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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 communi cation functionsincluding: public correspondence, intership and ship-to-coadt,
coadt-to-ship, port operations, calling and varioussafety purposes. Safety functionsincludedistress, search
andrescue, shipmovement, navigation (bridge-to-bridge) communications, and maritimesafety information
broadcasts.

MarinersintheUnited Statesand other countriesareexperiencinginterferenceonchannels
allocatedtotheabovefunctions. TheRadio Technical Commissionfor Maritime Services(RTCM)
established Special Committee 117 toinvestigatetheinterferenceand determineif thelnternationa
Electrotechnical (1EC) standard 1097-7*“ Global MaritimeDistressand Safety Sysem(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 Guard and
RTCM SC-117, undertook atask totest ninecommercial andrecreational grademarineVHF radiosto
the | EC standard and performradiated testsin areaswhereseverecasesof interferenceareoccurring.
L aboratory testing of theradiostothel EC standard wasperformedin Boulder, Colorado. Theradiated
testswereperformedin Savannah, Georgiaonthe Savannah River and ontheMississippi RiverinNew
Orleans, Louisiana. Marinersinbothlocationshavebeenreporting casesof severeinterferenceinthe
marine VVHF band onthewaterwaysfor quitesometimenow. Someof thechannel sexperiencingthe
interferencearekey channel sused for safety and bridge-to-bridgecommunications. Theinterferenceisvery
disruptive to normal operations on the river and is distracting to the radio operators.

Thel EClaboratory testsand radiated testswerebased onreceiver SINAD measurements. Inthe
IEC 1097-7test procedures, the SINAD of areceiver beingtestedwasset to 20dB by adjustingthe
desiredsignal power andtheninjecting interference intothecircuittoreducetheSINADto 14dB. The
resultinginterference-to-signal ratio (1/S) wasthen cal culatedin dB and compared totheminimum 1EC
requirement. Thel ECtest procedureswereused to measurethereceiver sensitivity andto calculatethe
receiver co-channel rgjectionratio, adjacent channel sdlectivity, blocking (saturation) andintermodulation
rejection ratio.

All of theradioseasily exceeded theminimumrece ver sensitivity requirement. Four radiosfailed
theco-channel rejectionratiotest and only two radiospassed theadjacent channel selectivity test. Inmost
casestheradioswhichfailed werewithin 3-5dB of passingthetests. Themostimportant | EC tests, which
arerelatedtothecomplaintsabout i nterferencein Savannah and New Orleans, weretheintermodul ation
rejectionratioand blockingtests. Four radiospassed theintermodul ation test whileonly onepassed the
blockingtest. RadioL, operatinginlocal modepassed bothtestsand wastheonly radioto operate
satisfactorily inNew Orleansand Savannah. Radio L had anintermodul ationregjectionratioof 81.dB while
the IEC standardis68dB. Therefore, it can beconcluded fromtheresultsof thel EC testsand radiated
teststhat thel EC intermodul ationrejectionratio performancerequirement isnot stringent enough for radios
operating in some US ports and waterways.



Theresultsof thesetestsshow that the Coast Guard and RTCM should consider thefollowing
itemswhendevel opingamarineVHFradioreceiver standard based onthel EC standard: the|EC 1097-7
test proceduresand performanceobjectivesdo not adequatel y takeinto account the severeintermodul ation
and blockinginterferencethat isoccurringinmajor USportsand waterwayssuch as Savannahand New
Orleans, thereceiver standard shoul d bebased onthepower level sof theunwanted signal sthat havebeen
measuredin Savannah and New Orleans, and theintermodul ationrej ectionratiotest should bereferenced
from aspecificwantedsigna power level andaminimum SINAD, rather than areceiversmaximumusable
sensitivity for a20 dB SINAD.
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SECTION 1
INTRODUCTION

1.1 Background

NTIA publishedareport for the Coast Guardthat studied thecompatibility between 12.5kHz
and 25kHz channelized marineVHFradios, NTIA TR-97-343" Assessment of Compatibility between
25 and 12.5 kHz Channelized Marine Radios’. One of the conclusions of the report was that the
adoption of appropriatestandardsfor marineV HF radioreceiverswould help aleviate problemsdueto
congestioninthemarined ectromagneticenvironment. Currently, theUnited Statesdoesnot havereceiver
standardsfor marineVHF radios. Anorganization comprised of mariners, radio manufacturers, and
frequency regulators, the Radio Technica Commissionfor Maritimeservices(RTCM), established RTCM
SC-117toinvestigatereceiver standardsdevel oped by other regul atory agenciesor organizations. One
organi zation, thelnternationa Electrotechnical Commission (IEC), hasrecently published adocument that
contains proposed standards for marine VHF radios.

The IEC’ s 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’.

TheCoast Guardisinterestedinestablishing voluntary standards, similar tothel EC standard, for
marineVHFradiossoldintheUnited Statesto hel p protect themfrominterference. Insupport of this
effort, NTIA,incoordinationwiththeCoast Guardand RTCM SC-117, undertook atask totest nine
commercial andrecrestional grademarineVHF radiostothel EC standard and performradiatedtestsin
areaswhereseverecasesof interferenceareoccurring. Laboratory testing of theradiostothe EC
standardwasperformedinBoulder, Colorado. Theradiated testswereperformedin Savannah, Georgia
ontheSavannah River and ontheMississippi RiverinNew Orleans, L ouisiana. Theselocationswere
chosenfor“live’ testing duetothenumerouscomplai ntsfrom marinersthat their communi cationsarebeing
disrupted on the Savannah and Mississippi Rivers due to interference in the marine VHF band.

Thel EClaboratory proceduresand standardsarebased onreceiver SINAD measurementsand
Interference-to-signal (1/S) ratios. A receiver SINAD measurementistheratio, expressedindB, of the
desiredsigna power tointerference, noise, anddistortion. Anl/Sratio, expressedindB, isthelevel of the
unwanted signal tothewanted signal. Inthel ECtest procedures, the SINAD of areceiver beingtested
wasset to 20dB by adjusting thedesired signal power andtheninjecting interference intothecircuitto
reducetheSINADto14dB. Theresultinginterference-to-signd ratio (1/S) wasthencal culatedindB and
comparedtotheminimumIEC requirement. Theradioeither passed or failedthetest. Thel ECtest
procedureswereused to measurethereceiver sensitivity andto cal cul atethereceiver co-channel rejection
ratio, adjacent channel selectivity, blocking (saturation) and intermodulation rejection ratio.
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1.2 Test Objectives

The objective of thesetestswasto determine the marine VHF radios complianceto the
performancestandardsfor marineVHFradioreceiverscontainedin | EC document 1097-7. Thespecific
laboratory tests that were performed from |EC document 1097-7 are shown in Table 1-1.

Table 1-1

IEC
Test

Section 5.5.3
Sensitivity

Section 5.5.4
Co-Channel Rejection Ratio

Section 5.5.5
Adjacent Channel Selectivity

Section 5.5.7
Intermodul ation Response

Section 5.5.8
Blocking

1.3 Test Description

Theradiosweretested by usngsigna generatorsto providethewanted and unwantedsignals. The
signals were combined with a RF network and then injected into the RF input of the radios. A
communication test set was used for receiver SINAD measurements.

Thefirsttask of thetestswasto determinethe power required at theradio’ sSRFinput that woul d
producea20dB SINAD intheradioreceiver. Eachinterferencetest usedthat asastarting point and then
unwantedsignal (s) wereinjectedintotheradioreceiver tolower the SINAD to 14dB. Thepower of the
unwantedandwanted signalswerethenusedto calculateaninterference-to-signal (1/S) ratioindB which
wasthen compared tothel EC minimumtest requirement. If theradio met or exceeded therequirement
of the test that was being performed then it passed, otherwise it failed.

14 Ted Radios

Commercially availableand og 25 kHz channdlized marineVHF FM radiosweretested. These25
kHz radiosincluded four commercial graderadiosrepresentativeof thetypeused by commercial boaters
and government agencies.

M ost recreational boatersuselessexpensive25kHzradiosthat retail for under 300dollars. These
typesof radios, whichwerefoundtobemoresusceptibletointerference, werealsotested. NTIA
purchased three fixed mount and two hand-held radios of these types from local retailers for testing.

Theradiosareidentified by a phabetical code. Manufacturers namesand model numbersarenot
includedinthisreport. Theradiosarecategorized aseither recreational or commercial graderadiosand
as either fixed-mount or handheld below in Table 1-2.
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Table 1-2
Radio Description

Radio Type Grade

A fixed-mount recreationa
25 kHz

B fixed-mount commercia
25 kHz

E hand-held recreationa
25 kHz

F fixed-mount commercia
25 kHz

G hand-held recreationa
25 kHz

H fixed-mount recreational
25 kHz

| fixed-mount recreationa
25 kHz

K fixed-mount recreational
25 kHz

L fixed-mount commercial
25 kHz

Radio L hadalocal/distanceswitchfor itsreceiver accessibleonafront panel control whichwas
separatefromthesquel ch control. Thelocal/distanceswitchisused by theradio operator toreducethe
sensitivity of theradioreceiver by about 10 dB to compensatefor strongundesired signalsinthe
€l ectromagneticenvironment. Thisradiowasdesigned withthesefeaturesfor operationsincongested EM
environments.
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SECTION 2
TEST RESULTS

2.1 Receiver Sendtivity

The [ ECminimumrequirement for thisstandardis1 FV attheradioRFinputfora20dB SINAD.
Thislevel isequal to-107 dBmintoa50ohmload. Thesensitivity of theradioswasmeasured at channels
01A (156.050MHz), 16 (156.800MHz), 67 (156.375MHZz), 70 (156.525 M Hz), and 87 (161.975
MHz). All of theradiosmet or exceeded the 1 FV requirement,includingradioL operatingintheloca and
distance modes. Table A-2 in Appendix A contains the measured data for the radio sensitivity tests.

2.2 Co-Channd Rejection Ratio

Thel ECrequirement for thisstandardis -10to0dB, calculated astheratio of theunwanted
signal towanted signal whichwould degradethe SINAD from20to 14 dB. Channel 67 wasused asthe
wantedsignal for thistest. Radio G, H, I, K, and L met therequirement of thisstandard. RadiosA, B, E,
andFfailed. RadiosA and B failedby 1dB whileradio Efailledby 2dB andradio Ffailedby 4dB. Table
A-4in Appendix A contains the measured data for the co-channel rejection ratio tests.

2.3 Adjacent Channed Sdectivity

Thel EC minimumrequirement for thisstandardis70dB, cal cul ated astheratio of theunwanted
signal towanted signal whichwoulddegradethe SINAD from20to 14dB. Channel 67 (156.375MHz)
wasused asthewanted signal channel for thistest and theunwanted signal swereset at channel 8(156.400
MHz) and channel 07A (156.350 M Hz). Commercial gradeRadiosB and F passedthistest. Theonly
recreational graderadioto passthistestwasradioK. TableA-3inAppendix A containsthemeasured
data for the radios adjacent channel selectivity test.

24 |ntermodulation Rejection Ratio

Thel EC minimumrequirement for thisstandard is68 dB, cal culated astheratio of unwanted signa
towanted signal whichwould degradethe SINAD from20to 14dB. Theunwanted signalsareset to
frequencies50kHzand 100 kHz removed fromthewanted signal channel to generateathird order
intermodul ation product withintheradioreceiver onthewanted sgnal channd. Channel 67 wasthewanted
signal channel for thistest and theunwanted signal swereset at channel s68 (156.425 MHZz) and channel
69 (156.475 MHz). The power of the unwanted signals at the radio RF input were set to equal levels.

Radios B, F, H, and L passedthistest. Radio L wasthebest performer and passed thetest by
18 dB with the receiver operating in distance mode and by 16 dB operating in local mode.
TableA-5in Appendix A containsthemeasured datafor theradiointermodul ationtests. Theresultsof this
test areimportant becausethisisthetypeof interferencethat isoccurring at New Orleansand Savannah.

Thefreguency separation betweenthewanted signal andtheunwanted signals (50 and 100kHz)
wasseentogenerateinterferenceeffectsother thanintermodul ation productswithintheradioreceiver. This
topic is discussed below.

Further investigation of thistest reveal ed that in someinstancesthereductioninthe SINAD was
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not totally dueto anintermodul ation product, but a soincluded adjacent channd interferenceeffectsaswell.
Thiswasverified by turning off the RF output of each of theunwanted signal generatorsoneat atime. With
only oneunwanted signal connectedintothetest circuit theintermodulation product could not begenerated
andthe SINAD should haverecoveredto approximately 20dB. In somecaseswhentheunwanted signal
onchannel 68wastransmittingintothecircuit andtheunwanted signal onchannel 69wasnot, theSINAD
didnot recover to20dB. Whenthesituationwasreversedthe SINAD generally recoveredtoahigher
val ue. Thisresultindicated that adjacent channd interferencewasa so contributingtothe SINAD reduction
andthat theeffect wasmorepronounced withtheclosest unwanted signal (channel 68) operatinginthe
circuit. The level of this effect varied with each radio.

Additional testsonradio L showedthat asthefrequency separation betweenthewanted signal and
unwanted signalsincreased, the SINA D recovered toahigher valueindicating that theadjacent channel
effectswerebecominglessof afactor. The* break point” istheamount of frequency separation between
the wanted signal channel andtheunwanted signalswherethereductioninthe SINAD isaresult of the
intermodulation product and not adjacent channel interference.

2.5 Blocking
ThelECrequirement for thisstandardis90dBFV (emf), whichwould degradethe SINAD to 14

dB. Thislevel equatestoapower of -23dBm at the RFinput of thetest radio. Channel 67 wasused as
the desired signal channel for thistest. Theunwanted signal wasset at frequenciesof** 10, *'5, **2,and
"*1 MHz from channel 67 for this test.

Theonly radiothat wasabl eto passthistest for theentirefrequency rangewasradioL operating
inlocal mode. Theother radioswereabl eto passthetest at thefar frequenciesbut failed astheunwanted
signal waswithin"2MHzand"" 1 MHzof thewantedsignal . Radio L hadthebest overall performance
whileoperatinginloca mode. Thisradiowasabletotakeupto-14 dBmof unwanted signal power, which
is9dB abovethel EC requirement, and still meet thel EC sengitivity requirement. TablesA-6and A-7in
Appendix A contain the measured data for the radio blocking tests.

26 SUmmary
The commercia graderadiosperformed better thantherecreationa graderadiosby passingmore

of thetest requirements. Noneof theradioswereabletopassall of thetests. Thebest performer was
RadioL.Operatinginloca modeit passedall of thetestsexcept for theadjacent channel selectivity test.
Theresultsshow that thebl ocking test requirement wasthehardest test for theradiosto pass. Thistestis
veryimportant becauseblockingtypeinterferenceisoccurringin USportsand waterwaysandthe
measured levels of the unwanted signals exceed the IEC requirement by 8 dB.
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SECTION 3
CONCLUSIONS and RECOMMENDATIONS

Thefollowing conclusionsand recommendationscan bedrawnfromtheresultsof IEC1097-7
testsperformed ontheradiosinthelaboratory. Theperformancerequirementsof thel ECtestswere
eval uated by theradiated testingwhichwasperformed ontheMississippi River inNew Orleans, Louisana
andthe Savannah River in Savannah Georgia. Theresultsof theradiated testsarediscussedinNTIA
Report 99-362.

3. Conclusions

1.Themarineradiosthat weretested, which aretypical of thetypessoldtorecreational boatersand
commercia mariners, easily met or exceeded thel EC minimumreceiver sengtivity requirement of 1FV (for
a20 dB SINAD).

2.ExceptforradioL operatinginlocal mode, radiosthat passed thel ECintermodul ationrejectionratio
test of 68 dB werestill susceptibletointermodulationinterferenceat Savannah and New Orleans.
Therefore, theperformancerequirement of theintermodul ationrejectionratiotest set by IECisnot stringent
enough for marine radios operating in/near major US ports and waterways.

3.Insomeradios, the50 kHz and 100 kHz spacing between thewanted and unwanted signal sfor the
intermodul ationrejectionratiotest resultedinadjacent channel interferenceoccurringaongwiththe
intermodul ationinterference. Theadjacent channd interferencefurther reduced the SINAD measurement
and affected the results of the intermodulation rejection ratio test.

4.Referencingtheunwanted signal power levelsinthel ECintermodul ationrejectionratiotest tothe
maxi mumusablereceiver sensitivity resultsintheunwanted signal power levelsbeing lower thanthose
measuredin New Orleansand Savannah becausethereceivershave senstivitiesthat far exceedthe| EC
requirement of 1FV.

3.1 Recommendations

Itisrecommended that the Coast Guard and RTCM cons der thefollowingitemswhen devel oping
aVHF marine radio receiver standard.

1. Thel EC 1097-7 test proceduresand performance objectivesdo not adequatel y takeinto account the
severeintermodul ationand blockinginterferencethat isoccurringinma or USportsand waterways, such
as Savannah and New Orleans.

2.A VHF marineradioreceiver standard devel oped by the Coast Guard and RTCM should bebased on
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the power levels of the unwanted signals that have been measured in Savannah and New Orleans.
3.A VHFmarineradioreceiver standard devel oped by the Coast Guardand RTCM shouldreferencethe

intermodulationrejectionratiotest fromaspecificwanted sgna power level andaminimum SINAD, rather
thanthel EC procedurewhichisbased onarece versmaximumusablesensitivity fora20dB SINAD .
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