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DIGITAL TELEVISION (DTV) FIELD STRENGTH
AND VIDEO QUALITY STUDY

J.WaydeAllen andTedMullen *

A particularconcernaboutdigital television (DTV) broadcastss whethersuchbroadcastbave sufficient
power to be receved usinginexpensve indoor antennadocatedinside a typical home. To testthis, the
Institute for TelecommunicatiorsciencegITS) constructeda “simulatedhome” mountedon a flatbed
trailer. This allowed ITS to move the testhometo a numberof locationsin the vicinity of anoperating
commercialDTV transmitter By equippingthis testhomewith commerciallyavailable DTV recevers
and an indoor antenndocatedat the centerof the home,ITS could then obsere andrecordthe DTV
receptionat a numberof testlocations. This informationwasfurther correlatedwith the incidentfield
strengthdy measuringhe signalpower outsidethe structureat a heightof 10 metersabove groundand
atalocationinsidethe structureat a heightof roughly 1.5 metersabove ground. This reportsummarizes
theresultsof this study

Key words: digital; field strengthpower; quality; receptiontelevision; TV

1 INTRODUCTION

As the deploymentof digital television (DTV) movesforward,a numberof concernshave beenraisedregardingthe
power limits placedon thetechnology Of particularconcernis whetherreceptionof DTV is possibleusingcommer
cially availableDTV receversandinexpensve settop or “rabbit-ears"antennapositionedat arbitrarylocationsin a
home.Sinceoverthe-airDTV broadcastarecurrentlyavailablein anumberof metropolitanareaspnecantestDTV
receptionin a numberof homesites. However, sincehousedocatedin differentareasareconstructedisinga variety
of materialsandarenotall furnishedthe sameway, analysisof suchdatais difficult. Therearesimply too mary vari-
ables.If no pictureis obtainedat onelocation,how canonedeterminef thelack of receptionis causecy too little
power, multi-pathinterferencecausedy reflectionsof the DTV signaloff of nearbyobjectsobstructionof the signal
by interveningstructuresijnterferenceof the signalby somelocal noisesource or differencesn the constructionof
thetwo buildings?

Thereare several ways that one candeal with this problem. One approachs to accountfor as mary variablesas
possible. Anotheris to try and control the numberof experimentalvariablesin orderto make the problemmore
tractable. For this test, ITS choseto limit the numberof variablesby constructinga simulatedhome that could
be movedto a numberof testlocations. This eliminatedthe problemof trying to comparedatataken in different
structuresandallowedITS to look specificallyathow locationandpower affectedthereceptionof DTV signalsinside
astructure.

*The authorsarewith the Institute for TelecommunicatiorsciencesNational Telecommunicationand Information Administration,U.S. De-
partmentof CommerceBoulder CO 80305.



2 THETEST
2.1 HardwareRequirements

Themajorelementof thetestsetupinclude:

e SimulatedHomeEnclosure

e VHF/UHF IndoorTV Antenna

e Two CommerciaDTV Recevers(differentbrandsandchip sets)
e Digital Camcorder

e TV Monitor

e GPSRecever

e CalibratedDipole Antenna

e SpectrumAnalyzer

To improve the approximationof the enclosureto a typical house,the structureincludeda window in the broad
wall, wasinsulatedwith fiberglass,andwaspaneledwith 1/4 inch plywood. All of the equipmentwasassembleds
diagrammedn Figurel.

Boththeindoor TV antennaandthe calibrateddipole antennacould be mountednsidethe testenclosureat the same
location. This allowed ITS to positionthe indoor TV antennaor recordingthe DTV recever’s video signal, or to
measurahe field strengthat this locationusingthe calibrateddipole and spectrumanalyzer Additionally, mounting
the samedipole antennaon a 10-metemastallowed ITS to positionit outsidethe enclosureat a heightof 10 meters
above groundfor anexternalfield strengthmeasurement his heightapproximateshelocationof anexternalantenna
locatedon arepresentatie home.

2.2 Test Procedure

Thefollowing testprocedurevasfollowedat eachof thelocationswhereobsenationsweremade.

1. Parktheteststructureatatestlocation. Theorientationof thestructurevasrandomto theextentthatthevehicle
couldlegally andsafelybe parkedat the choserocation.

2. ConnectheindoorTV antenndo thefirst DTV recever.

3. TunetheDTV receverto anavailableDTV broadcastin this case the stationwasKDVR-Derver, locatedon
channeB2with acenterfrequeng of 581 MHz, andauthorizedo broadcasfrom LookoutMountainin Golden,
Coloradowith aneffective radiatedoower of 233kW.

4. Choosehefield strengthindicatordisplayfrom themenuonthe DTV receverandadjustthe antenngo obtain
thebestsignalasreportedby the DTV recever display The antennaadjustmentsvereonly thosebuilt into the
antennanpamelyrotationandtilt of the loop element.In all caseghe antenndocationremainsconstantat the
centerof thetestenclosure.

5. Recordthevideooutputfrom thefirst DTV recever.
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Figurel: Measuremensystemconfiguration.

6. Connecttheindoor TV antennao the secondrecever, adjust,andrecordthe video aswasdonefor the first
recever.

7. ReplacaheindoorTV antennaonthe mountingpostin the centerof theteststructurewith the calibrateddipole
antennaconnectedo the spectrumanalyzer Positionthe dipole elementsn the sameplaneastheindoor TV
antennalement.

8. ITS wasinterestedn measuringhe upperlimit of the power sincethisindicatesthe mostpower oneis likely to
seeat the testlocation. Sincethe KDVR signalhasa centerfrequeng of 581 MHz anda nominalbandwidth
of 6 MHz, configuringthe spectrumanalyzemwith thefollowing settingstakes601 peakpower sampleswith a
6-MHz bandwidthcenterecat 581 MHz:

CenterFrequeng: 581 MHz
Span:0 Hz

SweepTime: 100ms
ResolutionBandwidth:6 MHz
VideoBandwidth:6 MHz

e PeakDetector

9. Recordthefield strengthtracedatafrom the spectrumanalyzer

10. ITS wasalsointerestedn recordingthe shapeof the DTV signalernvelope.This wasaccomplishedby reconfig-
uring the spectrumanalyzerto provide a narrov band(100kHz) power sweepacrossa frequeng rangelarger



thanthe DTV signal bandwidth. This was doneby reconfiguringthe spectrumanalyzerwith the following
settings:

CenterFrequeng: 581 MHz
Span:10 MHz

SweepTime: 100ms
ResolutionBandwidth:100kHz
VideoBandwidth:100kHz

e PeakDetector

11. Recordthetracedatafrom the spectrumanalyzerasconfiguredn 10.
12. Mountthedipoleantennaon the 10-metemastandraisethe mastinto position.

13. Repeathesamesetof spectrumanalyzemeasurementt the 10-metetheightwith thespectrunanalyzereset
for the field strengthmeasurementasin step8. The one differenceis that the analyzers detectoris setto
“peakhold” sothatthe analyzerindicatesthe maximumsignalwhenthe antennds rotatedaboutits axis. This
eliminatesthe needto find the antenngolarizationgiving the maximumsignalbeforetakingareading.

14. Rotatethe dipole mastaroundits axis 360degreesandrecordtheresultingfield strengthtrace.
15. Configurethe spectrumanalyzetto recordthe shapeof the DTV signalenvelopeaswasdonein stepl0.
16. Recordthetracedatashoving the DTV signalervelopeasseenat 10 meters.

17. Recordadescriptionof thetestlocationandthe GPScoordinates.

2.3 Uncertainties

Sincethis reportis anecdotaln nature,a high degreeof measuremenrdccuray wasnot expected.Neverthelessthe
following shouldgive thereadera reasonablestimateof the experimentuncertainty

For our field strengthmeasuremenie measuredhe power of the DTV signalin a 6-MHz bandwidthandcomputed
thefield strengthusingthe expressior1, pg. 9]:

Fs= (Pmedan + Gcable) +77.2+ 20 Og( f) — Gartenna @)

where:

Fs is thefield strength(dBV /m),

Pmedan is the medianpower computedrom the spectrumanalyzertrace(dBm),

f isthecenterfrequeng in MHz (in this casef = 581),

Gcable is thelossof the cableconnectinghe antennao the spectrumanalyzer(in dB), and

Gartenna 1S thegainof theantenndin dBi).



For our particularequipmenbur uncertaintieareestimatedo be:

AGar‘[enna: +2 dB(% 58%) (3)
AGcaple = £2 dB(= 58%) 4)

The frequeng accurag givenin the spectrumanalyzerdocumentations +0.2% of the spanor +1.2 MHz so the
frequeny term canvary from 2010g(579.8) = 55.27 to 20log(5822) = 55.30 giving an estimateof A20log(f) =
+0.02. This certainlycontributesvery little to the overall uncertaintyandfor this estimatiorwill beignored.

Combiningthe fractionaluncertaintieof the APnedan, AGcables aNAAGartennatermsin an RSSsummationgivesthe
following estimatiorfor the Type-Bmeasuremenincertainty[2]:

Uy = \/ AP o+ Ao+ DGrgenna= +/0.26%+ 0,58+ 0.58% = 0.86 ( 2.7 dB) )

Sincetherearenorepeadataatary givenpointwith whichto estimatelype-Auncertaintie$2], thisinformationmust
beestimatedrom pastexperience Similar testingdoneusingthe RadioSpectrumMeasuremenBystem(RSMS)has
shavn spectrumanalyzemeasurementsith repeatabilityon the orderof +0.5 dB or approximatelyt12%. Thisis a
reasonablestimateandresultsin thefollowing estimateof combineduncertainty

Ups = 1 /u§+ u? = 1/0.122+0.862 = 0.87 (~ £2.7 dB). (6)

This givesanexpandeduncertaintywith a 95%confidencdimit (k = 2) of
Urs = 2ups = 1.74 (=~ £4.4dB) @

which describeshe “best” measuremerdccurag obtainablewith thistestsetup.

3 RESULTS

After collectingdataat eachof thelocations the medianpeakpower wascomputedrom the 1.5-metermand10-meter
field strengthtraces(581-MHz centerfrequeng, 0 span,6-MHz resolutionbandwidth). However, sincethis testwas
performedasquickly aspossible therewerea few instancesvhereour spectrumanalyzertracedatadid notgetsaved

to disk. This occurredat locations4, 24, 25, 26,27, 28, 29,and30. At theselocationsit wasnot possibleto compute
a medianand we were forcedto usethe operators handwritten recordof powersreaddirectly from the spectrum
analyzerscreen.Field strengthsvere computedusingequationl, andthe resultingfield strengthsrom both setsof

dataaretatulatedalongwith locationandwhetheratelevision picturewasrecevedonrecever 1 (Rcr 1) or recever

2 (Rcr2)in Tablel. All availabletracedatahasbeenincludedatthe endof this documenin AppendixA. A second
setof datatakenafew weekslateris includedin AppendixB. This secondlatasetincludesmeasurementsf theroot

meansquarg(rms)levelsin additionto the peakvalues.

A formal quality assessmertf the receved picturewasbeyond the scopeof this experiment. The determinatiorof
whethera “picture wasrecevved” or not wasbasedn thefollowing decisioncriteria: If areceverwasableto display
apicturefor someportionof theobsenationtime, thenthereceptiorwasdeemedsuccessfuanda“Y” wasenteredn



the datatable. If no picturewasseenat all duringthe obsenationtime, thenthe receptiorwasdeemedinsuccessful
andan“N” wasrecorded.You may alsonotea few casesndicatingthat datawasnot available (NA) for recever 1.
This conditionoccurredearly in the testbeforeit wasdiscoveredthatthe recevver wasnot properlytunedto the test
signal. Consequentlythereareno datain theselocationsto indicatewhetherthis receiver would have picked up the
DTV transmissioror not.

Thetestlocationshave alsobeenoverlayedontop of afield strengthpredictionmapin Figure2. Hereit is importantto

notethatpeakfield strengthsveremeasuredh orderto understandheupperboundontherecevedsignal.In contrast,
the computermodelscomputeaveragefield strengthsandwill indicatea lower predictedfield strength.Oneshould
alsorecognizethatthe computermodelsassumehatthe stations transmitpower andantenngpatternexactly match
whatis onrecord.Confirmationof this would requiretestingat thetransmitteywhich for this studywasnot possible.

Finally, the videoclips recordedrom the testrecevverswerealsoeditedto createa DVD recording. This shows the
recordedvideofrom eachrecever overlaidwith thelocationandfield strengthdataastatulatedin Tablel.



Tablel: Field StrengthData

Point Location Picture GPSCoordinates Field Strength
(dBYV/m)
Rcrl Recer2 1.5m 10m
1 TableMountainRef. pt. N40°07.8402 W105°14.6958 86 101
2 GunbarrelKing Soopers N40°04.3222 W105°12.1003 93 101
3 Doral, IslandGreenDr. N40°04.2713 W105°11.0340 93 102
4 StravberryLn., Somerset N40°05.5572 W105°09.1382 83 103
5 Cottonwood Square N40°06.05168 W105°10.1134 77 90
6 7056Redwing N40°06.1719 W105°12.2390 92 104
7 GoatFarm,Niwot Rd. N40°06.1118 W105°14.2639 98 101
8 7151 Fairways N40°06.2669 W105°15.5877 96 102
9 Foothills BusinessPark N40°05.9479 W105°17.0364 81 100

N40°03.7998 W105°16.9621 92 99
N40°02.8992 W105°16.7358 79 91
N40°02.8921 W105°16.7239 75 81
N40°01.7173 W105°17.1387 76 77
N39°59.6490 W105°15.6798 63 76
N39°58.7781 W105°16,3634 89 103
N39°59.0710 W105°16,0573 75 84
N39°58.4765 W105°10.0989 86 104
N39°57.7700 W105°09.9448 82 93
N40°01.3681 W105°15.1097 80 88
N40°01.7978 W105°16.0332 63 74
N40°02.0266 W105°16.3373 69 84
N40°01.9156 W105°13.6665 84 95
N40°02.1557 W105°15.4693 89 98
N40°03.7225 W105°07.2034 87 103
N40°02.2107 W105°07.8549 83 95
N40°00.9667 W105°07.8021 83 89
N40°00.0929 W105°07.7760 67 78
N40°00.8402 W105°15.5642 68 85
N39°59.3024 W105°09.2450 84 98
N39°59.2827 W105°07.7519 90 100

10 BustopParking Lot

11 1501Quingy

12 1080Juniperst.

13 9th andDellwood

14 DOC LabsWing 4

15 NCAR S. Parking Lot
16 Bottomof NCAR Hill
17 1124W. Enclave Cir.
18 LowesParking Lot

19 ColoradoPlastic

20 2240Floral Drive

21 19th& Grape

22 3155W. SterlingCircle
23 GartBros. Parking Lot
24 9920Phillips Rd.

25 Grangeon 42

26 7-11on42

27 SweetvaterCir.

28 Safavay, S. BoulderRd.
29 S.Boulder(LDS Church)
30 95th& S.BoulderRd.
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31 YMCA @ ArapahoeX 95th N40°00.779 W105°08.008 78 96
32 Eagleview & Barnsvallow N40°07.896 W105°07.497 78 92
33 BoulderCountyFairgrounds N40°09.500 W105°07.754 79 95
34 Safevay N. HoverRd. N40°11.177 W105°07.804 78 93
35 Peppier& Winding Dr. N40°12.100 W105°05.310 81 94
36 125 & 66th N40°12.333 W104°58.456 93 105
37 Sportmans Warehouse N40°24.759 W105°00.242 83 93
38 Harmory & Timberline N40°32.453 W105°02.297 70 84
39 4900Boardwalk N40°31.083 W105°03.746 70 83
40 Ranch& Holyoke N40°29.559 W105°05.254 63 66
41 Lake Loveland N40°25.130 W105°05.670 70 86
42 BerthoudPark N40°25.137 W105°05.670 74 77
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Figure2: Map shawing testlocations.



4 CONCLUSION

Thistestprovidesanindicationof how well DTV signalscanberecevedin the Boulderareafrom anexisting station
locatedon LookoutMountainandoperatingwith aneffective radiatedoower of 233kW. It alsomakesclearthatpower

aloneis notthe only variableto consider This is particularlyevidentat location9 (Figures34 - 37) whereno video
wasobtainedrom eitherof thetestreceverseventhoughthereis a significantfield strengthatthislocation. Compare
this for instancewith location19 (Figures74 - 77) wherethereis lessfield strengththanat location9 andvideowas
obtainedfrom bothrecevers. Of particularinterestarethe differencesetweerthe two graphsseenin Figure 35 and
Figure75. Figure35 shaws thatin spiteof therebeingmore power at this location, the shapeof the DTV signalhas
beendistorted presumabljpy multi-patheffects,suchthatthereceveris unableto reconstructhedigital videostream
eventhoughthereis morepower availableat this location. Power level is clearly not the only importantvariablefor

thereceptionof DTV.

A much more comprehensie study could be conductedo help quantify DTV imagequality. Suchan experiment
couldlook for not only correlationbetweersignalpower andrecevved video quality, but alsocorrelationswith such
deleteriouseffectsasmulti-pathinterferenceshielding,andnoise.
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APPENDIX A: DATA SET ONE

Thefollowing graphsshaw the spectrumanalyzettracedatacollectedduringthefirst partof thestudy As has
alreadybeennoted,thereareafew locationswhereno tracedatawassavedto disk. Theselocationswere: 4, 24,25,
26,27,28,29,30,andconsequentlyherearegraphsamissingat theseocations.
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Figure24: Paver at 10 metersin location6.
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Figure25: DTV ervelopeat 10 metersin location®.
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Figure26: Paver at 1.5 metersn location?7.
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Figure27: DTV ervelopeat1.5metersn location?.
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Figure28: Paver at 10 metersin location?.
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Figure29: DTV ervelopeat 10 metersin location?.
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Figure30: Paver at 1.5 metersn location8.
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Figure31: DTV ervelopeat1.5metersn location8.
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Figure32: Paver at 10 metersin location8.
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Figure33: DTV ervelopeat 10 metersin location8.
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Figure34: Paver at 1.5 metersn location9.
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Figure35: DTV ervelopeat1.5metersn location9.
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Figure36: Paver at 10 metersin location9.
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Figure37: DTV ervelopeat 10 metersin location9.
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Figure38: Paver at 1.5 metersin location10.
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Figure39: DTV ervelopeat1.5metersin location10.
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Figure40: Paver at 10 metersin location10.
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Figure41: DTV ervelopeat 10 metersin location10.
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Figure42: Paver at 1.5metersn location11.
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Figure43: DTV ervelopeat1.5metersin location11.
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Figure44: Paver at 10 metersin location11.
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Figure45: DTV ervelopeat 10 metersin location11.
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Figure46: Paver at 1.5 metersn location12.
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Figure47: DTV ervelopeat1.5metersin location12.
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Figure48: Paver at 10 metersin location12.
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Figure49: DTV ervelopeat 10 metersin location12.
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Figure50: Paver at 1.5 metersin location13.
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Figure51: DTV ervelopeat1.5metersin location13.
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Figure52: Paver at 10 metersin location13.
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Figure53: DTV ervelopeat 10 metersin location13.
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Figure54: Paver at 1.5 metersn location14.
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Figure55: DTV ervelopeat1.5metersin location14.
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Figure56: Paver at 10 metersin location14.
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Figure57: DTV ervelopeat 10 metersin location14.
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Figure58: Paver at 1.5 metersn location15.
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Figure59: DTV ervelopeat1.5metersin location15.
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Figure60: Paver at 10 metersin location15.
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Figure61: DTV ervelopeat 10 metersin location15.
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Figure62: Paver at 1.5metersn location16.
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Figure63: DTV ervelopeat1.5metersin location16.
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Figure64: Paver at 10 metersin location16.
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Figure65: DTV ervelopeat 10 metersin location16.
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Figure66: Paver at 1.5 metersn location17.
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Figure67: DTV ervelopeat1.5metersin location17.
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Figure68: Paver at 10 metersin location17.
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Figure69: DTV ervelopeat 10 metersin location17.
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Figure70: Paver at 1.5 metersn location18.
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Figure71: DTV ervelopeat1.5metersin location18.
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Figure72: Paver at 10 metersin location18.
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Figure73: DTV ervelopeat 10 metersin location18.
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Figure74: Paover at 1.5 metersn location19.

0.0012

-100

-110 [

T
Point 19 @ 1.5 meters

-120
5.76e+08

5.78e+08 5.8e+08 5.82e+08 5.84e+08
Frequency (Hz)

Figure75: DTV ervelopeat1.5metersin location19.
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Figure76: Paver at 10 metersin location19.
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Figure77: DTV ervelopeat 10 metersin location19.
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Figure78: Paver at 1.5 metersn location20.
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Figure79: DTV ervelopeat1.5metersin location20.
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Figure80: Paver at 10 metersin location20.
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Figure81: DTV ervelopeat 10 metersin location20.
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Figure82: Paver at 1.5 metersn location21.
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Figure83: DTV ervelopeat1.5metersin location21.
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Figure84: Paver at 10 metersin location21.
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Figure85: DTV ervelopeat 10 metersin location21.
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Figure86: Paver at 1.5 metersn location22.
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Figure87: DTV ervelopeat1.5metersin location22.
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Figure88: Paver at 10 metersin location22.
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Figure89: DTV ervelopeat 10 metersin location22.
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Figure90: Paver at 1.5 metersin location23.
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Figure91: DTV ervelopeat1.5metersin location23.
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Figure92: Paver at 10 metersin location23.
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Figure93: DTV ervelopeat 10 metersin location23.
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APPENDIX B: DATA SET TWO

After gatheringthe datapresentedn AppendixA it wasrequestedhatmoredatabe collectedin theareato the North
andEastof thecity of Boulder Additionally we wereasledto includemeasurementsf theroot meansquargrms)
levelsin additionto the peakvaluesasreportedn thefirst dataset. The measuredield strengthsareshovn in
Table2, andthe graphsin Figures94—141shaw the spectrunmanalyzeitracedata.

Table2: Test2 MeasuremenResults

Point Picture Field Strengthat 1.5 meters| Field Strengthat 10 meters

Rcrl Rer2 peak rms peak rms
(dBWV/m)  (dBpv/m) | (dBW/m)  (dBWV/m)

31 Y Y 78 70 96 87

32 Y Y 78 69 92 84

33 Y Y 79 70 95 87

34 Y N 78 68 93 85

35 Y Y 81 72 94 86

36 Y Y 93 85 105 98

37 Y Y 83 74 93 84

38 Y N 70 61 84 76

39 Y N 70 61 83 75

40 N N 63 52 66 66

41 Y N 70 61 86 77

42 Y N 74 68 77 68

58



Power (dBm)

Power (dBm)

T T
Point 31 @ 1.5 meters: peak trace
_56 -
median value (rms) -

-58 |

&
S
T

I
[
T

64

-66

RN IV I n,
v iy v

rms trace ------- |
median value (peak) --------

0.04 0.06
Time (Seconds)

Figure94: Paver at 1.5 metersn location31.
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Figure95: DTV ervelopeat1.5metersin location31.
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Figure96: Paver at 10 metersin location31.
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Figure97: DTV ervelopeat 10 metersin location31.

60



Power (dBm)

Power (dBm)

-56

' ' Poir|1t 32 @ 1.5 meters: rl)eak trace
rms trace -------
median value (peak) --------
median value (rms) -
58 | 4
60 b | | Ao o el J A LA TR
62 | 4
64 | 4
-66 | 4
68 | »\VA‘M‘ i Lo e l"‘y,’y\’\/ RS Pl A A A”\n’\\\\ 3 A e ittt A A
1 1 1 1
0 0.02 0.04 0.06 0.08 0.1
Time (Seconds)
Figure98: Paver at1.5metersn location32.
-70 T T T - T
Point 32 @ 1.5 meters
-75 -
-80 | 4
85 | 4
-90 | 4
-05 |
-100 H
-105 1 1 1 1
5.76e+08 5.78e+08 5.8e+08 5.82e+08 5.84e+08 5.86e+08
Frequency (Hz)

Figure99: DTV ervelopeat1.5metersin location32.
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Figure100: Powver at 10 metersin location32.
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Figure101: DTV ervelopeat 10 metersin location32.
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Figure102; Powver at 1.5 metersin location33.
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Figure103: DTV ervelopeat1.5 metersn location33.
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Figure104: Power at 10 metersin location33.
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Figurel105: DTV ervelopeat 10 metersin location33.
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Figure106: Powverat 1.5 metersin location34.
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Figure107: DTV ervelopeat1.5 metersn location34.
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Figure108: Paowver at 10 metersin location34.
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Figure109: DTV ervelopeat 10 metersin location34.
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Figure110:; Powverat 1.5 metersin location35.
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Figurel11: DTV ervelopeat1.5 metersn location35.
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Figure112: Powver at 10 metersin location35.
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Figurel13: DTV ervelopeat 10 metersin location35.
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Figure114:; Powverat 1.5metersin location36.
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Figure116: Powerat 10 metersin location36.
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Figurell7: DTV ervelopeat 10 metersin location36.
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Figure118:; Powverat 1.5 metersin location37.
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Figure119: DTV ervelopeat1.5 metersn location37.
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Figure120: Power at 10 metersin location37.
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Figurel21: DTV ervelopeat 10 metersin location37.
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Figure122: Powverat 1.5 metersin location38.
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Figurel123: DTV ervelopeat1.5 metersn location38.

73

5.86e+08



Power (dBm)

Power (dBm)

T T
Point 38 @ 10 meters: peak trace
rms trace -------
median value (peak) --------
median value (rms) -

[T A i o ! | L0 T O N R LN Lol
it Al f ‘

o
&
T

1

0 0.02 0.04 0.06 0.08 0.1
Time (Seconds)

Figure124: Powver at 10 metersin location38.
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Figurel25: DTV ervelopeat 10 metersin location38.
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Figure126: Powverat 1.5 metersin location39.
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Figurel27: DTV ervelopeat1.5 metersn location39.
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Figure128: Pawver at 10 metersin location39.
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Figure129: DTV ervelopeat 10 metersin location39.
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Figure130: Powver at 1.5 metersin location40.
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Figure131: DTV ervelopeat1.5 metersn location40.
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Figure132: Pawver at 10 metersin location40.
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Figure133: DTV ervelopeat 10 metersin location40.
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Figure134: Powverat 1.5 metersin location41.
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Figure135: DTV ervelopeat1.5 metersn location41.
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Figure136: Pover at 10 metersin location41.
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Figure137: DTV ervelopeat 10 metersin location41.

80

5.86e+08



Power (dBm)

Power (dBm)

-61

-62 |

-63 |

&
~

&
a
T

I3
&
T

-67 |

-69 |

T T
Point 42 @ 1.5 meters: peak trace
rms trace
median value (peak)
median value (rms)

4 f [
i M banin it b ol L Desallehly it L

[
i

o Mo ‘A
WA W AT

e

\
A st et
(AU R

" AR
AR W ) WA

WA UAC R

0.02 0.04 0.06 0.08
Time (Seconds)

Figure138: Powverat 1.5 metersin location42.
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Figure139: DTV ervelopeat1.5 metersn location42.
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Figure140: Pover at 10 metersin location42.
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Figure141: DTV ervelopeat 10 metersin location42.
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