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Pathloss 4.0 Operation

PROGRAM INSTALLATION

The Pathloss program is supplied on aCD-ROM and requires aUSB hardware key in order to operate. The
USB hardware key must be connected to the computer before starting the program and remain connected
during the program operation. The program uses the Borland database engine (BDE Version 5.0) for inter-
ference calculations and the site database. Other programs such as Word Perfect and Paradox use the same
database engine and this may already beinstalled on your computer. The installation will automatically de-
tect BDE and only carry out the installation if it does not exist or an earlier versionisinstaled. BDE is
supplied as a Borland redistributable product.

HARDWARE REQUIREMENTS

The recommended operating system is Windows 2000/XP. The program will not run on Windows 95 or
Windows NT 3.51/4.0. The following are the recommended hardware requirements

» PC with 300 megahertz or higher processor clock speed recommended; 233 MHz minimum required
(single or dual processor system);* Intel Pentium/Celeron family, or AMD K6/Athlon/Duron family, or
compatible processor recommended

» 128 megabytes (MB) of RAM or higher recommended (64 MB minimum supported; may limit per-
formance and some features)

» 1.5 gigabytes (GB) of available hard disk space

* Super VGA (800 x 600) or higher-resolution video adapter and monitor

* CD-ROM or DVD drive

» Keyboard and whedl mouse is recommended or other compatible pointing device
* Available USB port

INSTALLATION

Theinstallation uses Install Shield for the basic Pathloss program and BDE. Thisisacommon commercial-
ly available installation program. The setup program runs automatically when you insert the CD-ROM in
your drive. If it does not start, click Sart - Run and enter D:\SETUP assuming that the CD-ROM driveis
D and click OK. Theinstallation program will guide you through the process.

Uninstalling the Pathloss Program

Theremoval of al files and registry entriesis carried out with the Windows Add /Remove Programs pro-
cedure. Click Start - Settings - Control Panel and select Add /Remove Programs. Select Pathloss from the
list of software that can be automatically removed and click the Remove button.
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Pathloss Program Files

The basic Pathloss program consists of the following files:

Table 1: Pathloss Program Files

PLW40.EXE Pathloss executable file These files are supplied
. TR with a maintenance update
PLWA40DBS.DLL | Terrain database dynamic link library as a self extracting execut-
PLW40LIB.DLL Pathloss dynamic link library ablefile. Refer to the
: Maintenance Update sec-

* HLP Pathloss help files tion for details.
ENGLISH.MNU Language support files. The file *.MNU

and * .LNG contain al text in the program.
ENGLISH. LNG Refer to the Language Support section.
MENUDEFS.RH
BDS52F.DLL Borland dynamic link library files. These | Thesefiles are supplied
CW3230.DLL files have been modified and must not be | with the original shipment

) replaced with other Borland libraries. and are not part of the

OWL52F.DLL maintenance update.
PASSIVE.BIN Binary data files for rectangular passive

repeaters, datums and coordinate transfor-
PL DATUM.BIN | mation data. The TIMEVARB.BIN file
PL_REGNSBIN contains the digitized time variability

curves. These are read only files.
PL_ELIPS.BIN
TIMEVARB.BIN

PLW_LOGO.EMF

Default program logo

With the exception of the logo, all of the above files must be present in the Pathloss program directory to
start the program. If the BDE database engine cannot beinitialized, all menu itemswhich require BDE will

be disabled.

Option Files

The Pathl oss program uses two options files:

PLW40.0PT Thisisageneral option file which saves all user settings on exit. By default, thisfile
issaved in the Pathloss program directory. On a network, the program will check the
environment variable PLW40DIR to determineif there is a private directory to save
the option filein.

PLWA40DBS.OPT Thisfile contains all terrain database options and settings. It is aways saved in the
Pathloss program directory.
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Pathloss 4.0 Operation
MAINTENANCE UPDATE
The version number of the Pathloss program does not

Pathloss 4.0 |

change. It isalways 4.0. Thereleases are identified by the
program build date. Click Help - About on the Pathloss menu
bar to display the program release status.

The Pathloss program is maintained from the CTE web site
http://www.pathloss.com. The maintenance update consists
of asinglefile- PLW40HMU.EXE. Thisisaself extracting
executable WinZip file which contains only the required
maintenance update files shown in Table 1. Download this
file to atemporary directory on your computer. Follow the
steps below to upgrade your current program.

Ensure that the Pathloss program is not running.
Make a note of the Pathloss program directory.

Select Start - Run and then browse for thefile
PLW40HMU.EXE.

Pathloss Yersion 4.0
Copyright 2 2003, All Rights Rezerved
Build date - Saturday, August 05, 2006

Contract Telecommunication E ngineering Ltd.

2007 Cape Hom Avenue

Coguitlam, Britizh Columbia, Canada %3k, 1J2

TEL B04 931 0629 FA B04 931 0620

EMAIL ctei@pathlazs.com “web Site vy pathlozs. com
Program Regiztered to:

Contract Telecommunization Enginesring

Coquitlam, BC

Senal Mumber PLA0-19957 22565

Single uzer license

Program Options
|7|7 Interference —‘

¥ Asea Coverage

The Overwrite Files Without Prompting option must be
checked.

If necessary, change the Unzip to Folder entry to the Pathloss program directory.

Click the Unzip button. Thiswill extract the required files.

The updated Pathloss program is now ready to run.

The options files PLW40.0PT and
PLW40DBS.OPT may change in subsequent
program builds. These files contain the program
options and user settings. The maintenance up-
date will aways overwrite these files with de-
fault values.

If the program isinstalled on a network, the op-

WinZip Self-Extractor [PL\W40_MU.exe] |
Tounzip all files in PLWA0_ ML exe to the zpecified
folder prezs the Unzip buttan. —

Unzip To Folder: Run Wirip

tions file PLW40.0PT islocated on the users
hard disks. In this caseit will be necessary to de-
lete thisfile on the remote terminals before using

the updated program.

¥ Devenwite Files ‘without Prampting

Licenzed to Contract Telecommunication Engineerng

Cloze
Ahot

Help

il

PROGRAM UPGRADE

The Pathloss program is offered with the Microwave Interference and Area Coverage features as options
which can be added at alater date. The documentation for these options are alwaysincluded in the original
shipment.

A program upgradeis supplied as asinglefile, either as an Email attachment or on disk. The file nameis
derived from the serial number of your Pathloss program (e.g. 010A-110.E2D). In the Pathloss program,
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select Configure - Program - Upgrade and load the upgrade file. When the upgrade operation is complete,
it is necessary to close and restart the Pathloss program to access the new features.
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GENERAL PROGRAM OPERATION

PROGRAM ORGANIZATION

The program is organized into 10 modules. These are accessed from the Module menu. The format of the
Summary, Antenna Heights and Worksheet modules will depend on the application (Microwave or VHF-
UHF). The basic functions of these modules are summarized below.

Table 2: Pathloss Program Modules

Summary Thisisthe default startup module. It provides a central dataentry display for the site
data and application specific options. The Summary module is the interface to the
Site database. Interference calculations using the site database are made in this mod-
ule.

Terrain Data The Terrain Data module is used to create / edit a path profile using manual data
entry, adigitizing table or aterrain database.

AntennaHeights | The Antenna Heights modul e cal cul ates the antenna heights which satisfy a set of
clearance criteria.

Worksheets Two worksheet formats are provided for microwave and VHF-UHF applications.
The selection is made in the Summary module under Application. The worksheet
provides detailed data entry forms for equipment and path parameters required for
transmission calculations. Multipath propagation reliability and rain attenuation are
calculated in the microwave worksheet.

Diffraction The diffraction module is used to calculate diffraction and tropospheric scatter loss
on transmission and interference paths. Diffraction loss as a function of antenna
heights, frequency and earth radius factor can also be calculated here.

Reflection The Reflection module analyzes the effects of a single specular reflection on a path.
The analysisis based on a user defined reflective plane.

Multipath The Multipath module employs ray tracing techniques to determine the reflective
characteristics of a path using either a constant or variable refractivity gradient.

Print Profile Profile printing using a variety of formatsis carried out in this module.

Network The Network and Map Grid modules provides a graphical representation of a net-
work of sites. Each link in the network contains a reference to its Pathl oss datafile.

Map Grid Any of the design modules can be accessed for the selected path from the Network

module. Intra system interference cal culations are made in the network module. Map
Grid is available as part of the Microwave Interference or Area Coverage module.

Coverage Signal and line of sight coverage displays are calculated in thismodule. These can be
imported into the network module for multi site analysis.

A terrain profile must exist to access the Antenna Heights, Diffraction, Reflection and Multipath modules.
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DATA ENTRY

Two data entry forms are used throughout the program for data entry. This paragraph describes the basic
featuresin each form.

Standard Data Entry Form

The standard data entry form is shown at the
right. Move the hilited bar to the desired field

Inverse Coordinates {Clarke 1866) |

Ok Cancel Help

using the mouse or cursor keys. Thevaueis Brownwvale Peace River
entered at the bottom of thedisplay inresponse | Latitude BE 04 24.00 M BE1411.00M
to the prompt. Press the Enter, Tab or one of Longitude 117 52 47.00W 117 15 45.00 W
the cursor keysto enter the value. Changing True azimuth () F4.4145 2449271
fields with the mouse will not enter the value. | Distance (km) 42 4371

. . . Easting (km 445 2364 48372749
Fields which cannot be accessed are shown in .g': )

. . Marthing (km) B214.3764 BZ32.20R5
blue letters. This may be a calculated field or
, LITh zone 11 1M
not editable for some reason.
Brownwvale Latitude |

» Select the OK menu item to accept the data
entry. If Cancel is selected, the datawill change back to the original values.

» Toerasean entry, select the field and press the F3 key. Note that some data entries are mandatory and
cannot be erased.

» Toedit an existing entry, select the field and press the F2 key.
* Inthe Worksheet module only, a data entry can be copied from one site to another. Select the field to
copy to and pressthe F4 key.

Grid Data Entry Display

A site List H=] B3
Import  Edit  Update Files Reports  Wiew  Transform Coords,  Help
| Laner | Site Mame | Type | Sector nurnber | Call Sign | Latitude | Longitude | E lerwation [ *l

1| Site Layer1 | Beaverlodge | pointto point CHWET1 | BB 126010 M 11916 08.10 30

2 | Site Laver 1 | Brownwale pointto point CHWE1S | BB 04 24.00 M 117 52 47.00 en

3 | Site Layer 1 | Fairvew point to point CHWWE14 | BE5014.00 M 118 3548.00 574

4 | Site Layer 1 | Grande Prairie paint to point WBCEEE | 551221800 118 44 26.90 2z

& | Site Layer 1 | Peace River | point to point CHWETE |56 1411.00 M 117 15 45.00 1

b | Site Layer 1 | WWoking point to point CHWWBT13 | 55 28 47.00 M 118 44 50.00 926~
Kl | 'l

The grid data entry display is used when a variable number of entriesis required such asthe sitelist in the
Network module or in alookup table. The following data types are used: numeric, text, boolean (e.g hori-
zontal or vertical polarization) and drop down lists.

Existing fields can be edited directly on the display. First select the field and proceed as described below
for the specific data type:

boolean Double click the left mouse button on the field or pressthe Enter key.
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drop down list Double click the left mouse button on the field or press the Enter key to display the
drop down list. Then select the item from the list with the mouse or the cursor keys
followed by the Enter key.

text - numeric Activate the edit mode for the selected field by pressing the Enter key or space bar or
double click on the field. Make the required changes and then cancel the edit mode
with the Enter, tab or up - down cursor keys.

To add anew record or edit an existing record, the Add - Edit menu must be used. Each grid display hasa
specific menu for its own purpose; however, a Edit menu selection is included except on read only lists.

To edit an existing record, first select the

record and then select Edit - Editfromthe  BEr

menu bar to access the Edit Item form. Note 2k Sancel
that only the numeric and text fieldsappear in _=ite Mame Brownvale
thisform. Select OK onthe menu bar toac- _=ector nurnber
cept the changes or Cancel to ignore the Call Sign CHWB15
changes. Letitudle BG 04 24.00 N
Longitude 117 B2 47.00 %
To add anew record, select Edit - Add from  "Ejgvation (m) 2000
the menu bar to accessablank Add Itemform.  “Giycture Height (m AMSL)
The OK menu item will remain disabled until Easting (km) 445 735
the mandatory data entries for that form are MNarthing (km) £E214.376
complete. Press the Enter key after complet- T4 z0ne 1M

ing the last field to enable the OK menu item.

Often anew record isrequired which isonly dightly different from an existing record. Click the left mouse
button on the item number in the left side column. The item number will change to red text. Then select
Edit - Add from the menu. The Add Item form will beinitialized with the fields of the selected record.

Select OK on the menu bar to add the new record or

Cancel to ignore the new record. A duplicate record is |

not allowed and will be rejected. Ok Cancel
Description Andrew UHX10-56
The recordsin some grid displays can be sorted. Click  Antenna maodel LJHX10-56 (L)
the left mouse button onacolumn header to sort thedata  Gain (dBi 4290
in an ascending order based on that column. Code ATEITC
B 1.10
Antenna diameter (m) 3.05
Fad loss (dB)
Freq Lo (MHz) 5E00.00
Freq Hi (WHz) £200.00
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PROFILE DISPLAYS

Define Reflective Plane

OF  Cancel Prink FEeset  Fresnel Zones  Help

RefPrat-7 [K 133 -] | X|2|s] 2]

TEO -
o0

(=1

)

200

=]

\\\\\

o

=]

]
h

a0 423
| Brownwvale | | Least squares | & | F | TFE TR | kmem | 1873 5?9.1 | Peace River

Profile displays are used in most design modules. The basic operation of these displaysis described below.
The above display used to define areflective plane in the Reflections module is a typical example of apro-
file display.

Theterrain profileis preconditioned so that the minimum distance between profile pointsis one percent of
the path length. Points are inserted to meet this requirement using linear interpolation. Most displays show
the flat earth profile with adiagonal fill pattern and a second profile above which represents the effects of
earth curvature. The earth radius factor (K) will either be displayed on the status bar or asa selectionin a
drop down list on the control bar. The latter caseisillustrated in the above profile display example.

Profile displaysuseacursor for various operations. The cursor is positioned on the display using the cursor
keys or by clicking the left mouse button on the display. The cursor style and movement are described be-
low:

Cursor Style

The default cursor styleisared arrow. Pressthe letter ‘A’ to change between an arrow and lines to the an-
tenna. The latter is useful in assessing the clearance from some point to the antennas. The cursor styleis
also shown onthe statusbar as‘A’ of ‘L’. Alternately, click the left mouse button on this letter to change
the cursor style.
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Cursor Movement
Three cursor movement methods are used in the profile display:

P The cursor can be positioned on any point of the terrain profile.
S The cursor can only be positioned on peaks of the profile.
C The cursor can be positioned anywhere on the display.

Theletters P, S or C appear on the status bar. The continuous mode is only implemented in the Diffraction
module. To change the cursor movement press the letter for that movement or click the left mouse button
on the letter in the status bar.

Selecting a Segment of the Profile

Many calculationsinvolve the selecting a segment of aterrain profile. Several examples are:
» Defining the end points of areflective plane.

» Terrain roughness calculations.

* Inhibiting reflections over a portion of the profile.

» Manual diffraction loss calculations.

The basic procedure, in al cases, isasfollows:

» Place the cursor at one end of the segment and press the F1 key or click the right mouse button. The
cursor will change color to indicate that it has been selected.

» To cancel thefirst point selection, press the F8 key or click the reset button on the display.
» Movethe cursor to the opposite end of the segment and press the F1 key again or click the right mouse
button.

Terrain Data Point Information

Pressthe Ins key for information on the point at the cursor lo- |
cation. Theformat will vary depending on the design module. Distance (km) 3.54
Alternately, click the left mouse button on the cursor location Elevation {m) 44279
box on the status bar. Frequency (MHz) REO00.00
) Earth Radius Factor K 1.33
Status Bar Functions Earth Bulge (m) 0.75
The status bar, on most displays, includes short cut operations Clearance (m) 1951
to commonly used functions. For example, in the above pro- First Frasnel Zone (F1) (m) 9 Bl
filedisplay, the method used to define the reflective plane can Clearance /F1 (%) 412 47
be selected by clicking the right mouse button on the method Left Side Angles (7 -0.532 0.508
box on the status bar. Right Side Angles (% 0.762 -0.786
Click on each box in the status bar to determineif additional v
functionality has been implemented.
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Fresnel Zone Reference

. . x
Fresnel zone reference area is an essentia part of |

any terrain profileanalysis. In profile displays, the
Fresnel zone dialog is accessed from the menu bar
or with the F2 key.

Exprezzed Az

¥ i Firzt Fresnel Zone |1EIEI "I
™ Fresnel Mumnber |2 vI

Type

|Endta End

[

The Fresnel zone reference can be expressed asa
percentage of thefirst Fresnel zonereferenceor as
a Fresnel number (e.g. F2 = 1.414 F1).

Clogze | Eragze Al |

Help | | Drraw I

Several types of Fresnel zone references are available. On line of sight paths the Fresnel zone references
are always drawn from end to end. On obstructed paths, a more meaningful representation is achieved by
drawing the Fresnel zones between the horizons.

If areflective plane has been defined, the Fresnel zones can be drawn to the reflection point. This provides
avisual representation of the area along the profile required to support a specular reflection.

If the label box is checked, the Fresnel zones reference will be written at the mid point.

There is no limit to the number of Fresnel zone references. Each design display maintainsits own list of
Fresnel zone references and these are saved with the datafile.

CONFIGURATION MENU

The Configuration menu selection contains program options and settings which are common to severa
modules in the program.

Antenna Configuration
All calculations and analysisin the program are based on an antenna

Microwave Antenna Configuration |

configuration. The following terminology describesthe antennaus- ¢ TR-TR
age in microwave applications. ~ TROR-TRDA:
TR h is used it and . ' THRR-THR
the antennais used to transmit and receive T
X the antennais used to transmit only " THAR Cancel
" TX-R<DR —l
RX the antennais used to receive only O pT Help |
. . . o " RXDR-TX
DR the antennais used to receive only in a space diversity con- ~ TRIRTH
figuration & T
TH the antennais used to transmit and receive in a hybrid di-

versity configuration

In VHF- UHF applications, the antenna usage is limited to TR, TX and RX.
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These antenna types are combined into antenna configurations as shown in the following two tables.

Table 3: Antenna Configurations

Two Way Antenna Configurations - Microwave Applications

TR-TR A single antennais used at each site to transmit and receive.

TRDR-TRDR Two antennas are used at each site in a space diversity configuration. The TR
antenna is used to transmit and receive. The DR antennaisthe diversity receive
only antenna.

TXRX-TXRX Two antennas are used at each site to transmit (TX) and receive (RX).

TXRXDR- Three antennas are used at each site to transmit (TX), receive (RX) and space

TXRXDR diversity receive (DR).

TR-TRTH Thisisahybrid diversity configuration which uses frequency diversity in both

TRTH-TR directions and space diversity at one end of the path only. At the space diversity
end, the TR antenna and TH antenna each transmit and receive one pair of the fre-
guencies. The two configurations determine which site is equipped with space
diversity.

One Way Antenna Configurations - Microwave Applications

TX-RX Transmit at one site and receive at the other. The two configurations identify the

RX-TX transmit and receive sites.

TX-RXDR Transmit at one site and diversity receive at the other. The two configurations

RXDR-TX identify the transmit and receive sites.

Antenna Configurations - VHF-UHF Applications

TR-TR A single antennais used at each site to transmit and receive.

TR-TXRX A single antennais used at Site 1 to transmit and receive. Separate antennas are
used at site 2 to transmit and receive.

TXRX-TR Thisisthe reverse configuration of the above TR-TXRX configuration.

TXRX-TXRX Two antennas are used at each site to transmit (TX) and receive (RX).

Select Configure - Antenna Configuration from the Pathl oss menu bar _ :
to change the antenna configuration. If the antenna configuration is
displayed on the status bar, you can also click the left mouse buttonon & FE TR

the configuration box.

€ TRTHRX
Cancel
" THPs-TR 4'

7 THR=-TwR=  Help |
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Antenna Combinations

Diversity and separate transmit and receive antenna configurations _ —
have several antenna combinations. Each combination must be ana-
lyzed separately. Select Configure - Antenna Configurationonthe & TR-TH [ ¢ I

menu bar. Alternately, if the current antenna configuration isdis-  TR-DR

played on the status bar, click the left mouse button on the antenna ¢« pg.7e _Cancel |
combination in the status bar to select a new combination. The selec-
tion will be formatted for the current application setting (microwave or VHF-UHF).

Antenna Heights

The antenna hei ghts canbesetin any desi gn Set Microwave Antenna Heights |
module in the program. Select Configure - An- =¥ Cancel Help

tenna Heights to access the data entry form. Woking | Fairview
Thiswill be formatted for the selected applica- | TR Antenna Height (m) 79.20 EE.20
tion (microwave or VHF-UHF) and for thean- | Tower Height (m) 108.00 108.00
tenna configuration. The tower height and Minimum Antenna Height (m) 5.00 g]
minimum antenna heights are used as the de- True azimuth (7 13.33 193.45
faultvalg%in calculations which vary the an- Fairview Minimum Antenna Height (m) |

tenna height.

The true azimuth is determined from the geographic coordinates and is for information purposes only.

Geographic Defaults _
Select Configure - Geographic Defaults from Geographic Defaults |

— D atum

the Pathloss menu bar to access the Geographic _ _

Defaults di alog boX. Canada [Alberta, Britizh Calurbial

Use Datum or Ellipsoid

An dlipsoid is defined by its major and minor Elipsoid Clarke 1868

axis. These are used to cal cul ate distance and az- Datum | Marth American 1927 =l

imuths from the geographic coordinatesand to  _ gjjinzaid

convert geographic coordinates tq grid coordj- [Clarke 1866 =]

nates such as UTM. A datum defines the hori- : :

zontal measurement plan. Each datum isbased [ Latitude————— ~Longitude—————— ~Lse

on an e||ipsoid, and contalns measured correc- £+ Northern Hemisphere * ‘wWestern Hemisphere| | @ Datum
tion factors to allow geographic coordinates de- | £ Southem Hemisphere | | (" Eastern Hemisphers | | £ Elipsoid

fined in one datum to be transformed to another. . :
Gnid Coaordinate System

In most cases. the"Use Datum" Opti onshould be ILlniversaI Transwverze Mercator [LTH] j M
selected. Thiswill allow coordinate transforma- = Seconds Format

tion between datums (e.g. NAD-27 < NAD-  [Mearest 001 Second ¥ |

83). Thisisimportant when using terrain data-
baseswith ahorizontal datum different from the
topographic maps. A typical exampleisaDTED 0K, Cericl Help
terrain database which usesthe WGS-84 datum 4' 4' 4'
and site coordinates referenced to the NAD-27

[T allow Mon Standard UTH Zones
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datum. If the user has specified the NAD-27 datum, then the site coordinates will be automatically trans-
formed to WGS-84 to generate the profile.

The"Use Ellipsoid" option isrequired to handle specialized regional mapping. An example of thisis Swit-
zerland, which generally usesthe European Datum of 1950. This datum uses the International (1924) ellip-
soid. The Swiss grid coordinate system on the other hand uses the Bessel 1841 ellipsoid. In this case, the
"Use Ellipsoid" option should be used.

Datum Selection

First select the datum and then select the specific region for the datum. The requirement for the region se-
lection is necessary because there is no general equation to transform coordinates from one datum to an-
other. The transformation uses data to determine the new coordinates. The breakdown of regions within a
datum is a compromise between the transformation accuracy and the number of regions. Note that adatum
selection automatically defines the ellipsoid.

Ellipsoid Selection
If the "Use Ellipsoid" option has been checked, select the specific ellipsoid from the drop down list.

Latitude Formats

If thelatitude is set to the northern hemisphere, aminus sign must immediately precede the latitude degrees
entry to specify a southern latitude. I the southern hemisphere is selected, the opposite is true. The letters
‘N’ and ‘S’ can be used to specify a northern or southern latitude respectively. In UTM coordinates, the
northing entry must be a negative number for a southern latitude.

Northern Hemisphere SelectedSouthern Hemisphere Selected

DataEntry Result Data EntryResult
493224 49 3224.0N4932244932240S
-49 32 24 49 32 24.0 S-49 32 2449 32 24.0 N

493224 S 493224.0549 3224 N4932240N

Longitude Formats
If the longitude is set to the western hemisphere, a minus sign must immediately precede the longitude de-
grees entry to specify an eastern longitude. If the eastern hemisphere is selected, the opposite is true.

Theletters'E’ and ‘W’ can be used to specify a eastern or western longitude respectively.

Western Hemisphere SelectedEastern Hemisphere Selected

Data Entry Result Data EntryResult

1153224 11532 24.0W115 32 2411532240 E

-11532 24 11532 24.0 E-11532 2411532240 W

1153224 E 11532 24.0 E115 32 24 W115 32 24.0 W

Precision

Geographic coordinates can be formatted to the nearest second, nearest 0.1 second or the nearest 0.01 sec-
ond. This does not affect the calculations, because the coordinates are saved as double precision numbers.
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Grid Coordinate System
A grid coordinate system represents the simplest method of taking coordinates from atopographic map and
guarantees a high degree of repeatability. The following grid coordinate systems are currently supported:

UTM (Universal Transverse Mercator) Irish National grid

Gauss conformal (South Africa) UK National grid
New Zealand grid Swiss Grid
Irish Grid WGS-84 to MG1 Austria

Gauss Kruger (user defined format) WGS-84 to HGRS87 Greece

The data entry forms for inverse and forward coordinates will be formatted for

the selected grid coordinate system. editust |
Ok iCancel Help

Edit K List K values

Some profile displays provide an earth radius factor (K) selection in the drop 1_

down list inthe control bar. The drop down list containscommonly used values | > | 080

of K. To add or edit thislist, select Configure - Edit K List from menu bar. A 3 100

maximum of 10 different values of K can be entered. Thislist of K valuesis F 133

saved in the Pathloss datafile and becomesthe default list each timethe program 5 500

is started. B E 00

Fonts ; i n;ggg

Select Configure - Fonts to change the attributes of the axisand titlesfonts. The 3

axisfont isused on al profile and chart displays and for the map grid in the net- 10

work module. Thetitlesfont isused for thetitlesin chart displays and the print

profile module. %
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Display Options
Select Configure - Display Options to set
the program display options.

Colors

Click on the color box associated with a
color selection. The color can be changed
by clicking on one of the predefined colors
or by using the Red - Green - Blue scroll
bars. The profile can bedrawnusing asolid
or hatched fill.

Line Widths

Click on theline width box associated with
aline width selection. Change the line
width using the up down control or typein
the value directly.

Logo

An optional company logo can be dis-
played in the Summary module and in re-
ports. The logo must be awindows
enhanced metafile and can be created with
any vector type drawing program. Theim-
age should be cropped before saving.

Clipboard Size

B Foor Ground
[ Awverage Ground
[ Good Ground
[ Fresh water
B ol ater
B Tices

[ Buildings

[ ] Background
B oo

B t4sin Fresnel zones
[ Diversity Fresnel zones

[ Feference Lines

B Calculation Lines

Display Options |

Prafile

é % Hatch Fil

Red 4| | _bl

Green 1| | _PI

Blue 1| | _hl
— Line 'Width=

Profile

—— Border

— Freznel zones
Reference Lines

"53t Calor

— LCalculation Lines

Clip Board Size

[

itk IE-':":'

Height |5.00

' |nches Laga
" Milimeters| | PM_logo.emf
¥ Show logo

Ok |

Caricel | Help |

This option ssimply sets the default dimensions of all graphic displays which are copied. Theimage can al-
ways be rescaled after being pasted into another document.

REPORTS

Each report in the program provides the following print options:

Save asRTF File

Thereport issaved as aRich Text Format file and retains all formatting.
Reports can be appended to the file which will alow you to transfer mul-
tiple reportsto your word processor. The divider lines on worksheetswill

not be printed.

Save as Text File

Thereport issaved as an ASCI| text file. The report isfirst generated us-
ing afixed pitch Courier font to determine the format. Reports can be ap-
pended to each other in the samefile. The divider lines on worksheet

reports will not be saved.

Ef|Microwave Worksheet - Park R
Files Font Help

Save as RTF File
Save as Text File
Copy as Formatked Text Ckrl C
Copy as Graphics

T
Printer Setup
Page Setup
Close
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Copy as Formatted Text

Thereport iscopied asan RTF file. Most word processors accept this clipboard format. In your word proc-
essor, thereport is pasted with the Ctrl V key combination. Thisisequivalent to saving thereport asan RTF
file and then loading the file into your word processor. The divider lines on worksheets will not be copied.

Copy as Graphics
The report is copied as a graphics image. Thisisthe only way to copy the |
worksheet divider lines. The report cannot be edited as conventional textin [ Margins
your word processor. Left|1.00  Right |1.00

Top |1.00 Eh:uttcum|1.EIEI

Page Setup | =L

The Page Setup dial og setsthe format and options for direct report printing. [ =™ Orientation—

The optionsinclude the margins, page orientation, and areport header. The g Inches |VF Pl

current logo can be printed on the header. " Milimeters | | " Landscape
: . A W Prirt Notes

Worksheets and interference reports retain their options. All other reports - Header """" i

share the same options. The contents of the Pathl oss note pad can be ap-
pended to areport. This option does not apply to interference reports. ¥ [ Liago

] I Ear‘u:ell Help |

Font

The same font face is used in all reports. Worksheets and interference re-
ports retain their point size settings. All other text reports use the same point size.

PATHLOSS NOTEPAD

A Pathloss data file provides for general notes and commentsin the form of a note pad. Select Module -
Notesfrom the menu bar. The notes only apply to the current Pathloss data file; and therefore, notes cannot
be accessed from the Network or Coverage Modules. The note pad uses a standard Windows edit control
and includes the copy and paste functions. Notes can be appended to any of the text reports.

PRINT PROFILE

Three profile formats are available in the Print Profile module under the Format menu selection. The color
selection and line widths are set under Configure - Display Options. In space diversity microwave applica-
tions, different colors are available for main and diversity Fresnel zone references. Thisis aso set in the
Display Options.

Thefont faceand sizeis set under Configure - Fonts- Axis/ Titles. Thetitlesfont isused for the site names,
the horizontal and vertical labels and the title block. The axisfont is used for the axis and all site data.

The following profile formats are available in the Print Profile module.
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Flat Earth

The lower filled profile at the bottom of the display repre-
sents the flat earth profile (K = o). Additional profiles are

Earth Aadis Facterk ) | drawn above this for each specified earth radius factors (K).

— Freznel Zone Reference

VIR IMain 208 RNIEE Up to four different values of K can be specified. Four differ-
j I 51"'_8'3'” i j I ent Fresnel zone references can also be specified. In micro-

wave applications, the these can be drawn between the main

EI " [Man x| ! antennas or the main - diversity antenna combinations.
T CEpresse 2

%" % First Fresnel Zone

[ Use clearance criteria

" Fresnel Mumber v Draw Gnd
~Twpe————————————— ¥ Draw raps
% Endto End

" Between Horizons

0k I Cancel Help

The Fresnel zones can be expressed as a percentage of the first Fresnel zone or as a Fresnel number. These
can either be drawn from end to end or between the horizonsiif the path is obstructed.

In microwave applications, the clearance criteria can be used to define the values of K, Fresnel zone refer-
ences and the antenna combinations.

Two options common to all profile formats are:
Draw Grid This option controls the vertical and horizontal grid lines.

Draw Rays The rays are the straight lines between the site 1 and site 2 antennas.
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Curved Earth - Straight Axis

The curved earth - straight axis format is limited to asingle value
of the effective earth radiusfactor (K). All other format optionsare

[ Fresnel Zone Reference o] identical to the flat earth format.
1 IMain | OF.
E — —
2 I b ain ﬂ . 1
a3 | b i Cancel ,,°E><< L L
an <] ] L T
4 I b aiir j e | T
] [ .
—Expressed As Help | e ] S S ~
2 3 |
%" % First Fresnsl Zone L S AN
r N T
Freznel Mumber : ] | ]
~ Type E | }Z ——
' EndtoEnd s ﬂ’&/ S\QVY
{~ Behween Horizons L | S S §< I~
E L— [
E PN 8 rrreeeotL FUOOOTL PPPPTR FTPPPOPR OO S e D e
Earth Radius Factar I'I 33 oo M eemeaez L ”
Iv Draw Grid ffif: e ‘ e L: T on oty
Rearing 204.972 deg T Rearing 174.417 deq T
I¥ Draw rays v oo a8 Fvene o 17 0 s

Curved Earth - Curved Axis

Curved Earth Curved Axis E2

The display options for thisformat are identical to the curved earth -

straight axis format.

— Fresnel Zone Reference
1 [Main =] e e =
2 | Main <] N _
3 T ]| Canedl | T
//
4 I b airn j E T
—Expressed As Help | i [
b |
% 2 First Fresnel Zone E \<\\
E |
" Fresnel Humber 7] ] 7
— Type g L —
" End taEnd >< »
_ i [
" Between Horizong /W\/ “““““““
03 |
. ] =
Earth Radius Factar £, I'I .33 MM:*M*S
v Ciraw Grid R
PATH LENGTH (64.32 km)
W Diraw raps
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Title Block _

An optiondl title block isavailable. The LIRS A
first line, second line, drawing number and First line: |
initials are saved in the Pathl oss datafile. Second line |

Thefilenameisused asthedefaultdrawing o [ Cancel |

number. There are no defaults for the other

. | ritialz
fields. I — - - Hel
Company name IEDntract Telecommunication Engineering elp

The company name will be used as a de- ™ Include tile block
fault for all drawings.

Batch Print

A multi select file open dialog box is used for batch printing profiles. The current page settings are used.
Selections are limited to asingle directory.

TERRAIN VIEW

Overview

A three dimensional terrain
display isavailable in the
Terrain Data and Network
Modules. Thisutility usesthe
Sun Microsystems OPENGL
libraries supplied with Win-
dows NT /98 and later ver-
sions of Windows 95. The
user defines a rectangular
area based on the geographic
coordinates and the X and Y
extentsof thedesired display.
A terrain database must be
configured to use this utility.

Operation

To accessthe Terrain View
dialog in the Terrain Data module, select Operations - Terrain View from the menu bar. In the Network
module, hold down the shift key and move the mouse to one corner of the areato be displayed. Hold down
the left mouse button and drag the mouse to the opposite corner.

The primary and secondary terrain databases are displayed along with the selected datum. Note that if a
datum and region has been selected, the coordinates will be automatically transformed to the datum used
in the terrain database. In the example shown below, the USGS 7.5 minute database files may correspond
to either aNAD83 datum or aNAD27 datum. The transformation, in this case, will only be made if the
specific filesarein NAD83. The Micropath 3 second database is aways in WGS84; and therefore, the co-
ordinates are always transformed.
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In the Network module, the latitude, longitude

are completely determined by the area selected |

by the user. In the Terrain Datamodule, thisin- Frimary database US4 3 sec compressed
formation must be entered along with arefer- ~ S&eondary database No Selection
ence corner Daturn Marth American 1383

' COMLS

The program will generate arectangular array

of elevations expressed as floating point num- Latitude |46 55 26.00 N HEEETES

bers spaces at the specified grid size. If the ar- Longitude: |095 03 52.00 '/ | Center =
ray sizeislessthan 1 Mb, memory will beused; ~ E* estent (km] |30 ¢ |—
otherwise, the elevations will be saved in the N-5 extent (km] |30

file terrview.dat in the pathloss directory. G size (km) [0.050 [T Use palette

Provision is made to show the effects of earth |
curvature by specifying avaluefor K (effective
earth radius). [ | [ 58 |

Theterrain view display usesafixed color ramp to display therelative elevations of the display. Thelowest
elevationsare alight brown color and vary through shades of green to acyan color at the highest el evations.
The maximum and minimum elevations on the display are shown on the status bar along with the extents
of the drawing.

If the required database files cannot be located, the elevation is assigned a value of -100 and is displayed
inagrey color. A sealevel elevation is shown in blue. This produces a sharp transition with the terrain
coloring schemeand it will be necessary to usearelatively small grid spacing to achieve asmooth coastline.

Theterrain is displayed using an orthographic projection. Thisinitial display shows a normal projection
viewed from the Z axis. Y ou can rotate the display on any axis designated Xa, Yaand Za using the up-
down controls or by typing the required rotation angle. If avalueisentered, pressthe J key for the change
to take effect.

Thevertical scale of the drawing (Zs) can aso be set with the up-down control or by manually entering the
scale.

The terrain view display cannot be directly printed. Click the copy button, and paste the display into your
word processor. This operation transfers the display as a Window bitmap using the current size of the Ter-
rain View window.

If the terrain view was invoked from the network module, any sites within the display areawill be shown
on theinitial normal display.

Adding a New Site

A new site can be added to the network module using the terrain view

utility. With the display in the normal mode (all rotation angles set to 0), kRl
click the+ button. The cursor changesto acrosshair and ispositionedin  Site Name

the center of the display. Select the new location, click the left mouse  |Test Site |

k. I Cancel |
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button and enter the name of the site. There isno visible indication that the new site has been added. Click
the v button to add the site to the network display.

LANGUAGE SUPPORT

The Pathloss program screen displays can be configured for the English, French and Spanish languages.
The user can create an additional trandation using one of the above languages as a template. Select Con-
figure - Language from the menu bar and select the desired language. All text in the screen displays and
reports will be changed to the new language selection. This section describes the requirements to modify
an existing language and to create a new tranglation.

Language Files

All program text is contained in two external text files. The file names are the language name with the suf-
fixes LNG and MNU. Three sets of language files are supplied with the program (ENGLISH, FRENCH
and SPANISH). A fourthfilename USERLANG isreserved for auser trandation. Boththe LNG and MNU
files must be available in the Pathloss directory to start the program.

LNG

Thisfile contains al program text exclusive of the program menus. Thefirst line of the file contains the
identifier PLW40_STR followed by the total number of entries. The following lines contain the entry
number followed by acomma and the text. The entry numbers are numerically ascending but not necessar-
ily sequential. Thisisto allow for futureinsertion. Thefile may contain blank lines and comments starting
with the characters‘//".

Only the text can be edited. The entry numbering cannot be changed and new entries cannot be added.

Thisfileisloaded during program startup. Any syntax errors will terminate the program immediately.

MNU

Thisfile contains the text for all menus in the program. Each menu item line contains a mnemonic which
isdefined in the file MENUDEFS.RH. During program startup the MNU file is loaded and compiled into
standard windows menus. Any syntax errors will terminate the program immediately. The following rules
govern changesto MNU files:

* Only the menu text can be edited.

» All Menu entries contain the character & . This character precedes the letter in the menu text which will
be underlined on the menu and can be accessed by the Alt key and letter sequence. No duplicate & and
character sequencesin amenu list are alowed.

* New menu items cannot be added.

» The mnemonic associated with a menu cannot be changed.
» Pop up menu numbers cannot be changed.

» Thefile MENUDEFS.RH cannot be changed.
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Considerations for Maintenance Updates

Each maintenance update contains new language files. New menu items may have been added. The main-
tenance update procedure effectively overwritesthe existing languagefiles; and therefore, any changesthat
were made to the existing fileswill be lost. If a new tranglation was made, the menu structure in the new
release may be different than the previous. The only solution to this problem isto advise CTE of the chang-
esyou have made and these changeswill beincorporated into the new release. If anew trandation is made,
send in the translation and it will be incorporated as a new standard language.

All language change notifications should be sent by Email to cte@pathloss.com

FILE CONVERSION - VERSION 3.0TO 4.0

Version 4.0 employs abinary datafile format. This change was necessary to incorporate the new features
inthisrelease. In particular, the interference analysis requires random access to various componentsin the
file. A severe performance penalty would result in asequential read of an ASCI| fileto extract the required
information.

TheFile - Open menu selection accepts either version 3.0 or 4.0 files; however, in other areas such aswork-
sheet templates and importing pathloss files into the network, only version 4.0 files are accepted. A batch
file conversion utility under Configure - Convert - Pathloss Version 3.0 filesisavailable. If asinglefileis
selected, you will be prompted for the new file name. If multiple files are selected, thisprompt isnot issued.
The file will be saved with the same file name and the suffix pl4.

Files can be saved in the version 3.0 format; however, someloss of information isinherently possible with
the different file formats.

In some areas the new file structure does not have a one to one correspondence with version 3.0 files. This
section summarizes the resultant ambiguities and the rules used for converting version 3.0 to version 4.0
files.

Antenna Heights

If abuilding was entered at the end of the path, the antenna heights were measured from the top of this
buildinginversion 3.0. Inversion 4.0, antenna heights are alwaysmeasured from ground level. The antenna
heights are automatically corrected when the version 3.0 file is loaded.

Local Variables

The version 3.0 file data included a main antenna height and a diversity antenna height. If the diversity an-
tenna height was specified, space diversity was assumed. Space diversity was specifically selected in the
microwave worksheet.

The version 3.0 microwave worksheet used local variables for frequency, path length and antenna heights.
Theintent wasto allow acertain degree of flexibility in analyzing apath. Theworksheet included awarning
if the value of any of these parameters were different than the corresponding val ues outside the worksheet.
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This has been discontinued in version 4.0. When a version 3.0 file isloaded, the assignments will depend
on whether the file contains a path profile, as shown in the table below.

Table4: Local Variables

Path Profile No Path Profile

worksheet global worksheet global

value value value value
Frequency ignored used used ignored
Path Length ignored used used N/A
Main Antenna ignored used used ignored
Height
Diversity used if the used if the used if space ignored
Antenna global valueis global valueis diversity is
Height not specifiedand | specified specified

space diversity

isspecified in

the worksheet

The expanded header linesin the microwave worksheet are interpreted as follows:

linel

line2

Site Code
Site Call sign

The transmit frequency assignment is interpreted as follows:

CH 6 5912.375
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Pathloss 4.0 Summary

SUMMARY MODULE

OVERVIEW

The start-up display in the Pathloss program is referred to as Summary module and serves the following
purposes.

» providesacentral location for the entry of path data parameters. Path calculations are carried out down
to therecelve signal level. Some items such as the site names and call signs can only be entered in this
module. Other entries, such as antenna heights, can be changed in any design module in the program.
Coordinates can be entered in both geographic and grid formats in the Terrain Data module.

» providesthe interface to the Pathl oss site database for data entry and interference analysis. Interference
calculation details are given in the Site Database section.

» setsthe application type as either microwave or VHF-UHF

APPLICATION

. ) B A pplication |
Select Application on the Summary menu bar to bring up the Appli- oot Uri
cation dialog box. Alternately, click the |eft mouse button on the ap- [ “FEI=aton ) [FHnis
plication box on the status bar. The following optionsare provided in " Kiometers - Meters
this dialog: T Miles - Feet

—Link Type
M easur ement System "
¥ Pugint to point

Select either kilometers-meters or miles-feet asthe measurement sys- 4
tem. Alternately, click the left mouse button on the measurement sys- = Paint to multipaint
tem box on the status bar to change the system.

Hub Site Cancel
The measurement system can be changed in the Summary, Terrain ‘ i: site ]
Data, Worksheet and Antenna Heights modules. Site 2 Help
Sector nurmber I_

fIE[r

Application
This selection determinesif the worksheet format isfor amicrowave
or VHF-UHF application. An interference analysis only uses microwave applications.

Link Type

Microwave applications are classed as either point to point or point to multipoint. If the point to multipoint
option isselected, the hub site must be identified as either site 1 or 2 and a sector number must be assigned.
The sector number determines which remote stations operate with a point to multipoint site. The sector
numberingisarbitrary aslong asadifferent number isused for each point to multipoint sector at asite. This
identification isrequired for interference analysis so that sites in the same sector do not interfere with each
other or their hub site.

STATUSBAR

The status bar provides alternate access to several common dialog boxes and displays interference valida-
tions status of the dataasan % or v'.

* Click on the units box to change the measurement system.
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 Click on the antenna configuration box to select an new antenna configuration.
» Click on the application box to change the application type.

» The data must meet certain criteriato be imported into a Site Database or to run an interference calcu-
lation. The following items are checked:

- amicrowave application must be specified

- each site must have a unique call sign

- coordinates must be entered for each site

- antenna codes must be specified for each antenna

- data entry must be compl ete to the point where areceive signal is calculated
- transmit channel assignments must be entered

If all of these criteriaare met, the status is displayed on the status bar asagreen v'. If the status is shown
asared %, click the left mouse button on the % to display the missing entry.

DATA ENTRY
The table below describes the data entry fields in the Summary module.

Table 1: Data Entry Fieldsin the Sumary Module

Field Description
Site Name These entries can only be made in the summary module. A unique call
Call Sign sign for each station isrequired to carry out interference analysis. The
Station Code Site Code and State entries are optional .
State
Owner Code The owner and company codes are fields used in the site database. The
Company Code fields are used in the Summary module to facilitate transfer to the site

database.

Latitude The geographic coordinates can be entered in the Summary or Terrain
Longitude Data modules. In the Terrain Data module, the coordinates can also be
True Azimuth entered in several common rectangular grid formats. The reference ellip-

soid defined in the selected datum is used to cal cul ate the true azimuth.
If the path contains a passive repeater, the azimuths shown are from the
sites to the passive repeater.

Calculated Distance | The calculated distance is determined from the coordinates and the refer-
Profile Distance ence ellipsoid defined in the datum. The profile distance is the distance
of the last point on the profile. Ideally, these should be the same. Both
are displayed to help identify a potential error in the data entry.

Datum This entry will be formatted as a datum or ellipsoid depending on the
geographic defaults settings. The calculated distance and azimuths are
based on the associated ellipsoid. Select Configure - Geographic
Defaults to change the datum / ellipsoid.
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Table 1. Data Entry Fieldsin the Sumary Module

Field Description

Elevation If aterrain profile exists, the elevations are taken from the first and last
points of the profile and cannot be edited. Otherwise, the elevations can
be entered but these will be overwritten when aterrain profile is created.

Tower Height The tower height is used as the default upper limit in calculations which
vary an antenna height. The Diffraction, Reflection and Multipath mod-
ules use the tower height as the default upper limit when a calculation
varies the height of an antenna.

The Summary module display is formatted for the selected antenna configuration. Normally,
the antenna data will be entered in the Worksheet module; however, the data can be entered in
the Summary module in terms of the height, code and the transmit and receive |oss as applica
ble. Thisinformation is sufficient to analyze interference against the Pathl oss site database.

Antenna Height The antenna height is always measured from ground level. Thisistrue,
even if abuilding has been entered at the start or end of the profile.

Antenna Code The antenna code isareference to afile containing all specifications and
the radiation patterns for the antenna. Y ou can enter the code directly or
use an Antennalndex. Double click the left mouse button on the entry or
select Equipment - Antenna Index from the Summary menu bar to bring
up the Antennalndex dialog box. All antenna specifications (model,
gain and 3dB bandwidth) will be entered into the program.

TX - RX Loss The TX - RX lossisthe sum of al losses measured from the transmitter
or receiver output to the antenna output and includes al branching net-
work and transmission linelosses. Thislossisnormally calculated in the
Worksheet. The values can be directly entered in the Summary module;
however, if the worksheet module is selected, these entries will be
replaced with the calculated values. A prompt isissued to this effect.

Normally, the radio data will be entered in the Worksheet module; however, the data can be
entered in the Summary module in terms of the height, code and the transmit and receive loss as
applicable. Thisinformation is sufficient to analyze interference against the Pathloss site data-
base.

Radio Model Information only entry.

Radio Code The radio code is areference to afile containing all radio specifications
and associated T/I, RX selectivity and TX emission versus frequency
curves. Y ou can enter the code directly or use the Radio Index. Double
click the left mouse button on the entry or select Equipment - Radio
Index from the Summary menu bar to bring up the Radio Index dialog
box. All radio specifications will be entered into the program.

Emission Designator | Optional entry.
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Table 1. Data Entry Fieldsin the Sumary Module

Field Description

Traffic Code Thisterm consists of the digital capacity and the modulation. Itisusedin
interference calculations to identify similar radio types. The traffic code
isautomatically generated when the data is entered through aradio code.

TX Power Thisisthe design power used to calculate receive signals, fade margins
and propagation reliability. This power can be modified for a specific
TX channdl.

Frequency Thisisthe design frequency. All performance parameters are based on
this frequency. Interference calculations use the actual channel fre-
guency assignments.

Polarization Thisisthe design polarization and is used in rain attenuation and reflec-
tion coefficient calculations. Interference calculations use the polariza-
tion specified for the channel assignments. Double click the left mouse
button on the polarization to change between horizontal and vertical
polarization. Alternately press the Enter key.

Free Space Loss Calculated values.

EIRP ERP

RX Signal

TX CHANNEL ASSIGNMENTS
Select Equipment - TX Channels. The data entry form contains the following fields for each site:

Channdl ID

TX Frequency
ATPC Range

Power Reduction

Polarization

The channel identifier isused to determineif ahigh - low violation existsat asite. To
accomplishthis, thelast letter of the channel identifier must bean H (high) or L (low).
The test for ahigh - low violation is carried out in the Network module under the In-
terference menu item.

The transmit center frequency expressed in MHz.

Theautomatic transmit power control rangein dB. Thisisonly used in aninterference
calculation as described below.

Thetransmit power used in an interference cal culation can be reduced from the design
power for an individual channel.

Press Enter or double click on the polarization cell to change between horizontal po-
larization. If the site 1 polarization is changed, the site 2 polarization and the design
polarization are both automatically changed to the site 1 polarization. Changing the
site 2 polarization does not have the equivalent effect. In most casesthe site 1 and site
2 polarization will be the same; however, in some frequency plans and links using
back to back antennas asapassive repeater, opposite polarizationswill be used at each
site.
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Pathloss 4.0 Summary

The fields, ATPC range and power reduction, determine the transmit power to be used in an interference
calculation. The transmit power used to calculate the interfering signal level is given by:

design power - ATPC range - power reduction

TX Channels

2K  Cancel Lookup Help
Site 1T Site 2 T

ChiD | TX(MHz) |ATPC|Pwrrd. [Pal] ChID | TX(MHz) [ATPC] Pwrrd [Pal
1 1l 3411.7500 H| 1h 3511.7500 H
2 2l 34135000 V| 2h 35135000 v
3 3l 3416.2500 H| 3h 3516.2500 H
4 4 3417.0000 4h 3517.0000 v
5 Bl 34187500 H| Eh 35187500 H
B H H
7 H H
8 H H
] H H
10 H H
11 H H
12 H H
Fress Enterto Change

Transmit Channel Lookup Table

Lookup tables are availablefor thetrans- EA|TX Channels - 3_41-3_6ghz-cept14-03annb-1_75mhz-..
mit channel assignments. These use a Fle Edit SitelHi| SitkeZHi Hi-lo Up Down

standard grid data entry form. Refer to | DHi | TxHiMHz) | IDLo | TXLoMH2) i|
the General Program Operation section 1 1h 3511.7500 | 11 3411.7500
in this manual for details on the use of ¢ | ch 3613.5000 | 2 3413.5000
thisform. Thelast used TX Channel 3| 3h 3516.2500 | 3 3415.2500
lookup fileisautomatically loaded when 4 | 4h 3517.0000 | 41 3417.0000
the lookup table is accessed. ~ 5 [Gh 3518.7500 | 5| 3418.7500

_ , , _ , b | Bh 3520.5000 | Gl 3420.5000
Themenuitems Site1 Hi and Site 2Hi - |P5ag 3522.2500 | 71 3422 2500
load the channel assignment of the se- - hd

lected item into the TX Channel dataen- | rﬁ
try form. The Up and Down menu items
move the hilite bar in the TX Channel data entry form to facilitate multiple channel entries.

The Hi-Lo menu item sets the difference between the high and low fre-
guencies. Thisisused when alookup tableiscreated. Whenthe TX Hi fre- |
guency isentered, the TX Lo frequency isautomatically assigned avalue  Hita Lo Frequency Spacing [MHz)
given by TX Hi spacing. Entering avalue for the TX Lo frequency does  |252.040

not have an equivalent effect. To disable thisfeature, erase the frequency ITI

spacing.

Cancel |
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Import - Export Frequency Plan
Select File - Import on the L ookup table menu bar to access

the Import Frequency plan dialog. |
. ) — Field Mumber ————— [~ Frequency Unitzs—
» gpecify the field numbers. Channel 1D High |1— -
* identify the frequency units. T Frequency High |2 % MHz
» specify the delimiter and text qualifier. Channel ID Low [3 £ KHz
. e " Hz
« check the add high - low identifier to the channel ID. T% Frequency Low [4

Thisis used to determine if ahigh low violation exists
as part of the interference analysis. Remember the max-
imum number of charactersinachannel ID is7 includ- - Field delimiter—  Text qualifier

ing thisidentifier. " tab Innthing vI

« Click Import and load the text file. ™ semicolon

¥ &dd High-Low identifier [HAL] ta channel 10

camma

=
i~ space
r

ather I_ Cancel |
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Pathloss 4.0 Summary

SITE DATABASE (SDB)

OVERVIEW

The Pathl oss site database consists of a set of Paradox database tables located in the same directory. The
database is given a descriptive name which is sometimes referred to asan alias. The aliasissimply across
reference to the directory which contains the tables. There can be any number of databases; however, each
must be in its own directory and only one database can be active at any time.

The database includes the following tables:

PLAOCOMP.DB  owners and operators
PL40SITE.DB site records

PL40OSTAT.DB station records
PL4OLINK.DB link records
PL40TXCH.DB transmit channel records
PL40PTMP.DB point to multipoint records
PL40PRRC.DB passive repeater records
PL40SATL.DB satellite records
PL40XREF.DB cross reference table for computer generated fields
PL40COMP.PX owner - operator table index
PL40SITE.PX site table index file
PLA0OSTAT.PX station table index
PL4OLINK.PX link table index
PL40PRRC.PX passive repeater table index

PL40TXCH.PX

transmit channdl table index

Database operations are accessed from the Summary module under the SDB menu. The Network module
also accessesthe site database to import sites, stations and links. A detailed description of each table format
isgiven at the end of this section.

Basic Operation
The primary use of the pathloss site database is for interference cal culations; however, it also servesasa
convenient storage for radio site locations.

Note that separate tables are used for sites and stations. This alows several users to be co-located at the
same location. A site represents the physical location of the tower as determined by its geographical coor-
dinates; therefore, two sites cannot have the same geographical coordinates. A station represents the iden-
tity of the operator as specified by the call sign. Duplicate call signs are not allowed.
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DATABASE SELECTION

) ) select Database |
Select Configure - Open Site Database
from the menu bar. A list of the available Avallable Databazes Selected Databaze
databases is displayed. Each database guppllnrt FCC_MDB
name is an alias name which cross refer- Jsr”apmepl . Directary
encesthedirectory containingthetables. A |IC_MDE C:Memphastel
database is identified as a Pathloss site da-  [HEESlEE; Direrliar
tabaseif thecorrect tablesarelocated in the Pathloss Site Database
corresponding directory. Type

STAMDARD

Select the database and click the open but-
ton. If thetables do not exist inthedirecto-  Coordinate check range [seconds] |4 0
ry, you will be prompted to have the tables

. [elete | Help
automatically created.

Open Caricel |

Coordinate Check Range

The Select Database dial og box includes one optional parameter - the coordinate check range expressed in
arc seconds. A siteisuniquely identified by its geographic coordinates. These are stored as a double preci-
sion number rounded to the nearest one hundredth of a second. When a site is added to the database from
aPathlossfile, the program will first check for a site with exactly the same coordinates. If amatch isfound,
the existing site will be selected. Otherwise, the program will generate alist of sites which are within the
coordinate check range tolerance of the site to be added. The user has the option of selecting one of the
existing sites or creating a new site in the database.

Delete
The delete button simply del etes the database name. The directory and all database files are unaffected.

Creating a New Database

Click the New button in the Select Database dialog. Y ou must |
specify adatabase name and adirectory. If the directory exists, [Databaze Mame

you can click the Browse button and select the directory; other- |

wise, typein the directory name. If the directory does not exit,

itwill be created. The database fileswill be generated whenyou  Directory M
click the OK button in the Select Database dialog. |

SITE DATABASE MODIFICATIONS Cares |

All additions and changes to the site database are made in the

Summary module. Click SDB - Add Edit and then select the specific entry (Sites-Stations, Links or Owner-
Operator). Changes are not automatically transferred to the database. Y ou must click the Add-Modify but-
ton to make the change. If you move to another record, you will be prompted to make the changes.
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OWNER - OPERATORS

. Owners & Operators (IC_MDB) |
A common tableis used for owners and operators.
The owner-operator ID's are referenced in the Site Code [ABFWwWR New |
tables as the owner ID and in the Station table as Mame I.ﬁ.LEEFiT."f'. POWER LIMITED
the Operator ID. Thefirst stepin creating anew da- Ackdress | Carice] |
tabase isto compile alist of the owners and opera-
torswhich will be used in the database. The deies |
Owner-Operator Code cannot be entered inthe Site City |
and Station table. These are selected from a drop State | Reset |
down list which is created from the Owner-Opera- e |
tor table. In the Summary module, click SDB, Add Contact | Delete |
Edit, Owner- Operator. There are only two re-
quired entriesin thistable - Code and Name. The ~ Telephane | Help |
Code must be a unique identifier in the table. Fax |
A situation arises where two entries have been il —ll:lm
made for the same company but with different Filker
codes. If you attempt to change one of the Codesto || y | p | > | N |
be the same as the other, the prompt "Codeis al- [Mame =]
ready used - Usethis Code?' isissued. If you click

Y es, the current record will be deleted and all Sites
and Stations which used this code will be changed to the other Code. Note that this only worksif you click
the Add-Modify button. If you move to another record, a Key Violation error will occur.

New - Cancdl

If there are no Owner-Operator recordsin the database, thefirst record isadded by typing in the entriesand
clicking the Add-Modify button. Successive records are added by clicking the New button, entering the
data and then clicking the Add-Modify button. The Cancel button cancels the addition of a new record.

Reset

The Reset button, will undo any changes made to the record. Once the Add-Modify button is clicked, the
changes are permanent and the reset button has no effect.

Delete

An Owner-Operator record cannot be deleted if it isreferenced in any Site or Station table. The error mes-
sage "Cannot delete - Record is referenced in other tables' will be issued.

Filter

Moving through the Owner-Operator records is accomplished with the First record, Prior record, Next
record and Last record buttons. An incremental search is available for the Code and Name. The search is
case insensitive. Typeinthe first few letters of the selected field. Only the matching records will be dis-
played. The search only works on sequential characters from the start of the Name or Code.
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ADDING - EDITING SITESAND STATIONS
Select SDB - Add Edit,
Sites Sationsfrom the B R Y
menu bar to bring up the ~ Sites ~ Stations
Sites - Stations dialog box. Site Name [Anarchist Mountain Call Sign | CFw/309
This dialog box combines Latitude [43 05 23.00 N Station Code |
the Site and Station tables Longitude [115 16 27.00 W License 0000345
A new site and station can Addhess | Operator Code [ 15090002468 =l
be added in one operation. City | -
Eer
A new site can be added State |BC “l "l "l Hll
without a station. Oviner Code | 15090002463 =l [CalSian =]
A new station can only be Elevation [ft] |4545.95
added to an existing site. | Tawer Height (1 New | Feset |
- Cancel Delet

The display is divided into Towerype | = wed [
three sections: site related, — Stz e e y
station related and common | M | ol LA “ HBeL AddModity |
functions. S|

MNew | Fezet | v Help |
The required entriesin the Corcel || Delete | Ll s
Site section are the site 4|

name, latitude and longi-
tude. The latitude and longitude must be unique to the nearest one hundredth of asecond. All other entries
are optional. The units (feet or meters) for elevation and tower height correspond to the current program
setting. Internaly, all datais stored in Metric units.

The only required entry in the station section isthe call sign. The call sign isawaysin upper case. This
must be unique. All other entries are optional.

Filters

TheFirst, Prior, Next and Last site buttons are used to move through the Site table. I1f more than one station
existsat asite, then the First, Prior, Next and L ast station buttonswill be activated and you can step through
the stations for that site.

Anincremental search isavailable for the Site name. Just type in the first few letters of the site name. The
search is case insensitive.

A similar search facility is provided in the station section for the Call Sign and Station Code. If afilter is

active on either the Call Sign or the Station Code, the site namefilter will be cancelled and the First station,
Prior station, Next Station and L ast station buttons now control movement through the database. Only sites
and stations which match the station filter are displayed.

If you click a site movement button, the station filter is cancelled and the movement reverts to the default
Site sequence.
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Reset

The Reset buttons in the site and station sections restore any changesto their original value. Once the Add-
Modify button is clicked, the changes are permanent.

Delete

The Delete buttons will attempt to delete the site or station. A site cannot be deleted if it contains any sta-
tions. A station cannot be deleted if it is referenced in the Link table.

Adding New Sites and Stations

If the site table is empty, then the screen will be blank. Type in the site name, coordinates and any other
availableinformation. If you click the Add-Modify button without making any station entries, only the site
will be added to the database. The station data must have a unique call sign to be added. To add additional
sites, it is necessary to click the New button in the site section.

If the station section isblank, add the call sign and then click the Add-Modify button. To add anew station
to an existing site, click the New button in the station section.

If you change an existing station call sign, all link records which reference the call sign will be automati-
cally updated to the new call sign.

Adding Sitesand Stations from the

Summary Module T |
When the New button in the site section TS?"EPEU s

i isti - [T Use new coordinates ®|
has been clicked or there are no existing 2110E TR

sites, the Import group box isenabled. The
Site 1 and Site 2 buttons will also be ena-
bled if the data in the Summary module e e

. . . Hedley 4% 1& EO0.00 N 1z0 08 0O5.00 W
contains site names and coordinates as a
minimum. In this case, you can import the
datafor the sites. Add any additional infor-
mation available and click the Add Modify
button.

Tolerance [zeconds] 4.0

The coordinates of the sitein the Summary

module are checked against the sitesin the Cancel | Heip_|
database. If amatch isfound to the nearest
one hundredth of a second, the site will not be added and the display will switch to the existing site. A sec-
ondary check is made using the Coordinate Check Range specified in the Open Site Database dialog. If the
coordinatesin the Summary module are outside thistolerance, then anew site will be added to the display.

Otherwise, the user will be presented with alist of all sitesin the database which are within the Coordinate
Check Range. The user has the option to "Add a New Site" or to use one of the existing sites. If the latter

is selected, afurther option of changing the coordinates of the existing site is available. If you elect to use
an existing site and change the coordinates to the site in the Summary module, the change will be immedi-
ately made to the database and the display will show the modified site.

If you choose to add a new site, you must click the Add-Modify button to actually add the site to the data-
base. The Cancel button will cancel the import operation, in this case.
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ADDING - EDITING LINKS

Select SDB, Add Edit, Linksfrom the Summary module menu bar to bring up the Link display dialog box.
This display shows the two sides of the link. Each sideis an individual link record in the link table. A link
record contains the following information:

Link ID and thereverselink ID. If the siteisa hub site in a point to multipoint application, the reverse
link ID isblank and the link 1D's of the associated remote sites are contained in the point to multipoint
table.

Link class. The classes are point to point, point to multipoint, point from multipoint and earth station.
Sector number. Thisis applicable to point to multipoint and point from multipoint stations.

Call sign of the associated station.

Antenna azimuth. The azimuth is assumed to be the same for all antennas.

Antennavertical angle. The vertical angle is assumed to be the same for all antennas.

Antenna configuration. The link antenna configuration must conform to one of the standard antenna
configurations.

Three antenna recordsto allow for the TXRXDR-TXRXDR antenna configuration. If the antenna
record is not used in the antenna configuration, it will be blank. An antenna record contains the foll ow-
ing parameters.

model code
height gan
tx loss rx loss

Number of passive repeaters on the link and the ID’ s of each passive repeater. A link can include a
maximum of three passive repeaters. The term passive repeater includes back to back antennas, single
and double rectangular passives and back to back antennas with rf amplification.
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Summary

The display only shows the antennarecords and the transmit channel records. The channel records are con-

Links (IC_MDE) |
Hedley Anarchizt Maountain
CPw308 CPw303
4916 50,00 M - 120 08 0500 %/ 4906 23.00M - 11916 27.00 %W
15090002468 15090002468

— TR K5-15676 — TR K5-15676

G 34dBi C KI1BEFE 4 H 951 J G 34dei C KIBEFE 4 H 91.9f( J

T 21dB R 21dB A 106490 T18dB R 18dB A 287 50

G C H G C H

T R & J T R A J

G C H G C H

T R & J T R A J
— T Channels [3] — T Channels [3]

3540.0000 MHz H 37.0 dBm J 3580.0000 MHz H 37.0 dBm J
— Filker

M| 4 M M| 4| k| M
|
| Site Name Tl addmody [ wew | Resst |
fiar
I.-'l‘-.ll Company Codes j Llose | Help | Delete |

tained in a separate table and include a field which identifies the Link ID. A transmit channel record in-
cludes the following parameters:

transmit frequency
transmit power
polarization

radio code
emission designator
transmit link ID

delete an existing link

channel identifier
apc range

radio model
traffic code

status

receivelink ID

A new link must be added from the Summary module. Within the Link display dialog box only the follow-
ing operations are possible:

change any of the antenna parameters. the antenna model, code, gain, height, tx loss, rx loss and verti-
cal angle. The antenna azimuth can only be changed on the hub site of a point to multipoint link.

add or delete a transmit channel
edit any of the transmit channel parameters
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Changes involving a different antenna configuration cannot be carried out in the Link display. The follow-
ing steps are required for thistype of change:

» Import the link into the Summary module

» Make all the required changesin the Pathloss program
» Open the Link display dialog box

» Delete the link from the database

* Add the new link from the Summary Module

Editing Antenna Parameters

Click the button on the right side of the antenna data dis- |

play. Thiswill bring up the standard data entry form for 2 Ssneel Codelndex Wiew Help

the antenna. The antenna azimuth and vertical angleare | Antennamodel 5-15676

the same for all antennas on that side of thelink. Thean- | Code K15676_4
tenna azimuth can only be edited for ahub siteonapoint | Antenna gain (dEi) 34.40
to multipoint application. Y ou can view theradiation pat- | Antenna height ft) 59.06
tern envelope for the antenna with the View menu selec- | Antenna Azirmuth () 100.20
tion or change the antenna with the Code Index menu Yertical angle (7 0.00
selection. Click OK on the menu to updatethe Link dis- | T loss (dB) 1.60
play. Note that the changes are not immediately trans- Fx loss (dB) 1.60
ferred to the database. Y ou must click the Add-Modify Antenna model |

button. If you change to a different link, you will be

prompted to make or discard any changes. Refer to the section on General program operation for informa-
tion on the data entry forms used in the Pathloss program.

Editing Transmit Channel Parameters

Click the button on the right side of the TX channel data display. Thiswill bring up a standard grid data
display form. Y ou can edit, add or delete atransmit channel. Y ou can view the radio specificationswith the
View menu item or change the radio type with the Code Index menu item. Note that this does not change
the transmit power. Only the model, code, traffic code and emission designator are affected. A transmit
channel can be added or deleted in thisdisplay. Refer to the General Program Operation for information on
the grid data display.
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EA| TX Channels - Phoenix M=l
Close Edit Wew Code Index
| TxFeqmHzl | Pa | chio | TRpoweridem) | ATPC(db] | Model | Code
1 3540.0000 W 37.00
2 3620.0000 H 37.00
3 3700.0000 4% a7.00
4 3780.0000 H 37.00
5 4565.0000 v 37.00
E 4R05.0000 H a7.00
7 4645.0000 v 37.00
5 4585.0000 H 37.00
g
dl | i
Reset

Thereset button restores any changes made to the antennaand transmit channel datato their original values
on entry. Thisworksif anew transmit channel has been added or an existing one has been deleted. Once
the Add-Modify button is clicked, the reset button has no effect until further changes are made.

Filter

The site name, call sign, station code, coordinates, and the operator code are displayed for each side of the
link. The First, Prior, Next and Last link buttons on the left side of the display step through the linksin the
database. The sequence will only show thelink in onedirection. Station A to Station B will not be repeated
as Station B to Station A.

Filters are provided to smplify the search for a particular link. Y ou can restrict the display to show only
the links for one company code. Y ou can search for alink using the site name, call sign or station code as
afilter. Select the search method and type in the first few letters of the name. Thefilter is case insensitive.
When afilter is active, the left side of the link display is restricted to the filter. The right side shows the
associated link.

The First, Prior, Next and Last buttons on the right side of the display are inhibited on point to point links.
If apoint to multipoint link is displayed, the hub site will always be on the |eft side of the display. If there
is more than one remote site associated with this hub site, the right side buttons will be activated and you
can step through all of the remote sites for this hub site. The sector number of the point to multipoint link
isdisplayed in this state.

Delete

A link can always be deleted. If thisis a point to point link, the link records for both sides of the link will
be deleted. If thisis a point to multipoint link, the remote site will always be deleted. The hub site will be
deleted if thereisonly oneremote site for the hub site. The associated site and station records are unaffected
by deleting alink.

All transmit channel records associated with the link will be deleted. Once alink has been deleted, it cannot
be recovered.
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ADDING A NEW LINK

The new link must be first be created in the Pathloss program and displayed in the Summary module. A
path profileisnot necessary. If thered ¥ mark isdisplayed on the status bar, the link isnot valid and cannot
be added. Click on the red % to display the missing information. The following datais a prerequisite for a
new link.

* Thismust be a microwave application. No provision is made for VHF-UHF links.
e Cal signs must exist for both sites.

» Coordinates must exist for both sites.

» Thedesign frequency must be specified.

» The antenna code must be specified for each antenna used.

» Thedataentry in the Summary or Microwave worksheet module must be complete to the point of a
receive signal calculation.

» Thetransmit channels must be specified.
Open the Link display dialog box and click the new button. The sequence of operations are as follow:

Thetwo sites are first added to the data-

base. In the Pathloss program, thereis no |

distinction between a site and a station; Hedley

however, the Site database uses separate 43916 30.30N ™| Use new coordinates @I
120 0% 05.00 W/

tablesfor sites and stations. The operation
issimilar to importing a site from the sum-

mary module and involves the following Lildl & s i
Operations. Hedley 4% 1& 5000 N 1z0 02 05_00 W

Tolerance [zeconds] 4.0

The site coordinates are first checked
against thesitetablerecords. If thetwo sets
of coordinates match to within atolerance
of one hundreth of a second, the existing
site will be used. If an exact match is not
found, the programwill compilealist of all Cancel | Help |
sites whose coordinates are within the Co-
ordinate Check Range of the new site. The
list isdisplayed and the user has the option of using an existing site or creating anew one. An optionisalso
provided to change the existing site coordinates to the new ones.

If the call signisused at a station for the site, then that station will be used. Otherwise, the call signis
checked for aduplicate in the station table. If the same call signisfound, then the operation terminates with
an error message.

If anew site or station is to be added, the user is given an opportunity to verify the data entries before the
additions are made to the database.

Page 16 of 22



Pathloss 4.0 Summary
If the new link isusing exist-
ing sitesin the database, @ Ml |
further check isrequiredto [ Sites — Stationz
determineif thelinks al- Site Mame | Call Sign CPw310
ree_\dylt_ex:(sts r?“ point to Latitude: 43 05 24.00 N Station Cade |

int links, t tenna con-
pO . S, the antenna co Longitude 118 36 32.00 ' Licensze I
figuration and antenna
heights are criteria used to Address | Operator Code | =
identify an existing link. On City |
point to multipoint the crite- State [BC
riaisthe sector number.

Owner Code I j /i\ Yerify Site and Station Data

If alink isdetermined to ex-
ist, the display simply
switchesto thelink. The ex-
isting data will not be
changed.

Elewation [ft] |1 FO0E.98

T oweer Height [ft] |2391 .9a

Tower type I

j Cancel |

SITE DATABASE TABLE DESCRIPTION

The tables are related to each other by design and contain computer generated fields. If atable becomes
corrupted, then the entire database may belost. Y ou cannot arbitrarily add new recordsor restructure atable
with a database program. The database integrity will be lost. If atable associated with one database is
moved into the directory of another database, the database will be corrupted.

A description of each table is given below:

Table2: Owner - Operator Table (PLAOCOMP.DB)

Field Field Name Format Description
1| Code CHARJ[16] A unigue owner or operator identity
2 | Name CHAR[32] Owner or Operator name
3 | Address-1 CHAR[32] Address- line 1
4 | Address-2 CHAR[32] Address- line 2
5 | City CHAR[32] City
6 | State CHARJ[16] State or Province
7| Zip CHARJ[16] Zip or Postal Code
8 | Contact CHAR[32] Contact Name
9 | Title CHAR[32] Contact’ s position or title

10 | T CHAR[32] Telephone number
11 | FAX CHAR[32] FAX number
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Table 2: Owner - Operator Table (PLAOCOMP.DB)
12 | Email CHAR[32] Email address
Table 3: Site Table (PL40SITE.DB)
Field Field Name Format Description

1| SitelD INT32 Site Identifier - Computer Generated
2 | Latitude DOUBLE L atitude rounded to 1/100 second
3 | Longitude DOUBLE Longitude rounded to 1/100 second
4 | Datum INT16 Reserved for future use
5 | Elevation DOUBLE Site elevation in meters
6 | Name CHARI[32] Site Name
7 | Address CHAR[32] Address
8 | City CHAR[32] City
9 | State CHAR[16] State

10 | Owner Code CHARJ[16] Owner Code

11 | Tower Type INT16 Tower type

12 | Tower Height DOUBLE Tower height in meters

Table 4: Station Table (PL40STAT.DB)
Field Field Name Format Description

1| Cdl Sign CHARJ[16] Call sign - key field
2| SitelD INT32 Referenceto Site Table
3 | Operator Code CHAR[16] Operator Code
4 | Station Code CHARJ[16] Optional Station Identifier
5| Station License | CHAR[32] Station License

Table5: Link Table (PL40LINK.DB)

Field Field Name

Format

Description
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Table5: Link Table (PL40LINK.DB)
11D INT32 Link Identifier - Computer Generated
2 | REVID INT32 Reverse Link ID
3 | CLASS INT16 Point to Point / Multipoint - Earth Station
4 | SECTORNO INT16 Sector Number on Point to Multipoint Links
5| SATID INT32 Satellite ID
6 | CALLSIGN CHAR[16] Station Call Sign
7 | ANTCNFG INT16 Antenna Configuration
8 | AZIMUTH DOUBLE Azimuth (degrees)
9 | ELEVANG DOUBLE Elevation Angle (degrees)
10 | ANTUSAGL INT16 #1 Antenna Usage (TR, TX, ..)
11 | ANTMODL1 CHAR[24] #1 Antenna Model
12 | ANTGAIN1 DOUBLE #1 Antenna Gain
13 | ANTHGHT1 DOUBLE #1 Antenna Height (meters)
14 | ANTCODE1 CHAR[16] #1 Antenna Code
15 | TXLOSS1 DOUBLE #1 Transmit Loss
16 | RXLOSS1 DOUBLE #1 Receive Loss
17 | ANTUSAG2 INT16 #2 AntennaUsage (TR, TX, ..)
18 | ANTMODL?2 CHAR[24] #2 Antenna Model
19 | ANTGAINZ2 DOUBLE #2 Antenna Gain
20 | ANTHGHT2 DOUBLE #2 Antenna Height (meters)
21 | ANTCODE2 CHAR[16] #2 Antenna Code
22 | TXLOSS2 DOUBLE #2 Transmit Loss
23 | RXLOSS2 DOUBLE #2 Receive Loss
24 | ANTUSAG3 INT16 #3 AntennaUsage (TR, TX, ..)
25 | ANTMODL3 CHAR[24] #3 Antenna Model
26 | ANTGAINS DOUBLE #3 Antenna Gain
27 | ANTHGHT3 DOUBLE #3 Antenna Height (meters)
28 | ANTCODE3 CHAR[16] #3 Antenna Code
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Table5: Link Table (PL40LINK.DB)
29 | TXLOSS3 DOUBLE #3 Transmit Loss
30 | RXLOSS3 DOUBLE #3 Receive Loss
31 | NUMPASS INT16 Number of Passive Repeaters
32 | PASSID1 INT32 Passive Repeater #1 1D
33 | PASSID2 INT32 Passive Repesater #2 ID
34 | PASSID3 INT32 Passive Repeater #3 ID
Table 6: Point to Multipoint Table (PL4AOPTMP.DB)
Field Field Name Format Description
1 | HUBLINKID INT32 Hub Link ID
2 | LINKID INT32 Multipoint Link 1D
Table 7. Passive Repeater Table (PL40PRRC.DB)
Field Field Name Format Description
1|1D INT32 Passive Repeater ID - key field
2 | CALLSIGN CHARJ[16] Call Sign
3| PR.TYPE CHARJ[16] Passive Repeater Type
4| AZIMUTH1 DOUBLE #1 Azimuth
5| AZIMUTH2 DOUBLE #2 Azimuth
6 | ANTMODL1 CHAR[24] #1 Antenna Model (back to back antennas)
7 | ANTGAIN1 DOUBLE #1 Antenna Gain (dBi)
8 | ANTHGHT1 DOUBLE #1 Antenna Height (meters)
9 | ANTCODE1 CHAR[16] #1 Antenna Code
10 | ANTMODL2 CHAR[24] #2 Antenna Model (back to back antennas)
11 | ANTGAINZ2 DOUBLE #2 Antenna Gain (dBi)
12 | ANTGHGT2 DOUBLE #2 Antenna Height (meters)
13 | ANTCODEZ2 CHAR[16] #2 Antenna Code
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Summary

Table 7. Passive Repeater Table (PL40PRRC.DB)

14 | TXL_LOSS DOUBLE Antenna Transmission Line Loss (dB)
15 | AMPGAIN12 DOUBLE Amplifier Gain 1—2
16 | AMPGAIN21 DOUBLE Amplifier Gain 2«1
17 | WIDTH1 DOUBLE #1 Passive Width (meters)
18 | HEIGHT1 DOUBLE #1 Passive Height (meters)
19 | WIDTH2 DOUBLE #2 Passive Width (meters)
20 | HEIGHT?2 DOUBLE #2 Passive Height (meters)
21 | SPACING DOUBLE Spacing between double passive (meters)
22 | PRGAIN DOUBLE Passive Repeater Gain
Table8: TX Channel Table (PL40TXCH.DB)
Field Field Name Format Description
11D INT32 Key field
2 | FREQ MHZ DOUBLE Transmit frequency in MHZ
3 | BAND CHARJ[8] Channel Number
4 | TXPOWER DOUBLE Transmit Power (dBm)
5 | APCRANGE DOUBLE Automatic Power Control Range (dB)
6 | POLARIZE INT16 Polarization 0-H 1-V
7 | RADIOMODEL | CHAR[24] Radio Model
8 | RADIOCODE CHAR[16] Radio Code
9 | TRAFFCODE CHAR[16] Traffic Code
10 | STATUS CHAR[32] Status Information
11 | EMDESIG CHARJ[16] Emission Designator
12 | TXLINKID INT32 Transmit Link ID
13 | RXLINKID INT32 Receive Link ID

The cross reference table maintains the computer generated identifiers for the site, link, TX channel
records, passive repeater and satellite records. This table contains only one record. The appropriatefieldis
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updated when a corresponding record is added. The ID’ sin the cross reference table are the next available
ID to be used. Thistable also contains the current version numbers of all tables in the site database.

Table 9: Cross Reference Table (PL4A0OXREF.DB)
Field Field Name Format Description

1| SITECNT INT32 Site Record ID

2 | LINKCNT INT32 Link Record ID

3 | PRRECCNT INT32 Passive Repeater Record ID

4 | TXCHCNT INT32 Transmit Channel Record ID

5 | SATRECCNT INT32 Satellite Record ID

6 | COMPVER INT16 Company Table Version

7 | SITEVER INT16 Site Table Version

8 | STATVER INT16 Station Table Version

9 | LINKVER INT16 Link Table Version
10 | PTMPVER INT16 Point to Multipoint Table Version
11 | PRRECVER INT16 Passive Repeater Records Table Version
12 | TXCHVER INT16 Transmit Channel Table Version
13 | STATRECVER | INT16 Satellite Record Table Version
14 | TMPCALLS CHARJ[16] Temporary Call Sign
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TERRAIN DATA

OVERVIEW

A terrain profile consists of atable of distances and elevations along the great circle arc between two sites.
On most practical pathslessthan 150 kilometers, the difference between a straight line and the great circle
arcisnegligible. The Terrain Datamodule is used to create aterrain profile using any of the following
methods:

» manual entry of distances and elevations taken from topographic maps.

 direct entry of distance - elevation data from topographic maps using a digitizing tablet.
» conversion of distance - elevation data in text files from other sources.

o direct entry of distance - elevation data from aterrain data base.

Optional structures and ranges can be added to the path. The Terrain Data display shows the terrain data
entry form at the top and the profile display at the bottom. Once the second point has been entered, the pro-
file will be drawn and will be continually updated as the data entry proceeds.

To moveto aspecific point on the profile, click on the profile display. Thefirst point past the mouse cursor
will be selected. Alternately, you can click on aline in the terrain data entry form.

The Home, End, PgUp, PgDn keys, the up and down cursor keysand the vertical scroll bar are used to move
through the profile.

MANUAL DATA ENTRY

Type in the entries as requested by the prompt. The left, right, up and down cursor keys and the Enter key
will register the datain the form. If the numeric key pad is used with the Enter key, the hilited bar will au-
tomatically advance to the next distance or elevation field. Thisisthe fastest method for manual data entry.

To edit an existing entry, place the hilited bar on theitem and pressthe F2 key. Alternately, you can double
click on theitem.

Distance entries can only be edited within the range of the previous and next distances. There are no restric-
tions on elevations.

Toinsert apoint, the distance-elevation must be entered as the last point in the form. The new point will be
inserted at the correct location in the terrain data entry form.

To delete a point, place the hilited bar on the line, hold down the Ctrl key and press the letter "Y".

SITE COORDINATES

Site coordinates can be entered in either ageographic or grid coordinate format. The choice of grid coordi-
nates is made in the Geographic Defaults dialog box.
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Geographic Defaults

Select Configure - Geographic Defaultsfrom o a e

— Datum

g]gfpalthl?jilme?)u bar to access the Geographic Canada [Alberta, British Calumbia)

aults dialog box. ‘

Use Datum or Ellipsoid

An dlipsoid is defined by its major and minor Elipsoid Clarke 1858

axis. These are used to cal cul ate distance and az- Datum |Marth American 1327 |

imuths from the geographic coordinatesand to  _ ginzaid

convert geographic coordinates tc_) grid coord_i- [Clarke 1866 ~]

nates such as UTM. A datum defines the hori-

zontal measurement plan. Each datum isbased [ Latitude—————— ~Longitude————— ~Lse

on an elipsoid, and contains measured correc- &% Narthem Hemisphere |7F WWestern Hemisphere |7F Datum
tion factors to allow geographic coordinates de- | £ Southem Hemisphere | | { Eastem Hemisphers | | £ Elipsoid

fined in one datum to be transformed to another. . :
Gnid Coaordinate System

Inmost cases, the" Use Datum” option shouldbe  |Universal Transverse Mercator (UTM) | [ G Krige |
selected. Thiswill allow coordinate transforma-  Seconds Fomat

tion between datums. (e.g. NAD-27 < NAD-  [Mearest 001 Second ¥ |

83). Thisisimportant when using terrain data-
baseswith ahorizontal datum different from the
topographic maps. A typical exampleisaDTED ok, Carcel Help
terrain database which uses the WGS-84 datum 4' 4' 4'
and site coordinates referenced to the NAD-27

datum. If the user has specified the NAD-27 datum, then the site coordinates will be automatically trans-
formed to WGS-84 to generate the profile.

[T allow Mon Standard UTH Zones

The"Use Ellipsoid" option isrequired to handle specialized regional mapping. An example of thisis Swit-
zerland, which generally usesthe European Datum of 1950. This datum uses the International (1924) ellip-
soid. The Swiss grid coordinate system on the other hand uses the Bessel 1841 ellipsoid. In this case, the
"Use Ellipsoid" option should be used.

Datum Selection

First select the datum and then select the specific region for the datum. The requirement for the region se-
lection is necessary because there is no general equation to transform coordinates from one datum to an-
other. The transformation uses data to determine the new coordinates. The breakdown of regions within a
datum is a compromise between the transformation accuracy and the number of regions. Note that adatum
selection automatically defines the ellipsoid.

Ellipsoid Selection
If the "Use Ellipsoid" option has been checked, select the specific ellipsoid from the drop down list.

Latitude Formats

If the latitude format is set to the northern hemisphere, a minus sign before the degrees will change the
entry to a southern latitude. If the southern hemisphere is selected, the oppositeistrue. Alternately, the let-
ters‘N’ and ‘S can be used to specify anorthern or southern latitude respectively. In UTM coordinates,
the northing entry must be a negative number for a southern latitude.
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Northern Hemisphere Selected Southern Hemisphere Selected
Data Entry Result Data Entry Result

4932 24 4932240N 49 32 24 49032240S
-4932 24 493224.0S -4932 24 4932240N
493224 S 493224.0S 493224 N 4932240N

Longitude Formats

If the longitude is set to the western hemisphere, aminus sign before the degrees will change the entry to
an eastern longitude. If the eastern hemisphere is selected, the opposite is true. Alternately the letters ‘E’
and ‘W’ can be used to specify a eastern or western longitudes respectively.

Western Hemisphere Selected Eastern Hemisphere Selected

Data Entry Result Data Entry Result

11532 24 1153224.0W 11532 24 11532240 E
-11532 24 11532240E -11532 24 1153224.0W
1153224 E 11532240 E 1153224 W 1153224.0W
Precision

Geographic coordinates can be formatted to the nearest second, nearest 0.1 second or the nearest 0.01 sec-
ond. This does not affect the calculations, because the coordinates are saved as double precision numbers.

Grid Coordinate System

A grid coordinate system represents the simplest method of taking coordinates from a topographic map
and guarantees a high degree of repeatability. The following grid coordinate systems are currently support-
ed:

Universal Transverse Mercator Gauss conformal (South Africa)
New Zealand grid UK grid

Swiss Grid Irish grid

Gauss Kruger WGS-84 to MGI Austria
WGS-84 to HGRS87 Greece

Thedataentry formsfor inverse and forward coordinates will be formatted for the selected grid coordinate
system.

UTM Coordinates

The UTM coordinate system divides the world into 60 zones, each zone covering 6 degrees of longitude.
The zone numbers increase eastwards, starting at the international date line. The central meridian of each
zone isthe backbone of the system for that zone. Along the central meridian, the Y coordinate or northing
of apoint, isthe distance from the equator in kilometers.
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East-west grid lines are attached to the central meridian at right angles and follow great circle paths away
fromit. These arelinesof constant northing and do not follow parallelsof latitude, since parallelsof |atitude
are not great circles. The X coordinate or easting is measured along these grid lines relative to the central
meridian, which by definition has an easting of 500.000 kilometers. Finally, the north-south grids are
drawn as lines of constant easting.

If UTM coordinates outside the above definition are entered, they will be converted to the standard defini-
tion. If the "Allow non standard UTM zones' option is checked, the original data entry will be preserved.

Geographic Coor dinates For mat

L atitudes and longitudes are entered in degrees, minutes and seconds separated by a space, or in decimal
format or any combination of these two methods. The following examplesillustrate the format:

Data Entry Format Geographic Defaults Settings

Latitude

49 049 00 00.00 N northern hemisphere - nearest 0.01 second
49.5 0493000 S southern hemisphere - nearest second

49 3001 0493001.0N  northern hemisphere - nearest 0.1 second
49 30.5 049 3030.00S  southern hemisphere - nearest 0.01 second
-49 0490000.00S northern hemisphere - nearest 0.01 second
-49.5 049 30 00.00 N southern hemisphere - nearest 0.01 second
Longitude

122 122 00 00.00 W  western hemisphere - nearest 0.01 second
122.5 122 0000 E eastern hemisphere - nearest second

122 12 02 122 1202.0 W  western hemisphere - nearest 0.1 second
-122 145 122 14 30.00E  western hemisphere - nearest 0.01 second

The format defaultsto the hemisphere setting in the Geographic Defaults dialog box. A negative sign must
precede the degrees to format the entry for the opposite hemisphere. The number of decimal places of the
seconds is also set in the Geographic Defaults dialog box. This has no effect on the accuracy, because co-
ordinates are saved as double precision numbers.
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I nver se Coordinates

Select Coordinates - Inverse from the Terrain
Data menu bar. Coordinates for both sites are

Inverse Coordinates {Clarke 1866) |

ok Cancel Help

entered in the inverse coordinates data entry Browmvale Peace River

form. The path distance and the azimuthsare | Latitude 42400 M BE1411.00M

calculated. Coordinates may be entered inei- | Longitude 1175247.00% | 11715 45.00%W

ther geographic or the selected grid format. True azimuth () G4.4145 2449271

The program automatically converts between | Distance (km) 42 4371

the two systems. Easting (krm) 445.2364 483.7274
. Marthing (km) B214.3764 BZ32.20R5

Forward Coordinates UTH zone 1M 11

The Site 1 coordi ngtes, azimuth and pa¢h Brownvale Latitude - |

length are entered in the forward coordinates

dataentry form. The Site 2 coordinates are cal-

culated. The Site 1 coordinates can be entered in either geographic or the selected grid format. The program
will convert between the two systems. Distance is entered in either miles or kilometers depending on the
measurement system. The azimuth is entered in degrees from true north.

Coordinate Transformation

Select Coordinates - Transform from the Terrain Data
menu bar to access the coordinate transformation dia-
log box.

Select the new datum and region and click the Trans-
form button. Click the Accept button to use the trans-
formed coordinates. The datum will also be changed.

NADCON

The Pathloss program uses the NADCON data to
transform latitudes and longitudes between the North
American Datum of 1927 (NAD27) and the North
American Datum of 1983 (NAD83). The transforma-
tionisonly valid inthe United Statesterritorial limits.
NADCON isthe United States Federal standard for
NAD27 to NAD83 datum transformations.

The following operations are affected:

Transform Coordinates

Transfarm Browmnwale Peace River
Latitude  5BE 04 24.00 H BE1411.00H
Longitude 117 52 47.00 %/ 117 15 45.00 %

From Datum Morth American 1927
Canada [Alberta, Britizh Columbia]
To Datum
Feqion | I Morth Amencan 1983 j
|Eanau:|a
Latitude 5E04 2400 M BE1411.05H
Longitude 117 52 51.74 W 117 15 49.67 "
ncertainty  # = 10 meters Y = £9 meters
Accept | Cancel Help

* Coordinate transformation between the NAD27 and NADS83 datums in the Coordinates - Transform

procedure in the Terrain Data module.

» All terrain database operations using the USGS 7.5 minute - 30 meter DEM S including:

- single profile generation

- radial profiles generation in the Coverage Module

- network backgrounds
- terrain view
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If the NAD83 datum has been specified, then a copy of the user’ s coordinates will be automatically trans-
formed to the NAD27 datum to read the database.

Transformation Procedure
To transform coordinates between the NAD27 and NAD83 datums, the following settings

. . . . lze
must be made in the Geographic Defaults dialog box: & Datum
“Use Datum” must be checked in the Use Datum or Ellipsoid dialog box. " Elipsoid

Either the NAD27 or NAD83 datum must be selected.

D atumn | Morth American 1927 j

Select the NADCON region.

MADCOMN COMUS, Hawai, Puerto Rico and Yirgin
In the case of the NAD27 datum. the NADCON re- |slands, S5t Lawrence, St George, S5t Paul, Alazka
gionisan al encompassing term and includesthefol -

lowing specific datums and regions:

CONUS (lower 48 states) North American datum of 1927
Hawali Old Hawaiian datum

Puerto Rico and Virgin Islands Puerto Rico datum

St. Laurence Island, Alaska Old Island datum within Alaska
St. George Idand, Alaska Old Island datum within Alaska
St. Paul Island, Alaska Old Island datum within Alaska
Alaska North American datum of 1927

The transformation data is contained in seven files. The program will automatically select the correct file
based on the coordinates.

Coordinate Transformation
Coordinate Transformation is carried out in the Ter- B EURERLLIEIS |
rain Datamodule. Select Coordinates- Transform. To  Transfarm Site 1 Site 2

access this procedure, a datum must be selected and Latiude 45 204324 N 4628 5213 N

: . Longiude 11033 4432% 110 30 36.79 W
coordinates for at least one site must be entered. PNAIEE .
From Datum  Morth &merican 1927

MADCOM COMUS, Hawai, Puerto Rico and *irgin lzlands, St
Lawrence, St George, 5t Paul, Alazka

Set the “To Datum” to either NAD27 or NAD83 and
then select the NADCON region.

Click the Transform button to carry out the coordinate 1 2™

transformation. Region | I Maorth &merican 1983 j
ADCOM COMUS, Hawai, Puerto Rico and Yirgin lzlands, St.

N
The Accept button changes the site coordinates to the |L5W’E”°Ef S [Emerme, 6 aLl, Mk
transformed coordinates.

Latitude 45 20 43.03 M 46 28 52.00 M
Longitude 110 38 4705/ 110 30 39.43 '

NADCON and the USGS 7.5 minute (30 meter) Ter- Uncettainty  NADCOM tiansformation

rain Database.
When the USGS 7.5 minute quad (30 meter) terrain
database has been selected, and the input coordinates

Tranzform Cancel Help
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areinthe NAD83 datum, the coordinateswill betransformed to NAD27 for the specific database operation.
Thistransformation will always be carried out for any of the region selections available under the NAD83
datum.

Primary and Secondary Terrain Database Operation
Given the situation below:

e User coordinates arein NADS83.

* The primary terrain database is set to USGS 7.5 minute (30 meter).

» The secondary terrain database is set to the USGS 3 second compressed, GTOPO30 or any of the
DTED selections. These are all referenced to the WGS84 datum.

» Dueto incomplete coverage of the USGS 7.5 minute database, the secondary database will be used for
part of the profile.

What region should be selected for the NAD83 datum?

The NADCON region should not be selected. Instead use the specific region (i.e. CONUS, Hawaii, Alaska
excluding Aleutian Is or the Aleutian | lands). When the program reads the USGS 7.5 minute database, the
coordinates will be automatically transformed to NAD27 using NADCON. When the program reads the
secondary database, the transformation to WGS 84 will be carried out for the specified region.

NADCON Description

In addition to the Conterminous United States, the NADCON datais aso used to transform data originally
expressed in old island datums that exist in Alaska, Hawaii, Puerto Rico and the Virgin Islands into data
referenced to NAD 83. However all datums, including these, are referred to as NAD 27. The procedure
automatically chooses the proper transformation; the user does not need to know the specific name of the
original datums.

Transformation Accuracy

At the 67 percent confidence level, the transformation introduces the following uncertainties:
» approximately 0.15 meter uncertainty within the conterminous United States (CONUS)

* 0.50 meter uncertainty within Alaska

* 0.20 meter uncertainty within Hawaii

* 0.05 meter uncertainty within Puerto Rico and the Virgin Islands.

In areas of sparse geodetic data coverage NADCON may yield less accurate results, but seldom in excess
of 1.0 meter.

In near offshore regions, results will be less accurate but seldom in excess of 5.0 meters. Farther offshore
NAD 27 was undefined.

Area File Latitude Longitude Grid-deg

Conterminous US (lower 48 conus.ncd 20N - 50NW 63W - 131W 0.25
states)
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Area File Latitude Longitude Grid-deg
Alaskaincluding the Aleutian | alaska.ncd 46N - 77N 128W - 194 W | 0.125
Islands
St. Lawrencels., Alaska- Old | stlrnc.ncd 62N - 64N 168W - 172W | 0.05
Island Datum within Alaska
St. George s, Alaska- Old stgeorge.ncd 56N - 5N 169W - 171W | 0.01667
Island Datum within Alaska
St. Paul Is., Alaska- Old stpaul.ncd 57N - 58N 169W - 171W | 0.05
Island Datum within Alaska
Puerto Rico and the Virgin prvi.ncd 17N - 19N 64W - 68W 0.05
Islands
Hawaiian Islands hawaii.ncd 18N - 23N 154W - 161W | 0.025

St. George Idand and St. Paul 1sland are part of aregion known as the Pribilof Islands. There were two
separate datums, onefor eachidand, before NAD 83. Theold island datumsdiffer significantly from NAD
27. Datainput into NADCON must be consistent with the identified transformation data sets. The trans-
formation of misidentified data can result in very large errors (as much as hundreds of meters).

The CONUSfile covers an areafrom 20 to 50 degrees north latitude and from 63 to 131 degrees west lon-
gitude. The Alaskan file covers an areafrom 46 to 77 degrees north latitude and from 128 to 194 degrees
west longitude. The CONUS and Alaskan files overlap between 46 to 50 degrees north latitude and 128 to
131 degrees west longitude. In this area, the CONUS and Alaskan files agree within 2 centimeters. For
those cases requiring precision greater than this, the CONUSfileis considered correct. Inthisoverlapping
region the CONUS file will aways be used in the Pathl oss program. Transformations based on NADCON
data should be used only within the U.S. territorial limits.

OPERATIONS
The following functions are implemented in the Operations menu selection:

M easur ements

Select Operations - Measurements from the Terrain Data menu bar to access the M easurements dial og box.
Alternately, pressthe F4 key.

System

Select either kilometers-meters or miles-feet asthe units of measure. The |

measurement system can be changed at any time. All datain the program - System [F&]———

is automatically converted to the new system. The measurement system | © Kilometers - Meters

can also be changed using the F5 key or by clicking the left mouse button | £ Miles - Feet ﬂl

on the units box in the status bar. —Scale Units—— _Hep |
¥ Centimeters Map Scale

" Inches |5|:||:||:||:| vI
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Scale Units - Map Scale

The scale units and map scale set the conversion between the scale distance and path distance. As an ex-
ample, using centimeter units and amap scale of 50000 (1:50,000), a one centimeter entry in the scale col-
umn is converted to 0.500 kilometers in the distance column.

These settings are critical when adigitizing tablet is used to enter terrain data and whenever distances are
taken from amap in inches or centimeters.

Delete Points —
The following terrain point deletion options are provided: DEE“’ Profile Points (F6)
YpE
Selected Point Only % Selected Paint Only - ™ Iil

. . . ([ i
This selection deletes the current point only. Alternately, hold down ~ i:lsc_tetd Paint 2 End ﬂl
the Ctrl key and press the letter "Y' to delete the current point. o Help_|

Selected Point to End
This selection deletes al points after the selected point. The selected point will becomethelast point in the
terrain data entry form.

All Points
All terrain points are deleted. Note that all other parameters, including site names, coordinates and the
worksheet data are unchanged.

Reverse Profile

Select Operations - Reverse Profile from the Terrain Data menu bar. The profile is reversed from left to
right. All dataincluding the site names, antenna heights, coordinates and the worksheet is also reversed.

Match End Point

Select Operations - Match End Point from the Terrain Datamenu bar. |
Thisis used to compare the path length calculated from the coordi-  Calculated Distance (kml 42.44
nates with the path profile length. The path profile length is the dis- Profile Distance (km) 42,34

tance of the last point on the profile. biiizrznze il LLI0E 2]

changing the distance of the last point in the profile or by proportion- | ¢~ cyetch - Shink Prafile
ally changing the distance of each point in the profile. The difference

between the cal culated and actual length must belessthan five percent Ok I Cancel |
of the actual length to make the change. If the end point distanceisto
be changed, the calculated path length must be greater than the distance of the second last point in the pro-
file.

M ethod
The profile length can changed to the calcul ated length by simply [ﬁ' e 2 @
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Survey Angles _
The survey angles data entry form calculatesthe elevar vertical Angle at 42.34km |

tion difference derived from the measured and calcy- 2 ancel Help

lated vertical angles from Site 1 to a point on the Latitudle BE 140973 M
profile. Select Operations - Survey Angles from the Longitude 117155473 W
Terrain Data menu bar. The cursor must not be posi- K.for Light 1.167
tioned at Site 1. Instrument Height (m) 1.60
Calculated Angle (d-m-s) 090 16 53.73

The following entries are required: Measured Angle (d-rm-s) ’M]
« Theheight of the instrument above ground level,  LE=vation Difterence (m) 6132
The default height is 1.6 meters. Measured Angle (d-m-s): |

* Thevalueof K for light. The default value for opti-
ca K is7/6.

» Thevertical angle measured from the zenith. This can be entered in degrees minutes seconds or asa
decimal.

Thedataentry form showsthe cal cul ated latitude and longitude of the selected point, the calculated vertical
angle and the elevation difference derived from the measured vertical angle.

Strip Redundant Points

Calculation times and memory requirements increase when there are more than 500 terrain data points.
Many of theintermediate points do not improve the overall accuracy of the calculations. Profiles generated
from aterrain data base can have over 1000 points. If the path crosses over water, there will aways be a
series of points with identical €levations.

Select Operations - Strip Redundant Points from the Terrain Data menu bar. The user is prompted to enter
a percent tolerance which is denoted by P. The points are removed from the profile according to the fol-
lowing algorithm:

The maximum and minimum elevations on the profile are determined as E,;, and E;;i,. An elevation tol -
erance, E, is defined as:

E=P. Emax — Emin 1

100
Peaks, valleys and points with a structure are always retained. The agorithm scans the profile, examining
three successive pointsin turn with elevationsE1, E2 and E3. If E3 - E2 and E2 - E1 areless than E, then

the central point will be marked in red for deletion.

To actually remove these points from the profile, select Operations - Accept-Reject from the Terrain Data
menu bar.

The default tolerance is 0 percent which will remove apoint if its elevation is exactly equal to those of the
adjacent points. A tolerance of 5 percent is considered extreme.
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Expand Flat Terrain

Terrain profiles devel oped from topographic maps often have flat top hills and valleys. This effect occurs
when the profile crosses the last closed contour. The result may be alack of clearance or lower values of
diffraction loss depending on the application. Additional points can be added in these areas using the ex-
pand flat terrain feature. Select Operations - Expand Flat Terrain from the Terrain Data menu bar. The user
is prompted to enter a percent of the contour interval. This determines the elevation of the new points.

The profileisfirst scanned to determine the contour interval. If several maps with different contour inter-
vals were used to generate the profile, each section will be expanded using that contour interval.

Whenever two successive equal elevations are encountered in the profile, a central point is added.

The elevation of the central point isincreased (or decreased) by the minimum of the specified percent of
the contour interval or the value determined by the slope of the hillside.

The new point is marked in red for insertion.

If the ground type of thefirst point has been identified as salt or fresh water, the point addition will not take
place.

To insert these points permanently into the profile, select Operations - Accept-Reject Changes from the
Terrain Data menu bar.

STRUCTURESAND GROUND TYPES

sSingle Structure |
Single Structure Type
Single trees, buildings and water towers can be added to the :: Tree Structure Height (m) [10.0
terrain profile. Only buildings are allowed at the ends of the | Bidng
path. If atree or water tower is added, it will beremoved when | Water Tower Location (k] {11.100
the Terrain Data module is closed. A r -
Dezcription I

Place the hilited bar on the structure field at the desired point
and press Enter or double click on the structure field. Select Ok, Delete | Cancel | Help |
Single to open the Single Structure dialog box.

Select either tree, building or water tower as the structure type.

Thelocation field isthe distance in kilometers or milesfrom Site 1. The default value isthe distance of the
currently selected point; however, any distance can be specified. If required, the program will insert a new
point in the profile using linear interpolation. Using thisfeatureit is possible to move an existing structure.

Enter the structure height. The height can also be entered or changed directly in the height column of the
terrain data entry form. An optional description of the structure can also be entered.

To delete asingle structure, click the delete button or enter a zero in the height column of the terrain data
entry form.

This procedure can be bypassed to enter trees only. Enter the tree height in the height column and the struc-
ture will default to atree.
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Structure Range

A continuous range of structures along the path can be specified. |

. ] . Type———
Overlapping ranges are not allowed; however, asingle or off path r_y p:ree Shucturs Height ][5

structure can be located within arange.
¥ Building Start of Bange [km) I?

Place the hilited bar on any structure field and press Enter. Alter- m |
nately, double click on any structure field. Select Range to bring End of Rangs (km) |121—
up the Structure Range dialog box. Two arrows appear on the pro-

file, marking the start and end of the range. I r r

] 4 Deletel Ear‘u:ell Help |

Select either atree or building as the structure type.

Enter the start and end distances of the range or use the horizontal scroll bars to position the arrows at the
desired point. The start and end points of an existing range can be edited in the same manner.

Enter the height of the range. The height can also be entered or changed directly in the height column at the
start of the range (SR).

To delete arange, click the delete button or enter a zero in the height column at the start of the range (SR).
Entering a zero at the end of the range (ER) has no effect.

Off Path Structure

Off path trees, buildings or water towers can be added to the |
terrain profile. An off path structure cannot be located at the Type Stiucture Height [m) [33

ends of the path. The clearance report in the Antenna @ Tree

. ; - Diztance OFf Path [m) IEI_EI
Heights modul e cal culatesthe horizontal clearanceto the of f € Buiding _
path structure. W ater Tower Eleseation [ ID-D

Locatian [km] |1 0.028
i

Placethe hilited bar on the structure cell at thedesired point | [
and press Enter or double click on the structure cell. Select Description |
Off Path to open the Off Path Structure dialog box.
k. [elete | Cancel | Help |

Select either atree, building or water tower as the structure
type.

Thelocation field is the distance in kilometers or miles along the path. The default value is the distance of
the currently selected point; however, any distance can be specified. If required, the program will insert a
new point in the profile using linear interpolation. Using this feature it is possible to move an existing of f
path structure.

Enter the off path structure height in feet or meters. The height can also be entered or changed directly in
the height column of the terrain data entry form.

Enter the off path distance in feet or meters. Thisis a mandatory entry.

The remaining two entries, the ground elevation at the off path structure and the description are optional
and are for information purposes only.
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To delete an of f path structure, click the delete button or enter azero in the height column of theterrain data
entry form.

Ground Type

Ground types are classified as poor, average, good, salt water or fresh water. The terms, poor, average and
good refer to the agricultural propertiesof the ground. Rocky terrain or desert conditions are classed as poor
ground whilefertile soil is characteristic of good ground. These classifications set the surface conductivity
and the relative diel ectric constant for the terrain. These parameters are used to cal culate the theoretical re-
flection coefficient.

The default ground type is the same as the last point. In anew file, the default ground type is average.

Place the hilited bar on the ground field at the desired point. Press the Enter key or double click on the
ground field and select the ground type. The ground type of all succeeding points will be changed to the
selected type.

FILE CONVERSION

Convert Text File

A text file containing alisting of distances and elevations can be converted to a Pathloss data file provided
that the file does not contain multiple distances and elevations on the same line. The size of the file must
be less than 12 kilobytes. Select Text File from the Convert menu on the Terrain Data menu bar. The pro-
cedure is given in the following steps:

1. Loadtherequired text file. The file can be edited in the display; however, the changes cannot be
saved; and therefore, the original file will always be retained.

2. Determineif the distances and elevations are in kilometers-meters or in miles-feet. If necessary,
change the measurement system to match the file units.

3.  Define the columns for the distance and elevation. The maximum column —
number is 6. If acommalis used to separate the entries, then check the comma |
delimited box. |'Fielu:| numbers——

. . . _ Di [
4.  The conversion stops when either ablank line or the end of thefileis reached. Elman_ce I:_
If necessary, add several blank lines after the last line containing distance - Svation
elevation data. [ Comma delimited

5.  Placethe caret (text cursor) at the start of the first linein the file containing the lTl — |
distance - elevation data. Thisisthe point that the conversion will start.

6. Select Convert on the menu bar to convert thefile.

The site names, coordinates and any other data in the text file can be transferred to the appropriate
data entry form using the Windows copy and paste commands (Ctrl C and Ctrl V).
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DIGITIZER OPERATION

Terrain profile can be generated using a digitizing tablet compatible with
the GTCO Digi-Pad 5 series. A digitizing tablet completely eliminates I Enable Digitze;

setup Digitizer |

manual dataentry and will improve overall accuracy. Notethat the digitizer Cursor |1E buttan vI

must be enabled and the comm port set to accessthe digitizer inthe Terrain -~ ., Options:

Data module. Select Operations - Setup Digitizer from the Terrain Data

menu bar. The default communications parameters settings correspond to Port I'I'm jv

the digitizing table default parameters. Baud Rate |EIEDEI 'I
o Data Bitz IE vI

Digitizer Buttons _

The following descriptions apply to afour button digitizing cursor. The Py [Nore ]

functions of these buttons cannot be changed. The additional features of a StopBits [1stopbit v

16 button cursor aregiven later in this section. In thefollowing descriptions, Flaw [~ DTR/DSR

buttonswill bereferred to as SET REF, SAME, UPand DOWN. Theaction W RTS/CTS

of these buttons are described in the following paragraphs. [~ XOMZXOFF

SET REF (Button 4 - Set Reference Point) Ok I Cancel

This button establishes areference location on the tablet. Thisisalwaysthe

first step in entering terrain data. All distances will be relative to this point. Unless the reference location
has been selected, data entry cannot proceed. The reference location can be changed at any time. Thereis
no data entry associated with this button press.

UP (Button 1 - Go Up One Contour)

If the last elevation is an exact multiple of the contour interval, the UP button enters aterrain point using
thelast elevation plusthe contour interval. Otherwise, the elevation will be the nearest contour greater than
the last elevation.

Example - Contour Interval = 50 meters

Last Elevation 1500 meters (1500 is exactly divisible by 50)
New Elevation 1550 meters
Example - Contour Interval = 50 meters

Last Elevation 1521 meters (1521 is not exactly divisible by 50)
New Elevation 1550 meters
DOWN (Button 3 - Go Down One Contour)
If the last elevation is an exact multiple of the contour interval, the DOWN button enters aterrain point

using thelast elevation minus the contour interval. Otherwise, the elevation will be the nearest contour less
than the last elevation.

Example - Contour Interval = 50 meters

Last Elevation 1500 meters (1500 is exactly divisible by 50)
New Elevation 1450 meters
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Example - Contour Interval = 50 meters

Last Elevation 1521 meters (1521 is not exactly divisible by 50)
New Elevation 1500 meters
SAME (Button 2 - Use Last Elevation)

The SAME button always enters aterrain point using the same elevation asthe last point. Thisistrue even
if the previous elevation is not exactly divisible by the contour interval.

Example - Contour Interval = 50 meters

Last Elevation 1500 meters (1500 is exactly divisible by 50)
New Elevation 1500 meters
Example - Contour Interval = 50 meters

Last Elevation 1521 meters (1521 is not exactly divisible by 50)
New Elevation 1521 meters

Initial Preparations
Verify the following settings in the measurements dialog box:

System select the same units (miles-feet or km-meters) as the contours on the topographic map
which will be used to digitize the profile.

Scale Units  select the same units (inches or centimeters) that were used to configure the digitizing tablet.
Map Scale  select the scale of the topographic map which will be used to digitize the profile.

Any errorsin the above settingswill result in aterrain profile with wrong distances or elevations. This can
only be corrected by totally redigitizing the profile.

Locate the sites and draw a pencil line between the two sites to mark the path profile. Note that the profile
can span any number of maps.

Attach the topographic map to the digitizing tablet using removable tape.

Digitizing Procedure
» Enter thefirst elevation in the terrain data entry form. Thisis the ground elevation above sea level at
Site 1. This elevation must be taken from the map.

* Pressthe F9 key to enable the digitizer. Y ou will be prompted to enter the contour interval.

» Place the cursor on the starting point (Site 1) and pressthe SET REF button. All distances will be refer-
enced to this point.

* Movethe cursor to the first contour interval and press the UP, DOWN or SAME button as applicable.
The distance-elevation is automatically entered into the terrain data entry form. Continue this process
until the end of the profileis reached. After the second point has been entered, the profile will be dis-
played as data entry proceeds.
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» Pressthe F9 key to exit the digitizing mode and return to normal data entry and editing. If you returnto
the digitizing mode, the same reference point will be in effect.

Note that the reference point can be changed at any time during the digitizing process. If the terrain profile
traverses severa topographic maps, it will be necessary to re-establish anew reference point at the start of
each map.

Sixteen Button Cursor
The following additional button functions are available using a sixteen button digitizing cursor.

Button Function

5 UP_1/2 - up one half contour interval

6 SAME - same aslast contour

7 DOWN _1/2 - down one half contour interval

8 Set the ground type of the last point to fresh water
12 Set the ground type of the last point to salt water
13 Enter a spot elevation

14 Enter the last spot elevation

Button 16 togglesthe digitizing mode between the point /line mode and the continuous mode. The program
must operate in the point /line mode and this toggle action cannot be disabled. Therefore, button 16 must
not be pressed while digitizing a profile.

Switch Settings
This section lists the switch settings required to operate the program with a GTCO Digi-Pad 5 compatible
digitizing tablet. The shaded areas represent the required switch settings.

Table 1: Switch 1 Settings (GTCO Digi-Pad 5)

BAUD RATE

300 600 1200 2400 4800 9600
Switch S1-1 OFF ON ON ON OFF OFF
Switch S1-2 OFF OFF ON OFF OFF OFF
Switch S1-3 ON ON ON OFF OFF ON
Switch S1-4 OFF OFF OFF ON ON ON

Switch OFF Switch ON

Switch S1-5 Parity Off Parity On
Switch S1-6 Parity Odd Parity Even
Switch S1-7 1 Stop Bit 2 Stop Bits
Switch S1-8 7 Data Bits 8 Data Bits
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Table 2: Switch 2 Settings (GTCO Digi-Pad 5)

Switch OFF Switch ON
Switch S2-1 | No Pushbutton Code Include Pushbutton Code
Switch S2-2 | No Space Include Space (ASCII)
Switch S2-3 | No Carriage Return Include Carriage Return (ASCII)
Switch S2-4 | No Line Feed Include Line Feed (ASCII)
Switch S2-5 | Low Res ASCII if S3-7 is OFF High Res ASCII if S3-7 is OFF
Low ResBinary if S3-7isON High Res Binary if S3-7isON
Active Serial Port GPIB
A and B A Only B Only PORT
Switch S2-6 OFF ON OFF ON
Switch S2-7 OFF OFF ON ON
Switch OFF Switch ON
Switch S2-8 | Alarm Disabled Alarm Enabled
Table 3: Switch 3 Settings (GTCO Digi-Pad 5)
Switch OFF Switch ON
Switch S3-1 | Not Used Not Unsed
Rate - Coordinates/ Second Incremental
12 100 200 Mode
Switch S3-2 OFF ON OFF ON
Switch S3-3 OFF OFF ON ON
Switch OFF Switch ON
Switch S3-4 | Point - Line Mode Continuous Mode
Switch S3-5 | Stylus 4B or 5B Cursor 16 Button Cursor
Switch S3-6 | Inch Scale Metric Scale
Switch S3-7 | ASCII Formats Binary Formats
Switch S3-8 | No Hardware Flow Control Hardware Flow Enabled
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TERRAIN DATABASES

OVERVIEW

The Pathloss program supportsanumber of raster type terrain databases. In essence, these consist of atwo
dimensional array of elevations expressed as 2 byte integers. The descriptions below refer to thisarray as
rows and columnsfor both rectangular grid and geographic databases. The computer file may be written as
sequential rows or sequential columns starting at any corner of the database. The following additional pa-
rameters are required to use the database:

* The number of rows and columns.
» Theorder of the rows and columns in the compuiter file.

» The spacing between the rows and columns. This may be expressed as a geographic spacing in arc sec-
onds or as arectangular grid spacing in meters depending on the type of database. The spacing and the
number of rows and columns define the extents of the database file.

» A geographic reference of one corner of the array. Again, thismay be the geographic coordinates or the
grid coordinates (UTM, Gauss conformal...) of one corner. This reference allows the users coordinates
to be mapped into the elevation array.

e The horizontal datum.

The above information allows a profile to span several database files. The information may be availablein
the file header, in a separate index or can be implicitly defined by the database type and the file name as
described below:

File Naming Convention

The file name identifies the reference corner. All other information isimplicitly defined by the data base
type. Some databases also employ a directory naming structure.

Index Databases

A separate index file is maintained which stores the file name and all other required information. All files
must be located in the same directory in this system.

File Header

Thismethod isonly used inthe GTOPO30 global 3 arc second database. The program first determinesthe
required file name then reads the header file.

All of these methods are used in various terrain databases supported by the Pathloss program.

Primary and Secondary Databases

The Pathloss program supports a primary and secondary database. This alows a high resolution database
with partial coverage to be supplemented with a second database of lower resolution, but with complete

coverage. An example of thissituation isthe USGS 1 degree and 7.5 minute digital elevation modelsin the
United States. The 1 degree DEM has a spacing of 3 arc seconds between rows and columns for latitudes
lessthan 50 and has complete coverage. The 7.5 minute DEM has a spacing of 30 meters. The coverage

of the latter is not complete. One could specify the 7.5 minute DEM as the primary database and the 1 de-
gree DEM asthe secondary. A terrain profile would be generated from the 7.5 minute data, whereitisavail-
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able, and default to the 1 degree data if the required files are not avail able. The program creates areport on
the primary and secondary file usage over the profile.

Datums

The datum used in aterrain database may be different from the datum used to specify the site coordinates.
In Canada, the NAD27 and NAD83 datums are currently used on different scale topographic maps. A com-
mon databaseisthe 1 degree DEM based on the WGS84 datum. The program will automatically transform
the NAD27 or NAD83 coordinates to WGS84 coordinates to generate the terrain profile. Both the datum
and the region must be selected in the Geographic Defaults dialog box for this transformation to take place.

Someregional grid coordinate systems do not conform to any of the standard datum definitions. An exam-
pleisthe Swiss grid coordinate system. In such casesit will be necessary to use an ellipsoid definition in-
stead of a datum. The ellipsoid would be the same as that used in the grid coordinate system.

Database Operations

A terrain database is required for the following operations:

» Togenerate aterrain profile in the Terrain Data module.

» To calculate over the horizon loss (OHLOSS) when analyzing an interference case.
» Togenerateradia profilesin the Area Coverage module.

* Tocreatea3D terrain view in the Terrain Data and Network modules.

BASIC PROCEDURE TO CREATE A TERRAIN PROFILE
The following procedureis used to generate

aterrain profile from any terrain database. |
Note that each database has a specific setup Prirnary Secondary
procedure as described later in this section,  |DTEDCDED indexedfies | |GTopo30 Global 30 sec =]
Single profiles area created in the Terrain [ Saiip Eriman Setup Secondary |
Data module.

_ _ 0k, | Cancel | Help |
» Select Configure - Terrain Database

from the menu bar to bring up the Con-
figure Terrain Database dialog box.

» Select the primary and secondary databases. Use the "No Selection” for the secondary database if this
will not be used. There is a performance penalty in interrogating two databases.

» Click the Setup button and carry out the setup procedures for the selected database. These procedures
are described later in this section.

» Click the OK button to accept the terrain database selection. The configuration will automatically be
saved.

» Enter the coordinates of both sites using either the inverse or forward coordinate data entry forms. Ver-
ify that the coordinates correspond to the selected datum.
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* Click Operations - Generate Profile to :
access the Generate Profile dialog box.

. . . . Primary databaze DTED-CDED indesed files
* SpeCIfy the distance increment. The proflle Secondary databaze GTopod0 Global 30 zec

starts at Site 1 and generates points at the Datum Morth &mer{van 1927 _
specified distance increment until Site 2 is Canada [Albeita, British Columbia)
reached. _
Beaverlodae Drernmit
» Click the Generate button. Latitude E51250.01 M BE 27 4290M
Longitude 11916 12.92 W 11953 26.94 W/
Diztance [km] 4310

If the salected datum is different from the data-
base datum, the coordinates will be trans-
formed to the database datum if applicable.

Digtance Increment (k] |0.200 [ Span missing files

The profile will follow the great circle arc be- Cancel | Help
tween the two sites starting at site 1. At each

point, along the profile, anew set of coordinatesis determined and the corresponding elevation isread. The
process continues until site 2 isreached. An elevation is determined by reading the elevations at the four
points in the database which bound the required point. The elevation of the point is the weighted average
of these four elevations. The relative location of the point, with respect to the four corners points, is used
to determine the weighting.

A statusreport is created, on com-

pletion. The report lists the prima-
ry and Secondary filesthat were Prafile Complete - Thursday, September 12, 2002 J

used to generate the profile and _
Files Uzed

the segment of the profilewhich i e orverGeoData\DTED W/113M49.DTD - from 0,00 to 40.88 km
they wereused. Theresultscanbe

copied to the Pathloss notepad or
to another document.

Span Missing Files 4] f
Thefile corresponding to the Site
Cloze

1 coordinates must be availableto
start the profile generation. If the

database is indexed, the program has no way of knowing the required file name. If the database uses afile
naming convention, the missing file name will be reported.

Normally, the profile generation terminatesif the required fileismissing. If the " Span missing files" option
is checked, the program will continue on to Site 2 and generate areport of all of the missing file names.
The database must use afile naming convention in order to generate thisreport. Y ou can use thisfeatureto
determine the required primary and secondary files, asillustrated in the sample report below. In this case,
the primary database was set to USGS 7.5 minute filesin a single directory. The secondary database is
DTED using aPL4 directory structure.

Files Missing
Primary C:\DIG MAPS\USGS 75\36090al.30m
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Secondary C:\DIG _MAPS\W091\W091N36.DTD

Primary C:\DIG MAPS\USGS 75\36089a8.30m
Secondary C:\DIG _MAPS\W090\W090N36.DTD

Primary C:\DIG MAPS\USGS 75\36089a7.30m
Primary C:\DIG MAPS\USGS 75\36089b7.30m
Primary C:\DIG MAPS\USGS 75\36089b6.30m
Primary C:\DIG MAPS\USGS 75\36089c6.30m

Primary C:\DIG MAPS\USGS 75\36089c5.30m
If afileread error is encountered, the profile generation always terminates.

DTED TERRAIN DATA

DTED (Digital Terrain Elevation Data) isthe US Defense Mapping Agency binary terrain dataformat. The
dataiswritten in columns starting in the south west corner. The extents of thefile and the latitude longitude
increment is determined from the file header. A check sum value is appended to each column of datato
verify thefileintegrity. DTED files are referenced to the WGS84 horizontal datum. Coordinates will be
automatically transformed to this datum if necessary

The DTED file format is supported in three directory structures using afile naming convention and asin-
dexed files. Any of these can be used as a primary or secondary database.

USGS 1:250,000 DEM files are supported by converting thesefilesto the DTED format. Canadian CDED
ASCII files can also be converted to the DTED format.

DTED 3 sec Indexed Files Setup
DTED-CDED indexed files |
Di rectory Map File Directany

All filesmust belocated inthesamedirectory. Click the  *SERVER‘GeaData:DTED
Set Directory button and point to the directory contain-
ing the DTED files.

Iz | USGS to DTED |
File I ndex

Cloze | % Help |
The program uses an index file to detmine the correct

file name to usefor agiven set of coordinates. The entire index is examined to ensure that the file with the
highest resolution is used. Click the Index button to access the grid data entry form. Refer to General Pro-
gram Operation section for detailson the use of thisform. When the grid dataentry formis closed, theindex
isautomatically saved in thefile DTED.DTA in the Pathloss directory.

The ASCII to binary file conversion process automatically adds the newly converted file to the index. The
index data can be entered manually into the dataentry form or can be read from the DTED files. Select File
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- File Index on the menu bar to access the multi-select file open dialog box. Select thefilesand click Open
to create an index. DTED Level 1 and 2 can be entered. The index contains the following fields:

EA|DTED-CDED indexed files M= E3
File Edit “erfy Help
| tap Mame | File Mame | Wiest edae [°]| Easted.. | South ed... | [ arth ed...l LatInc [ | Lnglne... |

1 | 092G02de DHEGDE=D1D1=demW.dtd 123.00 12275 49.00 4925 | 0.75 075

2 | 092G02deme | 092G02_0101_deme.did 12275 12250 49.00 4925 | 0.75 075

3 | 07 2fdeme wl 09049, dtcd 108.00 | 10800 49.00 RO.0O | 3.00 3.00

4
Map Name

Thisisan optional descriptive term for the users reference and is not used by the program.
File Name

Thereareno rulesfor file namesin an indexed database. The default file nameisthe ASCII DEM filename
with the suffix dtd. For a one degree by one degree 3 arc second file, the naming convention shown below
was previously used:

o Thefirst letter iseither 'W' or 'E’ for western or eastern longitudes, respectively.

» The next three numbers represent the longitude of the south west corner, using a zero prefix if the lon-
gitude isless than 100 degrees.

o Thefifth letter iseither 'N' or 'S for northern or southern latitudes, respectively.
* The next two numbers are the latitude of the south west corner.

* Thefilesuffixis"DTD".

File Edges

The bounding edges of the file must be specified in degrees as follows:

west edge - longitude of the SW or NW corner. A negative value must be used in the eastern hemisphere.
east edge - longitude of the SE or NE corner. A negative value must be used in the eastern hemisphere.
south edge - latitude of the SW or SE corner. A negative value must be used in the souhern hemisphere.
north edge - latitude of the NW or NE corner. A negative value must be used in the souhern hemisphere.

L atitude and Longitude Increment

Thelatitude and longitude increment must be specified in seconds. For latitudes higher than 50 degreesthe
longitude increment may be greater than the latitude increment. The DTED level 1 tthe isalways 3 seconds.
The longitude increment normally depends on the latitude as shown below; however, there are many re-
gional exceptions.

Latitude Spacing Columns
Oto50deg  3sec 1201
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50to0 70deg 6 sec 601
70to75deg 9sec 401
75t080deg 12sec 301
80t090deg 18sec 201

DTED Directory Structuresand File Naming Conventions

US DMA Directory Structure

Thefiles are organized by the longitude of the south west corner of the map. The directory ENT!..D_‘TFEmg?
structure is shown on the right. Note that there must be aleading zero for longitudes less ] woes
than 100 degrees. Click the Set Directory button and select the root directory (DTED for ] wioga
the example) . The directory structure must be created by the user. Thefilesare named by -] wion
latitude only as follows:
* Thefirst letter iseither 'N' or 'S for northern

or southern latitudes respectively. DTED USDMAdiectory K|
« Thenext two numbers represent the latitude "2 File Direetory

. H:'dted 2
of the south edge of thefile. Level
Set Directary | Werify |

e Thefilesuffixis"DT1" for level 1 and

& Level 1 - 3 second [dt]
"DT2" for level 2. Help | ' Level 2 - 1 zecond [di2]
Notethat the overall fileidentification depends

on both the directory name and the file name. The same file names will occur in different directories.

Canadian Directory Structure

An example of the Canadian DTED directory structureis shown on the right. Thefor- = ﬁ-iﬂugmunn
mat is similar to the USDMA structure with four zeros added to the directory and file -] wosaonon
names. Click the Set Directory button and select the root directory (DTED for the ex- (] wiog90000
ample) . The directory structure must be created by the user. The files are named by (] wi1000000

latitude only as follows:

» Thefirst letter iseither 'N' or 'S for northern or southern latitudes respectively.

» The next two numbers represent the latitude of the south edge of the file.

* Thenext four numbers are zeros.

» Thefilesuffixis"DT1".

Notethat the overall fileidentification depends on both the directory name and thefile name. The samefile
names will occur in different directories.

PLW40 Directory Structure

The files are organized by the longitude of the south west corner of the map. A typical di- E"'T!__D;TIEEDQ?
rectory tree for DTED filesis shown on the right. Note that there must be aleading zero » " wooa
for longitudes less than 100 degrees. Click the Set Directory button and select the root di- (] winos
rectory (DTED for the example) . The directory structure must be created by the user. The {2 w100

files must be named as follows:
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o Thefirst letter iseither 'W' or 'E’ for western or eastern longitudes, respectively.

» The next three numbers represent the longitude of the south west corner using a zero prefix if the longi-
tude is less than 100 degrees.

o Thefifth letter iseither 'N' or 'S for northern or southern latitudes, respectively.
* The next two numbers are the latitude of the south west corner.
 Thefilesuffix is"DTD".

USGSto DTED File Conversion

USGS1:250,000 DEM filesare available from the USGS and al so from various on-line vendors. The utility
program GZIP isrequired to unzip thesefiles. The USGS DEM files are approximately 9.8 Mbs and cover
aone degree by one degree area. These files must be converted to the DTED format. Thisiscarried out in
the DTED - USGS Files dialog box. Click the USGSto DTED button and specify the USGS file to be
converted. Thisisamulti-select file open file dialog box. If asinglefile is selected, a save file dialog box
will open up, prompting for the name of the DTED file. The default file name will depend on the selected
directory structure, as described in the preceding paragraph. If multiple files are selected, the savefile dia-
log box does not appear and an existing file will be overwritten. Any error will terminate the file conver-
sion.

If the file conversion is carried out in the DTED 3 sec Indexed Files setup, the converted file will be auto-
matically added to the index.

Digital Terrain Elevation Data (DTED) For mat

The DTED format isthe US Defense Mapping Agency's standard format for the exchange of terrain eleva-
tion data. Each file consists of terrain datafor an area of one degree in latitude by one degree in longitude.
Two files are required to cover the area of a 1:250,000 scal e topographic map.

Each file starts with general header information. The length of this header may vary depending on the
source of the data. The elevations are represented by 2 byte integers with the high and low bytes reversed
compared to the personal computer format. The elevations are stored in columns starting at the south west
corner and ordered from south to north. There are 1201 elevations in each column, every 3 seconds of |at-
itude. An eight byte column identifier is placed at the start of each column. Thefirst character inthe column
identifier ishex AA. A four byte checksum is placed at the end of each column. This checksum is derived
from the algebraic sum of the column elevation data and identifier.

The number of columnsin the file depends on the | atitude as shown below:

Latitude Spacing Columns
0to 50 deg 3sec 1201
50 to 70 deg 6 sec 601
70to 75 deg 9sec 401
7510 80 deg 12 sec 301
80 to 90 deg 18 sec 201

Elevations arereferenced to mean sealevel and the horizontal datum isthe World Geodetic System of 1984
(WGS84).
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DTED FileVerification

DTED files contain a checksum at the end of each column of elevations. A file verification sequentially
reads each column in the file and cal culates the sum of the individual bytes. Thissum iscompared with the
checksum.

For aDTED 3 sec Indexed database, the verification is carried out in the index grid data entry form. Place
the hilited bar on the required line and select Verify on the Index menu bar.

If afile naming convention option has been selected for a DTED database, click the Verify button in the
Setup dialog and select the file to be verified.

GTOPO30 GLOBAL 30 ARC SECOND DATABASE

GTopo30isaglobal digital elevation model with a horizontal grid spacing of 30 arc seconds. A total of 27
files cover the world excluding Antarctica. Each file covers an area 40 degrees in longitude by 50 degrees
in latitude. Thisterrain database is supplied with the Pathloss program under the following organization.

Table1l: GTOPO30 CD-ROM Contents

GTOPO30 Disk 1 North & South America GTOPO30 Disk 2 Europe Asia& Africa
File Name NW NW SE SE File Name NW NW SE SE
Lat Long Lat Long Lat Long Lat Long

E140N90 9ON 140E 40 N 180 WO020N90 90N 20w 40 N 20E

W180N90 90N 180 40N 140 W | E020N9O 90N 20E 40N 60 E

W140N90 90N 140W | 40N 100 W | EO6ON9O 90N 60 E 40N 100 E

W100N90 9ON 100W | 40N 60 W E100N90 90N 100 E 40N 140E

WOG0N90 90N 60 W 40N 20W WO020N40 40N 20W 10S 20E

E140N40 40N 140E 10S 180 E020N40 40N 20E 10S 60 E

W140N40 40 N 140W | 10S 100 W | EO60N40 40N 60 E 10S 100 E

W100N40 40N 100W | 10S 60 W E100N40 40N 100 E 10S 140 E

WOG60N40 40N 60 W 10S 20W W020S10 10S 20W 60S 20E

W100S10 10S 100w | 60S 60 W E020S10 10S 20E 60S 60 E

WO060S10 10S 60 W 60 S 20W E060S10 10S 60 E 60 S 100 E
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Table1: GTOPO30 CD-ROM Contents

Program Disk - GTOPO303 - Australia The GTopo30 database uses a file naming convention
based on the coordinates of the north-west corner.

File Name NW NW SE SE

Lat Long | Lat Long | A header file and adigital elevation model file are

W180N40 40N 180 10S 140 W | supplied for each region. The corresponding file
name suffixes are hdr and dem

W180S10 10S 180 60 S 140 W

W140S10 10S 140W | 60S 100 W

E100S10 10S 100 E 60 S 140E

E140S10 10S 140 E 60 S 180

Each USGS GTOPO30 image file is accompanied by five ancillary files (header file, world file, statistics
file, coordinate file and the data descriptor record). Of these, only the header file (hdr) and the image file

(dem) are supplied with the Pathloss program. In order for a profile to span two GTOPOS0 files, the files
must be located in the same directory. With the CD-ROM file organization thiswill cause problemsin cer-
tain parts of the world such as Iceland. The solution is to copy the required dem and hdr files to the same

directory on your computer's hard drive. The size of the dem files are exactly 57.6 Mbs.

The setup consists of identifying the location of the files.
GTopo30 Global 30 sec

Elevationsin the Gtopo30 database represent the average €€ ap File Directary
vation in the areabounded by a 30 second cell andisdefinedat  wsERVERNGecDatayGTORDE0
the center of the cell. The following points should be noted:

¢ Thereisno information available on the maximum or mini-
mum elevationsin thefile.

* There are no spot elevations.
Two possible approaches can be taken to develop aterrain profile from this database:

» |f apoint fallsanywherein acell, the elevation is taken to be the average value in that cell. Thiswill
produce a profile with a series of steps.

» The elevation can be taken as the weighted average of the four elevations which bound the point. This
method produces a smooth continuous profile.

The latter method is used in the Pathloss program. The horizontal datum is WGS84. Site coordinates are
transformed to this datato generate aterrain profile.

USGS7.5MINUTE (30 METER) TERRAIN DATABASE

The USGS 7.5 minute terrain database uses afile naming convention. Each file contains elevation data for
a 7.5 minute 1:24000 scale map quadrangle. The elevations have been determined by overlaying a square
UTM 30 meter grid onto the quadrangle. Sincethe UTM grid system is not orthogonal to the latitude - lon-
gitude system that defines the map quadrangle, a skewing effect occurs. All columns do not contain the
same number of elevation points and the first elevation in each column does not necessarily correspond to
the same northing for al columns. For example, columns of data near the east or west edges of the quad-
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rangle may be partially outside of the vertical boundaries defined by lines of longitude, and only the points
within the quadrangle boundaries are included in thefile.

The USGS 7.5 minute files are supplied in ASCII format and are available directly through the USGS or
can be purchased from terrain data distributors. These ASCII files must be converted to the Micropath /
SoftWright binary format in the Pathl oss program. The format and content of the ASCI| files are described
in National Mapping Program Technical Instructions, Data Users Guide 5, "Digital Elevation Models'.

The setup procedure for the USGS 7.5 minute database is described in the following paragraphs.

Directory Structure

Two directory structure options are provided: |

Map File Directary

Single Directory
All filesmust belocated inthesamedirectory. Click theSet |- Directary Stucture File: Suffis
Directory button and select the directory containing theter- | & Single directong {+ Micropath [30m)
rain datafiles. " PLA0 directory structure | | © Softwfright (dta]

Cotveert ASCI | File Info | Set Directany |

. 0K, I Cancel Hel

PL40 Directory Structure == | = |

The files are organized by the longitude of the south east
corner of the map. A typical directory treefor USGS 7.5 minute filesis shown on the right. Note that there
must be aleading zero for longitudes less than 100 degrees. Click the Set Directory button and select the
root directory (USGS 75 for the example).

The directory structure must be created by the user.

-l USG5 75
File Naming Convention ::j Egg;
The program determinesthe required file based on thefile names. The USGSfile naming 2] wioas
convention has the format "nnwwwNW" where: -] w100
nn isthetwo digit northern latitude degree value, including leading zeros, of the southeast cor-
ner of the one degree block containing the quadrangle.
wWww represents the three digit western longitude degree value, including leading zeros, of the
southeast corner of the one degree block containing the quadrangle.
N asingle letter (A to H) designator defining the band of |atitude north of the bottom (south-
ern) edge of the one degree block.
A 0'to 7v2 E 30' to 37%%
B 72 t0 15 F 37%2 10 45'
C 15'to22v2 G 45' to 522
D 2241030 H 5244 to 60'
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W asingle number designator (1 to 8) defining the band of longitude west of the right (eastern)
edge of the one degree block:
1 0'to 7v2 5 30' to 37%%
2 7Y% to 15' 6 37%2 to 45
3 15'to22v2 7 45' to 522
4 2210300 8 5244 to 60'

The letter C precedes the file name in the SoftWright binary file naming convention. The following file
name suffixes are used:

USGS ASCI! files DEM
SoftWright Binary Files  DTA
Micropath Binary Files 30M

Binary File Format

The USGS ASCII files must first be converted into a binary format. The file consists of afixed record
length for each column of elevation data; however, the record length may vary from file to file. Thefirst
record in each file is aheader containing the following information:

Bytes Datatype Description

1-2 none reserved

34 2-byte integer Record length

5-6 2-byte integer Number of columns

7-8 2-byte integer Number of rows

9-12 4-byte integer Minimum northing (meters)
13-16 4-byte integer Maximum northing (meters)
17-20 4-byte integer Minimum easting (meters)
21-24 4-byte integer Maximum easting (meters)
25-64 ASCII USGS map name.

65-75 ASCII Datum (NAD-27, NAD-83))
76 ASCII DEM level (1,2,3)

77-78 2-byte integer Minimum elevation (meters)
79-80 2-byteinteger Maximum elevation (meters)
81-120 ASCII Data Source

121-122 2-byteinteger UTM zone (1-60)

The remaining recordsin thefile contain the elevation data - one record for each column. The columns run
from west to east. The elevationsin each column run from south to north. Thefirst entry in each columnis
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the easting (4 byte integer) of all elevations in the column. The next entry is the northing (4 byte integer)
of thefirst elevation in the column. The remaining entries are the elevationsin a2 byteinteger format. The
northing of each successive column entry is obtained by adding 30 meters to the northing of the previous
point. Since the binary file uses afixed record length, some elevation points will be outside the boundaries
of the map quadrangle. These elevations are set to the value -32000.

Binary File Conversion

Select either the Micropath or SoftWright file naming convention. The binary fileformat isidentical inboth
cases. The program will use the selected convention to determine the correct file.

Click the Convert ASCII button, to select the ASCII filesto be converted. Thisisamulti select open file
dialog box. If asinglefileis selected, a save file dialog box is used to identify the location for the binary
file. If multiple files are selected, the save file dialog box is not used and the converted files are saved in
the specified directory structure. Existing files will be overwritten without warning.

The following anomalies are handled in the USGS 7.5 minute dig-

ital terrain data: USGS 7.5 Minute - 34081b1.30m |
. N tap Mame RO ME,
» elevations multiplied by afactor of 10 Record Length 932
« 10 meter grid spacing (the default grid spacing is 30 meters) Number of Fows 452
MWurmber of Columns 384
* 1.5 minute longitude offset for the island of Oahu Datum MNAD-27
UTH Zone 17

* 5 minute latitude and longitude offset for the Maui island group Minimum Narthing (m) 3775830
b axirnum Horthing [m] 3739660

FileInfo Minimum E asting [m] 488490
To view the header information of a binary file, click the File Info tawimumm E asting [m] 433350
button and then select the binary file name. The header showsthe ~ Mirimum Elevation [m] 51
extents of the filein UTM coordinates and the horizontal datum. Masimum Elevation m) 174

Cell Size [m] 30

DEM Lewvel 1
ODYSSEY - PLANET TERRAIN DATABASES Source Pathloss 4.0

The following Odyssey and Planet terrain data formats are support-
ed:

» agenera format based ona UTM projection

 regional format based on the Swiss National map projection system
» regiona format based on the UK National grid system

» regiona format based on the Irish grid system

» generalized Gaus Kruger projections

* New Zedland map grid

* Austrian MGI Lambert Conformal projection

These are indexed databases and the user must create an index as part of the database setup procedure. Any
of theseformats can be used asaprimary or secondary database. The setup procedureissimilar for all types
and is described below:
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Set Directory S—
All files must be located in the same directory. B T |
Click the Set Directory button and select the di-  Map File Directary %
rectory containing the database files.

. ¥ Embedded buiding data
Embedded building data

Normally an elevation is interpolated from the
nearest four elevations to the point of interest. If
the terrain data contains embedded building or canopy data, check the “Embedded building data’ option.
The cell elevations will be used in this case.

| e | Cloze Help

I ndex

Theindex uses a standard grid display. Refer to the General Operation section of this manual for detailson
the grid display. The index can be read from an external text file provided that the format isin the form
shown below:

HEIGHT_FILE slheightsO01 484825.00 253275.00 510425.00 278875.00 25.00 1 SPARC

EA| Odyzzey - Swizz Grid
Fies Edt Help X
| bd ap [ ame | Bytes /pixel | B ottarm Lp | Byte order | Cell zize [m] | Wwiezt edge [km] | South edge [km] |4|

1 | =1height=001 e True SPARC eh.0 484.6250 ¢h3.2750

2 | slheights002 P True sPARC 2h0 B10.4250 2h3.2750

3 | slheights003 2 True sPARC 2h.0 L36.0250 £h3.2750

4 | gTheights004 P True oPARC 2h.0 BE1.6250 2832750

5 | slheights005 i True SPARC 2h.0 hE7 22560 2532750

6 | s1heights006 ¢ Truge SPARC 2h.0 B12.8250 03,2750

7 | glheights00? s True =PARC 2h0 B3a.4250 2032750

8 | slheights008 P True SPARC 2h0 BR4.0250 2532750 L
. | o

Select File - Import List from the Index menu bar and select thelist to convert. If aUTM projection isused,
the user must enter the UTM zone for each item manually. Theindex isautomatically saved in the Pathl oss
program directory using the following file names:

ODY_UTM.DAT UTM formats

ODY_SNG.DAT Swiss grid format
ODY_UKG.DAT UK grid format

ODY _IRG.DAT Irish grid format
ODY_GKR.DAT Generalized Gauss Kruger
ODY_MGI.DAT Austrian MGI Lambert Conformal
ODY_NZG.DAT New Zealand Grid
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The units are always in metric. The following fields are required:

Table 2;

Map Name | Thefile name of the map file. Enter thefile name only. The full path is derived from the
directory set in the previous step and the file name.

Bytes per The elevations are stored as two byte integers in the database. Some implementations

Pixel may contain an additional byte. Specify either 2 or 3 bytes.

Bottom Up | Thefileiswritten as sequentia rows. If “bottom up” istrue, the file starts at the upper
left (north-west) corner. If “bottom up” isfase, the file starts at the lower left (south-
west) corner. Double click the left mouse button on the entry to change between the two
formats. Alternately, press the Enter key.

Byte Order | The elevations are two byte integers. The byte order can be in either the SPARC or
INTEL format. If the SPARC byte order is specified, the program will reverse the order
of the bytes. If the profile is generated with random extreme positive and negative ele-
vation, the byte order iswrong. Double click the left mouse button on the entry to
change between the two formats. Alternately, press the Enter key.

Cell Size Thisisthe resolution of the database (spacing between the rows and columns) and is
assumed to be the same in the north-south and east-west direction. Specify the resolu-
tion in meters.

West Edge | The western edge of the database file in kilometers. Thisisthe minimum easting.

East Edge The eastern edge of the database file in kilometers. Thisis the maximum easting.

South Edge | The southern edge of the database file in kilometers. This is the minimum northing.

North Edge | The northern edge of the database file in kilometers. This is the maximum northing.

UTM Zone | Specify the UTM zonefor this database file. In thisimplementation, a database file can-

not span several UTM zones. Thisfield isonly used for the UTM projection
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Import Text File Index

Select Files - Import to define the fields for the ki FiE'S
import. All fields are delimited by one of more Fielrame Mumber — —Edge units— - Defaults
spaces. Thisis ageneralized text import feature File name |1 % meters Odyssey |
with default settings for Odyssey and Planet ter- Wiest edge |2 " kilometers | |
rain databases. SEa;: ejge |3 Byt order— :
Note that the “Byte order” and “Bottom up” op- NDuth Edge |4 + SP&RC
tions may have to be experimentally determined. ”’E |T & |_|5 " INTEL

ell zize |5
InUTM projections, enter the UTM zone N or S UTMzone———— [ Bettemup—
suffix and check “Zone number”. Planet or Od- UTM zane | * Tue
yssey indexes do not include the UTM zone £ Fisld number £ Fake
number. If the UTM zoneisincludedintheindex % Zone number Bytes per pivel [Z
file, enter thefield number for the UTM zone and
check the “Field number” Opti on. I™ | Femove et digit from east and west edges (Fauss isger orl]
The “Bytes per pixel setting is always 2 and the ok Cancel | Help |
Edge units are aways meters for Planet and Od-
yssey.

Click OK and load the index file.

Regional Grid Systems and Geographic Default Settings

Coordinate transformation is not used with any of the Odyssey terrain database formats. It is the user'sre-
sponsibility to select the appropriate datum or ellipsoid. The following points should be noted:

* the conversion between geographic coordinates and Swiss, UK, Irish, New Zealand, and MGI grid
coordinates is completely determined. The ellipsoid and scale factors are hard coded in the program.

 the conversion between geographic coordinates and UTM or Gauss Kruger coordinates will always use
the current ellipsoid definition. This selection is set under Configure - Geographic Defaults on the main
menu bar. If the"Use Datum™ option is selected, then the ellipsoid associated with the datum is used. If
the "Use Ellipsoid" option is selected, then the selected ellipsoid will be used.

 the calculation of distance and azimuth from geographic coordinates will always use the current ellip-
soid definition.

For UTM databases, the same datum should be used as specified for the datum. Y ou could also specify the
ellipsoid directly. For example if the terrain data is reference to the European datum of 1950, you could
select this datum and one of the region. Alternately you could specify the International 1924 ellipsoid di-
rectly.

In the Swiss, UK and Irish grid terrain dataimplementations, there is no corresponding datum. An ellipsoid
must be specified as follows:

Swiss grid Bessel 1841
UK grid Airy (1830)
Irish grid Modified Airy
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Odyssey Gauss Kruger —

The parameters for the Gauss Kruger proj ection Gauzs Kruger - Transverse Mercator Definition

must be specified. This can be accessed from The [gttude rigin (deg) [pooooooo ok |
O - Gaus Kruger setup dialog or the Geo- : -

gr%i?inefaults. 9 P 9 Longitude Ongin [deg] IEI'I 5432930 E Cancel |

Falze easting [m] I'I R00000.00
Hel
Falze northing [rn) IEI.EIEI LI

Seale factor  |[1.00000

Odyssey UTM Projection
In many cases, terrain datais supplied in a Odyssey-UTH [
singlefile. The east and west edges may ex-  tap File Directary
tend outside of the standard UTM zonebou- | C:AUTH - USGES

daries. In these cases, the UTM zone must UTH zone
be specified by either of the following two " Use standard LT zones in index

methods: ™ Use specified index fils j
% Usze speciied UTH zore [10M

Check the "Use specified index file" option
and then select the file from the dropdown
list. The UTM zone associated with the se-
lected filewill be used and only the selected
file will be used even if the index contains
multiple files.

¥ Embedded building data

[ndex Cloze Help |

Check the “Use specified UTM zone” and enter the zone number suffixed by N or S. If N or Sis not spec-
ified the zone will default to the northern hemisphere. The S suffix must be specified for the southern hem-
isphere.

In al other cases use the “Use standard UTM zones in index” option.

Equatorial Considerationsfor UTM Projections

Terrain databases which span the equator re-

guire specia consideration. Two index files +20,000 10,020,000
are shown below. Both of these consists of
four terrain datafiles covering an area of 20 20 1 20 2
kilometers by 20 kilometers. Two of these - -
files extend 20 kilometers above the equator

and the other two files extend 20 kilometers

below the equator. 0

Equator 10,000,000

Thefirst index is referenced to the northern
hemisphere. The map edge northings are 20 3 20 4
+20,000 meters, 0 and -20,000 meters. Inthis
case, anorthern hemisphere UTM zone must
be specified in both the index and the UTM ~ -20,000 9,980,000
zone method.
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Northern Hemisphere Reference

20 1.height 565000 585000 0 20000 20
20 2.height 585000 605000 0 20000 20
20 3.height 565000 585000 -20000 0 20
20 _4.height 585000 605000 -20000 0 20

The second index is referenced to the southern hemisphere. The northing of the equator is 10,000,000 me-
ters.The map edge northings are 9,980,000 meters, 10,000,000 meters and 10,020,000 meters. In this case,
a southern hemisphere UTM zone must be specified in both the index and the UTM zone method.

Southern Hemisphere Reference

20 _1.height 565000 585000 10000000 10020000 20
20 _2.height 585000 605000 10000000 10020000 20
20 _3.height 565000 585000 9980000 10000000 20

20 _4.height 585000 605000 9980000 10000000 20
Possible Problems

The background is not generated
» Thefile namesin theindex file are not the same as the actual database files. The extensions may be
missing or different.

* TheUTM zonesin the index file are not correct or the N-S suffix is missing.

* The UTM method iswrong. The zone is incorrectly specified or the N-S suffix is missing.

» The SPARC - INTEL setting iswrong.

» Themap file directory isincorrectly set.

. Thhe file contains “no data’ elevations. These values are usually 9999 and the program will ignore
these.

The elevations are not correct or the display isincomplete
* The SPARC - INTEL setting iswrong

The display is upside down.
The bottom - up setting in the index iswrong Thiswill be very apparent if the database has several vertical
tiles.
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MICROPATH 3 SECOND TERRAIN DATABASE
Micropath 3 second terrain data is derived

from the USGS 1:250,000 3 second digital el-  ilatlluiias |
evation model and is available from the Mi-  Map File Directary :
cropath Corporation (Golden Colorado). L:\temp wl
Each fileincludes elevation datafor aonede- (- Directary Structure File Sufis
gree by one degree block. Thisdatabase uses | & Eingie direcior ETE

afile naming convention based onthecoordi- | ~ piciopath & set CO-ROM ﬂl
nates of the south east corner. The format is Help |
YYXXX.3CD where YY isthe latitude and

XXX isthelongitude with aleading zero for

longitudes less than 100°. The datais arranged in columns starting at the south west corner and running
from south to north. This database is supported as individual files or as the 6 set of CD-ROMS in uncom-
pressed format.

Directory Structure

The files can be located in asingle directory or in the multiple directory format used on the 6 set of CD-
ROMS. Refer to the Micropath documentation on this directory structure. For the single directory option,
click the Set Directory button and point to the directory containing the files. If the CD-ROM structureis
used, select the CD-ROM drive.

File Suffix
The default file suffix is 3CD. Older versions may use a different file suffix.

ESRI GRID ASCII TERRAIN DATABASE

Thisdatabaseis created by the ARC/INFO software package by Environmental Systems Research Institute
(ESRI). Theoutput fileisreferred to as GRID ASCI 1 and can bereferenced to either geographic coordinates
or aUTM grid. This ASCII file must be converted to a binary format in the Pathloss program. The GRID/
ASCII data base is supported as indexed files which allows a profile to span multiple files.

GRID ASCII File Format

The GRID ASCII file consists of a header followed by rows of data. The header format is shown below.
The header isidentical for the geographic and UTM reference. Thisisan ASCII file with afile format il-
lustrated by the file fragment taken from SJ55.GRD for Melbourne:

Header example for a geographic reference

ncols 2492 number of columns of data

nrows 1411 number of rows of data

xllcorner 144.0000 longitude of the south west corner (positive east)
yllcorner -39.5275 latitude of the south west corner (positive north)
cellsize 0.0025 cell size in degrees (9 seconds)

NODATA _vaue -9999 no data value
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Header examplefor aUTM reference

ncols 398 number of columns of data

nrows 468 number of rows of data

xllcorner 652245 easting of the south west corner in meters
yllcorner 3610695 northing of the south west corner in meters
cellsize 30 cell sizein meters

NODATA _vaue -9999 no data value

Note that the header for aUTM reference does not contain aUTM zone. Thisis stored in a separate file.
The user will be prompted to enter the UTM zone number during binary file conversion.

The NODATA _value occurs where data does not exist. In most cases, this value is assigned to sealevel.
The Pathloss program uses a zero elevation when the NODATA_value is encountered.

The elevations are arranged in rows starting at the north west corner and moving from west to east. Each
row consists of ncols of elevations. An elevation represents the average elevation of the areabounded by a
cell and is defined at the center of the cell.

GRID ASCII Database Setup

. . I i 4
Select Configure. Torran Database andl so. T Y = |

lect either the ESRI GRIDASCII GEO or Primary _ Secondany
UTM format as the primary or secondary da- |ESRI GRIDASCI GED | |MoSelection =]
tabase. Setup Primary Setup Secondary |

] 4 | Cancel Help |

Click the Setup button and then the Set Di-

rectory button. Point to the directory containing the ESRI GRIDASCII GED |
GRID ASCII files. All filesmust be located inthe same  Map File Directary
di rectory. WWServerhgeodatatesn_ga_utmb3zec_geo

[ndex | Set Direchany |

Cloze Help
Binary File Conversion —l —l

By default, binary names use the ASCI|I file names with the suffix "geo"

and "utm" for geographic and UTM references respectively. The names |
are unimportant as this database uses an index to determinetherequired  UTH zone
file name. Click Convert ASCI| to access the multi-select file open dia- ||

log box. If asinglefileis selected, a save file dialog box will open up, lTl
prompting for the name of the binary file. If the file exists, aprompt is

issued to overwrite thefile. Otherwise, the default binary file nameswill

beused. If thisisaUTM reference, then a prompt isissued to enter the UTM zone. An index is automat-
ically created when an ASCI| fileis converted.

Eancell
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I ndex
EA|ESRI GRIDASCII GED M=l E3
Files Edit Help
I Map MName I Rows I Colurnnz I Cell Size I Latitude I Longitude I
1 |evre.qeo B00 GO0 9.0 233000005 136 30 00.00 E
£ | rew3lellb.geo 120 120 3.0 | 310001.50 % 114 59 58.50 E
3
4

Theindex usesthe standard grid data display. Details on thisdisplay are given in the General Program Op-
eration section. The index serves primarily as areference.

It isunlikely that entries will be made directly into thisform. As noted earlier, an index entry is automati-
cally made when afileis converted. If binary files are being transferred from another computer, the index
can be obtained directly fromthefile. Select Files- Index and select therequired files. Thisisamulti select
file open dialog box.

Terrain Profile Generation
Two possible approaches can be taken to develop aterrain profile from this database.

» If apoint fallsanywhere in acell, the elevation istaken to be the average value in that cell. Thiswill
produce a profile with a series of steps.

» The €elevation can be taken as the weighted average of the four elevations which bound the point. This
method produces a smooth continuous profile.

The latter method is used in the Pathl oss program. Be sure that the datum - ellipsoid setting correspondsto
the database. Coordinate transformation is not used with this database.

PHOENIX 3 SECOND DATABASE

Phoenix isan Air Touch Cellular proprietary terrain data base. Each file represents a one degree by one
degree block divided on full degree boundaries. Elevations are spaced 3 arc seconds apart, which produces
afileof 1201 rowsand 1201 columns. Elevations are saved as 2 byteintegers. Thefile contains a 2402 byte
header, which isnot used by the program. Each subsequent 2402 bytes represent a column of data. The
total file size is 2887204 bytes.

The datais organized in vertical columns. Within each column, the elevations are ordered from south to
north. The order of columnsisfrom west to east.

File Naming Convention

The Phoenix database uses a file naming convention. All files must be located in the same directory. The
filesare named: XXnYYYw.ter.

where XX isthe latitude with leading zeros

n can be either north or south
YYY isthelongitude with leading zeros
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W can be either east or west

Phoenix Database Setup

Select Gonfigure . Tenreim Detabase and co. (e > |

lect Phoenix asthe primary or secondary da- P SEEEREETY

tabase IF'hu:ueni:-: 3 zec j IN::: Selection j
Setup Primary Setup Secondany |

Click the Setup button and then the Set Di-

rectory button. Point to the directory con- oK | Cancel Help |
taining the Phoenix files. All files must be

located in the same directory.

Anoptionisprovided to set the integer format; however, thiswill .
always be the Intel byte ordering for integers. Phoenix 3 sec |
Map File Directary

AUSLIG 3 SECOND DATABASE

The Australian AUSLIG terrain data baseis a 3 second data base :teger Famat
in ASCII format. Each line of the file consists of the latitude and Spare
longitude of the point in seconds and the elevation. Thefile covers  Intel

an areaof 30 minutesx 30 minutes (0.5 degree x 0.5 degree). The Close | Carcel | Help
fileis organized in rows and columns. Both the row and column
spacing is 3 seconds; and therefore, there are 601 rows and 601 columns. Thefirst column startsin the south
west corner and all columns run from south to north. The file sizeis approximately 9.8 Mbs and must be
first converted to abinary format to be used. An example of the file format is shown below. Note that the
latitude and longitude are positive for the southern and eastern hemispheres.

543600.0 122400.0 200
543600.0 122397.0 167
543600.0 122394.0 135
543600.0 122391.0 111
543600.0 122388.0 95
543600.0 122385.0 84

AUSLIG 3 second database is supported asindexed filesand all files must be located in the same directory.

AUSLIG 3SECOND DATABASE

SETUP Configure Terrin Database |
. ' Frirnary Secondary

Select Configure - Terrain Database and se- [AUSLIG 3 sec =] [NoSelestion =]

lect the AUSLIG 3 second database asthe - : :

pri mary or secondary database. Setup Primany Setup Secondary |

Click the Setup button and then the Set Di- Ll Cancel ﬂl

rectory button. Point to the directory con-
taining the AUSLIG 3 second files. All files must be located in the same directory.
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Binary File Conversion

By default, binary names use the ASCI| file names with |
the suffix "bin". The names are unimportant as this data-  Map File Directary
base uses an index to determine the required file name. WWierver\GeoD atahauslig_dsec
Click Convert ASCII to access the multi-select fileopen  [; ]

dialog box. If asinglefileisselected, asavefiledialogbox =

will open up, prompting for the name of the binary file. If Clase | Help |
thefile exists, aprompt isissued to overwrite thefile. Oth-
erwise, the default binary file names will be used. Anindex isautomatically created when an ASCI| file
is converted.

Index | Corvert ASCI |

| ndex
EA| AUSLIG 3 sec =]
File Edit “erify Help
I M ap Marne I File: [ amne I Sha Latibude I 5% Longitude I Lat Inc [gec) I Lhg Inc [zec) I -
1 DERTI543. 27.50 153.00 3 3
2 DERTHA43. 2750 15250 3 3
3 DERTI541. 2a.50 153.00 3 3
4 DERTI542. 28.00 153.00 3 3
5 DERTI442. 2a.00 152.50 3 3 ll

Theindex usesthe standard grid data display. Details on thisdisplay are given in the General Program Op-
eration section. The index fields are described below:

Map name The map nameisfor reference purposes only and must be entered by the user.
File name The binary file name.

SW latitude Latitude of the south west corner. Thisis a positive number in thisindex.

SW longitude Longitude of the south west corner. Thisis a positive number in this index.

Latitudeincrement  Always 3 seconds.
Longitude increment Always 3 seconds.

Other than the map name, it isunlikely that entries will be made directly in thisform. As noted earlier, an
index entry isautomatically madewhen afileisconverted. If binary filesare being transferred from another
computer, the index can be obtained directly from thefile. Select Files - Index and select the required files.
Thisisamulti select file open dialog box.

SOUTH AFRICA NATIONAL EXCHANGE STANDARD DATABASE

Each data base file consists of arectangular grid of ASCII data organized in uniform rows and columns.
The grid coordinates use the Gauss Conformal projection. The datais arranged in columns from south to
north. The first column starts at the south west corner of the grid. The ASCII data must first be converted
into abinary format to be used. The conversion program generates an index of the binary files. Thisindex
isused to determine the correct map file when generating aprofile. If several map files span the same point,
the map file with the closest spacing between data points will be selected.

Page 22 of 28



Pathloss 4.0 Terrain DEMs

SA NES Setup

Set Directory
Click the Set Directory button and point to the directory containing the SA NESfiles. All files must be lo-
cated in the same directory.

ASCII to Binary Conversion

Click the Convert ASCII button to access the multi-select file open dialog box. Select the NES files to be
converted. If asinglefile has been selected, a savefile dialog box will open up, prompting for the name of
the binary file. The default file name is the same as the ASCI| file with the suffix "bin". If the binary file
exists, you will be prompted to overwrite the existing file. If multiple files are selected, the default binary
file names will be used and existing files will be overwritten without warning. The file conversion first
reads the header and determines the following information:

standard meridian

Gauss Conformal coordinates of the south west corner
number of data pointsinthe X and Y directions

the spacing between pointsin the X and Y directions

The elevations are then read and saved in binary form using the same row-column format asthe ASCI| file.
Anindex of the converted filesis automatically generated and saved as SA_NES.DTA in the Pathloss di-
rectory.

I ndex
EA|South Africa NES [_ | O]
File Edit Yerify Help
| FileMame | ‘rswikeml | Sewikel | vretkm) | Seetke) | veshim) | Reeim |

1 [3378dd11 b 2322 | 3752.38 1842 | 3746.68 £0.00 £0.00
2
3

dl | i

Click the Index button in the SA NES setup dialog. It isunlikely that entries will be made directly in this
form. As noted earlier, an index entry is automatically made when afileis converted to the binary format.
If the file was converted using Pathloss Version 4.0, the index dataiis appended to the end of the binary file
and can beread into the index. Click Files- File Index and select the binary filesto create an index. Thisis
amulti-select file open dialog box. The index entries are given below for reference:

File Name The binary file name. The program adds this name to the path specified with the Set
Directory button.

Y sw, Xsw (km) Gauss conformal coordinates of the south west corner. Notethat Y refersto the east -
west direction and X refers to the north south direction.

Y ne, Xne (km) Gauss conformal coordinates of the south west corner.

Y cell (m) Cell sizein the east - west direction in meters.

Page 23 of 28



Terrain DEMs Pathloss 4.0

X cell (m) Cell sizein the north - south direction in meters.
Rows Number of rows of elevations.
Columns Number of columns of elevations.

Standard meridian  The standard meridian of the above X - Y coordinates.
No data The no data value (9999).
Theindex issaved inthefile SA_NES.DTA in the Pathloss directory.

MDT DIGITAL TERRAIN MODEL - SPAIN

File Format

MDT digital terrain datafor Spain is supplied in ASCII files. The elevations are referenceto aUTM grid
with cell sizes of 200 (MDT200) and 25 (MDT25) meters. The extents of the file are defined by the UTM
coordinates of the south - west and north - east corners. These are denoted by (Xmin, Y min) and (Xmax,
Y max) respectively in the following description.

The elevation data starts in the south west corner and is written in rows in the west to east direction using
the cell size spacing between elevations. Successive rows of elevations start at the west edge with the north-
ing incremented by the cell size.

In the MDT25 series, the file contains a header which specifies the extents of the data. In the MDT200 se-
ries, thisinformation is contained in a separate file.

The MDT terrain database is supported as

indexed files. Al filesmust belocated in e |
the same directory. The files must first be Prirnary Secondary

converted to a binary format. |MDT Spain =] Mo Selection =
Setup Procedure Setup Primany Setup Secondary |
Click Configure - Terrain Database and se- oK | Cancel Help |

lect MDT Spain from the list of available

databases.

The setup procedure consists of identifying the directory

containing the MDT files and provides the ASCI| to bi- |
nary conversion and file index utilities. Map File Directary

Index | Corveert ASCI |

Help |
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ASCII to Binary File Conversion
Click the Convert ASCII button and openthe MDT ASCI|

file.

The Convert ASCII dialog box requires the following in-

formation:
Map Name

Xmin (meters)

Y min (meters)

Xmax (meters)

Y max (meters)

UTM Zone

Cell Size (meters)

No datavaue

the map name is an optional entry

the easting of the west edge of the
file

the northing of the south edge of the
file

the easting of the east edge of thefile

the northing of the north edge of the
file

the UTM zone for the above easting
and northings

thecell size

=]|

Convert ASCII

Map Mame [126-6

Wminm) [683100
Ymin ] [4735600
=max [m] |703100
s () IW Cancel |
UTH zone IEEI—
Cellsize m) [25 Hep |
Mo data IEIEIEI—

———- PEUJERBL MALLRA MDTZE --

HMEERE HMIN THIN A

ZE-6 £23100 47325200 702100 4
885, 878 875, 8Y5. 883. 89885. 833. 8%

A 2+

no data €levation value. The default is -999

Thefirst part of thefileisdisplayed. If thisisan MDT25 file, the header will be shown and the required
entries can be made by copying the values from this display. Otherwise, use the values in the external text

file.

Notethat the UTM coordinates must be entered in meters. Thevaluesinan MDT25filearegivenin meters,
however the MDT200 file uses kilometers.

When the entries are complete, move the horizontal scroll bar to the extreme left and place the cursor on
thefirst elevation in thefile. Thisisimportant as the conversion will start at this point.

Click the convert button and enter the name of the binary file. The default isthe ASCII name with thefile

suffix "bin".

The conversion process will automatically create an index entry for the converted file.

Page 25 of 28



Terrain DEMs Pathloss 4.0

File Index
EA|MDT Spain M=l E3
Eile Edit Yerifty Help
I File M ame I b ap Mame I Fmin [ I 'mir [r] I Fmak [m] I r'max [m] I ITHe ;
1 EMWG-E. 126-6 GE9100 4735800 703100 4745600
i
3

The program uses the file index to determine which filesto use.

Thefile with the smallest cell sizewill always be used if two files cover the same area. The index uses the
standard grid display. Refer to the General Operation section of the manual for details. Although it is pos-
sible to enter values directly into this display, thisis not recommended. Anindex entry is automatically
created when thefile is converted to binary. To create an index for an exiting binary file, select Files- File
Index and open the required file. Thisis a multi-select open file dialog box.

The Verify menu item is not used in thisindex.

Usingthe MDT Terrain Database

Once the required binary files have been converted, the profile generation, area coverage and terrain view
featuresare available. The MDT database does not use datum translation, therefore, it isimportant to spec-
ify adatum or ellipsoid corresponding to the data base. The UTM conversion uses International 1924 el-
lipsoid. Thisis set under Configure - Geographic Defaults under the main menu. The European datum of
1950 (Spain - Portugal) or 1979 uses this ellipsoid. Alternately the ellipsoid can be directly specified.

USA 3ARC SECOND COMPRESSED TERRAIN DATA

Threearc second terrain datafor the United Statesin acompressed format is available for use with the Path-
loss program. This data has been taken directly from the USGS 1:250,000 ASCII DEMs. The elevations

inthesefilesarein metersrelative to mean sealevel. Spacing of the el evations between rows and between
each column is 3 arc-seconds with 1,201 elevations per column. The only exception are DEMsin Alaska,

where the spacing and number of elevations per column varies depending on the latitude of the DEM. Lat-
itudes between 50 and 70 degrees north have spacings at 6 arc-secondswith 601 el evations per column and
latitudes greater than 70 degrees north have spacings at 9 arc-seconds with 401 elevations per column.

The error checking on these files consisted of the following verifications.

» Each elevation must be within the range specified for both the entire file and the specific column.

» The absolute value of all elevations including the maximum and minimum values must be less than
10000 meters.

A total of 29 filesdid not passthis criteria and these were edited. The majority of errorsinvolved the max-
imum elevation in thefile. Other errorsincluded extreme elevations (-32467) at the end of columns. These
files have all been edited. None of the changes involved interpolating elevations. Most of the errors oc-
curred at sealevel.
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USA 3 Second CD-ROM

All files are contained on a single CD-
ROM and are organized in directories
based on longitude under a main directory ILIS.-'l'-. 3 zec compressed j Mo Selection

3SEC _USA. The di rectory names are Setup Frimary | Setup Secondary |
based on the longitude of the southwest
corner of filee.g. W095. Thefilenamesare Lancel | Help |
based on the longitude and latitude of the
southwest corner. At latitudes less than
50°, thefiles have been split into two halves at the central longitude of thefile. Theletter L (Ieft) or R(right)
is appended to the file name. Thefile suffix isalways cte (compressed terrain elevations). Asan example,
the file W095N44R.CTE represents the western half of the one degree block whose southwest corner islo-
cated at 44° north and 95° west. The fileislocated in the directory 3SEC_USA\WQ095 on the CD-ROM.

Configure Terrain Database

Prirmary Secondary

Setup Procedure

Click Configure - Terrain Database and select USA 3 second
compressed from the list of available databases. The setup Map File Directory

procedure consists of identifying the directory containing the ~ D:tdsec_usa
compressed files. The correct directory isthe root containing
al of the directories (i.e. D:\3sec_usa)

Profile Generation

When asingle profile is generated, the program determines the required file and uncompressesit in mem-
ory. If the profile spans more than one file, each file is deleted when it is no longer required. In an area
coverage calculation or when using the terrain view feature, all required files are retained in memory until
the data acquisition is complete. For thisreason, the large fileswith 1201 rows and columns have been split
into two halves to conserve on memory. If one was to attempt aterrain view over alarge area, a memory
problem can occur.

Compression Algorithm

The compression algorithm first reads the USGS 1:250,000 DEM file into memory. The elevation datais
arranged in arow - column matrix. The el evations are written in columns running from south to north start-
ing at the south west corner. The spacing between rows and columnsisthree arc seconds. There are dways
1201 rows. The number of columnsis 1201 at latitudes bel ow 50° and decreases with latitude as shown
below:

L atitude Spacing Columns
0to 50 deg 3sec 1201
50to 70 deg 6 sec 601
70to 75 deg 9sec 401
75t0 80 deg 12 sec 301
80 to 90 deg 18 sec 201

Each elevation isrepresented asatwo byteinteger. The difference between successive elevationsin thefile
isusually lessthan £127 meters which allows a differentia elevation to be stored in asingle byte; thereby
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realizing an immediate file size reduction of 50%. In rugged terrain, exceptions will occur, and thisis han-
dled by creating atable of exceptions.

Huffman coding is used to compress the one byte differential elevations. The Huffman coding and com-
pression algorithm is taken directly from the reference:

Numerical Recipesin C
The Art of Scientific Computing - Second Edition Cambridge University Press
WilliamH. Press - Saul A. Teukolsky - William T. Vetterling - Brian P. Flannery
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MICROWAVE ANTENNA HEIGHTS

OVERVIEW

The antenna heights module is implemented in two versions to handle the specific requirements of micro-
wave and VHF- UHF applications. This section deals with microwave applications.

The antenna heights module is used to cal culate antenna heights to meet a set of clearance criteria. A clear-
ance criteria consists of three components:

* the earth bulge for a specified value of the earth radius factor (K)
» aspecified percentage of the first Fresnel zone radius
* anarbitrary fixed height

Antenna heights based on clearance criteria alone, are not sufficient to ensure areliable design under all
conditions. Thisisonly thefirst step in the overall design. Many path performance problems are the result
of excess clearance due to over-design. Antenna height selection is definitely not a case of more being bet-
ter. The final antenna heights will be a compromise based on the following additional analysis:

» Determine the minimum antenna heights which will result in an acceptable diffraction loss at the low-
est expected value of K (Diffraction module).

» Determine the reflective characteristics and height gain characteristics of the path (Multipath module).

» Determinethereceive signal variations as afunction of K to ensure that asignal null does not occur at
the median value of K (Reflection module).

* When a space diversity antenna configuration is used on areflective path, determine the antenna spac-
ing to avoid simultaneous signal nulls on the main and diversity antennas (Reflections module).

Antenna height calculations are based on the selected antenna configuration. Setting the antenna configu-
ration isthe first step in adesign. If space diversity is an option, then start with the space diversity config-
uration and cal culate the main and diversity heights. Y ou can switch to the non diversity configuration later,
if required.

Two sets of clearance criteriamay be specified for both the main and diversity antenna combinations. In
this case, the calculations use the greater of the two clearance criteria. Note that each set of criteria may
control the clearance over different ranges of the profile.

Antenna heights are always measured from ground level even if abuilding has been specified at the end of
apath. Note that in previous versions, antenna heights were measured from the top of the building.

BASIC OPERATION

Status Bar

The status bar providesinformation on the current program settings and isalso used as an alternative access
to the controls available in the Antenna Heights module. Starting from the |eft side of the status bar, status
and controls are described below:

Site 1 Name Information only
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Main-Diversity Active on space diversity antenna configurations. Click the | eft
mouse button on this box to toggle between the main and diversity
antennas. Thedisplay isautomatically reformatted for the main or di-
versity clearance criteria.

Antenna Configuration Displays the current antenna configuration. Click the left mouse but-
ton on this box to change the configuration.

M easurement System Displays the current units (kilometers-meters or miles-feet). Click
the left mouse button to change between the two systems.

Arrow Location Displays the current location of the arrow (distance-elevation). The
elevation istheflat earth (diagonal fill) profile. Click the left mouse
button on this box to bring up the excess clearance display.

Auto-Manual Mode Displays the current antenna height calculation mode. Left click on
this box to toggle the mode between auto and manual. Thisis active
only for amain antenna height calculation.

Height Increment Displaysthe current height increment in meters or feet. Click the left
mouse button to increase the increment and the right button to de-
creaseit.

Site 2 Name Information only.

Tool Bar

Thetool bar displays the cal culated antenna heights and the antenna name in a separate box for each anten-
na. Thiswill vary from two boxes for single antenna configurations to six boxes for the
TXRXDR_TXRXDR combination. Click the left mouse button on any box to bring up the antenna heights
dataentry form. An up-down control islocated on the |eft side of the active antennas. Two additional con-
trols are located on the tool bar:

El Optimizes the antennas heights
il Sets the design antenna heights to the displayed antenna heights

Changing Antenna Heights

The screen display showstheflat earth profile with adiagonal fill. The profile abovethisis derived by add-
ing the composite clearance criteriato the flat earth profile. Structures are only shown on the upper profile.
In this representation, any line which is entirely above the upper profile and any structures, represents a
combination of antenna heights which satisfy the clearance criteria.

Thetool bar displaysthe antenna heightsfor the selected antenna configuration. An up-down control is po-
sitioned on the |eft side of the active antennafor each site.

The heights are changed in fixed increments. The increment is shown on the status bar. Click the left or
right mouse button on this height increment box to increase or decrease the increment. Alternately, the +
and - keys can be used.
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The site 1 antenna height is changed with its up-down control or with the Home and End keys. The site 2
antenna height is changed with its up-down control or with the PgUp - PgDn keys.

There are two calculation modes for changing antenna heights - Auto and Manual. The current selectionis
displayed on the status bar. The mode is changed by any of the following commands:

* Click the left mouse button on the status bar mode box.

» Select Operations - Auto-Manual on the menu bar.

* Pressthe F4 key.

In the Auto mode, the antenna height at the opposite site is automatically recalculated when an antenna
height is changed.

In the Manual mode, the antenna height at the opposite site does not change.

On diversity antenna configurations, the display is switched between main and diversity by any of the fol-
lowing methods:

* click the left mouse button on the status bar main-diversity box.

» select Operations - Main-Diversity on the menu bar.

* pressthe F7 key.

The display is automatically formatted for the main or diversity clearance criteria.

In space diversity applications, only the Manual mode is available when a diversity antenna combination
is selected.

A special case arises for the antenna configurations TXRX_TXRX and TXRXDR_TXRXDR where sepa-
rate antennas are used for transmit and receive. Both the TX - RX and RX - TX antenna combinations are
simultaneously displayed. Only one combination isactive at any time. The active combinationisdrawnin

red and the inactive in blue. To switch between the two, double click the left mouse button on the inactive
line. Note that the tool bar up-down controls are repositioned for the active combination.

The antenna heights displayed on the screen and the tool bar are temporary variables. To reset the antenna
heightsto their initial values, select Configure - Antenna Heights on the menu bar to bring up the antenna
heights data entry form and then select OK. If Cancel is selected the displayed antenna heights do not
change.

The temporary display antenna heights are set to the design values by either of the following:

* Click the wrench button on the tool bar.
* PresstheF1 key.

Y ou will be prompted to revise the antenna heights when you leave the Antenna Heights module if there
have been any changes.
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Setting Antenna Heights

Select Confi gure- AntennaHei ghtsto bri ng |

up the antenna heightsdataentry form, This 2% Ssneel el

formis formatted for the selected antenna Fairview | Brownwale
combination. The minimum antennaheight | TR Antenna Height (m) 259 8¢ 279.53
simply meansthat if a calculated antenna DR Antenna Height (m) 200.79 200.79
height isless than the specified minimum Tower Height (m) 354.33 354.33
value, then the antenna height isset tothe | minimurm Antenna Height (m) 16.40 16.40
minimum value. True azimuth (%) 59.29 239.88
If an antenna height exceeds the tower Fairview TR Antenna Height (m)

height awarning message isissued and the
valueisdisplayed in red on the tool bar. The height is not limited to the tower height.

Several modules (Diffraction, Reflection and Multipath) provide calculations as a function of antenna
height. The default range is the minimum height and the tower height. These should be entered to facilitate
these calculations. A default minimum antenna height of 5 metersis used.

Select OK on the menu bar to reset the display antenna heights to the values in the data entry form. Select
Cancel to ignore any changes.

Optimizing Antenna Heights

An algorithm is provided to optimize the main antenna heights by determining the minimum value of the
sum of the squares of the antenna heights. This definition of optimum assumes that tower costs are propor-
tional to the square of the tower height. This optimization algorithm isinvoked by either of the following
methods:

 Click the calculator button on the tool bar.

* Pressthe F9 key.

The algorithm may terminate if the antenna heights are controlled by more than one critical point or an an-
tenna height is limited by its minimum value.

If adiversity antenna combination is selected, the optimization simply calculates the minimum diversity
antenna heights based on the terrain.

Display Zoom Feature

Any portion of the antenna height display can be selected asafull screen display. Thiszoom featureisonly
implemented in the antenna heights and diffraction modules. Thisis particularly useful on profiles which
contain "near in" obstructions or buildings.

Move the mouse cursor to one corner of the areato be selected. Hold down the Ctrl key and press the left
mouse button. Drag the cursor to the opposite corner. Release the mouse button and the selected area will
be scaled to fill the window.

To reset the display, hold down the Ctrl key and click the right mouse button.
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Setting Clearance Criteria

Select Operations - Set Clearance Criteriato Bl e

bring up the clearance criteriadataentry form, 2 Sancel Help
o bdain Diversity
Clearance criteriais expressed as the sum of 15t Criteria- K 1330

the following components: Tst Criteria- %F1 100.00 50.00

1=t Criteria - Fixed Height {m)

 earth curvature for a specified value of K
end Criteria - K

* percent of thefirst Fresnel zone radius 5 Criteria - % F1
 an arbitrary fixed height Znd Criteria - Fixed Height (m)
Frequency (MHz) 232 R0

Theminimum clearance criteriafor free space _ —
loss conditions is 60% F1 at K=4/3. Main st Criteria - K-

If two sets of clearance criteria are specified, the clearance is taken as the greater of the two criteria. Note
that each set of criteriamay control the clearance over different ranges of the profile.

Second Fresnel zone (F2) clearance at the median value of K can result under certain conditions. If the ter-
rain is reflective, the addition of the main and reflected signals will produce asignal null. The Diffraction
modul e can be used to check for this condition. Several conditionswhich can result in second Fresnel zone
clearance are given below:

» F2 clearance can occur when two sets of clearance criteriaare specified. In particular, the classic heavy
route criteria, 100% F1 at K = 4/3 and 30% F1 at K = 2/3, can produce F2 clearance on longer paths
where the 30% F1 at K = 2/3 criteria controls the clearance in the central part of the profile.

» Using the fixed height to account for future development or tree growth.
» The addition of trees on the profile as a safety factor; when in fact, the actual tree cover does not exist
or is sufficiently sparse to be transparent.

Calculating Clearance Criteria

When ana|yzi ng an existi ng path’ you can determine the |

clearance criteria used in the design. Select Operations - O Cancel Help

Calculate Clearance Criteriafrom the menu bar. If thean- | Eanh Radius Factor K 0.2400
tenna configuration supports more than one antennacombi- | *: First Fresnel Zone Radius 115.23
nation, you will be prompted to select an antenna Fixed Height (m]

combination. The heights used in the calculations are dis- Frequency (MHz) 588250
played on the caption. Earth Radius Factor K ;

If a%F1 entry is made, the earth radius factor (K) will be
calculated. For al other entries (K, fixed height and frequency), the %F1 is calcul ated.
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Clearance at a Point

To view the clearance at a point on the display, move the |
arrow to the point and then bring up the excess clearance Latitude 55 EE3IBE3I N
display with any of the following commands: Longitude 11819 31 364
Easting (km) 417.184
* Pressthelnskey. Northing flm) 6198.578
» Left mouse button click in the status bar location box. LT zone T
« Right mouse button click anywhere on the display. Distance (km) 19.73
Elevation (m) 441 96
The display shows the three components of the controlling Contralling Criteria (Main - 1)
clearancecriteriaat the selected point. If thereisan off path Frequency (MHz) 5837 EQ
structure at the point, the display al so showsthe horizontal K.=1.33 (m) 37 4R
clearance as a percent of thefirst Fresnel zoneradius. The 2%F1 =100.0 {rm) 24 95

excess clearance is defined as: Fixed Height (m)

excess clearance = ray elevation - (ground elevation +

(
(
Criteria Total (m BZ.40
structure height + criteriatotal) E

)
Fay Elessation (m) 856.09
Excess Clearance (m) Jh1.72

V|
Adding or Editing a Structure

Structures are normally added to the profileinthe Terrain Data |

module; however, the location of the critical pointsis not al- JEE

waysevident inthismodule. Y ou can add, edit or move astruc- @ Tree Structure Height (ml [10.0

turein the antenna heights module. The procedureislimitedto | Buidng

asingle structure. Ranges and off path structures are not al- £ Water Tower Location (km] |15.686

lowed here. & - -
Dezcription I

To edit or move an existing structure, place the arrow on the
structure and select Operations - Edit Structure on the menu ok, Delste | Caricel | Help |
bar. Y ou can move the structure with the scroll bar or typein
the new location and height.

To add anew structure, the arrow must not be located on an existing structure when Operations - Edit Struc-
tureis selected.

REPORTS

Clearance Report

The clearance report provides alisting of al points on the profile whose clearance is within a specified tol -
erance of the clearance criteria. When the clearance report is selected from the report menu, the user enters
atolerance in meters or feet, depending on the measurement system in effect.

At each point on the profile, the elevation difference between the upper profile and the line between the
antennasiscalculated. If thisvalueislessthan the specified tolerance, the value is printed. Since the upper
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profile represents the clearance criteria on top of the flat earth profile, the elevation difference indicates

how close the point is to the clearance criteria.

A zero value meansthat the point exactly meetsthe clearance criteria. A positive value meansthat the point
is above the clearance criteria and a negative value means the point does not meet the clearance criteria

The clearance report also cal culates the horizontal clearance to any off path structures on the profile. This

clearance is expressed as a clearance to first Fresnel zone ratio.

Beaverlodge Demmit
Latitude 551250.10 N 5527 43.00 N
Longitude 11916 08.10 W 11953 22.00 W
Elevation (m) 928.60 835.00
Distance (km) 48.09
Frequency (MHz) 5882.50
Clearance tolerance (m) 20.0

Beaverlodge TR Antenna Height60.00 m
Demmit TR Antenna Height 55.20 m

Clearance criteria - Main
1st Criteria- K 1.33

1st Criteria - %F1  100.00

Dist (km) Elev(m)  Struct(m) Clear(m) K (m) %F1 (m)
1.59 945.8 15 11.3 4.4 8.8

Off Path Building at 1.160 km - Canadian Hunter

Distance Off Path (km) 11.8
Ground Elevation (m) 949.4
Structure Height (m) 36.5
Clearance /F1 (%) 155.1

Orientation Report

FH (m)

Crit
1

The orientation report lists the horizontal and vertical angles required for antenna orientation. The report
aso lists the vertical orientation angle errors that occur at extreme values of K.

Beaverlodge Demmit
Latitude 5512 50.10 N 5527 43.00 N
Longitude 11916 08.10 W 11953 22.00 W
True Azimuth (°) 305.29 124.78
Elevation (m) 928.60 835.00
Antenna Height (m) 60.00 55.20
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Tower Height (m) 100.00 60.00
Distance (km) 48.09
Frequency (MHz) 5882.50
Antenna Orientation K 1.33
Vertical Angle (°) -0.28 - 0.05
Error at K = 2/3 (°) 0.16 0.16
ErroratK =1 (°) 0.05 0.05
Error at K =100 (°) -0.16 -0.16

Antenna Height Tradeoff Report

Thisreport varies one antenna height and cal cul ates the an- |

tenna height at the other site to meet the clearance criteria.  Site 1 Start Antenna Height [m] |55.00
This report is useful in those caseswhere thefinal antenna g ¢ grg antenna Height (m) [100.00
heights may be changed during construction and the anten- Site 2 Antenna Height (m] 85,20

na heights can be adjusted accordingly. Height ncrement () [1.00

Enter the start and end antenna heights. Clearance criteria R.TR

% Main
Select either the main or diversity clearance criteria. L—- Diversity w Microwave Antenna Combination|
Click the OK button to generate the report. ITI Cancel | Help |
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VHF-UHF ANTENNA HEIGHTS

The Antenna Heights module in VHF-UHF applications is implemented as a subset of the microwave an-

tenna heights. In most cases, VHF-UHF antenna hel

ghts are not set using clearance criteria. Instead the

heights are chosen to meet an area coverage objective or to achieve an acceptable receive signal on diffract-

ed paths. The following features are not available:

» Switching between main and diversity clearance
criteriais not applicable.

* A single clearance criteriais used.

* The calculate clearance criteriafeatureis not
implemented.

* Reports are not implemented.

Otherwise, the operation isidentical with the micro-
wave antenna height implementation.

If theantennaconfigurationis TR-TXRX asshown
inthe display on theright or TXRX-TR, the behav-
ior of antenna heights display is different than the
microwave antenna heights display. In the auto
mode, both lines from the TR antenna will be
changed. Only the active antenna height at the
TXRX sitewill change. The active antenna height
lineis colored red, the inactive is blue. To switch
between the two doubl e click the left mouse button
on the blue line.

To complete the antenna height settings, it is more
expedient to switch to the manual mode. Click the
left mouse on the status bar mode box or pressthe
F4 key.

Set Clearance Criteria |

ok iCancel Help

Earth Radius Factor K 333
% First Fresnel Zone Radius 0.00

Fixed Height (m)
Frequency (hHz) 450,00
Earth Radius Factor K :

200

0 5 10 15 20 25 30 35 40 45 50 55 60 65.0
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CLEARANCE CRITERIA

Antenna heights are calculated to meet specified
clearancecriteria. A clearancecriteriaisdefined as
the sum of the following three components: cearance Critg,,

* the earth bulge for a specified value of the
earth radius factor, K

» apercentage of thefirst Fresnel Zone radius carth CuVvatyre

* anarbitrary fixed height

Thethree clearance criteriacomponentsare shown % First Fresne | Zone

inFigure (1) for aflat terrain profile. The profileis
represented by the shaded area. The curvelabelled
"Clearance Criteria" isthe sum of the three compo-
nents. Thisisthegraphical format usedtocalculate |
?nné((ejrllj?: centerline heightsin the Antenna Heights Figure 1: Clearance Criteria

Fixed Height

In order to correctly display the clearance criteria, additional terrain points are inserted into the input data
so that the minimum spacing between pointsis one percent of the path length. Linear interpolation is used
to add these points. At each point, the clearancecriteria, L, iscalculated as shown in Equation (1) and added
to the profile elevation.

L= Lg+ L+ Ley

_d;-(d-dy
K™ 1275 K @)
LFZ = 173 -Fz M
1:GHz -d

d path length in kilometers
d; distance to the point from Site 1 in kilometers
K earth radius factor
Fz fraction of the first Fresnel zone radius
Len fixed height component in meters

Therefore, any line between the antennaswhich isabove or at the clearance criteriacurve, represents acom-
bination of antenna heights which satisfy the clearance criteria.

Traditionally, the overall clearance criteriais specified in terms of two independent sets of parameters. At
each point on the profile, the clearance criteriais calculated for each set of parameters asin Equation (1).
The greater of two values is added to the terrain elevation to construct the clearance criteria curve.
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Figure(2) illustratesthe use of aclearancecriteria
derived from the following two sets of parameters: :

#1 100% F1 @ K = 4/3 <
#2 30%F1@K =2/3

In this case, the 100% F1 @ K = 4/3 criteria con-
trolsthe clearance at the ends of the path. The 30%
F1 @ K = 2/3 criteria controls the clearance in the
central region of the path. A fixed height compo-
nent has not been included in the criteriafor clari-
ty. Note that when using two sets of parameters,
only the maximum of the two criteriais graphical-

y displayed. I

Figure 2: Dua Clearance Criteria

2 Transition between

controlling clearance criteria

ANTENNA HEIGHT CONSIDERATIONS
In general, clearance criteria are chosen to meet the following performance objectives:

» To achieve free space propagation conditions at the median value of K.
» To control the additional loss which can occur at the lowest expected value of K.

Thefirst objective isrelatively straightforward. The minimum clearance for free space loss conditionsis
60% of the first Fresnel zone radius. The second objective, unfortunately, is more complex and can lead to
excessive tower heights, severe multipath fading and fading due to specular reflections.

Consider thefollowing example of a37.5 mile (60.3 kilometer) path designed with the following common
clearance criteria, usually referred to as the heavy route:

100% F1 @ K = 4/3and 30%F1L@K =2/3

The frequency is 1925 MHz. Theterrain profile used in this exampleis included in the Examples section.
The antenna centerline calculation is shown in Figure (3).

With the specified clearance criteria, the path will certainly not suffer from serious diffraction fading; how-
ever, consider the operation at the median value of K.
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Figure (4) shows the second Fresnel zone refer-
ence on the path using an earth radius factor of K
=4/3. Thisdisplay is available in the Diffraction
Analysis module. The path has second Fresnel
zone clearance in the central region. If the pathis
actualy reflective in this area, then the reflected
signal will cancel the direct path signal. This will
result in significant fading during average propa-
gation conditions.

Clearance Criteria
#1 100%F1atK=4/3

It is not possible to specify arigid set of clearance #2 30%F1atK=2/3
criteriawhich will work under all conditionson all
paths. The clearance criteriamight be better stated
as "the minimum antenna heights which achieve
the required propagation reliability”. Thisis cer-
tainly true from atower cost viewpoint.

Figure 3: Antenna Centerline Calculation

To achieve minimum antenna heights, the follow-
ing additional considerations are taken into ac-
count:

» Multipath fading is most severe at very high or \
negative values of K and is negligible at low

values of K.

* Ingeneral, multipath fading tends to increase
with increasing tower heights and path clear-
ance. Therefore, paths with a minimum clear-
ance would be less subject to multipath fading.

» The probability that the earth radius factor, K,
will be less than a specified value is a function
of the path length. A typical relationship
between K and the path length is shown in Fig- Figure 4: Second Fresnel Zone Clearances
ure (5) for continental temperate climate
regions and has been taken from Reference 1.

Seg,
ONd Fresne| zone

The minimum antenna centerline heights now become a matter of determining the diffraction loss at the
lowest expected value of K and relating thisto the thermal fade margin of the path. The basic procedureis
outlined in the following steps.

1 Calculate the antenna heights using a minimum clearance criteria of 60% F1 @ K = 4/3.
2 Calculate the thermal fade margin of the path in the Worksheet module.

3 Determine the value of K which will be exceeded for 99.9% of the time from Figure (5).
4

Using the value of K from step 3, determine the antenna heights that produce the following values
of diffraction loss:
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50% of the thermal fade margin if the path is characterized by a single isolated obstacle.

25% of the thermal fade margin if the path is characterized by irregular terrain or multiple ob-
stacles.

5 Use the Variable Parameter selection in the Diffraction module to determine the antenna heights.

6 Use the maximum values of the antenna heights determined in step 1 and step 4.

11

1.0

0.9

0.8

0.7

0.6

Earth Radius Factor ( K)

0.5

0.4

0.3

10 20 30 40 50 60 70 80 90 100 200

Path Length ( km)
Figure 5: Vaue of K exceeded 99.9% of the worst month
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MICROWAVE WORKSHEET

OVERVIEW
Fading on a microwave path can occur from any of the following propagation mechanisms:

» multipath fading which follows a Raleigh probability distribution
» fades produced by rain attenuation at high frequencies
« diffraction fading at low values of the earth radius factor K

» fading dueto a specular reflection where the main and reflected signal add vectorially to produce signal
nulls

« fading due to anomal ous propagation conditions including ducting and space wave fadeouts

With the exception of a specular reflection, these fade mechanisms are mutually exclusive eventsi.e. they
do not occur at the same time. A microwave path design considers the outage probability of each of these
mechanisms and the effect on the overall performance objective. The microwave worksheet dealswith the
outage probability due to multipath fading and rain attenuation. Rain attenuation is covered separately un-
der the Rain section of this manual.

The microwave worksheet is used to create passive repeater links. Thisfeature is described in the Passive
Repeater section.

The display shows amicrowave block diagram for the selected antenna configuration. All calculations are
based on this antenna configuration. Each icon in the block diagram represents a data entry form. Click on
the icon to bring up its data entry form. Alternately use the tab key to shift the focus to the next icon and
then press Enter.

The worksheet uses standard data entry forms and grid data entry displays. Refer to the Genera Program
Operation section for a description of these forms.

Data can be imported into the worksheet from lookup tables, radio and antenna data files (codes) or from
another Pathloss data file using the Template selection.

The lower part of the display shows all of the calculations. The worksheet is automatically recalculated as
dataisentered. The calculation startsby erasing the calcul ation display and the statusis shown on the status
bar as % or v'. If the % isdisplayed, click the left mouse button on the % to display the error which caused
the calculation to terminate.

Not all dataentrieswill be applicable to your application. If adata entry is not applicable, leave it blank.
Do not enter a zero, asthisis considered as an entry and will be printed up in the worksheet reports. To
erase an entry, place the cursor on the entry and press the F3 key.

Status Bar

The status bar at the bottom of the display shows the site names, measurement system, reliability method,
antenna configuration and the calculation statusasan * or v/,

Click on the measurement system box to change between miles-feet and kilometers-meters.
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Click on the antenna configuration box to select a new antenna configuration.

Click on the reliability method box to select a new reliability method.

Calculation Status

Thecalculation iscompleteif agreen v~ is displayed on the status bar. If ared % isdisplayed, click the left
mouse button on the % to display the error which terminated the calculation. A list of all error messagesis
given below:

Path length missing Freguency missing

Incomplete passive data No receive signal

No diversity receivesignal  No thermal fade margin

Negative fade margin Reliability data missing

Average temperature missing TX channels required for FD

FD improvement < 1 Zero antenna separation

SD improvement < 1 Hybrid & angle diversity not allowed

Rain error - outage probability < 1E-8 - Crane
Rain error - outage probability > 0.50 - Crane
Rain error - frequency out of range 1 to 100 GHz
Rain error - negative rain rate

Rain error - lower limit exceeded - ITU530

The"No receive signa" error means that the data entry isincomplete. An antenna gain, transmit power or
path length is missing.

The "No thermal fade margin" usually means that the receive threshold level has not been specified.

MICROWAVE NET PATH LOSS COMPONENTS

Figure (1) showsthe block diagram of the net path |oss components used in the microwave worksheet. This
isageneral diagram and not all of these components may apply to your configuration. Enter valuesfor the
applicable components and the basic path parametersto produce a value net path lossin the worksheet. As
aminimum the path length, frequency and the antenna gains are required.

If a space diversity antenna configuration is specified, then the data for these antennas and transmission
lines must be entered.

Other components are optional and will depend on the specific equipment configuration.
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Terminology

The main net path loss a Site 1 isthe total lossfrom
the transmitter output at Site 2 to the receiver input at
Site 1.

Diversity net path loss at Site 1 is defined as the total

loss from the transmitter output at Site 2 to the diver-

Sity receiver input at Site 1.

The main net path loss a Site 2 isthe total loss from
the transmitter output at Site 1 to the receiver input at
Site 2.

Diversity net path loss at Site 2 is defined as the total (
loss from the transmitter output at Site 1 to the diver-

Sity receiver input at Site 2.

Field margin is a maintenance margin to account for
such long term effects as antenna orientation accura-
cy. Typical values are from 1 to 2 dB.

RELIABILITY OPTIONS

Select Operations - Reliability Method from the
worksheet menu bar to access the Reliability Op-
tionsdialog box. Alternately, click onthereliability
method box on the status bar. Six methods are pro-
vided for propagation reliability calculations. The
specific dataentriesare madein the Path Dataentry
form which will be formatted for the selected relia-
bility method.

Free Space Loss
Diffraction Loss
Field Margin
Atmospheric Absorption Loss

]7 To Site # 2

[ Diversity Antenna Gain J

[ Main Antenna Gain ]

[ Antenna Radome Loss J [ Antenna Radome Loss J
[ Transmission Line Loss J [ Transmission Line Loss J
Connector Jumper Connector Jumper
Cable Loss Cable Loss

Miscellaneous Loss ) Diversity Filter
I Circulator Loss
Circulator and :
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The following reliability methods are available:

Method Required Parameters

Vigants - Barnett C factor or Climatic factor and terrain roughness

Recommendation ITU-R P.530-6  path inclination
grazing angle
geoclimatic factor

Recommendation ITU-R P.530-7/8 path inclination
geoclimatic factor

K Q Factor K Q factor
distance exponent
frequency exponent

K Q Factor * S1-3 KQ factor
distance exponent
frequency exponent
terrain roughness

Recommendation ITU-R P.530-9  path inclination
geoclimatic factor

Note that the value of the geoclimatic factors used in P.530-6, P.530-7/8 and P530-9 are not the same nu-
merically.

Complete details of these reliability methods are given in the technical part of this section.

Calculation Method

Each of the above reliability methods cal culates the probability of the receive signal fading below its
threshold level in the worst month due to multipath fading only. The duration of the fade below the thresh-
old level is not considered and the resultant outage time is the total time below level.

ITU providesthe following additional breakdown of the total time below level:

» Fades below threshold which last 10 consecutive seconds or longer are defined as unavailable time.

» Fades below threshold which last less than 10 consecutive seconds (all other fades) are defined as
severely errored seconds.

Total Annual Time Below Level

Outage times are reported for the worst month and annually without considering the fade duration. The re-
lation between the worst month and annual depends on the average annual temperature for the area. If a
rain calculation isactive, the annual rain outage is simply added to the annual multipath outage for the total
annual outage. This assumes that the conditions for high intensity rain and severe multipath fading are dif-
ferent and the two fading mechanisms do not occur at the same time.
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Outage probabilities can be expressed as availability (99.9999%) or unavailability (0.0001%). This selec-
tion ismade in Time percentages and is only applicable to the total time below level calculation method.

ITU T G.821 Severely Errored Seconds Ratio (SESR) - Unavailability (PDH radios)

SESR isreported for the worst month in seconds and as aratio. Unavailability is reported in minutes per
year. If arain calculationisactive, it isassumed that arain fade will alwayslast longer than 10 consecutive
seconds; and therefore, the rain outage is always classed as unavailability.

Multipath fades can contribute to both the SESR and unavailability and a separate option is provided for
this calculation.

The receive threshold level must correspond to a bit error rate of 10°3.

ITUT G.826 SESR, BBER, ESR, Unavailability (SDH radios)

SESR isreported for the worst month in seconds and as aratio. BBER and ESR are reported for the worst
month asaratio. Unavailability isreported in minutes per year. If arain calculation isactive, it is assumed
that arain fadewill alwayslast longer than 10 consecutive seconds; and therefore, therain outageis always
classed as unavailability.

Multipath fades can contribute to both the SESR and unavailability and a separate option is provided for
this calculation.

The receive threshold level must correspond to the special SDH bit error rate referred to as the SES BER.
Numerically thisis between 10" and 10°®. In addition, the calculation of BBER and ESR require several
additional radio parameters defined in G.826. These include bits per block, blocks per second, a1, o2 and
a3.

REGIONAL STANDARDS

These options determine the methods to be used to cal cul ate selective outages and diversity improvement
factors.

North America - dispersive fade margin

Selective outage is cal culated using the dispersive fade margin as modified by the dispersive fade occur-
rence factor. The dispersive fade margin is an equipment parameter in the radio data entry form. The dis-
persive fade occurrence factor is accessed in the path parameters data entry form. The diversity options
dialog box contain operations for space diversity and quad diversity improvement factors. These options
are only available with the North American - dispersive fade margin option.

I TU P-530 strict - equipment signature

Selective outage is calculated using the equipment signature. Thisis an equipment parameter in the radio
data entry form and consists of the following terms. signature width, signature delay, signature depth for
minimum and non minimum phase.

Inthisoption all diversity improvementsare calculated strictly in accordance with ITU-530-9. The settings
in the diversity options dialog are not available when this option is selected.
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MULTIPATH OUTAGE TREATMENT

Multipath outages areinitially calculated as the total time below level in the worst month considering all
fades. The duration of these fades will depend on the link fade margin. At high fade margins, most of the
fadeswill last lessthan 10 consecutive seconds. Asthe fade margin decreases, the probability of afadelast-
ing longer than 10 consecutive seconds increases.

Thetechnical referencein this section provides additional information. An option is available to treat mul-
tipath as SES only (consider all fade durationsto be less than 10 consecutive seconds) or as a combination
of SES and unavailability.

COCHANNEL OPERATION

The capacity of alink can be effectively doubled by simultaneously transmitting a channel on both hori-
zontal and vertical polarization. Thismode isreferred to as cochannel operation. The viability of the link
will be determined by the increased outage time resulting from the mutual interfering effect of this opera-
tion when the cross polarized discrimination degrades during multipath and high intensity rain conditions.
Cochannel operation isinvoked by checking thisoption in the Reliability Optionsdialog. Select Operations
- Cochannel XPD Interference to access the data entry form for this option.

Details of the calculation are provided T —
in the technical referencein this sec. e

Ok, Cancel Help

tion. : :
Site 1 Site 2
Dataentry consists of the following: Antenna XPD (dE) 40.00
T antenna spacing (m
Antenna XPD - Thiswill be automati- *FIF (dB 17.00 17.00
cally entered if the antenna data entry #PIC dewice XPD (dB 42.00 42.00
form contains an antenna code.

)
)
)
#FD fade margin - multipath (dB) 45.76 44 27
)
)
)

#PD threshold degradation - multipath (dB 1.32 1.76
TX antenna spacing - If separate anten- »PD fade margin - rain (dB B410 5426
nas are used for vertical and horizontal #FD threshold degradation - rain (dB 022 0.21

enter the vertical separation between | 5t 1 Antenna XPD (dB)
antennas. Otherwise, thisentry must be
blank (F3 key).

XPIF - If aantenna system is equipped with a cross polarized improvement device (X PIC device), enter the
XPD improvement produced by the device. Otherwise, this entry must be blank (F3 key).

XPIC device XPD - If an XPIC deviceisequipped then enter the cross polarized discrimination of the XPIC
device itself. Otherwise, this entry must be blank (F3 key).

The interference fade margin and threshold degradation are cal culated for both rain and multipath activity
on the path.
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DIVERSITY OPTIONS

Select Operations - Diversity Calculation to access
the Diversity Options dialog box. Settings for space, [

Diverzity Options |

 lid - Isd
0 s Ifd® + 1sd® )
€ mazimum(lzd, 1Fd)
Diversity Radio Type  lzd + Ifd
Space diversity configurations which employ IF — Space Diversity Method Angle Diversitp—
combining canimprovethethermal fademargin upto P _ _

3 dB. The actual improvement depends on the level Aedie)-Risr sy || | B &
difference between the main and diversity receive & Hortel I Sie2
signals and the combiner efficiency. A practical up- | £ Haris

per limitis2.6 dB. It can be argued that thisimprove- Frequency Diversiy
ment is artificial and is not realized in practice. . N |—
During deep fades, there will be significant differ- EEUE el gl SLE T b

ence between the main and diversity signals; and Frequency spacing a Site 2 ()
therefore, the performance will beidentical to abase- |V Use T chanrel assignments

band switching system.
9y bl awirmurn Diverzity Improvement IEEIEI.EIEI

Cancel | Help |

frequency, angle, quad and hybrid diversity are made | ** Baseband Suitching

Space diversity operation [uad Hybrid Diverzity b ethod
in this dialog box. " IF Combining w

This option effectively increases the space diversity
improvement factor up to 2.6 dB.

Space Diversity M ethod

Optionsfor calculating the space diversity improvement factor are available as currently employed by sev-
eral microwave radio manufacturers. Refer to the technical portion of this section. This option is not avail-
able when the ITU strict option has been selected in the reliability options dialog box.

Angle Diversity

Angle diversity can be specified at either or both sites. A space diversity antenna configuration must be
selected. Angle diversity cannot be used with a hybrid diversity antenna configuration. At the angle diver-
sity site set both antenna heights to the same value. The display will show a 30 foot (9.1 meter) angle di-
versity separation between the antennas. The overall improvement for angle diversity is calculated using a
30 foot separation. The improvement will be the same for the dispersive component as in conventional
space diversity; however, the improvement to the flat component will be one tenth of conventional space
diversity.

Frequency Diver sity

Frequency diversity isassumed if the transmit channel table contains more than one frequency entry. The
effective frequency spacing is automatically calculated based on the number of channels. If the"Use TX
channel assignmentsis not checked", frequency diversity will not be calculated unless values for the fre-
guency spacing at both sites are entered.

Quad / Hybrid Diversity Method

On systems using space and frequency diversity, the overall improvement can be calculated by one of the
following methods:
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* the product of the frequency and space diversity improvement factors. Thisis generally considered to
be overly optimistic.

* the sguare root of the sum of the squares of the two improvement factors.

 the maximum of the two improvement factors. Use this method on hybrid diversity systems.

 the sum of the two diversity improvement factors.

Thisoption isnot available when the ITU P.530 Strict option has been selected under regional standardsin

the reliability options dialog.

Maximum Diversity Improvement Factor

Thissetsthe upper limit for all typesof diversity improvement. If thisfield isblank, the calcul ated diversity
improvement factor will be used.

MICROWAVE WORKSHEET OPTIONS

Select Operations - Options from the Worksheet menu bar to set the op-
tions listed below: Wi ater vapor density [gm/r] |ERER

¥ FCC ERP waming
¥ 1T rain warning

Microwave Workzheet Options |

Water Vapour Density

Atmospheric absorption lossis calculated using the specified value of

water vapour density. The default valueis 7.5 gm /m2. Fleport header

Ok

Site Mame

[~ CallSign
[ Station Code
[ State

Cancel

FCC EIRP Warning

When this option is checked, the EIRP isshown in red lettersif the val-

ue exceeds the FCC limits. No other action is taken. Help

F i |s

ITU Rain Warning

ITU-530-7 states that the valid range of the annual rain outage probability is 0.001 - 1%. The algorithm
used in the Pathloss program allows a much wider range. Therain outageis printed in red lettersin the mi-
crowave worksheet screen display when thisrange is exceeded. No other action is taken.

Report Header

The worksheet report header uses the site name. This can be expanded to include the call sign, station code
and state by checking these options.

LOOKUP TABLES

L ookup tables are provided for microwave antennas, transmission lines and radios. These use the standard
grid dataentry display. Refer to the General Program Operation section for details of this display.

L ookup tables are saved in abinary format and cannot be edited externally. The column header buttons sort
the table in an ascending order.

Microwave antennaand radio lookup tables are used in conjunction with microwave antennaand radio data
(*.masand *.mrs) files. Information on these filesis given in the Data Files section of the manual. Y ou can
import data from these files directly into the microwave worksheet or you can import the datafilesinto a
lookup table and then into the worksheet. Most projects use a small number of antenna and radio models.
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Rather than search through thousands of antenna datafilesin multiple directories, it makes sense to create
aproject lookup table. Radio datafiles only contain adefault transmit power level. Y ou canimport thefile
into alookup table and then copy the entries for the other power options. Note that there is no equivalent
datafile for transmission lines. Data must be imported from alookup table.

L ookup tables are accessed from the antenna, transmission line and radio data entry formsin the microwave
worksheet. The antenna and radio data files are also accessed from their data entry forms.

Importing a Data File

into the Wor ksheet
The procedureiSi”UStrat- Code Manuf. Model 3¥ Gain EW D) F Lo F Hi
H : : Andrew 5 & =
efl using anFennadataf”% indrew HPIS .0 1.6 2.4
(*.mas). Click the left 21027  Aindrew HPX10-56 42.5 1.4 3.0
mouse button on any ofthe |=ai030 Lndrew HPX1:2-58 44,2 1.0 3.7
. . . al6i6e  Andrew UHX10-56 B 42z.2 1.1 3.0
antennaicons in the ml- al63i7c  Andrew UHX10-56 L 4z.% 1.1 3.0
crowave worksheet dis- al1638c Andrew UHE12-56 B 4.5 0.9 3.7
play to bri ng up an al639: Andrew THE1Z-56 L 44.5 0.9 3.7
al649a Andrew FPAR1O0-59 4%.2 1.1 3.0
ﬁﬂtmr;?eldata en'E[Ly ftC;rbm. al6533 Andrew UHES-59 B 41.3 1.4 2.4
ern Yy, usethe
key to set the focus on an Mew [ndex ity Site 1 Site 2
antennaicon and press En-
ter.

Select Code Index from the data entry form menu

bar. The Antenna Pattern Index dialog shows the an- |

tennasin asingle directory. If thereisno dataavaila- | get anterna Code Sub Directory

ble, click the New Index button to display the Select

Antenna Pattern Subdirectory. Select adirectory con- = Directary : D:AEQUIPMNT \andrev_2000

taining antennadatafiles (*.mas). Click OK to select —3 —
the directory displayed. The program will read all 0 003005

mas files in the directory and create an index. The {17 007009

width of the Antenna Pattern Index dialog is deter- -] M3m7 |
mined from the initial data on entry. If the widthis - M7

too narrow to display al of the fields, just close the -~ 19023

dialog and reopeniit. :g g;;g;g

Hilite the desired antenna. Click the Site 1, Site 2, or :g gi;g;é

Both button to enter the datainto the antenna data en- (] DBE-0B4 [
try form. Click the View button to display the anten- -

na specifications and radiation pattern envelope. ITI Carcel |
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Creating a Lookup Table from Data Files
The procedure isillustrated using a

radiio lookup table. Click the left

: Ok Cancel
mouse button on any of the radio o

. : ) Description Acme S0H-11

icons in the microwave worksheet Radio model DR

display. Alternately, usethetab key T power (dBm) 5500

to set the focus on aradio icon and Fix Criteria 4.60E-04 BERses

press Enter. FiX Thresh (dBm) 7310
Disp Fi (dB)

Select Lookup from the radio data b P Lesvel (dBrm)

entry formmenu bar. Thelast lookup  Code SDHRADIO

tablesusedisautomatically loaded. If ~Emission designator
thereis an existing lookup table, Se- =M cade STM1-64TCM

lect Files - New from the lookup ta- ?TDT}EEE:;LdnL?(Eé?bm) ;ggg
ble menu bar to clear the table. S pectm B (MHz) 1800

Signature del B.30
Select Code Index from the lookup S:S:th:z W? d;y[mﬂ 28,00
table'meny bar to dlsp!ay the Radio Signature depth min phase (dB) 23.40
Specifications Index dialog. Note Signature depth nonmin phase (dE) 23.40
that thisisamultiselect list box. Hold | Freq Lo (kiHz) 10700.00
down the Shift or Ctrl key whilese-  Freq HitHz) 11700.00

lecting the radios.

Radio data files include specifications for both 10-3 and 10-6 BER parameters. Check the required option
to be imported. Click the add button to import the selected radios into the lookup table.

A radio datafile contains a default transmit power option. Y ou can create additional entriesin the lookup
table for other power options by doing the following:

* Click the row number cell for the radio entry to be modified. The row number color changesto red.
» Select Edit - Add from the lookup menu bar or press "Ctrl A" to bring up the add item entry form.
» Change the transmit power to the new value and Click OK on the menu bar.

MICROWAVE WORKSHEET DATA ENTRY FORM S

The data entries in each data entry form in the worksheet are summarized in this paragraph. If a specific
entry isnot required for your application, leaveit blank. A line with blank entrieswill not be printed on the
worksheet reports. Use the F3 key to erase an entry. The F4 key copies the value of the opposite site.

Aseach entry is made, the worksheet is recal culated. On completion of the entriesin aform, click the OK
menu item. If you click the Cancel item, all data entriesin the form will be reset to their original values.
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Antenna Data Entry Form

Antennas TR - TR

Ok Cancel Lookup Codelndex “Wiew Help

Grande Prairie Beawverlodge
Antenna model =T 0-58%y (R) HF<3-58
Antenna diameter (m) 2.44
Antenna height (m) 50.00
Antenna gain (dBi) 40.80
Radome loss (dB)
Code AZO0g A1992
Antenna 3 dB bearmwidth () 1.10 1.40
True azimuth () 2. 91.27
“erical angle (7 025 -0.45
Antenna Azimuth ()
Antenna Downtilt (+7
Crientation Loss (dB)

Grande Prairie Antenna model |

Antenna model Information only.

Antenna Diameter Information only but required for rectangular passive repeater applications.

Antenna height

Antennagain (dBi)

Radome loss

Code

Antenna 3 dB beamwidth

True azimuth

Vertical angle

Antenna Azimuth

Antenna heights are normally calculated in the Antenna Heights module. If
you change the value here, be sure to reassess the clearance.

Antennagains are arequired entry.

Optional entry. On high frequency systems, where rain attenuation is a fac-
tor, the value should reflect the wet radome | oss.

Theantennacodeisrequired for interference cal culations. Note that the code
cannot be directly entered and must be loaded from alookup table or antenna
datafile. A code can be directly entered or erased in the Summary module.

Information only. Thiswill become the default value for antenna discrimina-
tion calculations in the Reflection and Multipath modules.

Thisvalueis calculated from the geographic coordinates and cannot be edit-
ed.

The calculated vertical anglefor an earth radiusfactor of K = 4/3. A path pro-
file must be available. For antenna configurations with more than one anten-
na, the vertical angle is calculated for the first antenna only and is assumed
to be the same for the others.

Thiswill be primarily used for the hub site on point to multi point applica-
tionswhere afixed antennaazimuth interconnects with remote antennas. The
antennadiscrimination is determined from the difference of the true azimuth
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and the antenna azimuth. If thisentry is blank (F3 key), the horizontal anten-
na orientation is assumed to correspond to the true azimuth.

Antenna Downtilt Thisisthe corresponding fixed vertical angle at a hub site in a point to
multipoint application. Downtilt is positive below the horizontal. The anten-
na discrimination is determined from the difference of the actual vertical an-
gle and the antenna downtilt. In amicrowave application, the vertical angle
iscalculated at K = 4/3 and line of sight is assumed. InaVHF-UHF applica-
tion, the vertical anglewill be the horizon angle on an obstructed path. If this
entry is blank (F3 key), the vertical antenna orientation is assumed to corre-
spond to the vertical angle. Note that in aVVHF-UHF application the antenna
boresight is always horizontal.

Orientation Loss This the antenna response to the off azimuth and off elevation and off verti-
cal angles above. Refer to the technical reference at the end of this section
for details. An antenna code must be available for this calculation.

Transmission Lines

Transmizsion Lines TR - TR [82.5 - 50.0)

Data Entry Form
The caption on the data 2 Soncel Pookin BeP

ap Grande Prairie Beawverlodge
entry form showsthe cur- . —
rent antenna configura— Trline type EMVPEI-EaYY EWWFEI-DEW
. T line length (m) 33.00 60.00
tion and the antenna T line unit 1055 (dB/100 ) 289 489
heights. The TX lineloss T line loss (dB) 455 233
isautomatically calculat- Connectar loss (dB) 0.50 0.50
ed fromthe TX line Granda Prairie T¥ line type ;
length and the TX line

unit lossentries. The entries are unaffected by any subsequent changes made to the antenna heights. Be sure
to check the values in this form when finalizing adesign.

Branching Network Data Entry Form

The entriesin the Branching Network dataentry granching Network TH - TR

Ok, Cancel Help

form depend on the antenna configuration. Inthe S ————— = —
case of aTXRXDR_TXRXDR antenna configu- - = - S
ration, therewill bethree different levelsto enter E'SCE”E‘”ED.“S oss(cE) [N
. irc. branching loss (dB)
branching network datafor. Refer to the overall TX switch oss (dE)
block dlagram inFi gure (l) T filter loss (dB)
Other T loss (dE)
R hybrid loss (dB) 1.00 1.00
R filter loss (dB)
Other R loss (dB)
Grande Prairie Miscellaneous loss (dB)
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Radio Equipment
Data Entry Form

This specific entries

and formatting of this

form depends on the

radio type (PDH or

SDH) and the selec-

tion of the regional

standard in therelia-

bility options dialog

box

Ok Cancel Lookup Codelndex “iew BER Help
Grande Prairie Beawverlodge
Fadio model IR-6706-3 bMOF-6706-3
Traffic code 80OS1-128TCK BDS1-128TCH
Emission designator 2hAB0DT 20D
Code 6706-8 G706-8
T power [walts) 079 0.74
T power (dBm) 29.00 29.00
R threshold criteria BER10-3 BER10-3
R threshold lewvel (dBm) -51.00 -81.00
bdaxirum receive signal (dBm) -5.00 -5.00
R Threshold BER 10-6 (dBm) -78.00 -79.00
T to | Cochannel (dB) 34.00 34.00
Dispersive fade margin (dE) 70.00 70.00
Grande Prairie Radio madel :

Radio model
Traffic code

Emission designator

Code

TX power

RX Threshold criteria
RX threshold level
Maximum receive signal

RX Threshold BER 10-6

T to | Cochannel

Dispersive fade margin

Information only.

Thisterm consists of the digital capacity and the modulation and is automat-
ically generated when the dataisimported from aradio datafile. Itisused in
interference calculations to identify receivers with the same characteristics.

Information only.

Theradio codeisused ininterference calculations. Note that the code cannot
be entered directly and must be loaded from alookup table or radio datafile.
A code can be directly entered or erased in the Summary module.

A required entry. The value may be entered in watts or dBm. The opposite
entry is automatically calcul ated.

Information only.
Required entry. The thermal fade margin is based on this entry.
Information only at present.

Required for interference calculations even if you have specified thisthresh-
old in the RX threshold level above. Duplication is necessary in this case.

Required for interference calculations.

Optional entry. If the dispersive fade margin entry is blank or the dispersive
fade factor in the Path data entry form is blank, the calculation will not con-
sider dispersive (digital) fading. Both must be entered; otherwise, the system
is considered to be narrow band or analog.
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Path Data Entry Form

The path dataentry form will be formatted for the specific
entries required for the selected reliability method. The
common entries are listed first, followed by the required
entries for the five reliability methods.

Frequency

Path Length

Field Margin

Diffraction Loss

Average annual temperature

Path Profile Data

Ok Cancel Rough Help

Frequency (MMHz) haBa.e0
Fath length (km) 3363

Field margin (dB)

. . Diffraction loss (dB)
Required entry. This Climatic factar 1.00
isthe desi gn frequen- Terrain raughness (m) 42.67
cy used throughout Cfactar 0.26
the program. The pro- Fade occurrence factor (Fa) 3.49E-02
gram does not check Awerage annual temperature ("C) -5.00
theval idity of anten- Dispersive fade occurrence factor 1.00

naand radio models. || Freguency (MHz):

Thisisthe usersre-
sponsibility.

If apath profile exists, the path length is taken as the last point in the
profile; otherwise, the path length is calculated from the coordinates.
In either of these cases, the path length cannot be edited; otherwise,
any value for the path length can be entered. If you are using the work-
sheet to determine performance as afunction of distance, create anew
file. Select Files - New on the Microwave Worksheet menu bar.

Thisis asafety factor which represents the long term degradation of
connectors and antennaorientation in apractical installation. A typical
value would bein the order of 1 dB.

Diffraction loss calculations are carried out the Diffraction module are
not automatically transferred to the Microwave Worksheet. If a dif-
fraction calculation existsand the valueis different from theworksheet
entry, you will be prompted to update the worksheet with the new cal-
culated value. The Diffraction moduleisused for avariety of different
analysis and there is no way of determining whether a diffraction loss
calculation should be included in the worksheet. The question "When
should diffraction loss be entered into the Microwave worksheet?
arises here. Suppose alink design had 6 dB of diffractionlossat K =
4/3 and free space loss only at K = 5. The purpose of the microwave
worksheet isto calculate the propagation reliability due to multipath
fading. Thistypically occurs at high values of K. Therefore, in thisex-
ample, free space loss conditions exist during the fading and the dif-
fraction loss should not be considered for the reliability calculation.

Thisentry is not used in the unavailability - severely errored seconds
reliability calculation. In thetotal annual time below level calculation,
the average annual temperature is used to determine the length of the
fading season.

Page 14 of 78



Pathloss 4.0 Worksheets

Fade occurrencefactor ~ Thisisacalculated value of the fade probability P, and isprovided for
information purposes only.

Dispersive fade occurrence factor This factor derates the dispersive fade margin. The dispersive fade
margin must be specified in the radio data entry form and the fade oc-
currence factor must be specified herein order to calculate dispersive
outage. Otherwise, performance will be calculated as an analog sys-
tem.

Vigants Barnett Reliability Method
This method uses a C factor to calculate propagation reliability. The value can be obtained from the maps
in the technical portion of this section. The following guidelines are given for direct entry of the C factor:

C=0.25 good propagation conditions in mountainous and dry climates
C=1 average propagation conditions for average terrain and climatic conditions
C=41t06 difficult propagation conditions over water and in gulf coastal areas

Alternately, the C factor can be derived from the terrain roughness and a climatic factor. Refer to the maps
in the technical portion for climatic factors or use the typical values given below.

cf=0.5 good propagation conditions in mountainous and dry climates
cf=1 average propagation conditions for average terrain and climatic conditions
cf=2 difficult propagation conditions over water paths and in gulf coastal areas

The preferred method isto calcul ate the C factor from a Climatic factor and the terrain roughness. This may
be entered directly into the Path Profile dataentry form or calculated if aterrain profileis available. Select
Rough on the Path data entry form menu bar to bring up the Terrain Roughness display. Details of the ter-
rain roughness calculation are given later in this section.

Recommendation 1 TU-R P.530-6
This method requires three parameters to calculate propagation reliability.

Path Inclination

The path inclination is calculated from the site el evations, the antenna heights and the path length. The path
inclination can be entered directly in milliradians; however, the value will be overwritten if the antenna
heights, site elevation or path length are changed.

Grazing Angle

The grazing angle is the angle of incidence or reflection at the reflection point. The value can be entered
directly into the Path Profile data entry form in milliradians or calculated if aterrain profile is available.
Select Graze on the Path Profile data entry form menu bar to bring up the Grazing Angle display. Details
of the grazing angle calculation are given later in this section.
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Geoclimatic Factor

Geoclimatic Factor ITU-R P.530-6 |

The geoclimatic factor can be entered directly into the Latitule [5521 N | Clat 0.2
Path Profile data entry form in scientific notation "e.g. :

g ) . . Longitude IW Clon -0.30
1.45E-5" or calculated by selecting Geoclimatic Factor on Cancel |
the Path Profile data menu bar. Path Classification

& Dverand < 700 m AMSL Help |

Method 1 ¢ Dverland > 700 m AMSL
The geoclimatic factor is calculated from the probability | . Coastal-medium bodies of water
(Pl) that the refractivity gradient islessthan -100 N units |~ Seastal - large bodiss of water
/kilometer. Refer to the refractivity gradient atlases in the Probability dMAdh < -100 Nurits / km (3] [5.00
reference section for the months of February, May, August Geoclmatic Factar 3.71E-05
and November. The month with the higheﬁ value of Pl Logarithmic Geoclimatic Factor - Canada ™ |2.EIEI
(worst month) should be used. An exception to thisisthe

map for February which should not be used in the Arctic. Enter this valuein the field "Probability dN/dh
<=100 N units/ km".

The geographic coordinates of the general area of the path are required in this method. If site coordinates
are available, these will be used to determine the coordinates at mid path; otherwise, enter the approximate
coordinates of the path. Thisis not critical.

Select the type of terrain which best approximates the path profile.
Click the OK button to calcul ate the geoclimatic factor and enter thisinto the Path Profile data entry form.
Method 2 (Canada Only)

Check the "L ogarithmic Geoclimatic Factor - Canada’ box. Refer to the logarithmic geoclimatic factor at-
las for Canadain the reference section. Determine the logarithmic geoclimatic factor for the area of the
path. Click the OK button to calculate the geoclimatic factor and enter thisinto the Path Profile data entry
form.

The following refinements are recommended for the Canadian logarithmic geoclimatic factor:

» At latitudes above 60 degrees, add 5 dB to the value in the atlas.

» For paths over medium sized bodies of water (Bay of Fundy, Strait of Georgia, Frobisher Bay, Lake
Ontario, Lake Erie), add 6 dB to the valuesin the atlas. Add 11 dB if the path is above 60 degrees | ati-
tude.

» For paths over large bodies of water (Hudson Strait, Viscount Melville Sound, Hecate Strait, Cabot
Strait, Lake Superior, Lake Huron, Lake Michigan), add 14 dB to the value in the atlas. Add 19 dB if
the path is above 60 degrees latitude.
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Recommendation I TU-R P.530-7/ 8
Two parameters are required in this method:

Path Inclination

The path inclination is calculated from the site elevations, the antenna heights and the path length. The path
inclination can be entered directly in milliradians; however, the value will be overwritten if the antenna
heights, site elevation or path length are changed.

Geoclimatic Factor

The geoclimatic factor can be entered di- Latitude [55.21 N Clat 221
rectly into the Path Profile dataentry form  Longiude [119.07 glon -2.00 B U v o i
in scientific notation "e.g. 1.45E-5" or Cal- | pain plassiication  Dver 'water Classiication
culated by selecti ng Geoclimatic Factor on % Low altitude antenna [0-400m) - Flains rc [Dta 1] W
the Path Profile data menu bar. " Low altitude antenna [0-400m) - Hils ,

: ) : &' Large bodies of water

. . . " Medium altituds anterna (400-700m] - Flains ' :

The geoclimatic factor is calculated from | yedium alitude Anterna (400-700m] Hils | | "o bodies of wate
the probability (P) that the refractivity gra- | ¢ pighalitude Anterna > 700m] Flsins € Medumto lage badies of waler
dient islessthan -100 N units/kilometer. | ¢ High Allitude Anterna [> 700m) Hills ® s o E e
Refer to the refractivity gradl ent atlasesin " High Altitude Antenna [» F00m)] bountains

the reference section for the months of Feb- gy dhirdh < -100 Kunits # km 2] Fon
ruary, May, August and November. The Geoclimatic Factar [4.66E-05

month with the highest value of Pl (worst ' Help |
month) should be used. An exception to
thisisthe map for February which should not be used inthe Arctic. Enter thisvaluein thefield "Probability
dN/dh <= 100 N units/ km".

Cancel |

The geographic coordinates of the general area of the path are required in this method. If site coordinates
are available, these will be used to determine the coordinates at mid path; otherwise, enter the approximate
coordinates of the path. Thisisnot critical.

Select the type of terrain which best approximatesthe path profile. If thisisan over water path or in a coast-
al area, check the "Use over water modifications' box and select the water classification. There are some

ambiguitiesin the selections. Refer to the reference section for the exact wording used in P.530-7. Theterm
"rc (0to 1)" isthefraction of the profile actually over water and within a certain elevation range. Refer to
the reference section for details on determining this parameter.

Click the OK button to calcul ate the geoclimatic factor and enter thisinto the Path Profile data entry form.

K Q Factor

A single parameter, K Q isrequired in this method. The value must be entered in scientific notation e.g.
1.2E-9. Note that the values used must correspond to the worst month and be expressed as a decimal and
not as a percent. Typical valuesfor the K Q factor are given in the reference section

The propagation reliability is calculated using the frequency and distance exponents defined in the Relia-
bility Options dialog box.

Page 17 of 78



Worksheets Pathloss 4.0

K Q Factor and Terrain Roughness

This method requires both the K Q factor and the terrain roughness. The terrain roughness may be entered
directly or calculated using the Rough menu selection. The K Q factor must be entered in scientific notation
“e.g. 2.1E-5" and must correspond to the worst month and be expressed as a decimal and not as a percent.

The propagation reliability is calculated using the frequency and distance exponents defined in the Relia-
bility dialog box.

Recommendation 1 TU-R P.530-9
Two parameters are required in this method:

Path Inclination

The path inclination is cal culated from the site el evations, the antenna heights and the path length. The path
inclination can be entered directly in milliradians; however, the value will be overwritten if the antenna
heights, site elevation or path length are changed.

Geoclimatic Factor

The geoclimatic factor can be entered directly Frimary Data Base GTopa30 Global 30 sec

into the Path Profile dataentry formin scientif- =~ Secandaiy Data Base No Selection
Datum Morth Amernican 1327

ic notation "e.g. 1.45E-5" or calculated by se- Canada [&lberta, British Columbia)
lecting Geoclimatic Factor on the Path Profile
data menu bar. Path center latitude |55 1235.87 N
Path center longitude |1 1300 2223w
The geadlimatic factor s calculated from the 1 pdcecih ol e o7 b
follow ng two factors. Y ou must click the cal- Terrain roughness [meters] over 110% 110 km area |92.U? iCalcuiate!

culate button for each each of these.

 aximum eleswation [m) 113276
The point refractivity gradient that is not ex- Mirim.m etevaltion (] i
p Y9 Average elevation [m) F38.60

ceeded for 1% of the timeis determined from Number of slevations 12100
tablesin I TU-RP.543. Thecalculationisbased Geaclimatic factor 1 492E-04
on the center of the path and uses bilinear inter-
polation methods based on the nearest four
pointsin the datafile.

0k | Cancel | Help |

The areaterrain roughness is calculated using the currently configured terrain database.

Interference

The results of an interference cal-
culation are entered into the work-

Interference
Ok Cancel Help

. Grancle Frairie Beawverlodge
sheet inthelnterference dataentry =
. MNurber of exposures 2 3

form. Select Operations - Interfer- . .

Interferance fade margin - multipath (dB) 35.45 38.249
ence from the Worksheet menu Threshold degradation - multipath (dE) 721 734
bar. The datais usua Iy_entered In Interference fade margin - rain (dB) 55.00
as athreshold degradation. In Threshold degradation - rain (dE) 0.39 0.39
most cases, the datawill be auto- Beaverdodgs Inteference fade margin - rain (dB) - |

matically imported into the work-
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sheet from an interference calculation. Fade correlation has been implemented by providing separate
components for multipath and rain.

Theinterference fade margin will be automatically calculated. The number of exposuresisfor information
only and isnot used in any calculations. If arain calculation exists, the rain outage will change if you have
selected the flat fade margin for rain calculations.

TX Channel
Assgnments TXChannets ]

Select Eai t 0K, Cancel Lookup Help
ect Equipment - . :
Hedley T Anarchist Mountain T

TX Channelsto Y

: : ChID TwiMHz)  [ATPC| Pwrrd. [Pol| ChiD TX(MHz)  [ATPC| Pwrrd. |Pol
bring up the transmit
channels data entry [ 3540.0000 H 3560.0000 H
¢ it ch 2 3620.0000 % 3660.0000 %
orm. Transmitchan- |- 3700.0000 H 3740.0000 H
nel assignments 4 3760.0000 v 3820.0000 W
must be specifiedto |5 4565.0000 H 4755.0000 H
run an interference B 4B05.0000 Vv 4795 0000 W
analysis. The chan- 7 4645.0000 H 4835.0000 H
nel assgnmentsare | 8 4685.0000 % 4875.0000 %
alsousedto calculate ?n : :
the effective fre- T o o
guency spacing in 17 w v
frequency diversity IS0 e oo T
applications.
The data entry form contains the following fields for each site:
Channel 1D The channel identifier isused to determineif ahigh - low violation exists at

asite. To accomplish this, the last letter of the channel identifier must be an
H (high) or L (low). Thetest for ahighlow violationiscarried out in the Net-
work module under the Interference menu item.

TX Frequency The transmit center frequency expressed in MHz.

ATPC Range The automatic transmit power control rangein dB. Thisisonly used in an
interference cal culation as described below.

Power Reduction The transmit power used in an interference calculation can be reduced from
the design power on an individual channel.

Polarization Press Enter or double click on the polarization cell to change between hori-
zontal polarization. If the site 1 polarization is changed, the site 2 polariza-
tion and the design polarization are both automatically changed to the site 1
polarization. Changing the site 2 polarization does not have the equivalent
effect. In most cases the site 1 and site 2 polarization will be the same; how-
ever, in somefrequency plansand links using back to back antennas as a pas-
sive repeater, opposite polarizations will be used at each site.
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The ATPC range and power reduction fields determine the transmit power to be used in an interference
calculation. The transmit power used to calculate the interfering signal level is given by:

design power - ATPC range - power reduction

Transmit Channel Lookup Table
Lookup tables are available for the

transmit channel assignments. These EA| TX Channels - 10ghz-cept]2-05-28mhz-350mhz.txc [_ (O] <]
use astandard gnd data entry form. Re- File Edit Sitel1Hi SiteZ2Hi Hilo Up Down

fer to the Genera Program Operation | IDHI | THHiMHz) |  IDLo | TXLofMHz |4
section in thismanual for details on the 1 11h 10518.0000 | 11 101&8.0000
use of thisform. The last used TX 2 2h 10546.0000 | 21 10196.0000
Channel lookup file is automatically 3 | 3h 10574.0000 | 3 10224.0000
loaded when the lookup table is ac- 4 | 4h 10602.0000 | 4 10262.0000
cessed. 5 | Bh 10630.0000 | & 10220.0000 j
The menu items Site 1 Hi and Site 2 Hi load the channel assignment of

the selected iteminto the TX Channel dataentry form. The Up and Down |
menu items move the hilite bar in the TX Channel dataentry formto fa  Hita Lo Frequency Spacing [MHz]
cilitate multiple channel entries. {350

The Hi-Lo menu item sets the difference between the high and low fre- Lancel |
guencies. Thisis used when alookup table is created. When the TX Hi

frequency isentered, the TX Lo frequency is automatically assigned avalue given by TX Hi - spacing. En-
tering avaluefor the TX Lo frequency does not have an equivalent effect. To disable thisfeature, erase the

frequency spacing.

TEMPLATES

Thefastest way to enter datainto the microwave worksheet isto import the datafrom another Pathloss data
file. Select Template on the Worksheet menu bar and open the Pathl oss data file which will be used asa
template. Only the equipment specific datawill be imported. The antenna configuration will be set to that
used in the template file.

TERRAIN ROUGHNESS CALCULATION

The terrain roughness calculation is accessed from the Path data entry form. Select Rough on Path data
menu bar. Thisterrain roughness uses a standard profile display screen. Refer to the General Program Op-
eration section for details of this display.

Thisdisplay usestheflat earth profile. To calculate terrain roughness, you must define the end points of a
reflective planefor the path. The roughnesslimits are 6 meters (20 feet) minimum and 42 meters (140 feet)
maximum for the Vigants - Barnett reliability method. These limits are imposed when the roughnessis
transferred to the Path data entry form. Note that a terrain roughness calculation is also made in the Reflec-
tion module. The limits of the Vigants - Barnett method do not apply to the Reflection module.
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The reflective plane definition is saved in the Pathloss datafile.

Termrain roughness

0K Cancel Prnt Hesst FresnelZone: Help
| Roughness =19.45 m Vl xlallﬂl ‘?l

1020
1000
9g0 [~
960 |
240
920
200
a0
a60
G40
20
&00
780
780 2

740 / Z /

?20 1 L <l L L
3 10 13 20 23 30 33 40 43 481

| Beaverlodae | | & | F | Least squares | kmem | 44948055 | Demmi

=—

100y

=

The roughness cal cul ation interpolates 50 uniformly spaced points between the end points of the reflective
plane. Terrain roughnessis defined as the standard deviation of the terrain elevations (square root of the
average square of the deviation from the mean). Two cal culation methods are available. In the first method,
the elevations are referenced to sealevel. In the second method, the elevations are referenced to a least
squaresfit (y = ax + b) of the terrain over the profile segment defined by the end points of the reflective
plane.

The calculation method is shown on the status bar. To change methods, click the left mouse button on the
calculation method box.

Significant differences will occur on paths with a uniform slope and an elevation difference between the
end points greater than 40 meters. If the least squares method is used, the terrain roughnesswill be the min-
imum value. If the sealevel reference is used, the terrain roughness will be the maximum value. In strict
accordancewith the original reference, " Space Diversity Engineering by A. Vigants', the elevations should
berelative to sealevel.

The Vigants-Barnett method does not take into account the path inclination. In practice, ahigh to low path,
with an elevation difference of several hundred meters performs better than aflat path with the sameterrain
characteristics. If terrain roughnessis calculated using asealevel reference, the higher terrain roughnessis
more applicable. However, if the elevation difference of the path isin the order of 50 meters and relatively
flat, the least squares method should be used. Refer to the Reflection Analysis section of the manual for
further information on the definition of areflective plane.

Page 21 of 78



Worksheets Pathloss 4.0

Status Bar

The status bar showsthe site names, cursor style and movement state, the cal cul ation method, measurement
system, the antenna combination and the cursor location.

To display the current terrain point data, click the left mouse button on the cursor location box or pressthe
Ins key.

If the antenna configuration supports more than one antenna combination, you can change antenna combi-
nation by clicking the left mouse button on the antenna combination box.

To change the calculation method from least squares to sea level, click the left mouse button in the calcu-
lation method box.

Procedure

» Place the arrow at one end of the section over which terrain roughnessis to be calculated and press the
F1 key or click the right mouse button.

* Movethe arrow to the opposite end and press the F1 key or click the right mouse button again.

The Reset button is active when the first point has been selected. Thiswill only cancel thefirst point selec-
tion.

To repeat aterrain roughness calculation, just reselect the end points of the new reflective plane. Thisis
carried out over the existing calculation.

Click the OK button to accept the cal culated value of terrain roughness. The Cancel button discardsthe cal-
culation.
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GRAZING ANGLE CALCULATION

Grazing Angle

0Ok Cancel Print Heset  Fresnel£onez  Help
| Grazing Angle = 5.52 mr Vl X | elﬂl 7 |
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Theterrain grazing angle calculation is accessed from the Path Profile data entry form when the 1TU-530-
6 reliability method has been selected. Select Graze on Path Profile data entry form menu bar. This grazing
angle calculation uses a standard profile display screen. Refer to the General Program Operation section
for details of this display.

The profileisdisplayed with an earth radius factor of K = 4/3 using the antenna combination shown on the
status bar. The lower filled profile represents the flat earth profile. A reflective plane must be defined to
calculate the grazing angle. The location of the geometric reflection point is calculated and displayed on
thereflective plane. Thereflective plane is determined by aleast squaresfit of theformy = ax + b over the
defined range using theflat earth profile and displayed at K = 4/3. Effective antenna heights are determined
by extending the reflective plane to the end points of the profile. The effective antenna heights are the
heights of the antenna above the reflective plane end points.

The reflective plane definition is saved in the Pathloss datafile.

Refer to the Reflection Analysis section of the manual for further information on the definition of areflec-
tive plane.

Status Bar

The status bar shows the site names, cursor style and movement states, K, reflection point location, meas-
urement system, the antenna combination and the cursor location.

To display information at the terrain point under the arrow, click the left mouse button on the cursor loca-
tion box or pressthe Inskey.

If the antenna configuration supports more than one antenna combination, you can change the antenna com-
bination by clicking the left mouse button on the antenna combination box.
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Procedure
» Place the arrow at one end of the reflective plane and press the F1 key or click the right mouse button.

* Movethe arrow to the opposite end and press the F1 key or click the right mouse button again.

The following error messages may appear:

Planeisnot Valid Thereflective planeelevation at one end of the profileisgreater than the antennaheight.
Redefine the reflective plane.

Reflection Point not Found The algorithm failed to locate the reflection point. This can occur if the reflec-
tion point is very close to one of the sites. Increase the antenna heights or change the reflective plane defi-
nition.

Reflection Point outside Plane Limits The location of the reflection point is outside of the defined range.
Either the reflective plane definition is questionabl e or the path does not have areflection point in this area.

» The Reset button is active when the first point has been selected. Thiswill only cancel the first point
selection.

» Torepeat agrazing angle calculation, just reselect the end points of the new reflective plane. Thisis
carried out over the existing calculation.

» Click the OK button to accept the calculated value of the grazing angle. The Cancel button discards the
calculation.

On over water paths or paths which are predominately flat, the choice of end pointsis obvious. On other
paths, some judgment is required to define the reflective plane. The following guidelines can be used.

+ Draw a100% first Fresnel zone reference and note the extent of the terrain closest to this Fresnel zone
reference.

» Place the arrow at the center of this extent and press the Ins key to display the terrain point data. Note
the clearance to the first Fresnel zoneratio (C/F1).

» Using thisvaue as aguide, draw additional Fresnel zone references until approximately 50% of the
Fresnel zone reference is below the terrain.

» Define the end points of the reflective plane at the first and last intersections of the Fresnel zone refer-
ence with the terrain.
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VHF-UHF WORKSHEET

OVERVIEW

The VHF-UHF worksheet isintended for point to point analysis a frequencies below 1000 MHz. At these
frequencies, antenna gains are usually expressed in dBd (dB with respect to a half wave dipole). The an-
tenna can be set to a fixed azimuth and mechanical downtilt to handle broadcast and point to multipoint
application. The antenna response to both horizontal and vertical anglesis automatically calculated using
antenna data files.

Antenna beam widths are relatively wide with the result that propagation due to ground scatter is a signif-
icant component. Additionally, diffracted paths are common at these frequencies. Under these circumstanc-
es, thetraditional path reliability cal cul ations as used in the microwave worksheet are not considered valid;
particularly, at the lower fade margins found in VHF-UHF applications. Thereliability is expressed using
two methods: a Raleigh fade probability which accounts for multipath fading and alog normal fade prob-
ability which accounts for the specific location of the receiver.

The display shows the VHF-UHF system block diagram for the selected antenna configuration. All calcu-
lations are based on this antenna configuration. Eachicon in the block diagram representsadataentry form.
Click on theicon to bring up its data entry form. Alternately, use the tab key to shift the focus to the next

icon and then press Enter. The data entry formswill be formatted for the VHF-UHF antenna configuration
which allows tower mounted preamplifiers to be included with receive only antennas.

The worksheet uses standard data entry forms and grid data entry displays. Refer to the General Program
Operation section for a description of these forms.

Data can be imported into the worksheet from lookup tables, VHF-UHF antenna data files or from another
Pathloss data file using the Template selection.

The lower part of the display shows all of the calculations. The worksheet is automatically recalculated as
dataisentered. The calculation starts by erasing the cal culation display and the statusis shown on the status
bar asax or v'. If the % isdisplayed, click the left mouse button on the  to display the error which caused
the calculation to terminate.

Not all dataentrieswill be applicable to your application. If adata entry is not applicable, leave it blank.
Do not enter azero asthisis considered to be avalid entry and will be printed up in the worksheet reports.
To erase an entry, place the cursor on the entry and press the F3 key. The F4 key copies the entry in the
adjacent cell to the current cell.

Status Bar

The status bar in the VHF-UHF worksheet shows the site names, the antenna configuration and the meas-
urement system. To change either the antenna configuration or the measurement system, click the left
mouse button on the corresponding box on the status bar.

The status bar also shows the current state of the calculation asagreen v* or ared . If the % is displayed,
click on thisto show the reason that the calculation isincompl ete.
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VHF-UHF NET PATH LOSS COMPO-
NENTS { E{E_?%‘ii‘;ﬁ Lo J—» To Site # 2
Figure (2) showsthe net path loss componentsused in the © . e
VHF-UHF worksheet. Asin the case of the microwave |
worksheet, thisisageneral diagram and not all of these ([ Anennagain )
components may apply to your configuration. Enter val- 3
ues for the applicable components and the basic path pa- [ Transmission Line Loss j
rametersto produce avalue net path lossin the worksheet. :
As aminimum the following parameters are required: [ Connector Jumper }
v
Path Iength Frequency [ Miscellaneous Loss j
: : : : v
Site 1 antennagain Site 2 antennagain ([ Duecerioss
Other components are optional and will depend on the | P 1
SpECIfIC equi pment conﬂguratl on. [ TX Combiner Loss j [ RX Multicoupler Loss j
. i v
Terminology [ TX Filter Loss j [ RX Filter Loss ]
The net path loss at Site 1 isthe total loss from the trans- i !
mitter output at Site 2 to the receiver input at Site 1. [ Other ;x Loss } [ Other fx Loss }
The net path loss at Site 2 isthe total lossfrom thetrans- ™ RX
mitter output at Site 1 to the receiver input at Site 2. Figure 2: VHF-UHF net path loss components

Receiver multicouplersare usually active devices and have again. Positive values are interpreted as aloss.
To enter again, you must enter a negative sign in front of the value (a negative 10ss).

VHF-UHF WORKSHEET DATA ENTRY FORMS

First determine the parameters of your application. The worksheet data entry forms include a generalized
set of data entries, not all of which may apply to your equipment and antenna configuration. For example,
if thetransmitter power and receiver sensitivity are defined at the antennaport, then it will not be necessary
to enter any datafor the duplexers. Refer to the basi ¢ block diagram of the VHF-UHF loss gain components
in Figure (2). Calculated parameters are shown in the table at the bottom of the display. The calculations
are automatically updated as data entry proceeds. On completion of the entriesin aform, click the OK menu
item. If you click the Cancel menu, all data entries will be reset to their original values.

If aparameter has not been cal culated, then one or more dataitemsrequired for the calculation are missing.
If agreen v” is displayed on the status bar, the calculation is complete; otherwise ared x will be displayed.
Click on this % to show the reason the cal culation has not been completed.

Y ou can erase adataentry with the F3 key. The F4 key copiesthe datafrom the opposite cell into the current
cell.
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Antenna Data Entry Form

Antennaz TH - TR |

Ok, Cancel Lookup Codelndex: “iew Help
Site #1 Site #2
Antenna model SRL310-C4 L2
Antenna height () 3h.58 7 ke
Antenna gain (dBi) 1015 14.65
Antenna Gain (dBd) 5.00 12.50
Code N0c4mL 307-201H4
True azimuth 7 33.00 213.34
Yerical angle (1) -0.0k -0.03
Antenna Azirmuth (7 45.00
kdachanical Downtilt ()
Electrical Daowntilt () 0.00 0.00
Orientation Loss (dB) 3.30 0.00
Site #2 Antenna model
Antennamodel  Information only.
Antennaheight If asignificant change is made to an antenna height, check the clearance or
recalculate the diffraction loss.
Antennagain  Theantennagains can be entered in either dBi (isotropic radiator) or dBd (di-

Preamplifier gain

Code

True azimuth

Vertical angle

Antenna azimuth

Mechanical downtilt

pole). The other gain format is automatically calculated. Most antenna spec-
ifications below 900 MHz assume dBd.

This entry appears only on receive antennas and represents either a tower
mounted or "in building” receive preamplifier. Thisis a positive number.

The antenna code index cannot be entered directly. Use the antenna code in-
dex or lookup table to enter acode. An antenna codeis required to calculate
the orientation loss due a fixed antenna azimuth or mechanical down tilt.

Thisisthe value calculated from the geographic coordinates of the two sites
and cannot be edited.

Online of sight paths, thisisthe vertical angle between sites. On an obstruct-
ed path, thisisthe horizon angle. The vertical angle is calculated from the
path geometry and cannot be edited. A path profileisrequired.

Thisisthe actual antenna boresight azimuthal angle. Thisis specified on a
point to multipoint or base station application. On apoint to point link, leave
thisentry blank. It will be assumed that the antennais oriented at the true az-
imuth. An antenna code isrequired for the orientation loss.

If thisentry isblank, a horizontal antenna boresight is assumed and the ori-
entation loss will be calculated using the vertical angle. Downtilt is entered
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asapositive number. A negative number means that the antennaistilted up-

wards.

Electrical downtilt

code and cannot be edited.

Orientation loss

An antenna code is required.

Transmission Lines Data Entry Form

Tranzmizzion Lines TH - TR [36.6 - 7.6]

Thisvalue isread from the antenna data file corresponding to is the antenna

Thisisthe calculated antenna response at the azimuthal and vertical angles.

0Ok, Cancel Lookup Help

T line type

Site #1

LOF5-504

Site #2

LOF4-504,

T line length {m) 40.00 5.00

T line unitloss (dB100 m) 2.56 4 Bk
Txline loss (dB) 1.02 0.37
Connector loss (dB) 050 050

Site #1 TXline type : |

The caption on the data entry form, shows the current antenna configuration and the antenna heights. The
entries are unaffected by any subsequent changes made to the antenna heights. Be sure to check the values

in thisform when finalizing a design.

The transmission line type is a descriptive term and is an optional entry.

The transmission line loss can be entered directly or will be automatically calculated if the line length and
unit loss have been entered. Connector lossis an optional entry.

Branching Network Data Entry Form

The specific format of the branching network
data form will depend on the antenna configu-
ration. In the case of aTR-TXRX antennacon-
figuration, there will be three data entry forms
to complete.

Refer to the overall block diagram in Figure
(2). If thetransmit power and receiver sensitiv-
ity are defined at the antenna port, then this
formis not required.

Duplexer and miscellaneous loss entries are
common |osses.

The TX combiner, TX filter and other TX loss
arein the transmit line.

Ok, Cancel Help

Branching Hetwork TR - TH |

Dite #1 Dite #2
Miscellaneous loss (dB
Duplexerloss (dB 1.20
TH Combiner loss (dB 4.60

Other T loss (dB

R Multicoupler loss (dB

(dE)
(dE)
(cE)
T filter loss (dB)
(dE)
(dE)
(dE)

R filter loss (dB

5.0 [N

COther Bxloss (dB)

oite #1 Fx Multicoupler loss (dB) |
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The RX multicoupler, RX filter and other RX loss are located in the receive line.

Notethat all entriesdefault to aloss. The RX multicoupler may have again. This must be entered as a neg-

ative number.

Radio Equipment Data Entry Form

Rodio Equipment

0Ok Cancel Lookup Help

Site #1 Site #2

Fadio model Base kohile
T power (watts) 36.00 k.00
T power [dBm) 45.44 36.94

R Sensitivity Criteria 12 dB SINAD 12 dB SINAD
Fix Sensitivity (dBm) -113.M -106.99
Fl Sensitivity () 0.50 1.00
Site #2 Radio maodel :

Radio Model
TX Power

RX Sengitivity Criteria
RX Sensitivity

Information only.

Thetransmit power can be entered in either wattsor dBm. The other valueis

automatically calculated.

This describes the receive sensitivity criteriae.g 20 dB Quieting.

Thereceive sensitivity can be entered in either micro voltsor dBm. The other
value is automatically calculated.

Both the transmit power and the receive sensitivity level must be entered in order to calculate the fade mar-

gin.

Path Data Entry Form
Frequency

Thisisthe design frequency used
throughout the program. The user isre-
sponsibleto check that thefrequency is
within the operating range of the anten-

nas, transmission lines and radios.

Path length

If apath profile exists, the path length

Path Profile Data |

Ok, Cancel Help

Frequency (hMHz

Fath length (km

Field margin (dB

o | | | —

Diffraction loss (dB

Frequency (MHz) ;|

Field Margin

istaken as distance of the last point in
the profile; otherwise, the path length

will be calculated from the geographic coordinates. In both of these cases, the
path length cannot be edited; otherwise any path length can be entered. If you
are using the worksheet to determine performance as afunction of distance, cre-
ate anew datafile. Select Files - New on VHF-UHF Worksheet menu bar.

Thisis an optional safety factor to account for the degradation of antennas and
connectors. A typical value for the field marginis 1 to 3 dB.
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Diffraction Loss Diffraction loss calculationsare  ______
carried out in the diffraction Diffraction |
module. These are not automati- wiorkzheet diffraction loss = %
cal Iy transferred to the VHF- Diffraction calculation = 22,44 dB (K = 1.33)

UHF worksheet. If adiffraction Uizl e <eli 261

cadculationexistsandthevaueis

different from the worksheet en- =
try, you will be prompted to up-
date the worksheet with the new calculated value.
VHF-UHF WORKSHEET OPTIONS
. . VHF-UHF Options =]
The worksheet report header uses the site names. This can be expanded p——
to include the call sign, station code and state. ,
I'W'l:n:udlanl:l - Sigma = & dB j
The log normal fade probability calculation uses the standard deviation Report header
specified in the location drop down list. Site Name
[T Call Sign Cancel
¥ Station Code
¥ State Help |
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WORKSHEET REFERENCE

MULTIPATH PROPAGATION RELIABILITY
Fading on a microwave link can result from any of the following mechanisms:

» atmospheric multipath fading

* rain attenuation

 diffraction fading at low values of K

» fades produced by a specular reflection

» propagation anomalies produced by atmospheric ducts or layers

Each of these mechanisms can contribute to the overall propagation reliability and must be separately an-
alysed. The parameter of particular interest is the total time that the receive signal is below its threshold
level.

Itisgenerally assumed that these fading mechanisms are mutually exclusive events and the total time below
the threshold level isthe sum of the outage times for each mechanism. For example, multipath fading does
not occur during periods of heavy rainfall; and therefore, the multipath and rain outage times can be added
together.

Atmospheric multipath fading is the result of a number of rays with varying length paths arriving at the
receive antenna. The different ray paths can result from both changesin therefractivity gradient and diffuse
ground reflections. Theraysadd vectorially in the receive antennato produce both signal enhancement and
fades.

Multipath fading follows a Raleigh probability distribution. The fade probability represents the fraction of
time (in the worst month), that the depth of multipath fades will exceed the fade margin. Note that thisfade
probability does not include any of the other fade mechanisms mentioned above and does not include the
additional time required to reframe the digital signal following afade which resultsin loss of framing.

Thefade probability, P, isafunction of the frequency, path length and the fade margin of theradio link and
takes the following general form:

A

A )
Po f2.¢4¢.10 10

where:

d path length

f frequency

A fade marginin dB

Notethat P isexpressed asafraction of time and not as a percentage. Equation (1) isvalid for fade margins
greater than 15 dB and appliesto unprotected (non diversity) radio systemsin onedirection of transmission.
The exponents b and ¢ and the constant of proportionality in Equation (1) are based on empirical data.
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Five methods of calculating the fade probability are available in the Pathloss program.

* Vigants - Barnett

Recommendation ITU-R P.530-6
Recommendation ITU-R P.530-7/8
Recommendation ITU-R P.530-9/10

K-Q Factor
» K-Q Factor including terrain roughness
Additional performance parameters can be calculated from the fade probability P, asfollows:

* Worst month unavailability (%) 100-P
*  Worst month availability (%) 100-(1- P)
» Worst month outage time (sec) P-seconds_month

Assuming 3 heavy fading months per year (0.25 of ayear), the annual performance can be expressed as.

* Annual unavailability (%) 100-P 0.25
* Annua availability (%) 100-(1- 0.25-P)
* Annual outage time (sec) 0.25-P-seconds_year

Multipath fading is awarm weather phenomenon. The length of the fading season is proportional to the
average annual temperature and is given in Reference (4). The fade duration, T,, expressed as a fraction of
ayear, isgiven by:

T = 025 (ij @
50

t isthe average annual temperature in °F

3B<t<75%F

2<t<24°C
0.175< T, < 0.375

The annual one way performance is expressed in terms of T, as follows:

Annual unavailability (%) 100-T,-P
Annual availability (%) 100-(1 - T,-P)
Annual outage time (sec) T,-P-sec_year

Figure (7), Figure (8) and Figure (9) provide geographic maps showing the average annual temperature for
the United States, Canada and the world respectively.
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Fade Margins

The fade probability of a microwave radio link is afunction of its fade margin. The fade margin consists
of aflat component and a dispersive component. The flat fade margin considersthe total power in the pass-
band, whereas the dispersive fade margin deals with the amplitude - frequency response in the passband.
The dispersive component is applicable to digital radios only. Analog radios (FM-FDM) are not sensitive
to the passband frequency response. The flat fade margin is made up of the thermal fade margin and an
interference fade margin.

Thermal Fade Margin

The thermal fade margin is the difference between the free space receive signal and the receiver threshold
level. Thisrepresentsthe additional attenuation to the free space received signal required to produce an out-
age due to thermal noise alone, independent of any interference.

Interference Fade Margins

Interference effectively degrades the receiver threshold. The interference fade margin is defined as the ad-
ditional attenuation to the free space received signal required to produce an outage due to the interference,
independent of thermal noise.

Flat Fade Margin
The flat fade margin Ag, consists of the thermal and interference fade margins combined as follows:

_ A A
e = _1O"°g(1o 10110 10) ®

A thermal fade marginin dB
A channel interference fade margin in dB

Dispersive Fade Margin

The North American selective outage calcula-
tion is based on the dispersive fade margin.
Thisis defined as the average depth of multi-
path fade which causes an outage, independ-
ent of thermal noise and interference. Thisisa
measured equi pment parameter in accordance
with Reference (1). The dispersive fade mar-
gin depends on the equipment design and the
specific type of equalizer provided. The basic
measurement procedurefor a45 Mbs 64QAM
radio is described below:

30
25 \
20 /

15

]

(o1}
T

Critical Notch Depth

Af

J N
\ 4

10

A 6.3 nanosecond frequency responsenotchis 2 ® 4 0 4 8 12
introduced into the RF /IF passband. The cent- Dispersive Fade Notch Offset Frequency

er of the notch is moved across the passband. Figure 3: Dispersive fade margin measurement

At each frequency, the depth of the notchis

adjusted to produce a 10™° BER. The results are shown in Figure (3) and are referred to as an equipment
signature, M or W curves.
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The average depth of multipath fade, B, isdetermined by integrating the curve. The dispersive fade margin,
Ay, isgiven by:

B
— 2.Af.o 38

S = 2.Af-e S )
= 17.6-10-log| ——

& g(158.4j

Typical values of the dispersive fade margin for 64 QAM modulation are 50 dB for aradio equipped with
an adaptive transversal equalizer, and as low as 35 dB for the same radio without equalization.

Dispersive Fade Factor
The dispersive fade margin measurement procedure is based on the fade statistics of a 26 mile path from
Palmetto to Atlanta, Georgia. In general, dispersive multipath fading depends on the following:

 terrain roughness and ground type
 climatic conditions

* path length

» path clearance

To account for these factors, it is necessary to adjust the value of the dispersive fade margin. Thisisaccom-
plished with the term, "fade occurrence factor” in the Pathloss program. By definition, the fade occurrence
factor isequal to 1 for the Pametto - Atlanta path. At present, there are no published guidelines for this
factor. Experience on extremely difficult pathsin eastern Ontario and Florida indicate that factor may be
as high as 9. The following values are suggested:

good propagation conditions 05to1
average propagation conditions 3
difficult propagation conditions 5to7

extremely difficult propagation conditions 9

Effective Fade Margin
The effective fade margin, A, combines the flat and dispersive fade margin components as follows:

_ _10. At _Ad
A = -10 Iog(10 10 4 Ry -10 10] (5)
A flat fade margin in dB
Rd fade occurrence factor
A4 dispersive fade margin in dB

| TU 530 Selective Outage Fade Probability

I TU standards use the equipment signature to cal culate the fade probability of a selective outage. Thisisa
measured equipment parameter consisting of the following components. signature delay, signature width
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and the signature depth for minimum and non minimum phase. The outage probability is defined as the
probability that the BER exceeds a given threshold as defined by the BER of the signature data.

Step 1: Calculate the mean path delay t,,, from Equation (6):

g \L3
Ty = O.?-(%) nanoseconds (6)

where

d isthe path length in kilometers

Step 2: Calculate the multipath activity factor n from Equation (7)

= 16102787 ™

where
Po fade occurrence factor

Step 3: Calculate the selective outage probability Ps from Equation (8)

2

T -B -B
P, = 215 -W-—m( —m ”m) 8
S T 7 1020 410 20 ®

where
W signature width in GHz
B minimum phase signature depth in dB
Brm non minimum phase signature depth in dB
T, reference delay in nanoseconds used to obtain the signature

| TU Unavailability - Severely Errored Seconds Definitions

The above paragraphs show the basic relation between the fade margin and the probability of afade below
threshold level P. The formulation of dispersive fade margin allows the dispersive fade margin to be loga-
rithmically added to the flat fade margin (effective fade margin). Thisallows P to be calculated from Equa-
tion () for both flat and dispersive fades. In the ITU method, the selective fade probability is separately
calculated.

All multipath propagation models (e.g ITU-530) calcul ate the fade probability for the worst month in one
direction of transmission. The fade probability is defined as the probability that the receive signal is below
the specified receiver threshold. The fade probability considers the sum of all fades and does not take into
account the duration of the individual fades.
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(G.821 and G.826 take this anal-
ysisonestep further and classify
fades|asting longer than 10 con-
secutive seconds as unavailabil-
ity and al other fades as
severely errored seconds (SES).
TheSEStermisoftenreferredto
as performance. The duration of
amultipath fade depends on the
fade margin. The probability of
amultipath fade lasting longer
than 10 consecutive secondsin-
creases with decreasing fade
margin.The relationship is
shown in Figure (4).

Inthe case of rainfades, itisuni-
versally agreed that arain fade
will alwayslast longer than 10
consecutive seconds and is clas-
sified as unavailability only.

(G.821 and G.826 provide per-

600

\ Unavailability
500

400 \
300 \

SES\_

200 \ \

N\

SES - Unavailability (Sec)

100

—_—

0

20 25 30 35 40
Fade Margin (dB)

Figure 4: Relationship between SES - Unavailability and Fade Margin

formance objectivesin terms of SES and unavailability without stating the relationship between the two

parameters

worst month time below level = unavailability + SES )

At very high frequencies, multipath fading becomes negligible compared to the rain fades.

At lower frequencies where rain isinsignificant, two different approaches have been taken:

» Multipath is considered to affect the performance only and in this scenario the severely errored seconds
ratio (SESR) is equal to multipath fade probability. Objectives are more difficult to achieve asthe
allowance for unavailability cannot be used. The real reason for this approach is the lack of any pub-
lished procedures to breakdown the total time below level into SES and unavailability.

» Other companies have developed their own fade duration statistics to carry this out however, the for-
mulas have not been published.

The Pathloss program has used these equations for G.821 performance calculations since version 3.0. The
specific equations are shown below.

Using the dispersive fade margin, the total fade probability P is separated into the flat and dispersive com-
ponents P and P as shown below
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At
P o« fP.d¢.10 10 W
_Ad
Py < f2.d¢.10 10
where:
A flat fade margin (dB)
A4 dispersive fade margin (dB)
As described above Py is calculated from the equipment signature under ITU standards.
The probability of a non selective (flat) fade lasting longer than t consecutive secondsis given by:
in| L |+0.673
ps = 0.5 erfc Ty '
1.27-+/2 1)
Af
Tq = 163-k- /dT-lo 20
where:
erfc() complementary error function
Ty average fade duration
k 0.5 for space diversity
0.5for 1: 1 frequency diversity
0.75for 1: N frequency diversity (N > 1)
1.0 for non diversity
d path length in kilometers
f frequency in GHz
The probability of a selective (dispersive) fade lasting longer than t consecutive secondsis given by:
pa(t) = (14085 i+036.1)-e 08V (12

The ITU definition of multipath unavailability isthe probability of fades below threshold lasting 10 con-
secutive seconds or longer. Severely errored seconds represents the probability of all other fades below
threshold. i.e fades which last less than 10 consecutive seconds. The unavailability and severely errored
seconds probability are given by:
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Utu = Pt Pr+pa-Fy 13
SESity = (1-pf)-Pr+(1-pq) Py
VIGANTS- BARNETT
The Vigants - Barnett fade probability (Reference (4) and Reference (5)) is given by:
_A
P = 2510°%C f.d%10 10 (14
d in miles
_A
P = 60107-C-f-d310 10 (15)
d in kilometers
where
d path length
f frequency in GHz
C C Factor
A effective fade margin in dB
The following guidelines are given for values of the C factor.
C=025 good propagation conditions - mountainous and dry climates
C=1 average propagation conditions - average terrain and climatic conditions
C=4 difficult propagation conditions - over water paths and gulf coastal areas

In areas with very difficult propagation, avalue of C as high as 6 may be applicable. Figure (10), Figure
(11) and Figure (12) provide geographic maps showing typical ranges of the C Factor for the United States,
Canada and the world respectively. Alternately, the C Factor can be calculated from the terrain roughness
and aclimatic factor, ¢, in accordance with the following formula:

-1.3
C = Cf'(i
~ 50
S in feet (20<S<140)
(16)

S -13

C — Cf'(_
" 152
S in meters (6<S<42)

Typica vauesfor the climatic factor are:
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¢ =05 good propagation conditions - mountainous and dry climates
G =1 average propagation conditions - average terrain and climatic conditions
C =2 difficult propagation conditions - over water paths and gulf coastal areas

Terrain Roughness

Terrain roughnessisdefined asthe standard deviation
of theterrain profile (square root of the average
sguare of the deviation from the mean). In Reference
(4), terrain elevations are referenced to sealevel and
are taken at one mile increments excluding the end
points of the profile. Other references use a one kil-
ometer increment. In the Pathloss program, terrain
roughness is calculated using 50 uniformly spaced
points over a user defined range on the profile. The
value of terrain roughnessis limited to a range be-
tween 20 to 140 feet (6 to 42 meters). Sea Level Reference

Figure 5: Terrain roughness - sea level reference

Terrain roughness can be calculated with respect to
sealevel as shown in Figure (5) or with respect to a
least squaresfit as shown in Figure (6). In both cases, the user must define the end points of the range over
which terrain roughness will be calculated. Thisis similar to the definition of areflective plane described
in the Reflections section of this manual.

Significant differenceswill occur on paths with a uni-
form slope and an elevation difference between the
end points greater than 140 feet. If the |least squares
method is used, the terrain roughness will be the min-
imum value. If the sealevel reference isused, the ter-
rain roughness will be the maximum value. In strict
accordance with Reference (4), the elevations should
be relative to sealevel. Thiswill provide some corre-
lation between the terrain roughness and path inclina-
tion. The propagation reliability on ahigh - low path
is better than aflat path. If the elevation differenceis
in the order of one hundred feet, the least squares ref-
erence should be used. The equations used to calcu-
late terrain roughness are given below:

(17)
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RECOMMENDATION ITU-R P.530-6

The following description is essentially taken from paragraph 2.3.2 "Method for detailed link design at
small percentages of time (Method 2)" of this report. The fade probability P that fade depth A (dB) is ex-
ceeded in the worst month from is given by:

A
P = K33 £0%8.(14+g,) 912,10 10 (18)

K geoclimatic factor for the worst fading month
d path length in kilometers
f frequency in GHz
& path inclination in milliradians
7 average grazing angle in milliradians corresponding to a 4/3 earth radius factor.
A effective fade marginin dB

Geoclimatic Factor

For the path location in question, estimate the geoclimatic factor K for the average worst month from fading
datafor the area. If such dataare not available, K can be estimated from the percentage of time P_that the
average refractivity gradient in the lowest 100 m of the atmosphere isless than =100 N units’/km. Refer to
the contour maps shown in Figure (13), Figure (14), Figure (15) and Figure (16) in this section for values
of P,_. Thevalue for the worst month should be used, The geoclimatic factor is then given by:

» overland links for which the lower of the transmitting and receiving antennas is less than 700 m above
mean sea level (see Note 2)

K = 10‘(5-4‘CI at—Clon) pIZ_L5 (19

» overland links for which the lower of the transmitting and receiving antennas is higher than 700 m
above mean sealevel (see Notes 1 and 2 for links crossing small lakes and rivers)

6.0-Cat—C on)

K = 107 RLS (20)

* links over medium-sized bodies of water (see Note 3), coastal areas beside such bodies of water (see
Note 4), or regions of many lakes (see Note 5)

—(4.8-Cjt-C 15
K = 10 (48Cat—Cion) R’ (21)
* links over large bodies of water (see Note 3), or coastal areas beside such bodies of water (see Note 4)
—(44-Cj5t-C 15 22
K = 10 ( 1at—Cion) P (22)

where the coefficient C 4 of latitude & is given by:

Cla =0  for53° S>E<53°N
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—5.3+&/10for53°Nor S<E<60°Nor S
0.7 for§>60°NorS

C:Lat
CLat

and the longitude coefficient C| o, by:

Cion = 0.3 for longitudes of Europe and Africa
CLon = —0.3 for longitudes of North and South America
0 for all other longitudes

CLon

The month that has the highest value of P, should be chosen for the months of February, May, August and
November. An exception to thisisthat only the mapsfor May and August should be used for latitudes great-
er than 60° N or 60° S,

NOTE 1 - In mountainous areas for which the data used to prepare the maps in Figure (13), Figure (14),
Figure (15) and Figure (16) (Recommendation I TU-R P.453) were non-existent or very sparse, these maps
have insufficient detail and the value of K estimated from Equation (19) tends to be an upper bound. Such
areas include the mountainous regions of Western Canada, the European Alps and Japan. The adjustment
contained in Equation (20) can be used until a more detailed correction is available.

NOTE 2 —Links passing over asmall lake or river should normally be classed as overland links. In cases
of uncertainty, replace exponent coefficient 5.4 by 5.1 in Equation (19). (see also Note 4)

NOTE 3 — Medium-sized bodies of water include the Bay of Fundy (east coast of Canada) and the Strait
of Georgia (west coast of Canada), the Gulf of Finland, and other bodies of water of similar size. Large
bodies of water include the English Channel, the North Sea, the larger reaches of the Baltic and Mediterra-
nean Seas, Hudson Strait, and other bodies of water of similar size or larger. In cases of uncertainty asto
whether the size of the body of water in question should be classed as medium or large, the first coefficient
in the exponent of Equation (21) or Equation (22) should be replaced by 4.6.

NOTE 4 - The link may be considered to be crossing a coastal area if a section of the path profileisless
than 100 m above mean sea level and within 50 km of the coastline of a medium or large body of water,
and if thereisno height of land above 100 m altitude between the link and the coast. If the entire path profile
islessthan 100 m above mean sealevel, then K should be obtained from Equation (21) or Equation (22) as
appropriate. If only afraction, r., of the path profile is below 100 m altitude and within 50 km of the coast-
line, then the coefficient 4.8 in the exponent of Equation (21) can be replaced by 4.8 — 0.6 r. and the expo-
nent 4.4 in Equation (22) by 5.4 —r.

NOTE 5 - Regions (not otherwise in coastal areas) in which there are many lakes over afairly large area
are known to behave like coastal areas. The region of lakes in southern Finland provides the best known
example. Until such regions can be better defined, K can be obtained from Equation (21). In cases of un-
certainty, the coefficient 4.8 in the exponent of Equation (21) can be replaced by 5.1.

Geoclimatic Factor - Canada
A logarithmic geoclimatic factor, G, is used in Canada and is defined by:
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G

10-log(K ) +46
S 46 (23)
K = 1010

Figure (17) provides amap of G for Canada. The following refinements are recommended:

» At latitudes above 60 degrees, add 5 dB to the value in Figure (17).

» For paths over medium sized bodies of water (Bay of Fundy, Strait of Georgia, Frobisher Bay, Lake
Ontario, Lake Erie), add 6 dB to the valuesin Figure (17). Add 11 dB if the path is above 60 degrees
latitude.

* For paths over large bodies of water (Hudson Strait, Viscount Melville Sound, Hecate Strait, Cabot
Strait, Lake Superior, Lake Huron, Lake Michigan), add 14 dB to the value in Figure (17). Add 19 dB
if the path is above 60 degrees latitude.

Path Inclination
The path inclination, e, is given by:

1000- atan (M) milliradians (20
1000-d
hy transmitter antenna height in meters above sealevel
h, receiver antenna height in meters above sea level
d path length in kilometers

The valid range of the path inclinations is from 0 to 24 milliradians. The program does not impose any re-
strictions on this value.

Grazing Angle

The grazing angle is the angle of incidence or reflection at the reflection point of areflective plane using
an earth radius factor of 4/3. The average grazing angle 6, is determined by first defining the dominant re-
flective planefor theterrain profile. Thisplaneisrepresented by aleast squaresfit, (y = ax + b) over auser
defined range of the terrain profile. Effective antenna heights h; and hy, are then calcul ated from this plane
by the equations:

My
hy

where h; and h, are the transmit and receive antenna heights above ground level and d is the path length.

h-b

h-a-d-b ()

The average grazing angle 6, is given by:
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g - mth -(1=m- (14 p2) ) milliradians

d
q2
m =
4-ag-(hy +hy)
(26)
_ hny
My +1p
m+1 n 1 3-¢c [ 3m
b = 2, |-—-cos|—+=-arccos| —~ 3
3-m 3 3 2 \[(m+1)
where
hy effective transmitter antenna height
h, effective receiver antenna height
ae effective earth radius (8500 km for K = 4/3)

The coefficients m and ¢ must be calculated with a,, d, h; and h, expressed in the same units.

In the calculation of 6, hy and h, are expressed in meters and d in kilometers to obtain the required value
in milliradians. The valid range of average grazing anglesis from 1 to 12 milliradians. The program does
not impose any limits on this value.

Equation (18) appliesonly to narrow-band systems. It isconsidered valid for fade depths greater than about
15 dB or the value exceeded for 0.1% of the worst month, whichever is greater. Equation (18) was derived
from fading data paths with lengthsin the range 7-95 km, frequencies in the range 2-37 GHz, path inclina-
tions for the range 0-24 mrad, and grazing angles in the range 1-12 mrad. Checks using several other sets
of datafor paths up to 189 km in length and frequencies aslow as 500 MHz suggest, however, that they are
valid for larger ranges of path length and frequency. The results of a semi-empirical analysisindicate that
the lower frequency limit of validity isinversely proportional to path length. A rough estimate of thislower
frequency limit f,;,, can be obtained from:

fmin = %SGHZ (27

RECOMMENDATION ITU-R P.530-7/8

Thefollowing description is essentially taken from paragraph 2.3.1 "Method for small percentages of time"
of the subject report. The fade probability P that fade depth A (dB) is exceeded in the average worst month
from isgiven by:

A
P = K.d%. 0% (1+e,) .10 10 (28)
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K geoclimatic factor for the worst fading month
d path length in kilometers

f frequency in GHz

€p path inclination in milliradians

A effective fade marginin dB

Geoclimatic Factor

For the path | ocation in question, estimate the geoclimatic factor K for the average worst month from fading

data for the geographic area of interest if these are available.

Inland Links

If measured datafor K are not available, K can be estimated for linksin inland areas (see Note 1 for defi-
nition of inland links) from the following empirical relation in the climatic variable P, (i.e., the percentage
of time that the refractivity gradient in the lowest 100 m of the atmosphere is more negative than —100 N

unitkm in the estimated average worst month; see below):

K = 50.107.10""4Co-Ciat-Clon)R®

Table 1: Values of C, for Antenna Altitudes and Terrain Types

Terrain Characteristics

Co(dB)

Low altitude antenna (0 - 400 m) - Plains
Overland or partially overland links, with lower antenna altitude lessthan 400 m
above mean sea level, located in largely plains areas

0.0

Low altitude antenna (0 - 400 m) - Hills
Overland or partially overland links, with lower antenna altitude lessthan 400 m
above mean sea level, located in largely hilly areas

35

Medium altitude antenna (400 - 700 m) - Plains
Overland or partially overland links, with lower antenna altitude in the range
400 - 700 m above mean sea level, located in largely plains areas

2.5

Medium altitude antenna (400 - 700 m) - Hills
Overland or partially overland links, with lower antenna altitude in the range
400 - 700 m above mean sealevel, located in largely hilly areas

6.0

High altitude antenna (> 700 m) - Plains
Overland or partially overland links, with lower antenna altitude more than 700
m above mean sealevel, located in largely plains areas

5.5

High dtitude antenna (> 700 m) - Hills
Overland or partially overland links, with lower antenna altitude more than 700
m above mean sea level, located in largely hilly areas

8.0

(29)
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Table 1: Values of C, for Antenna Altitudes and Terrain Types

Terrain Characteristics Co(dB)

High altitude antenna (> 700 m) - Mountains 10.5
Overland or partially overland links, with lower antenna altitude more than 700
m above mean sea level, located in largely mountainous areas

The value of the coefficient Cy in Equation (29) isgiven in Table (1) for three ranges of altitude of the
lower of the transmitting and receiving antennas and three types of terrain (plains, hills, or mountains). In
cases of uncertainty as to whether alink should be classified as being in aplains or hilly area, the mean
value of the coefficients Cj for these two types of area should be employed. Similarly, in cases of uncer-
tainty as to whether alink should be classified as being in a hilly or mountainous area, the mean value of
the coefficients Cq for these two types of area should be employed. Links traversing plains at one end and
mountains at the other should be classified as being in hilly areas. For the purposes of deciding whether a
partially over water path isin alargely plains, hilly, or mountainous area, the water surface should be con-
Sidered asaplain.

For planning purposes where the type of terrainis not known, the following values of the coefficient Cyin
Equation (29) should be employed:

Co =17 for lower-altitude antennain the range 0-400 m above mean sea level
Co =42 for lower-altitude antenna in the range 400-700 m above mean sealevel
Co=8 for lower-altitude antenna more than 700 m above mean sea level

The coefficient C, ,; in Equation (29) of latitude & is given by:

Clg =0 for53°S> £ <53°N
Cla = 53 +& for53° NorS<&<60°NorS
Cla=7 for>60°NorS

and the longitude coefficient C| o, by:

Cion=3 for longitudes of Europe and Africa
Clon = =3 for longitudes of North and South America
Clon=0 for all other longitudes

The value of the climatic variable P in Equation (29) is estimated by taking the highest value of the —100
N units’km gradient exceedance from the maps for the four seasonally representative months of February,
May, August and November shown in Figure (13), Figure (14), Figure (15) and Figure (16). These corre-
spond to Figures 7-10 of Recommendation I TU-R P.453. An exception to thisisthat only the mapsfor May
and August should be used for latitudes greater than 60° N or 60° S.
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Coastal Links Over /Near Large Bodies of Water

If measured datafor K are not available for coastal links (see Note 2 for definition) over/near large bodies
of water (see Note 3 for definition of large bodies of water), K can be estimated from:

2.3.1074.1070-1Co-0011¢|

~
X o
o
v |

Ki

K = 10(-"c)ogo(Kj)+rclogio(Ke ) (30)
if Ky <K

K = K,

wherer . isthe fraction of the path profile below 100 m altitude above the mean level of the body of water
in question and within 50 km of the coastline, but without an intervening height of land above 100 m alti-
tude, K; isgiven by the expression for K in Equation (29) with Cygivenin Table (1). Note that the condition
K¢ < K; in Equation (30) occursin afew regions at low and mid latitudes.

Coastal Links Over /Near Medium Sized Bodies of Water
If measured datafor K are not availablefor coastal links (see Note 2 for definition) over/near medium-sized
bodies of water (see Note 3 for definition of medium-sized bodies of water), K can be estimated from:

1025 (1oan0(Ki J+ogo(Kal )

=
~

(@]

3
\Y4

Ki

K = 10(fc)ogro(Ki)+rclogio(Kem) (3D
if Ky <K

K = K

with K given by Equation (30). Note that the condition K, < K; in Equation (31) occursin afew regions
at low and mid latitudes.

NOTE 1-Inland linksarethosein which either the entire path profileis above 100 m altitude (with respect
to mean sealevel) or beyond 50 km from the nearest coastline, or in which part or all of the path profileis
below 100 m altitude for alink entirely within 50 km of the coastline, but there is an intervening height of
land higher than 100 m between this part of the link and the coastline. Links passing over ariver or asmall
lake should normally be classed as passing over land. For linksin aregion of many lakes, see Note 4.

NOTE 2-Thelink may be considered to be crossing acoastal areaif afraction rc of the path profileisless
than 100 m above the mean level of a medium-sized or large body of water and within 50 km of its coast-
line, and if thereis no height of land above the 100 m atitude (relative to the mean altitude of the body of
water in question) between this fraction of the path profile and the coastline.
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NOTE 3 - The size of abody of water can be chosen on the basis of several known examples: Medium-
sized bodies of water include the Bay of Fundy (east coast of Canada) and the Strait of Georgia (west coast
of Canada), the Gulf of Finland, and other bodies of water of similar size. Large bodies of water include
the English Channel, the North Sea, the larger reaches of the Baltic and Mediterranean Seas, Hudson Strait,
and other bodies of water of similar size or larger. In cases of uncertainty asto whether the size of body of
water in question should be classed as medium or large, K should be calculated from:

K = 10(|‘rc)'|0910(Ki )+0.51¢(log10(Kem)+og1o(Kel ) (32)

Note 4 — Regions (not otherwise in coastal areas) in which there are many lakesover afairly large areaare
believed to behave somewhat like coastal areas. The region of lakes in southern Finland provides the best
known example. Until such regions can be better defined, K should be calculated from:

K - 100,5[(2—rc)logKi+rCIochm] (33)

Path Inclination

From the antenna heights h, and h, (m above sealevel or some other reference height), calculate the mag-
nitude of the path inclination | €, | (mrad) from:

£ = 1000-atan(mjmilliradians (3
1000-d

where d, is the path length (km).

Equation (28) was derived from fading data on paths with lengths in the range 7-95 km, frequenciesin the
range 2-37 GHz, path inclinations for the range 0-24 mrad, and grazing angles in the range 1-12 mrad.
Checksusing several other setsof datafor paths up to 237 kminlength and frequencies aslow as 500 MHz
suggest, however, that it isvalid for larger ranges of path length and frequency. The results of a semi-em-
pirical analysisindicate that the lower frequency limit of validity isinversely proportional to path length.
A rough estimate of this lower frequency limit, f i, can be obtained from:

fun = o GHz (3)

KQ FACTOR
The fade probability (Reference (2)) is given by:

A

P = K-Q-fP.d%.10 10 (36)

d path length in kilometers
f frequency in GHz
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Worksheets
b, c factorsto account for regional effects
A effective fade marginin dB

Typical values of K- Q and the frequency - distance exponents b and c are givenin Table (2).

Table2: KQ Factors

Japan N.W. USSR
Europe
b(f?) 1.2 1.0 15
c(dC) 35 35 2.0
maritime temperature, Mediterranean, 2.10
coastal or high humidity and
temperature climatic regions
K-Q co_nti nental temperature cIi_mates or mid 10°° 1.4-108 4.1.10
latitude inland climatic regions with
averagerolling terrain
temperature climates, coastal regions 99108/H 23107
with fairly flat terrain to
4910

H o= Ry

h, and h, are the antenna heights in meters above ground |evel

K-Q FACTOR INCLUDING TERRAIN ROUGHNESS

The fade probability (Reference (2)) isgiven by:

A

p - KQ b ycqomw0

81.3

path length in kilometers
frequency in GHz

terrain roughness in meters
effective fade marginin dB

>w0n "o

37

(39)
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Table (3) shows typical values of the K-Q factors using frequency and distance exponents of 1 and 3 re-
spectively. Thisisequivalent to the Vigants Barnett method described above.

Table 3: K-Q Factors Including Terrain Roughness

b(fP) 10

c(d) 3.0

maritime temperate, M editerranean, coastal or high humidity and 4.1.10°.513
temperature climatic regions

K-Q

maritime subtropical climate regions 3.1.10°.513

continental temperate climates or mid latitude inland climatic 2.1.10°.513
regions with average rolling terrain

high dry mountainous climatic regions 10°.513

Sistheterrain roughness in meters (6<S<42)

RECOMMENDATION ITU-R P.530-9

ThelITU-R P.530-9 prediction for single frequency or narrow band fading distribution at large fade depths
in the average worst month in any part of the world is defined in the following steps. Note that only the
detailed link design method has been implemented in the Pathl oss program

Step 1

Calculate the geoclimatic factor K for the average worst month from Equation (39) below

K = 10—3.9—0.003dN1_ 350'42 (39)

where

dn; isthe point refractivity gradient in thelowest 65 m of the atmosphere not exceeded for 1% of an average
year. Datafor dN; isprovided onal.5 gridinlatitude and longitude in Recommendation ITU-R P.453. This
data has been incorporated into the Pathloss program. The value at the latitude and longitude of the centre
of the path is determined by bilinear interpolation of the four closest grid points.

s, isthe areaterrain roughness. Thisis defined asthe standard deviation of terrain heights (m) withina 110
km by 110 km areawith a 1 kilometer resolution. The areais aligned about the center of the path.
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Step 2
Calculate the path inclination & using equation Equation (40) below
h —he
= |atan——2
“p ‘ d - 1000 “0)
where

h, and h, are the antenna heights in meters above sea level
d isthe path length in kilometers

Step 3

For detailed link design applications, cal cul ate the percentage of time p,, that fade depth A (dB) is exceeded
in the average worst month from Equation (41)

A
-0.97  0.032f-0.00085h ——
Py = K .d3-2.(1+‘€p‘) . L"10 (41)
where
f frequency in GHz
h, altitude of the lower antenna (i.e. the smaller of h, and hy)
K geoclimatic factor from Equation (39)
FREQUENCY DIVERSITY SYSTEMS
North American Standards
The frequency diversity improvement factor, Iy, IS based on Reference (4) and given by:
Af -
| = 50.——-1010
fd 2 4
d in miles
Af A (42)
| = 80.5-——-1010
fd 2 4

d in kilometers

effective frequency spacing in GHz
frequency in GHz

path length

effective fade marginin dB

AN
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Equation (42) is applicable to analogue, narrow band digital and wideband digital radio systems. The fade
probability for afrequency diversity system, Py, iS given by:

Pg = +— (43)

The above appliesto aone for one frequency diversity system. In the case of aonefor N switching system,
the equivalent channel spacing as defined in Reference (6) must be used as follows:

N

k

Af

Note that the above factors are the same for selective and non sdlective fades.

I TU 530 Frequency Diversity
The non selective frequency diversity improvement is essentially the same asthe North American formula:

A
80 df , -5
| = 2~ .~ 100 (45)

The ITU method cal cul ates the selective outage exactly as in the case of space diversity described in the
following paragraphs using | ;o = 0 and Lo = 1.

Page 51 of 78



Worksheets Pathloss 4.0

SPACE DIVERSITY BASEBAND SWITCHING SYSTEMS
The space diversity improvement factor, |y, is based on Reference (4) and given by:

A
lg = 7-10—5%-52-v2-1010
s in feet
d in miles
A

_ (46)
lg = 1.2-10—3%-52-v2-1010

S in meters
d in kilometers

Vgg = 20-log(v)

S vertical spacing of the receiving antennas

f frequency in GHz

d path length

Vi difference between the main and diversity received signalsin dB

The fade probability Py, for space diversity systemsisgiven by:Pg, = P

I sd
Experience with space diversity on wide band digital radio systems has led to the following observations:

» The space diversity improvement factor, for the dispersive component of the fade margin, isindepend-
ent of the vertical antenna separation for spacings greater than 10 feet. As the antenna separation is
reduced below 10 feet, the improvement factor increases rapidly.

» The space diversity improvement factor for the dispersive component of the fade margin can be
equated to afixed value of vertical antenna spacing.

» The space diversity improvement factor for the flat component of the fade marginis proportional to the
sguare of the antenna separation.

To account for these observations, two methods are used to calculate the space diversity improvement fac-
tor as currently used by two major microwave radio manufacturers.

Method 1 (Nortel)
The fade probability is expressed in general terms as follows:
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A

P « 1010
A

[ d =< 52 -1010

AV
Py o |10 10 (47)
S

Ag A4 2
sq < |10 10+Rd‘10 10
S S

The vertical antennaspacing, s, is replaced with afixed value s4 for the dispersive component. The default
value of s4is 8.5 meters based on Reference (7). Theresult is given below:

2
Af Ag

Py o« |10 10 R 10 10 (48)
S Sd

Method 2 Alcatel (Richardson)
This method treats the flat and dispersive components separately as shown below:

P
PSZ] = f + Pd
Il fla lsd_disp )
;oA

lsd disp = 0.09-5-10lo
where:
lsd flat is given by Equation (46)
f frequency in GHZ
d path length in miles

SPACE DIVERSITY - 1F COMBINING

In an IF combining system, the main and diversity received signals are combined in an intermediate fre-
quency combiner. In this configuration, the combined thermal fade margin, A, is given by:

A +2.6+20. Iog(Hij

20-log(v)

A

VaB

(50)
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where:
A greater of the main and diversity thermal fade margins
VdB difference between the main and diversity received signalsin dB

In this case, the flat fade margin, A, becomes:

A _Aae A
A = -10-log{10 10 +10 10 +10 10 (51)

To account for the effects of IF combining, the space diversity improvement factor given in Equation (46)
ismodified as follows:

f 162 | =
lg = 7-10°.—.s*.——.1010
d (1+v)
s in feet
d in miles
(52)
2 A
lg = 1.2.10—3.1.32. 16V4.1010
_ d (1+v)
S in meters
d in kilometers
Vg = 20-log(v)
S vertical antenna spacing
f frequency in GHz
d path length
Vdb difference between the main and diversity received signalsin dB

Asin the case of space diversity on baseband switching systems, the independence of the dispersive com-
ponent of the fade margin to the vertical antenna spacing is accounted for by the methods given above.

ITUSPACE DIVERSITY SYSTEMS
The non selective space diversity improvement factor is given by:

A-dG+l comp
l s = [1—exp(_3_34.1o—4. 087 §-0.12 d0.48_P0—1.04)],10 10 (53)

where
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Po fade occurrence factor

dG absolute value of the difference of the main and diversity antenna gains

A flat fade margin

S vertical separation between main and diversity antennas (m center to center)
d path length (km)

| comb |F combiner gain dB (0 for baseband switching applications)

The selective outage probability is calculated as follows:

Calculate the square of the non selective correlation coefficient, kg

KES = 1- Ins*Fhs (54)
n
where
Ins non sel ective space diversity improvement factor
Prs probability of anon selective outage
n multipath activity factor

Calculate the square of the selective correlation coefficient, kg

k2 = 08238 for r,<05
k2 = 1-0195 (I —r, ) >0 00mol ) tor o5<r, <09628
2 0.5136
ks = 1-0.3957-(I-ry) for r,>0.9628 (55)
2.170
w = 1-09746(1-KZ)" for kis<0.26
1.034
W = 1-06921:(1-kZ)  for ki5<0.26
The non selective outage probability is given by:
P
Psdns = Ins (56)
sdns

The selective outage probability is given by:
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PS
Pgs = |_leomb (57)
)

where L o IS the selective improvement factor due to the combiner.

Thetotal outage probability isthen given by:

1.33
— 0.75 0.75
P = (Psdns + Pis ) 9

ITU QUAD DIVERSITY IMPROVEMENT

The non selective quad diversity improvement factor is the sum of the space and frequency diversity fac-
tors.

Iqdns = lsins+ ! fans (59)

The sgquare of the non selective correlation coefficient is given by:

Kns = Knssd ) knsfd (60)

The selective outage is calculated exactly asin the case of space diversity using

ICOITb = 0and LCOITb =1 (61)

for baseband switching applications.

ANGLE DIVERSITY

Angle diversity can be specified at either or both sites using a space diversity antenna configuration. Angle
diversity cannot be combined with hybrid diversity. The implementation of angle diversity isbased on the
following observations:

» For antenna separations greater than 10 feet, the dispersive fading improvement factor is independent
of the spacing. Asthe spacing is reduced below 10 feet, the improvement factor increases rapidly.

» Largeimprovement factors to dispersive fading occur when the main and diversity antennas are
mounted next to each other, with the antennas dightly offset from each other horizontally.

» Angle diversity antennas approximate the above arrangement and achieve large dispersive improve-
ment factors.

» Theimprovement to the flat component of the fade margin with angle diversity is not clear at present.

Anglediversity improvement is calculated by assigning afixed vertical antenna spacing of 9.1 meters (30
feet). The angle diversity improvement for the flat fade margin is ten percent of the value calculated for
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conventional space diversity up to amaximum of 20. The angle diversity improvement for the dispersive
fade margin is the same as that for conventional space diversity.

FREE SPACE PATH LOSS
The free space path loss between two isotropic radiatorsis given by the equation:

A = 924+20-log(f)+20-log(d) dB (62)
f frequency in GHz
d path length in kilometers

A = 96.6+20-log(f)+20-log(d) dB (63)
f frequency in GHz
d path length in miles

ATMOSPHERIC ABSORPTION

Atmospheric Absorption is the sum of the specific absorption of oxygen and water vapour and is based on
Reference (9).

Oxygen Absor ption
The specific attenuation of oxygen, ¥, iS given by the equation:

6.09 4.81
2 + 2
f2+0.227 (f-57)°+150

Yo = {7.19-10‘% } £2.1073 dB/km

for f <57GHz
(64)

0265 0028
(f-63)°+159 (f-118)°+147

Yo = {3.79-10‘7 + }-( f +198)%-10~3 dB/km

for f >63GHz

where:
f frequency in GHz

Note that in the frequency range 57 to 63 GHz, Equation (64) is not defined due to the complicated spec-
trum structure which is height dependant. The program coding provides a uniform transition in this range
with an attenuation of 15 dB /km at 60 GHz.

Water Vapour
The specific attenuation of water vapour, %, isgiven by the equation:
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Yw = |0.067+ 3 + % + 4.3 -f2-p-10_4dB/km

(f-223)°+73 (f-1833)°+6 (f-323.8)°+10

(65)

for f <350GHz and ,o<12i3

m
f frequency in GHz
P water vapour density ingm / m?3 at ground level and at atemperature of 15°C.

COCHANNEL OPERATION

This paragraph describesthe procedure to cal cul ate the threshol d degradation due to the cross polarized dis-
crimination on radio links operating in a cochannel mode. The XPD will degrade under multipath fading
and high intensity rain conditions.

XPD Degradation dueto Multipath
1. Calculate

XPD, = XPD, +5 for XPD, < 35
XPD, = 40 for XPD, > 35

(66)

where XPDg is the minimum value of the transmit and receive antenna XPD is measured on the boresight.

2. Cdlculate the multipath activity parameter

_0.2. Po. 75

77 - 1_ e 0 (67)

where Py isthe multipath occurrence factor corresponding to the percentage of timethat afade greater than
0 dB occurs in the average worst month.

3. Calculate

Q = 1o.|og10(KXP"7] (68)
R
where
Kyp = 0.7 for one transmit antenna (69)
2
Kyp = 1-0.3-exp —4~1O‘6~(ij for two transmit antennas (70)
n
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4. Calculate

C = XPDy+Q (71)

The carrier to cochannel interference ratio is then given by:

XPDGTS XPDGRX (C-A)
= -10-logg|20 10 +10 10 410 10 |+2 (72)

Co

Icock mpth

for radios not equipped with an XPIC device and by the following equation for XPIC equipped radios.

c XPDypic XPDGTX +XPIF XPDGRX +XPIF (C+XPIF-A)
0 --10-logyp[10 10 +10 10 +10 10 +10 10
| cock mpth (73)
where
XPIF is the improvement due to the XPIC device
XPDg isthe cross polarized discrimination of the antennas
XPDygpic isthe XPD of the XPIC device
A isthe fade margin including the effects of interference due to other transmitters

The 2 dB improvement in the non XPIC caseis due to the Gaussian properties of the interfering crosspolar
signal. Thisfigureisincluded in the XPIF for XPIC equipped radios.

XPD Degradation dueto Rain
The XPD reduction factor due to high intensity rain is given by the equation:

XPDpay = 15+30-l0gyo ( fopz) —12.8- 141 -1ogyo (A) for fgy, < 20GHz 72
XPDRA|N = 15+30- |Oglo( fGHZ) —22.6- IOglo ( A) for fGHZ < 20GHz
The corresponding carrier to cochannel interference ratio is then given by:
C XPDGTX XPDGRX XPDRAIN
0O = -10-logp|10 0 +10 0 410 0 |42
Icoch rain
75)
c XPxpic XRsTX +XPIF XPDGRX +XPIF XPDRaIN +XPIF
0 = -10-logyp|10 10 +10 10 410 10 +10 10 +2
Icoch rain

where the parameters are the same as defined above.
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ITU-T G.826 ERROR PERFORMANCE OBJECTIVES
ITU-T G.826 defines performance of SDH radio systemsin terms of the following parameters.

Severely Errored Seconds Radio (SESR)
Background Block Error Rate (BBER)
Errored Seconds Ratio (ESR)

This section describes the Pathloss implementation of this recommendation.

SESR Bit Error Rate
A modified bit error rateisfirst determined as follows:

0.458- &
BER = — 76
ES bits per block (76)

Table 4: BERsesfor various SDH pathsand M S sections

S PR i i S Vo S

Vel 15 | 54x10%0 2000 832

VC-12 2 | 40x10% 2000 1120

VC-2 6 | 13x10% 2000 3424

vC3 % | 65x10% 8000 6120

VC-4 140 | 21x10%¢ 8000 18792

STM-1 155 | 23x10%¢ 8000 19940
13x105a+22 | 192000 801

NOTE 1 o = 1 indicates a Poisson distribution of errors.

NOTE 2 The block/s are defined in ITU-T G.826 for SDH path, in ITU-T G.829 for SDH sections.
Some STM-1 equipment might be designed with 8000 blocks/s (19940 bits/block), but I TU-
T G.829 defines the block rate and size to be 192000 blocks/s and 801 bits/block, respec-
tively.

The value of the BERg=5 Will lie between the 10 and 10°® BER. Determine the RX threshold level at the
BERggasfollows:
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RXthreshold _3 — RXthreshold 6
BERLO BERLO

3 (77)
RXthresholdgergg = RXthreshold__ ¢ +m- (logyo (BERs) +6)

m =

Multipath

The severely errored seconds ratio is the worst month multipath fade probability at the BERgg receiver
threshold.

SER= PISES = Pt(BERSES)

Determine the fade probability in the worst month at the residual bit error rate receive threshold level. The
residual BER (RBER) isin the range from 1x1010 to 1x10°13,

Pir = P{(RBER)
Calculate the slope of the BER distribution curveon alog - log scale for BER in the range BERg=gto RBER

_ llogyo (RBER) - l0g;o (BERgss)|

(78)
10910 (RR) 10910 (Rees) ‘
The background block error rate (BBER) is then given by:
BBER - R4, Ne RBER (79)
2.8-0-(m-1) 03
where
o 10 to 30, number of errors per burst for the BER in the range from 1_103 to BERges
o 1 to 10, number of errors per burst for the BER in the range from BERg=g to RBER
o3 1, number of errors per burst for the BER lower than RBER
Ng number of bits per block from the above table
The errored second ratio (ESR) is given by:
ER = SER+Yn 1 Ne REER (80)
o3
where
n number of blocks per second from the above table.
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RAIN

Calculate the unavailability dueto rain, P,y in the worst month at the BERgeg receiver threshold level. The
BBER and ESR values for rain are obtained by substituting P, for SESR in the multipath cal culation.

WORKSHEET FORMATS
The following format conventions have been adopted:

+ Rain cdculations are carried carried out in both directions.

* Anannual unavailability in minutesis shown in both directions. If the multipath is treated as SES and
unavailability, then the conversion from worst month to annual is given in ITU-R P.530-9 paragraph
2.3.4 - “Conversion from average worst month to average annual distributions” as described below.

the logarithmic geoclimatic conversion factor AG is given by:

AG = 105-56-logy, (1.1i\cos(2-g)\°'7)_ 2.7-logho (d) +L.7-logso || +1) o
AG < 10.8
where
£ latitude (°N or °S)
d path length (km)
&p magnitude of path inclination (milliradians)
The positive sign in equation Equation (81) is employed for & < 45° and the negative sign for & > 45°
The annual fade probability p isrelated to the worst month p,, by the equation:
-AG
(82)

p = pW-lof%

The following worksheet terminology is used:

SESR expressed as aworst month ratio G.821 and G.826

SES expressed in seconds /month G.821 and G.826

BER - multipath expressed as aworst month ratio G.826

ESR - multipath expressed as aworst month ratio G.826

multipath unavailability expressed as aworst month ratio G.821 and G.826 (optional)
multipath unavailability in seconds /month (G.821 and G.826 (optional)
annual rain outage expressed in minutes G.821 and G.826

BBER - rain expressed as a worst month ratio G.826

ESR - rain expressed as aworst month ratio G.826

BBER - multipath + rain expressed as aworst month ratio G.826
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ESR - multipath + rain expressed as aworst month ratio  G.826
Annual unavailability expressed asaratio G.821 and G.826
Annual unavailability expressed in minutes /year G.821 and G.826
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Figure 9: Average Annua Temperature - World
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C=0.25 Good
C=1 Average
Cc=2 Moderate
C=4 Difficult

C=6  Very Difficult

Figure 10: C Factors - United States
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Figure 11: C Factors - Canada
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Figure 12: C Factors - World
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EFFECTIVE RADIATED POWER

In microwave applications, the effective radiated power expressed in dBm isthe power at the antennater-
minals expressed in dBm plus the antenna gain expressed in dBi.

In VHF-UHF applications, the effective radiated power expressed in dBm is the power at the antenna ter-
minals expressed in dBm plus the antenna gain expressed in dBd.

The notation EIRP and ERP is used to distinguish between the two formats.

LOG NORMAL FADE PROBABILITY

The log normal fade probability accounts for the location variability of the maobile. In apoint to point link
with well sited antenna, this term does not have any real significance. The fade probability is given by:

A
P = 100-50-erfc % (83)
(#-)
A fade marginin dB
o isthe log normal standard deviation
erfc is the complimentary error function

Thelog normal standard deviation is set in the Options dialog box by selecting alocation. The following
values are used:

Metropolitan 12 dB
Urban 10dB
Suburban 8dB
Woodland 6 dB
Open Terrain 4 dB

RALEIGH FADE PROBABILITY

The Raleigh fade probability represents the probability that the received signal will be less than the speci-
fied threshold level in a multipath fading environment. This probability is given by:

_A
-10 10
Pr = 100-|1-¢€ (84)

FIELD STRENGTH AND POWER DENSITY
The average power density, S, of awave with E volts (RMS) per meter field strength is given by:

Page 73 of 78



Worksheets Pathloss 4.0

2
s - E° (85)
Zy

where Z, is the intrinsic impedance of free space (377 ()

The maximum effective aperture of alinear half wave dipole with sinusoidal current distribution is 0.13
square wavelengths. Therefore, the power can be expressed as:

E2

Zy
2

E2 ( 300
Pwatts = 013_

377 | Funz
Psgm = 10-log(P)+30

Eﬂ 300 2 (86)
Piem = 10-log —m2-0.13-( J +30
377-10 FMHz

m

PdBm = 20 |Og(E‘u\/ J_20|Og(FMHZ)_75

Enw = 10

Equation (86) has been taken from Reference (12). The actual equation used in the program is taken from
Recommendation ITU-R PN.525-2 as shown in the equation below:

o - \/377-2p :\/30- p @
4nd d
e rms field strength in volts per meter

p equivalent isotropically radiated power in the direction of the receive location
d distance from the transmitter to the receive location in meters

ANTENNA RESPONSE

Antennadatafiles(MAS- VAYS) are used to determine the response to an incoming signal with horizontal
and vertical angles, 4 and &, relative to the mechanical boresight of the antenna.

In VHF-UHF applications, it is assumed that the antennais always physically mounted verticaly (i.e. the
mechanical boresight is horizontal). Therefore, a non zero vertical angle will produce an orientation |oss.
In the absence of electrical downtilt, the electrical and mechanical boresight are the same.
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In microwave applications, it is assumed that the antennais always vertically orientated.

In the following descriptions, the horizontal and vertical patterns are denoted by G(8) and Gy/(6) respec-
tively.

M echanical Downtilt

In the pathloss program, the sign convention for vertical anglesis positive for angles above the horizon and
negative for angles below the horizon. A positive downtilt, however, means that the antenna boresight is
pointing down to the ground.

The effects of mechanical downtilt are accounted for by modifying the vertical angle 4,. The effect isto
increase the vertical angle at the front of the antenna and decrease the vertical angle at the rear. At 90° of f
of boresight, (V =90° mechanical down tilt has no effect. The modification is given by thefollowing equa-
tion.

A = @—;-(90—% ) for 0 <6 <180
88
AG = 9;\;'—05’-(—270+¢9H) for 180< 6 <360 ®9)
& mod = B +A0
where:
&/mod isthe modified vertical angle
A6 isthe correction to the vertical angle
Gup is the mechanical downtilt angle (positive down)
6 is the azimuth angle relative to the antenna boresight

Note that on directional / sectorized antennas, mechanical downtilt may degrade the horizon pattern of the
antenna due to the sidelobe structure in the E plane.

Omnidirectional Antennas

It is assumed that the vertical pattern of an omnidirectional isrotationally symmetric. Theresponse, Ryg IS
given by:

Rie = Gn(6h)+G (&)

(89)
Gh (6n) 0 for an omnidirectional antenna
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Directional Antennas

Thesituation in adirectional antennaismore complex and assumesthat the field distributions are separable
into two orthogonal components. The response, Ryg is given by Equation (90) below:

Q sin (cos(6y,)-sin(8,))
Rie = G (6n)+Gy(Q)

In Equation (90), an effective vertical angle, L2isfirst determined. The vertical response is read from the
antenna data file E plane data at the angle 2.

(90)
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RAIN ATTENUATION

OVERVIEW
A rain calculation answers the following questions:

» What rain rate produces an attenuation equal to the path fade margin?
* How often isthisrain rate exceeded?

Rain attenuation affects both directions of transmission simultaneously. In the case of unequal fade mar-
gins, the lowest fade margin is used. Rain attenuation is a function of frequency, path length and polariza-
tion.

The calculations use rain statistics files. These are simple ASCI| test files which list the rain rate and the
probability that this rain rate will be exceeded. Files are provided for the Crane, modified Crane (1996),
ITU rain regions and the 47 radiosonde locations in Canada. The rain statistics file format is provided at
the end of this section. Thiswill allow users to create new files when the datais available. Therain files
areinstalled in the subdirectory RAIN in the Pathloss program directory under four subdirectories:

CRANE, CRANE_96, ITU-530 and CANADA.. The default file extension for rain statisticsis "rai".

Both the Crane and the ITU Recommendation 530 cal culation methods are provided. A rain statisticsfile
isrequired to use the Crane method. The I TU530 method calculation isbased entirely ontherain ratewhich
isexceeded for 0.01% of the time (R0.01). This value can be read from arain statistics file or entered di-
rectly. Any of the rain statistics files can be used with either the Crane or 1TU-530 methods.

Rain calculations are made in the worksheet module and reported as an extension of the worksheet.

OPERATION
. . . L. ET] |
Click onthecloudicon abovethe path profiledrawingin - —_
. . . — Method Palarization

the worksheet module to bring up the Rain dialog box. .

. L 0L . " Crane & Yertical
The cloud icon (sunny or rain) indicates whether arain ~ Horvonta
calculation is active or inactive. Rip 0.01% fmm/hr) [145.0 Srieena

 ITU-R P.530-7/8
l\sﬂelethf OI'th the C f the ITU 530 meth TR Pane T
ect either the Crane or one of the meth- .

ods.Both ITU 530-7 and 530-8 are included for back- Latitude 5.3

ward compatibility. If the Crane method is selected, you —
must load arain file. Refer to the maps at the end of this M
section to determine which rain statistics file is applica- Rain File Ih_p.rai

ble to your area. Rain region 1TU Region P
ThelTU methodsonly requiresthe 0.01% rainrate. This Close I Fieset Help

value can be determined by loading arainfile or entering
the value directly. The latitude must be specified for the ITU 530-8 method. The worksheet report format
is shown below for total annual performance:

1. Rainregion Edmonton Alberta
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2. 0.01% Rain rate (mm.hr) 115.00 (ITU-530 only)
3. Rainrate (mm/hr) 180.59

4. Rain attenuation (dB) 29.92

5. Annual rain outage (%o-sec) 0.00016 - 48.91

6. Annua multipath + rain (%-sec) 0.00016 - 51.39

Line 3istherain rate which produces an outage i.e. the rain attenuation is equal to the fade margin. Thisis
determined by interpolating the rain statistics file with the rain outage probability on line 5. Thiswill not
be calculated using the ITU-530 methods under the following conditions:

* A ran statistics file has not been loaded.

* The0.01% rain rate is not the same as the value in the rain statisticsfile. i.e. the user has changed the
value.

Polarization

Rain attenuation is significantly higher for horizontal polarization. The polarization shown in the Rain di-
alog box is the design polarization for the path. If thisis changed, remember to check the polarizations of
the specific radio channel frequencies.

Reset
The reset button unloads arain file and effectively removes the rain calculation from the worksheet.

Rain Error Messages

Therain calculation ismadewhen the Rain dialog box isclosed. If therain portion of the cal culation display
isblank, click the X button on the status bar to display the error message.

outage probability < 1E-8 - Crane  Rain isinsignificant on this path. The annual outagetimeis
less than 1078

outage probability > 0.50 - Crane  The outage probability has exceeded 50%.

frequency out of range (1to 100 GHz) The frequency must be between 1 and 100 GHz. Check that
the frequency has been correctly entered in MHz.

negativerainrate  The interpolation agorithm has failed due to a negative
0.01% rainrateinthel TU method or other invalid entry inthe
worksheet.

lower limit exceeded - ITUS30 Theinterpolation agorithm hasfailed. Refer to the technical
description of the ITU-530 rain calculation.
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REGRESSION COEFFICIENTS

The regression coefficients (oo and ) are given in Table (1) below for horizontal and vertical polarizations
asafunction of frequency.

Table 1. Regression Coefficients

Frequency

(GH2) Oy Oy P By

10 3.870e-05 3.520e-05 0.912 0.880
2.0 1.540e-04 1.380e-04 0.963 0.923
4.0 6.500e-04 5.910e-04 1.121 1.075
6.0 1.750e-03 1.550e-03 1.308 1.265
7.0 3.010e-03 2.650e-03 1.332 1.312
8.0 4.540e-03 3.950e-03 1.327 1.310
10.0 1.010e-02 8.870e-03 1.276 1.264
12.0 1.880e-02 1.680e-02 1.217 1.200
15.0 3.670e-02 3.350e-02 1.154 1.128
20.0 7.510e-02 6.910e-02 1.099 1.065
25.0 0.124 0.113 1.061 1.030
30.0 0.187 0.167 1.021 1.000
35.0 0.263 0.233 0.979 0.963
40.0 0.350 0.310 0.939 0.929
45.0 0.442 0.393 0.903 0.897
50.0 0.536 0.479 0.873 0.868
60.0 0.707 0.642 0.826 0.824
70.0 0.851 0.784 0.793 0.793
80.0 0.975 0.906 0.769 0.769
90.0 1.060 0.999 0.753 0.754
100.0 1.120 1.060 0.743 0.744
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The following equations are used to interpolate values of the regression coefficients, ¢ and S, for a spe-
cific frequency, f,.

g

R
I

. = log “[loga; —M - (loga, —logo,)]

ﬂx bl_M '(ﬂl_ﬂz)

3 (Iogfl— logf,
- Iogfl—logf)

f, <f, <f,

@

0oy <O <Oy
B <B. <P,

RAIN ATTENUATION - CRANE
The attenuation dueto rain, A, is based on Reference (1) and is given by the equation:

D B.cpd | B _cp
A = aR,g(e'” —1_be”™  b'e D)dB
u-p c-g ¢ p
for d<D <22.5km

A= aRﬂ(eﬂﬂD - 1) dB

p U ﬂ
for D<d
_ 1n(be™) @
C
b = 2.3R;°'17
c =

0.026 - 0.031n(Ry)

d = 38-061n(R))
where:
Ry rain rate in millimeters per hour
D path length in kilometers
o, regression coefficients
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Rain performance in the Crane method is estimated as follows:

» Determine therainfall rate required to produce an attenuation equal to the fade margin. This depends
only on the frequency and path length.

» Determine the percent of the year that thisrain rate is exceeded. This represents the annual two way
rain outage time for the path and is calculated using high intensity rainfall statistics for the specific geo-

graphic region.
* Inaccordance with Reference (1), if the path length is greater than 22.5, rain attenuation is cal culated

using avalue of 22.5 kilometers. The effect of the increased path length is taken into account by using
amodified value for the "Percent of Y ear Exceeded" defined asfollows:

_ 225
P, = P(-a-) ®
where:
Py isthe modified value for "Percent of Y ear Exceeded".
P isthe value of "Percent of Y ear Exceeded" shown in the worksheet.
d isthe path length in kilometers.

RAIN ATTENUATION - I TU RECOMMENDATION 530

Therain calculationin ITU-R P.530-8 usesamodified algorithm for | atitudes between 30° north and south.
This has been implemented as a separate option by adding a latitude edit control to the rain dialog box. If
geographic coordinates are available, the latitude of the center or the path will be used. If the latitude field
isblank, then the rain calculation will be made assuming that the latitude is greater than 30 degrees and the
results will correspond to ITU-R P.530-7.

Rain outage times are calculated using the following steps as described in Reference (5).

Determinetherainrate, R; o1, exceeded for 0.01% of thetime. Thisvauewill beinterpolated from therain
statistics file or the user can manually enter this value.

» Calculate the specific attenuation, vy, as shown below:

where oo and [ are the regression coefficients given in Table (1).

» Calculate the effective path length, d,, is calcul ated as:

d, = dd
1+ 4
d(1(0015-R0 ) ®)
dy = 34-e o

where d isthe path length in kilometers. An upper limit of 2700 mm/hr isset for R; o, in the above equa-
tion.
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» The path attenuation, Aq o1, exceeded for 0.01% of thetime is given by:

Aoor = Y- de (6)
» Attenuations, A, exceeded for other percentages of time, P, are derived from the equations:
for latitudes equal to or greater than 30° north or south

A - 0.12. P—(O.546+ 0.043 - 10g,oP) @

.01
for latitudes less than 30° north or south

A _ o7, p08s5+0130. 10g1,P) ®

AO.Ol

» The attenuation A in the above equations, is set to the fade margin and the equation is solved for P
using the following equations:

for latitudes equal to or greater than 30° north or south

012 Agoy
logy,(P) = 11.628-(—0.546+ 0.20812 + 0'172"0910( o D o

for latitudes less than 30° north or south

0.07 -
log,o(P) = 3.59712 - (— 0.855 + JO.731025 + 0.556 - Ioglo(TAQOlD (10)
I TU-530 clearly statesthat the equations are valid only in the range from 1% to 0.001%. On many practical
links, this range will be exceeded especially on short links with high fade margins.

If the argument of the square root is negative, the results will be extrapolated from the valid part of the
curve. If the“1TU rain warning” option has been set has been set under the menu selection Operations -
Options, theresultswill be shown inred in the worksheet cal culation summary if they are outside the range
1% to 0.001%.

WORST MONTH RAIN OUTAGE PROBABILITY

Both the Crane and 1 TU-530 methods cal cul ate the annual probability of arain outage. The worst month
rain outage probability is given by:

_ 0.87
Tom = 122-T,,
P_ 087 (1)
Pwm = (ﬂ‘)
0.3
where:
Towm worst month outage time in seconds
Tan annual outage time in seconds
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Pwm worst month rain outage probability
Pan annual rain outage probability

HIGH INTENSITY RAIN STATISTICS

High intensity rainfall statistics are contained in external, user definable ASCI| text files. These consist of
atable of rainfall rates and the corresponding annual percentage of time that therain rateis exceeded. The
following rain statistics files are provided:

Crane Rain Regions

Therain statistics for the Crane and modified Crane (1996) rain regions are taken from references 1 and 4.
The Crane regions are shown geographically for the United States and the world in Figure (1) and Figure
(3). The corresponding file names and descriptions are as follows:

Region File Name Description

A CRANE_A.RAI  Polar Tundra (Dry)

B CRANE B.RAI  Polar Taiga(Moderate)
C CRANE_C.RAlI  Temperate Maritime

D CRANE_D.RAI  Temperate Continental
E CRANE_E.RAI Sub Tropical Wet

F CRANE_F.RAlI  Sub Tropica Arid

G CRANE_G.RAI  Tropical Moderate

H CRANE_H.RAI  Tropical

The temperate continental region D, for the United States has been subdivided into three sub regions: D1,
D2 and D3 as shown in Figure (1). The corresponding file names are crane_dl.rai, crane_d2.rai and
crane_d3.rai respectively. The modified Crane (1996) rain statisticsare shown in Table (3) and the original
Cranerain statisticsare givenin Table (2).

Figure (4) shows aworld map for the modified Crane (1996) rain regions.

ITU Rain Regions

ThelTU rain regions A to Q are base on Reference (2) and shown in Table (4). A world map showing the
ITU rainregionsisgiven in Figure (2). The file naming convention simply uses the rain region to identify
thefileeg. ccir_b.ra istherain filefor CCIR rain region B.

Canadian Radiosonde L ocations

Rainfall rate statistics for 47 Canadian radiosonde locations are given in Reference (3). The file naming
convention is based on the geographic location.

RAIN FILE FORMAT

The format of the rain filesis shown below using the file CRANE_D2.RAI as an example. Rain files can
be created with any text editor.
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Linel Fileidentifier PL-2.0

Line2 Number of pointsll

Line3 Rain region (24 ch) D2 Temp. Continental
Line4 Data points 0.001 102.0
Line5 0.002 86.0
Line6 firsttermisthe percent  0.005 64.0
Line7 of timethat therainrate 0.010 49.0
Line8 is exceeded. 0.020 35.0
Line9 second termistherain 0.050 22.0
Line 10 rate in mm /hr 0.100 15.0
Line11 0.200 9.5
Line12 0.500 52
Line 13 1.000 3.0
Line14 2.000 18

Table 2: Crane Rain Statistics

Crane Rain Climate Region

0
o of Point Rainfall Rate R (mm/hour)

Exceeded A B C D1 D2 D3 E F G H

0001| 280| 54.0| 80.0| 90.0| 102.0| 1270 | 1640 | 66.0| 129.0 | 251.0
0.002| 240| 400| 620| 720| 86.0| 107.0| 1440 | 51.0| 109.0 | 220.0
0005| 190| 26.0| 410| 500| 640| 810| 1170| 340 | 850 178.0
0010 150, 190| 280| 370| 490| 630| 980| 23.0| 670 14/.0
0020| 120| 140| 180| 270| 350| 480| 770| 140| 510 | 1150
0.050 8.0 95| 110| 160| 220, 310, 520 80| 330, 770
0.100 6.5 6.8 72| 11.0| 150| 220| 350 55| 220| 51.0
0.200 4.0 4.8 4.8 7.5 95| 140, 210 32| 140, 310
0.500 2.5 2.7 2.8 4.0 5.2 7.0 8.5 1.2 70| 130
1.000 1.7 1.8 1.9 2.2 3.0 4.0 4.0 0.8 3.7 6.4
2.000 11 12 1.2 13 1.8 2.5 2.0 0.4 1.6 2.8
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C B
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D
D,
C D, D
F
N- Dj
D
Figure 1: Crane US Rain Regions
Table 3: Modified Crane (1996) Rain Statistics
% of Crane 1996 Rain Climate Regions Point Rainfall Rate Rp (mm/hour)
Year
Exceeded | A B Bl | B2 C D1 | D2 | D3 E F G H
0001 | 281 | 521 | 426| 638| 716 | 866 | 1141 | 1332 | 1760 | 70.7 | 197.0 | 542.6
0002 | 209 | 417 | 327 | 509| 589 | 690 | 883 | 1066 | 1454 | 50.4 | 1596 | 4139
0003 | 175 | 361 | 278 | 438| 506 | 604 | 756 | 935 | 1300 | 414 | 1408 | 350.3
0005 | 138 | 292 | 223 | 357 | 414 | 492 | 621 | 787 | 1120 | 319 | 1180 | 2834
0.01 99| 211| 161 | 258| 295 | 362 | 468 | 616 | 915| 222 | 902 | 209.3
0.02 69| 146 | 113 | 176 | 199 | 254 | 347 | 470 | 722| 150 | 668 | 1524
0.03 55| 116| 90| 139| 156 | 203 | 286 | 399 | 624 | 118 | 558 | 1259
005 | 40 86| 68| 103 | 115| 153 | 222 | 316 | 504 | 85| 438 | 97.2

Page 9 of 14



Rain Attenuation

Pathloss 4.0

Table 3: Modified Crane (1996) Rain Statistics

% of Crane 1996 Rain Climate Regions Point Rainfall Rate Rp (mm/hour)
Y ear
Exceeded A B Bl | B2 C D1 | D2 | D3 E F G H

01| 25| 57| 45| 68| 77| 103| 151 | 224| 362 | 53| 313 | 665
02| 15| 38| 29| 44| 52| 68| 99| 152| 241 | 31| 220| 435
03| 11| 29| 22| 34| 41| 53| 76| 118| 184 | 22| 177 | 331
05| 05| 20| 15| 24| 29| 38| 53| 82| 126| 14| 132| 226
10| 02| 12| 08| 14| 18| 22| 30| 46| 70| 06| 84| 124
20| 01| 05| 04| 07| 11| 12| 15| 20| 33| 02| 50| 58
30| 002| 03| 02| 04| 06| 06| 09| 08| 18| 01| 34| 33
50| 001| 02| 01| 02| 03| 02| 03| 001| 02| 01| 18| 11

Table 4: ITU Rain Climate Zones - Percent of Time Rainfall Intensity Exceeded (mm/hour)

% A|/B|C|D|E|F|]G]|H J | K|L | M|N Pl Q
10| 01| 05| 07| 21| 06| 17 3 2 8| 15 2 4 5| 12| 24
03| 08 2| 28| 45| 24| 45 7 4| 13| 42 7| 11| 15| 34| 49
01| 20 3 5 8 6 8| 12| 10| 20| 12| 15| 22| 35| 65| 72

003 | 50 6 9| 13| 12| 15| 20| 18| 28| 23| 33| 40| 65| 105| 96

0.01 8| 12| 15| 19| 22| 28| 30| 3| 3B| 4| 60| 63| 9| 145 | 115

0003 | 14| 21| 26| 29| 41| 54| 45| 55| 45| 70| 105| 95| 140 | 200 | 142
0001 | 22| 32| 42| 42| 70| 78| 65| 83| 55| 100 | 150 | 120 | 180 | 240 | 170
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Figure 2: ITU World Rain Regions
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Rain Attenuation

Figure 3: Crane World Rain Regions
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Figure 4: Modified Crane (1996) World Rain Regions
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Pathloss 4.0 Passive Repeaters

PASSIVE REPEATERS

OVERVIEW
A complete transmission path design can be carried out using the following types of passive repeaters:

» sginglerectangular passive

 close coupled double rectangular passive

* back to back antennas

A path can include up to three passive repeaters using any combination of the above types.

Separate path profiles are required for each passive link. For example, if the design will use two single pas-
sive repeaters, then three path profileswill berequired. These individual profiles arejoined together in the
Microwave Worksheet module to form the composite path. The geometry for each passive is determined
from the site coordinates and elevations.

Passives must be implemented as a microwave application.

The calculations for single and close coupled double rectangular passive repeaters are based on the Micro-
flect Passive Repeater Engineering manual (Reference 1).

PROCEDURE

Path Profiles Site 1

Thefirst step in the design of apassive link isto create a path pro- s50036.43N
filefor each link of the overall path. Using the diagram on the left 118 00 00.00 W
as an example of asingle rectangular passive, two path profiles

would be required. The profile must include coordinates and the

coordinates and elevations at the passive site must be exactly the

same in both path profiles. In a preliminary feasibility study, each Passive

profile can consist of only the two end points. The site elevations ii;&?gg)go'\lw ;‘ 29246 o N
will be used to establish the vertical anglesand the coordinateswill ' 117 58 56,00 W

determine the included angle.

In adetailed design, each path istreated as a separate design. In particular, the antenna heights must be es-
tablished. For rectangular passives, the antenna height should be the center of the passive above ground
level. The path should be analyzed for both reflections and operation at the lowest expected value of K.
Thisanaysis must be carried out at this point in the design. Once the individual link profiles have been
added together, it will not be possible to access any of the following design modules:

antenna heights multipath
diffraction reflection

Equipment parameters can be entered during this stage for the end sites; however, thisis optional. If back
to back antennas are employed, these may be entered for the passive site. Save the Pathloss datafiles asthe
link designs are completed.
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Creating a Passive Repeater

Load one of the passive link datafiles and select the Microwave |

Worksheet module. The remaining passive linkswill now beadded [ Fassive Type———— | 0K I
ontothefirst link. Select Operations - Create Passive Repeater from | ©* Single Passive Repeater Cancel |
the Microwave Worksheet menu bar. Identify the type of passive " Double Passive Fepeater

and click the OK button to load the second passivelink. If thedesign | ¢ Back to Back Antennas Help |
includes multiple passive repeaters, repeat this step for all passive
link files. The order that thefilesareloaded is unimportant. The pro-
gram will determine which ends match using the coordinates and elevations and if necessary will reverse
one of the profilesto correctly join the two together. A passiveicon isinserted at each passive location.

The passive type selection cannot be reversed. If the wrong type of passive was selected, |oad thefirst file
again and repeat the process. On a complicated design consisting of two single rectangular passives and a
close coupled double rectangular passive, make a note of the passive types associated with each file.

The compl eted passive path should be saved as a separate datafile. Do not overwrite any of the passive link
files as these may be required for further analysis.

The next step will be to enter the data for each passive. Click on the passive icon to bring up its data entry
form. The data entry form will be formatted for the particular type of passive.

Single Rectangular Passive

Thenitial cataentry display shows

the included angle, the passive face o Corcel HRP : . _ .
angleand the vertical anglesto the co- - . Azimuth 24493 | Azimuth 24493
ordinating sites. These have been cal- | Zossive height (m) 24.00
. . Fassive width (m) 30.00
culate_d from the C_OOI’dI nates and site Fassive center height {m) 54.00
elevations. The azimuths to the coor- " 55 Farior (e T e
dinating sites are used as the titles. Vertical angle [ ~ 0009 0009
. . . Included Angle (%) n.0oo
The passive width and height must be | Fae angle () 0.009
entered. Effective area (m?) 720.00
Farfield gain [dB) 130.84
Thelossfactor representsthe effect of | jverse k 535 535
the passive surface imperfections. Re- | Lvalue 0.08
fer to the manufacturer's specifica- Alpha (dB) -4.88
tions for the loss factor at the design MNear field effect (dB) -0.33
frequency. Fassive Gain (dB) 130.51
Loss Factar (dE): |

The passive center height isthe dis-
tance from ground level to the center of the passive. The calculation details are given at the end of this sec-
tion. If thefinal passive gain is not calculated, check that the antenna diameters have been specified at the
end sites. These are required to determineif the passive isin the near field of an antenna.
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Close Coupled Double Rectan-

oular Pastve Repeater Double Passve repeater |
. . . OK Cancel Help
The included angle is automati- pT yT——TE
cally calculated for single rectan- e s —
gular passive repeaters based on | Loseive height (m) =l :
the coordinates. In the case of Passiva widh (m) J0.00 30.00
o . Fassive center height (m) 25.00 25.00
double passives, there is not Included Angle () 40.000 B0.000
enough information available to Distance between passives (m) 50.00
calculate these angles and the Loss Factor (dB)
user must determinetherequired | Vertical angle (] -0.222 -0.222
geometry and ind uded ang| es. Face .angle i -0.118 -0128
Only the vertical angles are cal- Elffec’we ar?a(rlnzll - 5?5.531 _ 52354
culated. Therequired entries are: ase coupling lass (d5) -
. . . . Farfield gain (dB) 129.549
passive widths and heights, in- Ty— 77 577
cluded angles and the distance Lvalue 008 008
between the passives. Alpha (dB) 119 119
_ o Nearfield effect (dE) 039 039
The passive center heightisthe | 'passive Gain (@B 12781
distance from ground level tothe P 54.41° Passive height fm) -
center of the passive.

The loss factor represents the effect of the passive surface imperfections. Refer to the manufacturer's spec-
ifications for the loss factor at the design frequency.

The calculation details are given at the end of this section. If the final passive gain isnot calculated, check
that the antenna diameters have been specified at the end sites. These are required to determine if the pas-
siveisin the near field of an antenna.

Back to Back Antennas

The passive gain of back to

. 0Ok Cancel Help

back antennasis calculated : :
asthe sum of the antenna Azirmuth B4.417 Azirnuth 64.41°

. . . Antenna model HF=8-58% HF=8-584

ns minus the tr i
g.al S| USd © an?m o Antenna height (ff) 2h49.84 25h49.54
|5'0n |rr1]ean (_:oarlmec (I)r' Antenna gain (dB) 4080 40.80
oss. The vertical angleis Radome loss (dB)
shown for referenceonly.  [“erical angle () -0.24 .29
If theantennadataisadded | Txline type EWPEI-59W
when the individual link TR line length (ff)
prof“es are Created’ the T Iine unit loss (dBA100 1) 1.49
datawill betransferred to ?IIHECLDST (dBEdB] 315;

- anneciar loss .
this data entry form. Passive Gain (dB) 77498

Azimuth B4.41° Radome loss (dB) : |
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Editing Passive Data

Once the passive has been created, only the Terrain Data, |

Print Profileand Worksheet design modulescanbeac- & Saneel Help

cessed. The passive coordinates and site name can be ed- | Site Mame Brownwvale
ited in the Terrain Data module: Latitude 56 0424.00 N
Langitude 117 52 47.00 %
Pace the cursor on the structure field containing the pas- [ 51 Sign CHWETE
sive and pressthe Enter key. Alternately, doubleclick on  ["siation code VWG

thisfield. The entries shown in the dataentry formonthe | gy
left can be edited. Note that any significant changestothe [ Guner Code Igl

coordinates will invalidate the terrain profile. State © |

The passive elevation can be changed directly intheterrain
data entry form.

The height of the passive above ground and the antenna heights of back to back antennas can be changed
in the passive data entry forms in the Worksheet module.

Propagation Reliability Calculations on Passive Repeaters

The fade probability P isafunction of frequency (f), path length (d) and the fade margin (A) and is given
by the general equation:

A
P=C-fadb.10% @
Where a and b are constants for the specific method used.

The passive repeater effectively divides the path up into segments and the overall fade probability is the
sum of the fade probabilities for each segment. For a single passive with link path lengths d; and d,, the
fade probability is given by:
-A

P = (C,-fa-dp+C, fa-dp -10% @
Equation (2) can be extended for any number of passives. If the Vigants-Barnett or ITU-530-6 methods are
used to calculate propagation reliability, the factors C1 .. Cn are different for each segment and it is neces-
sary to calculate the terrain roughness or grazing angle for each passive link on the profile. When apassive

is created in the Microwave Worksheet, the path icon is divided into segments at the passive location(s).
Theterrain roughness/ grazing calculation is applicable to the sel ected segment.

Passive Reports
The report format for a single rectangular passive repeater is given below:

Passive Name

Latitude 55 00 00.00 N
Longitude 18 00 00.00 W
Elevation (ft) 1000.00
Frequency (MHZ) 11200.00
Coordinating Station Site 2 Site 1
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Latitude
Longitude
Elevation (ft)

Antenna diameter (ft)

°)

o

Passive azimuth (
Vertical Angle (

Distance (mi
Included Angle (°

Face angle (
Passive height (f
Passive width (f

Passive center height
Effective area (ft?)

Far field gain (dB)

Inverse K

L value
Alpha

Near field effect (dB)

Passive Gain (dB)

Comparison of Results

55 00 26.36 N
117 36 10.26 W

1000.00

10.00

88.00

-0.09

15.80

88.00

-0.06
24.00
30.00

(ft) 25.00
517.92
118.53

11.11

117.30

55 00 36.43 N
118 00 00.00 W
1000.00

6.00

.000

0.00

0.70

0.49
0.23
2.82
-1.22

Thefollowing points should be noted when comparing the results of the passive repeater calculations with

the Microflect examples:

» A direct comparison with the Microflect results cannot be made on near field paths due to differences

in the format. The receive signal's must be compared in these cases.
» Atmospheric absorption loss is always included in the Pathloss cal cul ation.

» Vertica anglesin the Pathloss program are cal culated using an effective earth radius of K=4/3.
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RECTANGULAR PASSIVE GAIN

Horizontal plane bisector

To station 2

Horizontal plane

True passive bearing
(Normal to passive face)

To station 1

Figure 1: Passive Repeater Geometry

The theoretical gain of arectangular passive repeater is given by:

411 -a- cos(—zq)
©)
cos(g) = SN .+ an(6y)
2 2 -9n(6y)
01 isthe least vertical angle from the passive center to Sitel / Site 2
0, isthe greatest vertical angle from the passive center to Sitel / Site 2
03 isthe passive vertical face angle and is calculated by Equation (4)

Page 6 of 10



Pathloss 4.0 Passive Repeaters

tan(o) - (cos(6;) —cos(6,))

tan(4da) =
(4a) cos(6;) + cosé,

4
cos(4a) - (sin(6;) + sin(6,))
cos(al) - (cos(8;) + cos(6,))

tan g, =
o isthe horizontal included angle.

NEAR FIELD LOSS - GAIN
1

The near field loss-gain (on) is determined from Figure (2) using the parameters = and L given by the
eguations below: K

% _ -4 -2d ©
4.a
where
d distance between the antenna and the passive
A wavelength
a’ effective area of the passive

All of the above parameters must be in the same units.

L=D — (6)
4.a
where
D antenna diameter
a’ effective area of the passive

All of the above parameters must be in the same units.
If kl- >3, then the passiveisin the far field and L and an are not cal cul ated.

Notethat in the Microflect format, an effectively replaces the passive gain and the free space | oss between
the antenna and the near field passive. In the Pathloss program the passive gain is modified by the term
"near field effect” defined as follows:

near field effect = free spaceloss + an- G

The passive gain including the near field effect is equal to the far field gain (G) + near field effect.
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CLOSE COUPLING LOSS- DOUBLE PASSIVES
The close coupling loss op on double passive repeaters is determined from Figure (3) with the parameters:

iz and b defined as follows:
K
1 _2-4.d
K2 a2 7
b_ o
a 2
where
d distance between passives
a? smaller effective area of the two passives
b? larger effective area of the two passives
A wavelength
The same units must be used for all parameters.
+3
+2 /
1 ! g ——\‘\ %, \
0 T AY
-1 s
oM i g N
© ™ S
£ .- |
o
6 ™
-3 - . \
\‘\ \
-4
\ \\
b
5 E =1 £ = \
a’ \
-6
\
\
\
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-8 g
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Figure 3: Double Passive Repeater Close Coupling Loss
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DIFFRACTION - OPERATION

HISTORICAL PERSPECTIVE

Calculating the diffraction loss of aradio wave propagating over irregular terrain is not an exact science.
The uncertainty becomes more serious when one attempts to account for the surface cover of the terrain.
The effects of trees, buildings and street alignment in an urban environment can lead to large discrepancies
between measured and predicted results. It isworthwhile to review diffraction loss calculations from a his-
torical perspective to understand the present day state of the art.

The term diffraction, was first coined by Grimaldi in the year 1665 to describe the complex transition pat-
tern between the illuminated and shadow regions, formed when light strikes an opaque object.

In the year 1818, Fresnel devel oped the mathematical theory of diffraction. Fresnel's model incorporated
most of the physical principlesin modern diffraction theory including Fresnel zones and Fresnel integrals.
A subsequent refinement, known as the Fresnel-Kirchhoff theory forms the basis of modern day diffraction
theory.

An exact calculation of diffraction lossfor simple obstacle geometries was now possible; the most notable
of these being a simple knife edge.

Thefirst successful application of knife edge diffraction theory at radio frequencieswas carried out in 1933,
over amountain range by ATT (Schelling et. a) in the VHF frequency band.

When the Fresnel - Kirchhoff theory wasfirst applied to radio propagation, it became apparent that a closed
form solution to irregular terrain was not possible. The problem was described as one of the most difficult
facing the mathematical physical sciences. Thiswas attributed to the extremely small wavelengthsin com-
parison to the radius of the earth.

The case of propagation over a smooth spherical earth became the major objective as the range of radio
transmission increased. The special case of propagation over flat earth had been previously solved by Som-
merfeld.

One of thefirst solutions to the smooth spherical earth is credited to Bremmer for work carried out during
the years 1944-45 at the Philips Research Laboratory in Holland. The solution isin the form of aninfinite
seriesknown asthe residue series. The series converged rapidly for pathswell beyond the horizon, but very
slowly for path lengths near the horizon distance.

At this point, solutions were available for the two limiting cases. knife edge and smooth earth diffraction.
Unfortunately , the majority of practical terrain profilesfall in between these two extremes. Two approach-
es have been taken to handle the intermediate cases.

The first was the use of numerical methods to solve the Fresnel-Kirchoff equations over irregular terrain
using high speed computers. Numerous papers were published describing the methods and the results; how-
ever, itisgeneraly accepted that this approach is not practical for general design purposes.

In the second approach, hybrid propagation model s were devel oped which characterize the earth asaseries
of knife edge obstacles and combinations of smooth earth and knife edge diffraction. The major work in
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this areawas carried out in the years 1950 to 1970 under the auspices of the US National of Bureau of
Standards. The results are embodied in the publication:

Transmission Loss Predictions for Tropospheric Communication Circuits
Technical Note 101
Longley, Rice, Norton and Baris

The diffraction algorithms used in the Pathl oss program are based on this document. Significant errors can
occur when the terrain does not fit the diffraction model for which it was developed. Diffraction loss cal-
culations consider aterrain profile as aslice through a section of the earth. The terrain across or perpendic-
ular to the path is assumed to be constant. The effects of reflections and scatter from terrain and structures
which are not on the direct path are ignored.

In recent years, ray tracing and rendering techniques have been applied to propagation over three dimen-
sional surfaces; and in particular, digital models of cities. This approach is expected to become more com-
monplace as computer speeds increase and the cost of digital models of cities become more affordable.

DIFFRACTION MODULE OVERVIEW

A terrain profileisrequired for a diffraction loss calculation. An accurate representation of the effective
earth radiusis achieved by adding temporary pointsto the profile using linear interpolation so that the min-
imum spacing between points is one percent of the profile length.

All calculations areinhibited if either antenna height is zero.

Diffraction loss calculation is saved in the Pathl oss datafile; however, the results are automatically erased
whenever a parameter is changed, which would invalidate these results. These parameters include:

terrain profile elevations path length

structures (locations and heights) frequency

polarization antenna heights

earth radius factor K the diffraction algorithm

The diffraction loss is not automatically transferred to the

worksheet. Many operations are carried out in the diffrac- |

tion module which are not applicable to the transmission Workshest diffraction loss = 7
path. These include the calculation of diffraction loss as a Diffraction calculation = 0.00 dB (K = 1.33)
function of the earth radiusfactor (K) and analyzing theloss %ﬁﬁ;?;&%ﬁi 1ot

from areflection point to an antenna. If the worksheet dif- Update Worksheet?
fraction loss entry is different than the current diffraction
loss calculation, you will be prompted to use the calculated
value.

Diffraction Algorithms
The following diffraction algorithm selections are available on the control bar.

Knife Edge Average
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| solated Obstacle Height Gain
Longley & Rice Irregular Terrain Two Ray Optics
Pathloss TIREM (terrain integrated rough earth model)

NSMA (National Spectrum Managers Association)

Automatic Diffraction Algorithms

The algorithms Pathloss, TIREM and NSMA are referred to |
as the automatic algorithms. When one of these have been se- Longley-Rice IRRT

lected, just click the Calculate button or press F9 to carry out Diffraction loss (dE} 000
thecalculation. Theseagorithmsanalyzetheterrain profilein Troposcatter loss (dE) N,
accordance with a set of rules, and determine which algo- Combined loss (dB) 0,00
rithm, or combination of algorithmsto use. Note that the path- Free space loss (dB)  140.39
Ioss_algori_thm can t_)econfiguredfor special cases. Thechoice  atmospheric absorption loss (dB) 036
of diffraction algorithm depends on your application. Thefol- Total loss (dB) 140,75
lowing are some general guide lines:

» The NSMA agorithmisintended for interference calcula- 1'

tions. Thisisthe current standard of the North American
frequency coordination industry.

* TheTIREM agorithm has been used as the base algorithm for the design of most cellular radio net-
works.

» ThePathloss algorithm (using the default configuration) is recommended for transmission applications.

Manual Diffraction Algorithms

Theremaining algorithms are referred to as manual calculations. The user analyzesthe profile and decides
which algorithm(s) to use on which segment of the profile. Manual calculations are used to validate the au-
tomatic algorithmsin critical applications.

Knife Edge - Isolated Obstacle - Average

These algorithms all depend on the clearance to first Fresnel zone ratio (C/F1) at the selected point on the
profile. The results are cumulative. This allows a path to be analyzed as a succession of discreet calcula-
tions, by selecting different profile segments and cal culating the loss of each segment.

Height Gain

Thisisonly used with the above C/F1 type algorithms and represents the additional losswhich occurswhen
there is less than 60% first Fresnel zone clearance between an antenna and its horizon. The calculation is
made for both ends of the path and is automatic in the sense that it is not necessary to select a profile seg-
ment. The Height Gain isvalid only on obstructed paths. The height - gain algorithm is used in all three
automatic algorithms.

Longley & Ricelrregular Terrain

This algorithm is applicable to both line of sight and obstructed paths and can only be used over the com-
plete profile. Previous versions of the Pathloss program used the Longley & Rice agorithm as an alterna-
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tive to the height gain calculation, using the profile segment between an antenna and its horizon. This
approach really over extends the use of the Longley & Rice agorithm and has been discontinued.

On obstructed pathsthe Longley & Ricealgorithm will automatically calculate the diffraction loss. Online
of sight paths, a reflective plane definition is required.

Two Ray Optics

Two ray opticsisvalid on line of sight paths over the compl ete profile. This has been included primarily to
assess the effects of aspecular reflection and is not intended as adiffraction loss algorithm. Thisalgorithm
requires areflective plane to be defined.

Tree- Building Loss

The additional loss of trees and buildings on the profile or ranges of trees and buildingsis calculated with
any of the automatic diffraction algorithms

Clutter Loss

Clutter represents the additional loss produced by treesand buildingsin theimmediate foreground of asite.
The clutter loss calculation is used when it is not practical to enter these structures on the path profile. In-
stead, aclutter loss calculation ismade in aworksheet and is shown asa separate term in atotal lossdisplay.

Variable Parameters
Diffractionloss can be cal culated as afunction of antenna heights, earth radiusfactor, frequency or distance
along the path. The selected automatic diffraction algorithm will be used for the calculations. If any of the

manual diffraction algorithms have been selected, then the Pathl oss automatic diffraction algorithm will be
used.

Tropospheric Scatter Loss

Scatter lossisautomatically cal culated on obstructed paths and displayed on the status bar. The calculation
isvalid for an earth radius factor (K) intherange 1.2 to 1.5. Scatter lossis not calculated for paths close to
grazing. Two methods of calculating scatter loss are available. The selection is made in the Diffraction Op-
tions dialog box.

TOTAL LOSSCONCEPT

All losses are relative to free space loss. The concept of total lossis described below for line of sight paths
and obstructed paths.
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Line of Sight Paths

Thetotal losson aline of sight path consists of the components shown on the ( Diffraction L oss J
right. Notethat diffraction losswill occur on aline of sight pathif thereisless v
than 60% first Fresnel zone clearance on the path. Atmospheric Absorption Loss]
Obstructed Paths Free Space Loss J
On an obstructed path, the total loss concept is somewhat more complicated 7
inthat the lossis time variant. When adiffraction loss calculation is carried Clutter Loss ]
out, the results are displayed as the total 10ss as shown below. 1
[ Diffraction Loss J [ Tropospheric Scatter Loss J [ Total Loss J
v
[ Combined Loss )4—
v

[Atmospheric Adsorption Lossj

[ Free Space Loss j

v

[ Clutter Loss j
v

[ Total Loss j

Tropospheric scatter loss is combined with the diffraction loss using the formula below:

I‘d I‘s
Lo = 10100510 308

where:

Lc isthe combined loss

Lg isthe diffraction loss

L isthe tropospheric scatter loss

Diffraction and scatter |oss are two independent propagation mechanisms and can be considered astwo re-
sistorsin paralél. If the diffraction loss is much greater than the scatter 1oss, the combined result is effec-
tively equal to the scatter loss. Conversely, if the scatter loss is much greater than the diffraction loss, the
result isequal to the diffraction loss. If the results are equal, then the combined loss will be 3 dB less than
either value. The combined lossis always less than either the diffraction or scatter loss.

OHL OSS Format

The OHLOSS (Over the Horizon L oss) format considers the time variability of theloss dueto changesin
the atmospheric conditions. The combined lossis subjected to aempirical analysisusing datafor aspecific
climatic region to determine the time variability.
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The median lossisfirst calculated by adding a correction factor to the
combined loss. This accounts for differences between the long term
measured and calculated values.

The median loss is then subjected to atime variability analysisfor a
range of time percentages. These are divided into 50% and 95% confi-
dence factors. A 95% confidence factor means that if 100 measure-
ments were taken over along time period, then 95% of the
measurements would be within the specified ranges.

GENERAL OPERATION OF THE DIFFRACTION
MODULE

Fresnel Zone Reference

Fresnel zonereferencesare used to analyze the clearance on aprofile.
Select Operations - Fresnel Zones or press the F2 key to bring up the
Fresnel Zone Reference dialog box. The Fresnel zone can be expressed
aseither apercentage of thefirst Fresnel zone or aFresnel number. The
drop down lists contain commonly used values. New values can be
added to thelists.

Three types of Fresnel zone formats are available.

Diffraction Tropospheric
Loss Scatter Loss
Combined |
Loss )
( Median ) Time
Loss V(0.5) Variability
Y(0.1)
Free Space Y(0.9)
Loss
Atmospheric
Adsorption
Loss
Clutt .
urer Median

Loss

Loss

The selection will be limited by the path geometry T S |

and the calculation state. Exprassed A

¥ % First Fresnel Zone IE':I - I

End to End A single Fresnel zone ref-

. £~ Fresnel Mumber
erenceis drawn between

—

the end points of the dis- Ol |

Eraze Al |

Help | | Drraw I

Type

Endtao End -

[~ Lakel

play. Thisformat always

available and is only
meaningful on line of sight paths.

Between Horizons
mat is limited to obstructed paths.

To Reflection Point

A series of Fresnel zones are drawn between the horizons on the profile. This for-

The Fresnel zoneis drawn from the antennasto the reflection point. Both the upper

and lower Fresnel zones are drawn. Thisformat isonly available if areflective

plane exists.

The Fresnel zone can be labeled. The label is drawn in the center of the display.

Diffraction Display Status Bar

[Se #1 |

[450.00MHz [D-3300dE [5- 416548 [& [P [TR-TR [kmm [ 3284-29.4 | Site #2

The status bar provides general information on the status and parameters of the calculation and also pro-
vides access to certain options in the program. The site names are always at the end of the status bar. A

description of the remaining items follows:
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Frequency
Thisisthe global design frequency. Click on thisbox to access the Diffraction Parameters dialog box in
which the frequency can be changed

Diffraction Loss
Thisbox (D) showsthe calculated diffraction loss. If aquestion mark is displayed, then no calculation has
been made. Click on this box to display the total oss summary.

Scatter Loss

Thisbox (S) showsthe scatter loss. If "N/A" is displayed, then the scatter lossis not applicable for any of
the following reasons:

» thepathisline of sight

* theearth radius factor (K) isoutsidetherange 1.2to 1.5

 thepath isclose to grazing and the scatter loss calculation is not valid

Click onthisbox to accessthe Diffraction Parameters dial og box in which the method of calculating scatter
loss can be changed.

Cursor Style and Movement

Theletters A and P in the above status bar display represent the cursor style (arrow or lines) and the move-
ment (on profile, peaks or continuous). These can be changed by clicking the left mouse button on the as-
sociated box. Cursor control is described in detail in afollowing paragraph.

Antenna Combination
The current antenna combination is displayed. If the antenna configuration supports more than asingle
combination, click on this box to change the antenna combination.

Measurement System
The measurement system status box displays the current units of measurement. Thisisan information only
status box.

Cursor Location Status Box
Thisbox showsthe current location of the cursor. Click on thisbox or pressthe Inskey for an information
display on the selected point.

Cursor Control

A cursor is used for the following operations:

* to select a segment of the profile

» toidentify the peak of an obstacle using the knife edge, average and isolated obstacle algorithms
 todefine areflective plane

* to obtain additional information on a profile point
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Cursor Style
The default cursor isavertical arrow. This can be changed to lines from the antennas. Press the letter 'A’
to toggle between the two formats. Alternately, click on the Cursor Style box on the status bar.

Cursor Movement
There are three cursor movement modes:

P thecursor can be located on all profile points
S  thecursor can be located on profile peaks only
C  thecursor movement is continuous and is not constrained to the profile

These modes are set with the letters P, S or C asindicated above. Alternately, you can click on the cursor
movement box on the status bar. The cursor is moved with either the keyboard cursor keys or with the
mouse. The movement depends on which cursor movement mode has been selected as described below:

Cursor on All Profile Points

The left and right cursor keys move the cursor to the next profile point in that direction. The left mouse
button moves the cursor to the first profile point past the mouse cursor location. The home and end keys
move the cursor to the left and right ends of the display.

Cursor on Profile Peaks Only

The left and right cursor keys move the cursor to the next profile peak, or to the end of the display if no
peaks are found. The left mouse button moves the cursor to the first peak past the mouse cursor location,
or to the end of the display, if a peak is not found in this direction.

Continuous Cursor

The cursor can be positioned anywhere on the display. The left, right, up and down cursor keys move the
cursor one increment. The increment is an arbitrary number of pixels established by the screen resolution
at start up. The + and - keysincrease and decrease thisincrement. Thereisno visible indication of the mag-
nitude of the increment.

If the cursor is moved above the top of the display, the display will be rescaled by 80%. This may be re-
quired to calculate effective knife edge diffraction.

If the cursor ismoved below the display and the display has been rescaled, it will bereset to theinitial state.

Clicking the left mouse button moves the cursor to the mouse cursor location. The cursor can be moved by
holding down the left mouse button and dragging the cursor to its new location.

Keyboard Control
The following list summarizes all keyboard commands used in the Diffraction module.

P set cursor movement to all profile points

S  limit the cursor movement to peaks of the profile
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C
A
Home

End

F1

F2
F3

F4

F5

F6

Ctrl F6
F7

F8

F9

Ctrl F9
Tab

D

Ins

allow continuous cursor movement

change between an arrow cursor and lines to the antennas
moves the cursor to the left side display limit

moves the cursor to the right side display limit

increases the cursor movement increment in the continuous cursor mode and increases thera-
diusincrement in the isolated obstacle diffraction option

decreases the cursor movement increment in the continuous cursor mode and decreases the
radius increment in the isolated obstacle diffraction option

select the point at the cursor location in a select profile segment or define reflective plane op-
eration

display the Fresnel zone reference dialog box

erase all diffraction loss calculations

select adiffraction algorithm

reformat the profile so that the end points have equal elevations

define areflective plane

erase areflective plane

switch the radius calculation on or off in the isolated obstacle diffraction algorithm
reset a profile segment to the complete profile, or cancel a select segment operation.
calculate the diffraction loss

calculate the loss of asingle tree or building on the profile

move the cursor from the top of atree or building to ground level

display a summary of the diffraction loss calculations

display the data of the profile point at the cursor location

Display Zoom Feature

Any portion of the diffraction display can be selected and displayed as a full screen. This zoom feature is
only implemented in the Antenna Heights and Diffraction modules. Thisis particularly useful on profiles
with near in obstructions or buildings.

Position the mouse cursor at one corner of the areato be selected. Hold down the Ctrl key and then hold
down the left mouse button and drag the cursor to the opposite corner. Release the mouse button and the
selected areawill be scaled to fill the window.
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To reset the display, hold down the Ctrl key and click the right mouse button.

PATHLOSSALGORITHM

. . Pathloss algorithm |
The default settings are recommended for transmission )
applications. The algorithm can be configured for special "{_F_‘ adius methed rf_':"eg“:'“”d loss method
applications or to compare the results with those of other b r=slics Do not calculate
programs Al obstacles % Scaled height-gain
& Major obstacle oniy

Radius Method

This setting refers to the radius calculation used by the [ Multiple knife edge methad Carcel |
isolated obstacle algorithm when the terrain is character- | © Devgout

ized asasingleor multipleknifeedge. Theisolated obsta- ||~ Epatein-Peterson Help |
clealgorithmisequivalent to aknife edgeif theradiusis || pjauimum rumber of obstacles [2

not used. Defaults |
No radius

Thelossis aways calculated as a single knife edge for single or multiple knife edge paths. The results are
usually lower than the measured value.

All obstacles

A radius will be used for all obstacles. On multiple knife edge paths, this setting usually results in higher
than measured value.

Major obstacle only

If the path contains a single obstacle, the radius will be used. In the case of multiple obstacles, the radius
will only be applied to the major obstacle. The major obstacle is the one with the minimum clearance to
first Fresnel zoneratio (C/F1). Notethat the reference end pointsare different in the Deygout and Epstein
& Peterson multiple knife edge models. In the Deygout model, the C /F1 isreferenced to the end points of
the profile. In the Epstein & Peterson model, the C/F1 is referenced to the horizons of the obstacle under
test.

Multiple Knife Edge Method

Deygout (default)
Thismodel islimited to adouble knife edge path. The clearanceto first Fresnel zoneratio is calculated for
each obstacle, with respect to the end points of the profile, to determine the major obstacle.

Thelossof themajor obstacleis calculated as aknife edge or isolated obstacl e referenced to the end points
of the profile, asif the second obstacle did not exist. The loss of the minor obstacle is then calculated with
respect to its horizons. The resultant loss is the total of the two calculations.

Epstein & Peterson

In this model, thereis no theoretical limit to the number of knife edges; however, the program has an inter-
nal limit of 10. The user can set an upper limit intherange 2 to 10. If thislimit is exceeded, the Longley &
Riceirregular terrain algorithm will be used.
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The Epstein & Peterson model treats the terrain as a succession of knife edges. The loss of each knife edge
is calculated using the horizons of the knife edge as the end points. The resultant loss is the sum of the
individual knife edge calculations.

Theresults of the Deygout model will always be higher than the Epstein & Peterson model, and therefore,
provides a conservative design approach. When the obstacles are widely separated, the Epstein & Peterson
model ismore accurate. When the obstacles are close together, the Epstein & Peterson model will seriously
under-predict the loss.

Foreground L oss M ethod

When the terrain is characterized as a single or multiple knife edge, it is necessary to examine the terrain
between an antenna and its horizon. If the clearance to first Fresnel zone ratio in thisregion isless than
60%, additional losswill occur and must be taken into account. Thisisreferred to as the foreground loss.

This calculation is carried out using the height - gain algorithm and should always be used. An option to
not calculate thisloss is provided primarily as a means to compare the results with other programs.

DIFFRACTION PARAMETERS

Diffraction Options |
Scatter Method Scatter method Iﬁ
Tropospheric scatter 1oss can be calculated using either of the fol- Tree type | Diy bare trees =]
lowing relationships: Frequency (MHz] IW

30C Iog(Frequency) Folarization
= ertical [T Divergence
36 + 20 C log(Frequency) " Horizartal

The latter relationship effectively removes the frequency depend- lTl
ence in tropospheric scatter loss. The cross over frequencies of

these two definitionsis 3981 MHz. If the scatter loss method is set
to Auto, then the program will use the correct method, based on the specified frequency.

Cancel | Help

If the NSMA automatic diffraction algorithm is selected, then the 36 + 20elog(f) relationship will always
be used.

Tree Type

If trees have been entered in theterrain profile, then the treeloss will be cal culated using the parameters of
the specified tree type.

Frequency
Thisisthe design frequency and is global to al modulesin the program.

Polarization

Thisisthe design polarization and isglobal to al modulesin the program. With the exception of the two
ray optics algorithm, polarization does not significantly affect the diffraction loss calculations.
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Divergence
Divergence is the scattering of areflected wave due to the curvature of the earth. This applies to the two
ray optics algorithm only. The option isglobal and its primary use isin the Reflection module.

MANUAL DIFFRACTION LOSSALGORITHMS

Selecting a Profile Segment

Any section of the profile can be selected when using the knife edge, average or isolated obstacle manual
diffraction algorithms. The clearance and C /F1 ratio are referenced to the end points of the selected seg-

ment. Thisfeatureisrequired to cal culate multiple knife edge diffraction. Thefollowing steps describe how
to select a profile segment:

* Move the cursor to one end of the segment and press the F1 key or click the right mouse button to
select the first end point. Note that the arrow will be above the antennaif it is positioned on one of the
sites. The reset button is now enabled and the point selection can be canceled by clicking this button or
pressing the F8 key.

» Movethe cursor to the other end of the segment and press the F1 key again or click the right mouse
button.

The display is reformatted for the selected segment. All diffraction loss calculations are referenced to the
end points of this segment.

To reset the display back to the complete profile, click the reset button or press the F8 key.

Knife Edge Diffraction

The knife edge diffraction algorithm is used for single, multiple and effective knife edge diffraction loss
calculations. A knife edge producesthe lowest loss of any algorithm and can be considered asalower limit.

The clearance and diffraction loss are calcul ated at the cursor location, with respect to the end points of the
display. If the complete profileis displayed, the clearance and loss are referenced to the profile end points.
If asegment of the profile has been selected, the clearance and | oss are referenced to the end points of this
segment. The basic procedure for knife edge calculations is described bel ow:

» Select the knife edge diffraction algorithm from the drop down list box on the control bar.
» Place the arrow on the peak of the obstruction.
» Click the calculate button or press the F9 key.

» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.

This procedure can be extended to multiple knife edges by sel ecting the appropriate segments of the profile.

Aver age Diffraction

Recognizing that an ideal knife edge rarely occurs in practice, the average diffraction algorithm was for-
mulated by AT&T. Thisisthe same agorithm used in ITU - 530. The algorithm isalinear relationship
between loss and the clearance to the first Fresnel zone ratio and is based on empirical data. The primary
application was to estimate the fading produced by low values of K on microwave radio paths.
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The clearance and the average diffraction lossis calculated at the cursor location, with respect to the end

points of the display. If the complete profile is displayed, the clearance and | oss are referenced to the end
points of the profile. If a segment of the profile has been selected, the clearance and loss are referenced to
the end points of this segment. The basic procedure is described below:

» Select the average diffraction algorithm from the drop down list box on the control bar.
» Place the arrow on the peak of the obstruction.
* Click the calculate button or press the F9 key.

» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.

| solated Obstacle Diffraction

Theisolated obstacle algorithm extends the ideal knife edge algorithm to include the effects of the breadth
of obstacle aong the path. Thisis accounted for by the radius of the obstacle; and therefore, an estimate of
theradius of the obstacle must be made. This algorithm producesthe most realistic prediction of diffraction
loss on apath with asingle obstruction. The agorithmisvalid when the obstacleisisolated from both sites.

The clearance and diffraction loss are cal cul ated at the cursor location, with respect to the end points of the
display. If the complete profileis displayed, the clearance and loss are referenced to the end points of the
profile. If asegment of the profile has been selected, the clearance and |oss are referenced to the end points
of this segment. The procedure for the isolated obstacle calculation is described below:

» Select the isolated obstacle diffraction agorithm from the drop down list box on the control bar.

» Placethearrow at the peak of the obstruction and pressthe F7 key to initiate the radius calculation. The
screen display shows an arc of acircle below the arrow. The radius is shown on the control bar prompt
box. Note that the circular arc appears parabolic due to the differences in the horizontal and vertical
scales. If the arrow was located on a peak when the F7 key was pressed, the program will calculate the
radius based on the slope of the terrain on either side of the peak; otherwise, a default radius of 250 km
will be displayed.

» To change the radius, move the mouse cursor to one of the grip boxes at the ends of the arc. Hold down
the left button and drag the mouse to change the radius. Alternately, hold down the Ctrl key and use the
left, right, up or down cursor keysto change the radius. The radiusis changed in increments. The size
of the increment is changed with the + and -keys. There is no visible display of the increment.

» Change the radius to match the shape of the obstacle. Thisis best accomplished by selecting a continu-
ous cursor movement. In thismode, the radius can be dragged by holding down the right mouse button
or with any of the cursor keys.

» Note that the radius may be greater than the path length. An extreme example of aradius calculationis
a smooth earth profile where the obstruction is formed by the bulge of the earth. The radius of the
obstruction, in this case, isthe earth radiusfactor, (K) timesthe earth radius. For the median value of K,
the radius of the obstruction is 1.33 x 6375 = 8478 km.

* When the radius of the obstacle has been determined, click the calculate button or press the F9 key to
calculate the diffraction loss.
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» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.

This procedure can be extended to multiple obstacle paths by sel ecting the appropriate segments of the pro-
file and repeating the calculation for each segment. If the radiusis calculated for al of the obstacles, the
results tend to produce a somewhat high loss.

If thereisasignificant elevation difference between the ends of the path, if may be difficult to define the

obstacleradius. Inthese cases, the profile can be reformatted so that the end pointsare at the same el evation.
Press F5 to equalize the profile. Thisfeature is only enabled when the knife edge, average or isolated ob-
stacle algorithm has been selected.

Height - Gain Algorithm

If the path is being analyzed as a single or multiple knife edge, then it is necessary to examine the terrain
between each site and its horizon. If there isless than 60% first Fresnel zone clearance in thisregion, then
additional loss will occur and must be taken into account. This can be calculated with the height - gain al-
gorithm.

Select the height - gain algorithm on the control bar and click the Calculate button of press F9. Click OK
to accept the result or Cancel to discard the calculation.

Longley & Ricelrregular Terrain - Obstructed Paths

On obstructed paths, the Longley-Riceirregular terrain algorithm estimates the loss using the weighted av-
erage of the smooth earth loss and the |oss of a double knife edge. The weighting factor is based on empir-
ical dataand considers the following parameters:

terrain roughness effective antenna heights
frequency horizon angles

For smooth paths, the |oss approaches the smooth earth value. For very rough pathsthe loss approachesthe
double knife edge value. The Pathloss automatic diffraction algorithm defaultsto irregular terrain when the
path cannot be characterized as a single or multiple isolated obstacle(s).

» Select theirregular terrain algorithm from the drop down list box on the control bar.
» Click the calculate button or press the F9 key to calculate the diffraction loss.

» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.

Longley & Ricelrregular Terrain - Line of Sight Paths

On line of sight paths, the Longley - Rice irregular terrain algorithm interpolates the diffraction loss from
three separate cal culations at distances dg, d; and d,. The distances dg and d; are chosen within the horizon
and theloss at these distancesis cal culated using two ray optics. The distance, d, isbeyond the horizon and
thelossis calculated using theirregular terrain algorithm for obstructed paths. A smooth curveisfitted to
the three points and the loss at the path length is interpol ated.

Thisagorithm requires areflective plane to be defined. The plane can be predefined before the calculation;
otherwise, you will be prompted to define the plane when the calculation starts. Refer to the Reflective
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Plane Definition later in this section for additional details. The following steps predefine the reflective
plane before calculating the diffraction loss:

* Press F6 to begin the reflective plane definition.

* Move the cursor to one end of the plane and press the F1 key or click the right mouse button.

* Move the cursor to the opposite end of the plane and press the F1 key again or click the right mouse
button.

* If the plane definition is not satisfactory, repeat the above steps. The new reflective plane will replace
the existing one.

» Select theirregular terrain algorithm from the drop down list box on the status bar.
* Click the calculate button or press the F9 key.

» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.

Two Ray Optics

Thetwo ray optics algorithm calculates the vector sum of adirect and areflected signal. Thisalgorithm can
only be used on aline of sight path. If the clearance at the reflection point isless than 0.57 first Fresnel
zoneradius, theresultisalwaysalossand isreferred to as plane earth loss. For aclearance abovethisvalue,
the result can be aloss or a signal enhancement (gain). At clearances close to grazing, the algorithm pro-
duces an unredlistically high loss.

Thetwo ray optics algorithm requires areflective plane to be defined. The plane establishes|ocation of the
reflection point and the grazing angles. Terrain roughness is automatically calculated over the defined end
points of the plane.

The plane can be predefined before the cal culation; otherwise, you will be prompted to define the plane
when the calculation starts. Refer to the Reflective Plane Definition later in this section for additional de-
tails. The following steps predefine the reflective plane before using two ray optics:

* Pressthe F6 key to begin the reflective plane definition.

* Move the cursor to one end of the plane and press the F1 key or click the right mouse button.

» Movethe cursor to the opposite end of the plane and press the F1 key again or click the right mouse
button.

* If the plane definition is not satisfactory, repeat the above steps. The new reflective plane will replace
the existing one.

» Select the two ray optics algorithm from the drop down list box on the status bar.
* Click the calculate button or press the F9 key.

» Click the OK button on the diffraction loss display to accept the calculation or the Cancel button to dis-
card the calculation.
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Reflective Plane Definition

A reflective plane is required with theirregular terrain - line of sight and two ray optics algorithms. In ad-
dition, areflective plane can be defined for the purpose of evaluating the clearance and loss from areflec-
tion point to either site. Thisloss can be used in the Reflections module to modify the amplitude of the
reflected signal.

The selected segment must be line of sight path to define areflective plane. The steps below describe the
definition of areflective plane:

» Place the arrow at one end of the reflective plane and click the right mouse button or press the F1 key.

» Place the arrow at the opposite end of the reflective plane and click the right mouse button or press the
F1 key again.

Thereflective plane is determined from aleast squaresfit of the formy = aC x + b over the defined range
using the flat earth profile. The reflective planeis displayed for the current value of K and the location of
the reflection point is marked. Effective antenna heights are determined by extending the reflective plane
to the end points of the profile. The effective antenna heights are the heights of the antenna above the re-

flective plane end points. The following error messages may appear:

» Theplaneisnon line of sight at the specified values of K and antenna heights. Select another value of
K on the control bar.

» Theplane elevation at Site 1 is higher than the antenna height.

* Theplane elevation at Site 2 is higher than the antenna heigh.t

» Thereflection point is outside the defined limits of the plane.

» Thereflection point could not be located. The algorithm failed to locate the reflection point. This can
occur if the reflection point is very close to one of the sites. Increase the antenna heights or change the
reflective plane.

If the plane definition is not satisfactory, repeat the above steps. The new reflective plane will replace the
existing one.

On over water paths or paths which are predominately flat, the selection of the end points of the reflective
planeis obvious. On other paths, some judgement is required to define the reflective plane. The following
guidelines can be used:

+ Draw a100% first Fresnel zone reference and note the extent of the terrain closest to this Fresnel zone
reference.

» Placethe arrow at the center of this extent and press the Ins key to display the terrain point data. Note
the clearance to thefirst Fresnel zoneratio (C/F1).

» Using thisvaue as aguide, draw additional Fresnel zone references until approximately 50% of the
Fresnel zone reference is below the terrain.

» Define the end points of the reflective plane at the first and last intersections of the Fresnel zone refer-
ence with the terrain.

» Draw 100% first Fresnel zone references to the reflection point. Select To Ref Pt. from the Fresnel
menu or press the CTRL F6 keys. The intersections of the Fresnel zone with the terrain represent the
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area along the profile required to support a specular reflection. The end points of the reflective plane
should encompass this area.

The Examples section of this manual includes an example of manual diffraction loss calculations and a
comparison of the results of the various methods used to analyze the terrain profile.

CLUTTER

Select Operations - Clutter from the Diffraction
menu to access the clutter data entry form. Clut-
ter accountsfor trees and buildings in theimme-
diatevicinity of thesitewhereitisimpractical to :
enter these on the path profile. The analysiscon- | Meight above antenna (ff
sidersthe depth of thetrees/ buildingsalongthe | Perth an path (f]

path and the width across the path. All measure- | icith across path if)
ments arein feet or meters as determined by the | Clutter oss (dB)
program setting. Enter the valuesin accordance | Height abowve antenna (i) : |
with the prompts. Note that the clutter loss can
be directly entered. Click OK to accept the clutter loss. Thiswill be included as an additional lossin all
diffraction loss reports.

Clutter |

QK Cancel Help

Clutter type YWet evergreen trees
Distance to clutter (ft)

To erase or remove a clutter calculation, select Operations - Erase Clutter from the Diffraction menu bar or
hold down the Ctrl key and press F3.

VARIABLE PARAMETERS

Diffraction loss can be calculated as a function of antenna
heights, earth radius factor and frequency. In microwave ap-  3tart Earth Radius Factar (<] |
plications, thisfeatureisused to determine the additional 10SS  End Earth Radius Factor () |2.00

¥ary Earth Radius Factor (K) |

that will occur at the lowest value of the earth radius factor Site 1 Antenna Height (1) [7220
(K). Site 2 Antenna Height (] |85.20
Select Variable from the Diffraction menu bar and then select Frequency (MHz) [58852.50
the specific variable parameter. Number of Paints [50

) ) — Polarization F - TR
Complete the required entries for the start and end valuesand | & igical \
the constant values. If the antenna configuration supports  Horisorte | Microwave Antenna Enmbinatinnl
multiple antenna combinations, click the Antenna Combina-
tion button to select a specific combination.

All parameters used in variable calculations except polariza- oK I Cancel Help |
tion arelocal variables and do not change the corresponding
values outside of this calculation.

Click the OK button to calculate and display the results.
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When the earth radius factor (K) isthe variable pa-

rameter, the horizontal scaleisformatted as arctan- "
gent(K). Several common K values are also
displayed on the graph. Thefollowing examplesil- ~ *
lustrate the format: 0 12
E 10
3
= 8
K=1 arctangent(K) = 45° § 6 \
£
K=4 arctangent(K) = 90° e L
2
K=4/3 arctangent(K) = 53.1° .
A 0.37 180 133

310 34 36 38 40 42 44 46 48 50 52 54 563
Earth Radius Factor (K ) - arctan (K ) (deg)
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DIFFRACTION - TECHNICAL REFERENCE

TRANSHORIZON PATH GEOMETRY

Figure (1) shows the basic geometry of atranshorizon path. By convention, the transmit site is on the left
and thereceive siteison theright side of the display. Theterminology isdefined below and is used through-
out this section.

s transmit antenna height above sea level

hs receive antenna height above sea level

o distance from the transmit site to its horizon

hy¢ transmit horizon elevation above sealevel

Ot transmit horizon elevation angle

dy distance from the receive site to its horizon

hy receive horizon elevation above sea level

O receive horizon elevation angle

d great circle arc path length

7 cross over angle of the horizon rays

d; distance from the transmit site to the cross over point of the horizon rays
d, distance from the receiver site to the cross over point of the horizon rays
ds distance between the transmit and receive horizons

we - -

Ox
a1y

Figure 1: Transhorizon Path Geometry

The following formulas are taken from Reference (1). All distances and elevations are expressed in the
same units. It isassumed that all anglesare small and that tan (®) = © . In the Pathloss program, all angles
are calculated using the arctangent of the specific expressions.
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Horizon Elevation Angles
The transmit and receive elevation angles, @ and O, are calculated by:

hi—he o,

Oy = tTtts—ﬁlradlans )
h,—h d

O = ”dl rs—#radians

r

In Equation (1), the effective earth radius a, is calculated as the actua earth radius (a, = 6370 km) times
the earth radius factor K (a = KCa,). Alternately, a, can be expressed in terms of the surface refractivity,
Ng, as:

— a0
a= 1 — 0.04665 . e2995577 -Ng @
The angles, o and B, are calculated as.
B d h..—h
aO_ @et+2_a+ tSd = (3)
B d h..—h
ﬂO_ @er+2'a+ rsd e

Angular Distance
The angular distance, 6, isthe cross over angle of the horizon rays. Thisis sometimes referred to asthe
scatter angle and is always positive for atranshorizon path.

0= O,+ (9er+§'1 @
Or
0= a,+ ﬂo

The distances, d; and d,, from the cross over point of the horizon raysto the transmit and receive sites are
given by:

4=y o=g ®
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Path Clearance
Path clearance, C, isdefined in Figure (2). Cis [ % >« di——¥
positive for line of sight paths and negative for an
obstructed path. The normalized path clearanceis
expressed as the ratio of the clearance to the first
Fresnel zone radius and is defined by:

(Clea?ance)
c_ C fonz -d ©) ® . P
F1 17.34d,-d,
whered, dy, and d, are defined in Figure (2) and Lo, F1
are expressed in kilometers. The clearance C, is Sne, Zone Ry g1 L
expressed in meters. adivs,
< d

The parameter, V, isused asan aternate definition — _
of path clearance and is defined by Equation (7) ~ Figure 2: Path Clearance
using the terminology in Figure (2).

v = /\/2 -d -tan(a,) - tan(f,)

2 (7
A wavelength
d path length
Aandd are expressed in the same units

V is positive for obstructed paths and negative for line of sight paths. The two normalized clearance pa
rameters are related by:

- _C .
V = Flﬁ ®

Note that V is defined at the intersection of the ho-
rizon rays, and therefore, Equation (8) istrue only di
if the transmit and receive horizons are located at
the same point.

dir
«——80% di——»)_ «—80% dir—»

v
A

EFFECTIVE ANTENNA HEIGHTS
Two methods of calculating effective antenna

heights on obstructed paths are used in the pro- e v -
gram. The Tirem and NSMA agorithmsusethe ™ |\ | e ] e
height above average terrain. The Pathloss algo- L N /\ 7 ]

rithm uses a least squaresfit.

| \ Average v \]V \\/

Figure 3: Effective Antenna Heights - Average
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Height Above Average Terrain

The effective antenna heights, he and h;, & the «—dt——» «—dr————p
transmit and recelve site are calculated asshown in « 80%dy—»
Figure (3). The average elevation in the central
80% of the terrain between an antenna and its hori-
zon is calculated.

X ¢ 80% dir——»|

The effective antenna height is defined as the
height of the antenna above this average elevation.

hrs| T

hte
Height Above L east Squar es Fit

Construct atwo term least squaresfit to the central
80% portion of the terrain between an antenna and
its horizon. Extend this least squaresfit lineto the Figure 4: Effective Antenna Heights - LSQ
sites. The effective antenna heights are defined in

Figure (4). The terminology used in Figure (3) and Figure (4) is given below:

o distance to the transmitter horizon
d distance to the receiver horizon

s structural transmitter antenna height
hs structural receiver antenna height
he transmitter effective antenna height
hre receiver effective antenna height

The effective antenna heights cannot be less than the structural antenna heights.

SINGLE KNIFE EDGE DIFFRACTION LOSS (SKE)
The Fresnel-Kirchhoff knife edge diffraction loss, A(v,0), is defined in Reference (1), and is given by:

A(V, 8) = 6.02+9.0v+ 165 v

for—0.8<v<6

A(V,8) = 6.02+9.11-v—127 -V o
for o<v<24

A(v,0) = 12,953+ 20 - log(v)

for v>24

Note that for values of v, less than -0.8, the knife edge diffraction lossis zero. The corresponding value of
C/F1 from Equation (8), is56.57% of thefirst Fresnel zone radius. In practice, the value has been rounded
to 60% and represents the minimum clearance criteriafor free space loss conditions.

ISOLATED OBSTACLE DIFFRACTION LOSS (ISOL)

Anideal knife edge rarely occursin practice. The isolated obstacle algorithm adds additional termsto the
basic knife edge diffraction formulain Equation (9) to account for the finite radius of the obstruction. From
Reference (1), the isolated obstacle diffraction loss is given by:
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AV, p) = A(V,0) + A6, p) + U(v -p)
A8, p) = 6.02+ 5556 -p + 3.148 - p> + 0.256 - p°
U(Vv-p) = 1145 -v-p + 219 - (v -p)2>—0.206 - (v - p)° — 6.02
for v-p <3
U(V-p) = 1347 -v-p + 1.058 - (v -p)2—0.048 - (v - p)°> - 6.02 (10)

for 3<v-p<5
U(v-p) = 20-v-p-182

for v-p >5

1 1

3 .6 [ d
= 0676 -R” -f - —
p MHz dl 'd2

R radius of the obstacle in kilometers

Obstacle Radius

Theradius of the obstacleis calculated by locating
three points on the obstruction as shown in Figure
(5). The central point istaken at the crossover of
the horizon rays. The two adjacent points are deter-
mined by the slope of the terrain from the horizon
points.

Far Fied

The following condition is used to determineif an
isolated obstacleisin the far field of the transmit
and recelve Sites.

Obstacle Radius

Figure 5: Isolated Obstacle Radius
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1
2-r ((A)°
hT(ﬁ) ((1 (11)

h= Jd+R°-R

d is the transmitter or receiver horizon distance (dj; or dj;)

MULTIPLE KNIFE EDGE DIFFRACTION LOSS (MKE, DKE)
Anirregular terrain path can be analyzed asa se-

ries of knife edges. The total diffraction lossis ® ) —C? B
taken as the sum of the individual knife edges. 15 Segment |

2nd Segment —»
There are two methods of calculating multiple
knife edge diffraction loss (MKE).

Epstein-Peter son

The Epstein-Peterson method is described in-
Reference (9). A double knife edge (DKE) ex-
ample of thismethod isshownin Figure (6). The
diffraction loss of each knife edgeis calculated
over the profile segment formed by the horizons
of theknifeedge. In Figure (6), the knife edgelo-
cated at B, iscalculated over the profile segment
from A to C. The knife edge located at C, is cal-
culated over the segment from B to D. Thereis
no limit to the number of knife edges on the path
using this method. Best results are obtained when the individual knife edges are widely separated.

Figure 6: Double Knife Edge - Epstein-Peterson

Deygout
The Deygout method is described in Reference ® 15t SegmeTota, Profile) @ ©
(8) and Reference (10) and islimited to adouble 2nd Segment
knife path. An example of the Deygout method

isshownin Figure (7). The parameter V, isfirst
calculated for both of the knife edges located at
B and C over the entire profilefrom A to D. The
major obstacle is defined as the knife edge with
the maximum value of V.

Major )

Obstacle

In Figure (7), the major knife edge located at C,
iscalculated over the complete profilefrom A to
D. The second knife edge, located at B, is calcu-
lated over the profile segment A to C. Best accu-
racy is obtained when the knife edges are
relatively close together.

Figure 7: Double Knife Edge - Deygout

A discussion and comparison of the two methods is given in Reference (12).
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EFFECTIVE KNIFE EDGE (EFFKE)

In the effective knife edge method, the diffraction
loss of irregular terrainis calculated asasingle
knifeedgelocated at theintersection of the horizon
rays. The method is described in Reference (11)
and shown in Figure (8).

Note that the definition of the parameter V, in
Equation (7) and Figure (2), will inherently calcu-
late the effective knife edge diffraction. Effective
knife edge and single knife edge diffraction are
equal if thetransmit and receive horizons arelocat-
ed at the same point.

AVERAGE DIFFRACTION

The average diffraction agorithm represents the
diffraction loss of atypical wooded hill andis
based on Reference (7). Figure (9) shows the char-
acteristics of the average diffraction curve in com-
parison to the limiting cases of knife edge and
smooth earth diffraction. Averagediffractionisde-
pendant only on the ratio of clearance to the first
Fresnel zone radius and uses a linear relationship
between C/F1 and diffraction loss defined by the
following equation

A= 90-19.7 -(2 + 4) (12)
F1

IRREGULAR TERRAIN (IRRT)

Reference (3) describes the irregular terrain pre-
diction algorithm. It is outside the scope of this
manual to provide acomplete listing of all equa-
tions used in the agorithm. A basic description of
the methodology is presented here.

Interdecile Terrain Elevation Range

Figure 8: Effective Knife Edge

10

S
\U'\\"e(o /
-10

-20

Average Diffraction Loss (dB)

-30

v

-15 -1.0 -0.5 0 0.5 1.0
Clearance /F1

Figure 9: Average Diffraction

Thisterm is used to characterize the terrain roughness and is calcul ated as follows:

» create an array of the elevations at 60 uniformly spaced points along the terrain profile.

* sort the array in terms of increasing elevation.

» theinterdecileterrain elevation rangeis then given by array[54] - array[6].
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Onlineof sight paths, theinterdecileterrain elevation rangeis calculated over the defined end points of the
dominant reflective plane and al elevations are referenced to the reflective plane.

On non line of sight paths, the interdecile terrain elevation range is calculated over the entire profile.

Obstructed Paths

Diffraction loss for non line of sight pathsis calculated by combining estimates of knife edge diffraction,
Ay and diffraction over smooth terrain A,.

Theknifeedgediffraction, Ay, iscalculated considering the path to be adouble knife edge using the Epstein
- Peterson method.

The diffraction loss, Ay, is calculated as a weighted average of the two estimates A, and A,

Ag= (1-w) -A+w-A (13

where the weighting factor, w, is determined empirically as afunction of frequency, path geometry and the
interdecile terrain elevation range. For very rough terrain, Ay approaches the knife edge value, A,. For
smooth terrain, Ay approaches the smooth earth value, A,.

Two values of diffraction loss, Az and A, are calcul ated at distances d; and d, in the far diffraction region.
A straight line through these points, (A3, d3) and (A4, dy) isthen defined by the intercept (Agy) and slope
(m) asfollows:

Aeg = Ag—m-d,

Thediffractionloss, A, at any distanced, whichisgreater than the smooth earth horizon distance, isgiven
by:

Ay = A+ m-d (15)

Line of Sight Paths

Distances dy and d, are chosen well within the horizon. Distance dg represents the greatest distance at
which free space conditions apply. The distance d, is greater than d,, but well within the range for which
two ray opticsformulasarevalid. Thediffraction loss, Ay and A, at distancesd, and d, iscalculated using
two ray optics.

The diffraction loss, A, is calculated at the smooth earth horizon distance dg using the obstructed path
method described above.
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The three values of diffraction loss Ag, A; and A, calculated at distances d,, d; and d;g respectively, are
used to determine the slopes, k; and ks, of a smooth curve of |oss versus distance.

The attenuation A, at any distance d less than djg, is then given by:

Ao = At Ky (d=dg) + ky log( <) (16
0

ROUGH EARTH DIFFRACTION (RED)

Rough earth diffraction is based on Reference (1) and Reference (4). The single effective earth radiusis
replaced with four different radii for the following regions of the path:

* transmit site to the transmit horizon

* transmit horizon to the cross over point of the horizon rays
* receive sSiteto the receive horizon

* receive horizon to the cross over point of the horizon rays

The diffraction lossis calculated using smooth earth diffraction theory modified to accommodate the four
different effective earth radii. A complete discussion of the algorithm is outside the scope of this manual.

HEIGHT GAIN TERMS

In the region between an antenna and its horizon, additional diffraction loss may occur due to lack of clear-
ance. A clearance test must be made at the transmit and receive sites when using any of the knife edge dif-
fraction algorithms. Thisincludes single knife edge, multiple knife edge and effective knife edge
diffraction models. One method of cal culating this additional loss, isasub set of the rough earth diffraction
model described above. In this case, a smooth curve isfitted to the terrain between an antenna and its ho-
rizon and smooth earth diffraction is applied to this section of the profile. The term, height gain, isused to
denote the resulting loss. The term is amisnomer as the result is always aloss.
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TIREM ALGORITHM

Background

The TIREM (Terrain Integrated Rough Earth Model) algorithm was originally devel oped as part of the
Master Propagation System by the Institute for Telecommunication Sciences (ITS), a Department of Com-
merce agency in Boulder, Colorado. The original version ran on a UNISY S 1100 and 2200 series main
frame computer in batch mode. A second version, MPSI1, was implemented on the PDP-11 series of min-
icomputers in an interactive mode. The Pathloss implementation of the TIREM algorithm is based on the
MPSII version. The TIREM program is currently maintained by the Electromagnetic Compatibility Anal-
ysisCenter (ECAC), adepartment of Defense Agency in Annapolis, Maryland. Certain revisionsto the pro-
gram have been made which are presented later in this section.

Calculate »| Calculate |
Ad = SKE HG 1/2
. J \
' N\ e N\
Calculate »| Calculate | |
Aq= MKE HG 1/2
. J . J
' N\ 4 N\
Calculate » Calculate | |
Ad = EFFKE HG 1/2
. J \
min = 0.03
(0.75- K - fyuz) = A=Aq+HG 12
»| Calculate
A=RED

Calculate Calculate _ =
*[Adl = EFFKE H HG 1/2 ]”[Adl =Aq+HG 112 | >{A= W(fdl'AUZ))

> Calculate
Ad2 = RED

SKE Single Knife Edge HG 1/2 Height Gain Terms
MKE Multiple Knife Edge A Diffraction Loss
EFFKE Effective Knife Edge W Weighting Function
RED Rough Earth Diffraction

Figure 10: TIREM Obstructed Path Model Selection

A 4
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Obstructed Model
The path profile is analyzed as shown in Figure (10) to determine the appropriate propagation model.

The criteriafor each model selection is given below:
» Singleknife edge diffraction lossis calculated if the transmit and receive horizons are at the same point
on the profile.

» Multiple knife edge diffraction loss using the Epstein-Peterson method is calculated if the conditions
listed below are satisfied. Thereis no limit to the allowable number of knife edges

- al of the horizon points correspond to the peaks of the knife edges
- the clearance between knife edges must be at |east 50% of the first Fresnel zone radius
» If the pathis closeto line of sight, as determined by Equation (17), then the path is calculated as an
effective knife edge.

0 < 0.03

: (17)
(0.75 K -foypp)°

cross over angle of the horizon rays
earth radious factor

A Q

* If the distance between the transmit and receive horizons is greater than 2 miles, the rough earth dif-
fraction loss algorithm is used.

* Inall other cases, aweighted average of the effective knife edge diffraction and rough earth diffraction
is calculated as shown below:

Adl = EFFKE + HG1/2
(18)
Ad2 = RED

o= (12 A (2] A,

The requirement for the height gain terms are determined by the minimum value of the clearance, C,y;,
between an antenna and its horizon as follows:

» If Cyjn isgreater than 150% of the first Fresnel zone radius, the height gain term is not cal cul ated.

 If the clearance isless than 50% of the first Fresnel zone radius, the height gain term is calculated.

» For clearances between 50% and 150% of the first Fresnel zone radius, the height gain term is calcu-
lated and weighted in accordance with the following equation:

HG. = HG -(15-C,;.) (19)
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Line of Sight Model

The pathisfirst tested for clearance. If the clearance at each point on the profileis greater than 150% of the
first Fresnel zone radius, then free space conditions apply and diffraction lossis not calculated.

At frequencies greater than 200 MHz, the empirical Longley - Reasoner formula of Reference (2) is used
to calculate the diffraction loss as shown in Equation (20) below:

— S
4ah = 1_08.e7008d (20)
—001 - h

A=9 - (1+e 001 Ah)—3.5log(%‘) +0.113 -d
le interdecile terrain elevation range
Ah terrain roughness
Pmin isthe smaller value of the transmit and receive effective antenna heights
d path length

At frequencies less than 150 MHz, the line of sight irregular terrain model of Reference (3) isused to cal-
culate the diffraction loss.

At frequencies between 150 and 200 MHz, aweighted average of the Longley-Reasoner and irregular ter-
rain is used according to the following equation:

_ Agr (200 —fyn,) + Agp - (fwpz — 150)

A = (21)
Aq1 Longley Reasoner diffraction loss
Aqp irregular terrain diffraction loss

If the minimum path clearance, C/F1 is greater than 0.5, the diffraction loss value is weighted as follows:

A=A -(1.5— Q) 22)
F1

Notethat the TIREM agorithm employs an extremely conservative clearance criteriaon line of sight paths.

The clearanceto first Fresnel zone ratio must be greater than 1.5 to achieve free spaceloss conditions. Due

to the empirical nature of the diffraction loss calculations, a path with a C /F1 ratio of 0.6 will produce a

diffraction loss.

ECAC Changes

The TIREM algorithm, as currently implemented by the Electromagnetic Compatibility Analysis Center
issignificantly different than the above description for obstructed paths. Diffraction lossis always calcu-
lated as a multiple knife edge using the Epstein Peterson method. If the obstructed portion of the pathis
over water, thelossis calculated as smooth earth diffraction.
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ThisECAC version is not specifically implemented in the Pathloss program; however, it can be smulated
by the following switch settings in the Pathl oss diffraction algorithm.

Multiple Knife Edge Method Epstein-Peterson
Maximum Number of Obstacles 10
Include Obstacle Radius No
Foreground Loss Scaled Height Gain

NSMA ALGORITHM

The NSMA a gorithm has been proposed by the US National Spectrum Managers Association as a refer-
encediffraction loss calculation for interference analysis. The results provide conservative estimates of the
diffraction loss. The algorithm is shown in Figure (11).

Calculate »| Calculate |
Ad = SKE HG 1/2

\ J N

'd N\ ( N\
Calculate »| Calculate ||
Aq=I1SOL HG 1/2

\ J N

4 N\ 'd \

» Calculate »| Calculate | |
_ Ad=DKE _ HG 1/2

T<—[A:Ad+HG 1/2 Je——

Figure 11: NSMA Diffraction Algorithm

The following criteria are used to select the diffraction loss method:

» Theheight gain termis calculated if more than 50% of the terrain between an antenna and its horizon
has less than 100% first Fresnel zone clearance.

» Single knife edge diffraction is calculated if the transmit and receive horizons are |ocated at the same
point.

» |solated obstacle diffraction lossis calculated if the distance between the transmit and receive horizons
islessthan 0.3 miles.

» Double knife edge diffraction lossis calculated, according to Epstein-Peterson, if aline of sight condi-
tion exists between the transmit and receive horizon points.

Line of Sight

The NSMA agorithm is intended for obstructed paths and does not contain recommendations for line of
sight paths. In thisimplementation, the TIREM line of sight algorithm is used.
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PATHLOSSALGORITHM

The Pathloss algorithm is based on the premise that an ideal knife edge rarely occursin practice. An obsta-
cleawayshasafiniteradius. A knife edgeis simply the limiting case of an obstacle with zero radius. The
TIREM and NSMA algorithmstreat a path as an ideal knife edge whenever the transmit and receive hori-
zons correspond to the same point on the profile. This criteriais very dependant on the specific pointsin
the terrain profile.

Obstructed Path Algorithm
The basic algorithm is shown in Figure (12).

The following criteria are used for obstructed
paths:

Calculate ) ( Calculate |___
Aq=I1SOL x 1 Foreground
J/ A\

Calculate ( Calculate
Aq = ISOL X 2 Foreground
A\

* If the path geometry consists of two hori-
zon rays, single isolated obstacle diffrac-
tion lossis calculated provided that
obstacle radiusis less than 80% of the
effective earth radius.

 If path geometry consists of three horizon
rays, double isolated obstacle diffraction v
loss using the Deygout method iscalcu-  Figure 12: Pathloss Diffraction Algorithm
lated, provided that each obstacle radiusis
less than 80% of the effective earth radius.

» If aradiuscalculation point islocated at either the transmit or receive sites, foreground loss is not cal-
culated. In this case, the obstacle of the radius is assumed to alow for the additional loss. Similarly, if
the obstacle isin the near field of the transmitter or receiver site, as determined by Equation (11), the
foreground lossis not calculated.

» Inall other cases, the height gain algorithm is used to calculate the foreground loss.

Line of Sight Algorithm

If the clearance at each point is greater than
56.57% of thefirst Fresnel zoneradius, the pathis
considered to be free space.

The intersections of the 56.57% first Fresnel zone
reference and the terrain are first calculated. The
path is analyzed as a series of isolated obstacles
providing the following criteria are met:

* lessthan 60% of the path exceeds the Fresnel
zone reference

* the number of obstacles does not exceed three

 theradiusof any obstacle does not exceed 80%
of the effective radius Figure 13: Isolated Obstacles - LOS
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* Fresnel zone reference clearance exists at each site

Theradius of each obstacle is calculated us-
ing the peak and the intersection with the
Fresnel zone reference, as shown in Figure
(13). \‘,‘,‘\\\\\\\

Reflective Plane Definition Range

If the above criteriaare not met the path isan-
alyzed usingtheirregular terrain algorithm. A
reflective plane is defined between thefirst 2
and last intersections of the terrain with the
Fresnel zone reference, as shown in Figure
(14). A two term least squaresfit isuseto
generate the plane. The transmit and receive
effective antenna heights, hy and h,¢, are de-
termined from this reflective plane.

reflective Plane

|

f

f

|

|
\ 4

Lih re—J

Fresnel Zon®

TROPOSPHERIC SCATTER Figure 14: Irregular Terrain - LOS
LOSS
Tropospheric scatter 10ss, Ly, is based on Reference (5) and is given by:

L, = 30 -log(fyy,) —20 -log(d) + F(&-d)

forNg = 301

where

F(8-d) = 135.82+ 0.334d + 30log(&d)

for 0.01<ad <10 23)
F(6-d)= 1295+ 0.212 - 6D + 37.5 -log(8 - d)

for 10<@-d <70

F(6-d) = 119.2+ 0.157 - 6-D + 45 -log( 6 - d)

for 8-d >70
—6-d

F(6-d, Ny = F(8-D)—|0.1-(N,—301)e ¥ }

Ng surface refractivity

d path length in kilometers
G transmit antenna gain (dB)
G, receiver antennagain (dB)

Note that Equation (23) represents the total transmission |0ss between the transmit and receive sites due to
tropospheric scatter. Inthe Pathloss program, tropospheric scatter lossis expressed rel ativeto the free space
loss. As stated in Reference (6), Equation (23) has not been validated for frequencies above 4 GHz. Theo-
retical calculations suggest that at frequencies between 2000 and 6000 M Hz, the frequency dependence of
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tropospheric scatter losswill change from 30 log(f) to 20 log(f). Accordingly, Equation (23) ismodified as
shown below.

L, = 36+ 20 -log(fy,y,) —20 -log(d) + F(&-d) (24)

The transition frequency between Equation (23) and Equation (24) is 3981 MHz. The Pathloss program
provides the following three options to calcul ate scatter |oss:

30 log(f)

36 + 20 log(f)

30 log(f) for f < 3981 MHz
or

36 + 20 log(f) for f > 3981 MHz.

CLUTTER

Clutter lossisdefined asthe loss produced by trees or buildingsin the immediate foreground of an antenna
and is calculated in accordance with Reference (13). Dueto the proximity of theselocal obstructionsto the
antenna, itisnot practical to enter thesein theterrain profile. Instead, the clutter lossis cal cul ated separately
in the clutter module and added to the combined diffraction and tropospheric scatter |oss.

Clutter lossis afunction of the type of clutter and the following parameters:

d; distance from the antenna to the clutter
hc height of the clutter above the antenna
do depth of the clutter along the path

W, width of the clutter across the path

The clutter parameters are specified in feet or meters, depending on the measurement system selected. Do
not use miles or kilometers.

Tree Clutter

Tree clutter is calculated as the minimum value of the following three propagation mechanisms:
» Attenuation through the trees

» Lateral wave propagation along the tree tops

» Knife edge diffraction over the tree tops

Each propagation mechanismis discussed in the following paragraphs using the metric system of measure-
ments.
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Attenuation Through Trees
The conductivity, o, for various types of treesisgivenin Table 1

The attenuation through the trees, L, is given by:

y= 1637 - o+ 0.334 - exp(—fgo) ‘log 25)
MHz

for vertical polarization

y= 1637 - o+ 0427 - exp(—fzm) ‘log (26)
MHZ

for horizontal polarization
L, = ;/-dp (27)

For thin screens of trees, the depth of the trees along the path, d, is
increased by the following factor:

Table 1: Constants

Tree Type o
Dry Bare Trees 7.0e-6
Dry Full Leaf Trees | 1.0e-5
Dry Evergreen Trees | 3.0e-5
Dry Rain Forest 2.0e-4
Wet Bare Trees 1.4e-6
Wet Full Leaf Trees | 2.0e-5
Wet Evergreen Trees | 6.0e-5
Wet Rain Forest 4.0e-4

EffectiveDepth = A/d§+ (7- Iog(fMHZ))2

Lateral Wave Along Tree Tops

The attenuation of alateral wave travelling across the tree topsis given by:

if 0<0.0002dB,,, = 30
if 0<0.00001dB,, = 12
otherwise dB,,= 40

L, = 6+ (dB, —6) -(1—e 10)

Diffraction Over Tree Tops

(28)

(29)

Theknife edge diffraction algorithm, described in the Diffraction Algorithms section of the manual, isused
to calculate the diffraction over tree tops. The parameter V, is calculated as follows:

2

h--f
V = 0.082 |-¢—_MHz
dC

Building Clutter

Building clutter is calculated as the minimum value of the following three propagation mechanisms:

(30)
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» Attenuation through the building
 Building multipath propagation loss
» Khnife edge diffraction over the top of the building

Attenuation Through Buildings

The attenuation through a 15 meter thick building for Table 2: Building Attenuation

varioustypes of construction isgiven in the following Building Type Attenuation E,;,
table.
o , ) Wood Buildings 15dB
Building attenuation, L, as afunction of the depth of _ —
buildings along the path, dj, is given by: Brick Buildings 30dB
d -E Concrete Buildings 30dB
L, = -1 (31) -
a 15 Metal Buildings 45 dB

Building Multipath Propagation Loss
The multipath transmission loss due to buildings, L,,, is given by

Diffraction Over the Top of Buildings
Diffraction over the top of buildingsis calculated in the same manner as trees.

Diffraction Around Buildingsand Trees
Due to the finite width of the clutter across the path, energy will be transmitted around the trees and build-
ings. The reduction in loss due to this propagation mechanism is given by:

_2-We
L, = L-(l—e dcj (33)

TREE - BUILDING LOSS ON TERRAIN PROFILES

This section describes the methods used to cal cul ate the additional loss dueto trees or buildingswhen these
structures have been entered into the path profile. An automatic structure loss calculation is carried out if

the Pathloss, TIREM or NSMA diffraction algorithm has been selected. Additionally, it is possible to cal-
culate the loss of an individual tree or building.

TreeLoss
Treelossis calculated as the minimum of the following components:

» Knife edge diffraction loss measured at the top of the tree minus the knife edge diffraction loss meas-
ured at the base of the tree. In other words, only the contribution of the treeis considered.

* Theloss of alatera wave traveling along the tree tops.
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Building L oss
Building loss is calculated as the minimum of the following components:

» Khnife edge diffraction calculated in the same manner astree loss.
 Building multipath propagation loss.

Thereduction in loss due to the transmission of energy around the trees or buildingsis not included. There
IS no provision to specify the width of the structure across the path.

The transmission loss through the structure isnot considered. There isno provision to specify the depth of
the trees or buildings along the path.

Line of Sight Paths

On line of sight paths, the loss of each structureis
separately calculated as described above. Thetree
/building lossis taken to be the maximum value of
the individual calculations.

6570
InFigure (15), fivetreeshave been entered into the

path profile. All of the trees extend into the 56.57
first Fresnel zone reference. The loss of each tree
iscalculated. The path tree loss will be assigned
the maximum of the five individual |osses.

K
/rstF
.
€S nel zone Refere nce

Obstructed Paths

The structure loss calculation on obstructed paths
treats the path as a multiple knife edge path using . ] . :
the Epstei n-Peterson convention. On each segment Figure 15: Tree Loss - Line of Sight Paths

of the profile, the knife edge lossis calculated at the top of the structure and the bottom. The structure loss
isthe difference of the two values. The structure loss is summed over the profile in this manner.

In the region of an antennarto its horizon, the
structurelossis calculated using the line of sight
method described above and added to the ob-
structed values.

1st Segment

2nd Segment —»
A B C D

A doubleknife edge path with trees on the major
peaksisshownin Figure (16). Thetreelossat B
iscalculated over thefirst segment of the profile
fromA to C. Thetreelossat Ciscalculated over
the second segment from B to D. The tree loss
between C and D is calculated over the line of
sight segment from C to D. Thetotal lossisthe
sum of the individual tree loss calculations.

Figure 16: Tree Loss - Obstructed Paths
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Entering Structureson the Terrain Profile
The structure loss algorithm will prevent excessive losses due to the indiscriminate entry of trees, in most
cases. Several pointsto consider for tree /building entry are given below:

» Enter asingle structure on the major peaks of the path profile. Entering more than one serves no pur-
pose.

* Onlineof sight paths, several trees or buildings may be entered. The loss is always calculated as the
maximum loss of all of the individua structure losses.

Manual Structure Loss Calculation
Provision is madeto calculate the loss of individual structuresin the Dif-
fraction module. This feature is only enabled for the manual diffraction IR

agorithms. Tree - building loss (dB)  0.00

Position the arrow on the tree or building. Hold down the Ctrl key and 1' Ll
press the F9 key (*"F9). Click OK to incorporate the calculated loss into
the overall diffraction loss. Note that the structure loss will be calculated
using the clearance to first Fresnel zone ratio established by the currently selected profile segment i.e the
ends of the display.

OHLOSS (OVER THE HORIZON LOSS)

Diffraction ] [ Tropospheric ]
. L Scatter L
Transhorizon Path L oss Components = / corer o
Figure (17) shows the components of a transhorizon path loss calcula- —l—mmbine g
tion. Thediffraction and tropospheric scatter |oss are combined and ad- Loss «

justed for regional geographic effectsto produce amedian value of the f
transhorizon path loss. r )

. Median Time
. e e ) . L. oss V(0.5) S
Thetime variability is calculated as the cumulative probability distri- I V@rgbil)lty
bution of loss as a function of time, using 50% and 95% confidence Y(0.9)

Free Space
factors. Losz

Options are provided for both interference and transmission applica- —l—
tions. The probability distributions are not the same for the two cases. | Atmospheric

. .. L Adsorption
In the interference case, the minimum value of the path lossisgiven as Loss
afunction of time. In the transmission case, the maximum valueis cal-

Median
Loss

Loss
Thetotal lossis calculated as the sum of the median |oss, free space

loss, atmospheric absorption loss and clutter loss, (if separately calcu- Figure 17: Transhorizon Path Loss
lated).

OHL OSS Report Terminology

Loss Summary
The OHL OSS report loss summary below represents the components shown in Figure (17).
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Diffraction loss (dB) 34.75
Tree - building loss (dB) 0.00
Troposcatter loss (dB) 41.65
Combined loss (dB) 33.94
Median loss (dB) 33.51
Free Space |oss (dB) 119.21
Atmospheric Absorption loss (dB) 0.14
Clutter Loss (dB) Note (1)
Total loss (dB) 152.85
Note (1) Clutter loss must be separately calculated to be included in the OHL OSS report.

Cumulative Loss Distribution

This section of the OHL OSS report presents a cumulative probability distribution of the combined median
lossfor both interference and transmission applications as shown below. The values of lossin the column
P=0.5, represents the median or average value of the expected loss as afunction of time. The valuesin the
column (P=0.95) are adjusted for a 95% confidence level. The 50% values for P=0.5 are the same for both
interference and transmission applications.

Median Loss Time Variability
Time (%) Minimum Loss Maximum Loss

(P=50%) (P=95%) (P=50%) (P=95%)

50.0000 33.51 27.66 33.51 39.36
80.0000 30.45 24.34 36.14 42.18
90.0000 28.85 22.42 37.26 43.49
99.0000 24.19 16.29 40.34 47.37
99.9000 20.78 11.48 42.56 50.35
99.9900 17.99 7.40 44.40 52.92
99.9950 17.43 6.58

99.9975 16.68 5.47

All lossvalues are artificially limited to -6.0 dB in interference applications. No limits are imposed on the
values of lossin the transmission option.

Terrain Profile Listing
The OHL OSS report includes an optional listing of the terrain profile. The following terminology is used:

DIST The cumulative path distance measured from Site 1.
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GND The ground elevation corresponding to DIST measured above mean sea level.
OBST The height of any obstruction (tree or building) measured above ground level.
CLR The absolute clearance measured from the top of an obstruction to the line between anten-

nas. The effects of the earth radius factor (K) are included in the clearance.

Path Characteristics
The following conditions are tested and printed if true:

» Pathislineof sight (LOS) for flat earth.
Path has a common horizon.

Path has separate horizons.
Path is blocked between horizons.
Path is blocked by __ obstacle(s).

Combined L oss

Diffraction and tropospheric scatter aretreated astwo independent transmission mechanisms. Tropospheric
scatter loss represents the limiting value of the transmission loss. The combined loss, L., is calculated as:

Lo _Ls
L, = 10-log|10 ** + 10 *° (34)
Lg calculated diffraction loss
L calculated tropospheric scatter loss

Median Transmission L 0ss

The median transmission loss, L,(0.5), is obtained by applying a climatic adjustment factor to the basic
combined loss. The climatic adjustment factor is defined as:

L,(05) = L,—V,(05,d,) (35)

n denotes a particular climatic region.
de effective distance
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The effective distance is given by:

1
1003
d, = 65-
s (fMHz)
d = 3,/2 h.+3,/2 -h,
for d<d, + dg (36)
d
d. = 130 -
¢ dL + dsI
for d>d, + dg

d. = 130+ d—(d_+ dy)

e

hee transmit effective antenna height in meters
hre receive effective antenna height in meters
d path length in kilometers

V,(0.5) is given by the following general analytic expression. The constants to evaluate V,, are given in
Table 3.

V(0.5) g
n, _(C3 'de )
Y(0.1)| = [c;-dg —fy(dg)]e +f,(de)
Y(0.9) (37)
_ _d;‘z
f(d) = fo+(f,—f) e * ")
Time Variability Factors
Thetime variability factor is defined as:
Ln(q) = Ln(05) _Yn(q’ de) (38)
n denotes a particular climatic region
q percent of time that the predicted loss will be different than the median transmission loss

The procedure used in Pathloss Version 3.0, calculated the time variability factor using the general analytic
expression given in Equation (37). In interference calculations, Y(0.1) was calculated using the constants
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in Table4. Thisresultsin thevaue of transmission losswhichwill be exceeded for 90% of thetime. Values
for other time percentages were determined by the following multipliers:

50.0000 L, (0.5)

80.0000  L(0.5)- 0.6567-Y(0.1)
90.0000  L,(0.5)- Y(0.1)
99.0000  L,(0.5)-2.0-Y(0.1)
90.9000  L,(0.5)-2.73Y(0.1)
99.9900  L,(0.5)-3.33Y(0.1)
99.9950  L,(0.5)-3.45Y(0.1)
99.9975  L,(0.5)- 3.61.Y(0.1)

In transmission applications, the parametersin Table 5 were used to calculate Y (0.9). This represents the
value of transmission lossthat will be exceeded for 10% of thetime. VValuesfor other time percentageswere
determined by the following multipliers:

50.0000  L(0.5)

200000  L(0.5)+0.7-Y(0.9)
100000  L,(0.5) +Y(0.9)
01.0000  L(0.5) + 1.82:Y(0.9)
00.1000  L(0.5) +2.41.Y(0.9)
000100  L(0.5)+2.9Y(0.9)

This approach produced a reasonable approximation of the curvesin Technical Note 101 for the 0.1 and
0.9 time percentages. For other time percentages, the above scaling factors only produced good agreement
with the Continental Temperate climatic region. In Version 4.0, all of the time variability curvesin Tech-
nical Note 101 have been digitized. The value at any time percentage is determined by interpolating the
specific curves.

95 Per cent Confidence Factor Adjustment
The adjustment for a 95 percent confidence level is given by:

L.(q) + 1.64,/12.73 + 0.12Y*(q) (39)

The adjustment is negative for the interference elimination option and positive for the transmission option.
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Table 3: V,4(0.5) Evaluation Constants

Region C, ) Cs ny N, N3 f foo
Continental 159e-05 | 1.56e-11 | 2.77e-08 | 2.32 4.08 3.25 3.90 0.00
Temperate

Maritime 112e-04 | 1.26e-20 | 1.17e-11 | 1.68 7.30 441 1.70 0.00
Temperate
Overland

Maritime 1.18e-04 | 3.33e-13 | 3.82e-:09 | 2.06 4.60 3.75 7.00 3.20
Temperate
Overseas

Maritime 1.09e-04 | 5.89e-18 | 2.21e-07 | 2.06 6.81 2.97 5.80 2.20
Subtropical
Overland

Desert 8.85e-07 | 276e-14 | 2.25e-12 | 2.80 4.82 4.78 8.40 8.20
(Sarhara)**

Equatorial 3.45e-07 | 3.74e-12 | 6.97e-08 | 2.97 443 3.14 1.20 -8.40

** The constants shown for the Desert (Sahara) climatic region calculate the value for -V ,(0.5)

Table4: Y(0.1) Evaluation Constants

Regl on Cl Cz Cg nq 1)) N3 fm foo
Continental 3.56e-02 | 9.85e-08 | 1.50e-11 | 1.13 2.80 4.85 10.50 5.40
Temperate
Maritime 6-28e-04 | 3.19e-08 | 6.06e-12 | 1.92 2.96 5.05 13.00 12.50
Temperate
Overland
Maritime 182e-02 | 2.40e+00 | 6.92e-15 | 1.29 0.00 5.78 19.00 14.00
Temperate
Overseas
Maritime 4.33e-02 | 7.13e-11 | 1.19e12 | 1.09 3.89 4.93 17.50 13.60
Subtropical
Overland
Desert 6.09e-02 | 1.36e-05 | 3.18e-11 | 1.08 1.84 4.60 15.10 6.00
(Sahara)

Equatorial 522603 | 1.57e-04 | 5.22e-17 | 1.39 1.46 6.78 8.50 3.20
Continental 1.01e-02 | 2.26e-07 | 3.90e-09 | 1.46 2.67 3.78 16.00 9.10
Subtropical
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Table5: Y(0.9) Evaluation Constants

Regl on Cl C2 C3 ny 1) N3 fm foo
Continental 9.48e-03 | 5.70e-11 | 556e-06 | 1.33 3.96 244 8.20 3.00
Temperate
Maritime 1.29e-04 | 1.93e-15 | 2.81e-04 | 2.14 5.80 1.65 10.00 4.50
Temperate
Overland
Maritime 1.25e-03 | 6.57e-16 | 1.49e-09 | 1.72 5.96 3.84 12.00 4.00
Temperate
Overseas
Maritime Sub- | 7.24e-03 | 4.26e-15 | 1.12e-06 | 1.35 541 2.56 12.70 8.40
tropical
Overland
Desert 3.19e-02 | 5.66e-08 | 7.39e-11 | 1.14 2.76 4.40 11.40 3.30
(Sahara)

Equatoria 6.51e-03 | 25304 | 2.61le-16 | 1.36 1.36 6.55 8.40 2.70
Continental 34903 | 1.08e-09 | 9.15e-11 | 1.55 3.49 4.48 10.10 3.50
Subtropical

Time Variability Curves

The remainder of this section contains the time variability curves actually used in the program. These have
been digitized from Technical Note 101 and form the basis of al time variability calculations.

The upper set of curves (0.1 to 0.0001) represents the up fade probability and are used in the interference
calculations.

The lower set of curves (0.9 to 0.9999) represents the down fade probability and are used in transmission
applications.
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REFLECTION ANALYSIS

OV E RV I EW H1=150.0, H2=65.0, Freq.=4000.0, Rough=0, Loss=0, Horiz.

The Reﬂ eCt| on mOdUI e |S Used '[0 anal yse a S ngl e 10 H1=130.0, H2=65.0, Freq.=4000.0, Rough=0, Loss=0, Horiz.

specular reflection on a path.The analysisis based 5 —

on auser definereflective plane. Beforeusingthe @ / \ \

Reflection module, determine the reflective char- & s y / Y \ Y
acteristics of the path in the Multipath module. &2 /[ | [ \ \ |/
This step will also help identify thestartandend 2 | || | | \[ |
points of the reflective plane. It is not possible to & \ \[ \/ \
defineareflective plane on apath whose geometry ¢ I

will not support a specular reflection. Inthesecas- & 2

es, itisnot necessary to carry out areflection anal- = =

ys S j: 1.00 1.33 2£0 5.v00 106( 0
The primary uses of the Reflection module are: 040 45 0 S5 &0 65 70 75 €0 85884

Earth Radius Factor (K ) - arctan ( K') (deg)
* Todetermine the receive signal variations due to a specular reflection.

» To set the antenna heights for an odd Fresnel number clearance on paths with excess clearance.

» To determine the optimum vertical antenna spacing when space diversity is used to avoid signal nulls
on areflective path.

» To determine the dispersive characteristics of a path (amplitude and delay of the reflected signal).
» Toensurethat asigna null does not occur at the median value of K.
» Toevaluate the effects of tilting the antennas vertically to reduce the reflected signal amplitude.

Theinitial screen display will be blank if a calculation has not been made. The calculations are retained
when changing between modules and are also saved in the Pathloss data file.

The basic procedure is outlined and described in detail in the following paragraphs:

Define the reflective plane. All calculations are based on this definition.

Open the Variable dialog box and select one of the following variable parameters:

Site 1 antenna height Site 2 antenna height
frequency earth radius factor (K) tide level

» Enter the start and end values and the values of the constant parameters.

* When the entries are complete, click the OK button to start the calculation. A maximum of four calcu-
lations can be simultaneously displayed.

» Thefollowing parameters can be modified without repeating the calculation:

terrain roughness ground cover - clearance loss
antenna 3 dB beam widths  divergence
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» These parameters affect the amplitude of the reflected signal. The results can be compared with those
using only the theoretical reflection coefficient.

» The amplitude and delay of the reflected signal can be further analysed in the Dispersion data entry
form.

REFLECTIVE PLANE DEFINITION

Define Reflective Plane

Qf  Cancel Prink FEeset  Fresnel Zones  Help

| RefPtati773km Delay=03ns [K [133 =] b EERd

TEO -
o0

(=1

0

200

=]

\\\\\

o

=]

]
h

a0 423
| Brownwvale | | Least squares | & | F | TFE TR | kmem | 30.87- 548.5 | Peace River

Select Define Plane from the Reflection menu bar to bring up the reflective plane calculation display. The
shaded profile represents the flat earth profile. The upper profile is drawn for the earth radius factor dis-
played on the control bar. The antenna heights correspond to the antenna combination displayed on the sta-
tus bar.

Control Bar

If areflective plane has been defined, the control bar shows the location of the reflection point and the rel-
ative delay of thereflected signal. A new value of K can be selected and the display will automatically up-
date without redefining the plane. The control bar aso includes buttons corresponding to the menu items.

Status Bar
The following display and controls are included on the status bar:

» Site names (information only).
* Measurement system (information only).
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» Plane definition method (least squares shown in the example display above). Click the left mouse but-
ton on this box to select the plane definition method.

» Cursor control (A and P on the example display above). Click the left mouse button to change the
arrow and cursor movement attributes.

» Antenna combination. If the antenna configuration has more than one antenna combination, click on
this box to select another antenna combination.

» Cursor location. Click the left mouse button on the cursor location box for additional information on
the selected point.

Procedure
A planeis defined as follows:

» Place the arrow at one end of the reflective plane and click the right mouse button or press the F1 key.
The arrow will change color to indicate that it has been selected. The reset button will cancel the
selected point.

» Placethe arrow at the opposite end of the reflective plane and click the right mouse button or press the
F1 key again.

» Toredefine aplane, just repeat the above two steps over the existing plane.

» Click the OK button to accept the reflective plane. The Cancel button cancels al changes made during
this session. If areflective plane had been previoudy defined, the Cancel button will restore the origi-
nal definition.

Plane M ethod _
Three methods are available to define areflective plane (least squares, |

2 point line and constant elevation). The current method isdisplayedon |- Method

the status bar. Click theleft mouse button on thereflectiveplanemethod | Least squares ok

box in the status bar to bring up the Reflective Plane Method dialog box. | © 2 Paint Line

Cancel

{~ Constant Elevation

Least Squares _ Help
The planeis derived from atwo term least squaresfit of theformy = ax || El#vation () |

+ b, using 50 uniformly spaced points interpolated over the end points
of the reflective plane.

Flils

2 Point Line
The reflective plane is derived from the two end points which define the plane. The reflective plane also
takestheformy =ax + b.

Constant Elevation
The plane is drawn at a constant elevation (y = Elevation).

Note that the 2 point line and constant elevation methods are only available in the Reflection module. The
least squares method is used in all other modules which use reflective planes.
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Error Messages

The reflective plane is determined as described above and displayed for the selected value of the earth ra-
diusfactor. The section between the defined plane end points are drawn asasolid line. The planeis extend-
ed to the end points of the profile using dotted lines. The reflection point location is then calculated and
displayed. The control bar now shows reflection point location and the rel ative delay of the reflected signal
in nanoseconds.

Effective antenna heights are determined by extending the reflective plane to the ends of the profile. The
effective antenna heights are the heights of the antennas above this plane.

The following error messages may appear:

» Theplaneisnon line of sight at the specified values of K and antenna heights. Select another value of
K on the control bar.

* Theplane elevation at Site 1 is higher than the antenna height.
* Theplane elevation at Site 2 is higher than the antenna height.
» Thereflection point is outside the defined limits of the plane.

» Thereflection point could not be located. The algorithm failed to locate the reflection point. This can
occur if the reflection point is very close to one of the sites. Increase the antenna heights or change the
reflective plane.

Reflective Plane Consider ations

2100

2650

L | |
2600
0 2 4 6 8 10 2 14 16 18 20 2 2% 52 0 2 4 6 8 10 » 14 16 18 20 2 24 252

On over water paths, or paths which are predominately flat, the selection of the end pointsis straightfor-
ward. On other paths, some judgement is required. In many cases, the multipath module will indicate the
extents of the reflection area. In the above example of a profile with no easily recognizable reflective re-
gion, the ray trace shows that reflected signals from the area between 10 and 15 kilometers are directed at
the receive antenna. Accordingly, the reflective plane has been defined over that area.
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In other cases the following guidelines can be used:

+ Draw a100% first Fresnel zone reference and note the extent of the terrain closest to this Fresnel zone
reference.

» Place the cursor at the center of this extent and press the Ins key to display the terrain point data. Note
the clearance to the first Fresnel zoneratio (C/F1).

» Using thisvaue as aguide, draw additional Fresnel zone references until approximately 50% of the
Fresnel zone is below the terrain.

» Define the end points of the reflective plane at the first and last intersections of the Fresnel zone refer-
ence with the terrain.

» Draw 100% first Fresnel zone references to the reflection point. The intersections of the Fresnel zone
with the terrain represent the area along the profile required to support a specular reflection. The end
points of the reflective plane should encompass this area.

TERRAIN ROUGHNESS

Select Modify - Terrain Roughness from the menu bar. The theoretical reflection coefficient assumes a
smooth uniform surface over the terrain. Terrain roughness accounts for the actual variationsin the terrain
and reduces the magnitude of the reflection coefficient. Note that terrain roughness does not account for
ground cover such as trees and vegetation on the path. These effects are treated separately in the Modify
Parameters selection.

In most cases, the path profile will not contain sufficient detail to determine the actual terrain roughness
and afield inspection may be required. In this case, an estimate of terrain roughness can be entered directly
in the Modify Parameters dialog box.

The terrain roughness display uses the flat earth profile. The antenna heights correspond to the antenna
combination displayed on the status bar. The reflective plane is also shown on the display.

The following steps describe the terrain roughness calculation:

» Draw 100% first Fresnel zone references to the reflection point. The intersections of the Fresnel zone
with the terrain represent the approximate extent of the profile required to support a specular reflection.
The terrain roughness should be calculated over this region.

» Place the cursor at one end of the region and pressthe F1 key or click the right mouse button.
» Place the cursor at the opposite end and press the F1 key or click the right mouse button again.

A least squaresfit of theformy = a:x +biscalculated over the selected interval. The elevations, with respect
to thisleast squares fit are determined at 50 equally spaced points. The terrain roughnessis calculated as
the standard deviation of these elevations.

To redefine aplane, just repeat the above steps over the existing terrain roughness calculation. Click the
OK button to accept the terrain roughness or the Cancel button to ignore all changes made during this ses-
sion. If aterrain roughness cal cul ation had been previously defined, the Cancel button will restore the orig-
inal definition.
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VARIABLE PARAMETERS

The variationsin receive signal due to a specular reflection
can be calculated as afunction of any of the following varia-  Start Earth Radius Factar K] ID.?‘D

¥ary Earth Radius Factor (K} |

ble parameters: End Earth Fadius Factor (K] |1 00.00
1 i Site 1 Ant Height |?9.2D
Site 1 antenna height Iz 1 iz (el ()
. . Site 2 Antenna Height [m] |54.E||:|
Site 2 antenna height

Frequency [MHz] |5832.50

earth radius factor (K)  Pularization o
frequency &+ ‘erlical
tidal changes on coastal paths " Horizantal \

Enter the start and end values and the values of the fixed pa-
rameters. Fixed antenna heights can be set by clicking on the
Antenna Combination button.

k. | Cancel Help

Click the OK button to carry out the calculation. The current values of terrain roughness, ground cover -
clearance loss, antenna 3 dB beam widths and divergence are used. These can be changed at any time with-
out repeating the calculation.

Typicaly, the analysisinvolves several values of the fixed parameters. For example, in a space diversity
application, the reflection analysisis used to verify that simultaneous signal nulls do not occur on the main
and diversity antennas at any value of K and that at K = 4/3, the signals on both antennas are near the free
space value. The earth radius factor isthe variable and the calculations are carried out for the following
antenna combinations:

Site 1 main antennato Site 2 main antenna
Site 1 main antennato Site 2 diversity antenna
Site 2 main antennato Site 1 diversity antenna

A maximum of four calculationscan bedisplayed. If ..o imoomns
the reflection point moves outside the defined plane
limits during a calculation, the trace isdrawn as a ’ e / \ /
gray dotted line. The calculation will not proceed un- \ / / /
der the following situations.

» Theplaneisnon line of sight for all values of K. \/ \ / \

» Theplaneisnon line of sight for all values of the /
site 1 antenna height. :

» Theplaneisnon line of sight for all values of the 7' U
site 2 antenna height. i

| e—
L —

» Theplaneisnon line of sight from low to high 7
tide. ; an @
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MODIFY REFLECTION PARAMETERS
Modify Reflection Parameters |
Terrain Roughne$ Terrain roughtess [m) I—
Terrain roughness can be cal culated using the Roughness menu se-  Ground Cover - Clearance loss (8] |
lection. In many cases, the elevation detail on the path profileisin- = giie 1 antenna 3 d& Beamwidth ] W
adequate for this purpose; and it is necessary to enter the terrain Site 2 Anterna 3 dB Beamidth (] IT

roughness determined by a physical inspection of the path. Site 1 Antenna Downtit (1) [.50

Ground Cover - Clearance L oss Site 2 Antenna Downtilk [*] I-I:I.EEI
The amplitude of the reflected signal is reduced by ground cover I+ ilse Divergence f

onthe path. Estimates of these losses are: [T Show Perfect Reflector Fesults
Otol1dB water, desert or salt flats ok | cancel|  Hep |

1to3dB fieldswith low vegetation or low grass

3to6dB sagebrush, fields with high vegetation or high grass

8to15dB partially wooded areas including trees along roads which are perpendicular to the path
>15dB  heavily wooded areas

In addition to the ground cover, the clearance on the paths between the reflection point and each antenna
must be considered. If the clearance on the reflected pathsis less than 0.6F1, then the additional loss must
be taken into account. This can only be analysed in the Diffraction module.

Antenna Beam Widths

Depending on the path geometry, the antennadiscrimination may reduce the reflected signal amplitude. En-
ter the total vertical 3 dB beam widths of the antennas. If a zero is entered or the field isleft blank, the an-
tenna beam widths will not be used in the calculation.

Antenna Downtilt

To reduce the null depth produced by areflected signal, it iscommon practiceto tilt the antennas upwards.
Thisincreases the antenna discrimination to the reflection point; however, there will be some loss of re-
ceived signal duethe orientation loss. The antennas are assumed to be oriented at K = 4/3. To tilt an antenna
upwards, you must enter a negative value (negative downtilt equals uptilt). If thisfield isleft blank, the
antenna downtilt will not be used in the calculation.

Divergence

Divergence is the scattering of areflected signal due to the curvature of the earth. A graphic illustration of
divergenceis given in the Multipath module. The effect isto reduce the reflected energy at low values of
K. At large values of K, divergence has no effect. If K is negative, then divergence becomes convergence
and the amplitude of the reflected signal increases.
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Show Perfect Reflector Results

The effects of terrain roughness, ground cover - clearance loss, antenna beam widths and divergence can
be shown by displaying the unmodified results along with the actual results. The unmodified results con-
sider only the theoretical reflection coefficient.

DISPERSION ANALYSIS
IEpEersion Analysis
Select Dispersion from the menu bar. Thedis- 0K Cancel Help
persion analysis worksheet calculates the loss Brownvale | Peace River
and delay of the reflected signal. Thesevalues [ antenna height m) 79,20 5400
determine the dispersive effects of a specular Antenna 3 dB beamwicth %) 1.40 1.40
reflection. The calculation uses the reflective Yerical angle () -0.04
plane definition and thefollowing parametersin | Antenna Dawntilt (+7) .25
the Modify Parameters selection: Orientation Loss (dB) 0.35
Discrimination Angle (7 037
e terrain roughness Discrimination (dB) 076
Earth Radius Factor K 133
» ground cover - clearance loss Frequency (MHz) ) E882.50
. Folarization ba Yerical
* dlvergence Retflection Paint Location (krm) 18.75
The following input parameters are local varia- | Reflection loss [dE) 9.25
blesin the dispersion analysis worksheet and Feflection Delay (ns) 0.32
have no effect on the corresponding parameters | Peaca River Orientation Loss (dB) |
outside the worksheet:

» antenna heights
 earth radius factor
» frequency

* polarization

Theantenna3 dB beam widthsand downtiltsvaluesare global variables. If these are changed, thereflection
calculations will be updated when the Dispersion Analysis worksheet is closed.

Note that both the antenna 3 dB beam widths and downtilts are "not included” parameters. If the letter X is
entered for avalue or the F3 key is pressed, these values will not be used in the calculation.

The following parameters are cal culated:

 antennadiscrimination angles

» antennadiscrimination

* reflection point location

* reflectionlossin dB

* reflection delay in nanoseconds

If thereflected signal delay isgreater than 10-20 nanoseconds, performance problems on high capacity sys-
tems can occur unlessthe reflected signal amplitude is at least 40 dB below the direct signal. At very long
delays, the path may not be workable.
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REFLECTION OPTIONS
Refection Display Dptions 3|

Grid I Draw i

This option adds or removes horizontal and vertical grid linesonthereflec-  -‘ertical Scale

tion analysis display. * Autn

Vertical Scale " Fived Scale

If the "Auto” option has been checked, the program will determine the ver- || Masimum (8] 100

tical scale of the display; otherwise, the scale will be established by the Miriroum (d8) [-30.0
maximum and minimum values. Thisfeatureisuseful in comparing chang-

esin various options. 0K | Cancel | Help |
REPORTS

Null Depth

Only the data at the signal nullsis printed. The actual null depth is calculated.

Variable Parameter : Earth Radius Factor K
Reflective plane defined between 11.52 and 28.27 km (Least Squares)
Brownvale Antenna 3 dB Beamwidth (°) 1.40
Peace River Antenna 3 dB Beamwidth (°)  1.40
Terrain Roughness (m)

Ground Cover - Clearance loss (dB)

Use Divergence Yes

Brownvale Antenna Height (m) 79.20

Peace River Antenna Height (m) 54.00

Frequency (MHZ) 5882.50

Polarization Vertical

K Location Reflection Loss Reflection Delay  Null Depth
km % dB rad ns dB

1.10 18.71 43.75 5.00 9.40 0.25 7.18
1.92 18.31 26.26 2.65 15.69 0.42 11.62
453 17.91 13.23 1.23 21.97 0.59 17.57

Reflection

All datain thereflection analysisis printed. Note that the number of pagesin the report is displayed on the
caption. There may be in excess of 1000 points in the calculation. The actual signal nulls may be deeper
than shown on the report. The variable parameter may not fall exactly on the null.

Dispersion
This report prints the Dispersion worksheet data.
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TWO RAY OPTICS

Reflection analysisis based on two ray optics and is limited to asingle specular reflection. Thereceive sig-
nal isthe vector addition of the direct signal and the reflected signal.

The amplitude of the reflected signal depends on:

» theoretical reflection coefficient

 terrain roughness

» divergence

» ground cover over the reflection surface

» additional loss due to lack of clearance between the reflection point and the antennas
» antennadiscrimination

The phase difference between the direct and reflected signal's depends on:

 thedifferencein path lengths between the two signals
* the phase shift which occurs on reflection

The resultant signal is given by:

A= 10 Iog[1+ RZ—Rcos(ZT‘kAr -c, hﬂ W
R reflected signal amplitude
A wavelength
Ar differencein path length between the main and reflected signal paths expressed in the same
units as the wavelength
7-Cy phase shift which occurs on reflection

The subscripts v and h refer to vertical and horizontal polarization.

Equation (1) isvalid on line of sight paths for frequencies greater than 30 MHz. Asthe clearance approach-
es grazing, two ray optics resultsin an unrealistically high loss.

THEORETICAL REFLECTION COEFFICIENT

The theoretical reflection coefficient isacomplex number consisting of a magnitude and an angle and de-
pends on:

» frequency

* polarization

» grazing angle (angle of incidence or angle of reflection)
* relative surface dielectric constant (g)

» surface conductivity (6 mhos/meter)
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The magnitude of thereflection coefficient R, and R, and the phasedelay (n - C;)) and (wt - C,)) for horizontal
and vertical polarization is given by Equation (2). Thisis based on Technical Note 101 (111-3).

x= 1.80 -10% . &
MHz

a= 2

2p2 = A/e—(cos2 5”)2+ x°+ (e—coszﬁy)

b_.92+x2
VT oo 9
p +q
_ 1 2
by, = 2 2
p +q
— 2(pet gx)
m, 2 2
p +q
m= —20
h 2 2
p +q

1+ szin2 Y- mvsinzﬁf’

2
Rv= > .
1+ b,sin®#+ msn¥

R2 = 1+ bhsinZY’—mhsinzﬁV
L=

1+ bhsin2¥’+ m,sin ¥

7-C, = tanl(xsn Y- g) _tanl(xs!n Y+ gp)
£ gsin ¥+
T— Ch = tanl(%) — tanl(—ch)
sn¥—- sn¥+
£ relative dielectric constant
c surface conductivity
v grazing angle in radians (angle of incidence or angle of reflection)

The phase shift on reflection is very near 180 degrees (radians) on most radio paths. As the grazing angle
approaches the Brewster angle in the range 5 to 11 degrees, the phase shift rapidly changesfor &t to -n ra-
dians. This path geometry israrely encountered in practice.

Page 11 of 14



Reflection Analysis Pathloss 4.0

Table 1; Ground Characteristics

Ground Conductivity Relative
Type (o) Dielectric
(mhos per meter) | Constant (e)

Poor 0.001 4

Ground

Average 0.005 15

Ground

Good 0.020 25

Ground

Salt Water | 5.000 81

Fresh Water | 0.010 81

The surface dielectric constant and the surface conductivity are determined by the ground types specified
in the terrain profile as shown in Table (1).

TERRAIN ROUGHNESS

The magnitude of the theoretical reflection coefficient, R, in Equation (2) is based on a smooth surface
over the area of thereflection. Typicaly, Ry, isintherange 0.9 to 0.99, which will result in receive signal
nulls of 20 to 40 dB.

The reflection coefficient is modified to account for terrain roughness as shown in Equation (3) below.

—(O.G'Sinyf"él-h)

3
Re = Ry.@ A 3

Re effective reflection coefficient

A wavelength

Ap terrain roughness expressed in the same units as the wavelength

Y grazing angle in radians (angle of incidence or angle of reflection)

Note that the effect of terrain roughness depends on the sine of the grazing angle (V). At very low values
of ¥, the sineiszero and terrain roughness has no effect. Even avery rough surface isreflective. This phe-
nomenon is often observed while driving on paved roads. The road in the distance appears as a mirror re-
flecting light. The road surface isreflective to light at low grazing angles.

The terrain roughness is defined as the standard deviation of the terrain relative to a smooth curve within

the limits of thereflection area. Thisisthe same definition as used in the Microwave Worksheet; however,
no limits are placed on the value of the terrain roughness. If the path is over water or salt flats, then avalue
of zero should be used for the terrain roughness which represents the worse case.
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Note that the effective reflection coefficient is afunction of frequency (A). The effect will be greater at the
higher frequencies. In estimating aval ue of theterrain roughness, only the terrain should be considered. Do
not attempt to account for ground cover (trees or foliage) using terrain roughness. These effects are de-
scribed under Ground Cover Effects.

DIVERGENCE

Divergenceis defined as the scattering of areflected ray due to the curvature of the earth. The effect isto
slightly reduce the amplitude of the reflection coefficient for small values of K. Divergence has no effect
at large values of K. If K is negative, divergence becomes convergence and the amplitude of the reflection
coefficient increases.

The divergence factor is given by:

1

D = 4
Jl N 2-d,-d,
K-a-d-tan(¥)

d; distance from Site #1 to the reflection point
d, distance from Site #2 to the reflection point
d path length
a earth radius
K effective earth radius factor
v grazing angle (angle of incidence or reflection)

The reflection coefficient is modified asR = D Re.

GROUND COVER EFFECTS

Trees and foliage in the area of the reflected signal can significantly reduce the reflected signal amplitude
and the subsequent variationsin the receive signal. An estimate of the ground cover lossis critical in de-
termining the requirement for space diversity to handle specular reflections.

Table (2) provides approximate values of the loss for several types of ground cover.

Table 2: Ground Cover Loss

Ground Cover Loss
water, desert or salt flats Otol1dB
fields with low vegetation and low grass 1to3dB
sage brush, fields with high vegetation and high grass 3to6dB
pr?rtial Ir)]/ wooded areas including trees along roads which are perpendicular to 8to15dB
the pat
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REFLECTED PATH CLEARANCE

Additional lossto thereflected path will occur if thereislessthan 60% first Fresnel zone clearance between
an antenna and the reflection point. This analysis must be carried out separately in the Diffraction module.

ANTENNA DISCRIMINATION

Additional loss to the reflected signal will result from the antenna discrimination, provided that the angle
difference between the orientation angle and the angle to the reflection point is sufficiently large. The an-
tenna discrimination is calculated as:

for 8< bw ®)

sin(%w)

i J2 -sin(9)

u
for 8 >bw

Ugs = 20 -log(u)

u, Ugg antenna discrimination
o antenna discrimination angle (radians)
bw total 3 dB beam width of the antenna (radians)

It is assumed that the vertical antenna orientation was carried out for an effective earth radius of K = 4/3.
AsK changes, theangle of arrival will also changeresulting in an orientation loss. If the antennas are tilted
upwards, additional orientation loss will occur to the main signal.

The effect can be graphically illustrated using the Formats selection in the Multipath module.
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MULTIPATH OPERATION

OVERVIEW

The Multipath modul e uses ray tracing techniques to analyze propagation and ground reflections on line of
sight paths. Select Module - Multipath from the menu bar to access this module. Theray trace is automat-
icaly generated on entry. Two methods of operation are provided.

Variable Gradient

A flat earth profile representation is used to display the ray trace. The rays follow curved pathsin accord-
ance with the relationship between K (dN/dH) and elevation which is specified in the Gradient data entry
form. No further analysisis available using this method. The variable gradient display is used to illustrate
propagation anomalies such as ducting and radio holes.

Constant Gradient

The profileis displayed using an effective earth radius and all rays follow straight lines in this representa-
tion. The program tracks the rays, recording the distance traveled for both direct and reflected rays. The
antenna discrimination based on the antenna beam width is taken into account in the ray trace. When the
ray trace is complete, the receive signal versus elevation at Site 2 can be calcul ated.

On terrain profiles which support asingle reflection, the results are equivalent to those obtained in the Re-
flections module.

Profile For mats

The Multipath module aso includes a generalized display of profile formats which illustrates the possible
methods of representing a path profile. The central ray is drawn for several common values of K.

VARIABLE GRADIENT RAY TRACE

A number of rays are drawn about the central ray 940
over auser defined angle. The path of theray isde- 93°
termined by auser defined refractivity gradient ver- 920
sus elevation relationship. Thismethod isusedto ~ 9%°
demonstrate ducting and other atmospheric propa-  °*°
gation anomalies. The diagram on the right shows  **
an extreme example of aduct formed between a 560
sub-refractive and super-refractive layer. The ef-
fect is a space wave fadeout at Site 2.

870["
860
850~

Select Method - Variable Gradient from the Multi- **
path menu bar to bring up the Variable Gradient di- >°|
alog box. Theray trace will be automatically ziz 123

generated when thisdialog is closed. ! ! ! ‘ ‘ ‘ ‘ ‘

800
0 5 10 15 20 25 30 35 405

The following entries are required:
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Number of Rays

Thisis the number of rays on either side of the central ray. For exam- Mkt lio AL |
ple, if 50 rays are specified, the total number of rays drawn will be 2 Number of Raps [HI

x30+1. Total Dizplay Angle [7] W
Total Display Angle fmtenna Orientation K, |1-33

All rayswill be contained within thetotal display angle. For example, e | Antenna Height ] [r8:20
suppose that the number of rays has been set to 50, and the total dis- >t 2#ntenna Height m] ]55.20

play angleis 2 degrees. Theray trace will generate 50 raysinaone - Ground Reflections TR - TR
degree segment above the central ray and another 50 raysintheone | Mare P D:uml:ul
degree segment below the central ray. Depending on the path length, | & Single Reflection

some experimentation may be required to produce the desired dis- " Double Reflection | Gradient Tal:ulel
play.

| aK I Eancell Help |
Antenna Orientation K

The antenna orientation K determines the angle of departure of the central ray. Normally, thisis set to the
median value of K (4/3).

Site 1 and Site 2 Antenna Heights

The antenna heights can be directly entered. If the antenna configuration supports multiple combinations,
click the Antenna Combination button to select a new combination of main and diversity antennas. Note
that the antenna heights are local variables in the Multipath module and any changes made to the antenna
heights here are lost when the Multipath module is closed.

Ground Reflections
The maximum allowable number of reflectionsis set as desired to improve the readability of the display.

Reflections can also be selectively inhibited along the profile.

Gradient Table
The Gradient data entry form specifies the relationship be-

tween K or dN/dH and elevation. This data determines the |
variable gradient ray trace characteristics. Up to five eleva- | O Lancel Help
tions can be specified. To erase an entry, pressthe F3 key or | Elewation (m) K. dh/dH

enter the letter X' for the value. The data is automatically a10.00 133 3895
sorted in terms of elevation when the formis closed. The 840 00 021 | -8n0on
gradient can be specified interms of K or dN/dH. The oppo- 83000 024 500.00

site format is automatically calculated.

| In | L2 2| —

A single entry istreated as a constant gradient. Multiple en-

tries are treated as layers with constant gradients. Inthe Elewvation (m) 1
above gradient table example, the ranges are defined as fol-
lows:
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Elevation K Note that parameters such as frequency and polariza-

Below 810 meters 1.33 tion are not included in the Variable Gradient dialog
box. Only theray trace display is provided using this

810 to 840 meters 133 Y ¥ PIYISP J
method.

840 to 880 meters -0.21

Above 880 meters +0.21

CONSTANT GRADIENT RAY TRACE

The constant gradient ray traceisused to determine 940
the reflective characteristics of the path. All rays 93|
arestraight linesinthisdisplay. Thefirst ray starts  92°[
at the end antenna height specified in the Constant  9'°|
Gradient dialog box and continuesin a clockwise °®°|
direction until it covers 80 percent of the path. The  *°[
angle between the rays is determined by the pro- 560

gram. Note that not al rays are displayed on the
screen; otherwise, the density would obscurethe
behavior of theray trace. Oncetheray traceiscom-
plete, the height gain characteristics of the path can

;
\\Q\

N
t\

i

“‘\‘ ‘\\

\‘i\‘!‘

870
860

0

-
S l

SRR

be calculated. 820

810

800 0 ‘5 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 40‘5
Select Method - Constant Gradient from the Multi-
path menu bar to bring up the constant gradientdialog box. Com- RIS ULy RLCES |
plete the entries and options and Click the OK button to generate Site 2 Start Antenna Height (m) [EIE
the ray trace. The following entries are required: Site 2 End Antenna Height (m) [108.00
Site 2 Start and End Antenna Heights Sie 1 Anterna Height(r) [7320
The default start antenna height isthe minimum antenna height, = | “ntenna 3 d Beamuidi [] fi-i
The default end antenna height is the tower height. Thefirst ray ~ °' 2#ntenna 3 B Beamwidth [ [1-10
will terminate at the end antenna height. Frequency MHz] 588250

Earth R adius Factor E. |1_33 vI

Site 1 Antenna Height V¥ Include ray density

na Combination button to set the Site 1 antenna height to the

Thisisthe point of origin of theray trace. If the antennaconfig- - Palarization Ground Reflections
uration supports multiple antenna combinations, click the Anten- | ¢~ vertical " Maone
* Horizontal * Single Reflection

main or diversity height. Note that the antenna heights are local " Double Reflection
variables in the Multipath module and any changes made to the
antenna heights here are lost when the Multipath module is Antenna Eﬂmbl TR-THR

closed. oK I Cancel | Help

Antenna 3 dB Beam Widths

These are the total 3 dB beam widths (both sides of the main lobe) of the Site 1 and Site 2 antennas. The
beam widths affect the amplitude of reflected rays received at Site 2 due to the antenna discrimination.
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Frequency
Enter the frequency in MHz. Thisisthe global value of frequency and will be changed throughout the pro-
gram.

Earth Radius Factor (K)

This sets the constant gradient for the display. The multipath display shows the flat earth profile and an
upper profile derived from the specified earth radius factor.

Include Ray Densities

Thisisequivalent to divergence defined as the scattering of reflected rays due to the curvature of the earth.
The effect can seen on the constant gradient ray trace example display above. Note that the density of the
direct rays arriving at Site 2 (number of rays per unit of elevation) is greater than the reflected ray density.

Including the ray densities, effectively reduces the reflected energy at low values of K and has no effect at
high values of K.

Polarization

Select either horizontal or vertical polarization. Polarization is a global variable throughout the program.
The polarization affects the amplitude of the reflected rays.

Ground Reflections

The maximum allowable number of ground reflections is set as desired to improve the readability of the
display. The "None" selection serves no purpose in a constant gradient ray trace. Reflections can also be
selectively inhibited along the profile as described in the following paragraph.

Height Gain Calculation

Once the constant gradient ray trace is complete, the Height Gain menu
selectionis enabled and the relative receive signal at Site 2 can be deter-  Height increment (m]
mined asafunction of elevation. The user isprompted to enter theheight  [0.20

increment for this calculation. ITI

Height Gain

Eancell
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As each ray istraced, the length traversed along

the path is calculated. If ground contact occurs, e 0
the complex reflection coefficient is calculated ' ]
based on the grazing angle, frequency, polariza=  *° )
tion, and thetype of terrain. Whentheray arrives 5 ’
at Site 2, theangle of arrival and theelevationare g 10 ) \ \ ’
recorded. A record for eachray iscreated con- o5l (1111 N
taining the following data: e I Mappn |
AR
* number gos T ||l| ”' ' \ \
- dlassification £ 0 [V
« 0-direct path : I
1- single ground reflection 25 \U’
2 - double ground reflection %0 15 20 25 30 35 40_as 60 65 70 75 80 85 90 100.0

50 55 6
Site 2 Antenna Height

o arriva angle at Site 2
» elevation at Site 2

» amplitude at Site 2. For adirect path, the amplitude is determined by the Site 1 antenna 3 dB beam
width. In the case of areflected wave, the amplitude is reduced by the reflection coefficient.

* path length traversed by theray.
 the additiona delay produced by a ground reflection.

The ray records are separated into subsets, according to the ray classification and the angle of arrival. For
direct path rays, theangle of arrival isnot considered asthe Site 2 antennais assumed to be exactly oriented
at the Site 1 antenna.

Range datarecords are devel oped from these subsets by associating sequential ray numbers, in each subset,
with an elevation range at Site 2. Theresult isa series of independent ray recordswhich exist over acertain
elevation range at Site 2. Each range data record is examined to determine if the elevation difference be-
tween successive raysis consistent and any extreme deviations are discarded.

The height gain diagram is devel oped by calculating the relative receive signal between the start and end
antenna heights at the specified height increment.

The magnitude and phase at specific elevations are determined by interpolating the applicable range data
records and adding the Site 2 antenna discrimination. The received signal is calculated by the vector addi-
tion of these values. Thedisplay may show several discontinuitieswhere adifferent number of raysare used
in the vector addition.

No assumptions are made outside of the dataranges. If agiven elevation is spanned by a single range, the
magnitude is determined by the Site 1 antenna beam width.

If the resolution is too coarse, select Height Gain on the menu bar again and enter asmaller height incre-
ment.
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INHIBIT REFLECTIONS

Reflections can be selectively inhibited over any portion of the profile. Select Operations - Inhibit Reflec-
tions or pressthe F7 key. The ray trace is canceled the arrow appears on the display and itslocationis dis-
played on the status bar.

Move the cursor to one end of the segment over which reflectionswill beinhibited and pressthe F1 key or
theright mouse button. If thefirst point isselected in error, pressthe F8 key or click the reset button. Repeat
for the opposite end of the segment.

The profileis redrawn showing a dotted line over the inhibited segment. A ray will not be reflected in this
segment in either the constant or variable gradient ray trace modes.

Toreset the profile to normal, select Operations - Cancel Inhibit Reflections or hold down the Ctrl key and
press the F7 key.

REVERSE PROFILE

Theray trace starts at the site on the | eft side of the screen (Site 1). To view ray trace from Site 2, provision
has been made to reverse the profile. All dataincluding site names, coordinates, antenna heights and the
worksheet are reversed.

PROFILE DISPLAY FORMATS
Profile Display Formatsillustrate different representations of a

path profile and shows the path followed by aray for several  RULRRILEL |
values of the earth radius factor K. For small distances on the WView Display
earth, aparabolais used to represent the earth in radiowave || & Site i P" Tatal Display =
propagation analysis. Refer to the Multipath Reference section || € Site 2 " Profile Orly Beriie]
of the manual. " Centered

" Equalized Help

Theinitial display shows the profile drawn on the earth with
Site 1 at the apex of the parabola. The Site 1 antennais oriented

Antenna Orientation E.

horizontally. The earth is drawn with K = 1 which constitutesa | |Herizontal | [
true earth. Thisis the perspective for aperson standing at Sitel. Earth Radius Factar k
|K='I - True Earth j

Four rays are drawn with the following values of K

K=4/3 standard atmosphere

K=2/3 sub refraction

K =infinity super refraction

K=1 true earth

Theray with the same value of K asthe profiledisplay will beastraight line. All other raysare curved lines.
The Profile Display Formats dialog box provides the following options:

View

The profile can be displayed from Site 1 or 2 or it can be centered on the parabola. The latter is the repre-
sentation used in the Pathl oss program.

Page 6 of 14



Pathloss 4.0 Multipath

In the equalized display, the profileis positioned on the parabola so that the line between the Site 1 and 2
antennasis horizontal. Note that thisis not possibleif the earth radiusfactor islarge. The Diffraction Mod
ule uses this option to assist in defining the radius of an obstacle.

Display
Both sides of the parabolic earth representation can be shown, or the display can be limited to the profile.
The former is used to illustrate the concept. The latter is the working profile display.

Antenna Orientation K

Initially, the Site 1 antenna will be oriented horizontally. The antenna can be oriented for any of the four
values of K. The option for "All K values" produces the classic profile display which isimpossible to
achievein practice.

Earth Radius Factor K
The parabolic earth isdrawn using the earth radiusfactor K. Theray with the same value of K will bedrawn
asastraight line.
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MULTIPATH REFERENCE

EARTH RADIUSREPRESENTATION

For small distancesrelative to the earth radius, the parabolic representation of the earth given by Equation
(2) isused.

>

I
nob<

o

D

Q
I
QI

elevation above sea level
distance

earth curvature

actual earth radius (6375 Km)

O < QO =

The path followed by aradio wave is governed by the vertical gradient of the index of refraction. Under
normal propagation conditions, the density of the earth's atmosphere decreases uniformly with increasing
elevation. Radio waves, in this case, will bend downwards toward the denser medium.

The earth radiusin Equation (1) can be replaced by an effective earth radius (K-a) so that radio waves can
berepresented as straight lines. Thistransformationisvalid only for aconstant vertical gradient of theindex
of refraction. Thisassumption isvalid for radio paths within one kilometer of the earth's surface.

This effective earth radius model simplifies the basic path geometry. Parameters such as grazing angles,
and path clearance can be calculated using plane geometry.

Thefollowing paragraphs provide abasic derivation of the effective earth radius model. Thisrepresentation
is used in the Pathloss program.

REFRACTION

When aray passes through two mediums with different re-
fractive indexes, the ray is bent in the direction of the me-
dium with the larger refractive index, in accordance with o,
Snell's law.

h, < h,

medium 2 (hy)
Ny -SIN(6y) = 1, -SN(6,) @) medium 1 (h1)

Therefractive index, n, of amedium is defined astheratio

of the velocity of light in avacuum to the velocity of light

in the medium. The index of refraction is a dimensionless O,
number and does not exceed 1.00045 at sealevel. For con-

venience, the refractive index is usually expressed as re-

fractivity, N, defined as: Figure 1: Refraction

N = (7-1) - 10°N —units @3)
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The radio refractivity of air for frequencies up to 30 GHz is given by:

N=776-2+373.10° . £ @
T 2
.
p  total atmospheric pressurein millibars c
hs ////,///’///;'// ég
€ partial pressure due to water vapor in milli- =2 | M _— 3
bars g M — e
g h / %
T  absolute temperaturein degrees Kelvin sl // o
T and & normally decrease with elevation. p al- REFRACTION IN 4 STEPS )
ways decreases with elevation. - 2
The concept of radio wave bendingisillustrated in % W
Figure(2). Intheupper diagram, theatmosphereis § 3
shown as discreet layers with refractive indexes “;;

N1 .- Ms. Inthelower diagram, the atmosphere has
acontinuous variation or therefractiveindex. The
diagram represents propagation through a hori-
zontally stratified atmosphere.

CONTINUOUS REFRACTION
Figure 2: Flat Earth Refraction

Refractivity Gradient

A
The refractivity gradient is the slope of the refrac- DN .
tivity versus elevation curve: D, 22 Nunits/km

Refractivity Gradient = AN (5) .

4h =z
An example of a constant refractivity gradient E ] D
which represents normal propagation conditionsis g - N
shown in Figure (3). B 5
| h

1000 2000 3000

ELEVATION IN METRES AMSL
Figure 3: Refractivity Gradient
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PATH PROFILE FORMATS

Physical Earth Profile

Figure (4) showsaphysical representation of apath profile
using the representation given by Equation (1). The ray
path curvature is based on the refractivity gradient shown
in Figure (3). Theinitial angle of the ray isassumed to be
zero (horizontal).

Effective Earth Radius Profile a = Earth Radlus

Figure 4: Physical Path Profile

InFigure (5), theearthradius, a, isreplaced by an effective Horizontal Ray Path
earth radius, a,, defined as: d
a, = K-a
()
K = + A_h
157

Figure 5: Effective Earth Radius Profile

Theray isnow represented as a straight horizontal line.
The profileis drawn in arectilinear format which implies the following assumptions:

» Thedistance along the ray path is equal to the great circle arc distance.
» Elevations perpendicular to the earth are equal to their rectilinear values.
The elevations with respect to the ray path are given by:

4
2-K-a

Theusual terrain profile representation is obtained by applying atransformation to Equation (7) so that the
display isrelative to the end points of the profile. The final display is shown in Figure (6).

h—h, + (7

The elevation, h, isgiven by:
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— d1'dZ
2-a-K
_ 419
~ 1275 -K

dy inkilometers

h  inmeters ®)
_d-d
15-K
dyp inmiles
h  infeet

Sea Level / R

d1 1 d2

: D
Figure 6: Path Profile Format

RAY TRACING

The ray tracing algorithm is based on the following assumptions:

» Theatmosphereis separated into horizontal layers. Within alayer the refractivity gradient is constant.
» Variations along the path and transverse to the path are negligible.

Within alayer, aray follows a parabolic path given by:

y=a+ m-x—%’-x2

AN 9)
= €%+ 157
T
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The constants, a and min Equation (9) are deter-
mined by theinitial conditions. At the start, ais
egual to the transmit antenna height and the slope
m, is determined by the vertical antenna orienta-
tion angle.

Multipath Fading

Theeffectsof the above example on a65 kilometer
path are shownin Figure (7). Thetransmit antenna
lies between a subrefractive layer below and an el-
evated superrefractivelayer above. Thedirect rays
pass between these layers to the receive antenna.

Rays with ahigher take-off angle reach the elevat-
ed layer and are bent back towardsthe earth. Some
of these rays a so reach the receive antenna. Rays
with alower take-off angle reach the subrefractive

-38.95(1.33)

-90000 ( -0 \“f;‘vA-.‘,‘,‘_‘A A.’/’"’ZE

-38.95(1.33)

500 (0.24 )

-38.95(1.33)

Figure 7: Multipath Propagation

layer and are bent back up. Some of these rays also reach the receive antenna. The receiver thus seesthree
different wavesthat have reached it by three different paths. Since the paths have different optical lengths,
the waves will interfere with each other. Depending on the exact optical lengths and frequency, the inter-
ferencewill be destructive or asigna enhancement will result. Slight changesin the structure of the atmos-
phere will usually produce extreme variations in the receive signal. Under such conditions, short duration
deep fades are expected and the receiver is experiencing multipath fading. Ground reflections have been
inhibited in this display, but these will actually constitute afourth signal at the receiver.

Inversion Layer

Figure (8) showsan example of aninversion layer.
Rays with a high take-off angle miss the layer en-
tirely and end up far above receiver. Other rays
with alower take-off angle enter the layer and are
bent downward to the earth. Thereisalargeregion
that does not receive adirect ray. Therefore, there-
ceiver haslost contact with the transmitter and is
experiencing a space wave fade. The affected area
isreferred to aradio hole.

-38.95 (1.33)
A

=

-300.00 (-1.10)

Figure 8: Inversion Layer
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Multipath

Figure (9) shows a example of an inversion layer
but with ground reflections enabled. In this case,
thetransmit antennaisinside the layer and all rays
are bent downward. The example assumesthat the
antennas were initially oriented during average
propagation conditions (K = 4/3). The receiver
will only receive rays which have been reflected
one or more times off the ground.

-38.95 (1.33)

N
"'\\\.’f % 'I\‘\‘
RESEIP

%
40060
A A"AAA

Figure 9: Inversion Layer with Ground Reflection
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Pathloss 4.0

Network

NETWORK OVERVIEW

The basi¢c functions of the Net-
work module are listed below:

provides a geographic repre-
sentation of the sitesin a net-
work

provides the interface to the
intra system interference cal-
culations

provides accessto the design
modules for individual Path-
loss data files

calcul ates topographic map
crossings

The Network module can be

used as the starting point to de-
signtheindividual radio linksin aproject. Alternately, Pathloss datafiles can be imported directly into the
Network module.

55° 0"
121°

NETWORK

56° 30

Fort St. John
Q

Peace River
|

\Pipe Valley

Brownvale

56° 0"

45'

Dawson Creek

/@/ Fairview

Toms Lak\e\

Demmit

30!

Woking

Beaverlodge

So—]

Grande Prairie

30

120°

30' 119° 30

118° 30 e

The network can be arranged in layersfor both the sitesand thelinks. A sitelayer could be used to represent
optional routing designs, different owners or geographical regions. A link layer could be used to represent
afrequency band. A maximum of six site layers and six link layers are available. Interference calculations

only consider links on visible layers which allows a selective analysis of the network.

Basic Operation
Thefollowing isatypica design procedure for amultihop system using the Network module as a starting
point.

Enter the site names and coordinates of the proposed sitesinto the Site List. These are the required data
entries. Call signswill be required to calculate interference. Decide on a naming convention for tempo-
rary call signsand enter aunique call sign for each site. If the site elevations are available and you will
be developing the terrain profiles from topographic maps, these should also be entered. When the Site
List isclosed, the siteswill be displayed.

Set the Map Reference to correspond to the topographic maps that will be used in the design.

Link up the sites. Place the cursor on a site legend and while holding the left mouse button down, move
the mouse to the adjacent site. Rel ease the |eft mouse button to complete the link. Note that the order of
the sitesis set by the first site selected. Thefirst site becomes Site 1 and the second site becomes Site 2

in the datafile.

* Movethe site name labels and set the site legend and link display attributes as desired.
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* If topographic maps will be used to generate the profiles, determine the map crossings. Click the right
mouse button on alink and select Map Crossings to generate a crossing report.

» Accessthe Terrain Data module with one of the links. Click the right mouse button on the link and
select Terrain Data. Generate the terrain profile from a data base or topographic maps and proceed with
the link design using the various design modules in the program.

* Whenthelink datafile (Pathlossfile) is saved, the file name will be automatically registered in the
associated Network datafile.

» Repeat the above sequence until Pathloss data files are available for all links on the system.

Within the Network module, there are two ways of accessing the various design modulesin the program.
Y ou can click the left mouse button on alink and select the desired design module. Remember that only
one Pathloss data file can be loaded into memory at atime. If the Pathloss data file is already in memory,
then the program will switch to the design module. Otherwise, thefilewill first beloaded and then switched
to the design module.

Alternately, you can click Module - [design —
module] on the Network menu bar. This opera  Ilalu Sl ELIEULEELTY X

tion switches to the design module using the @ S Data Fis

currently loaded Pethloss data file.

Note that thereis aduplication of datainthe | SteName  Beaverodge Beaverodge
Network file and the Pathloss data files. Each ~ [EallSian — CHWETI LHWETT

contain the site names, call signs, coordinates Latitude S51250.01N S5 1250.01 N

and elevations. Furthermore, achangeinoneof  Longitude 11316 1232 % 113161292 W
these could affect several Pathlossdatafiles. As  Elevation [m] 328.60 332.00

the design proceeds, the site datain the Net- File Mame  granfort.grd BEAVDEMM.PL4
work iscompared against the datain the current Cancel Ulse B4 File
Pathloss file. When switching between the net- 4' 4'

work and one of the design modules, the Data

Changed dialog box will appear if the data does not match. If "Use Network™ is selected, the Pathlossfile
datawill be changed to the network data. If "Use PI4 File" is selected the network datawill be changed to
the Pathloss file data.

Provision is aso madeto update all of the Pathloss data files in the Network module to the datain the Site
List.

Network Data File
A network data file essentially consists of alist of sites with the following parameters:

site name cal sign
latitude elevation
longitude display attributes

In addition, the site list contains areference to atable of links for each site. Thislink table contains the
following additional information:

* theindex of the siteto which it islinked
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 thefull file name of the pathloss data file associated with the link
» thelink display attributes
» thereversal status of the pathloss datafile

Merging Network Files

Y ou can merge several Network datafilestogether. Click Files- Merge onthe Network menu bar and select
the Network datafile to merge with the current display. Problems may occur if the files represent widely
separated aress.

Move /Copy Network Files

Inalarge project, therewill be 500 or more Pathloss (pl4) |

files associated with the network. These could be located Maove ar copy all files azzociated with thiz netwaork b a

in different directories along with fileswhich are not part new folder. Thiz includes pld files, background filez and
i o id depl b rules fles.

of the current network. The move /copy function will ei- (eRIS AeRETmETE eSS

ther move or copy al relevant filesto asingle new direc- _

tory. The operation will not proceed if apl4 filewould be & B 1 e e et et

overwritten (same pl4 file name in different directories).

Copy Cancel

Maplnfo Exchange Format
Sites, links and the grid can be exported to Mapl nfo using the Maplnfo drawing exchange format. Twofiles
are created for each export with the suffixes mif and mid. Select Files - Maplnfo Export and select the re-
quired type (sites, links or grid). The following data items are transferred in the mid file:

Sites  sitename, call sign, elevation
Links  site names, geographic coordinates and the link label
Grid axislabels

DEFAULTS

Display attributes such asthe site legend, the links between sites and the site name label can beindividually
set or can be set to the defaults for all new additions.

Site Legend :

Select Defaults - Site Legend from the Network menu bar to |
set the default sitelegend. Doubl e click theleft mouse button I~ Soiid i Reset shape |
on asite legend to set the attributes for that legend. The leg- Q

Size [roni) ﬂ I a0 Reset color |

end options are the size, shape (circle, square or triangle),
and color. The I_egend can be aso!lq object or outline. All of Fleset size |
the reset operations act only on visible layers. The shape,

color or size can be selectively reset or al of the site legend _ Reset al |
attributes can be reset with the Reset all button. £ Triangle

| k. I Eancell Help |

% Circle
" Square
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Site Name Attributes

Select Defaults - Site Name Attributes from the Network menu
bar to set the default site name attributes. Double click the left
mouse button on the site name label to set the individual at-
tributesfor thissite. To moveasite namelabel, placethe cursor oite 1
on thelabdl, hold down the left mouse button and move the la-

bel to the desired location. Y ou can set the point size, color and

the style (bold - italic) for thelabel. The site label caninclude, =iz [pairts]
the site name, call sign, coordinates and elevation. If all of the ﬂ |12—
site name label s have been hidden and you wishtorestoreonly =

afew, then doubleclick onthesitelegend. Thesameselections | - pisplay

Style
are available here.  SicName | | Eoi
The site labels use the Titles font which is common to all mod- | cioan | |l

ulesin the Pathloss program. Select Configure - Fonts - Titles F Coordinates :
from the menu bar to change the basic font. The point size, BB Default position |
color and style will not be affected. lTl — |

Default Site Hame Attributes |

Help | Hesetalll

The Default Position button resets the placement of all site
names to the default position on creation.

Link Attributes

Select Defaults - Link Attributes from the Network menu
bar to set the default link attributes. Click the right mouse
button on thelink and select Link Attributesfrom the popup Line width frm]
menu. Y ou can set the line thickness, color and style (solid,

dashed or dotted). Note that the Windows Graphic Device ﬂ|'135
Interface may not support thick dashed or dotted lines.

]|

Default Link Attributes

Line Style
& Solid
" Dashed
" Dotted

Theindividual Link Attributes Dialog box includes adelete ITI
button. If you delete alink which includes areferenceto a
Pathloss data file, you must import the Pathloss data file
again to establish the reference. If you just redraw the link, there is no way to re-establish the reference to
the Pathloss data file.

Cancel | Help Rezet all

It isalso possibleto delete alink from the popup menu when you click the right mouse button on alink or
from within the Link List grid display. The same considerations apply in all cases.

AXxis Attributes

Select Defaults - Axis Attributesto set the axis attributes. The point size, color and style (bold and italic)
can be set.
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Thelatitude - longitude label s use the Axis font which is com-

mon to all modulesin the Pathloss program. Select Configure  iniinsius |
- Fonts - Axisfrom the menu bar to change the axis font face. o
The point size, color and style will not be affected. 557 30
M ap Reference Slze [points] Iit.'r'::uld
Select Map Reference on the Network menu bar to set the e
spacing between the latitude and longitude grid lines. These
settings determine the map crossings. There are three prede- Cancel | Help |
fined map scales:
Canada 1:50,000 Latinc15  Longinc 30

Map Reference |
Canada1:250,000 Latincl Longinc 2 | atiude incremert |T ;I:I-nits
USA 1:24,000 Latinc7.5 Longinc7.5 Langitude increment I? 50 - degntaes

— kM ap Reference MHiEs

If one of these are selected, the map name is given on the map

. ™ Canada 1:50,000
crossing report.

™ Canada 1:250,000

For all other scales, you must specify the scale, latitude incre- C USAT24000(78Y) (. |
ment, longitude increment and the units used for the increment & Other

(degrees or minutes). Seale [20000 Help |

The overall extents of the drawing are set to multiples of the lat-
itude - longitude increments which will enclosethe sites. Thisis
the case, even if the grids are not displayed on the drawing.

Network Link Labels
Thelabels can be either in afreeformat or fixed format using the Pathl ossfile data associated with the link.

If aPathlossfileis not associated with alink, only the free format label is available.

To set anindividual link label, click the right mouse button on alink and select Label from the drop down
menu to access the Label dialog box for that link.

To set adefault 1abel specification for al links, select Defaults - Labels on the network module menu bar.

Free Format

When this option is selected, the user directly entersthe label text. This must be carried out for each link
label. Thereis no default free format label.
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Fixed Format
Thefixed format isin effect when one or more of the fol-
lowing options are checked:

TX frequency Channel ID
Polarization Distance
The label format is displayed but cannot be edited. In this

mode, thelabel isformatted using Pathl ossfile dataon disk.
A filein memory will not used. Thefilemust first be saved.

Thisformat is not available if thereis afile association or
the link does not exist.

Label E3
|EhEH 5912 375 5E7E 875 ChEL

Site 1 Site 2
¥ T Frequency [MHz] 5312 3750 - 5878.8750

¥ Channel ID ChEH - ChEL

¥ Polarization LI

[ Distance 42.00 km

[ True azimuth [*] F9.3-23959

[ Traffic code 28051-128TCh

Faozition

[ Free format label [no update]

E

Style
I' old | | & &bove link
™ Italic | | ™ Brelow link

[ Donot draw
The TX frequency, channel 1D and the polarization aretak- ¥ Shinktofi
en from the first entry in the TX channel assignments. The  %ize [paints]
file must be a microwave application to use these parame- = I_ ] m Updste labels
ters. Thedistance isthe calculated path length based on the

coordinates.

Cancel | Help Fezet all |

If the file datais changed, the labels are not automatically

updated. To update the labels, select Defaults - Labels and click the Update L abels button. The Pathloss
datafiles associated with thelinkswill be read and the label swill be updated using the existing label format
specification. The Reset All button will also update the labels; however, all label specificationswill first be
reset to the default values before updating.

Shrink to Fit

When this option is selected, the program will attempt to fit the label on thelink starting with the specified
font size. If the label does not fit on the link, the font size will be successively reduced until the label fits.
Thefont sizewill then be changed to the final size. If the font size reaches zero, the label will not be drawn.

Coverage Attributes

Select Defaults - Coverage Attributes. Area coverage
plots can beimported into the network display. Theseare | & suiizi I Fill Attributes
displayed assolid coverage areas. Theradid linedisplay |~ zndleve [0 ] |Vﬁ‘ Sclid il w
is not supported in the network. You can set thecolors, |~ adievel  [Jl——— ¢ Hatchiil
switch thevarious signal levelson and off and set thefill |V dthievel [
to either asolid or hatchfill. Thelatter providesalimited | Sthievel [——
transparency effect when the network display hasater- | Belowlevel [}
rain background. Thelinewidthsand stylesarenot used i Line
inthisdisplay. To changethecolor of asignal rangeclick | g, | A
onthelineintheLineAttributesgroup box. Thelink will 1 i _ i ol & S0id
appear inthe Edit Line group box. Select one of the stock il o o U
colors or used the RGB color bars to set the color. The M " Datted Cancel |
settings will be common to all imported coverage plots. Red 4] | T e |

Green 4| ] | 128

Blus 4| ] | 128
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PAGE SETUP |

Page Setup

Network Display Scale ~ Marging Units
The scale of the network display isautomatically deter- | Left[050 | Fight [0.50 ; etz
Millimeters

mined from the geographic extents of the sitesandthe | Tep|0.50 | Battam [0.50
current printer page size and orientation. The complete

. . — [rientati
drawing extents are determined by the map reference Sf'f_a!e | _ _ F"T: at 'T
even if the map grid is not displayed. * Pubitrary scale - fit o page o

P9 P&y &+ Landscape
" Map scale - one or more pages

In the “arbitrary scale - fit to page method”, the site Man S ol W
legends, site names and the |atitude - longitude labels oR 2EaE

are drawn to absolute dimensions. If the site legend di-
mension has been set to 4 mm, the drawing will be

printed with a4 mm legend independent of the scale of S ol ﬂ |—1 G573
the overall drawing. RNE

[T Show page layout

™ Wiew only scale ¥ Show map grid

[ Scale coverage

This system works well when the number of sitesare | € Constant size
small and the drawing can be printed on asingle, letter
size page. With alarge number of sites, thedrawing is o5 I
usually plotted on large format paper.

Cancel | Help |

The latter method isrequired for alarge number of sites. When the total network is displayed, the text will
be too small to read, however, when the display is zoomed, to view a selected area, the drawing appears
normal. The scale is set in the Page Setup dialog box.

Select Print - Page Setup to set the print and display options. The margin setting only appliesto the Arbi-
trary scale fit to page method.

Select the page orientation (Portrait or Landscape) which best fits the network display.
The map grid lines may be switched off; however, the overall drawing scale is unaffected.
The Show page layout option shows the relation of the drawing to the paper dimensions.

The Scale coverage option determines the extents of the drawing when an area coverage display is added
to the drawing. If the Scale coverage is checked, the extents of the coverage will be taken into account in
sizing the drawing.

Scale
Changes to the scale method automatically update the display as the changes are made.

Arbitrary Scale - fit to page

In this method, the drawing scale is automatically determined to fit the selected printer page size and page
orientation. The specified page margins aretaken into account. The site legends, site names and the latitude
longitude labels are drawn to absolute dimensions. If the site legend dimension has been set to 4 mm, the
drawing will be printed with a4 mm legend independent of the scale of the overall drawing. This method
issuitable for asmall number of sites.
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Map scale - one or more pages

Thisoption alowsthe network display to be printed for a specified scale using multiple pages. If more than
50 pagesarerequired to print the drawing, an error messageisissued and the display revertsto the Arbitrary
scale - fit to page method. The specified margins are not used in this option.

Use the Show page layout option to determine the number of pages required.

View only scale

Thismethod is used for drawings which contain alarge number of sites. Suppose the network display con-
tained 100 sites and the printer is set for an 8.5 x 11 inch paper size. If the site name labels were set to 10
point, both the screen display and the printed page would be unusable, asthe site nameswould overlap each
other. The solutionisto create an artificial scale which will shrink the size of the site namesto asize which
isuseable only when the display iszoomed. Click the scale up - down controlsto achieve auseable display.
In this mode, the drawing can be printed; however, the margin settings are ignored.

Constant Size

Thesize of thetext and sitelegendsis constant and independent of the zoom. In the unzoomed state, adense
network will have overlapping name and legends. When the display iszoomed, the display becomesusable.
On networks with alarge number of closely spaced sites, this scaling method may be the most practical.

DISPLAY ZOOM

Place the cursor on one corner of the areato be zoomed. Hold down the Ctrl key and the left mouse button
and move the cursor to the diagonally opposite corner of the zoom area and rel ease the mouse button and
Ctrl key. The zoomed areawill remain in effect if you switch between the various design modulesin the
Pathloss program.

To reset the display, hold down the Ctrl key and click the right mouse button.

SITELIST -
. . EA Site List [ _ O] =]

The Site List usesa Import Edit  Update Files Beports  Yiew  Transform Coords. Help
standard g”d data | Layer | Site Hame | Type | Sector | CallSign | Latitide | L=
entry display. Refer = 1 [ Site Layer1 | Beaverlodge | pointto paint CHWET1 | 55125001 N | 119
to the General Pro- 2 | Site Layer 1 | Browrale point to point CHWE1S BEO4 24N | 117
gram Operati on sec- 3 | Site Layer 1 | Dawson Creek pointto point CHWHR09 ER 43 08.50M | 120
tion for details on 4 | Site Layer1 | Demmit paint to paint CHWETZ BhE7 4290 | 119
the grid display. Ad- 5 Site Laver 1 | Fairview pDint to FZ'Dint CHWE14 BEEDT1387 M | 1158
ditional poi nts on 6 | Site Lawer1 | Fort St John point to point =RCTLS07 | BE163367M | 120

he Site List are: 7 | Site Lawer1 | Grande Frairie point to point “YBCEE3 BEI221.73M | 118
the ) 8 | Site Layer 1 | Peace River point to point CHWETE SE1411.05M | 117 =
« Thecolumnbut- = I I _LZ

tonswill sort the datain an ascending order. For example, click the Site Name header button to sort the
sites alphabetically. Click the Latitude header button to sort the sitesin ascending latitude.
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» The Add and Edit formsinclude the grid
coordinates in addition to the geographic _l
latitude and longitude coordinates. Both Q& Lancel
the grid coordinate format and the latitude | Site Mame

longitude data entry format can be set Sector number
under Configure - Geographic defaultson | Call Sign CHWH1T
the Network menu bar. Latitude RR1ZBO0THM
. . . Longitud 11916 12,92
When the Site List is closed, the network dis- ongruse
. Elewation (m) 4258.60
play is aways reformatted for afull screen :
. . . structure Height (m AkSL)
display if there are 10 or less sites. For alarg- .
) Easting (km) 356657
er number of sitesthe must be done manually. .
Select Site Data- R Display Morthing (km) B120.729
LITh4 zone T1H

I mport

Data can beimported into the network display inthefollowing forms: Pathloss datafiles, text sitefiles, text
link files, and from a site data base. Coverage files (prd4) can also be imported to analyse multi site cover-
age.

I mport Pathloss Data File

Select Import - Pathloss File from the Site List menu bar. A Pathloss datafile isimported as a complete
link. In this case, the open file dialog box is a multi-select list. Hold down the shift or Ctrl key and select
thefiles to be imported. The pathloss file name is saved and you can select adesign module for the file by
clicking the left mouse button onits link.

When a Pathloss file is imported into the site list, the pro-

gram first checks to seeif the sites already exist based on MRS ]
the geographic coordinates. A duplicate sitewill not beadd- | Field Famat———=""""""= = Loardinat Farmat
ed. If alink does not exist, it will be added using the default Field name Number | | 4315 332 NSEW
link attributes. The Pathloss file namewill always be added Site Name © 4305083
to the link and will overwrite any existing file name refer- ClSnl2 | e
ence. L atitude ar niorthing |3_ & 4 north
Longitude ar easting |4_  + south
Import Site Text File UtMzone[ | e
Select Import - Text File from the Site List menu bar. De- Bevationls ||l
fine the field numbers for the site name, call sign, latitude, | SteteHeshBMEL[E T~

longitudeand elevation. If thecall sign or elevation doesnot | Use gid coordinates Fievaton lrits
exist in thefile, the field number must be blank. Coordi- f_"d nits ‘Eemiwhere & moters
nates can be in geographic or grid format. If "Use grid co- { - K"Dme;‘ L ND'therﬂ C feat
ordinates’ is checked, the conversion will be carried out o meters Southem

using the current grid coordinate system and datum. Fild delmites character [

The fields must be delimited. This means that each field o |
must be separated by a unique character. The default field
delimiter character is acomma.

Cancel | Help |

Select the format of the coordinates and the hemisphere sign convention used in the file. Errorsin these
settings can place the site in the opposite hemisphere. Set the units for the elevation (feet or meters).
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Click the Import button and select the file name to import. Only sites can be imported. The links must be
drawn separately.

Import Link Text Files

Thisfeaturei mportS Comp| etelinksintothe | Field delimiter—| - Coordinate format Latitudes Langitudes
Pathloss program and will generate the " tab 495 03°33MSEW | | & +rath || O+ west

Pathl oss data files and create terrain pro- " semicolon || % 4933333 € +south | | & +east

files. " comma — Unitz Grid units Hemizphere Puolanzation

In conjunction with the CSV report feature, | & % & meters || kilometers || & nothem | © W=V, H=H
this provides atwo way interface with an ex- Clather | ||\ feat ||| mers || southem || Fvet.=0

ternal database. Text qualifier Im =0 H=1
This feature reads site and link information Lo e

from delimited text file. Thefileformat must |5 1-2ietlame ] 2] T Create Pathoss datafes

be onelink per line. Each line containssite 1 1 :Ea”gign File Names

and site2information. A link will be created | |51 GtatonCods M

if two site names and their coordinates are 22_gtationCode & Use cal signs

imported. If one site name and coordinates |52 State -

areontheline, the operation issimilar to the
import site text file selection.

Cancell Helpl

The import link text file is accessible from the site data entry form in the network or map grid modules.
Select Import - Link Text File.

Open definiion fle | Save definiion fie | New | [{lmpait

The first step will be to create alink definition file which defines the fields in the file to be imported. Ini-
tially thefile containsall of thefield descriptorsavailable for import without any field numbers. The editing
procedure consists of assigning afield number to the relevant descriptors. One or more spaces separate the
descriptor from the field number as follows:

S1 SiteName 4 Y ou can savethisfile and edit the fields numbers externally or carry thisstep
out directly in the dialog.

Theavailable field descriptors are shown below. Each descriptor isprefixed with S1_or S2_indicating site
1 and site 2. The descriptors can bein any order. A field descriptor without afield number will be ignored.
Field descriptors which are not used can be deleted. The same field number could be assigned to different
descriptors. For example the S1._RadioModel and S2_RadioModel would normally be assigned the same
field number. Descriptors marked with an * will only be read if the save Pathloss file option is checked.

SiteName site name - 23 characters
CallSign call sign - 15 characters
StationCode * gtation code - 15 characters
State * state - 15 characters
OwnerCode * owner code - 15 characters
OperatorCode * operator code - 15 characters
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Latitude latitude in single field

Longitude longitudein single field

LatitudeDeg separate field for latitude degrees
LatitudeMin separate field for latitude minutes
LatitudeSec separate field for latitude seconds
LongitudeDeg separate field for longitude degrees
LongitudeMin separate field for longitude minutes
LongitudeSec separate field for longitude seconds
Easting grid coordinates

Northing grid coordinates

UTM zone UTM grid coordinates only

Elevation site elevation AMSL (feet or meters)
TowerHeight * tower height AGL (feet or meters)
AntennaM odel * antenna model - 23 characters
AntennaCode * antenna code - 15 characters
AntennaDiameter * antenna diameter (feet or meters)
AntennaHeight * antenna height AGL (feet or meters)
AntennaGain * antenna gain (dBi)

TXLineType * transmission line model
TXLineLength * transmission line length (feet or meters)
TXLineLoss * transmission line loss (dB)

ChiD1 * 1st transmit channel id - 7 characters
TXFregl * 1st transmit frequency (MHZz)

Pol1 * 1st transmit channel polarization
ChiD2 * 2nd transmit channel id - 7 characters
TXFreg2 * 2nd transmit frequency (MHz)

Pol2 * 2nd transmit channel polarization
ChiD3 * 3rd transmit channel id - 7 characters
TXFreg3 * 3rd transmit frequency (MHz)

Pol3 * 3rd transmit channel polarization
RadioCode * radio code - 15 characters

RadioM odel * radio model - 23 characters
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EmDesig * emission designator - 15 characters

TXpower * transmit power (dBm)

TXloss * transmit loss (dB) - assigned to other transmit loss
RXloss * receive loss (dB) - assigned to other receive loss
RXthresLvl * receive threshold level (dBm)

RXthresCrt * receive threshold criteria - 15 characters

Latitude - Longitude Options

If the coordinates are specified as latitude and longitude and asingle field is used for each, (S1_L atitude,
S2 Latitude, S1_Longitude, S2_Longitude) the following options are available:

The coordinates can be expressed as adecimal (49.12345) or in degrees minutes and seconds separated by
aspaces, dash or other characters (49 07 24.42 N). In the latter format, the letters N and S can be used with
latitudes and E and W with longitudes to identify the hemispheres. In the absence of aletter and in the dec-
imal coordinate format, it is necessary to specify the sign convention for the coordinates:

Latitude - positive north or south
Longitude - positive east or west

It separate fields are used for degrees minutes and seconds, usethe L atitudeDeg, LatitudeMin, L atitudeSec,
LongitudeDeg, LongitudeMin, LongitudeSec fields. The sign convention options will determine the hem-
isphere.

If the import file uses grid coordinates, use the Easting and Northing descriptors. These will be converted
to latitude and longitude using the current settings in the Geographic Defaults section. The following pa-
rameters are used:

The ellipsoid defined by the datum or ellipsoid selection.

The grid coordinate system. If UTM coordinates are specified, then the zone descriptor must be used.
The following options must be set for grid coordinate systems.

Grid Units - meters or kilometers

Hemisphere - northern or southern

Field Delimiter
Specify one of the field delimiters or check the other box and enter the field delimiter character.

Text Qualifier
Thisisnot used at present. All quotation marks in text fields will be removed.

Units

Check either met