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EXECUTIVE SUMMARY

Themaritimemobilefrequency band supportsmaritimecommunicationsworldwide. Appendix 18
of thel TU Radio Regul ations(RR) definesthe channel sof themaritimemobileservice. Thesechannels
support avariety of communicationfunctionsincluding: public correspondence, intership, ship-to-coast,
coadt- to-ship, port operations, callingand varioussaf ety purposes. Safety functionsincludedistress, search
andrescue, ship movement, navigation (bridge-to-bridge) communi cations, and maritimesafety information
broadcasts.

MarinersintheUnited Statesand other countriesareexperiencinginterferenceonchannels
allocatedtotheabovefunctions. TheRadio Technical Commissionfor Maritime Services(RTCM)
established Special Committee 117 toinvestigatetheinterferenceand determineif thelnternational
Electrotechnical (IEC) standard 1097-7* Global MaritimeDistressand Safety System(GMDSS)-Part
7. Shipborne VHF Radiotelephone Transmitter and Receiver-Operational and Performance
Requirements, Methodsof Testingand Required Test Results’ woul d be sufficient to protect marine
VHFradiosfrominterference. Insupport of thiseffort, NTIA, incoordinationwiththe Coast Guardand
RTCM SC-117, undertook atask to performtestsoncommercial andrecreational grademarineVHF
radiostothel EC standard and performradiatedtestsin areaswhereseverecasesof interferenceare
occurring. Laboratory testing of theradiostothel EC standard wasperformedin Boulder, Colorado. The
radi atedtestswereperformedin Savannah, Georgiaonthe Savannah River and ontheMississippi River
inNew Orleans, LouisanaMarinersinbothlocationshave beenreporting casesof severeinterferencein
themarineVVHF band onthewaterwaysfor quite sometimenow. Someof thechannel sexperiencingthe
interferencearekey channel susedfor safety and bridge-to-bridgecommunications. Theinterferenceisvery
disruptive to normal operations on the river and is distracting to the radio operators.

The |l ECtestsandradiatedtestswerebased onreceiver SINAD measurements. Inthel EC 1097-
7 test procedures, the SINAD of arecelver beingtested wasset to 20dB by adjustingthedesiredsignal
power andtheninjecting interference intothecircuittoreducethe SINAD to 14 dB. Theresulting
interference-to-signd ratio (I/S) wasthen cal culatedin dB and compared to theminimum 1 EC requirement.
Inthel ECtests, theinterferencewass mulated using signal generators. Thel ECtestssimul ated adjacent
and co-channd interference, receiver saturation (blocking), andintermodul ationinterference. Theradiated
testsused emittersthat werepresent intheel ectromagnetic environment of thetest areato degradethe
SINAD. Theradiated testing revea ed that emittersintheenvironment werecaus ngreceiver saturationand
intermodulation/cross modulation interference in the radio receivers.

Spectrum recordingsweretaken during theradiated testswhenthe SINA D measurementswere
14 dB or less. Theserecordingswereused toidentify thesourcesof interferencein Savannahand New
Orleans. Therecordingsseemtoindicatethat theinterferenceisdueto NOAA weather broadcastsand
land mobiletransmitters( 1997 Codeof Federal Regulations, Parts90and 22 Title47) operatingwithin
and aroundthemarineVHF band. Theantennasof thewesather broadcast andland mobiletransmitters
arelocatedvery closetotheriver’ sedgeinbothlocationsandtransmit at higher power level sthanthe
mobilemarineVHFradios. Bothof thesefactorscontributetotheseverity of theinterference. However,
it should benotedthat theland mobiletransmittersare operatingin compliancewith respecttothe FCC
rulesandregulationsfor output power, frequency tolerance, and spuriousemissions. TheNOAA VHF
weather broadcasts al so seem to be operating properly.



Becausethey areoperatingincompliancewiththe FCC rulesandregul ations, it would bedifficult
to imposeany operating restrictionsonland mobilesystemsoperators. Thereforepractical solutionsto
solvethisproblemwoul d beto continuethedevel opment of receiver standardsthroughRTCM SC-117,
encourage marinersto useradiosthat aremoreresi stanttointerference, and devel op antennasiting
guidelinesfor futuredepl oyment of weather broadcast andland mobiletransmittersto reduceinterference.
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SECTION 1
INTRODUCTION

1.1 Background

NTIA publishedareport for the Coast Guard that studied thecompatibility between 12.5kHz and
25 kHzchannelizedmarineVHFradios, NTIA TR-97-343" Assessment of Compati bility between 25
and 12.5kHzChannelized MarineRadios.” Oneof theconclusionsof thereport wasthat theadoption
of appropriatestandardsfor marineVHF radioreceiverswoul d helpalleviate problemsdueto congestion
inthemarinee ectromagneti cenvironment. Currently, the United Statesdoesnot havereceiver stlandards
for marineVHF radios. Anorganization comprised of mariners, radio manufacturers, and frequency
regulators, theRadio Technical Commissionfor Maritimeservices(RTCM), established RTCM SC-117
to investigaterecei ver standardsdeve oped by other regulatory agenciesor organizations. Oneorganization,
thelnternational Electrotechnical Commission (IEC), hasrecently published adocument that contains
proposed standards for marine VHF radios.

The IEC standardsfor marineradiosareinadocumenttitled” |EC 1097-7: Global Maritime
Distress and Safety System (GMDSS)-Part 7: Shipborne VHF Radiotelephone Transmitter and
Receiver-Operational and Performance Requirements, Methods of Testing and Required Test
Results’.

Insupport of thiseffort, NTIA, incoordinationwiththe Coast Guardand RTCM SC-117,
undertook atask to performtestson commercial andrecreational grademarineVHFradiostothe EC
standard and performradiated testsin areaswhere severe casesof interferenceareoccurring. Thistask
was accomplished by testing marineVHF radiosinalaboratory tothel EC 1097-7 standard and then
testing those sameradiosinmarineenvironmentswheremarinershavereported severe casesof
interference. Savannah, Georgiaand New Orleans, L ouisianawerechosen aslocationsfor “live’ testing
duetothenumerouscomplaintsfrommarinersthat their communicationsarebeing disrupted onthe
Savannah and Mississippi Rivers dueto interference in the marine VHF band.

The |l EC proceduresand standardsarebased onreceiver SINA D measurementsand signal -to-
interference(S/1) ratios. A receiver SINAD measurementistheratio, expressedindB, of thedesired signal
power tointerference, noise, and distortion. Themethodol ogy of thel EClaboratory testswasto measure
thereceiver SINAD with interference injectedintotheradioa ongwiththedesiredsignal . Eachtest had
aminimum performanceobjectivefor the SINAD and signal-to-interference(S/1) ratiointhe presenceof
interferingsignals. Thelaboratory testsused signal generatorsasinterferencesourcestodegradethe
receiver SINAD measurements. Thetestsperformedin Savannah and New Orleansused emittersthat
werepresent inthee ectromagneti cenvironment to degradethereceiver SINAD measurement. Thisreport
documentstheresultsof performing SINAD testson marineV HF radiosinthe Savannah, Georgiaand
New Orleans, L ouisianaport areasand how theresultsrel ateto thelaboratory tests. Thisreport also
attemptstoidentify theinterference coupling mechanismsand waysto mitigatetheir effects. Theresultsof
the laboratory testsconductedtothel EC 1097 standard, which containstherecorded datafor eachradio
tested are published in NTIA Report 99-363.
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1.2 Test Objectives

The objectives of these tests were to:
! M easurethe SINA D of marineradiosoperatinginashipboard environment at Savannah,
Georgiaand New Orleans, Louisiana.

Determine the severity of the interference in relation to the IEC 1097 standard.

Attempt to identify the sources of interference and the interference mechanisms.
1 Investigate ways to mitigate and preclude the interference.

1.3 Test Radios
Commercially availableand og 25 kHz channdlized marineVHF FM radiosweretested. These25
kHz radiosincluded four commercia graderadiosrepresentativeof thetypeused by commercial boaters
and government agencies.
M ost recreational boatersuselessexpensive25kHzradiosthat retail for under 300dollars. These
typesof radios, whichwerefoundto bemoresusceptibletointerference, werealsotested. NTIA
purchased three fixed mount and two hand-held radios of these types from local retailers for testing.
Theradiosareidentified by alphabetical code. Manufacturers namesand model numbersarenot
includedinthisreport. Theradiosarecategorized aseither recreationa or commercial graderadiosand
as either fixed-mount or handheld below in Table 1-2.

Table 1-2
Radio Description
Radio Type Grade
A fixed-mount recreational
25 kHz
B fixed-mount commercial
25 kHz
E hand-held recreational
25 kHz
F fixed-mount commercial
25 kHz
G hand-held recreational
25 kHz
H fixed-mount recreationa
25 kHz
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| fixed-mount recreational
25 kHz

K fixed-mount recreationa
25 kHz

L fixed-mount commercia
25 kHz

M fixed-mount commercial
25 kHz

Radio L hadalocal/distanceswitchfor itsreceiver accessibleonafront panel control whichwas
separatefromthesquel ch control. Radio M had an adjustableattenuator for itsrecei ver whichwaspart
of thesquelch control. Theseradiosweredesigned with thesefeaturesfor operationsin congested EM
environments.
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SECTION 2
TEST RESULTS

2.1 Savannah, Georgia

The test areafor Savannahisshownbelow in Figure2-1. Theradiosweretested using the
procedures outlined in Appendix A with the test set-up shown in Figure A-1.

Figure 2-1
Savannah Test Area

Theperformanceof theradioswaseval uated on channel 18A (156.900 MHz) during normal
tugboat operationsby monitoring thetest radios SINA D measurements. Thischannel isused by alocal
tugboat company asaprimary communicationslink betweentheir dispatch officeand thetugboat flegt. The
interferenceonthischannel isvery disruptivetotheir bus nessoperationsand distractingtoradio operators.
Other marinechannel sareaffected by theinterferenceinthisareaaswell, including channels16 and 13.
Thetest set-upwasinstalledinthewhee houseof oneof thetugboatsand datawascol lected asthetugboat
traveledontheriver or wasstationary. Thetest areaisidentifiedin Figure2-1asthestretch of the
Savannah River betweenthepointslabel ed the East Dock andtheWest Dock. Thetugboat dispatch office
isalso shown in Figure 2-1.

For abaselineconfiguration, the SINAD of theradiounder wasset to 20dB by adjustingtheRF
power of thesignal generator withal oad connectedintothecircuitinplaceof theantenna(seeFig. A-1).
Whentheload wasremoved and thetugboat antennawasconnectedintothecircuit, thereceiver of the
radio beingtestedimmediately experienced de-sensiti zation and periodic audibl einterferencewasheard
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intheradioreceiver. Thede-sensitization wasobserved by watching thedegradation of thereceiver
SINAD asmeasured by thetest set. Depending ontheradiounder test, the SINAD wasimmediately
degradedfromthe20dB starting point to approxi mately 2-14 dB whenthetugboat antennawasconnected
intothecircuit. Theaudibleinterferencefurther degraded the SINAD to 0-4 and wasperiodicinnature.

Thereceiver de-sensitizationwasnot audibleinthereceivers. Except for radio L operatinginloca
mode, the periodicaudibleinterferenceoccurredinall radiosand rendered thechannel usel essfor
communi cations duringtheperiodthat it occurred. Theduration of theaudibleinterferenceeventswas
approximately 3.5-4 seconds. Multiple consecutive events compounded the problem.

A SINAD histogramfor eachradiotestedisshowninAppendix B. Thehistogramsshow the
percent of timeversusSINAD valueandincludesall SINAD val ues, not just thosebelow 14dB. This level
istheminimumallowable SINAD valuewithinterferencepresentinthe EC 1097-7 test procedures.
Radi osthat had ahigher percentageof timewithagreater SINAD valuehad better performance. This
effectisshowninFiguresB-1andB-2. FigureB-1showsthe SINAD histogramforradioL inthe
distancemodeand Figure B-2isthesameradiooperatinginlocal mode. Inthedistancemode, the SINAD
valuesrangedfrom 1-13dB withthemajor portion of thedistributioninthe7-10dB range. Inthelocal
mode the SINAD va uesrangedfrom 7-19 dB withthemajor portion of thedistributioninthe10-15dB
range. Thedifferencesbetweenthefiguresshow that for theoverall percentagesof time, thelocal mode
of operation measured higher SINAD val uesthan distance mode and theradio had audibly better
performance. However, for local modeoperationtheradio requiresaminimumdesired signal power of
about -107 dBm versus -117 dBm for distance mode for a 20 dB SINAD.

Someof thelesscostly recreationa graderadioswereessentially “flatlined” by thedesensitization
and audibleinterference. For example, theSINAD for radio EinFigureB-9 never got above 3dB. Other
recreational graderadiosnever hadaSINAD above5dB. Thesetypesof radiosareused for commercid
and non-commercial marine communications.

Inanattempt toidentify thesourcesof interference, aspectrumanalyzer wasusedto sweepthe
150-174 MHzband andrecordthepower of theemitterswhenthe SINAD of theradiounder test fell
below14dB. Thereceiver de-sensitization effect and theaudibleinterferencecausedthe SINAD tobe
bel owthetrigger point sothat datawascollected for eachtypeof interferenceevent. Withtheexception
of thehand heldradios, datawascollected for each radi o during tugboat operations. Datawascollected
for the hand held radios at the tugboat office located at the river’ s edge.

Sincetheradiosweretested in the same environment and experienced the sametype of
interference, thespectrumrecordtakenfor aninterferenceevent for any oneradioistypical for al radios
tested. However, insomecasesof interferenceevents, different emitterswereobservedto beactiveat
different times.

ThespectrumrecordingsshownbelowinFigures2-2, 2-3, 2-4, and 2-5wererecordedwhile
testingradioL, tunedtochannel 18A (156.9 MHz), onthetugboat. Thesefiguresonly show emittersthat
weretransmitting at that instant that thisparti cul ar spectrum snapshot wastaken. Other spectrum snapshots
may show different emittersactiveat different frequenciesother thanthoseshownin Figures2-2to 2-5.
Figure2-2 showsaspectrumrecordfor the150-164 MHz band. Figures2-3, 2-4, and 2-5 show
portions of that band in greater detail to help identify individual emitters.

2-2



Radio L, Distance Mode
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Fgure 2-2
151-164 MHz Band Spectrum Record

Thisspectrumtracewasrecorded whentheaudible interferencereduced the SINAD of receiver
L to 1.5dB. Thesignadsshownbelow inFigure2-3aretransmittersoperating at thefollowing frequencies:
152.24,152.48,and 152.84 MHz. Their operationswereperiodicand peakedinthemorningand
evening.
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Ch 18A, 1.5dB Sinad
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Fgure2-3
152-154 MHz Band Spectrum Record

The signals shown below in Figure 2-4 are transmitters operating at 158.7 and 158.925 MHz.
Their operations were periodic and peaked in the morning and evening.
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158-160 MHz Band Spectrum Record

Radio L, Distance Mode
Ch 18A, 1.5 dB Sinad

o

N
S}

o
o

N
o
——

Received power (dBm)

-100 | | | | | | |
162 163 164
Frequency (MHz)

Fgure 2-5
162-164 MHz Band Spectrum Record

Thesgnd showninFigure2-5isidentifiedasaNOAA weather transmitter broadcastingat 162.4
MHz. Thistransmitter isalsoidentifiedasWX2intheVHF marineweather channel assignments. This
transmitter was"on” at al timesandnot periodiclikesomeof theemittersinthepreviousfigures. Thefigure
showsthereceived power to beapproximately -10dBm. Thissignal anditsinterferencemechanismwas
very similartothel EC*“blocking” test, whichwasshownto saturatetheradioreceiversat suchahigh
power level.

Theland mobiletransmittersidentifiedin Figures2-3and 2-4 produced received power levelsup
to-27dBmattheradioreceiver. Thesepower level swereshownto produceintermodul ation products
in some receiversin the |EC intermodul ation bench test.
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At thetugboat dispatch office, additional testswereperformed by using RF step attenuatorsto
decreasetheinterferer powerstill theaudibleperiodicinterferencewasnolonger heardintheradio
receiver. Thistestwasperformedaurally and did notinvolveaSINAD measurement. Theamount of
attenuation eachradio neededto effectively eliminatetheaudible interferenceisshownbelowin Table2- 1.

Table 2-1
Receiver Attenuation Values
Radio Receiver Attenuation (dB)
B 10
F 10
G 20
H 10
[ 30
K 20

AsshowninTable2-1, therangeof attenuation neededtolower the power of theland mobile
transmittersandwesther channel emissionsintotheradiorece ver toreducetheaudibleinterferencesothat
thelkHztesttonewasaudiblerangedfrom 10to 30dB. Theattenuation al soreduced thesensitivity of
theradio. Theresolutionfor thesetestswas10dB. Itwasdifficultto“ hear” thechangeinthelevel of the
audible interference using smaller steps of attenuation.
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2.2 New Orleans, L ouisiana
The test areafor New Orleansisshown below inFigure2-6. Theradiosweretested usingthe
procedures outlined in Appendix A.

Figure 2-6
New Orleans Test Area

The SINAD performance of theradioswaseval uated on marineVHF channel s 25 (public
correspondencereceive, 161.850 MHz) and 67 (bridge-to-bridge, 156.375MHZz). Thetest set-upwas
installedinafireboat and datawascollected astheboat travel ed theriver or wasdocked. Theradios
weretested using channel 25 asthedesired signal channel whiledocked at location 1 showninFigure2-7.
Theradiosweretested using channel 67 asthedesired signal channel whiledocked at location 2 shown
inFigure2-6. Channel 67istheprimary channel for bridge-to-bridgecommunicationsonthelower
Mississippi River. Marinershavecomplained about theinterferenceonthischannel for quitesometime.
| nterferenceonthischannd can makecommunicationsdifficult between shipsontheriver. Theinterference
onchanne 67 seemedtobe“worst” intheriver mainchannel. However, duetothelargeamount of traffic
intheriver channel itwasnot safetoloiter inthechannel itself and collect datawhiletesting multipleradios.

At bothtest|ocations, theradiosexperiencedreceiver de-sensitizationand periodicaudible

interferencewasheard intheradioreceiver. Thede-sensitization was observed by watching the
degradationof thereceiver SINAD asmeasured by thecommuni cationtest set. Dependingontheradio
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being tested, the SINA D wasreduced fromthe20dB starting point to approximately 2-15dB whenthe
ship’ s antennawasconnectedintothecircuit. Theperiodicaudibleinterferencefurther reduced the SINAD
to approximately 1-5 dB.

Thereceiver de-sengtizationwashot audibleonthereceivers. Except for radio L operatinginlocal
modeandradioM withthebuiltinattenuator set at itsmaximumval ue, the periodic audibleinterference
occurredinal radiosand rendered thechannel usd essfor communicationsduring that period. Theduration
of theaudibleinterferenceeventswasapproximately 3.5-4 seconds. M ultipleconsecutiveevents
compounded the problem..

A SINAD histogramfor eachradiotestedin New Orleansisshownin Appendix C. Asshown
in Savannah, radios that had a higher percentage of time with greater SINAD values had better
performance. ThiseffectisonceagainshownforradioL inFiguresC-1and C-2. FigureC-1showsthe
SINAD histogramforradioL indistancemodeand FigureC-2isradioL inlocal modeoperation. In
distancemodetheSINAD vauesranged from 1-8dB withthemaj or portion of thedistributioninthe 2-4
dB range. Inthelocal modethe SINAD valuesranged from 14-19 dB withthe major portion of the
distributioninthe 14-17 dB range. Thedifferencesbetweenthefiguresshow that for theoverall
percentagesof time, thelocal modeof operation measured higher SINAD val uesthan distancemodeand
the radiohad audibly better performance. Asinthecaseof Savannah, the SINA D measurementsof the
recreational graderadiosinNew Orleanswasinthe0-5dB rangeandthe 1 kHztest tonewasinaudible
due to the interference.

A spectrum analyzer wasused to sweep 150-174 MHz band and record the power of theemitters
whenthe SINAD of theradiounder testwas14dB or less. Thesespectrumrecordingsshowedthat the
EM environment of New Orleanswasdenser than Savannahwithmoreemitterspresent. Thereceiver de-
sengitization effect and theaudibleinterference caused the SINA D to bebe ow thetrigger point sothat data
wascollected for eachtypeof interferenceevent. ThedenseEM environment madeit difficult toidentify
specific emitters during the audible interference.

Sampl espectrum plotsareshownbel ow inFigures2-7to0 2-9 They weretakenduringthetesting
of radioL atlocationone. Theseplotsarerepresentativeof theEM environment at that instant that this
particular SINAD measurement wastaken. They should not beconsideredto beindicativefor all cases
of interference events.
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Figure 2-9
157-163.5 MHz Band

Thefiguresshow numerous maritimeandland mobileemittersinthisbandinNew Orleans. The
transmitter that produced the highest received power onthefireboat in New Orleanswasweather channel
WX1 at 162.55 MHz. The received power at the radio RF input jack from thistransmitter was
approximately-15dBm. Thel EC blockingtestsshowed that thispower level would saturatetheradio
receivers. Thepower level fluctuated astheshiptraversed theriver dueto shielding fromthedowntown
buildingsand bridges. Thiswouldexplainwhy somespotsontheriver aremorepronetointerferencethan
others.

Additional testswereperformed by using the RF step attenuatorsto decreasethe power of the
interfererstill theaudibleperiodicinterferencewasnolonger heardintheradioreceiver. Thistestwas
performedaurally anddidnotinvolveaSINA D measurement. Theamount of attenuationeachradio
needed to effectively eliminate the audible interference is shown below in Table 2-2.

Table 2-2
Receiver Attenuation Values
Radio Receiver Attenuation (dB)
B 20
E 20
F 10
G 30
H 10
| 30
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[« 20

M 10
AsshowninTable2-2, therangeof attenuation neededtolower the power of theland mobile
transmittersand wegther channel emissionsintotheradioreceiver toreducetheaudibleinterferencesothat
thel kHztest tonewasaudiblerangedfrom 10to 30dB. Theattenuation al soreduced the sensitivity of
theradio. Theresolutionfor thesetestswas10dB. Itwasdifficultto” hear” thechangeinthelevel of the

audible interference using smaller steps of attenuation..
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SECTION 3
INTERFERENCE COUPLING MECHANISMS

3. Blocking and Receiver Front-end Overload/Saturation

Thereceiver front-end overl oad/saturation and subsequent SINA D reduction at both Savannah
and New Orleans would seemto bedueto proximity of NOAA VHF weather broadcast transmittersto
marinersontheSavannahand Mississippi rivers. At Savannah theNOAA weather station broadcastsat
162.4MHzandisidentifiedasWX 2. Theantennaused by thisweather broadcast stationislocated ontop
of al0story buildinglocated under half amilefromtheriver’ sedgenear thetugboat company dispatch
office. Duringtesting, thedistancefromthewesther broadcast antennato thetugboat ranged fromone-hal f
tofivemiles. Thehighest thereceived power of theweather station asmeasured at theinput of eachradio
was approximately -10 dBm..

The tugboat company dispatch office had two antennas mounted on a tower that was
approximately 100feet highfor their basestation radi o operati ons. Oneantennawas mounted about 50
feet upthetower andtheother wasmounted closetothetop. Theradiointhedispatch officedid not
experienceaudibleinterferenceand had agood SINA D measurement when connected tothelower
antenna. When connectedto thetop antennathedispatch radi o experienced interferencesimilar tothat of
the radiotested onthetugboatintheriver. Visual inspection of thegeometry betweenthelower antenna
onthedispatchtower and weather antennaon the bank building showedthat theweather signal was
diffractingover theedgeof anadjacent buildingthat wastaler thanthel ower antenna. Thissignd diffraction
loweredthereceived power of theweather broadcast by about 20-30dB over thetop antennaand almost
eliminated theinterferenceinthedispatch officeradio. Thiseffect clearly demonstrated that theweather
broadcast waspartly toblamefor theinterferencein someradios. Other test radioswereal sotestedinthis
manner with the same result.

InNew Orleansthe NOAA weather station broadcastsat 162.55 MHz andisidentified asWX1.
Theantennaused by thisweather broadcast stationislocated ontop of a20 story buildinglocated about
half amilefromtheriver’ sedge. Duringtesting, thedistancefromtheweather broadcast antennatothefire
boat ranged from about half amileat |ocation oneto under two milesat |ocationtwo. Thehighestthe
receivedpower of theweather stationasmeasured at theinput of eachradiowas approximately -15
dBm.. Theweather broadcastswerecontinuoudy onduringthetesting. Thereceived power level changed
as the boat moved in the river due to shielding and diffraction.

Thel EC specificationfor blockingis-23dBmat theradio RFinput, whichwouldresultina
minimum SINAD of 14 dB. In Savannahthereceived power of theNOAA signal, whichresemblesthe
unwanted signal inthel ECblockingtest, was13dB abovethespecification. In New Orleansthereceived
power of the NOAA signal was 8 dB above the specification.

SomeRFfilteringinthefront end of marineradiosmight beexpected becausethedesiredsigna
channel sandtheweather broadcastswereseparated by at | east 700kHz or more. However, themarine
radi osthat weretested weredesignedtoreceiveadl VHF marineweather broadcast channelsand therefore
donot haveany RFrejectionto NOAA weather broadcasts. Inaddition, themarineVHF radioreceivers
also do not have any RF rejection to land mobile transmitters operating within the band.

Receiver front-end overl oad/saturation may not beaudibleor apparent totheradio operators. The
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weather broadcastswereaudibleinonly oneof theradioreceiverswhileit wastunedtoadesired test
channel . Non-audible interferencewoul d causeareductioninthereceptionrangefor theradioreceiver
andwould not beobvioustotheradiooperator. For example, if theradio operator wasunabletodiscern
aweak signal inthepresenceof theweather broadcastsor any other strongin-band signa , they might say
that theradiohad gone* deaf” . Theradio operator would not beableto hear thepersonthat they were
tryingto communicatewith, but al sowould not hear any interferencecomingthroughtheradioreceiver.
Hence, the radio was quiet and had gone “deaf”.

3.2 Intermodulation and/or Cross-modulation

I nadditionto maritimecommunications, theV HF maritimemobilebandisused by land mobile
systemsfor avariety of functions. Thefunctionsand thefrequenciesthat theseland mobilesystemsoperate
onarelistedinParts22 (Public Mobile Service) and 90 (Private Land M obileRadio Services) of the
Code of Federal Regulations(CFR). Thespectrum recordingsthat weretakenin Savannah and New
Orleansshowed that numerousland mobilesystemsthat operateaccording tothesepartsof the CFRwere
active in both areas.

In Savannah and New Orleans, theaudibleintermodul ationinterferenceintheradioreceivers
seemstobeattributabletoland mobiletransmittersandtheNOA A VHF weather broadcasts. Theland
mobil etransmittersand theweather broadcastswereidentified aspossiblesourcesof interferenceby
listeningtotheinterferenceand observing thedisplay onthespectrumanayzer. However, theinterference
mechanismmay beacombination of intermodul ation and/or crossmodul ation products. Anintermodul ation
productisduetotwoor moresigna sdrivingtheradioreceiver circuitry into non-linear operation. Cross
modul ationistheresult of aninterfering signal that isstrong enoughtoact asalocal oscillator intheradio
receiver.

Theland mobiletransmittersseemedtoinitiatetheaudibleinterferenceevents. Thiswasobserved
by listeningtotheradioand watching thespectrumanalyzer’ sdisplay. Theaudibleinterferenceonly
occurredwhentheland mobiletransmitterswereactive. During theaudibleinterferenceevents, receiver
addressingtonescould beheardfoll owed by land mobiledatatransmissions. Duringtheland mobile
transmi ssions theweather broadcast coul d al so beheard assomewhat garbled but identifiablevoice
interference in the radio receiver.

Previousstudiesdoneby the FCC haveshownthat when WX 2isnot broadcastingin Savannah,
theaudibleinterferencedoesnot occur (thistestwasnot performedby NTIA). Accordingtothe FCCthe
WX 2 weather broadcast hasbeen transmitting fromthesameantennalocationfor over 10yearsand
complaintsfrommarinersabout theinterferenceonly started to bereportedinthepast few yearsasland
mobilesystemsweredeployedinthearea. During our tests, WX 2wascontinuoudly transmittingandthe
audibleinterferenceonly occurred whentheland mobiletransmittersbecameactive. Theresultsof these
tests show that thecombination of land mobiletransmitters and weather broadcastsinthesameEM
environment can generate interferencein marine VHF radio receivers.

Personnel fromthe FCC Compliance Bureau field officebasedin New Orleanshaveinvestigated
thereportsof interferencein Savannah and New Orleansand stated that theland mobilesystemsand
NOAA weather broadcastsin Savannah and New Orleansareoperating within Federal guidelineswith
respect to output power, signal deviation, and spurious emissions
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Althoughland mohbiletransmittershavebeenidentified asacomponent of theaudibleinterference,
determiningwhichland mobiletransmittersarecausing theinterferenceon specificmarinechannelsis
difficult. Inspectionsof thespectrumrecordingsshow that numerousland mobiletransmitterswereactive
whentheserecordingsweremadeand theinterferencewas present. With somany land mobiletransmitters
activewhentheinterferencewasheard, it wasdifficult to determinejust exactly which oneswere
contributing to theinterference on the desired test channelidie received power levels of the land
mobiletransmittersat theradiosRFinput weregreater thantheunwanted signal power level sthat were
usedinthel ECintermodulationrejectionratiotest. Thereceived power level sof theland mobile
transmitterswasupto-27 dBmat theradiosRF input and generatedintermodul ationinterferenceinall
receiversexceptradioM andradioL operatinginlocal mode. Testingtheradiosinthelaboratory tothe
| ECintermodul ationrejectionratio proceduresrevea ed that unwanted signal powersrangingfrom-55to
-34 dBmweresufficient togeneratetheintermodul ationinterferenceandlower theSINAD to 14dB. The
onlyradiowhichhadlaboratory test valuesequal totheland mobilereceived power levelswasradio L
operating in local mode. Radio was not available for testing when the laboratory test were performed.

33RTCM RECEIVER STANDARD

RTCM hasdeveloped adraft receiver standard for marineVVHF radiosthat isbased onthe
received powersof theland mobileand NOAA transmittersthat weremeasured at the RF input of thetest
radios. Thestandardisacombination of blocking andintermodulationrejectionratiotestswhich aresmilar
totestsand proceduresoutlinedin IEC 1097. Themagjor differencebetweentheRTCM testandthel EC
testsisthat theunwanted signal powersintheRTCM standard areset at specificlevelswhilethe ECtests
arereferencedtothereceiversmaximumusablesengtivity. IntheRTCM standard, theblockingsigna is
setat-15dBmat thereceiver input and thetwo unwanted signal sthat simul atetheland mobiletransmitters
aresetat-27dBm. TheRTCM performancerequirement isthat thereceiver haveaminimum SINAD of
14 dB withawanted signal power of -107 dBm at thereceiver RFinput and the afore mentioned
unwanted signals also being present.
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SECTION 4
EVALUATION of RADIO PERFORMANCE

Theperformanceof theradioswaseva uated usingthe SINAD histogramsand by listeningtothe
radioduring thetests. Radiosthat had hi stogramswhich showed adi stribution of SINAD measurements
to higher valuesfor agreater percentageof timeperformed better thanthoseradiosthat hadlow SINAD
values for higher percentages of time. Some radios performed better in Savannah than New Orleans.
A brief discussionof eachradio’ shistogramsfromtheNew Orleansand Savannahtestsisgiven
in the following paragraphs.

Radio A

Radio A isarecreationa gradefixed mountradio. Thehistogramfor thisradio (FigureB-7) shows
that thisradioreceiver never hadaSINAD above4 dB andthat most of the SINAD distributionwasin
the 1-3dB range. Theradiowasinaconstant state of saturationandthe1 kHztest tonewasal most
inaudibleduetotheintermodul ationinterference. Thiswastheonly radioinwhichtheweather broadcast
coul dbeheardwhentheradiowastunedtothetest channel. Theradiobrokeandwasnot testedin New
Orleans. This radio performed poorly.

Radio B

RadioBisacommercia gradefixedmountradio. Thehistogramfor thisradio (FigureB-6and
Figure C-4) showsthatin Savannahtheradiohad aSINAD distribution of 0-13dB whileinNew Orleans
the values were never above 4 dB.

Radio E

Radio E isarecreationa gradehandheldradio. Thehistogramsfor thisradio (FiguresB-9and C-
10) show that thisradio never had SINA D measurementsabove4 dB and that most of thedistributionwas
inthe0-3dB range. Thisradiohad aplastic housing and case penetration may haveaddedtoitspoor
performance.

Radio F
RadioFisacommercial gradefixed mount radio. Thehistogramsfor thisradio (FiguresB-3and
C-7) show SINAD measurementsfrom 3-14dB in Savannahand 1-13dB inNew Orleans. Thisradio
seemedtofunctionwell in Savannah but wasmoredegradedin New Orleans. It had better performance
than the recreational grade radios but not as good performance as the other commercial grade radios.

Radio G

Radi o Gisarecreational gradehandheldradio. Thehistogramsfor thisradio (FiguresB-10and
C-9) showsthat thisradioreceiver had SINA D measurementsfrom 1-5dB and that most of theSINAD
distribution was in the 1-3 dB range. The radio was in a constant state of saturation and the
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1 kHztest tonewasa most inaudibleduetotheintermodulationinterference. Thisradio performedpoorly.

RadioH

RadioH isarecreational gradefixed mount radio. Thehistogramsfor thisradio (FiguresB-3and
C-3) show that thisradiorecel ver had SINAD measurementsfrom 1-14 dB and that most of the SINAD
distributionwasinthe6-12 dB range. Thisradio seemedtowork better in Savannahthan New Orleans.
For arecreational grade radio it had moderate performance.

Radio |

Radiol isarecreational gradefixed mount radio. Thehistogramsfor thisradio (FigureB-5and
C-6) show that this radio receiver never had a SINAD above 5 dB and that most of the SINAD
distributionwasinthe 1-3dB range. Theradiowasinaconstant stateof saturationandthe1 kHztest tone
was inaudibleduetotheintermodul ationinterference. Thisradio had anunshiel ded plastichousingand case
penetration interference was possibly occurring. Thisradio performed terribly.

Radio K

RadioK isarecreational gradefixed mount radio. Thehistogramsfor thisradio (FiguresB-8and
C-8) show that thisradio receiver never had a SINAD above 7 dB and that most of the SINAD
distributionwasinthe1-5dB range. Theradiowasinaconstant stateof saturationandthe 1 kHztesttone
was almost inaudible due to the intermodulation interference. This radio performed poorly.

Radio L

RadioL isacommercia gradefixed mount radiothat incorporatesal ocal/distanceswitchinits
receiver thatisaccessiblefromthefront panel of theradio. Thehistogramsfor thisradio (FiguresB-1, B-2
and C-1and C-2) show that indistancemode (FiguresC-1andB-1) thisradioreceiver had SINAD
measurementsfrom 1-14 andinloca modehad measurementsfrom8-18dB. Usingtheloca modesetting
ontheradioreceiver removedamost all of theaudibleinterference. Thisradio performedwell inlocal
mode and had marginal performance in distance mode.

RadioM

RadioM isacommercial gradefixed mount radio. Thehistogramsfor thisradio (FigureC-5)
showsthat thisradioreceiver SINAD valuesfrom 1-14dB. Thisradio had anexternally adjustable
attenuator for operationsin harsh EM environmentsthat wasal so connected totheradio’ ssquelch control.
Althoughtheradiowasableto operatein New Orleanswhentheattenuator wasset toitsfull value, the
squel ch closed and about 3dB moreof desired signal power wasneededtorestorethe SINAD. Theradio
was not in the test inventory for the Savannah tests. This radio worked well.



SECTION 5
CONCLUSIONS and RECOMMENDATIONS

5. Conclusions
The following conclusions can be drawn from these tests:

1.VHFFM marineradiosareexperiencingreceiver saturation andintermodul ation/cross
modulationinterferenceon numerouschannd sat Savannah, Georgiaand New Orleans, Louisiana, including
those used for key ship-to-ship and safety communications.

2. Thereceived power level sof theland mobileemittersin New Orleansand Savannah at the
radios RFinput wasupto-27 dBm, which exceedthelevelsof s mulated interferenceset by thel EC 1097
intermodulation test by up to 28 dB.

3. Thereceived power levelsof the NOAA VHF weather broadcatsin New Orleansand
Savannah at theradiosRFinput wasupto-10dBm, whichexceedthelevelsof simulatedinterferenceset
by the IEC 1097 blocking test by up to 19 dB.

4.Thereceiver saturation andintermodul ation/crossmodul ationinterferenceappearsto be
attributableto CFR Title47 Parts22 and 901and mobileoperationsinthemarineVHF bandand NOAA
VHF weather broadcasts.

5. ThemarineVHFradiosdo not haveany protection agai nst land mobileoperationsand weather
broadcasts that operate within its receiver passband.

6. NOAA weather radio andland mobiletransmitter antennasarevery closetotheriver’ sedge
i n Savannah and New Orleansresultingin higher received unwanted signal powersat themarineradiosRF
input, which further exacerbates the interference problems.

7. TheFCC Complianceand I nformation Bureaufield officein New Orleanshasstated that the
land mobilesystemsin Savannah and New Orleansareoperatingwithin CFR Parts22 AND 90Title47
guidelines with respect to output power, signal deviation, and spurious emissions.

8. Somehighquality commercial graderadioshaveaninternal attenuator selectablewitha
| ocal/distance switchor squelch control that reducesthesengtivity of theradioreceiver. Suchradioswere
capable of operating satisfactorily in the New Orleans and Savannah el ectromagnetic environment.

8. Recreational graderadioswereableto overcometheinterferencewith anexternal attenuator

at thereceiver RFinput whichrangedinvaluesfrom10to30dB. Thesensitivity of theradiowasal so
degraded by the attenuation.
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9.The RTCM SC-117 draft receiver standard for marine VHF radios, whichisbased on
interferencepower level sthat wererecordedin New Orleansand Savannah, should besufficient to protect
marine radio receivers from saturation and intermodul ation interference.

5.1 Recommendations
It isrecommendedthat the Coast Guard consider thefollowingitemsinresol ving reportsof interference
in marine VHF radios at US ports and waterways.

1. Intheinterestsof increased public saf ety and environmental concernsfor maritimeoperations
onrivers,lakes, inland waterways, and coastal areasof theUnited States, the Coast Guard district offices
shoul dinformmarinerswhichradiosarecommercially availablethat canfunction at Savannahand New
Orleans when complaints of interference are sent to their offices.

2.PromotingtheRTCM SC-117 receiver standard among different manufacturerssothat more
radios are available at an affordable price to the general boating public which can meet the standard.

3. ToreduceinterferencefromoccurringinmarineVHF radio receiversfromfuturedepl oyments
of NOAA VHFweather broadcastsnear portsand waterways, working with NOAA to devel opantenna
sitingguidelinesfor NOAA VHF wesather transmitters. Theseguidelinescould possibly beincorporated
intheNTIA manual. Theguidelinesshoul d bebased on marineradio performancethat isin accordance
with the RTCM receiver standard.

4. Toreduceinterferencefrom occurringinmarineV HF radioreceiversfromfutureoperationsof
land mobilesystemsintheVHF band, workingwiththe FCCand N TIA indevel oping antennasiting
guidelinesfor land mobiletransmittersthat can beincorporatedinthe Codeof Federa Regulations. The
guidelinesshould bebased on marineradio performancethat isinaccordancewiththeRTCM SC-117
receiver standard.
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