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Solving Visualization and Analysis challenges since 1986

® Amira ®

3D Analysis Software

Open Inventor
3D Development Toolkit

« QOil & Gas, Geosciences, Mining « Life Sciences

* Medical and Life Sciences  Biomedical Research

* Engineering and Simulation « Pharmaceutical Industry

Visilog Avizo ®©
2D & Image Processing _ 3D Analysis Software

- Biology

Materials and Geoscience

* Pharmaceutical

Industrial Inspection

* Materials Research
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FEI

FEl is a leading scientific instruments manufacturer
Delivers 2D and 3D microscopy solutions for:

— Life science

— Materials science

— Oil & Gas/Geosciences

—  Electronics

Employs approximately 2300 people in more than 50 countries worldwide

VSG joined FEl in August 2012

Goal: develop high-end visualization and analysis solutions for advanced
electron microscopy and multi-modality applications

VSG is now the FEI Visualization Sciences Group
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A researcher’s digital workbench:

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation

* Interactive/automatic alignment

* Registration and morphing

* Simulation of porous material properties

[ |
®
« Standard formats * Measurement tools
* Microscopy and medical formats * Densitometry (gray value statistics)
* Finite element modeling * Arithmetic operations on images

» Geometric modeling and CAD * Direct integration of Matlab®
* Flexible raw data import « Simulation result post-processing

* Live animations

* Movie generation

« 3D stereo vision

« Virtual reality navigation . )

« Single and tiled screen display * Isolines and isosurfaces

« Support for tracked devices * Multichannel imaging o0 "
Explore. Discover. Resolve. * Image fusion ‘.9.‘ F E I

* Orthogonal and oblique slicing
* Volume rendering
* Surface rendering



A researcher’s digital workbench:

» Standard formats
* Microscopy and medical formats
* Finite element modeling
» Geometric modeling and CAD
* Flexible raw data import

J

* Live animations

* Movie generation

* 3D stereo vision

« Virtual reality navigation

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation
* Interactive/automatic alignment

* Registration and morphing

* Deconvolution and Z-drop correction

Avizo

« Single and tiled screen display

* Support for tracked devices

Explore. Discover. Resolve.

* Measurement tools

* Densitometry (gray value statistics)
* Co-localization analysis

* Arithmetic operations on images

* Direct integration of Matlab®

* Orthogonal and oblique slicing
* Volume rendering

* Surface rendering

* Isolines and isosurfaces

* Multichannel imaging

* Image fusion 0:0:0 F E Im



Material, scale and size do not matter

*Biomedical
*Electronics
*Micro-devices
*Composite materials
*Metallic foams
*Polymers, plastics
*Diamonds

*Food and seeds
*Wood and paper
*Building materials
*Geology
*Microfossils
*Space

Explore. Discover. Resolve.

A

P Imaging Data
) =& ® Electron microscopy
® S/TEM tomography

® TEM serial sectioning
® FIB-SEM Nanotomography
¢ Light microscopy
® Confocal
® Polish and view 3D (e.g. Robo-MET)
X-ray/synchrotron tomography

® |ndustrial

® Material sciences (micro and nano)
® MRI
Ultrasound
® GPR
® LIDAR

® Remote Sensing Satellite Imagery

Any Material, Any Scale, Any Size. ‘:":‘FEF


http://upload.wikimedia.org/wikipedia/commons/6/60/Sch%C3%A9ma_de_principe_du_synchrotron.jpg

Federating different data sources

Simulation Formats

Modeling and Experiment Formats

. FEA formats

o 3D imaging (MRI, CT, FIB-SEM) . Abaqus, Ansys, Nastran
* TIFF, JPG, PNG, BMP, RAW Binary, DICOM... - CFD formats
. Fluent, Star-CCM+
. 3D Scene/Geometry and CAD Formats . Multiphysics formats
¢ VRML, Open Inventor (.iv), DXF, IGES, STEP CATIA... . Comsol, Ansys multiphysics
. Crash simulation format
. Microscopy Formats . Madymo, Radioss
e Leica, Zeiss, Bio-Rad, FEI, MRC, STK... . Scientific Data Formats
. Matlab, Tecplot, AVS
. Surface Scanner Formats . Climate simulation formats
e PLY, PSI . NetCDF
) *  Molecular simulation formats
Customized formats with modern programming/scripting . PDB, AMBER, CHARMM, PHI, TRIPOS
e N Dimensional data formats
* * Time varying (transient)
*  Matlab * Design parameter space
. LabVIEW en p P

* Real time
‘ ‘ ™
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A researcher’s digital workbench:
p R

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation

* Interactive/automatic alignment

* Registration and morphing

. Deconvolutlon and Z-drop correctwv

« Standard formats * Measurement tools
* Microscopy and medical formats * Densitometry (gray value statistics)
* Finite element modeling * Co-localization analysis

» Geometric modeling and CAD * Arithmetic operations on images
* Flexible raw data import * Direct integration of Matlab®

* Live animations

* Movie generation

« 3D stereo vision

« Virtual reality navigation . )

« Single and tiled screen display * Isolines and isosurfaces

« Support for tracked devices * Multichannel imaging o0 "
Explore. Discover. Resolve. * Image fusion ‘.9.‘ F E I

* Orthogonal and oblique slicing
* Volume rendering
* Surface rendering



Filtering

White noise Salt and Pepper noise  White noise in two phases

. . ™
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Filtering
3 filter families

* Linear filter: boxfilter

J
Onm) = 1
K

< IHn—i,m—j)

[

i=—p J=-—gq

* None linear filter : medianfilter

All pixels of the neighbourhood are sorted by greylevel.
Median value is used for the output pixel

 adaptive: bilinearfilter, nagaofilter, snnfilter,...
Edge preserving smoothing filter

% "7' i g'l—fl.l'.NII:'!
1 = Y_' e i’ I, m)
E(ij) = =~ ’

j= "=

Qi j) =

e,
5 M=

‘ . ™
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Slice alighment

Centers of gravity / principle axis

Euclidean distance (least square of gray
values)

Landmarks
Edge detection

Set a label field to restrict alignment to a
region of interest

Co-align an associated label field

Explore. Discover. Resolve.

| Properties

8 DataWindow:  mn |0 max 255
& Display mode: Normal [+]
& Resample method: |High Quaity [~]

8 Action:

T

P e

Console  DemoDirector

= DL Uz 0
+ patient.0241.dom
+ patient.0242.dem
+ patient.0243.dcm
+ patient.0244.dcm
» || + patient.0245.dcm
+patient.0246.dcm
+patient.0247.dom
+ patient.0248.dcm

Current slices: 161 - 162 (unfipped - unfiipped) quality = 91.64




Slice alighment

AFTER

Pre-processing of FIB-SEM data Alignment of classical serial sections

. . ™
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Correcting artifacts

Mis-alignme

Explore. Discover. Resolve.

Shearing

Confidential

14

Light Microscopy
Z-drop
Non-uniform illumination

CT

Beam hardening

FIB-SEM
Shadowning
Mis-alignment
Shearing

S FEI




3D Image Segmentation Eitor

3 Amira - mouseVolren.hx 3t
File Edit Pool Create View VR Help Segmentation Selection

SRS 2| RS TRONRK BBRW 026

# 224450 (YZ]

Image Data:  2007-04-11-M2-subkutan.am E
Label Data: |2007-04-11-M2-subkutan-label¥ |

Col Name 2D 3D Color Lock Select

Slice centered
3D overview

=} Select

» Brushing, contouring

* Interpolation

*  Wrapping

* Intelligent scissors

* Region growing

* Active contours

* Masking

* Morphologic operators

Zoom and Data Window

11 [-404 kb un |

@ Allviewers (©) Current viewer

Selection

B XH
@) All slices () current slice [V/] Show in 3D
Display and Maski

g
B Masking: (] Enable [¥] Show
) PR | =

A 4PN

[¥] All slices. (#) Draw limit line
["] same material only

Fill interior

Pos:

Explore. Discover. Resolve.



3D image registratio

+ 3D e.g., with volume rendering
» 2D fusion on ortho and oblique slices, 3D+2D

* Manual registration through interactive
manipulators

* Multi-modal (CT,PET,MR...) automatic
registration

Transformation of one data
set to fit another

' - == oo -
Explore. Discover. Resolve. ..g.. F E I



A researcher’s digital workbench:

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation
* Interactive/automatic alignment

* Registration and morphing

* Deconvolution and Z-drop correction

[ |
®
« Standard formats !
* Microscopy and medical formats V I U
* Finite element modeling

» Geometric modeling and CAD
* Flexible raw data import

* Measurement tools

* Densitometry (gray value statistics)
* Co-localization analysis

* Arithmetic operations on images

* Direct integration of Matlab®

* Live animations

* Movie generation

« 3D stereo vision

« Virtual reality navigation . )

« Single and tiled screen display * Isolines and isosurfaces

« Support for tracked devices * Multichannel imaging o0 "
Explore. Discover. Resolve. * Image fusion ‘.9.‘ F E I

* Orthogonal and oblique slicing
* Volume rendering
* Surface rendering



Measurement

results

-
€Y 01018 Labels smoothstatistics T

=

| tablet | 3
Material Triangles Area Volume
1 Exterior 70491 35042 -604243
2 Kompakta 151282 72223 181812
3 Spongiosa 98062 44202 74353 !
o |4 Mark 37856 17222 37157 i
5 Exterior2 1187 638 310920
6 TOTAL - 0 0 -604243
7 TOTAL + 358878 169328 604243
Close

)|

Explore. Discover. Resolve.

Plot intensity along lines or curves

Surface thickness approximation

Fast length and angle measurements in the viewer
Volume, surface area of segmentation results

Densitometry (gray value statistics) of segmentation

L ulolsubels.mt;misunml

Table1
Materia Count lume  CenterX  Centery  CenteZ Deviation ian
11 Exterior 108372 45155785 10952013 21856646  -15099943  -618. 53423126 28540303  -1421
2 Kompakta 2065742 18251452 10715193 23733816  -1630.57 51950 5083418 35801288 -10
’ 33 Spongiosa 845193 74675344 (99112289 25506321  -1674.24 2874 58223068 33899258  -146
44 Mark 425596 37602688 11485358 15156115  -1591379 30814615 38326775 14689415  -141

2146
a18
324

Close

¥ SplineProbe Samp\_

[0 Edit Config
& m 8 EI JeAoas length [v ]

2000_ Vakie
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Individual Quantification:
Segmentation of individual particles

« Confocal microscopy imaging

Confocal image stack °e "
Explore. Discover. Resolve. ..g.. F E I



Individual Quantification:
Segmentation of individual neurons

Binarization using a local threshold

Binary image oo "
Explore. Discover. Resolve. ..g.. F E I



Individual Quantification:
Segmentation of individual neurons

Separation of clustering cells and labeling
using watershed segmentation

Labeled objects
‘ . ™
Explore. Discover. Resolve. ..g.. F E I



Individual Quantification:
Quantitative analysis of the identified cells

Compute and Plot
standard volumetric
quantities: size, position,
densitometry (gray value
statistics)

Compute local
density of objects .

Analyze &
Visualize

Surface reconstruction of
the identified objects

v Compute shape
parameters, visualize
objects as ellipsoids or

! y : QP i (X ] ™
Explore. Discover. Resolve. g/ boxes ..9.. F E I



Filament detection & analysis

* Template creation and matching
for filaments and micro-tubules

 Template correction for missing
wedge artifact in TEM tilt series

* Tracing centerlines in correlation
plots from template matching

* Enhanced spatial graph statistics
including filament orientation

Explore. Discover. Resolve.

MicrotubuleExample statistics

w - w (S
-

Segment ID

Length
25899316

27417454
26256311
2277.5977

1404 3077

0

0

0

0

0
/| seqmentstastis | node

o a o o o

Volume Orientation Theta  Orientation Phi
56.389015 35.610855
60.548882 339.41074
47.378864 80.648483
84502151 90.612762
66729683 55437469

Graph ID

Graph0
Graphl
Graph2
Graph3

Graph4

Graph Summary _Jl Graph i

23




Case Study: MicroCT in Fibrous Composites

0 2

orientation count



From image to model:
The geometry reconstruction pipeline

Surface
reconstruction

Segmentation

= ke o
A 3Y

. A4
3D grid Surface editing Simplification
generation

. . ™
Explore. Discover. Resolve. ..Q.. F E I



Xlab: Overview

Effective

Property and
Experiment
Avizo XLab Simulation

3D image stack Image

Available:
Absolute permeability — XLab Hydro
Molecular diffusivity — XLab Diffusion
Electrical resistivity / formation factor — XLab Electro
Heat conductivity — XLab Thermo

Explore. Discover. Resolve.



Skeletonization and filament editing

=gen 1 ST OYCRN 5 IR N5 st LITES
cusa B Tt B YR T e

 Automatic extraction of centerlines with local
thickness

» Flexible editor for manual editing of centerlines
» Interactive tracing of filaments

« Versatile label editor for functional and topological
annotations

» Basic descriptive statistics (length, radius, volume per
= segment, branching level) ) ™
~*FEl

Explore. Discover. Resolve.



A researcher’s digital workbench:

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation
* Interactive/automatic alignment

* Registration and morphing

* Deconvolution and Z-drop correction

[ |
®
« Standard formats * Measurement tools
* Microscopy and medical formats * Densitometry (gray value statistics)
* Finite element modeling * Co-localization analysis

» Geometric modeling and CAD * Arithmetic operations on images
* Flexible raw data import * Direct integration of Matlab®

v )

* Orthogonal and oblique slicing
* Volume rendering
* Surface rendering

* Live animations

* Movie generation

* 3D stereo vision

« Virtual reality navigation . )
« Single and tiled screen display * Isolines and isosurfaces
« Support for tracked devices * Multichannel imaging

. ; A ™
Explore. Discover. Resolve. Klmage fusion / 0.0.o F E I




Visualize

* Orthogonal and oblique slicing

* Isoline and Isosurface

. . ™
Explore. Discover. Resolve. ..Q.. F E I



Visualize

» Flexible volume rendering

. . ™
Explore. Discover. Resolve. ..G.. F E I



Visualize

« Surface rendering

‘ ‘ ™
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Visualize

 Multichannel visualization

‘ . ™
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Visualize

» False-color mapping

‘ ‘ ™
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Visualize

« Advanced molecular visualization

Explore. Discover. Resolve.




A researcher’s digital workbench:

« Standard formats

* Microscopy and
* Finite element

» Geometric modeling and CAD
* Flexible raw data import

(p >
« Live animations
* Movie generation
« 3D stereo vision

« Virtual reality navigation
* Single and tiled screen display

Explore. Discover. Resolve.

+ 2D and 3D image filtering

* Surface generation

* FEM grid generation

* Interactive/automatic segmentation
* Interactive/automatic alignment

* Registration and morphing

* Deconvolution and Z-drop correction

|
®
medical formats V I 2
modeling

tSupport for tracked devices /

* Measurement tools

* Densitometry (gray value statistics)
* Co-localization analysis

* Arithmetic operations on images

* Direct integration of Matlab®

* Orthogonal and oblique slicing
* Volume rendering

* Surface rendering

* Isolines and isosurfaces

* Multichannel imaging

* Image fusion 0:0:0 F E Im



Demo Director

Coefficients:

OrthoSice =
Orientation: @ O Oy

Colormap: -200

B e I e e e I e A A e i e R S = = R = R = )
GEECEEEECEEEEEEEE @

Transparency: @ None () Binary () Alpha

Shading: (©) None () Diffuse @ Specular

Options: [T adjust view [ biinear view [] lighting [~ embossing

Nl
[ Main Settngs | Transfer Funcions | Materils | . M H H
- = w1 = =  Visual animation authoring
Alpha Scale: [t &=
Mode: @ VRT () DRR () MIP [ LowRes only

* Graphical user interface for demo creation

Light Angle: @ Topleft (O Bottomleft () Bottomright () Topright () User-defined

e * Integrated intuitive timeline window

Light Angle pitch: [F———="1

EREE

— Do ® * Easy creation of events through tree list of ports

e Exact synchronization by snapping

slicenumber: (][~ ] 209 ™)

200
@ Animation Director = S

W@ (> @ @R |00:22.000 [ 1 U : S
AT — L] e . . P . . o . . M . . o . .o . .
Cument Amaton: AnmatonDemo ~ [P [1] | + Addspecaleven | = £ a a8 "
4 CameraRotate u L)

e v @lle e 0 @]
4 OrthoSlice o)

Slice Number L3 W e *
4 Volren o]

Color: min o w. e * *

Color: max (K3 @l e * L d
4 Volren 2 o]

Alpha Scale s W | e * * * (3
4 SpatialGraphView @

Visibility in viewer 0 <o W | e *
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Avizo XScreen applied
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Rendering video clips from animations
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Rendering video clips from animations




Operating systems and hardware platforms

Hl \,\/:
. Windows XP/Vista/7/8 32 Bit, 64 Bit L Windows
. Linux 64 Bit

« MacOSX10.7, 10.8, 10.9 64Bit

Full data and network compatibility across all platforms
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Thank youl!

Free trial and further information at
www.vsg3d.com
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One on one sessions

200 - 230
230 - 300
300 - 330
330 - 400
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