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History of the toolbox

e 2008: First software for Method of Moments + Characteristic Modes developed
(master thesis of Pavel Hamouz)
e since 2009: Further work within the Ph.D. study of Miloslav Capek and Jan

Eichler
2008 version 2014 version
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Tools for Synthesis of Antennas and Sensors
Project detalls

« supported by Technology Agency of the Czech Republic (TA CR)
 ALFA programme (applied research, experimental development, technologies)
o time of development: 07/2014 - 12/2017
e approx. 600 k€

e 3 participants

e CTU in Prague and BUT - AToM and FOPS (Matlab)
« MECAS ESI s.r.0. - Visual Antenna (CEM One)

o I Ve
get it right®
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Tools for Synthesis of Antennas and Sensors
Project detalls

e project's staff
 Miloslav Capek, Viktor Adler, Milos Mazanek, Pavel Hazdra, Petr Kadlec, Vladimir
Sedenka, Zbynek Raida, Jaroslav Rymus

e students
» Vit Losenicky, Michal Masek, Miroslav Cupal, Martin Marek, Martin Strambach

: : . ';. | ] =
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AToM — Visual Antenna

» The key functionality of the AToM will be implemented into Visual Antenna
package, developed by MECAS ESI company.

* Visual Antenna is a module for CEM One, which integrates simulation tools for
Computational Electromagnetics developer and distributed worldwide by ESI

Group
<«
:3) Vi I-CEM 8.5 s:
k) Finite Difference ’
Time Domain (FDTD)
Time Domain
Near Radiated Fields FEM
(FDTD & PO) \
—_— ‘. (
N il :
) Frequency Domain
Frequency Domain /'\\ MLEMM
CRIPTE (MTL) -
i ;
@ Freguency Domain Freque&%yMDomam
Physical Optics (PO)

Antenna Toolbox for Matlab, Technical Computing Camp, Brno, 2016, Viktor Adler



AT M CZECH TECHNICAL UNIVERSITY IN PRAGUE
o DEPARTMENT OF ELECTROMAGNETIC FIELD

ANTENNA TOOLBOX FOR MATLAB TECHNICKA 2, 166 27 PRAHA 6, CZECH REPUBLIC

(

Antenna Toolbox for Matlab
Main features

« method of moments for 3D planar and wire structures

» characteristic mode decomposition with robust tracking

e adaptive frequency sweep

» accept other codes from the community - semiopen MATLAB architecture

* handle with data from third party software

 utilization of the source concept - antenna can be completely described by
its geometry and current density
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Antenna Toolbox for Matlab
Main features

« method of moments for 3D planar and wire structures

» characteristic mode decomposition with robust tracking

e adaptive frequency sweep

» accept other codes from the community - semiopen MATLAB architecture

* handle with data from third party software

 utilization of the source concept - antenna can be completely described by
its geometry and current density
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Antenna Toolbox for Matlab
Main features

« method of moments for 3D planar and wire structures

» characteristic mode decomposition with robust tracking

e adaptive frequency sweep

» accept other codes from the community - semiopen MATLAB architecture

* handle with data from third party software

 utilization of the source concept - antenna can be completely described by
its geometry and current density
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Antenna Toolbox for Matlab

Present state

« data analyzed daily at GIT server by Jenkins

3000 1 T T T T T T
= ATOM m-files

AToM functions rl_/—ll
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2000
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classes 197
functions 2603
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lines of code | 98106
comments 10235
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Valid on 05/09/2016.
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Antenna Toolbox for Matlab
Present state

« data analyzed daily at GIT server by Jenkins
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Antenna Toolbox for Matlab
Present state
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Antenna Toolbox for Matlab
Present state
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Antenna Toolbox for Matlab
Present state
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Antenna Toolbox for Matlab
UML scheme at 04/2016
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Antenna Toolbox for Matlab
Project infrastructure

). Manage Branches

Current Branch

Hame: ATaM_beta_version

» tending to agile development T

Branch Browser

« MECAS ESI s.r.o. server in Pilsen

i switeh B Merge

Branch Creation

Spesify a source for the new branch by cliding in the Branch Browser, You can alsa enter a kag, branch, ar commit niods in the Source field.

= Dote
r fefsfremates/onigin/BEM_develon e
. 1 [efsiremotssioriginirors_beta ey
e GIT - version control system |
o [cstemtesiooniFip_devclp piEa
Iefsfremotes/origi/GEP_develop
| s:46:18
Iefsfremotes/origiGzom Mesh_segmentation
by _mesh_segmentation o N
« web server (www.antennatoolbox.com T e
. . | #  [GriainfEER_ <) - GEP included into ATOM - options of GEP s sst by AToM preferences Michal Masek <michal.masck@antennato. . (2016-06-27 L4:10:41
* Mesh BEFPorE Fix fvit Losenicky <losenvit@Fel, cvut, c2z (2016-08-27 12:4%:08
- | MOMZD & MaMLD rrerae (inesh + basisFens) Vadimir Sedérks ctscr@ssderka.su»  (2016-06-26 21:23:02
° emai I server (u ser @ an te nn at 00 I b 0X.CO m) @ | oD et pipn gt i 5ot ciosDamcoban 016 oo 25 152126
. —& MoM2D: hotfix Wiadimir Sedérks <tacr@sedenka.cu>  (2016-08-26 17:42:53
Mol1D: makingit cperationl Wladinir Sedérka <tar@sederkacus  2016-08-26 16:24S4
fing branch L_beta_version into AToM_beta,_versiorPetr Kadlec <kadibcp@fsec,vuibrucc>  2016-08-26 1410153
o ft p getlineIntersectingTwoPlanes Petr Kadlec <kadiecp@feec.vitbr.cz>  (2016-08-26 135909
Jing branch ToM_beta_version! inko ATcM_beka_versiorladii Sedénks ctacr@sederkaeu>  2016-08-26 L0:S2106
Mol2: ixing examples Mladimir Sodérka <tocr@ssderkacu>  2016-08.26 10:51:22
examplesprepare_sessionm script added. 1t agoregates simiar code in al the examples. AV CAPEK <rios! k@fel.c... 2016-08-26 10514146
MotzD: back ta the church Wadimir Sedénka <tacr@sedenka.cux  (2016-08-25 170551
MoMZD: sacramental confession Wiadinir Sedérka ctacr@sederkaeu>  2016-08-25 16:56:53
| MolZD: acking example mesh Miadimir Sedérka ctacrpsederkacu>  2016-08-24 22:06.05
Mal2D; excitation save, fixing infialize Seds 48136
b——— Moz merge Wladinir Sedérka <tar@sedenkacur  2016-08-24 165292
[ | - Updated ExzD_01_Dipole (now creates only geometry + mesh) - Added Ex2D_01_DipolezarPavel Hazdra <hazdrap@fel.cvit.cz>  [2016-06-24 14:26:59
L] | mesh polycurve bug fixed (vt Losenicky <losenvit@Fel. cvut, cz> (2016-08-23 11:02:44
¥ | meshconflict solved (Wit Lossnicky <losenvit@Fel, cvut, 2> [2016-08-23 L0:42:31
—h Merge ¥ |_beta_versiar into AToM _beta_yit Losenicky <losenvit@Fel. cuut. czi> 2016-08-23 10:36:36
® | | | meshi new function getElementhiumber, getTrianglshiumber Vit Losenicky <losenvic@fel.cvut. 2> (2016-08-23 L0i25i30
| | & | MomzD: runLevel removed, bugfixes iadimic Sedénka <tacr@sedenka.eus  [2016-06-22 16:52:25
| 1| | ocumentation and some comments have been written nto all methods of BEM class. SomeFiip Kozak notebook <kozskfil@fel.cvut... (2016-08-21 16:53:53
| | # |  MomMzD: improving updating procedure 111 Wiadimir Sedérka ctacr@sedenka.eus  [2016-08-19 17:42:23
| 1] | addForgatten method "sertParts” [Filip Kozak notebook <kozakfil@Fel.cvut. .. [2006-08-17 22:46.33
[ 1| - 6EM exampls corrected - unitTiest "to many inputs” resricen for more versions of MATLAFilp Kezak noteback <kazakfil@fel.cvut. ., 20L6-08-17 2214017
| 1| | problem with access to some properties of BEM class s solved. Alluni tests for BEM are coffip Kozak notebook <kozakfit@fel.cvut... [2016-06-16 2325115
| | & | momzD: mproving updating procedure 1T Wadinic Sedérka <tacr@sederka.pu>  (2016-08-16 20:56:33
| ]| inor Designviewer enh: . New method work for editingWiktor Adler <adiervik@fel, cvit cz> (2016-08-16 15:368:08
| | # | mozD: improving updating procedure Sadr

Sourcei  [reap

Branch name: [ ¥ Create

Qe | @rep |
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Antenna Toolbox for Matlab
Project infrastructure

« CTU server in Prague
» Jenkins - continuous integration system
° Unlt Test Framework 1x1224 array with properties:
e analyze whole code once a day Nare
e iceScrum (SCRUM)
» results are saved to ftp
e sending emails to sinners

ans =

ecd, 0O Failed, 0 Incomplete.

seconds testing time.

Jenkins
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Antenna Toolbox for Matlab
Main classes

 Atom
» singleton pattern utilized
 management of projects
* handling with preferences

* Project
e contain references to all models
e practically no functionality

« HDF
e (data storage
e Hierarchical Data Format

e suitable for recording and recovering computer data
of electromagnetic simulations
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Antenna Toolbox for Matlab
Main classes

Atom

singleton pattern utilized
management of projects
handling with preferences

Project

contain references to all models
practically no functionality

HDF

data storage
Hierarchical Data Format

atom = Atom.start;

atom.createProject( 'myProject’ );
atom.selectedProject.save;
atom.closeProject( 'myProject’ );
atom.openProject( 'myProject’ );
atom.quit;

suitable for recording and recovering computer data

of electromagnetic simulations
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Antenna Toolbox for Matlab
Main classes

* History
« all actions in AToM are captured
e overloaded subsref of Project

e actions can be evaluated as batch

 Workspace
e using variables through AToM
e arbitrary complex expressions
» calling external functions from AToM
e oObserver pattern utilized

Antenna Toolbox for Matlab, Technical Computing Camp, Brno, 2016, Viktor Adler
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Antenna Toolbox for Matlab
Main classes

History - Minkowski_fractal =] B3

ssionk. ..

* History
« all actions in AToM are captured :
e overloaded subsref of Project

e actions can be evaluated as batch

nPointsOnEllipseire’, 500000 ;
nPointsinEquacionCurve’, E0...
tolerance', le-10);
nPointsOnCurve', 73);

erance', le-10);
{'n8imnificantligitsTiew. ..
of createlroject method

.

Add Commert Remove Comment Edit Commert Wirite Script |

 Workspace
e using variables through AToM
e arbitrary complex expressions
» calling external functions from AToM
e oObserver pattern utilized
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Antenna Toolbox for Matlab
Main classes

History - Minkowski_fractal =] B3

ssionk. ..

* History
« all actions in AToM are captured :
e overloaded subsref of Project

e actions can be evaluated as batch

nPointsOnEllipseire’, 500000 ;
nPointsinEquacionCurve’, E0...
tolerance', le-10);
nPointsOnCurve', 73);

erance', le-10);
{'n8imnificantligitsTiew. ..
of createlroject method

.

Add Commert Remove Comment | Edit Commert | Wirite Script |

 Workspace ‘ ‘
e using variables through AToM
« arbitrary complex expressions % v %
« calling external functions from AToM I
e oObserver pattern utilized
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Antenna Toolbox for Matlab
Main classes

e Geom
« definition of geometry primitives
» transformations, boolean operations
e parametrization of design

e Mesh
e creation of deterministic mesh from
geometry

e using DistMesh - P. O. Persson
» fix points and fix edges
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Antenna Toolbox for Matlab
Main classes

. Slﬂ&l
« definition of geometry primitives
» transformations, boolean operations

e parametrization of design

e Mesh
e creation of deterministic mesh from
geometry

e using DistMesh - P. O. Persson
» fix points and fix edges
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Antenna Toolbox for Matlab
Main classes

00

i

e« Geom .
 definition of geometry primitives ‘ . 7

A

» transformations, boolean operations

« parametrization of design QLK

dA

Qg W0 10

00,

e Mesh
e creation of deterministic mesh from
geometry

e using DistMesh - P. O. Persson
» fix points and fix edges
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Antenna Toolbox for Matlab
Main classes

Q.Q
« Geom - o
« definition of geometry primitives ‘ b
» transformations, boolean operations ‘

0.0,

dA

Qg W0 10

e parametrization of design

e Mesh o 2
« creation of deterministic mesh from & S
geometry \\f R
e using DistMesh - P. O. Persson N\ )
« fix points and fix edges . y
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Antenna Toolbox for Matlab
Main classes

00

]

 Geom ‘ .
 definition of geometry primitives ‘ . 7

A

» transformations, boolean operations

« parametrization of design QLK

dA

Qg ) Q'| 0

e Mesh
e creation of deterministic mesh from
geometry

e using DistMesh - P. O. Persson
» fix points and fix edges
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Antenna Toolbox for Matlab
Main classes

* Physics
» physical parameters of design
» frequency list
» feeding
e symmetry planes
e boundary conditions

e Solvers " N RN
« MoM (Method of Moments) 1D and 2D S\ VD
 GEP (General Eigenvalue Problem) ol
« BEM (Boundary Elements Method) ol b

140
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Antenna Toolbox for Matlab
GUI

* Observer pattern utilized

I AToM version 1. ouski_fractal 5l S| | FY Geometry - Minkowski_fractal = - . B T= X || £ Workspace - Minkow: i —(of x|
) 3 S By T
AloM View Geometry Mesh Soivers Resubs About E R'? XA @D BoViang x| Zesalse n
Mame | Expresson | Deseription Yalue | Closs | Size |Status|
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Utilized Matlab features

e Object-Oriented Programming
» vectorized OOP
* heterogeneous classes

e Unit Test Framework
 Class-Based Unit Tests

e Source Control Integration
« GIT

e Code Performance
« profiling via profile
« profile coverage
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Utilized Matlab features

e Object-Oriented Programming
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