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1. About this document

These materials are part of the ItrainOnline Multimedia Training Kit (MMTK). The MMTK provides an integrated set
of multimedia training materials and resources to support community media, community multimedia centres,
telecentres, and other initiatives using information and communications technologies (ICTs) to empower
communities and support development work.

1.1 Copyright information

This unit is made available under the Creative Commons Attribution-NonCommercial-ShareAlike 2.5 Sweden. To
find out how you may use these materials please read the copyright statement included with this unit or see
http://creativecommons.org/licenses/by-nc-sa/2.5/se/.

1.2 Degree of Difficulty

The degree of difficulty of this unit is Medium.
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2. Introduction

In the unit “Planning and Budgeting” we discussed the need of a good site survey before purchasing any
hardware. A typical site survey will include details about the existing physical and technical infrastructure,
licensing, access to electricity and Internet, etc. A viability study of your network can/should include a radio
simulation of your proposed design.

By simulating your wireless deployment, you will be able to evaluate the viability of a network architecture
(topology) and estimate the number of nodes needed to cover a certain area. This unit serves as an introduction to
the software “Radio Mobile”, a radio simulation tool for outdoor environments.

3. What is Radio Mobile?

Radio Mobile is a software tool written by Roger Coudé (VE2DBE) that it is used to predict the performance of
outdoor radio systems. Although it was initially conceived for traditional amateur radio systems (voice and data
communications in UHF and VHF), it allows calculations of link budgets in a wide frequency range.

Radio Mobile uses the information from terrain elevation data (digital maps) to automatically compute the path
profile between an emitter and a receiver.

The software uses the ITM (Irregular Terrain Model) for radio propagation. The ITM or Longley-Rice Model (1968)
is a general purpose model based on electromagnetic theory and statistical analysis of terrain features. Radio
Mobile implements ITM and because the model is valid in the range of 20 Mhz to 20 Ghz, the software can be
used to predict the median attenuation of radio signals in WLAN and WMAN systems.

Radio Mobile does not only calculates link budgets but can produce a variety of virtual maps, 3D views,
stereoscopic views, and even animations.

Unfortunately, for legal reasons the maps need to be downloaded at least “once” from the Internet as its relies on
external sources for cartography.

If you are going to use Radio Mobile for your simulations, download all the required maps before
going to the field. You might require 2-10 MB of digital cartography.

4. What is SRTM?

SRTM stands for Shuttle Radar Topography Mission and is a NASA project that provides free digital topographic
data. This cartography contains data samples of heights obtained by radar in intervals of 30-90 meters'.

For Africa, the images has a precision of 3 arcs of a second or 90 meters.

1http://www2.jpl.nasa.gov/srtm/
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5. Installing Radio Mobile 7.1.5

Radio Mobile is written in Visual Basic and requires you to install the Visual Basic Runtime (Service Pack 6).
Download vbrun60sp6, install and reboot your computer.

Once you have the Visual Basic Runtime installed, download the following files:
« Radio Mobile Executables (rmw715.zip)
«  Radio Mobile Supplementary (sup.zip)
+  Radio Mobile Network Examples (net.zip)
Three extra libraries (DLLs) are needed for extra functionality:
«  Enables saving pictures in jpeg, tiff and png formats: (freeimage.zip)

«  Enables the automatic download of ZIP compressed SRTM files (unzip32.zip)
«  Enables Azimuth relative to Magnetic North (geoStarsLib.zip)

As the software does not include an installer, the easiest way it is to create a new folder C:\Radio Mobile 7.1.5
and unzip all files there.

You can find all the links to the software here:
http://www.cplus.org/rmw/download.html
Ensure that you have the Visual Basic runtime installed.

Radio Mobile does not include an installer, create a new folder C:\Radio Mobile 7.1.5 and
unzip all files there.

6. Radio Mobile Building Blocks

As a short tutorial to Radio Mobile, we focus on four basic tasks that will allow us to discover all the potential of the
software.
1. Position and Cartography
+  Where is the site?
«  Which maps can we use (see Section 6.1)?
2. Radio Network Properties and Topology
»  What type of equipment do we want to use?
»  Where do we place the radio units (see Section 6.2)?
3. Radio Link Budget Analysis
«  What is the performance of each link (see Section 6.3)?
4. Coverage Areas.
«  What is the maximum distance that can we cover (see Section 6.4)?
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6.1 Position and Cartography

File > Map Properties

& - \nigeria_ff_v4_rc1.map properties
Centre Size [pixel)
09°36'51 4"'H 008°201 8.4"E Wwidth[pixelz] Height [pixelz] Apply
JI43ED H00 B00
atibude Longitude
. Cancel
|a614274 |8.338448 Size [km)
*adidth[k ] Height [lm]
Top Left
[IEE CUrEor postion ] 30,00 09 44'57"H
Q0s+09'21"E
World map | Elewvation data source Top Right
Drive ar path Top layer 09°44'57""M
Select a city name | |SF|TM j |.3 EliEmss 003°311E"E
Bottom Left
Enter LAT LOM or ORA | |None ﬂ |c Browse 0972845
Q0s+09'21"E
|Se|ec: unit j |N0ne j |C M Bottom Right
09°28'45"M
|None ﬂ |c Browse e E"E
[v Adjust units elevation |None ﬂ e EranEe
v Merge pictures ¥ lgnore missing files Bottam laper
[ Force gray scale Iritialize matrix with elewation [m)] |0

Image 1: Inserting your GPS position and the source of digital cartography

1. With the help of a GPS or the Intemet, find out the GPS position of your site. Include the latitude (LAT)
and longtitude (LON) (red arrow)

2. Decide which type of digital maps you want to use, the SRTM (green highlighted area) is a good default
value here. The NASA's Shuttle Radar Topography Mission (SRTM) contains elevation data on a near-
global scale and is one of the most complete high-resolution digital topographic databases.

3. Define your map resolution and area of simulation (km)
—  Set the size [px] (good default value is 800x600)
—  Set the area [km] you want to display (good default value is 40 km x 30 km)

Now go to: Options > Internet

In this menu, you will select the default sources for SRTM digital pictures and what to do with them once they are
downloaded locally. In the example, | am downloading the SRTM files from NASA from a ftp site (red highlighted
area) and storing the files in C:\rms\maps\200601 when downloaded.
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In our example, we are using SRTM as source of digital cartography.

1. Use one the predefined download sites for maps for SRTM or input your own URL (red arrow)
2. Store the files locally when downloaded, second check highlighted area and Local files path
C:\rms\maps\200601 (green highlighted area)

_!._;J Internet options

SRTH Toporama ‘ Terazerver | LAMDSAT ‘ 'W'ebupdate| Cancel |

Shuttle Fadar Topoaraphy Miszion [SATH)
" Downlaad from Intermet if a file iz not found on local path
{« Download from Internet if a file iz not found on local path and keep a local copy
" Use local files only

Local files path
C:hmshmapsh 200601 Browse

Intemet fip directony

Joo

|Dthet

|ft|:u:#e[lsr|:u[l1 1.ecs naza.govdatmiversion2afcal v Zip

Image 2: Choosing the source for SRTM cartography

If you want to use the very latest SRTM version 2 maps, use the following website:
ftp://e0srp01u.ecs.nasa.gov/srtm/version2/Africa

If you have problems downloading the maps, make sure that you are not behind a firewall that
blocks PASV FTP.
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6.2 Radio Network Properties and Topology

It is worth to spend some time to understand the different terminology that Radio Mobile uses in the software:

Network: a network is a group/cluster of radio units operating at a given frequency (range) under the
same weather and terrain conditions.

System: a specification of a systemthat includes a radio unit, antennas, cables, losses and height of
towers. It is not the physical radio unit itself, it is a functional specification(s) that can be associated to
physical units. In Radio Mobile, a “system” is a “predefined radio kit”.

Unit: the equipment of certain “system” type that we place in a physical location.

Membership: the act of defining which units that are member of a network and under which
specification (system).

Imagine the following scenario:

Place one repeater radio unit at the top of a hill and interconnect two clients (1 & 2) units. The network is
composed by three units (Test Repeater + Client 1 + Client 2).

We have two type of systems, one with an omni antenna antenna and high output power and a second
type of system with a directive antenna and medium output power. We will call these systems (Repeater
1 W System) and (Client 0,083 W System).

We want to use a unit of type (Repeater 1 W System) in the repeater, and two units (Client 0,03 W
System) as clients.

We are looking for the best place for the repeater. We will call this network (Best Repeater) and it will
operate it in 2.4 Ghz. Members of this network include: Test repeater, Client 1 and Client 2.

The following settings take place under Network and Unit Properties

1.

Creation of a new “logical network (Create Network: Best Repeater) (see Section 6.2.1)

«  File > Network Properties > Parameters

2. Define the types of systems that are going to be in this network (Create Systems: Repeater 1 W, Client
0,03 W) (see Section 6.2.2)
»  File > Network Properties > Systems
3. Create and Place units in a physical position (Create and Place: Client 1, Client 2, Test Repeater) (see
Section 6.2.3)
«  File > Unit Properties
4, Associate Units to a network. Associate Units to a “system” specification. (see Section 6.2.4)
«  File > Network Properties > Membership
10_en_mmtk_wireless_radio-simulation_handout.odt 6
Last updated 12 May 2006

Available online from http://www.itrainonline.org/itrainonline.org/mmtk/



6.2.1 Creating a logical network

File > Network Properties > Parameters

4 Networks properties
List of all nete Default parameters Copy Met | | Cancel | Apply |
Topology | tembership ‘ Systems ‘ Style |
Met hame
|Best Repeater Surface refractivity (N-Units] 301

imimum frequency (MHz) |~ |2400 Ground conductivity [Sém) 0,005
Mawirum frequency (MHz] © |2500 Relative ground permittivity |15

HE: }12 Falarization Clirnate
Wet13 {* “ertical " Horizontal .
Best Fepeater | — " Equatorial
me: }g M[_E'de ot wariabilty " Continental sub-ropical
el I
Met 17 = Spot % of time 50 (™ Maritime sub-tropical
bet 18 Accidental
Ngns £ Mcbiks % of locations |50 £ Desert
Met 20 - ’50— (¥ Continental temperate
+ % of situati =
HZ: %12 Broadssst of situatians (" Maritime temperate over land
Met 23 Additional loss (" Maritime temperate over zea
He: gg ™ City " Farest o
el

Image 3: Creating a new “logical network”

Creating a new logical network only requires that you specify the frequency range (green highlighted area) and the
name of the network (red arrow)

Although there are many other parameters that you can set in this section, pay special attention to the frequency
of operation.
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6.2.2 Creation of systems specifications

File > Network Properties > Systems

Metworks properties
List af all systems Lelizllt pamelisrs | Copy Net | | Cancel | Apply |
Parameters | Topalogy | tdemberzhip ‘ Systems | Style |
Hepeater 1w/ L.
Sogten o |Select fram Radiosys. dat j
Syzterm B
System 7 System name |Repeater 1w
Syztem 8
System 9 .
System 10 Tranzmit power (4 att) 1 [dBrr) |30
Syztem 11
g.‘ﬁ:em ::% Receiver threzhold [ 394 [dBm] |-95
ustem
Syztem 14
Siztzm 15 Line loss [dB] 05 [ Cable+cavities+connectors |
Syztem 16
System 17 Antenna gain [dRi] 10 [dBd] |7.85
Syztem 18
giz:zm 123 Antenna height [m) ] [ Above ground |
Syztemn 21
System 22 Additional cable loss [dB/m) - |0.2 [ IF anterna beight differs )
Syztem 23
gﬁz::m g; Add ta radiosys.dat | Remove from radiosys. dat ‘

Image 4: Adding the new system “Repeater 1 W’

Take the data sheet(s) of the equipment that you plan to use and input the values accordingly.
We are going to create two very different types of systems: a repeater system operating with 1W and a client-type
operating at 0.03W.

In this example we are considering a first system (Repeater 1W) with an output power of 30 dBm and a receiver
sensibility of -95 dBm for 2 Mbps (green highlighted area).

For this specification we are considering a default value of:
« 0.5dBinline loss (pigtail, cavities and connectors)
- 5 meters of cabling (orange highlighted area)
» anomnidirectional antenna of 10 dB (6,85 dBd) gain (blue highlighted area)

Itis a good idea to always use very conservative values in your simulations.
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MNetworks properties
List of all systems Diziaulijgainziais | Copy Net | | Cancel | Apply |
Parameters | Topology | tembership ‘ Syztems | Style |

Repeater 1w

Clent 0.03% | | Select from Rradiosps dat ~|

Spstem B

Sustern 7 Sustem name |Elient 003w

Syztern 8

Swystem 9

Sﬁstem 10 Tranzmit power (4 att) 3B2278E-02 [dBm] |15

Sestem 11

gys:em 1% Receiver threshold [ 10 [dBm) |57

uztem

Syztem 14

Sﬂztgm 15 Line loss [dB] 0.5 | Cable+cavities+connectars |

System 16

Spstem 17 &ntenna gain [dBi] 14 [dBd) |11.85

Spstern 18
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Spstem 21

Swstem 22 Additional cable losz [dBAm] |05 [ If antenna height differs |

Spstem 23

gﬂz:im gg Add to radiosps. dat | Remave from radiozys.dat ‘

Image 5: Adding the new system “Client 0.03 W”

This second specification (Client 0,03 W) includes a more directive antenna (14 dBi) (yellow highlighted area) and
a smaller output power (15 dBm).

Notice that you can input the transmission power either in dBm or in W (green arrow)
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6.2.3 Create and Place Units

File > Unit Properties

5 Units properties
larmie Elewation [m]
ECw/4, —
Fep? [A] |Test Fepeater |‘I nz2 Apply
1
Test Bepeater [ s o e m
Copy 09°3219,6"N O09°23'20,3'E Paste
N Q JJ49EM 4
[ Locked

tMave up
Enrter LAT LOM or QRA

| Movve down
. .. E t
/f{ace cursor at unit position | &

PI¥ unhit at curzar pazsition

/ Add unit to cities.dat I

Get unit from cities. dat Clear all |

Sort

Style

[+ Erabled (" Left * Centre ©  Right m

I Transparent

[ Malabel BackColor | ForeCalar |
lcon 16216 pixels
A ]

b

I Show only units that are members of a visible netwaork

Image 6: Adding and Placing Units (in the cartography)

In this section we create (red highlighted area) and place the three units (red arrow). When placing the units (by
using the cursor position), we can use the tool: Elevation Grid

View > Elevation Grid
The Elevation Grid gives us the altitude of a select place and provides information about the highest point in the

surroundings. In the image, the grid shows that the “cursor” is at 1183m over the sea level. To get a better position
for our repeater we can move the cursor to 1192 or 1197 m (yellow arrows).

& Elevation erid {m)

(1200 [1194 [1188 [1190 [1192

(1203 (1195 1187 e [

[1197 [1190 [1183 [1185 [1188

1188 | 1183 [ 1177 1173 | 1183

(1178 (1174 [1170 [1171 [ 1178

09°3257"M 008°2327"E
JJ49EN

Image 7: Using Elevation Grid to place a unit on the cursor position
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6.2.4 Network Membership

File > Network Properties > Membership

E Hetworks properties
List of all rets Default pararmeters | Copy Met | Cancel | Apply |
Parameters ‘ Topology | Systems ‘ Style |
izt of all units tember of Best Repeater
v Test Repeater ”~
v Llient 1 ] Role of Test Repeater
w| Client 2 |Eommand j
Met 11
Met 12 System
Met 13
Best Repeater | |F|epeater W ﬂ
Met15
Net 18 Antenna height [m)
Met 17
Met 18
Met 20
Met 21 ~
et 22 ) | Other
Met 23 -
Met 24 —
Met 25

Image 8: Putting all elements together, Network with units of certain system type.

In the previous section we created three units; one repeater (Test Repeater) and two clients (Client 1 and Client 2).
In the Membership section we associated these physical units to the network (Best Repeater) and to the different

systems (Repeater 1W and Client 0,03W).

In this section we can also specify the role of the units in the topology. A default value is to set all the clients as
Subordinates and the main coordinator (repeater, central access point) as Command.

Here, we can also change the default value of the height of the tower (blue highlighted area).
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6.3 Radio Link Budget Analysis

After following the steps described in 6.1 and 6.2 you should have a diagram similar to this one. The picture shows
two radio links from the Command Unit (Test Repeater) to the Subordinates (Client 1 and Client 2)

-~

Client 1

Image 9: First results of the simulation

To examine each of the links go to: Tools > Radio Link

T+T Radio Link
Edit Yiew Swap

Azimuth=301,3°
PathLoss=11E.2dB

X]

Distance=7.81km
Fi= Relative=23.6dB

Elew. angle=-1,95E"
E field=68.3dB v /m

Clearance at 7,17km
Fix level=-53.2dBm

Wworst Fresnel=1,8F1
R level=155 260

— Transmitter — Receiver
[ — —— — . D S . . S [ — —— — — — —
Test Repeater LI Il:lient 2 LI
Fiole: Corrmand Ruole Subordinate
Tx system name Repeater 1w Rx zypstem name Client 0,03 '
Tx power 1w 30 dBm Required E Field 44,49 dBpidm
ine loss 0.5 de Antenna gain T4 dEi 11.85 dBd
Antenna gain 10 dBi 7.85 dBd Line loss 0.5 de
FRadiated power EIRP=8.91 " ERP=5.43"%" R sensitivity 10 87 dBm
Antenna height [m) |5 Apply | Antenna height [m)] |5| Apply I
— Met — Frequency [MHz]
inimumm I axinmuim
Best Repeater ;I |2dﬂD IZEDD Apply I

Image 10: Details of a one link budget simulation
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Each of the radio links can be examined in detail. In the picture we see the radio link between the Test Repeater
and the Client 2 (red highlighted frame). Among other information, Radio Mobile provides the TX radiated power

(EIRP) (orange highlighted frame) and a measure of the signal received in the receiver (Rx Relative).

T Radio Link
Edit Yiew Swap
Azirnuth=172 8% Elev. angle=-0.2168" Clearance at 2,58km Wwhorst Fresnel=1.0F1 Diztance=9.20km
PathLozs=117,2dB E figld=56.3dB v /m Fix level=-75.2dBm Fix level=38.75p% \Fh-: Fielative=11.8dB
1 — —
Tranzmitter Receiver
T e ————— 55 r o ————— 55
Client 1 | | Client 2 |
Role Rebroadcast Rale Subordinate
T= system name Client 0,03 R zystem name Client 0,03 '
Tx powwer 00316 W 15 dBm Fequired E Field 44,49 dBpAm
Line loss 05 de Antenna gain 14 dBi 11.85 dBd
Antenna gain 14 dBi 11.85 dBd Line loss 0.5de
Radiated power EIRP=0,71 " ERP=0.43"%" Fix zensitivity 10 p 87 dBm
Antenna height [m] iE] Apply Antenna height [m) (12 Apply
Met Frequency [kMHz]
tinimum b aximum
| Best Repeated j [2a00 2500 Apply

Image 11: Changing the tower height to adjust free the first Fresnel Zone (1.0F1)

The radio link budget analysis is very useful to design the hight of our radio towers. In the example, we have
change the default value of 5m to 18m in both sides of the radio link to be able to stay inside of the first Fresnel
Zone.

Using a radio simulation tool like “Radio Mobile” will always require many iterations and fine tuning
of your values.

The software provides the possibility to safe your “systems” in a .sys internal database.
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6.4 Coverage Area

If you are planning a point to multipoint wireless network, you are going to be interested in the coverage area of a
given “access point” or repeater. Radio Mobile offers also the possibility to create single polar graphs.

Tools > Radio Coverage

T Fignal (dEm]
. 95 -9 -7 -83 78 75 -71 -67 -63 53 5§
(o] ] | | ] | ]| =] o

Image 12: X Ray background image with single polar coverage area graph

7. Conclusions

Consider including an “outdoor radio simulation” in your viability study. A simulation software can be of great help
to create your first network design and plan your first field trials.

The five main tasks that you need to learn to perform a radio simulation with “Radio Mobile” are:

1.

Input your position and select the source and type of maps you want to use

2. Define the “systems” that you want to implement in your network
3. Place the radio units in the target positions and associate a type of system and role to each
and one of them
4. Study each of the simulated “Radio Link Budgets” and change your settings to optimize your
design
5. Use the Radio Coverage Tools to see your coverage areas and potential sources of
interference
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