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1 Installation

This sectiondescribedriefly how theRadioTracer demonstratiowversioncanbeinstalledon
differentplatforms.

1.1 Linux

Copy thecompressethar-archiefile, i.e.,rtdemo _linux.tgz to adirectoryof your choice.
Unpackingthe compressethr-archive file with thecommand
gtar zxf rtdemo _linux.tgz
or
gunzip rtdemo _linux.tgz ; tar xf rtdemo _inux.tar
will producethefollowing directoryandfile structurewithin thechoserdirectory:

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

/manual/index.html

You cannow savely removethearchwvefile, it is nolongerneeded.
Pleasenotethe following remarks:

1. The binary executablert _demo canbe executedon an Intel Pentiumbasedplatform.
It may be corvenientfor you to copy the file to someotherlocation on your system.
Possibly you wantto includethe pathtowardsRadioTracer into your default pathlist
of your executablesPleaseconsiderthelicensefile which regulatesclearly underwhich
conditionsandrestrictionsyou areallowedto useRadioTracer.

2. Thestartupconfigurationfile rt _startup.cnf reflectthe default values.(Seestartup
configuration(Section4.2) for a detaileddescription.)

3. vigo.dat isanexampleervironmentfile (Section5.1.2).
4. vigo.rts is anexamplescriptfile (Section4.3).

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

6. data.mtr is anexamplematerialfile (Section5.1.4).
7. copyright.txt containgthelicenseagreement.

8. manual/index.html is the entry point for the on-line manualin HTML-format.
Pleaseuseyour favorite browserto navigatethroughthe manualsections.
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Windows

Copy thecompressedrchvefile, i.e.,rtdemo _windows.tgz to adirectoryof your choice.

Unp

ackthe compressearchie file with a programof your choice,thatis ableto handlethis

standardarchive format.

The

following directoryandfile structurewill be produced:

rt/rt_demo.exe

rt_startup.cnf
vigo.dat
vigo.cnf
vigo.rts
data.mtr
copyright.txt

/manual/index.html

You

cannow savely removethearchwefile, it is nolongerneeded.

Pleasenotethe following remarks:

1.

Thebinaryexecutablet _demo canbe executedon anIntel Pentiumbasedplatform. It
may be corvenientfor youto copy thefile to someotherlocationonyour system.Please
considerthe licensefile which regulatesclearly underwhich conditionsandrestrictions
you areallowedto useRadioTracer.

The startupconfiguratiorfile rt _startup.cnf reflectthe default values.(Seestartup
configuration(Section4.2) for a detaileddescription.)

vigo.dat is anexampleernvironmentfile (Section5.1.2).
vigo.rts is anexamplescriptfile (Sectior4.3).

vigo.cnf  is an exampleconfigurationfile (Section5.1.3)with sometransmitterand
receverlocations.

data.mtr is anexamplematerialfile (Section5.1.4).
. copyright.txt containgthelicenseagreement.

. manual/index.html is the entry point for the on-line manualin HTML-format.
Pleaseuseyour favorite browserto navigatethroughthe manualsections.
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2 Demonstration VVersion

The demonstratiorversionof RadioTracer is a fully implementedversionwith all features
enabled.
Theonly restrictionss: the demonstratiowversionworks only with theaccompawing erviron-
mentdatafile vigo.dat
Thedemonstratioversionof RadioTracer canbe downloadedfor variousoperatingsystems
from theweb-site

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

Theon-goingmanualdescribesll featuresof RadioTracer.
Usually, RadioTracer is deliveredasa customizedrersion.
You would find additionalinformationfor your customizedrersionhere.
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4 General Remarksto the UserInterface

RadioTracer canberuninteractvely (Section4.5) andnon-interactiely (Section4.4).

In theinteractve mode,a graphicaluserinterfacepermitsuserinput andthe differenttypesof
outputdataarevisualizedgraphically Section5 containsa detaileddescriptionof thegraphical
userinterface.

In non-interactre mode,the tasksto be performedby RadioTracer arecontrolledby a script
file (Section4.3), which containsthe commandgo guidethe simulations.All outputdataare
writtento files.

4.1 CommandLine Execution

Thecommandine to executeRadioTracer is asfollows:

radiotracer [OPTIONS]

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

Possiblytherealnameof your executablanightvary, e.g.,thedemonstratiowersionis usually
distributedwith thenamert _demao.

On a Unix platform RadioTracer may output certain statusinformationto the controlling
shell until the graphicaluserinterface hasbeenlaunched. No input is readfrom this shell.
RadioTracer forks anew processsothe controllingshellloosescontroloverthejob.

4.2 Startup File

RadioTracer looks at startuptime for a configurationfile namedrt _startup.cnf in the
directoryfrom which the programwaslaunched.The contentof this configuratiorfile is used
to overwrite the default settings. Seethe configurationfile format (Section8.2) for a formal
descriptionof the configuratiorfile content.A furtherconfiguratiorfile canbe specifiedon the
commandine (Section4.1).

4.3 Script Files

Scriptfiles areusedto guidethe executionof simulationswithout any further userinteraction.
They areparticularlyusefulin non-interactre mode(Sectiord.4).

Usually, a scriptfile containssomecommanddo load dataandafterwardssomecommandgo
runsimulations A scriptfile is asimpleASCII text file. Seethescriptfile format(Section8.10)
for aformal descriptionof the scriptfile content.Notethat

e ascriptfile againmayrun anotherscriptfile, wherethe nestingof scriptfilesis confined
by a constan{currently10 (ten)),exceedinghis constanis anerror;and

e ascriptfile mayrunanyUnix commandusingthe syntax
run system “"command"
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4.4 Non-Interactive Mode

In non-interactre mode(with commandine option-r ) nowindows areopened.Theprogram
is exited afterthe lastcommandn the scriptfile (Section4.3) hasbeenexecutedor if anerror
occurredduringexecutionof acommandn thescriptfile (Section4.3). The nameof the script
file is providedwith commandine option-s <file> . If nosuchfile is given,RadioTracer

exits afterinitialization.

4.5 Interactive Mode

In interactve mode,RadioTracer presentdhe graphicaluserinterfaceandwaits for further
input by theuser

StartingRadioTracer in interactve mode,allows for a scriptfile to be specifiedaswell. In
thatcase prior to ary userinteractionthescriptfile is run. After thelastinstructionof thescript
hasbeenexecutedihe simulatorpresentshe graphicaluserinterface.Thelastconfigurationas
well asthe last ervironmentare presentedo the user Dependingon the scriptfile, possibly
someoutputdataareavailableto be presentedo theuser

4.6 Input with Mouse Buttons

e Theleft mousebuttonis usedto entertwo-dimensionapoints(z- andy-coordinates)The
correspondindheight(z-coordinate)for the specificinput is taken from the appropriate
parametesettings.

e Rectangulaareasareenteredoy clicking with theleft mousebuttontwo oppositecorners
in ary order

e A setof points,e.g.,asrequiredfor trajectoriespolygonsor lists, is enteredoy consecu-
tive left mousebuttonclicks.

e Theright mousebuttonis usedeitherto abortinput or to finish input.

e An input canalwaysbeabortedbefole thefirst pointis enteredoressingheright mouse
button. In somecases—foinstancewhile enteringa rectangulaarea—thanput canbe
abortedafterthefirst pointhasbeenenteredalready

e Multi-point input, e.g.,enteringatrajectoryor list, is finishedwith aright mousebutton
click.

4.7 Attached Menus

If amousebuttonis pressedvithin the mainwindow an attachednenuis openedat the cursor
position:
Leftbutton: SetMenu(Section5.4)

Leftbuttonwith shift: ZoomMenu(Section5.3.1)
Middle button: Window Menu(Section5.3)
Rightbutton: File Menu(Section5.1)
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4.8 MouseCursor Shapes

The shapeof the mousecursorindicateswhich type of inputis required:
Arrow: Menuor Dialog inputis requested.

Target: Inputof apoint, of anelementof alist of points,or a selectionof anitem
is requestedisingthe left mousebutton. The operationcanbe abortedor
is finishedwith aright mousebuttonclick.

DottedBox: Input of a rectangulamareais requested.Two oppositecornersshouldbe
selectedwith the left mousebutton. The operationcanbe abortedwith a
right mousebuttonclick.

Watch: Noinputis possibleRadioTracer is busy.

Additionally, a statudine at the very bottomof the mainwindow indicateswhich type of input
is expected. Generally right mousebutton click setsthe stateto menumode (cursorshape
arraw) abortingor finishingany otheroperation.

4.9 Input with Dialog Boxes

A dialogbox is eitherpresentedvithin an alreadyopenedwindow or it may appearasa nev

window. Usually, all othermenusaredisableduntil the dialogbox hasbeenexited.

All input is checled after the dialog box hasbeenexited throughthe [Ok] button. In some
dialog boxesthe exit buttonsare labeleddifferently;, e.g.,[Load], [Store], or [Apply] etc. If

aninvalid entryis detectedthe dialog box is reopenedandthe useris requestedo correctthe
entry Exiting a dialogbox throughthe[Cancel] buttonrestoresall valuesto the settingsprior
to openingthe dialog besideghoseconfirmedthroughan exit buttonin an subordinarydialog
box.

Note that dependingon the currentwindow layout, certaindialog boxes may appearhidden
behindotherwindows. This is especiallytrue for requests-ferconfirmationwhich areusually
displayedwithin the mainwindow.
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Certainmenufunctionsaredirectly accessibléhroughshortcutkeys. Thefollowing tablesum-
marizesheassignekeysin alphabeticabrder

Load Configuration
Load Environment
Load Material

StoreRecever Configuration

StoreConfiguration

StoreTransmitterConfiguration

ZoomReset

Ctrl-A | AboutMenu (Section5.1.1)
Ctrl-D | RunDOP Coverage (Section5.6.5)
Ctrl-C | ExitsRadioTracer immediately | (Section5.1.11)
Ctrl-E | RunField (Section5.6.2)
Ctrl-F | RunFresnelClearance (Section5.6.7)
Ctrl-G | Grabcurrentwindow (Sectiond.11)
Ctrl-L | RunLOS M-Coverage (Section5.6.4)
Ctrl-O | RunDOP Optimization (Section5.6.6)
Ctrl-P | RunPower (Section5.6.3)
Ctrl-R | RunRay-Raths (Section5.6.1)
Ctrl-S | RunScript (Section5.6.8)
AboutMenu (Section5.1.1)

(Section5.1.3)
(Section5.1.2)
(Section5.1.4)
(Section5.1.5)
(Section5.1.5)
(Section5.1.5)
(Section5.3.1)

Recever Area
SelectMaterial
SetColorsErnvironment
SelectHeight
Interactions
ZoomList

Recever Modify

New Center
Recever Parameters
CloseAll

Recever Reggion
SelectTransmitter
Recever Trajectory
Redrav

ZoomArea

(Section5.4.3)
(Section5.5.5)
(Section5.4.8)
(Section5.5.4)
(Section5.4.1)
(Section5.3.1)
(Section5.4.3)
(Section5.3.1)
(Section5.4.3)
(Section5.3.4)
(Section5.4.3)
(Section5.5.1)
(Section5.4.3)
(Section5.3.2)
(Section5.3.1)

O~NOURARWNRNEC~+~n=-~-00TS3 ——STocolNA0WITZImMO >

TransmittePoint
TransmitterArea
TransmitterList
TransmittePointto List
TransmitterAreato List
TransmitteModify
TransmittefParameters
TransmitterSet

(Section5.4.2)
(Section5.4.2)
(Section5.4.2)
(Section5.4.2)
(Section5.4.2)
(Section5.4.2)
(Section5.4.2)
(Section5.4.2)

Recever Point
ZoomlIn
ZoomOut

(Section5.4.3)
(Section5.3.1)
(Section5.3.1)
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4.11 Subwindows

RadioTracer displaysthe outputdataof the simulationsin varioussubwindavs. Thesesub-
windows have amenubarwith thefollowing buttons:

About DisplaysCopyright Information(Sectionll)andLicenseAgreemen{Sectionl1.1)
in anew window.

Update Displaysa dialog box with additionalinformationaboutthe datapresentedn the
subwindav. Certainparametersf the display canbe changedhroughthis dialog
box. All inputto RadioTracer is blocked until the dialog hasbeenexited. The
dialogboxor subsequerdialogboxesavailablethroughadditionalbuttonsareused
to modify the visualizationmode of the subwindav, to export the contentof the
subwindav into afile, or to setcertainparameters.

Close (NotavailableonWindows platforms.) The subwindav is closed.The mainmenu
entry CloseAll (Section5.3.4)closesall subwindavs.

Notethatwhile adialogbox disablingthe menuss open,no subwindav canbe closed.

The contentof ary window canbe grabbedandstoredinto a file. Thereis no menuentry for
grabbing. Whenever the shortcutkey Ctrl-G  is pressedthe window contentof the window
containingthe cursoris storedinto afile with namegrabNNN.ppm in ppm-formatwherethe
numberNNNis automaticallyincrementedeachtime a window contentis grabbed.Note that
grabbingworksdirectly onthescreenj.e., if anothemwindow is partially overlappingtheactive
window, theoverlapis storedinto thefile.
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5 UserlInterface ReferenceManual

This sectiondescribegshe menustructureof RadioTracer in left-to-right and top-to-bottom
order
IIE Radio-Tracer - mobile connect GmbH BEE

. . . ”'| |"- i
R 2 = - -
File Wiew ‘Window Set Select un lg }(1 uhn' I r .I (=1 r Exit

4327 4827

5.1 File

Thefile menuis usedto accesslatain files, e.g.,to loador storeconfigurationr ervironments,
or to visualizedatafrom files.

About (a)

Load Environment (£}

Load Terrain
Load Configuration (C)
Load Material (M)

Store Configuration -

Store Customn Data -

Point-te-Peint -

Point-to-Multi -

Multi-to-Multi -
Edit 2
Exit

5.1.1 About

(Shortcut key: A). DisplaysCopyright Information(Sectionl1) andLicenseAgreemen{(Sec-
tion 11.1)in anew window.

5.1.2 Load Environment

(Shortcut key: E). Loadsan environment, i.e., the geometricdata, from a file (extension
.dat ). Thecurrentervironmentis replacedby the new ervironment. The currentconfigu-
rationis notchanged Seethe ervironmentfile format (Section8.3) for a formal descriptionof

theenvironmentfile content.

Thefile nameis enteredhroughthefile selectdialog (Section6.1). The selectedile nameis

maintainedandwill be presentedh a subsequeribador storecommandasinitial dialogvalue.
Thefile nameis partof a completeconfiguratiorfile.

After having loadedtheernvironment,thebuilding blocksaredisplayedn themainwindow in a

two-dimensionatop-view. In the upperright cornerof the window the positionin world coor

dinatesof the currentcursorpositionis displayed.The heightsof the entitiescanbe inspected
throughthe heightmenu(Section5.5.4).
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Radio-Tracer - mobile connect GmbH

- - - i -
File W wind Set Select R 2 3 il - - Exit
ile Wiew indow Se elec un lf:l!‘,luprle e =) p| Exi

A

758.58 877.39

5.1.3 Load Configuration

(Shortcut key: C). Loadsa configurationfrom afile (extension.cnf ). Thefile maycontain
only a partial configuration,e.g.,only a transmitterspecification. The currentervironmentis
not changed.If the configurationfile hasnot the correctformator the entriesareinvalid, only
the erroneousentriesare discardedthe correctlyfound entriesin the file will have effect. In
sucha caseawarningmessagés shovn to the user Seethe configuratiorfile format(Section
8.2)for aformal descriptionof the configuratiorfile content.

Thefile nameis enteredhroughthefile selectdialog (Section6.1). The selectedile nameis
maintainedandwill be presentedh a subsequeribador storecommandasinitial dialogvalue.
Thefile nameis partof a completeconfiguratiorfile.

5.1.4 Load Material

(Shortcut key: M). Loadsthe materialpropertiedfrom afile (extension.mtr ).

Thefile nameis enteredthroughthefile selectdialog (Section6.1). The selectedile nameis
maintainedandwill bepresentedh asubsequeribadcommandasinitial dialogvalue. Thefile
nameis partof acompleteconfiguratiorfile.

5.1.5 Store Configuration

A configurationfile is an ASCII file that canbe editedwith a text editor (Section5.1.10). A
configurationfile neednotto be complete.Seethe configurationfile format (Section8.2) for a
formal descriptionof the configuratiorfile content.

Configuration (5)
Receiver (R}
Transmitter (T)

Configuration (Shortcut key: S). Storesthe completeconfigurationto a file (extension
.cnf ). Thefile nameis enteredthroughthe file selectdialog (Section6.1). The selected
file nameis maintainedandwill be presentedn a subsequenbador storecommandasinitial
dialogvalue.Thefile nameis partof a completeconfiguratiorfile.
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Recever (Shortcut key: R). Storesonly theconfiguratiorof thereceverdatato afile (exten-
sion.cnf ). Thefile nameis enteredhroughthefile selectdialog (Section6.1). The selected
file nameis maintainedandwill be presentedn a subsequenbador storecommandasinitial
dialogvalue. Thefile nameis partof a completeconfiguratiorfile.

Transmitter (Shortcut key: T). Storesonly the configurationof thetransmitterdatato afile

(extension.cnf ). Thefile nameis enteredthroughthe file selectdialog (Section6.1). The
selectedile nameis maintainedandwill be presentedn a subsequenbador storecommand
asinitial dialogvalue.Thefile nameis partof acompleteconfiguratiorfile.

5.1.6 Store Custom Data
Dependingon theversionof RadioTracer, certaindatacanbe storedcustomizedlataformat.
Seethedescriptionof the customizedrersion(Section3).

5.1.7 Point-to-Point

Point-to-Pointmeansthat electromagneticatabetweenone transmitterand one recever is
visualized.Theindicesof thetransmitterandthereceverto beusedmustbeselectegreviously
throughthe SelectMenu (Section5.5).

Power Delay Profile

Direction of Arrival -

Power Delay Profile Seeview power delay profile (Section5.2.1) for a more detailedde-
scriptionof thismenuentry. The only differenceto the view menuentryis thatratherthanthe
dataavailablefrom thelastsimulationrunthedatatakenfrom afile is visualized.Thefile name
is enteredhroughthefile selectdialog (Section6.1).

Dir ection of Arri val

Receiver Azimuth

Receiver Elevation

Transmitter Azimuth

Transmitter Elevation

Seeview direction of arrival (Section5.2.1) for a more detaileddescriptionof thesemenu
entries.Theonly differenceto a view menuentryis thatratherthanthe dataavailablefrom the
lastsimulationrun the datatakenfrom afile is visualized. A file nameis enterecthroughthe
file selectdialog(Section6.1).

5.1.8 Point-to-Multi

Power Variation
Power Sum VYariation
Fast Wariation

Phase Yariation

Power Coverage
Power Sum Coverage

Fresnel Coverage
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Power Variation Seeview power variation(Section5.2.2)for amoredetaileddescriptionof

thismenuentry. Theonly differenceto theview menuentryis thatratherthanthe dataavailable
from the last simulationrun the datataken from afile 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. The only differenceto the view menuentryis thatratherthan
the dataavailablefrom the last simulationrun the datatakenfrom afile is visualized. Thefile
nameis enteredhroughthefile selectdialog (Section6.1).

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

PhaseVariation Seeview phasevariation(Section5.2.2)for a moredetaileddescriptionof

thismenuentry. Theonly differenceto theview menuentryis thatratherthanthe dataavailable
from the last simulationrun the datataken from afile is visualized. The file nameis entered
throughthefile selectdialog (Section6.1).

Power Coverage Seeview powercoverage(Section5.2.2)for amoredetaileddescriptionof

thismenuentry Theonly differenceo theview menuentryis thatratherthanthedataavailable
from the last simulationrun the datataken from afile 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 The only differenceto the view menuentryis thatratherthan
the dataavailablefrom the lastsimulationrun the datatakenfrom afile is visualized. Thefile
nameis enteredhroughthefile selectdialog (Section6.1).

5.1.9 Multi-to-Multi

LOS M-Coverage
DOP Coverage

LOS M-Coverage Seeview LOS M-coverage(Section5.2.3)for amoredetaileddescription
of thismenuentry. Theonly differenceio 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 more detaileddescriptionof

this menuentry. Theonly differenceto a view menuentryis thatratherthanthe dataavailable
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

The edit menuis usedto launcha text editor which allows to manipulatethe ASCII datafiles
of RadioTracer. Thecommandine to startthe editoris setin the advancedsettings(Section
5.4.9).Thefile nameis enteredhroughthefile selectdialog (Section6.1).

If atext file is changedthe modificationsdo not have immediateeffect. Rather thefile hasto
bere-loadedthroughthe appropriatenenuentry.

Configuration
Environment
Material
Script
Logfile

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 the programis terminated.If a necessaryemporaryfile is notavailable
(for instance becausehe simulationrun hasnot beenperformed)or if the recever type does
notmatch,anerrormessagés shovn.

The menugroupsthe entriesaccordingto the numberof transmittersand receversthat are
invoked to producethe output. The outputis presentedor the currentlyselected seeSection
5.5)transmittersandrecevers.

Point-te-Point -
Point-te-Multi -
Multi-te-Multi -

vrml 2

5.2.1 Point-to-Point

Point-to-Pointmeansthat electromagneticata betweenone transmitterand one recever is
visualized.Theindicesof thetransmitterandthereceverto beusedmustbeselectegreviously
throughthe SelectMenu (Section5.5).

Power Delay Profile

Direction of Arrival -

Power Delay Profile The power delayprofile plot shows the arrival timesin [ns] (nanosec-
onds)of the differentray-pathsversusits receved power in [dBm] betweerthe selectedrans-

mitter andthe selectedecever asbeingcomputedby the last Run Field (Section5.6.2)com-

mand.Thetimesaregivenrelativeto thearrival time of theline-of-sight,i.e., if theline-of-sight

pathexists,its arrival timeis 0.0. A moredetaileddescriptionis givenin Section7.1.

Direction of Arri val The direction-of-arrval plot shaws the arrival anglesin [deg] of the
differentray-pathdetweertheselectedransmitterandtheselectedeceverasbeingcomputed
by the last Run Field (Section5.6.2) command. The arrival anglescan be inspectedbothin
azimuthandelevation plane. Additionally, its contribution to the receved power in [dBm] is
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indicated.If theline-of-sightpathexists, its arrival components highlighted.A moredetailed
descriptionis givenin Section7.2.

Receiver Azimuth

Receiver Elevation

Transmitter Azimuth

Transmitter Elevation

e Recever Azimuth
e Recever Elevation
e TransmitterAzimuth

e TransmitterElevation

5.2.2 Point-to-Multi

Point-to-Multimeanghatelectromagnetidatabetweeronetransmitteranda setof recevers,
i.e.,atrajectory anarea,or aregionis visualized.Theindex of thetransmitterto be usedmust
be selectedpreviously throughthe SelectMenu (Section5.5).

Power Variation
Power Sum VYariation
Fast Wariation

Phase Yariation

Power Coverage

Power Sum Coverage

Fresnel Coverage

Power Variation Displaysin a new window the power variation plot which shows the re-

ceived power in [dBm] obtainedasthe sumof thereceved powersof the individual ray-paths
alongthetrajectoryfor the selectedransmitterasbeingcomputedoy thelastRun Power (Sec-
tion 5.6.3)commandA moredetaileddescriptionis givenin Section7.3. Therecever mustbe

of typetrajectory

Power Sum Variation Displaysin a new window the power sumvariationplot which shows
the receved power in [dBm] obtainedasthe comple« sumof the receved powersof the in-

dividual ray-pathsfor eachsamplingpoint alongthe trajectoryfor the selectedransmitteras
beingcomputedoy the lastRun Power (Section5.6.3)command.A moredetaileddescription
is givenin Section7.4. Therecever mustbe of typetrajectory

Fast Variation Displaysin a new window the fastvariationplot which shows the difference
in [dBm] betweerthe power variationandthe power sumvariationalongthe trajectoryfor the
selectedransmitteras being computedby the last Run Power (Section5.6.3) command. A
moredetaileddescriptionis givenin Section7.5. Therecever mustbe of typetrajectory

PhaseVariation Displaysin anew window the phasevariationplot which shavsthephaséan
[rad] alongthetrajectoryfor the selectedransmitterasbeingcomputedoy thelastRunPower
(Section5.6.3)command. A more detaileddescriptionis givenin Section7.6. The recever
mustbe of typetrajectory
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Power Coverage Displaysin anew window thecoveraganapof therecevedpower(comple

sum)in [dBm] for the selectedransmitterasbeingcomputedby the last Run Power (Section
5.6.3)command.If the currentlyloadedenvironmentcoincideswith the oneusedto compute
the coveragemap,the ervironmentis dravn into themap. A moredetaileddescriptions given
in Section7.7. Therecever mustbe of typeareaor region.

Power Sum Coverage Displaysin a newv window the coveragemap of the receved power
(power sum)in [dBm] for the selectedransmitteras being computedby the last Run Paver

(Section5.6.3)command.If the currentlyloadedernvironmentcoincideswith the oneusedto

computethecoveragemap,theenvironmentis dravn into themap. A moredetaileddescription
is givenin Section7.8. Therecever mustbe of type areaor region.

5.2.3 Multi-to-Multi

Multi-to-Multi meanghatelectromagnetidatabetweena setof transmittersanda setof re-
ceivers,i.e.,anareaor aregion, is visualized.

LOS M-Coverage
DOP Coverage

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

DOP Coverage Displaysin anew window the DOP (dilution-of-precision)coveragemapas
beingcomputedby the lastexecutionof the Run DOP Coverage(Section5.6.5)command.A
moredetaileddescriptionis givenin Section7.10.

524 Vrml

This menuis only availablewith the VRML-packageof RadioTracer.

e Without Rays
Startsthe VRML-Viewer with the currentenvironment.

e With Rays

Startsthe VRML-Viewer with the currenternvironmentincluding the ray-pathsascom-
putedby thelastRayPath Computation(Section5.6.1).

5.3 Window

Thewindow menuis usedto changehevisualizationmodewithin themainwindow of Radio-
Tracer (e.g.,performazoom)andto manipulateotherwindows having beenopenedduringthe
interactve session.

Z00m -

Redraw {u)
Draw Quadtree
Close &ll (g
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5.3.1 Zoom

Zoom Reset (Z)
Zoom Cut ()
Zoom In (+)

Zoom Area (Z)
Zoom List ([}

Mew Center {n)

Zoom Reset (Shortcut key: Z). If thereis azoomingarea(seebelow in Section5.3.1)

Zoom Out

ZoomIn

Zoom Area

Zoom List

with labelreset definedtheervironment(buildings,transmitterandre-
cewers)is displayedn suchaway thatthezoomingareais entirelyvisible
in the centerof thewindow. If thereis no suchzoomingareadefinedthe
ervironmentis displayedsuchthatit fits completelyinto the window.

(Shortcut key: -). Zoomsoutaccordingo theZoomFactor(seeadvanced
settingsin Section5.4.9).

(Shortcut key: +). Zoomsin accordingto Zoom Factor (seeadwanced
settingsn Section5.4.9).

(Shortcut key: z). Zoomsinto a rectangulamareaselectedvy specifying
thetwo cornerswith left mousebuttonclicks. Theoperatiorcanbeaborted
with aright mousebuttonclick.

(Shortcut key: I). Allowsto managenorderedist of rectanglesszoom-
ing areas Eachrectanglehasa userdefinableabel. Thelabelsareusedto
sortthelist. If theaspecbf the currentwindow doesnot matchthe aspect
of azoomingarea,the zoomingtakesplacein sucha way thatthe entire
zoomingareais visible andjustifiedin the centerof the window.

Zoom list..

Areas. T |center,

Zoom | Edit | Current |

Delete | Clear | Cancel |

Zoom: Zoomsto theselectedzoomingarea.
Edit: With thehelpof thefollowing dialog

= Zoom area setting 1= Ji J_lj

Zoom area setfing...

Label: Jcurrent,

Min, ¥-Coordinate:  |170.957754

Max, ¥-Coordinate:  |E46.073324

Min, ¥-Coordinate:  |530. 706267

Max, ¥-Coordinate:  [1120. 742349

Ok | cancel| Reset |

thelabelandthe coordinate®f the selectedzooming
areacanbeedited.

Current: Editsthecurrentzoomingareanotethatthelabelhas
to bechangedo a stringdifferentfrom current

Delete: Deletesheselectedzoomingareafrom thelist.
Clear: Clearstheentirezoomlist.

Cancel: Leavesthedialogwithout changingthe currentview
of thewindow. However, all changesn thezoomlist
have takenplace.
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Two labelshave a specialmeaning:the labelreset definesthe zoom-
ing areawhich is usedin the Zoom Reset(seeabove in Section5.3.1)
commandthelabelcurrent is automaticallyusedfor the currentlyvis-
ible areawithin thewindow, thelabelcurrent  cannotbeusedto labela
zoomingarea.

The zoomlist is part of a completeconfigurationfile. If a configuration
file containinga zoomlist is loaded,the zoomingareasare addedto the
currentzoomlist.

New Center (Shortcut key: n). Movesthe centerof the displayto the point selected
with left mousebuttonclick. Theold centens marked by aredcoordinate
system.Theoperationcanbe abortedwith aright mousebuttonclick.

5.3.2 Redraw

(Shortcut key: u). Redravs themainwindow.

5.3.3 Draw Quadtree

Visualizeghe quadtreeof the currentervironment. The default color is green seeColor Menu
(Section5.4.8)for possibleusersettings.

5.3.4 CloseAll

(Shortcut key: q). Closesall subwindavscurrentlyopenedNotethatall local settingsof these
windows getlost.

5.4 Set

The menusetis usedto configureall settingsof RadioTracer during aninteractve session.
Theactualconfigurationcanbe storedcompletelyor partially throughthe StoreConfiguration
(Section5.1.5)commandInsteadof settingthe parametergteractvely, configuratiorfiles can
beloadedthroughthe Load Configuration(Section5.1.3)command.

Interactions (i}

Transmitter -

Receiver .-

Preferences
Tolerances
Thresholds
Colors -
Postscript

Advanced

Custom

5.4.1 Interactions

(Shortcut key: i). Theinteractiondialogallowsto setall relevantdatafor theray-pathsearch
algorithm,i.e., which typesof ray-pathsanto which lengththeray-pathsaresearchor.
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= Set Interactions B EE
Set Interactions...

Interaction types: D ROITW - av | H |
Ground reflections: GR | GR | GR | GR | GR |
Number of vertical diffractions: 1 |

Number of reflections: 0 _T

Number of interactions 2 I

Combined R and W _l

Consider scatterer (paths only): _l

Match interaction number: ]

Count ground/ceiling reflections: |

ISB and RSB width [deg]: |0, 000000,

Maximum path length [m]: 0. 000000
Ok | cancel |

e Interaction typesand Ground reflections:

D
R
\%
AV

AH

GR

Searchfor line-of-sightray-paths.
Searchfor ray-pathswith reflections.
Searchfor ray-pathswith verticaldiffraction.

Searchfor ray-pathswith adjacenterticaldiffraction.

(Only first orderadjacenterticaldiffractionis consideredi.e., ray-pathswith

diffractionon adjacentverticaledgeswvherethe oneis directly visible by the
transmitterandthe otheroneis directly visible by therecever, or vice versa.)

SearcHor ray-pathswith horizontaldiffraction.
(Onlyfirstorderhorizontaldiffractionis consideredi.e., ray-pathswith diffrac-
tion on horizontaledgesdirectly visible by transmitteror recever, respec-
tively.)

SearcHor ray-pathswith adjacenhorizontaldiffraction.

(Only first orderadjacenthorizontaldiffractionis consideredi.e., ray-paths
with diffractionon adjacentorizontaledgesnvhereoneis directly visible by
the transmitterand the other oneis directly visible by the recever, or vice
versa.)

Searchfor ray-pathawith reflectionon the ground(andontheceilingin case
of indoorervironment).

e Number of vertical diffractions:

Searchfor ray-pathswith at mostthatmary vertical diffractions. Note, thatactuallythe
minimum of Number of Vertical Diffractions andNumber of Interactions is usedto
determinghe maximumray-pathlength. Thevaluemustbe positive.

e Number of reflections:

Searchfor ray-pathswith at mostthat mary reflections. Note, that actually the mini-
mum of Number of ReflectionsandNumber of Interactions is usedto determinethe
maximumray-pathlength. Thevaluemustbe positive.

e Number of interactions:

Searchfor ray-pathswith at mostthat mary interactions. This is especiallyuseful to
confinethe ray-pathlengthwhen combinedreflectionand diffractionis set. The value
mustbe positive.
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e CombinedR and V:

Theflagspecifiesvhetherto searctor ray-pathswith bothreflectionsandverticaldiffrac-
tions. Theray-pathlengthis limited by the Number of Interactions.

e Compute attenuation:

Theflag specifiesvhetherto computethe distanceghe ray-pathgpasseshroughattenu-
atingmedia(e.qg.,trees).

e Consider scatterer:

Theflag specifiesvhetherto searchfor ray-pathdowardsscatterefe.g.,trees).Only first
ordereffectsareconsidered.

e Match interaction number;

Theflag specifiesvhetherto searchonly for ray-pathghatmatchexactly the givenNum-
ber of Interactions. If this flag is not set, all ray-pathsup to the maximumlength as
givenin Number of Interactions aresearchedor.

e Count ground/ceilingreflections:

Theflag specifiesvhethergroundor ceiling reflectionsare countedasinteractionwhile
determiningthelengthof theray-path.This flag is only usedwhenmatchingtheinterac-
tion numberis enabled.

e ISB and RSB width:

Specifiesthe maximumwidth of the ISB (incidentshadev boundary)andthe RSB (re-
flectionshadev boundary)afteraverticaldiffractionthatshouldbe consideredluringthe
ray-pathsearch A valueof 0.0meanso limitation of theboundaryi.e., all ray-pathsare
searchedor. Thevaluemustbe positive,theangleis enteredn [deg].

e Maximum path length:

Specifieshemaximumlengthof aray-pathghatshouldbeconsiderediuringtheray-path
search.A valueof 0.0 meansno limitation of the length,i.e., all ray-pathsaresearched
for. Thevaluemustbe positive,thelengthis enteredn [m].

5.4.2 Transmitter

Point (13
Area (2)
List (3)
Paint to List i)
Area to List (5)
Modify ()
Parameters (7}
Set (8)

e Point

(Shortcut key: 1). Allows to setsa single transmitteras a point. The height of the
transmitteris setto the value as specifiedin the ParameterSettings(seebelow). The
operationcanbe abortedwith aright mousebuttonclick.
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e Area

(Shortcut key: 2). Allows to setsa singletransmitterasa rectangulaarea. The actual
locationof thetransmitteris computedasthe centerof the area. The heightof thetrans-
mitter is setto thevalueasspecifiedn the ParameteSettinggseebelow). Theoperation
canbeabortedwith aright mousebuttonclick.

List

(Shortcut key: 3). Allows to seta list of transmitters.The transmittersare enteredas
the cornersof a polyline. The polyline is displayedduring the interaction. The heightof
thetransmitterss setto the valueasspecifiedn the ParameteSettings(seebelow). The
inputis finishedwith a right mousebutton click or the operationcanbe abortedwith a
right mousebuttonclick beforethefirst pointis entered.

Point to List

(Shortcut key: 4). Allowsto addasingletransmitterasa pointto thelist of transmitters.
Theoperationcanbe abortedwith aright mousebuttonclick.

Areato List

(Shortcut key: 5). Allowsto adda singletransmitterasa rectangulaareato thelist of
transmittersThe operationcanbe abortedwith aright mousebuttonclick.

Modify

(Shortcut key: 6). Allows to modify or to deletethe selectedransmitter If currentlyno
transmitteris selecteda selections requestedin thatcase the operationcanbe aborted
with aright mousebuttonclick.

= Modify Transmitter B EE
hodify Transmitter...

K—Coord: 1771.123159,
Y—Coord: [1015. 316140
Height [m]: 70, 000000

Antenna; % [Isotropic

Antenna Set.. | Delete |
ok | Cancel |

— X-Coord:
— Y-Coord:
Setsthe new locationof thetransmitterin coordinate®f the ernvironment.
— X-Min:
— Y-Max:
— X-Min:
— Y-Max:
Setsthe new rectangulamareaof the transmitterin coordinateof the ervironment.

Theseentriesareonly availableif the selectedransmitteris of type area.Notethat
it is notforbiddento placethe actuallocationof thetransmitteroutsidethe area.

— Height[m]:
Setsthe new heightof thetransmitter The heightmustbe largerthan0.0, thevalue
is enteredn [m].
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— Antenna:

Allowsto changegheantennaThetypeof antennaanbechoserfrom thelist andits
parametersvith a subsequendialogthroughthe [Antenna Setup] button. Seethe
antennaetupdialog(Section5.4.4)for agenerablescriptiorof theantennaettings.
Note thatoncethe antennéhasbeenchangedhroughthe antennasetupdialog, the
modificationis valid evenif thedialogis left throughthe[Cancel] button.

e Parameters

(Shortcut key: 7). Setsthe default parametersisedduring placemenbf the transmitter
with mousecursorinput.

| Set Transmitter Parameter BEE

Zet Transmitter Parameter...

Height for input with cursor [ml: |20, 000000

Default Antenna: + |Isotrapic

Antenna Setup ... | ok | Cancel |

— Heightfor inputwith cursor[m]:

Setsthe heightin for interactve placemenbf the transmitter The heightmustbe
largerthan0.0,thevalueis enteredn [m].

— Default Antenna:

Allowsto selectthedefaultantenndor interactve placemenbf thetransmitter The
type of antennacan be chosenfrom the list andits parametersvith a subsequent
dialogthroughthe [Antenna Setup] button. Seethe antennasetupdialog (Section
5.4.4)for ageneraldescriptionof theantennasettings.

e Set

(Shortcut key: 8). Allowsto seta singletransmitteror to addthe transmitterto the list
of transmitters.

= Set Transmitter ... |E =
Set Transmitter...
K—Coord: |0. 000000,
Y—Coord: |0. 000000
Height [m]:  |20.000000
Antenna; % [Isotropic
Antenna Setup ... | add |
Set | Cancel |
— X-Coord:
— Y-Coord:
Specifieghelocationof thetransmitterin coordinate®f the ervironment.
— Height[m]:

Setsthe heightof the transmitterposition. The heightmustbe larger than0.0, the
valueis enteredn [m].

— Antenna:

Allows to selectthe antenndor thetransmitter The type of antennacanbe chosen
from the list and its parametersvith a subsequentlialog throughthe [Antenna
Setup] button. Seetheantennaetupdialog(Section5.4.4)for agenerabdescription
of theantennasettings.
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5.4.3 Recever

Paint ()

List
Trajectory ()
Area (a)
Region ()
Point to List
Madify {m)
Parameters {p)

Set -

e Point

(Shortcut key: .). Allowsto setasinglereceverasapoint. The heightof thereceveris
setto thevalueasspecifiedin the ParameteiSettings(seebelow). The operationcanbe
abortedwith aright mousebuttonclick.

e Trajectory

(Shortcut key: t). Allows to setthe recever asa trajectory(polyline). The heightof
therecever pointsalongthe trajectoryandthe samplingratefor thetrajectoryaresetto
the valuesasspecifiedin the ParameteiSettings(seebelan). Theinputis finishedwith
aright mousebuttonclick. The operationcanbe abortedwith a right mousebuttonclick
beforethe secondnput pointis entered.

e Area

(Shortcut key: a). Allows to setthe recever asa rectangularareaby specifyingtwo
oppositecorners.Theoperationcanbe abortedwith aright mousebuttonclick beforethe
secondnputpointor in the subsequerdialog box.

In the subsequentlylisplayeddialog box the additionalparametersre set(seeModify
below).
e Region

(Shortcut key: r). Allowsto settherecever asaregion definedasa simplepolygon. If
the enteredpolygonis not simple,no recever samplesaretaken. The operationcanbe
abortedwith aright mousebuttonclick beforethesecondnputpointor in thesubsequent
dialogbox.

In the subsequentlylisplayeddialog box the additionalparametersre set(seeModify
belaw).

o Modify

(Shortcut key: m). Dependingon the currentrecever type oneof the following dialog
boxesis presentedvhich allowsto modify therecever parameters.

— Point:

= Receiver Point B EE

Feceiver Point...

K—Coord: |0. 000000,
Y—Coord: |0. 000000
Height [m]:  |3.000000

Antenna:  © |Monopole

Antenna Setup ... | ok | Cancel |
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+ X-Coord:

x Y-Coord:
Specifieghelocationof thereceverin coordinate®f theernvironment.

* Height[m]:
Setsthe heightof therecever position. The heightmustbelargerthan0.0, the
valueis enteredn [m].

* Antenna:
Allowsto selecttheantenndor therecever. Thetypeof antennaanbechosen
from thelist andits parametersvith a subsequendialogthroughthe[Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4)for a generalde-
scriptionof theantennasettings.

— Trajectory:

= Receiver Trajectory B EE

Receiver Trajectory...

Sampling mode for trajectory: | Rate Distance |

Current sample number : 30 |

Current polyline size : | 1

Rate [(300 [MHzI): |10, 000000,

Height [m]: |3. 000000

&ntenna: + |Isotrapic

Antenna Setup ... | ok | Cancel |

x Samplemodefor trajectory:
Allows to choosebetweendifferentsamplingmodesfor interactve placement
of therecever. Thetrajectorycaneitherbesampledaccordingo thefrequeny
of the default transmitter(Section5.4.2),or accordingto a specifieddistance.
Dependingnthecurrentselectionthecorrespondingntriesto enterthevalues
areenabledor disabledyespectrely. On openingthedialogbox, theratevalue
andthedistancevaluerepresenthe samesamplingof thetrajectory

x Currentsamplenumber:
Shavsthenumberof sample®nthecurrenttrajectory No valuecanbeentered.

x Currentpolyline size:
Shaows the numberof segmentsof the polyline of the currenttrajectory No
valuecanbeentered.

x Rate(freq[MHz]):
Setsthesamplingratein wavelengthof thefrequeng of thedefaulttransmitter
(Section5.4.2). The currentfrequeny is shovn within the parenthesesThe
samplingratemustbelargerthan0.0.

x Distancegm]:
Setsthe samplingdistancein [m]. The samplingdistancemustbe larger than
0.0.

x Velocity for trajectory[km/h]:
Setsthe velocity the recever movesalongthe trajectory The velocity mustbe
differentfrom 0.0, thevalueis enteredn [km/h].

x Height[m]:
Setsthe heightof the trajectory The heightmustbe largerthan0.0, the value
is enteredn [m].

* Antenna:
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Allowsto selectheantenndor therecever. Thetypeof antennaanbechosen
from thelist andits parametersvith a subsequendialogthroughthe [Antenna

Setup] button. Seethe antennasetupdialog (Section5.4.4)for a generalde-

scriptionof theantennasettings.

— Area:
I: Receiver Area ol JE 'F[
Receiver Area..
Grid w-min: |308. 217341,
Grid u-man |1195. 243708
Grid y-min: |521.087126
Grid y-man |1387.591032
Grid % sarmples:  [10
Grid y sarmples:  [10
Height [m]: |3.000000
Height is: [abselute _relative |
Antenna © |Isotropic
#ntenna Setup | Ok | Cancel |
* Grid x-min:
* Grid x-max:
x Grid y-min:
x Grid y-max:

Setsthe minimumandmaximumboundsof the area.

Grid x samples:

Setsthe numberof samplingpointsin x-directionfor the areaor region.

Gridy samples:

Setsthe numberof samplingpointsin y-directionfor the areaor region.
Height[m]:

Setsthe heightfor thereceversin theareaor region. The heightmustbelarger
than0.0,thevalueis enteredn [m].

Heightis:

Specifiesvhetherthe heightof arecever pointis takenasanabsolutevalueor
asa relative valuewhich is addedto the currentheightof the ervironmentat
the positionof the point.

Antenna:

Allowsto selectheantenndor therecever. Thetypeof antennaanbechosen
from thelist andits parametersvith a subsequendialogthroughthe [Antenna

Setup] button. Seethe antennasetupdialog (Section5.4.4)for a generalde-

scriptionof theantennasettings.

— Region:

[ET hecewermegon [ [ 1|

Feceiver Region...

Grid x—rmin: |20.923077
Grid x—max: |67.230769
Grid y—min: |32, 769231
Grid y—max: | 73.538462

Grid % samples: 10

Grid ¥ samples: 1m0 T
Current sample number: | 45
Height [m]: |3, 000000

&ntenna: + |Isotrapic

Antenna Setup ... | ok | Cancel |
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Grid x-min:
Grid x-max:
Grid y-min:
Grid y-max:
Setsthe minimum and maximumboundsof the region. All sampleghatfall
outsideof the polygonarenot consideredsvalid recever points.
x Grid x samples:
Setsthe numberof samplingpointsin x-directionfor theregion.
x Gridy samples:
Setsthe numberof samplingpointsin y-directionfor theregion.
x Currentsamplenumber:
Shawvs the numberof samplingpointsof thegrid thatfall into theregion.
x Height:
Setsthe heightfor thereceversin theareaor region. The heightmustbelarger
than0.0,thevalueis enteredn [m].
* Antenna:
Allowsto selecttheantenndor therecever. Thetypeof antennaanbechosen
from thelist andits parametersvith a subsequendialogthroughthe [Antenna
Setup] button. Seethe antennasetupdialog (Section5.4.4)for a generalde-
scriptionof theantennasettings.

* ¥ ¥ %

e Parameters

(Shortcut key: p). Thedialogboxis usedto setcertainparametersvhich aretakenas
defaultvaluesfor interactve recever placement.

= Set Receiver Parameters B EE

Zet Receiver Parameters...

Height for input with cursor [ml: [3. 000000,

Sampling mode for trajectory: | Rate Distance

Rate (300 [MHzI: |10, 000000

Default » samples: 10

Default v samples: 10

Default Antenna: + |Manapale

Antenna Setup ... | ok | Cancel |

— Heightfor inputwith cursor[m]:

Setsthe heightfor interactve placemenbf therecever. The heightmustbelarger
than0.0,thevalueis enteredn [m].

— Samplemodefor trajectory:

Allows to choosebetweendifferent samplingmodesfor interactve placementof

therecever. Thetrajectorycaneitherbe sampledaccordingto thefrequeng of the

default transmitter(Section5.4.2),or accordingto a specifieddistance.Depending
onthecurrentselectionthe correspondingntriesto enterthe valuesareenabledor

disabled,respectiely. On openingthe dialog box, the rate valueandthe distance
valuerepresenthe samesamplingof thetrajectory

— Rate(freq [MHZz]):

Setsthe samplingrate in wavelengthsof the frequeny of the default transmitter
(Section5.4.2). The currentfrequeng is shavn within the parenthesesThe sam-
pling ratemustbelargerthan0.0.
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— Distanceglm]:
Setsthe samplingdistancein [m]. Thesamplingdistancanustbelargerthan0.0.
— Velocity for trajectory[km/h]:
Setsthe velocity the recever moves along the trajectory The velocity must be
differentfrom 0.0, thevalueis enteredn [km/h].
— Defaultx samples:
Setsthe default numberof samplepointsin z-directionto be usedfor interactve
placemenbf thereceverasagrid, region, or area.
— Defaulty samples:
Setsthe default numberof samplepointsin y-directionto be usedfor interactve
placemenbf thereceverasagrid, region, or area.
— Default Antenna:

Allows to selectthe default antenndor interactve placemenof therecever. The
type of antennacan be chosenfrom the list andits parametersvith a subsequent
dialogthroughthe[Antenna Setup] button. Seethe antennasetupdialog (Section
5.4.4)for ageneraldescriptionof theantennasettings.

e Set

Allowsto setareceverdirectlythroughadialogbox, whichis similarto theonepresented
in themodify dialogbox (seeSection5.4.3).

5.4.4 Antenna SetupDialog

Theantennasetupdialogis notdirectly accessiblén thesetmenu.However, anantennacanbe
setin variousplacessothedialogis describednly oncein this section.
Severaltheoreticalantennaradiationpatternsor measuredntenngpatternswhich areloaded
from afile, canbeselected Settingrecever antennaelo notrequireto setthe power. However,
the frequeny mustbe setfor a recever antennaas well, becauset is neededio determine
somegeometricparametersf a certainantennaypes. The descriptionbelon refersto setting
transmitterantennae.ln the caseof recever antennaecertainparameterssindicatedbelow
may not be presenin thedialogbox.

Isotropic Antenna

|sotropic Antenna...

Frequency [MHzl:  [900. 000000,
Efficiency: |1. 000000
Polarisation: [ wertical horizontal | right circular | left circular |

Ok | cancel |

e Frequency[MHz]:
Setsthefrequeng of theantennan [MHz].

e Power [W]:

Setgtheinputpowerof theantennan [W]. Theradiatedooweris calculatedastheproduct
of theinput power andthe efficiencgy.



RadioTracer Manual,Versionl.7 November8, 2002 32

e Efficiency:

Setsthe efficiengy of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiengy. (In caseof a
recever antennathe outputpower is calculatedasthe productof therecevedpowerand
the efficiency.)

e Polarisation:

Theisotropicantennacanbe polarisedeitherasvertical,or ashorizontal,or asleft circu-
lar, or asright circular.

Dipole Antenna

IFT—  opoemmwsma [ [

Dipole Antenna...

Length [m]: 0. 166551,
Frequency [MHzl:  [900.000000
Efficiency: |1. 000000

Ok | cancel |

e Length [m]:
Setsthelengthof thedipolein [m].

e Frequency[MHz]:
Setsthefrequeny of theantennan [MHz].

e Power [W]:
Setstheinputpowerof theantennan [W]. Theradiatedpoweris calculatedastheproduct
of theinput power andthe efficiencgy.

e Efficiency:

Setsthe efficiengy of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
recever antennathe outputpoweris calculatedasthe productof thereceved powerand
theefficiencgy.)

e Thepolarisationof a dipoleantennas assumedo bevertical.

Monopole Antenna

IFT— vonopoleamenna [ [ I

Ionopole Antenna.

Length [m]: 0. 166551,
Frequency [MHzl:  [900.000000
Efficiency: |1. 000000

Ok | cancel |

e Length [m]:
Setsthelengthof the monopolen [m].
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e Frequency[MHz]:
Setsthefrequeng of theantennan [MHz].

e Power [W]:
Setstheinputpowerof theantennan [W]. Theradiatedpoweris calculatedastheproduct
of theinput power andthe efficiengy.

e Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiency. (In caseof a
recever antennathe outputpower is calculatedasthe productof thereceved powerand
the efficiency.)

e Thepolarisationof amonopoleantenndas assumedo bevertical.

Short Dipole Antenna

| Short Dipole Antenna BEE

Zhort Dipole Antenna...

Length [m]: 0. 003331,
Frequency [MHzl:  [900.000000
Efficiency: |1. 000000

Ok | cancel |

e Length [m]:
Setsthelengthof the shortdipolein [m].

e Frequency[MHz]:
Setsthefrequeng of theantennan [MHZz].

e Power [W]:
Setgtheinputpowerof theantennan [W]. Theradiatedooweris calculatedastheproduct
of theinput power andthe efficiencgy.

e Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiencgy. (In caseof a
recever antennathe outputpoweris calculatedasthe productof therecevedpowerand
the efficiency.)

e Thepolarisationof ashortdipoleantennas assumedo bevertical.

Short Monopole Antenna

| Short Monopole Antenna BEE

Zhort kMonopole Antenna...

Length [m]: 0. 003331,
Frequency [MHzl:  [900.000000
Efficiency: |1. 000000

Ok | cancel |
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e Length [m]:
Setsthelengthof the shortmonopolein [m].
e Frequency[MHz]:
Setsthefrequeng of theantennan [MHz].
e Power [W]:
Setgtheinputpowerof theantennan [W]. Theradiatedooweris calculatedastheproduct
of theinput power andthe efficiencgy.
e Efficiency:

Setsthe efficiency of the antenna. The value is entereddimensionless.The radiated
power is calculatedasthe productof the input power andthe efficiencgy. (In caseof a
recever antennathe outputpower is calculatedasthe productof thereceved powerand
the efficiency.)

e Thepolarisationof ashortmonopoleantennas assumedo bevertical.

5.4.5 Preferences

= Set Preferences B EE

Zet Preferences..

Draw ray—paths: |

Segments in quadtree leaf:  [100,

Maxirmurm quadtree depth:  |100

Force 2D search: _l

Ok | cancel |

e File format:

Specifieswhetherthe outputfiles shouldbe written in BINARY or in ASCII format.
Configuratiorfiles, scriptfiles andmaterialdatafiles arealwaysstoredin ASCII format.

e Draw ray-paths:
Specifiesvhetherthe ray-pathsshouldbe dravn duringthe simulation.

e Segmentsn quadtreeleaf:

Setsthemaximumnumberof sgmentshatshouldbecontainedn aleafof thequadtree.
Thevaluemustbe at least4. Note thatthe constructionof the quadtreds terminatedas

well whenthe maximumdepthhasbeenreached.The settingbecomeseffective for the

next environmentto beloaded.

e Maximum quadtreedepth:

Setsthe maximumdepthsof the quadtree. The value must be positve. A valueof 0
meanghat no quadtreds built. The settingbecomesffective for the next environment
to beloaded.

e Force2D search:

Specifieswhetherthe ray-pathsearchshouldbe performedonly two-dimensionalj.e.,
ray-pathsover building blockswill not be detected.This modeis especiallyuseful for
micro-cellsimulationswhereall building blockscloseto thetransmitterandtherecever
are higherthanthe antennaéieights. RadioTracer switchesautomaticallyto the two-
dimensionakearchmodewhenall building blocksarehigherthanboththereceverand
thetransmitterantenna.
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5.4.6 Tolerances

Setscertaintolerancewhich areusedin the computationapartsof RadioTracer. Thetoler
ancesettingsarepartof a completeconfiguratiorfile.

l: Set Tolerances 0 e 'F[

Zet Tolerances...

Min, diffractive edge length [ml:  |0.020000,

Min. height for diffraction [ml: |0.020000

Min. height for reflection [ml: |0.020000

Min, power as cut-off [dBml: |—240. 000000

Precision digits: [

Ok | cancel| Reset |

e Min. diffracti ve edgelength [m]:
Setsthe minimum lengthof anedgein the ervironmentsuchthatthe edgeis considered
in theray-pathsearch.Thelengthmustnot be negative, thevalueis enteredn [m].

e Min. heightfor diffraction [m]:
Setsthe minimum heighta diffraction point musthave suchthatthe pointis considered
in theray-pathsearch.The heightmustnot be negative, thevalueis enteredn [m].

e Min. heightfor reflections[m]:
Setsthe minimum heightareflectionpoint musthave suchthatthe pointis consideredn
theray-pathsearch.The heightmustnot be negative, thevalueis enteredn [m].

e Min. power ascut-off [dBm]:

Setsthe minimum power arecever mustreceve. Any valuebelow thethresholdwill be
clampedo thisvalue. Thevalueis merelyusedin the plotsandmapsto avoid practically
unrealisticreceved power values.Thevalueis enteredn [dBm].

e Precisiondigits:

Setsthenumberof decimaldigits usedto write floatingpointvaluesin ASCII outpultfiles.

5.4.7 Thresholds

Setsthe thresholdvalueswhich areusedasdefault valuesduring the visualizationof coverage
mapsof RadioTracer. Thethresholdsettingsarepartof a completeconfiguratiorfile.

l: Set Threshold Values 0 e 'F[
Set Threshold Values...
Power threshold o |80, nooonog,
Power threshold 1: |-50.000000
Use power thrashold: |
DOP thresheld o: |2. 000000
DOP thresheld 1: |6.000000
lse DOP threshold: _
Fresnel threshold o |0.500000
Fresnel threshold 1: |0.800000
UUse Fresnel thrashold: |
MCY threshold O: 14
MCY threshold 1: |7
Use MCY threshold: _
Ok | cancel| Reset |
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5.4.8 Colors

Setsthecolorsto beusedn thedrawvings. Thecolor settingsarepartof acompleteconfiguration
file. Notethatthefirst entryspecifieghetransparentolor, i.e., theobjectis dravn invisible.

Enviranmant (g

Ray-Paths
Legends
Environment
= Set Environment Colors B EE
Set Environment Calors...
Background: B I O
Information: T T Y
Transmitter: T T T Y
Transmitter selected: Y O I
Receiver: T - T Y
Receiver selected: T X T Y O
Quadtree: Y O I
Building: B T
Tree: T T O
Trunk: | (== L3 ST
Ground: Y O
Ok | cancel |

(Shortcut key: c). Setsthe differentcolorsfor dravings of the environment. Note that the
chosercolorswill have effectin all windows aswell asin the PostScript files.

Ray-Paths

= Set Ray-Path Colors B EE

Zet Ray-Path Colors..

Ray as LOS:
Ray after Tx:

Ray after Ru:

Ray after R:

Ray after \W:
Ray after Al:
Ray after H:
Ray after AH:
Ray after GR: _|_[ll=
Ray after 5 ==

Setsthe differentcolorsfor dravings of theray-pathsf this draving modeis enabledseeset
preference¢Section5.4.5)).

Legends
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= Set Legend Colors | J_lj

Zet Legend Colors...

undefined: (]| JTf=TiTfmfy=1jfafy=1j=]e]fa]fu]af}=]ja]]
threshold O: (YT =T = =1 =1 ] ] i ] ] ]
threshold 1: (YT T imf =T s =1 = ] ] i ] ] ]
infinite: [\ =T mf =T =1 fe]fa] ] fuf}=]{a]]
|o|mmjm|mjo)=)o) o)== =) =] o] ol of
=TT =0T 0 =1 s T =T E=TR=T =1 ] =T {=]]
=TI T =0T 0 =1 s T =T E=T =T =T =1 =T =]}
=TI TT =1 ) T =11 =T =T s k=] faf}=T}=T)
=TT =T ] ] T R=T E=TR=T Y=l = =] {=[{a]]
=TT =1 T =1 ] T =T Sg=Tf=l [ =] {=[{a]]
=TT =TT =1 =] =T E=TR=T Y =1 = f=[{=[{a]]
=TI T =T 1 =1 T =T =T =T =T =] {=[{a]]
=TI T =T 1 =1 s T =T E=TR=T =T =] {=[{=]]
(=TT =1 =1 e et R=TE=TR=T )=l =l f=] {=]{a]]
o] m] = =) mj o) =) o) ol = =)= 0] o] =) of
(=TT =T =1 =Y =T R=TE=TR=T =1 = f=] {=[{a]]
=TI =1 =1 =1 e =T E=TR=T =T =[] {=[{a]]
=TI T T =0 =1 = e =T E=TR=T =T [ =] {=[{a]]

Ok | Cancell

Setsthe differentcolorsof the legendsusedin the maps. The leftmostcolor representinghe
smallestvalueis alwaysthe onelabelledundefinedthe rightmostcolor representinghe largest
valueis alwaysthe onelabelledinfinite. Note that the chosencolorswill have effect in all

windows aswell asin the PostScript files.

m =~ m m B w R = O

-~ 4 o oo
L N R =]

5.4.9 Advanced

Ji Advanced Settings 2 Ji J_lj

Advanced Settings...

Main input path: |formelTa/dat/rt/dat/inputs, =
Main output path; Jormellasdat/rt/dat/output/ =
Path for temporary files | /home/ Forme] T2/ tmp/

WRML execution command:  [vrweh

WRML file format: Wﬁl

Editor execution command:  [quwim

Zoom factor [%]: |90, 00a0oa

Check environment: 1 write log file: =

Ok | cancel| Reset |

e Main input path:
Specifieghedirectoryfrom wheretheinputfiles,i.e., theernvironmenttheconfiguration,
thematerial,andthescriptsaretakenby default. Only anameof a directorythatexistsis
accepted.

e Main output path:
Specifieghe directoryto wherethe outputfiles, e.g.,the ray-pathsthe electromagnetic
data,etc. arewritten by default. Only a nameof a directorythatexistsis accepted.

e Path for temporary files:
Specifieghedirectoryto wherethetemporaryfiles arewritten. Only anameof adirectory
thatexistsis accepted.

e VRML executioncommand:

Specifiesthe commandline to be usedto startthe VRML viewer. The viewer visual-
izesthe ervironmentandthe ray-pathsin three-dimensionainode. (The optionis only
availablewith the VRML-packageof RadioTracer.)
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e VRML file format:

Selectdhe VRML formatto be standardrersionl.0 or standardrersion2.0. (The option
is only availablewith the VRML-packageof RadioTracer.)

e Editor executioncommand:

Specifieshecommandine to beusedo startthetext editorwhichwill beusedfor editing
text files (Section5.1.10).

Exampledor a possiblecommandine within a Unix ervironmentare

gvim
xterm -e Vi

e Zoom factor:

Specifieshe zoomfactorto be usedwhile zoomingin or outin the mainwindow. The
valuemustbein therange[1.0.. 100.0].

e Checkernvironment:

Specifieswhethera consisteng checkof the geometricdatain the ervironmentis to be
performedeachtime a new ervironmentis loaded. Oncea file hasbeenchecled, it is
cornvenientto switch-of the possiblytime-consumingcheckwheneer the samefile is
loadedagain.The checkervironmentflagis not storedinto the configuratiorfile.

If the checkfinds touchingbuildings, warning messagesre printed to the controlling

shellincludingthepointswherethebuildingstouch.If the checkfindscrossingsegments
(partially overlappingbuildings),awarningmessagéndicatingthefirst intersectiorpoint

encountereds printedto the controllingshell. The environmentwill notbeloadedif two

buildings partially overlapandthe checkis enabled.

e Write log file:

Setswhetheralog file shouldbewritten. Suchalog file containscertainerrorandwarning
messagethatarenot presentednteractvely to theuser Thefile nameis enteredhrough
thefile selectdialog(Section6.1). RadioTracer doesnot overwrite anexisting log file.

If thefile alreadyexists,the new outputis appendedNotethatthefirst andthelastentry
written to thelog file indicatewhenthelog file wasopenedor closedrespectrely.

5.4.10 Custom

Dependingpntheversionof RadioTracer, certainparametersanbesethere.Seethedescrip-
tion of the customizedrersion(Section3) for moredetails.

5.5 Select

Transmitter (s)

Receiver

by Index
Height (h}
Matarial (b
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5.5.1 Transmitter

(Shortcut key: s). Allowsto selectatransmitteiwith aleft mousebuttonclick. Automatically
the transmitterclosestto the locationwherethe mousebuttonclick takesplaceis chosen.The
currentlyselectedransmitterns highlighted. The defaultindex is 0. The default highlight color
is greenseeColorMenu(Sections.4.8)for possibleusersettings.Theoperationcanbeaborted
with aright mousebuttonclick.

5.5.2 Recever

Allowsto selectareceverwith aleft mousebuttonclick. Automatically therecever closesto

thelocationwherethe mousebuttonclick takesplaceis chosen.Thecurrentlyselectedecever

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 selectatransmittelandareceverwith adialogbox. Thecurrentlyselectedransmitter
andrecever areusedasinitial values.

= Select Tx and Rx B EE

Zelect Tx and Rx...

Transmitter index: 2 I

Receiver index: g |

Ok | cancel |

It dependson the numberof actualavailable transmitterrespectrely recever pointswhether
a scroll bar or a numberfield is usedfor the input. In the casethat currently no transmitter
or recever is specified,no selectioncanbe performed. The currentlyselectedransmitterand
recever arehighlighted. The default 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 subsequentedrav of the
window will eraseall annotations.

5.5.5 Material

(Shortcut key: b). Displaysthe materialpropertiesof a building block. The block is selected
with aleft mousebuttonclick. The operationcanbeabortedwith aright mousebuttonclick.

5.6 Run

The run menuis usedto performsimulationor optimizationruns. The computeddatacanbe
visualizedthroughtheview menu(Section5.2).
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Ray-Paths (4R}
Field (AE}
Power (#P)
Field -> Power
LOS M-Coverage (AL
DOP Coverage (400
DOP Optimization (40)
Fresnel Clearance (4F)
Script (4S)

Custom

Dependingonthecommanderformedcertaintemporaryfiles (Section8.15)aregenerate@nd
storedinto the temporarydirectory path, 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
theinteractiondialog (Section5.4.1). Previously, the environment,the transmitter(s)YSection
5.4.2),andthe recever(s) (Section5.4.3) mustbe specified. Drawing of ray-pathscanbe en-
abledvia the setpreferencegSection5.4.5) dialog (seethe Color Menu (Section5.4.8) for
possibleusersettingsof the colors).

Exampleof aray-pathdrawving:

IIE Radio-Tracer - mobile connect GmbH BEE

File  Wiew ‘window Set Select Run m‘ﬂmh Exit

419,539 133345

5.6.2 Field

(Shortcut key: Crtl-E). Computeghecomple field of all ray-pathgFermatpaths)according
to the settingsin the interactiondialog (Section5.4.1). Previously, the environment,the trans-
mitter(s)(Section5.4.2),andtherecever(s)(Section5.4.3)including their antenngarameters
mustbe specified.Drawing of ray-pathscanbe enabledvia the setpreference¢Section5.4.5)
dialog (seethe Color Menu (Section5.4.8)for possibleusersettingsof the colors).
Theoutputdataof thefield simulationrun canbevisualizeddirectly throughthe point-to-point
view menu(Section5.2.1)or the datais usedasinput datafor the Run Power (Section5.6.3)
command.
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5.6.3 Power

(Shortcut key: Crtl-P). Computegherecevedpoweratthereceverlocationsprovidedafield
simulationrun (Section5.6.2)hasbeenperformedpreviously. Thefollowing dialogbox allows
to changeherecever antenngarameter$or the power calculation.

| Calculate received power BEE

Calculate received power...

Receiver Antenna: T |Isotropic

Antenna Setup ... | ok | Cancel |

The type of antennacanbe chosenfrom the list andits parametersvith a subsequendialog
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). Computesmulti-line-of-sightcoveragemap,i.e, for eachreceverthe
numberof transmittervisible with directline-of-sightis computed A moredetaileddescription
is givenin Section7.9.. Previously, the environment,the transmitter(sSection5.4.2),andthe
recever(s) (Section5.4.3) must be specified. The recever must be of type areaor region,
respectely.

Drawing of ray-pathsanbeenabledsia thesetpreferencegSections.4.5)dialog(seethe Color
Menu (Section5.4.8)for possibleusersettingsof the colors). The LOS M-Coveragemapcan
bevisualizedwith theView LOS M-Coverageg(Section5.2.3)command.

5.6.5 DOP Coverage

(Shortcut key: Crtl-D). Computesa DOP (dilution-of-precision)coveragemap,i.e, for each
recever the DOP value correspondingo the direction vectorstowards the directly visible
transmitters—dependingn the method—iscomputed A moredetaileddescriptionis givenin
Section7.10..Previously, theernvironment thetransmitter(s{Section5.4.2),andtherecever(s)
(Section5.4.3)mustbe specified.Therecever mustbe of typeareaor region, respectiely.

Calculate DOP coverage

Calculate DOP coverage..

DOP type: GDOP [TROOP._TDOP |
DOP method:  [Min3D _AlI3D | Min20 | All2D |
DOP delta: _

Ok | cancel| Reset |

e DOP type:
Specifieghetype of DOPto becomputed:

— GDOP:geometricDOP;
— PDOP:positionalDOP;
— TDOP:time DOPR

e DOP method:
Specifieshemethodhow the directionalvectorsareto be selected:
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— Min 3: minimum value out of all possiblesetsof three-dimensionalectors,i.e.,
best3D DOP;

— All 3: valueusingall availablethree-dimensionalectors,.e., 3D DOP;

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

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

e DOP delta: Specifiesvhetherdelta-DOPor normalDOP shouldbe computed.If delta-
DOPis enabledsettingTDOP makesno sense.

Drawing of ray-pathcanbeenabledria thesetpreferencegSections.4.5)dialog(seethe Color
Menu (Section5.4.8)for possibleusersettingsof the colors). The DOP Coveragemapcanbe
visualizedwith the View DOP Coverage(Section5.2.3)command.

5.6.6 DOP Optimization

(Shortcut key: Crtl-O). Computesan optimized DOP (dilution-of-precision)coveragemap
optimizingthelocationsof thetransmitterghatareof typearea.A moredetaileddescriptions

givenin Section7.10. Previously, the environment(Section5.1.2),the transmitter(s)YSection
5.4.2),andtherecever(s)(Section5.4.3)mustbe specified. Therecever mustbe of type area
or region, respectrely. At leastonetransmittermustbe of typearea.

= Optimize DOP coverage ] Ji J_lj

Optimize DOP coverage...

DOP type: GDOP [FDOF _TDOPF |
DOP method: [MinZ0 _AlSD | Min20 | _ali2D |
Randomize: | optimize: Min ||W

weight: |0.500000,
Penalty: |500. 000000
Value for ne-DOP: |50. 000000

Tolerance: |0.010000

Smooth cost function:  _|  DOP optimization: |Ne|der Msd |

DOP delta: _

Max, Iterations: 100

Max. Evaluations: |1000

Ok | cancel| Reset |

e DOP type:
Specifieghetype of DOPto becomputed:

— GDOP:geometricDOP;
— PDOP:positionalDOP;
— TDOP:time DOP.

e DOP method:
Specifiegshemethodhow thedirectionalvectorsareto be selected:
— Min 3: minimum value out of all possiblesetsof three-dimensionavectors,i.e.,
best3D DOP;
— All 3: valueusingall availablethree-dimensionalectors,.e., 3D DOP;

— Min 2: minimumvalueout of all possiblesetsof two-dimensionalectorsi.e., best
2D DOP (not consideringheight);
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— All 2: valueusingall availabletwo-dimensionalectors,.e., 2D DOP (not consid-
eringheight).
e Randomize:
Specifiesvhethertheoptimizationis startedwith randomtransmittetocations.If theflag
IS not set,two consecutre optimizationrunsperformedwith thesamanitial valuesof the
environment,therecevers,andthetransmitterwill yield the samefinal result.
e Optimize:
Specifiesvhetherthe minimum DOP valueor the maximumDOP valueshouldbe mini-
mized.
e Weight:
Specifiegheweightw usedin thecostfunctionin the optimizationprocedureThevalue
mustbein therange[0.0 .. 1.0].
e Penalty:
Specifieghepenaltyp usedin the costfunctionin the optimizationprocedureThevalue
mustbe positive.
e Valuefor no-DOP:
Specifieshe valueto be usedfor recever locationswhereno DOP valuecanbe calcu-
lated. If the valueis negative, for thesepointsthe maximumDOP valueof all recever
locationis used.
e Tolerance:
Specifiesthe toleranceusedto determinewhetherthe optimizationprocedurenasbeen
terminated.Thevaluemustbe positive.
e Smoothcostfunction:
Specifieswhetherthe costfunctionis smoothedapplyinga logarithm. A smoothercost
functionmightresultin a bettercornvergenceof the optimizationprocedure.
e DOP optimization:
Selectghe optimizationmethod:NelderMeador MSD.

e DOP delta:
Specifiesvhetherdelta-DOPor normal DOP shouldbe computed.If delta-DOPis en-
abled,settingTDOP makesno sense.

e Max. Iterations:
Specifieshow mary iterationsareto be performedat most.

e Max. Evaluations:

Specifieshow mary evaluationsof the costfunction(i.e., computation®f DOP coverage
maps)areto be performedat most.

Drawing of ray-pathscan be enabledvia the set preferencegSection5.4.5) dialog (seethe
Color Menu (Section5.4.8)for possibleusersettingsof the colors). The resultingoptimized
DOP coveragemapcanbevisualizedwith the View DOP Coverage(Section5.2.3)command.
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5.6.7 FresnelClearance

(Shortcut key: F). Computes Fresnetlearanceoveragemap,i.e, for eachrecevertheclear
ancepercentag®f the n-th Fresnel-zon¢éowardsthe directly visible transmitterds computed.
A moredetaileddescriptions givenin Section7.11..Previously, theervironmentthetransmit-
ter(s)(Section5.4.2),andtherecever(s) (Section5.4.3) mustbe specified. The recever must
beof typearea.

= Generate Fresnel Clearance B EE

Generate Fresnel Clearance...

Fresnel Zone: 1

Ok | cancel |

e Zone:

Specifiegshe numberof the Fresnel-zonéor which the coverageshouldbe calculated.

5.6.8 Script

(Shortcut key: Crtl-S). Runsa scriptfile. First, thefile is checled syntactically Incorrect
scriptfiles arerejected.Seethe scriptfile format(Section8.10)for a formal descriptionof the
scriptfile content.If a commandn the scriptfile fails (e.g.,a configurationfile could not be
loaded),processingf the scriptis terminated.Note that commandseing executedearlierto
thefailing onewill have effect.

Thefile nameis enteredhroughthefile selectdialog (Section6.1). The selectedile nameis
maintainedandwill be presentedn a subsequergcriptcommandasinitial dialogvalue.

5.6.9 Custom

Dependingon the versionof RadioTracer, certainsimulationrunscanbe executed.Seethe
descriptionof the customizedrersion(Section3).

5.7 RadioTracer

DisplaysCopyright Information (Section11) andLicenseAgreementSection11.1)in a new
window.

5.8 Exit

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

The commondialogboxesarepresentedo the userin variousoccasionsBesidessmallvaria-
tions,they alwaysappeamuchthe sameto theonesdescribedn this sectionwhich arethefile
selectdialog (Section6.1), the plot setupdialog (Section6.2), andthe PostScriptsetupdialog
(Section6.3).

6.1 File SelectDialog

To seleciafile—eitherfor readingor for writing—Radio Tracer usesg.g.,thefollowing dialog
box (underWindows aswell aninputline to selectthedrive):

= Load Configuration B EE

Load Configuration...

Directory: | fdat/Sinput i

Configuration:  © |vigo.cnf

Up | Lead | Cancel|

Clicking on the smalltrianglebesidethedrive, directory or file entryvisualizesalist (possibly
with ascrollbarontheright side)from whichanentrymaybeselectedThebutton[up] ascends
thedirectoryentryonelevel. If the entry containsarelative pathname,the nameis corverted
into anabsolutgpathname.

Thedrivelist containsall availableonecharactedriveidentifier;thedrive A: is alwayspresent.
A drive mustbe specifiedwith theterminatingcolon.

The directorylist containsall directoriesdown the pathto the displayeddirectoryandall di-
rectorieswithin the displayeddirectory Thefile list alwayscontainsall files in the displayed
directorymatchingtherequiredfile type.

However, anarbitrarydirectorynameor file namemaybeenteredn the editablelines. Radio-
Tracer acceptnly file namedbuilt with thefollowing characteset: alphanumericcharacters
0.9 ,a.z ,A.Z ,theeightcharacter$ % @. # _ / \ andtheblank.

Note, thata directorynamemustbe terminatedby the delimiter / (slash)in Unix or \ (back-
slash)in Windows, in which casethefile list will be updated.If the entereddirectoryis not
available,thefile list will beempty

After closingthe dialog, the selectedile nameis the concatenatiomf the directoryentry and
thefile entrywith oneexception:if thefile nameis enteredasan absolutename,i.e., starting
with a slashor backslastor with a drive specificationunderWindows, the directorynameis
notprepended.

Usually, thefile namewhich wasselectedastremainsmemorizedor the next selection.Leav-
ing theadvancedsettinggSections.4.9)dialogwith [ok] will changeautomaticallyall directory
anddrive entriesfor subsequeriile selections.

6.2 Plot SetupDialog

Theplot setupdialogis usedto configurea specificplot:
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= Plot Setup | =
Plat Setup...
Title: |# Azimuthl: Tw =0, Rx = L -
®—label: [Tdea]
Y—label: | [dEm]
W—Max |-50. 000000
Y¥—Min: |—-250. 000000
H=Ticks: 7 [
Y=Ticks: [ I
Ok | cancel |
e Title:

An arbitrarytitle for the specificplot canbe entered.The default title nameghe type of
the plot andtheindicesof thetransmitterandthe recever, wheneer appropriate.

e X-Label:

e Y-Label:

An arbitrarylabelfor the z- andy-axisfor the specificplot canbe entered.The default
labelsindicatethe unitson the axisfor the plot.

e Y-Max:

e Y-Min:

Therangefor the y-valuesof the specificplot canbe entered.The default rangeis com-
putedautomaticallysuchthat all datapointscanbe representedif zeroappearswithin
therange|t is markedthrougha horizontaldashedine in the plot.

e X-Ticks:

e Y-Ticks:

Thenumberof ticks to beusedontheaxisfor thespecificplot canbeentered Thedefault
ticks aresetto 6.

6.3 PostScript SetupDialog

ThePostScript setupdialogis usedto configurea specificplot to beoutputasa PostScript file
or to setthe default valuesfor all plots:

= Print Setup |E =
Print Zetup...

width [crm]: |15. 000000,

Height [cm]: |9. 300000

Bounding Box: [T

Mode: [ Coler _ Gray=Scale |

Ok | cancel |
e Width [cm]:

Specifieghewidth in [cm] for theplot on paper Thewidth mustbe positive.

e Height [cm]:
Specifiegheheightin [cm] for the plot on paper The heightmustbe positive.
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e Font scaling:
Specifiesa scalingfactorfor the fonts usedin the PostScript file. The factormustbe
largerthan0.0.

e Bounding Box:
Specifiesvhethera boundingbox shouldbe dravn aroundthe plot on paper

e Mode:
Specifiesvhetherthe outputshouldbein color or gray-scalenode.
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7 Output Data Visualization

RadioTracer visualizesvarioussetsof outputdatain differentsubwindavs, either asone-
dimensionaplots or astwo-dimensionamaps.The outputformatcanbe modifiedto a certain
extent throughan updatedialog box which is accessiblevia a menubutton (seesubwindav

handlingin Section4.11).

Thecoordinatesystemusedfor thetwo-dimensionamapswithin thesubwindavsis alwaysthe

sameascurrentlyvisible in themainwindow, i.e.,arny redrav operationof asubwindav adjusts
thevisible areaof the subwindav to theareacurrentlyvisible in the mainwindow.

Usually, while moving themousecursoroverthedata,the correspondingalueunderthecursor
is printedat somelocationin the subwindav.

7.1 Power Delay Profile

The power delayprofile plot shavs the arrival timesin [ns] of the differentray-pathsversusts
receved powerin [dBm] betweerthe selectedransmitterandthe selectedecever. Thetimes
aregivenrelative to the arrival time of the line-of-sight,i.e., if theline-of-sightpathexists, its
arrival timeis 0.0. Exampleof a power delayprofile plot:

IFT— Fowerdemymome [ [ [T
|

[dBm] Power Delay Profile: Tx=0,Rx =0
0

+4.3e+03 [n

-1.3e+0z [d
-50 !

-100
-150 |

—-z00

—-Z50 [ns]

0 zono 4000 6000 goao 10000

More informationandthe possibility to updateor export the plot canbe accessedhroughthe
[Update] menuentry of thewindow, which presentsfor instanceadialoglik e:

| Fower Delay Profile Information BEE

Power Delay Profile Information...

Index of Tx..: 0

Index of Rx..: 0

Maximum Yalue: —51.9255 [dBm]
Minimum Yalue: —240 [dBm]
Ray—Paths....: 217

Postscript File: [, . /dat/output/rt.ps

Plot Setup .. | Print Setup .. | Print |
ok | Cancel |

Seetheplot setupdialog(Section6.2) for ageneradescriptionof the settingsavailablethrough
the[Plot Setup] button. Seethe PostScripsetup(Section6.3) for a generaldescriptionof the
settingsavailablethroughthe[PostScript Setup] button.

7.2 Directionof Arri val

The direction-of-arrval plot shows the arrival anglesof the differentray-pathsincluding their
contributionsto therecevedpowerin [dBm] betweerthe selectedransmitterandthe selected
recever. Thedirection-of-arrval plot canbe presenteaitherin theazimuthor in the elevation
planefor eithertherecever or thetransmittedocation.If theline-of-sightpathexists, its arrival
components highlighted.
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Exampleof adirection-of-arrval plot in azimuthplane:

Direction of Arrival

Exampleof adirection-of-arrval plotin elevationplane:
|

Direction of Arrival (Rx E&]euation): Tx=0,Rx=0

150

150

More informationandthe possibility to updateor export the plot canbe accessethroughthe
[Update] menuentry of thewindow, which presentsfor instancea dialoglike:

= Direction of Arrival Information (Rx Azimuth) B EE

Direction of Arrival Information (Rx Azimuth]..

Index of Tx..: 0
Index of Rx..: 0
Maximum Walue: —51.2482 [dEm]
Minimum Yalue: —170.646 [dEm]

Ray—Paths....: 20
Postscript File: [, . /dat/output/rt.ps
Plot Setup .. | Print Setup .. | Print |
ok | Cancel |

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

7.3 Power Variation

The power variationplot shavs the receved power in [dBm] asthe comple< sum,i.e., taking
the phaseshift into account,of the contrilbutions of the differentray-pathsalongthe recever
trajectoryfor the selectedransmitter Exampleof a power variationplot:
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|

. [cBrm] Power Variation

-44

-58

=72

—ahb

-1 g 7 14 21 23 a5 M

More informationandthe possibility to updateor export the plot canbe accessethroughthe
[Update] menuentry of thewindow, which presentsfor instanceadialoglik e:

Timeseries Information...

TYPE..veueenn...: Power Variation

Index of Tx

Maximum Yalue...:
Minimum Yalue...:
Receiver Samples:

—33.3225 [dBm]
—85.3969 [dBm]
204

Postscript File:

Jdat/output/rt.ps

Plot Setup .. | Print Setup .. |

Print

ok | Cancel |

For arecever of type areaor region, the power variationcanbe visualizedasa coveragemap
(Section7.7).

7.4 Power Sum Variation

The power sumvariation plot shaws the receved power in [dBm] asthe sum,i.e., not taking
the phaseshift into account,of the contribtutions of the differentray-pathsalongthe recever
trajectoryfor the selectedransmitter Exampleof a power sumvariationplot:

|
[dBm] Power Sum Variation

_an o .

-52

-4

-76

-88

-1 7 14 21 28 55 M

More informationandthe possibility to updateor export the plot canbe accessedhroughthe
[Update] menuentry of thewindow, which presentsfor instanceadialoglik e:

| Timeseres Information BEE

Timeseries Information...

TYPE...euvenn...: Power Sum Variation
Index of Ts.....: 0

Maximum Yalue...:
Minimum Yalue...:
Receiver Samples:

—40.2132 [dBm]
—71.4686 [dBm]
204

Postscript File: |,

Lfdatfoutput/rt.ps
Plot Setup .. | Print Setup .. |

Print

Ok

| Cancel |
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7.5 FastVariation

Thefastvariationplot shavsthedifferencan [dBm] betweerthepowervariationandthepower
sumvariationof thedifferentray-pathsalongtherecevertrajectoryfor theselectedransmitter
Exampleof afastvariationplot:

FWFF

[dBm] Fast Variation

0 7 14 Z21 Z8 35

More informationandthe possibility to updateor export the plot canbe accessedhroughthe
[Update] menuentry of thewindow, which presentsfor instanceadialoglik e:

= Timeseties Informati B EE

Timeseries Information...

TYRE. e eeenennns : Fast Variation
Index of Ts.....: 0

Mazimum Yalue...: 5.0361 [dBm]
Minimum Yalue...: —25.8198 [dEm]
Receiver Samples: 204

Postscript File: [, . /dat/output/rt.ps

Plot Setup .. | Print Setup .. | Print |
ok | Cancel |

7.6 PhaseVariation

The phasevariationplot shovs the phaseof therecevedfield in [rad] of the differentray-paths
alongtherecever trajectoryfor the selectedransmitter Exampleof a phasevariationplot:

[F——  Tmeseies [ [ [
|
[rad] Phase “ariation
35 1
Z2.1
0.7
o oA W AT
-2.1
385 7 14 21 28 55 M

More informationandthe possibility to updateor export the plot canbe accessedhroughthe
[Update] menuentry of thewindow, which presentsfor instancea dialoglike:
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| Timeseres Information BEE

Timeseries Information...

TYpPE...euvvnn...: Phase Variation
Index of Ts.....: 0

Mazimum Yalue...: 3.1285 [dBm]
Minimum Yalue...: —3.04082 [dEm]

Receiver Samples: 204

Plot Setup .. | Print Setup ..

Postscript File: [, . /dat/output/rt.ps

Print

ok | Cancel

7.7 Power Coverage

November8, 2002
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The power coveragemapshaws the receved power in [dBm] asthe complex sum,i.e., taking
the phaseshift into accountof thedifferentray-pathdor all receverswithin the areaor region

andfor the selectedransmitter Exampleof a power coveragemap(withoutthresholds):

| Coverage: ..fdatfoutputfweb_covD2Z.vol BEE

]
-240 -210 -180 -150

-120

Power Coverage Map

—-80

—-&0

I
-30

More informationandthe possibility to updateor export the mapcanbe accessethroughthe

[Update] menuentry of thewindow, which presentsfor instanceadialoglik e:

| Coverage Information BEE

Coverage Information...

TYpE.........: Power Variation
Index of Tx..: 0

Minimum Yalue: —240

Maximum Yalue: —35.835

Lower Left...: (71.07, BE7.03)

Upper Right..: (746.04, 1330.600

Grid Size....: 100 x 100

Threshold Low: |80, nooonoo.

Thresheld High:  [-50. 000000

Use Thrasholds: | Show Legend: |
Legend step: 2 [

PostScript File: )../dat/output/web_covi2. ps

Title: |Power Coverage Map
PostScript Setup | Postscript |

ok | Cancel |

Thethresholdvaluesprovide a meanto color the mapwith only four colors,wherethe actual
color dependsvhethera certainrecever point reachest mostthethresholdaspower value.
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For arecever of typetrajectory the power canbevisualizedasa power variation(Section7.3).

7.8 Power Sum Coverage

The power sumcoveragemap shows the receved power in [dBm] assum,i.e., nottakingthe
phaseshift into account,of the contributionsof the differentray-pathsfor all receverswithin
the areaor region and for the selectediransmitter Exampleof a power sum coveragemap
(without thresholds):

| Coverage: ..fdatfoutputfweb_covD2Z.vol BEE

Power Sum Coverage hap —-80.2 [dBm]

-240 -210 -180 -150 -120 —-80 —-&0 —-30

More informationandthe possibility to updateor export the mapcanbe accessethroughthe
[Update] menuentry of thewindow, which presentsfor instancea dialoglike:

| Coverage Information BEE

Coverage Information...

TYpE.........: Power Sum Variation
Index of Tx..: 2

Minimum Yalue:
Maximum Yalue:
Lower Left...:
Upper Right..:
Grid Size....:

Threshold Low:
Threshold High:
Use Thresholds:
Legend step:

Postscript File:

—240

—33.6402

(—.18, 290.78)
(14E2.06, 1494.78)
40 = 40

|-80. 000000,

|-50. 000000
_| Show Legend:

-
2 —

|../dat/output/rt.ps

Title: |Power Sum Coverage Map

ok |

Print Setup ... | Print | Cancel |

Thethresholdvaluesprovide a meanto color the mapwith only four colors,wherethe actual
color dependsvhethera certainrecever pointreacheat mostthethresholdaspower value.
For a recever of type trajectory the power sum can be visualizedas a power sum variation
(Section7.4).
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7.9 LOS M-Coverage

TheLOS M-coveraggline-of-sightmulti-coverage)mapshaws for all receverswithin thearea
or region to how mary transmitterghe line-of-sightis not obstructed.Exampleof a LOS M-
coveragemap (without thresholds)wherethe recevershave beenlocatedwith relative height,
i.e.,they areplacedabove the building blocks:

Multi- LOS Coverage: ..fdatfoutputirt.mcy

More informationandthe possibility to updateor export the mapcanbe accessethroughthe
[Update] menuentry of thewindow, which presentsfor instancea dialoglike:

IIE LOS M- Coverage Information BEE

LO3 M-Coverage Information...
Humber of Tx.: 7
Minimum Yalue: 0
Maximum Yalue: &
Lower Left...: (11.78, 340.95)
Upper Right..: {1441.53, 1483.38)
Grid Size....: 100 x 100
Threshold Low: 4 I
Threshold High: 7 =~
Use Thresholds: _| Show Legend: |
PostScript File: |../dat/output/rt.ps,
Title: |LOS WM-Coverage
PostScript Setup | Postscript |
ok | Cancel |

Thethresholdvaluesprovide a meanto color the mapwith only four colors,wherethe actual
color dependsvhethera certainrecever point seesat leastthatmary transmitters.

7.10 DOP Coverage

The DOP (dilution-of-precision)coveragemapshows the dimensionles®OP valuefor all re-
ceiverswithin theareaor region. Exampleof a DOP coveragemap(without thresholds):
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= DOP Coverage: ..fdatfoutputirt.dop B EE

POOP ALL 3 0.81

[
o1 2z 5 4 5 &6 7 8 89 10 11 12 13 14

More informationandthe possibility to updateor export the mapcanbe accessethroughthe
[Update] menuentry of thewindow, which presentsfor instancea dialoglike:

IIE DOP- Coverage Information BEE

DOP-Coverage Information...

TYPE. . ervennn..d PDOP (ATT 30
Humber of Tx...: 8

Min.. / Max....: 0.803507 / 4767.5
Avge, [ Dev....: 3.23254 / 54,3294
ho DOP points..: 761

Lower Left.....: (—199.77, —208.80)
Upper Right....: (774.94, B15.32)
Grid Size......: 100 » 100 = 10000

Thresheld Low: |2, 000000,

Thresheld High:  [6. 000000

Use Thrasholds: | Show legend: |
PostScript File:  |../dat/output/rt.ps
Title: |PDOP ALL 2
PostScript Setup | Postscript |
ok | Cancel |

Thethresholdvaluesprovide a meanto color the mapwith only four colors,wherethe actual
color dependsvhethera certainrecever pointreachest mostthethresholdasDOP value.

7.11 FresnelClearanceCoverage

The Fresnel-coeragemapshaows for all receverswithin the areathe clearancepercentagef
then-th Fresnel-zone.

Exampleof a Fresnel-caeeragemap (with thresholds)wherethe recevers have beenlocated
with relative heightof 1 meteri.e., they areplacedabove the building blocks:
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Fresnel Clearance: ..fdatfoutputfrt.frs

0 0.6 0.8

Thetransmittingfrequeng wassetto 20 GHz. More informationandthe possibilityto update
or export the map can be accessedhroughthe [Update] menuentry of the window, which
presentsfor instanceadialoglike:

= Fresnel Clearance Coverage Informati B EE

Fresnel Clearance Coverage Information...

Minimum Yalue: 0
Maximum Yalue: 0

Lower Left...: (11.78, 340.95)
Upper Right..: {1441.53, 1483.38)
Grid Size....: 500 x 500

o] -

Thresheld Low: |0, 600000
Thresheld High:  [0.800000
Use Threshelds: |7 Show Legend: |

PostScript File: |../dat/output/rt.ps
Title: |Fresnel Coverage
PostScript Setup | Postscript |
ok | Cancel |

Thethresholdvaluesprovide a meanto color the mapwith only four colors,wherethe actual
colordependsvhethera certainrecever pointhasatleastthatclearanceercentage.



RadioTracer Manual,Versionl.7 November8, 2002 57

8 RadioTracer Files

RadioTracer readsandwritesthefollowing proprietaryfile formats:

extension| description format (Section)
.cnf configuration ASCII 8.2
.dat ervironment binaryandASCII 8.3
.dop DOPmap binaryandASCII 8.4
.em field binaryandASCII 8.5
frs fresnel binaryandASCII 8.7
.mcv LOS M-map binaryandASCII 8.6
.mtr materials ASCII 8.8
pth ray-paths binaryandASCII 8.9
.rrl VRML ray paths ASCII 8.12
Its script ASCII 8.10
.vol voltage binaryandASCII 8.11
wrl VRML ervironment| ASCII 8.12

8.1 GeneralRemarksto the Format Description

Thegeneraktructureof aRadioTracer outputfile is:

ASCII-header therest

wherethe headedefinesvhethertherestwill bein ASCII or in binary.
Throughoutbhis section the following metasymbolsareusedfor the formal descriptionof the
formats(modifiedBackus-NawNotation):

—~—

VI—I

$ 3%
$type
n

commentdollow

groupof symbols

optionalgroupof symbols

exclusve OR

ary orderallowedwithin group
non-terminakymbol
terminalsymbol(token),where
<lower case> meangequired
<UPPER CASE>meansptional

<{> <}> meanwptional

(but mustbe usedin pairscorrectly!)
caseinsensitve within file

input definedterminalsymbol

(but mustbe doublequotedin file too!)
casesensitve within file
numberrepresentation

x$ | meansvaluemustbeequalto x
width in bits for numbermrepresentatior

Theacceptedielimitersto separateéokensin ASCII files are:

blank
takulator

line feed

carriagereturn

ASCII charactecode32 (0x20hexadecimal)
ASCII charactecode9 (0x09hexadecimal)
ASCII charactecodel3 (0xOD hexadecimal)
ASCII charactecodell (0OxOA hexadecimal)
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Exceptfor userdefinedtokens(suchtokensaredoublequoted) the readingof thetokensin an
ASCII file is caseinsensitive A userdefinedtoken cannotcontaina doublequote("). The
maximallengthof a tokenincluding userdefinedonesis 128 charactersThe maximallength
of aline in anASCII file is 512 characterencludingthe carriagereturnand/orline feed.
Commentsn RadioTracer files areline oriented. They areallowedonly in ASCII files, they
startwith thecommentsymbol,andthey continuefor therestof theline. Thedefaultcomment
symbolis *. Thecommentymbolcanbe changedtthevery beginningof thefile, i.e., before
theusualheaderwith comment <symbol> . Forinstanceijf aRadioTracer file beginswith
comment #, commentsstartwith thesymbol#.

Thefollowing short-cutnotationis usedfor iteration:

lisy = [item] | [list]

8.2 Format of Configuration Files

Only ASCII configurationfiles aresupportedThe default extensionfor the nameof a configu-
rationfile is .cnf

Theorderof thedifferententriesdoesnot matter If someentryoccursmorethanonce,thelast
entryfoundin thefile is takenasthefinal value.All key wordscanbeabbreiatedwith a prefix.
If the prefix is not unique,the key word thatwould occurfirst in a dictionaryis taken. Seethe
RadioTracer key words(Section8.14)for acomplete(ordered)ist.

Exampleof a configuratiorfile:

* (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 ".linput/rt_st artu p.c nf"
file name dop "../output/rt. dop"

file  name field "..Joutput/rt. em'

file name material ".Jinput/data.m tr "

file name mcv "../output/rt. mov"

file  name path "../output/rt.p th "

file  name voltage "../output/rt. vol "

fle  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 O
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 1532

color legend number 14 15 14 13 16 6 10 8 11 12 4 9
75 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

59
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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
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
frequency  9.000000e+02 end

end

vertical

vertical
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8.3 Format of Environment Data Files

Thedefault extensionfor the nameof anernvironmentfile 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:specifyingthe numberof entitiesin thefile is only informative. The
entitiesarereaduntil the end-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 theindoorernvironmentis automaticalljtakenasthelargestheightof 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] { ( <nodift> | <diff> $float$:32 ) } { <stealth> }

The[corner list]  musthave asmary itemsasthe valueof <NUMBER:#ndicates.Marking
a cornerwith <nodiff> meansthat the corneris not consideredor diffraction, markingit
with <diff> anda heightvaluemeanghata diffractionpointsmustlie atleastatthatheight.
Marking a cornerwith <stealth> meanghatthe wall from this cornerto the next cornerin
thelist is notconsideredor reflections.

[ground] =
<ground> <{> ( [height field] | [mesh] ) [material index]
<}>

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

<NUMBER>$int$:16  [index list]

The numberof itemsin the [index listf  mustbe equalto threetimes the value of the
<TRIANGLE> <NUMBER>AnN index mustnot exceedthe numberof 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 musthave asmary itemsasthe valueof <NUMBER#dicates.
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8.4 Format of DOP CoverageFiles

Thedefault extensionfor thenameof a DOPfile 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]

Theenvironmentvaluerepresentshechecksumof theenvironmentfile for whichthe DOPfile
hasbeencomputed.Theremustbe numberof recever points(sizeof thegrid) timesnumberof
transmittersnary DOP valuespresent.

[dop method] =

( <al> | <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 valueindicatesthat no dop value could be computedfor the corresponding
recever location. The four integer numbersindicatethe indicestowardsthe four respectiely
threetransmittersvhich producethe minimal DOPvalueprovidedthe[dop method] ismin.

8.5 Format of Field Files

Thedefault extensionfor the nameof afield file is .em.
[field  file] =

[header] { [rest field] } <end>

Thetypeof thefile mustbefield
[rest  field] =

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

Theernvironmentvaluerepresentthe checksumof the environmentfile 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 <}>

Theindicescorrespondo thelist of receversandtransmitters.The comple field is givenfor
the receving point accordingto the coordinatesystemof the lastincomingray whoseangles
thetaandphi aregivenasthefirst pair of valuesafterthedelay Thesecondairgivestheangles
of thefirst ray existing the transmitterantenna.Multiplying the delaywith the speedof light
computeghelengthof theray path.

8.6 Format of LOS Multi-Co verageFiles

The default extensionfor the nameof a multi-coveragsfile is .mcv .

[mecv file] =
[header] [rest mcv] <end>

Thetypeof thefile mustbemcv.

[rest mcv] =
{ <environment>  $int$:32  } [transmitter geo list]
<RECEIVER> [receiver grid] [mcv  values]

The ernvironmentvalue representshe checksum of the ervironmentfile for which the LOS
multi-coveragefile hasbeencomputed. Theremustbe numberof recever points (size of the
grid) timesnumberof transmittersmary mcv valuespresent.

[mcv values] =

[mcv value] | [mcv values]
[mev value] =
$int$:16
A valuedifferentfrom zeromeanghatcorrespondind.OS exits.

8.7 Format of Fresnel-CwerageFiles
The default extensionfor the nameof a Fresnel-cueragdfile is .frs
[fresnel file] =

[header] [rest  fresnel] <end>

Thetypeof thefile mustbefresnel
[rest  fresnel] =

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

The environmentvaluerepresentshe checksumof the environmentfile for which the fresnel
file hasbeencomputed.

[fresnel values] =
[fresnel value] | [fresnel values]
[fresnel value] =

<TRANSMITTER><INDEX> $int$:32 <RECEIVER> <INDEX> 3$int$:32
<FRESNEL> $float$:32

Thefresnelvalueindicateshe percentagef clearancef thefresnelzonebetweertherecever
andtransmitterpoint.
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8.8 Format of Material Files

Only ASCII materialfiles are supported.The default extensionfor the nameof a materialfile
is.mtr . Threemaintypesof materialsaresupportedconductorsdielectrics,andscatterer
[material file] =

[header] { [rest material] } <end>

Thetype of thefile mustbe material . An emptymaterialfile, i.e.,no[rest  material]

is contained,s allowed and canbe usedto resetall materialsto the default material (perfect
conductor).

[rest  material] =

[materials]
[materials] =

[material] | [materials]

[material]
[conductor] | [dielectric] | [scatterer]

[conductor] =
<conductor> | <conductor> "material name"

Indicatesa perfectconductor

[dielectric] =
( <dielectric> | <dielectric> "material name" ) <{>
<EPSILON> $float$:64 <COND> $float$:64 <RMS> $float$:64 <}>

Thevaluefor <EPSILON> is therelative dielectricity, the valuefor <COND=is the conductvity
in [S], andthevaluefor <RMS>theroot meansquareroughnessn [m].
[scatterer] =

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

Thevaluefor <RCS>is theradarcrosssection.

The "material name" may be any namenot containingnewlines nor the charactet' , how-
ever, blanksandtakulatorsareallowed. Implicitly, thematerialdn thefile getindexedaccording
to theorderthey appeaiin thefile.

Exampleof a materialfile:

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

The default extensionfor the nameof aray-pathfile is .pth
[ray path file] =

[header] { [rest ray path] } <end>

Thetypeof thefile mustbepath .
Thedetaileddecriptionof aray-pathfile is not available.



RadioTracer Manual,Versionl.7 November8, 2002 66

8.10 Format of Script Files

Only ASCII scriptfiles aresupportedNotethatscriptfiles cancontaincommandgo run other
scriptfiles. Themaximumnestinglevel is 10.
[script file] =

[header] { [rest  script] } <end>

Thetypeof thefile mustbe script
[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 a scriptfile:

radiotracer version 2 script  ascii

load environment "../dat/input/v igo .dat"

load config "../dat/input/ vi go.c nf"

run dop

run system "cp ../dat/output/r t. dop /home/someone/ dop_fil es/nic e. dop"
end

8.11 Format of VoltageFiles
The default extensionfor the nameof a voltagefile is .vol
[voltage file] =

[header] [rest  voltage] <end>

Thetypeof thefile mustbevoltage
[rest  voltage] =

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

The ervironmentvaluerepresentshe checksumof the environmentfile for which the voltage
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

The VRML-files generatedy RadioTracer areeitherwrittenin VRML 1.00r in VRML 2.0
standardlependingnthesettingsan theadvancedsettinggSection5.4.9). Thefilesareplaced
into thetemporarydirectory(Section8.15)to be accessethy anexternal VRML-visualization
program(Section5.4.9).

8.13 Common Non-Terminal Symbols

The following commonnon-terminalsymbolsappearin more than onefile describedn the
previous sections.They areclassifiedin differentsub-sectionandwithin the sub-sectiorthey
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 arecever antenna¢he power mustnot be specified.
[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 Recever

[receiver] =
<receiver> ( [receiver grid] | [receiver list] | [receiver
region] | [receiver simple] | [receiver trajectory] ) {
[antenna] } <end>

If noantennas presentanisotropicdefaultantennas 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]

Theremustbeasmary list entriesgivenasindicatedby the valueof <NUMBER>
[receiver list items] =

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

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

The<grid> tokenafter<region> isoptional. Theremustbeasmary pointsgivenasindicated
by thevalueof <NUMBER>
[receiver simple] =

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

[receiver trajectory]

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

Theremustbeasmary 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]

Theremustbeasmary list entriesgivenasindicatedby the valueof <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 presentanisotropicdefault antennas used.
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8.13.4 Miscellaneous

[comment symbol] =

any printable character, besides: 09 az AZ $ .

p o
[data format] =
<ascii> | <bin>
[ground  height] =
<ground> $float$:32
[header] =

{ <comment> [comment symbol] } <radiotracer>
$int$  [type] <newline>

[height] =
<HEIGHT> $float$:32
[index] =
<INDEX> $int$:16
[normal  index] =
<NORMAL>[index]
[on-off] =
( <on> | <off> ) | $int$:32

A valuedifferentfrom O meanson.
[point] =

<POINT> $float$:32 $float$:32
[point  index] =
<POINT> [index]
[points] =
[point] | [points]
[radius] =
<RADIUS> $float$:32
[type] =

( <config> | <dop> | <field> | <fresnel> |

<mcv> | <normal> | <path> | <point> | <scene>

<voltage> )
[values] =

$float$:32 | [values]

<version>

<material>
| <script>

_+{

69
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8.14 KeyWords

RadioTracer doesnotdistinguishbetweendower anduppercasdetterswithin key words.

absol ut e 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

| eaf segnent s legend length |hcp list load los

mat eri al maximum maxinteractions maxreflections maxvdiffraction S mcv
measured mesh method minimum mobile mode mono monocir monopole msd
nanme neldermead node nodiffraction nodop none normal normals2d

normals3d number
of f on optimize  out

pat h pdop penalty phi point polarisation polygon  position postscript
power precision

guadtr ee

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 generatesluring executioncertaintemporaryfiles. Suchfiles are placedeither
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 are overwrittenin subsequengéxecutions
wheneerthe appropriatecommands run.

Notethattemporaryfiles might be quitelarge.
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9 Hardware and Software Requirements

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

e atleast8 MBytes of free memoryfor simple examples;dependingon your simulation
needscertainlymorememoryis needed

e approximately25 MBytes of free disk spacefor installation,documentationandsimple
examplesdependingn your simulationneedscertailymoredisk spaces needed.

Thesoftwareandhardwarerequirementsre:

e Linux-operatingsystem

— Linux kernel2.2.xor higher
— X-windows environmentwith window manager
— Intel processob86or higher
— at least16 color graphicswith resolutionof 800x600;however, 256 colorsanda
resolutionof 1024x768s recommended
e Solaris-operatingsystem

e Windows-operatingsystems

— Windows95, Windows98, WindowsNT, Windows2000
— Intel pentiumprocessor

— at least16 color graphicswith resolutionof 800x600;however, 256 colorsanda
resolutionof 1024x768s recommended
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10

Bugsand Features

Thefollowing behaior of RadioTracer maybeconsideredpeculiar” (certainly theon-going
developmentwill remove someof the short-comings):

1.
2.

10.

11.

Thenon-interactte modeneedsarunningX-Environment.

If memoryis exhaustedRadioTracer exits with anerrormessage.

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

attemptresultsin anerrormessage.

. A runningsimulationcannotbe interrupted.Pleaseusethe possibility to storeconfigu-

rationfiles oftenly, soaftera hard-breakCtrl-C), the situationbeforehaving startedthe
simulationcanberestored.

. RadioTracer doesnotautomaticallremove temporarfiles.

. If you usea tabledriven color representationvith few colors, otherrunning programs

may occupy the color space this may resultin color warningson the controlling shell
and/orrenderingof blackinsteadof thedesiredcolor.

. Thegray-scalemagesn PostScript-formatdo not useincreasinggraylevel stepsasone

might expect.

. RadioTracer doesnotaskwhetheryou really wantto exit the program.

. Thecursorshapesnaybedifferentin Windows asdescribedn this manual.

The shortcutkeys ascontrol charactergandthe (Shortcut key: Z). do notwork in Win-
dows.

Messageoxescontainingfile namesusealwaysthe slash/ aspathseparatoindepen-
dentlyfrom the operatingsystemused.
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11 Copyright Information

= mobile connect GmbH |E =

mobile
connect

medite connect GmbH
Universitit des Saarlandes
Starterzentrum, Geb. 45
D-66123 Saarbriicken

(C) All rights reserved.

mobile connect retainsall IntellectualPropertyRightsin the RadioTracer Software and
Documentation.

11.1 LicenseAgreement

RadioTracer maybeusedonly in accordancevith thewrittenlicenseagreemenivhichis also
deliveredtogetherwith the program(seefile copyright.txtandthe menuentry About (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
softvare 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 furtherusagses forbidden.

RadioTracer is not fault-tolerantand is not designed,manuficturedor intendedfor usein
on-line controlequipmentjn hazardougnvironmentsrequiringfail-safeperformancesuchas
in the operationof nuclearfacilities, aircraft navigation or communicatiorsystemsair traffic
control,directlife supportmachinespr weaponsystemsin whichthefailureof RadioTracer
couldleaddirectlyto death personainjury, or severephysicalor ervironmentaldamagg“High
Risk Activities”). mobile connect specificallydisclaimsarny expressor implied warrantyof
fitnessfor High Risk Activities.

11.2 Trademarks

Linux is atrademarkof Linus Torvalds.

PostScript is atrademarkof AdobeSystem|nc.
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Solaris is atrademarkof SunMicrosystems.

Unix is usedasagenericterm,however, in a specificcontect thetermmaybe ownedby
atrademarkholder

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



