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Introduction

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

Wavenolog\ELIMG imaging package can produce an image with three kinds of
transmitters/receivers scan schemes, as shown in the following pages

A Single simulatior- (support multiple source excitation at one time)

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

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

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

A For scan scheme Il & llI, the whole imaging procedure will be
A iterating each source by
T A forward simulation
T A backward simulation



Requirements

U Transmitters
o Point monopole
o Point dipole
o Moment tensor

U Receivers (Sensor)
o ldeal point Receiver to receiving V

U Measured signal on receivers
o transient V

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



Simulation Schemes

Scheme [: 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 |l: Separated transmitters array and receivers array

In this scheme,

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

U sources array is separated from receiver array

U 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 Runl Run2
definition -



Scheme IlI: Switching transmitters/receivers array

In this scheme,

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

receivers only or source only, can not mix)
U the simulation will include N runs.

U If define as receiver only, each run will convert one receiver to source and excite

only. Each source will use the same pulse, which is defined as the WCT project

U If define as source only, each run will excite one source, other sources will be

converted as receiver. Each source can use individual pulse.

pu

T/R array in Runl Run2 XX o

definition 3



Or

T/R array in Runl Run2 XXOPD
definition



ULY RSTAYAY3I NBOSAITSNK
YF1S a4dzNB Fff NBOSA
as following examples,
U if the receiver number is < 10, user can define as: obvi,
200HY X 2000
U if the receiver number is in the range-99, user can
define as: ob¥1,0b\VH = XOpR O PO DMNI 20«

We recommend this is due to WCT 1/O the trace data file and mapping
to receiver with a ASCIl sequence. Forab@ system as obvl, obv2,
obv10, not matter how to define the sequence of these®:. 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 Recelver

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

U 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.

U 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

u

i

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
captureVyfield only.

There is two objects in the
bottom layer.

layejr2

> Array

eal Y dip

capture

ole

f receiver
2Eyfield only
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Sourcel5 - Pulse

1.0
The source pulse in this s
case is a Ricker wave e
with fmax= 27 Hz, as
shown in the right g
figure. % 0.2
0.0
0.2
0.4

0 200 400 a0a a00 1000
Time {m=s}



Imaging Processing

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

5, q} <— Imaging processing button
&




Imaging Processing Setup

Set I ing Simulati
et up an Imaging Simulation -

"' ]

Simulation Scheme Optinne

Imaging scheme

1 Sinlge simulation
@) Separated Transmitter Receiver

_ Switching Transmitter Receiver

Signal on the receiver in the

Data Source for the Exdtation in the Imaging

backward processing. If user want

use the signal outside the WCT|
package, it should follow the fo
as shown in the following slides

Mg

@V (or General) Tau

to
¥ component  case_5_rtm_2d_01_obv_vx_time. txt; case_5_rtm_2 E]

i't |:| ¥ component

7 component  case_5_rtm_2d_01_obv_vz_time. txt; case_5_rtm_2

Imaging region & the weights of
components used in imaging.is
for V,component (=X, V, z)

Image file name. The format wHye—2a=rxansd

provided in the following slides.

Image Setting
Image Region
@ Whole computation domain

) Uzer define
Lower corner

Higher Corner

1,1, 1

Image File Mame case_5_rtm_wh.img

Ao

Advanced parameters in contro’

1o use the input signal

imaging. Please do not changetlit

nlaging. Default is O,

Whether need to normalize the

final image, we recommend to
enablethis option

Sampling Density (P.P.F) |6 | Re-construct Order |4 - Ho
Cut Pulse Time in Imaging by {Unit: ms) O In I
me
[ Mormalized by Source Field Use |E
the
| Hep | |checkmnput | | start | [mPism..| | ok | | cancel |

ns that do not process
input signal.
16




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

|¥|Z component  case_3_rtm_2d_1_obv_vz_time.txt; case_3_rtm_2d E

17



Imaging Processing Setup™

Signal files for backward simulation

Set up a Imaging Simulaticn

P

File List

)

In general, for scheme |
& Il, there are multiple
runs in a simulation, anc

. Ycomponent grp_2d_1_rev_ey.bet
the signal for each source

AY

is stored in one file only.
So, it requires multiple
data files.

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

[z component

Image Setting File IiSt e(

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]

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

File Mame

arp_2d_1 _rev_ey.txt

Jitor

m

Help ] [ 0K ] [ Cancel

| Help | [checkinput | [ start | [MPism..| [ 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) 1, 1,1

Image File Name  srcl.img

Adwvance

sampling Density (P.P.F) |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

/

{ O Nrdrwakd+béackwartl Generate a project file for this Save this setup for

processing to generate image. | ¢Forward+backwarel LINE O[S & & A fytdre usage. But
by WCT EM MPI solver. do not make

This setup will be stored also processing right

for the future usage. This setup will be stored also for now.

the future usage.
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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

ing: 0,332 sec, Postprocessing: 0.011 sec

Simulation is completed normally at 01/06,/16 17:55:06. Total simulation time is 1 second {1 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
S R D T oo D s G T o o o e e e o B o e Ei S BN G S T e S s Coa i S ey

The simulation log will report the status of each imaging run.
20



LT dzaSNJ Ot AO1T a{iUF NI ¢ o6dzidzy G2 3IASYSN
the processing and the Imaging can be finished successfully, a target file
GANDODMPAYIE o6& AG Aa RSTAYSR AYy (KS
result folder:xxxx_regimg/ , as shown in the following figure,

Q)¢

Include in library = Share with - Mew folder

-~

4 1) grp_2d_1 _res i MName

. im
“ gre2d 1 gnd.m
. ohservers

, SOUFCES

Meanwhile, the submage for each source will be placed in the project root
folder as following: y
Mame
. grp_2d_1_res
. grp_2d_1_tmp
. grp_2d_1_usr

Z| grp_2d_1.wnt

=yt Subimage for the
|| srellimg.rund 1stsource 21
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The Signal File Format in the WCH El
IMG Package

Signal on the receiver for thermra

backward simulation 13 comment

number of frames in the file

4
U ASCII TEXT file 5 comment
U If user want to use the data directly ¢ frame start time, units
from a WCT forward simulation, please .

use the data file:

y . . 8
oforward_project_foldefprojectname re .

s/observers/pro;ectnamerev componen

comment
frame end time, units

comment

U y I Y S [0 U E U ¢ 10 Frame time step, unit: s
U 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 1o Frame 1

In the imaging simulation N0+1 - n2 Erame 2

22



Example File

%Wave Computation Technologies simulation waveform data, version 1.0 :

%Time (ns)
%frames number
31

%frame start

0

%frame end
1.98e008
%frame step
3.6e010

%frame length
56
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
-6.5508699€033
-3.2401052e027
-1.5777409e023
3.9143431€020
5.3799126€017
1.5878495e014
1.8202063e012
1.0259642€010
3.2743763e009
6.5165523e008
8.6780892e007
8.1612652e006
5.6583969e005
2.9980612e004
1.2526923€003
4.2461860e003
Xood

o

#

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

Narne . Project root folder
a1 for project:
. grp_2d 1 _res
grp+2d_1
J, grp_2d_1_tmp -
; grp_2d_1_usr
|Z] grp_2d_1.wnt
, grp_2d_1_res i Marme i
| load
[ grp_2d_1_rev_ey.tbxt
. observers
| grp_dd_1_rev_ey_freq_imag.bd
| SO rp_2d_1_rev_ey freq_real.bd
. grp_2d_1_tmp - TP e S e e
) grp_2d_1_usr

Subfolder 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 sizeofint), the value is: 2
array 3D start index int 4 (int)* 3 x0, y0, z0

(cell)

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

(cell)

array size int 4 (nt)* 3 X, Y, Z

array content float 4*(nXnY-n2 nkK=k1-k0+1,(k=x,y,2

sequence as: inner(Zmiddle(Y>>outer(X)

24



Attached is aMatlab code to load this im

Cont.

age file and display the image. More

details can be checked with the attachethtlabcode 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
img_range=fread( fid, 6, "int");

%% image size by cell number, 3 numbersas,n
img_sz=fread( fid, 3, "int');
sz=img_s%1) *img_s%{2) *img_s%3);

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

%% reshape this 1D data to 3D array

my_img= reshapey_img img_s%3),img_s%2),img_s%1) );
%% the 3D array is ordered as [z, y, X]

%% close file
fclosq fid );

%9%0%%%% %% %% %% %% %% %% %% %% %%
%%% show image
slide_id= ceilimg_s%1) / 2);

my_slide=my_imd :, :,slide_id);
my_slide= squeezefny_slide);

figure;
images¢my_slide);
xlabel('X (cell)");
ylabel( 'Z (cell)");

25




File System for an Imaging Project
with Imaging Scheme i

-
Set up aImaging Simulation % File List @
Simulation Scheme Options
7 Sinlge simulation (Cne data file for all exdations, or one file per exdtation)
3 D G R P I l I lag I ng Wlth @ Separated Transmitter/Receiver File Name -

Separated transm itter _) Switching Transmitter fReceiver 35[:;:;::::2:2:

Data 5 for the Exdtation in the I i
ata Source for the Excditation in the Imaging apr_3d_3 rev_ev.bet

array and recelver arra)/ @) E (or General) H gpr:3d:4:rev:ey.bct

apr_3d_5_rev_ey.txt
apr_3d_6&_rev_ey.txt

m

[ % companent

Y component  gpr_3d_1_rev_ey.txt; gpr_3d_2 rev_ey.txt; gpr_3c | ..,

7 compenent Ui So the imaging process
Image Setting includes 6 runs.
U In the backward process
) User define of each run, we need
Lower corner signals on all receivers.
righer Comer U we need to provide 6
Imaging Coeff. (ax, ay, az) 1,1, 1 files for these 6 runs.
Image File Mame  Src.amg q Tl b
Advance Hep | [ ok | | cancel
Sampling Density (P.P.F) [s_vj Re-construct Order [4_v]
Cut Pulse Time in Imaging by  {Unit: ns) 0

[ Mormalized by Source Field [[use [E]

| relp | [checkinput | [ s@rt | [mpism..| | ok | | cancel |

26




File system for this 3D imaging project

Mame Date modified Type Size

. gpr_3d_1_res 17772016 11:37 AM File falder

. gpr_3d_1_tmp 17772016 11:37 AM File falder

. gpr_3d_1_usr 1/6/2016 2:57 PM File folder
|| check_img.asv 1/7/201612:34 PM ASV File 2KB
£ check img.m 1/7/2016 5:14 PM MATLAB M-file 2KB
2| gpr_3d_l.wnt |maging pr@jemﬁ 11:20 AM  WNT File 11 KB
T ] gpr_ad_L_rev_ey.t | 1/7/201612:29 AM  Text Document 631 KB
(| gpr_3d_2_rev_ey.bdt 1/7/201612:49 AM Text Document 631 KB
| gpr_3d_3_rev_ey.bxt Backward éi’@’ﬁwl:ﬂg AM Text Document 631 KB
| gpr_3d_4_rev_ey.bxt data files 1/7/2016 1:29 AM Text Document 631 KB
| gpr_3d_5_rev_ey.bxt 1/7/2016 1:50 AM Text Document 631 KB
L gpr3d A rev_evid 17772016 2:10 AM Text Document 631 KB
|£4] sre.mg 1/7/2016 5:07 PM Disc Image File 45,287 KB



C2NJ SEI YLX S RIFGF FAES Ga3ILINWoRYmyYNB Iy
U can be user measurement but written as WCT format
U comes from a WCT EM project as following

Project
. 3D _gpr_seq_src a Mame i
. Forward_to_get_measurement
. gpr_3d_1_res
, srcl =
|Z| gpr_3d_l.wnt
. gpr_3d_1_res
Received signal on receivers
4 sl T Mame i

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 Ri
Wave Source Pulsé (=27 Hz)

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 17 =1800,vp=2200,vs=1500

Layer 27 =2500,vp=3000,vs=1900

Layer 37 =2800,vp=4000,vs=

Rectangle target: 750x10x400 m&,2900,vp:4200,v§2900
\

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




The Known Before Imaging

1. a known 3 layers background, as shown

Ttm&!_“f\*ll‘i“f‘_l




cont.

2. the position and the pulse of 13 point dipole
sources, the source pulse is known as the Ricke

wave atf, =27 Hz

13 Z dipole source

/ \
N Y4 I A 2 S

I

I
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Pulse

1.0

0.8

0.6

0.4

0.2

0.0

0.4

The Ricker Wave wittmax=27 Hz

Sourcel5 - Pulse

x! 200 400 a00
Time (ms}

aoo

1000

cont.
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cont.

3. the position of 121 sensors to recowk&
Vzfield

!

bl

N

121 receivers (capturgx& V2

"

I
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cont.

4. the detected sighal/x& Vz(measurement data) on these

121 sensors for each sources
#1 source
121 sensors \+

Observer vz transien

2. 5e-010

2.0e-010

the signal on
all 121 sensors|
from source #1 |

-5.0e-011

-1.0e-010

-1.5e-010

-2.0e-010

- 500 1000 1500 2000 2500 3000 3500 4001
Time (ms}

1|
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The Unknown In the System Before

2 K| 0

3 layers background, and where they are?

!

S R2

bl

Imaging

VQUI 1y269

N

I

A a

g KS(KS
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Goal of this Case

A We will

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

- 121 receivers (capturgx& V
13 Z dipole source (cap 2

‘ J
M N 4 B B 2 N A B 8 I

g

=
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Step 1: Obtaining the Measurement Data

U it can be obtained from real measurementforward 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 (capturéx& V)

j +~ #1 source

37



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
2t Zip Project without Result

Bley Dlysrice

Change Physics

3dve az | emplate

Note: This case is already build in the
demo package as

oxxxX 2D\ sequential Y13 sourcesfor
ward\ case_4 rtm_2d_01.wst

4 \
\
/,, \)
/, /,
2
s 4
Select Problem 7 gﬁ
i
4
Problem type ,/ ,/
’ '
] = R @ EI;L‘I:IC
4
/, /,
Codrdinates 7
/ _
,/ @ Cartesian , (O Cylindrical II
-
/
,/
x
4
—— —

\N 7/

S a aOlFaSyYynyYNIYYPYHRYNMPoY €
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Il. Setup materials

e ¥
Materials Edit Material et | et Material s
| General I Electromagnetic | Elastodynamic | General | Electromagnetic | Elastodynamic
E@ Materials e Color Nome Color
B rock oo E— o —
- 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

o] [ [
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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) -




V. Setup 3 layers background

Layer 2

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

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

C 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

X=2500

2= (+2500350)

(x.2= (+25

(+100053

(+500;600)

~1000;500)
(-500;600)

(-1000;2250)

(-250(

(-250(

-500)

-2250)
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U Build top layer

The cylinder will start from
y=5, so, enter (65,0) 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) based on U, V

Polygon Cylinder Editor / : [_Ji:-?-
Use this button to enter Geometry /
Polygon Cylinder Editor Coordnates system
LCS Qrigin | X UAgs 0,01 Vaxis 1,0,0
x Ij @ @ Cylinder Heigh
& 4| sk @ . ,;
)
@@amﬁﬂ |
Vertexes
& | | fwEw  gERIT
I'ri:reate Polygon Cylinder k w,v) 2750, 2750
1 -500, -2500 5
2 -500, -1000
3 -550, -500
4 -550, 500
H 5 -350, 1000
The vertices of polygpn, o a0 2500
here, as we know, U is 7 0, 2500
2 1 { Q& wr =*||Na .2 /1"Fha |
10
| Load... | |Clear Vertexes |
. |More Vertexes | | Verify Polygon |
Set top layer using
YFUSNRARIFTET ai2LJk
Help 0K Cancel




U Then bottom layer

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=5, so, enter (05,0) 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

The vertices of polygor
here, as we know, U is
2| { Qa Y%x +

Polygon Cylinder Editor / I,iz-,l
-
Geometry
Coordinates System
LCS Origin | A UAxis 0,0,1 Vaxis 1,00
Cylinder Height
10
Vertexes
(u,v)
1 -2250, -2500
2 -2250, -1000
3 -2000, 500
4 -2000, 2500
5 -2500, 2500
N, 6 -2500, -2500
7
B
Ala 22 /1{ Qa
10
| Load... | |Clear Vertexes |

Set bottom layer using

| Mare Vertexes | | Verify Polygon |

(12

Help |

r

Ok, Cancel

YFEOGSNREFE @0 2q




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

Box Edition

(o |

I Mame

Shape2

Lower Cormer
Upper Corner

- LCS Origin 0,0,0
Box X Axis 1,0,0
Box Y Axis 0,1,0

3000-2500, -5, -1250

3750-2500, 5, -1650

Set it using material
aANR O]l mE

Set it using material

GNRB O] HE

) [ ) (o
.
”
Elliptical Cylinder Editor (|
Need 10 change
Outer Radius  [¥] Circular f Si 7\ u é.
(2007 Y=5 and grow alo
I =00| >
2/ { Qa b,
Ry |300 Coordinates
Origin ~ 1250-2500, -5, -1250
Inner Radius [ Circular
ru 0 Uaxis 0,01
v 0 Vaxis 1,0,0
Apply Cancel

FNRY
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V. Define the source throug¥iariable system

Define a variable, default value id

%

(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

| Delete | | Modify

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); -
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HEE- I'l
—

..... & Create Source

----- 1 L_reate Constant Amplitude Line Current Source

----- Y Load Source Pulse from File Define a Z dipole source, the position
-4 ¢ Convert all observers to electrical dipole source i

..... G F ° P of the source uses variabie

[ 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 (m~3)

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

: Sources We will useArray-Creationto create
5 m@q Create Observer 121 receivers in one step
[ Observer Editor ﬁw
Single Observer
Base name Name  Obv
t A v oA 7z A -~ Observer Position
The NS O S|IA G S N @&
pOSItIOﬂ ¥ 100-2500 Y 0 £ =30
. Captured Components
Recelver
di (] vx ] v vz
components @] bey 6k Fltyz
vV
’ Create l ’ Array Creation ] Delete Modify




The receivers in the array Totally 121 receivers in this

has a distance of (40, 0, 0) creation
i — — - = B’
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
e A
SR | T gy |l .
Obserer Editor e After OK, 121 receivers are

TF 1| | Single Observer | Crpatpd 1

3 Obv_{D02) b

h Obv_(003)

i Obv_(004) = Marme Obv_{001)
| 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

i Obv_{D12)
[ 3 Obv_{D13) [#]vx [&] wy vz

¥ Obv_{014

C’ Db::EDIE; t’(x tB"B" 122

(:) Obv_({018) t!(\}' t!(Z tYZ

¥ Obwv_{D17)

¥ Obv_{D18)

g EE:{EE; [ Create ] [ Array Creation ] [ Delete ] Modify
| (I ~
N | obv_(021)

C' Db\-’_{U 22}

h Obv_(023)

-:r:;:n:- Obv_{024) - Help Exit




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

188 0000\g &0 8|65 Ee
PAREDHE e dil|f EE L ®E
| P | e | o | W [T

‘Z

This case is already build in the
oxxxX2D\sequential Y 13 sources
\forward\ case 4 rtm 2d 01.wit X
next page
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