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Voxel Definition

In WCT, the voxel is a rectangular volume. User must define
1) the volume start position,

2) uniform resolution in x, y and z direction

3) cells number in x, y and z direction

4) the material profile for each cell in the volume.

z

Note: Due to the simulation on ,
voxel is an advance function of "o y
WCT, we will not cover the (X0,y0/0
topics of the basic operations ’
of WCT in this tutorial. Please X
refer to WCT manual and
tutorial for these topics.
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o Observers Click this menu, enter the Voxel Editor.
A Lumped Ports
Ex Wave Ports
& Circuits
1l Excitation Pulses
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Voxel
Name

Voxel volume
start position

EM prop

-
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Voxel Editor

Voxel Editor

)

Advance

(@ Use the Whole Volume

IUse sub-vaolme

aAs .a N f -

General
Name ‘mode Uint meter -
Physical Size

Loaded Volume

Volume Start Position in Resolution

0,0,0 0.0015, 0,0015, 0.0015
computation domain (x,y,z) (b, dy,dz)

Data Type |EM Permittivity

2rty page EL property pages
Electrical Parameters |Elastodynamic Parameters | Ela. Wegk .ﬂ_',uisg_Pa;arugtE:Lﬂ ________

Relative Permittivity T Bulk |10 :-a 20x110%70 |
I
Elec. Conductivity (Sjm) () Bulk | 0.0 e 80x110x70 [
| I
Relative Permeability @ Bulk 1 [ ] Load [
| [
Mag. Conductivity (W/m) @ Bulk O I:- Load |
b e e e e e e - !

Set material profile as a Load material profile

constant value for whole voxel from data file
Display

v] Color Map Transparency U

Cancel

Unit for Voxel
size & resolution

Voxel
resolution

The number of
cells in each
direction.
These values
are read from
data file.



Elastic: Iso/visco-elastic parameters

| Electrical Parameters | Elastodynamic Parameters | Ela. Weak Aniso. Parameters |

Mass (ka/m*3) @ Buk 1000 © | Load | Meshsize |
vp (mfs) @Buk 300 © | Load | Meshsize |
Vs (mfs) @Euk O © | Losd | MeshSize |
Qp @ Buk -1 © | Load | Meshsize |
Qs @Buk -1 © | Losd | MeshSize |

Elastic: Weak anisotropic parameters

| Electrical Parameters I Elastodynamic Parameters | Ela. Weak Aniso. Parameters

Epsion
Delta

Gamma

theta_Z

phi_z

theta_X

@Buk 0.1 © | Load | Meshsize |
@Buk 0.2 © | Load | Meshsize |
@Buk 0.3 © | Load | Meshsize |

¥ Axis Angles (Unit: degree) [nate: VTI-(0,-,-); HTI-(30, phi_Z,-]

@EBuk O © | Load | Meshsize |
@Buk O © | Load | Meshsize |
@Buk 90 © | Load | Meshsize |




3D brief displaying control for GUI 3D canvas

Display
Data Type ‘EMPﬂ'nitﬁ'uig v' Color Map Transparency U
Hot

I
Elec. Conductivity Gray
EM Permeability
: Cancel
Mag. Conductivity n

Mass

P
Vs
Qp
Q=
Weak Aniso Epsion

Weak Aniso Delta
Weak Aniso Gamma

Weak Aniso theta_Z

Weak Aniso phi_7
Weak Aniso phi_X




Displaying of Voxel in WCT GUI
(1) 3D Display

Following is an example of the 3D voxel brief
displaying in GUI’'s 3D canvas. This voxel is a
digital breast model from UWCEM Numerical
Breast Phantoms Repository




(2) 2D High Resolution View

User can use “Display 3D Volume Result/Data” functionality
to show voxel in a high resolution 2D cross-section mode.

e

Walidate Design

Preprocessing 1

Build Material Library
Load Material Library

Save as Design Template

Load Design Template

Export current project S Parameter in 51P file
Export 5 Parameters in 5nP file

Calculate ECC for MIMO

Elastic wave Options

Special TEM Mode Waveport Schver Options
Start Simualtion Manager

License server

Clear Log
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{ Component v| Type [Magnitude | Axis[x v| Format[tnear v|1 =l 0o |}, B 8 0 0 0 O| &9 &
[ | Type [ =l o |

= — = ——————————

30 Volume Dota '

0
\ Load WCT Imagimg Solver Result

Load WCT SEM Solver Result

Load WCT Voxel Data

I
0 User need to
determine which
voxel and what kind

o of parameter will be

. || shown
|l

A
Select a voxel component to display u

Voxels in Project Component

breast - ‘EM Pemitﬁvii v'
EM ECond I

) [o) [o=
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oNamg v] Type [Magnimde v] Axis [,7: v] Format

X
'_Yﬁ

‘Linear v'

dB

L §- 28

D000 &g

Cross-
section
axis

Frame
index

~

\

3D Staggered Yolume Data Dispalying Contrel -

Displaying control

=

Color Mapping Options
@ Whole Volume

[2.39702, 62.7567]

Displaying Region for Each Slice
¥ axis (Y [0,109], Z [0,69])
@ Al

(") Range
¥min| 0 Ymax| 109
Zmin| 0 Zmax 69
Misiz,
Color Type | Color -

(") Displaying Region

() User define  Linear dB
Min |2.39702 Min |3.79671
Max |62.7667 Max |17.9773

¥ axis (% [0,79], Z [0,69])

Zaxis (% [0,79], ¥ [0,109])

@ al @ al

(") Range () Range

Xmin| 0 Xmax| 79 Xmin| 0 Xmax| 79
Zmin| 0 Zmax |63 Ymin O Ymax| 105

Cancel
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Other Information

1) There can be multiple voxels in a project.

2) If a voxel has overlapping region with regular solids,

2.1) By default, WCT will use the material profile from voxel.

Overlapping
region is

Voxel taken by voxel

Regular solid

This default option is set though menu:
Simulation->Voxel/Solid Sequence
as next page

13



[ Simulation | Postprocess Tools  Help

L (N

Start Simulation
Prepare MPI Simulation File
Solve Green's Function

Select Solver
Simulation Options
Reference pulse
Multiple Threads
Define Farfield
Observer spectrum

Autornatic max timestep

How to define Multi-Domain
Multi-Demain by Grid
Multi-Demain by Body

Edit Parametric Analysis
Select Parametric Results

Show Parameters

Skip clash test before simulation

Quit after simulation

WVoxel/Solid Sequence

Set EM PML layer number

Cartesian FDTD Mesher Version

Enable Advanced Farfield Analysis

Init EM field as specified values before simulation

Define 30 S5QIF Link

PO0O00Og
LA - EIGLIREN

& @ &

i » ) Q|

v

Yoxel occupied by sclid

Solid occupied by voxel
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2.2) But user can switch to use the material profile from object. In this
situation, it is equivalent to place solid in the voxel region.

[ Simulation | Postprocess Tools Help

Start Simulation
Prepare MPI Simulation File
Solve Green's Function

Select Solver
Simulation Options
Reference pulse
Multiple Threads
Define Farfield

v Observer spectrum

v Automatic max timestep

How to define Multi-Domain
Multi-Domain by Grid
Multi-Domain by Body

Edit Parametric Analysis
Select Parametric Results

Show Parameters

v Skip clash test before simulation

Quit after simulation

Voxel/Solid Sequence

Set EM PML layer number

Cartesian FOTD Mesher Version

Enable Advanced Farfield Analysis

Init EM field as specified values before simulation

Define 3D SQIF Link

POOCE D HA S
DR || R
; i »r¥ols

S

/'/ o z

R o i s e i - S

v | Voxel occupied by solid

= = SEd TECUpedy VORel=— = = -1

Voxel

/

Overlapping region
is taken by regular
solid

Regular solid

Note: this voxel sequence
modification capability is

enabled in EM solver only.

For current EL solver, this
option will be skipped.
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3) If a voxel has overlapping region with another voxel , WCT will use
the material profile from the later voxel in the tree.

Voxels

Voxell Voxel
Voxel2

Voxel 2
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Voxel Input Data File Format

1) The data file for a voxel parameter can be

1)
2)
3)
4)

ASCII text file, suffix as “txt”

WCT internal Voxel data file, ASCII format, suffix as “vxa”
W(CT internal Voxel data file, binary format, suffix as “vxb”
SEGY format, suffix as “segy”

asci woxel file (*.vxa) -

binary voxel file (*.vxhb)
_ segy data file (*.segy]

asci voxel file (*.vxa)
m text file (*.td) L

17



2) For the ASCII text file (txt), the format is:

1 Cell number in x direction (integer)
2 Cell number in y direction (integer)
3 Cell number in z direction (integer)
4 Parameter for cell (0,0,0)

Parameter for cell (0,0,1)

Parameter for cell (0,1,0)

Parameter for cell (0,1,1)

The for-loop to read parameter for each cell is:
for x;
fory;
for z;

end z;
end y;
end x;



3) File examples (from demo case (2))

A data file for g, A data file for o,

4
411 4 x cells, 1y cell, 2 z cells 1
5 Totally 8 cells 2
2.0 0.0
1.0 1e20
=
3.0 100 | | User can insert
10 Following 8 floating 0.0 .~ empty line
numbers is the < between two lines
1.0 parameter for each cell 1e20
1e20 /
1.0
1.0 1e20
1.0 1e20

Note: for PEC and PMC, ideally they should be a infinite number. In WCT voxel
data, user need use a high conductivity value to make an approximation. Here, we

set 0,as 1e?% to represent PEC material. But this value should be less than 1e3C.
19



4) Wavenology ASCII voxel file (vxa), the format is:

pors | Meanmg

Line 1 comment
Line 2 version
Next 3 lines nx, ny, nz

Following N N=nx*ny*nz; one value for one cell
lines

The data sequence in the data block
for x;
fory;
for z;

end z;
endy;
end x;

20



5) Wavenology binary voxel file (vxb), the format is:

pors | Meanmg

80 char comment
int32 Major version
int32 Minor version
int32 nx

int32 ny

int32 nz

float32[N] N=nx*ny*nz

The data sequence in the data block “float[N]”
for x;
fory;
for z;

end z;
endy;
end x;



Voxel Demo Cases

Part I: EM Solver

1) Transient response from a dielectric sphere

2) Transient response from multiple rectangular
solids, including PEC solids

3) Simulation on a digital breast model



Case (1) Sphere

This case simulates a dielectric sphere, defined by voxel, in homogenous background.

The left Fig. is WCT tutorial case “NormalSphere”, a
dielectric sphere in homogenous background.

In this voxel case, we will replace the rectangular
volume enclosing sphere by a voxel, and compare
the transient response on receiver 8 with analytical
7 solution.

Receiver 8

Background: € =2, 0.=0; p,=2, 0,,=0
Sphere: €,=4, 0.=0; =1, 6,,=0; r=6m

Transparent oL . . N
Excitation: Ideal E dipole with 45.4K-21.6M Hz BHW pulse, x polarization.

view

\‘\\ o 23




Steps:

1) User can open the tutorial case “NormalSphere”, SaveAs a new case
“SphereVoxel”
2) Change project boundary to “OPEN at input position”, as following Fig.

Project Design le

Ik Bau:kgr-:uund| Boundary |Frequency and Pulse | Mesh | Time %

* Boundary ()

amin |Open &t input position vl Posikion |-3,4 |

max |Open at input position vl Pasition |8.4 |

Y Boundary (m)

Y rmir |Open &t input position vl Posikion |-3,4 |

Ymax |Open at input position vl Pasition |8.4 |

Z Boundary {m)

Zmin |Open &t input position vl Posikion |-3,4 |

Zmax |Open at input position vl Pasition |8.4 |




3) Delete the sphere.

4) Save the project.

5) Generate voxel data file for e, & W, .
In demo cases folder: “\sphere
\Sphere_voxel resolution 0.4 _auto_mesh\matlab\”, there is a matlab example
code to generate a voxel volume from (-6,-7,-8) to (6,7,8) m with a resolution
0.4 m at x, y and z direction.
The data file for €, is “epsl.txt”, The data file for w_is “mul.txt”.

Voxel Editor, [§|
Wavenology EM - sphere_voxel k —

File Edit WView Coordinates Simulation Todls Help GeneralVOer Name Voxel Unit
6) Createavoxel. |pepwe « @ a@nt o Nane. [shere T e

S R v B B

. — Physical Size:

: N\ o d‘] % ::: * r::l' if H = @ & Loaded Yolume

Project

gles;here vl Wolume Start Position Resolution

= Des_ign kl(i{ozn)putatlon Dormnain |-5; -7, -8 | (dx, dy, dz) |D'4’ 04 0.4 |
[ unit - 1+1 i
O saagare Voxel vdlume start position Voxel resolution

oundary

O Freq & Pulse (5) Lise the Whale Valume () Use sub-volme
& Mesh | |
n Time

',é?:v Sources

v:éj:v Chservers | |
A Lumped Ports
5 Wave Ports

& Circuits

11l Excitation Pulses

iﬂi r\cqut:;ijls Relative Permittivicy () Bulk, O Load l:l
D Faces
gl Solids Elec, Conductivity (Sfm) (%) Bulk, I:l O Load l:l
Create Yoxel
= Snapshots Relative Permeability (%) Bulk, O Load l:l

Face Snapshat

Biody 5 hiot
|E’Fioe | dys napsho Mag. Conductivity (4im) (%) Bulk I:I O Load I:I

1l Temp Background / Mormalkia
1l Imported Result

1l Results S8 (6616651 ’ Help ] [ oK ] Cancel ] 25
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Switch “Relative Permittivity” & “Relative Permeability” to Load

Voxel Editor;

General %

Marne | | Lint |mEtEr w

Physical Size
Loaded Yolurne

Volume Skart Paosition

in Computation Domain  |-&, -7, -8 | (Rde;?::ﬂtgg |D.4, EI.)(, ’5.4
(3,¥,2) o
Advance

(%) Use the Whaole Yolume (O Use sub-volme

| /
|

Electrical Parameters

Relative Permittivity (1 Bulk | | ® [ Load ] I:l
Elec, Conductivity {5/m) =) Bulk, I:l i Load I:l
Relative Permeaabiliby Bl | | ® [ Load ] I:l
Mag. Conductivity (wfmi (%) Bulk I:I Ty Load |:|




Click Load button to load file “eps1.txt” for Relative Permittivity
“mul.txt” for Relative Permeability, separately.

Import data file

Laak in: | [ vonel

¥ Q2 e E-

My Recent
Documents

Desktop

2

My Documents

File name:

My Computer

My Metwark Files of type:

V| I Open l

| zphere

| azcil woxel file [*.vxa) w | [ Cancel ]

(1)

Import data file

Laok i | [ woxel

Y ©# @

@.

My Recent
Documents

=)

Deskiop

2>

My Documents

by Computer

File name:

@

by Wetwark

Filez of bype:

| A | [ Open ]

tewt file [ kxt] w

azcil vouel file [*.vea]

My Recent
Docurmnerts

-

Desktop
My Documents

e

My Computer

v [(oen ]

g File name: |eps1 bat

by Metwork, Files of type: | text file [ tat]

v| [ Cancel ]

binarﬁ worel file [~ web "EUTR-:
(2)

(3)

27



Voxel Editor;

General

Mame |

int |meter L' |

Physical Size

Loaded Yolurne

Volume Skart Paosition
in Computation Domain

0x,%,2)

Advance

() Use the Whole

Electrical Parameters

Relative Permittivity

&, -7, -8

| Resaolution
{dx,dy, dz)

valume ) Use sub-volme

Cuk |

Elec, Conductivity {5/m) =) Bulk,

Relative Permeaabiliby Bl

Mag. Conductivity (wfmi (%) Bulk

(]

|D.4, 0.4, 0.4

|@[L0ad]

CHN Ko

| | © (o)

CH e

Cancel

WCT will pre-read
part of file to verify
the data.

The mesh

information is
shown here.
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7) Press OK button to finish voxel creation. Then the voxel is shown in 3D canvas.

Wavenology EM (6

File Edit View Coordinates Simulation Postprocess Tools Help

DEB®S c|W @Bt eH[E=aalka06800000@d0 @y sEEEREER =
o B QB[ I G006 O0EIWARK O MR i  AELW OB O® |
M@l bt ¥ FEDk[o@e s B@ BB [v3r oK |B(r e[ (Buskie
Project
= sphere_voxel
EI% Design

L[ unit
n Background
..J00 Boundary
n Freq & Pulse
n Mesh
n Time
[-# Sources
[-+&" Observers
..... & lumped Ports
..... g7 Wave Ports
[-#¥ Circuits
..... % Particles
-l Excitation Pulses
B8 Materials
ad " Curves

- Voxels

. LT sphere

-3 Snapshots

Face Snapshot
..{{@ Body Snapshot
..... .| FarFields

G4l Temp

1l Imported Result

Background ¢ Narmalkdaterialz , Unit: {m)
hounding box (-84,-64,-84) , (8.4,54,584)
size: (16.8 x 16.8 = 16.8) , center: (0,0,0)




8) Simulate the case and get result. Simulate
| | o o N |
AL E R AL = R -0 - - S N Y s
; d /

Project
(= sphere_voxel

N o

[~ #" Sources
G-+ & Observers

..... A Lurped Ports
..... g Wave Ports
-4 Circuits

----- % Particles
-4l Excitation Pulses
w-BE Materials
ad™ Curves

..... [ Faces

..... g Solids

B0 Vioxels

=B Snapshots
- Face Snapshot

----- | Far Fields

el Temp Background / Mormaltaterialz | Unit
L ﬂﬂ-lm-poihedﬂ,es&lt ackgroun ormalkAaterialZ |, Unit: {m)

C | @-1lil Results ) bounding box: (-8.4,-84,-54), (4,654,644
M= = size: (16.8 x 16.5 = 16.8) , center: (0,0,0)

result 20



—

— g,

9) Compare with Analytical solution

O LLPYES

l] Faces

g Solids
=1 Moxels
Snapshats

o Far Fields
il Temp,

il Tmported RESUIE

N\

\

\
\
A

\
1
I
I

/

/
.

gl

/

11l Results
11l Excitation
=l Cbservers
=-g.ql Transient
=1l Ex
ol &l
1l r1
il r2
1l 13
1l r4
1l 15
1l 16
1l 17
N 1l Ev
S e il Ez

— o =

111l Excitation Pulses
EZ Materials
< Curves
D Faces
& solids
=0 Woxels
[ snapshots
| Far Fields
1l Temp
1l Imported Result
=gl Results
11l Excitation
=1l Observers
=-glgl Transient
=il Ex
1l &l
il rt
il r2
il r3
il r4
il s
il rs
il 17
il r8
il Ev
il Ez
U YA
< |

Obseryer Ex transient

0.1

-0.2

Observer Ex transient

-0.0e+000  1.0e-007 2.0e-007 3.0e-007 4. 0e-007 5.0e-007 6.0

Time (=) v
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On 2D canvas, right click the The analytical solution is under the
mouse button, get a menu. folder:

Click Load Curves item to load \sphere\NormalSphere\Compare\
analytical solution.

Observer Ex transient

Open file

Observer Ex transient & _ j
e ] Look, ir: |E}Eompare v| (€ W5 il
. —
T @Comparisnn_Sphere.de
0.6 | 23 E] Ex_R&_f_mag_ana.txk
by Recent Ll'j Ex_R&_f_mag_Comparison. jpg
0.5 Documents | |[2] Ex_RS_F_mag_WCT.txt
WaveForm Setting — E] Ex_RE_f_phase_ana.txt
04 i u% [£] £x_R8_f_phase_WCT.bxt
P —
—_— e _Ra_time_sina.txt
= 0.3 Export Data Desktop P —
E Ll'jEx_RB_time_Comparison.jpg
=, Export all Data
= . [Z] Ex_RB_time_WCT.bxt
w 0.2 \
Interpol, cross sec, __,-/
0.1 Zoaom Al My Documents
0o Print _
: Print to File g!
01 Print to Postscript ]
' \/ = by Conmputer
-0.2 = . .
0.0e4000  1.0s007 206007 3.0e-007 40007 506007 6.0 ‘g Fie name: (E_R8_fime_Ana v (o ]
Time (= g .
) s MyMNetwok  Filesoftype: | Allfles [ v | cencal |
< >
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Observer Ex btransient

¥ [E3)

X

0.7 —
e A1 &lvtical{loaded)

Observer Ex transient

0.6

-0, 0e+-000 1.0e-007 2.0e-007 3.0e-007 4.0e-007 5.0e-007 6.0
Time (=) w

[ | *

I~

As can be seen, the simulation result is very close to the analytical solution.

The difference comes from the stair casing in discretizing sphere to coarse cubic cell.



Case 2: Multiple Rectangular Solids

This case demonstrates how to simulate PEC material.

The left Fig. is six solids in homogenous air
background, three of them (yellow) are PEC solids

In this voxel case, we will use a voxel to represent
these six solids. Because there is not analytical
solution for this case. We will compare the result to
which comes from six solids case.




Ideal E dipole
Source

Source & Receiver Setup

Receiver 1 Receiver 2 Receiver 3
Ideal E dipole Receiver 1

Source
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Steps:

1) Open “\ Boxes\Normal\ Normal.wnt, a project same as the Fig at
page 22 can be viewed, SaveAs a new case “Voxel”

2) Because all B.C. have been set as “OPEN at input position”, here,
delete all solids and save

o _Urves
[ Faces
=@ Solids

d.. Box

i [

d.. B

d.. B

d.. Bioix

@ Boxt  Change Material
51 Wocels
[ Snapshc L
Far Fiel: B .
&4l Temp Array Copy
1l Impoarte
Translate
+-q1l1l Results ]
Mirrar
Rakake
Scale !
i

et

Bo=3 ¢
bl

Hide:

Edit

Disassemble
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3) Define voxel data files. Because the original solids in this case is
rectangular solid, the voxel files is very simple. User can use
notepad to create two files as shown in page 9. The resolution of

voxel is (0.5, 1, 0.5) m.

4) Define voxel in project.

Wavenology EM - sphere_wvoxel

File Edit WView Coordinates Simulation Tools Help

: & g v [ B b
R Y

DSAEe o BH:(@0 ¢ @[

-]

Project
[= sphere_voxel
= é@ Design
& unit
IE Backgraund
IE Boundary
IO Freq & Pulse
IE Mesh
IE Time
#- Sources
8" Observers
 Lumped Ports
€5 Wave Ports
#F Circuits
11l Excitation Pulses
BB Materials
7 Curves
D Faces
g Salids

=) E4 snapshots
Face Snapshot
{4 Body Snapshot
.| Far Fields
1l Temp
14l Imported Result
11l Results

Background / Mormalkda

size: (168 = 168 =1
(er,se)=(2,0) , (ur,sm

Voxel Editor

”

N

General

— - —
-

— e o oy
==
—
—

- -~
ijem | Lint |I‘neter v| =~ ~
~
Physical Size h f- . S
Other configurations
Loaded Yalurne
" 4
Walurne Skart Position .
in Cornputation Domain |UJ 0,0 | (Rdefoc:ﬂtlgg |D.5J 1,05 | - 4
(&‘ZL aH¥ _
~ - -
Advance -

(%) Use the Whole Yolume

Electtical Parameters

Relative Permitkivity

Elec. Conductivity (Sim)

Relative Permeability

Maq. Conductivity (W m)

) Use sub-valme

() Bulk

3 Bull

(%) Bulk.

) Bull

Load Voxel data

Bz ]

=N
| |;¥[Lnadl\

| | b\[ Load

| #
7’

Biz ]

T

L Jo
b____Jo

1
L 1

Cancel
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8) Simulate the case and compare result.

Observer Ex btransient IE
Observer Ex transient &
b — 0bs1
15 — ihsZ
— b
e (b5 1 00E])
10 b2yl
Chs3voxe)
5
g o aﬁh%‘f‘-‘_d—n—_ —
s
w
-5
-10
-15
-0.0e+000 5.0e-005 1.0e-007 1.5e-007 2.0e-007 2.5e-00
Time (=) w
£ [ =

As can be seen, the results from voxel simulation match
that from the simulation with six solids
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Case 3: Simulation on A Digital Breast
Model

The digital breast model is obtained from:

UWCEM Numerical Breast Phantoms Repository, http://uwcem.ece.wisc.edu/MRIdatabase/.

The manual of the database is “Database of 3D Grid-Based Numerical Breast Phantoms for
use in Computational Electromagnetics Simulations:
http://uwcem.ece.wisc.edu/MRIdatabase/InstructionManual.pdf.

There are four models in this repository, corresponding to four categories of breast (the
American College of Radiology categories).

In this case, we use model “ACR CLASS 1 - Mostly Fatty, Phantom 1”. The original model is
MRI contrast data, we use “MRI contrast-EM profile conversion” method to obtain the €, &
o.. Please refer to following papers to get the conversion method:

1) M. Lazebnik, S. C. Hagne, “A large-scale study of the ultrawide band microwave dielectric properties of normal
breast tissue obtained from reduction surgeries,” Phys. Med. Biol., vol. 52, pp. 2637-2656, 2007.

2) M. Lazebnik, S. C. Hagness, “A large-scale study of the ultrawideband microwave dielectric properties of normal,
benign, and malignant breast tissues obtained from cancer surgeries,” Phys. Med. Biol., vol. 52, pp. 6093-6115,
Oct. 2007.
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http://uwcem.ece.wisc.edu/MRIdatabase/
http://uwcem.ece.wisc.edu/MRIdatabase/InstructionManual.pdf

Due to the high resolution of original model, and the for-loop is different from
W(CT voxel definition. We down sample this model to a resolution of
1.5x1.5x1.5 mm?3; and convert data sequence as for x:y:z loop.

The final data file in WCT voxel format is breast eps.vxb & breast econd.vxb.

One cross-section of
the converted model
is shown in left Fig.
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The loaded 3D breast model in the GUI looks like

The size of the voxel volume is 12x16.5x10.5 cm3, with 80x110x70
cellsin x, y and z direction, respectively.
For this model, the material outside the breast has €.=4.5, 6,=0
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In this case, we will show how to use face-snapshot to monitor the
propagation of EM wave in the breast. The source is an ideal E dipole
outside the breast model. The breast model is immersed into a matching
material with €,=4.5, 0,=0to reduce the reflection from the breast.

Steps:

III

(1) Create a new case and save with name “tp
(2) Create matching material “bkg45”

Edit Material . (%] B Edit Material x X
faeneral |Electromagnetic Elastodynamic General| Electramagnetic |Elastodynamic
Marne Marne Color
[bkats | | |
Ittt *avs FuiLs
& Circuits Type

i1l Excitation Pulses Color change |Norma| v| [ Edit dispersion ]
= Wﬁ.dd Material _ Relative permittivity Relative permeability
T Curve ‘

4.5 1
D Faces|  Import Materials From Library | | | |
‘« Solids ™ [ Add to material library Electric conduckivity Magnetic conduckivity
o | o |
Electric loss tangenk Magnetic loss tangent

EREES

(o] (o




(3) Setup project unit as meter, second & hertz, background as “Bkg45”.

Project Design

'
\
-

~
(¥) I/ with Freguency (Hz}

() I{0 with Wavelength in vacuum  (m)

i |Backgrcnunl:| Boundary) Frequency and Pulse | Mesh | Time
N
\
Length / meter % %
\
Time: second 1

Apply

Cancel

3

Project Design

Unit | Background | Boundary Frequency ang Pulse Mesh Time

Homogeneous Background Material ( bkg4s

[Juse Lavered Medium
Laver Stack Crientation

{Mote: The bottom position and layer thicknesses are along
the stack orientation, Double click to begin each cel edit.)
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set computation domain B.C. as following, and set simulation frequency as 3e’-3e® Hz

Project Design

Unit Background | Boundary |Frequenc3-' and Pulse | Mesl{}| Tirne |

¥ Boundaty ()

®min |0pen at inpuk position v| Position  |-0.015%

FATI=r |0pen at inpuk position v| Position

Y Boundary {m)

Yrin |0pen at inpuk position L | Position

YInax |0pen at input position v| Posikion

Z Boundary {m)

Zrnin |Open at input position v| Posikion | -0.015

IRE=] =
i | |2 o
@y, a

Zmax  |Open at input position ~| Position |D.1425

I
w
=
[m]
€T

X

Project Design

|Unit | Background | Boundary | Freduency and Pulse | Mesh | Time |[}S

(%) Frequency Range [Hz]

Min. Freq. (fmin} 3e7

") Project Pulse

]

Flot Pulse

Max, F_enegy [Hz]

.

Modulation

=
o]
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Because we want to capture the signal in all voxel cell, we use manual uniform mesh as
following. (user can use Automatic mesh also)

Project Design k @
Ik Backaround | Boundary | Frequency and P'ulse| Mesh | Time

{3 Automatic fdvance
Poinks Per Wavelength (PPW) Synchronize PPYWs [ additional

PP-% |:| PPY-Y |:| PPYW-Z |:| cantrol points
min,l';nax’raﬂ;n E— =mamadizcent rill:il:n I:I Edit
7 ~

/(%) Manual b \ Clear
[ Mumber of cells [ | synchronize numbers ]
\ Additional ctrl
~w w [0 | wefos, 7
S~ — -_- -
) User defined ===
Load Edit Clzar

Minimum angle of solid surface angle (Deqg)
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Because we only want to capture the transient signal on face-snapshot, we don’t need
to analyze the frequency response. Here, we use “User defined” time window, 8 ns.

Project Design E|
Ik Background | Boundary | Frequency and Pulse | Mesh | Time Q_
Tirne Window [s]
&) User dyf'ned = ) Aukomatic
End Tim( 2e-008 /
\ -_— - /
Delta Time [s]
() User defined (%) Aukomatic
Receiver Recordings anapshot Recordings PR -
Recordings times per Recordings times per \
- 10 - =
petiod of max F_energy petiod of max F_ener /
\ g /
Recording Interval Recording Interval
(Unit: # time steps) (Unit: # time steps)

In order to make the picture on the snapshot more smooth, we

increase “Snapshot Recordings” density to 5 points per wavelength
atf. ., (3e°Hz).
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4) Add dipole source in the project.

Edit Existing Source

Mame

| Tvpe

Location

||:|.|:|451 0.045, -0.002

(2, v, 2]

Excitation Pulse

(%) Use project pulse

) Use individual pulse

Plat pulse

Edit pulse

Polariz ation |UJ o1

Pulse tvpe
Celay [s]

Amplitude

X

3

|EIE|:I:ri|: Dipole w |

||:|

| 1

Cancel

47



5) Define voxel

Yoxel Editor

Zeneral

Ly

Marme | rEast

_

Phisical Size
Loaded Volume

Wolurne Statt Position

in Compukation Damain |U;

0,0 Resalution [ pys 0015, 0.0015

(dx,dy,de}

(2,2

Advance

(=) Use the Whale Yalume

Electrical Parameters

Relative Permittivity

Elec. Conductivity {5/m)

Relative Permeshbility

Mag, Conduckivity (/m)

) Use sub-valme

o= -

7 N
() Bulk | 1’ ® [ Load ]\\
]
() Bulk. ® Load
fr o (e,

N\
ok [ JoT =’
(=) Eulk I:I "y Laad

TR
I
]

(o] [

The data file is breast eps.vxb & breast econd.vxb under folder Digital breast model.
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5) Define face-snapshots

=50 Woxels
= breast
= Snapshaots

=
= Bor Create Face Snapshat I

. Far Fields
thal Temp

Edit Face Snapshot

3

Mame |x_Fs_1

| Mormal l:bc:—vl W

Plane Location  {m)

Lower Carner (x, ¥, 2]

Higher Corner (x, v, 2

Display Components

|n.|:|5, -0,015} -0.01 |

||:|.|:n31 0,195, 0,142

Ex Ev Ez
|:| Hx |:| Hy |:| Hz
e

X normal snapshot,
capture E field only




Y normal
snapshot

=-FH snapshots
= Face Snapshot

x fs_1
5

z_fs_1
{[F4 Body Snapshot
y| Far Figlds

Z normal
snapshot

Edit Face Snapshot

3

MNarne |

s

Flane Location  {m)

Lowser Corner (x, v, 2)

Higher Corner {x, v, 2)

Display Components

-0.015, 0,1, -0.015
0,135, 0.1, 0,1475

Ex Ey Ez
|:| Hz |:| Hy D Hz
[ ] [ow

MNarne |

s

Flane Location  {m)

Lowser Corner (x, v, 2)

Higher Corner {x, v, 2)

Display Components

-0,015, -0.015, 0.0
0,135, 0,195, 0,05

Ex Ey Ez
|:| Hz |:| Hy D Hz
[ ] [ow
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6) Simulate the case and check result.

Click “x_fs 1” snapshot to enter

Expand Results treenode till snapshot displaying mode
you can see Snapshot ->

File ‘iew Tools Help

Transient ‘DEALSt0 @aQ .L.080030F

[ohowElTaHMYsttor v [Unsar v |0 BN =D B e
Project
_E
s tp‘ %
L] I%f‘smn -
Unik 1 5864005
1 lI TEITII:I [0 Background
51 Boundary
1l Imported Result = b
Mesh
=1 |I Results & Time 3484005
. . & Sources
11l Excitation & Ohsorvers
W Lumped Ports 1564005
[=-[f Snapshots & Wavs Parts ]
#F Circuits
|E| [ﬁ Transienk gl Exciation Pulses
— B8 Materisls f.550+004
[ Selected Snapshats & e
& Solids
EI Al SI'IEIDShEItS vaxels 7.632+004
B Snapshots
[ x _fs_1 s
ihl Temp
[& ':."_FS_]. 11l Imported Result .7 1e+004
& thil Resulis
EI Z_FS_]. & 1lal Excitation
(=)~ [@ Snapshats .78e+004
[ Frequency o B Transent
[ Selected Snapshots
[ Al Snapshots
B G6e+004
oy fs L
[ 2 Fs_t
[l Frequency 0

{Unit: E,M: vém; H,.J

Log x
~
Simulation has been started at 08/09/12 13:43:39 by Wavenology EM 1.6.6
Preprocessing... Domains: 1x 1x 1, Cells: 110 140 105, Delta time: 2,65302e-012 sec, # of cores: 2, CPU Time: 6,625 sec, Explict solver is used
Time Stepping...
Postprocessing, . Last time windows: 2,00011-008 5, Mumber of time step: 7539, CPLU Time of time-stepping: 593765 sec, Postprocessing: 1,798 sec
Simulation is completed normally ak 08/09/12 13:53:50, Total CPU time is 10 min 11,644 sec (511,844 ssc)
v
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User can user this toolbar to control the snapshot displaying

How to displaying
the values

| Show E[7 8 H|M Yeckor w

p|5how E| 1 Vectar
Shiowe H|M Veckar
g Show E|J & H|M Yeckor
[Hide Field WYectar

0 Unit

View angle

Wavenology EM - tpl

File Wiew Tools Help

DEPRS it e aa~8B8 0000

— -

—-— o o
—
—

_______ @-F’

¢ | Show E[2 8 H[M Vector

} |Linear

leI

s B H*» o A

—

-
Project

= tpl

—
—_— = -

Ecinn

Frame Generating

index

movie

Automatic
displaying
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Here, we choose “front view” + “Hide Field Vector” + “Log” mode

then use the spin button to change displayed frame

DSAWE ito @] .00 |
: | Hide Field Yector V]Log vll? = g H > @ : T
Project
= tpl
= 9% Design
2 unit
(| Background
(| Boundary
Il Freq & Pulse
[0 mesh
@ Time
[+-~®- Sources
©- Observers
A Lumped Ports
G Wave Ports
|- & Circuits
g1l Excitation Pulses
BE Materials
7 Curves
D Faces
& Solids
|- Voxels
|-[3 Snapshots
Far Fields
-l Temp
1.1l Imported Result
=11l Results
-2l Excitation
= [4 Snapshots
=B Transient

VR t -

[+

&

[+

[+

[+
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Similarly, for y plane snapshot “y sf 17, we choose “left view” +
“Hide Field Vector” + “Log” mode to display

DSAWE te aQ .080000 F

§|Hide Field Yector vlLog v]ZO ]: Op [§| 1 '
Project

= tpl
E@Design

2 unit
I Background
i 0 Boundary
n Freq & Pulse
[ mesh
4 u Time
& Sources
Observers
4 Lumped Ports
- Wave Ports
@£ Circuits
#)-g/al Excitation Pulses
@B Materials
7 Curves
[ Faces
@ Solids
£ Voxels
@B Snapshots
1 Far Fields
& gl Temp
“ghl Imported Result
=11l Results
11l Excitation
= Snapshots
=-[ Transient
[ Selected Snapshots
i All snapshots
B x_fs_1
[ y_fs_1
Pl zfs 1
: Frequency
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Similarly, for z plane snapshot “z sf 17, we choose “top view” +
“Hide Field Vector” + “Log” mode to display

DEAlSES i te &g ;8680000 (F |

 |Hide Field vector v |Log v 42 |: H o |§| i ? O

Project
= tpl
EJ& Design
- unit
£ Background
I Boundary
1 Freq & Pulse
B mesh
B Time
@ - ®° Sources
& Observers
4 Lumped Ports
& Wave Ports
# & Circuits
#-¢11] Excitation Pulses
- B8 Materials
7 Curves
[l Faces
@ Solids
&5 Voxels
@[ Snapshots
| FarFields
-1l Temp
11l Imported Result
=14l Results
111l Excitation
=B Snapshots
=B Transient
[ Selected Snapshots
B Al Snapshots
B x_Fs_1
B y_Fs_t
LB 2 fs 1
B Frequency




Voxel Demo Cases

Part Il: EL Solver

1) Transient response from a Box in 3layered background, general
isotropic material

2 ) Transient response from a Box in homogenous background,
weak anisotropic material

3) Simulation on 2D Marmousi || model

4) Simulation on SEG_EAGE_3DOverThrustModel
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Case (1) a Box in 3 layers Background

general isotropic material

This case simulates a box in a 3 layers background. We will show how to
define this box by the voxel way and compare the simulation result with
the result by defining a box by a normal way.

The left Fig. is the reference case, a regular box
in a 3 layers background.

In the voxel case, we will replace the box region by
a voxel with 2x2x2 cells, and tehn compare the
transient response on receiver in two cases.




Case setup: Materials

Rock

-
Edit Matenal

| General | Electromagnetic | Elastodynamic

Mame Color

rock

Mass density
2200 kgjm*3

P-Velocity
2500 m/s inf

S-Velodty
1700 m/s inf

[] advanced

Anisotropic Material Property

PoroElastic Material Property

Qp (0, Inf)

Qs (0, Inf)

| QK | | Cancel |

Apply

for top layer

Bottom
il N
Edit Material e
| General | Electromagnetic | Elastodynamic
Mame Color
ot —
Mass density
2500 kgfm*3
P-Velodty Qp (0, Inf)
3000 mys inf
5-Velocity Qs (0, Inf)
1300 m/s inf
[] advanced
Anisotropic Material Property
PoroElastic Material Property
o] (] [ o

for bottom layer
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middle

-

Edit Material

| General | Electromagnetic | Elastodynamic

MName Color
mede | I
Mass density
2300 kgfm*3
P-Velocity Qp (0, Inf)
3500 mys inf
S-Velocity Qs (0, Inf)
2300 m/s inf
[ advanced
Anisotropic Material Property
PoroElastic Material Property
Help | Ok | | Cancel | Apply

f2

-

Edit Maternial

| General | Electromagnetic | Elastodynamic

Mame Colar
2 | |
Mass density
4000 kg/m*3
P-Velocity Qp (0, Inf)
3500 m/s inf
S-Velocity Qs (0, Inf)
2200 m/s inf
[] advanced
Anisotropic Material Property
PoroElastic Material Froperty
Help | Ok | | Cancel | Apply

for middle layer

for box
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Case setup

Project setting: unit

F

Project Design

it |Ead<ground I Boundary I Frequency and Pulse | Mesh I Time |
Length meter -
Time millisecond -
Frequency hertz -

@ Ifowith Frequency (Hz)
) Ifo with Wavelength in water  (m)

Action option when length/freq. unit change
(@) Scale whole system

(7 Keep the system value unchange

Apply

Project size & B.C.

Project Design

| Unit | Background | Boundary | Frequency and Pulse I Mesh I Time |

¥ Boundary (m)
¥min Open at input position w Position -500
¥max Open at input position « Position 500
¥ Boundary (m)
¥min Open at input position * Position -300
¥max Open at input position * Position 500
Z Boundary (m)
Zmin Open at input position * Position -500
Zmax Soft at input position ~ Position 500

| |

e
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Project background

”
Project Design

|L.Ir|it | Background | Boundary | Freguency and Pulse | Mesh |'I'|me |

IUse Layered Medium

Layer Stack Orientation

Homogeneous Background Material

f2

{Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

Top

Bottom

Bottom Position or

Layer Thickness =
bottom
350 middle
-100 rock

v
‘ Z
bottom
350 m middle
o—X
-100 m

rock




Project pulse: f.=10 Hz Ricker wave

F

Project Design

(7 Frequency Range [Hz]

Mir. Freq. (Frin) 0.6078
Ma, Fred. (frasx) 77.6375

(@) Project Pulse

Pulse Type Ricker -

Peak Freq. {fc,[Hz]) 10
Truncation Multiple 5.2831853

{ Note: tc=1/(pi*fc), fmax=2.76375fc)

| Unit I Background I Boundary | Frequency and Pulse |Mesh I Time |

Plot Pulse

Max. f_enegy [Hz]

27.6375

Modulation
Freq. (fm) | 13.81875
Cenker Phase [deq] |0

[ Mote: Fro=(frin+fma:))z )

Pluse

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Project - Pulse

1

200

400

Time (ms)

&a00

300
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Project mesh: 200 cellinx,y & z

-
Project Design

===

| Unit | Background I Boundary | Frequency and Pulse | Mesh |T|n'|e |

() Automatic
Points Per Wavelength (PPW) Synchronize PPWs
PPW-X [12.3 | PPW-Y |[12.3 | PPW-Z |12.3

min/fmax ratio

max adjacentratio x | 1.3 y |13 z |13
@ Manual
Mumber of cells Synchronize numbers
My 200 Ny | 200 Nz | 200
(") User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg) 3

x |0.001 |y |[0.001 |z |0.001 | [#]Syn. tox

Syn.tox

Advance

[7] additional
control points

Load ||

Edit

Clear

Additional ctrl

Cancel

\ — —— — = — — =3

Project time

setting: default time

window & automatic At

-
Project Design

| Unit I Background I Boundary | Frequency and Pulse | Mesh | Time: |

Time Window [ms]

(7 User defined

End Time | 2582.44

Delta Time [ms]

() User defined | 0.683704

Receiver Recardings

Recordings times per
period of max f_energy

Recording Interval
(Unit: # time steps)

@ Automatic
Energy decay [dE] -40 -

Energy variation [dB] -30 -

@ Automatic

Snapshot Recordings

Recordings times per
period of max f_eneray

Recording Interval 5
(Unit: # time steps)
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Source: moment tensor at (-200, -100, -350)

i o
Edit Existing Source u

Mame Source 1] Type [Mnment Tensar - ]
LT 300-500, 400-500, 500-150  (Strike,Dip,Rake) 0, 0,0
G, v, 2)

3x3 Values 1,0,0;0,1,0;0,0,1

Format: cl11c12 c13; €21 22 c23; 31 32 €33 Array Setting

Excitation Pulse

i@ Use project pulse Plat pulse Pulse type Ricker

() Use individual pulse Edit pulse Delay [ms] o

Amplitude 1 (Pa/js)




15 observers along z: x=100, y=200; z positions: [400:50:-350]

‘Z




Box region

As right figure.

Size: (0,0,0)-(200,200,200)

Material: f2
mass: 4000
vp: 3500
vs: 2200

But in this case, we will
use a voxel to represent
this: (0,0,0)-
(200,200,200)
rectangular region
instead of a regular box
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Prepare voxel data files

This is a rectangular region with regular isotropic EL material, so, we need only 3
iInputs: mass, vp, vs.

Assuming this voxel is composed by: 2x2x2=8 uniform cells (cell size is
100x100x100 m3), each cell’'s material is defined by file (ASCII format), we can
define 3 files for each input, as following,

Mass.txt Vp.ixt Vs.txt

2 2 2

2 2 2

2 2 2

4000 3500 2200
4000 3500 2200
4000 3500 2200
4000 3500 2200
4000 3500 2200
4000 3500 2200
4000 3500 2200
4000 3500 2200
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After project setup, source
and receiver, voxel data files
are ready, we can see the
project as following

Then, create voxel

Hfz Wavenology Cartesian Elastic Solver (x64) - bax_1

File Edit View Coordinates Simulation Postproce
DEAWSe | o (@0t o
=l Y Ty
R I L i A Ll S 2 M=
Project

= box 1l

E% Design

[+~ ®~ Sources

-2 Observers

----- & Lumped Ports
..... gx Wave Ports
-4 Circuits

..... i Particles

-1l Excitation Pulses
=B Materials

wead” Curves

g Solids

G S Create Voxel

----- . Far Fields
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Voxel
name

-
Voxel Editor

General

Mame Vowell

Lint

i — ol

(S|

o e ot e =

Loaded Vaolume

Volume Start Position in
computation domain (x,y,z)

Advance

0,0,0

Resolution
100, 100, 100
(dx,dy,dz) e

(@ Use the Whole Volume

Use sub-valme

Corner 1 (2,20 |

Carner 2 (x4, 20 |

Blectrical Parameters | Elastodynamic Parameters

|| Ela. Weak Aniso. Parameters|

Relative Permittivity

Elec., Conductivity (5/m)
Relative Permeability

Mag. Conductivity (W /m)

@ Bulk
i@ Bulk
i@ Bulk

i@ Bulk

1

(@] |F| Medh size |
® [ Load | Meshsie |
® [ Load | Meshsie |
® [ Load | Meshsie |

Display

Data Type [Mass

v] Color Map Transparency
[ o ]

&l

Voxel unit

Voxel start
position &
resolution

Skip pages:
Electrical
parameters &
Ela. Weak
Aniso.
Parameters
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In the Elastodynamic Parameters page, load mass, vp, vs from TXT data files, respectively.

bl @

Date modified

Mo iterns match your search.

] |

| Electrical Parameters | Elastodynamic Parameters | Ela, Weak Aniso. Parameters |
Mass (kg/m~3) © Buk | 1000 |® [ Load | Meshsize 20222 |
Vo (mfs) © Buk | 1500 @ | Load | feshsize |2x2x2 |
Vs (m/s) ©Buk |0 || ©® | Load | Meshsize 2222 |
Qp @Buk -1 © | Lload | Meshsize | |
= - | 1 [ 1
Qs @B - Ll
Wz Import data file .
%v| Lo voxel » box 2 usr » wvoxel
]
Organize = Mew folder
. Weak Aniso. Parame “'r Favorites = MName
:| @ Load Eﬂ Bl Desktop
4. Downloads |
:| @ Load M %# Dropbox 1
:| i@ Load M
| ® | Load | M|
— 4 Libraries
® [ Load | Ml =
@ Documents
Jﬁ Music
[ Pictures
=il Subversion | | N
File name: foxell_mass.wxb
dot = | Transparency

Ok

- iastiium’.ti fibei:.ﬁi vl
ascii voxel file (*.vwa)
blnar],wuxel file I',f* vxb]

T

text file (*.b)




Hfy Import data file ’ u
— A
@uv| . « voxel » boxiso » voxel » [Eewv:h vioe! Pl
Organize = Mew folder 3= = i @
i Mame . Date modified T
- Libraries )
%o t | box_2_1_res 10/17/2017 414 PM F
OCUMments
_ | box 21 tmp 10/17/2017 414 PM F
" dﬁ Music i
- | box_2_1_usr 10/17/2017 414 PM F
! Ifjl 5' b”res_ b box 2 res 10/15/2017 9:24 PM  F
; ;d versien 8 @ boxztmp 10/17/2017 414 PM  F
| e ) box_2_ust 10/13/2017 412 PM  F
- || massibt 10/13/2017 418 PM T
|- t
ze E vpad 10/13/2017 4:19PM T
&, Local Disk (C)
L] st 10/13/2017 419 PM T
o Extl (D)
o extll (E:) - 4| 1 | 3
File name: mass.tet v |textfile () -
| Open | ’ Cancel ]
L
After all voxel parameters are set correctly, - [ Faces
[ ” H H art A 000 i i
then “OK” to add this voxel in the project, as g Solids
. . =50 Youxels
right figure
ghttig e
- Snapshots
----- o Far Fields




Then we can simulate this project, and compare the

simulation result with a regular box setting. We can see
two sets of data overlap.

Be-015

4e-015

2e-015

— 8e-031

v (m

-2e-015

-4=-015

-6e-015

-3e-015

Observer vx transient

o Oby_07

iy O F{loaded)

500

1000

Time (ms}

1500

2000

2500

B Voxel
B Regular box
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Case (2) a Box in Homogenous
Background

weak anisotropic material

This case simulates a box with anisotropic material in a homogenous background.
We will show how to define this box by the voxel way and compare the
simulation result with the result by defining a box by a normal way.

The left Fig. is the reference case, a regular box
in a homogenous background.

In the voxel case, we will replace the box region by
a voxel with 2x2x2 cells, and then compare the
transient response on receiver in two cases.




Case setup: Materials

Rock

for background

Edit Material bl Anisotropic Material Parameters for Elastic Wave
| pe— I Electromagnetic | Elastodynamic (@ General Anisotropic (Unit: GPa)
Cilj A B C D E F |
Name Color )
(6x6 Matrix]) 1 |16.2948 |1.48 2.4 -1,152  0.416 -0.581
rock
2 (L4 11.83 1.032 0.912 1.608 1.2493
R 3 (24 L0322 12216 0.6724 0.216 |-0.216
1900 kg/m~3
4 |-1.152 0.912 -0.6724 5,64 2,16 0.5
P-Velocity Qp (0, Inf) s 0.416 (1608 0.216 216 588  0.58
3000 mjs inf
& [©.561 1.243 0,216 0.5 0.58 6.912
S-Velodity Qs (0, Inf) ' T | »
1300 m/s inf i
(") Thomsan
[¥] Advanced Epsion 0.1 Delta 0.2 Gamma 0.3
@ Anisotropic Material
Anlges (Unit: Degree)
© PoroElastic Material © ZX Axis Angles  theta Z 0 phiz O theta X 90
[ Mote; VTI material - (0, phi_X, theta_X); HTI material - (30, phi_Z, -J; ]
[ if theta_7 = 0 or 180, the input in "phi_Z"is "phi_X" 1
- o] [ema] [ | |l <
anee e () Euler Angles alpha_z0 |0 beta_x1 |0 gamma_z2 |0
General anisotropic material,
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The VTI anisotropic material for the voxel has

following properties

I il
Edit Material 2% | Anisotropic Material Parameters for Elastic Wave N ﬂ
| General | Electromagnetic | Elastodynamic () General Anisotropic (Unit: GPa)
Cij A B C D E F
Mame Color ]
{6xE Matrix) 1 |10 33 2.3 -3 0.1 0.3
2 |35 8 1.5 0.2 0.1 .15
Mass density Cooy from t
S 3025 |05 s 1 0.4  |0.24
3000 kgfm*3
4 |9 0.2 1 5 0.35 0.525
P-Velodity Qp (0, Inf) e (0.1 01 |04 [0.35 |4 1
3500 m/s inf
& (0.3 -0.15 0.24 0.525 1 3
S-Velocity Qs (0, Inf) 1| ] | 3
2500 m/s inf -
(@ Thomsaon
[¥] Advanced Epsian 0. 2| Delta -0.1 Gamma 0.5
(@) Anisotropic Material
Anlges (Unit: Degree)
(7 PoroElastic Material i@ ZX Axic Angles  thets Z O phi_Z 0 theta ¥ 90
[ Mote: VTI material - (0, phi_¥, theta_X); HTI material - {90, phi_z, -J; |
[ if theta_7 = 0 or 180, the input in "phi_Z"is "phi_Xx" 1
Hel | Ok | | Cancel | Apply _
. (1 Euler Angles alpha_z0 |0 beta_x1 |0 gamma_z2 |0
L

This property is for information purpose
only , user can skip the definition of this
material in the project setup
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Case setup

Project setting: unit

F

Project Design

it |Ead<ground I Boundary I Frequency and Pulse | Mesh I Time |
Length meter -
Time millisecond -
Frequency hertz -

@ Ifowith Frequency (Hz)
) Ifo with Wavelength in water  (m)

Action option when length/freq. unit change
(@) Scale whole system

(7 Keep the system value unchange

Apply

Project size & B.C.

Project Design

| Unit | Background | Boundary | Frequency and Pulse I Mesh I Time |

¥ Boundary (m)
¥min Open at input position w Position -500
¥max Open at input position « Position 500
¥ Boundary (m)
¥min Open at input position * Position -300
¥max Open at input position * Position 500
Z Boundary (m)
Zmin Open at input position * Position -500
Zmax Soft at input position ~ Position 500

| |

e
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Project background

-

Project Design

Init | Background | Boundary | Frequency and Pulse | Mesh | Time |

Homogeneous Background Material

[ use Layered Medium
Layer Stack Orientation z

{Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

Bottom Position or

Layer Thickness =T e

| = Co ) (oo | (o
| |
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Project pulse: f.=10 Hz Ricker wave

F

Project Design

(7 Frequency Range [Hz]

Mir. Freq. (Frin) 0.6078
Ma, Fred. (frasx) 77.6375

(@) Project Pulse

Pulse Type Ricker -

Peak Freq. {fc,[Hz]) 10
Truncation Multiple 5.2831853

{ Note: tc=1/(pi*fc), fmax=2.76375fc)

| Unit I Background I Boundary | Frequency and Pulse |Mesh I Time |

Plot Pulse

Max. f_enegy [Hz]

27.6375

Modulation
Freq. (fm) | 13.81875
Cenker Phase [deq] |0

[ Mote: Fro=(frin+fma:))z )

Pluse

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Project - Pulse

1

200

400

Time (ms)

&a00

300
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Project mesh: 200 cellinx,y & z

-
Project Design

===

| Unit | Background I Boundary | Frequency and Pulse | Mesh |T|n'|e |

() Automatic
Points Per Wavelength (PPW) Synchronize PPWs
PPW-X [12.3 | PPW-Y |[12.3 | PPW-Z |12.3

min/fmax ratio

max adjacentratio x | 1.3 y |13 z |13
@ Manual
Mumber of cells Synchronize numbers
My 200 Ny | 200 Nz | 200
(") User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg) 3

x |0.001 |y |[0.001 |z |0.001 | [#]Syn. tox

Syn.tox

Advance

[7] additional
control points

Load ||

Edit

Clear

Additional ctrl

Cancel

\ — —— — = — — =3

Project time

setting: default time

window & automatic At

-
Project Design

| Unit I Background I Boundary | Frequency and Pulse | Mesh | Time: |

Time Window [ms]

(7 User defined

End Time | 2582.44

Delta Time [ms]

() User defined | 0.683704

Receiver Recardings

Recordings times per
period of max f_energy

Recording Interval
(Unit: # time steps)

@ Automatic
Energy decay [dE] -40 -

Energy variation [dB] -30 -

@ Automatic

Snapshot Recordings

Recordings times per
period of max f_eneray

Recording Interval 5
(Unit: # time steps)
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Source: Z polarization point dipole source at
(-100, -200, -300)

=

Edit Existing Source

Mame Source 1] Type Dipole v]
Location 400-500, 300-500, 200-500  Polarization 0, 0, 1
b, v, 2)
Array Setting
Excitation Pulse
(@) Use project pulse Plot pulse Pulse type Ricker
() Use individual pulse Edit pulse Delay [ms] 0
Amplitude 1 (Njm™3)
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10 observers along x: y=100, z=200;

Y

X positions: [-400:50:50]
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Box region

X -
As right figure. F

Size: (200,-200,-200)- (0,0,0)
Material is the one we shown
In the project material page
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Prepare voxel data files

This is a rectangular region with weak anisotropic EL material (VTI material,
Thomson type). Here, we need only 3 inputs: epsilon, delta, gamma. The
material rotation angle for each cell is bulk value.

Assuming this voxel is composed by: 2x2x2=8 uniform cells (cell size is
100x100x100 m3), each cell’'s material is defined by file (ASCII format), we can
define 3 files for each input, as following,

epsilon.txt delta.txt gamma.txt

2 2 2

2 2 2

2 2 2

0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5
0.2 -0.1 0.5




After project setup, source
and receiver, voxel data files
are ready, we can see the
project as following

Then, create voxel

-
Hfz Wavenology Cartesian Elastic Solver (x64) - bax_1

File Edit View Coordinates Simulation Postproce
DEAWSe | o (@0t o
o B @ @ e [t D G b
A=A RN N S =
Project

= box 1l

E% Design

[+~ ®~ Sources

-+ Observers

----- & Lumped Ports
..... gx Wave Ports
-4 Circuits

..... i Particles

-1l Excitation Pulses
=B Materials

wead” Curves

g Solids

G S Create Voxel

r

----- . Far Fields
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Voxel
name

-
Voxel Editor

e —

(S|

Advance

General
Mame Voxell Uint meter -
o e ot e =
Coaded volume
Volume Start Position in Resolution
0,0, 0 100, 100, 100
computation domain (x,v,2) {dx,dy,dz) S

(@ Use the Whole Volume

Use sub-valme

Corner 1 (x,v,2) | |

Carner 2 {x,v,2) | |

Data Type [Mass v] Color Map Transparency

Electrical Parameters | Elstodynamic Parameters I Ela. Weak Aniso. Parametas|
Relative Permittivity @ Bulk 1 i | Load | Mesh size | |
Elec. Conductivity {5,/m) @ Buk O & | Load | Mesh size | |
Relative Permeability @ Bulk 1 & | Load | Mesh size | |
Mag. Conductivity {W/m) @ Bulk O & | Load | Mesh size | |
Display

[ree | [ | [ conl ]

&l

Voxel unit

Voxel start
position &
resolution

Skip page:
Electrical
parameters
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In the Elastodynamic Parameters page, input bulk mass, vp, vs, respectively.

Actually, input for vp & vs can be skipped in this case, because they will not be
used in the simulation.

| Electrical Parameters | Elastodynamic Parameters | Ela, Weak Aniso. Parameters

Mass (kg/m~3) @ Bulk 3000 Load Mesh Size
¥p (m/fs) @ Bulk 3500 & Load Mesh Size
¥z (m/s) @ Bulk 2500 & Load Mesh Size
Op @ Bulk -1 ] Load Mesh Size

Qs @ Buk -1 & Load Mesh Size




In the Weak Aniso. Parameters page, input bulk mass, vp, vs, respectively.

| Electrical Parameters I Elastodynamic Parameters

Ela. Weak Aniso, Parameters

r ' L— e

¥ Axis Angles (Unit: degre *

Delta Ok | | ® [ Load | Meshsize [2@2 |
zamma (7 Bulk : i@ Load Mesh Size |2:(13(2 |

e e (I, |
L

an

theta_7

g
Wz Import data file .

==X

%v| Lo voxel » box 2 usr » wvoxel
1

)

Organize = Mew folder

= - [0 @

.0 Favorites ST

Bl Desktop

4. Downloads
%# Dropbox

m

- Libraries
@ Documents

Jﬁ Music

[ Pictures

Date modified

Mo iterns match your search.

|‘|s=:-.IE| Subwersinn

] |

ot -

Ok

Transparency

File name: foxell_mass.wxb

w |ascii voxel file (%,
ascii voxel file (*.vwa)
binary voxel file (*.vxhb)

T

J)
text file (*.b)

(o) ]

7




-
Hfz Import data file

)

®v| oo voxel » box vt b ovoxel - | +3 || Search voxel P|

Organize = Mew folder 3= = i I@
i Mame Date modified T
- Libraries
L. case 4 _voxel_res 10672007 11:08 ... F
@ Documents
JF . . case_d_voxel_tmp 10/17/2017 4:51 PM F
usic a
] J. case_4_voxel_usr 1071672017 9:58 PM F
[=]| Pictures
R _ | cart_mesh.bd 107/2007 6:01 PM T
Subwersion
] - [ el_deltatt 10/16/201710:06 .. T
B videos 3
|| el_eps.tet 10/16/201710:05 .. T
el_gamma.tet 10/16/2017 10:06 .. T
/M Computer | 4 =
&, Local Disk (C)
o Extl (D)
ca extll (E:) - i | p
File name: el_eps.tt v |tedfile (.od) v
I Open I ’ Cancel ]
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For the material rotation angle, due to it is VTI material, we

keep these input as default values: (0, 0, 90°)

| Electrical Parameters I Elastodynamic Parameters | Ela. Weak Aniso. Parameters |

Epsion 7 Bulk i@ Mesh Size | Zx2x2
Delta ©) Buk ® Mesh Size | 2x2x2
Gamma 7 Bulk @ Mesh Size | Zx2x2

Z¥ Axis Angles (Unit: degree) [note: VTI-{0,-,-); HTI-{90, phi_Z,-1]

theta_7 @ Bulk 0O [ ) Load Mesh Size
phi_7 @ Bulk O i Load Mesh Size
theta_X @ Bulk 90 [ ) Load Mesh Size

After all voxel parameters are set correctly,
then “OK” to add this voxel in the project, as

right figure

o

=
=
[}
=
m
in

-5 Snapshots
----- . Far Fields

(|
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After data files are defined, let the GUI show the
Mass in the voxel region, setup the transparency
also, as following.

Display

Data Type |Mass w | ColorMap |Hot = | Transparency
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vy (mis)

Then we can simulate this project, and compare the
simulation result with a regular box setting. We can see
two sets of data overlap.

3.0e-013

2.5e-013

2.0e-013

1.5e-013

1.0e-013

5.0e-014

1,3e-029

-5.0e-014

-1.0e-013

-1.5e-013

-2,0e-013

-2.5e-013

Observer vy transient

Cby_09
w— Dby _09{loaded)

500

1000
Time (mz)

1500

2000

B Voxel
B Regular box



Case (3) Simulation on 2D
Marmousi || model

This case simulates the Marmousi ii model, to show how the wave propagate in
the computational domain by snapshot
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Marmousi Il dataset

The Marmousi ii dataset used in the simulation include mass, vp and vs
properties. All are imported from segy files.

The resolution of dataset is 1.25m in X, y and z. The cell number is 13601x1x2801.
Based on these acknowledge, we set up the simulation by following steps.

Pt

e [1121SS

s

/"’" A

==




Case setup: Materials

In this simulation, the whole computational domain will be occupied by
Marmousi || model. So, we don’t need to setup any addition material,
just let the project use the default material.



Case setup

Project setting: unit

F

Project Design

it |Ead<ground I Boundary I Frequency and Pulse | Mesh I Time |
Length meter A
Time millisecond -
Frequency hertz -

@ IjOwith Frequency (Hz)

) Ifo with Wavelength in water  (m)

Action option when length/freq. unit change
(@) Scale whole system

(7 Keep the system value unchange

Cancel

Apply

Project size & B.C.

-
Project Design

| Unit I Background | Boundary | Frequency and Pulse I Mesh I Time |

¥ Boundary {m)

¥min Open at input position w Position 0O

Xmax Open at input position w Position 136017125
¥ Boundary {m)

Ymin Periodic at input position + Position 0O

Ymax Periodic at input position * Position 125

7 Boundary {m)

Zmin Open at input position w Position O

Zmax Open at input position + Position 28017125

Apply

Set project size as: (13601*1.25,
1.25, 2801*1.25)
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Project background

-

Project Design

Init | Background | Boundary | Frequency and Pulse | Mesh | Time |

Homogeneous Background Material

[ use Layered Medium
Layer Stack Orientation z

{Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

Bottom Position or

Layer Thickness =T e

| = Co ) (oo | (o
| |
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Project pulse: f.=10 Hz Ricker wave

F

Project Design

(7 Frequency Range [Hz]

Mir. Freq. (Frin) 0.6078
Ma, Fred. (frasx) 77.6375

(@) Project Pulse

Pulse Type Ricker -

Peak Freq. {fc,[Hz]) 10
Truncation Multiple 5.2831853

{ Note: tc=1/(pi*fc), fmax=2.76375fc)

| Unit I Background I Boundary | Frequency and Pulse |Mesh I Time |

Plot Pulse

Max. f_enegy [Hz]

27.6375

Modulation
Freq. (fm) | 13.81875
Cenker Phase [deq] |0

[ Mote: Fro=(frin+fma:))z )

Pluse

1.0

0.8

0.6

0.4

0.2

0.0

0.2

0.4

Project - Pulse

1

200

400

Time (ms)

&a00

300
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Project mesh: 2720x1x560, so, we can
make sure the FDTD sampling density is
bigger than 10 points per wave length

Project time setting: 20s time window
& automatic At. Snapshot recording
interval is 2 points per period.

Project Design

5]

| Unit | Background I Boundary I Frequency and Pulse | Mesh |T|me |

71 Automatic
Points Per Wavelength (FPW)

Advance

[] additional
control points

Load ||

Synchronize PPWs

PPW-X |10.98| PPW-Y [54.93| PPW-z |10.99

min/max ratio ¥ (0.001 |y |0.001 |z |0.001 Syn. to x Edit
max adjacent ratio x [ 1.3 y |13 z |13 Syn. to x Clear
@ Manual

Mumber of cells [ synchronize numbers

Additional ctrl

Mx 2720 Ny 1 Mz 560
(7 User defined
Load Edit Clear

Minimum angle of solid surface angle (Deg) 3

Project Design

==

| Unit I Background I Boundary | Freguency and Pulse | Mesh | Time

Time Window [s]

@ User defined

End Time 20

Delta Time [s]

i) User defined  |0.000846334

Receiver Recordings

Recordings times per
period of max f_energy

Recording Interval
(Unit: # time steps)

) Automatic

-40

@) Automatic

Snapshot Recordings

Recordings times per
period of max f_energy

Recording Interval
{Unit: # time steps)

Cancel
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Source: point monopole source at (100, 0.625, 50)

There is not receiver in this case, we will use snapshot to
check the field propagation.

99




After project setup, source
and voxel data files are
ready, we can see the
project as following

o,
P,
Y,
e,
",
Y,
u,
",

LY

2V

Then, create voxel

Hfz Wavenology Cartesian Elastic Solver (x64) - bax_1

File Edit View Coordinates Simulation Postproce
DEAWSe | o (@0t o
Fo o | | g @ | er | B G |
| 8 ¥ [ EE K|S
Project

= box 1l

E% Design

[+~ ®~ Sources

-2 Observers

----- & Lumped Ports
..... gx Wave Ports
-4 Circuits

..... i Particles

-1l Excitation Pulses
=B Materials

wead” Curves

g Solids

LB S Create Voxel

----- . Far Fields
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Voxel
name

A B A B & 5 B B 2 A E

S

leen Lls
Y ¥ Y - Y s Y Y .
General
Mame oxell nt meter -
Size
Loaded Volume
Volume Start Position in Resolution
0,00 1.25, 1.25, 1.25
computation domain (x,v,2) {dx,dy,dz) ! !

Use sub-volme

@ Use the Whole Volume

Cormer 10,4, 20

Corner 2 (x4, 2]

Electrical Parameters

B astodynamic Parameter | Ela. Weak Aniso. Parameters

REFITE PEMMTUTITY @Bulk 1 = T ™MELh size
Elec. Conductivity (5/m) @ Bulk O & Load Mesh size
Relative Permeability @ Bullk 1 & Load Mesh size
Mag. Conductivity (W m) @ Bulk 0 & Load Mesh size

v] Color Map Transparency

Display
| Data Type [Mass
|
]

e R e B

Voxel unit

Voxel start
position &
resolution

Skip pages:
Electrical
parameters &
Ela. Weak
Aniso.
Parameters
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In the Elastodynamic Parameters page, load mass, vp, vs from SEGY data files, respectively.

| Electrical Parameters

Mass (kg/m~3)
vp (mjs)

Vs (m/s)

Qp

Qs

fesh Size | 1360 1% 1% 2801

Size | 13601 152801

| 1360 1% 1% 2301

Elastodynamic Parameters | Ela, Weak Aniso, Parameters |
©Buk | 1000 @ | Load |
@ Buk | 1500 @ [ Load |
©uk [0 @ | toad |
@Buk -1 @ | Load | MeshsSize
@Buk -1 @ | Lload | MeshSize

-
Hfz Import data file

|
A |

ST}

@O-| |, « 2D » MODEL_DENSITY\L.25m.se...
\

- | ¢4 ]| Search MODEL DENSITY 1.25.. P |

Organize * Mew folder

0 @

4= -

- Libraries
@ Documents
JI' Music
[ Pictures
Subwversion

™ videos

m

Lol Computer
&, Local Disk (C)
o Bxtl (D)
e extll (E) i

|| MODEL DEMSITY 1.25m.segy

Date modified

6,/29/2005 8:17 PM

L] LI

T

5

File name:

M text file (*.tet)

data file -

ascil voxel file (*.vxa)
binary vouxel file (*wxh)
ceqy data file (*.zeqy)




In a SEGY data file, there are N traces with a length of M. We will
treat M as the number of cell in Z direction. N traces will be with a
2D layout in X-Y plane as nX*nY traces.

User need to define how to organize the X-Y layout.

] Segy Array Setup ﬁq'
General
File Mame  D:'sim_case'ela'\cartesianvoxel\2DYMODEL_DENS] Data & file
Trace number 13601 Trace length 2801 information
v
Array-Satup

Please select a 20 layout | X is outerHoop, ¥ is innerdoop =
X is outerHoop, Y is innerHoop

_ ¥ is outerHoop, X is innerHoop l
¥ numberin 2 13601 T HOmDEr 201

X-Y layout setup
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After data files are defined, let the GUI show the
Mass in the voxel region, setup the transparency

also, as following.

Display

Data Type | |Mass | ColorMap |Hot = | Transparency

After all voxel parameters are set correctly,
then “OK” to add this voxel in the project, as
right figure

£

..........

=50 Voxels

-5 Snapshots

----- Far Fields

104



Following is the project in GUI after voxel is set.
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Then, set up a 2D snhapshot to capture the field

Right click on treenode: “Snapshot->Facesnapshot” to
“Create Face Snapshot”

P hefS Voxell

--[8 Snapshots

+ Face Snap™ )
- : Create Face Snapshot t
- L.i[fY Body Snaj .
i ™ UG E Ty, |

| S ) (|

If you find the menu “Create Face Snapshot” is disabled NE R
(gray), please make sure the GUI is in the “Select Body” mode. = [sdetiod

And then click on 3D canvas once, then popup this “Create
Face Snapshot” menu again, it will be enabled.



Set up this snapshot in the Y
center of domain, and capture all

velocity components

Mame f1
Plane Location {m)

Lower Carner (x, v, Z)

Higher Cormer (x, v, 2)

Display Components

Mormal i'ﬁ" -

0,0.625, 0

17000, D.625, 3500

"-fK 'uy
[ toex [ tyy
[ ey [[be
[ o

This is the snapshot
region in the project.

Due to this snapshot covers the whole
computational domain, the data in
snapshot will be very large, we need to
use low quality discretization for this

snapshot

-
Snapshot Mesh Optien

)

Regular Mesh Density

IJser Input Mesh Densil

() (Unit: PPW)

Ok

@ Predefined Level I i - '

Coarse
Maormal
High

Higher

Cancel

-

The default
discretization
quality is “Normal”,
means that each
cell has one sample
point.
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Then we can simulate this project.
Following is the simulation result in the snapshot.

frame: 60

Sl Results
+| il Excitation
. Snapshots
—Ifi'I Transient
. L[ Selected Sna

..... @S| All Snapshots

LA frame: 120

Hide field vector & use log mode

[Show v &Tr vector = Linear L =l
» Show V Field Vector Linear
Show Tr Field Vector log | frame: 180
Show V & Tr Vector T _
Hide Field Vector ‘
E R [

How to set up the
displaying control,
please refer to here.
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Generate Mesh Files from
Wavenology Mesher

til || ) |0y | 0| B
| i “'“ [z | Show Cart

Generate
Cylindrical
mesh

View Cylindrical
mesh

Note: for Cylindrical mesh, please refer to
Wavenology BHA manual
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ol | {5 |1 | @

| | “l" $X [ [\Sl{nwl:artu

Generate Cartesian mesh for whole
simulation space, data files as
following:

cart_mesh.txt cell material index,
ascii format

material _info.txt material name and
index , ascii format

cart_mesh grid.m grid position, matlab
m file

View Cartesian mesh

It will enter a 3D mesh
view mode, which
provides a functionality
to export 2D/3D sub-
volume mesh from the
whole mesh
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In the 3D mesh view mode

Mouse mode View angle

t'm|@9§|'@1a ;JT@L;@@@@
T E T BCL@O®E 9

=1 B9 (55 G (5] i ER ER
ﬂﬁ!ﬁfﬂ“&_”fliiililill”l'l“%ll@ﬁ

rﬁ % [¥] Show Grid XY - | 200 = il ! He

Cross-section
control

Zoom In

Loom Out

Select Body
Select Face

v Rotate View

Loom

Reset View

Export mesh to WCT voxel files

Mew 20 Canvas

Right click on this canvas, a menu
with “Export mesh to WCT voxel
files” item will appear
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Voxel Setting ﬁ
Voxel Range
¥ Cell Range x0 P = x1 199 =
The exported
¥ Cell Range yo 0O = yl 199 = region
Z Cell Range z0 O = z1 399 =
The target folder
Voxel Filels D:\sim_casedebug2017wmubymouse_skull_model Q with the root of
oot file name for
ptions
Export ASCII file with the exported files.
Export mateial index and material table material index for each cell
(| EM Parameters Export €, 0., U, O,
T — The voxel data
arameters E t , Vs, Qp, Qg . . y ”
Xport mass, vy, Vs, Qp Q file will be “vxb
or “vxa” only
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i

Vaoxel Setting
Voxel Range
¥ Cell Range w0 .'3— % x1 K %
¥ Cell Range yo 0 % ¥yl 199 %
Z Cell Range z?m O % zl ﬁ %

Voxel Files D:'sim_case\debug2017wmubymouse_skull_model

Options
Export mateial index and material table

|:| EM Parameters
EL Parameters

]

T~

il 4
M Save file g
i i -
OU | = xmu » lby » mouse_skull_model » - | ¢f| | Search mouse skull model 2 |
T —— -
Organize - Mew folder == - @
Bl Desktop “ MName Date modified Type =
4 Downloads Wl )
L. mouse_skull_model 1_res 11742017 %33 PM File fol
%5 Dropbox .
) . mouse_skull_model_1_tmp 11/6/2017 4:11 PM File fol
& Google Drive A ) =
. = . mouse_skull_maodel_1_usr 11742017 932 PM File fol =
1= Recent Places )
1. mouse_skull_model_2_res 11/6/2017 4:11 PM File fol
i ) ) . mouse_skull_model_2_tmp 11/8/2017 4:04 PM File fol
. Libraries —! ) —
L. mouse_skull_meodel_2_usr 11/6/2017 4:11 PM File fol
@ Documents )
J’ - L mouse_skull_model_res 1073072017 219 PM  File fol
usic
] . mouse_skull_rmodel_sim_slice_res 11/8/2017 4:09 PM File fol
[E] Pictures L -
N ] 1. mouse_skull_model_sim_slice_tmp 11782017 4:07 PM File fol
Subversion . ) )
] . mouse_skull_model_sim_slice_usr 11/8/2017 2:56 PM File fol
E Videos
- 4 0 | 3
File name: abc -
)
Wavenclogy ASCI voxel files (*wxa)
4 Hide Folders JAVE I [




Data Files and Format

v | Export matedal index and material table

» The ASCII files with the material index for each cell
» this option will export 2 files
1. xxx_Imat.txt . mesh file
2. xXxx_material.txt : atable with material parameters

An example of “xxx_material.txt” Note: the index start from O

% id name eps_r e_cond mu_r m_cond mass_density Vp Vs

0 Water 78 0 1 0 1000 1500 0
1 Steel 1 0 1000 0 7890 5790 3235

2 Bone 1 0 1 0 1700 4800 1400
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An example of “xxx_Imat.txt”

% Wavenology Imat file, version 1.0
% nx

20

% ny

10

% nz

6

% material index for each cell, for-loop as:
% for x

% fory

% forz

-

__ Note: the material index start
from O

oNeololNoloNoeNolNoeNe
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=M Parame ters

» Export 4 data files for EM parameters

1

2.
3.
4.

XXX_eps_r.vxb/vxa
XXX_sigma_e.vxb/vxa
XXX_mu_r.vxb/vxa

. voxel data file for relative permittivity
. voxel data file for electrical conductivity
. voxel data file for relative permeability

XXX_sigma_m.vxb/vxa : voxel data file for magnetic conductivity

J | EL Parameters

» Export 5 data files for EL parameters

abkhwbPE

XXX_massvxb/vxa

XXX_Vp.vxb/vxa
XXX_VSs.vxb/vxa
XXX_qp.vxb/vxa
XXX_(Qs.vxb/vxa

. voxel data file for mass
. voxel data file for vp
. voxel data file for vs

. voxel data file for gp

. voxel data file for gs



Following is an example of exported data files

abc_Imat.bc
abc_mass.vxa

abc_matenal b

|| abc_gp.vxa

| 4| abc_gs.wxa f T
abc_vp.vxa S

[ anC_vp D

|42 abc_ws.vxa -
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Note for mesh data files

The exported data files only include the material information of each
cell. It does not include any grid information and unit. So, with
these data files only, whether they are generated from a non-
uniform or uniform grid is unknown. User need to obtain more
information about grid in using these data files.

In order to make a good mesh data file, it is suggested to use a
uniform grid.
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Use the Model from Mesh Files

» For vxa or vxb files, they can be loaded to a
voxel

» For Imat file, user can use his own code to
convert it to vxa or vxb files with other
material property mapping method, then load
to a voxel



Demo
Simulate a 2D Slice Cut from a STL model

» we have a STL file to describe a mouse skull
» we want to simulate one 2D slice of this model by Cartesian EL solver

»Due to a STL file can not be guaranteed
as a closed 3D solid model. Therefore, it
can not be treated as a 3D geometry and
be operated by boolean operation. A 2D
slice of this model can be only generated
by the voxel way.
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Step I use a WCT Cartesian EL project to
generate the 2D slice we need

Build a empty Cartesian EL project with CM as unit
[ Project Design ﬁ

Lnit |Bad¢gmund | Boundary | Frequency and Pulse | Mesh | Time |

Length centimeter -
Time millisecond -
Frequency kilohertz -

@ IO with Frequency  {kHz)

() T)O with Wavelength in water (cm)

Action option when length/freq. unit change
@ Scale whole system

(7 Keep the system value unchange
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Set project background as water and
define a new material: bone

-~

Edit Material

| General | Electromagnetic

Elastodynamic

Mame

Bone

Mass density
1200

P-Velocity
4080

S-Velocity
1400

[] advanced

Anisotropic Material

PoroElastic Material

Color

kafm*3

Qp (0, Inf)

mys inf

Qs (0, Inf)

m/s inf

Property

Property

|

QK | | Cancel |

Apply
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Insert STL model in this project and use material: bone.
Set the model with 50% transparency, it will be looked as,
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Then we define the domain size as following to close the model

e
Project Design

™S

| Unit | Background

Boundary

Frequency and Pulse | Mesh I Time |

¥ Boundary {cm)

Xmin Open at input position

*  Positon 0

¥ Boundary {cm)

Xmax Open at input position

* Position 15

fmin Open at input position

*  Positon 0

Z Boundary {cm)

fnax Open at input position

* Position 15

Zmin Open at input position

*  Positon 0

Zmax Open at input position

* Position 30

Help

QK ] | Apply
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Then set the mesh as a uniform grid as following

i B
Project Design ﬂ

| Lnit | Background | Boundary I Freguency and Pulze | Mesh | Time

() Automatic Advance
Points Per Wavelength (FPW) Synchronize PPWs 7] additional
PPW-X [93.33| PPW-Y |93.33| PPW-Z |93.33 control points
Load |*|
min /max ratio ¥ |0.001 |y |0.001 |z |0.001 |[F]Syn. tox Edit
max adjacent ratio x | 1.3 y |13 z |13 [¥]Syn. to x Clear
@ Manual
Mumber of cells [ synchronize numbers Additional ctrl
My 200 My 200 Mz 400
() User defined
Load Edit Clear
Minimum angle of solid surface angle (Deg) 3

With this setting, we know [Ax, Ay, Az]=[0.075, 0.075, 0.075] cm
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Lot | ®®| OB
»| % |[D]G $X/L|5hnwia¢|

1 I | — — — c
/ 3 L showGrid  [xr ~[155 =@

Enter View Cartesian
Mesh Mode
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To export the 200t Z

Zoom1n slice, which is at Z=15 cm
Loom Qut i h
Waoxel Setting u
Select Body Voxel Range
Select Face
X Cell Range x0 0 = x1 199 =
Rotate View
Foom ¥ Cell Range yo 0 = y1 199 =
Reset View Z Cell Range z0 200 = z1 200 =
Export mesh to WCT voxel files »
Mew 20 Canvas ! Voxel Files | D:sim_case\debug 20 17 xmulbymouse_skull_model\abe. vxb E]
Options

Export mateial index and material table
|:| EM Parameters
EL Parameters

abc_Imat. bt

abc_mass.wia

With data file root
name as “abc”, format

abc_material .tk

abec_gp.vxa
as vxb, the EL T o
parameter files is abc_vp.a gi

abc_vs.via 127
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Step Il: Insert this 2D slice as voxel
In the project we want to simulate

» We know the slice with following information

» 200x200x1 cells, the cell size is 0.075 cm, both in X, y and z.

But we can re-scale them in voxel definition.
> the skull in embedded in water
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We setup the simulation project with CM as unit

-
Project Design I M

Unit | Badeground | Boundary | Freguency and Pulse | Mesh | Time |
Length centimeter -
Time millisecond -
Frequency kilohertz -

@ IjO with Frequency (kHz)

() 1fo with Wavelength in water  (cm)

Action option when length/freq. unit change

@ Scale whale system

(71 Keep the system value unchange
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Set project size as following

~

Project Design

| Lnit I Background | Boundary |Freguency and Pulse I Mesh | Time |

¥ Boundary (cm)

¥min Open at input position * Position -3

¥max Open at input position * Position 20

¥ Boundary (cm)

¥min Open at input position * Position -3

¥rmanx Open at input position * Position 20

Z Boundary {cm)

Zmin Periodic at input position * Position O

Fmax Periodic at input position * Position 0.075

Coc ) [ oo | (oo
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Set project background as water

-
Project Design g

LInit Background | Boundary | Frequency and Pulse | Mesh | Time |

Homogeneous Backaground Material Water -

[]Use Layered Medium
Layer Stack Orientation Z

{Mote: The bottom position and layer thicknesses are along
the stack orientation. Double dick to begin each cell edit.)

Bottom Position or ) )
l. Layer Thickness Material Arrar

Coc ] [ | (o
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Then load voxel files

>
Voxel Editor LR N BN N ,E "™ 8 s ﬁ

General
Mame Voxell Uik centimeter -
e SIS
| || | Physical Size
@ Loaded Volume
: Volume Start Position in Resalution
0,0,0 0.075, 0,075, 0.075
ﬁ ly Create Voxel computation domain (,y,2) | 7 (dx,dy,dz) ! !

fee iy Far Frelds D‘ﬂ

Load

“abc_mass.vxb”, _—— [ o @nk 1 ® [ Load | Meshsze
abC_VpVXb ’ Qs @ Bulk -1 ® Load Mesh Size
“abc_vs.vxb”
I Display
| Data Typs ['u's v] Color Map Transparency O |

Advance

= Iz sub-valme
@ Use the Whale Volume

Carmer 1 (x4, 2]

Corner 2 (x4, 2]

| Electrical Parameters | Elastodynamic Parameters | Ela, 'nﬂeulrinin.-PurmElﬂ- |

Mass (kg/m~"3) i@ Bulk | 1000 @ Load Medh Size | 200x200x1

© Bulk | 1500 @ Load Medh Size | 200x200x 1

Vp (m/s)

Vs (mfs i@ Load Mesl'l Size |200x200x1

—



After “OK”, we get

Bone region

Dark region is water

The Background
outside voxel is water
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Then, define a monopole source at (0,0,0). And a 2D
snapshot to capture (vx, vy, vz) as following:

Edit Face Snapshc I |
[ Fl1 =& ce Snapshotl Mormal

Plane Location (cm)

Low Carner (x, v, Z) -4, -4, 0.03

High Cormer (x, v, z) 18, 18, 0.03

Display Components

"-fK 'uy
[ toex [ tyy
(O] ey [ ez

[ Fer imaging purpose
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Then, we can simulate the project,
and check the snapshot
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