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Universiẗat desSaarlandes

D-66123Saarbr̈ucken

URL: http://www.mobile-connect.de
Email: info@mobile-connect.de

November8, 2002



RadioTracer Manual,Version1.7 November8, 2002 2

Contents

1 Installation 5
1.1 Linux . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.2 Windows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2 Demonstration Version 7

3 CustomizedVersion 8

4 GeneralRemarks to the User-Interface 9
4.1 CommandLine Execution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
4.2 StartupFile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
4.3 ScriptFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
4.4 Non-InteractiveMode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.5 InteractiveMode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.6 Inputwith MouseButtons . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.7 AttachedMenus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4.8 MouseCursorShapes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.9 Inputwith DialogBoxes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.10 Inputwith ShortcutKeys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.11 Subwindows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

5 User-Interface ReferenceManual 14
5.1 File . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5.1.1 About . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5.1.2 LoadEnvironment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
5.1.3 LoadConfiguration. . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.1.4 LoadMaterial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.1.5 StoreConfiguration. . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.1.6 StoreCustomData . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.1.7 Point-to-Point. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.1.8 Point-to-Multi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.1.9 Multi-to-Multi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.1.10 Edit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.1.11 Exit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

5.2 View . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.2.1 Point-to-Point. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.2.2 Point-to-Multi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
5.2.3 Multi-to-Multi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
5.2.4 Vrml . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

5.3 Window . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
5.3.1 Zoom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
5.3.2 Redraw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.3.3 Draw Quadtree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.3.4 CloseAll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5.4 Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.4.1 Interactions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.4.2 Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
5.4.3 Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
5.4.4 AntennaSetupDialog . . . . . . . . . . . . . . . . . . . . . . . . . . 31



RadioTracer Manual,Version1.7 November8, 2002 3

5.4.5 Preferences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.4.6 Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
5.4.7 Thresholds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
5.4.8 Colors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
5.4.9 Advanced. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
5.4.10 Custom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.5 Select . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
5.5.1 Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.5.2 Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.5.3 by Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.5.4 Height . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.5.5 Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.6 Run . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
5.6.1 Ray-Paths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
5.6.2 Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
5.6.3 Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.6.4 LOSM-Coverage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.6.5 DOPCoverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
5.6.6 DOPOptimization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
5.6.7 FresnelClearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5.6.8 Script . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5.6.9 Custom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

5.7 RadioTracer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5.8 Exit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

6 Common Dialog Boxes 45
6.1 File SelectDialog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.2 PlotSetupDialog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.3 PostScriptSetupDialog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

7 Output Data Visualization 48
7.1 PowerDelayProfile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
7.2 Directionof Arrival . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
7.3 PowerVariation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
7.4 PowerSumVariation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
7.5 FastVariation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
7.6 PhaseVariation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
7.7 PowerCoverage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
7.8 PowerSumCoverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
7.9 LOSM-Coverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
7.10 DOPCoverage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
7.11 FresnelClearanceCoverage . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

8 RadioTracer Files 57
8.1 GeneralRemarksto theFormatDescription . . . . . . . . . . . . . . . . . . . 57
8.2 Formatof ConfigurationFiles . . . . . . . . . . . . . . . . . . . . . . . . . . 58
8.3 Formatof EnvironmentDataFiles . . . . . . . . . . . . . . . . . . . . . . . . 61
8.4 Formatof DOPCoverageFiles . . . . . . . . . . . . . . . . . . . . . . . . . . 63
8.5 Formatof FieldFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
8.6 Formatof LOSMulti-CoverageFiles . . . . . . . . . . . . . . . . . . . . . . . 64
8.7 Formatof Fresnel-CoverageFiles . . . . . . . . . . . . . . . . . . . . . . . . 64



RadioTracer Manual,Version1.7 November8, 2002 4

8.8 Formatof MaterialFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
8.9 Formatof Ray-PathFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
8.10 Formatof ScriptFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
8.11 Formatof VoltageFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
8.12 Formatof VRML Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
8.13 CommonNon-TerminalSymbols. . . . . . . . . . . . . . . . . . . . . . . . . 67

8.13.1 Antenna. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
8.13.2 Receiver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
8.13.3 Transmitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
8.13.4 Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

8.14 Key Words . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
8.15 TemporaryFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

9 Hardwareand Software Requirements 71

10 Bugsand Features 72

11 Copyright Inf ormation 73
11.1 LicenseAgreement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
11.2 Trademarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73



RadioTracer Manual,Version1.7 November8, 2002 5

1 Installation

Thissectiondescribesbriefly how theRadioTracer demonstrationversioncanbeinstalledon
differentplatforms.

1.1 Linux

Copy thecompressedtar-archivefile, i.e.,rtdemo linux.tgz to adirectoryof yourchoice.
Unpackingthecompressedtar-archivefile with thecommand

gtar zxf rtdemo linux.tgz
or

gunzip rtdemo linux.tgz ; tar xf rtdemo linux.tar
will producethefollowing directoryandfile structurewithin thechosendirectory:

rt/rt_demo
rt_startup.cnf
vigo.dat
vigo.cnf
vigo.rts
data.mtr
copyright.txt

/manual/index.html
...

You cannow savely removethearchivefile, it is no longerneeded.
Pleasenotethefollowing remarks:

1. The binary executablert demo canbe executedon an Intel Pentiumbasedplatform.
It may be convenientfor you to copy the file to someother location on your system.
Possibly, you want to includethepathtowardsRadioTracer into your default pathlist
of your executables.Pleaseconsiderthelicensefile which regulatesclearlyunderwhich
conditionsandrestrictionsyou areallowedto useRadioTracer.

2. Thestartupconfigurationfile rt startup.cnf reflectthedefault values.(Seestartup
configuration(Section4.2) for adetaileddescription.)

3. vigo.dat is anexampleenvironmentfile (Section5.1.2).

4. vigo.rts is anexamplescriptfile (Section4.3) .

5. vigo.cnf is an exampleconfigurationfile (Section5.1.3)with sometransmitterand
receiver locations.

6. data.mtr is anexamplematerialfile (Section5.1.4).

7. copyright.txt containsthelicenseagreement.

8. manual/index.html is the entry point for the on-line manual in HTML-format.
Please,useyour favorite browserto navigatethroughthemanualsections.
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1.2 Windows

Copy thecompressedarchivefile, i.e., rtdemo windows.tgz to adirectoryof your choice.
Unpackthecompressedarchive file with a programof your choice,that is ableto handlethis
standardarchive format.
Thefollowing directoryandfile structurewill beproduced:

rt/rt_demo.exe
rt_startup.cnf
vigo.dat
vigo.cnf
vigo.rts
data.mtr
copyright.txt

/manual/index.html
...

You cannow savely removethearchivefile, it is no longerneeded.
Pleasenotethefollowing remarks:

1. Thebinaryexecutablert demo canbeexecutedon anIntel Pentiumbasedplatform. It
maybeconvenientfor you to copy thefile to someotherlocationonyour system.Please
considerthe licensefile which regulatesclearlyunderwhich conditionsandrestrictions
youareallowedto useRadioTracer.

2. Thestartupconfigurationfile rt startup.cnf reflectthedefault values.(Seestartup
configuration(Section4.2) for adetaileddescription.)

3. vigo.dat is anexampleenvironmentfile (Section5.1.2).

4. vigo.rts is anexamplescriptfile (Section4.3) .

5. vigo.cnf is an exampleconfigurationfile (Section5.1.3)with sometransmitterand
receiver locations.

6. data.mtr is anexamplematerialfile (Section5.1.4).

7. copyright.txt containsthelicenseagreement.

8. manual/index.html is the entry point for the on-line manual in HTML-format.
Please,useyour favorite browserto navigatethroughthemanualsections.
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2 DemonstrationVersion

The demonstrationversionof RadioTracer is a fully implementedversionwith all features
enabled.
Theonly restrictionsis: thedemonstrationversionworksonlywith theaccompanying environ-
mentdatafile vigo.dat .
Thedemonstrationversionof RadioTracer canbedownloadedfor variousoperatingsystems
from theweb-site

http://www.mobile-connect.de
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3 CustomizedVersion

Theon-goingmanualdescribesall featuresof RadioTracer.
Usually, RadioTracer is deliveredasa customizedversion.
You wouldfind additionalinformationfor your customizedversionhere.
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4 GeneralRemarks to the User-Interface

RadioTracer canberun interactively (Section4.5)andnon-interactively (Section4.4).
In theinteractive mode,a graphicaluserinterfacepermitsuserinput andthedifferenttypesof
outputdataarevisualizedgraphically. Section5 containsadetaileddescriptionof thegraphical
userinterface.
In non-interactivemode,thetasksto beperformedby RadioTracer arecontrolledby a script
file (Section4.3), which containsthecommandsto guidethesimulations.All outputdataare
written to files.

4.1 CommandLine Execution

Thecommandline to executeRadioTracer is asfollows:

radiotracer [OPTIONS]

OPTIONS: -c <file> configuration file
-h this message
-r run non-interactivel y
-s <file> script to run

Possibly, therealnameof yourexecutablemightvary, e.g.,thedemonstrationversionis usually
distributedwith thenamert demo.
On a Unix platform RadioTracer may output certainstatusinformation to the controlling
shell until the graphicaluserinterfacehasbeenlaunched. No input is readfrom this shell.
RadioTracer forks anew process,sothecontrollingshell loosescontrolover thejob.

4.2 Startup File

RadioTracer looks at startuptime for a configurationfile namedrt startup.cnf in the
directoryfrom which theprogramwaslaunched.Thecontentof this configurationfile is used
to overwrite the default settings. Seethe configurationfile format (Section8.2) for a formal
descriptionof theconfigurationfile content.A furtherconfigurationfile canbespecifiedon the
commandline (Section4.1).

4.3 Script Files

Scriptfiles areusedto guidetheexecutionof simulationswithout any furtheruserinteraction.
They areparticularlyusefulin non-interactivemode(Section4.4).
Usually, a scriptfile containssomecommandsto loaddataandafterwardssomecommandsto
runsimulations.A scriptfile is asimpleASCII text file. Seethescriptfile format(Section8.10)
for a formal descriptionof thescriptfile content.Notethat

� a scriptfile againmayrun anotherscriptfile, wherethenestingof scriptfiles is confined
by a constant(currently10 (ten)),exceedingthis constantis anerror;and

� ascriptfile mayrun anyUnix commandusingthesyntax
run system "command"
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4.4 Non-InteractiveMode

In non-interactivemode(with commandline option-r ) no windowsareopened.Theprogram
is exited after the lastcommandin thescriptfile (Section4.3)hasbeenexecutedor if anerror
occurredduringexecutionof acommandin thescriptfile (Section4.3). Thenameof thescript
file is providedwith commandline option-s <file> . If nosuchfile is given,RadioTracer
exits afterinitialization.

4.5 Interacti veMode

In interactive mode,RadioTracer presentsthe graphicaluserinterfaceandwaits for further
input by theuser.
StartingRadioTracer in interactive mode,allows for a script file to be specifiedaswell. In
thatcase,prior to any userinteractionthescriptfile is run. After thelastinstructionof thescript
hasbeenexecuted,thesimulatorpresentsthegraphicaluserinterface.Thelastconfigurationas
well asthe last environmentarepresentedto the user. Dependingon the script file, possibly,
someoutputdataareavailableto bepresentedto theuser.

4.6 Input with MouseButtons
� Theleft mousebuttonis usedto entertwo-dimensionalpoints( � - and � -coordinates).The

correspondingheight( � -coordinate)for the specificinput is taken from the appropriate
parametersettings.

� Rectangularareasareenteredby clicking with theleft mousebuttontwo oppositecorners
in any order.

� A setof points,e.g.,asrequiredfor trajectories,polygonsor lists, is enteredby consecu-
tive left mousebuttonclicks.

� Theright mousebuttonis usedeitherto abortinput or to finish input.

� An input canalwaysbeabortedbefore thefirst point is enteredpressingtheright mouse
button. In somecases—forinstance,while enteringa rectangulararea—theinput canbe
abortedafterthefirst pointhasbeenenteredalready.

� Multi-point input, e.g.,enteringa trajectoryor list, is finishedwith a right mousebutton
click.

4.7 Attached Menus

If a mousebuttonis pressedwithin themainwindow anattachedmenuis openedat thecursor
position:

Left button: SetMenu(Section5.4)

Left buttonwith shift: ZoomMenu(Section5.3.1)

Middlebutton: Window Menu(Section5.3)

Rightbutton: File Menu(Section5.1)
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4.8 MouseCursor Shapes

Theshapeof themousecursorindicateswhich typeof input is required:

Arrow: Menuor Dialog input is requested.

Target: Input of a point, of anelementof a list of points,or a selectionof anitem
is requestedusingtheleft mousebutton. Theoperationcanbeabortedor
is finishedwith a right mousebuttonclick.

DottedBox: Input of a rectangularareais requested.Two oppositecornersshouldbe
selectedwith the left mousebutton. Theoperationcanbeabortedwith a
right mousebuttonclick.

Watch: No input is possible,RadioTracer is busy.

Additionally, astatusline at theverybottomof themainwindow indicateswhich typeof input
is expected. Generally, right mousebutton click setsthe stateto menumode(cursorshape
arrow) abortingor finishingany otheroperation.

4.9 Input with Dialog Boxes

A dialog box is eitherpresentedwithin an alreadyopenedwindow or it may appearasa new
window. Usually, all othermenusaredisableduntil thedialogboxhasbeenexited.
All input is checked after the dialog box hasbeenexited throughthe [Ok] button. In some
dialog boxesthe exit buttonsarelabeleddifferently, e.g., [Load] , [Store], or [Apply] etc. If
an invalid entry is detected,thedialogbox is reopenedandtheuseris requestedto correctthe
entry. Exiting a dialogbox throughthe [Cancel] buttonrestoresall valuesto thesettingsprior
to openingthedialogbesidesthoseconfirmedthroughanexit button in ansubordinarydialog
box.
Note that dependingon the currentwindow layout, certaindialog boxesmay appearhidden
behindotherwindows. This is especiallytrue for requests-for-confirmationwhich areusually
displayedwithin themainwindow.
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4.10 Input with Shortcut Keys

Certainmenufunctionsaredirectlyaccessiblethroughshortcutkeys. Thefollowing tablesum-
marizestheassignedkeys in alphabeticalorder.

Ctrl-A AboutMenu (Section5.1.1)
Ctrl-D RunDOPCoverage (Section5.6.5)
Ctrl-C Exits RadioTracer immediately. (Section5.1.11)
Ctrl-E RunField (Section5.6.2)
Ctrl-F RunFresnelClearance (Section5.6.7)
Ctrl-G Grabcurrentwindow (Section4.11)
Ctrl-L RunLOSM-Coverage (Section5.6.4)
Ctrl-O RunDOPOptimization (Section5.6.6)
Ctrl-P RunPower (Section5.6.3)
Ctrl-R RunRay-Paths (Section5.6.1)
Ctrl-S RunScript (Section5.6.8)

A AboutMenu (Section5.1.1)
C LoadConfiguration (Section5.1.3)
E LoadEnvironment (Section5.1.2)
M LoadMaterial (Section5.1.4)
R StoreReceiverConfiguration (Section5.1.5)
S StoreConfiguration (Section5.1.5)
T StoreTransmitterConfiguration (Section5.1.5)
Z ZoomReset (Section5.3.1)
a ReceiverArea (Section5.4.3)
b SelectMaterial (Section5.5.5)
c SetColorsEnvironment (Section5.4.8)
h SelectHeight (Section5.5.4)
i Interactions (Section5.4.1)
l ZoomList (Section5.3.1)
m ReceiverModify (Section5.4.3)
n New Center (Section5.3.1)
p ReceiverParameters (Section5.4.3)
q CloseAll (Section5.3.4)
r ReceiverRegion (Section5.4.3)
s SelectTransmitter (Section5.5.1)
t ReceiverTrajectory (Section5.4.3)
u Redraw (Section5.3.2)
z ZoomArea (Section5.3.1)
1 TransmitterPoint (Section5.4.2)
2 TransmitterArea (Section5.4.2)
3 TransmitterList (Section5.4.2)
4 TransmitterPointto List (Section5.4.2)
5 TransmitterAreato List (Section5.4.2)
6 TransmitterModify (Section5.4.2)
7 TransmitterParameters (Section5.4.2)
8 TransmitterSet (Section5.4.2)
. ReceiverPoint (Section5.4.3)
+ ZoomIn (Section5.3.1)
- ZoomOut (Section5.3.1)
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4.11 Subwindows

RadioTracer displaystheoutputdataof thesimulationsin varioussubwindows. Thesesub-
windowshaveamenubarwith thefollowing buttons:

About DisplaysCopyright Information(Section11)andLicenseAgreement(Section11.1)
in anew window.

Update Displaysa dialog box with additionalinformationaboutthe datapresentedin the
subwindow. Certainparametersof thedisplaycanbechangedthroughthis dialog
box. All input to RadioTracer is blocked until the dialog hasbeenexited. The
dialogboxor subsequentdialogboxesavailablethroughadditionalbuttonsareused
to modify the visualizationmodeof the subwindow, to export the contentof the
subwindow into afile, or to setcertainparameters.

Close (Not availableon Windows platforms.)Thesubwindow is closed.Themainmenu
entryCloseAll (Section5.3.4)closesall subwindows.

Notethatwhile adialogbox disablingthemenusis open,no subwindow canbeclosed.
Thecontentof any window canbegrabbedandstoredinto a file. Thereis no menuentry for
grabbing.Whenever theshortcutkey Ctrl-G is pressed,thewindow contentof thewindow
containingthecursoris storedinto afile with namegrabNNN.ppm in ppm-format,wherethe
numberNNNis automaticallyincrementedeachtime a window contentis grabbed.Note that
grabbingworksdirectlyon thescreen,i.e., if anotherwindow is partiallyoverlappingtheactive
window, theoverlapis storedinto thefile.
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5 User-Interface ReferenceManual

This sectiondescribesthe menustructureof RadioTracer in left-to-right andtop-to-bottom
order.

5.1 File

Thefile menuis usedto accessdatain files,e.g.,to loador storeconfigurationsor environments,
or to visualizedatafrom files.

5.1.1 About

(Shortcut key: A). DisplaysCopyright Information(Section11)andLicenseAgreement(Sec-
tion 11.1)in anew window.

5.1.2 Load Envir onment

(Shortcut key: E). Loadsan environment, i.e., the geometricdata, from a file (extension
.dat ). The currentenvironmentis replacedby the new environment. The currentconfigu-
rationis not changed.Seetheenvironmentfile format(Section8.3) for a formal descriptionof
theenvironmentfile content.
Thefile nameis enteredthroughthefile selectdialog(Section6.1). Theselectedfile nameis
maintainedandwill bepresentedin asubsequentloador storecommandasinitial dialogvalue.
Thefile nameis partof acompleteconfigurationfile.
After having loadedtheenvironment,thebuilding blocksaredisplayedin themainwindow in a
two-dimensionaltop-view. In theupperright cornerof thewindow thepositionin world coor-
dinatesof thecurrentcursorpositionis displayed.Theheightsof theentitiescanbeinspected
throughtheheightmenu(Section5.5.4).
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5.1.3 Load Configuration

(Shortcut key: C). Loadsa configurationfrom a file (extension.cnf ). Thefile maycontain
only a partial configuration,e.g.,only a transmitterspecification.The currentenvironmentis
not changed.If theconfigurationfile hasnot thecorrectformator theentriesareinvalid, only
the erroneousentriesarediscarded,the correctlyfound entriesin the file will have effect. In
sucha case,a warningmessageis shown to theuser. Seetheconfigurationfile format(Section
8.2) for a formaldescriptionof theconfigurationfile content.
Thefile nameis enteredthroughthefile selectdialog(Section6.1). Theselectedfile nameis
maintainedandwill bepresentedin asubsequentloador storecommandasinitial dialogvalue.
Thefile nameis partof acompleteconfigurationfile.

5.1.4 Load Material

(Shortcut key: M). Loadsthematerialpropertiesfrom afile (extension.mtr ).
Thefile nameis enteredthroughthefile selectdialog(Section6.1). Theselectedfile nameis
maintainedandwill bepresentedin asubsequentloadcommandasinitial dialogvalue.Thefile
nameis partof acompleteconfigurationfile.

5.1.5 Store Configuration

A configurationfile is an ASCII file that canbe editedwith a text editor (Section5.1.10). A
configurationfile neednot to becomplete.Seetheconfigurationfile format(Section8.2) for a
formal descriptionof theconfigurationfile content.

Configuration (Shortcut key: S). Storesthe completeconfigurationto a file (extension
.cnf ). The file nameis enteredthroughthe file selectdialog (Section6.1). The selected
file nameis maintainedandwill bepresentedin a subsequentloador storecommandasinitial
dialogvalue.Thefile nameis partof acompleteconfigurationfile.
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Receiver (Shortcut key: R). Storesonly theconfigurationof thereceiverdatato afile (exten-
sion .cnf ). Thefile nameis enteredthroughthefile selectdialog(Section6.1). Theselected
file nameis maintainedandwill bepresentedin a subsequentloador storecommandasinitial
dialogvalue.Thefile nameis partof acompleteconfigurationfile.

Transmitter (Shortcut key: T). Storesonly theconfigurationof thetransmitterdatato afile
(extension.cnf ). The file nameis enteredthroughthe file selectdialog (Section6.1). The
selectedfile nameis maintainedandwill bepresentedin a subsequentloador storecommand
asinitial dialogvalue.Thefile nameis partof acompleteconfigurationfile.

5.1.6 Store CustomData

Dependingon theversionof RadioTracer, certaindatacanbestoredcustomizeddataformat.
Seethedescriptionof thecustomizedversion(Section3).

5.1.7 Point-to-Point

Point-to-Pointmeansthat electromagneticdatabetweenone transmitterand one receiver is
visualized.Theindicesof thetransmitterandthereceiverto beusedmustbeselectedpreviously
throughtheSelectMenu(Section5.5).

Power Delay Profile Seeview power delayprofile (Section5.2.1) for a moredetailedde-
scriptionof this menuentry. Theonly differenceto theview menuentryis thatratherthanthe
dataavailablefrom thelastsimulationrunthedatatakenfrom afile is visualized.Thefile name
is enteredthroughthefile selectdialog(Section6.1).

Dir ection of Arri val

Seeview direction of arrival (Section5.2.1) for a more detaileddescriptionof thesemenu
entries.Theonly differenceto a view menuentryis thatratherthanthedataavailablefrom the
lastsimulationrun thedatatakenfrom a file is visualized.A file nameis enteredthroughthe
file selectdialog(Section6.1).

5.1.8 Point-to-Multi
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Power Variation Seeview powervariation(Section5.2.2)for a moredetaileddescriptionof
thismenuentry. Theonly differenceto theview menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from a file is visualized. The file nameis entered
throughthefile selectdialog(Section6.1).

Power Sum Variation Seeview power sum variation (Section5.2.2) for a more detailed
descriptionof this menuentry. Theonly differenceto theview menuentry is that ratherthan
thedataavailablefrom thelastsimulationrun thedatatakenfrom a file is visualized.Thefile
nameis enteredthroughthefile selectdialog(Section6.1).

Fast Variation Seeview fastvariation(Section5.2.2)for a moredetaileddescriptionof this
menuentry. The only differenceto the view menuentry is that ratherthanthe dataavailable
from the last simulationrun the datataken from a file is visualized. The file nameis entered
throughthefile selectdialog(Section6.1).

PhaseVariation Seeview phasevariation(Section5.2.2)for a moredetaileddescriptionof
thismenuentry. Theonly differenceto theview menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from a file is visualized. The file nameis entered
throughthefile selectdialog(Section6.1).

Power Coverage Seeview powercoverage(Section5.2.2)for amoredetaileddescriptionof
thismenuentry. Theonly differenceto theview menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from a file is visualized. The file nameis entered
throughthefile selectdialog(Section6.1).

Power Sum Coverage Seeview power sum coverage(Section5.2.2) for a more detailed
descriptionof this menuentry. Theonly differenceto theview menuentry is that ratherthan
thedataavailablefrom thelastsimulationrun thedatatakenfrom a file is visualized.Thefile
nameis enteredthroughthefile selectdialog(Section6.1).

5.1.9 Multi-to-Multi

LOS M-Coverage Seeview LOSM-coverage(Section5.2.3)for amoredetaileddescription
of thismenuentry. Theonly differenceto aview menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from a file is visualized. A file nameis entered
throughthefile selectdialog(Section6.1).

DOP Coverage Seeview DOP coverage(Section5.2.3) for a moredetaileddescriptionof
this menuentry. Theonly differenceto a view menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from a file is visualized. A file nameis entered
throughthefile selectdialog(Section6.1).
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5.1.10 Edit

Theedit menuis usedto launcha text editorwhich allows to manipulatetheASCII datafiles
of RadioTracer. Thecommandline to starttheeditor is setin theadvancedsettings(Section
5.4.9).Thefile nameis enteredthroughthefile selectdialog(Section6.1).
If a text file is changed,themodificationsdo not have immediateeffect. Rather, thefile hasto
bere-loadedthroughtheappropriatemenuentry.

5.1.11 Exit

Exits RadioTracer immediately.

5.2 View

The view menuis usedto directly visualizedatafrom simulationruns(Section5.6). A sim-
ulation storesits output datain temporaryfiles (Section8.15) which are held until the next
simulationrun or until theprogramis terminated.If a necessarytemporaryfile is not available
(for instance,becausethesimulationrun hasnot beenperformed)or if the receiver typedoes
notmatch,anerrormessageis shown.
The menugroupsthe entriesaccordingto the numberof transmittersand receivers that are
invokedto producetheoutput. Theoutputis presentedfor thecurrentlyselected(seeSection
5.5) transmittersandreceivers.

5.2.1 Point-to-Point

Point-to-Pointmeansthat electromagneticdatabetweenone transmitterand one receiver is
visualized.Theindicesof thetransmitterandthereceiverto beusedmustbeselectedpreviously
throughtheSelectMenu(Section5.5).

Power Delay Profile Thepower delayprofile plot shows thearrival timesin [ns] (nanosec-
onds)of thedifferentray-pathsversusits receivedpower in [dBm] betweentheselectedtrans-
mitter andtheselectedreceiver asbeingcomputedby the lastRunField (Section5.6.2)com-
mand.Thetimesaregivenrelativeto thearrival timeof theline-of-sight,i.e.,if theline-of-sight
pathexists,its arrival time is 0.0.A moredetaileddescriptionis givenin Section7.1.

Dir ection of Arri val The direction-of-arrival plot shows the arrival anglesin [deg] of the
differentray-pathsbetweentheselectedtransmitterandtheselectedreceiverasbeingcomputed
by the last Run Field (Section5.6.2)command.The arrival anglescanbe inspectedboth in
azimuthandelevationplane. Additionally, its contribution to the received power in [dBm] is
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indicated.If theline-of-sightpathexists,its arrival componentis highlighted.A moredetailed
descriptionis givenin Section7.2.

� ReceiverAzimuth

� ReceiverElevation

� TransmitterAzimuth

� TransmitterElevation

5.2.2 Point-to-Multi

Point-to-Multi meansthatelectromagneticdatabetweenonetransmitteranda setof receivers,
i.e.,a trajectory, anarea,or a region is visualized.Theindex of thetransmitterto beusedmust
beselectedpreviously throughtheSelectMenu(Section5.5).

Power Variation Displaysin a new window the power variationplot which shows the re-
ceivedpower in [dBm] obtainedasthesumof thereceivedpowersof the individual ray-paths
alongthetrajectoryfor theselectedtransmitterasbeingcomputedby thelastRunPower (Sec-
tion 5.6.3)command.A moredetaileddescriptionis givenin Section7.3.Thereceivermustbe
of typetrajectory.

Power Sum Variation Displaysin a new window thepowersumvariationplot which shows
the received power in [dBm] obtainedasthe complex sumof the received powersof the in-
dividual ray-pathsfor eachsamplingpoint alongthe trajectoryfor the selectedtransmitteras
beingcomputedby thelastRunPower (Section5.6.3)command.A moredetaileddescription
is givenin Section7.4.Thereceivermustbeof typetrajectory.

Fast Variation Displaysin a new window thefastvariationplot which shows thedifference
in [dBm] betweenthepower variationandthepower sumvariationalongthetrajectoryfor the
selectedtransmitterasbeingcomputedby the last Run Power (Section5.6.3)command. A
moredetaileddescriptionis givenin Section7.5. Thereceivermustbeof typetrajectory.

PhaseVariation Displaysin anew window thephasevariationplot whichshowsthephasein
[rad] alongthetrajectoryfor theselectedtransmitterasbeingcomputedby thelastRunPower
(Section5.6.3)command.A moredetaileddescriptionis given in Section7.6. The receiver
mustbeof typetrajectory.
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Power Coverage Displaysin anew window thecoveragemapof thereceivedpower(complex
sum)in [dBm] for theselectedtransmitterasbeingcomputedby the lastRunPower (Section
5.6.3)command.If thecurrentlyloadedenvironmentcoincideswith theoneusedto compute
thecoveragemap,theenvironmentis drawn into themap.A moredetaileddescriptionis given
in Section7.7. Thereceivermustbeof typeareaor region.

Power Sum Coverage Displaysin a new window the coveragemapof the received power
(power sum)in [dBm] for the selectedtransmitterasbeingcomputedby the last Run Power
(Section5.6.3)command.If thecurrentlyloadedenvironmentcoincideswith theoneusedto
computethecoveragemap,theenvironmentis drawn into themap.A moredetaileddescription
is givenin Section7.8.Thereceivermustbeof typeareaor region.

5.2.3 Multi-to-Multi

Multi-to-Multi meansthatelectromagneticdatabetweena setof transmittersanda setof re-
ceivers,i.e.,anareaor a region, is visualized.

LOS M-Coverage Displaysin a new window the line-of-sightmulti-coveragemapasbeing
computedby thelastexecutionof theRunLOSM-Coverage(Section5.6.4)command.A more
detaileddescriptionis givenin Section7.9.

DOP Coverage Displaysin a new window theDOP(dilution-of-precision)coveragemapas
beingcomputedby the lastexecutionof theRunDOPCoverage(Section5.6.5)command.A
moredetaileddescriptionis givenin Section7.10.

5.2.4 Vrml

Thismenuis only availablewith theVRML-packageof RadioTracer.

� Without Rays

StartstheVRML-Viewerwith thecurrentenvironment.

� With Rays

Startsthe VRML-Viewer with the currentenvironmentincluding the ray-pathsascom-
putedby thelastRayPathComputation(Section5.6.1).

5.3 Window

Thewindow menuis usedto changethevisualizationmodewithin themainwindow of Radio-
Tracer (e.g.,performazoom)andto manipulateotherwindowshaving beenopenedduringthe
interactivesession.
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5.3.1 Zoom

Zoom Reset (Shortcut key: Z). If thereis a zoomingarea(seebelow in Section5.3.1)
with labelreset defined,theenvironment(buildings,transmittersandre-
ceivers)is displayedin suchawaythatthezoomingareais entirelyvisible
in thecenterof thewindow. If thereis no suchzoomingareadefinedthe
environmentis displayedsuchthatit fits completelyinto thewindow.

Zoom Out (Shortcut key: -). Zoomsoutaccordingto theZoomFactor(seeadvanced
settingsin Section5.4.9).

Zoom In (Shortcut key: +). Zoomsin accordingto Zoom Factor (seeadvanced
settingsin Section5.4.9).

Zoom Ar ea (Shortcut key: z). Zoomsinto a rectangularareaselectedby specifying
thetwo cornerswith left mousebuttonclicks. Theoperationcanbeaborted
with a right mousebuttonclick.

Zoom List (Shortcut key: l). Allowsto manageanorderedlist of rectanglesaszoom-
ing areas.Eachrectanglehasauserdefinablelabel.Thelabelsareusedto
sortthelist. If theaspectof thecurrentwindow doesnot matchtheaspect
of a zoomingarea,thezoomingtakesplacein sucha way that the entire
zoomingareais visibleandjustifiedin thecenterof thewindow.

Zoom: Zoomsto theselectedzoomingarea.

Edit: With thehelpof thefollowing dialog

thelabelandthecoordinatesof theselectedzooming
areacanbeedited.

Current: Editsthecurrentzoomingarea,notethatthelabelhas
to bechangedto astringdifferentfrom current .

Delete: Deletestheselectedzoomingareafrom thelist.

Clear: Clearstheentirezoomlist.

Cancel: Leavesthedialog without changingthecurrentview
of thewindow. However, all changesin thezoomlist
have takenplace.
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Two labelshave a specialmeaning: the label reset definesthe zoom-
ing areawhich is usedin the Zoom Reset(seeabove in Section5.3.1)
command;thelabelcurrent is automaticallyusedfor thecurrentlyvis-
ible areawithin thewindow, thelabelcurrent cannotbeusedto labela
zoomingarea.
The zoomlist is part of a completeconfigurationfile. If a configuration
file containinga zoomlist is loaded,the zoomingareasareaddedto the
currentzoomlist.

NewCenter (Shortcut key: n). Movesthecenterof the displayto the point selected
with left mousebuttonclick. Theold centeris markedby a redcoordinate
system.Theoperationcanbeabortedwith a right mousebuttonclick.

5.3.2 Redraw

(Shortcut key: u). Redraws themainwindow.

5.3.3 Draw Quadtree

Visualizesthequadtreeof thecurrentenvironment.Thedefault color is green,seeColor Menu
(Section5.4.8)for possibleusersettings.

5.3.4 CloseAll

(Shortcut key: q). Closesall subwindowscurrentlyopened.Notethatall localsettingsof these
windowsgetlost.

5.4 Set

The menuset is usedto configureall settingsof RadioTracer during an interactive session.
Theactualconfigurationcanbestoredcompletelyor partially throughtheStoreConfiguration
(Section5.1.5)command.Insteadof settingtheparametersinteractively, configurationfilescan
beloadedthroughtheLoadConfiguration(Section5.1.3)command.

5.4.1 Interactions

(Shortcut key: i). Theinteractionsdialogallows to setall relevantdatafor theray-pathsearch
algorithm,i.e.,which typesof ray-pathsanto which lengththeray-pathsaresearchfor.
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� Interaction typesand Ground reflections:

D Searchfor line-of-sightray-paths.

R Searchfor ray-pathswith reflections.

V Searchfor ray-pathswith verticaldiffraction.

AV Searchfor ray-pathswith adjacentverticaldiffraction.
(Only first orderadjacentverticaldiffractionis considered,i.e.,ray-pathswith
diffractionon adjacentverticaledgeswheretheoneis directly visible by the
transmitterandtheotheroneis directlyvisibleby thereceiver, or viceversa.)

H Searchfor ray-pathswith horizontaldiffraction.
(Only firstorderhorizontaldiffractionisconsidered,i.e.,ray-pathswith diffrac-
tion on horizontaledgesdirectly visible by transmitteror receiver, respec-
tively.)

AH Searchfor ray-pathswith adjacenthorizontaldiffraction.
(Only first orderadjacenthorizontaldiffraction is considered,i.e., ray-paths
with diffractionon adjacenthorizontaledgeswhereoneis directly visible by
the transmitterandthe otherone is directly visible by the receiver, or vice
versa.)

GR Searchfor ray-pathswith reflectionon theground(andon theceiling in case
of indoorenvironment).

� Number of vertical diffractions:

Searchfor ray-pathswith at mostthatmany verticaldiffractions.Note,thatactuallythe
minimum of Number of Vertical Diffractions andNumber of Interactions is usedto
determinethemaximumray-pathlength.Thevaluemustbepositive.

� Number of reflections:

Searchfor ray-pathswith at most that many reflections. Note, that actually the mini-
mum of Number of ReflectionsandNumber of Interactions is usedto determinethe
maximumray-pathlength.Thevaluemustbepositive.

� Number of interactions:

Searchfor ray-pathswith at most that many interactions. This is especiallyuseful to
confinethe ray-pathlengthwhencombinedreflectionanddiffraction is set. The value
mustbepositive.
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� Combined R and V:

Theflagspecifieswhethertosearchfor ray-pathswith bothreflectionsandverticaldiffrac-
tions.Theray-pathlengthis limited by theNumber of Interactions.

� Computeattenuation:

Theflag specifieswhetherto computethedistancestheray-pathspassesthroughattenu-
atingmedia(e.g.,trees).

� Considerscatterer:

Theflagspecifieswhetherto searchfor ray-pathstowardsscatterer(e.g.,trees).Only first
ordereffectsareconsidered.

� Match interaction number:

Theflagspecifieswhetherto searchonly for ray-pathsthatmatchexactly thegivenNum-
ber of Interactions. If this flag is not set,all ray-pathsup to the maximumlengthas
givenin Number of Interactions aresearchedfor.

� Count ground/ceiling reflections:

Theflag specifieswhethergroundor ceiling reflectionsarecountedasinteractionwhile
determiningthelengthof theray-path.Thisflag is only usedwhenmatchingtheinterac-
tion numberis enabled.

� ISB and RSB width:

Specifiesthe maximumwidth of the ISB (incidentshadow boundary)andthe RSB (re-
flectionshadow boundary)afteraverticaldiffractionthatshouldbeconsideredduringthe
ray-pathsearch.A valueof 0.0meansno limitation of theboundary, i.e.,all ray-pathsare
searchedfor. Thevaluemustbepositive,theangleis enteredin [deg].

� Maximum path length:

Specifiesthemaximumlengthof aray-pathsthatshouldbeconsideredduringtheray-path
search.A valueof 0.0 meansno limitation of the length,i.e., all ray-pathsaresearched
for. Thevaluemustbepositive,thelengthis enteredin [m].

5.4.2 Transmitter

� Point

(Shortcut key: 1). Allows to setsa single transmitteras a point. The height of the
transmitteris set to the valueas specifiedin the ParameterSettings(seebelow). The
operationcanbeabortedwith a right mousebuttonclick.
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� Ar ea

(Shortcut key: 2). Allows to setsa singletransmitterasa rectangulararea.Theactual
locationof thetransmitteris computedasthecenterof thearea.Theheightof thetrans-
mitter is setto thevalueasspecifiedin theParameterSettings(seebelow). Theoperation
canbeabortedwith a right mousebuttonclick.

� List

(Shortcut key: 3). Allows to seta list of transmitters.The transmittersareenteredas
thecornersof a polyline. Thepolyline is displayedduringtheinteraction.Theheightof
thetransmittersis setto thevalueasspecifiedin theParameterSettings(seebelow). The
input is finishedwith a right mousebutton click or the operationcanbe abortedwith a
right mousebuttonclick beforethefirst point is entered.

� Point to List

(Shortcut key: 4). Allowsto addasingletransmitterasapoint to thelist of transmitters.
Theoperationcanbeabortedwith a right mousebuttonclick.

� Ar eato List

(Shortcut key: 5). Allows to adda singletransmitterasa rectangularareato the list of
transmitters.Theoperationcanbeabortedwith a right mousebuttonclick.

� Modify

(Shortcut key: 6). Allows to modify or to deletetheselectedtransmitter. If currentlyno
transmitteris selected,a selectionis requested.In thatcase,theoperationcanbeaborted
with a right mousebuttonclick.

– X-Coord:

– Y-Coord:

Setsthenew locationof thetransmitterin coordinatesof theenvironment.

– X-Min:

– Y-Max:

– X-Min:

– Y-Max:

Setsthenew rectangularareaof the transmitterin coordinatesof theenvironment.
Theseentriesareonly availableif theselectedtransmitteris of typearea.Notethat
it is not forbiddento placetheactuallocationof thetransmitteroutsidethearea.

– Height[m]:

Setsthenew heightof thetransmitter. Theheightmustbelargerthan0.0,thevalue
is enteredin [m].
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– Antenna:

Allowsto changetheantenna.Thetypeof antennacanbechosenfromthelist andits
parameterswith a subsequentdialogthroughthe [Antenna Setup] button. Seethe
antennasetupdialog(Section5.4.4)for ageneraldescriptionof theantennasettings.
Note thatoncetheantennahasbeenchangedthroughtheantennasetupdialog,the
modificationis valid evenif thedialogis left throughthe [Cancel] button.

� Parameters

(Shortcut key: 7). Setsthedefault parametersusedduringplacementof thetransmitter
with mousecursorinput.

– Heightfor inputwith cursor[m]:

Setsthe heightin for interactive placementof the transmitter. Theheightmustbe
largerthan0.0,thevalueis enteredin [m].

– Default Antenna:

Allowsto selectthedefaultantennafor interactiveplacementof thetransmitter. The
type of antennacanbe chosenfrom the list and its parameterswith a subsequent
dialog throughthe [Antenna Setup] button. Seetheantennasetupdialog(Section
5.4.4)for ageneraldescriptionof theantennasettings.

� Set

(Shortcut key: 8). Allows to seta singletransmitteror to addthetransmitterto the list
of transmitters.

– X-Coord:

– Y-Coord:

Specifiesthelocationof thetransmitterin coordinatesof theenvironment.

– Height[m]:

Setstheheightof the transmitterposition. Theheightmustbe larger than0.0, the
valueis enteredin [m].

– Antenna:

Allows to selecttheantennafor thetransmitter. Thetypeof antennacanbechosen
from the list and its parameterswith a subsequentdialog throughthe [Antenna
Setup]button.Seetheantennasetupdialog(Section5.4.4)for ageneraldescription
of theantennasettings.
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5.4.3 Receiver

� Point

(Shortcut key: .). Allows to setasinglereceiverasapoint. Theheightof thereceiver is
setto thevalueasspecifiedin theParameterSettings(seebelow). Theoperationcanbe
abortedwith a right mousebuttonclick.

� Trajectory

(Shortcut key: t). Allows to set the receiver asa trajectory(polyline). The heightof
thereceiver pointsalongthetrajectoryandthesamplingratefor thetrajectoryaresetto
thevaluesasspecifiedin theParameterSettings(seebelow). The input is finishedwith
a right mousebuttonclick. Theoperationcanbeabortedwith a right mousebuttonclick
beforethesecondinput point is entered.

� Ar ea

(Shortcut key: a). Allows to set the receiver asa rectangularareaby specifyingtwo
oppositecorners.Theoperationcanbeabortedwith aright mousebuttonclick beforethe
secondinput point or in thesubsequentdialogbox.

In the subsequentlydisplayeddialog box the additionalparametersareset(seeModify
below).

� Region

(Shortcut key: r). Allows to setthereceiver asa region definedasa simplepolygon. If
theenteredpolygonis not simple,no receiver samplesaretaken. The operationcanbe
abortedwith aright mousebuttonclick beforethesecondinputpointor in thesubsequent
dialogbox.

In the subsequentlydisplayeddialog box the additionalparametersareset(seeModify
below).

� Modify

(Shortcut key: m). Dependingon thecurrentreceiver typeoneof the following dialog
boxesis presentedwhichallows to modify thereceiverparameters.

– Point:
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� X-Coord:
� Y-Coord:

Specifiesthelocationof thereceiver in coordinatesof theenvironment.
� Height[m]:

Setstheheightof thereceiver position.Theheightmustbelargerthan0.0,the
valueis enteredin [m].
� Antenna:

Allowsto selecttheantennafor thereceiver. Thetypeof antennacanbechosen
from thelist andits parameterswith asubsequentdialogthroughthe[Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4) for a generalde-
scriptionof theantennasettings.

– Trajectory:

� Samplemodefor trajectory:
Allows to choosebetweendifferentsamplingmodesfor interactive placement
of thereceiver. Thetrajectorycaneitherbesampledaccordingto thefrequency
of thedefault transmitter(Section5.4.2),or accordingto a specifieddistance.
Dependingonthecurrentselection,thecorrespondingentriestoenterthevalues
areenabledor disabled,respectively. On openingthedialogbox,theratevalue
andthedistancevaluerepresentthesamesamplingof thetrajectory.
� Currentsamplenumber:

Showsthenumberof samplesonthecurrenttrajectory. Novaluecanbeentered.
� Currentpolyline size:

Shows the numberof segmentsof the polyline of the currenttrajectory. No
valuecanbeentered.
� Rate(freq [MHz]):

Setsthesamplingratein wavelengthsof thefrequency of thedefault transmitter
(Section5.4.2). The currentfrequency is shown within the parentheses.The
samplingratemustbelargerthan0.0.
� Distance[m]:

Setsthesamplingdistancein [m]. Thesamplingdistancemustbe larger than
0.0.
� Velocity for trajectory[km/h]:

Setsthevelocity thereceiver movesalongthetrajectory. Thevelocity mustbe
differentfrom 0.0,thevalueis enteredin [km/h].
� Height[m]:

Setstheheightof the trajectory. Theheightmustbe larger than0.0, thevalue
is enteredin [m].
� Antenna:
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Allowsto selecttheantennafor thereceiver. Thetypeof antennacanbechosen
from thelist andits parameterswith asubsequentdialogthroughthe[Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4) for a generalde-
scriptionof theantennasettings.

– Ar ea:

� Grid x-min:
� Grid x-max:
� Grid y-min:
� Grid y-max:

Setstheminimumandmaximumboundsof thearea.
� Grid x samples:

Setsthenumberof samplingpointsin x-directionfor theareaor region.
� Grid y samples:

Setsthenumberof samplingpointsin y-directionfor theareaor region.
� Height[m]:

Setstheheightfor thereceiversin theareaor region. Theheightmustbelarger
than0.0,thevalueis enteredin [m].
� Heightis:

Specifieswhethertheheightof a receiverpoint is takenasanabsolutevalueor
asa relative valuewhich is addedto the currentheightof the environmentat
thepositionof thepoint.
� Antenna:

Allowsto selecttheantennafor thereceiver. Thetypeof antennacanbechosen
from thelist andits parameterswith asubsequentdialogthroughthe[Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4) for a generalde-
scriptionof theantennasettings.

– Region:
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� Grid x-min:
� Grid x-max:
� Grid y-min:
� Grid y-max:

Setsthe minimum andmaximumboundsof the region. All samplesthat fall
outsideof thepolygonarenotconsideredasvalid receiverpoints.
� Grid x samples:

Setsthenumberof samplingpointsin x-directionfor theregion.
� Grid y samples:

Setsthenumberof samplingpointsin y-directionfor theregion.
� Currentsamplenumber:

Shows thenumberof samplingpointsof thegrid thatfall into theregion.
� Height:

Setstheheightfor thereceiversin theareaor region. Theheightmustbelarger
than0.0,thevalueis enteredin [m].
� Antenna:

Allowsto selecttheantennafor thereceiver. Thetypeof antennacanbechosen
from thelist andits parameterswith asubsequentdialogthroughthe[Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4) for a generalde-
scriptionof theantennasettings.

� Parameters

(Shortcut key: p). Thedialogbox is usedto setcertainparameterswhich aretakenas
default valuesfor interactive receiverplacement.

– Heightfor inputwith cursor[m]:
Setstheheightfor interactive placementof thereceiver. Theheightmustbe larger
than0.0,thevalueis enteredin [m].

– Samplemodefor trajectory:
Allows to choosebetweendifferentsamplingmodesfor interactive placementof
thereceiver. Thetrajectorycaneitherbesampledaccordingto thefrequency of the
default transmitter(Section5.4.2),or accordingto a specifieddistance.Depending
on thecurrentselection,thecorrespondingentriesto enterthevaluesareenabledor
disabled,respectively. On openingthe dialog box, the ratevalueandthe distance
valuerepresentthesamesamplingof thetrajectory.

– Rate(freq [MHz]):
Setsthe samplingrate in wavelengthsof the frequency of the default transmitter
(Section5.4.2). Thecurrentfrequency is shown within theparentheses.Thesam-
pling ratemustbelargerthan0.0.
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– Distance[m]:

Setsthesamplingdistancein [m]. Thesamplingdistancemustbelargerthan0.0.

– Velocity for trajectory[km/h]:

Setsthe velocity the receiver moves along the trajectory. The velocity must be
differentfrom 0.0,thevalueis enteredin [km/h].

– Default x samples:

Setsthe default numberof samplepoints in � -directionto be usedfor interactive
placementof thereceiverasagrid, region,or area.

– Default y samples:

Setsthe default numberof samplepoints in � -directionto be usedfor interactive
placementof thereceiverasagrid, region,or area.

– Default Antenna:

Allows to selectthe default antennafor interactive placementof the receiver. The
type of antennacanbe chosenfrom the list and its parameterswith a subsequent
dialog throughthe [Antenna Setup] button. Seetheantennasetupdialog(Section
5.4.4)for ageneraldescriptionof theantennasettings.

� Set

Allowsto setareceiverdirectlythroughadialogbox,whichissimilarto theonepresented
in themodify dialogbox (seeSection5.4.3).

5.4.4 Antenna SetupDialog

Theantennasetupdialogis notdirectlyaccessiblein thesetmenu.However, anantennacanbe
setin variousplaces,sothedialogis describedonly oncein this section.
Several theoreticalantennaradiationpatternsor measuredantennapatterns,which areloaded
from afile, canbeselected.Settingreceiverantennaedonot requireto setthepower. However,
the frequency must be set for a receiver antennaas well, becauseit is neededto determine
somegeometricparametersof a certainantennatypes.Thedescriptionbelow refersto setting
transmitterantennae.In the caseof receiver antennae,certainparametersasindicatedbelow
maynot bepresentin thedialogbox.

Isotropic Antenna

� Frequency[MHz]:

Setsthefrequency of theantennain [MHz].

� Power [W]:

Setstheinputpowerof theantennain [W]. Theradiatedpoweris calculatedastheproduct
of theinput powerandtheefficiency.
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� Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
receiverantenna,theoutputpower is calculatedastheproductof thereceivedpowerand
theefficiency.)

� Polarisation:

Theisotropicantennacanbepolarisedeitherasvertical,or ashorizontal,or asleft circu-
lar, or asright circular.

Dipole Antenna

� Length [m]:

Setsthelengthof thedipolein [m].

� Frequency[MHz]:

Setsthefrequency of theantennain [MHz].

� Power [W]:

Setstheinputpowerof theantennain [W]. Theradiatedpoweris calculatedastheproduct
of theinput powerandtheefficiency.

� Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
receiverantenna,theoutputpower is calculatedastheproductof thereceivedpowerand
theefficiency.)

� Thepolarisationof adipoleantennais assumedto bevertical.

MonopoleAntenna

� Length [m]:

Setsthelengthof themonopolein [m].
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� Frequency[MHz]:

Setsthefrequency of theantennain [MHz].

� Power [W]:

Setstheinputpowerof theantennain [W]. Theradiatedpoweris calculatedastheproduct
of theinput powerandtheefficiency.

� Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
receiverantenna,theoutputpower is calculatedastheproductof thereceivedpowerand
theefficiency.)

� Thepolarisationof amonopoleantennais assumedto bevertical.

Short Dipole Antenna

� Length [m]:

Setsthelengthof theshortdipolein [m].

� Frequency[MHz]:

Setsthefrequency of theantennain [MHz].

� Power [W]:

Setstheinputpowerof theantennain [W]. Theradiatedpoweris calculatedastheproduct
of theinput powerandtheefficiency.

� Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
receiverantenna,theoutputpower is calculatedastheproductof thereceivedpowerand
theefficiency.)

� Thepolarisationof ashortdipoleantennais assumedto bevertical.

Short MonopoleAntenna
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� Length [m]:

Setsthelengthof theshortmonopolein [m].

� Frequency[MHz]:

Setsthefrequency of theantennain [MHz].

� Power [W]:

Setstheinputpowerof theantennain [W]. Theradiatedpoweris calculatedastheproduct
of theinput powerandtheefficiency.

� Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
receiverantenna,theoutputpower is calculatedastheproductof thereceivedpowerand
theefficiency.)

� Thepolarisationof ashortmonopoleantennais assumedto bevertical.

5.4.5 Preferences

� File format:

Specifieswhetherthe output files shouldbe written in BINARY or in ASCII format.
Configurationfiles,scriptfilesandmaterialdatafilesarealwaysstoredin ASCII format.

� Draw ray-paths:

Specifieswhethertheray-pathsshouldbedrawn duringthesimulation.

� Segmentsin quadtreeleaf:

Setsthemaximumnumberof segmentsthatshouldbecontainedin a leafof thequadtree.
Thevaluemustbeat least4. Note that theconstructionof thequadtreeis terminatedas
well whenthemaximumdepthhasbeenreached.Thesettingbecomeseffective for the
next environmentto beloaded.

� Maximum quadtreedepth:

Setsthe maximumdepthsof the quadtree.The valuemust be positive. A valueof 0
meansthatno quadtreeis built. Thesettingbecomeseffective for thenext environment
to beloaded.

� Force2D search:

Specifieswhetherthe ray-pathsearchshouldbe performedonly two-dimensional,i.e.,
ray-pathsover building blockswill not be detected.This modeis especiallyuseful for
micro-cellsimulationswhereall building blockscloseto thetransmitterandthereceiver
arehigherthanthe antennaeheights.RadioTracer switchesautomaticallyto the two-
dimensionalsearchmodewhenall building blocksarehigherthanboththereceiver and
thetransmitterantenna.
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5.4.6 Tolerances

Setscertaintoleranceswhich areusedin thecomputationalpartsof RadioTracer. Thetoler-
ancesettingsarepartof acompleteconfigurationfile.

� Min. diffracti veedgelength [m]:

Setstheminimumlengthof anedgein theenvironmentsuchthattheedgeis considered
in theray-pathsearch.Thelengthmustnot benegative,thevalueis enteredin [m].

� Min. height for diffraction [m]:

Setstheminimumheighta diffractionpoint musthave suchthat thepoint is considered
in theray-pathsearch.Theheightmustnot benegative,thevalueis enteredin [m].

� Min. height for reflections[m]:

Setstheminimumheighta reflectionpoint musthavesuchthatthepoint is consideredin
theray-pathsearch.Theheightmustnotbenegative,thevalueis enteredin [m].

� Min. power ascut-off [dBm]:

Setstheminimumpower a receiver mustreceive. Any valuebelow thethresholdwill be
clampedto thisvalue.Thevalueis merelyusedin theplotsandmapsto avoid practically
unrealisticreceivedpowervalues.Thevalueis enteredin [dBm].

� Precisiondigits:

Setsthenumberof decimaldigitsusedto write floatingpointvaluesin ASCII outputfiles.

5.4.7 Thresholds

Setsthethresholdvalueswhich areusedasdefault valuesduringthevisualizationof coverage
mapsof RadioTracer. Thethresholdssettingsarepartof acompleteconfigurationfile.
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5.4.8 Colors

Setsthecolorsto beusedin thedrawings.Thecolorsettingsarepartof acompleteconfiguration
file. Notethatthefirst entryspecifiesthetransparentcolor, i.e., theobjectis drawn invisible.

Envir onment

(Shortcut key: c). Setsthe differentcolors for drawings of the environment. Note that the
chosencolorswill haveeffect in all windowsaswell asin thePostScript files.

Ray-Paths

Setsthedifferentcolorsfor drawingsof theray-pathsif this drawing modeis enabled(seeset
preferences(Section5.4.5)).

Legends
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Setsthe differentcolorsof the legendsusedin the maps.The leftmostcolor representingthe
smallestvalueis alwaystheonelabelledundefined, therightmostcolor representingthelargest
value is always the one labelled infinite. Note that the chosencolors will have effect in all
windowsaswell asin thePostScript files.

5.4.9 Advanced

� Main input path:

Specifiesthedirectoryfrom wheretheinputfiles,i.e., theenvironment,theconfiguration,
thematerial,andthescriptsaretakenby default. Only anameof adirectorythatexistsis
accepted.

� Main output path:

Specifiesthedirectoryto wheretheoutputfiles, e.g.,the ray-paths,theelectromagnetic
data,etc.arewrittenby default. Only a nameof adirectorythatexistsis accepted.

� Path for temporary files:

Specifiesthedirectoryto wherethetemporaryfilesarewritten. Only anameof adirectory
thatexistsis accepted.

� VRML executioncommand:

Specifiesthe commandline to be usedto start the VRML viewer. The viewer visual-
izesthe environmentandthe ray-pathsin three-dimensionalmode. (The option is only
availablewith theVRML-packageof RadioTracer.)
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� VRML file format:

SelectstheVRML formatto bestandardversion1.0or standardversion2.0. (Theoption
is only availablewith theVRML-packageof RadioTracer.)

� Editor executioncommand:

Specifiesthecommandline to beusedto startthetext editorwhichwill beusedfor editing
text files (Section5.1.10).

Examplesfor apossiblecommandline within aUnix environmentare

gvim
xterm -e vi

� Zoom factor:

Specifiesthezoomfactorto be usedwhile zoomingin or out in themainwindow. The
valuemustbein therange[1.0 .. 100.0].

� Checkenvir onment:

Specifieswhethera consistency checkof thegeometricdatain theenvironmentis to be
performedeachtime a new environmentis loaded. Oncea file hasbeenchecked, it is
convenientto switch-off the possiblytime-consumingcheckwhenever the samefile is
loadedagain.Thecheckenvironmentflag is not storedinto theconfigurationfile.

If the checkfinds touchingbuildings, warning messagesare printed to the controlling
shellincludingthepointswherethebuildingstouch.If thecheckfindscrossingsegments
(partiallyoverlappingbuildings),awarningmessageindicatingthefirst intersectionpoint
encounteredis printedto thecontrollingshell.Theenvironmentwill notbeloadedif two
buildingspartiallyoverlapandthecheckis enabled.

� Write log file:

Setswhetheralog file shouldbewritten. Suchalog file containscertainerrorandwarning
messagesthatarenotpresentedinteractively to theuser. Thefile nameis enteredthrough
thefile selectdialog(Section6.1). RadioTracer doesnot overwriteanexisting log file.
If thefile alreadyexists,thenew outputis appended.Notethatthefirst andthelastentry
written to thelog file indicatewhenthelog file wasopenedor closedrespectively.

5.4.10 Custom

Dependingontheversionof RadioTracer, certainparameterscanbesethere.Seethedescrip-
tion of thecustomizedversion(Section3) for moredetails.

5.5 Select
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5.5.1 Transmitter

(Shortcut key: s). Allowsto selecta transmitterwith a left mousebuttonclick. Automatically,
thetransmitterclosestto thelocationwherethemousebuttonclick takesplaceis chosen.The
currentlyselectedtransmitteris highlighted.Thedefault index is 0. Thedefault highlight color
is green,seeColorMenu(Section5.4.8)for possibleusersettings.Theoperationcanbeaborted
with a right mousebuttonclick.

5.5.2 Receiver

Allowsto selecta receiverwith a left mousebuttonclick. Automatically, thereceiverclosestto
thelocationwherethemousebuttonclick takesplaceis chosen.Thecurrentlyselectedreceiver
is highlighted. The default index is 0. The default highlight color is green,seeColor Menu
(Section5.4.8) for possibleusersettings. The operationcan be abortedwith a right mouse
buttonclick.

5.5.3 by Index

Allowsto selectatransmitterandareceiverwith adialogbox. Thecurrentlyselectedtransmitter
andreceiverareusedasinitial values.

It dependson the numberof actualavailabletransmitterrespectively receiver pointswhether
a scroll bar or a numberfield is usedfor the input. In the casethat currentlyno transmitter
or receiver is specified,no selectioncanbeperformed.Thecurrentlyselectedtransmitterand
receiver arehighlighted. Thedefault highlight color is green,seeColor Menu(Section5.4.8)
for possibleusersettings.

5.5.4 Height

(Shortcut key: h). Until the operationis aborted,the heightof the selectedentity below the
cursoris printedat the cursorposition. The block is selectedwith a left mousebutton click.
The operationcanbe abortedwith a right mousebutton click. Any subsequentredraw of the
window will eraseall annotations.

5.5.5 Material

(Shortcut key: b). Displaysthematerialpropertiesof a building block. Theblock is selected
with a left mousebuttonclick. Theoperationcanbeabortedwith a right mousebuttonclick.

5.6 Run

Therun menuis usedto performsimulationor optimizationruns. Thecomputeddatacanbe
visualizedthroughtheview menu(Section5.2).
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Dependingonthecommandperformed,certaintemporaryfiles(Section8.15)aregeneratedand
storedinto the temporarydirectorypath,which is specifiedin the advancedsettings(Section
5.4.9).

5.6.1 Ray-Paths

(Shortcut key: Crtl-R). Computesall ray-paths(Fermatpaths)accordingto the settingsin
the interactiondialog (Section5.4.1). Previously, theenvironment,the transmitter(s)(Section
5.4.2),andthe receiver(s)(Section5.4.3)mustbespecified.Drawing of ray-pathscanbeen-
abledvia the set preferences(Section5.4.5) dialog (seethe Color Menu (Section5.4.8) for
possibleusersettingsof thecolors).
Exampleof a ray-pathsdrawing:

5.6.2 Field

(Shortcut key: Crtl-E). Computesthecomplex field of all ray-paths(Fermatpaths)according
to thesettingsin theinteractiondialog(Section5.4.1). Previously, theenvironment,thetrans-
mitter(s)(Section5.4.2),andthereceiver(s)(Section5.4.3)includingtheir antennaparameters
mustbespecified.Drawing of ray-pathscanbeenabledvia thesetpreferences(Section5.4.5)
dialog(seetheColor Menu(Section5.4.8)for possibleusersettingsof thecolors).
Theoutputdataof thefield simulationrun canbevisualizeddirectly throughthepoint-to-point
view menu(Section5.2.1)or thedatais usedasinput datafor theRunPower (Section5.6.3)
command.
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5.6.3 Power

(Shortcut key: Crtl-P). Computesthereceivedpowerat thereceiver locationsprovidedafield
simulationrun(Section5.6.2)hasbeenperformedpreviously. Thefollowing dialogboxallows
to changethereceiverantennaparametersfor thepowercalculation.

The type of antennacanbe chosenfrom the list andits parameterswith a subsequentdialog
throughthe[Antenna Setup]button.Seetheantennasetupdialog(Section5.4.4)for ageneral
descriptionof theantennasettings.
The outputdataof the power calculationrun canbe visualizeddirectly throughthe point-to-
multi view menu(Section5.2.2).

5.6.4 LOS M-Coverage

(Shortcut key: Crtl-L). Computesamulti-line-of-sightcoveragemap,i.e, for eachreceiverthe
numberof transmittersvisiblewith directline-of-sightiscomputed.A moredetaileddescription
is givenin Section7.9.. Previously, theenvironment,thetransmitter(s)(Section5.4.2),andthe
receiver(s) (Section5.4.3) must be specified. The receiver must be of type areaor region,
respectively.
Drawing of ray-pathscanbeenabledvia thesetpreferences(Section5.4.5)dialog(seetheColor
Menu(Section5.4.8)for possibleusersettingsof thecolors). TheLOS M-Coveragemapcan
bevisualizedwith theView LOSM-Coverage(Section5.2.3)command.

5.6.5 DOP Coverage

(Shortcut key: Crtl-D). Computesa DOP(dilution-of-precision)coveragemap,i.e, for each
receiver the DOP value correspondingto the direction vectorstowards the directly visible
transmitters—dependingon themethod—iscomputed.A moredetaileddescriptionis givenin
Section7.10..Previously, theenvironment,thetransmitter(s)(Section5.4.2),andthereceiver(s)
(Section5.4.3)mustbespecified.Thereceivermustbeof typeareaor region, respectively.

� DOP type:

Specifiesthetypeof DOPto becomputed:

– GDOP:geometricDOP;

– PDOP:positionalDOP;

– TDOP:timeDOP.

� DOP method:

Specifiesthemethodhow thedirectionalvectorsareto beselected:
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– Min 3: minimum valueout of all possiblesetsof three-dimensionalvectors,i.e.,
best3D DOP;

– All 3: valueusingall availablethree-dimensionalvectors,i.e.,3D DOP;

– Min 2: minimumvalueout of all possiblesetsof two-dimensionalvectorsi.e.,best
2D DOP(not consideringheight);

– All 2: valueusingall availabletwo-dimensionalvectors,i.e., 2D DOP(not consid-
eringheight).

� DOP delta: Specifieswhetherdelta-DOPor normalDOPshouldbecomputed.If delta-
DOPis enabled,settingTDOPmakesno sense.

Drawing of ray-pathscanbeenabledvia thesetpreferences(Section5.4.5)dialog(seetheColor
Menu(Section5.4.8)for possibleusersettingsof thecolors).TheDOPCoveragemapcanbe
visualizedwith theView DOPCoverage(Section5.2.3)command.

5.6.6 DOP Optimization

(Shortcut key: Crtl-O). Computesan optimizedDOP (dilution-of-precision)coveragemap
optimizingthelocationsof thetransmittersthatareof typearea.A moredetaileddescriptionis
given in Section7.10. Previously, theenvironment(Section5.1.2),the transmitter(s)(Section
5.4.2),andthereceiver(s)(Section5.4.3)mustbespecified.Thereceiver mustbeof typearea
or region, respectively. At leastonetransmittermustbeof typearea.

� DOP type:

Specifiesthetypeof DOPto becomputed:

– GDOP:geometricDOP;

– PDOP:positionalDOP;

– TDOP:timeDOP.

� DOP method:

Specifiesthemethodhow thedirectionalvectorsareto beselected:

– Min 3: minimum valueout of all possiblesetsof three-dimensionalvectors,i.e.,
best3D DOP;

– All 3: valueusingall availablethree-dimensionalvectors,i.e.,3D DOP;

– Min 2: minimumvalueout of all possiblesetsof two-dimensionalvectorsi.e.,best
2D DOP(not consideringheight);
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– All 2: valueusingall availabletwo-dimensionalvectors,i.e., 2D DOP(not consid-
eringheight).

� Randomize:

Specifieswhethertheoptimizationis startedwith randomtransmitterlocations.If theflag
is notset,two consecutiveoptimizationrunsperformedwith thesameinitial valuesof the
environment,thereceivers,andthetransmitterswill yield thesamefinal result.

� Optimize:

SpecifieswhethertheminimumDOPvalueor themaximumDOPvalueshouldbemini-
mized.

� Weight:

Specifiestheweight � usedin thecostfunctionin theoptimizationprocedure.Thevalue
mustbein therange[0.0 .. 1.0].

� Penalty:

Specifiesthepenalty� usedin thecostfunctionin theoptimizationprocedure.Thevalue
mustbepositive.

� Value for no-DOP:

Specifiesthe valueto beusedfor receiver locationswhereno DOP valuecanbe calcu-
lated. If the valueis negative, for thesepointsthe maximumDOP valueof all receiver
locationis used.

� Tolerance:

Specifiesthe toleranceusedto determinewhetherthe optimizationprocedurehasbeen
terminated.Thevaluemustbepositive.

� Smoothcostfunction:

Specifieswhetherthecostfunction is smoothedapplyinga logarithm. A smoothercost
functionmight resultin abetterconvergenceof theoptimizationprocedure.

� DOP optimization:

Selectstheoptimizationmethod:NelderMeador MSD.

� DOP delta:

Specifieswhetherdelta-DOPor normalDOP shouldbe computed.If delta-DOPis en-
abled,settingTDOPmakesnosense.

� Max. Iterations:

Specifieshow many iterationsareto beperformedat most.

� Max. Evaluations:

Specifieshow many evaluationsof thecostfunction(i.e.,computationsof DOPcoverage
maps)areto beperformedat most.

Drawing of ray-pathscan be enabledvia the set preferences(Section5.4.5) dialog (seethe
Color Menu (Section5.4.8)for possibleusersettingsof the colors). The resultingoptimized
DOPcoveragemapcanbevisualizedwith theView DOPCoverage(Section5.2.3)command.
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5.6.7 FresnelClearance

(Shortcut key: F). ComputesaFresnelclearancecoveragemap,i.e, for eachreceiver theclear-
ancepercentageof then-th Fresnel-zonetowardsthedirectly visible transmittersis computed.
A moredetaileddescriptionis givenin Section7.11..Previously, theenvironment,thetransmit-
ter(s)(Section5.4.2),andthereceiver(s)(Section5.4.3)mustbespecified.Thereceiver must
beof typearea.

� Zone:

Specifiesthenumberof theFresnel-zonefor which thecoverageshouldbecalculated.

5.6.8 Script

(Shortcut key: Crtl-S). Runsa script file. First, the file is checked syntactically. Incorrect
scriptfiles arerejected.Seethescriptfile format(Section8.10)for a formal descriptionof the
script file content. If a commandin the script file fails (e.g.,a configurationfile couldnot be
loaded),processingof thescript is terminated.Note that commandsbeingexecutedearlierto
thefailing onewill haveeffect.
Thefile nameis enteredthroughthefile selectdialog(Section6.1). Theselectedfile nameis
maintainedandwill bepresentedin a subsequentscriptcommandasinitial dialogvalue.

5.6.9 Custom

Dependingon theversionof RadioTracer, certainsimulationrunscanbeexecuted.Seethe
descriptionof thecustomizedversion(Section3).

5.7 RadioTracer

DisplaysCopyright Information(Section11) andLicenseAgreement(Section11.1) in a new
window.

5.8 Exit

Exits RadioTracer immediately.
NotethatRadioTracer (in its Unix-Version)canbeterminatedwith thecommonCrtl-C input
eitherwhile thefocusis onaRadioTracer-window or while it is on thecontrollingshell.
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6 Common Dialog Boxes

Thecommondialogboxesarepresentedto theuserin variousoccasions.Besidessmallvaria-
tions,they alwaysappearmuchthesameto theonesdescribedin thissection,whicharethefile
selectdialog(Section6.1), theplot setupdialog(Section6.2),andthePostScriptsetupdialog
(Section6.3).

6.1 File SelectDialog

Toselectafile—eitherfor readingor for writing—RadioTracer uses,e.g.,thefollowingdialog
box (underWindows aswell aninput line to selectthedrive):

Clicking on thesmalltrianglebesidethedrive,directory, or file entryvisualizesa list (possibly
with ascrollbarontheright side)fromwhichanentrymaybeselected.Thebutton[up] ascends
thedirectoryentryonelevel. If theentrycontainsa relative pathname,thenameis converted
into anabsolutepathname.
Thedrivelist containsall availableonecharacterdriveidentifier;thedriveA: is alwayspresent.
A drivemustbespecifiedwith theterminatingcolon.
The directorylist containsall directoriesdown the pathto the displayeddirectoryandall di-
rectorieswithin the displayeddirectory. The file list alwayscontainsall files in thedisplayed
directorymatchingtherequiredfile type.
However, anarbitrarydirectorynameor file namemaybeenteredin theeditablelines.Radio-
Tracer acceptsonly file namesbuilt with thefollowing characterset:alphanumericcharacters
0..9 , a..z , A..Z , theeightcharacters$ % @ . # / � andtheblank.
Note, thata directorynamemustbe terminatedby thedelimiter � (slash)in Unix or � (back-
slash)in Windows, in which casethe file list will be updated.If the entereddirectoryis not
available,thefile list will beempty.
After closingthedialog, theselectedfile nameis theconcatenationof thedirectoryentryand
thefile entrywith oneexception: if thefile nameis enteredasanabsolutename,i.e., starting
with a slashor backslashor with a drive specificationunderWindows, thedirectorynameis
notprepended.
Usually, thefile namewhichwasselectedlastremainsmemorizedfor thenext selection.Leav-
ing theadvancedsettings(Section5.4.9)dialogwith [ok] will changeautomaticallyall directory
anddriveentriesfor subsequentfile selections.

6.2 Plot SetupDialog

Theplot setupdialogis usedto configurea specificplot:
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� Title:

An arbitrarytitle for thespecificplot canbeentered.Thedefault title namesthetypeof
theplot andtheindicesof thetransmitterandthereceiver, wheneverappropriate.

� X-Label:

� Y-Label:

An arbitrarylabel for the � - and � -axis for thespecificplot canbeentered.Thedefault
labelsindicatetheunitson theaxisfor theplot.

� Y-Max:

� Y-Min:

Therangefor the � -valuesof thespecificplot canbeentered.Thedefault rangeis com-
putedautomaticallysuchthat all datapointscanbe represented.If zeroappearswithin
therange,it is markedthroughahorizontaldashedline in theplot.

� X-Ticks:

� Y-Ticks:

Thenumberof ticksto beusedontheaxisfor thespecificplot canbeentered.Thedefault
ticksaresetto 6.

6.3 PostScript SetupDialog

ThePostScript setupdialogis usedto configureaspecificplot to beoutputasaPostScript file
or to setthedefault valuesfor all plots:

� Width [cm]:

Specifiesthewidth in [cm] for theplot on paper. Thewidth mustbepositive.

� Height [cm]:

Specifiestheheightin [cm] for theplot on paper. Theheightmustbepositive.
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� Font scaling:

Specifiesa scalingfactor for the fonts usedin the PostScript file. The factormustbe
largerthan0.0.

� Bounding Box:

Specifieswhetheraboundingboxshouldbedrawn aroundtheplot on paper.

� Mode:

Specifieswhethertheoutputshouldbein color or gray-scalemode.
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7 Output Data Visualization

RadioTracer visualizesvarioussetsof output datain differentsubwindows, either asone-
dimensionalplotsor astwo-dimensionalmaps.Theoutputformatcanbemodifiedto a certain
extent throughan updatedialog box which is accessiblevia a menubutton (seesubwindow
handlingin Section4.11).
Thecoordinatesystemusedfor thetwo-dimensionalmapswithin thesubwindowsis alwaysthe
sameascurrentlyvisible in themainwindow, i.e.,any redraw operationof asubwindow adjusts
thevisibleareaof thesubwindow to theareacurrentlyvisible in themainwindow.
Usually, while moving themousecursoroverthedata,thecorrespondingvalueunderthecursor
is printedat somelocationin thesubwindow.

7.1 Power DelayProfile

Thepowerdelayprofileplot shows thearrival timesin [ns] of thedifferentray-pathsversusits
receivedpower in [dBm] betweentheselectedtransmitterandtheselectedreceiver. Thetimes
aregivenrelative to thearrival time of the line-of-sight,i.e., if the line-of-sightpathexists, its
arrival time is 0.0. Exampleof apowerdelayprofileplot:

More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

Seetheplot setupdialog(Section6.2)for ageneraldescriptionof thesettingsavailablethrough
the [Plot Setup] button. SeethePostScriptsetup(Section6.3) for a generaldescriptionof the
settingsavailablethroughthe [PostScript Setup]button.

7.2 Dir ection of Arri val

Thedirection-of-arrival plot shows thearrival anglesof thedifferentray-pathsincluding their
contributionsto thereceivedpower in [dBm] betweentheselectedtransmitterandtheselected
receiver. Thedirection-of-arrival plot canbepresentedeitherin theazimuthor in theelevation
planefor eitherthereceiveror thetransmitterlocation.If theline-of-sightpathexists,its arrival
componentis highlighted.
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Exampleof adirection-of-arrival plot in azimuthplane:

Exampleof adirection-of-arrival plot in elevationplane:

More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

Seethe plot setup(Section6.2) for a generaldescriptionof the settingsavailablethroughthe
[Plot Setup] button. Seethe PostScriptsetup(Section6.3) for a generaldescriptionof the
settingsavailablethroughthe [PostScript Setup]button.

7.3 Power Variation

Thepower variationplot shows thereceivedpower in [dBm] asthecomplex sum,i.e., taking
the phaseshift into account,of the contributionsof the differentray-pathsalongthe receiver
trajectoryfor theselectedtransmitter. Exampleof apowervariationplot:
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More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

For a receiver of typeareaor region, thepower variationcanbevisualizedasa coveragemap
(Section7.7).

7.4 Power SumVariation

The power sumvariationplot shows the received power in [dBm] asthe sum,i.e., not taking
the phaseshift into account,of the contributionsof the differentray-pathsalongthe receiver
trajectoryfor theselectedtransmitter. Exampleof apowersumvariationplot:

More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:
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7.5 FastVariation

Thefastvariationplot showsthedifferencein [dBm] betweenthepowervariationandthepower
sumvariationof thedifferentray-pathsalongthereceiver trajectoryfor theselectedtransmitter.
Exampleof a fastvariationplot:

More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

7.6 PhaseVariation

Thephasevariationplot showsthephaseof thereceivedfield in [rad] of thedifferentray-paths
alongthereceiver trajectoryfor theselectedtransmitter. Exampleof aphasevariationplot:

More informationandthepossibility to updateor export theplot canbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:
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7.7 Power Coverage

Thepower coveragemapshows thereceivedpower in [dBm] asthecomplex sum,i.e., taking
thephaseshift into account,of thedifferentray-pathsfor all receiverswithin theareaor region
andfor theselectedtransmitter. Exampleof apowercoveragemap(without thresholds):

More informationandthepossibility to updateor export themapcanbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

The thresholdvaluesprovide a meanto color themapwith only four colors,wheretheactual
color dependswhetheracertainreceiverpoint reachesat mostthethresholdaspowervalue.
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For a receiverof typetrajectory, thepowercanbevisualizedasapowervariation(Section7.3).

7.8 Power SumCoverage

Thepower sumcoveragemapshows the receivedpower in [dBm] assum,i.e., not taking the
phaseshift into account,of thecontributionsof thedifferentray-pathsfor all receiverswithin
the areaor region and for the selectedtransmitter. Exampleof a power sum coveragemap
(without thresholds):

More informationandthepossibility to updateor export themapcanbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

The thresholdvaluesprovide a meanto color themapwith only four colors,wheretheactual
color dependswhetheracertainreceiverpoint reachesat mostthethresholdaspowervalue.
For a receiver of type trajectory, the power sumcanbe visualizedasa power sumvariation
(Section7.4).
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7.9 LOS M-Coverage

TheLOSM-coverage(line-of-sightmulti-coverage)mapshowsfor all receiverswithin thearea
or region to how many transmittersthe line-of-sightis not obstructed.Exampleof a LOS M-
coveragemap(without thresholds)wherethereceivershave beenlocatedwith relative height,
i.e., they areplacedabove thebuilding blocks:

More informationandthepossibility to updateor export themapcanbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

The thresholdvaluesprovide a meanto color themapwith only four colors,wheretheactual
color dependswhetheracertainreceiverpointseesat leastthatmany transmitters.

7.10 DOP Coverage

TheDOP(dilution-of-precision)coveragemapshows thedimensionlessDOPvaluefor all re-
ceiverswithin theareaor region. Exampleof aDOPcoveragemap(without thresholds):
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More informationandthepossibility to updateor export themapcanbeaccessedthroughthe
[Update] menuentryof thewindow, which presents,for instance,adialoglike:

The thresholdvaluesprovide a meanto color themapwith only four colors,wheretheactual
color dependswhetheracertainreceiverpoint reachesat mostthethresholdasDOPvalue.

7.11 FresnelClearanceCoverage

TheFresnel-coveragemapshows for all receiverswithin theareathe clearancepercentageof
then-thFresnel-zone.
Exampleof a Fresnel-coveragemap(with thresholds)wherethe receivershave beenlocated
with relativeheightof 1 meter, i.e., they areplacedabove thebuilding blocks:



RadioTracer Manual,Version1.7 November8, 2002 56

Thetransmittingfrequency wassetto 20 GHz. More informationandthepossibility to update
or export the map can be accessedthroughthe [Update] menuentry of the window, which
presents,for instance,adialoglike:

The thresholdvaluesprovide a meanto color themapwith only four colors,wheretheactual
color dependswhetheracertainreceiverpointhasat leastthatclearancepercentage.
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8 RadioTracer Files

RadioTracer readsandwritesthefollowing proprietaryfile formats:

extension description format (Section)
.cnf configuration ASCII 8.2
.dat environment binaryandASCII 8.3
.dop DOPmap binaryandASCII 8.4
.em field binaryandASCII 8.5

.frs fresnel binaryandASCII 8.7

.mcv LOSM-map binaryandASCII 8.6

.mtr materials ASCII 8.8

.pth ray-paths binaryandASCII 8.9

.rrl VRML raypaths ASCII 8.12

.rts script ASCII 8.10

.vol voltage binaryandASCII 8.11

.wrl VRML environment ASCII 8.12

8.1 General Remarks to the Format Description

Thegeneralstructureof aRadioTracer outputfile is:
ASCII-header+ therest

wheretheheaderdefineswhethertherestwill bein ASCII or in binary.
Throughoutthis section,thefollowing metasymbolsareusedfor theformal descriptionof the
formats(modifiedBackus-Naur-Notation):

// commentsfollow
( ) groupof symbols	�


optionalgroupof symbols
| exclusiveOR
& any orderallowedwithin group
[ ] non-terminalsymbol
< > terminalsymbol(token),where

<lower case> meansrequired
<UPPER CASE>meansoptional
<
	
> <


> meansoptional

(but mustbeusedin pairscorrectly!)
caseinsensitivewithin file

" " input definedterminalsymbol
(but mustbedoublequotedin file too!)
casesensitivewithin file

$ $ numberrepresentation
$type == x$ meansvaluemustbeequalto x
:n width in bits for numberrepresentation

Theaccepteddelimitersto separatetokensin ASCII filesare:

blank ASCII charactercode32 (0x20hexadecimal)
tabulator ASCII charactercode9 (0x09hexadecimal)
carriagereturn ASCII charactercode13 (0x0Dhexadecimal)
line feed ASCII charactercode11 (0x0A hexadecimal)
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Exceptfor userdefinedtokens(suchtokensaredoublequoted),thereadingof thetokensin an
ASCII file is caseinsensitive. A userdefinedtoken cannotcontaina doublequote(" ). The
maximallengthof a tokenincludinguserdefinedonesis 128characters.Themaximallength
of a line in anASCII file is 512charactersincludingthecarriagereturnand/orline feed.
Commentsin RadioTracer files areline oriented.They areallowedonly in ASCII files, they
startwith thecommentsymbol,andthey continuefor therestof theline. Thedefault comment
symbolis * . Thecommentsymbolcanbechangedat theverybeginningof thefile, i.e.,before
theusualheader, with comment <symbol> . For instance,if aRadioTracer file beginswith
comment #, commentsstartwith thesymbol#.
Thefollowing short-cutnotationis usedfor iteration:

[list] = [item] | [list]

8.2 Format of Configuration Files

Only ASCII configurationfiles aresupported.Thedefault extensionfor thenameof aconfigu-
rationfile is .cnf .
Theorderof thedifferententriesdoesnotmatter. If someentryoccursmorethanonce,thelast
entryfoundin thefile is takenasthefinal value.All key wordscanbeabbreviatedwith aprefix.
If theprefix is not unique,thekey word thatwould occurfirst in a dictionaryis taken. Seethe
RadioTracer key words(Section8.14)for a complete(ordered)list.
Exampleof aconfigurationfile:

* (c) 2000, mobile connect GmbH
* Universitaet des Saarlandes, Starterzentrum
* D-66123 Saarbruecken, Germany
* Tel. : +49 681 831 8858
* http ://www.mobile-c onnect .de
* email: info@mobile-con nect .de
* RadioTracer demo-version
radiotracer version 2 configuration ascii
file name scene "../input/vigo .d at"
file name configuration "../input/rt_st ar tu p.c nf "
file name dop "../output/rt. dop"
file name field "../output/rt. em"
file name material "../input/data.m tr "
file name mcv "../output/rt. mcv"
file name path "../output/rt.p th "
file name voltage "../output/rt. vol "
file name script "../input/rt.rt s"
file name log "../output/rt. lo g"

path name in "../input/"
path name out "../output/"
path name tmp "˜/tmp/"
window {

1.709578e+02 6.460798e+02 6.807063e+02 1.120742e+03 }
window "center" {

1.709578e+02 6.460798e+02 6.807063e+02 1.120742e+03 }
window "reset" {

-1.102094e+01 1.471157e+03 2.816584e+02 1.654383e+03 }

command name vrml "vrweb "
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command name editor "gvim "

color background 0
color info 13
color transmitter 4
color transmitter select 3
color receiver 2
color receiver select 3
color quadtree 3
color building 1
color tree 11
color trunk 9
color ground 14
color path los 7
color path transmitter 3
color path receiver 3
color path reflection 4
color path vertical diffraction 10
color path adjacent vertical diffraction 6
color path horizontal diffraction 8
color path adjacent horizontal diffraction 12
color path ground 1
color path scatterer 15
color threshold 1 5 3 2
color legend number 14 15 14 13 16 6 10 8 11 12 4 9
7 5 3

threshold power 0 -8.000000e+01
threshold power 1 -5.000000e+01
use threshold power off
threshold dop 0 2.000000e+00
threshold dop 1 6.000000e+00
use threshold dop off
threshold fresnel 0 6.000000e-01
threshold fresnel 1 8.000000e-01
use threshold fresnel off
threshold mcv 0 4
threshold mcv 1 7
use threshold mcv off

format vrml 1
format file ascii
zoom 9.000000e+01

postscript width 1.500000e+01
postscript height 2.300000e+01
postscript scale 1.000000e+00
postscript mode color
postscript box on

draw path on
write log on
leafsegments 100
depth 100
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dop type pdop
dop method minimum 3
dop optimize neldermead
dop delta off
dop weight 5.000000e-01
dop penalty 5.000000e+02
dop nodop 5.000000e+01
dop tolerance 1.000000e-02
dop evaluation 1000
dop iteration 100
dop maximum
dop random off
dop smooth off

fresnel zone 1
maxreflections 0
maxvdiffraction s 1
maxinteractions 2
los on
ground los off
diffraction vertical on
ground diffraction vertical off
diffraction horizontal off
ground diffraction horizontal off
reflection off
ground reflection off
diffraction reflection off
diffraction horizontal adjacent off
ground diffraction horizontal adjacent off
diffraction vertical adjacent off
ground diffraction vertical adjacent off
attenuation off
scatterer off
shadowboundary 0.000000e+00
path length 0.000000e+00

tolerance minimum diffraction height 2.000000e-02
tolerance minimum diffraction length 2.000000e-02
tolerance minimum reflection height 2.000000e-02
tolerance minimum power -2.400000e+02
precision 6

transmitter default height 2.000000e+01
transmitter default antenna isotropic polarisation vertical
frequency 9.000000e+02 power 1.000000e+00 end

receiver default height 3.000000e+00
receiver default samplingrate 1.000000e+01
receiver default antenna isotropic polarisation vertical
frequency 9.000000e+02 end

end
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8.3 Format of Envir onment Data Files

Thedefault extensionfor thenameof anenvironmentfile is .dat .
[environment file] =

[header] � [rest environment] 
 <end>

Thetypein [header] of thefile mustbescene .
[rest environment] =

[outdoor] | [indoor]

[indoor] =

<indoor> <NUMBER>$int$:16 [indoor entity list]

[outdoor] =

<NUMBER>$int$:16 [outdoor entity list]

Thevaluefor <NUMBER>specifyingthenumberof entitiesin thefile is only informative. The
entitiesarereaduntil theend-of-fileis reached.
[indoor entity list] =

[indoor entity list item] | [indoor entity list]

[indoor entity list item] =

[exterior] | [interior] | [info]

[outdoor entity list] =

[outdoor entity list item] | [outdoor entity list]

[outdoor entity list item] =

[flattop] | [tree] | [trunk] | [trunktree] | [ground] |
[info]

Thereis atmostone[ground] objectallowed.
Thefollowing entitiesareallowedwithin anoutdoorscenario
[interior] =

<interior> � "name" 
 < � > <NUMBER>$int$:16 [corner list]
[height] [material index] < 
 >

[exterior] =

<exterior> � "name" 
 < � > <NUMBER>$int$:16 [corner list]
[height] [material index] < 
 >

Notethattheheightof theindoorenvironmentis automaticallytakenasthelargestheightof the
objectsin thefile.
[flattop] =

<flattop> � "name" 
 < � > <NUMBER>$int$:16 [corner list]
[height] � [ground height] 
 [material index] < 
 >

[corner list] =

[corner list item] | [corner list]
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[corner list item] =

[point] � ( <nodiff> | <diff> $float$:32 ) 
�� <stealth> 

The [corner list] musthave asmany itemsasthevalueof <NUMBER>indicates.Marking
a cornerwith <nodiff> meansthat the corneris not consideredfor diffraction, marking it
with <diff> anda heightvaluemeansthata diffractionpointsmustlie at leastat thatheight.
Marking a cornerwith <stealth> meansthat thewall from this cornerto thenext cornerin
thelist is not consideredfor reflections.
[ground] =

<ground> < � > ( [height field] | [mesh] ) [material index]
< 
 >

[mesh] =

<mesh> <POINT> <NUMBER>$int$:16 [point list] <TRIANGLE>
<NUMBER>$int$:16 [index list]

The numberof items in the [index list] must be equal to three times the value of the
<TRIANGLE> <NUMBER>. An index mustnot exceedthenumberof points.Countingstartsat
zero.
[point list] =

[point list item] | [point list]

[point list item] =

[point] [height]

[index list] =

[index list item] | [index list]

[index list item] =

$int$:16

[tree] =

<tree> < � > [point] [radius] [height] � [ground height] 

[material index] < 
 >

[trunk] =

<trunk> < � > [point] [radius] [height] � [ground height]

 [material index] < 
 >

[trunktree] =

<trunktree> < � > [point] [radius] [height] [radius] �
[ground height] 
 [material index] < 
 >

[info] =

<info> < � > <NUMBER>$int$:16 [points] < 
 >
The [points] list musthaveasmany itemsasthevalueof <NUMBER>indicates.
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8.4 Format of DOP CoverageFiles

Thedefault extensionfor thenameof aDOPfile is .dop .
[dop file] =

[header] [rest dop] <end>

Thetypeof thefile mustbedop .
[rest dop] =

� <environment> $int$:32 
 [dop type] [dop method]
[transmitter geo list] <RECEIVER> [receiver grid] [dop
values]

Theenvironmentvaluerepresentsthechecksumof theenvironmentfile for which theDOPfile
hasbeencomputed.Theremustbenumberof receiverpoints(sizeof thegrid) timesnumberof
transmittersmany DOPvaluespresent.
[dop method] =

( <all> | <min> ) ( <2> | <3> )

[dop type] =

<gdop> | <pdop> | <tdop>

[dop values] =

[dop value] | [dop values]

[dop value] =

$float$:32 $int$:16 $int$:16 $int$:16 $int$:16

A negative DOP value indicatesthat no dop valuecould be computedfor the corresponding
receiver location. The four integernumbersindicatethe indicestowardsthe four respectively
threetransmitterswhichproducetheminimalDOPvalueprovidedthe[dop method] is min .

8.5 Format of Field Files

Thedefault extensionfor thenameof afield file is .em .
[field file] =

[header] � [rest field] 
 <end>

Thetypeof thefile mustbefield .
[rest field] =

� <environment> $int$:32 
 [transmitter] [receiver] [field
values]

Theenvironmentvaluerepresentsthechecksumof theenvironmentfile for which thefield file
hasbeencomputed.
[field values] =

[field value] | [field values]

[field value] =
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<PATH> <RECEIVER> <INDEX> $int$:16 <TRANSMITTER><INDEX>
$int$:16 < � > <FIELD> <THETA> $float$:32 $float$:32 <FIELD>
<PHI> $float$:32 $float$:32 <DELAY> $float$:32 <PHI>
$float$:32 <THETA> $float$:32 <PHI> $float$:32 <THETA>
$float$:32 < 
 >

Theindicescorrespondto the list of receiversandtransmitters.Thecomplex field is givenfor
the receiving point accordingto the coordinatesystemof the last incomingray whoseangles
thetaandphi aregivenasthefirst pairof valuesafterthedelay. Thesecondpairgivestheangles
of the first ray existing the transmitterantenna.Multiplying the delaywith the speedof light
computesthelengthof theraypath.

8.6 Format of LOS Multi-Co verageFiles

Thedefault extensionfor thenameof amulti-coveragefile is .mcv .
[mcv file] =

[header] [rest mcv] <end>

Thetypeof thefile mustbemcv.
[rest mcv] =

� <environment> $int$:32 
 [transmitter geo list]
<RECEIVER> [receiver grid] [mcv values]

The environmentvaluerepresentsthe checksumof the environmentfile for which the LOS
multi-coveragefile hasbeencomputed.Theremustbe numberof receiver points(sizeof the
grid) timesnumberof transmittersmany mcvvaluespresent.
[mcv values] =

[mcv value] | [mcv values]

[mcv value] =

$int$:16

A valuedifferentfrom zeromeansthatcorrespondingLOSexits.

8.7 Format of Fresnel-CoverageFiles

Thedefault extensionfor thenameof aFresnel-coveragefile is .frs .
[fresnel file] =

[header] [rest fresnel] <end>

Thetypeof thefile mustbefresnel .
[rest fresnel] =

� <environment> $int$:32 
�� <zone> $int$:16 
 [transmitter]
[receiver] [fresnel values]

Theenvironmentvaluerepresentsthechecksumof theenvironmentfile for which thefresnel
file hasbeencomputed.
[fresnel values] =

[fresnel value] | [fresnel values]

[fresnel value] =

<TRANSMITTER><INDEX> $int$:32 <RECEIVER> <INDEX> $int$:32
<FRESNEL> $float$:32

Thefresnelvalueindicatesthepercentageof clearanceof thefresnelzonebetweenthereceiver
andtransmitterpoint.
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8.8 Format of Material Files

Only ASCII materialfiles aresupported.Thedefault extensionfor thenameof a materialfile
is .mtr . Threemaintypesof materialsaresupported:conductors,dielectrics,andscatterer.
[material file] =

[header] � [rest material] 
 <end>

Thetypeof thefile mustbematerial . An emptymaterialfile, i.e., no [rest material]

is contained,is allowed andcanbe usedto resetall materialsto the default material(perfect
conductor).
[rest material] =

[materials]

[materials] =

[material] | [materials]

[material] =

[conductor] | [dielectric] | [scatterer]

[conductor] =

<conductor> | <conductor> "material name"

Indicatesaperfectconductor.
[dielectric] =

( <dielectric> | <dielectric> "material name" ) < � >
<EPSILON> $float$:64 <COND>$float$:64 <RMS> $float$:64 < 
 >

Thevaluefor <EPSILON> is therelativedielectricity, thevaluefor <COND>is theconductivity
in [S], andthevaluefor <RMS>therootmeansquareroughnessin [m].
[scatterer] =

( <scatterer> | <scatterer> "material name" ) < � > <RCS>
$float$:64 < 
 >

Thevaluefor <RCS>is theradarcrosssection.
The "material name" maybeany namenot containingnewlinesnor thecharacter" , how-
ever, blanksandtabulatorsareallowed.Implicitly, thematerialsin thefile getindexedaccording
to theorderthey appearin thefile.
Exampleof amaterialfile:
radiotracer version 1 material ascii
conductor "conductor"
dielectric "code_21" { epsilon 3 cond 0.2 rms 0 }
scatterer "tree" { rcs 40 }
scatterer "pine" { rcs 30 }
end

8.9 Format of Ray-Path Files

Thedefault extensionfor thenameof a ray-pathfile is .pth .
[ray path file] =

[header] � [rest ray path] 
 <end>

Thetypeof thefile mustbepath .
Thedetaileddecriptionof a ray-pathfile is notavailable.
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8.10 Format of Script Files

Only ASCII scriptfiles aresupported.Notethatscriptfilescancontaincommandsto run other
scriptfiles. Themaximumnestinglevel is 10.
[script file] =

[header] � [rest script] 
 <end>

Thetypeof thefile mustbescript .
[rest script] =

[commands]

[commands] =

[command] | [commands]

[command] =

<load> [load command] | <run> [run command] | <store>
[store command]

[load command] =

<config> "file name" | <environment> "file name" |
<material> "file name"

[run command] =

<path> | <field> | <fresnel> | <power> | <mcv> | <dop> |
<dop> <optimize> | <script> "file name" | <system> "command"

[store command] =

<timeseries> "file name"

Exampleof ascriptfile:
radiotracer version 2 script ascii
load environment "../dat/input/v igo .d at "
load config "../dat/input/ vi go.c nf"
run dop
run system "cp ../dat/output/r t. dop /home/someone/ dop_fil es /n ic e. dop "
end

8.11 Format of VoltageFiles

Thedefault extensionfor thenameof avoltagefile is .vol .
[voltage file] =

[header] [rest voltage] <end>

Thetypeof thefile mustbevoltage .
[rest voltage] =

� <environment> $int$:32 
 <transmitter> [transmitter
simple] [receiver] [voltage values]

Theenvironmentvaluerepresentsthechecksumof theenvironmentfile for which thevoltage
file hasbeencomputed.
[voltage values] =

[voltage value] | [voltage values]

[voltage value] =

$float$:32 $float$:32 $float$:32
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8.12 Format of VRML Files

TheVRML-files generatedby RadioTracer areeitherwritten in VRML 1.0or in VRML 2.0
standarddependingonthesettingsin theadvancedsettings(Section5.4.9). Thefilesareplaced
into thetemporarydirectory(Section8.15)to beaccessedby anexternalVRML-visualization
program(Section5.4.9).

8.13 CommonNon-Terminal Symbols

The following commonnon-terminalsymbolsappearin more than onefile describedin the
previoussections.They areclassifiedin differentsub-sectionsandwithin thesub-sectionthey
aregivenin alphabeticorder.

8.13.1 Antenna

[antenna] =

<antenna> ( [antenna isotropic] | [antenna dipole] |
[antenna short dipole] | [antenna monopole] | [antenna
short monopole] ) <FREQUENCY>$float$:32 <POWER>$float$:32
<end>

Notethatfor a receiverantennaethepowermustnotbespecified.
[antenna dipole] =

<dipole> [antenna genpole]

[antenna genpole] =

<LENGTH> $float$:32

[antenna isotropic] =

<isotropic> <POLARISATION> ( <vertical> | <horizontal> |
<lhcp> | <rhcp> )

[antenna monopole] =

<monopole> [antenna genpole]

[antenna short dipole] =

<shortdipole> [antenna genpole]

[antenna short monopole] =

<shortmonopole> [antenna genpole]

8.13.2 Receiver

[receiver] =

<receiver> ( [receiver grid] | [receiver list] | [receiver
region] | [receiver simple] | [receiver trajectory] ) �
[antenna] 
 <end>

If no antennais present,anisotropicdefault antennais used.
[receiver grid] =
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<grid> <SIZE> $int$:16 $int$:16 <XMIN> $float$:32 <XMAX>
$float$:32 <YMIN> $float$:32 <YMAX> $float$:32 [height]

[receiver list] =

<list> <NUMBER>$int$:16 [receiver list items]

Theremustbeasmany list entriesgivenasindicatedby thevalueof <NUMBER>.
[receiver list items] =

[point] [height] | [receiver list items]

[receiver region] =

<region> [receiver grid] <REGION> <POLYGON><NUMBER>
$int$:16 [points]

The<grid> tokenafter<region> is optional.Theremustbeasmany pointsgivenasindicated
by thevalueof <NUMBER>.
[receiver simple] =

<simple> <INDEX> $int$:16 [point] [height]

[receiver trajectory] =

<trajectory> <DELTA> $float$:32 <NUMBER>$int$:16 [receiver
list items]

Theremustbeasmany list entriesgivenasindicatedby thevalueof <NUMBER>.

8.13.3 Transmitter

[transmitter] =

<transmitter> ( [transmitter simple] | [transmitter list]
) <end>

[transmitter area] =

<area> $float$:32 $float$:32 $float$:32 $float$:32
[transmitter point]

[transmitter geo list] =

<TRANSMITTER><NUMBER>$int$:16 [transmitter geo list items]

[transmitter geo list items] =

[transmitter point] | [transmitter geo list items]

[transmitter list] =

<list> <NUMBER>$int$:16 [transmitter list items]

Theremustbeasmany list entriesgivenasindicatedby thevalueof <NUMBER>.
[transmitter list items] =

( [transmitter simple] | [transmitter area] ) |
[transmitter list items]

[transmitter point] =

[point] [height]

[transmitter simple] =

( <simple> <INDEX> $int$:16 ( [transmitter point] |
[transmitter area] ) � [antenna] 


If no [antenna] is present,anisotropicdefault antennais used.
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8.13.4 Miscellaneous

[comment symbol] =

any printable character, besides: 0-9 a-z A-Z $ . , - + �

 "

[data format] =

<ascii> | <bin>

[ground height] =

<ground> $float$:32

[header] =

� <comment> [comment symbol] 
 <radiotracer> <version>
$int$ [type] <newline>

[height] =

<HEIGHT> $float$:32

[index] =

<INDEX> $int$:16

[normal index] =

<NORMAL>[index]

[on-off] =

( <on> | <off> ) | $int$:32

A valuedifferentfrom 0 meanson.
[point] =

<POINT> $float$:32 $float$:32

[point index] =

<POINT> [index]

[points] =

[point] | [points]

[radius] =

<RADIUS> $float$:32

[type] =

( <config> | <dop> | <field> | <fresnel> | <material> |
<mcv> | <normal> | <path> | <point> | <scene> | <script> |
<voltage> )

[values] =

$float$:32 | [values]
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8.14 Key Words

RadioTracer doesnotdistinguishbetweenloweranduppercaseletterswithin key words.
absolute adjacent all antenna aperture area ascii attenuation azimuth
background biconic bin box building
cl color combined command comment conductivity conductor
configuration connect cosn cylinder
default delay delta depth dielectric diffraction dipole direction
distance dop draw
edge editor elevation end environment epsilon evaluation exterior
field file flattop format frequency fresnel
gdop gr grid ground
hd height horizontal
igloo in info index indoor interior isotropic iteration
leafsegments legend length lhcp list load los
material maximum maxinteractions maxreflections maxvdiffraction s mcv
measured mesh method minimum mobile mode mono monocir monopole msd
name neldermead node nodiffraction nodop none normal normals2d
normals3d number
off on optimize out
path pdop penalty phi point polarisation polygon position postscript
power precision
quadtree
r radiotracer radius random rcs receiver rectangular reflection
region relative rhcp rms roof roofheight rooftop run
s samples samplingrate satellite scale scatterer scene screen script
select shadowboundary shortdipole shortmonopole simple single sinn
size smooth span sphere stealth store system
t tau tdop theta threshold timeseries tmp tolerance trajectory
transdis transmitter transmode tree triangle trunk trunktree type
use
vd version vertical vgraph voltage vrml
wave weight width window write
xmax xmin
ymax ymin
zone zoom

8.15 Temporary Files

RadioTracer generatesduringexecutioncertaintemporaryfiles. Suchfiles areplacedeither
in the temporarydirectory or in the outputdirectory both specifiedin the advancedsettings
(Section5.4.9). All temporaryfiles arenamedrt andhave extensionsaccordingto the file
summaryin Section8.
RadioTracer doesnot remove suchtemporaryfiles oncethe programis finished. So they
remainavailablefor later usage.However, the files areoverwrittenin subsequentexecutions
whenever theappropriatecommandis run.
Notethattemporaryfilesmight bequitelarge.
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9 Hardwareand SoftwareRequirements

RadioTracer is developedto run on any Unix or Windows platform. To install andrun Ra-
dioTracer youneed

� at least8 MBytes of free memoryfor simpleexamples;dependingon your simulation
needscertainlymorememoryis needed

� approximately25 MBytesof freedisk spacefor installation,documentation,andsimple
examples;dependingon yoursimulationneedscertailymorediskspaceis needed.

Thesoftwareandhardwarerequirementsare:

� Linux-operatingsystem

– Linux kernel2.2.xor higher

– X-windowsenvironmentwith window manager

– Intel processor586or higher

– at least16 color graphicswith resolutionof 800x600;however, 256 colorsanda
resolutionof 1024x768is recommended

� Solaris-operatingsystem

� Windows-operatingsystems

– Windows95, Windows98, WindowsNT, Windows2000

– Intel pentiumprocessor

– at least16 color graphicswith resolutionof 800x600;however, 256 colorsanda
resolutionof 1024x768is recommended
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10 Bugsand Features

Thefollowing behavior of RadioTracer maybeconsidered“peculiar” (certainly, theon-going
developmentwill removesomeof theshort-comings):

1. Thenon-interactivemodeneedsa runningX-Environment.

2. If memoryis exhausted,RadioTracer exits with anerrormessage.

3. If disk spaceis exhausted,simulationswill not be interrupted. However, every write
attemptresultsin anerrormessage.

4. A runningsimulationcannotbe interrupted.Please,usethepossibility to storeconfigu-
rationfiles oftenly, soaftera hard-break(Ctrl-C), thesituationbeforehaving startedthe
simulationcanberestored.

5. RadioTracer doesnotautomaticallyremove temporaryfiles.

6. If you usea tabledriven color representationwith few colors,other runningprograms
may occupy the color space,this may result in color warningson the controlling shell
and/orrenderingof blackinsteadof thedesiredcolor.

7. Thegray-scaleimagesin PostScript-formatdonotuseincreasinggraylevel stepsasone
mightexpect.

8. RadioTracer doesnotaskwhetheryou reallywantto exit theprogram.

9. Thecursorshapesmaybedifferentin Windows asdescribedin this manual.

10. Theshortcutkeys ascontrolcharactersandthe (Shortcut key: Z). do not work in Win-
dows.

11. Messageboxescontainingfile names,usealwaystheslash/ aspathseparatorindepen-
dentlyfrom theoperatingsystemused.
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11 Copyright Inf ormation

mobile connect retainsall IntellectualPropertyRights in the RadioTracer Softwareand
Documentation.

11.1 LicenseAgreement

RadioTracer maybeusedonly in accordancewith thewrittenlicenseagreementwhichis also
deliveredtogetherwith theprogram(seefile copyright.txtandthemenuentryAbout (Section
5.1.1)):

This is the demonstration version of the
RadioTracer software. The software can be
freely copied and distributed. It is
forbidden to manipulate the software. The
software comes as is without any warranty
whatsoever. The simulations can be
performed only with the accompanying data
file vigo.dat.

If you like to obtain more information
or a more functional version,
feel free to contact mobile connect GmbH
(phone: +49 (0) 681 831 8858,
email: info@mobile-connect.de)

Any furtherusageis forbidden.
RadioTracer is not fault-tolerantand is not designed,manufacturedor intendedfor usein
on-linecontrolequipment,in hazardousenvironmentsrequiringfail-safeperformance,suchas
in the operationof nuclearfacilities,aircraft navigationor communicationsystems,air traffic
control,directlife supportmachines,or weaponssystems,in whichthefailureof RadioTracer
couldleaddirectlyto death,personalinjury, or severephysicalor environmentaldamage(“High
Risk Activities”). mobile connect specificallydisclaimsany expressor implied warrantyof
fitnessfor High RiskActivities.

11.2 Trademarks

Linux is a trademarkof LinusTorvalds.

PostScript is a trademarkof AdobeSystem,Inc.
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Solaris is a trademarkof SunMicrosystems.

Unix is usedasa genericterm,however, in a specificcontext thetermmaybeownedby
a trademarkholder.

Windows, Windows95, Windows98, WindowsNT, Windows2000 are
trademarksof Microsoft Corporation.


