X_points = |1D

Message Window

separator = comma ‘r‘ y_points = |1U |
show_x = [ true
[
rDestination
-

Mew...

&Gn

Clear

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

Domain:
entire mesh,
group, or
Cross section

Sampling:
interpolated on
grid or line,

at pixels,
integrated over
elements ...

4]



For more examples, see the built-in tutorials.

For details, see the on-line manual.

http://www.ctcms.nist.gov/~langer/oof2man/index.html
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