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Introduction : 4NEC2 Program

e NEC2 is ..

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

* 4NEC2

e Arie Voors encapsulates NEC2 code with windows-based GUI and

provides good environment to use NEC2 code.
* ANEC2 program is easy to use.
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Presenter
Presentation Notes
NEC2 is common program to analyze antenna beam pattern.
NEC2 is programed in FORTRAN, therefore it is not familiar and difficult to use.
Arie Voors encapsulates NEC2 code with windows-based GUI and provides good environment to use NEC2 code.
4NEC2 program is easy to use!!


Introduction : 4NEC2 Output File

 Input/output files are ascii text files and easy to read.

e ANEC2 is good for a beginner of Antenna beam pattern to

understand.

44 3 -9.1102 -0.8863 ©.7218 ©.92754 -5.2758E-83 6.18326-03 5.1281E-83 130.472
45 3 -0.8826 -0.0863 ©.7218 ©.02754 -5.9352E-83 6.8522E-03 9.8653E-83 130.898
file fot Format Yiew Help 46 3 -0.6551 -0.8863 ©.7218 0.02754 -6.4254E-03 7.3417E-03 9.7564E-03 131.192
A 47 3 -0.0275 -0.8863 ©.7218 0.82754 -6.7272E-83 7.6399E-83 1.618AE-82 131.365
R EEEEEEEEEEEEEEIEEREEEIEEREEEIEEREEEIEE 48 3 ©.0080 -0.0863 ©.7218 ©.02754 -6.3291E-83 7.740E-03 1.8322E-82 131.422
| 48 3 0.8275 -0.8863 ©.7218 0.82754 -6.7272E-83 7.6399E-03 1.8189E-82 131.365
NUMERICAL ELECTROMAGNETICS CODE (HEC-2D) 58 3 0.8551 -0.0863 @.7218 0.62754 -6.4254E-83 7.3417E-83 9.7564E-03 131.192
51 3 ©0.8826 -0.0863 ©.7218 0.62754 -5.93526-03 6.8522E-83 9.06536-03 130.898
e 52 3 ©.1102 -0.8863 ©.7218 0.82754 -5.2758E-83 6.1832E-83 8.1281E-03 130.472
51 3 ©.1377 -0.0863 ©.7218 0.62754 -4.4738E-03 5.3516E-83 6.9752E-03 129.895
54 3 0.1652 -0.8863 ©.7218 0.62754 -3.5620E-03 4.3777E-83 5.64436-03 129.141
55 3 ©0.1928 -0.0863 ©.7218 0.82754 -2.5831E-03 3.2834E-83 4.1777E-83 128.192
56 3 ©.2203 -0.0863 ©.7218 0.62754 -1.5758E-83 2.8873E-83 2.6153E-03 127.051
COMMENTS 57 3 0.2479 -0.8863 0.7218 0.82754 -5.5406E-04 7.6849E-04 9.4740E-04 125.791
el Yagi for 78 meters @ S8 feet.
- - - POWER BUDGET - - -
INPUT POWER - 1.5581E-82 WATTS
RADTATED POWER— 1.5385E-82 WATTS
- - - STRUCTURE SPECIFICATION - - - STRUCTURE LOSS= 1.9564E-84 WATTS
NETHORK LOSS - 0.0@@RE+80 WATTS
COORDTHATES MUST BE TNPUT TN EFFICIENCY = 98.74 PERCENT
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED
~  _ RADTATION PATTERNS - - -
WIRE NO. OF  FIRST LAST  TAG
L x1 Y1 [ x2 2 I RADIUS  SEG. seG.  SEG. Ho. - ANGLES - - _ POWER GAINS - - _ - POLARIZATION - - - - - - E(THETA) - - - - - - E(PHI} -
1 -2.83200  2.74320 15.24000  4.83200  2.74320 15.24000  0.00500 19 119 1
PR trs s veodisabore o G G o G v GRS pr oo S Do » : THETA  PHI VERT. HOR.  TOTAL AXTAL  TILT SENSE  MAGNITUDE  PHASE MAGNITUDE P+
3 -5.52400 -1.82280 15.24000  5.52400 -1.82280 15.24000  ©.00500 19 B 57 3 DEGREES  DEGREES b8 bs b8 RATIO - DEG. VOLTS/M  DEGREES VOLTS/M  DEC
-90.08 0.9  -999.99 -999.99 -999.99  0.80860  ©.60 7.816298-12  58.16  0.80000F:80
TOTAL SEGMENTS USED= 7 0. SEG. TH A SYMMETRIC CELL= 57  SYWMETRY ELAG= @ 85.08 .00 20.11 -999.99 20.11  ©.6908@ .88 LINEAR  9.54471E-62 -116.33  ©.00RGPE:00
-80.00  0.00 -16.14 -999.99 -16.14  0.00880  ©.8@ LINEAR  1.50772E-81 -85.37  ©.000GOE+00
-75.08  0.00 -12.75 -999.99 -12.75  ©.8086@  ©.8@ LINEAR  2.22605E-81 -57.59  ©.080PE+00
MULTIPLE WIRE JUNCTIONS -70.00 .00 -9.69 -999.99  -9.69  ©.08000  ©.89 LINEAR  3.16807€-91 -37.94  0.000RE:E0
JUNCTION  SEGMENTS (- FOR EWD 1, + FOR END 2) 65.00  ©0.08 7.82 -999.99 -7.82  @.e6ee@ 0.8 LINEAR  3.92982E-01 -24.32  O.0PAPOE:00
NONE -60.08 .00 -7.36 -999.99 -7.36  ©.88000  ©.80 LINEAR  4.14282E-91 -11.7  0.@000E+80
-55.08  0.90 -8.31 -999.99 -8.31  ©.e8000  ©.80 LINEAR  3.711186-91  4.73  0.0000RE:80
se.08  9.00 10.04 999.99 -10.84  ©0.6900@  ©.88 LINEAR  3.84320E-01  34.83  ©.00000E:00
15,08 0.00 -9.24 -999.99 -9.24  0.88000 0.8 LINEAR  3.33756E-01  79.44  0.G00OE+80
-40.08 .00 -5.62 -999.99 -5.62  ©.88000  ©.80 LINEAR  5.85995E-91 109.56  0.@80000E:80
- - - - SCGMINTATION DATA - - - - -35.00 0.00 -2.49 -999.99 -2.40  ©.80000 ©.00 LINEAR  7.33400E-01 124.22  0.00OGOE+00
3e.08  0.00 0.69 -999.99 0.69  ©.8600@  ©.89 LINEAR  9.56710E-01 132.17  O.00APRE:00
COORDINATES TN METERS -25.00 0.0 1.5 -999.99  1.50  ©.00@0@ .80 LINEAR  1.14882£+00 137.06  ©.00BGOE+00
. -20.00 .90 2.57 -999.93  2.57  ©.00088  ©.89 LINEAR  1.29914E+08 140.31  ©.000OBE+00
Fo D T- INDICATE THE SEGUENTS SERORE AND ARTER 1 15.0 .00 3.26 999.99  3.26  0.88080 .90 LINEAR  1.407¢1E:00 142.53  ©.000GOE:00
-10.08  0.00 3.68 -999.99  3.68  ©.00888  ©.80 LINEAR  1.47713E+08 143.99  ©.0800BE+00
SEG.  COORDINATES OF SEG. CENTER  SEG.  ORIENTATION ANGLES  WIRE  CONNECTION DATA  TAG -5.e0 @.20 3.91-999.99  3.91  2.00000  0.00 LINEAR  1.51583E+08 144.84  0.00000E+00
o, X v 7 CENGTH  ALPMA  BETA miDIE 1. T 1+ WO 0.00  0.00 3.98 -999.99  3.98  0.00@00  ©.09 LINEAR  1.52811E+00 145.11  ©.0@GRCE:00
1 -4.57768 2.74328 15.24000 0.50863  ©0.00000 ©0.00000 0.0050 @ 1 2 1



Presenter
Presentation Notes
Actually the input and output file of 4NEC2 are ascii files and easy to read.
So, I selected 4NEC2 program as a beginner of Antenna beam pattern.



Introduction : Generated X3D Files

e X3D files are generated using our program from output file.

e Commonly familiar 3D scene
* We can control composition and color as we want.

* We are now searching a way to give more information, intuitively.



Presenter
Presentation Notes
I coded Matlab program.


Table of Contents : Conversion
Procedure to Generate X3D File

* |n this presentation

e The conversion procedure to generate X3D file from 4NEC2 output file.
e The 4NEC2 output format and NEC2toX3D.m code are introduced briefly.

p.7

.NEC File

p.6, 810
ANEC2.exe

p.11

.out File

NEC2toX3D.m | P12 14716

A

p.13,17~18
.x3d File



ANECZ Program

e NEC-2 based antenna modeler and optimizer
e (NEC-2 Fortran Code) + (GUI), By Arie Voors
e You can get this program free. (ver 5.8.16)
e http://www.gsl.net/4nec2/

e NEC (Numerical Electromagnetics Code)
e Popular antenna modeling system for wire and surface antennas

e |t was originally written in FORTRAN in the 1970s by Gerald Burke and
Andrew Poggio of the Lawrence Livermore National Laboratory

e By far the most common version is NEC-2, the last to be released in fully
public form

e https://en.wikipedia.org/wiki/Numerical Electromagnetics Code



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

1Bl 2vAGI20.NEC - Notepad

Input of 4NEC2

e .NEC file has Geometry information of Antenna

File Edit Format View Help

CM 3el Yagi for 208 meters @ 58 feet.

CE

SY freg = 14.2 " Freguency

SY hgh = 5@ft * Height (58 feet)

SY len = 2.56@1%2 " Driven element half-length

SY rlen = 2.762%2 ' Reflector half-length
SY rdis = 8.9114*2 " Reflector distance

S5Y dlen = 2.416%2 " Director half-length
SY ddis = 1.3716%2 " Director distance

SY rad = .885 ' Radius (diameter 1 cm)

[ G 1 19 -dlen  ddis hgh dlen ddis hgh rad
G 2 19 -len a8 hgh len 2] hgh rad
G 3 19 -rlen -rdis  hgh rlen -rdis  hgh rad

\.GE42
LD 5 1 8 a 2.5E+87 " Alum. 6B61-T6
LD 5 2 2] 2] 2.5E+87
LD 5 3 2] 8 2.5E+87
FR a 1 5] a8 freq
GN a 4] 5] a8 14 .Bas " Average ground
EX a 2 1@ a 1 %]

EN

& IYAGI20.MEC - 4nec2 Edit

File Cell Rows Selection Options
|Spmbol A ariable with walue or equation [T Upd ;s
Symbols [Feomety SourcesLoad Freq./Ground Others
Symbols
Mr | Symbolz and eguations | comment
1 Efreqg=142 Frequency
2 | hgh=50f Height (50 fest)
3 |len= 2560172 Driven element half-length
4 |rlen = 2. 7622 Feflector half-length
5 |rdiz=0.911472 Reflector distance
B |dlen=2416%2 Director half-length
7 |ddis =1.3716%2 Director distance
8 |rad= 005 R adius [diameter 1 cm]

P

Scaling
& Meters Fest © Inch ¢ /2%
lerght

" Custom  Factar I'I.EI

& 3YAGI20.NEC - 4nec? Edit

ile  Cell Rows Selection Options
™ Upd Ins| Dell
Symbols | i Geomety T Source/Load T Freq./Ground T Others T Caommer
Geometry [Scaling=teters | |= U se wire tape
N[ Type | Tag|  Seos| =] 71| 21 %2 v 22| Radiug|
1 [Wire 1 19 -dlen ddiz hagh dlen ddis hgh rad
2 |'wire 2 19 -len 1] hah len i} hgh rad
3 |'Wire 3 19 -rlen -rdiz hagh ilen -rdiz hah rad




Run 4NEC2.exe (1/3

* Menu -2 File 2 Open 4nec2 in/out files 2 Open

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

¥ Main [V5.8.16] (F2) % Ma F2 - m| X
File Edit Settings Calculate Window Show Run  Help File Edit Settings Calculate Window Show Run Help
Open dnec? infout file Ctrl+0 J i
Save Output file as Ctrl+S Filamarne TAGIZ0 ot Frequency 143 Wbz
Import Far-Field data ¥ Wavelength 2111 Tty
Print Ctrl+P A Voltage
Exit Esc or Ctrl+Z uH Impada
uH ) -
C:\dnec2\models\HFbeams\3YAGI20.NEC :E:\j":': 4 ||« 4nec2 » models » HFbeams v | ® | Search HFbeams P
CMNECAQUT\VERTHATS.OUT Efficiens  Organize New folder o @
CANANEC2AWOUTVCUTLER_SINGLE .OUT L Radiat-g n ~ “
N Dat: dified Ty Siz
CAANEC2\OUTVGM_TEST.OUT RCF [dE 2+ Cick wccess ame ate modifie ype ize
e i = = Erwirat I Deskt » EZEL‘ISOH.nec 3/25/2006 1218 PM NEC File
FINITE GROUMD. REFLECTION COEFFICIENT APPROMIMATION FIMITE eskiop = 31 900 -
RELATIVE DIELECTRIC CONST = 14.000 RELAT . pownload | 2lefullOnec FEVEOE IR EM - HEC Fle
=1. +01-7. + [ wose
COME 5 Documents # | 2x4015A95.nec 3/30/2006 8:45 AM  NEC File
HFbeams j Jel-inverted-V.nec 2/28/2012 1:01 PM MNEC File
Comment Comes out g 3elquad.nec 3/30/2006 8:46 AM  NEC File
JelYagi for 20 meters (@ 50 feet. 3l ad output J 3lyagi2l.nec 20061210 PM MNEC File
testeet-2.8.0 g IYAGI20.NEC 3/25/2006 1219 PM  NEC File
| del_vklaal.nec 3/30/2006 9:42 AM MNEC File
OneDrive 1 5_el_wbeam_PA2AWU.nec 3/31/2006 434 PM  NEC File
E i 3/30/2006 9:44 A 3
. O This PC g Tlyagil0.nec 3/30/2006 %:44 AM  NEC File
Seg's/patches ¥ start  stop  count  step Seq's/p o J Bxbg.nec 3/25/2006 1246 PM  NEC File
rllEles | Theta| 90 |30 |37 | & Pattem| % Network ] 40MYAG2.nec 3/29/20069:02 PM  NEC File
Freq/Eval steps 1 Fhi 0 (360 |73 5 Freq/E - o )
Calculation time 0063 = Caloulat E CHDS1306037 | 4dquad.nec 3/30/2006 9:41 AM MNEC File
[ CHDS1206045 m'l B0hsbeam.nec 1/23/2008 1:24 PM MEC File b
- >
File name: |3YAGIZO.NEC v| Mec input-files (*.nec) v




Run 4NEC2.exe (2/3

e Menu =2 Calculate =2 NEC output-data
— Far-Field pattern = Generate

i Main [vs.8.16] (F2)
File Edit Settings Calculate Window Show Run  Help

MNEC output-data F7

V|@an| ¢

Window Show Run Help

ERIEEEEE

- O

Frequency 14.2 Mhz
Wavelength 211 mlr
Current 177 +j0164A

Series comp. 0.033 uH

Filenarne [372GI20 L/Pi/T Matching F10 Wbz
Start Optirmizer F12 mtr
Volage [ EEE+jOv Curent [ 177+ 0164
Impedance 3.8-7292 Series comp. 0.033 uH
Parallel farm 3214/-i349 Parallel comp. 3915 uH
Sw AR50 158 Input power 100 o
Efficiency 98.74 % Structure logs 1.256 e
Radiat-eff. [ 7767 % MNetwork loss [ 0 uw'
RDF [dB] 132 Fiadiat-power a3 74 W
Enviranment ™ Loads [~ Polar

FINITE GROUND. REFLECTION COEFFICIENT APPROSIMATION
RELATIVE DIELECTRIC COMNST.= 14.000

CONDUCTIVITY= 6.000E-03 MHOS/METER

COMPLE DIELECTRIC CONSTANT= 1.40000E +01-7. 53550E+00

Comment
JelY'agi for 20 meters @ 50 feet.

it Main [V3.8.16] (F2
File Edit Settings Calculate
i ®m|e5] @
Filename IrAGI20.0ut
‘Yoltage BEE+j0Y
Impedance 38292
Parallel form 32141349
SWRED [ 188
Efficiency 9374 4
Radiatefl. [ 7767 %
ROF[E] [ 132
Ervvironment

FINITE GROUMD. REFLECTION L
RELATIVE DIELECTRIC COMST =1
COMDUCTIVITY'= 6.000E-03 MHOS
COMPLE DIELECTRIC COMSTAN

Cormment

Parallel cormp. 3915 uH

Input power 100 L
Structure loss 1.256 W
Wetwork loss it

0
Radiat-power 95.74 W

| Generate (F7)  [Mec2dX51k3]

" Use original file

iy
" Frequency sweep
" Mear Field pattern

Freq:[14.2 =

[~ fram file

3el*r'agi for 20 meters @ 50 feet.

" ItsHF 360 degree Gain table
" ItsHF Gain @ 30 frequencies

Seg's/patches 57 stalt stop  count  step
Fattem lines 2701 Theta | a0 i) a7 [

Freq/Eval steps
Calculation time

0.063

S

Phi 0 360 | 73 5

Seq's/patches
Pattemn lines

57
2701

Freq/Ewal steps 1

* Full ™ Ve " Hor.

Resal. |5 deq.

[ Surface-wave Fun Average
Gain Test

[~ E-fld distance

Calculation time:

0063 s

Expert zettings

Generate |

Calculatate NEC output-data




Run 4NEC2.exe (3/3

e Menu =2 Edit =2 Output (.out)

file

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

“ Main [V5.8.18] (F2) ;!, Vain [V5 F2 — O *
File Edit Settings Calculate Window Show Run  Help File Edit Settings Calculate Window Show Run  Help
P— = : - -
l nput (.nec) file l EH -® gg H 5 | 3YAGIZ0.0ut -
7 Qutput (.out) file 4
Filena P ency 14.2 thz F|I p— View
Wavelength 2111 mir

Yoltage SEE+j0Y Current 177 +j016A o D o Courier New ~|6 ./‘ J ]}]

H i Copy C
Impedance Ne-j252 Seiies comp. 0.033 uH Imf paste B 7 U ahe X 3x Picture Paint Dateand Insert
Parallel farmn 32104349 Parallel comp. 3915 uH Fg - *  drawing  time
SW.R.E0 158 Input power 100 W ER Clipboard Font Paragraph Insert
Efficiency 90,74 4 Structure loss 1.256 it Eff Ty T T B
Fiadiat-eff. 7767 b4 Metwork losz i} L Ra g v v v v . . . : .
RDF [dB] 13.2 Fiadiat-power 9374 i RC
Enviranment [ Loads [~ Polar En 1
FINITE GROUND. REFLECTION COEFFICIENT APPROXIMATION Fl
RELATIVE DIELECTRIC CONST.=14.000 Rl
COMDUCTIVITY'= 6.000E-03 MHOS/METER Cl A Ak A Ak
COMPLE DIELECTRIC CONSTANT=1.40000E +01-7. 53550E +00 Ct

NIMERICAL EISCTROMAGNETICS CODE (NEC-2D)
| A A
Comment Ca
3elYagi for 20 meters (& 50 feet. El
- - - - COMMENTS - - - -
3el Yagi for 20 meters @ 50 feet.
Seqg's/patches "7 sttt stop  count  step Se
Pattern lines [ 2701 Theta[ 90 [a0 [ 37 [ 5 Pa
Freq/Eval steps 1 Fhi i} 3|0 | 73 5 Fre
Calculation time 0062 = Ca
- - - STRUCTURE SPECIFICATICN - - -
< e

140%

object

33 Find
) Replace
1; Select all

Editing
5




Output of 4NEC2

e .out file has

e Geometry information of
the antenna

e Radiation patterns of the
antenna

* Power gains
(vertical/horizontal/total)

* Electric field magnitude
(theta/phi)

e .out files are

e Located at folder of
4nec2/out/

~

File Edit Format View Help

PS

NUMERICAL ELECTROMAGNETICS CODE (NEC-2D)

- - - - COMMENTS - - - -

3el Yagi for 20 meters @ 50 feet.

' - - - STRUCTURE SPECIFICATION - - -

COORDIMATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE IMPUT IS ENDED

WIRE NO. OF FIRST LAST TAG

NO. X1 Y1 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG. NO.

1 -4.83200 2.74320  15.24800 4.83200 2.74328  15.24000 0.08500 19 1 19 1

2 -5.120820 ©.00000  15.24000 5.12020 ©.00000  15.24000 ©.008500 19 20 38 2

k} -5.52400  -1.82280  15.24000 5.52480  -1.82280  15.24000 0.08500 19 39 57 3
TOTAL SEGMENTS USED= 57 NO. SEG. IN A SYMMETRIC CELL= 57 SYMMETRY FLAG= @

- - - RADIATION PATTERNS - - - \

- - ANGLES - - - POMWER GAINS - - - - POLARIZATION - - - - - - E(THETA) - - - - - - E(PHI) - ‘
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE P
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS/M DEGREES VOLTS/M DEC
-90.80 0.00 -999.99 -999.99 -999.99 0.00000 0.00 7.81629E-12 58.16 ©.00000E+00
-85.80 0.00 -20.11 -999.99 -28.11 0.000800 08.00 LINEAR 9.54471E-82 -110.33 ©.0P0OBE+00
-80.00 0.00 -16.14 -999.99 -16.14 0.00000 .00 LINEAR 1.50772E-81  -85.37 ©.00000E+00
-75.00 0.00 -12.75 -999.99 -12.75 0.00000 .00 LINEAR 2.22605E-81  -57.59 ©.080000E+00
-70.80 0.00 -9.69 -999.99 -9.69 0.00000 08.00 LINEAR 3.16807E-81 -37.94 ©.0P0ORE+00
-65.00 2.00 -7.82 -999.99 -7.82 0.08000 .00 LINEAR 3.92982E-01  -24.32 ©.00000E+00
-60.00 ©.00 -7.36 -999.99 -7.36 ©.00000 .00 LINEAR 4.14282E-01  -11.87 ©.00000E+00
-55.80 0.00 -8.31 -999.99 -8.31 0.00000 0.00 LINEAR 3.71118E-01 4.73 ©.00000E+00
-50.88 0.00 -18.84 -999.99 -18.84 0.000800 08.00 LINEAR 3.04328E-81 34.83 0.0PPORE+D0
-20.00  36@.00 2.57 -999.99 2.57 @.00000 ©.80 LINEAR 1.29914E+00  149.31 2.87614E-11
-15.80  3608.00 3.26 -999.99 3.26 ©.00000 ©.80 LINEAR 1.40701E+00  142.53 3.80764E-11
-10.80  360.00 3.68 -999.99 3.68 ©.00000 ©.00 LINEAR 1.47713E+80  143.99 3.87803E-11
-5.00  368.00 3.91 -9399.99 3.01 @.00000 ©.00 LINEAR 1.51583E+00 144.84 3.11@35E-11 ‘
©.00 360.00 3.98 -999.99 3.98 ©.00000 ©.00 LINEAR 1.52811E+00  145.11 3.11943E-11 j

AVERAGE POWER GAIN= 1.55338E+0@ SOLID ANGLE USED IN AVERAGING=( 2.8@@0)*PI STERADIANS.

==x=x DATA CARD NO. 8 EN @ 19 73 1003 -9.00000E+01 ©.00@OOE+00 5.P000PE+0Q 5.00000E+00 ©Q.00BEOE+EQ

RUN TIME = 0.863




Run NEC2toX3D.m

e Launch MATLAB = NEC2toX3D(filename, scale)
 filename : Output file name of 4NEC2
e scale : scale of antenna geometry

» .x3d file is generated at same folder.

} MATLAB R2017b - academic use

HE & =89 0 Search Documentation

<c| 9 HE » C: » Users » skwon » Desktop » 120221_Don - O
WA O Ccrmmand Window ¥) . @
M. = Mew to MATLAB? See resources for Getting Started. *| | MName
= ~5180.. ~ o E
L [k e tad e }} ~ %ans L]
Vyagi2dx3.. W > B
. EElcrnEu
(rll:l title Hﬂ Cma|
available) == ] ema
fx >> NEC2toX3D|('3¥AGIZ0.0ut', 1) vl v
£ > £ >




Final Output X3D file

e X3D Scene has
 Antenna Shape Geometry
e Antenna 3D Beam Pattern (Antenna Total Gain) Geometry
e Color Map Index




Excerpts from NEC2toX3D.m (1/3

e Part 1 - Antenna Shape Geometry

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

T
5 xl yl zl x2
[

7
8
]

10

11

12 while ~{ (tline(3)=='W') && (tline(4)=='I') && (tline(5)=="R'} && (tline(&)=='E'})

13 tline = fgetl(fid);

14 if (max(size(tlin=)) < &) tline = ' " end

15 end

16 tline = fgetl(fid):

17 tline = fgetl (fid):

1s

1% % Extr zl vl zl1 =2 22 I e

20 nunber0fWire o;

21 while (max(size(tline)) > 100)

22 nunber0fWire = numberOfWire + 1:

23 3 (numberOfWire, @) sscanf (tline, "3£', [1 12]):

24 tline fgetl (£id)

25 end

26 nunberOfWire

27 antennaWire = antennaWireTemp (l:numberCiWire, 2:7):

28 %an W

25 clear

[ e e e e e
R T

[ R =N T R TR Y

140
191
192
193
194
155
196
197
198
199
200
201
202
203
204
205

fprintf (o

fprintf(
fprintf(
fprintf(
fprintf(
fprintf(

fprintf (pf

end

fprintf (pf
fprincf(pt

for i =
fprintf (pf

end

fprintf (pf X3

fprintf (p
fprintf(
fprincf(p

l:nElement

T vertexCount

viny;

%f %=f %f %f %f %f ',antennaWire(i,l),antennaWire (i,2),antenna




Excerpts from NEC2toX3D.m (2/3

e Part 2 - Antenna 3D Beam Pattern Geometry
e Line 33~57 : Read from 4NEC2 output file

e Line 206™~210, 318~360 :
Write down as
IndexedFaceSet
using X3D grammar

while ~( (tline(2)=="D") && (tline(3)=='E') && (tline(4)
tline = fgetl(fid);
if (max(size(tline)) < 4)
end

tline = ' ' end

nunber0fFattern o;
while (max(size(tline)) > 2Z)
numberOfPattern = numberCfPattern + 1.

(numberOfPatte scanf (tline, '$£', [1 5]);
tline = fgetl(fid);
end
antennaPattern = antennaPatternTemp (1l:numbercfPattern, 1:2);
antennaPattern (l:numberCfPattern, 3) = antennaPatternTemp (1:numberCfPattern, 5):
number0fPattern

318
319
320
321
322
323
324

340

function HandleSurface (obj_handle)
global pf X3D;
info.cooxd
info.coordIndex =
info.color =

info.colorIndex =

okj = get(obJj_handle):

handle str = sprintf('%s%g’',deblank(ocb].Type),doukle (obj_handle));
handle str = abs(handle_str):

h = find(handle str == '.'};

handle_str(h) = []: %ok

handle str = char(handle str);

if({strcmp (obj.Visikle, '
% H =
if ~strcmp (okj.FaceColoxr, "
fprintf (pf > '
fprintcf (pf X3D,
if ~ischar (obj.FaceColor)

i=0;
else
switch obj.FaceColor
case 'flat'
colorIndex (obj,info.colorIndex, 'flat");
case 'interp'
colorIndex (obj,info.colorIndex, 'int
case 'textu

ap"

otherwise
error {'Un

end
end
coordIndex (obj,info.coordIndex) ;
sendStr (24, "rEal = n');

coord (ok]j, info.cooxd) ;

facecolorx (obkj,info.colox,ob]j.FaceColor) ;

fprintcf (pf
fprintf (pf




Excerpts from NEC2toX3D.m (3/3

e Part 3 - Color Map Index
e Line 218~292 : Write down using HUD Prototype

218 £%%% Colormap
219 — fprintf(pf X3D,'\n <!l—— HUD : Colormap Part --> “n'):
220 — fprintf (pf_X3D,° <l-— Simple Heads-Up Display (HUD) Prototype'

“n Manages the display of a HUD an

a
221 — fprincf (pf X3D,° <ExternProtoleclare appinfo=''Heads-up display (HUD) keeps child geometry aligned
222 — fprintf (pf X3D,°' <fiel

223 — fprincf (pf X3D,° <field access

ype=""inputOutput'"' appinfo=''offset position for HUD relative to
ype=""inputCutput'"' appinfo="'X3D content positioned at HUD offse

224 — fprintf (pf_X3D,° <field accessType=

outputl appinfo=""HUD position update (in world coordi

225 — fprincf (pf_ X3D,° <field accessType='"'"outputln ' appinfo='"'HUD orientgtion update relative to o

226 — fprintf (pf X3D,°' c/ExternProtoDeclare> ‘\n');

227 = fprincf (pf X3D, <ProtoInstance DEF=''HeadsUpDisplayInstance'' name=''HepdsUpDisplay''>
set back z=-5 fr

228 — fprintf (pf_X3D,° 2! ple: upper left-hand corr (x=-2,
229 — fprintf (pf_ X3D,° <fieldValue name="'"
230 — fprintf(pf X3D,"
237 = fprintf (pf X3D,"
232 — fprintf (pf X3D,°
233 = fprintf(pf X3D,°
234 - fprincf (pf X3D,°

235 = fprintf(pf X3D,° <PixelTextu im 1 33 3 Ox000081 Ox0000X1 Ox000DC1l Ox0000ELl 0Ox0002
236 — fprincf (pf X3D,° d
237 - fprintf(pf X3D,°
238 - fprincf (pf X3D,°
239 = fprintf(pf X3D,° <
240 — fprincf (pf X3D,° <
241 — fprintf(pf X3D,°

242 — fprincf (pf X3D,° <
243 — fprintf(pf X3D,°

244 — fprintf (pf X3D,° </

1) an

zcreenOffset' " wvaluse=""0 0 -5"'/> | ‘\m'):

LSS L

1sform translation='"'l.

ransform translation="'0 1.7 0''> \m'"):

hnt) g

ext string="'"dBi"''> ‘\n'"):

e DEF=''colormapTickFont'" justify="''"END" "MIDDLE"'' size="




Antenna 3D Beam Patterns (1/2)

e Case of existence of ground

e Reflection should be considered in beam pattern.
* How about existence of sea or water?

s

Main Lobe 7| = :
: Side Lobe

P 0.4
Side Lobe : .
Main Lobe

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




Antenna 3D Beam Pattern (2/2)

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.

=2

b=
4 A

7.0

-3

™y
Side Lobe
= 3 ‘ ~ 1 | 0.8

Main Lobe

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



AXIS

e For Antenna 3D Beam Pattern

e Axis : Log scale
e Unit : dBi (Antenna Gain)

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



Suggested visualization (1/2)

e Beam Propagation : Z axis, logarithmic scales

* Fixed color map : For easy comparison

Max {fain—7.9 dBi Max {fain—8.7 dBi
dBi dBi
23.0 23.0

Max (rain—12.1 dBi
dBi
23.0

: = Side Lobe
oo ¥

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



Suggested visualization (2/2

e Beam Propagation : Z axis, logarithmic scales

* Fixed color map : For easy comparison

Max {rain—7.1 dBi

Max Crain—12.4 dBi
dBi g

dBi
23.0

23.0

<NecGridYagiWireFence.x3d> <Nec5ElementTwinDeltaloop2m.x3d>

Max Crain—22.9 dBi

Max (fain—12.7 dBi
dBi

Max (rain—14.7 dBi
dBi

) 23.0

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



Questions

* Any suggestions and questions are helpful to us.

e Please reply any comments to skwon@nps.edu or
Brutzman@nps.edul.



mailto:skwon@nps.edu

Appendix

- 3D Visualization of Beam
Pattern of MATLAB -

FEB 9 2018 - FEB 13 2018



Radiation Pattern

e 3D antenna directivity (in decibels)
e ant = yagiUda; Freq = 300e6;
e pattern(ant, freq);

Output : Directivity
Frequency ;300 hiHz 7
hiax walue : 9.77 dBi

hfin value :-29.1 dBi
Feimuth : [F180°, 1807
Bewation : [-90° , 907

Showy Antenna




Individual Polarization Components

 Directivity of the azimuthal(H) component of E field
e Ant =yagiUda; Freq = 300e6;
e pattern(ant, freq, 'Polarization’, 'H');

Output : Directivity
Frequency ;300 hiHz
hiax walue : 9.77 dBi

hfin value : -G3.9 dBi
Feimuth : [F180°, 1807
Bewation : [-90° , 907
Paolarization : H

ID
-10

1-20
1-30
140
...................................... 50
'._,..--""
e 60
._,_,..--""
e
—




Electric Field and Power

 Normalized magnitude of the E field
e Ant = yagiUda; Freq = 300e6;
e pattern(ant, freq, 'Type', 'efield’, 'Normalize', true);




Antenna Radiation Patterns Examples

https://www.mathworks.com/help/antenna/gs/_mw_10718407-83ff-44e5-96¢5-ff5f768f0e67.html

Max Directiaty = 2168 dBi Max Directivity = 9.75 dBi
Frequency = 75 MHz Frequency = 300 MHz
5
0
5
10
A5
20
-
— 25
—
—

<Dipole> . <YagiUda>

Max Direciivity = 8.24 dBi
Frequency = 2.1 GHz

hxh-x _.—-"fJ i J| Show Antenna < h O r n >



Blake chart (1/2)

* range-angle-height plot for a narrowband radar

antenna

 the maximum radar range as a function of target

elevation e Blake Chart
70

20 60
a0

40

30

20

Height {km)
el

10

0.01

0
0.1 6 10 30 50 7O 90 1500 200

Range (km)



Blake chart (2/2)

~ CRPL Exponential Reference Atmosphere Model

The blakechart function uses the CRPL Exponential Reference Atmosphere to model refraction effects. The index of
refraction is a function of height

n(h) = 1.0 + (N, x 1076)¢ ="

where N, is the atmospheric refractivity value (in units of 107 at the surface of the earth, Rep is a decay constant, and A
is the height above the surface in kilometers. The default value of N; is 313 and can be modified using the
'SurfaceRefractivity' Name-Value pair. The default value of R, is 0.143859 and can be modified using the

'"RefractionExponent’ Name-Value pair.

References
[1] Blake, L V. Machine Flotting of Radar Verfical-Flane Coverage Diagrams. Maval Research Laboratory Report 7098, 1970,
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