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Abstract:Thecomplexityofunderwaterenvironmentposesachallengetounderwateracousticcommunication.Inmarine
environment,differenttemperatures,depthsandsalinitieswouldaffecttheperformanceofacousticcommunication.The
analysisoftheunderwateracousticchannelundertheinfluenceoftemperaturefactorsprovidesareferenceforfurtherstudyof
theunderwateracousticchannelestimationproblembasedonfilterbankmulti-carrier(FBMC).TheFBMCbasedoffset
quadratureamplitude modulation(OQAM)technology(FBMC/OQAM)wasintroducedintotheunderwateracoustic
communication.BasedonFBMC,theunderwateracousticchannelestimationtechnologywasstudied.Bychangingthepilot
structuretoadapttothecomplexandvariableunderwateracousticchannel,theiterativemethodwasusedtoobtainthechannel
informationwithhigheraccuracyandfurtherimprovetheperformanceofchannelestimation.Theoreticalanalysisand
simulationresultsshowthatiterativechannelestimationalgorithmbasedonthenewinterferenceapproximationmethod(IAM)
pilotproposedinthispaperhasbetterperformanceinunderwateracousticchannel.
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0 Introduction
 Oceanareaaccountsfor71%oftheEarth’stotal
area,andmarineresourcesareofgreatsignificanceto
humandevelopment.Atpresent,becauseorthogonal
frequencydivisionmultiplexing(OFDM)basedon
cyclicprefix (CP-OFDM)hasfeaturessuchas
robustnessto multipatheffectsandhighspectral
efficiency,itisadoptedin underwateracoustic
communication.Inter-symbolinterference(ISI)and
inter-carrierinterference(ICI)causedbycyclicprefix
inOFDMwillaffectthecommunicationsystem.The
fifthgenerationcellularradio(5G)proposestoapply
filterbank multi-carrier (FBMC)technologyto
wirelesscommunicationsystem[1-2].Theprototype
filtersofthe FBMC/offsetquadratureamplitude
modulation(OQAM)systemincludearaisedcosine
filter,aPHYDYASfilter[3],anisotropicorthogonal
transformalgorithm (IOTA)filter[4]andsoon.
Becausesuchprototypefilterscouldreduceside
lobes,FBMC/OQAMcanalleviateISIandICIissues

toprovidehighertransmissionrateswithoutguard
intervalsorcyclicprefixesunlikeOFDM.Studies
haveshownthattheapplicationofFBMC/OQAM
modulationschemecanoutperform CP-OFDM in
terms of bit error rate (BER)and spectral
efficiency[5].Theinfluenceofunderwateracoustic
communicationtechnologyonunderwaterpositioning
andnavigationisalsoirreplaceable.Itisahot
researchtopictooptimizethechannelestimation
technologytoachievehighspeedandreliabilityof
underwatercommunication.
 Like other communication systems,channel
estimationiscriticalfortheFBMC/OQAMsystemto
recovertransmitteddataatthereceiver.Sincethe
FBMCsystemonlysatisfiestherealnumberfield
orthogonality,many channelestimation methods
availablefor OFDM systemscannotbe directly
appliedtotheFBMC/OQAMsystem.Thismeans
thatinFBMC/OQAMtransmission,real-valueddata
will be subject to inherent interference from
imaginary-valueddata[6].Aimingattheinterference
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ofimaginarypart,researcheshaveproposedsome
channelestimationmethodsbasedonFBMCsystem.
Accordingto differentinterference mechanisms,
thesepilot-assistedchannelestimationmethodscan
bedividedintothreecategories:thefirstmethodis
based on interference cancellation. The pilot
structureisdesignedatthetransmitter,sothatthe
inherentinterference does not affect the pilot
position,andtheconventionalchannelestimation
methodcanbedirectlyusedatthereceiver,suchas
auxiliarypilot(AP)[7],codeauxiliarypilotmethod
(CAP)[8]anddiscretefouriertransformation(DFT)-
basedFBMCsystemchannelestimationmethod[9].
Theinterferencecancellationmethodachievesbetter
channeltrackingperformancewhilereducingspectral
efficiencyorincreasingcomputationalcomplexity[6].
Thesecond methodisbasedontheinterference
approximationmethod(IAM),forexample,IAM-
real(IAM-R)[10]whosepilotvalueisarealvalueof
±1,sothattheinterferenceofthepilotsymbols
fromthefirst-orderneighborscontributestochannel
estimation.IAM-imaginary (IAM-I)issimilarto
IAM-R,withanintermediatepilotelementof±j.
IAM-complex(IAM-C)isanimprovedmethodof
IAM-Rwithanintermediatepilotelementof±1or
±j[11].Tofurtherimproveperformance,anextended
versionofIAM-C(calledasEIAM-C)isproposed,
withtwopilotvaluesaroundthepilotsequencebeing
±1or±j[12].TheIAMcanmaximizetheeffectof
intrinsicinterferenceonthechannelandrealize
channelestimationoftheFBMC/OQAM system.
Thethirdmethodisthechannelestimationmethod
based on interference avoidance. The channel
frequencydomainresponseisderived mainlyby
computationaltechniquesorfiltering,suchaspaired
pilotmethod (POP).Theadvantageisthatthe
wholesystem is notinherently designed.The
interferencecalculation cancels outtheinherent
interferenceofthesystemintermsofoperation.The
disadvantageisthatthePOPschemeneedstobe
determinedbytheinverseequalizer,whichleadsto
furthererrors,suchasnoiseenhancement[13].
 Inacomplexmarineenvironment,thespeedof
soundinwaterdependsonthedepth,temperature
andsalinityoftheseawater[14].BasedontheFBMC/
OQAMsystem,thispaperconductsacomprehensive
study on underwater temperature factors and
underwateracousticchannelestimationtechniques.
OnthebasisofIAM,theIAMpilotisimproved.
Thechannelestimationaccuracyisimprovedby

multipleiterations,anditsperformanceisverifiedby
simulation.

1 FBMCsystemmodel
1.1 BastictheoryofFBMC/OQAMsystem
 Themodulationanddemodulationblockdiagramof
theFBMC/OQAMsystemisshowninFig.1,where
M indicates the number of subcarriers,am,n

representsthen-th OQAM symbolofthem-th
carrier,andm∈{1,2,…,M-1}.Thestepsof
obtainingOQAMdataareasfollows:firstly,the
transmissionbitstreampassthroughthequadrature
amplitudemodulation(QAM)toobtainacomplex
symbol;secondly,therealnumbersymbolsare
obtainedbytherealpartandtheimaginarypartof
the complex symbol;lastly, these data are
transmittedbythevirtualrealpartmisalignmenthalf
symbolperiod.g(k)isarealsymmetricprototype
filterwithlengthofL.Thedatasymbolam,nisfirstly
multipliedthephasefactorejπ(m+n)/2tokeepthereal
fieldorthogonalbetweenthesubcarrierandthe
FBMCsymbol.Then,alldatais modulatedby
inversefastfouriertransform (IFFT)ontothe
subcarriers,andaddedtogetherafterpassingthe
prototypefilteroutputs.Lastly,transmitoverthe
channel. Similarly,in order to recover the
transmitteddata,thereceiveddataisdemodulatedby
afiltercombinedFouriertransform,andthesignal
onthesubcarrierisconvertedintoacomplexsignal
byOQAMpostprocessing.

Fig.1 FBMC/OQAMsystemblockdiagram

 Accordingtothesystem model,thebaseband
transmissionsignals(k)ofthe FBMC/OQAM
systemcanbeexpressedas

s(k)=∑
M-1

m=0
∑
n∈Z

am,ngk-nM
2  ej2πmkT ej

(m+n)π
2 , (1)

wherethepositionofam,nisrepresentedbyatime
frequencypoint(TFP)(m,n);gm,n(k)repressents
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thesubcarrierbasisfunctionat(m,n),andthe
expressionis

gm,n(k)=gk-nM
2  ej2πmkT ej

(m+n)π
2 . (2)

 Thedemodulatedsymbol̂am0,n0attheidealchannel
(m0,n0)isexpressedas

âm0,n0 =∑
∞

k=0
s(k)gk-nM

2  e-j2πmk
T e-j

(m+n)π
2 =

∑
∞

k=0
∑
M-1

m=0
∑
n∈Z

am,ngk-nM
2  ej2πmkT ej

(m+n)π
2 ·

g* k-nM
2  e-j2πmk

T e-j
(m+n)π
2 =

∑
∞

k=0
∑
M-1

m=0
∑
n∈Z

am,ngm,n(k)g*
m0,n0
(k). (3)

 Accordingtothedefinition oftheambiguity
function,theorthogonalityconditionoftheFBMC/
OQAMsystemcanbeexpressedas

ξm0,n0m,n =∑
k
gm,n(k)g*

m0,n0
(k)=

∑
M-1

m=0
∑
n∈Z

gk-nM
2  ej2πmkT ej

(m+n)π
2 ·

g* k-nM
2  ej2πmkT e-j

(m+n)π
2 , (4)

whereξm0,n0m,n is1when(m,n)=(m0,n0),andwhen
(m,n)≠(m0,n0),theinterferencetermbetweenthe
filtersisexpressedasapureimaginarynumberinthe
frequencydomain[15].Therefore,̂am0,n0inEq.(3)
canbeexpressedas

âm0,n0 =am0,n0+∑
M-1

m=0
∑
n∈Z

am0,n0ξ
m0,n0m,n =

am0,n0+ja
*
m0,n0. (5)

 ItcanbeseenfromEq.(5)thatifyouwantto
recovertheoriginalsignal,youneedtoperformthe
realpartoperationtoeliminatetheimaginarypart
interference.

1.2 Temperature and underwater acoustic
communication

 Changesinthemarineenvironmentwillaffectthe
performanceofunderwateracousticcommunications.
Thissectionexaminestheimpactofchangesinwater
temperatureoncommunications.Thetransmissionof
soundintheoceanwillbeaffectedbythephysical
andchemicalpropertiesofseawaterandthesound
willtraveltheseathroughmanypaths.Thespecific
pathofpropagationdependsonthesoundvelocity

structureinthe waterandthelocation ofthe
transmitterandreceiver[14].Soundspeedcisa
functionoftemperatureT,depthz(orpressure)and
seawatersalinityS[16].Thespeedofsound(unitsof
m/s)inashallowwaterchannelcanbeexpressedas

c=1412+3.21T+1.19S+0.0167z. (6)

 Transmission loss (Ltr)is defined as the
cumulativedecreaseinsoundintensitywhensound
wavespropagateoutwardfrom thesource.The
acousticsignalinshallowwaterpropagateswithina
cylinderboundedbyasurfaceofwaterandseabed,
formingacylindricaldiffusion.Thetransmissionloss
causedbycylindricaldiffusionandabsorptioncanbe
expressedas

Ltr=10logr+αr×10-3, (7)

whereαistheabsorptioncoefficient(dB/km)andr
istransmissiondistance(m).Duetothepresenceof
traceamounts of boric acid (B/(OH)3)and
magnesium sulfate (MgSO4)intheocean,the
transmissionofsoundwavesintheoceanismainly
attenuatedbyviscousabsorption(viscositycanbe
consideredastheflowresistanceofthefluid)andion
relaxation effects[17]. The expression of the
absorptioncoefficientαis[1,18-19]

α=A1P1f1f2
f2+f21 +A2P2f2f2

f2+f22 +A3P3f2, (8)

wheref1 representstherelaxationfrequency of
B/(OH)3,kHz,andtheexpressionis

f1=2.8 S
35  0.5×10[4-1245/(273+T)], (9)

whereSissalinity,1/1000;Tistemperature,℃;
f2representstherelaxationfrequencyofMgSO4,
kHz,andtheexpressionis

f2=8.17×10[8-1990/(273+T)]
1+0.0018(S-35)

; (10)

A1representstheB/(OH)3componentinseawater
anditcanbeexpressedas

A1=8.68c 10
(0.78PH-5), (11)

wherePHrepresentsthePHofwaterandcisthe
speedofsound;P1representsthedepthpressureto
whichthe B/(OH)3 componentin seawateris
subjected,anditcanbeexpressedas

P1=1; (12)

A2representstheMgSO4componentinseawaterand
itcanbeexpressedas
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A2=21.44S
c
(1+0.025T); (13)

P2 represents the depth pressure of MgSO4
componentinseawateranditcanbeexpressedas

P2=1-1.37×10-4z+6.2×10-9z2; (14)

A3representsthepurewater(viscosity)component
inseawater,anditsexpressionis

A3=

4.937×10-4-2.59×10-5T+
9.11×10-7T2+9.11×10-7T2-
1.50×10-8T3, T≤20℃,
3.964×10-4+1.146×10-5T+
1.45×10-7T2-6.5×10-10T3, T>20℃;

􀮠

􀮢

􀮡

􀪁
􀪁􀪁

􀪁
􀪁􀪁

(15)

andP3indicatesthepressuretowhichthepurewater
(viscosity)componentissubjected,

P3=1-3.83×10-5z+4.9×10-10z2.(16)

 Thetraditionalabsorptioncoefficientmodelisonly
afunctionoffrequency,suchastheThorpmodel.
Theabsorptioncoefficientmodelusedinthispaper
includesenvironmentalfactorssuchastemperature,
salinity,pH valueandwaterdepth.Duetothis
paperstudiestherelationshipbetweentemperature
factorandunderwateracousticcommunication,other
underwater environmental factors are limited:
salinityissettotheglobalobservationaverageof
35ppt,depthis20m,PH=8,andtheabsorption
coefficientcanbeexpressedasα(T,f).Thenthe
transmissionlossintheshallow waterareais
expressedas

Ltr(r,T,f)=10logr+α(T,f)r×10-3.(17)

 Thesoundvelocitycurveandabsorptioncoefficient
willbeaffectedbytemperaturechanges,whichwill
actuallychangetransmissionlossandBER.Inthe
researchofunderwateracousticchannelestimation
technology,theemphasisisonreducingtheBERand
improvingtheperformanceofunderwateracoustic
communication.

2 Pilot-based underwater acoustic
channel estimation technique for
FBMC/OQAMsystems

2.1 Traditional interference approximate
channelestimationalgorithm

 Supposethechannelofeachsubcarrierisaflat
channel,η(k)isanadditivewhiteGaussiannoise
withameanofzero,sothereceivedsignalcanbe

expressedas

y(k)=∑
M-1

m=0
∑
n∈Z

am,ngm,n(k)Hm,n+η(k), (18)

whereHm,nrepresentsthechannelimpulseresponse
inthefrequencydomain.Thereceived âm0,n0 is
demodulationofthen0-thFBMC/OQAMsymbolon
them0-thsubcarrier,whichcanbeexpressedas

âm0,n0 =

Hm0,n0am0,n0+∑ ∑
(m,n)≠(m0,n0)

Hm,nam,nξm0,n0m,n +ηm0,n0 =

Hm0,n0am0,n0+ ∑
(p,q)≠(0,0)

Hm0+p,n0+qam0+p,n0+qξ
m0,n0m0+p,n0+q+

ηm0,n0
,(m=m0+p,n=n0+q). (19)

 AccordingtoEq.(4),when(m,n)≠(m0,n0),
ξm0,n0m,n isapureimaginaryvalue,soâm0,n0 canbe
furtherexpressedas

âm0,n0 =Hm0,n0
(am0,n0+ja

*
m0,n0
)+ηm0,n0.(20)

 Supposethatthepilotsymbolisinsertedat(m0,
n0),um0,n0 =ja

*
m0,n0 istheimaginaryinterference

causedby(m0,n0)first-orderneighborhoodΩm0,n0.

cm0,n0 =am0,n0+um0,n0 =am0,n0+ja
*
m0,n0
,(21)

wherecm0,n0istheequivalentpilotdatatransmittedat
thetime-frequencygridpoint(m0,n0).Whenthe
transmittedpilotsymbolam0,n0 andtheneighbor
rangeΩm0,n0 are known,thechannelfrequency
domainresponseisestimatedat(m0,n0),

Ĥm0,n0 =
âm0,n0

cm0,n0
=Hm0,n0+

ηm0,n0

am0,n0+ja
*
m0,n0

.(22)

 ItcanbeseenfromEq.(22)thatiftheaccuracyof
thechannelestimationvalueisimproved,thesecond
termoftheinterferencetermontherightsideof
Eq.(22)isoperatedtominimizetheinterferenceof
thechannelestimation.

2.2 ImprovedIAMpilotchannelestimation
 Fromtheaboveanalysis,theinterferencetermis
theproductofthesymbolsaroundthepilotandthe
internalproductofthesubcarrierbasisfunction
correspondingtotheTFP.Andtheinnerproductof
theprototypefilterfunctioncalledasthetime-
frequencyoffsetistheinterferencecoefficient[13].
The interference weight coefficient matrix is
generallyexpressedas

W =
(-1)m0δ -β (-1)m0δ

-(-1)m0γ 1 (-1)m0γ
(-1)m0δ β (-1)m0δ

􀭠

􀭡

􀪁
􀪁
􀪁􀪁

􀭤

􀭥

􀪁
􀪁
􀪁􀪁 . (23)
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 Theexpressionofinterferenceweightcoefficientis
showninEq.(24).Thispapertakesβ=0.3239,γ=
0.5664,δ=0.2058.

β=∑
k
g2(k)ej(2π/M)k,

γ=∑
k
g(k)g(k-M/2),

δ=-j∑
k
g(k)g(k-M/2)ej(2π/M)k.

􀮠

􀮢

􀮡

􀪁
􀪁􀪁

􀪁
􀪁􀪁

(24)

 ThetransmissionlossLtrinunderwateracoustic
communicationhasbeenobtainedintheprevious
section.Whenthedistanceandfrequencyofthe
receivingendarefixed,thepowerofthereceived
signalPris

Pr= Pt
Ltr(T)

, (25)

wherePtrepresentsthepowerofthetransmitted
signal.ThecoreprincipleofIAMchannelestimation
istoincreasetheequivalentpilotpowerandreduce
theimpactofnoiseonchannelestimation.Guidedby
theideaofmaximizingtheequivalentpilotpower,let
a1 bethe amplitude ofthe pilotin anideal
environment,thentheamplitudeofthepilotin
underwateracousticcommunicationcanbeexpressed
as

a= a21
Ltr(T)= 1

Ltr(T)a1.
(26)

 Assumingthatthetransmissionsignalpoweris
constant,thesmallerthetransmissionlosscausedby
temperature,thebettertheeffectofIAMchannel
estimation.Therefore,thispaperproposesanew
pilotstructuretoimprovetheimpactoftransmission
lossonchannelestimation.
2.2.1 NewIAMpilotstructuredesign
 Inthepastchannelestimationstudiesbasedonthe
FBMCsystem,thechannelsusedwereallmaritime
wirelesschannels.Inthispaper,theFBMC/OQAM
channelestimation method with different pilot
structureissimulatedintheunderwateracoustic
channel.Itisfoundthatthechannelestimation
performancebyintroducingcomplexstructurepilot
sequencesisbetterthanthetraditionalIAM-Cand
EIAM-Cschemes.Thepilotstructureisdesigned
accordingtoEqs.(23)-(24).
 InthepilotstructureshowninFig.2,whenthe
subcarrierm≤3,thepilotdatais0.Whenthe
subcarrierm∈{4,5,…,M-1}isinthemiddle
position,takethepilotsequence[1-j j -1+j 
-j]asacyclicsequence,andaccordingtothevalue

oftheintermediatepilotsequence,discussthepower
oftheequivalentpilotdatainthestructure.When
theintermediatepilotdatais±1∓j,thenumberof
subcarriersisodd,andthepilotsequencevalueson
bothsidesare0.Atthistime,thepilotsoftheleft
andrightcolumnshaveanequivalentpilotpower,
thatisP1=a2|-1+j+2β|2=3.1863a2.Itisworth
notingthatatm=5,theequivalentpilotpoweris3.
0883a2,whichisapproximatelyequaltoP1.When
the subcarrier is in the even position,the
intermediatepilotsequenceis±j,thepilotsequences
onbothsidesareplacedat∓j,theequivalentpilot
powerisP2=a2|1+2β-2jβ|2=2.4153a2.Different
fromtheEIAM-Cpilotstructure,theproposedpilot
dataoftheleftandrightsidesofthenewIAMpilot
structurearethesame,sotheinterferenceweight
coefficientγdoesnotcontributetotheequivalent
pilotpower.ThenewIAMpilotstructurehasan
equivalentpilotpowerofP = (P1 +P2)/2=
2.8007a2.Bycomparisonanalysis,theequivalent
pilotpowerfluctuatesbetweenIAM-CandEIAM-C.

Fig.2 NewIAMpilotstructure

2.2.2 IterativebasedIAMpilotchannelestimation
 In orderto furtherimprove the estimation
accuracy,theIAMpilotstructureproposedinthis
paperisiterativelyoperated,andtheestimationerror
isreducedbyreconstructingtheequivalentpilot.The
stepsareasfollows:
 Step1:Demodulatethepilotsymbolsreceivedat
thereceivertoobtainanequivalentpilot;
 Step2:Basedontheobtainedequivalentpilot
cm0,n0

,obtainthechannelestimateĤ atthetime-
frequencygridpoint.
 Step3:UsingtheestimatedvalueĤobtainedby
Step2 and the data demodulated by thetime-
frequency grid point,the equivalent pilot is
reconstructedaccordingtoEq.(20)toobtainc'm0,n0.
 Step4:Theinterferenceamountoftheequivalent
pilottothechannelestimationvalueobtainedby
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Eq.(22)issubtractedfromtheinterferenceamount
bythe Ĥ calculatedbyStep2toobtainamore
accuratechannelestimationvalueĤ'.
 Step5:Setthenumberofiterationsinadvanceand
repeatStep3andStep4togetamoreaccurate
channelestimate.

3 Simulationexperiment
 Thissection selectsthe underwateracoustic
channelenvironmentandverifiestheperformanceof
the algorithm through Matlab simulation. The
parametersettings are shownin Table1.The
characteristicsofunderwateracousticchannelinclude
bandwidthlimitation, multipath effect,Doppler
effect,oceanenvironmentnoiseandtimevariationof
channel.Fig.3istheshallow seawateracoustic
channelimpulseresponsediagramselectedinthis
paper.

Table1 Simulationparameters
Parameter Value

Numberofsubcarriers 128
FBMCnumberofsymbols 10

Modulation QAM
Prototypefilter PHYDYAS
Overlapfactor 4

Samplingrate(Hz) 128
Numberofsimulations 10

Fig.3 Shallowseawateracousticchannelimpulseresponse
diagrame

 Theiterativechannelestimationmethod(It-IAM)
basedonthenewpilotstructureproposedinthis
paperandthechannelestimationmethodbasedon
thetraditionalIAM-CandEIAM-Cpilotstructure
aresimulated.Fig.4isacomparisondiagramofBER
ofdifferentpilotchannelestimationmethodsinthe
above-described underwater acoustic channel
environment.InFig.4,thechannelestimationofIt-
IAMwiththeiterationof0,1timeand2timesare

compared.Itcanbeseenthattheperformanceof
estimationisaveragewhenthereisnoiteration,the
performanceissignificantlyimprovedafter1time
iteration,andwhentheiterationis2times,the
performanceisnotsignificantlyimprovedcompared
tothe1timeiteration.Sincetheequivalentpilot
power oftheIt-IAM pilotstructurefluctuates
betweentheequivalentpilotpowervaluesofIAM-C
andEIAM-C,whentheIt-IAMchannelestimationis
iterated0time,theBERcurveisalsolocatedinthe
middle.ItcanbeseenfromFig.4thatthechannel
estimationafter1-2iterationshasanimprovement
ofabout3-4dBoverEIAM-CataBERof10-2.

Fig.4 Performancecomparisonofalgorithmsinunderwater
acousticchannel(1)

 Inordertoverifytheeffectofthealgorithm
proposedin this paper on underwater acoustic
communicationchannels,thereisacomparisonand
verificationofpilotchannelestimationmethodsbased
onIAM.Fig.5showsthesimulationofIAM-R,
IAM-I,IAM-C,EIAM-CandIt-IAMwithiterating
1time.Fromthissimilation,itcanbeseenthatin
thesameunderwaterenvironment,It-IAMalgorithm
proposedinthispaperhasthebestperformance.
 Inthesecondsection,theinfluenceoftemperature
ontheunderwateracousticcommunicationprocessis
analyzed. According to Eqs.(8)-(16), the
relationshipbetweenseawaterabsorptioncoefficient
andunderwatertemperaturecanbeobtained,as
showninFig.6.FromEq.(7),itcanbefoundthat
thetransmissionlossispositivelycorrelated,sothe
relationship between transmission loss and
temperature in the underwater acoustic
communicationprocesscanalsoberepresentedbythe
curve shown in Fig.6. The It-IAM channel
estimation performanceintroducedinthis paper
graduallyincreaseswithtemperatureincreasewhenit
islowerthan8℃,andtheperformanceisnegatively
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correlatedwhentheunderwatertemperatureexceeds
8℃.

Fig.5 Performancecomparisonofalgorithmsinunderwater
acousticchannel(2)

Fig.6 Underwaterabsorptioncoefficientandtemperature
diagram

4 Conclusion
 ThepaperappliedtheFBMC/OQAMsystemto
theunderwater,theinfluencerelationshipbetween
temperature factors and underwater acoustic
communicationwasanalyzedcomprehensively.By
studying the FBMC/OQAM channel estimation
technique,aniterativechannelestimationmethodfor
newpilotstructurewasproposed.It-IAMincreased
theequivalentpilotpowerbyintroducingcomplex
numbersinthepilotstructuredesign,andalso
reduced the interference of noise on channel
estimation,andinsertedzerovalueatthefrontendof
thepilotstructureinresponsetothefrequencyshift
anddelaycharacteristicsoftheunderwateracoustic
channel.Thealgorithmperformanceisverifiedby
simulation experiments, and the influence of
underwater acoustic channel with different
temperatureonchannelestimationperformanceis

summarized.Inthefuture,theunderwateracoustic
channelestimationtechnology willbestudiedin
combinationwiththeunderwatersalinityanddepth
factorstoimprovetheunderwaterperformanceofthe
FBMC/OQAMcommunicationsystem.
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基于FBMC的水声信道估计与温度因素的研究

郭银景1,2,刘 珍1,杨文健1,牛晨曦1,刘 辉1

(1.山东科技大学 电子信息工程学院,山东 青岛266590;

2.青岛智海牧洋科技有限公司,山东 青岛266590)

摘 要: 水下环境的复杂性对水声通信带来挑战,不同温度、深度和盐度的海洋环境对通信性能的影响值

得关注。本文对温度因素影响下的水声信道进行分析,为进一步研究基于滤波器组多载波(FBMC)水声信道

估计问题提供了参考。将FBMC/OQAM调制技术引入水下,研究基于FBMC的水声信道估计技术。通过改

进导频结构来适应复杂多变的水声信道,采用迭代方法获得精确度更高的信道信息,进一步提高信道估计

性能。理论分析和仿真结果表明,本中所提的新基于干扰近似方法(IAM)导频迭代信道估计算法在水声信

道中有更好的性能。
关键词: 滤波器组多载波(FBMC);水声信道估计;温度;导频;干扰近似方法(IAM)
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