ll’;&év»
<]

\A T R Ty e
e 2/ KA AV
I ETs 0 AU R s UATHAK]

/ B AT A S DON D SNV CALSE

4 Y, A 4?‘.'2","%.’2;‘
ﬂﬂﬂ$¢ J’(#XAV‘ '4%"", Y,
:.’,‘,»f 7 m,‘ag " 4‘

SN\ W |
e SAQ‘VAV WA

3 <
R vy
7 S

Emrah Sozumert?, Llion M. Evans?'?

1College of Engineering, Swansea University, UK
2UK Atomic Energy Authority

anversty | College of Engineering

—

] Az Swansea
o 00 2 fibesel | Coleg Peirianneg




=  Hands-on session looking at mesh generation with iso2mesh.

= An open-source library of Matlab/Octave-based scripts.

=  Tetrahedral or surface meshes from surfaces, 3D binary & grayscale
volumetric images

= Developed by Qiangian Fang, Northeastern University, USA.

= Hundreds of research papers used and discussed iso2mesh

=  Tutorials mostly based on examples from official iso2mesh website.

=  Others developed by the ZCCE IBSim group, Swansea University.
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I ParaView

Mesh visualization
and quality check
in ParaView.

—
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Imagel

T

What can Fiji (Imagel) do?

Stitching
Big Data
Segmentation
Tracking
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Virtual Machine (VM) and Octave

A Turn on your VirtualLab ‘Virtual
e i e Machine’ from within VirtualBox.

HName: Virtuallab 1
Operating System: Ubunitu (54-bit)
Settings File Location: C: 5 jemrah WirtualBo:

Processors: 3 1?:59_
Boot Order: Floppy, Optical, Hard Disk
Acceleration:  VT-x/aMD-V, Nested Paging, KVM Paravirtushization

o VRTUAL U £
Memory and processors

i?ﬂa:%gmg ¥ Master: [Optical Drive] Empty

SATA Port 0: Virtuallab_v02-disk00 1.vdi (Normal, 200.00 G8)

0 Audio

Host Driver:  Windows DirectSound
Controller:  ICH AC97

“F Network
Adapter 1:  Intel PRO/1000 MT Desktop (NAT)
L7 use

USB Controller:  OHCI
Device Filters: 0 (0 active)

(2] Shared folders
(E) Description
Hone

VM Properties

] % francea | College of Engineering
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Virtual Machine (VM) and Octave

9 Window size can be

adjusted if necessary.

View Input Devices Help

Full-screen Mode

Octave
= |magel
ParaView

Seamless Mode

Scaled Maode

mEN

Adjust Window Size
Auto-resize Guest Display

e

Take Screenshaot...

Lifla)

Recording

Menu Bar

LINLI

Status Bar

Yirtual Screen 1

]

Host+F
Host+L
Host+C

Host+4

Host+E

: University
——
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Handouts and Learning Material

Handouts present the examples:
= Visualising volumetric data in ImageJ before meshing.

Import and manipulate image data in Octave.

Using key iso2mesh functions.

Introducing key mesh parameters and their effects on resultant mesh.

Testing surface smoothing methods.

One script template and one/two solution script for each tutorial:

tutoriall _surf2Zmesh _ex1.m tutoriall _surf2mesh ex1 sin.m
tutorial2_vol2mesh _ex1.m tutorial2 _vol2Zmesh ex1 sin.m

tutorial3_grayscale_ex1.m tutorial3_grayscale_ex1_sin.m

/_\
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Handouts and Learning Material

iso2mesh Workflow

iso2mesh workflow

v2
07/12/2012 >

Volumetric images

Multi-view Photos

Existing functions

iso2mesh v1.0 function list

vol2mesh/v2m fillholes3d
Legend P . -
—- Basic operalions Wﬁ o vol2surfiv2s = 2 imedge3d
= High-level wrapper i EG -
= surouines e@‘éd@ 5 | surf2meshis2m =8 smoothbinvol
- - 3 roads o0 ; q
}: i S 2 e AL < l . £ | surf2valls2v £ £ | thickenbinvol
e multi-label gray-scale) y SfM Reconstruction o a —
pundler binsurface thinbinvol
- o2 meshresample finddisconnsurf
o
N Hole-free binary image Multi-label 3D image £ | remeshsurf surfedge
Geometric primitives _ o
G plotmesh mesh slicing: = smoothsurf/sms volface
A g qmeshcul 5 *
' B % g | sortmesh meshedge
S s e
- 5 S el
. T 5 ' Many multi-view T | surfseeds * 8 | extractioop
. B S ) slereo (MVS) o g =
E1.2 P = ¥ cmvs, pmvs mergemesh * = | meshcentroi
s5lss = Isosurfaces \-’\suohmﬂon 8 =
g8g8l58 3 / 3 3D Point Cloud - ® | nodevolume
celes g m | meshcheckrepair E | |
o @ o z = w elemvolume
gglee = = : w
. surf2mesh 2 | meshreorient ] :
= & | neighborelem
»_ fetgen /CGAL ] 2 | removedupelem a
BEETTE ® <  faceneighbors
surfreorient g
e r ! £ | removedupnodes
o | = | suriseed volface 2 E | mesheuler
a1z|. - ' E | removeisolatednode o
glélz=ls ¥ Poisson suriplane
gg g g g Surface mesh | Tetrahedral mesh V Reconstruction removeisolatedsurf N
Selalels y PoissonRecon, CGAL meshconn
g Ly = % 1S El = ‘ surf2vol ' o e
S 2 |3 | e | smoothsurt tl5veccdeccccccccccccccccccccnccnnnas <= | plotmesh meshquality
T g alx Surface reconstruction: pt 2surf =
53 2| meshcheckrepar |55 File Import/Export £ | gmeshcut raytrace
" " - GUI: integrated =
self-intersection removal 4SON OFF SHF DXF STLINR GIS VRIAL MEDIT TETGEN ABAQUS COMSOL | chu ot
surface boolean operations: SRR of o ol or o o o o e o 8 O File I0: ASC/OFF/SMF/Medit/INR/POLY/DXF/VRML formats

img2mesh (i2m)

read: « «7 «~ ~ P

surfboolean(‘union’, inter’, diff","all’}

Images: http://iso2mesh.sourceforge.net/
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Tutorial I: Introduction to iso2mesh

Learning Outcomes

" Getting used to Octave

environment and iso2mesh scripts.
" |oading image data and creating a

surface mesh.

Script template(s)
tutoriall_surf2Zmesh _ex1.m

/\
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Tutorial Il: Mesh generation from binarized volumetric data

Learning Outcomes @

"  Generating meshed bodies from
binarized volumetric images.

" Compare differences between v2m and
vol2mesh functions.

=  Comparing resultant meshes. (b)

Script template(s)

tutorial2_vol2mesh _ex1.m

College of Engineering
Coleg Peirianneg



Tutorial lll: Mesh generation directly from greyscale image

Learning Outcomes

" Generating meshes
directly from real
volumetric greyscale
Images, e.g. X-ray or
MRI images.

Script template(s)

tutorial3 _grayscale ex1.m

]w R Gy | College of Engineering
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Tutorial IV: Mesh generation from multi-phase pre-segmented volumetric data

Learning Outcomes (a)

" Visualising a multi-region
body in Imagel.

" Generating meshes with
element sizing parameters
unique to specific regions of
volumetric data.

Script template(s)
tutorial4_labelling _ex1.m

/_\
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Tutorial V: Mesh generation from 2D image

Learning Outcomes

" (Creating meshed bodies
from single 2D images.

" |nvestigating the resultant
meshes in ParaView.

(a)
ISO2Mesh

Script template(s) _

‘ RS Ra  ~ ,\ ?"*i il

tutorial5_vol2mesh_ex2.m =3 & S 88 %%;ftﬁ
[

/\

]m R Gy | College of Engineering
103002050\ Abeime | Coleg Peirianneg



Tutorial VI: Surface smoothing

Learning Outcomes

" |nvestigating the effects of -
the chosen smoothing
techniques.

" |nvestigating the effect of
different numbers of
iterations during the
smoothing process.

Script template(s)

tutorial6_smoothing ex1.m

/-\
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Tutorial VIII: Volumetric mesh generation from multiple levelsets

Learning Outcomes

= Appreciation of some challenges
when combining images.

=  Meshing multiple levelsets.

= Visualising multiple phases in
ParaView.

Script template(s)

tutorial8 vol2mesh ex4 sin.m

College of Engineering

Coleg Peirianneg



Suggested Timetable

Tue 19 Oct 2021

9:00 Introduction

9:30 Tutorials 1-3

10:30 Coffee
11:00 Tutorials 4-8

12:30 Lunch
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