Tutorial for the Time Reversal
Simulation

Wave Computation Tech.
Nov., 2017



Introduction

The time reversal method utilizes the reciprocity of wave propagation in
a time-invariant medium to find the shape and the location of a object
through the field focusing.
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The focusing quality in the time-reversal method is determined by the

effective aperture of transmitter-receiver array. This effective aperture includes
the physical size of the transmitter-receiver array and the effect of the
environment. A complicated background will create so-called multipath effect and
can significantly increase the aperture of transmitter-receiver array.

In this tutorial, we will demonstrate how to simulate time-reversal cases in
Wavenology EM-EL package.
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 Demo Cases
1) EM: detect a PEC sphere behind walls by the scattered electrical
field

2) EM: detect a object in a chamber by antenna array by the
scattered voltage

3) EM: detect a source in a 2D human skull slice by the direct wave

4) EL: detect elastic monopole sources in multiple layers background
by the direct wave



Basic Setup Scheme

(1) Backward Propagate the Direct Wave

The purpose of this scheme is to find out the field focusing on the sources. In this
scheme, the source may be introduced by other physics. For example, a EL wave

Is excited by the thermal effect on the tissue by a EM field.

A time-reversal simulation will include following steps:

1)
2)

3)
4)

S)
6)

Obtain the received signals on sensors
Set up a WCT project, with transmitters at sensor’s position
» Set up source directly for a new case
» Or, convert the receiver to source in GUI, if the user has a similar project
with the same physics
Define the simulation time window with a fixed time
Load the received signals to source as the excitation pulse
» User can reverse the time sequence of signal by themselves and load
» WCT GUI already provide a function to reverse the time sequence
Define snapshot to record the EM/EL wave propagates
Run the simulation and check the result
» transient snapshot result
» WCT RTI image result




Basic Setup Scheme
(2) Backward Propagate the Scattered Field

The purpose of this scheme is to find out the field focusing on the induced
sources. In general, this scheme is for the scattered signal from the same physics.

This time-reversal simulation scheme will be almost the same as previous one,
the change is the source signal for imaging will be the scattered field instead of
the direct wave.

Obtain the scattered signals

a) It can be from the measurement
b) Or, it can be from some kinds of simulation tools. In WCT, it can be obtained by
» Simulate two cases to obtain the transient fields on receivers. These two cases
are almost the same. The only difference is one case has the target (total field
case). Another has not the target (incident field case).
O Setup transmitter in two cases.
O Setup sensor array in two cases.
0 Calculate the scattered field from the data obtained from these two cases.




Transmitters & Recelvers
EM Solver

For a time-reversal project,

» the transmitter can be
U ideal point dipole source
Q or, antenna

» the receiver can be
U ideal point observer, the received signal is the field
Q or, antenna, the received signal is the voltage

EL Solver

For a time-reversal project,

» the transmitter can be
O ideal dipole source
O ideal monopole source
U ideal moment tensor source
» the receiver is
U ideal point observer, to capture particle velocity or force



Tools to Convert Point Recelver
to PointTransmitter

Eﬁa‘% Design
..... I Unit

----- I0J Background

----- 12 Boundary
----- ICJ Freq & Pulse

Create Source

..... W Lu Create Constant Amplitude Line Current Source

----- g Ws Convert all cbservers to point sources

_____ . Pa Load Scurce Pulse from File

Load Source Pulse from File - Advanced Mode

B
= F

Delete All Sources

In Wavenology GUI, with
menu item “Convert all
observers to point sources’,
a point observer in the project
will be converted to one or
several ideal point sources at
the same position.

But for the port on an antenna
to record voltage, user need to
manually convert it from the
receiving mode to the
transmitting mode.



The conversion rule
EM Project

> if all receivers to capture single field component, the ideal E dipole source
converted from receiver will be
O at the same position
O with the same name
O the dipole source will be set with a polarization along the field
component direction. For example, Ey field receiver will be converted to a
point E dipole with polarization as (0, 1, 0).

> if there is any one receiver to capture multiple field components, for each
component on a receiver, there will be a converted ideal E dipole source
O at the same position
O with the same name as prefix, following by component name
O the dipole source will be set with a polarization along the field
component direction.
O for example, a (Ex + Ez) field receiver ‘A’ will be converted to
* one point E dipole with a polarization as (1, 0, 0), name by “A X’
« another point E dipole with a polarization as (0, 1, 0), name by “A_y"



EL Project Cont.

> if all receivers to capture single field component, the ideal point source
converted from receiver will be
O at the same position
O with the same name
O the source will be determined by the recorded field type
O velocity receiver will be converted to point dipole source, with a
polarization along the field component direction.
U compress force receiver (T, 4, Tau vy Tau z2) Will be converted to a
point monopole source
1 shear force receiver (ryy vy Tau sz Tau yz) Will be converted to a point
moment tensor source
» if there is any one receiver to capture multiple field components, for each
component on a receiver, there will be a converted ideal point source with above
rules except the name rule
O the name will be the same name as prefix, following by component name
O for example, a (V, + T, ) field receiver ‘A" will be converted to
* one point dipole source with a polarization as (1, 0, 0), name by “A_vx”
 another point monopole source with the name by “A tau xx”
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Following is a demo in a EL project to convert receiver to source.

There are multiple receivers in the project,

and capture all 9 field components

‘Z

P

Observer Editor .
¥ Obv_01 Single Observer
¥o 8 Cby_02
T3 Obv_03
3 Obv_04 Mame Obv_02
T3 Obv_05
Tr Obv_06 Observer Position
3 Obv_07
i Obv_08 X 600-500 Y 700-500 Z  500-100-50%1
3 Obwv_09
3 Obw_10
3 Obw_11 & :
¥ Obv_12
':' Db'u'_13 'u'!( .u..’. 'u'Z
o Obv_14
& Oby_15 V] tex ] tyy V] tzz
[#] ey [¥] txz [ tyz
[ Create ] [ Array Creation ] [ Delete ] Maodify

Help

Exit
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Create Source

Create Constant Amplitude Line Current Source

£

Convert all ohservers to point sources

Load Scurce Pulse frem File

Load Scurce Pulse frem File - Advanced Mode

Delete All Sources

With conversion menu, we get following
sources.

Each one receiver is converted to 9 sources,
with corresponding name subfix and source type

..... & Obv 15 vy &
..... & Obv 01 vz

..... & Obv 02 vz

..... & Obw 03 _vz

..... & Obv 04 vz Z
..... & Obw 05 vz ‘

..... & Obv 06 vz N
..... & Obw 07 _vz

..... & Obw 08 vz

..... & Obwv 09 vz

..... & Obv 10 vz

..... & Obw 11 vz

..... & Obv 12 vz

..... & Obwv 13 vz

..... & Obv 14 vz

..... & Obw 15 vz

..... & Obv 01 _tau_soc
..... & Obw 02_tau o
..... & Obwv 03_tau_ o
..... & Obw 04 _tau_swee
..... & Obv 05_tau_soc
..... & Obw 06_tau_ o
..... & Qv 07_tau o
..... & Obwv 08_tau_see =

m
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Loading Source Pulse with GUI
Tools

» WCT GUI provide two tools to load pulses to multiple sources

iIn one operation, as following,

ﬁ Time /

Create Source

iz

Load pulse to all sources with
name-matching method without
reverse the signal

& Ob

& Qb Create Constant Amplitude Line Current Source
#: Ob Convert all observers to point sources

& Ob

& Ob Load Source Pulse from File

&- Ohb Lead Scurce Pulse from File - Advanced Mode
& Ob

& Ob Delete All Sources

& Obv_09 v I =
& Obv 10 v

»/y@‘” S

Load pulse to sources with
options
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Load pulse to all sources with the name-matching
method without reverse the signal

This method load a ASCII file with following format:

%created at 10/30/17 22:32:16 in GMT

A

Header %Title  Observer txx transient

%X-Lin  0.001 Unit:ms
- | %Y-Lin 1 Unit:Pa

- | %Sub-Title Obv 01
Block for 731 731 %Size Nx=Ny

tracel1 - | 0.00000000000e+000 0.00000000000e+000
2.73481699210e+000 0.00000000000e+000
- | %Sub-Title Obv_02
731 731 %Size Nx=Ny
Block for | | 5 00000000000e+000" 0.00000000000e+000
trace 2 2.73481699210e+000 0.00000000000e+000

- | %Sub-Title Obv_03

731 731 %Size Nx=Ny

- | 0.00000000000e+000 0.00000000000e+000
2.73481699210e+000 0.00000000000e+000

- | Y%Wave Computation Technologies simulation waveform data, version 3.0

Trace name

Trace length

Trace data,
1st column is
the time, 2nd
column is the

value
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This format is the same as the data file
format exported from WCT 2D canvas

“Otsaner vy arser A

Observer vy transient
4,0e-013 — by 01
— by _02
— by _03
3.0e-013 Oby 04
Waveform Setting = (Obv_05
— Obv_06
2.0e-013 Load Curves = Obv_07
| Obv_08
Export Data = by 09
1.0e-013 = —
Export All Data Obv_10
o
E 0.0e+000 Interpel. cross sec.
=
106013 Zoom All
Print
-2.0e-013 Print to File
Print to Postscript
-3.0e-013
Cutemized Fourier Transform
-4.0e-013
1000 1500
Time (ms}
L] 1] [k

»

m

o
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In this method, only the traces which have a matching name to a
source will be assigned to that source correctly, other traces will be
skipped.

After loaded, the name of source which load pulse successfully will be
reported in GUI log, as following

=& Sources -
----- & CObw 01 _wx

----- & Obw 02_wx

----- & Obw 03 _wx

----- & Obv 04 _vx

----- & CObw 05 wx

----- & Qv 06_wx

----- & Obw 07 wx

----- & Oy 08_wvx -
Fi n I

Log

J{—Following Sources' Pulse are changed—//
Obv_01_wx
Oby_02_wx
Obv_03_wx
Obv_04_wx
Obv_05_vx
Obw_06_wx
Oby_07_wvx
Obw_08_wx
Oby_09_wx
Oby_10_wx
Obv_11 wx
Obv_12_wx
Obv_13_wvx
Obw_14 wx




Load pulse to sources with options

This method has a control dialog as following

Load Pulse to Source

o % »

2]

All Sources

- Obw_01_wx
- Obw_02_wx
- Obw_04_wx
- Obw_05_wx
- Obw_06_wx
- Obw_07_wx
- Obw_08_wx
- Obw_09_wx
- Obw_10_wx
- Obw_11_wx
- Obw_12_wx
- Obw_13_wx
- Obw_14_wx
- Obw_15_wx
- Obw_01_vy
- Obw_02_vy
- Obw_03_wy
- Obw_04_wy
- Obw_05_wy
- Obw_06_wy
- Obw_07_wy
- Obw_08_vy
- Obw_09_wy
- Obw_10_wy
- Obw_11_wy
- Obw_12_wy

m

Options

@ Do't need to match curve name

(7 Use curve with matched name only <—

Reverse the time sequence of pulse

[] smooth Pulze

Data File

Log

[ scale the pulse by factor: (k) |0

Select a data file
to load traces to
the sources
starting from the
selected source

Whether need
to use naming
matching rule in
loading traces

Whether need to
reverse trace in
loading

Whether need to
remove the
noise in traces

Cancel
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This trace loading method support 3 kinds of format, the

code will automatically detecting the file format and load.
a. Pure ASCII data file with 2 columns data
b. Wavenology trace data, ASCII format, version 3.0
c. Wavenology simulation result ASCII file, version 1.0

a. 2 columns, pure ASCII data file

One trace per file

Two columns data. 1st column is time, 2" is value
MKSU as unit

The line start with “%” or “#” will be considered as
comment line and be skipped

YV VY

b. Wavenology trace data, ASCIl format, version 3.0
> Please refer to this page
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Wavenology simulation result ASCII file, version 1.0
> Itis the Wavenology simulation result file stored in folder
O Projectname_res\observers

» Format as

%Wave Computation Technologies simulation waveform data, version 1.0 ::

0Tdime(ns) — — — —
%frames number

12

%frame start

0

%frame end
3.0005e-008
%frame step
1.7e-011

%frame length
1766

_— e o o o e e o o
- e e e e e e e e . .

 O.
1 0.0000000e+

1 0.0000000e+000
1

|

| 0.0000000€+000 _
0.0000000e+000
0.0000000e+000

0.0000000e+000

0.0000000e+000

Information for all curves.

All curves has the same length with the same

uniform interval.

1766 rows for the first curve.

1766 rows for the second curve.

Note: the curve
sequence is the ACSII
string index for all
observers in the
project. It may be
different from the
sequence shown in
the project tree.
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Define Snapshot for Imaging
Purpose

[ Edit Face Snapshot &J
Wavenology GUI provide two methods to generate Name [T Nomal (X< [ Mesh |
images Plane Location (m)
A. snapshot to record field propagation, user can e e
export any frame of a snapshot as an image
B. define a special snapshot for let Wavenology e ek
Imaging solver to find out a frame with a strongest itey Components
energy point in the whole snapshot history - v vz
O this snapshot will generate two sets of data ex - Ttz
after simulation oy o -
1) The regular transient field on this snapshot
2) One image with a strongest energy point irorimesnapurpese
[ e | T o | [ conee

Without check this item, it is a regular
type of snapshot (type A). With checked
item, it is a type B snapshot. 20




Display the Field Propagation in
the Snapshot & Export Image

> in the transient snapshot displaying mode, there are two menu items to

export “whole snapshot data” or “a single frame of the snapshot”, as following
BH>E :2n

§|Show W &Tr Vector - |Linear v| 250 = Time (s)| 1.36741
Project
+- - Sources -

..... @ Observers
il Lumped Ports

. Wave Ports z

+§5 Circuits

Double click
to enter
snhapshot
displaying
mode

LT3 Particles

+| 1l Excitation Pulses
+-E8 Materials

e Curves

----- [ Faces

----- & Solids

-5 Voxels

- Snapshots

+ Face Snapshot

..... Far Fields
-4l Temp
| 1l Imported Result

S-glal Results
+| il Excitation
5[4 Snapshots
S F Transient

m

----- (1 Selected Snapshot
[ Al Snapshots
‘..l FaceSnapshotl

-1 Frequency

Right click to o

popup menu

-

Export Spectrum Data from Displayed Snapshots

Export Transient Data from Displayed Snapshots

Export Current Frame from Displayed Snapshots

Ex
sn

Ex
frg
sn

port “whole
apshot data”

port “a single
ime of the

apshot”21




Exported Transient Data File Format
Single Frame

Rule: one snapshot one file

Exported Snapshot File Structure

-~

Header

Component id 1
- Frame Data

Frame

Component id 2

Frame

)
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Header

Number of
components[int32]

32 Bytes Text (name of
component 1)

32 Bytes Text (name of
component k)

Number of capture

points in this
snhapshot[int32

Frame Data

Component index[int32]
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Following matlab code show how to load a
single component from a Single Frame file

clear all;

% open file
fid = fopen( 'fs.bin’, 'rb"); % target file
if(fid==-1) return; end;

%%% read header
sHeader = fread( fid, 128, *char');
nComp = fread( fid, 1, *int32");
fork =1: nComp;
sCompName = fread( fid, 32, *char");
sComps(k, ;) = sCompName';
end;
dt = fread( fid, 1, *float32");
nFramelLength = fread( fid, 1, *int32");
nPt = fread( fid, 1, *int32");
pos = fread( fid, double(nPt*3), *float32");

pos = reshape( pos, 3, length(pos)/3);
X_pos = pos(1,:);

y_pos = pos(2,:);
Z_pos = pos(3,));

%%% read one componet, if there are several
components in this file

%%% change this part

Compld = fread( fid, 1, *int32");

Frameld = fread( fid, 1, *float32");

val = fread( fid, double(nPt), *float32");

%%%%% close file %%%%%%%%%%
fclose( fid );

For a 2D face snapshot or a 3D

rectangular volume snapshot,

the mesh point in the snapshot is generated by following loop:

for x
fory
for z

24



Exported Transient Data File Format
Whole Snapshot

Rule: one snapshot one file

Exported Snapshot

-~

S

File Structure

Header

Component id 1

Frame 1

Frame 2

Component id 2

Frame 1

Frame 2

all data for
— one
component

25



Header

128 Bytes Text

Number of
components[int32]

32 Bytes Text (name of
component 1)

32 Bytes Text (name of
component k)

At [float]

Frame length[int32]

Number of capture
points in this
snapshotlint32]

Array of 3D position
(x,y,2) [float]

Data for One
Component

Component index[int32]

Frame index[float] 1st
Value on capture points frame
In this snapshot[float]
Frame index[float] ond
Value on capture points frame
in this snapshot[float]
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Display the Image with a
Strongest Energy Point

Validate Design
Preprocessing

Build Material Library
Load Material Library

Save as Design Template
Load Design Template

Export current project 5 Pararmeter in 51P file
Export 5 Parameters in SnP file

Calculate ECC for MIMO

Elastic wave Options

i Display 30 Volume Result/Data

Special TEM Mode Waveport Solver Options
Start Simualtion Manager
License server

Clear Log

Follow these steps to load a image on a
snapshot with a strongest energy point
in the snapshot history.

30 Volume Data- IE

Load WCT Imagirmg Solver Result

Load WCT SEM Saolver Result

Load WCT image frem time reversal scheme

2T
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The time of this frame

5 i)

E

: Componenf|At0.000284257(s) v/ Jype [Magnitude | Axis[y | Format Linear |0 |0 |3 @ 8 O % ad
' —
3D Volume Data

gl




This image file is in: project_name res \tri\snapshot _name.img

Format as,
char 128 comment
Int32 4 Version number, value is 3
double 8 Frame time (MKSU)
char 120 reserved
iNt32 4 Number of cell in X, nx
double 8*nx Cell positions in x
int32 4 Number of cell in'Y, ny
double 8*ny Cell positions in y
Int32 4 Number of cell in Y, nz
double 8*nz Cell positions in z

double nx*ny*nz Value for cells



Following matlab code show how to load a
image file which has the strongest energy
point in the snapshot history

clear all;

% open file

fid = fopen( 'FaceSnapshotl.img', 'rb"); %

target file
if(fid==-1) return; end,

%% % read header

sHeader = fread( fid, 128, *char');
nVer = fread( fid, 1, *int32");

dt = fread( fid, 1, *double");

sExt = fread( fid, 128-8, *char");

nx = fread( fid, 1, *int32");
xpos = fread( fid, double(nx), *double");

ny = fread( fid, 1, *int32");
ypos = fread( fid, double(ny), *double");

nz = fread( fid, 1, *int32");
zpos = fread( fid, double(nz), *double");

val = fread( fid, double(nx*ny*nz), *double");

%%%%% close file %%%%%%%%%%
fclose( fid );

%%%%% display image %%%%%%%%%
iImg = reshape( val, nz, ny, nx);
iImg = squeeze(img);

figure;
pcolor(img);

colorbar;
shading flat;
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Case (1): Detect a PEC Sphere
behind a Wall

EM Solver

This case shows how to setup a time-
reversal project to detect a object by the
oncrete wall scattered signal.

Note:

1. Due to the time-reversal is an approximate method, it cannot focus on a small target. It is
suggested that the target size is larger than one wavelength.

2. The focus quality of the time-reversal method depends on the aperture size of the re-radiation
transmitter array, i.e., larger size of the array can obtain better focus.

3. The clutter between the re-radiation transmitter array and the target will increase the aperture and
significantly improve the quality of focus. If there is not clutter between the re-radiation transmitter
array and the target, in order to get a good focus, the size of array should be much larger.
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The basic idea of this case is
» we have a T-R (Transmitter-Receiver Array) system in front a wall

> we know the source excitation and the measurement on the

receiver

array

» we waquld like to find out whether there is any object behind the
wall and|where it is, through checking the focus of field in face

snapshot

Transmitte

32



Following, we will demonstrate how to
1) obtain the scattered signal from a PEC sphere behind a wall for this T-R

system
2) Set up a time-reversal simulation to check whether there is object after wall

through the scattered signal

Project to obtain the The time-reversal project
scattered signal
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Part 1: the project to obtain the scattered
signal from a PEC sphere behind a wall

Steps:

1. Create a new folder as single_wall_single target. Then use WCT GUI
create a new project, save it under the sub-folder tot with name 1.

2. Define a new material: cement

General |Electrumagnetic Elastodyniamic QGEHEHI =l s |EIE'St':":l‘-'"""f"'“iE

Mame Caolar

coment | | .

Type

Color change |Nl:|rmal w | [ Edit dispersion ]
_ Relative permittivity % Relative permeahility

25 . |
[] Add to material library Electric conductivity Magnetic conductivity

o L |

Electric loss tangent Magnetic loss tangent

=]

Cancel Cancel
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Ellipsoid Editor

3. Define the target: PEC sphere (unit: mm)

S

— [E9

Mame |Body001 | Material |PEC
Transparency

0 0
m

v

Radius Sphere

Coordinates

Ru |150 | Origin |-1000, 0, 0
Rv | | Udsis |1, 0,0

Rw | | ¥ ais [0, 1,0

| Heb | o | [ apply




4. Define clutter: wall (unit: mm)

Box Creation

| Material | cement

Marne |wall
Transparency
1]

100

y

Eox Parameters

Lower Cormer |-1nn, -1000, -400

| LCS Origin ||:|, 0,0

Upper Cormer |1|:u:|1 1000, 490

| U fixis |1J o0

[~
by

W fixis ||:|, 1,0

Cancel
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The position of Sphere & Wall is shown in the following Figure.
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5. Setup project unit, background, boundary, excitation pulse, mesh and simulation
time.

For the unit, we use default setting. The background material is default material, air.

Project Design kE| Project Design
Unit | Background | Boundary |Frequency and Pulse | Mesh || Time Unit || Background Boundary| Frequency and Pulse |Mesh Time

o () Frequency Range [GHz]
Plot Pulse
Hmin |Open at input position w | Position  |-1300 |:

Hax |O|:IB|‘| at inpuk position w | Position  |2300 |:| Ma:. F_enegy [GHz]
(%) Project Pulse

rnin |O|:uen at input position v| Position  |-1100
Pulse Tvpe [CIModulation
Ymax |Open at inpuk position v| Position |1100

Z Boundary {mm)

Char. Freq. (fe,[GHz]) |0.695255 |:|
Zrnin |O|:uen ak input position v| Position
Zmax |Open at input position v | Position { Mote: fc = fmax/3.0855 )

% Boundary {mm)

In this case, we use 0" order BHW wideband
signal. And we set up the size of sphere about
one wavelength of the frequency which has the
maximum energy in this wideband excitation.
30 cm sphere -> 1A=30 cm->f,,, nrgy=1 GHZ.

In our setup, we set f,. . =2.76 GHz. 38



Project Design @

| 1nit; || Background || Boundary || Frequency and Pulse | Mesh |Time |

(%) Autamatic Advance
. v )
Paints Per Wavelength (PPW) Synchronize PPWs [ Additional

PPN-X PPwy |14 | pPwz |14 | contral paints
min/max rakio (0,001 max adjacent ratio Edit

) Manual Clear
Mumber of cells Synchronize numbers
Additional ctrl
Mo | owy [ | e |
) User defined
Load Edit Cleat

Minimurn angle of solid surface angle (Deg)

Project Design El

X

| Unit; || Background || Boundary || Frequency and Pulse || Mesh | Tirne: |

Tirne Window [ns]

() User defined () Autamatic

Delta Time [ns]

(%) User defined  |0.0085 () Aukamatic

Receiver Recordings Snapshot Recordings

Recordings times per m Recordings times per m
period of max F_energy - period of max f_energy -

Recording Inkerval Recording Inkerval
{Unit; # time skeps) I:l (Unit; # time steps) I:'

Sampling density is set to be 14 points
per wavelength

Because for time-reversal case, we only want to
check the transient result. So, we manually set up
the simulation time window as 30 ns.

For the FDTD method, a high accurate scattered
field can be obtained by incident & total field
cases if these two cases use the same At and
mesh.

Here, we set At as 0.0085 ns. 39



6. Setup an ideal dipole source.

Edit Existing Source

MName

Location
0, 4, 2) i

Excitation Pulse

(¥} Use project: pulse Flot pulse

) Use individual pulse Edit pulse

Tvpe

Paolarization |IIIJ o1

Pulse bype
Delay [ns]

amplitude

X]

|Electri|: Dipole %—l

Ik

| cancel |
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7. Setup point observers.

Eleven observers in a line with a distance of
120 mm. Recording Ez field only.

-
Observer Editor

i

=5)

-
Observer Editor

.

8

3 Obv_(02)
¥ Obv_(03)
5 Obv_{04)
1 Obv_(05)
i Obv_(06)
i3 Obw_(07)
4 Obv_{08)
3 Obv_{09)
¥ Obw_(10)
o Obv_{11)

= o olT —

Single Observer

Mame Obv_(01)

Observer Pasition

¥ 1500 ¥ -600 Z 0
Captured Components
|:| Ex |:| Ey Ez
[ Hx [CHy [[Hz
’ Create l ’ Array Creation ] [ Delete ]

Modify

Help

¥ Obv_{01)
o
¥ Obv_(03)
Obv_(04)
- Obv_{D5)
Obv_(06)
Obv_(07)
Obv_(08)
Obv_(09)
obv_(10)
- Obv_{11)
- Obv_001

Single Observer |

Mame Ohv_{02)

Observer Position

¥ 1500 i -480 Z 0
Captured Components
[CEx Cey Ez
|:| Hx |:| Hy |:| Hz
[ Create l ’ Array Creation ] [ Delete l

Modify

Help

Obv_001 is for monitoring only. It is not
a part of reverse-radiation array.
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8. Simulate the case to obtain the total field on observers.
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9. Setup a case to obtain the incident field on observers.

9.1 Create a new sub-folder under single_wall_single_target as inc. Use SaveAs function to save
the total field case to inc sub-folder with name 1.

9.2 Remove PEC sphere, or change the material of sphere as background material air.

9.3 We need to let this case has the same mesh as the total field case. But due to the sphere does

not exist. If we use Automatic meshing method, we cannot generate the same mesh as the total field
case. Thus, we need to load the mesh directly from the total field case.

Project Design

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

O Aukomatic % Advance
Pairts Per Wavelength (PP
PPY-X PR PPY-Z
mingmaz; ratio mazx adjacent ratio
() Manual
Mumber of cells
M My Mz
(%) User defined
[ Load ] [ Edit ] [ Clear
Minimum angle of solid surface angle (Deg) |3

X

Load X, Y, Z grid position

Look in: | |39 1_res I O ¥ % -
B I lnad %

:} ) ohservers

My Recent | Z)sources

Documents D

= E] 1_hiskory bxk

Lﬁ ) 1_Jog txt

Deskiop [£] 1_rate.txt
[ 1_param.txt

7l

Switch to “User defined” mesh
option, press “Load” button

ry Documents
-
59
My Computer
‘;‘] File name:; 1_gnd.m A
2
tedy Mebwark, Files of type: All files 7] v

In file dialog, goto single_wall_single_target\tot\1_res\,
there is a file “1_grid.m”, which has the mesh information
of the total field case, load this mesh into this incident
field case. 43

Note: WCT GUI generate the case mesh automatically after the simulation or preprocessing.



10. Simulate this incident field case to obtain the incident field on observers.
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11. Calculate the scattered field from the total field case and the incident field case.

Eset=Erort — Ei

sct™ inc

E..: Is the total field, from the result on the observers in the total field case. E;. is the
incident field, from the result on the observers in the incident field case.

In this case, the z polarized dipole source makes the z component in the case is the
dominant component. Therefore, in our time-reversal case, we will use Ez to
reverse-radiate only.

The transient received signal on receiver can be obtained by two methods:
1) Export from 2D result canvas.
2) Directly use the simulation result data files.
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A. Export Data from 2D result canvas.
For example, we will export Ez on all receivers.

DObserver Ez transient @

=1/l Resulks

o Observer Ez transient A
11l Excitation a0 JE——
=1l Observers — 0bv_(02)
: 400 = b (03}
=-qlal Transient —ob:_(m)
il Ex 300 \WaweForm Seti = Obv {05}
aveform Setting Obv_(08)
il Ev o0 —ob:_(o?)
= II Ez Load Curves — (05
. Expork: Data = Obv_{09)
1 II 100 Export All Data = Obw_{10}
il obv_{o1) z —_ v {11)
1 II Ob‘.-'_l:UZ) = a Interpol, cross sec, ———— i
il obv_(03) & 100 Zoom Al
1l Obv_(04) 200 Print
1l Obv_(05) Print to File
1l obv_f08) -300 Print ta Postscript
1l obv_(07) 400
1l obv_{oa)
il obv_(09) -S00
1l obw_{10)
il obv_(11) 0 5 1o Tim;?ns) 20 25 30 -
il Obv 001 - :
Double click this tree-node On 2D canvas, right click mouse to get this

menu. Export all data curves.



Data format of export data file, it is compatible for Matlab
ASCII data file.

%Wave Computation Technologies simulation waveform data, version 3.0
%created at 08/23/12 21:55:00 in GMT

%

%Title
%X-Lin
%Y-Lin

Observer Ez transient
1e-009 Unit:ns

1 Unit:V/m
%Sub-Title Obv_

(01) I

17661766 Y%Size Nx=Ny~

0.0000000e+000 0.0000000e+000

1.7000000e-002
3.4000000e-002
5.1000000e-002
6.8000000e-002
8.5000000e-002
1.0200000e-001
1.1900000e-001
1.3600000e-001
1.5300000e-001
1.7000000e-001

0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000
0.0000000e+000

%Sub-Title Obv_

(02)

1766 1766 %Size Nx=Ny

0.0000000e+000 0.0000000e+000

1.7000000e-002

0.0000000e+000

Header

1st curve name

How many data (rows) in this curve + real data. 15t column is
time, 2" column is magnitude.

For this curve, there are 1766 recorded data. It means the
1766 rows after the line “1766 1766 %Size Nx=Ny*“ is the
real data for curve 1.

2nd curve, same
format as curve 1

a7



B. Directly use the simulation result data files.
The simulation result for each case has following structure:

x

=1 | tukarial
=l |2 single_wall_single_target
SR
0 1
= )1 _res
) load
) observers
) sources
) 1 _tmp
+ ) 1_usr
+ ) incl
+ () ok

- I'é’l 1 _rewv_ex bxt

e Ex transient result for all
observers

E’l 1_rev_ex_freq_imag.kxk

[?l 1_rev_ex_freq_real.txt

IE’I 1_rev ey bxk

[Z] 1_rev_ev freq imagtt €————
E’I 1_rev_ew_freq_real txt

E’I 1_ren_ez.bxk

E,l 1_rev_ez_freq_imag.kxt

[Z] 1_rev_ez_freq realtst <———

result for all observers

Real part of Ez freq.
result for all observers

X_res is simulation result folder. (x is project name)

The sub-folder “observers” has all results for observers

Imaginary part of Ey freq.
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Data format of simulation data file, it is compatible for
Matlab ASCII data file.

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

| I
| I
| I
;12 I
| Yoframe start | Information for all curves.
1 O | All curves has the same length with the same
I %frame end : uniform interval.
I 3.0005e-008 :
: %frame step I
; 1.7e-011 |
1 %frame length I
| 1766 _ '
™ 0.00000006+000 ": 1766 rows for the first curve. =1
| 0.0000000e+000 | o iy oesin
1 0.0000000e+000 I S
... _' 0 Obv_(01)
0.00000006+000 i
0.0000000e+000 &5 Oby
0.0000000e+000 1766 rows for the second curve. _g;_ EEJEE;;
' 5 Obw_(06)
0.0000000e+000 & Oby (07)
% Obw_{D8)
4 Obe_{09)
0.0000000e+000 & dbw o
Note: the curve index is the same as 0 Obw_(11)
. . iy Obey_001
that shown in the project tree. umped Parts

i L
&= '-.-'-.-'ax-'e Porks
P



Following matlab code shows how to calculate the Ez_sct from the
simulation data files directly, then reverse the time of the Ez_sct. (This
matlab file for this code is single_wall_single target\ sct_reverse time.m)

clear all;

%%% load total field

Etot_tx = load( "\tot\1_res\observers\1_rev_ez.txt');
nFrame = Etot_tx(1);

t0 = Etot_tx( 2);

t1 = Etot_tx( 3);

dt = Etot_tx(4);

nLen = Etot_tx(5);

Etot_tx = reshape( Etot_tx(6:end), nLen, nFrame );

%%% load incident field

Einc_tx = load( '\inc\1_res\observers\1_rev_ez.txt');

Einc_tx = reshape( Einc_tx(6:end), nLen, nFrame );

%%% resampling

ND =1,

Etot_tx = Etot_tx( 1:ND:end, : );
Einc_tx = Einc_tx( 1:ND:end, : );

dt = dt * ND;

nLen = length( Etot_tx(:, 1));
t = [0:(nLen-1)] * dt;

t=t;

%%% make transient scattered field
Esct_tx = (Etot_tx - Einc_tx);
Esct_tx_1 = flipud( Esct_tx); % reverse the result time

%% assume you will create Z field only
%%% %% %% %% %% %% %% %% %%
fid = fopen( 'Z_field.txt', 'w");

fprintf( fid, '%%Wave Computation Technologies simulation waveform data, version 3.0\n");
fprintf( fid, '%%created at 08/21/12\n" );

fprintf( fid, '%% \n');

fprintf( fid, '%%Title  User defined pulse\n');

fprintf( fid, '%%X-Lin 1 Unit: \n");

fprintf( fid, '%%Y-Lin 1 Unit:\n');

fork=1:11,
tt=[tEsct_tx_1(,k)];

fprintf( fid, '%%Sub-Title Obv_(%02d)\n', k );
source
fprintf( fid, '%d\t %d\t %%Size Nx=Ny\n', nLen, nLen); %% this pulse length

%% assign trace name to match a

forj=1:nLen,
fprintf( fid, '%g\t %eg\t\n', tt(j, 1), tt(j, 2));
end;
end;

fclose( fid );
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Part 2: Project for the time-reversal imaging

1. Set up the reverse-radiation case.
1) SaveAs the incident case to sub-folder “inc1” with name 1.
2) delete the original source “sourcel”
3) convert all observer s to dipole source (except the observer Obv_001)

+- %y Design

+ -
=i Ohsen

ol Load Source Pulse from File

Create Source

P | Convert all nbservers bo electrical dipole source

T Obw_(03)
T Obv_(D4)
T3 Obw_(05)
T Obw_(08)
3 oby_{07)
T Obw_(08)
T Oby (090

Mane Oby_{01)

Location
(% ¥, 2)

Excitation Pulse
(") Use project pulse

(%) Use individual pulse

1500, -600, 0

Flat pulse

Edit pulse

b

Type Electric Dipole

Palarization |0, 0, 1

Pulse type
Delay [ns] i}

Amplitude 1

b

B)

WCT GUI provides a menu to simplify this
operation.

Right click mouse button on tree-node
“Source”, there is menu item “Convert all
observers to electrical dipole source”.

This is the converted source with z
polarization.

Due to the receiver is capturing single
component only, the conversion make

the new sources have the same name of
the original receivers. o1



4) Load excitations for all new sources.

4 - WCT GUI provides a menu to simplify this

_____ & reate Source _

..... -l Create Constant Amplitude Line Current Source Operatlon

+|ﬁ:E Convert all observers to point sources nght C“Ck mouse button on tree_node

5P Load Source Pulse from File “Source”, and use menu item “Load

:l@;l E Load Source Pulse rrom File - Advanced Mode SOUI’CG PUIse from Flleu Ioad the

g Do Al Soues reversed-time Ez_sct as the source pulse.
51 Waoxels

-1-[[ Snapshots
+ Face Snapshot
Gﬁ] Body Snapshot
Far Fields
-1l Temp
1l Imported Result

Select the file we create in the previous Fackarouna/ A1, Uit (1)

hounding bos: (-1400,-11

page, load the pulse for all sources. see: (3700 72200 % 30°)

fer.se)=01,00 , (ur,smy=(1,0

Log

This function uses the name of curve in i-Foloying Surces e Type arechanged /]

Obwe_f01)
the file to match the source name. WCT e (5
GUI will report how many curve has cor )
been successfully loaded. e (o
Obee (11}
if
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By checking the source pulse, all source pulse become “User defined”

Edit Existing Source

Source Pulse and Frequency

1lin %Freq. i Friir

Mazx, Freq. (fmax)

(%) Source Pulse

Pulse Tvpe
Min. Freq. [@Hz]

Max, Freq. [GHz]

Mame Obv_(01) Type | Electric Dipole v|

E;'JE:E'DZ'; 11500, -600, 0 Polarization |0, 0, 1 |
Excitation Pulse

) Use project pulse Pulse bype |Llser defined |

(%) Use individual pulse Delay [ns] !I‘I !

Amplitude | 1 |

Mumber of data

) Frequency Range [GHz]

|0, 0888325 |

|2.38227 |

User defined | w

0.0358325

2,30227

—_
|
(=
o

‘ Plat Pulse ‘

Madulation

e
Center Phase [deaq] D

[ Moke: Fr=(Frin+Frnax]fz 3

[ Choose a file ]

|C:'l,';.-'mq'l,wavenulug';.f'l,lnstaIIatiDn Yersion{2.8.3)guiltes |

Apply

Cancel
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2. User can modify the computation size, mesh and time to reduce simulation
time. But this is a optional setup, user can still keep all setups.

3. Define 2D face snapshot to record the result.

gl Bodyool
51 Yoxels

=-[f Snapshats

Gl Face Srapspar

(ﬁ Body Snaps Create Face Snapshot

.| Far Figlds
1l Temp
il Irported Resul:

15. Simulate the case.

Ex
[Hx

Edit Face Snapshot

Flane Location  {mm)

Lowwer Corner (x, v, 21

Higher Carmer (x, v, 2)

Display Components

X

-1400, -500, 0

Ey Ez
Chy [z
o
[ Ok ] [ Zancel ] //
Pt
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4. Check the result by watching the snapshot.

Wavenology EM

File Wiew Tools Help

DZPREtel aa ;.08 0000 (5 |

i[showEIM&HIVector v |lnear w0 B HE> e | 70 ‘
Project — _E
=1 — —377H
¢ ¢ Desian TTe004
£ & Sources

»:9\ Observers
4 Lumped Ports
lI TElTII:I -5, Wave Ports

0¥ Circuits
|I ImpDrtEd Result o4l Excitation Pulses

il Results v ool
1l Excitation

R L

5.1 9e+004

L Fae+004

[l Faces

b @ Solids

£S5 Yoxels

i Snapshots

| Far Fields

1l Temp

1l Tmported Resulk

[ e +00d

Selected Snapshots B2e+004

&l sSnapshots

[F Frequency

1l Excitation GEe+004
Snapshots

Transient

[ Selected Snapshats
1 Al Snapshots

[ f1

Frequency b 43e+003

[9.02e+003

]
(Unit: EM: %im; H,J

Log x
Wer, of the project file: 15,2

Validating the design
Body positons, laver positons, observer positons, user defined mesh, source combination are verified,

Simulation has been started st 08/22(12 18:26:05 by Wavenology EM 1.6.7
Preprocessing... Domains: 1% 1 x 1, Cells: 482 = 438 « 178, Delta time: 8.5e-012 sec, # of cores: 2, CPU Time: 12,641 sec, Explick solver is used
Tirme Skepping. ..
Postprocessing... Last time window: 30,005 ns, Number of time step: 3530, CPU Time of time-stepping: 4672.51 sec, Postprocessing: 6,656 sec
Simulation is completed normally at 05/22/1Z 19:44:17, Total CPU time is 1 hour 18 min 12,105 sec (4692,11 sec)
‘er, of the project file: 15.2




Hide 3D field
vector

Change frame index to
watch how wave Top view
propagate

Wawvenology EM - 1

File Wiew Toaols Help

DEBRE el ag \000000O g

—> §|Hi|:|e Field Wector VILinear 1"v"l':' |: I = U |%L : T M
Projeck
= 1
% Design

F- Saurces
@ Observers
& Lumped Ports
& Wave Ports
& Circuits
11l Excitation Pulses
BE Materials
T Curves
l] Faces
& solids o—Z
(=1 Woxels
[Fil Snapshats
.| Far Figlds
1hl Temp
1l Imported Result
=gl Results
1.1l Excitation
=-[fl Snapshots
= Transient
[Fidl Selected Snapshots

i All Snapshots W
Bl Fl
i Frequency
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R QA },880000 F
ier  v|BE1 |3 H @ (&) B

A strong focus on
sphere can be seen at
frame #1121

shioks
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Case (2): Detect a Objectin a
Chamber by an Antenna Array

EM Solver

This case shows how to setup a time-reversal case with an antenna array.
We will demo how to locate a target in the chamber by the time-reversal method.

An reference physical Chamber
composed by an Bowtie Antenna Array

58

The simulated chamber model
composed by an PIFA Antenna Array



The antenna array is built on a rectangular chamber with 5 PCB panels (the
material of PCB board is FR4). The chamber is open at the +z direction.

The chamber size is 10X10 X 10 cm3, filled by a fluid(g,=5, 0=0.01 S/m). There
are 8 Planar Inverted F Antennas (PIFA) fabricated on each panel, totally 32
antennas in the chamber.

8511 25 —

18, (4B)

-301
Freq. (GHz)

Antennas layout in a panel Sy, of PIFA antenna
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Because this chamber model is complicated. Thus, in this demo, we will not
discuss how to build this model and just use this model.

Assume that we already have the chamber filled with fluid, we will show how
to modify this model to simulate a time reversal-case.

Chamber with fluid (Fluid is
set as transparent). Fluid in the chamber (Fluid is highlighted
by selection).

60



Similar to Case (1), we need to build three cases: the total field case,
the incident field case and the reverse-radiation case.

Steps:
1. Assuming we have the chamber model case, we will build the total
field case firstly.

SaveAs the chamber case to folder “time-reversal-chamber\tot\”
with name “pifa_chamber”.

2. Define material for the target and the clutter.

Edit Material @ Edit Material @
General | Electromagnetic | Elastodynarnic General | Electromagnetic | Elastodynarmic
Marme Tarme Caolar
target taget —
Type
| Color change | Mormal - | Edit dispersion |
_ Relative permittivity Relative permeability
a0 1
Add to material fbrary Electric conductivity Magnetic conductivity
0.z u]
Electric loss tangent Magnietic loss tangent
u} ]
‘ Help | ‘ (4 | | Cancel | Apply ‘ Help ‘ ‘ 2 ‘ | Cancel | Apply

Material for target



Edit Material @

General |Electr|:|magr‘|eti|: | Elastudynamic|

Edit Material

General | Electromagnetic | Elastodynaric |

MHame

clutter

Color change

[ add to material library

MHame

clutter

Type
Marrnal -

Relative permmittivity
10

Electtic conductivity
]

Electric loss tangent
0

Color

[ Edit dispersion ]

Relative permeability
1

Magretic conductivity
]

Magretic loss tangent
]

Help | | Ik | | Canicel | B gy

Help

| Ik | | Canicel | Apply

Material for clutter
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3. Insert a cubic target in the chamber.

Box Creation E
Mame Targetl Material [target v] Mesh

Transparency
] ] 100

U

Box Parameters

Lovwer -20,-20,-10 LCS 0,00

Lpper -10,-20,0| UaAxis  1,0,0

W Bis 01,0




4. Insert four dielectric planes to work as clutter.

Box Creation E
Mame  sc_01 Material |clutter v] [ Mesh | Plane 1

Transparency
u] u] 100

U

Box Parameters

Lowwer -47, -43, -30 LCS 0,00

Lpper 47, -47, 50 L Axis 1,00

W Axis 0,10

(4 l l Cancel

Four planes have
been added.




5. Define the transmitting and receiving antennas. In this case, we use lumped
port as the feeding port and receiving ports. Thus, there is one transmitting port
and 31 receiving port.

Blue arrow is a
receiving port

One terminal of
the port is on the
Purple arrow is a coax pin.
transmitting port

Another terminal
of the port is on 65
the PEC ground.



transmitting port

Lurnped Port Editor @
General
Marne E
Type
S Parameter Port oo e g Obs » | []Plus AC Resistance | plot Tatl
Resistance
DC Resistance 50 Edit AC Resistance {R=Rdc+Rac)

Excitation Pulse

@ Use project pulse Flot pulze Celay [ns] 0

7 Use individual pulse Edit pulse Amplitud: 1
Positians
Megative (Start) Terminal Positive (End) Terminal

57, 13,615, -7.59284

57, 17.7802, -8.096820 Reverse
[ tep | [ ox | [ concel ]

receiving port

Lurnped Port Editor @
General
Marne
Type
S Parameter Port | ppeoner = | []Plus AC Resistance | Flot Total
Resistance
DC Resistance 50 Edit AC Resistance (R=Rdc+Rac)

Excitation Pulse

3) Use project pulse Flot pulse o
LIze individual pulse Edit pulse 1
Positions
Megative (Start) Terminal Paositive (End) Terminal

o7, -40.3528, 21,3623

57, -36.9104, 21,8555 Reverse
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6. Set up simulation pulse, mesh density and time.

Project Design @
| Unit | Background | Boundary | Frequency and Pulse | Mesh | Time

@ Freguency Range [GHz S
Plot Pulse

Min. Freg. {(fmn} 0,05

Max, f_enegy [GHz]
Max, Freq. (frax) 9

=
~) Project Pulse
B Modulation
1 4,525
2.685765443 o

Help oK Apply Cancel

Project Design

| Urit | Background | Bioundary |Frequency and Pulss | Mesh |Time |

@ Automatic Advance
) 7 )
Points Per wavelength (PPW) V] Synchronize PPWs 7] additiona
PPW-¥ 18 PRwW-y (18 | PPW-Z |18 control ¢
Lioact

rinfrax ratio 0.001 max adjacent ratio 1.3 Edit
) Marwial Clear
Murnber of cells Synchronize Aumbers

Additional

Ny [262 By 258 Nz |217
O User defined

Load Edit: Clear

Mirirnurn angle of solid surface angle (Deg) 2

Help oK Anply Cancel

Here, we use 15t BHW wideband pulse as
the source pulse.

Due to the antenna radiation freq. is about
2.7 GHz, we need to make the excitation
pulse has a characteristic freq. around 2.7
GHz.
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i

Project Design

|Unit |Elan:kgrn:und | Boundary | Frequency and Pulse IMesh | Tirne L

Tirme Window [ns]

@ User defined

End Time 20

Delta Time [ns]

Receiver Recordings

Recordings times
per

Recording Interval
(Unit: # time steps)

@ User defined  0.0002

20

26

() Automatic

) Autarnatic

Shapshot Recordings

Recordings times 10
pet
Recarding Interyval

(Linit: # time steps) =
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8. Simulate the case to obtain the transient total voltage on

the receiving antennas.

AN R -
F‘r_n:nject
101l Results *

+| il Excitation
-4l Lumped Parts

+| il 5-Parameters

+| il Impedance

+| il lcident voltage
smrETETTEmEmEmmm——————
1 =1l Scattered voltage :
1 ; ,
1 =14l Transient 1
1 1
1 g |I All :
1
" -l 1 H
: il 2 :
1 1
1
i 1l 4 I
1 1
! il 5 -
1 1
1
1 =4l 8 1
1 1

m

Note: in WCT GUI, there is scattered voltage
on the transmitting & receiving ports.

For receiving port, it has not excitation. Thus,
the total voltage on port is the same as the
scattered voltage.

For this time-reversal case, in order to
distinguish the voltage on the receiving port
in the two cases (with-target & without-
target), we call the scattered voltage for with-
target case is the total voltage, the scattered
voltage for with-target case is the incident
voltage, in this demo.
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9. Setup a case to obtain the incident voltage on receiving antennas.

9.1 Create a new sub-folder under “time-reversal-chamber” as inc. Use SaveAs function to save the
total voltage case to inc sub-folder with name “pifa_chamber”.

9.2 Change the material of the target as fluid (oil).

9.3 We set this case having the same mesh as the total voltage case, through loading the mesh
directly from the total voltage case. Detail information please refer to Page 18.

10. Simulate this incident voltage case to obtain the incident voltage on the
receiving antennas.

11. Calculate the scattered voltage from the total voltage case and the incident
voltage case.

V=V — V,

sct™ inc

V. IS the total voltage, from the result on the receiving antennas in the total voltage
case. V,,. Is the incident voltage, from the result on the receiving antennas in the
incident voltage case.

The transient voltage on the receiving antennas can be obtained by two methods:
1) Export from 2D result canvas.

2) Directly use the simulation result data files. 70



A. Export Data from 2D result canvas.

Praoject
i--| il Results
+| il Excitation
i--| il Lurmnped Forts

-4l 5-Pararneters

oo [F]

-l Impedance

B w8

-1l leident voltage

-4l loident current

Sy

-1l Scattered woltage
“-qlal Transient
Al

Double click this tree-node and export the data

m

Scattered Woltage of Lumped Port

Scattered Yoltage of Lumped Port

Yoltage W)
- o]

=

]

Wawefarm Setting

- logdCuves o o

Export Data
Export All Data

Interpol. cross sec.

Zoom All

= Print
Print to File

Print ta Pastacrint

Exported data file format is descript on page 22.

IT
—1
—_— 13
—14
—-_—15

16
—17

18
— 19
— 0
— 1

—r

1 —2

—27
|

——— m = = = = N

30
— ]
— T

15 20

»

m
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B. Directly use the simulation result data files.
The simulation result for each case has following structure:

ine i =FER

incl

|| pifa_chamber_lumped_port_impd_inp €——-—— Lumped ports’ input

Ternplate | pifa_chamber_lumped_port_impd_src impedance
4 tot || pifa_chamber_lumped_port_inc_curn_imag
pifa_charmber_inj || pifa_chamber_lumped_port_inc_curn_real
4 pifa_chamber_res || pifa_chamber_lumped_port_inc_curn_tran €<——— Lumped pOl'tS’ transient
load || pifa_chamber_lumped_port_inc_valt_imag incident current
lump_ports || pifa_chamber_lumped_port_inc_volt_real

|| pifa_chamber_lumped_port_inc_vaolt_tran

|| pifa_chamber_lumped_port_sct_curn_imag €<— Lumpedports scattered
ST S A N (N (| current, Imaginary part

SOUNCESs

pifa_chamber_trmp

X_res is simulation result folder. (x is project name)

The sub-folder “Lump_ports” has all results for lumped ports, the scattered voltage
has the file name “x_lumped_port_sct volt_tran.txt”.

Data file format is descript on page 24.
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Following matlab code shows how to calculate the Vsct from the simulation
data files directly. (This matlab file for this code is time-reversal-chamber\
Sct_reverse_time.m)

clear all;

%%% load incident field

Etot = load( ".\tot\pifa_chamber_res\lump_ports\pifa_chamber_lumped_port_sct_volt_tran.txt' );
nFrame = Etot(1);

t0 = Etot( 2);

tl = Etot( 3);

dt = Etot( 4 );

nLen = Etot( 5 ); Note: This code generate 32
Etot = reshape( Etot(6:end), nLen, nFrame ); . . .
. data files. Each file is
%%% load total field .
Einc = load( '.\inc\pifa_chamber_res\lump_ports\pifa_chamber_lumped_port_sct_volt_tran.txt' ); Correspond|ng tO the
Einc = reshape( Einc(6:end), nLen, nFrame );
scattered voltage of one port.

%%% resampling

ND = 1;

Etot = Etot( 1:ND:end, : );
Einc = Einc( 1:ND:end, : );

dt = dt * ND;

nLen = length( Etot(:, 1) );
t = [0:(nLen-1)] * dt;

t=t;

Esct = Etot - Einc; %%% make transient scattered field

ids=[1101112131415161718192202122232425262728293303132456789];
% need mapping, because the export function of WCT use ASCII sequence. (Till current version 1.6)

fork=1:32,
tt = [ t flipud(Esct(:,k)*1e4) ];
str = sprintf( 'pifa_chamber_user_lIport_pulse_%0d.txt', ids(k) );

fid = fopen( str, 'w');

fprintf( fid, '%%Wave Computation Technologies simulation waveform data, version 3.0\n" );
fprintf( fid, '%%created at 11/06/10 04:21:37 in GMT\n" );

fprintf( fid, ‘%% \n');

fprintf( fid, '%%Title  User defined pulse\n');

fprintf( fid, '%%X-Lin 1 Unit:\n");

fprintf( fid, '%%Y-Lin 1 Unit:\n");

fprintf( fid, '%%Sub-Title User defined pulse\n');

fprintf( fid, '%d\t %d\t %%Size Nx=Ny\n', nLen, nLen);

forj=1:nLen,
fprintf( fid, '%g\t %eg\t\n', tt(j, 1), tt(j, 2));
end;

fclose( fid ); 73
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12. Set up the reverse-radiation case.
1) SaveAs the incident case to sub-folder “inc1” with name “pifa_chamber”.

2) delete the original excitation port “5”
3) convert all receiving ports to excitation port, set up the excitation pulse of

port as “User defined” and load it from the data file.

(The code in page 48 generates the scattered voltage for each port,
named as “pifa_chamber_user_Iport_pulse xx.txt". xx is the name of port.)

Lumped Port Editor @
General Source Pulse and Frequency @
Marne 1 Frequency Range [GHz]

T 1.85493 —
e — 0 O O O = = Plot Pulse

5 Paramster Port: Source & Obser: = J Plus AC Resistance Plok Total 50423

Dbserver Resistance
Edit ac Resistance (R=Rdc+Rac)

[C Resiskance
@ Source Pulse e o - ——

— 1
Pulse Tvpe I User defined I Madulation

ExctationPulse e

Use project pulse Plat pulse Delay [ns] 0 Min. Freq. [GHz] 1.85493 b.50%
| @ Useindividual pulse Edit: pulse: I Amplitude 1 Maz. Freq. [GHz] 8.0423 0

Mumber of data 704

Positions e e e o o
Megative (Start) Terminal Positive (End) Terminal [ — |
J ¢ ) (End) I Thoose a file E:\ymgisimitime-reversal-chamberincl fpifa_chamber_

57, -40.3528, 21,3625 57, -36.9104, 21,8555 Reverse
Ok Apply Cancel

Help QK | | Cancel |
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13. Define 2D face snapshots to record the result.

Edit Face Snapshot

Mame Mormal

Plane Locakion ()

Lower Carner (3, w, 2] -40, -40, -5

Higher Corner (x, w, 2) 40, 40, -5

Display Components

Ex Ey Ez
|:|Hx |:|H~;.-' |:|H2

o ] [ con

Edit Face Snapshot

Mame E

Plane Locakion  {rmm)

=

Lower Corner (x, v, 2) -15, -40, -40
Higher Corner (x, v, 2) -15, 40, 40
Display Components
Ex Ev Ez
|:| H: |:| Hey |:| Hz
Lo ] [cmea




Edit Face Snapshot E

Plane Location  {mm)

Lower Carner (x, v, 21 -40, -25, -40

Higher Corner (x, w, 2) 40, -25, 40

Display Components

¥ Ex [¥]Ew [#F]Ez
|:|Hx |:|Hy |:|H2

[oc ] [

-
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14. Simulate the case.

15. Check the result by watching the snapshot.

Hiz Wavenology EM - pifa_chamber EI@

File ‘Wiew Tools Help

DNEeBRsS i tellaal;ko00000|F

¢ [Hide Field vertor v[inear  ~|1650 B H % @ N

Projeck —
+-BE Materials - -
s 1de+00

=@ Solids
£ Wonels 34e+00)
=~ Snapshots

Face Enapsh 1 72e+00
@] Body Snapsl
----- .| Far Fields
$.1e+003
-l Ternp
gl Imported Resul
-1l Results i 47e+00
1l Excitation
: il Lurnped Por’ 1 .A5e+00
E-El Snapshots
[ Transient|”
P .23e+00
~[F1 All 5n
LBl 603
B f2
- f2 1}
B Frequenc _ (Unit; E,M: Wim;
4 n L3
Log x
Preprocessing... Domains: 1% 13 1, Cells: 213 % 216 % 150, Delta time: 2e-013 sac, # of cores: 2, CPU Time: 26.879 sec, Explicit solver -
5 eed Time Stepping...
Postprocessing... Last time window: 20 ns, Mumber of time step: 100000, CPU Time of time-stepping: 45022.2 sec, Postprocessing:
40,966 sec

Simulation is cormpleted normally at 08,/26/12 04:04:23, Total CPU time is 12 hour 33 min 1,603 sec (45181.6 sec)

It can be seen, there is a strongest focus (frame 1650) at the position of target. 77



Case (3): Detect a source in a
2D human skull slice by the

direct wave
EM Solver

This case shows how to setup a time-reversal case to detect an electrical dipole
source in a 2D human skull slice by the direct wave
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2D human skull slice is generate by WCT Cartesian mesher

@ (@ |

x_yl ;1400 :ﬂI!LE“"ellimlﬂ';

5 o | — . . 5
%X @[ Show Cartesian Mesh h “l@e | #a EDShMG"d

The color region is

=)

the skull region

More detail about how to use WCT Cartesian
mesher and voxel data please refer to

Wavenology Voxel Manual.

Background as air,
the gray region

Export mesh to WCT voxel files

Mew 20 Canvas
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r )

Voxel Setting
Voxel Range

| ¥ Cell Range x0 0 = x1 399 =
¥ Cell Range yo 0 = yl 439 =

‘l Z Cell Range 20 1400 = z1 1400 Sing|e slice
vouel Files D:'sim_case'woxel\section_1400.vxa D
Options

The exported voxel data files
for 2D human skull slice

| 7| section_1400_eps_r.vxa
| section_1400_Imat.bd
| | section_1400_material bt

|
n || section_1400_mu_r.vxa

- || section_1400_sigma_e.vxa

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

| | section_1400_sigma_m.vxa

Note: in this model, we set up the EM

parameter for the human skull model as:

different ¢, for different tissues. p=1, 0.=0, 80
0,,=0 for all tissues.



Part 1: the project to obtain the signal from a electrical dipole source in
2D human skull slice

» before we build this case, we has following information
QO the 2D human skull slice data file is WCT “vxa” file for relative
permittivity: section 1400 eps r.vxa
U the 2D human skull slice has a cell number of: 400x440x1 in X, Y and Z
axis, respectively
A the cell resolution of the slice is — (0.5, 0.5, 0.5) mm?3, the total size is
(200, 220, 1) mm3
[ the background outside the skull region is air
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Define the project name as: 2 _1.wnt

Length unit is mm Background as air

s B F X
Project Design A u Project Design u

Unit |Backgrour1d I Boundary I Frequency and Pulze I Mesh I Time | Unit | Background | Boundary I Freguency and Pulse I Mesh I Time |
Length millimeter - Homogeneous Background Material Air -
nanosecond
Time M [] use Layered Medium
Frequency gigahertz - Layer Stack Orientation Z
@ IO with Frequency  (GHz) II {Mote: The bottom position and layer thicknesses are along ]
) the stack orientation. Double dick to beqgin each cell edit.)
) 1j0 with Wavelength in vacuum  (mm)
Bottom Position or = 5
Layer Thickness R Action
Action option when length/freq. unit change
]

(@) Scale whole system

() Keep the system value unchange
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B.C. in Z is periodic for this 2D case

F

A =

Project Design

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

¥ Boundary (mm)

¥min Open at input position * Positon 0

¥max Open at input position * Position 200
Y Boundary (mm)

Ymin Open at input position * Positon 0

Ymax Open at input position * Position 300
Z Boundary (mm)

Zrmin Periodic at input position w*  Positon 0

Zmax Periodic at input position * Positon 0.5

]

[ o |

J:'.I:Il:ll‘r'

Source pulse is an order=1 BHW
waveform with f,=3 Ghz

-

Project Design

N

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

Flot Pulse

Max, f_enegy [GHz]

(7 Frequency Range [GHz]

i, Frea, (frmind 0.00629999396

Max, Fred. (frax) 2.999999505

3
(@) Project Pulse

Pulse Type Modulation

Order 1 Freq. (frm) |1,503149752

Char. Freq. {fc,[GHz]) 0.895255 Center Phase [deg] |0

{Mote: fc = fmax/3.351) { Mote: Fra={Frin+Fma:x)z 3

Apply Cancel
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Automatic mesh with ppw=10

With a fixed time window as 50 ns

Ll Y
Project Design y * u

-

Project Design

Minimum angle of solid surface angle (Deg) 3

Apply

period of max f_eneray

Recording Interval
(Unit: # time steps)

period of max f_eneray

Recording Interval
(Unit: # time steps)

| Unit I Background I Boundary I Frequency and Pulse | Mesh |TIITIE | | Lnit I Background I Boundary | Frequency and Pulse | Mesh | Time |
i@ Automatic Advance Time Window [ns]
Points Per Wavelength (PPW | Synchronize PPWs - _ _
ath (PPVY) v [ -ﬁ-ddltlﬂﬂa|_ (@) User defined () Automatic
PPW-X 10 PPW-Y (10 | PPW-Z |10 control points
Load || End Time 50 Energy decay [dE] -40
min/mazx ratio ¥ 0.001 y |0.001 |z |0.001 Syn. to X Edit Erergy variation [dE] |-30
max adjacentratio x 1.3 y|L3 z|Ll3 Syn. tox Clear
: Delta Time [ns]
) Manual ) )
Mumber of cells Synchronize numbers Additional ctrl () User defined | 0.0005167 @ Automatic
Mx | 130 Ny |210 Nz |3
Receiver Recordings Snapshot Recordings
() User defined Recordings times per Recordings times per
Load Edit Clear

Apply

Cancel
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Then we create voxel to load 2D human skull slice

N
Voxel Editor ® 4 LR N

Voxel
resolution

o}

- Create Voxel

- reate Voxe

... Far Fields ||
Slice start
position in

the project

L1

Load

eps_r.vxa

section_1400 _

General

MName oxell Uint  milimeter -

Physical Size
Loaded Volume

Volume Start Position in 0.0.0
computation domain (x, vl

Resolution
(b, dy, dz]

0.5, 0.5, 0.5

Advance
Use sub-volme

Carner 1 (w20

Corner & (w20

Electrical Parameters |Elasbcdynamic Parameters | Ela.

Weak Aniso. Parameters

Relative Permittivity @ Bulk |10

Elec. Conductivity (5 @ Bulk 0
ative Permeability @Bulk 1

Mag. Conductivity (W/m) @ Bulk 0

@ mdsh size | 400x440x1

Load Mesh size
Load Mesh size
Load Mesh size

Display

Data Type [EM Permittivity v] Color Map Transparency
- -

Cancel




Then we can get project as figure
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Set up a Z polarized E dipole at (80, 50, 0), an array of

observers at (10:18:190, 275, 0) to record Ez field.

-

Edit Existing Source

Name
Location

80, 50, 0
Gy 2) e

Excitation Pulse
(@) Use project pulse

() Use individual pulse

==

Type | lectric Dipole - |
Polarization 0,0, 1
Pulse type BHW
Edit pulse Delay [ns] 0
Amplitude 1 o)
Ok ] [ Cancel

’
Observer Editor

O

R R ReReRc oot ot

-
% Obv_(02)
: Obv_(03)

Obv_(04)
Obv_(05)
Obv_(06)
Obv_(07)

- Obwv_(08)
i Obv_(09)
i Obv_(10)
- Obv_(11)

Single Observer |

MName Obw_(01)

Observer Position

¥ 10 ki 275 Z 0
Captured Components
|:| Ex |:| Ey Ez
|:| Hx |:| Hy |:| Hz
[ Create I ’ Array Creation ] ’ Delete I

Modify

Help
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The project layout is

Dipole source

Sensor array

Simulate the project, we get the transient Ez field on the sensor.
The data file foritis: 2 1 res\observers\ 2 1 rev ez.txt

This data will be considered as the signal for the time
reversal imaging case.
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Part 2: Project for the time-reversal imaging

» we can “SaveAs” project “2_1.wnt”as “2 tri_l.wnt”
> delete the original dipole source
» convert all observers to source

Then we get the project as
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=+
t

- B

Al Can--

Reverse trace time in loading

= Part
f-10l Exciil

» Load signal to sources as the excitation pulse

Create Source
Create Constant Amplitude Line Current Source

Convert all cbservers to point sources

Load Source Pulse from File

Load Source Pulse from File - Advanced Mode

Mat

Cun

Delete All Sources

ni

Do not need name matching

e

Load Pulse to Source

e

All Sources

- Obw_{01)
- Obw_{02)
- QObw_{03)
- Qb _{04)

—TBv_(05)
- Obv_(06)
- Obv_(07)
- Obv_(08)
- Obv_(09)
- Obyv_{10)
- Obv_(11)

]
!

Options

Reverse the time sequence of pulse

[T 5cale the pulse by factor:  (kt)~ |0

Data File

Log

[[-Following Sources' Pulse are changed—fff
Obv_{01)
Obv_{02)
Obv_{03)
Obv_{04)

Obv_(05) Log after load

Obv_(08)
Obv_{07)
Obv_{08)
Obv_(09)
Obv {10}

“) Use curve with matched name only

@) Do't need to match curve name I i
’ - ources that follow the selected source)

[7] smooth Pulse

Load file




» define a 2D snapshot for imaging

# I

Edit Face Snapshot ﬁ
g ‘;‘Dxelsh i =1 - aceSnapshot 1) Mormal
=B Snapshots

i IE Plane Location  {mm)
’Gfil Body Sn Create Face Snapshot
.5 Far Fields I Low Cormer (x, y,2)  0,0,0

High Cormer (x, v, 2) 200, 200,0

Display Components

[C]Ex Eley Ez
[C]Hx [ClHy [[Hz
S naps h Ot area For imaging purpose

(o ] [




Simulate the project. After finish, we load the image with the
maximum energy.

[ Tools | Help

| Validate Design
Preprocessing

I Export ER Field

Build Material Library
Load Material Library

Save as Design Template

Load Design Template

Export current project 5 Pararneter in 51P file

Export 5 P eters in SnP fil
pe ArameErers in snv e Load WCT Imagimg Sohver Result

Calculate ECC for MIMO
Load WCT SEM Solver Result

Elastic wave Options
Load WCT Voxel Data

7 Display 30 Volume Result/Data

Load WCT irmage from time reversal scheme

Special TEM Mode Waveport Solver Options -

Start Simualtion Manager \ /

License server

Clear Log




We can see the maximum energy position match the source
position.
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Case (4): Detect array of sources
INn multiple layers background by

the direct wave
EL Solver

This case shows how to setup a time-reversal case to detect two source array in
multiple layers background by the direct wave,
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This case is a elastic wave project. It assumes that there are two
objects embedded in a multiple layers background. Through some kind
of operation in other physics, the edge of object become elastic wave
sources. Then, we will use the signal on sensors to detect the edge of
these two object.

Sensors |0 ] L] ] L] ] U] ] ] i B ] ] ] ] ] ] L'} it '] | Top: alr
i Layer 1
/i Layer 2
Layer 3
Layer 4
Target 1
| o Target?2 g g v 4
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Part 1: the project to obtain the signal from equivalent array of monopole
sources in 2D multiple layers background

1. create a Cartesian EL project, named as “Layered 2D 01.wnt”

File | Edit View Coordinates Simulation

= Open Project Ctrl-0 E
Close Project
|' r Il\\ h
New Projects Set [ Select Problem 7 ‘\@
. V4 A Y
Open Projects Set 7 >
Problem type ,/ ,’
& save Project Ctrl-5 ) EM '/' @ E;ﬁf:
K5 Save Project As e P
Codfdinates /2
: : : 4 4
B Zip Project with Result E> ,/ @ Cartesian /O Cyiindrical
zr: Tip Project without Result (\ e
Mew Physics \\ny | [ oK ] [ Cancel ]
Change Physics s = y |

Save as Template
Reset Template

Export Geometries [

Print Setup
Print Preview
Print
Print to File

Exit Ctrl-¥ 96

E ™




2. Create new materials for background and objects

-

1
Edit Material e |
| General | Electromagnetic | Elastodynamic
Mame Caolor
Layerl
Mass density
1300 kg/m~3
P-Velocity Qp (0, Inf)
2200 m,z inf
S-Velocity Qs (0, Inf)
1500 m/s inf
[] advanced
[ |
Anisotropic Material Property
PoroElastic Material Property
Help | Ok | | Cancel | Apply

-

Edit Matenial

| General | Electromagnetic | Elastodynamic

Mame Colaor
Layer2
Mass density
2500 kgfm~3
P-Velocity Qp (0, Inf)
3000 m/s inf
S-Velocity Qs (0, Inf)
1900 m/s inf
[] Advanced
Anisotropic Material Property
PoroElastic Material Property
Help | Ok | | Cancel | Apply
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F

Edit Maternial

| General | Electromagnetic | Elastodynamic

Mame Color

Larer —

Mass density

2800 kg/m~3

P-velocity Qp (0, Inf)

4000 m/s inf

S-Velocty Qs (0, Inf)

2300 m/s inf

[ advanced
Anisotropic Material | Property |
PoroElastic Material | Property |

Help | Ok | | Cancel | | Apply |

-

Edit Material

| General | Electromagnetic | Elastodynamic
Mame Colar
e —
Mass density
3000 ka/m*3
P-Velocty Qp (0, Inf)
4500 m/s inf
S-Velocty Qs (0, Inf)
3100 m/s inf
[ advanced
Anisotropic Material | Property |
PoroElastic Material | Property |
Help | K, | | Cancel | | Apply |
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-

Edit Material
| General | Electromagnetic | Elastodynamic
Mame Colaor
rectangi —
Mass density
2900 ka/m~3
P-Velodty Qp (0, Inf)
4200 m/fs inf
5-Velodity Qs (0, Inf) ||
2900 m/s inf
[] advanced
— N |
Anisotropic Material | Property |
ParoElastic Material | Property |
Help | Ok | | Cancel | | Apply |
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3. Project setting

Set up unit as:
o mm in length
o ms in time,
o KHz for freq

A homogenous background
with material “Layer2”

-

Project Design

Lnit |E|adcgruund | Boundary | Frequency and Pulse IMesh I'I'lme |

Length millimeter -
Time millisecond -
Frequency kilohertz -

@ IO with Frequency (kHz)

() 1JO with Wavelength in water  {mm)

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

(7 Keep the system value unchange

-

Project Design

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

Homogeneous Background Material

[[Juse 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 LT
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Boundary position & type

Excitation pulse is 15t order BHW
waveform with f =55 KHz

-
Project Design

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

¥ Boundary {mm)

¥rmin Open at input position Position 0
¥max Open at input position Position 4000
¥ Boundary {mm)

¥rmin Periodic at input position Position  -2.5
Ymax Periodic at input position Position 2.5
Z Boundary {mm)

Zrmin Open at input position Position 0
Zmax Open at input position Position 2700

-
Project Design

(7 Frequency Range [kHz]

Peak Freq. (fc,[kHz]) 20

Truncation Multiple 2*pi

Min, Freqg. (Frin) 0

MMazx. Freq. (Fra:x) 55.275

(@) Project Pulse

Pulze Type Ricker n

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

| Unit | Background I Boundary | Frequency and Pulse |Me5h I Time |

Plot Pulse

Max, f_enegy [kHz]

53.275

Modulation
Freq. (fm} | 27.6375
Center Phase [deg] (0

{ Moke: Frm=(Frin+Fmax)/2 3

Apply

Cancel
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Uniform mesh

F

Time setting

Project Design

===

-

Project Design

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

| nit | Background I Boundary I Frequency and Pulse | Mesh |T|n1e |
) Automatic Advance
Points Per Wavelength (PPW) Synchronize PPWs 7] Additional
PPW-X |1.24 | PPw-Y |1.24 | pPw-Z |1.14 contral points
Load |"|
min/max ratio x |0.001 |y |0.001 |z (0,001 | [F]Syn. tox Edit
max adjacentratio x | 1.3 y |13 z |13 [#] syn. to x Clear
@ Manual
Mumber of cells [T synchronize numbers Additional ctrl
My 800 My 1 Mz 500
) User defined
Load Edit Clear
Minimum angle of solid surface angle (Deg) 3
(o) [ | oo

Time Window [ms]

Delta Time [ms]

(@) User defined | 0.000707107

Receiver Recordings

Recordings times per
period of max f_energy

Recording Interval

(@) User defined () Automatic
End Time 3.5 Energy decay [dE] -40
Energy variation [dE] |-30

@ Automatic

Snapshot Recordings

Recordings times per
period of max f_energy

Recording Interval

12
(Unit: # time steps) (Unit: # time steps)
o ) [ oo | [Lome
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4. Build layers in the homogenous background

-

3D body editor 2 Polygon Cylinder Editor
Geometry
MName Body004 Material |Layeri A | | Mesh
Coordinates System
Transparency LCS Origin |
a 80 100
|_J Cylinder Height
5
FH-nlogecosee| |
Vertexes
=l History

----- (Add)Polygon Cylinder::Shape3

[ (Transform)Translate: : 101 (v, v)
1 500, 0
2 500, 1200
3 650, 1700
4 550, 2500
5 350, 3000

| | - 6 350, 4000

fice oK | it 7 -250, 4000

B 0,0
| 9
i 3 '] '] [} ] ] | ] il B ] a il 7} '] ] a i ] 10
| Load | | Clear Vertexes |

/'IY | More Vertexes | | Verify Polygon |

Help

U Axis

m

0,01

Ok

W Axis

1,0,

0

Cancel
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i - =
3D body editar | 2 ||| Polygon Cylinder Editor [
Geometry
Name Body005 Material |Layer3 "| | Mesh
_— Coordinates System
Transparency LCS QOrigin | Uaxis 0,0,1 Vaxis 1,0,0
0 a 100
|_J Cylinder Height
5
F-noocosed®|
Vertexes
=l History
[ {(Add)Polygon Cylinder::Shape4 i
(u,v)
1 2250, 0 1
2 2250, 1300
3 2000, 2500
4 2000, 4000
5 2500, 4000
|T | o 6 2500, 0
elp oK | i =
) 8 L
00y S
50) 10 v
| Load... | | Clear Vertexes |

3 | | L] 1 | | L | 1] 3 | | (] 3 | ] L | [ |-

rd Vertexes | | Verify Palygon |

Aera

| Help 0K | Cancel | II
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Top layer is an air box

[ 3D body editor %8 |Y[ Box Edition -

Mame  air_box Material |air "” Mesh | Mame |5h'3F'E1 |

Lower Corner ), 2.3, 2500

Transparency
o 83 100 Upper Corner 4000, 2.5, 2700
|
U LCS Origin 0,0,0
Box X Axi 1, 0,0
H-nlogcsed|= (| X s o
=~  History Box Y Axis 0,1,0

o (Add)Box::Shape 1

o] [ ) [

\%

Then two objects —
>

e \J S



5. Add array of elastic monopole source at the top edge of object, and
create an array of observers to record T, ,, and T, as following

au_zz»

|ﬁ B0 | R Bl I —] ﬂ|

i

Array of source on the
top edge of target 1

L e Y o

Array of source on the
top edge of target 2

6. Simulate the project, we get the transient T, ,, field on the sensor. The data
files for it are: B
Layered 2D 01 res\observers \ Layered 2D 01 obv_txx_ time.txt
Layered 2D 01 res\observers \ Layered 2D 01 obv tzz time.txt

These data will be considered as the signal for the time reversal

imaging case. 106



Part 2: Project for the time-reversal imaging

» we can “SaveAs” project “Layered 2D 0l.wnt” as “Layered 2D 01 tri.wnt”

» delete the original sources
» convert all observers to monopole sources

Then we get the project as

‘@ Obv_(07)_tau_x
@ Obv_{08)_tau_me
‘& Obv_(09)_tau_ue
‘& Obv_(10)_tau_xx
@ Obv_(11)_tau_so
& Obv_{12)_tau_me
‘& Obv_(13)_tau_ux
‘& Obv_(14)_tau_xx
‘@ Obv_(15)_tau_u
& Obv_{16)_tau_oe
‘& Obv_(17)_tau_ux
‘& Obv_(18)_tau_xx
‘@ Obv_(19)_tau_o
@ Obv_{20)_tau_oe
‘& Obv_(01)_tau_zz
‘& Obv_(02)_tau_zz
@ Obv_(03)_tau_zz
& Obv_{04)_tau_zz
‘& Obv_(05)_tau_zz

2 Pl e FOUEY oy e

m

NS
S S

Create Source

| I:ﬁ F..m[‘a..n-

Convert all observers to point sources

Load Source Pulse from File

Load Source Pulse from File - Advanced Mode

Delete All Sources

Converted sources array
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» Load signal to sources as the excitation pulse

..... ':-_ Part

Create Source
Create Constant Amplitude Line Current Source

Convert all cbservers to point sources

Load Source Pulse from File

+-4 || Exc iiI

Load Source Pulse from File - Advanced Mode

o Mat
ead T

Delete All Sources

Reverse trace time in loading

Do not need name matching

|

Al Can--

-

Select the 15t named
with Tau_xx source.
Load pulse from
data file:
Layered 2D 01 ob
V_tXXx_time.txt

/

I

===

All Sources

- Obv_(02)_tau_xx
- Obv_(03)_tau_xx
- Obv_(04)_tau_xx
- Oy _(05)_tau_xx
- Oy _(08)_tau_xx
- Ol _(07)_tau_xx
- Ol _(08)_tau_xx
- Oy _(09)_tau_xx
- Oy _(10)_tau_xx
- Obv_(11)_tau_xx
- Obv_(12)_tau_xx
- Obv_(13)_tau_xx
- Obv_(14)_tau_xx
- Obv_(15)_tau_xx
- Obv_(16)_tau_xx
- Obv_(17)_tau_xx
- Obv_(18)_tau_xx
- Obv_(19)_tau_xx
- Obv_(20)_tau_xx
- Obv_(01)_tau_zz
- Obv_(02)_tau_zz
- Obv_(03)_tau_zz
- Obv_(04)_tau_zz
- Obv_(05)_tau_zz
- Obv_(06)_tau_zz
- QObv_(07)_tau_zz

m

, DEtions

/

v

@ Do't need/é: match curve name

(note: the pwses will be assigned to the

Reverse the time sequence of pulse

Data File

Log

[ scale the pulse by factor: {kt)~ |0

(7 Use curve with matched name only
sources that follow the selected source)

[7] smoath Pulse

Log after load

Cancel

Load file
™~
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Select the 15t named
with Tau zz source.
Load pulse from
data file:
Layered 2D 01 ob
V_tzz time.txt

-

Load Pulse to Source

N S S S S S ——

&l Sources

- Cbw_(01)_tau_xx
- Cbw_(02)_tau_xx
- Cbw_(03)_tau_xx
- Qb _(049)_tau_xx
- Clbw_(05)_tau_xx
- Qb _(06)_tau_xx
- Qb _(07)_tau_xx
- Clbw_(08)_tau_xx
- Qb _(09)_tau_xx
- Qb _(10)_tau_xx
- Obw_(11)_tau_xx
- Obw_(12)_tau_xx
- Obw_(13)_tau_xx
- Obw_(14)_tau_xx
- Qv _(15)_tau_xx
- Qv _(16)_tau_xx
- Qv _(17)_tau_xx
- Qv _(18)_tau_xx
- Cbw_(19)_tau_xx
- Qb _(20)_tau_xx
- Qby_(02)_tau_zz
- Obv_(03)_tau_zz
- Cbw_(04)_tau_zz
- Qbv_(05)_tau_zz
- Obv_(06)_tau_zz
- Qbv_(07)_tau_zz

*

m

Options

(@ Do't need to match curve name

(7) Use curve with matched name only

(note: the pulses will be assigned to the sources that follow the selected source)

Reverse the time sequence of pulse [] smooth Pulse

[7]Scale the pulse by factor: (kt) |0

Data File

Log

Load file
[l

Cancel
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» define a 2D snapshot for imaging

Snapshot area

i irtfy

--@ Voxels
=-[8 Snapshots

Create Face Snapshot

I

%

1l

Edit Face Snapshot

(=5

Name

Plane Location {mm)

Low Carner (x, v, Z)

High Caorner (x, v, z)

20,0, 0

3980, 0, 1900

Display Components
VX vy vz
[ toee [ tyy [ tzz
[ ey [ bez [Cltyz

For imaging purpose

Ok ] [ Cancel
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Simulate the project. After finish, we load the image with the
maximum energy.

[ Tools | Help

| Validate Design
Preprocessing

I Export ER Field

Build Material Library
Load Material Library

Save as Design Template

Load Design Template

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

Load WCT Imagimg Sohver Result

Calculate ECC for MIMO L .
Load WCT SEM Solver Result

Elastic wave Options

Load WCT Yoxel Data

7 Display 30 Volume Result/Data : : L J
Load WCT irmage from time reversal scheme

Special TEM Mode Waveport Solver Options -

Start Sirmualtion Manager \ / L -

License server

Clear Log
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We can see the maximum energy position match the source
array position.
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