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Project started from September 2014.

P> We wanted to develop unique tool allowing further research,
base point for attack on the problem of antenna synthesis.

P> We wanted to share our know-how with commercial partner.

Previously, our knowledge in characteristic modes offered to CST.
Knowledge transferred to CEM One of ESI as tool Visual Antenna.
Nowadays, fruitful cooperation with MECAS ESI s.r.o0., a subsidiary of ESI.

AToM Package

Reasons:

P Commercial packages are sometimes not documenting the implementation
details (quadrature order, singularities, feeding, export of data,. .. ),

P> scalability of the code, independence from embedded solution,

P possibility to swiftly implement new features, versatility,. . .

a Synthesis
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Motto

“Draw the antenna
interactively, visualize mesh
grid, feeding scenarios, and

boundary conditions. Take the
advantage of AToM
Workspace.”

CapacitiyelgopAntenna

AToM DesignViewer

New Pick Point

Name: =
Expression: | (-0.5 -1 01
Descrption:  Bick Poine 23

oK Cancel
=

Left-click on point allows to add coordinates of point into Workspace.
AToM Design Viewer with a capacitive loop antenna and
active pick-point tool. The PEC symmetric plane is
enabled and highlighted by green color.

AToM: A Versatile MAT Tool for Antenna Synthesis
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%
%‘ Workspace (AToM) - CapacitiveLoopAntenna_Fabien
'M “Create own variables and use Name Expression Description Value Class | Size | Status
X == oo i gior
o e e e
S them freely throughout the = T —ns
2 1 [ i antenna length 1 double 1xl OX
AToM to parametrize all your B s L o
. o S st on e
models. AToM Workspace is R o S . oy s
2 . I D T e e s e AR e [
O the primary gateway between ol memimsmse radius of sieem. spere 0.5 amanie e ok
. > T T S
H Varlables n \/lATLAB 1 |ep0  6.854187817620385. . permittivity of vacuum  8.854137818e-12 double lxl OF
e e o e e e o [
9 - -
< & s o s
workspace and AToM. [ e I
15
Delete Variable Load Constants Assignin Matiab

List of user-defined AToM variables which parametrize
the capacitive loop antenna.

AToM: A Versatile MATLAB Tool for Ante
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Motto

oM

“Rely on automatic
MATLAB-executable record of
your AToM session. Modify it,
send it, share it.”

ToM: A Versatile M/

antennatoolbc

I History (AToM) - CapacitiveLoopAnt
No Command
m
42 acomzel 5 h-setClob: (wL+u2)/3")
42 atem sel h.setElement! (£alse)
4L atom.sel Sect.ph: feca 1, 'isEnabled’, true, 'type', ‘voltage', 'valu
40 acom. seleccedProject.ph a 2 w, . 1e1', tposizi
s 1 Sect bool brrace ('R 1e1r, 'R
3% acom selectedProject.gecm.addRestangle (' [(CL-L)/2 0 017, 'CL', 'CA . 'Rectangles’);
a7 2 5 bool [ lel iE
j 3¢ stom selectedProject.geom.sddReccangle (! [(C1-1)/2 0 81, 'CLt ‘2t 'Reccangledt):
—lae 2 5 bool [ 1e1t
38 atom selectedProject.geom. addRectangle (" [(L/2-wl-D-w2/2) 0 01°, * ‘Rectangles’;
s 2 Ject bool R— 1 = ezt s
32 atom selectedProject.geom.addRectangle (" [(- (wl-w2 010, L-wltezn), COR-2ew2)t, 'zt
31 atom selectedProject.geom. addRectangle('[0 0 017, L', 'W', 'z’, ‘Rectanglel’);
30 acem. selsctedProject.workspacs.loadConstants;
s 2 Jest workspace .addVasisble('D’, 0.1 .
28 acom selsctedProjsct.workspacs.addVarishle('CL', 0.42000000000000004,
27 2 Jest vorkspace .addVasisble('CH', 0.016, 17
Add Comment ‘ Remnvecnmmem‘ Edit Comment ‘ Write Script ‘

TLAB Tool

Record of AToM History for capacitive loop antenna.
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“Have a full control of the
AToM workflow. Access all
powerful low-level functions
and features. Combine freely
AToM commands and other

MATLAB commands.”

electedProje

Segment of MATLAB code with AToM-executable
commands (start of MoM solver and acquisition of the
results).

AToM: A Versatile MATLAB Tool for Antenna Synthesis
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Motto

“Use fast and versatile AToM
mesher. Set up local density
functions. Enjoy various
settings of uniform mesh grid
and full support of
symmetries.”

A0 AGEBNGE| L EE Y R
n nea Bxese|xEE

Paralllogram1: Local Coordinats System

Advanced Mesher

ianges 3840, Nodes. 2207, i Gusty. 052, Average

Complex fractal body discretized using local density
function (discretization is finer where high amplitudes of
current density are expected).

AToM: A Versatile MATLAB Tool for Ante
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CMs

Motto

“Try out the far most
advanced characteristic modes
decomposition package.
Adaptive tracking, accurate
decomposition, symmetry
based-tracking, scalable GEP
definitions. . . all at your
disposal.”

5016980090 ki B3 # £ 08
ese ~mm

GEP With Extended
Support For

Characteristic mode decomposition of hexagon with
perfectly symmetrical mesh grid.

AToM: A Versatile MATLAB Tool for Antenna S 9/26
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Browser

Results

) | AToM

ANTENNA ToOL

Motto

“Analyze your results swiftly
with standalone AToM Results
Browser or dig directly into
the deep study with
underlying elementary
functions.”

antennatoolbox.com

Ele Edt View |wet Joos Deskop Window Hep

Dede bAUDEL- B 08 =D

Resuls Structre Optons

Load data| Compute PletPolar Plot2D Plot D Explore
0t

stot heragon GEP | @ Newfigure

Iy,
2k

cmn | OAds ORepiace 4,,%5,%5% 5§§»
I R

et ot e IR R

Pat ORen Ormaonay O osate NN R
SRS bl‘“

seae Ounesr  ® Namatzea O Logarinmic e RN SRk

Arowscle  OUniorm  ® Progorton. RIS Sy SRt

i
AT

o
7]
VAVA[V‘
futadl
o
)
i
i
o

Arowlength
Showintensiy
Showarrows

&

Cotorvar

Radiation pattern of dominant characteristic mode
hexagon.
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Name

Expression

escrpton

Vaise

e | sze [sun

Octete Varadte | Load Constants | Assignin wat)

haaComment | Remove Comment|

EotComment

vite scrpt

Nodes: 1262, Min. Qualty: 0.7

oM:

Screenshot of typical AToM working session.

A Versatile MATLAB Tool for Antenna

P In the conference paper, circularly polarized antenna is completely designed
starting from the modal study and including measuring.
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Download for free from: antennatoolbox.com

Watch overview on YouTube: youtube.com/watch?v=WUQsbustPzk

Code lines: 214 928.
MATLAB functions: 4 645.

> All written in MATLAB,
> OOP heavily used.

Where to Download?

Antenna Builder — Designing antennas as a tablet game.

AToM: A Versatile MATLAB Tool for Antenna Synthesis 12 /26
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» AToM

TENNA TOOLAOR FORMATLAS

> YouTube
NEWS ~ AToM ~ FOPS - ABOUTUS  CONTACT  ORDER FORUM

AToM V. 1.7: New version released
Geometry save/load, some bugs fixed.
Increased stability of mesh generator.

Mesh of unified objects: bug fixed.
Added new part of the documentation.
Examples in MoM2D revisited.
Visit for more information...

AToM

Tiangie< 1384, Nodes- 1091, Wi Quaity 053, Average Quaity 092

NEWS

ATOMV1.1 g ANTENNA BUILDER
‘The new version of AToM was released and it is New addon for AToM: Antenna Builder is free to
available for download. List of changes folows: ... download.

oM: A Versatile MATLAB Tool fo a Synthesis
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Usage of (finite) discretization of the source region (2 leads to

RWGs

N
J(r) =Y L, (1), (1)
n=1

where I = [I,,] € CNV*! are expansion coefficients, 1,, are the basis functions.

101 Vvia

All analytical formulas transferred into algebraic forms (i.e., matrices and
vectors)

1
pr 5IHLI with Ly, = /wm LA, } dr.
2

Approximat

15 /26
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The impedance matrix is constructed (from normalized data) as

Matrix

1
Z =R +jX =jZya® <k5a (ZM* 4+ ZM0) — — (ZP* + zEvO)) : (3)
§ where individual elements of the defining matrices are
3o} .
o wim 4 , e IRE ,
o L : . 4
g ; GS//¢m<r> $, () S 4SS, (4)
B
=
Z40 = / / o (1), () o AS A )
2 = 1//v P, (1) (r’)ideS' (6)
mn a m n ATR
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é The analytical differentiation of Z with respect to w (normalized by w) is
=
g 0Z 2 M,k M M L ek E E
= w—— =jZa (ka(Z F 4 ZM0 — jkaT) + — (Z8F + Z7° + jkaT )),
ow ka
> (8)
o0 where individual elements of the defining matrices are
)
= —jkR
1 e
= 1= % [ [ () S asas, )
a 47
el 20
Q .
= E 1 / / e_JkR !
i Ton=— V-, (r)V' -, (r) dsds’, (10)
95} a 7
Q0
and o
=] _ 9 = — = @
R=|r—r'|, a rI,Iw}?éXQ{Q}’ Zy . (11)

Many matrices available (X,,, X, 2, Rq, S, F, U, Ny, M, P)...

AToM: A Versatile MATLAB Tool for Antenna Synt
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Discretization grid and RWG basis functions:

Listing 1: atom_codel mesh.m

antennatoolbox.com

% Frequency

f = atom.selectedProject.physics.getFrequencyListValues;
% or manually specified by user:

f = 1e9; $ 1 GHz

% (It is expected that MoM requests are correctly set up.)
Res = atom.selectedProject.solver.MoM2D.results;

mesh grid
basis functions

Mesh = Res.mesh;
BF Res.basisFcns;

o
el
o
S

% Or without running MoM solver directly from AToM:
Mesh = atom.selectedProject.mesh.getMeshData2D () ;
BF = models.solvers.MoM2D.basisFcns.getBasisFcns (Mesh) ;

Evaluation in AToM, Part #1

AToM: A Versatile MATLAB Tool for Antenna Sy
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Impedance matrix(-related) operators Z, W, ZM:k ZM0 zEk 7EO0 M mE,

Listing 2: atom_codel_MoM1.m

% Impedance matrix
Z = Res.zMat.data;

omega = 2%pixf;

% Stored energy matrix
= omegaximag (Res.zMatD.data); % omegaxDZ!

=

% Individual parts of impedance matrix:
ZMk = Res.zMatMk.data;
ZMO = Res.zMatMO0.data;
ZEk = Res.zMatEk.data;
ZEO = Res.zMatEO.data;
TE = Res.tMatE.data;
TM = Res.tMatM.data;

Evaluation in AToM, Part #2

AToM: A Versatile MATLAB Tool for Antenna Sy esis 19 /26


http://antennatoolbox.com/
http://antennatoolbox.com/

» AToM

ANTEANATOOLOXFOR LA antennatoolbox.com

All results known analytically?.

Shell

> No feeding — enormous simplification.

Modes

P> The only input is impedance matrix.

P> Various aspects studied.

Characteristic numbers:

of Spherical

Characteristic

cokp
ATM _ (n+1)yn (ka) — kayni1 (ka) (13)

(n+1)jn (ka) — kajpi1 (ka)

Spherical shell of radius a.

Modal surface current densities J,, (r) and
far-fields F, (#) can be compared as well.

M. Capek, V. Losenicky, L. Jelinek, et al., “Validating the characteristic modes solvers,” [IEEE
Trans. Antennas Propag., vol. 65, no. 8, pp. 4134-4145, 2017. po1: 10.1109/TAP.2017.2708094

AToM: A Versatile MATLAB Tool for Ante hesis 20/ 26
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Select a real life example.

Create a simple and canonical version of the example.

Try to identify an analytical solution at the reference.

Compare the software results against the reference.

Identify potential shortcomings.

Bring this to the attention of community and software vendors.

Make this as an example to be archived for others to test their codes.

2 N S G LS e

Be clear that this is your best effort and take no responsibility.

(Copy-pasted from 2017 AP-S talk given by Yahya Rahmat Samii.)

“How to Approach the
Benchmarking Dilemma?”

> Notice there are IEEE standards? for validation of CEM software.

21597.1-2008 — IEEE standard for validation of computational electromagnetics computer
modeling and simulations, IEEE, 2008. po1: 10.1109/IEESTD.2008.4957854
1597.2-2010 — IEEE recommended practice for validation of computational electromagnetics
computer modeling and simulations, IEEE, 2011. por: 10.1109/IEEESTD.2011.5721917

AToM: A Versatile MATLAB Tool for Antenna S
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Benchmark’s Webpage

antennatoolbc

Benchmark of Characteristic Mode Decomposition -
Spherical Shell

Introduction

Proposal of Benchmark Tests

Analytical Solution and Reference Results

Test #1 - Characteristic Numbers

= Test #2 - Tracking Algorithm

= Test #3 - Characteristic Currents

= Test #4 - Characteristic Far-Fields

= Matiab Godes and Structure of FTP

= Errors in Model

= Precise Evaluation of Real Part of Impedance Matrix (will be added soon)

Annotation:

This webpage has been created as a reaction on the recent paper we wrote, mainly since
we have realized that further effort in CM benchmarking is needed to compare and
‘synchronize results available across the community.

Precise synthetic benchmarks are proposed to test the contemporary software packages,
both commercial and in-house ones. Al tests are based on example of sphericall shell, for
which all results are derived analytically and majority of numerical errors can be tracked
down. Although canonical shape of simple geometry, spherical shell has surprisingly
complex behaviour (interal resonances, eigenspectrum degeneracy, non-conformity of
the surface with triangular mesh grid....). The goal is to provide open benchmark and
store the results.

Are you interested in helping us with the benchmarking or in providing your own results?
Just read the instructions below! ;-)

Contact: mi1oslav. capek@fel .cvut.cz

Materials:

NEW: Presentation about Benchmarking from APS 2017, San Diego (it is recommended
to download the presentation and open it in Adobe Reader,

NEW: Manuscript *Validation of Characteristic Modes Solvers® (IEEE Trans. Antennas
and Propagation)

Presentation about Spherical Shell, Lund University 29/12/2016, CM mini-workshop
FTP: elnag. fel.cvut. cz, USemame: cmusex, password will be provided (by request)  Characteristic mode associated with TM1 mode.
$IG: Special Interest Group on Theory of Characteristic Modes

Mesh grids (Matlab): 500 and 2220 triangles

atile MATLAB Tool for Antenna Synthesi 22 /26
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I
Lexact o AToM (1)
» FEKO e AToM (8)
o« KS o« WIPL-D
+ IDA v CEM One
o CMC x Makarov

, ka = 1/2

of CM Solvers

TM modes ** - TE modes

Benchmark

A
N

-l
63 48 35 24 15 83 38 15 24 35 48 63
TM/TE mode order

3See elmag.fel.cvut.cz/CMbenchmark
AToM: A Vi tile MATLAB Tool for Ant


http://antennatoolbox.com/
http://antennatoolbox.com/
https://elmag.fel.cvut.cz/CMbenchmark.

antennatoolbox.com

£

]

&
~—

40, Room 17)

@
10 1_m “—

A
v

gt iy
TM modes @ | & TE modes
Py
P

168 120 80 48 248 824 48 80 120 168
TM/TE mode order

Output of the Benchmark
Thursday’s talk, CS12.3, 9

4D. Tayli, M. Capek, L. Akrou, et al., “Accurate and efficient evaluation of characteristic
modes,” , 2017, submitted, arXiv:1709. 09976. [Onhne] Available: https //arxiv.org/abs/1709.09976
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AToM finished

> available for download (antennatoolbox.com),

P used extensively for the research activities.

Benchmark finished (elmag.org/CMbenchmark)
> Joint-activity within Special Interested Group (Yikai Chen).
P To repeat with new versions of software?
> To maintain the (existing) FTP site?

Concluding Remarks

(Idealistic) questions remained:
P> How detailed should the documentary be?

> Shall the vendors share immediate results (e.g., impedance matrix)?
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Questions?’

For a complete PDF presentation see @ ESESCD G StE

Miloslav Capek
miloslav.capek@antennatoolbox.com

April 11, 2018
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