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Introduction

Wavenology EL-IMG Package uses the Reversed Time Migration method to image a
specified 3D region in a 3D simulation space.

Wavenology EL-IMG imaging package can produce an image with three kinds of
transmitters/receivers scan schemes, as shown in the following pages

* Single simulation --- (support multiple source excitation at one time)

* Separated transmitters array and receivers array --- (single source excitation at one time)

* Switching transmitters and receivers array --- (single source excitation at one time)

All three imaging schemes include at least two steps
* Aforward simulation
* A backward simulation

* For scan scheme Il & lll, the whole imaging procedure will be
* iterating each source by
— Aforward simulation
— A backward simulation



Requirements

» Transmitters
o Point monopole
o Point dipole
o Moment tensor

> Receivers (Sensor)
o Ideal point Receiver to receiving V

» Measured signal on receivers
o transient V

» Material property in an imaging simulation
o the material should be lossless, or the loss will be close to zero



Simulation Schemes

Scheme I: Single simulation

In this scheme, multiple sources can be simultaneously
excited with individual pulse.

Here, there are 5 sources
that will be simultaneously
excited in one simulation




Scheme ll: Separated transmitters array and receivers array

In this scheme,

» user can define multiple sources, if we say it is N.

» user can define multiple receivers

» sources array is separated from receiver array

» the simulation will include N runs. Each will excite one source only,
but the receiver array keeps the same in each run. Each source can
use individual pulse.

T/R array in Runil Run2
definition 7



Scheme lll: Switching transmitters/receivers array

In this scheme,

» user can define multiple receivers (or multiple sources), if we say it is N. (note: must be

receivers only or source only, can not mix)

» the simulation will include N runs.
» If define as receiver only, each run will convert one receiver to source and excite it
only. Each source will use the same pulse, which is defined as the WCT project pulse.
» If define as source only, each run will excite one source, other sources will be
converted as receiver. Each source can use individual pulse.

T/R array in Runil Run2 ...
definition 3



Or

T/R array in Runil Run2 ...
definition



Receiver Naming System

» In defining receiver’s name in WCT imaging package, please
make sure all receivers’ name is following the ACSII sequence
as following examples,

» if the receiver number is < 10, user can define as: obv1,
obv2, ... obv9

» if the receiver number is in the range 10-99, user can
define as: obv01, obv02, ... obv09, obv10, obv1ll], ... obv99

We recommend this is due to WCT 1/0O the trace data file and mapping
to receiver with a ASCIl sequence. For a 3-obv system as obvl, obv2,
obv10, not matter how to define the sequence of these 3 obv. In WCT
GUI, the ASCII sequence is always: obv1, obv10, obv2. This will mess
the trace sequence after loading and cause imaging problem.
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Recorded Field on Receiver

» In defining the receiver capturing field in imaging, it should be
single component only, for example, Ex, or Ey, or Ez, or Hx, or Hy,
or Hz only. Please do not combine two or more components.

» The reason is that, the current imaging code will convert receiver
to source with a polarization. With more than one components,
there is challenge in defining the source.

» If user want to use more than one components to imaging, the
workaround is defining multiple observers at the same position,
which captures single component only.



Setup an Imaging Simulation

1. Define a WCT EL
simulation case
» With some kind
of source
» Array of
receivers
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The right figure is a demo of
a GPR case.

It has 2 layers media, one
ideal point Y dipole source,
and an array of receiver to
capture Vy field only.

There is two objects in the
bottom layer.

layer

~ Array o
capture

eal Y dipole

f receiver
Ey field only
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The source pulse in this
case is a Ricker wave
with fmax = 27 Hz, as
shown in the right
figure.
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Imaging Processing

e After the case setup is finished, user can use
Wavenology EM-IMG solver to image any
region in the computational domain.

Imaging processing button




Imaging Processing S

Imaging scheme

Signal on the receiver in the
backward processing. If user want
use the signal outside the WCT EL
package, it should follow the form
as shown in the following slides.

Imaging region & the weights of V
components used in imaging. a; is
for V,component (i=x, vy, z)

Image file name. The format will
provided in the following slides.

Advanced parameters in control
imaging. Please do not change it.

Whether need to normalize the
final image, we recommend to
enable this option

ll!e

Set I Simulat
et up an Imaging Simulation

]

Simulation Scheme Optinne

(1 Sinlge simulation
@ Separated Transmitter Receiver

() Switching Transmitter Receiver

Data Source for the Exdtation in the Imaging

to

ot

@ V {or General) Tau
¥ component  case_5_rtm_2d_01_obv_vx_time. txt; case_5_rtm_2 E]
|:| ¥ component

7 component  case_5_rtm_2d_01_obv_vz_time. txt; case_5_rtm_2

Image Setting
Image Region
@ Whole computation domain

() User define
Lower corner

Higher Corner

Imaging Coeff. (ax, ay,az) 1,1, 1

Image File Mame case_5_rtm_wh.img

Ao

Sampling Density (P.P.F) |6 | Re-construct Order |4 -

Ho
Cut Pulse Time in Imaging by  {Unit: ms) 0 in ir
B me:«
M lized by 5 Field Use |E
ormalized by Source Fie e the
| Hep | |checkmnput | | start | [mPism..| | ok | | cancel |

etup

o use the input signal
naging. Default is O,
ns that do not process

input signal.
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Note on the measured data

For ideal point sensor with V field signal, user need to specify which

component will be used for imaging, as following figure, we set the
measured data as X & Z component

Data Source for the Exdtation in the Imaging

@ v {or General) Tau

|¥|% component  case_3_rtm_2d_1_obv_vx_time.txt; case_3_rtm_2d E

|:| ¥ component

E component case_3_rtm_2d_1 obv_vz_time.txt; case_3_rtm_2d, E
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Imaging Processing Setup

Signal files for backward simulation

In general, for scheme Il
& Il, there are multiple
runs in a simulation, and
the signal for each source
is stored in one file only.
So, it requires multiple
data files.

Cont.

Set up a Imaging Simulaticn =

File List

)

Simulation Scheme Options
(@ Sinlge simulation

() Separated Transmitter Receiver

() Switching Transmitter Receiver

Data Source for the Excitation in the Imaging
(@) E (or General) H

I:‘ ¥ component

Ycomponent grp_2d_1_rev_ey.bet

[z component

Image Setting
Image Region
@ Whole computation domain

() User define
Lower corner

Higher Corner

Imaging Coeff. (ax, ay, az) 1,1, 1

Image File Mame ~ Srcl.img
Advance
Sampling Density (P.P.F) Re-construct Order
Cut Pulse Time in Imaging by  {Unit: ng) 0

[ Mormalized by Source Field [Cuse [E]

| Help | [checkinput | [ start | [MPism..| [ ok | [ cancel |

File list edi

(One data file for all exdations, or one file per excitation)

File Mame

arp_2d_1 _rev_ey.txt

m

Hep | | ok |

[ Cancel
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Imaging Processing Setup “™

After the imaging setup is finish, user have several action options

Imaging Coeff. (ax, ay, az)

Image File Name  srcl.img

Adwvance

sampling Density (P.P.F)

1, 1,1

|E -'| Re-construct Order |-4 -'|

Cut Pulse Time in Imaging by  {Unit: ng) 0

Mormalized by Source Field Use |E]

| tep | |checkinput | | start | [MpISm..| | ok | | cancel |
4

/

Start a “Forward+backward”
processing to generate image.

This setup will be stored also
for the future usage.

Generate a project file for this
“Forward+backward” processing
by WCT EM MPI solver.

This setup will be stored also for
the future usage.

Save this setup for
future usage. But
do not make
processing right
Now.
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| =
=

Simulation is completed normally at 01/06/16 17:55:05. Total simulation time is 2 seconds (2 sec)

Validating the design
Body positons, layer positons, observer positons, user defined control points, source combination are verified,

Simulation has been started at 01/06/16 17:55:0% by Wavenology EM 1.9.0 (x&4)
Preprocessing...
........ Begin to generate snapshot mesh. ..
........ end of snapshot mesh generation. ..
Domains: 1% 1% 1, Cells: 100 x 3 x 75, Delta time: 2e-011 sec, Mesher version: 1, CPU Time: 0.075 sec, Explicit solver is used. Single thread is used.
Time Stepping...
Postorocessing... Last time windawe: 20 ns, Mumber of time step: 1000, Time for time-ste
Simulation is completed normally at 01/06,/16 17:55:06. Total simulation time is 1 second {1 sec)

ing: 0,332 sec, Postprocessing: 0.011 sec

Valldating the design
Body positons, layer positons, observer positons, user defined control points, source combination are verified.

Simulation has been started at 01/06/16 17:55:06 by Wavenalogy EM 1.9.0 (x64)
Preprocessing...
........ Beqin to generate snapshot mesh. ..
........ end of snapshot mesh generation. ..
Domains: 1x 1x 1, Cells: 100 x 3 x 76, Delta time: 2e-011 sec, Mesher version: 1, CPU Time: 0.075 sec, Explicit solver is used. Single thread is used.
Time Stepping. ..
Fostprocessing... Last time window: 20 ns, Mumber of time step: 1000, Time for time-stepping: 1,875 sec, Postprocessing: 0.012 sec
= R R SO B S ST ST e e e B e e e S o S M e S e n e e T e

The simulation log will report the status of each imaging run.
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If user click “Start” button to generate image, if there is not error report in
the processing and the Imaging can be finished successfully, a target file
“srcl.img” (as it is defined in the setup dialog) will be created in the image
result folder: xxxx_res/img/ , as shown in the following figure,

Include in library = Share with - Mew folder

-~

4 | grp_2d_1_res - Mame

Img

: gre2d 1 gnd.m
. ohservers

, SOUFCES

Meanwhile, the sub-image for each source will be placed in the project root
folder as following: =
Mame
. grp_2d_1_res
. grp_2d_1_tmp
. grp_2d_1_usr

Z| grp_2d_1.wnt

Project file

gyt Syb-image for the

__| srcl.img.run 1t source 21




The Signal File Format in the WCT EL-
IMG Package

Signal on the receiver for the

backward simulation comment
4 number of frames in the file
» ASCII TEXT file 5 comment
» if user want to use the data directly 6 frame start time, unit: s
from a WCT forward simulation, please ; comment
use the data file: _ ,
" . . 8 frame end time, unit: s
forward_project_folder/projectname_re
. 9 comment
s/observers/projectname_rev_componen
tname.txt” 10 Frame time step, unit: s
» it is better to copy this file to the 11 comment
root folder of the imaging project 12 Length of each frame
and set this file as the signal source 13 : n0 Frame 1

in the imaging simulation Bpp— S

22



Example File

%Wave Computation Technologies simulation waveform data, version 1.0 ::
%Time (ns)
%frames number
31

%frame start

0

%frame end
1.98e-008
%frame step
3.6e-010
%frame length
56
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
-6.5508699e-033
-3.2401052e-027
-1.5777409e-023
3.9143431e-020
5.3799126e-017
1.5878495e-014
1.8202063e-012
1.0259642e-010
3.2743763e-009
6.5165523e-008
8.6780892e-007
8.1612652e-006
5.6583969e-005
2.9980612e-004
1.2526923e-003
4.2461860e-003

Example File Folder for a
simulation to obtain the signal
on the receiver for the
backward simulation

Name : Project root folder
201 for project:
J grp_2d_1_res
rp+2d 1
J, grp_2d_1_tmp 8P —
; grp_2d_1_usr

|Z] grp_2d_1.wnt

4 | grp_2d_1_res gt Mame

) load

[ grp_2d_1_rev_ey.tbxt
. observers

| grp_dd_1_rev_ey_freq_imag.bd
| SOUrCES
. =] grp_2d_1_rev_ey_freq_real.tet
J grp_2d_1_tmp

> W grp_2d_1_usr

Sub-folder for project and
the data file will be used
for the backward
simulation

23



The Image File Format in the WCT EL-
IMG Package

Binary file

header char

version int 4 sizeof(int), the value is: 2
array 3D startindex  int 4 (int)* 3 x0, y0, z0

(cell)

array 3D end index int 4 (int)* 3 x1,vy1, z1

(cell)

array size int 4 (int)* 3 XY,z

array content float 4*(nX*nY*nZ) nK=k1-k0+1, (k=x,y,2)

sequence as: inner(Z)->middle(Y)->outer(X)

24



Cont.

Attached is a Matlab code to load this image file and display the image. More
details can be checked with the attached matlab code in each demo case.

close all;

%%% define the data file name
sFile ='a.img’;

%%% open file as binary mode
fid = fopen( sFile, 'rb' ); % target file
if( fid==-1)
return;
end;

%% read 128 file header info
info = fread( fid, 128, '*char' );

%% file version number
version = fread( fid, 1, *int');

%% image grid range in the whole system, 6 numbers as [x0,y0,z0,x1,y1,z1]
img_range = fread( fid, 6, '*int');

%% image size by cell number, 3 numbers as [nx,ny,nz]
img_sz = fread( fid, 3, "*int');

sz =img_sz(1) * img_sz(2) * img_sz(3);

%% read whole array
my_img = fread( fid, double(sz), '*float' );

%% reshape this 1D data to 3D array

my_img = reshape( my_img, img_sz(3), img_sz(2), img_sz(1) );
%% the 3D array is ordered as [z, y, x]

%% close file
fclose( fid );

%%%%% %% %% %% %% % %% %% % %% %% %
%%% show image
slide_id = ceil(img_sz(1) / 2);

my_slide = my_img( :, :, slide_id );
my_slide = squeeze( my_slide );

figure;

imagesc( my_slide );
xlabel( 'X (cell)' );
ylabel('Z (cell)' );

25




File System for an Imaging Project
with Imaging Scheme II

3D GRP Imaging with
separated transmitter
array and receiver array

P

-

Set up aImaging Simulation File List
Simulation Scheme Options
7 Sinlge simulation (Cne data file for all exdations, or one file per exdtation)
@) Separated Transmitter/Receiver File Name -
_) Switching Transmitter fReceiver apr_3d_1_rev_ey.txt
L . gpr_3d_2_rev_ey.txt
Data Source for the Excitation in the Imaging apr_3d_3 rev_ev.bet
@) E (or General) H apr_3d_4_rev_ey.txt =
Elx apr_3d_5_rev_ey.txt
X component apr_3d_6&_rev_ey.txt
Y component  apr_3d_1_rev_ey.txt; gpr_3d_2_rev_ey.txt; gpr_3c E
[Tz companent . .
»So the imaging process
Image Seting includes 6 runs.
Image Region
_ _ »In the backward process
@ Whole computation domain
) User define of each run, we need
Low . .
oWer corner signals on all receivers.
Higher Corner .
»we need to provide 6
Imaging Coeff. (ax, ay, az) 1, 1, 1 files for these 6 runs.
Image File Name ~ Src.img ‘ I b
Advance
Help l l 0K ] l Cancel
Sampling Density (P.P.P) Re-construct Order
Cut Pulse Time in Imaging by  {Unit: ns) 0
[ Mormalized by Source Field [[use [E]
| relp | [checkinput | [ s@rt | [mpism..| | ok | | cancel |
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Mame

. gpr_3d_1_res
. gpr_3d_1_tmp
. gpr_3d_1_usr
|| check_img.asv

1 check TasTeNaa)

|Z| gpr_3d_lwnt

] gprSd_Irev_eybk |
(| gpr_3d_2_rev_ey.bdt
| gpr_3d_3_rev_ey.bxt
| gpr_3d_4_rev_ey.bxt

=9

garad 6 rev et

pr_3d_5_rev_ey.bd

|£4 sre.img

File system for this 3D imaging project

Date madified

17772016 11:37 AM
17772016 11:37 AM
1/6/2016 2:57 PM
1/7/201612:34 PM
1/7/2016 5:14 PM

Imaging projectyio 11:20 Al

1/7/201612:29 AM
1/7/2016 12:49 AM

Backward signal*® 12 AV

data files

1/7/2016 1:29 AM
17772016 1:50 AM
17772016 2:10 AM
17772016 5:07 PM

Type

File folder

File folder

File folder

ASV File
MATLAE M-file
WNT File

Text Docurment
Text Docurment
Text Docurment
Text Docurment
Text Docurment
Text Docurment

Disc Image File

Size

2KB
2KB

11 KB
631 KB
631 KB
631 KB
631 KB
631 KB
631 KB
45,287 KB
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For example, data file “gpr_3d_1 rev_ey.txt”
» can be user measurement but written as WCT format
» comes from a WCT EM project as following

Project
. 3D _gpr_seq_src a Mame
. Forward_to_get_measurement
. gpr_3d_1_res
. srcl —n
|Z| gpr_3d_l.wnt
. gpr_3d_1_res

Received signal on receivers

-

4 1) srcl T Mame

4 . gpr_3d_1_res
| gpr_3d_1_rev_ey.bxt

) load

.| gpr_3d_1_rev_ey_freq_imag.bxt
. observers

| gpr_3d_1_rev_ey_freq_real bt
. SOUrces

28



Case | : 2D Imaging

Detecting Two objects in 3 Layers Media with Ricker
Wave Source Pulse (f__.. =27 Hz)

max

Here, we will demonstrate how to use WCT Cartesian EL imaging method to
detect 2 targets in a 3 layers background. Following is the physical system.

Layer 1: p=1800, vp=2200, vs=1500

Layer 2: p=2500, vp=3000, vs=1900

Layer 3: p=2800, vp=4000, vs=28

Rectangle target: 750x10x400 m3; p=2900, vp=4200, véxf2900
\

Circle target: r=300 m; p=3000, vp=4500, vs=3000 29




The Known Before Imaging

1. a known 3 layers background, as shown

TIM&!_“_‘Vll‘?“I‘_I




cont.

2. the position and the pulse of 13 point dipole
sources, the source pulse is known as the Ricker
wave at f,__ =27 Hz

13 Z dipole source

N Y4 N 2 S B N N
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Pulse

1.0

0.8

0.6

0.4

0.2

0.0

0.4

The Ricker Wave with fmax=27 Hz

Sourcel5 - Pulse

400
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cont.
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cont.

3. the position of 121 sensors to record Vx &

Vz field

!

bl

N

121 receivers (capture Vx & Vz)

"

I
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cont.

4. the detected signal Vx & Vz (measurement data) on these

121 sensors for each sources
#1 source

121 sensars \+

L

Observer vz transient

2. 5e-010

2.0e-010

1.5e-010

the signal on
all 121 sensors

1.0e-010

& 5.0e011
from source #1 |=
= -1.3e-026
5.0e-011 Obw_{114)
— by _(115)
— Obv_(118)
-1.0e-010 — Obv_{117)
— by _(115)
— Obv_(119)
-1.5e-010 Obyv_(120)
— by _(121)
-2.0e-010
-0 500 1000 1500 2000 2500 3000 3500 4000
Time (ms} o
4 [l | »
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The Unknown in the System Before
Imaging

What we don’t know is whether there is anything in this
3 layers background, and where they are?

TIM&!_‘“VJ.T?“I‘_I




Goal of this Case

e  We will

— sweep 13 sources in a known 3 layers background with measurement data, as following,
* Toimaging
* To check whether we can find something in the simulation space from the measurement data

_ 121 receivers (capture Vx & Vz)
13 Z dipole source

/ J
ottt dud b b

g

=




Step 1: Obtaining the Measurement Data

» it can be obtained from real measurement or forward simulation

For example, if user want to use WCT EL solver to get the signal on sensors for

source #1.
Setup a case as following 121 receivers (capture Vx & Vz)

+~ #1 source
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l. Setup WCT Cartesian EL project

File] Edit View Coordinates Simulation

Note: This case is already build in the
demo package as
“xxxx\2D\sequential_t\13 sources\for
ward\ case_4 rtm_2d_01l.wnt”

= Open Project Ctrl-0

Close Project

Mew Projects Set RN

Open Projects Set

P ) e N
/, /’
E Save Project Ctrl-5 R ’
= _ g 7
K5 Save Project As Select Problem 7 g
Vi
B Zip Project with Result Prablem tyrpe,/' g
zF. Zip Project without Result 71 EM ,/, @ Elﬁmﬁ:
/, /,
] L
swllaysics Codrdinates 7

Change Physics /. s
% cartesan ,#” © cyindnca

Save at | ermplate P R II

4 4
4
\\ " "‘  — o
\N 7/
\

Then save as “case_4_rtm_2d_01.wnt”
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ll. Setup materials

i v
Materials Edit Material et | et Material s
| General I Electromagnetic | Elastodynamic | General | Electromagnetic | Elastodynamic
E@ Materials e Color Nome Color
LB rockd o — ot I
- B bottom Mass density Mass density
. 3000 ~T 2800 kg;’m"ﬂ
B middle kgfm
L top st w0.m s 0.0
4500 mjs inf 4000 mjs inf
LB rock?
5-Velodty Qs (0, Inf) S-Velodty Qs (0, Inf)
3000 mys inf 2800 mys inf
oy | a1
oL B W Add Material [[] advanced
- B st Import Materials from Library faterial Property Anisotropic Material Froperty
B La,
i T80T
f ForoElastic Material Froperty ParoElastic Material Property
| ] (i (= (il (=

i—— T e———
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F Edit Material
Edit Material 3 e _
| General | Electromagnetic | Elastodynamic
General | Electromagnetic | Elastodynamic
Mame Colar
coe rod2 —
e —
Mass density
Mass density 2000 kg/m~3
2500 ka/m~3
P-velocity Qp (0, Inf)
P-Velodity Qp (0, Inf) 4200 mys inf
3000 m/s inf
Edit Material . S-Velocity Qs (0, Inf)
5-Velocity Qs (0, Inf) 2900 m/s inf
1900 m/s inf | General | Electromagnetic | Elastodynamic
[] advanced
[] advanced M Cal o
R ame alor Anisotropic Material | Property |
Anisotropic Material | Property | |b:||:| ﬁ
Mass density i PoroElastic Material | Property |
' PoroElastic Material | Property | 1800 kg/m~3 |
' |
‘ P-Velocity Qp (0, Inf)
2200 f— Help |[K||Cancel||.-5.pply|
e | [ | [ ol ] oo L] Lo (e[ e ] |
I 3 " T S T T
[ s = e = s ——— 5-ue|ﬂdt5.l QS {U, Inﬂ
1500 mys inf
[] advanced
Anisotropic Material | Property |
PoroElastic Material | Property |
40
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lll. Setup project background, pulse, mesh & time system

- .
il - B
Project Design u

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

Length meter -
— s - A
Time millisecond - Project Design u
N
hertz
Frequency & h Unit | Background | Boundary | Frequency and Pulse | Mezh | Time |

@ 1/0 with Frequency  {Hz) Homogeneous Background Material

(71 10 with Wavelength in water  {m)

[(use Layered Medium

Layer Stack Orientation z
Action option when length/freq. unit change
- (Mote: The bottom position and layer thicknesses are along
@) Scale whole system the stack orientation. Double dick to begin each cell edit.)

(") Keep the system value unchange
Bottom Position or

Layer Thickness S L

3

{ = T e =




-
Project Design

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

X Boundary ()

¥min Open at input position »  Position -2500

Xmax Open at input position * Position 2500

¥ Boundary {m)

¥min Periodic at input position » Position -5

Ymax Perindic at input position * Posiion 3

Z Boundary (m)

Zmin Open at input position »  Position -2500

Fmax Open at input position * Position 0

”
Project Design

() Frequency Range [Hz]

rlin. Freq. (Frin) |III

Max, Freq. (frmax) | 27.6375
@ Project Pulse

Pulse Type Ricker

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

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

0.2831853

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

| Flot Pulse |

Max, f_enegy [Hz]

|2?.63?5 |

[ Imodulation

Freq. (frm) | 13.81875
Zenter Phase [deqg] D

{ Mote: Frn={Fmin+Fma: )z 3




-

~
Project Design E

| Unit | Background I Boundary | Frequency and Pulse | Mesh | Time
i) Automatic Advance
i ) .
Pointz Per Wavelength (PPW) [ | Synchronize PPWs Additional
PPW-X | 10.85| PRW-Y PPW-Z | 10.85 control points

Load ||
min/max ratio | 0.001 max adjacent ratio | Edit |

— - -
@ Manual e ] - g
= Project Design

Mumber of cells Synchronize numbers ! g A

Mx 1000 My 1 Mz 500 |Uru't |Bad<gm|.md | Boundary | Frequency and Pulse | Mesh | Time
T User defined Time Window [ms]
; i@ User defined 71 Automatic
Load | | Edit | | Clear |

End Time 4000 Energy decay [dE]
Minimum angle of solid surface angle (Deg) 3

Erergy variation [dE]

Delta Time [ms]

i) User defined |0.707107 @ Automatic

Receiver Recordings Snapshot Recordings

Recordings times per

Recordings times per
period of max f_energy

period of max f_energy

Recording Interval - Recording Interval 35
{Unit: # time steps) - (Unit: # time steps) -




IV. Setup 3 layers background

Layer 2

We can use following 3D geometry system to simplify the modeling

» homogeneous background by the material of layer 2
» top layer is modeled as polygon cylinder
» bottom layer is modeled as polygon cylinder also

O due to the region outside the top and bottom layer will be the background, the
layer 2 will be built automatically after top & bottom layers are built
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Firstly, we need to know the vertexes of all layers

X
X=+2500 Y |V 720 X=-2500

(x,2)= (+250¢ (+1000,-35
-1000,-500) -500)

(+500,-600) | (-500,-600)

(-1000,-2250) ,-2250)
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> Build top layer

The cylinder will start from
y=-5, so, enter (0,-5,0) as
the LCS origin. Height is 10.

Due to the cylinder will grow
along +Y in WCS, the U, V axis of
LCS is as following, so, the W axis
/ is WCS (0,1,0) basedon U, V

Polygon Cylinder Editor / [i_:hJ
\l/

Use this button to enter Geometry /
Polygon Cy“nder Editor Coordinates System

LCS Qrigin | X Udds 00,1 rae (20,0
I:El I:El ;J“? @ @ @ E] Cylinder Heigh

@lﬂfa o o5 02 ;

Vertexes
|::| | BN BRIT .
| I'ri:reate Pelygon Cylinder k : o ’ 2750, 2750
1 -500, -2500 5
2 -500, -1000
3 -550, -500
4 -550, 500
The vertices of polygon, I
here, as we know, U is 7 0, 2500
. B 0, -2500
WCS’s Z, V is WCS’s X o
10 7
| Load... | |Clear Vertexes |

|More Vertexes | | Verify Polygon |

Set top layer using
material “top”

Help 0K Cancel




» Then bottom layer

Use this button to enter
Polygon Cylinder Editor

Rall.@ 0000
@@faﬂ}.ﬂﬁ:ﬁ

| _reEw  gEaT

i | I'ri:r&ate Polygon Cylinder |

¥
&

The cylinder will start from
y=-5, so, enter (0,-5,0) as the
LCS origin. Height is 10.

Polygon Cylinder Editor /

Due to the cylinder will grow
along +Y in WCS, the U, V axis of
LCS is as following, so, the W axis
is WCS (0,1,0) basedon U, V

| |

Geometry
Coordinates System

LCS Origin
Cylinder Height

10

Vertexes

UAxis 0,0,1

W Axis

10,0

(U, v)

-2250, -2500
-2250, -1000
2000, 500

-2000, 2500

The vertices of polygon,
here, as we know, U is
WCS’s Z, V is WCS’s X

-2500, 2500
-2500, -2500

U= - - Y R R S

[y
=]

Set bottom layer using
material “bottom”

| Load... | |Clear Vertexes |

| Mare Vertexes | | Verify Polygon |

Help

oK

-2733, 2L

Cancel




» After the material for each layer is set, we get this
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V. Define two targets & the material for them

Set it using material
“rockl”

(o |

Box Edition
E
I Mame Shape2
Lower Corner Set it using material
Upper Corner 3750-2500, 5, -1650 “rock2”
LCS Origin 0,0,0 (
]
Box X Axis 1,0,0
Box ¥ Axis 0,1,0 !
o) [~ ] (oo
.
p
Elliptical Cylinder Editor (|
Need to change LC3
Outer Radius  [¥] Circular let it starts from WCP's
— LT Y=-5 and grow alon
WCS’s +Y |
300 Coordinates
Origin  1250-2500, -5, -1250
Inner Radius [ Circular
0 UAks 0,01
0 VAxs 1,0,0
Hep | | ok Apply Cancel
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V. Define the source through Variable system

Define a variable n, default value is 1

%

(ol |t DG b BO0C L@@ B 9 WARI D MR |k
T Y | SRk | @ e e | B

T iy 3 ) QP

I

&b |

f
-

r
Varniables

==

Mame | Content

Mote: Variable is capital insensitive.

Mame (n) n Content 1

(ome ] [resh

Reserved Variable Names

pi;e;t; -

Build-In Functions

sin(); cos(); tan(); asin(); acos(); atan(); -
sinh(}; cosh(; tanh(); asinh(); acosh(); atanh();
loa2(:leq100:n0;

exp();abs();sgri); -

Help Quit
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HER Y Il
—

..... & Create Source

----- a1 L_reate Constant Amplitude Line Current Source

E;"g‘; Load Source Pulse from File Define a Z dipole source, the position
..... 2§ Convert all o!:}lser'.rersto electrical dipole source O.I: the source uses Variable n

[ Edit Existing Source g‘
MName / Type [Dipole v]

Location
0 v, 2)

100-2500+{n-1)*400, 0, -5 Polarizaton 0,0, 1

Array Setting

Excitation Pulse

(@) Use project pulse Plot pulse Pulse type Ricker

() Use individual pulse Edit pulse Delay [ms] 0 '

#1 source Amplitude 1 (Njm~3)

(o] [ow
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VI. Define 121 receivers to record Vx & Vz

[ 8" Sources I We will use Array-Creation to create
b . .
xﬁ il Create Gﬂ““”“" 121 receivers in one step
[ Observer Editor Mw
Single Observer
Base name Name by
. Observer Position
The 15t receiver’s
pOSItIOh ¥ 100-2500 Y 0 £ =30
. Captured Components
Receiver
d . WX Vi {4
recording 7] bcx ey Fltz
components ]ty 7] bz @ tyz
vV
’ Create l ’ Array Creation ] Delete Modify




The receivers in the array Totally 121 receivers in this

h istan f(4 :
as a distance of (40, 0, 0) creation
r — B -— —— h
Array Setting ﬁ
Direction 1 Displacement 40,0, 0 Mumber of Objects 121
[ Directionz Displacement |0, 1,0 Mumber of Objects |1
[ Cirections Displacement |0, 0, 1 Fumber of Objects |1
b o
SR | T gy |l
Observer Editor =] After OK, 121 receivers are
Cl #]| | single Observer | (‘r‘pafpd 1
% Obv_{002)
3 Obv_{003)
i Obv_(004) S Name Obv_(D01)
| T+ Obv_{005)
¥ Obv_(008) ] Observer Position
i Obv_(007)
i3 Obv_(008) ¥ 100-2500 Y 0 7 -3
T Obv_{00g) -
% Obv_{D10)
O Obv_(011) Captured Components
Ch Obv_(012)
[ 3 Obv_{D13) [#]vx [&] wy vz
¥ Obv_(014)
C’ Obv_{015) t’(x tB"B" 122
(:) Obv_({018) t!(\}' t!(Z tYZ
¥ Obwv_{D17)
¥ Obv_{D18)
g EE:{EE; [ Create ] [ Array Creation ] [ Delete ] Modify
N | & obv_(oz2n
C' Obv_{022)
3 Obv_{023)
-:r:;:n:- Obv_{024) - Help Exit




VII. After all are set, we can start to simulate this project to get the
Vx & Vz on all sensors for source #1

1880080 8\0 @0 a|c]FsE®
bAREDHE R (EEE 8
AR5 1 | ¥ & e | [T

‘Z

This case is already build in the
“xxxx\2D\sequential_t\ 13 _sources

\forward\ case 4 rtm_2d_01l1.wnt”, as

next page
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L LR R RS, Gmmee— 2|0 O WA 0 O« 20202 @ma. . =e
:ase b ela » cartesian b rtm b demol » 2D ¢ sequential_t ¢ forward
e e e e e m—? m>mm/m

ith = Mew folder

Mame Date modified Type Size

4/18/2017 10:51 PM  File folder
4/18/2017 10:51 PM File folder
4/18/2017 10:51 PM File folder
4/18/2017 10:51 PM File folder
4/18/2017 10:51 PM File folder
4/18/2017 5:36 PM File folder
4/18/2017 10:51 PM File folder

) case_d_rtrm_2d 01 _res

, case_d_rtm_2d_01_tmp

. case_4_rtm_2d_template_1_res
 case_d4_rtm_2d_template_1_trmp
, case_d_rtm_2d_ternplate 1_usr

, case_4_rtm_2d_template_res

|

|}

I

)

|}

|

L. case d_rtm_2d_ternplate_tmp
)

=]

, case_4_rtm_2d_ternplate_usr 4182017 5:36 PM File folder
LT Ol IT_I:I'I LT 11."’1 Q."jl"l"? E-E‘E OkA Col_ [ I.-Ii.-
| 7| case_d_rtrm_2d_01.wnt 4/3/2017 6:15 PM WHT File 23 KB

= L
e - Ay

LWL .
wr= _——

=] case_4_rtm_2d_03.wnt 4/3/20176:18 PM  WNT File 23KB
] case_d_rtm_2d_04.wnt 4/3/20176:15PM  WNT File 23KB
=] case_4_rtm_2d_05.wnt 4/3/20176:15PM  WNT File 23KB
7| case_d_rtm_2d_06.wnt 4/3/20176:16 PM  WNT File 23 KB
| case_4_rtm_2d_07.wnt 4/3/20176:16 PM  WNT File 23KB
7] case_4_rtm_2d_08.wnt 4/3/20176:16 PM  WNT File 23KB
7| case_d_rtm_2d_09.wnt 4/3/20176:16 PM  WNT File 23KB
7] case_4_rtm_2d_10.wnt 4/3/2017616 PM  WNT File 23KB
T case_4_rtm_2d_11.wnt 4/3/2017617PM  WNT File 23KB
] case_d_rtm_2d 12.wnt 4/3/2017617PM  WNT File 23KB
=] case_4_rtm_2d 13.wnt 4/3/20176:17PM  WNT File 23KB
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After the simulation finish, the transient Vx and Vz can be obtained as

Assume this simulation has name: case 4 rtm_2d 01

Simulation
result folder

Result for
observer

\

e

F ]

Tronward

, case d_rtm_2d 01 _res

| load

| observers

| SOUrCES
) case d4_rtm_2d_01_tmp
, case d_rtm_2d_01_usr
, case d_rtm_2d_02_res
) case d4_rtm_2d_02_tmp
, case d_rtm_2d_02_usr
, case d_rtm_2d_03_res
. case d4_rtm_2d_03_tmp
, case d_rtmm_2d_03_usr
, case d rtm_2d 04 res
. case 4_rtm_2d_04_tmp
, case d_rtrm_2d 04 usr
, case d_rtm_2d_05_res
. case 4_rtm_2d_05_tmp
, case d_rtrm_2d_05_usr
, case d_rtm_2d_06_res
. case 4_rtm_2d_06_tmp
, case d rtm_2d 06 _usr
, case d_rtm_2d 07 res
. case d4_rtm_2d_07_tmp
, case d_rtm_2d_07 _usr
, case d_rtm_2d_08_res
. case 4 rtm_2d_08_tmp
, case d_rtm_2d_08_usr
, case d_rtm_2d 09 res

E

m

Mame

case_4_rtm_2d_01_obv_bec_imag.bet
case 4 rtm_2d_01_obv_to_real.to
case_4_rtm_2d_01_obv_botime.bd
case_4_rtm_2d_01_obv_toy_imag.bd
case_4_rtm_2d_01_obv_boy_real.bd
case_4_rtm_2d 01_cbv_begy time.td
case_4_rtm_2d_01_cbv_bz_imag.bdt
case_4_rtm_2d_01_obv_to_real.bd
case d_rtm_2d_01_obv_ta_timebd
case_4_rtm_2d_01_obv_tyy_imag.bd
case_ 4 _rtm_2d_01_cbv_tyy_real.bd
case_4_rtm_2d_01_obv_tyy_time.tt
case_4_rtm_2d_01_obv_tyz_imag.bd
case_4_rtm_2d 01_obv tyz_real.bdt
case_4_rtm_2d_01_cbv_tyz_time.tdt
case_d4_rtm_2d_01_obv_tzz_imag.tdt
case 4 _rtm_2d_01_obv_trz_real.tut
case 4 rtm_2d_01_obv_trz_timetbd
case_d4_rtm_2d_01_cbv_wvx_imag.bd
case 4 _rtm_2d_01_obv_wx_realtd

case 4 rtm_2d_01_obv_w_timebd

case 4_rtm_<Zd_Ul_obv_wy_imag.ba
case_4_rtm_2d_01_cbwv_wy_real.td
case_d4_rtm_2d_01_cbv_vy_timetdt
case_4_rtm_2d_01_obv_vz_imag.tdt
case 4 rtm_2d_01_obv_wvz_realtdt

case_4_rtm_2d_01_obv_vz_time.tut

o

o O O I T I N R R R R O -

Data File
format is listed
in page 23.

Vx on all
receivers

Vz on all
receivers
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Then, setup other cases for source #2 - #13, to obtain the
measurement data files. (Same environment, only source position

and project name are different) i -
L
i Source #2,
same sensor
layout

Source #13,
same sensor
layout

For example, we define the project name for source
#XX as: case_4 rtm_2d XX
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For example, for the case of #2 source.

» Save “case_4 rtm_2d _01.wnt” as “case_4 rtm_2d_02.wnt” in the same
folder

» Modify the variable n to 2, as

- L L omn .
Variables ‘ g

Mote: Variable is capital insensitiye

Marme Content

Name ()  n Content 2
| oo

Reserved Yariable Mames

pijet; o
it

Build-In Functions

sin(); cos(); tan(); asin); acos(); atan(); -

sinh(); cosh(; tanh(); asinh(); acosh(); atanh();

log2();log100;In0;

exp();abs();sgri); -

Help Quit




Based on the source position definition (100-2500+(n-1)*400, 0, -50 ),
the source will move to a new place as

Other parameters in the project will be kept the same
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Simplify the procedure to obtain measurement data

» In the previous pages, each case is built and then run to get result. This procedure
need to repeat 13 times with user monitoring

» there is a better way to simplify this procedure through WCT simulation manager
» build previous 13 cases without simulation, this procedure will be very simple,
just change the value of variable n, then “Save as” to a new project. Repeat 13
times
» load these 13 cases in WCT simulation manager and let the simulation
manager batch simulate these 13 cases without monitoring

Or, in Windows menu, expand here to

In WCT GUI, use this button to start a
start a simulation manager

simulation manager

pordinatgs  Simulation Postproo
| : [y .G f o . Wavenology
IEE.-I Uninstall

@%| Start 5|m|_|a|t||::n Manager b |
;2.0
L L | a7 a8 = 4 | o=
H&z Wavenology EM

3 WCT Simulation Manager

. License 60



load saved list file or batch-link file

/

(28] Waféalogy EM Simulation Manager c 1 a -. 2 : = . ‘-- . - Elﬂlgﬂ

add a project in list

save current list into a file,
which can be used later

File’ Help
L IRR RIS A A RS YR R K]
Project Nawme Solver  Thread M... Int. Rest. State Info

Log
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)X DO K[ # D @i M| b &= | §| 7

ject NN Solver  Thread M.. Int Res Method 1: Load project
B ) one by one
Task
File
Property
Solver Type  Auto - Intermediate Result  Disable -

select project file

Simulation Thread Mo, 1 [ Result Comparison ]

L)

o] = \ - [0 ][ seot fovrs ]
=~ 0 @
g Mame . Date modified Ll
4 Libraries | =] case_4_rtm_2d_0Lwnt X 4/3/2017 615PM  V
E Dﬂﬂ_imf-'”ts =] case_4_rtm_2d_02.wnt 4/3/2017 6:14PM
o ""_1“5"5 | |Z] case_4_rtm_2d_D3.wnt 4/3/2017618PM ¥
=] Pictures =] case_4_rtm_2d_04.wnt 432017 6:15PM Vi
=l 5|f.|b1.rersior1 = |Z] case_4_rtrn_2d_05.wnt 4/3/72017 6:15 PM v
EE Videos 7] case_4_rtm_2d_06.wnt 4/3/2017616 PM V[T
|Z| case_4_rtm_2d_07.wnt 4/3/2017 6:16 PM V
8 Computer =] case_4_rtm_2d_08.wnt 432017 616 PM |
& Local Disk () ] case_4_rtm_2d_09.wnt 4/3/20176:16PM  V
o Extl (D:) |Z| case 4_rtm_2d_10.wnt 4372017 &:16 PM V-
ca extll (E) ~ [ m | ;

File name: case 4 rtm_2d 01.wnt - ’wavenul.ug.y project files (*awnt v]

| Open | ’ Cancel ]

S




-

Simulation Task Editor

=

deff

Task

File Du'sim_case\elalcartesianirtmidemo 1120 \sequential_t\forward\case_4 E]

Property

Solver Type  Auto - Intermediate Result

Disable

Simulation Thread No. 4]

[ Result Comparisan ]

ine thread number

Click here to run the
project in the list

&l Wavenology EM Simulation Manager

The project status is listed
here to shown whether it is

finished or not

= | B e

File Help
SB|+ KD K|F D> soxwmn@muuﬂ

Project Mame E'—'”J'Z'hh Solver Thread M...  Int. Rest State Info
1 Dsimn_casehelahcartesiani ot demol’\2Dhsequential_t'\forwardcase_4_rtm_2... Auto 4 Dizable Wait
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Method 2: Load 13 projects through a batch job file

-~

£l Wavenology EM Simulation Man

L elp

il=ert Job List

batch.txt

r
&3 Please choose a job-list file

==

OQ | ¢ 2D » sequential t » forward - | 45 | | Search forward o
Organize v Mew folder =y Nl @
¥ Favorites *  Name : Date modified T+

Ml Desktop ) case_4_rtrn_2d_02_res 4718720171116 P F
& Downloads L ) case_4_rtm_2d_02_tmp 4/18/201711:16 PM F
%# Dropbox , case_4_rtm_2d_template_1_res 4/18/2017 10:51 PM F
& Google Drive . case_d_rtm_2d_template_1_tmp 418/201711:05PM F
| Recent Places bl , case_d_rtm_2d_ternplate 1_usr 4/18/201710:51 P F |
. case_4_rtm_2d_template_res 471872017 5:36 PM FI=
- Libraries , case_d4_rtm_2d_template_trp 4718/2017 10:51 PM F
@ Documents . case_d_rtm_2d_template_usr 4/18/2017 3:36 PM F
) Gj" Music SR FILES LTS e R T W R
=] Pictures || batch.txt 4/19/201712:46 PM  T|+
=il Subwersinn y N n | b

"case_4_rtm_2d_01.wnt" SIMTYPE=auto
"case_4_rtm_2d_02.wnt" SIMTYPE=auto
"case_4_rtm_2d_03.wnt" SIMTYPE=auto
"case_4_rtm_2d_04.wnt" SIMTYPE=auto
"case_4_rtm_2d_05.wnt" SIMTYPE=auto
"case_4_rtm_2d_06.wnt" SIMTYPE=auto
"case_4_rtm_2d_07.wnt" SIMTYPE=auto
"case_4_rtm_2d_08.wnt" SIMTYPE=auto
"case_4_rtm_2d_09.wnt" SIMTYPE=auto
"case_4_rtm_2d_10.wnt" SIMTYPE=auto
"case_4_rtm_2d_11.wnt" SIMTYPE=auto
"case_4_rtm_2d_12.wnt" SIMTYPE=auto
"case_4_rtm_2d_13.wnt" SIMTYPE=auto

Sl
SlI
SlI
SlI

File name: batch.bd

- [te:d: file (*.tet)

[ Open Cancel

J |

S

S| TR T =T TN TR E SO TS O S TR TO =W

SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait

For more detail about WCT batch-
link file format, please refer to

WCT Cartesian EL manual
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After all 13 source cases are built and simulated successfully, copy
all data files to imaging project root folder as

(I (IO (S S S O O S O O S I (O S (I (O S S O O S O O S

case_ 4_rtm_2d 13 obv_vz_time.bd
case_4 _rtm_2d_13_obv_wi_time bt
case 4 rtm_2d_12_obv_vz_time et
case_d_rtm_2d_12_obv_wi_time.bd
case_4 rtm_2d_ 11 _obv_vz_time et
case_d_rtm_2d 11 obv w_time.bd
case 4 rtrm_2d_10_obv_vz_time. bt
case_4 rtrm_2d_10_obv_wi_time. bt
case_4_rtm_2d 09 obv_vz_time.bd
case_4_rtm_2d_09 _obv_wi_time. bt
case_4 rtrm_2d_08_obv_vz_time bt
case_d_rtrm_2d_08_obwv_wi_time.bd
case_4_rtm_2d_07_obv_vz_time. bt
case_d_rtm_2d_07_obv_w_time.bd
case 4 _rtrm_2d_06_obv_vz_time bt
case_4_rtm_2d_06_obv_wi_time. bt
case_4_rtmm_2d 05 _obv_vz_time.bd
case_4_rtm_2d_05_obv_wi_time, bt
case_4 rtm_2d_04_obv_vz_time bt
case_d_rtrm_2d_04_obwv_w_time.bd
case_4_rtm_2d_03_obv_vz_time. bt
case_d_rtm_2d_03_obv_w_time.bd
case 4 _rtrm_2d_02_obv_vz_time. bt
case_4 _rtm_2d_02_obv_wi_time. bt
case_4_rtm_2d 01 _obv_vz_time.bd
case_4_rtm_2d_01_obv_wi_time. bt

4/3/2017 6:37 PM
4/3/2017 6:37 PM
4/3/2017 6:36 PM
4/3/2017 6:36 PM
4/3/2017 6:34 PM
4/3/2017 6:34 PM
4/3/2017 6:32 PM
4/3/2017 6:32 PM
4/3/2017 6:31 PM
4/3/2017 6:31 PM
4/3/2017 6:29 PM
4/3/2017 6:29 PM
4/3/2017 6:27 PM
4/3/2017 6:27 PM
4/3/2017 6:26 PM
4/3/2017 6:26 PM
4/3/2017 6:24 PM
4/3/2017 6:24 PM
4/3/2017 6:23 PM
4/3/2017 6:23 PM
4/3/2017 6:21 PM
4/3/2017 6:21 PM
4/3/2017 6:20 PM
4/3/2017 6:20 PM
4/3/2017 6:17 PM
4/3/2017 6:17 PM

Text Docurment
Text Document
Text Document
Text Docurment
Text Document
Text Docurment
Text Document
Text Document
Text Docurment
Text Document
Text Document
Text Docurment
Text Document
Text Docurment
Text Document
Text Document
Text Docurment
Text Document
Text Document
Text Docurment
Text Document
Text Docurment
Text Document
Text Document
Text Docurment
Text Document
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Step 2: Setup the imaging project

» We can save “case 4 rtm_2d 01” as “case 4 rtm_2d_03” to the
imaging project root folder, this case_4 rtm_2d 03 will be the name of
our imaging project.
» in the demo package, this case is the “case_4 rtm_2d _03.wnt” in
the backward folder.
» Delete two targets from this project to set up a known 3 layers
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»Then, setup all 13 sources in the project. Each source should be the same
position that in “case 4 rtm_2d 0l1.wnt” to “case_4 rtm_2d 13.wnt”.
» that is, #1 source should be same as that in “case 4 rtm 2d 0l.wnt”

» that is, #2 source should be same as that in “case 4 rtm 2d 02.wnt”
> ...

» 121 receivers are the same as that in “case_4 rtm_2d_xx.wnt”

| | % |[E)E

—|—(—Ue-lmaging Simulation ] 67

> Setup WCT EL imaging system as next page — ' | J?I n W O 8|




We will sweep 13
source to make

r
Set up an Imaging Simulation

b4

=B &

)

Simulation Scheme Options
(7 Sinlge simulation

the image

For each source,
there are 121 Vx

(@) Separated Transmitter Receiver
() Switching Transmitter Receiver
Data Source for the Exdtation in the Imaging

@) {or General)

Tau

¥ component  case_4_rim_2d_01_obv_wx_time, txt; case_4_rim_2

traces in one file,
so, totally 13 Vx
trace file in
sweeping

Image file name &
imaging region

Use default Advan

parameters in cont

imaging.
enable
normalization

o]

|:| ¥ component

7 component  case_4_rtm_2d_01_obv_vz_time.txt; case_4 rtm_2

]

Similarly, 13 Vz signal files
for sweeping

Image Setting

Image Region

(@ Whole computation domain

() User define
Lower carner

Higher Corner

Imaging Coeff. (ax, ay,az) 1, 1,1

Image File Mame  C&52_3_rtm.img

r N
Fie List [

{One data file for all exdations, or one file per excitation)

13

File Mame

case_4_rtm_2d_01_obv_vx_time, it
case_4 rim_2d_02_obv_vx_time, txt
case_4 rim_2d_03_obv_vx_time, txt
case_4_rim_2d_04_obv_vx_time, txt
case_4_rim_2d_05_obv_vx_time, tact
caze_4 rim_2d_06_obv_vx_time, tat
case_4 rim_2d_07 _obv_vx_time, txt
case_4 rim_2d_08_obv_vx_time, txt
case_4_rim_2d_09_obv_vx_time, txt
case_4_rtm_2d_10_obv_vx_time. it
caze_4 rim_2d_11 obv_vx_time.txt
case_4 rim_2d_12 obv_vx_time,txt
case_4 rim_2d_13 obv_vx_time,txt

m

4|

[ l )
_

1 |

oK [ Cancel

—~

a “Forward+backward”
$sing to generate image.

Advance
ced _
lSamphngDensaty{P.P.P} Re-construct Order
[ro
Cut Pulse Time in Imaging by  (Unit: ms) 0
[¥#] Mormalized by Source Field Use |E Start
proce
| Hep | [checkinput | | start | [mPrsm..| [ ok | | cancel |

——
F——

[o2¢4



Define the data files that
will be used in imaging

(@ Separated Transmitter Receiver
() Switching Transmitter Receiver
Data Source for the Exctation in the Imaging

i@ V (or General) Tau

[¥]% component  case_4_rim_2d_01_obw_vx_time. tut; case_4_rtm_2 E

[T companent

[¥]Z component  case_4 rim_2d_01_obv_vz_time, tet; case_4 rtm_2 m

Image Setting
Image Region
@ Whole computation domain

(71 User define
Lower corner

High-light any item, right click

mouse to popup a menu

"8

File List

—

(One data file for all exdations, or one file per exctation)

File Mame

case_4 rtm_2d_01_obv_vx_time. twt
case_4 rtm_2d_02_obv_vx_time.txt
case_4_rtm_2d_03_obv_vx_time.txt
case_4 rim_2d_04_obv_vx_time.txt
case_4_rim_2d_05_obv_vx_time.txt
case_4 rtm_2d_06_obv_vx_time. txt
case_4 rtm_2d_07_obv_vx_time. txt
case_4 rtm_2d_08_obv_vx_time.txt
case_4 rtm_2d_09_obv_vx_time. txt
case_4 rtm_2d_10_obv_vx_time.txt
case_4_rim_2d_11_obv_vx_time.txt
case_4 rim_2d_12 obv_vx_time.txt
case_4 rim_2d_13 obv_vx_time.txt

Select File

Delete
Insert
Show curves in the file

Remove empty itemn

Append empty space
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After the imaging procedure start, wait until
the sweeping finish

PO B L @RV |t S S PP B Y 8 PO YRR DN N R YE
A (s s =¥ HED @B x KBGO BH r3InO S>e» | @E S]]
Project

Enl':“o-um:larg,r -
[C0 Freq & Pulse
0 Mesh

& Time o
[+ Sources
[--&" Observers

..... u Lumped Ports
..... 5 Wave Ports
-4 Circuits

o, articles

w4l Excitation Pulses | =
B8 Materials
end” Curves

w-d Solids

-5 Voxels
- Snapshots ||| Background # middle , Unit: (m)

Face Snapsho bounding hosx; {-2500,-5,-2500) , (2500,5,0)

[ Body Snapshe size: (3000 x 10 % 2500) , center: (0,0,-1250)
S Fﬁrl;r':iﬁlﬁ : 2 mass-density=2500 , (Vp,¥s)=(3000,13003, (Qp,Q@s)=(inf,inf
fem

Subdomian 3: (751, 1000}, (1, 1), (1, 500)
Domains: 13 1x 1, Cells: 1000 x 1 x 500, Delta time: 0.000735455 sec, Mesher version: 1, CPU Time: 0.326 sec, CPU Time: 0,326 sec, Multi-thread (ver. 3) with 4 thread(s) is used.
Time Stepping. ..

2,96 sec, Postprocessing: 1,084 sec

Run report

peiclie g b s - - - - - -
Simulation is completed normally at 04/13/17 23:13:58, Total simulation time is 1 minute 55 seconds (115 sec)

= =
LA Warning in user defined time window.  The time window is shorter than the default window. The exdtation signal may not be fully excdted, or the wave can't travel through the whole computational
Body positons, layer positons, observer positons, source combination are verified.

Simulation has been started at 04/13/17 23:14:08 by Wavenology EM 2.0.2 (xe4)
Preprocessing...
Subdomian 0: (1, 250), {1, 1), (1, 500)
Subdomian 1: (251, 500), (1, 1), (1, 500)
Subdomian 2: {501, 750), (1, 1), {1, 500)
Subdomian 3: (751, 1000}, (1, 1), (1, 500)
Domains: 13 13 1, Cells: 1000 x 1 x 500, Delta time: 0.0007954595 sec, Mesher version: 1, CPU Time: 0.347 sec, CPU Time: 0,347 sec, Multi-thread (ver. 3) with 4 thread(s) is used.
Time Stepping...

— | 38475028  [18s/3m35s (Elap.
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After simulation successfully,
load the image

(=1

1

Tools | Help

Validate Design
Preprocessing

TN

Export EM Field

D 1= [ |

Build Material Library
Load Material Library

Save as Design Ternplate
Load Design Template

Export current project 5 Pararneter in 51P file
Export 5 Parameters in 5nP file

Calculate ECC for MIMO R

Elastic wave Options

i Display 30 Volume Result

Special TEM Mode Waveport Solver Options

Start Simualtion Manager

License server
Clear Leg I




H =
WES

Cumpﬂnent:] Type[Magnimde v] Axis[x v] Furmat 1 = | Op

T — |

1. 00 0000|530

m I
P30 Vohime Datgl P — =
‘ Z
0
0

Load WCT Imagimg Solver Result

Load WCT S5EM Solver Result
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A 7

3ing sclver result .
-

| e« Extl (D:) » sim_case » ela » cartesian » rtm » 2d_case? » backward » case 4 _rtm_2d 03_res » img
W F

Mew folder

= Mame Date modified Type

op |£4| case 4_rtm_nrl.img Ii_r'lie?[ll? 11:17 PM  DiscImage File

iloads

J0%
le Drive

it Places

ments

res
rsion

5

ter

Disk ()

D:)

(E:)

(F:)

wable Disk (3]
e (1)

File name: | GG Sit W NAE
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3D Volume Result Toolbar

Component|NoNane v,|T de [Real P

Magnitude

¥ | Aki ’Y YlFomatlL‘ne_a 'lo—(::” 01";[V ] 0 O O ﬂ' ==

Pre—

; — Phase
5D Volume Datz BReal Part | - - e S e D s b A 5 9
Iag. Parl Front view & hide
_ background to get this figure )
Due to the image comes from 5.07
the transient data, we use “Real
Part” to display 4.06
3.11
\
1 2186
B 122
| 0.z266
\
| -0.684
-1.63
| Rectangle target Circle target 258




Use option to change the image

displaying & color range

e R T

Imiml

nent [NoName v | Type [RealPart v ] Axis[Y | Format[Linear ~]0

2 EEEEELICE

= - — = - =

me Data z r - -

tagge@ Volume Data Dispalying Control

Rectangle target Circle target

Color Mapping Options
() Whole Volume (@) Displaying Region (7) User define  Linear

[-2.57517,5.0728] Min |-2.57517

Max |5.0728
2.6
Displaying Region for Each Slice
18 X axis (Y [0,0], Z [0,499]) Y axis (X [0,999], Z [0,499])
.0 @M @AI
(©) Range @ Range
1.01
Ymin 0 | Ymax 0 ] Xmin 0 Xmax 999
el Zmin| 0 Zmax | 499 Zmin 0 Zmax 399
-0.588
Misc.
-1.38 Color Type
217
= — o

75



switch to Gray displaying

Fr— — T'—' ——
3D Staggered Volume Data Dispalying Control

Displaying Region for Each Slice

X axis (Y [0,0], Z [0,499]) ¥ axis (X [0,999], Z [0,499])

i@ all @ Al
(71 Range (@ Range
¥min| 0 Ymax 0 ¥min 0 ¥max 999
Zmin 0 Zmax | 4595 Zmin 0 Zmax 399
Misc
coor T
Color
i
Ll
—He—
e

-_
Color Mapping Options
(71 Whale Volume (@) Displaying Region (7 User define  Linear dB
[-2.57517,5.0728] Min |-2.57517 Min |-32.9475
Max |5.0728 Max |7.05247

Z axis (X [0,999], Y [0,0])
i@ all

(71 Range
¥min| 0 ¥max| 999
¥mir| 0 Ymax| 0

Cancel
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Rectangle target

Circle target

1.01

-0.586

77



Simulation results

» A final image data file is placed in:
project_res\img\image_file_name
» N sub-image data file is place in project root folder as:
image_file_name.run#, here # is source index in sweep
= each sub-image is the image created by each source, the
final image is the sum of all sub-images
» Following is the example of image files

i £
.,_.;"I'| . v Cormnputer » Bxtl (0] » sim_case » ela » cartesian » rtm b demo » 20 » sequential_t » backward » case d_rtrn_2d 03 res » img
anize * Include in library - Share with - Mew folder
4 . demo 0 Mame Date modified Type Size
4\ 20 _ ) _ -
) ]‘:] case_4_rtm_2d_03_grid.m 4/13/2017 11:14 PM MATLAB M-file 40 KB
A mUltlplE_rLln — o ~ ) ] )
) |24 case_4_rtr_nrl.img 4/13/201711:17 PM Disc Image File 1,954 KB
4 || sequential_t
4 || backward
4 | case 4_rtm_2d 03 res <—— Simulation result folder :
o Imaging
\ Result for imaging result

Project root folder
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Project root folder ——>

S R

4 | backward

» o case d rhtm_2d_03 _res
» 0 case d_rtrn_2d_03_tmp
¢ ) case d _rbm_2d_03_usr

, forward
) switch_t_r
. 3D
>0 demol
+ g test
> W testl
» i test?

Sub-images | —~

m

case_d_rtm_2d_06_obwv_vz_time.bd
case_4_rtrm_2d _07_obv v time b
case_4 rtrm_2d 07 _obv_vz_time et
case d_rtm_2d 08_obwv_wi_time.bd
case_4_rtrm_2d_08_obv_vz_time bt
case_4 _rtrm_2d 09 obv_wvi_time bt
case_d_rtm_2d_09_obv_vz_time.bd
case_4 _rtrm_2d_10_obv_w_time bt
case_d_rtm_2d 10 _obv_vz_timebd
case_ 4 rtrm_2d 11 _obv v time bt
case_4 rtm_2d 11 _obv_vz_timetd
case 4 _rtm_2d 12 obwv_wi_timebd
case_4 _rtm_2d 12 _obv_vz_timetdt
case 4 rtm_2d 13 _obv v time bt
case_d_rtm_2d_13_obv_vz_time.bd

case_4_rtm_nrl.img.rund
case_4_rtm_nrl.img.runl
case_d_rtm_nrl.img.run
case_4_rtm_nrl.img.run3
case_4_rtm_nrl.img.rund
case_4_rtm_nrl.img.runs
case_4_rtm_nrl.img.run
case_4_rtm_nrl.img.run?
case_4_rtm_nrl.img.rund
case_4_rtm_nrl.img.rung
case_d_rtm_nrl.img.runl0
case_4_rtrm_nrl.img.runll

case_4_rtm_nrl.img.runl2
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Case ll : 2D Imaging

Imaging a black box with Ricker Wave Source Pulse

(f . =27 Hz)

max

Here, we will demonstrate how to use WCT Cartesian EL imaging method to
imaging an almost black box environment to check whether we can use
limited information to reconstruct the real space

What we know is there
are estimated 4 layers
in the space, but we
don’t know the exact
shape of each layer and
the position.

We just have a initial
guess as right figure.

Layer 4: p=2500, vp=3000, vs=1900

Layer 3: p=2800, vp=4000, vs=2800

|

Layer 2: p=2500, vp=3000, vs=1900

Layer 1: p=1800, vp= 2200 VS= 1500

MMWWMWM




The Known Before Imaging

1. an estimated 4 layers in the space, each layers
material is known

Layer 4: p=2500, vp=3000, vs=1900

Layer 3: p=2800, vp=4000, vs=2800

|

Layer 2: p=2500, vp=3000, vs=1900

Layer 1: p=1800, vp=2200, vs=1500




cont.

2. the position and the pulse of 39 point dipole
sources, the source pulse is known as the Ricker
wave atf__ =27 Hz

point monopole sources




Pulse

1.0

0.8

0.6

0.4

0.2

0.0

0.4

The Ricker Wave with fmax=27 Hz

Sourcel5 - Pulse

400

Time (ms}

a00

aoo

1000

cont.
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cont.

3. the position of 80 sensors to record Vx
& Vz field

~

z)

80 receivers (capture Vx & \

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ




cont.

the detected signal Vx & Vz (measurement data) on these 80
sensors for each source (which can be obtained from the
“Extension part of Case I1”)

TFSUET_rar
m— |naded 058
= |naded_059
s |naded_060
m— |naded_061
— |ogded_062
— |naded 063
m |ngded_0&64
s |paded_065

loaded_06a&
= |naded_0&67
w— |naded_068
= |ngded_069
w— [0aded_070
m— |naded_071
m— |naded_072
w— |naded 073
w— |naded_074

1.5e-013

1.0e-013

The Vx signal on 5.0e-014
all 80 sensors
from source #1

1.3e-029

-dxis

-5.0e-014

w— |naded_075
s [naded_075
w— |naded 077

loaded_073

-1.0e-013

m— |naded_079
= |naded_080
-1.5e-013

3.0 3.5 4.0 4.5
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The Unknown in the System Before
lmaging

» we don’t know what is the exact shape of each layer

» we don’t know where the detected Vx & Vz signal come from, which
means even the signal comes from simulations, we don’t know the
original setting, for example, space size, simulation mesh, At, etc.

» whether there is objects in the real space

! Real layer shape ?

Space size ?

Real layer shape ?

e ) ) ) : _& ‘ v 86




Goal of this Case

We will

— sweep 39 sources in a guessed background with detected signal, as following,
* toreconstruct the space

e N
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I. Setup WCT Cartesian EL project

File] Edit View Coordinates Simulation

= Open Project Ctrl-0
Close Project

Mew Projects Set
Open Projects Set

E Save Project Ctrl-5
W) Save Project As

ﬁ Zip Project with Result
E"‘z Zip Project without Result

Bley Dlysrice

Change Physics

Note: This case is already build in the
demo package as
“xxxx\2D\sequential_t\

39 sources_80recv_small_obj_v3
\Imaging\ Imaging_Layered _2D.wnt”

3dve az | emplate

N
/,' \\\
l, \)
/, I,
V2
g 7
Select Problem 7 gﬁ
p2
4
Problem type ,/ ,/
’ = o
] = L Y @ EI;L‘IJC
s P ,
/, /,
Codrdinates 7
/. _
,/ @ Cartesian , (O Cylindrical II
y
/
,/
4
—— —

\N 7/

Then save as “Imaging_Layered _2D.wnt”
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Il. Setup materials

conveel N e
II | General | Electromagnetic | Elastodynamic I
EI@ Materials Nome Color
: ----- % WEtEF |Layer1 |
""" % Steel Mass density
..... ] 1800 kgjm~3
""" B LayerZ P-Velacity Qp (0, Inf)
--BE Layer3 2200 mfs in
5-Velocity Qs (0, Inf)
1500 mjs inf
5 | MN
B W Add Material [C] Advanced
i % g Anisotropic Material | Property |
- t Import Materials from Library
e & La TS PoroElastic Material | Property |

] [gmasy] | o |




Elastodynamic

|General | Electromagnetic

Mame Color

| Layer2

Mass density
2500

P-Velocity
3000

Qp (0, Inf)
inf

5-velocity Qs (0, Inf)
1900 m/s inf

Advanced

Anisotropic Material | Property |

PoroElastic Material | Property |

] (el | |

-
Edit Material e

| General | Electromagnetic | Elastodynamic
Mame Caolor
rers |
Mass density
2800 kg/m~3
P-Velocity Qp (0, Inf)
4000 mj/s inf
S-Velocity Qs (0, Inf)
2800 m,s inf
Advanced
Anisotropic Material | Property |
PoroElastic Material | Property |

| | it (il [
[
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lll. Setup project background, pulse, mesh & time system

@ If0 with Frequency  (Hz)

) 1f0 with Wavelength in water  (m)

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

(") Keep the system value unchange

E

- .
[ Project Design T ¥
Unit | Background I Boundary | Frequency and Pulse | Mesh I Time |
Length meter -
-
Time millisecond - Project Design
Frequency hertz - Upit | Background | Boundary I Freguency and Pulze I Mezh | Time |

Homogeneous Background Material

[ uge 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 Material

Action
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-

Project Design

| LInit | Background | Boundary | Frequency and Pulze I Mesh | Time |

X Boundary {m})

Xmin Open at input position + Position -100
Xmax Open at input position * Position 4100
¥ Brynd=ry ool

Ymin Periodic at input position « Position -2.5
Ymax Periodic at input position * Positon 2.5
£ bBoundary {m;)

Zmin Open at input position w Posiion 0
Imax Open at input position »  Positon 3200

Note: due to the imaging size is
determined by us, we can only define it
by known signal time window and
source, sensor positions

» the source + sensor have a X range in
[20, 3970]m, so, we can let the X range of
the simulation space as [-100, 4100] m

» the signal time window is 4.5 s, based
on the slowest Vs=1900 m/s for all
background materials. So, the travel
distance will be around 8500 m with this
Vs. In order to make sure the source
signal can travel the whole simulation
space, we can define the Z range of
space as [0, 3200] m.
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Source pulse is the Ricker wave with fc=10
Hz (eq. fmax=27.6 Hz)

”
Project Design

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

() Frequency Range [Hz] | — |
Plot Pulse

Min, Freq. (Fraim) | i |

Max, f_enegy [Hz]

Max, Freq. (frmax) | 27.6375 |

|27.6375 |
i@ Project Pulse
Pulse Type Ricker - Modulation
Freq. (frm) | 13.81875
Peak Freq. (fc,[Hz]) 10 Zenter Phase [deqg] D
Truncation Multiple 6,2831853 { Mote: Frn={Fmin+Fma: )z 3

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




-

Project Design

| LInit I Background | Boundary I Freguency and Pulse | Mesh |T|me |

) Automatic

Points Per Wavelength (PPW) Synchronize PPWs
PPW-X | 7.1 PPW-Y | 5.4 PPW-Z [5.30

min/max ratio |0.001 max adjacent ratio | 1.3
@ hdanual
Mumber of cells [] synchronize numbers

My 1100 My 1 Mz 750

71 User defined

Minimum angle of solid surface angle (Deg) 3

Advance

[] additional
control points

Load |"|

Llear

Additional ctrl

Cancel

» due to we don’t known too much
information about the real space, we
can define the simulation mesh as
[1100, 1, 750]
» with this setting, we can see
the space sampling density will
be around ppw_x=7.1,
ppw_z=6.4 (thisis 2D case in Y,
ppw_y can be ignored). Due to
this is an imaging procedure, we
don’t need very accurate result,
so, make sure ppw > 6 is enough.
» higher ppw will get better
result, but need to take
longer imaging time.
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Define the time windows as detected signal’s

time window.
Then use automatic At.

~

Project Design

=)

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

Time Window [s]

@ User defined

End Time 4.5 Ene

Delta Time [s]

i) User defined | 0.000607465

Receiver Recordings

Recordings times per
period of max f_energy

Recording Interval
{Unit; # time steps)

[y

(7 Automatic

ry decay [dE] -40

Energy wariation [de] |-30

@ Automatic

Snapshot Recordings

Recordings times per
period of max f_energy

Recording Interval 14
{Unit; # time steps)

Cancel
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IV. Setup 4 layers background

Layer 4: p=2500, vp=3000, vs=1900

Layer 3: p=2800, vp=4000, vs=2800

Layer 2: p=2500, vp=3000, vs=1900

Layer 1: p=1800, vp=2200, vs=1500

|

We can use following 3D
geometry system to simplify the
modeling

» homogeneous background by
the material of layer 2

» layer 1 is modeled as a box

» layer 3 is modeled as box also

O due to the region outside the
layer 1 & 3 will be the
background, the layer 2 & 4 will
be built automatically after layer
1 & 3 are built
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l'

Box Creation

Mame  Bodyoolt

Transparency
]

U

Box Parameters

Lower Corner  -100, -2.5, 0

Upper Cormer 4100, 2.5, 500

Material

Click “Create Box” to

build layer 1 & 3

Layerl "] [ Mesh ]
,
100 | | oL e@
Wt
k | 50 | Creatd Box H & |

LCS Origin 0, @, 0

U Axis 1,0,0

W Axis 0,1,0

il ™
Box Creation ﬁ
0K
Mame Body002 Material |Layer3 "] [ Mesh ]
Transparency
0 56

Box Parameters

Lower Corner  -100, -2.5, 2000

Upper Corner 4100, 2.5, 2500

LCS Origin 0, 0, 0
U Axis 1,0,0

V Axis 0,1,0

100

Cancel
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V. Setup 39 sources by “Array Creation”

Input

,45 Circui
%% Partic
-4l Excitat

@% Design

...@

gé}:v Obzkr Create Source

M\ Lump TEALE L_ONStant AmpItUde LINE CUMTENT SOUTCe ————

Load Source Pulse from File

Convert all cbservers to electrical dipele scurce

Delete All Sources

¥ source type

- ® the source name prefix
= first source position

s

39 sources with a X
distance as 100 m

Create Mew Sourge
P \2
Mame src Type Maonopole - ]
Location
100, 0, 50
(v, 2) e
CIle _— Array Setting

Excitation Pulse
(@) Use project pulse Flot pulse Ulse type Ricker
() Use individual pulse Edit Delay [s] 0

Amplitude 1 (Pafs)

-

Array Setting ﬁ-‘
Direction 1 Displacement 100, 0,0 Mumber of Objects 39
] 0, 1,0 1
[l 0,0, 1 1
" — =
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VI. Setup 80 receivers by “Array Creation”
&5&@ Design

r

—

In put Iﬁﬁ [ ur Create Observer
. . wE
" the receiver name prefix o Cird Doiete All Observers
= first receiver position ——— -t Particles I
= record component
| Observer Editor Mw
Single Cpserver
Mame Qb
Dbsa{lyer Position
X 20 Y 0 z B
—Czpbured Componsots
Ex Ey Ez
[CTHx [ Hy [MHz
CIiCk I Create ] ’ Array Creation ] Delete Modify
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Array Setting  m—

Direction 1 Digplacement 80,0, 0 Mumber of Objects |EU| |
Directionz Displacement (0, 1,0 | Murmber of Objects | 1 |
Cireckion3 Displacement | 0,0, 1 | Mumber of Objects | 1 |

After source & receiver are created, the project layout will be as following

source & rec
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VII. Setup WCT EL imaging system

We will sweep 39
source to make

-~

Set up an Imaging Simulation

—|—‘-Uo-lmaging Simulation }

|» =il

File List

WD 8
@5

. C

Simulation Scheme Options
() Sinlge simulation

the image

For each source,
there are 80 Vx

@ Separated Transmitter Receiver

() Switching Transmitter Receiver

Data Source for the Excitation in the Imaging

@ Y {or General)

Tau

traces in one file,
so, totally 39 Vx
trace file in
sweeping

Image file name &
imaging region

Use default Advance
parameters in contro
imaging.

enable
normalization

¥ component  vx/fforward_layered_2d_01_obv_vx_time. bet; vaffor E]

|:| ¥ component

[¥]Z component  vzfforward_layered_2d_01_obv_vz_time.txt; vz/for E]

Image Setting
Image Region

domain

) Whaole computati

Similarly, 39 Vz signal files
for sweeping

@ User define
Lower corner

Higher Corner

Imaging Coeff. (ax, ay,az) 1, 1,1

Image File Mame

Advance

Sampling Density (P.P.P) Re-construct Order

100,-2.5, 100

3900,2.5,3100

RTM_Layered_20_01.img

(One data file for all excations, or one file per exctation)

Working folder:

Dieim_case\ela\cartesian'rtmdemo 1,20 \sequential_t\39_sourc

File Mame

vifforward_layered_2d_01_obv_vx_time. tact
wixfforward_layered_2d_02_obv_vx_time. txt
vifforward_layered_2d_03_obv_vx_time. tact
wifforward_layered_2d_04_obv_vx_time. txt
vifforward_layered_2d_05_obv_vx_time. twct
wifforward_layered_2d_06_aobv_vx_time. txt
vifforward_layered_2d_07_obv_vx_time. tact
wixfforward_layered_2d_08_obv_vx_time. txt
vifforward_layered_2d_09_obv_vx_time. twct
wixfforward_layered_2d_10_aobv_vx_time.txt
vifforward_layered_2d_11_obv_vx_time. tact
wixfforward_layered_2d_12_aobv_vx_time.txt
vifforward_layered_2d_13_obv_vx_time. tact
wixfforward_layered_2d_14 aobv_vx_time.txt
vifforward_layered_2d_15_obv_vx_time. tact
wixfforward_layered_2d_16_obv_vx_time.txt
vifforward_layered_2d_17_obv_vx_time. tact
wixfforward_layered_2d_18_obv_vx_time.txt
vifforward_layered_2d_19_obv_vx_time. tact
wifforward_layered_2d_20_aobv_vx_time. txt

vifforward_layered_2d_21_obv_vx_time, tict
1| 1] 3

m

Cut Pulse Time in Imaging by  (Unit:s) O
[¥] Mormalized by Source Field Use |E r
v
| Hep | |cCheckInput | | start | [wPism..| | ok | | cancel |

Start a “Forward+backward”
processing to generate image.
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the data files that will be used in imaging
» because there are 39 files for Vx & Vz, specifically, 78 files in one folder will make the management difficult
» here, we can put all Vx, Vz data files in a sub-folder “Vx” & “Vz” separately as

- Mew folder Include in library « Share with + Mew folder
- > 1. Imaging_Layered_2D_us * Name :
Mame L v

| forward_layered_2d_01_obv_wx_time.tat
Imaging LE}"EFEd 20 res 1 | forward_layered_2d_02_obv_wx_time.bd
- -7 | forward_layered_2d_03_obv_wx_time.bxt

| Imaging_Layered_20D_tmp

| forward_layered_2d_04_obv_w_time.bdt

Imaging Layered 20 usr | forward_layered_2d_05_obv_wx_time.bxt

| forward_layered_2d_06_obv_wx_time.bt
| VI | forward_layered_2d_07_obv_wx_time.bd

J WZ | forward_layered_2d_08_obv_wx_time.bxt

| forward_layered_2d_09_obv_wx_time.tt

| forward_layered_2d_10_obv_wx_time.bxt

| forward_layered_2d_11_obv_wx_time.tt

| =] Imaging_Layered_2D.wnt H

| forward_layered_2d_12_obv_wx_time.bxt

| forward_layered_2d_13_obwv_vi_time.bd

) Sinlge simulation (One data file for all exdations, or one file per exdtation)
_ . Project working folder
© Separated Transmitter Receiver Do @ ¢
—— e r e e e D:\sim_case\ela\cartesianrtmdemo 1120 \sequential _t\39_sourc I
Data Source for the Excitation in the Imaging T e e e
@ V {or General) Tau
¥ component  v/fforward_layered_2d_01_obv_vx_time, bty v /for wifforwar Select File | . .
L] vxfformark High-light any item,
[ ¥ component wifforward Delete ht click mouse to
v fforward
[¥]Z component  vzfforward_layered_2d_01_obv_vz_time. txt; vz/ffor E vx/forward Insert PePUp a menu, load
a files
vx(fforward Show curves in the file
Image Setting v fforward
Image Region w/forward Remove empty item
i wifforward
() Whole computation domain / Append empty space
wifforward ey e _ren_
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After the imaging procedure start, wait until
the sweeping finish

File Edit View Coordinates Simulation Postprocess Tools Help

DEAWe | e ®H: LIt eH[F=aa

LE 8080000 @A &0 5| s [@sEPEEE

| &L gp|w | d b Tooe®a @ Mt & | | % | wil | © 8| O &
‘M| | B ¥ FERE (e B@ | D cy b @ F B e |[)H ket R
Project
= Imaging_Layered_2D
F-§i% Design

-~ % Sources

Ej,e: Observers

----- A Lumped Ports
----- F Wave Ports
-5 Circuits

----- '.’_-_- Particles

-4'gl Excitation Pulses
=--B8 Materials

et Curves
----- u Faces
=@ Selids
-0 Woxels
-8 Snapshots
----- . Far Fields
-4l Temp
~alal Imported Result & o o o'n P S P e o'n i Su P Foo'uﬁ-&.o’iﬁo’or’\:ﬁoh:P-o'oﬁi‘u&zﬁhﬁdhﬁﬁﬁﬁdoﬂi\’p’ﬁ.
Background / Layer? , Unit: (m)
hounding box: (-100,-2.5,07 , (4100,2.5,3200)
size: (4200 % 5 x 32007, center: (2000,0,1600)
mass-density=2300 , (Vp,Ws)=(3000,1900), (Qp,Qs)=(inf,inf
Log
Simulation has been started at 04/27/17 02:13:31 by Wavenology EM 2.0.2 (x64)
Preprocessing...

The FOTD solver will use order: 2,
Subdomian 0: (1, 1100}, (1, 1), (1, 135)|
Subdomian 1: (1, 1100), (1, 1), (196, 390)
Subdomian 2: {1, 1100}, (1, 1), {391, 585)
Subdomian 3: {1, 1100), {1, 1), (586, 750)

Domains: 1x 1% 1, Cells: 1100 x 1 x 750, Delta time: 0,000807469 sec, Mesher version: 1, CPU Time: 0.434 sec, CPU Time: 0,434 sec, Multi-thread (ver, 3) with 4 thread(s) is used.
T S T
Postprocessing... Last time window: 4.49952 s, Number of time step: 7408, Time for time-stepping: 342.689 sec, Postprocessing: 0 sec
Simulation is completed normally at 04/27/17 02:19: 14, Total simulation time is 5 minutes 44 seconds (344 sec)

...................................................................................................... Run report
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After simulation successfully,
load the image

(=1

1

Tools | Help

D 1= [ |

Validate Design
Preprocessing

Export EM Field

Build Material Library
Load Material Library

Save as Design Ternplate
Load Design Template

Export current project 5 Pararneter in 51P file
Export 5 Parameters in 5nP file

Calculate ECC for MIMO

Elastic wave Options

i Display 30 Volume Result

Special TEM Mode Waveport Solver Options

Start Simualtion Manager

License server

TN

Clear Leg
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After the imaging procedure start, wait until
the sweeping finish

File Edit View Coordinates Simulation Postprocess Tools Help

; | (||t B &b D0s@®@E 9 Gl % | | % W OH8 6@
M | k8 Y SR I@ e e BB te A D D F B e |[T)E ol T
Project

[Z Imaging_Layered 2D

[j—-%Design

% Sources

[]---“:é}:v Observers

. Lumped Ports
- Wave Ports
-4 Circuits

'.’_-,- Particles

101l Excitation Pulses
w--B Materials

ad” Curves
[0 Faces
w-g Solids
£ Voxels
-8 Snapshots
.. .| Far Fields
-ahl Temp
ahal Imported Result or’\:{-‘oc"-P-&'op"ni"fo."-i’-&."‘nﬁ&hﬂﬁo’hﬁ&or’\:ﬁo&h&&oﬁfm&ﬁihﬁ&hﬂ%éiﬁ&oﬁh’dh.
Background / Layerz , Unit: (m)
hounding howx {(-100,-2.5,00 , (4100,2.5,3200)
size: (4200 % 5 = 3200y , center: (2000,0,1600)
mass-density=2500 , (Wp,V51=03000,1300), (Gp,Gs)=(inf,inf
Log

FEEEEEEEEERREEEE Warnning in checking RTM simulation.
There is an imaging data file existing,
Body positons, layer positons, observer positons, source combination are verified.

Simulation has been started at 04/27/17 15:12:38 by Wavenology EM 2.0.2 (x64)
Preprocessing... . .
The FOTD solver will use order: 2, Sl m u Iat | O n Stat u S
Subdomian 0: (1, 1100), (1, 1), (1, 195)
Subdomian 1: (1, 1100), {1, 1), (196, 390)

(
Subdomian 2: {1, 1100), {1, 1), (391, 585) report
(

Subdomian 3: (1, 1100), (1, 1), (586, 750)

Time Stepping...

DeBwe | e EB:LED ted[FE=aalil-.a 0000000 |&0 6|6 @@ EEEF]

Domains: 1% 1% 1, Cells: 1100 x 1 x 750, Delta time: 0.000533005 sec, Mesher version: 1, CPU Time: 0,392 =g, CPU Time: 0,392 sec, Multi-thread (ver. 3) with 4 thread(s) is used.

] | 138/7588]  [3s/2md2s (Elap./Rem.]]

I I
e
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After simulation successfully,
load the image

(=1

1

Tools | Help

D 1= [ |

Validate Design
Preprocessing

Export EM Field

Build Material Library
Load Material Library

Save as Design Ternplate
Load Design Template

Export current project 5 Pararneter in 51P file
Export 5 Parameters in 5nP file

Calculate ECC for MIMO

Elastic wave Options

i Display 30 Volume Result

Special TEM Mode Waveport Solver Options

Start Simualtion Manager

License server

TN

Clear Leg
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3D Volume Data

N

Load WCT Imagimg Solver Result

Load WCT SEM Solver Result

1

0
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SD Furmat 1 = | Op

. 80 0000|600 Hﬁ

pd

ol

rLDa-d WCT imaging sclver result
OQ | e 2D » sequential_t » 39 sources_80recv_small_obj_v3 » Imaging » Imaging_La
= — I ]
Organize « Mew folder
< Favorites Mame . Date modifiec
B Cesktop |24 RTM_Layered_20_01.img 1272017 2:1¢
& Downloads
%% Dropbox
& Google Drive
=] Recent Places

- Libraries
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" 3D Volume Result Toolbar

. . p—
ComponentT xis[Y v}FormatO ‘ Op I ;JV g O ‘ & @
Maanitud
—W—P:ag:é 8
3D Volume Data
Imag. Part |
Front view & hide

Due to the image comes from background to get this figure
the transient data, we use “Real

Part”|to display

0.00z221

0.00158

—
- ~-00nnsl1z
- U.0dlal e
R e -0.00141
| = —
\‘\
-0.00201

-J.U0Eh

High value at source region, need to be removed
in displaying 109




Use option to change the image
displaying & color range

e <o

.8 8 O ¢

™~

3D Staggered Volume Data Dispalying Control

Color Mapping Options
1 Whaole Volurne

[-0.00259984,0,00221204]

Displaying Region for Each Slice
¥ axis (¥ [0,0], Z [0,749])
@ All

() Range

Ymin| 0 ¥max 0

Zmin| 0 Zmax | 749
Misc.

—

(@) Displaying Region () User define

Linear

Min

Max

¥ axis (¥ [0,1099], Z [0,743])

@ Al

@ Range

¥min 0 ¥max 1099
Zmin 50 Zmax 749
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switch to Gray displaying

-
3D Staggered Volume Data Dispalying Control

Color Mapping Options

(71 Whale volume (@) Displaying Region (7 User define  Linear
[-0.00255934,0.00221204] Min
Max

Displaying Region for Each Slice

X axis (Y [0,0], Z [0,749]) ¥ axis (X [0,1099], Z [0,745])
i@ all @ Al
71 Range @ Range
¥min| 0 Ymax| 0 ¥min 0 ¥max 1099
Zmin 0 Zmax | 749 Zmin 50 Zmax 749
Lisc

Color Type
Calar
Gra i
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D.0022

0.00156

0.000367

-0.00022:

-0.00081¢

-0.00141

-0.00201

-0.0026
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Possible Object 3
e o

/

-1

Interface of layer 3

N

Interface of layer 1
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Compare the image with the ground true space, we can
see the contour of layers & objects can be shown correctly

the ground true

Air Circle object: r=150 m; p=1,
vp=430, vs=0

Layer 4: p=2500, vp=3000, vs=1900

Image from Circle object: r=150 m; p=3000,
WCT EL IMG vp=4500, vs=3000
solver . ]
Rectangle object: 550x10x20(
Layer 2: p=2500, vp=3000, vs=1900 m3; p=2900, vp=4200, v§=29C

Layer 1: p=1800, vp=2200, vs=1500




Extension part

Obtaining the detected Vx & Vz on sensor from the true space

of Case Il

» it can be obtained from real measurement or forward simulation

For example, if user want to use WCT EL solver to get the signal on sensors for

source #1.
Setup a case as following

#1 source |

N\

=

80 receivers (capture Vx & Vz)

.gww,ﬂu""""u"
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I. Setup WCT Cartesian EL project

Note: This case is already build in the
demo package as “xxxx\2D\sequential_t\
39 sources_80recv_small_obj_v3

File | Edit View Coordinates Simulation \Forwa rd\ Forwa rd Layered 2D Ol.Wnt”
= Open Project Ctrl-0 — — —

Close Project

Mew Projects Set ,"\

- ’ N
Open Projects Set Vs \
et >
E Save Project Ctrl-5 R ’
= : g 7
K5 Save Project As Select Problem 7 g
Vi
B Zip Project with Result Prablem tyrpe,/' g
zF. Zip Project without Result CIEM ,/, i@ Elﬁmﬁ:
4 ’
. ’ 4

Blow-Rhyeics Codrdinates 7

Ch Physi ’ ’
#% Cartesian ,#° © Cyincrica

Save ds | Ermplate P R II

4 4
4
\\ . "‘ - .
\\,/

Then save as “Forward_Layered 2D _01.wnt”
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Il. Setup materials

II | General | Electromagnetic | Elastodynamic I
| Al
Add Material Name Color
Import Materials from Library |Layer1 |
TS
Mass density
1800 kgfm*3
P-Velocity Qp (@, Inf)
& Circuits
. 2200 mys inf
-1l Excitation Pulses .
CB Materials 5-Velocity Qs (0, Inf)
..... @ Water 1500 |T|f5 inf
..... B Steel
_____ B Layer [] advanced
..... B Layer2 Anisotropic Material | Property |
..... @ Layerﬂ
""" - PoroElastic Material | Property |
----- BE rectangle I
..... @ air

] [gmasy] | o |
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Elastodynamic

|General | Electromagnetic

Mame Color

| Layer2

Mass density
2500

P-Velocity
3000

Qp (0, Inf)
inf

5-velocity Qs (0, Inf)
1900 m/s inf

Advanced

Anisotropic Material | Property |

PoroElastic Material | Property |

] (el | |

-
Edit Material e

| General | Electromagnetic | Elastodynamic
Mame Caolor
rers |
Mass density
2800 kg/m~3
P-Velocity Qp (0, Inf)
4000 mj/s inf
S-Velocity Qs (0, Inf)
2800 m,s inf
Advanced
Anisotropic Material | Property |
PoroElastic Material | Property |

| | it (il [
[
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Edit Material

|| | General | Electromagnetic | Elastodynamic
I Mame Caolar
crce L
| | T )
Magzs density | — — —
3000 kajm~3 | General | Electromagnetic | Elastodynamic
P-velodty Qp (0, Inf) Mame Color :
4500 m/s inf |rEn:13ngIE | _ Edit Material g
[ |
Mass densi General | Electromagnetic | Elastodynamic
SVelocity Qs (0, Inf) ass density | l
— 2900 ~
3100 mfe inf kg/m"3
Mame Colar
P-Velod 0, I .
[ Advanced Slodty Qr © |a|r
- 4200 m/s inf
Anisotropic Material Property Mass density
5-Velodty Qs (0, I 1 kg/m*3
PoroElastic Material Property .
2300 mjs inf P-velodty Qp (0, Inf)
Advanced 340 m/s inf
Anisotropic Material Proper
ENE=NE : ] [ = 0,10
— 0 m/s inf
PoroElastic Material Property
[ advanced
Anisotropic Material Property
e | [ | [ o
i} PoroElastic Material Property




lll. Setup project background, pulse, mesh & time system

@ If0 with Frequency  (Hz)

) 1f0 with Wavelength in water  (m)

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

(") Keep the system value unchange

E

[ Project Design v ¥
Unit | Background I Boundary | Frequency and Pulse | Mesh I Time |
Length meter -
-
Time millisecond - Project Design u
Frequency hertz - Upit | Background | Boundary I Freguency and Pulze I Mezh | Time |

Homogeneous Background Material

[ uge 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 Material

Action
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-
Project Design - - *_ u

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

T BoUnaar Y g

¥min Open at input position * Position 0O

¥max Open at input position * Position <000

Y Boundary (ml

¥min Periodic at input position » Ppsition  -2.5 ]

¥max Periodic at input position * Position 2.5

Z Boanaaty g I
Zmin Open at input position * Position 0O
Fmax Open at input position * Position 3000
| |
o]
o) [ | Comid |
L8 E 1§ E______ ci—
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Source pulse is the Ricker wave with fc=10
Hz (eq. fmax=27.6 Hz)

- .
il - B
Project Design u

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

() Frequency Range [Hz] | — |
Plot Pulse

Min, Freq. (Fraim) | i |

Max, f_enegy [Hz]

Max, Freq. (frmax) | 27.6375 |

|27.6375 |
i@ Project Pulse
Pulse Type Ricker - Modulation
Freq. (frm) | 13.81875
Peak Freq. (fc,[Hz]) 10 Zenter Phase [deqg] D
Truncation Multiple 6,2831853 { Mote: Frn={Fmin+Fma: )z 3

{ Mote: tc=1/(pi*fc), fmax=2.76375fc)
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Project Design

—

“—-

| LInit I Background | Boundary I Freguency and Pulse | Mesh |T|me |

) Automatic

PPW-X | .53 | PPW-Y

min/max ratio (0,001

Points Per Wavelength (FPW)

L23 | PPW-Z |1.43

max adjacent ratio | 1.3

Synchronize PPWs

Advance

[] additional
control points

Load |"|

Edit

Clear

| @ Manual
Mumber of cells

[] synchronize numbers

Additional ctrl

|

My 1000 My 1 Mz 700
ez oL d
Load Edit Clear

Minimum angle of solid surface angle (Deg) 3

h_

Apply

Cancel

B

» due to the slow Vp of air, the ppw
in air object will be low. However,
due to the air object is small
compared to the whole space, we still
consider this simulation sampling
density is good because for most
other V, the ppw will be larger than 7.
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Define the time windows as 4.5 s and use

automatic At.

.

-
Project Design - - *
—

S

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

Time Window [5]

i@ User defined

Receiver Recordings

Recordings times per
1 period of max f_energy

Recording Interval
(Unit: # time steps)

() Automatic

End Time 4.5 Energy decay [dE] -40
Energy wariation [dB] |-30
Delta Time [s]
|
() User defined | 0.000565835 @ Automatic

Snapshot Recordings

Recordings times per
period of max f_energy

Recording Interval
{Unit: # time steps)
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From these project setups, we know the forward simulation has many
difference from the imaging simulation setup

» project size
» mesh

> simulation At



IV. Setup 4 layers background

Layer 4: p=2500, vp=3000, vs=1900

Layer 3: p=2800, vp=4000, vs=2800

Layer 2: p=2500, vp=3000, vs=1900

Layer 1: p=1800, vp=2200, vs=1500

—

We can use following 3D
geometry system to simplify the
modeling

» homogeneous background by
the material of layer 2

» layer 1 is modeled as a
polygon cylinder

» layer 3 is modeled as a
polygon cylinder also

O due to the region outside the
layer 1 & 3 will be the
background, the layer 2 & 4 will
be built automatically after layer
1 & 3 are built



» Build layer 1

Use this button to enter
Polygon Cylinder Editor

Rall.@ 0000
@lﬂ@ﬁ}?ﬁ]ﬁ:ﬁ

| _reEw  gEaT

i | I'ri:reate Polygon Cylinder k

¥
&

The cylinder will start from
y=-2.5, so, enter (0,-2.5,0) as
the LCS origin. Height is 5.

Due to the cylinder will grow
along +Y in WCS, the U, V axis of
LCS is as following, so, the W axis
is WCS (0,1,0) basedon U, V

The vertices of polygon,
here, as we know, U is
WCS’s Z, V is WCS’s X

Set layer 1 using
material “layerl”

| Mare Vertexes | | Verify Polygon |

Help

OK Cancel

Polygon Cylinder Editor S
r Y
Geometry v

Coordinates System

LCS Origin | X wis 0,0,1 Vaxis 1,0,0

Cylinder Heigh

5
Vertexes
-2666, 4224
(u,v)
1 600, 0
2 500, 1200
3 050, 1700
4 700, 2500
5 350, 3000
6 300, 4000
7 0, 4000
8 0,0
9
10
| Load | | Clear Vertexes |




» Then layer 3

Due to the cylinder will grow
along +Y in WCS, the U, V axis of

The cylinder will start from LCS is as following, so, the W axis
y=-2.5, so, enter (0,-2.5,0) as is WCS (0,1,0) based on U, V
the LCS origin. Height is 5.
: £ :
Polygon Cylinder Editor / L—LhJ
Geometry
h_ b Coordinates System
Use this Ut.ton to e_nter LES Origin UAxis 0,0,1 vaxis  1,0,0
Polygon Cylinder Editor

Cylinder Height

5

QQll§ 6860

ST
=
@I Tl CRESEY
& | regwe  ceir . (u,v)
| I'ri:reate Polygon Cylinder k 1 2300, 0
2 2250, 1300
3 2000, 2500
4 1900, 4000
The vertices of polygon, 5 2500, 4000
. 6 2700, 0
here, as we know, U is -
WCS’s Z, V is WCS’s X :
| Load... | |Clear Vertexes |

| More Vertexes | | verify Palygon |

Set layer 3using
material “layer3”

Help 0K Cancel




V. Build 3 small obejcts

Use material “cirle”

Elliptical Cylinder Editor

Outer Radius Circular

Ru
Rv [150 |

Inner Radius [ Circular

ru 0O
1

rv O

Height 5

Coordinates

Origin~ 1050,-2.5,1250

Uaxis 0,0,1

Vaxis 1,0,0

Apply

m[ Hep | [ ok

Use materia

Ill

rectangle”

Box Edition S
Mame |5hape1 |
Lower Cormer
Upper Corner 3050,2.5,1450
LCS Origin o,o,0
Box X Axis 1,0,0
Box Y Axis 0,1, 0

E Apply Cancel
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Use material “air”

L
e —————————— - I
Elliptical Cylinder Editor -2
Outer Radius Circular
Height &
Ru
R | 150 | Coordinates
Origin ~ 2650,-2.5,2800
Inner Radius Circular Y
ru 0O U Axis 0,0,1
rv 0 VAxis 1,0,0
Help ] [ Ok ] | Apply | [ Cancel
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After geometry system are finished, the system
layout will look like following
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VI. Setup sources with variable

Define a variable n

p
Variables

Mame Content

Mote: Variablegsraprereermstre:

Mame O] n Content | 1
e e
- (e ] [ vt
| [var || [t B &
Reserved Variable Mames
é e b 3
= =r¥etiables — B
Build-In Functions
/ sin(); cos(); tan(); asin(); acos(); atan(); -
/ sinh(}; cosh(); tanh(); asinh(); acosh(); atanh();
_ loa2();log10{);In{;
r ™y
Variables . i b();abs(;sart0; -

n 1

Mame  Content /

LI

I

Note: Variable is capital insensitive,

Mame 0 n Content 1

o

Reserved Variable Names

pijeit;

Build-In Functions

sin(); cos(); tan(); asin(); acos(); atan();

sinh(); cosh(); tanh(); asinh(}; acosh(); atanh();

log2();loq100;In{;
exp();abs();sart();
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Defien sources with variable “n”

@% Design

-2 Obsfr

Create Source

Lreate Lonstant Amplhitude Ling Lurrent >oUrce

Load Source Pulse from File

Convert all cbservers to electrical dipele scurce

Delete All Sources

Input

= source position

- = the source name

source type

-

Edit Existing Source

Mame Eource 1] Type Monopale - ]
Location -
&, ¥, ) 100+{n-1)*100, 0, 50
||
Array Setting
Excitation Pulse

@ Use project pulse Flot pulse Pulse type Ricker
(7 Use individual pulse Edit pulse Delay [s] 0

T T {Fajs)
OK [ Cancel
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VI. Setup 80 receivers by “Array Creation”
&5&@ Design

r

—

In put Iﬁﬁ [ ur Create Observer
. . wE
" the receiver name prefix o Cird Doiete All Observers
= first receiver position ——— -t Particles I
= record component
| Observer Editor Mw
Single Cpserver
Mame Qb
Dbsa{lyer Position
X 20 Y 0 z B
—Czpbured Componsots
Ex Ey Ez
[CTHx [ Hy [MHz
CIiCk I Create ] ’ Array Creation ] Delete Modify
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&

Array Setting r——— S

Direction 1 Digplacement 80,0, 0 Mumber of Objects 80|
Directionz Displacement (0, 1,0 | Murmber of Objects | 1 |
Cireckion3 Displacement | 0,0, 1 | Mumber of Objects | 1 |

M Lok ]

u

After source & receiver are created, the project layout will be as following

source & receiver

Mumwuﬂ"u"....-....-....-....-..........".-....-
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VII. Build other project for source #2 to #39

» save current project “Forward_Layered 2D _01.wnt”
“Forward_Layered 2D _02.wnt”

ordinates  Simulatic

Edit [ View C
p.o,-ms - .’oo..- -n soooooooooooo.-.o
E_"'E q:l@ A [i: o - -
E l; « ela » cartesian » rtm » demol » 2D » sequential t » 39_sources_80recv_small_obj v3 » Fowvard » - L"J Search Forward
e = - = = = == - — e e - - S - - s - = = == =
= ize v New folder
o | [ Save Project As j;— Er : - _
Name Date modified Type Size
avorites
L
Iﬁ: | i | f.ic] = =l * | @I S Desktop | Forward_Layered_2D_01_res 4/26/20175:10PM  File folder
e r | Downloads |\ Forward_Layered_2D_01_tmp 4/27/20173:32PM  File folder

B | | Dropbox 1. Forward_Layered_2D_01_usr 4/26/2017 5:10 PM File folder
= & Google Drive
| Recent Places

|| 4 Libraries

| \j Documents
d\ Music

|=| Pictures
=l Subversion
E Videos

1% Computer
&, Local Disk (C:)
s Extl (D)
o extil (E)
o o422 (F)
s Removable Disk (G:)
4 CD Drive ()

“! Network

M Forward_Layered 2D _02.wnt]

Save as type: [Wavenology project files (*.wnt)

“ Hide Folders




Modify the value for
variable n

N LG
oo [ver | [ B €5

Let “n” shown here

F

Variables

Mame

Content

Double

Mote: Varia

ble is capital insensitive.

Contgnt 1

N | . 5
= -|-l1vru iables F’
M o_n
| | CIICk n Reserved Variable NamesModify the Value “1” to Wi
7
piye;t; " : ” =
then “Modify .
Buyile<In Functions
sin(); cos(); tan(); asin(); acos(); atan(); -
sinh(}; cosh(}; tanh(); asinh(); acosh(); atanh();
log2();log100);In0;
exp();abs();sqrt(; e
o — ;
Variables ’ u1
Mote: Variable is capital insensitive.
Mame Content
n 2 Mame {n) n Content 2
s Save this project
Reserved Variable Names —M— Cﬂ'ﬂ'rd | nates
pirert it
Build-In Functions
sin(); cos(); tan(); asin(); acos(); atan(); - Qu t
sinh(); cosh(); tanh(); asinh(); acosh(); atanh();
log20;loa100;InQ; th $
expl);abs();sqrt();
dialog
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You will see the source position is moved to x=200 m

Repeat this process to create all 39 projects for 39 source positions.
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» simulation these 39 projects through WCT simulation manager

Or, in Windows menu, expand here to

In WCT GUI, use this button to start a
start a simulation manager

simulation manager

pordinat Simulation  Postproo
,;_;E;,” | [:39 B f o . Wavenology
®| Start Simualtion Manager h | IEE'J I.E.lginstall
o e as e b | Her Wavenclogy EM
3 WCT Simulation Manager
. License
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load saved list file or batch-link file

/

(28] Waféalogy EM Simulation Manager c 1 a -. 2 : = . ‘-- . - Elﬂlgﬂ

add a project in list

save current list into a file,
which can be used later

File’ Help
L IRR RIS A A RS YR R K]
Project Nawme Solver  Thread M... Int. Rest. State Info

Log
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)X DO K[ # D @i M| b &= | §| 7

ject NN Solver  Thread M.. Int Res Method 1: Load project
B ) one by one
Task
File
Property
Solver Type  Auto - Intermediate Result  Disable -

select project file

Simulation Thread Mo, 1 [ Result Comparison ]

L)

o] carel \ -4 [ seorch fomrs 2]
=~ 0 @

it Mame Date modified T
=5 Libraries |7 cased_rtm_2d OLwnt 4/3/2017 615PM W
3 D‘DCL-.IFHEFItS |Z] case 4_rtm_2d_02.wnt 4/3/2017 G:14 PM v
J N.ms'c | |E] case_d_rtm_2d_03.wnt 4/3/2017 6:18 PM v

I Pictures =] case_4_rtm_2d_04.wnt 4/3/20176:15PM V=
=] SIT.Ibversmn E |Z] case_4_rtm_2d_05.wnt 4/3/2017 6:15 PM v

& Videos 7] case_4_rtm_2d 06.wnt 8/3/2017616PM V|
|Z] case_4_rtm_2d_07.wnt 4/3/2017 6:16 PM V

/M Computer M

_ |Z| case 4_rtm_2d 08.wnt 4/3/2017 6:16 PM v
& Local Disk () ] case_4_rtm_2d_09.wnt 4/3/20176:16PM  V

Ca Extl (D¢ |Z| case 4_rtm_2d_10.wnt 4/3/2017 &:16 PM Vi~
o extll (E) ~ [ T | '
File name: case 4 rtm_2d 01.wnt - ’wavenul.ug.y project files (*awnt v]

| Open | ’ Cancel ] 141
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-

Simulation Task Editor

=

deff

Task

File Du'sim_case\elalcartesianirtmidemo 1120 \sequential_t\forward\case_4 E]

Property

Solver Type  Auto - Intermediate Result

Disable

Simulation Thread No. 4]

[ Result Comparisan ]

ine thread number

Click here to run the
project in the list

&l Wavenology EM Simulation Manager

The project status is listed
here to shown whether it is

finished or not

= | B e

File Help
SB|+ KD K|F D> soxwmn@muuﬂ

Project Mame E'—'”J'Z'hh Solver Thread M...  Int. Rest State Info
1 Dsimn_casehelahcartesiani ot demol’\2Dhsequential_t'\forwardcase_4_rtm_2... Auto 4 Dizable Wait
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Method 2: Load all 39 projects through a batch job file and Run

-~

£l Wavenology EM Simulation Man

| - There is already a batch file in demo folder: as “xxxx\2D\sequential t\
s 39 sources _80recv_small _obj v3 \Forward\Forward job.txt”
EEIEJH}(*D}(I; - - —>mall_ob]_ -

Y | . r A
frsert Job List ] &3 Please choose a job-list file A . ® o= ' . ' g
u_ GO?| ¢ 39 sources_B0recv_small... » Forward » - | 4 || Search Forward Pl
Organize v Mew folder 3= = i @
it Mame Date modified Tk
w9 Libraries .. Forward_Layered_2D_37_res 4/26/2017 7:00 PM F
| Documents .. Forward_Layered_2D_37_tmp 4/26/2007 10O PM F
Jﬁ Music — .. Forward_Layered_20_37_usr 4/26/2017 5:18 PM F
[ Pictures .. Forward_Layered_20_35_res 4/26/2007 T02PM F
=il Subversion L . Forward_Layered_2D 38_trmp 4/26/2007 T02PM F
B Videos .| Forward_Layered_2D_38_usr 4/26/2017 518 PM F
| Forward_Layered_20_39_res &4,/260/2017 7:05 PM F
1% Computer I .. Forward_Layered_20_39_tmp 4/26/2007 705 PM F
E Local Disk (C:) T Forward_Layered_20_39_usr 470 UL 2L PV l‘rj
I o Extl (D) | Forward_job.tut 4212017836 PM T}
ca =xtll (E:) - 1 | 3
|| File name: Forward_job.bd - ’ten‘t file (*.bxt) T] Il
[ Open ] ’ Cancel ]

For more detail about WCT batch-
link file format, please refer to

WCT Cartesian EL manual o



Forward_job.txt

[WCT Simulation Task List, ver=1.0]
wct_task_list_default_folder=[]

"Forward_Layered_2D_01.wnt" SIMTYPE=auto
"Forward_Layered_2D_02.wnt" SIMTYPE=auto
"Forward_Layered_2D_03.wnt" SIMTYPE=auto
"Forward_Layered_2D_04.wnt" SIMTYPE=auto
"Forward_Layered_2D_05.wnt" SIMTYPE=auto
"Forward_Layered_2D_06.wnt" SIMTYPE=auto
"Forward_Layered_2D_07.wnt" SIMTYPE=auto
"Forward_Layered_2D_08.wnt" SIMTYPE=auto
"Forward_Layered_2D_09.wnt" SIMTYPE=auto
"Forward_Layered_2D_10.wnt" SIMTYPE=auto
"Forward_Layered_2D_11.wnt" SIMTYPE=auto
"Forward_Layered_2D_12.wnt" SIMTYPE=auto
"Forward_Layered_2D_13.wnt" SIMTYPE=auto
"Forward_Layered_2D_14.wnt" SIMTYPE=auto
"Forward_Layered_2D_15.wnt" SIMTYPE=auto
"Forward_Layered_2D_16.wnt" SIMTYPE=auto
"Forward_Layered_2D_17.wnt" SIMTYPE=auto
"Forward_Layered_2D_18.wnt" SIMTYPE=auto
"Forward_Layered_2D_19.wnt" SIMTYPE=auto
"Forward_Layered_2D_20.wnt" SIMTYPE=auto
"Forward_Layered_2D_21.wnt" SIMTYPE=auto
"Forward_Layered_2D_22.wnt" SIMTYPE=auto
"Forward_Layered_2D_23.wnt" SIMTYPE=auto
"Forward_Layered_2D_24.wnt" SIMTYPE=auto
"Forward_Layered_2D_25.wnt" SIMTYPE=auto
"Forward_Layered_2D_26.wnt" SIMTYPE=auto
"Forward_Layered_2D_27.wnt" SIMTYPE=auto
"Forward_Layered_2D_28.wnt" SIMTYPE=auto
"Forward_Layered_2D_29.wnt" SIMTYPE=auto
"Forward_Layered_2D_30.wnt" SIMTYPE=auto
"Forward_Layered_2D_31.wnt" SIMTYPE=auto
"Forward_Layered_2D_32.wnt" SIMTYPE=auto
"Forward_Layered_2D_33.wnt" SIMTYPE=auto
"Forward_Layered_2D_34.wnt" SIMTYPE=auto
"Forward_Layered_2D_35.wnt" SIMTYPE=auto
"Forward_Layered_2D_36.wnt" SIMTYPE=auto
"Forward_Layered_2D_37.wnt" SIMTYPE=auto
"Forward_Layered_2D_38.wnt" SIMTYPE=auto
"Forward_Layered_2D_39.wnt" SIMTYPE=auto

SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
SIMTHREAD=4 INTRESULT=0 STATUS=wait
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After all 39 projects are simulated successfully, copy all Vx & Vz results to
the Imaging project’s sub-folder “vx” & “vz”, we already provide a Matlab
code “copy_recv.m” to work this purpose. In order to let the code work
correctly, user need to create sub-folder “vx” & “vz” in the imaging
project root folder firstly.

h -

Mew folder
Mame

| Forward
. Imaging

] copy_recv.m

Vx & Vz signals for source #1

Fl

Include in library = Share with +

4

J 39_sources_B0recv_small_ohj_v3

. Forward

Fl

J Forward_Layered_20_01_res
J load
. ocbservers

. SOUrces

» ) Forward_Layered_2D_01_tmp

» . Forward_Layered_20_01_usr

» ) Forward_Layered_2D_02_res

» ) Forward_Layered_2D_02_tmp

J Forward_Layered_2D_02_usr

Mew folder

i p
Name

| forward_layered_2d_01_obv_wv_imag.bet

| forward_layered_2d_01_obv_w_real.bet

I | forward_layered_2d_01_obv_wx_time.bdt

| forward_layered_2d_01_obv_vy_imag.bd
= _ forward_layered_2d 01_obw_wy_real et

| forward_layered_2d_01_obv_vy_time.txt

| forward_layered_2d_01_obv_vz_imag.bedt

| forward_layered_2d_01_obw_vz_real txt

I | forward_layered_2d_01_obv_vz_time.bd

]

Include in library «

All Vx data files in the

imaging project

J 39_sources_80recv_small_obj_v3

) Forward

Share with -

F

. Imaging
>0 Imaging_Layered_20_res
> Imaging_Layered 2D tmp
» . Imaging_Layered_20_usr
| VX

| VZ

Mew folder

-

-

Mame

|| forward_layered_2d_01_obv_wvx_timetd
|| forward_layered_2d_02_obv_w_time.bd
| forward_layered_2d_03_obv_w_time.bd
|| forward_layered_2d_04_obv_wvx_timebd
| forward_layered_2d_05_obv_w_time b
| forward_layered_2d_06_obv_w_time b

forward lavered 2d 07 nhw we time b
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Demo Package

* Case l: 2D Imaging, detecting two objects with
f =27 Hz, known background, point dipole

Max
source, Scheme lI.

> sub-folder “forward” has the 13 cases to obtain
measurement data

» sub-folder “backward” is the project to generate the
final image

20 a MName

cequential t

backward

13 =sources
forward




Cont.

e Case ll: 2D Imaging, imaging a black box with
limited known information, point monopole
source, Scheme lI.

» sub-folder “forward” has the 39 cases to obtain
measurement data

» sub-folder “Imaging” is the project to generate the
final image

- Include in library - Share with = Mew folder
2D 0 Mame
sequential_t

Forward

13 _sources .
Imaging

39 =zources .:_]

20 sourcai-Bliaamsmalobi- Copy_recv.m

) 39_sources_80recv_small_obj_v3

Forward

Irnaging




END



