EightMarkerdin!Perseus$ThatWill!ChangéDXing

with!AppendixtMarkers !Resolutionin!a!Nutshell

ByNildSchiffhauelPK8OK ! ! !

Perseussoftwarelversion2.1hiprovidedup'toleight!"markers"'whosedvaluedcanlbelsavedto!alloglfile.!Nils!
SchiffhauerDK8OKdescribesvhat!the!markerdarelmeasurindandiwhat!youlcando!with 'the!data.!
Incidentally!notlonly!Perseudbutlalsalsomdother'receiverdcanrecordthelsignallevelforlusédlaterlinlal
spreadsheetEvetsincdthelfirstiversiorlof!Perseussoftware ltherelhavelbeenmarkerdavailable ITheycanbe!
placedwith lalmouséclickonlanylfrequencywithin!thellargeldisplay !Thevaluelshownislthelrespectivelevel !
With!softwarelversiori2.1h therelarelnow!eight!markerswhosdvaluedareloptionally!storedinlthelfilelnamed
"markers.log".Thdconceptoflthis!markerislintroducedin!thelfollowing!article landtheir!resultdoveritimelare!
investigatedfurther.!!

First)whatlislactuallylbeingmeasuredaccurately™

Theunitslin!Perseud"SoftwardSettings'permitlyoultolchoosédbetweenthelinput!power(dBmJandthelinput!
voltage(dBuV)'sedFigurdl.!!

Audio Latency |9 .20 WBFiter Taps ) | 128 [32.512]
Reverse Mousewheel | 0 [0.1] AGCRieTme | 25 [5.100]
Record Time (125 kHz] |—15 [1..80] AM HighPass Filter IW [5..500]
Fecord Time [250kHz) [ 15 [1.40] £M Post 4GC o
Record Time (500KkHz) [ 15 [1.20] AGCTheshold | 2 [0.1000]
Recod Time {1 MHz) [ 10 [1.10] Ciwf Mate Pitch BO0 [300.3000]
Record Time (2MHz) | & [1.8] RTTY MotePitch | 1380 [300.3000]
Yirtual COM Port l—ﬁ [1..255] Lewvel Center, Right
bkr Log Interval Iﬂ TBC TR Mkr Unitz [dBm dBm, dBul
Diy s Siat e i O D

T o | ST
[*) Requires prograrm restart, Restore default values | W Cloze

|

Figurdl:lUndet"SoftwardSettingsfisifoundthelunitsifor'thelsignalmetedandthe!markers!"dBmorldBmV!!

Forpower lthelreferencéoflallicalculationgs!l!milliwattl(mW)at'thelantenndjack ' Thewaylto!describévalues
otherlthan!l!mWiisltheldecibel/milliwatt(dBm)!10/dBmare!10imilliwatts ! 100milliwatts!oflpowerarel20idBm|
and"10/dBmarel0.I'milliwatts,'thus!"20idBrmicorrespondingto!0.0 Imilliwatts !



ThevaludoflSonithe!Smeterlindicated'73dBminputipower HAlstronglocalstationlatithelantenndcan
measuré"20idBmi(S3+50dBlonlthelS'meter) IDXsignaléareloftenifarlbelowiS9!!

Forvoltagelthelreferencedoflallicalculationgs!1l!microvolt(uV)atlthelantenndjack!Thewayito!describévalues
otherlthan!1l!luMislthe!decibel/microvolt(dB/uV)i10/dB/uMarel3.18uVimilliwatts,'20/dB/uMare! 10luMoflinput!
voltageland"10ldB/uMcorrespondingfo!0.318microvoltdat'thelantenndjack!

Thevaludof!Sadisplayson'the!lS'meter'when!50microvoltdinputllevelislireached!Strondlocalstationdonithe!
antenndoften!reach84'dBuM(S3+50dBlonlthe!S'meter)"sedFigurd?.!!
Level (dBm}: -232.0
-120 - 100 -80 -&0 -0 -20 o
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Figurd2:lLocalstationicanachievéallevelof!"23ldBm!Relatedto!thelfilter'lbandwidthof! 10lkHzthislcorresponds
to!"63!dB/Hz!whenthelpowetislevenlydistributedwithin!thelband !

Theusdof!lmicrovoltdislaireliclfrom!the!pastjalprofessiondivilllworklwith!thelinput!power !

Note:whenlreferringto!thelvoltagein!microvoltsithislreferdto!thelvoltagdat!thelantenndjack!Don tmixit!up!
withlthelfield!strength \whichlislgiverinimicrovolts/meted(uV/m)within!severalpropagationprograms!VoACAP
amondthem.!Théfield!strengthjust'describe#helelectromagnetitfield.!Simplyput,lalgoodantenndgetdathigh!
voltagdoutloflthisifield \wherelalbadiantenndrecoverdanionlylsmallvoltagdout!oflthisifield.'Therelationshig
betweenthelfield!lstrengthandthelvoltagdactuallymeasuredat!thelantenndjackoflthelreceivetisicalled
"antenndfactor".!Foimostiantennasithislantenndfactorivariedoverfrequency!Butitherelarelprofessiondhctive
antennadfor'measuremenipurposedwhichishowalconstantantenndfactorloveralverylwidelfrequencyrange!
(FoisWLdthe!DX'onelprofessiondislalgoodexample.)!

Welwill'thereforelprimarilyireferito!the!poweriinldBmiat!thelantenndconnector!!

Note1Onlywith!lprofessiondkoftware'definedradiodsucHadPerseukanthe!measuredvaluedbelaccurate
withinlalfrequencyrange!Almostalllotherlreceiverdindicatdweaksignaldowerlthanltheylreallylare Jand'strong
signalsareldisplayedtoo’high IMostlcannotevendisplayproperlyan'SQvalue!Suchinaccuratéscaletandmeterd
areluselesHor!displayindtrue!signallevels!onlyltrenddoflweakenindpr!strengthenindsignals!!

Signalevelddependon'thelbandwidthivalueddisplayediThdprofessiondbpproachisitolalwaydreferlitolal
bandwidthoflonelhertz1dBmi/!HZorldBm\/ IHzBecaus®flthelwayldecibeldarelcalculatedthelconversion
becomedeasyforlotherlbands!Let'dtakelalDRMsignalof!10lkHZbandwidth(10,000hertZior!40ld B!/ IHz)!Solif!
thelinput!power(showron!S'meterldisplay)whenlusindal10"'kHZfilter, lisiforlexamplé"50idBm thenlitlislrelativel
to!l1IHzIThatresultdinlalsignaloflonly!"90/dBmior!"90!/dBm/ Hz!

IThePerseu§eceivetcarinowlindicatdtwo!measurementor!signaldisplay!!



I ThdS'meterishowsdthelsignallevel Jadit!liedwithin!the!lchosedbandwidth!Thidlevelwilllvaryiwithin!the!
filter!"betweenthelrangdoflapproximately20HZand50kHz!!

I Themarkerslhoweverlrevealaldifferentllevelonitheldisplay(regardles®fiwhetherthelwaterfallor!
spectrumisishown)"kedFigurd3.IThidislcalledresolutionbandwidth(RBWanddependdon!sampling
rate,/lchosenspanlandzoonilevel!Thuditlcanbelchosenindicatdbetween0.03HZand1953.1Hz!!

Span (kHZ) TRBW {Hz]

Figurd3:IThdleveldofithe!markerdshowdresolutionbandwidti(RBW)whichisldisplayedin!HertZinlalwindowon!
thelleftloflPerseus!

Thebestrangéto!measuréandnormalizéto!1!HZalsddependdon!the!modulatioriofithelsignal'Herdarelalfew!
consideration®andrecommendationd!

AM!(amplitudédmodulationjusuallyconsistéoflaltransmittedcarrieftwith!constantpowerpludtheltwo!
sidebanddThéelatter!lcover25!percentoflthelnominalpowereacHat'maximunm('=lpeakmodulation)!Thuslif!
youlsetalmarkedonlalcarriefof!sucHalsignal(withlpeaksearch)it!resultdinlallevelmorelorliesdcorresponding
tolalbandwidthof!1!HZ(dBm/Hz)independentfrom!thelactualbandwidth whichimaylbeldifferent,le.g!50Hz)!
Inlcontrastlthislisinot!applicabléto!noisdandnois€likelsignal§sucHadDRM)wherelyoulhaveto!normalizéthe!
measurindgpandwidthto!1!Hz!

In'ISSBnode lthelcarriefislattenuatedmosthyito!sucHaldegreelnotlevenseeabléat!thelreceiver!Herdyouhave
tolrelylto!the!modulationonly !Thuslyoumustmeasuréatlalbandwidth lapproachindgthelbandwidthoflthe!
modulationitself.!AdPerseudwidestmeasurindgpbandwidthi(=Iresolutiornibandwidth/RBW)jsl2lkHz!youlshould
usdthislvalue!Especiallyvith!shortwavdcommunicationd(audio)frequencyoflconsiderabljabove2lkHz!don t!
contributeltoo!muchto'thelsignalstrengthlandcanbelomitted.!MeasurindthelexactleveloflISSKignaléseems
difficult.!'Thidisljustlalcoarseéapproach!Bestis ltolcombinéthisiwith!set"average(AVGuitelhighto!getithe!
peaks!Onithelotherlhandyoullosédthelinfluencéoflfading!!

DRMislalinoiselikelsignalwith!threelpilot!carriers!Y oumeasuréalpilot!carriefwith!alsmallmarker(below10!
Hz)whichicorrespond#o!theldisplayoflalbandwidthof!1!Hz!Anothedwaylisito!measuréthelnoiselikelpart!of!
thelsignalwith!thelmaximumRBWof!1953. 1HzBecaus&hislRBWrepresentdonlylalfifth loflthe!lbandwidthof!
thelwholelsignal(10kHZwide) lyoulhaveto!add3.7'dBlto!thesdvalued(becausdl:5=13.7!dB) ISedFigurd6.!!

Noisdcanalsdbe!measuredjo!showthelsignatto noisdratio,forlexamplelHereltheldisplayedpowerislalwayd
convertedto!1!Hz!!

NoteWithInarrow'bandmeasurementdyou'shouldbelawardoflextremelydeeplyetishortidipdin!signallevel!
Thidislduelto!selectivéfadingwhichirundthroughlthelsignallikelal/deeptrench llt!canbelshownbestwith!noise"
likelsignalde.glat'DRMbroadcastingstations!
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Figuré4:IRadidFarddin!lAM!from!Thailandon!7520kHZislbroadand'stronglymodulated!Anlaveragdshortwave
AMisignalislshowrlat!Mrk2!(VOATinang)!Many!DXstationdoftenlproducdalgoodsignal!butlareimodulatedsd
weakthat'theylarelbarelyaudibld"!/Angold4950kH2islalnotorioudexamplel!
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Figurd5:IThdsignalofithe!lRAFradio!SSRBransmitterin!Draytorlon!5450kHZislinluppetsideband.Thecarriet
(Mkrl)islsuppresseltomparedwith!thelstrongestimodulatiorifrequency(Mkr2)ito!35.6dB " anlexcellenlvalue!
TheanalysifoflsucHsignaldcanonlylsucceedif'welwouldput'a!3lkHZzwidelmarket(correspondintjo!the!
modulatioriwidth!oflthelsignal)inithe!midstoflthelsignallwhichherdisltheluppersidebandAdPerseulprovides
roughly2'kHZadwidestresolutioribandwidth!youshouldaddl1.2dBito!lcompensatédor'theldifferenceof!2lkHZto!
3kHz!



Mkri :

Mkrz-1:

MkTE-l: 3.006

iFd

Mkré-1: -4.745
\ 14.4

IFigurd6:!AIDRMsignaloflthe!BBT !Sineton!13590kHz!measuredvith!15.28HZRBW!showsthelcentet
frequency(Mkrl) thelthreelpilot'toned(Mkr3to!Mkr5)landithellowerlicutoffifrequencylnladdition }thelaverage
levelofithelPSKmodulatedcarried(Mrk2)andithelnoisé(Mrk7)lisilshown!Excepfor!thellasttwo!markerslall!
equatdto!dBml/'Hzvalues!Butfforlthel"noisedmarkers™rk2landMrk7 lyoulhavetoladdi12!dB to'normalize
their'resolutionbandwidthiof!15.68HZto!1!HZ(for:!115.28Hz/1!HZcorrespondtolthis!12!dB)!Afterladdingthis! 12!
dBlyouhavenormalizedthelreadingdofithesdlastitwo!carrierstoldB/Hz!

Howloftenlshouldyou'measure?!

Inladditionito!thelfrequencyresolution]theltimelresolutionislimportant.IThdsoftwardoffersi2. 1h(software
settingd/ IMkr!LodInterval}between0, land5!secondépracticalwaydto!'measurdshort'term!changedadwelllad
longiterm!"lsedFigurd7.!!

Audio Latency 9 [4.20] WB Filter Taps [] 128 [32 .512]

Reverse Mousswheel | 0 [0.1] AGCRiseTime | 25  [5.100]
Record Time [125 kHz] |—15 [1..80] Ak HighPazs Filter IW [5..500]
Record Time [250kHz] [ 15 [1.40] M Past AGC [0 o
Record Time (500 kHz) [ 15 [1.20] AGCTheshod [ 2 [0.1000]
Recard Time (1 MHzl [ 10 [1.100] Ow MotePtch [ 600 [300.3000]

Fec ; RTTY Mote Pitch 1360 [300..3000]
rtual COk Port Levels bar pozition | L | Left Center Right

SMTR/ MkrUnits  [dBm =] dBm, dBud
Waterfal AGC |Auto2 | Off, Auto1.2

“waterfall Maode v2ih  w| Legacy. w21h
extore default walues | Apply changes ] Clogze ‘

Mkr Log Interval

Show Sofbware Options
Diialog at Startup...

Figurd7:IThetimelresolutiodcanbelselectedin'thelsoftwardsettingdinlthe!lpopugmenu”Mkrlloglinterval
betweer100millisecondsand5lsecondd!



Whenobservindfade'inlorifade’out!usindtwelvelreadinggperiminutel(i.e. Jleveryfivelseconds)thislislalmosttoo!
frequent!Veryshort'term!detectionhoweverlisimportant!forlthe!ldocumentatioriofiflutter fadingfor!
example!

NotesiThdsmoothindfunctionloflthe!maindisplay(slideriAVGMain)lalsdhadsomeimpactonlthe!screenandin!
thelstoredvaluedoflithe!"markers.logffile.!With!shortsamplétimes lyoulshouldturn!offithelAVGMainislider]
becausdotherwisdthe!"SoftwardSettings'setitime!resolutionwill!beloverruled!Anyismoothindcaribe!madd
laterlinlother!programslwith!controlledandtraceabléresults!!

The AGGsetting(Fast/ IMed!/ ISlow/ !Off)lhadnolconsequencédsnitheldatalAlllright lislitlalllsetiuplcorrectly?
Yeslthenlwelcanistart!!Eithedfrom!livelreceptionlorlevenfrom!alWAMrecording!!

I Withlthelmouséonlthelappropriatésignallclickthelrightimousebuttonlinisuccessiolto!setup!toleight
markersliflyoulhavdenabledthe!button!"PeakSrclthe!markedwilllautomaticallybelwithin!alcertain
capturdrangdandit!getdsetito!thelstrongestfrequency!Thidislidealiflyoulwantlto!observéthe!carried
oflanlAMIradiolstation !!

I Pres#helbutton!"MkrLog" landalSavéto!Fildwindowlopendforimarkers.lod''sedFiguré8.!Click'OK"!
andthelfilelmarkers.lodwilllbeffilled'with!thelappropriatévalues!Thedisplay'MkrLog"lightsuplat!this!
time.!!

I Tdturnloffithelloggindfeature Iclickthe!MkrLodbutton!again!The"markersavedtolfile"!Imarkers.lod
openslthen!click"OK"!!

Note:lthellogwill'thenlagairstart'tofunction landthe!previoudfile!willlbeloverwritteniwithout!warning!!
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Level (dBm}: -20.7
-120 -100

Figurd8:'Eightmarkerdarelpreparedfor!logging!Youtcurrentfrequencieandleveldarelright.!Atlithelsamétime!
theirlcarrierdl!to!8!characterizetin!thelspectrum!Clickagainion!"OK"andthen!presdthe!"MkrLog"button.The
MkrLodindicatodlightslup!"startdthelrecording!!



What!dolyou!dolwith lit'now?!!

Sdnow!welhavdallogffilelwith!the!markers!Whatarelyoulsupposedto!dolwith!it?! Thepossibilitiegarelendless
anddependonlyourlinterestiandknowledge!Butitwo!thingdyoulwilllinevitablyendup!with:!lalvisual
representationandalthinningloflthe!datalusingstatisticalmethods!Thddeepetmeanindisitolfind!'somée
patterns’hiddeninlalvastamountof!data;notljustithinning but!thinningbyl!the!senséoflalknownlalgorithm!
Thuslonelhadto!try!patternirecognitioriby!statisticalmethods!l'wouldlikelto!givdsomdexamplefoflbothland
alsdavoidobstacledin'thel'way JsucHadthe!formattinglofithe!ldatal"ssedFigurd9.!!

. markers.log - Editor

Datei Bearbeiten Format  Ansicht 2 h
# PERSEUS RECEIVER - MARKERS LOG FILE
#
# Creation date : 29-11-2009 16:43:57 UTC
# Log interwval S e
# Freguency units: kHz
¥ amplitude units: dBm
# Data format : ElapsedTime MkrId Freguency amplitude
1.000 0 9499,878 =f9.2
1.000 1 9505.00% -80.0
1.000 2 9529,907 -90.9
1.000 3 9535.034 -96. 3
1.000 4 9545, 044 -87.4
1.000 5 9565.063  -535.6
1.000 & 9575.073 -53.4
1.000 7 9579.954 -68. 8
2.000 0 9499. 878 =20k
2.000 1 49505.005 -7E.1
2.000 2 9529.907 -114.9
2.000 3 9535.034 -93.7
2.000 4 9545, 044 -Ba.1
2.000 5 9585.063  -53.7
2.000 &6 9575.073 -55.3
2.000 7 9579.954 -GG, 3 !

Figurd9:!'Wherlyouloperithelfile!"markers.logwith!altextleditor litlisicleadthat!eightmarkerd(Olto!7)were!
recordedeverysecond!!

lldecidedtolusethe!markers.lodwith!thelfreelsoftwardSciDAViéltlhadWindows!Mac landLinuxversions
availabléandisleasietto!work!with!than!MicrosoftExcelButin!principleyoulcanusedanyispreadsheéivith!al
statisticdfunction!SdeveriMicrosoftExcel(or'SuriOperOffice)|AppleNumberslandabovéalllthe!Origin
softwardprobablyloffersithelmostioptions !
Theeasiestwaylisitolimportlallogifilelwith!onlylonelmarker!Oncétherelislmorelthanlonelmarkerlalllmarkerdare!
listedlunderthe!lsamdsamplétimelonelafterlanother!Theyarelmarkedfrom!"0"for'markef1!to!" 7" for'marker
8linlthelcolumn"Mkrid".!"IFigurél0O'showdthelimportiwith!thelappropriatdsettingslandFigurél llislalsectioriof!
anlon"goingdrecordingdof!"markers.logfin!"SciDAVidimportedirecord!!
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Figurd10:With!SciDAVigoulcarieverimportldatalfrom!thellogffilelwhilelplayindalrecording!Whilelignoringthe!
firstlsiXrowdand!selectthe!Separato'SPACEdption.!
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Figuréll:Howthelresultdlookin!SciDAVisyhichladmittedlyistilllneeddediting !



Thidin'turn'allowddatalto!belseparatedsoyoulcaricopyithelvaluedseparatelyforleacimarkedintolalseparate
columnl!Tdsortitheltablelaccordingto!thelmarkednumbers!!

I selectthelwholeltable!(alllcolumndandrows)
I ClickmenuiTablé>ISortTablé

I Sorfcolumns!'Together!

I Order!"Ascending"

LeadingColumntthelonelcontainindthe!numberoflithe!Markerd(MarkerID J/maxfrom!0Olto!7)!

Thidwill'sortlalllcompletdrowslaccordindto!the!markeftnumbersle.glalll(!) valuedfor'markerOlarelfollowedby!
alllvaluedfor'markerl landscforth.!Thenyoulneedto!copythelvaluedoflalllother'markerdotherlthanimarkerQ!
into'the!neighborindcolumns!ThuslyoulhaveforleacHtime!lsamplé(=lrow)'thelvaluedoflthe!ldifferentimarkers
alsdin'thislrow,!butlin!differentlcolumns!Afterithat#landnamindtheltitles!oflthelcolumngappropriately#lthe!
tablelshouldlookllikelwhatlislshownin!Figurél12.!!
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Figurdl2:Thedatalisladjusted!thelleveldofithe!markefarelnexttoleacHother Jandthelheadersarelfilledwith!
thelfrequenciedNowiwelcanproceed!!

NoteIThdPerseusnarkerdlogifunction'recorddinlseconddputinot'thelabsolutdtime.!Thereforelllpreferito!
replacéthelvaluedinlthe!"time"!columri(e.g!5.001!10.003!15.019%) jjustbylthelnumberdoflthe!row!(reading!
1,2,31):1!

I Selectthelfirsticolumn
I MenulTablé>IFillSelectiotwith!>IRowNumberg

Afterlthat,lyoulcanlet!SciDAVisalculatéeverithelabsolutétimelbylinsertindalformulalfor!alllrow!numberdin!
thelfirsticolumni

I Selectthelcolumn
I Oper"Formula®



I Insertthelappropriatéformula!Examplédiflyoulhavdsampledevery5lsecondde.glrow!12willlrepresent
thelvaluefor!liminutelafterlstart,landrow!720will'representthelvalud1hourlafter!start.' Thudthe!
formulal"col(1)/12"willlreturnlthe!minutes!wheread'col(1)/720"will'returnlthe!hours!Oflcourséthey!
arelin'decimalnotation.!Tdgetlthelabsolutétime,lyoulhavetoladdto!thelformulalthe!numberof!

minutes/hourdsincémidnight!

l'recordedfor!siXminutes!giving6!x!60!=1360valuedper!station lEightmarkerdresultinlaltotal!of'2880numbers!
That dalhuge!number!callindforlalvisualizatiotorloverview!Thidisldonebyljustlalclickon!the!menu"Plot",!

shownlin!Figurél3.!

Figurdl3:Eightnewichannel&ecordedoversiXminutedinlthe!31!mb.Prettylconfusing!!

Thidislactuallytoo!muchinformation.!Welneedto!reducdorlaveragdt!inlaimeaningfulway IThiddonelwith!the!
helplofistatistics!it'sinotimathitrickery butlactuallyhighlightdthelimportantidatalfrom!thelunimportantdata))
andshowstrendslFirst!liconvertedthe!datalfromlimagel3lintolal"boxiplot".!Thidisldonelwithljustlalclickof!al
button!in!SciDAVi¢§Plot>!StatisticalGrapH>BoxXPlot)}sedFigurél4 !



Figurél4:!ThdBoxPlotislalstatisticalmethodthat!createdorder!Foldetaildseédtext.!!

ThdlevelcharacteristitofleachfrequencyinleacHcasdislsummarizedinlalcolumnat!thelbottom!oflithe!X'axis!
correspondingo'thelfrequency!360valuedat!'eacHfrequencyareleacHdividedinto!severalgroups!!

I MinimumlandmaximumiofleacHsignalwithin!the!siXxminutedisimarkedbylanlupperandlower!"X"!!

I Therectanglé(box)itselflincludedallthelvaluedthat!lielat!+!25Ipercentaroundthe!meanvalue!Thidis!
markedby'the!lsmallsquare!Uppetandiowerlsidedoflthe!lboxidenotdthe!25'and75th!percentiled!

I Thetoplandbottom!short horizontalline!lsegmentémarkithels5land95thipercentiled!

Islthelinformationiclearettolus?Y eslwelcanasseskhelreliabilitylofithelreceptiorisincéwelgetanloverview
aboutthelfadinglevenwith!selectivefading IFolexamplelthislseemdparticularlymeaningfulon!9539kHz!sincée
theldistancéfrom!thelhighestto!lowestivaludinljustisi¥xminutedislabouti50/d B !Welthuslgetlanioverviewnot!
onlyiforlalmoment butwith!alreliabldviewiofltheloverallperiod IThesdarelinsightfulmethoddwhichihavenevet
beeravailablébeforelto!lshortwaveélistenerdor!radiolamateurs!!

|

Ifithisldiagramseemsdtoo!crowded(Figurél 3) lyoulcanshowleachtracelseparateljorlanytracedcombined!
Figurél5!showsdthis!for!theltwo!tracedfrom!9.503kHZ(flat!fading)and'9533kHZ(vividfading) Butitakelcarefin!
thisldiagram!lalllleveldhavebeen"normalized"!Thidis:thellevelddon tirepresenttheirlabsolutdvaludin!dB !but!
theirlrelativelvalues!Thehighestvaludofleachtracelis!"1",'whereadthe!lowestvaludshowd"'0".'Whether"1"!
meand"20/dBmi(andallocalstation)or!"80/dBm(alDXstation)cannotbelseerifrom!sucH"'normalized!traces!
Howeverltherelislalbigladvantagéofinormalizedvaluestforlyoulcanicomparedthe!structureoflthelfading
regardles®flthelabsolutdleveloflthelsignals.

SciDAVisarninormalizéonlylpositivdnumbers!Adwelfacenegativénumberd(like!"73ldBm) welhavdto'addito!
eacHlevelthelnumbetoflthellowestlevelofleacHmarker!ExampleThedvaluedfor'the!lmarkedrangebetween”



50/dBm(maximumand'70/dBm(minimum)"youlhavetoladd70.Thus!"70/dBmwilllbecomé"0",land"50dBm
willlbecomé"20".!After'lnormalization!'0"lleave$'0",'wheread'20"willlget"1".|And""60/dBm"willlget"10"!lin!
thelfirstistagelandafterlnormalization0.5.

!
Figurdl5:Thenormalizedaxiddoednotlexhibitthelabsolutelevellbut'allevelrelativetoleacHonlalscaldfrom!0"1.!!

Butithelimagdisistill'tooldetailed!That dthelright!circumstancévhere"smoothinglcomedinto!play Just
imaginditlagmediarivaluedoflaldefinednumberofineighborindvaluesliflyoulincluddonlyltwo!neighboring
valueslsmoothindislweak!Thebiggetthelnumberofineighborindvaluesithe!strongettheleffectiof!"smoothing"!
showingnot!details/but'the!lgeneraltendencyoflfading!Figurél6!showsdthis!for!sixneighborindvaluesinamely
Oto!5.IAt"0"Itherelisinolsmoothindeffect lwhereadat!"5"litlislquitelstrongladseerin!Figurél6.!!



Figurdl6:Thedoriginalcurva"SmoothedD"\willlbelsmoothedat!lvarioudstrengths!Detaildarelprogressiveljost,
butlfadingitendencietandpatterndemergémorelclearly!!

With!thislapproachyoulcaneasilyjcompareévarioudsmoothedcurveslandunderstandtheldifferences!

Figurdl7:Herewelfind!manyrelativelysmallsignalsladshowrin!thisthistogram!!

ThehistogramislanlinterestingcurveforthesdcomparisondHerdislaldiagranishowindthelfrequencies&andithe!
signallevelgroupingg(tenlin'thisicase)lFigurdl 7'showdalwidelrangdoflsmalletsignalsithe!receptionherelis!
lesdstabldthanithelsignalshownlin!the!histogramof!Figurél8.Alcompletelystablesignalwouldhaveonlylal
singlécolumn!!



Figurdl8:linlthisimorestabldsignallthellargerlevelislconcentratedinlalsmalletwidth.!!

Thedistributionlof!thellevelisldifferentlfrom!thelfamoudbell’'shapedGaussialturve(allivaluesrandomly
distributediaroundalmeanito!givethelsymmetricalappearancéflalbell) Whenitlcomedto!fadingthough Jwe!
havdalflatter!profilelin'the!directionlofllowerlsignalstrengthandalsteepetprofilelinithe!directionlof!strong
signalsButiwhy!dolthelsignalsappeaton!thelleftisideoflunlimitediflat!discontinuedandlimited!to!thelright!
side?!

Thiddependdonlthelfactithat!mostsignaldarrivelatlleasttwo!differentiwaydtolus IAtlthelreceiverltherelareltwo!
extremeoptionsitheylmingld"in!phase'(thenithelsignalisldoubled(+8dB) or!they!mingldwith!"oppositel
phase'l(thenltheylabsoreacHother).ITheyarelattenuatingeacHother linleffectitotallylextinguishindthe!whole!
signallthuslithelattenuationis!"infinite!dB" IThidextremeisloccurrindonlylifithe!phaséofltwo!pathddiffersiby!
exactly1809pludeacHpathldeliverindgexactlythe!lsamelevelto!thelantenndjack!Howeverlboth!conditiond
almostneverconvergdinto!lonelmomentlinipracticelthelattenuationrarelyislinfinite,!butlin'the'regionoflsomée
10idB IButlitlislapproachindfinfinite !dB"lasymptomaticallyOnithelotherlhand thelupperlimitlislanlexactfigure!!
+6ldB \whenltwo!pathdarelexactly'in!phase"landoflthelsaméstrength!Thidtypelofldistribution!(onelsidd
asymptomaticallythelotherlsteepwithlalfixediend)islcalled"Rayleighdistribution”.ITherdarelseveralksiblinggof!
thisldistribution JbutlinlgeneralwelencountetRayleigldistributionlwhenldescribindthe!charactetof!multipath!
fading!!

Suchthingdarelindispensabl#o'the!professiondplannindoflshort'wavebroadcastdDXersarelmorelinterested
in'whetheralsignalistheardlandforlhowllongJandwhenithelsignalisithelbest!Againithe!markerdprovideevery
possibility!!

Thusdwelsedin!Figurél9lthelcoursdoflthelwinter!signalWWCH Nashvillé5070kHZandRadidRebeldd/ |Cubad
5025kHZbetween0600UTand1200UTClshortlylafter WWCHRsigr'off. I Thdsunriséat!thelreceivetin!Northern!
Germanyisl0730UTClthelsunriséin!Cubdisl1153UTClandin!Nashvillelthe!lsunieverigoedonluntillabouti1259
UTCWelsedthatlboth!signalsstartlalmostequallbutithenithe!lmorelnortherlylNashvilléstrengthenscompared
to!CubalEvenbeforelsunriséat!thelreceivindlocation lthe!signalfrom!Cubdtraveldallongldistancein!daylight!



andits'morelsubduedsignalislevident!inlFiguré20!(from!DXAtlas)!onelcanalsdsedthe!Decembel30th!
graylinéd100QUTCl!

Figurél9:ShowédhelsmoothedeveldofiNashvilldeandHabandovertime.ITheystartlatlalmostsamesignal
strength!Butiaroundreceiver sunriseltheylseparatéfrom!eacHother !AdHabandtakeda!moresoutherlypath,!
thislsignalisimoreinfluencedbyithelattenuatingD'layer buildindup!dueto!sunshingAlbiggetpartloflthis!path!

liedundeithelsun!

Figurd20:'Showdhelpositioriofithelgraylindon!DecembeB0thlat!1000UTClglobeprojection!Nashvilléand!
Habandarelshownby!pushpiniconslandithelreceivelocationislindicatedbylalY aglantenndicon!



lIflsucHexperimentddolguiddusltolexceptionalD XtheylarelverymuchwelcomedbylevenithelaverageD Xer!
Theycarproviddalusefultracelwherelyoulcansedtheltimeslwith!bestsignal/noisératiolat!alglancelFigurd2 1lis!
alcleatexample!

!
Figurd21:1Thereceptiorof!SIBGHoniardon'DecembeR4 12009at!1500UTshowdtheloptimumireceptiortime.!

IOnChristmatDay2009!DXetWolfgandBuescheannouncedthat!SIBGHoniard/'5019.7kHZzwadheardoncd
againlafterlaltransmitterrepair \Whenl'readthe!newdin!ChristophRatzer'$A'DXlist !llimmediatelypressedthe!
recordbutton!of!Perseutandcaptured1330to!190QUTAIN'WAWfiles IRightfrom!the!start!SIBGvadaudible!
anditlincreasedo!150QUTClandfadedshortlylafterl160QUTCIThdsignalstrengthenedalbit!afterlthat, !but!
neverreacheditslpriorllevel IMyllocalsunsetwad1509UTClalmostexactlytheltimelofithelstrongestreception?!!

Theséwereljustlalfew!possibilitiesandideadonlusindthe!markerdandmarker.lodfilelinlPerseudY outother!
ideadarelwelcome!HHHTTHTTII 1@ ermanT ext& !Image$© 120 101NilsISchiffhauerlDK8OK

Footnoted

Footnotdl:!http://www.giangrandi.ch/electronics/radio/smeteriseter.html!
Footnotd2:!http://scidavis.sourceforge.net!
Footnotd3:!http://www.additive"net.de/software/origin/index.shtml
Footnote4:!'Fortfurtherlexampleghttp://www.cliftonlaboratories.com/signal_statistehtm!
Footnotd5:ITwadSampled 4:00t0!15:0QUTClhttp://web.me.com/nils.schiffhauer/Website/Monitorig!




APPENDIX

Markers !Resolutiodin!alNutshell

For(semf)!scientifidpurposedtlisimportant!ito'know \whatlexactlyyoularelmeasurindpylthe!markers!They
havetwo!dimensions:

I timeland
I level

Forboth,!resolutioridependdonlalcoupldofifactors!soméeofithemlinterdependent!

Inigenerallthe!marker dlogldocumentdwhatlyoulsedon!thelscreerin'the!bigiwindow ,!spectrunipreferredovert
waterfall.!

Regardin@iime,!Perseud%Softwarl8ettings&lolofferlalchoicefrom!0.1'to!5!'seconddObviouslythelactualtime!
resolutionalsddependdfrom!the!%Spané&ndthe!%ResolutidBandwidth/RBW&L et dshowlthisleffect,when!
receivingtimelsignalstationMSFon!60lkHz  IEachnormal&inutelstartswith 1%ateast100ms*off landendd
withlatlleast700mslcarrier8adthelfactisheetoflthelNationalPhysicdlaboratoryputslit. 2IFigure$AltoIDihavealll
beermadéwith!alresolutioriof!0.1'second{PerseudSoftwardSettings)Pleaséreferlto!thelcaptions!

FigurdA:IThidisitheldiagramweldolexpectfromlaltimelsignalstationlonllong'wave I\Welclearlyisedthelsecondd,
markedby!#carrietoff§forlat!least100milliseconddThedatalreferitolal#span®fl100kHzlandal#resolutiofh
bandwidth$ofl122Hz!Iflwelmagnifyithisldiagram/thislleadsusto!%d

IR AR AN AN AN aany|

Yhttp://imww.npl.co.uk/sciencétechnology/timefrequency/time/productéand'services/msiadio'time"signal!
2!htt|o://www.npl.co.uk/upload/pdf/MSF Time Date Coqgelf!!




FigurdB:1%dwherdeacH100'millisecondsampldisimarkedbylalbullet.Becauststartinglofithe!100'ms'samples
cannotbelsynchronizelivith!theltimelofltransmitting lyousometimessedmorelthanlonebulletmarkinda!
#carriefoff'timedoflexactly100ms!

FigurdCiExactlythelsamdsituation ladshowrlin!FiguréA.Butirecordedwith!al#span®fl1600kHz!anda!
#resolutiotbandwidth$ofl1953,1Hz!Thidobviouslyprovideduswithlalbetterltimelresolution!



FigurdD:1Almagnifiedpart!ofiFiguréC/showindalbetteritimelresolution!Sedfor'somédBlofifadingleveriduring
the!900millisecond®fi#carrieton$!

Thefiguredshowithat!thelbiggetthelsparandthelbiggetthe!resolutionbandwidththe!greatefislthelresolutior
inttime.!

Thenextistepiwadto!findlout,'whatlalsamplindratelofle.g!%%econds&eallymeans!Willlitreturn'thelaverage
level(powerofivoltage)overifivelseconddpriwilllitigivejustialflashlightpictureleacHfivelseconds?

ObviouslyPerseusslcollectingsampledvialthe!flashlightmethod !OtherwiselFiguresEandFwon t'show!
samplefoflsucHlowllevels!Again!l'receivedMSRtimelticks !Ovetfivelseconddits!carriefshouldbe!%onior!at!
leastfour!lsecond#or!80!- lofltheltime.!Thuslwhenlaveragedthe!distributionloflthelsampléwouldbelwithinljust!
alcoupleofldB butinot!up'to!50/dB ! Thusltheldiagramdseenito!showthelsynchronizatiotbetweenitheltime,!
wherelthelsampledarel%flastighted&andthe!secondtickdofltheltransmitter lflitwouldbelpossibléto!
synchronizé&helstartjustiwithin!%carridoff&the!diagramwouldishowalmostalsimplélinelaround"100dBm!in!
caselstartedwithin!%carridon&lit\would!'showalmostallinelbetween"90land"80!ldBm!!

LULLL O e e

*1Sorryfor!don tiprovidindthelunderlyingmath;willlhavetolaskNicafor!that.!



FiguréEiWhensampledVISBwithfivelseconddalsparofl1600kHZandialRBWof!1953Hz ltheldifference#oflthel
samplescoméuplto!morethan!15/dB IThidsuggestihat!eacHfivelseconddthe!softwardplacedalflashlightonto!
thelsignal!Sometimedat!thisimomentlit!seedalcarrief("90dBm)!sometiméthelcarrietisloff.!!

FigurérFiShowdheleffectioflsynchronization300secondd100kHZspanand122HZresolution!



Averagindthelsignallevelwilllgivelusimorelrealistidresults!Thidcanbe!donebylthe!slider%AV®ain&LYoucar
sedtheleffectifrom!FigurdG,!comparindwith!Figureg!

FiguréG:IAveragindshowdthelaveragédlevelofltheltimelsignalstationifor!100second&at!thelsamdscalée
(Level/TimepdFigureE!

Adweldon tknowlbylexactnumberdtheleffectioflthislaveragindalmorelpreciséaveragindcaribelalsddoneby!
statisticalmethodd(e.g!%Averagitg/indow&).

Sdmuchfor!%timemndsamples&owiforlthelmarkers!%level8Adlaidiout!in!thelarticle Jthelleveldependdoni#!
oflcoursé#ithelsignalandion!thel%resolutiotvandwidth/RBW4&Signalswith!alconstantlytransmittedcarrier)
whichlislstrongcomparedto'the!modulation(adwith!mostbroadcastingstations)lareleasiljto!measuretiargely
notlinfluencedby'thelresolutionbandwidth thelmarker(setionto'thelcarrieriPkSrdautomaticallyshowsthe!
levelinldBmor!dBuMat!1!Hz!

Tomeasurénoisdornoisélikelsignalglikel DRM)lyoulhaveto ltakelthe!%resolutiofvandwidth&intolaccount!
Thidisinot!alwaydadsimpldadjustladdindor!subtractinddB linlorderito!%normalizégbandwidthito!that!of!1!Hz!
Mostloftenlonishortwavelyoulhavetoltakelintolaccountthelfactorlof!selectivéfading !

FiguréH!showsdthelleveldofithelthreelpilot!carrierdoflalDRMsignal!Theyareltransmittedwith!the!lsamé
constantpower.!Butiwelreceivethemlwith!often!differentlevels!!



FiguréH:I'ThethreelpiloticarrierdoflalDRMsignalat!+750Hz +2250HZand+3000HZ(in'referencétothelcarried
frequency)havedalsimiladshapelbut!notlexactljthelsame!Duéto!selectiveéfading lthey!differlalbitlinltime,lad
wellladinllevel!

Evenmeasurindpilot!carriersiwithIDRMsignallyoulhaveto!observéthe!resolutionbandwidth!sedFigurél.!!

Figurdl:'1OndDRMpilot!carriefunderthe!microscop&Mkrl) litlislonlyiroughly8!dBstrongeithanithelotherlPSK
carrierd(Mkr2) Jpeakindinlaldistanceéoflonlyi=43Hz!ThuslinlsucHanlenvironmentioneshouldmeasuréthe!
carriet'onlylatlal#resolutiotbandwidth$lowerthanlabout30HZ&Mkr3!markdtwol#notchesf 6!HZapart!/from!
thelpilot!carrier!Adalshargselectivéfadinglcanleadto!alpilot!carriefwelllbelow(somé10idB)belowithe!PSK
carrierslyoulnevetknow whatlexactljyoularelmeasurindwith!alwider#resolutiotbandwidth$!



Thegraphical(not:Inumerical)settindof!markerdisiveryleasyandintuitivelto!do,lbut!leavesusiwith!two!
problemdinlratherlspecialcased:

I to!measurée.glalDRMsignalwith!severalmarkerdoflalwide!%resolutiotvandwidth&theylcannotbe!
placedexactly)

I to!measurdativeryllow!%resolutiobandwidths&8e.glseparatécarrierdonlonelmediumwavechannel!

differinglbylonlylalfew!HertzITriedto!separatée.g!Urumchi'BKSRyadtandGoldUKfrom!eacHother!
on!1521kHz!butlfailedto!dolso!

RTT¥ignaldFSK$houldbelmeasuredwith!al%resolutiotbandwidth&widerlthan!their!shift.!
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