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Introduction

ÅThe characteristic mode theory (CMT) can provide physically intuitive guidance for the analysis and 
design of antenna structures. 

ÅCMT was initially defined by Garbacz and was refined by Harrington and Mautz using the electric 
field integral equation (EFIE) for perfectly electric conducting (PEC) bodies



Introduction: Characteristic Mode Analysis

ÅCharacteristic modes (CMs) are the natural response of a metallic structure
(PEC)without a source/excitation .

ÅMethod of moments (boundary integral) formulation of Maxwell’sequations:
ὤὐ Ὁ

Where,ὤ ὙὩ ὮὢὩand known as impedance matrix

ÅCMsare based on the generalized eigenvalues of the impedance matrix,

{ὢὩὐ ‗ ὙὩὐ

ÅWhen the characteristic value is close to zero, the mode is at resonance and
then the mode would be nicely excited by a plane wave excitation and is also
a good radiating mode for antenna applications.



CMA Tool v2.0

Salient Features :
1. Written in C++ (64 bit)
2. Semi- graphical Program
3. Free, with lot of features
4. Suitable for both  students and 

researcher
5. Small and portable (å18Mb)

1. Pre- processing
2. Simulation (CM Analysis)
3. Post- processing



CMA Tool v2.0: Pre- processing

Pre- processing
ÅCAD to create structure
üFreeCAD*
üMatlab
üPython *
üANSYS HFSS
üCST Studio Suite

ÅMeshing
üGmsh *
üMatlab
üPython *

* Free/open source
Note: Altair feko can be used for both (designing and meshing)!!



CMA Tool v2.0: Pre- processing & GMSH

Pre- processing: Method- 1

ÅCAD to create structure
ÅUse CST studio suite or HFSS and export geometry in *.stl /*.step format.

ÅMeshing (use Gmsh), use appropriate element size factor for the meshing. 

Pre- processing: Method- 2

ÅUse Altair feko to create structure.

ÅDefine frequency, mesh the structure.

ÅFrom Home, export mesh in *. stl format.

ÅUse directly exported *. stl file.



CMA Tool v2.0: Pre- processing & GMSH

No. of Triangles

Element size factor

Accuracy

Simulation time

98

1.0

228

0.50

905

0.25

131

0.75



CMA Tool v2.0: Interface



CMA Tool v2.0

During Simulation

After Simulation



CMA Tool v2.0: Commands

Information: 

ÅCMA_karnel.exe –Help

ÅCMA_karnel.exe –LIC

Pre- processing:

ÅCMA_karnel.exe - Mat2dat

ÅCMA_Karnel.exe –gmsh

Simulation:

ÅCMA_karnel.exe –INT

ÅCMA_karnel.exe - Batch_Modefstart fstop fpoint Nmodes threshold fsave_current Method Flag

ÅCMA_Karnel.exe - Matlab_file fstart fstop fpoint Nmodes threshold fsave_current Method Flag

ÅCMA_Karnel.exe - File_Modefstart fstop fpoint Nmodes threshold fsave_current Method Flag FileName_Path

Note: Number of frequency point should be odd number (conventionally it is 11, 21, 51, 101, 201 etc.) !!



CMA Tool v2.0: Flags

Flags:

0: Store only Impedance matrix (Z- matrix).

1:  Store only HTML report.

2: Store HTML report and CMA out file.

3: Store HTML report, CMA out file and eigenvalue.

4: Store HTML report, CMA out file, eigenvalue and eigenvector.

5: Store all processed file.

Note: flag is useful, it delete the big file which is meant for advance users.



CMA Tool v2.0: Output and GNUPlot

ÅGNUPlot is used for the plotting. 

ÅGenerate HTML report.



CMA Tool v2.0: Output and GNUPlot



CMA Tool v2.0: Output and MATLAB
Eigen current at 2.4 GHz

-8.45289

-0.73191 4.66129

-25.76837



CMA Tool v2.0: Demonstration



CMA Tool v2.0: Example

Following three structures are used:
1. Dipole

2. U- shaped Patch

3. Circular disk

The obtained results are compared with commercially available EM 
simulators supporting CMA

1. Altair feko

2. CST Studio Suite



CMA Tool v2.0: Example (Dipole)

Geometry description

Dipole: 300mm X 5mm

398 Triangles

0.3 GHz to 3.3 GHz



CMA Tool v2.0: Benchmarking (Rectangular Plate)

Geometry description

Rectangular Plate: 300mm X 100mm

314 Triangles

0.5 GHz to 3.5 GHz



CMA Tool v2.0: Benchmarking (U- shaped Patch)

Geometry description

U Shaped Patch: 400mm X 400mm

Slot: 300mm X 100 mm

283 Triangles, 0.1 GHz to 2 GHz



Geometry description

Circular Disk: R= 50mm

301 Triangles

0.5 GHz to 3.5 GHz

CMA Tool v2.0: Benchmarking (Circular disk)



Conclusion

ÅA functional semi- graphical tool is developed in C++for the CManalysis.

ÅSmall and portable

ÅSuitable for the classroom and research purpose.

ÅProvide access to intermediate data and able to calculate impedance (Z) matrix

ÅProvide more functionality including script generation, pre- processing, post-
processing etc.

ÅAuto- generation of HTMLreports and scripts .

ÅCompatible with different tools such as FreeCAD, CST studio suite, Ansys HFSS,
Altair feko, Gmsh, MATLAB,Python etc.



Future Scope

ÅComplete GUI (ɓ)

ÅNo GNUPlotdependencies (ɓ)

ÅFaster simulation (ɓ)

ÅMode tracking algorithm (Ŭ)

ÅInbuild meshing (Ŭ)

ÅInbuild Modal Current viewer (Ŭ)

ÅRadiation pattern (Ŭ)

(ɓ)= Under Development/testing

(Ŭ)= experimental phase Figure shows U- slot with other simulation parameter(beta phase).



For update

Thank you.


