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6.1 What You Will Learn 
 
In this this tutorial you will use a wizard to create a 
plateau terrain profile. You will learn the special 
properties of terrain objects affecting the elevation of 
objects above them. 

 

EM.Terrano Manual: 

 

EM.Terrano Tutorial Gateway: 

 

Download projects related to this tutorial lesson: 

 

6.2 Getting Started 

Start a new project with the following parameters:  

 

Starting Parameters 

Name EMTerrano_Lesson6 

Length Units Meters 

Frequency Units GHz 

Center Frequency 1GHz 

Bandwidth 0.1GHz 

 

6.3 Creating the Plateau 

Terrain Profile 

 

For this tutorial lesson, you will use a wizard to create a large terrain profile in the project workspace. Click 

on the Plateau Terrain Wizard  button of the Wizard Toolbar (Figure 1) or select the menu item Tools 
Ÿ Propagation Wizards Ÿ Plateau Terrain.  
 

Tutorial Project: Modeling Irregular 
Terrain 

 

Objective: In this project, you will construct an 
irregular terrain surface to serve as the ground of 
your propagation scene. 
 
 

Concepts/Features: 
 

¶ Wizard 

¶ Terrain Surface 

¶ Impenetrable Surface 

¶ Transmitter Set 

¶ Receiver Set 

¶ Terrain Elevation 

¶ Received Power Coverage Map 

¶ Random Rough Surface 

¶ Roughness Statistics 

 
 

Minimum Version Required: All versions 

 

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

rrano 

http://www.emagtech.com/wiki/index.php/EM.Cu

be#EM.Terrano_Documentation  

http://www.emagtech.com/downloads/ProjectRep

o/EMTerrano_Lesson6.zip 

http://www.emagtech.com/wiki/index.php/File:PlateauTerrainWizardIcon.png
http://www.emagtech.com/wiki/index.php/EM.Cube#EM.Picasso_Documentation
http://www.emagtech.com/downloads/ProjectRepo/EMTerrano_Lesson6.zip
http://www.emagtech.com/downloads/ProjectRepo/EMTerrano_Lesson6.zip


4    EM.Terrano  Tutorial Lesson 6  
 

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 
COMMUNICATED WITHOUT THE EXPRESS WRITTEN CONSENT OF EMAG TECHNOLOGIES INC. 

 

 

 

Figure 1. EM.Terrano's wizard toolbar. 

 

A large plateau terrain object appears with a random rough surface as shown in Figure 2. 

 

 

Figure 2. The geometry of the default plateau terrain created by the wizard. 

 

Just like impenetrable and penetrable surfaces, a terrain surface is a special type of object 
in EM.Terrano that is used to model non-flat or irregular ground. Terrain objects are grouped together 
under Terrain Surfaces node of Physical Structure in the navigation tree. Open the Variables dialog and 
see all the variables defined by the wizard for the plateau terrain scene (Figure 3).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Parameter Name Notes 

area_size dimensions of the square terrain surface 

height height of the hill 

slope slope of the bi-sigmoid surface profile 

elevation base elevation of whole terrain surface 

rms_height RMS height of the random rough surface 

correl_len correlation length of the random rough surface 

http://www.emagtech.com/wiki/index.php/EM.Terrano
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Edit and change the definition of the following variables and see the new geometry of the plateau terrain 
(Figure 4): 
 

 

 

 

 

 

 

Figure 3. The variables dialog showing the new parameters of the plateau terrain scene. 

 

Variable Name Original Definition New Definition 

area_size 400 800 

slope 0.5. 0.25 
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Figure 4. The geometry of the plateau terrain after changing some of its parameters. 

 

6.4 Constructing Blocks of Buildings 
 

Create a default impenetrable surface group in the navigation tree with brick composition. Then, under 
"Block_1" draw two box objects withe following parameters: 
 

 

In Tutorial Lesson 1 you learned how to create an array of point objects. In this lesson, you build an array 

of box objects to model a block of buildings. Select Box_2 and click the Array  button of the Tools 
Toolbar, or simply use the keyboard shortcut A. The Array Dialog opens up (see Figure 5). Enter 3, 2 and 
1 for the Element Count along the X, Y and Z directions, respectively. Enter 100m, 120m and 0 
for Spacing along the three axes, respectively. The table below summarizes the array properties: 
 

 

Object Geometry 
Block 
Group 

Surface Type Material Dimensions 
Location 

Coordinates 
Rotation 
Angles 

Box_1 Box Block_1 Impenetrable Surface Brick 80m × 40m × 20m (320m, 240m, 0) (0°, 0°, 0°) 

Box_2 Box Block_1 Impenetrable Surface Brick 40m × 80m × 20m (-300m, -300m, 0) (0°, 0°, 0°) 

Array Object Parent Object X Count Y Count Z Count X Spacing Y Spacing Z Spacing 

Box_2_Array_1 Box_2 3 2 1 100m 120m 0 

http://www.emagtech.com/wiki/index.php/File:Array_tool_tn.png
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Figure 5. The property dialog of the box array object. 

 

At this point, your physical scene should look like Figure 6 as shown below: 

 

  

Figure 6. The geometry of the plateau terrain with a set of buildings at their original positions. 
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The most important property of terrain objects in EM.Terrano is that they can (optionally) affect the elevation 
of objects placed on them. Otherwise, from a modeling point of view, terrain objects behave like 
impenetrable surface. Open the property dialog of the Impenetrable Surface group "Block_1", and check 
the box labeled Adjust Blocks to Terrain Elevation as shown in Figure 7 and click the OK button. 

 

  

Figure 7. The property dialog of the impenetrable surface block group. 

 

As soon as you close the impenetrable surface block's property dialog, you will notice that the building 
objects are lifted up and placed on the surface of the terrain (see Figure 8). 

 

http://www.emagtech.com/wiki/index.php/EM.Terrano
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Figure 8. The geometry of the plateau terrain with a set of buildings after adjusting their elevations. 

 
It is worth examining the mesh of your scene at this time. A terrain surface is a tessellated surface object, 
which consists of a large number of triangular cells. View the mesh of your physical structure to get a sense 
of its geometrical complexity (Figure 9). 
 

  

Figure 9. The facet mesh of the plateau terrain with a set of buildings. 
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6.5 Defining the Transmitter & Receivers 

 
For this tutorial lesson, use the Basic Link Wizard to create a vertically polarized half-wave dipole 
transmitter and a grid of vertically polarized half-wave dipole receivers. Set the Grid Extents equal to 800m, 
change both Tx Location X and Y to 100m and keep the default values of the other parameters as shown 
in the following table:  
 

 

 

 

 

 

 

 

 

The plateau propagation scene with the transmitter and receivers looks like Figure 10 as shown below.  
 

 

Figure 10. The plateau propagation scene with the transmitter and receivers at their original locations. 
 
 
The wizard creates a point radiator associated with the transmitter called "TXP" that is positioned at (100, 
100, 10m). However, as it can be seen from Figure 10, at this time the transmitter is hidden under the terrain 
and so are a large number of receivers.  
 

Parameter Name Default Value New Value 

area_size 500 800 

Tx Location X 0 100 

Tx Location Y 0 100 

Transmitter Height 10 10 

Receiver Height 1.5 1.5 

Receiver Spacing 10 10 
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To get a better view of the position of the transmitter and receivers, click the Right View  button of the 
View Toolbar (Figure 10) to see the (2D) right view of the propagation plateau scene (Figure 12). 
Alternatively, you could select the menu item View Ÿ Set View Ÿ Right View. 

 

 

Figure 11. The Right View tool in the View Toolbar. 

 

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. 

 

 

Figure 12. The (2D) right view of the propagation plateau scene. 
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Similar to building blocks, a terrain surface can also (optionally) affect the elevation of the transmitters and 
receivers that are placed above it. Open the property dialogs of the transmitter and receiver sets and check 
the boxes labeled Adjust Tx Set to Terrain Elevation and Adjust Rx Set to Terrain Elevation, 
respectively.  

 

 

Figure 13. Adjusting transmitters to terrain elevation in the Transmitter Set dialog. 

 

You may also select Small for the Rx Point Size in the Visualization Options section of the  Receiver Set 
dialog and click the Apply button to reduce the size of the receivers (see Figure 14). 
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Figure 14. Adjusting receivers to terrain elevation and reducing the Rx point size in the Receiver Set 
dialog. 

 
At this time, your project workspace must show a scene like Figure 15 as shown below: 
 

 

Figure 15. The propagation scene with the transmitter and receivers adjusted to the terrain elevation. 
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 The Z-coordinate of a transmitter or a receiver located above a terrain surface is adjusted to the sum 

of its original height and the terrain elevation at its base location. 

 

To view the relative position of the transmitter and receivers and their corresponding point radiators, click 
again the Right View  button of the View Toolbar and see a side view of your propagation scene (Figure 
16). 

 

  

Figure 16. The (2D) right view of the propagation plateau scene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.emagtech.com/wiki/index.php/File:Attention_icon.png
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6.6 Running an SBR Analysis of the Propagation Scene with 
the Plateau Terrain 

 

Run a single-frequency SBR simulation of your plateau terrain scene and visualize its received power 
coverage map. You can see from Figure 17 that the upper portion of the plateau obstructs many direct rays 
from reaching the valley region. As a result, the reception around the building array is not good. 

 

 

Figure 17. The received power coverage map of the plateau terrain scene with the transmitter base at X 

= Y = 100m and Z = 10m. 

 

By default, EM.Terranoôs SBR simulation includes edge diffraction effects. Separating this effect sometimes 
help you better analyze your propagation scene and understand the impact of various blocks in the scene. 
It would be useful to examine the effect of the edge diffraction in your project. Open the Run Simulation 
dialog and click the Settings button next to the Select Simulation or Solver Type drop-down list (Figure 
18). This opens up EM.Terrano's Ray Tracing Engine Settings dialog.  
 
Two parameters control the diffraction computations: Max Wedge Angle in degrees and Min Edge Length 
in project units (Figure 19). The maximum wedge angle is the angle between two conjoined facets that is 
considered to make them almost flat or coplanar with no diffraction effect. The default value of the maximum 
wedge angle is 170°. The minimum edge length is size of the common edge between two conjoined facets 
that is considered as a mesh artifact and not a real diffracting edge. The default value of the minimum edge 
length is one project units. 
 
Uncheck Include edge diffraction checkbox and run a new single-frequency SBR analysis.  
 

http://www.emagtech.com/wiki/index.php/EM.Terrano

