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1 Introduction to the 2D Feature Selective Validation (FSV)
Theory

The 2D Feature Selective Validation (FSV) Tool is a standalone application that implements the
two dimensional (2D) FSV theory.

The 2D FSV Tool is as a joint project between:
Applied Electromagnetics Group, De Monfort Univ., Leicester, UK http://www.eng.dmu.ac.uk/aeg/

UAq EMC Laboratory, Univ. of L’Aquila, L’Aquila, Italy  http://www.diel.univaqg.it/labs/emc/
UMR EMC Laboratory, Univ. of Missouri-Rolla, Rolla, USA http://www.emclab.umr.edu

The 2D Feature Selective Validation (FSV) algorithm has been developed to compare two sets of
bidimensional (surface) data (not necessarily in the electrical engineering field) and put them in an
objective and comprehensible form.

Several motivations form the basis of FSV:
o The need to control variations between visual assessment results;
e The reduction of cost (a skilled engineer is an expensive commodity);
e The desire to reduce ambiguities;
e The inability of humans to process and cache extremely large volumes of data.

The FSV theory was conceived as a technique to quantify the comparison of data sets by mirroring
engineers’ visual perceptions.

Furthermore, FSV allows automated comparisons of large volumes of complex data whilst reliably
categorising the results into a common set of quality bands.

The FSV offers three figures of merit of the comparison of two data sets:

e ADM (Amplitude Difference Measure) and FDM (Feature Difference Measure). These are
available as numerical values and can be converted to a natural language descriptor in a six

level scale: excellent, very good, good, fair, poor, Very Poor. These combine to give the
GDM.

e GDM (Global Difference Measure). An overall single figure goodness-of-fit between the two
data sets being compared. This allows a simple decision to be made about the quality of a
comparison. This may be numerical or converted to a natural language descriptor

These figures of merit can be further represented in three different ways in order to quantify the
quality of the comparison performed:

e GDM;, ADM; and FDM,;. These are point-by-point comparisons of the amplitude differences,
the feature differences and the global differences. This allows a user to analyze the resulting
data in some detail, probably with the aim of understanding the origin of the contributors to
poor comparisons.

e GDM,, ADM,, FDM,. These give probability density functions which show the proportion of
the point-by-point analyses of each of the components that falls into the six natural language


http://www.eng.dmu.ac.uk/aeg/
http://www.diel.univaq.it/labs/emc/
http://www.emclab.umr.edu/

descriptor categories. This provides a measure of confidence in the single figure
comparisons.

e GDMy;, ADMyyt, FDMiot, GDMcont, ADMcont, FDMcont, GDMpw, ADM,w, FDM,y. These are
more synthetic figures of merits of the comparison and stem from an elaboration of the
variables described in the previous points. They are described in the next Chapter.

Based on these figures of merit, the comparison of two data sets can be ranked. The ranking, useful
for making a selection between multiple comparisons, is given by considering two quality factors for

each figure of merit. The GRADE and the SPREAD.

e The GRADE is a direct indication of the quality of the comparison. The smaller it is, the
better the comparison.

e The SPREAD indicates the level of reliability of the outputs. The smaller it is, the higher is
the reliability of the results.

e GRADE and SPREAD are computed for each figure of merit (ADM, FDM, GDM) and
reported on a GRADE-SPREAD chart.

1.1 The Two Dimensional Feature Selective Validation (2D FSV)
method

The structure of the 2D FSV involves reading the two data files to be compared and interpolating
them over common domain so that the data-points to be compared are coincident. This approach
ensures that like is being compared with like and will not affect the overall results unless the data are
severely under-sampled. It must be remembered that the purpose of the FSV is to mimic a visual
comparison and so long as any interpolation does not produce visually different results, this approach
is perfectly acceptable.

The actual comparison is based on decomposing the original data into ‘trend’ and ‘feature’
information. This is done by applying 2D Fourier Transform to the data and to window the
transformed data to separate out the lower and higher portions. The high and low portions are then
inverse transformed back into the original domain. Combinations of these filtered data sets and their
derivatives are used to compute the Amplitude Difference Measure (ADM) and the Feature
Difference Measure (FDM): which can be combined into the Global Difference Measure (GDM).

More specifically, the procedure is:

1. Read data, obtain the overlap surface window and interpolate the data, if necessary, in the
overlap region to ensure coincident pairs of data points. This ensures that the two data sets to
be compared have the same number of data points located at the same positions on the
independent (X,y) axes.

2. 2D Fourier Transform both data sets. Depending on the number of samples a Fast or
Discrete two dimensional transformation is used.

3. Calculate the ‘low’ data sets using the transformed data.

a. Ignore the circle with a radius of four data points in the transformed set (in order to
avoid DC and very low frequency components) and sum the intensities of the
remaining data. This assumes that the transform has resulted in DC at the centre
point.

b. Obtain a 40% location by summing the data from the annulus with an initial radius of
five points (i.e. ignoring the first four near-DC data as in 3a.) until the total reaches
40% of the total value calculated in step 3a. The ‘40%’ location used by the FSV is
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the lowest of the two resulting numbers (from the two original data sets). A ‘break-
point’ five data points above this is returned — a value that allows a comfortable
transition window between the low and the high results.

c. Window the transformed data for both data sets by taking a linearly decreasing
envelope from two points below the break-point to two points above it. Essentially,
low-pass filtering the transformed data.

d. 2D inverse transform the windowed data to give the ‘low region’ data for both original
data sets, they are named (L0s(X,y) and Lo(X,y).

4. Calculate the ‘high’ data sets using the transformed data. Repeat the process from 3c, by
applying the opposite envelope to the transformed data: essentially high pass filtering it.
These data is then inverse transformed to give the ‘high region’ data for both of the original
data sets. They are named Hiy(x,y) and Hia(X,y).

5. Calculate the ““DC” data sets using the transformed data. The ignored circle with a radius of
four data points in the transformed set in step 3a. is 2D inverse transformed and give the ‘DC
region’ data for both of the original data sets. They are named DC; and DC.,.

6. Calculate the ADM on a point-by-point basis. Each data set has N X M points identified by the
Cartesian coordinates (x;, y;)i=1,..., Mand j=1, ..., N. For sake of simplicity in the next
it will be used the notation (X; , y;) = (i,j). At an arbitrary data point (i,j), the ADM is
evaluated as in the following equation (1.1). This point-by-point variable is also abbreviated
as ADM;

ADM; (i, j) = ADM 4 (i, j)+(Cm -ODM, (i, J-)'ecm"ODM‘“’j)) (1.1)

where:

Lo, @i, )| - |Lo, (. )
Y (1.2)

i 2 2L b+ oxi )

ADM 4 (I, J) =

|DC, G, j)|-|DC, i, )|

—3"3'(bC,d, j)|+|pC, i, j)) '
MN 55
cm and ¢y, are weighting coefficients set equal to 1 (1.4)

ODMj(i,j) represents the contribution to ADM;(i,j) of the difference of offset between the two
original signals.

7. Calculate the single value of ADM. A mean value of the ADM(xi,yj) = ADM(i,j) gives an
overall, single figure, goodness-of-fit. It is obtained from the following equation



ADM i, j)

M=

>

= 1.5
DM (1)

MN
Note: a median value, rather than a mean value has demonstrated some improvements in

agreement with visual interpretations for 1D data, although this has yet to be determined for
2D.

Calculate the ADM confidence histogram. The range of values for the ADM, and, in fact, the
FDM and GDM can be divided into six categories, each with a natural language descriptor:
Excellent, Very Good, Good, Fair, Poor, And Very Poor. These are the terms that are most
often used in descriptions of the quality of comparisons. The confidence histogram, like a
probability density function, provides some intelligence as to how much emphasis can be
placed on the single figure of merit. There is some evidence to show that this mirrors the
overall group assessment of any data pair by a number of engineers. The determination of the
histogram is simply a case of counting the proportion of points that fall into one of the
categories, according to the rule base in Table 1.1.

Table 1.1 - FSV INTERPRETATION SCALE

FSV value | FSV interpretation | FSV  Visual six
(quantitative) (qualitative) point scale
Less than 0.1 Excellent 1

Between 0.1 and 0.2 | Very good
Between 0.2 and 0.4 | Good
Between 0.4 and 0.8 | Fair
Between 0.8 and 1.6 | Poor
Greater than 1.6 Very Poor

NN | (W

Calculate derivatives in preparation for the FDM calculation. The following components
need to be calculated: The first derivatives of the Lo(x,y) and Hi(X,y) data sets and the second
derivatives of the Hi(x,y) data sets. The derivatives accentuate the high rate-of-change
features in the original data and differences based on the derivatives are combined in the
determination of the FDM.

In 2D case the first and second derivatives are implemented in the following way:

2 2
‘LO;(X, y)‘ _ \/(aLoi(X,Y)j +(5L0i(x,y)J

OX oy
21 ;i 2 21: 2 (1.6)
i ()] = \/(a D y)] {a e ”J

We apply the Forward (FW) and Backward (BW) Euler schemes for the computation of the
derivatives at the edges of the domain and the centered one for the computation of the
derivatives inside the domain.

The FW Euler scheme is:



dLo _ Lo, j+1) - Lo, j)

—(,j) =
i () A
dy A
where i represents the rows of the matrix, j represents the columns and A is equal to 1.
The BW Euler scheme is:
dLo .. .. Lo(i,j)—Lo(i,j—1
90, jy - L0 )= Lotk =D
X A
dlo . .. Lo(i,j)—-Lo(i—1j)"
dio ;o Lo(i.j)~Lo(i~1. )
dy A
The centered Euler scheme is:
E(i i) = Lo(i, j+1)—Lo(i, j—1)
dx 2-A
E(i i) = Lo(i+1, j)—Lo(i—1,j)
dy 2-A

10. Calculate the point-by-point FDM. The FDM is formed from three parts based on the
derivatives calculated in step 9.

Lo, (%, y)| = |Lo; (x,Y)

I:DI (X5 Y) =
2 max ' ' (17)
N *M Z\Lol(x, y)\+\|-02(x, y)\
FD. (x,y) = M|~ [Hi ()
n (A 6 o -, (1.8)
N *M Z|H'1 (X, Y)|+|H|2 (X, y)|
FDy, (X, y) = |Hi1”(x7 y)|_|Hi2”(X»Y)|
’ 7 2 maz . . 1.9
o 2ol O]+ His 0 y) (1.9)

min

FDMi = 2*(FD, + FD, + FD,,) (1.10)

Being min and max the lowest and highest components (x,y) in the data sets.

11. Calculate the single value of FDM. This is done in exactly the same way as for the ADM.
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12. Calculate the FDM confidence histogram. This is done in exactly the same way as was done
for the ADM.

13. Obtain the point-by-point GDM value.
The GDM is premised on the ADM and FDM being largely independent, which means that:

finax
GDM = Z\/kADMLcm '(ADM i(%, y))2 +Keomi om '(FDM i (X, Y))2 (1.11)
Fnin

the weighting coefficients Kapm_cm and Kepwm_cm as at point 20.

14. Calculate the overall GDM value and the GDM confidence histogram. This follows the same
procedure as the ADM and FDM.

15. Determine the synthetic figures of merit ADMii, FDMio;, GDMyot. These variables are the
average of the point-by-point values of ADM, FDM and GDM respectively.

16. Determine the synthetic figures of merit ADMcon, FDMcont, GDMconr. These values are
computed by weighting the number of samples of the point-by-point corresponding variables
falling in the six classes of Table 1.1 with the associated weight of the visual six points scale
in the same Table.

XDM ., =1-(#EX)+2-(#VG)+3-(#G)+4-(#F)+5-(#P)+6-#EP) withx = AF, G (1.12)

conf

where # is the number of elements belonging to a class. The total value is then normalized to
the length of the Low/High array.

17. Determine the equivalent visual scale values ADMy, FDM,y, and GDM,,,. The FSV values

can be scaled to the Visual six point scale in Table 1.1. The piece-wise visual conversion for
this is given in Table 1.2, where y is ADMqt, FDMyo; or GDMyot.

Table 1.2 - Piece-wise visual conversion

Ify<0.1 Then V=1 +10y

Ify>0.1andy<0.2 Then V=2 + 10(y — 0.099)
Ify>0.2andy<0.4 Then V=3+5(y—0.199)
Ify>0.4andy<0.8 Then V=4+2.5(y—0.399)
Ify>08andy <1.6 Then V=5+1.25(y—0.799)
Ify>1.6Then V=6

The piece-wise conversion approach is represented by the graph in Fig. 1.1:



Visual Rating

17.

18.

19.

5_.

B
T

Visual Rating
[}
[

EP

\ 1 | | |
\ 1 1.5 2.5

Range of the classes
(X=A ,F.G)D Mtot

0.5

Fig. 1.1 - Piece-wise visual conversion graph.

Determine the GRADE value and range

The GRADE value is computed by taking the number of classes, starting from the best
(Excellent) to the worst (Extremely Poor), which include a user defined amount (named
“threshold” and set at 85 % by default) of the total samples of the data sets to be compared.
GRADE value ranges from 1 (best quality) to 6 (worst quality). The GRADE range is given
by considering the range of the classes included in the GRADE value computation.

Determine the SPREAD value and range

The SPREAD is computed by taking the number of classes, starting from the most
populated to the lowest one, which includes a user defined amount (named “threshold” and
set at 85 % by default) of the total samples of the data sets to be compared. SPREAD ranges
from 1 (best quality) to 6 (worst quality). The SPREAD range is given by considering the
range of the classes included in the SPREAD value computation.

Plot the GRADE-SPREAD chart

Each figure of merit (ADM, FDM, GDM) has associated with it a GRADE, SPREAD pair.
This pair is plotted on the GRADE-SPREAD plane, named GRADE-SPREAD chart (Fig.
1.2). The chart has colored regions: different colors indicate different quality of the
comparisons.
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Grade

— Gradesspread Chart

hiain menu ] [ Data display ]

Grade Spread Chart 1 ( threshold=85% - Kadm=1 Kfdm=1)

— Paints to plot
ADM

DM
GOM

— GradeiSpread thereshold

Threshold

| [
;

3 [}

Spread Export Figure

Fig. 1.2 - The GRADE-SPREAD coloured chart

20. Compute Kapm_cm and Kepm_cm
In forming GDM in (1.11) , the relative weight of ADM and FDM depends on their level of

confidence or reliability. Higher is the reliability (that is to say smaller is the value of
SPREAD) greater is the relative weight of one of them in GDM.
The following algorithm is used to compute the weighting factor kapm and Kepy in (1.11):

If Spread,, < Spread,,

then

KADM = 1

K., = Spread,, / Spread_,

Else if Spread,, > Spread,,
Then

KFDM = 1

K,, = Spread_, / Spread,,
Else
KADM = l
K., =1

FDM

1.2 The Combined Analysis for complex values

In the FSV 2D analysis the results of the comparisons of Magnitude and Phase can be combined and

weighted. This is the so called “combined” analysis.

FSV treats magnitude and phase parts of the data to be compared, separately throughout and
recombines them at the end. This way is as close a similarity as possible to the manner in which
engineers would approach the analysis of the magnitude-phase data. In a similar manner to the way
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visual decomposition into amplitude and feature comparisons are combined into an overall
conclusion, the magnitude and phase parts are considered separately and then weighted in the process
of forming an overall opinion.

The FSV analysis is performed, as in points 1. to 11. of the previous section, on the magnitude and
phase parts separately and recombined on a point-by-point (x,y) base (by using ADM and FDM
functions) through the K weighting factors according to:

ADM combined(X’ y) = \/Kmagnitude' ADMrﬁagnitude(X’ y) +K phase * ADM ghase(xﬂ y) (1 . 1 3)
FDM combined(x7 y) = \/Kmagnitude' FDMriagnitude(X’ y) +Kphase ’ FDMéhase(Xﬂ y) (1 . 14)

The K factors ranges from 0 to 1; they are related by the following constrain

K 1- Kmagnitude (1 1 5)

phase =

The GDM will combine the ADM and FDM without the inclusion of a separate weighting factor (this
has already been included in (1.13) and (1.14) ):

GDM _, pined(% Y) = \/ADMZ (% Y)+-FDM. ines (% Y) (1.16)

combined

1.2.1 K weighting factor

Kmagnitude» Kphase are the weighting factor (0 < Kiagnitude, Kphase < 1) representing the relative subjective
importance placed on the two terms. The selected values of K are also an important factor in
communicating the comparison because it relies on the engineers involved in rationalizing their
subjective decision. In certain applications, only the magnitude of the electromagnetic variable is
required, in which case setting Kuagnitude = 1 (Kphase = 0) reduces these equations to those previously
described. In other applications both the magnitude and phase are equally as important. For example,
a wrong equivalent circuit could result when there is perfect agreement in the magnitude but a small
difference in the phase. In this case, it would be anticipated that Kmagnitude ,Kphase = 0.5 would be
appropriate.

The FDM is treated in the same way using the same weighting factor. The GDM will combine the
ADM and FDM as before without inclusion of a separate weighting factor (this has already been
included in the component measures).

The output variables of the Combined analysis are the same than those illustrated in points 12. to 20.
of the previous section.

Moreover the user can select more than one pair of K weighting factors for each analysis as is
described in 3.4.2.1.

Based on this algorithm the FSV Tool has been developed as a standalone application for Windows
OS.
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2 How to Install

2.1 System Requirements

The 2D FSV Tool is developed to run under WINDOWS 2000 or Windows XP, It has not yet been
tested on WINDOWS VISTA.

2.2 Installation

The 2D_FSVxxX.zip file (xxx indicates the number of the version) contains all the needed parts of the
2D FSV Tool.

Method 1: users that have a version of MATLAB installed:

1. Check if a MATLAB compatible version is installed in your system:
- type in matlab prompt: version
- if the output is: “7.1.0.246 (R14) Service Pack 3 your machine is able to run
2D FSV. Otherwise see the Method 2.

2. Unzip the content of the .zip file 2D _FSVxxx.zip in the installation directory (i.e. 2D FSV”)
and double click on *“fsv2d.exe™.

3. In the zip package it is also provided an icon file (.ico) to create a desktop shortcut for the
“fsv2d.exe” file according to the standard Windows’ procedure.

Method 2: users that do not have MATLAB installed or an earlier MATLAB version than from
7.1.0:

To run 2D FSV to another development machine that does not have MATLAB 7.1.0 installed
(including a machine that has MATLAB but it is a different version of MATLAB 7.1.0) the users
must install the MCR (Matlab Component Runtime library) ver. 7.3 if it is not already installed on
the user machine.

1. Get the package MCRInstaller.exe from http://ing.univaq.it/uagemc/2D _FSV 2 0 0/, that is
the MCR ver. 7.3 bundled with MATLAB 7.1.0.246 (R14 SP3).

2. Run MCRInstaller.exe once on the target machine, that is, the machine where you want to run
the application. The MCRInstaller opens a command window and begins preparation for the
installation. Then the MCR Installer wizard appears, click Next to begin the installation and
follow the instructions on the GUIL

3. Unzip the content of the .zip file 2D_FSVxxX.zip in the installation directory (i.e. “2D_FSV”)
and double click on “fsv2d.exe”.

4. In the zip package it is also provided an icon file (.ico) to create a desktop shortcut for the
“fsv2d.exe” file according to the standard Windows’ procedure.

Note for Windows Users: You must have administrative privileges to install the MCR on a target
machine since it modifies both the system registry and the system path.

Running the 2D FSV after the MCR has been set up on the target machine requires only user-level
privileges.
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3 Run FSV Tool

3.1 Initial Window and analysis

Run the FSV Tool from the .exe in the installation directory or double-click on the desktop icon.
When FSV Tool is started, an initial window appears (see Fig. 3.1). The user may choose any of the
major functions desired.

) 2D FSY 2.0.5L

FSV PROCEDURE ANALYSIS

UAq EMC Labhoratory O TIME DOMAIN

DMU Applied Electromagnetic Group

UMR EMC Laboratory (O FRECUEMCY DCORAIR

NOTE TO THE USER Quit

All the figures {fig) and ASCI files
{txt) are generated in the working directony.

The figures are not displayed on the screen.
ASCI files should be read by spreadshest Plot Results Read Me
programs (l.e. WordPad) to not altering the
tabulated format.
License

Fig. 3.1 - Initial window (Main menu)
The major functions are:

Select the analysis mode in the ANALYSIS selection box

Run FSV: run an 2D FSV analysis (see Chapter 3)

Quit: exit the program

Plot Results: display results of previous analysis without running a new one (see Section 5.3)
Read Me: display this document

License: display the license dialog GUI (Chapter )

S

To run the first analysis the user has to select an analysis mode by using the radio button in the
ANALYSIS selection box.
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) 20 FSV 2.0.5L

FSV PROCEDURE

UAg EMC Laboratory

DMU Applied Electromagnetic Group

UMR EMC Laboratory

ANALYSIS

) FREQUEMNCY DORAIN

NOTE TO THE USER

All the figures {fig) and ASCI files

{txt) are generated in the working directony.
The figures are not displayed on the screen.
ASCI files should be read by spreadsheet
programs {i.e. WordPad) to not altering the
tabulated format.

Run FSY Gluit

Plot Results Read Me

License

Fig. 3.2 - Selecting the Time Domain analysis

e TIME DOMAIN: time domain analysis is performed on two set of data that are generic

Amplitude values.

e FREQUENCY DOMAIN: frequency domain analysis is performed. In this case FSV requests

the type of frequency analysis to perform by the following dialog window:

) rsv2.0.2 [2]0)K]

— Freguency domain analysis, ——

hagnitude

Phase

Combined

Fig. 3.3 - Frequency analysis menu

0 Magnitude: the data input are magnitude values.
0 Phase: the data input are phase values

0 Combined: the 2D FSV combined analysis performs two FSV analysis (magnitude

and phase) and combines them in a unique result.

Note: though in the TIME DOMAIN — Amplitude analysis and in the FREQUENCY DOMAIN —
magnitude and phase analysis 2D FSV applies an identical algorithm, the tool requests to specify the
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nature of the input data to be specified in order to use an appropriate terminology and graphic
presentation.

3.2 Output data folder

Push the button Run FSV. Now FSV Tool requests the directory to select where the output data files
will be saved.

Sfoglia per cartelle @@

Select Folder For QUTPUT Data

@' Desktop -~
B Docurmenti
= j Risorse del computer
e Disco locale (C:)
Lok Unita DVD-RAM (D)
A Disco [ocale (E:)
%@ Disco locale (F)
L2k Unita DYD (G2
(e Documenti condivisi
[ Documenti - carlo

— Tl o

'

[Crea nuovYa cartella] [ (04 l [ Annulla ]

Fig. 3.4 - Window for selecting the destination directory

In the selected destination directory the FSV Tool will create a subdirectory named “Time Domain
Analysis x” (or “Frequency Domain Analysis x”) in which the output files will be stored (see
Chapter 7). ‘X’ is an incremental number to distinguish the subdirectories.

3.3 Input data loading

After that FSV requests the input data files to analyze according the analysis mode chosen in initial
window.

FSV analyzes two set of data at a time in a normal computation and four set of combined data: i.e.a
pair of Magnitude-Phase or real-imaginary set of data, in a combined analysis.

TIME DOMAIN:
e Amplitude. Two set of data at a time are analyzed: Amplitude 1 — Amplitude 2.
FREQUENCY DOMAIN
e Magnitude. two set of data at a time are analyzed: Magnitude 1 — Magnitude 2.
e Phase: two set of data at a time are analyzed: Phase 1 — Phase 2.
e Combined. four set of data at time are analyzed at a time. Each dataset is given by two
components, Magnitude and Phase: (Magnitude 1 and Phase 1) — (Magnitude 2 and Phase
2).
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As described in section 1.2, 2D FSV performs the comparison between the

corresponding component:

1) Magnitude 1 — Magnitude 2

2) Phase 1 — Phase 2
For each set of data FSV requests to specify the input format of the datasets by the GUI of Fig. 3.5.
At the present time they are three: MATLAB FSV ASCII, CST ASCII (from CST SUITE 2008 in
www.cst.com) and EZ-FDTD (a 3D full wave FDTD code from www.ems-plus.com) (see Chapter

6):
) i Fsv 2.0.4[2 0[] ) 20 Fsv 2.0.4[2 ] [01|[X]

— Select format for set 1: — =elect format for set 2

Matlak FSY A5CI Matlak FSY ASCI
CET ASCH CET ASCH
EZ-FOTD EZ-FOTD

Fig. 3.5 — GUISs select input format for set 1 (left) and set 2 (right)

See Chapter 4 for detailed data loading procedure to follow for each analysis mode.

3.4 2D FSV Computation

3.4.1 Non combined data

The FSV Tool performs its calculations in the background.

Elaborating data 1 of 1... 0% [0:00:18]

Started at 17:18:18, cpu time used: 0:00:02
Fig. 3.6 - 2D FSV progress bar

Once this has been completed, the user is prompted to use or decline the GDM weighting procedure
(outlined in point 20 of the Section 1.1) or not.
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http://www.cst.com/
http://www.ems-plus.com/

) Compute k_ADM & k_FDM 2 ][C1|(X]

Do you wwart GOM wweighting?

Fig. 3.7 - Window for selecting the GDM weighting.

At the end of the calculation a new question is issued, as in the next figure.

J 2D FSV Analysis Ended M=

Do you wwant's

Fig. 3.8 - Window at the end of a complete 2D FSV analysis of a pair of data sets.

If it is answered Load New Data, then the 2D FSV Tool back to Initial Window (Fig. 3.1) and is
prepared for a new analysis.
If it is answered View Results the figures of the results are shown (see Section 5.2).

3.4.2 Combined data

The FSV Tool performs its calculations in background.

J 35% 2D FSY 2.0.3

Elaborating data 1 of 2... 35% [0:01:04]

Started at 9:18:43, cpu time used: 0:00:05
Fig. 3.9 - Progress bar of combined analysis

In the case of combined analysis, for each component comparison, FSV calculates ADM, FDM, and
GDM separately and for each one is issued to use the GDM weighting procedure:
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) Compute K_ADM & k_FDM (2] %] B -/ Compute K_ADM & k_FDM =3

Do you wwart GOM weighting for Dataset 17 Do you wwant GOM seeighting for Dataset 27

|YES| |NO| |YES| |NO|

Fig. 3.10 - Windows for selecting the GDM weighting in combined analysis

3.4.2.1 K weighting factor

After the GDM weighting procedures FSV requests to insert one or more Kumagnitude, Kphase Weighting
factors (see section 1.2). The user can choose the value of the K factors by means of a GUI dialog:

) K weighting factor |:||:|rz|

— Enter a walue beetwen 0 and 1 in the windowes or move the slider

K-maghitude
| 0.5 q | | 3 |

K-phaze

| 05 4| | ,|
_ Cortinue Analysis

Fig. 3.11 - K weighting factor choice GUI

it can be directly inserted the value of Kmagnitude OF Kphase and automatically the other one is computed
according to (1.15). The default value for Kmagnitude and Kphase 1s 0.5.

Press Add K button to add a new pair of K weighting factors:

19



) K weighting factor |:||:.[X|

— Enter a value beetwen 0 and 1 in the windowws ar move the slider
K-magnitude
| 05 ¥ | | b |

K-phase

| os /| | b
IKvalugsadded] | ok | | continue analysis |

Fig. 3.12 — One value of K weighting factor added

At least one pair of K weighting factors must be entered in order to continue analysis, then the

Continue Analysis button is enabled.
The counter in the bottom-left orange box gives the number of K weighting factors added:

) K weighting factor

— Enter a value beetwen 0 and 1 in the windowes or move the slider

K-magnitude
| 0.2 q | | y |

K-phase

[os | 4 [ ]
2 Kvalues added [ Al K Hc.:-ntinue .ﬂ-.nalysis]

Fig. 3.13 - Two value of K weighting factor added

When all K are inserted is possible to run the analysis for each K by pressing Continue Analysis
button:

) 62% 2D FSV 2.0.3 M=

K weighting 1 of 2... B2 % [0:00:14]

Started at 10:02:40, cpu time used: 0:00:08
Fig. 3.14 - Progress bar of K weighting procedure

The GUI prevents the insertion of a pair of K weighting factors that have already been added, or
where invalid values of K are being entered, (0 < Knagnitude,Kphase < 1), and displays these warnings:
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) Warning... ) Warning...

& K walue already present | & Eormustbe 0<=K <=1

Fig. 3.15 - K Warning Dialogs

At the end of the calculations a new prompt is issued as in the next figure.

J 2D FSV Analysis Ended M=

Do you wwant's

Fig. 3.16 - Window at the end of a complete 2D FSV analysis of a pair of data sets

If it is answered Load New Data, then the 2D FSV Tool back to Initial Window (Fig. 3.1) and is
prepared for a new analysis.
If it is answered View Results the figures of the results are shown (see Section 5.2).

4 Input Data Loading

The current 2D FSV release take can be chosen from MATLAB FSV ASCII, CST ASCII and EZ-
FDTD formats. For the data structure of the input files see Chapter 6. In this examples we assume
that input data are stored in FSV-Matlab 3D structure. Then each set is given by two files: data file
and domain file.

4.1 Domain and data requirements

Consider a dataset with a domain on X and y axes of respectively NxM points. In the non-combined
analysis two data sets are compared: first of all 2D FSV calculates the overlay window of the input
data by finding lower and upper bound of the two domains. If the intersection of two domains isn’t
empty the resulting domain values are interpolated using the minimum of the punctual steps of the
two original domains.

But there are two checks to perform:

1. Condition 1: Absolute minimum size. In order to correctly build the Low and High

filter the data size for each dimension is lower limited by a minimum value that
depends by the DC cut-off radiusThe total minimum size is given by:
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2*(DC+12)-1
If DC=4 the minimum data size for each dimension is 31 points.

The error messages of the GUI are:

J 2D FSV 2.0.4 ERROR!

Error uging ==> Interpolation

Can't apply 200 FSY on thiz dataset!

The synchronized domain haz not enough points on Axis = o define the
L HI Filker Arrap!

Fig. 4.1 — Error Message GUI for insufficient points on X axis

J 2D FSV 2.0.4 ERROR!

Error uging ==> Interpolation

Can't apply 200 FSY on thiz dataset!

The synchronized domain haz not enough points on Axis Y o define the
L HI Filker Arrap!

Fig. 4.2 - Error Message GUI for insufficient points on y axis

2. Condition 2: High filter realizability. The breakpoint value cannot be greater than a
certain value to allow the building of high filter.

The error message of the GUI is:

) 2D FS¥ 2.0.4 ERROR! Ml=E3

Error uzing ==3 fev2d> cutoff
Can't apply 20 F5% an thiz datazet
The Breakpoint iz too cloze o the edge of the domairn.

The HI Filter Array cannaot be defined.

Fig. 4.3 - Error Message GUI for breakpoint greater than BK .«

Only for the combined data:

In the combined analysis two pair of data sets are compared, i.e.:

1) Magnitude 1 — Magnitude 2

2) Phase 1 — Phase 2

For each pair of data sets, 1) and 2), the previous above two condition must be valid, in addition, to
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be correctly combined, the domain of each Magnitude and Phase parts must be identical. In the
example Magnitude 1(2) domain must be identical to Phase 1(2) domain.

4.2 Dimensional units for the domain

To compare two sets of data whose domains have different dimensional units it is needed to specify
the dimensional units for each domain. After having selected an input data set (domain and data files
or only data file depending on the format), 2D FSV displays the following GUI:

) Dimensional units for the domain E”E'E'

— =&t dimenzional units:

W Axis Y Az

Datnain 1 |cm w | ||:rn w |

Fig. 4.4 — “Dimensional units for the domain” GUI (set 1 domain)

The dimensional units can be chosen among: “per unit” (use this for not-dimensional data), m, cm,
mm, pm, nm, ft, inch, mils:

J Dimensional units for the domain E”E'E'

— et dimenzional units:

X Axiz Y Axiz

Datmain 1 |cm W[ |cm W |

per unit

:

Firn
Wi
Fitri
ft
inch

rril

Fig. 4.5- “Dimensional units for the domain” GUI (set 1 domain)

The default settings are cm for both axis.

Selecting “per unit” on one axis causes the other to be automatically set on “per unit”. Deselecting
“per unit” on one axis causes the other to be automatically set on the default settings “cm”.

Moreover selecting “per unit” for set 1, the set 2 is automatically set as “per unit” (because one
cannot logically compare a not-dimensional domain with one with the axes in some units); in this
case the “Dimensional units for the domain™ GUI is not displayed for the second set. FSV 2D does
not accept the comparison between a not-dimensional domain and a dimensional one.
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} Dimensional units

for the domain |Z||E|[E|

— =&t dimenzional units;

K Axis

Dimen<sional units of Domain 2 are
automatically set as "per unit"

Y Axis

Fig. 4.6 — “Dimensional units for the domain” GUI (set “per unit”)

Note that for EZ-FDTD data loading the dimensional units of the domain are directly set in the “EZ-

FDTD data import” GUIL

4.3 Loading MATLAB FSV ASCII format

This format can be used when data coming from different sources have to be compared. Both data
are converted in this MATLAB format and then they are imported into FSV.

In this format each set is given by two files: data file and domain file (see Section 6.1).

Then for each set of data it must be loaded two file, first domain file and then data file.

An example of loading one MATLAB FSV ASCII set is:

1. Select the first file (i.c. Data_1_domain.txt) containing the domain set as in Fig. 4.7:

Select Amplitude Domain 1 (MATLAB FSV ASCII)

Cerca in: | | data_examples

- & B o E-

E] Data_1{peaks), kxk
S Dakta_1_domain.bxt
E] Daka_2{peaks) . bxk
E] Diaka_Z_domain. kxt
E] Dakta_3{peaks+2).bxt
E] Daka_3_domain, kxk

E’] Data_4{peaks_axismirrored), bxk
E’] Data_4_damain. bxk

E’] Data_Sipeaks+2).bxt

[%j Data_5_domain. kxt

[%j readme_domain_skruckure, bxt

Mome file:  |Data_1_domain.tat

Tipo file: * bk

j Annulla

Fig. 4.7 - Window for domain files’ selection

2. Select the second file (i.e. Data_1_(peaks).txt) containing the data set as in Fig. 4.8:
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Select Amplitude Data 1 (MATLAB FS¥ ASCII)

Cerca i ||.ﬂI data_examnples j I-:-_:-i( -

[j='_'] Data_1(peaks).kxk

Igj] Data_4{peaks_axismirrored), bxk

E’] Daka_1_damain, bxk Ej Data_4_domain, bzt

E] Data_2(peaks), kxk Ej Data_S(peaks+2),bxk

E] Daka_2_damain, kxk E’] Data_5_damain, bxk

E] Daka_3(peaks+2).bxk E’] readme_darmain_struckure, kxk

E] Daka_3_domain. kxt

Morme file: |Data_1 [peaks).but

Fig. 4.8 - Window for data files’ selection

Tipo file;

Now it is requested to specify the dimensional units for the X axis and Y axis of the loaded domain
by means of the “Dimensional units for the domain” GUI (see Fig. 4.9). More info on this window
will be given in Section 4.2.

J Dimensional units for the domain |Z||E|E|

— et dimenzional units:

X Axiz Y Axiz

Datmain 1 |cm L | ||:m W |

Fig. 4.9 — “Dimensional units for the domain” GUI

The same sequence of windows is proposed for the loading of the second set of data (domain and
data).

4.4 Loading CST ASCII format

With this format it’s possible to import data from CST EM STUDIO. Each set is given by one file.
(see Section 6.2).

An example of loading one CST ASCII set:

1. Select the CST ASCII data file (i.e. cst_surface.dat) containing the set as in Fig. 4.10:
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Select Amplitude Data 1 (CST ASCII)
Cerca in: |lﬂ'cst_surfan:e j é= 5 Ef-

csk_surface_2.dat
csk_surface_3.dat
csk_surface_hig.dat

Marne: file: ||:st_$urfa|:e_2. dat
Tipo file: | * dat j Annulla |

Fig. 4.10 - Window for data files selection

Now it is requested to specify the dimensional units for the X axis and Y axis of the loaded domain
by means of the “Dimensional units for the domain” GUI (see Fig. 4.11). More info on this window
will be given in Section 4.2.

) Dimensional units for the domain |Z||E|[g|

— et dimenzional units:

WAz Y iz

Dotnain 1 |cm v| ||:m v|

Fig. 4.11 — “Dimensional units for the domain” GUI

The same sequence of windows is proposed for the loading of the second set of data (domain and
data).

4.5 EZ-FDTD format

2D FSV is capable to load a frame from an EZ-FDTD movie files as a surface and to compare it with

another EZ-FDTD frame or another surface from other formats.
Each EZ-FDTD data set is given by two files: model data file (.kmf) and movie-data file (.csv):

1. Select the EZ-FDTD model data file (i.e. dua-microstrip02.KMF) containing the parameters
of the structure of EZ-FDTD movie file:
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Select Amplitude Data Model 1 (EZ-FDTD})

Cerca in: |L'f} EZ-FDTD_data ﬂ &5 E9-

r E_ dual-raicroskrip0z, KME

Dacumenti
recenti

kit

Degktop
Documenti

Rizorze del
camputer

Rizorze direte  MNome file: |dua|-microstripD2.KMF ﬂ Apri |
Tipo file: |"_kmf ﬂ Annulla

Fig. 4.12 — EZ-FDTD model file loading

2. Select the movie file (i.e. MVXY12EZ.CSV ) containing the sequence of frames coming from
the EZ-FDTD analysis.

Select Amplitude Data 1 (EZ-FDTD)

Cercain: | () EZFDTD_data | & E3-

D

Documenti
recenti

7=
[
Desktop

Documenti

Risorze del
cormpuker

Riisorse direte  Marne fil: |Mser12E2.Cov S s
Tipo Ale: | e ﬂ Apnulla

Fig. 4.13 — EZ-FDTD movie-data file loading.

3. Then it is requested to specify which frame has to be loaded, among the total number of
frames that is automatically evaluated (Fig. 4.14, green box) and displayed to the User, from

the movie file and the dimensions of each elementary cell Ax and Ay of the frame. The
following GUI is displayed:
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) EZ-FDTD data import

— Input the followying information

The number of frames in the movie file iz 102

Entet the numbet of the frame ta load (1 = ar = 102)

Enter the dimensionz Ax and Ay of the elementary cell:
(they can be read in the input file)

Fit's 1 cHn

Filt) 1 | ||:m

Fig. 4.14 — EZ-FDTD data import GUI

In this GUI the User should specify the number of the frame that want to import and the dimensions
Ax and Ay.

As in the “Dimensional units for the domain” GUI (see Section 4.2) the dimensional units can be
chosen among a list: “per unit” (use this for not-dimensional data), m, cm, mm, um, nm, ft, inch,
mils:

J EZ-FDTD data import

— Input the following information

The number of frames in the movie file iz 102
Eriter the nutmber of the frame to load (1 = nr = 1020

Enter the dimenzions Ax and Ay of the elermentan cell
(they can be read in the input file)

ﬂ'.x:| 1 | i w
per unit
R

"
nrn
it
inch
tmilE

Fig. 4.15 - EZ-FDTD data import GUI (menu open)

If another EZ-FDTD frame is chosen as second dataset for comparison, the User is invited to repeat
the steps illustrated by Fig. 4.12 and Fig. 4.13. Then the “EZ-FDTD data import” GUI is displayed.
In this case the settings of Ax and Ay chosen for the first dataset (Fig. 4.14, blue circle) are
automatically used (Fig. 4.16, blue circle). The In this window only the number of the new frame
should be indicated (Fig. 4.16, red circle).
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J EZ-FDTD data import

— Input the follovwing information

The number of frames in the movie file s 102

= reger of the frame to load (1 = nr = 1027

the elementary cell

E dipp#fizions Ax and Ay of
[they can be read in the input file)
o 1 i
Loy 1 | |n:m

Fig. 4.16 - EZ-FDTD data import GUI (set 2)

4.6 Time domain analysis

) 20 FSY 2.0.5L

FSV PROCEDURE

UAg EMC Laboratory
DMU Applied Electromagnetic Group

UMR EMC Laboratory

ANALYSIS

() FREQUEMCY DOMAIN

NOTE TO THE USER

All the figures {(fig) and ASCI files

(-.t=t) are generated in the working directory.
The figures are not displayed on the screen.
ASCI files should be read by spreadsheet

programs {i.e. WordPad) to not altering the
tabulated format.

Run FSY Gluit
Plot Results Read Me
License

Fig. 4.17 - Selecting the Time Domain analysis
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In the TIME DOMAIN — Amplitude analysis after the Output data folder is set FSV Tool requests the
input data. In this example the input data files are in MATLAB FSV ASCII format.

Fig. 4.18Select the directory in which your data are located. For test purposes it can be used the
data_examples directory that is located in same folder of the main program “fsv2d.exe”. Select
the first file (i.e. Data_1 domain.txt) containing the first domain set as in Fig. 4.18:




Select Amplitude Domain 1 [(MATLAB FSV ASCII)

Cerca i | | data_examples

- & ® e E-

Igj Data_1{peaks), kxk
E] Data_1_damain, kxk
Igj Data_2(peaks), kxk
Igj Daka_2_damain, kxk
Igj Daka_3(peaks+2).bxk
E’] Daka_3_domain. kxt

Igj] Data_4{peaks_axismirrored), bxk
Igj Data_4_domain, bzt

Igj Data_S(peaks+2),bxk

Igj Data_5_damain, bxk

Igj readme_darmain_struckure, kxk

Morme file: |Data_1_u:|u:umain.t:-ct

Tipo file; * bk

j Annulla

Fig. 4.18 - Window for domain files’ selection 1

2. Select the second file (i.e. Data_1_(peaks).txt) containing the first set as in Fig. 4.19:

Select Amplitude Data 1 {MATLAB FSV ASCII)

Cerca i | |9 data_examples

x| = @ ek E-

(M| Data_1{peaks).bxt
Igj Daka_1_damain, bxk
Igj Data_2{peaks),kxk
Igj Daka_z# _damain, bxk
Igj Daka_3(peaks+2).bxk
Igj Daka_3_damain, kxk

Igj Data_4ipeaks_axisvmirrored) bxk
I*.%j Data_4_domain, txk

Igj] Data_S{peaks+2),kxk

Igj Data_5_domain, bxk

Igj readme_daomain_struckure, bxk

Mome file: |Data_1 [peaks).tat

Tipo file: * bt

j Annulla

Fig. 4.19 - Window for data files’ selection 1

3. Select the third file (i.e. Data_2_domain.txt) containing the second domain set as in Fig. 4.20:
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Select Amplitude Domain, 2 (MATLAB FSY ASCII)

Cerca in: | |~ data_examples

x|~ & ef E-

F.éj Data_l{peaks).bxt
rj Data_1_domain.kxk
rj Daka Z{peaks} Exk

rf] Data 3(peaks+2]l kxtk
m Data_3_domain, bxk

E] Dakta_4{peaks_axis¥mirrored) . bxk
E] Draka_4_domain, bxk

m Daka_S{peaks+2) kxk

E’] Drata_5_daomain, bxk

E’] readme_domain_struckure bxk

Mome file: |Data_2_u:lu:umain. bt

Tipa file:

ﬂ Annulla

Fig. 4.20 - Window for domain files’ selection 2

4. Select the fourth file (i.e. Data_2_(peaks).txt) containing the second set as in Fig. 4.21 :

Select Amplitude Data 2 (MATLAB FS¥ ASCII)

Cerca i | | data_examples

=« B et B

m Data_1{peaks).kxk
m Daka_1 d-:umaln kxk

m Daka 2 d-:umaln kxk
m Daka_3(peaks+2).bxt

Igj] Data_4{peaks_axismirrored), bxk
Igj] Data_4_domain, bxk

rj Data_S{peaks+2),bxk

Ej Data_5_damain, bxk

E’] readme_daomain_struckure, kxk

E] Daka_3_damain, kxk

Mome file: |Data_2[peaks].tﬁt
Tipo file: j Annulla

Fig. 4.21 - Window for data files’ selection 2

4.7 Frequency domain analysis
Again in the following examples the input data files are in MATLAB FSV ASCII format:

4.7.1 Magnitude

In the FREQUENCY DOMAIN — Magnitude FSV Tool requests two input datasets to compare.
Basically you can follow the same procedure as seen in TIME DOMAIN — Amplitude analysis:

Select the first file (i.e. Data_1_domain.txt) containing the first magnitude domain set,
Select the second file (i.c. Data_1_(peaks).txt) containing the first magnitude set,

Select the third file (i.e. Data_2_domain.txt) containing the second magnitude domain set,
Select the fourth file (i.e. Data_2_(peaks).txt) containing the second magnitude set.

b S
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4.7.2 Phase
In the FREQUENCY DOMAIN -FSV Tool requests two input datasets to compare.

Select the first file (i.e. Data_1_domain.txt) containing the first phase domain set,
Select the second file (i.e. Data_1_(peaks).txt) containing the first phase set,

Select the third file (i.e. Data_2_domain.txt) containing the second phase domain set,
Select the fourth file (i.e. Data_2_(peaks).txt) containing the second phase set.

=

4.7.3 Combined

In the FREQUENCY DOMAIN — Combined analysis FSV Tool requests two combined input sets to
compare.

1. Select the directory in which your data are located. For test purposes the
data_examples/combined_data directory that is located in same folder of the main program
“fsv2d.exe” can be used. Select the first file (i.e. Data_1_Magnitude_domain.txt) containing the

domain of component 1 of first combined set:

Select Combined Magnitude Domain 1 (MATLAB FSY ASCII) E|Pg|
Cerca in: |_JI combined_dada j = Ifi( ,

|‘.%_°°J Data_1_Magnitudelpeaks), bxt |‘§_‘] Data_?_Phaselpeaks_axisymirrored), b
S Data_1 Magnitude_domain, bxk réj Data_?_Phase_domain, txk

r.i] Data_l_Phaselpeaks+2), bt

r.;] Data_l_Phase_damain, bxk

r.;] Data_Z Magnitudelpeaks). bxt

E] Data_2_Magnitude_domain, bxk

£ *

Mome file: |D ata_1_Magnitude_dornain. txt
Tipo file: | * bt j Annulla

Fig. 4.22 - Window for domain files’ selection 1

2. Select the second file (i.e. Data_1_Magnitude(peaks).txt) containing the data of component 1 of
first combined set:
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Select Combined Magnitude Data 1 (MATLAB FSV ASCII)

PIX)

Cerca i | |3 combined_dada

-~ & et E-

[(4)Data_1_Magnitudeipeaks),txt
Igj Data_1_Magnitude_damain, bxk

Igj Data_?_Phaselpeaks_axisvmirrored), b
Igj Data_?_Phase_domain, bk

Igj Data_1_Phaselpeaks+2),txt
Igj Data_1 _Phase_damain.bxk

Igj Data_2 Magnitude(peaks), kxk
E’] Daka_2_Magnitude_domain. bxt

3 | >
Mome file; |Data_1_h-1 agnitudelpeak.z].tat
Tipa file: * bt j Annulla

Fig. 4.23 - Window for data files’ selection 1

3. Select the third file (i.e. Data_2_ Magnitude_domain.txt) containing the domain of component 1
of second combined set:

2IX

Select Combined Magnitude Domain 2 (MATLAB FSV ASCII)
- cF E-

Igj Data_Z_Phaselpeaks_axisymirrored)
Igj Data_z_Phase_domain, txk

Cerca i | |3 combined_dada

Igj Daka_1_Magnitudelpeaks), bk
I‘.";_w] Drata_1_Magnitude_damain, bxk
Ea] Data_1_Phaselpeaks+2),bxk
Igj Data_1_Phase_domain, bzt

Igj Diata_Z Magnitudelpeaks),bxk
EE:] Diata_Z Magnitude_domain, txk

< | >
Mome file: |Data_2_M agnitude_darair, bt
Tipo file: * bk j Annulla

Fig. 4.24 - Window for domain files’ selection 2

4. Select the fourth file (i.e. Data_2_Magnitude(peaks).txt) containing the data of component 1 of
second combined set:
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Select Combined Magnitude Domain 2 (MATLAB FSV ASCII) ]

Cerca in: |l.ﬂ combined_dada j 5 Ef-
Igj Data_1_Magnitudelpeaks), bxk |'°=j Data_?_Phaselpeaks_axisvmirrared). b
[%j Data_1_Magnitude_domain, bk I?I Data_?_Phase_domain, bk

rj Data_l_Phaselpeaks+2),kxt
rj Data_l F'hase u:In:nmaln txt

r;] Data 2 Magnltude -:Iu:umaln Exck

| .S

j Annulla

Tipo file:

;.
Mome file: |Data_2_|'v1 aghitude(peak £].txt

Fig. 4.25 - Window for data files’ selection 2

5. Select the fifth file (i.e. Data_1_Phase_domain.txt) containing the domain of component 2 of first
combined set

Select Combined Phase Domain 1 (MATLAB FSY ASCII) HE]
Cerca in: ||.ﬂI combined_dada j £ Ef-
Igj] Data_1_Magnitudelpeaks), bxt I'éj Data_?_Phaselpeaks_axisymirrored), b
Igj Data_1_Magnitude_damain, bzt I'%j Data_?_Phase_domain, txk

Igj Data_l_Phaselpeaks+2), bt
E] Data_1 _Phase_damain, bxk
Igj Data_Z Magnitudelpeaks). bxt
E’] Data_2_Magnitude_domain, bxk

< | >
Mome file: |D ata_1_Phaze_domain.kxt
j Annulla

Fig. 4.26 - Window for domain files’ selection 3

Tipo file:

6. Select the sixth file (i.e. Data_1 Phase(peaks+2).txt) containing the data of component 2 of first
combined set:
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Select Combined Phase Data 1 (MATLAB FS¥ ASCII)

Cerca i | |3 combined_dada

-~ & et E-

Igj Data_1_Magnitude(peaks),kxk
Igj Data_1_Magnitude_damain, bxk

Igj Data_?_Phaselpeaks_axisvmirrored), b
Igj Data_?_Phase_domain, bk

[ Data_1_Phasepeaks+2).bxt
Igj Data_1 _Phase_damain.bxk

Igj Data_2 Magnitude(peaks), kxk
E’] Daka_2_Magnitude_domain. bxt

3 | >
Morme file: |Data_'l_Phase[peaks+2].t:-:t
Tipa file: * bt j Annulla

Fig. 4.27 - Window for data files’ selection 3

7. Select the seventh file (i.e. Data_2_Phase_domain.txt) containing the domain of component 2 of
second combined set:

?X

Select Combined Phase Domain 2 (MATLAB FS5¥ ASCII)
M cF B~

|'§J Data_?_Phaselpeaks_axisymirrored). b
_domain. kxk

Cerca in: | | combined_dada

Igj Data_1_Magnitudelpeaks), bxk
Igj Data_1_Magnitude_domain, bxk
Igj Data_l_Phaselpeaks+2),kxt
Ej Data_1_Phase_domain. bxt

Ej Data_2_Magnitudelpeaks). bt
EI Data_Z_Magnitude_domain, bxk

[=1=]

SfData_2 Ph

3 | >
Mome file: |Data_2_F'hase_du:umain.t:-:t
Tipao file: * bt j Annulla

Fig. 4.28 - Window for domain files’ selection 4

8. Select the eighth file (i.e. Data_2_ (peaks_axisYmirrored).txt) containing the data of component 2
of second combined set:
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Select Combined Phase Domain 2 (MATLAB FSY ASCII) |E|[z|
Cerca in: |lﬂ' combined_dada j 5 Ef-

E’] Data_1_Magnitudelpeaks), bxk r‘=':| Data_?_ Phaselpeaks_axisymirrored).
E] Data_1_Magnitude_domain, bk r;j Data_?_Phase_domain, bk

r.éj Data_l_Phaselpeaks+2),kxt

r.éj Data_l_Phase_domain, bk

r.éj Data_2 Magnitudelpeaks), bxt

F.éj Data_2_Magnitude_domain, bxk

¢ | >
Mome file: |Data_2_F'hase[peaks_axistirrnred].t:-ct
Tipao file: | * bt j Annulla

Fig. 4.29 - Window for data files’ selection 4

4.8 Invalid input data loading

e When input data files are not entered in the correct order (in the case of Domain-data file
structure), or the file selected contain invalid data or structure an error dialog is displayed:

) 2D FSY 2.0.4 ERROR! A=l

INWALID INPUT DATASET!
Errar using == D ataload:favaszci
INVALID DOMAIN FILE SELECTED!

Fig. 4.30 - Error window for invalid input data loading

e  When in the combined analysis, the domain of each Magnitude and Phase parts of a given
combined set is not identical in every sample this error dialog is displayed:

J 2D FSV 2.0.3 ERROR! =3

INWaLID IMPUT DATASET!
Error uging ==2 Interpolation
Cornbined domain misratch

Fig. 4.31 - Error window for Combined domain mismatch

After an error data loading occurs FSV stop the current task and returns back to the Main menu (3.1).
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4.9 Summary GUI

At the end of the data loading procedure, it is displayed a summary of the loaded data and domain’s
settings:

) 2D FSY Inputs Data Summary

— Input Data Summary

SETH

FORMAT. CST ASCH

Dbl FILE: cst_surface_ 2 dat
DATA FILE: cat_surface 2 .dst
WAXIS mm

YARIS mim

SET 2

FORMAT: EZ-FDTD

Dibal FILE: W31 2EZ CEY
DATA FILE: bW 2EZ . CSW
WA i

YA mim

Edit Dimensional Units

If the data are correct press Continue athervvise press Main Menu
to abort the analysis and go back to the initial window:

Main Menu ] ’ Continue

Fig. 4.32 — Summary GUI

For each data set it is specified:

FORMAT: the format of input data;

DOMAIN FILE: name of the file that containing the domain;
DATA FILE: name of the file that containing the data;

X AXIS: dimensional unit set for the X axis

Y AXIS: dimensional unit set for the Y axis

At this point the user can start the analysis pressing Continue, to go back to the initial window
pressing Main Menu or to adjust the dimensional units pressing Edit Dimensional Units button.

Choosing Edit Dimensional Units it is displayed the following GUI:
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) Dimensional units for the domains |Z||E|[z|

— Set dimensional units:
W Axis Y Axis
Darnain 1 |rnrn v| |mm v|
Damain 2: |mm v| |mm v|
[] &l axes are in: I:I
[ Discard ] [ Apply ]

Fig. 4.33 — Scaling of domain’s dataset GUI (summary)

In the top four popup menus it can be specified the dimensional unit for each axis of the two
domains.

The dimensional units can be chosen among: “per unit” (use this for not-dimensional data), m, cm,
mm, pm, nm, ft, inch, mils.

Selecting “per unit” on one axis causes the other three are automatically set on “per unit”.
Deselecting “per unit” on one axis causes the other three are automatically set on default settings

(13 2

cm

Checking the option “All axis are in” the above menus are disabled and the bottom popup menu is
enabled. Here it can be set the same dimensional unit for all the two domains:

) Dimensional units for the domains |Z||E|[z|

— Set dimensional units:
W Axis Y Axis
Darnain 1 | | | |
Damain 2: | | | |
&l axes are i [l
[ Discard ] [ Apply ]

Fig. 4.34 - Scaling of domain’s dataset GUI (All axes)

When done click Apply to save the changes or Discard to ignore the changes.
Combined analysis summary

For the combined data analysis is displayed an expanded version of summary GUI:
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) 2D FSY Inputs Data Summary

— Input Data Sumemary

SETH

FORMAT: CST ASCH

DOMAIM FILE: c=t_surface_2 dat
DATA FILE: cat_surface_2.dat
WAKIS: o

YANIS: cm

SET 2

FORMAT: Matlab FSW ASCH
Disbdalk FILE: Data_1_dornain txd
DATA FILE: Data_1({peaks) txd
wAKIS cm

YA cm

SET 3

FORMAT. CST ASCH

Dbl FILE: cstzurface_1 .cat
DATA FILE: catzurface_1 .cat
WANIS cm

Y AKIS cm

SET 4

FORMAT: MatLab FSW ASCIH
Dbl FILE: Data_2_dornain txt
DATA FILE: Data_2(peaks) bt
WA cin

Y AXIZ cm

Edit Dimenzional Units

If the data are correct press Continue ctherwise press Main Menu
to abott the analysis and go back ta the intial window:

flait Menu ] ’ Continue

Fig. 4.35 - Summary GUI in combined analysis

and an expanded version of Scaling of domain’s dataset GUI:
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) Dimensional units for the domains g|ﬁ|g|

— =et dimenzional units:

WAz Y Axis
Datnain 1: | W |Cn w
Datnain 2; |cm W |cm b
Datnain 3; |cm W[ cm w
Dotnain 4: |cm W[ |cm w
[] &l axes are in:
[ Dizcard ] [ Ay ]

Fig. 4.36 - Scaling of domain’s dataset GUI in combined analysis

5 The Data Display Tool

5.1 The Results GUI

The Data Display Tool is an application embedded in the FSV Tool that allows the user to visualize
the relevant FSV variables associated with the comparison of two datasets. The Data Display Tool
plots the data contained in the .mat files generated by the FSV procedure.

The Data Display Tool allows the visualization of the two original data sets and of the FSV variables
associated at the FSV analysis performed.

The three buttons on top of the GUI are:
e Main menu: back to the FSV main window analysis (Fig. 3.1)
e Data Display: display the main results GUI panel
e Grade/Spread chart: display the Grade/Spread chart panel.

5.1.1 The Data Display panel
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J Input Dataset 1: Amplitude (MatLab FSY ASCII - MatLab FSY ASCII) |
File Edit “iew Insert Tools Desktop ‘Window Help LY

Deds h RAaO® € 08 8O
Amplitude Data 1 Amplitude Data 2
[}

) 12D FSY 2.0.4 Results

Main e ] [ Drata display ] [ GradeiSpread chart ]
— Data Display
1 T T T T 1 T T T T
049r . 08t e
08+ e 08t e
07 - B (I 3 n
0B - B (I3 B
05+ B st -
0.4+ s 04t B
03r B 03f R
02r L nzf B
01+ B 01 B
1] L L L L 1] L L L L
] 0.2 0.4 0.6 0.8 1 ] 0.2 0.4 0.6 0.8 1
Eciit Figure: ] [ Export Figure Edit Figure: ] [ Export Figure

Titne Dotnain Analysi Titne Dotnain Analysi

(O ADMi () ADhc

() FDM () FOMc

() GDMi () GO

[ Hide legend ] Hide synthetic figures [ Hide legend  [[] Hide synthetic figures

Fig. 5.1 - The original data window and main Data Display Tool window

In the main window of the Results GUI there are two drawing areas:
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¢ Drawing box: area in which the graph are displayed.

o Export Figure button: take a screenshot of the currently graph displayed. The displayed
graph is exported in PNG format. The figure is saved in a file, located in the subdirectory
inside the selected directory for output data, with the name of the displayed FSV variable.

e Edit Figure button: open the current graph, displayed in drawing box, in a new window (Fig.
5.2) with the full figure toolbar to inspect and analyze the figure.

e Selection box: select the graph to display in corresponding drawing box from ADMi, FDMi,
GDMi, ADMc, FDMc and GDMc radio buttons.

Hide legend checkbox: hide the legend textbox in the ADMi, FDMi and GDMi graphs.
Hide synthetic figures checkbox: hide the annotation textboxes in the ADMc, FDMc and
GDMc graphs.

File Edit “ew Insert Tools Deskiop ‘Window Help

DS K RAaM® € (08B » O

ADMi

Armplitude

0.4-F

0.2-G
0.1-%G
0-E

Fig. 5.2 — ADM,; in the Edit Figure GUI
Select the radio-buttons on the bottom-left frame to display one variable (ADMi, ADMc, etc.). After

this selection the radio-buttons on the opposite bottom-right frame are enabled for selection of
another variable to be displayed:
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) 2D FSY 2.0.4 Results

Mait menu } [ Data display ] [Grade!Spread chart ]
— Diata Display
ADMi
-Excellent (0,0.1] 1.6-%P 0.35 . . HEple
|-very Good (0.1,0.2]
| [-Good (0.2,0.4] ADMtot = 1.50824 ADMconf= 4.41289 ADMpw = 5.08654
. !|Fair (0.4,0.8] 1.4
“\E -Poor (0.8,1.6] G
' |-Wery Poor (1.6,inf)
: T : o)
1.0
@
s
El
= s
g2 0.8-P
e
0.6
0.4-F
0.2-G
0.1-%G
0-E
Eudit Figure ] [ Export Figure [ Edit Figure ] [ Export Figure
Titne Dornain Avnalysis———— Time Dotnain Analysis
(&) ADMi ADME ADM (%) ADhic
) FOMi () FDMc () FOMi () FOMc
() GOMi () GOMe () GDMi () GOMe
[ Hide legend  [] Hide synthetic figures [ Hide legend ] Hide synthetic figures

Fig. 5.3 - Data Display Tool with graphs displayed

ADMi, FDMi, GDMi

At the left of each 3D graph, ADMi, FDMi, GDMi, a colorbar is displayed. The bottom of the color
scale is associated with 0 (Excellent values) and the top with 1.6 (Extremely poor values). Then the
labels of the colorbar are 0-Excellent, 0.1-Very Good, 0.2 Good, 0.4 Fair, 0.8-Poor and 1.6 Extremely
Poor.

Moreover inside the graph a legend is displayed that associates one of the six natural language
descriptor categories to each range of values.

ADMc¢, FDMc¢, GDMc¢
This is a graph with six vertical bars, one for each six natural language descriptor categories.

In the top of graph is displayed xDMtot, xDMconf, xDMpw values (x = A,F,G) in a yellow textboxes
(see Section 1.1).

5.1.2 Grade/Spread chart

By selecting the Grade/Spread chart button, the FSV Grade/Spread chart appears (see Section 1.1).
All variables are displayed on the chart for the default threshold of 85%.
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<) 2D FSV 2.0.4 Results

Manmenu | [ Datadisoley | [(Bredeipiead chan;

— GradeiSpread Chart

Grade Spread Chart 1 { threshold=85% - Kadm=1 Kfdm=1)

— Poirts to plot
ADh

FOM

Grade

GO

— GradeSpread thereshold

Threshold

Y ——
L= I

3 i}

Spread Export Figure

Fig. 5.4 - The GRADE-SPREAD coloured chart

e The value of threshold currently used and the kapm and kepw used in forming GDM (eq. 1.11)
are shown above the GRADE/SPREAD chart.

o Export Figure button: take a screenshot of the currently graph displayed. The displayed
graph is exported in PNG format. The figure is saved in a file, located in the subdirectory
inside the selected directory for output data named with the value of the threshold.

e Points to plot checkboxes: select the GRADE/SPREAD points to plot from ADM, FDM and
GDM.

e Grade/Spread threshold box: from this section, the threshold can be modified entering the
new value in the appropriate text field or moving the slider, and pushing the “Update” button.
The new values of GRADE and SPREAD are computed, and the variables can be displayed
on the chart.

5.2 Displaing the results at the end of an FSV analysis

At the end of an FSV analysis it is possible to visualize the results of the last FSV analysis performed
by selecting “view results” in the end analysis GUI (Fig. 3.8). The Data Display Tool starts and
automatically loads the data of last FSV analysis performed. For combined analysis it loads the
results relating the last K weighting factor used.
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J Input Dataset 1: Amplitude (MatLab FSY ASCII - MatLab FSY ASCII)

File Edit “iew Insert Tools Desktop ‘Window Help LY
DS h RO ¢ 0B =5 O3
Amplitude Data 1 Amplitude Data 2
[

) 2D FSV 2.0.4 Resulis

Wit memnu ] [ Drata display ] [GradeJSpread chatt ]
— Data Dizplay
FOmai
-Excellent (0,0.1] 1 BWP 035 i . cialle
,very Good (0.1,0.2] .
-._ 1 [Good (0.2,0.4] GDMtot = 1.65780 GDMconf = 4.71537 GDMpw = 6.00000 Kadm = 1.00
“-Fair (0.4,0.8] 1.4 : i
| -Poor (0.8,1.6] 53 ~idm - 1.00
<7~ ! [-Very Poor (1.6,inf)
4 e B L 1.2
e 0.25
3 1.0
i}
3 0.2
B2 0.8-P
- 015
1 0.6
0.1
0.4-F
0.2-G 0.05
0.1-WG
0-E a
*
Edit Figure | [ Export Figure [ EstFigue | [ ExportFigure
Time Domain &Analysis——F Time Domain Analysis
() ADMi () ADMc () ADMi () ADMe
G Db (O FDMe FOM ) FOMG
() GO GO () GOMi () GOMC
[Hide legend  [] Hide synthetic figures [Hide legend  [] Hide synthetic figures

Fig. 5.5 - The original data window and main Data Display Tool of last analysis performed

5.3 Displaing the results from the initial window

The Data Display Tool is an application embedded in the FSV Tool that allows the user to visualize
the relevant FSV variables associated to the comparison of two datasets. The Data Display Tool
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plots the data contained in the .mat files generated by the FSV procedure. It can be started from the
initial window by selecting the Plot Results (Fig. 3.1) option without running an FSV analysis.

<) | 2D FSY 2.0.4 Results

Mait menu ] [ Data display
— Data Dizplay
1 T T T T 1
0.8- - 08t
0.8+ - 08 -
0.7+ - 07+
0.6+ = 06+
0.5+ = 04+
0.4+ = 0.4+
0.3+ = 03+
0.2F = 02+
01F = (13-
] L ! L L 1} L L L L
0 0.2 04 0.6 0.8 1 1] 0.z 0.4 0.6 0 1
Edit Figure: ] [ Export Figure Ediit Figure: ] [ Export Figure
Titnz Domain Analysis————————— Time Dotnain Analysis
loaddata———
|7 [ Foier1 | [ Foderz
[JHidelegend  [] Hide synthetic figures ' [JHidelegend ] Hide synthetic figures

Fig. 5.6 - The Data Display Tool window before selecting the directory in which the .mat files are
contained

After the initial window of the Data Display Tool appears on the screen, select the folders
(directories) containing the FSV Tool output data to be displayed. They are contained in .mat files.

The User can select a directory for Folder 1 and a different directory for Folder 2 by pressing the
corresponding button. The selected plots will appear in the corresponding windows (left side for
Folder 1, right side for Folder 2). In this way it is possible to load and visualize two different FSV.

e non-combined analysis: select the automatically generated subdirectory inside the selected
directory for output file (see Section 3.2). The names of these subdirectories are “Frequency
Domain Analysis x” (or “Time Domain Analysis x’’), in which x is an incremental number to
distinguish the subdirectories.
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If the

issued:

Sfoglia per cartelle @

Select Folder for analvzed data 1

I Time Domain Analysis 57 #
I Time Domain Analysis_58
I Time Domain Analysis_59
I Time Domain Analysis_60
I Time Domain Analysis_g1
I Time Domain Analysis_62
ER® ] Tirne Domain analysis 63

I Sthrs_S0 =
] GSthrs _70 3
T —
< .
[Crea nuowva carkella ] [ (04 l [ annulla ]

Fig. 5.7 - Selecting a "Time Domain analysis" output folder

combined analysis: select the automatically generated subdirectory “Frequency Domain
Analysis x” inside the selected directory for output file (see Section 3.2) and then select the
subdirectory “K_factor=x" named with the value of the Kmagnitude parameter used.

Sfoglia per cartelle

Select Folder for analvzed data 1

I Frequency Domain &nalysi ~
I Frequency Domain Analysi
=] Frequency Cromain .ﬁ.nalyﬂ

[h GSthrs 85 -
I K_Facter=0.5
= IC3) Frequency Domain Analysi
# 125 K_factor=0.4
# |25 K_factor=0.5

[ T -

Lo,
< [

[Crea nuova cartella] [ O, l [ Annulla ]

Fig. 5.8 - Selecting a combined "Frequency Domain analysis" output folder

.mat file is not found in the selected directory or an invalid .mat file is found a warning is
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) Warning...

Mo walid .mat file found in selected folder

Fig. 5.9 - Data Display Tool warning.

5.3.1 Data Display

In the following example a Time Domain analysis in Folder 1 and a combined Frequency Domain
analysis in Folder 2 are shown (Fig. 5.10):

J | Input Dataset 1 {Folder 1) |’._||’E|E|
File Edit Wiew Insert Tools Deskbop ‘Window Help N

Pedae k| eams €08 =O

Armplitude Data 1 Armplitude Data 2

[ Input Dataset 1 (Folder, 2) |Z”E|E‘ ‘ZHE'E'
File Edit Wiew Insert Tools Desktop ‘window Help £ File Edit Wiew Insert Tools Desktop Window Help ~
DEHa| k| aads| (08 =0 DEH&E|: ®Ra®s ¢ 0H| =0
Magnitude Data 1 x1Els Magnitude Data 2 Phase Data 1 x1Us Phase Data 2
5 1.5 5
w10 : %10 .
i e fo
(S M
0s e F
0
o
-0.5
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<) 2D FS¥ 2.0.4 Results

Main enu ] [ Drata display ] [ Grade/Spread chart
— Data Display
ADMi ADMi
-Excellent (0,0.1] 1B6-%P -Excellent (0,0.1] 1. B%P
: -Wery Good (0.1,0.2] : -Yery Good (0.1,0.2]
' |-Good (0.2,0.4] -. ! |-Good (0.2,0.4]
. !|-Fair (0.4,0.8] 1.4 “ri-Fair (0.4,0.8] 14
§ \E -Poor (0.8,1.6] ' . \E -Poor (0.8,1.6]
! |-Wery Poor (1.6,inf) g . !|'very Poor (1.6,inf}
' (S T 12 Pdid -~ A Vi e i)
12422771
1.0 S A 1.0
® o 104.
= 2% 8
= =
g 0.8-p oL 6l 0.8-P
LS =
4.
06 0.6
2
0.4-F 0.4-F
025 0.2-G
01-vG 0.1-%G
3 0-E 0-E
¥ m) X (my £ X (my
l Edlit Figure: ] [ Export Figure [ Edlit Figure ] [ Export Figure
Time Dormain Analysi Combined Analysis (K=05)
(5 ADMi () ADMc Load dsta ) ADMi O ADMc
() FDM () FDMc () FOM () FOMc
[ Foer1 | [ Foer2
() GOMi () GOMe () GO () GOMc
[ Hide legend  [] Hide synthetic figures : [ Hide legend [ Hide synthetic figures

Fig. 5.10 - Data Display Tool after selecting two folder

5.3.2 Grade/Spread chart

Selecting the Grade/Spread chart button, the user has the option to select which output data should

be considered for the GRADE-SPREAD chart: from the radio buttons of the Select chart selection

box (Fig. 5.11).
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) 2D FS¥ 2.0.3 Results

Main menu ] [ Drata display
— Grade/Spread Chart
1 T T T T T T T T T
— Select chart
0.9 —
() Falder 1 chart
Folder 2 chart
0.8~ — o
0.7+ =
— Pairts to plot
0al d ADM
FOM
05 = DM
0.4+ —
— Grade/Spread thereshold
03 = Threshald
4 a
0.2 —
83 % Undate
01 —
0 1 1 1 1 1 1 1 1 1
] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Export Figure

Fig. 5.11 - Window of the Grade/Spread charts

) 2D FSV 2.0.4 Results

Main menu ] [ Data display ] [Grade!Spread chatt ]

— GradeiSpread Chart

Grade Spread Chart 1 { threshold=85% - Kadm=1 Kfdm=1)

— Select chart

(O
() Folder 2 chart

— Puirts to plot
ADh

FOM

Grade

GOM

— GradeiSpresd thereshold

Threshold

] [+
EnE

5 B

Fig. 5.12 - Selecting Grade/Spread chart of Folder 1 data
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Selecting one chart is possible to independently update the threshold or the points to be displayed:

<) 2D FSV 2.0.4 Results

Main menu ] [ Data display ] [Grade!Spread chatt ]

— GradeiSpread Chart

Grade Spread Chart 2 { threshold=85% - Kadm=1 Kfdm=1)

— Select chart

() Folder 1 chart
— Poirts to plot
ADh
FOM
@
E
& GO
— GradeSpread thereshold
Threshold
4 +
s L
KR Update

3 i}

Spread Export Figure

Fig. 5.13 - Selecting Grade/Spread chart of Folder 2 data
6 Input Data Structure

6.1 MATLAB FSV ASCII format

6.1.1 Introduction

The aim of this section is to describe the MATLAB FSV ASCII format of the input data for the use
of FSV 2D from ver. 2.0.2 on, and to show how to generate this format by using MATLAB.
Two cases are considered:

e Case 1: the function z = f(x,y) is computed directly in MATLAB;

e Case 2: function z = f(x,y) is generated (computed, measured, etc.) outside MATLAB.

In both cases MATLAB is used to recast the data in a proper format for input to FSV 2D , as
described in Section 6.1.4.
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6.1.2 Case 1: Set of data computed directly in MATLAB
Using MATLAB, generate a surface z:
z=f(xy) (6.1)

The first task is to define the range of the domain along the x and y directions, and then to compute
f(x,y) at these points. Three steps are required:

1. Set the limit values for the X axis Xmin , Xmax » and the Y axis, Ymin , Ymax- 1hen define the
incremental steps for X and y as Ax and Ay respectively.

2. Generate the x and y vectors that represent the domain of the z = f (x, y) function:

X axis:
Matlab Code:
X = X P AX X (6.2)
y axis:
Matlab Code:
(6.3)

y = ymin : Ay : ymax

The command lines (6.2) and (6.3) generate a row vector X (y) from Xmin (Ymin) t0 Xmax (Ymax), Step AX
(Ay).

Next, calculate the size of the vectors x and y; this can be done by the MATLAB built-in function
length( ):

Matlab Code:

Ly =length(x) , L,=length(y) (04

3. Transform the domain specified by vectors x and y into a format that MATLAB can accept in
order to evaluate functions of two variables and to generate mesh/surface plots.
This is performed by a specific MATLAB command:

Matlab Code:

[X,Y] = meshgrid(x,y); (6.5)

The output of meshgrid( ) are two matrices X and Y:
e X is a matrix whose L, rows are copies of the x vector (whose length is Ly). The dimensions

of X are then Ly x L,.

e Y is amatrix whose Ly columns are copies of the transposed y vector (whose length is Ly).
The dimensions of Y are then Ly x L.
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4. The values of z= f(x,y) can be now computed. They will give rise to the Z matrix whose

dimension are Ly x L, . An example of computation of z = X +y? is

Matlab Code:
Z = X N2 + Y. N2

At this point one can plot or store the surface data given by the matrices (X,Y,Z).

Matlab Code:
mesh(X,Y,Z2);

(6.6)

(6.7)

The matrices X, Y and Z are now ready to be cast in the proper format for FSV 2D. This is described

in Section 6.1.4.

6.1.3 Case 2: Set of data generated outside MATLAB
Given the function
z="f(xy)

Which has been evaluated (computed, measured, etc.) by the user outside MATLAB.

(6.8)

The user has to build the correct association between the values of X, y and z in MATLAB format in

order to plot the surface data.

1. First set the domain values by defining the limits for the X axis, Xmin , Xmax , and the y axis, Ymin

, Ymax- The samples along x and y can be uniformly spaced or non-uniformly spaced.

e samples uniformly spaced: the step is AX for the X values and Ay for the y values. The x and

y vectors that represent the domain are generated as:

X axis:
Matlab Code:
X = X S AX X o
y axis:
Matlab Code:

y = ymin : Ay : ymax

(6.9)

(6.10)

e samples nonuniformly spaced: the user has to manually enter the values for X and y axes.

X axis:
Matlab Code:
X =[X,%y,..., X, ]

y axis:
Matlab Code:
Y=[y1, y29~"7ym]
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In this case FSV 2D, during import procedure, sets automatically the AX (Ay) for the X (y)
values to the minimum step between the X samples (y samples). Then recalculate the X (y) domain
values and interpolates the z axis values.

For further use it is required to evaluate the dimensions of the vectors x and y; this can be done by the
MATLAB built-in function length( ):

Matlab Code: (6.13)
Ly = length(x) , L, = length(y) ’
2. Now one has to transform the domain specified by vectors x and y into a format that

MATLAB can use to evaluate functions of two variables: this is performed by the following
MATLAB command:

Matlab Code:

[X,Y] = meshgrid(x,y); (6.14)

The output of meshgrid( ) is two matrices X and Y:

e X is a matrix whose L, rows are copies of the x vector (whose length is L,). The dimensions
of X are then Ly X L.

e Y isamatrix whose Ly columns are copies of the transposed y vector (whose length is L,).
The dimensions of Y are then Ly X L.

3. The values of z= f(x,y) should be cast in matrix Z (L, x Ly) in a proper order. The order of
the matrix elements is given in (6.15)

f(xlsy1) f(xzayl) f(XLX,Y1)
f(Xl,yz) f(xzaY2) f(XLX’yZ)

: : . : (6.15)
f(XpyLy) f(szyLy) f(XanyLy)

e At this point one can plot or store the surface data given by the matrices (X,Y,Z) by using the
command

Matlab Code:

mesh(X,Y,2); (6.16)

The matrices X, Y and Z are now ready to be cast in the proper format for FSV 2D. This is described
in Section 6.1.4.

6.1.4 Building the proper data format for FSV 2D

Assume that the matrices X, Y and Z have been defined as in the previous sections. Now they should
be cast for proper FSV 2D input.

FSV 2D requires, for each one of the two surfaces that should be compared, two input files.

The first file is the Domain file which contains the X and y values (on which the z values are
computed). The structure of the Domain file is described in the following figure:
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Row 1 Row 1 Row 1 Row 1
Col 1l ColL, |Coll Col Ly
Row Ly Row Ly | Row Ly Row
Col 1 ColL, |Coll L,
Col Ly
) X domain A Y domain g

Fig. 6.1 - Structure of the of the Domain file

The X and Y domain values are placed side by side and then stored in ASCII format. This file is
created by the following MATLAB command that writes data into an ASCII file:

Matlab Code:

XYDomain = [X Y] % place X,Y values side by side (6.17)
dimwrite("Domain.txt", XYDomain, “delimiter®, °“\t");

The first argument of dImwrite() is the output filename, the second argument is the data to be
stored in the ASCII file, and last argument specifies the delimiter character (in this case the tabular
character).

The second file required by FSV 2D, for each one of the two surfaces to be compared, is the data
file, that contains the values of the previously defined matrix Z. This is done by the following
MATLAB command line:

Matlab Code:

dimwrite("Data.txt",Z, delimiter®, *“\t","precision”,
"%.4F"); (6.18)
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The first argument of dImwrite() is the output filename, the second argument is the data to be
stored in the ASCII file, the third argument specifies the delimiter character, and the last argument
specify the number of decimal digits.

The pair of ASCII files , Domain.txt and Data.txt (their names can be defined by the user), define
completely one surface in 3D space; then for each surface to be compared, FSV 2D needs a pair of
ASCII files Domain.txt and Data.txt.

Repeating entire procedure for the second surface to be compared you obtain others two files:
Domain_2.txt and Data_2.txt.

At this point you can run FSV 2D and make a comparison of the two surfaces using as input files:
Domain.txt and Data.txt, for the first surface and Domain_2.txt and Data_2.txt for the second surface.

6.2 CST ASCII Format

In CST EM STUDIO is possible to define an arbitrary section of an EM simulated field and get the
field value in each point of that surface. This surface has to be exported in ASCII format to be used
as input for 2D FSV.

6.2.1 Exporting CST Surface

This procedure is tested on CST STUDIO SUITE 2006B. The 2D FSV import procedure works
with section of EM field obtained from a plane normal to one of the axis versor.

1. Load a simulation obtained by CST STUDIO SUITE 2006B,
2. In top bar go under Results — Template PS and Post Processing, the GUI of Fig. 6.2
appears:

10 Resultz | 0D Results

!.-’-‘-.-:Iu:l new postprocessing step... L |
: i“HesuI.t. harme Templéte hame f.‘-.:f.alllue

1 | B-Field [60)_Mormal_2D Evaluate Field in arbitrary Coon 0000856239
Y E-Ficld (50)_Abs_2D valuate Field in arbitrary Caar] 0543386

[Settings... ][ Delete ][Duplicate J[ Evaluate J 1+ I ik ‘[ Delete Al J [Evaluate .-‘-‘-.IIJ

[ Cloze ] [ Help ]

Fig. 6.2 — Template Based PostProcessing window
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3. Select 0D Results tab, then from drop down menu (Fig. 6.3) select Evaluate fields in
arbitrary coordinate(0D, 1D, 2D, 3D). Clicking on this item appears the preferences panel
Evaluate 0D/1D/2D/3D of (Fig. 6.4):

Template Based Postprocessing

| 10 Results| 0D Results |

+ 00 Malue fram 10 Result

+ 00 Walue from 20 30 Plot

+ Mix 0D Results

Calculate Force and Tomgue
EvaluateFisld it arkitiam Coordinates (0D, 100 20 30
Evaluate Field or predefined Curve
E valuate Field or predefined Face
et Capacitance

Get Double Result Entry

Get Double BesultWalue

Get Inductance L

Get Mumber of Meshcells

LF - Get Coil Woltage

LF - Get Double Result Enty

LF - Get Diouble Fasult Yalue

LF - Get Takal Lossés h

LF - GetMolage Source Impedance

l Cloze I [ Help

Fig. 6.3 — Add PostProcessing step drop down menu

4. From the Evaluate 0D/1D/2D/3D GUI panel :

1. In the Calculation Range section select :

- Dim:=2D , the dimensions of the section;
- Coord. System: = Cartesian;
- WCS: = global (xyz);
- Normal: is the versor of cartesian axis normal to the plane used for the section, Y in this
example;
- Sampling: 2-normal, level of the spacing between the samples.
- (X/Y/Z)max, (X/Y/Z)min: Set the edges for the 2D domain. Note that in the example Y is
the versor normal to the plane, so for this axis it’s only needed to specify the distance from the
origin.

ii. In the Evaluated Field and Component section set:

B-field [60]

- Component: Abs, take the module of the field value
- Complex: Real Part

iii. The Result Value section set Maximum2D.

When done press OK button.
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e

£33 Evaluate OD/1D/2D/3D

Calculation B ange
Drirn; Coord. System; []5elect Solids S alids,
| D v | | cartesian v | [ ] max. range
WiCS: FInin; HInas:
| global [xpz] |-| |I
Mormal: b
|v v [h2 |0.0
Sampling: Emir; EMar
| 2-nomal W |-$ |I:I
Evaluated Field and Compornent A ezult Y alue
'B-Field [60] v| | Masimum-2D v
Component: Complex:
|,.f.-.,|:.3 W | | Real Part " |
[ Ok ] [ Cancel ] [ Help ] [DrawF‘nints ] LDatafiIe...] [Lu:ugfile... ]

Fig. 6.4 — Settings of Template Based PostProcessing

Now from Template Based PostProcessing GUI run the process pressing Evaluate button.
When the calculation ends back to Settings GUI and press Datafile button to get the CST

ASCII data file (Fig. 6.5). Save this with .dat or .txt extensions. Now the data is ready to be
used in FSV 2D tool.
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I® Prova_em*20070703121812 PM.dat - Blocco note

File Madifica Formako  Yisualizza  #
= Y Z Fieldwvalue voxelsize "

-4, 48359E+02 201 -1.43359E+02 4.2133e-08 1.0394E-03
-4, 4839E+02 201 -1.4017E+02 4.2340E-068  1.0394E-03
-4, 4830E+02 201 -1.36594E+02 4.2525%E-06 1.0394E-03
-4, 4839E+02 201 -1.3372E+02 4.2711E-068 1.0394E-03
-4, 4839E+02 201 -130.5 4.28%0e-08  1.03%94E-03
-4, 4830E+02 201 -1.2728E+02 4.3059E-08 1.0394E-03
-4, 4839E+02 201 -1.2406E+02 4.3214E-068 1.0394E-03
-4, 4835E+02 201 -1.2083E+02 4.3368E-06  1.03%94E-03
-4, 48359E+02 201 -1.178lE+02 4.3522E-068 1.0394E-03
-4, 4839E+02 201 -1.1453%E+02 4.385%3E-08 1.0394E-03
-4, 4830E+02 201 -1.1117E+02 4.3788E-06 1.0394E-03
-4, 4839E+02 201 -1.0794E+02 4.3879e-068 1.0394E-03
-4, 4839E+02 201 -1.0472E+02  4.3992E-06  1.0394E-03
-4, 4830E+02 201 “101.5 4.4104E-08  1.0394E-03
-4, 4839E+02 201 -9, 82758E+01  4.41%3-068 1.0394E-03
-4, 4835E+02 201 -5, 5056E+01 4.4252E-06  1.03%94E-03
-4, 48359E+02 201 -9.1835E+01 4.4312e-08 1.0394E-03
-4, 4839E+02 201 -8.8611E+01 4.4371E-068 1.0394E-03
-4, 4830E+02 201 -8.53859E+01 4.4430E-06 1.0394E-03
-4, 4839E+02 201 -8.2167E+01 4.448%E-068 1.0394E-03
-4, 4839E+02 201 -7.85944E+01 4.4502E-06 1.0394E-03
-4, 4830E+02 201 -7.S722E+01  4.4505E-08  1.0394E-03
-4, 4839E+02 201 -7.25900E+01 4.4509%E-08 1.0394E-03
-4, 4835E+02 201 -H6.59278E+01  4.4512E-06  1.0394E-03
-4, 48359E+02 201 -a.8056E+01  4.4516E-08 1.0394E-03
-4, 4839E+02 201 -6.2835E+01 4.451%E-068 1.0394E-03
-4, 4830E+02 201 -5.96811E+01 4.4523E-06 1.0394E-03 3

Fig. 6.5 — CST ASCII output file

6.3 EZ-FDTD movie format

EZ-FDTD is another 3D full wave commercial electromagnetic CAD by EMS-PLUS (www.ems-
plus.com) based on the technique of Finite Difference Time Domain (FDTD).

With FSV is possible to load the output movie data file of a EM simulated field by this CAD . This
movie contains field values that have been sampled over time in the pre-defined movie plane. It
contains values over the movie plane for each time interval that was sampled. The movie file is used
in conjunction with the *.kmf (kernel movie file) file. Both the movie file(s) (MVxxx.CSV) and the
* kmf file are placed in the output directory (EZFDTD modelfilename). The *.kmf file has the
following information in it, which is used by the GUI to read and display the movie data:

Contents of .kmf file:
[KernelModelData]
FileVersion=EZ-KERNEL2.0
CompletedSteps= completedsteps
ModelSteps= modelsteps
TimeStepSize= timestepsize
MovieFrames{XY | XZ | YZ} loc = movieframes
MovieHeight{XY | XZ | YZ} loc = movierows
MovieWidth{XY | XZ | YZ} loc = moviecolumns
MovieTemporalDecimation{XY | XZ | YZ} loc = movietemporaldecimation
MovieMaxValue{XY | XZ | YZ}oc{E | H} {X ] Y |Z}=moviemaxvalue
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The movie data is stored in ASCII format and is comma delimited. The frame size is determined from
the *.kmf file.

7 Output Data Structure & Location

The output data files (.txt, .fig and .mat) and the screenshots generated by the user are stored in an
automatically generated subdirectory inside the selected directory for output file (see Section 4.6).
The names of these subdirectories are “Frequency Domain Analysis x” (or “Time Domain
Analysis_x”) in which ‘X’ is an incremental number to distinguish the subdirectories.

7.1 Data Structure

The main level of an output data folder appears like in Fig. 7.1:

J@sthrs_70 amplitude_analysis.mat
=) GSthrs_g5 41 amplitude_ADM: fig
[_)G3thrs_30 'B amplitude_a0Mi,fig
Ell amplitude_ADM_average, bk B.ﬁ.mplitude_DC_inputdata.Fig
=| Amplitude_ADMc, kxk B Amplitude_FOME.Fig
=| Amplitude_A0DMi,Exk @ amplitude_FOMI.Fig

=] amplitude_DC_inputdatal.txt 4] Amplitude_GDMC Fig
=] amplitude_DC_inputdataz.txt 4] Amplitude_GDMifig

=| Amplitude_Domain, bk @.ﬁ.mplitude_High_inputdata.Fig
=| Amplitude_FOM_average, bxk @.ﬁ.mplitude_inputdata.ﬁg

=| Amplitude_FOMe, bk @.ﬁ.mplitude_Ln:-w_inputdata.Fig
=| Amplitude_FOMi Exk @.ﬁ.mplitude_DDMi.Fig

=| Amplitude_G0M_average. bxt
=] amplitude_GDMe, Ext

=| amplitude_GDMi.Exk

=| amplitude_High_inputdatal .kxk
=| Amplitude_High_inputdataz kxt
=| Amplitude_inpukdakal, bxk

=| Amplitude_inpukdakaz, bxk

=| Amplitude_InpukPaths, bk

z] amplitude_Low_inpukdatal txk
=| Amplitude_Low_inputdataz bxk
=| Amplitude_QDMi,Exk

Fig. 7.1 - Output data folder for Time Domain — Amplitude analysis

All data files are saved in the main level of the output folder except in the combined analysis mode.
Grade/Spread data files are saved in appropriate subdirectories; their name is given by “GSthrs_x”, x
suffix is the threshold value used.

The .txt files are ASCII files':
e {Analysis mode} domain : contains the input domain after synchronization;
e {Analysis mode} inputdata; : contains the input data after synchronization;

" {Analysis mode} expands in {Amplitude, Magnitude, Phase, Combined} , {x} expands in {A, F, G}
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e {Analysis mode} DC_inputdata;: contains the DC Data used in the calculation of ADM, FDM
and GDM;

e {Analysis mode} Low_inputdata;: contains the Low Data used in the calculation of ADM,
FDM and GDM,;

e {Analysis mode} High_inputdata;: contains the High Data used in the calculation of ADM,
FDM and GDM;

e {Analysis mode} {x}DMi : contains the point-by-point values of FSV output;

e {Analysis mode}_ODMi : contains the point-by-point values of FSV output of offset
components,

o {Analysis mode}_{x}DMc : contains the confidence levels of the FSV output;

e {Analysis mode} {x}DM_average: contains the A/F/G-DMtot, A/F/G-Dmconf, A/F/G-
DMpw_conv values and when available the GDM weighting factors: Kadm, Kfdm.

o {Analysis mode} _inputpaths: contains the complete path of the input files used in the FSV run

The .fig files are MATLAB figure files:
e {Analysis mode} inputdata : figure of the input data after synchronization;
e {Analysis mode} DC inputdata : figure of the DC Data used in the calculation of ADM,

FDM and GDM;

e {Analysis mode} Low_inputdata : figure of the Low Data used in the calculation of ADM,
FDM and GDM,;

e {Analysis mode} High_inputdata : figure of the High Data used in the calculation of ADM,
FDM and GDM,;

e {Analysis mode} {x}DMc : confidence histogram,
e {Analysis mode} {x}DMi : figure of the point by point amplitude differences,
e {Analysis mode} ODMIi : figure of the point by point offset amplitude differences.

The .mat file, is MATLAB data file containing all the relevant FSV variables. It is the input file for
the Data Display Tool:
o {Analysis mode} Analysis: contains the analysis data in MAT format

The GSthrs_{x} subdirectories have this structure ( {X} is the threshold value ):

amplitude_GradeSpread_35.mat
amplitude_GradespreadChart_a5.fig
Ell Gradespread 55kt

Fig. 7.2 - Grade/Spread folder for Time Domain — Amplitude analysis ( {x}= threshold = 85%)

e Greadspread_{x}.txt: contains the values and the ranges of Grade and Spread for each FSV
variable: ADM, FDM and GDM .

e {Analysis mode} GradeSpreadChart_{x}.fig: figure of the Grade/Spread chart.

e {Analysis mode} GradeSpread {x}.mat: contains the Grade/Spread data in MAT format.

7.2 Non combined data
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In this case the output folder appears like in Fig. 7.1 and the Grade/Spread subdirectories like in Fig.
7.2.

7.3 Combined data

For the Combined analysis the output data are saved in subdirectories of the “Frequency Domain
Analysis” directory named with the value of the Kmagnitude parameter used.

At the top level of the output folder are saved the data files of the two components forming the
combined set as described in Section 7.1, except the Grade/Spread subdirectories that are saved in
relative “K” subdirectories.

)k _Factor=0.1 E_’l Phase_aDM_average,bxk @Magnitude_FDMc.Fig

)k _Factor=0.5 =_’| Phase_ADMc, kxt @Magnitude_FDMi.Fig

)k _Factor=0.5 =_’| Phase_aDMi, kxt @Magnitude_GDMc.Fig

|m| Combined_Darnain, bxk =_’| Phase_DiC_inpukdakal kxk @Magnitude_GDMi.Fig

=_,| Combined_InputPaths. kxt =_,| Phase_Di_inputdataZ. kxt @Magnitude_High_inputdata.Fig
=_,| Magnitude_ADM_average. bxk E_,l Phase_FDM_average.bxk @Magnitude_inputdata.ﬁg

';’l Magnitude_ADMC, Exk E_’l Phase_FDMc. Ext @Magnitude_mw_inputdata.Fig
=] Magnitude_ADMiExt =] Phase_FDMi.txt #-IMagnitude_0OMifig

';’l Magnitude_DC_inputdatal bk E_’l Phase_GDM_average, bxk @F‘hase_ﬁ.DMc.ﬁg

=] Magnitude_D_inputdataz bt (2] Phase_GDMe.bxt 4 |Phase_ADMi fig

':’l Magnitude_FOM_average.bxt =_’| Phase_GDMi,bxt @F‘hase_DC_inputdata.Fig

';’l Magnitude_FDMe, kxk =_’| Phase_High_inputdatal kxk @Phase_FDMc.Fig

';’l Magnitude_FOMi,Exk =_’| Phase_High_inputdataz kxk @Phase_FDMi.Fig

=_,| Magnitude_G0M_average. bxk =_,| Phase_inputdatal bxk @Phase_GDMc.Fig

=_,| Magnitude_G0MC. Ext E_,l Phase_inputdataZz bxk @F‘hase_GDMi.Fig

';’l Magnitude_GDri, bk E_’l Phase_Low_jnputdatal kxt @F‘hase_High_inputdata.Fig
'fl Magnitude_High_inpukdatal kxk E:l Phase_Low_inputdataz bxk @Phase_inputdata.ﬁg

';’l Magnitude_High_inpukdataz kxk E_’l Phase_CODMi, bxk @F‘hase_mw_inputdata.ﬁg
';’l Magnitude_inpukdatal kxk |i| Magnitude_Analysis, mat @F‘hase_@DMi.Fig

':’l Magnitude_inpukdataz kxk Phase_Analysis.mat

Z] Magnitude_Low_inpukdatal bxk @Magnitude_ﬁ.DMc.ﬁg
,|Magnitude_LDw_inputdataE.txt BMagnitude_ﬁ.DMi.Fig

=) Magritude_ODM;. bt 4| Magnitude_DC_inputdata.fig

Fig. 7.3 - Output data folder for Frequency Domain — Combined analysis

Combined_domain : contains the input domain after synchronization between all the four sets.

The K_factor={x} subdirectories have this structure ( {X} is the Kmagnitude value ):
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|_hi55thrs_85

E'] Combined_aDM_average, bxk
[Z] Combined_ADMe bxt

[Z] Combired_ADMiExt

E] Combined_FDM_average. kxk
[Z] combined_FOMe. bxt

[Z] Combined_FOMi.txt

[Ej Combined_GDM_average, bxk
[Z] Combined_GOMe.Ext

[Z] Combined_GOMitxt
Combined_analvsis.mat
@Camhined_ﬂ.DMc.Fig

4| Cambined _ADMi Fig
@CDmbined_FDMc.Fig

4| Cambined_FOMifig
@Cumbined_GDMc.Fig

4] Cambined _GDMifig

Fig. 7.4 - K factor={x} folder for Frequency Domain — Combined analysis

The data file structure and content is as described in Section 7.1. Note that all the data files relating
the input data are absent because they are saved in the top level of output folder (Fig. 7.3); moreover
the data files related to offset calculations (ODM) are absent because the offset computation is only

performed on input components.

8 Output Results

Consider two “Peaks” distributions as input data, in which Peaks 2 is the mirror image of Input data 1

with respect the v axis:

J [ Input Dataset 1: Amplitude (MatlLab FSY ASCII - Matlab ESY ASCII)

File Edit “iew Insert Tools Deskbop ‘Window Help

DedE W RAN® £ 0B =50
Amplitude Data 1

Amplitude Data 2

CEX

The significant FSV outputs are:

Fig. 8.1 — Input data example,
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e ADM: is a figure of merit of the comparison of amplitudes and trends of the two data sets to
compare (the lower the ADM, the better the comparison);

e FDM: is a figure of merit of the comparison of details (derivatives) of the two datasets to be
compared (the lower the FDM, the better the comparison);

e GDM: is a figure of merit of the combination of ADM and GDM.

These output can be at the end of the algorithm:
e XxDMi: values of (x = A,F,G)DM for each pair of samples of the two datasets to be compared.
An example of ADMi and FDMi is shown in Fig. 8.2:

<) 2D FSV 2.0.4 Results

Wit memnu ] { Drata display ] [GradeJSpread chatt
— Data Dizplay
ADMI FOmi
[Excenent (0,0.1] 1 BVP -Excellent (0,0.1]
L.=1777+1 [Wery Good (0.1,0.2] i.o-.l  |-Wery Good (0.1,0.2]
5 " Good (0.2,0.4] ! A . |-Good (0.2,0.9
ey ' Leel |Fair (0.4,0.8] 1.4 -Fair (0.4,0.8]
AT .7 b LPoor (0.8,1.6] g * |-Poor (0.8,1.61
S ' gt i1 |veryPoor (1.6,inf) 14l _ |-very Poor (1.6,inf)
' e AT T B T 1.2 S e
P : 1.2 a7 s
1.0 T 3
= 2 —
= el )
_E 0.8-P E ag. e |y
< =L )
0.4
0.6 it
0.2 it Al
0.4-F
2
0.2-G
0.1-vG :
0-E g
¥ . “
[ EstFigue | [ Expont Figure [ EstFigue | [ ExportFigure
Time Domain Analysis ——F Time Domain Analysis
(&) ADMi () ADMc i () ADMe
i: ) FDMe & FDME () FDMe
() GO () GDMe () GOMi () GDMc
[Hide legend  [] Hide synthetic figures [Hide legend  [] Hide synthetic figures

Fig. 8.2- An example of ADMi and FDMi

e XDMc: percentage of points in (x = A,F,G)DMi that fall in each of the six classes of Table 1.1
described in Chapter 1 (see Fig. 8.3)
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) 2D FSY 2.0.4 Results

hdain menu

]

(

Data display

] [Grade!Spread chart ]

— Data Display

0.35 T T

ADMe

ADMtot = 0.70116  ADMconf = 3.608901 ADMpw = 4.75540

Titme Dotnain Analysis

() ADMi () ADMC
() FOMi FOMe
) GOM () OMe
[ Hide legend

[ Edit Figure: ] [Expnr‘t Figure

[[] Hice synthetic figures

0.35 T

FDMc

FDMtot = 0.20505 FDMconf = 2.20033 FDMpw = 3.03026

Time Domain Analysis —————

() BDMi
() FOMi
() GOMI

[ Hide legend

®
) GOMe

[[] Hide synthetic: figures

[ Edit Figure: ] [Expnrt Figure ]

The values of XDMc are used to compute the GRADE and SPREAD values and displayed in form of

Fig. 8.3 - An example of ADMc and FDMc¢

the GRADE-SPREAD chart;:

) 2D FSY 2.0.4 Results

htzin menu }

(

Data display

| [Eradeipread chart

— Grade/Spread Chart

Grade

Spread

Gradle Spread Chart 1 { threshold=85% - Kadm=1 Kfdm=1)

B

Export Figure

ADM
FOM
GOM

— Pairts to plot

— Grade/Spread thereshold——

Threshold

 — -

[as | =

Fig. 8.4 - Grade/Spread chart
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9 Examples

In the directory “data examples” there are sets of data (two files for each set) that can be used for the
FSV algorithm by means of the FSV Tool.

10 License

This software is distributed with a trial period of 30 days, at the end of this the user can request a
license with a time limited or unlimited validity to continue the use of the software.

By clicking on License button in Main menu or when the trial\license period is expired, is displayed
the GUI of Fig. 10.1:

) FSY license

— F=% License

To ohtain an F5Y license please send:

- Your Hame
- Organization
- The Authorization Code that are displayed below

to orlandiging.univag.it
Avuthorization Code:

2-157-202-235-185-45-103-228-242-59-155-1 24- 227 -194-116-5-103-234-209-11 3

Fig. 10.1 — License GUI dialog

In this GUI is shown a remaining trial days and the instructions to obtain an valid license.

When the trial time is expired is displayed this error message at FSV start:

) FSY Message E| |E|Pz|

6 TRI&L PERIOD EXFIRED!

Fig. 10.2 — Trial expired GUI

Pressing OK is displayed the License GUI dialog and from here is possible to load the license file.
To obtain a license contact us at orlandi@ing.univagq.it and send the following informations:
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e Your Name

e Organization name

e The authorization code that is displayed in the specific text box. (Use the key combination
Ctrl+C to copy it in the clipboard.)

When you receive the license file you have to load it from the License GUI dialog. Pressing Load
license button is displayed the following GUI:

Select the license file

Cerca in: ||.f} Udq_licenser j e ER-

I libo

I3 Uag_licenser

S| Carlo_Polisini_10 FSY _li...
f;j wagproducts, bxk

M ome file: |Ear|-:u_F'u:uIi$ini_'| D FSY _license. bt

Fig. 10.3 — License loading confirmation dialog

Tipo file:;

From here browse to the license file and select it. If the license is valid you get a confirmation
message like this:

) License Message ZIIEI[’S_TI

THE LICEMSE 15 SUCCESFULLY LOADED!
THIS LICEMSE IS5 %ALID SIMCE 18-Dec-2007 TO 18-Drec-2003

Fig. 10.4 — License loading confirmation dialog

11 Contacts

For any problem or comment, please contact:

Dr. A. Duffy, DMU Applied Electromagnetics Group,  apd@dmu.ac.uk
Prof. A.Orlandi, UAq EMC Laboratory, orlandi@ing.univagq.it

If you wish to be included in the FSV User List please e-mail a short request to
Prof. A.Orlandi, UAq EMC Laboratory orlandi@ing.univagq.it
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For downloading the most recent version, please frequently check the UAq EMC Laboratory FTP site
at http://ing.univag.it/uagemc/

More information on the FSV project can be found at http://www.eng.cse.dmu.ac.uk/FSVweb
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