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ABSTRACT

ThispaperintroducesanimprovedHMM(hiddenMarkovmodel)forlowaltitudeacoustictarget
recognition. To overcome the limitation of the classical CDHMM (continuous density hidden
Markovmodel)trainingalgorithmandthegeneralizationabilitydeficiencyofexistingdiscriminative
learningmethods,anewdiscriminative trainingmethod forestimating theCDHMMinacoustic
targetrecognitionisproposedbasedontheprincipleofmaximizingtheminimumrelativeseparation
margin.Accordingtothedefinitionoftherelativemargin,thenewtrainingcriterioncanbeequation
asastandardconstrainedminimaxoptimizationproblem.Then,theoptimizationproblemcanbe
solvedbyaGPD(generalizedprobabilisticdescent)algorithm.Theexperimentalresultsshowthatthe
performanceofthealgorithmissignificantlyimprovedcomparedwiththeformertrainingmethod,
whichcaneffectivelyimprovetherecognitionabilityoftheacoustictargetrecognitionsystem.
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1. INTRoDUCTIoN

Compared with the active sensors, such as radar and photoelectricity equipment, the acoustic
targetrecognitionhasadvantagesintargetdetectingandtracing,suchasanti-interference,costless,
undetectable.Ithasbeenwidelyusedinmilitaryandcivilianapplications(Djurek,Petosic,Grubesa,
&Suhanek,2020;Hui,Yang,&Yi,2011;Liu,Yang,&Xue-Zhong,2007;WangYi2012;Zhu&
Liu,2018).Therearesimilaritiesbetweenacoustictargetsignalsandspeechsignals,andthehidden
Markovmodel(HMM)isthemostsuccessfulspeechrecognitionmethod(Abdulla,2002;Huang&
Jack,1989;Jo,Kim,Park,Jung,&Yoo,2019;Telmem&Ghanou,2018).Therefore,theHMMhas
beenappliedtolowaltitudeacoustictargetrecognitioninourformerwor(Huietal.,2011;Liu,Yang,
&Xue-Zhong,2008;WangYi2012;Yi,Yang,&Liu,2010).TheHMMisastatisticalmodelwiththe
abilitytolearnstatisticalpropertiesofsignals(Grewal,Krzywinski,&Altman,2019;Wang&Fan,
2019).Allthemodelparametersareobtainedfromalargeamountoftrainingdatathroughspecific
ruletraining(Wang&Fan,2019).ThetraditionalBaum-Welchalgorithmisatrainingalgorithmbased
on themaximum likelihoodcriterion function(Huang&Jack,1989;Mohamed,Satori,Zealouk,
Satori,&Laaidi,2019;Varga&Moore,2002).Alargenumberofsamplesareneededtoensure
theaccuracyoftheHMMtraining.However,itisdifficulttoobtaintheacoustictargetsignalinthe
battlefield.Inaddition,theestimationofBaum-Welchisnotunique.TheabilityoftheHMMtraining
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basedonthiscriterionislimited.InviewoftheshortcomingsoftheHMM,manyscholarshaveput
forwardaseriesofideasusingdiscriminativetrainingtominimizeorreducetheclassificationerrors
intraining.Themostfamousalgorithmsarethemaximummutualinformation(MMI)(Benyishai&
Burshtein,2004;Dua,Aggarwal,&Biswas,2018)andtheminimumclassificationerror(MCE)(Jiang,
Siohan,Soong,&Lee,2002;Meng,2017),whichgreatlyimprovetherecognitionandclassification
abilityoftheHMM,buttherearestillmanyproblemstosolve.Thebiggestdisadvantageisthepoor
generalizationabilitywherebythemodelhasagoodrecognitioneffectontrainingdatawhilethe
recognitioneffectisnotgoodfortestingdata.

Thetheoryofmachinelearningstatesthataclassifierwithalargerclassificationmarginhasa
bettergeneralizationability.Inthispaper,anewHMMdiscriminationtrainingandestimationmethod
basedontherelativemarginisproposed.TheHMMmodelthathasbeenestimatedbyBaum-Welch
is takenas the initialmodel.Theclassificationdifferencebetweeneachcategory is takenas the
initialmargin.TherelativemarginisdefinedandoptimizedtomakeitlargertoupdatetheHMM
parameterstoovercometheproblemofaninsufficientgeneralizationabilityofthediscrimination
trainingalgorithm.AsshownintheFigure1,fortwo-categoryClassification,thedottedlineisthe
initialmarginwhilethesolidlineistheoptimizedmargin.ThenewHMMisobtainedbymaking
thedistancebetweentheinterfaceandallthetrainingsamplesaslargeaspossible.Theclassification
andgeneralizationabilityofthenewHMMwillbeobviouslyimproved.

Theremainderofthispaperasfollows.InSection2,thebasicprincipleoftherelativemargin
HMM(RM-HMM)and theproblems that shouldbe solvedarepresented.Section3deduces the
solutionoftheoptimizationandSection4givesthetrainingalgorithm.Theexperimentsandresults
aredetailedinSection5.Finally,inSection6,theconclusionsarepresented.

2. PRoBLEM FoRMULATIoN

GiventheacousticsignalsequenceO ,aclassifierbasedonmaximumaposteriori(MAP)criterion
willdetermineacategory Ai asthecategoryofsequenceO asfollows:

Figure 1. The principle of the relative margin HMM
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