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2.1 What You Will Learn Tutorial Project: Examining A
Polarimetric Propagation Channel

In this tutorial you will investigate a two-ray scenario
that involves ground-reflected rays. You will examine
the effect of wave polarization on the reflection
characteristics. In this lesson you will use one
of EM.Terrano's wizards and will learn how to use
project variables.

€3 EM.Terrano Manual:

http://www.emagtech.com/wiki/index.php/EM.Te
rrano

€ EM.Terrano Tutorial Gateway:

http://www.emagtech.com/wiki/index.php/EM.Cu
be#EM.Terrano Documentation

Objective: In this project, the performance of a

& Download projects related to this tutorial lesson: communication link in the presence of an infinite
half-space ground and the effect of the antenna
http://www.emagtech.com/downloads/ProjectRep polarization are explored.
0o/EMTerrano_Lesson2.zip
Concepts/Features:
. e Point Object
2.2 Getting Started . Array Object
e Point Radiators Set
Start a new project with the following attributes. e Global Ground
e Transmitter Set
e Receiver Set
Starting Parameters e Antenna Polarization
e Received Power Coverage Map
Name EMTerrano_Lesson2 « Ray Visualization
Length Units Meters
Frequency Units GHz Minimum Version Required: All versions
Center Frequency 1GHz
Bandwidth 0.1GHz

2.3 Setting Up the Scene

For this tutorial lesson, you will use a wizard to build the geometry of a simple communication link consisting

i

of a transmitter and a grid of receivers. Click on the Basic Link Wizard button of the Wizard Toolbar
(Figure 1) or select the menu item Tools — Propagation Wizards — Basic Link.



http://www.emagtech.com/wiki/index.php/EM.Terrano
http://www.emagtech.com/wiki/index.php/EM.Cube#EM.Picasso_Documentation
http://www.emagtech.com/downloads/ProjectRepo/EMTerrano_Lesson2.zip
http://www.emagtech.com/downloads/ProjectRepo/EMTerrano_Lesson2.zip
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e nala]md
Figure 1. EM.Terrano's wizard toolbar.

A dialog opens up and asks for the total grid extents, transmitter location, transmitter height, receiver height
and receiver spacing. Change the Grid Extents to 50m, change the transmitter height (Tx Height) and

receiver height (Rx Height) both to 2m and change the receiver spacing (Rx Spacing) to 1m as shown in
Figure 2.

Basic Link Wizard - Quick Settings

Grid Extents: | 50 meters

T Location: X ||:|.n|:|nn|:u:| Y ||:|.|:u:|nn|:u:|

Tx Height: |2 meters
R Height: | 2 meters
Rx Spadng: |1 meters

| oK | Cancel |

Figure 2. The Basic Link Wizard dialog.

The wizard creates a single transmitter and a very dense grid of 51x51 receivers centered at the origin of
coordinates (see Figure 3). Note that the wizard automatically creates all the point or array objects
necessary for the definition of the transmitter and receiver sets. Later on, you will see that the scene created

by the wizard is parameterized and you can easily modify the scene by changing the values of its
parameters.

Figure 3. The geometry of the basic link scene created by the wizard.
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You can zoom to fit your structure into the screen using the keyboard shortcut Ctrl+E or by clicking the

5] ) - .
Zoom Extents =l button of the View Toolbar. As you can see from the scene in Figure 3, the transmitter
is collocated with one of the receivers since they have the same heights.

*~ To move a transmitter or receiver to a new location, you need to move their associated point objects.

There are different options for changing the location of your transmitter. Open the property dialog of the
point object “TXP” associated with the transmitter. To do so, select the object's name (“TXP”) on the
navigation tree, right-click the mouse and select Properties... from the contextual menu (Figure 4).

Properties... h
----- :'f: Paint Scat Hide
-7 Vintual Obje Show
= I:Emputaticunal Freeze
----- & Ray Doma
----- mm Global En Cut Ctrl+X
[—]_ Dizcretization Copy Ctrl=C
“ B Facet Mes o o
-4 Souces il | Delete
|_——_|? Paint Tran
P ? 51 Move Ta
----- 4 Hertzian S| o Translate T
----- & Plane wWay
..... & Huygens 5 % | Rotate "
=L Observables W Scale .
BT ?inégfcf “# Explode Q
..... i NearField| Mo ArTay *
----- A Far-Field R | el
..... Y E{) B adar Cro Unlock LCS
_____ &5 Hupgens S Show LC5
I Data Manader

Figure 4. Opening the property dialog of an object.

As you can see from Figure 5, the X-, Y- and Z-coordinates of the point object “TXP” are set to "tx_x",
"tx_y", and "tx_h", respectively. These are project variables, which were initiated automatically by the
wizard. You can simply replace the numeric value of any object property and replace it with a variable name.
For instance, to move the transmitter to location (-30m, 0, 0), you can simply replace “tx_x" in the TPX Point
Properties dialog by -30 and click the OK button.


http://www.emagtech.com/wiki/index.php/File:Fdtd_zoomextents.png
http://www.emagtech.com/wiki/index.php/File:Attention_icon.png
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Point Properties *
Label |TXP
Parent Face Edge Mode
Link | i} J | i J | i} J
X Y Fi
LCS Origin | be_x = |boy = | =
Size |3 = pix
OK | Cancel

Figure 5. The property dialog of the point object.

— All the project variables are list in Variables dialog. This dialog can be accessed by clicking
i the S button on the Simulate Toolbar (Figure 6) or selecting the menu item Simulate —
Variables... or simply using the keyboard shortcut Ctrl+B.
(5
= Figure 6. The Variables dialog button in the Simulate Toolbar
=
fx
E Open variables dialog and examine the variables:
[a;
b2 Variable Name Purpose
= scene_size Total grid extents
E tX_X X-coordinate of transmitter (Tx) location
X y Y-coordinate of transmitter (Tx) location
» tx_h Transmitter (Tx) height
rx_h Receiver (Rx) height
rx_spacing The receiver spacing
rx_count Number of receiver array

Now select/highlight the variable "tx_x" in the Variables dialog and click the Edit button to open the Edit
Variable dialog (Figure 7). While you are in the Edit Variable dialog, enter -30 in the box labeled Definition
for tx_x as shown in Figures 8. Click the OK buttons to return to the Variables dialog and check out the new
value you just changed (Figure 9). From Figure 10 you can see that the point TXP moves to the left of the
scene, and so does the rad ball, representing your transmitter.
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Yariables ot
1D | MName | Definition | Current Value |
1 e 2, 71828 2, 71828
2 pi 3.14159 3.14159
3 epsi 3.85419e-012 3.85419e-012
4 mud 1, 256604e-008 1, 256604e-008
5 c 2,99792e+008 2,99792e+008
=] fc 1le+009 1le+009
7 bwe 1le+009 1le+009
3 to_meters 1 1
9 lambda cOffc 0.299792
10 ki (2.0%pi) lambdai 20,9585
11 lambdal_unit lambdal®to_meters 0,295732
12 sCene_size 50 50
14 ho 0 0
15 te_h 2 2
16 r_h 2 2
17 rx¥_spacdng 1 1
13 rx_count floor(scene_sizefrx_spacng)+1 51

Add | Move Up | pdate | Ok I
Edit | Mowe Down | Delete | Cancel |
Figure 7. EM.Terrano's Variables dialog.
Edit Variable *
Mame: | te_x
Definition: | -30

* For an independent variable, define a numeric value.

* For a dependent variable, define a mathematical expression,

Cancel

o]

Figure 8. The Edit Variable dialog.
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Yariables ot
1D | MName Definition Current Value |
1 e 2, 71828 2, 71828
2 pi 3.14159 3.14159
3 epsi 3.85419e-012 3.85419e-012
4 mud 1, 256604e-008 1, 256604e-008
5 c 2,99792e+008 2,99792e+008
=] fc 1le+009 1le+009
7 bwe 1le+009 1le+009
3 to_meters 1 1
9 lambdan clffc 0.299792
10 kD {2.0%pi)lambdan 20,9585
11 lambdal_unit lambdal®to_meters 0,295732
12 SCENE Size a0 a0
13 X -30 -30 |
= by 0 0
15 te_h 2 2
16 r_h 2 2
17 rx¥_spacdng 1 1
13 rx_count floor(scene_sizerx_spacing)+1 51

Move Up | pdate | Ok |
Edit Mowe Down | Delete | Cancel |

Figure 9. Changing variables value in the Variables dialog.

Figure 10. The geometry of the link scene after moving the transmitter out of the receiver grid.
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2.4 Running an SBR Ray Tracing Analysis

At this time, you are ready to run a SBR simulation. Keep in mind that the default transmitter and receivers

type are a vertically polarized (Z-directed) half-wave dipole antenna. Click the Run |I| button of the
Simulate Toolbar to open up the Simulation Run dialog and select a simulation of the "Single-Frequency
Analysis" type with “SBR Field Solver’ as the simulation or solver type . At the end of the simulation,
visualize the receiver power coverage map (Figure 11).

\ E AR 2008866 [Feee
W EE 0 E I MPasrmillBRE

sawvsnbreanba sl

Rady . e T000GHZ  NotMeshed  World X280000 Y8000  Z0.0000 Gnasnap: 5 Obj Snap: ON

Figure 11. The perspective view of the received power coverage map of the receiver set.

EM.Cube's View Toolbar allows you to view the project workspace from different angles. Click the Top

View button or select the menu item View — Set View — Top View (Figure 12).

NMoe aaue @ @mm Jchbesos EFeze

Figure 12. EM.Terrano's View Toolbar.

Figure 13 shows the top view of the received power coverage map of the receiver set. You can always go
®

back to the perspective view by clicking the Perspective View " | button of the View Toolbar or using

the keyboard shortcut Home.


http://www.emagtech.com/wiki/index.php/EM.Cube
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Revd Power

Type: dBm

Mean: -28.6
STD: 3.21

Figure 13. The top view of the received power coverage map of the receiver set.

The coverage map clearly shows a pattern of concentric rings that result from constructive and destructive
interference between the direct and reflected rays.

2.5 Visualizing & Analyzing the Individual Rays

...... Q Plane Waves In EM.Terrano, you can visualize all the

rays received by each receiver along their
entire path starting from the source location.
To do that, right click on the Point
Receivers item in the navigation tree and
select Show Received Rays from the
contextual menu as shown in Figure 14.

- &% Huygens Sources
EE Observables

= "‘r Foint Receivers
& T Rl Insert Mew Receiver Set...

-l Ebda
-l EPH Hide

-l EMa Show

il EPH
= A Hide Receiver Label Figure 14. Enabling the ray visualization . '
ol EPH Show Receiver Label from EM. Terranods navigatic
oW Ref2lver Labe
e EMa
\} HC"." R R
..... ¥ Mear-Field Se Hide Received Rays In this case, you will see the two rays
-4 FarField Rac show Received Rays received by each receiver: the first is a
..... 5. Radar Cross direqt ray from the traqsmitter to the
..... 5 Hupgens Sur Delete receiver, and the second is a ray that is
-J% Data Manag Delete All reflected off the ground. EM.Terrano allows

you to analyze the individual rays.
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Open the property dialog of your receiver set and select the receiver No. 1296 of the array, which is called
"RX1 1296" (Figure 15). Visualize the two rays received by the receiver no. 1296 (see Figure 16).

Receiver Set - X
Set Properties Receiver Properties Waveform, Modulation and Detection
Label: | RX1 T}:g:nr:f;ngr;iﬁgi&?: IW MHz Modulation Type: |None (Baseband Transmission) j
bcatdront s S S e 9 [ CrameiToe: [T o
Color Receive Array Properties Analog, Pulse and Radar Waveform Parameters
[” Designate Receiver Set as a Phased Array Baseband Signal BW (or Frea.): 'W MHz

[ Adjust Rx Set to Terrain Elevation
r g
Min Required SNR: | 10 ds

Individual Receiver Data
Select Receiver for Analysis:
Receiver Chain | Sampling Frequency: | 100.000 MHz

|Rx1_1208 |
Modulation Index: | 1

Temporal Waveform Definition

’_ Link ON Show Ray Data ‘
M. Bits or Baseband Periods: | 50 = Pulse Duty Factor ( a fraction between 0 and 1): | 0.1
Total Received Power: |-33.302 dBm — )
Mo, Carrier Samples / Period: | 25 =i Ne. Quantization == Baseband Period: | 1,000 ns
c Levels: o
SR: L im @ Total Time Interval: [ 50,000
Link Margin: | 51.170 dB o e : " Oversan;?algeg- = NO;T'n?aTTD?:;d. 0.5
an: ! Baseband Signal or Input Binary Sequence Type 9 '
T LS a8 ¥ Harmonic @ ” Custom Digital Waveform Parameters

Margin Error Allowance):

| | No. M-ary ,47 Mo. Bits per ,7
Signaling Levels: Symbal:

-
Transmission Bit Rate: | 100,000 Mbps Max Permissible [Tooeoos | Mn Required =&
v Add noise to received signal BER; | 1:000=-005 Eb/No:
Bit Duration: | 10.000 ns .
[~ Plot waveforms in dBV scale Forward Error Correction (FEC) Coding Scheme:
Max Channel Capadity: |N/a Mbps r None J
EbjNo: | N/A d8 Visualization Options BER vs. Eb/No Definition of Custom Digital Modulation

BER: [N/A RxPointSize:  Smal  Medum  Large | |

Coverage Map Type:  (+ Confetti " Cube

log10(BER): |N/A
[™ Generate Link Connectivity Map

| Margin | Waveforms | Apply | oK | Cancel |

Figure 15. Selecting an individual receiver in the receiver set dialog.

Now, click the Show Ray Data button of the Receiver Set dialog to open up the Ray Data dialog. You will
see the two received rays listed along with their delay in nsec, phi and theta angles of arrival in degrees
and power value in dBm (Figure 17). The computed received powers of the direct and ground-reflected
rays are reported as -30.421dBm and -37.317dBm, respectively. The power of individual rays is

calculated based on an isotropic receiver with unity gain.
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Figure 16. Visualizing the rays received by the receiver no. 1296.

Ray Data *

—Receiver Properties

Receiver Label: |Rx1_1296 Receiver Coordinates: |-5 |0 |2

r~Individual Ray Analysis

Total Received Power by Receiver: I—EE.S dBm Total Received Field at Receiver: |—14.5'9 dBv/m
Ra... | Delay (ns) | Arr. Theta... | Arr. PhiA... | Tx... | Dep. Thet... | Dep. PhiA... | |Eth| (cBV... | Eth Phas... | |Eph| (dB... | Eph Phas... | RayField... | Ray Powe...

1 83.333 90.00 0.00 1 89.57 0.00 -10.198 0.766 -172.905 -2.106 -10.198 -30.421
2 84,399 80.91 0.00 1 98.46 360.00 -17.094 -7 -162.939 -2.512 -17.093 -37.317

oK I Cancel |

Figure 17. Viewing the properties of individual rays in the ray data dialog.

COPYRIGHT © 2021, EMAG TECHNOLOGIES INC. INFORMATION CONTAINED WITHIN THIS DOCUMENT IS STRICTLY FOR THE USE OF EMAG TECHNOLOGIES CUSTOMERS. THIS MATERIAL MAY NOT BE DISTRIBUTED OR OTHERWISE
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The table below summarizes the important properties of the two rays:

Direct Ray Ground-Reflected Ray
Delay 83.333 ns 84.399 ns
Theta Angle of Arrival 90° 80.91°
Phi Angle of Arrival 0 0
Ray Field Strength -10.198 dBV/m -17.094 dBV/m
Ray Power -30.421 dBm -37.317 dBm

2.6 Verifying Your Simulation Results

The ray diagram in Figure 18 shown below indicates that the direct and ground-reflected rays emanating
from the transmitter and reaching the selected receiver. It identifies all the necessary distances and angles
to calculate the characteristics of the receiver rays.

TX

__..rl

D

Figure 18. The ray diagram of the line-of-sight link in the presence of the global ground.

The delay and power of the direct ray are calculated as follows and agree well with the ray tables of both
vertical and horizontal polarizations:

N 0 cul
C

v .
I O
o pTm V& o

g4~ 0
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0 oY Oy c¢ul QT=— c@ym el C

: o mPA" |

T <o
The ground-reflected ray first traverses a distance of i from the transmitter to the specular point. Then, it
undergoes reflection off the ground, and the reflected ray traverses a distance of i from the specular point

to the receiver. The total optical path lengthisi i . To find the specular point and the lengthsi andi ,
note the geometric relation:

0O O O

With'O 19mandQ 10mandQ 1.5m, you find that:
(@] 20 & I
NS P

i N O p&@vLWI
i N 0O © P&LwI
i i 1 capuysd
The propagation delay of the reflected ray is therefore found to be:

30

y® wBO
The reflected ray's Theta angle of arrival is the same as the incident angle:

Q
— — AOAGALS Wwhpal

The reflected ray received by the receiver can be thought of as if it was launched from the image of the
transmitter in the ground (with respect to Z = 0). The reflection coefficient at the specular point depends on
the wave polarization. In the case of a vertically polarized (Z-directed) transmitter antenna, we have the so-
called parallel polarization with the electric field parallel to the plane of incidence. In the case of a
horizontally polarized (Y-directed) transmitter antenna, we have the so-called perpendicular polarization
with the electric field normal to the plane of incidence. The reflection coefficients for both polarization case

are given by: . o
v -AT-6 - AT-9
- Al-©6 - Al-©
v -Al-6 - Ai-0
-Al-©6 - AT-O
where

The angles —and — are the incident and transmitted ray angles as shown in the figure, and the latter angle
is calculated from Snell’s law:

QOB+ QOEFRh T T T -
For this scene,youhave— —jllu ™ T xhQ WMQ ¢& 0'Q.

o QL
— AOAQémE—I- C@ pJ
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™ 1T XA O@ pJ AT @Rop J

™ T XAd ©@& pJ Al @®op J

@ 1T XAd @Bop J AT O@ pJ

™ 1 XAd @Rop J Al ©@ pJ
The powers of the reflected rays in the two cases of vertical and horizontal polarizations are then calculated
as:

™ oV

Ut

0 5 0@Y Oy c¢ml (;T,% ¢l QYs

&Y 1 cﬁlcmwcﬁlgﬁou oReA" I

0 5 OQ@WY O c¢ul Com ¢l QYs
1 ol i GgumA" i
C@Y m ¢ QT.‘ @ouw S Cut o@m

The analytical results agree well with the ray tracing simulation results.

| i ! . o
*. The ray fields are complex-valued. The total ray field at the receiver location is computed as the
coherent sum of the complex-valued fields of all the individual received rays.

2.7 Changing the Polarization of the Transmitter and
Receiver Antenna

The previous results were obtained using a vertically (Z-directed) polarized half-wave dipole transmitter and
receiver. Now, you will see what happens if you change the polarization of the transmitter antenna and the
receiver. Open the property dialog of the Point Radiator Set associated with the transmitter (TXB) from the
navigation tree. In the section entitled Radiator Type, choose the option "Y" from the drop-down list
labeled Direction next to the radio button Half-Wave Dipole, which has already been selected (Figure 19).
Similarly, open the property dialog of the point radiator associated with the receivers (RXB) and change the
polarization of the receivers to Y-directed horizontal.


http://www.emagtech.com/wiki/index.php/File:Attention_icon.png
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Point Radiator Set - TXB

—5Set Properties

Label: ITxEI

Color | Iil I Enable Texture

Point Radiator 5et - RXB

¥ Half-Wave Dipole

Di

rection: I'f_

" Isotropic Radiator(s)

" User Defined Antenna Pattern

Texture | ¥ sides orly
Texbure Geometry Set Properties
Width: I ] P = I 0 LInit4 Label: I RXE
Height:| 0 x= |0 Lniit
- I . I Color | Ii| ™ Enable Texture
-Radiator Type Texture | ¥ sides Cnly

Texbure Geornetry

Wik I 0 i
Height: I 0 P

= I 0 Lriks
N

Umits

Irnpoark. .. | I

¥ (Rell)

¥ (PitcH

Rotation
Angle (deq):

Default rotation arder is: Z -= Y -= X { Yay

[T Reverse rotation order (X - Y -> Z )

Visualize Rotation Sequence | Visualiz]

0

[T Import mult-frequency data sets

o |

Cancg

-FRadiator Type
¥ Half-Wave Dipole

Direction: I*r‘ vI

™ Isotropic Radiator(s)

{~ User Defined Antenna Pattern

Irnpork. .. | I

¥ (Roll) ¥ (Pitch) 7 (Yaw)

Rotation
Angle (deag):

Default rotation order is: Z -= Y -= X { Yaw -=> Pitch -> Roll )

[T Reverse rotation order (X -> ¥ -> 2 )

Visualize Rotation Seguence | Visualize Radiation Pattern

0 0

[T Import mult-frequency data sets

0K I Cancel

Figure 19. Changing the polarization of the transmitter antenna in the point radiator set dialog associated
with the transmitter (TXB) and receivers (RXB).

Run a single-frequency SBR analysis of your scene and visualize the received power coverage map. You
will see from Figure 20 that the pattern of the map has changed with respect to the previous case of vertical

polarization.
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Rewd Power

Mean: -34 07
STD: 8.32

Figure 20. The top view of the received power coverage map of the receiver set.

Now, open the property dialog of your receiver set once again and select the receiver No. 1296 of the array
(RX1_1296). The computed Total Received Powers of the direct and ground-reflected rays in this case
are reported as -30.402dBm and -31.788dBm, respectively, the Data Ray property dialog (Figure 21).

Ray Data *

—Receiver Pr ties
e X Y z

Receiver Label: |Rx1_1296 Receiver Coordinates: |-5 |0 |2

r~Individual Ray Analysis

Total Received Power by Receiver: |—3?.84 dBm Total Received Field at Receiver: |—18.9? dBV/m
Ra... | Delay (ns) | Ar. Theta... [ Arr. PhiA... | Tx... | Dep. Thet... | Dep. PhiA... | [Eth| (dBV... | Eth Phas... | |Eph| (dB... | Eph Phas... | RayField ... | RayPowe... |

1 83.333 50.00 0.00 1 89.57 0.00 -174.116 0.256 -10.178 -2.378 -10.178 -30.402
2 84,399 80.91 0.00 1 98.46 360.00 -170.526 -2.971 -11.585 0.404 -11.565 -31.788

oK I Cancel |

Figure 21. Viewing the properties of individual rays in the case of a horizontally polarized dipole
transmitter.
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The table below summarizes the important properties of the two rays:

Direct Ray Ground-Reflected Ray
Delay 83.333 ns 84.399 ns
Theta Angle of Arrival 90° 80.91°
Phi Angle of Arrival 0 0
Ray Field Strength -10.178 dBV/m -11.565dBV/m
Ray Power -30.402 dBm -31.788dBm

Next, keep the polarization of the transmitter to the Y-directed horizontal and change the polarization of the
receivers to Z-directed vertical (cross-pol) and run a new SBR analysis. Figure 22 shows the top view of
the received power coverage map of the receiver set.

Rovd Power

Mean: -67.03
STD: 10.26

Figure 22. The top view of the received power coverage map of the receiver set.

2.8 Changing the Transmitter Height

Earlier you saw that the Z-coordinate of the transmitter's base point (TXP) was set equal to "tx_h" by the
wizard. Open the Variables dialog and change the value of “tx_h” from 2 to 10 (see Figures 23-25).

COPYRIGHT © 2021, EMAG TECHNOLOGIES INC. INFORMATION CONTAINED WITHIN THIS DOCUMENT IS STRICTLY FOR THE USE OF EMAG TECHNOLOGIES CUSTOMERS. THIS MATERIAL MAY NOT BE DISTRIBUTED OR OTHERWISE
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Yariables ot
1D | MName | Definition | Current Value |
1 e 2, 71828 2, 71828
2 pi 3.14159 3.14159
3 epsi 3.85419e-012 3.85419e-012
4 mud 1, 256604e-008 1, 256604e-008
5 c 2,99792e+008 2,99792e+008
=] fc 1le+009 1le+009
7 bwe 1le+009 1le+009
3 to_meters 1 1
9 lambda cOffc 0.299792
10 kD {2.0%pi)lambdan 20,9585
11 lambdal_unit lambdal®to_meters 0,295732
12 sCene_size 50 50
13 bex -30 -30
14 ey 0 0

15 [peh 2 [
16 r_h 2 2
17 rx¥_spacdng 1 1
13 rx_count floor(scene_sizefrx_spacng)+1 51
Add Move Up | pdate | Ok I
Edit Mowe Down | Delete | Cancel |

COPYRIGHT © 2021, EMAG TECHNOLOG
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Figure 23. EM.Terrano's Variables Dialog.

Edit Variable X
Mame: | ti_h
Definition: | 10

* For an independent variable, define a numeric value.,

* For a dependent variable, define a mathematical expression,

oK I Cancel

Figure 24. The variable edit dialog.
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Yariables ot
1D | MName Definition Current Value |
1 e 2,71828 2,71828
2 pi 3.14159 3.14159
3 epsi 3.85419e-012 3.85419e-012
4 mud 1. 256604e-005 1. 256604e-005
5 c 2.99792e 4008 2.99792e 4008
=] fc le+009 le+009
7 bwe le+009 le+009
3 to_meters 1 1
9 lambdan clffc 0.299792
10 kD (2.0%pi) lambdan 20,9585
11 lambdal_unit lambdal®to_meters 0,295732
12 sCene_size 50 50
13 t_x -30 -30
14 tey 0 0
15 te_h 10 10
[ Tl 2 2
17 rx¥_spacdng 1 1
18 rx_count floor(scene_sizerx_spacing)+1 51

Add Move Up | pdate | Ok |
Mowe Down | Delete | Cancel |

Figure 25. Changing the transmitter height to 10m in the Variables dialog.

Close the dialogs to return to the project workspace. You will see the transmitter raise to a height of 10m
(see Figure 26). Keep in mind that instead of using the variables, you could have simply changed the Z-
coordinate of the point object TXP to 10m from its property dialog.

Figure 26. The geometry of
the link scene after raising
the height of the transmitter.
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Open the Point Radiator Set dialog associated with the transmitter and set the radiators type back to a Z-
directed (vertically polarized) half-wave dipole. Then, run a single-frequency SBR analysis of your scene
and visualize the received power coverage map (Figure 27).

Rewd Power

Mean: -32 24
STD: 2.224

Figure 27. The received power coverage map of the receiver set with the raised vertically polarized
transmitter.

From the results of this section, you can see that as you increase the height of the transmitter above the
ground, more interference rings appear in the coverage maps.

2.9 Examining the Brewster Angle

In the case of parallel polarization, at a certain distance between the transmitter and receiver, the ground-
reflected ray may experience the Brewster angle. In that case, the reflected ray theoretically vanishes. The
Brewster angle is given by:

— — AOAOGAT AOCAGAIT ¢ @J

From the ray diagram of the previous section, we can find the following geometrical relationship:

oA = 2.°
From which the distance between the transmitter and the receiver subject to the Brewster angle can be
found:

0 MWQ c®ol
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In this tutorial lesson, the parallel polarization is the case of the vertically polarized (Z-directed) dipole
transmitter. On the X-axis, the closest receiver to have a horizontal distance O 26.83m from the
transmitter is receiver No. 1298: ® ® -30 + 26.83 = -3.17m. If you open the ray data dialog of this
receiver, you will notice that the total electric field intensity and power of the ground-reflected ray in this
case are extremely small (see Figure 28).

Ray Data *
Receiver Properties
X Y z
Receiver Label: |Rx1_1298 Receiver Coordinates: |-3 |D |2
Individual Ray Analysis
Total Received Power by Receiver: |-31 dBm Total Received Field at Receiver: |-11.76 dBV/m
Ra... | Delay (ns) | Arr. Theta... | Arr, Phi A... |Tx... | Dep. Thet... ‘ Dep. Phi A... | [Eth] (dBV... | Eth_Phas... | [Eph] {dB... | Eph_Phas... | Ray Field ... | Ray Powe. .. |
1 93.868 106,50 0.00 1 106.05 360,00 -11.723 -2.543 -153.590 3.020 -11.723 -31.946
2 98.532 66,04 0.00 1 114.79 0.00 -50.436 -0.415 -147.717 1.850 -50.435 -70.658
oK | Cancel |

Figure 28. The Ray Data dialog of the receiver subject to the Brewster angle.

Also note that you cannot distinguish the receiver with the Brewster angle in the coverage map you got
earlier. The reason is the coverage map represents the total received power by the receiver. However, the
power of the direct ray overshadows the power of the ground-reflected ray. EM.Terrano allows you to
include or exclude certain types of rays in your SBR simulation. To see this, open the Run Simulation dialog,
and click the Settings next to the engine type drop-down list as shown in Figure 29. The Ray Tracing
Engine Settings dialog opens up. In the lower section of this dialog, check the box labeled Exclude direct
(LOS) rays from solution (Figure 30).

Fun Simulation >

Simulation Settings

Select Simulation

or Solver Type: |SBR Field Solver j Settings
Simulation Mode: |SingIE-Frequen|:y Analysis ﬂ |_

Statistical Analysis

-

Fun Cancel

Figure 29. EM.Terrano's Run Simulation Dialog.
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Ray Tracing Engine Settings

Ray Tracng Parameters

Ray Angular Resolution: lﬂ deg

Recommended Ray
Angular Resolution:

Ray Power Threshold: |-200 dBm

Simulation Input and Qutput Options

MSA deg

[ Allow solver to load an external BDG data file
named "SBR_ext.BDG"

-

Generate binary BDG data files

.

Generate binary channel matrix and ray path
data files

Superpose ray powers incoherently
Save 2D terrain profile data

Save atmospheric ray data

1 1 O O

CQutput only direct (LOS) target return power
in a radar simulation

x|

SER Ray-Block Interaction Types

v Indude ray reflection and transmission

Max Mo. Ray Bounces: | 10 |

I+ Indude edge diffraction
Max Wedge Angle (deg): | 170
Min Edge Length: | 1

v {Exdude direct {LOS) rays from solution;

Mear and Far Field Options
Plane Wave Source Ray IF
Density (per wavelength): '
Far-field Huygens Cell 0.015
Density (per wavelength): '

| Import a dedicated radiation pattern
data file for each frequency sample

| Do not compute new radiation patterns

[ Save far-field and Huygens ray data

Cancel

Figure 30. EM.Terrano's Ray Tracing Engine Settings dialog.

Click the OK button and close the Ray Tracing Engine Settings dialog and run a new SBR simulation. At
the end of the simulation, visualize the received power coverage map (see Figure 31). This time you will
see the coverage map corresponding to the ground-reflected rays, with all the direct rays excluded from
the solution. You can clearly see the dark ring centered at the transmitter with a radius of about 27m. All
the receivers located on this ring experience the Brewster angle.
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Rewd Power

Mean: -52 67
STD: 7484

Figure 31. The received power coverage map of the receiver set corresponding to the ground-reflected
rays only.
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