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Introduction : 4NEC2 Program
• NEC2 is ..

• Common program to analyze antenna beam pattern.
• Programed in FORTRAN, therefore it is not familiar and difficult to use.

• 4NEC2
• Arie Voors encapsulates NEC2 code with windows-based GUI and 

provides good environment to use NEC2 code.
• 4NEC2 program is easy to use.
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Introduction : 4NEC2 Output File
• Input/output files are ascii text files and easy to read.
• 4NEC2 is good for a beginner of Antenna beam pattern to 

understand.

Presenter
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So, I selected 4NEC2 program as a beginner of Antenna beam pattern.




Introduction : Generated X3D Files
• X3D files are generated using our program from output file.

• Commonly familiar 3D scene
• We can control composition and color as we want.
• We are now searching a way to give more information, intuitively.
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I coded Matlab program.
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• In this presentation
• The conversion procedure to generate X3D file from 4NEC2 output file.
• The 4NEC2 output format and NEC2toX3D.m code are introduced briefly.



4NEC2 Program
• NEC-2 based antenna modeler and optimizer

• (NEC-2 Fortran Code) + (GUI),  By Arie Voors
• You can get this program free. (ver 5.8.16)
• http://www.qsl.net/4nec2/

• NEC (Numerical Electromagnetics Code)
• Popular antenna modeling system for wire and surface antennas
• It was originally written in FORTRAN in the 1970s by Gerald Burke and 

Andrew Poggio of the Lawrence Livermore National Laboratory
• By far the most common version is NEC-2, the last to be released in fully 

public form
• https://en.wikipedia.org/wiki/Numerical_Electromagnetics_Code

http://www.qsl.net/4nec2/
https://en.wikipedia.org/wiki/Numerical_Electromagnetics_Code


Input of 4NEC2
• .NEC file has Geometry information of Antenna



Run 4NEC2.exe (1/3)
• Menu  File  Open 4nec2 in/out files  Open

• .nec samples are in folder of 4nec2/models/



Run 4NEC2.exe (2/3)
• Menu  Calculate  NEC output-data

 Far-Field pattern  Generate



Run 4NEC2.exe (3/3)
• Menu  Edit  Output (.out) file

• .out results are in folder of 4nec2/out/



Output of 4NEC2
• .out file has 

• Geometry information of 
the antenna

• Radiation patterns of the 
antenna

• Power gains 
(vertical/horizontal/total)

• Electric field magnitude 
(theta/phi)

• .out files are 
• Located at folder of 

4nec2/out/



Run NEC2toX3D.m
• Launch MATLAB  NEC2toX3D(filename, scale)

• filename : Output file name of 4NEC2
• scale : scale of antenna geometry

• .x3d file is generated at same folder.



Final Output X3D file
• X3D Scene has

• Antenna Shape Geometry
• Antenna 3D Beam Pattern (Antenna Total Gain) Geometry
• Color Map Index



Excerpts from NEC2toX3D.m (1/3)
• Part 1 - Antenna Shape Geometry

• Line 5~29 : Read from 4NEC2 output file
• Line 183~204 : Write down as LineSet using X3D grammar 



Excerpts from NEC2toX3D.m (2/3)
• Part 2 - Antenna 3D Beam Pattern Geometry

• Line 33~57 : Read from 4NEC2 output file
• Line 206~210, 318~360 : 

Write down as 
IndexedFaceSet
using X3D grammar 



Excerpts from NEC2toX3D.m (3/3)
• Part 3 - Color Map Index

• Line 218~292 : Write down using HUD Prototype



Antenna 3D Beam Patterns (1/2)

<Nec3ElementYagi20mAt50ft.x3d><NecHelix.x3d> <NecSpiderQuad.x3d>

Main Lobe

Side Lobe

Side Lobe

Main Lobe

• Case of existence of ground
• Reflection should be considered in beam pattern.
• How about existence of sea or water?



Antenna 3D Beam Pattern (2/2)

<NecBowtieXg91a.x3d> <NecTvUhf.x3d> <NecParabola50x50.x3d>

<NecVerticalYagi3Element.x3d> <NecGridYagiWireFence.x3d> <Nec5ElementTwinDeltaLoop2m.x3d>

Side Lobe
Main Lobe

Side Lobe

Main Lobe

Side Lobe
Main Lobe

• In the case of free space, maximum magnitude of total antenna gain (in dBi) means 
the effectiveness of antenna.

• We like this layout, because it is easy to understand which antenna is more effective.



• For Antenna 3D Beam Pattern
• Axis : Log scale
• Unit : dBi (Antenna Gain)

• For Antenna Shape Geometry
• Axis : Linear
• Unit : meter (Length)

Axis



Suggested visualization (1/2)
• Beam Propagation : Z axis, logarithmic scales

• Fixed color map : For easy comparison

Main Lobe
Side Lobe

Side Lobe

Main Lobe

<NecHelix.x3d> <NecSpiderQuad.x3d> <Nec3ElementYagi20mAt50ft.x3d>



Suggested visualization (2/2)
• Beam Propagation : Z axis, logarithmic scales

• Fixed color map : For easy comparison

<NecBowtieXg91a.x3d> <NecTvUhf.x3d> <NecParabola50x50.x3d>

<NecVerticalYagi3Element.x3d> <NecGridYagiWireFence.x3d> <Nec5ElementTwinDeltaLoop2m.x3d>



Questions

• Any suggestions and questions are helpful to us.
• Please reply any comments to skwon@nps.edu or 

Brutzman@nps.edu.

mailto:skwon@nps.edu


Appendix

- 3D Visualization of Beam 
Pattern of MATLAB -

FEB 9 2018 – FEB 13 2018



Radiation Pattern
• 3D antenna directivity (in decibels)

• ant = yagiUda; Freq = 300e6;
• pattern(ant, freq); 



Individual Polarization Components
• Directivity of the azimuthal(H) component of E field

• Ant = yagiUda; Freq = 300e6;
• pattern(ant, freq, 'Polarization', 'H');



Electric Field and Power
• Normalized magnitude of the E field

• Ant = yagiUda; Freq = 300e6;
• pattern(ant, freq, 'Type', 'efield', 'Normalize', true);



Antenna Radiation Patterns Examples

<Dipole>

https://www.mathworks.com/help/antenna/gs/_mw_10718407-83ff-44e5-96c5-ff5f768f0e67.html

<YagiUda>

<helix> <horn>



Blake chart (1/2)
• range-angle-height plot for a narrowband radar 

antenna
• the maximum radar range as a function of target 

elevation



Blake chart (2/2)
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