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Abstract:Duetothecomplexityofstrongmetalinterferenceandmultipleocclusionsinaircraftassemblywork-
shop,therandom“drift”phenomenonoftenhappensintheultrawideband(UWB)basedpositioningsystem.To

solvethis,afusionpositioningoptimizationalgorithmisproposedbasedonmedianfiltering,hiddenMarkovmodel
(HMM)andKalmanfiltering.Firstly,basedonthethree-dimensional(3D)medianfiltering,aqueueoptimization

methodwithweightsisintroducedtosmooththemeasurementdataandeliminatetheabnormalvalue.Secondly,

takingSingermodelasareference,asingle-dimensionaccelerationdistributionmodelisdesigned.Inordertofur-
therconsiderthespatialmotioncharacteristicsofobjectsinworkshop,thedistributionisextendedfrom1Dto3D,

anddiscretizedintothestatequantityofHMM.Subsequently,thedataobtainedbythetwomethodsarefusedby
takingKalmanfilterasaniterator,andthentheoptimizedlocationsolutionisobtainedbasedondynamicweights.

Finally,anexperimentisconductedinanaircraftassemblyworkshop.Resultsshowthat99.3%ofdynamicposi-
tioningerrorsarelessthan15cmafterusingtheproposedalgorithm.Eveninthesituationwithlargesignal-fluctu-
ation,thereare71.6%ofpositioningdatawhoseerrorsarereduced.Therandom“drift”isgreatlydecreased.
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0 Introduction

In“industry4.0”plan,intelligentmanufac-
turinghasbecomeakeydevelopmenttrendinto-
day’smanufacturingindustry.Asasignificant
component,realtime positioning technology
playsanimportantroleinconstructingintelligent
andtransparentmanufacturing workshop[1].In
aircraftassemblyworkshop,realtimepositioning
caneffectivelysolvethecommonproblemsthat
toolsareeasytoforget,materialmanagementis
chaotic,and delivery vehiclesaredifficultto
track.Realtimeaccuratelocationandstatusin-
formationarekeyfactorsinpromotingmanage-
mentlevelandassemblycapacity[2].Thelocation

information of manufacturing resources could
providedatasupportforresourceschedule[3],ma-
terialdistribution[4],andotheractivities.The
manufacturingresourcesthatneedtobelocated
includeworkinprocess,materials,tools,vehi-
cles,workers,etc.Bytheiraccuratepositioning,

itisconvenientforrealtimesearching,monito-
ring,andtracking.

Atpresent,UWB[5],radiofrequencyinden-
tification(RFID)[6],Bluetooth[7]andLidar[8]are
themainpositioning methodsin manufacturing
workshops.Duetoitsadvantagesofhighsecuri-
ty,greatcapacity,stronganti-interferenceabili-
ty,lowpowerdissipation,andlowcost,UWB
technologyhasattractedmoreattentioninrecent



years[9].Furthermore,UWBadoptstheactive
positioningmethod,whichhashighdatatrans-
missionrateandstrongabilitytotrackthetar-
get.Itspositioningaccuracycouldachievethe
centimeterlevel,andthepositioningrequirement
ofthemanufacturingresourcescouldbesatisfied.
Therefore,manyresearchershaveappliedUWB
tomanufacturingworkshop.Huangetal.[2]con-
structedaholographicworkshopmaptomonitor
thewholeworkshopsiteinavisualwaybasedon
UWBandRFID.Jiangetal.[5]combinedauto-
maticguidedvehicle(AGV)withUWB-basedre-
altimelocationplatformtosolvetheproblemof
poorflexibilityand monitoringabilityintradi-
tionalmaterialdeliveryprocess.Zhouetal.[4]de-
velopedanUWB-basedlocationsystemtomoni-
torandnavigatetheforkliftsinrealtime.Theac-
curatematerialdistributionofdigitalmanufactur-
ingworkshopwasrealized.Heetal.[10]andLe-
uneetal.[11]appliedUWBtoAGVnavigationand
tracking,respectively.Babolietal.[12]optimized
andconfiguredmanufacturingsystemsbylocating
manufacturingresourcesinrealtime.Zhanget
al.[13]improvedthe managementefficiency of
manufacturingresourcesthroughanUWB-based
locationsystem.

TheUWB-basedpositioningofstaticobjects
inaircraftassemblyworkshophashighstability.
However,forAGV,materialand manyother
movingobjects,thelocationdatainworkshopal-
wayshavethephenomenonofirregular“drift”.
Thisismainlycausedbythefollowingreasons.
Ontheonehand,themetalequipmentandmate-
rialsaredenselydistributedinworkshop.These
metalshavestrongabilitytoabsorbelectromag-
neticwaves.UWBsignalisa microwavewith
shorterwavelengths,leadingtoitsdiffractiona-
bilityweak.Whenthemicrowaveisinjectedinto
themetal,inductioncurrentcouldbeproducedon
themetalsurface,whichleadstothesignalatten-
uation.Ontheotherhand,therearemanylarge
productionandtransportationequipmentsinthe
workshop.Becauseofthiscomplicatedenviron-
ment,anobjectisoftenaccompaniedbynon-line
ofsight and multipath propagation when it

moves.ThiscausestheUWBpositioningsystem
to“misjudge”thepositioningdata,sothatitis
seriouslydeviatedfromtherealposition.

Consideringtheaboveproblems,thispaper
proposesan UWB-basedtargettracking model
andafusionpositioningoptimizationalgorithm
(medianfilterand HMM basedKalmanfilter,

MH-K).Medianfilterisintroducedtosmooth
anddenoiseabnormaldata.ThentheSingermod-
el[14]isextendedfromasingledimensiontoadis-
crete3Dmodel.TakingHMM[15]asaspeculating
method,thepredictedvalueisoutputbasedon
thedisplacementand acceleration state.The
smootheddenoisingvalueiscombinedwiththe
modeloutputvaluebytheKalmanfilter.Theso-
lutionwiththehighestconfidencedegreeisout-
put.Anexperimentisconductedtoverifythat
theproposedmethodcouldeffectivelysolvethe
random“drift”problem.

1 PositioningDataPreprocessing
  Strongmetalinterference,frequentposition
changeofassemblyresourcesandhighdynamicity
ofassemblyprocessaretypicalcharacteristicsin
aircraftassemblyworkshop,whichhavegreatin-
fluenceonthestabilityandaccuracyoftheUWB
positioningresults.Positioningdatapreprocess-
ingisdesignedtoreducetheinterferenceofthese
complexfactorsasmuchaspossible.Byfilte-
ring,thepositioningdataissmoothedtoreduce
thenoiseoftheelements’movementpathandthe
burramplitude.Fortacklingsuchproblems,me-
dianfilteringhastheadvantagesoflowcomplexi-
ty,smallhardwarerequirementsandfastpro-
cessingspeed.

Medianfilteringisasortofnonlinearsignal
processingtechnology,whichcaneffectivelysup-
pressnoisebasedonsortingstatisticstheory.Ina
numbersequence,thevalueofapointisreplaced
bythemedianofallpointsinitsoneneighbor-
hood.Medianfilteringiswidelyusedinimage
processing.Forrealtimelocationdata,thereis
onlypreorderingdatawithoutpostorderdata.In
ordertoachievesimilarresults,aslidewindowis
usedasthedatainputmode.Thepurposeofslid-
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ingwindowistorecordthelocationinformation
ofthesamelabelID,andreducethecomputation
cost.

Thesingledimensionmedianfilteringintro-
ducesaslidingwindowtoaddorrejectdata.The
sizeoftheslidingwindowissetasanoddnumber
(2n+1).Thecoordinatesinthreedimensionsof
manufacturingresourceneedtobeacquiredsim-
ultaneouslyin UWB-basedpositioningsystem.
Thesingledimensionmedianfilteringcannotbe
useddirectly.Therefore,medianfilteringproces-
sesofthreedimensionsarecombined.Onthisba-
sis,thepriorityqueues(PQ)baseddatastructure
isusedtoimproveoperationefficiency.
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  AsshowninEq.(1),heapremovesthemost
advanceddatawhileaddingnewdata.Thenall
dataissorted.Becausethesizeofthewindowis
2n+1,then-thvalueisoutputasthemedian.In-
dependentmedianfilteringisperformedinthree
dimensions,andthecoordinatesobtainedarecon-
strainedas
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wherePtandPt+1denotethecoordinatesafter

processingattimetandt+1,
︵Ptand

︵Pt+1theo-
riginalcoordinatesattimetandt+1,respective-
ly.Δtisthetimeintervalbetweentworefreshes
ofthepositioningcoordinatevalueandVlimitthe
maximumthresholdformovingspeed.

2 HMM-Based Target Tracking
Model

  UWB-basedpositioningplatformcouldreal-
izeaccuratepositioningwith15cmforstaticposi-
tioninginthe manufacturing workshop[5].It
couldmeettherealtimepositioningrequirements

inworkshop.However,thestabilityofthedy-
namicpositioningerrordropssharplywhenposi-
tioningthemovingobjectsintheaircraftassem-
blyworkshop.AsectionoftrajectoryofanAGV
isrecordedandanalyzed.Themaximumdeviation
fromtherealtrajectoryisalmost70cm,andthe
localareahastheoveralldistortionofthetrajec-
tory.Obviously,thepositioningdatadirectly
providedbyUWBpositioningplatformarediffi-
culttomeettherequirementsoflocatingmoving
objectsaccuratelyinaircraftassemblyworkshop.
Inthisregard,a HMM-basedtargettracking
methodisproposedtopredictthelocationof
manufacturing resources in aircraft assembly
workshop.

2.1 HiddenMarkovmodel

  Targettrackingmodeldescribesthechanging
processofthetargetwithtime,anditdetermines
theeffectofthetargettrackingtoagreatextent.
Inindustry,theprecisesystem modelandthe
statisticalcharacteristicsofnoisearenoteasyto
beobtained,soitisdifficulttodescribethemby
mathematics.Inthispaper,atargettracking
methodbasedonHMMisusedtopredictthelo-
cationof manufacturingresourcesinassembly
workshop.

HMMisthesimplestdynamicBayesiannet-
work,whichhasbeenwidelyappliedintimese-
riesdatamodeling,speechrecognitionandnatu-
rallanguageprocessing.HMMfocusesonthree
basicissues:(1)Forthegivenmodel,howtoef-
fectivelycalculatetheprobabilityofproducingthe
observationsequence;(2)Forthegivenmodel
andobservationsequence,howtofindthemost
matchedstatesequencewiththeobservationse-
quence;(3)Forthegivenobservationsequence,

howtoadjustthemodelparameterstomakethe
sequencemostlikelytoappear.

Fig.1showsatypicalMarkovprocess.Vari-
ablesinHMMincludestatevariablesxandob-
servationvariablesy.x={x1,x2,…,xn},where
xi∈Xrepresentsthesystemstateattimei.Itis
assumedthatthestatevariablesarestateandun-
observable.y={y1,y2,…,yn},whereyi∈Yre-
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presentstheobservationalvalueattimei.The
arrowsinFig.1indicatethedependencebetween
variables.Atanytime,thevaluesoftheob-
servedvariablesdependonlyonthestatevaria-
bles,andareindependentofotherstateandob-
servationvariables.Thatis,ytisdeterminedby
xt.Atthesametime,thestatextattimetison-
lydependentofthestatext-1attimet-1rather
thanotherstates.

Fig.1 SchematicdiagramofHMMstructure

2.2 Modeloftargetmotion

  (1)Improvedsingle-dimensionalmodelof
accelerationdistribution

Inasinglephysicaldimension,themotione-
quationofmobileobjectsrepresentedbyAGVis
representedas

ẋ(t)=Fx(t)+Ga(t) (3)

where

x(t)=
targetpositionattimet
targetspeedattime{ t

a(t)=targetaccelerationattimet
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  Theaccelerationa(t)accountsforthetarget
deviationsfromastraightlinetrajectory,soitis
termedthetargetmaneuvervariable.IntheSing-
ermodel[14],theprobabilityisP0whentheaccel-
erationequalszero.However,themovingspeed
ofthemanufacturingresourcesisrelativelylow
andisconstrainedbythemeasurementmethod.
Theaccelerationisalmostimpossibletobe“ze-
ro”.Therefore,combinedwiththecharacteristics
ofmovingobjectsin manufacturingworkshop,

theSingermodelisaltered.Asingle-dimensional
accelerationdistributionmodelisgivenasshown
inFig.2,andthefollowingassumptionsare
made.

(1)Regardingtheinterval[-alm,alm]as

“noacceleration”,thetargetundergoesnoaccel-
erationwithaprobabilityP0.

(2)Thetargetcanaccelerateatamaximum
rateamax(-amax)andwilldoeachwithaprobabil-
ityPmax.

(3)Inothercases,theaccelerationisaver-
agelydistributedwithin(-amax,-alm)and(alm,

amax).

Fig.2 Modelofsingle-dimensionalaccelerationdistri-
bution

(2)3Dmodelofaccelerationdistribution
Inordinaryindoorenvironment,mosttar-

getsmoveinthehorizontalplane.However,ma-
terialsandtoolssometimesmoveinthevertical
directioninaircraftassemblyworkshop.Consid-
eringthespatialmotioncharacteristicsofobjects
inaircraftassemblyworkshop,thesingle-dimen-
sionaldistributionisextendedtothreedimen-
sions.InordertoapplyHMM,the3Daccelera-
tiondistributionsphereisdividedintoagreat
manyblockswiththethicknessofδ,asshownin
Fig.3.

Fig.3 3Daccelerationdistribution

Takingoneoftheblocks,theoriginalpoint
andthecenterpointoftheblockisconnectedto
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beaconnectingline.αisthecoangleofthein-
cludedanglebetweentheconnectinglineandthe
zaxis.kisthelengthoftheconnectingline,that
is,theintensityofacceleration.αissegmented
withγasthebasicunit.Basedontheabovede-
scription,thefollowingcontentsarestipulated.

(1)Regardingthespacerangewithradius
almas“noacceleration”,thetargetundergoesno
accelerationwithaprobabilityP0.

(2)Thetargetcanaccelerateatamaximum
rateamaxwithaprobabilityPmax.

(3)Inothercases,theaccelerationisaver-
agelydistributedwithin (alm,amax),thecorre-
spondingaccelerationprobabilityPtisrelatedto
theangleαandtheaccelerationintensityk.

Thecross-sectionof3Daccelerationdistribu-
tionsphereistaken,asshowninFig.4.

Fig.4 Cross-sectionofsphere

Thecorrespondingformulascanbeobtained
as
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wherevisthevolumeofthespacebodyformed
by2πrotationofAOBaroundthezaxis.Without
consideringP0andPmax,theprobabilitydensity
ofaccelerationdistributionininterval(alm,amax)

couldbecalculated.

f=31-P0-P( )max

4πa3max-a3( )min
(5)

  Thecircumferenceisdividedinto36equal
parts(γ=π/18).Eachpartisdividedinto10lay-
ersinthedirectionofthecenteraccordingtothe

equalvolume.Theprobabilityofablockcanbe
calculatedas

Pblock=2πfk3-a3( )lm

3 sinα+( )γ -sin[ ]α (6)

  Bysuchadiscretizationmethod,the3Dac-
celerationspherecouldbediscretizedintoalotof
blocks.Thus,thecompleteprobabilityofany
point/blockinthe3D accelerationdistribution
spherecouldbeobtainedafterdiscretization.
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  Thehiddenstateisdiscretized3Dacceleratio-
na.Itcorrespondstothediscretizedblockinthe
3Daccelerationsphere.

2.3 HMMparameters

  AHMMcouldbeconciselyrepresentedbya
threetupleλ=[A,B,Π],whereArepresentsthe
hiddenstatetransitionprobabilitymatrix(HST-
PM),Btheobservationstatetransitionprobabili-
tymatrix(confusionmatrix,CM),andΠthein-
itialstateprobabilitymatrix(ISPM).LetNde-
notethenumberofhiddenstatesandMthenum-
berofobservablestates.Thedetailsareasfol-
lows.

HSTPMdescribesthetransitionprobability
betweendifferenthiddenstatesinHMM,which
isexpressedasA=(Aij)N×N,Aij=P(Sj|Si),

1≤i,j≤N.Itrepresentstheprobabilitythatthe
stateattimet+1isSjwhenthestateattimetis
Si.Here,HSTPMissubjecttothe3Daccelera-
tiondistributionafterdiscretization.

CMdescribesthetransitionprobabilitybe-
tween different observation statesin HMM,

whichisexpressedasB=(Bij)M×N,Bij=P(Oj|
Si),1≤i≤M,1≤j≤N.Itrepresentstheproba-
bilitythattheobservedvalueisOjwhenthestate
attimetisSi.Here,displacementistakenasthe
observationstate,andcanbeobtainedbydirect
observation.

ISPMrepresentstheprobability matrixof
thehiddenstateattimet=1.Itisexpressedas
Π=[PS1 PS2

… PSN
],wherePSi

(1≤i≤N)is
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theprobabilityofthattheinitialhiddenstateis
Si.Theinitialstateissubjecttotheequalproba-
bilitydistribution.

3 MH-KBasedPositioningOptimi-
zation

  Kalmanfilterisutilizedtofusetheposeof
movingobjectsacquiredbyHMMandthemeas-
ureddataaftermedianfiltering,makingtheout-
putresultmoreconsistentwiththetrueposition
trajectory[16].Kalmanfilterbelongstoaposterio-
rimethod[17],whichismainlycomposedofstate
predictionstageandstateupdatestage.

3.1 Kalmanfilter

  (1)Statepredictionstage
Fromthekinematicformula,whichis
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theaccelerationatcanbeobtainedbyHMM.And
thefirstformulaofKalmanfilter[18]canbeob-
tainedas

Xt|t-1=FXt-1|t-1+Bat (9)

whereFisthestatetransitionmatrix,Bthecon-
trolmatrix,andXthestatevector.
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  Afterupdatingthecoordinatesthroughthe
motionmodel,theKalmangaincanbecalculated
as

Pt|t-1=FPt-1|t-1FT+Qt (13)

wherePt-1|t-1istheposterioricovarianceerror

matrixbasedonmotionmodelpredictionattime
t-1,andQttheprocessnoiseerrorwhichaccords
withtheGaussdistribution.

(2)Stateupdatestage
Thecoordinateupdatinginthemeasurement

systemneedstobeconsidered.
Zt=HXt|t-1+Rt (14)

St=HPt|t-1HT+Rt (15)

whereZtistheobservationresultattimet,Stthe
measurementcovarianceattimet,Rtthemeas-
urementnoiseattimet,andHtheobservation
vector.
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  Thenoiseformulaisasfollows.

Rt=
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Atthispoint,thestateobservationresults,

therespectiveerrormatrixofthepredictionmod-
el,andthemeasurementsystemareobtained.
Then,thedataoftwoindependentsystemsare
fused.

Kt=Pt|t-1HTS-1
t (18)

Xt|t=Xt|t-1+Kt Zt-HXt|t-( )1 (19)

whereKtistheerrorgain,andalsoa“balanceco-
efficient”betweenthepredictingvaluesandthe
measuringvalues.Thelargeritsvalueis,the
lowertheconfidencelevelis,andviceversa.

Finally,theminimummeansquareerrorma-
trixofKalmanfilterismodifiedtoprepareforthe
nextiteration.

Pt|t=Pt|t-1-KtHPt|t-1 (20)

3.2 ImplementationprocessofMH-Kalgorithm

The proposed MH-K algorithm combines
HMM,medianfilteringandKalmanfiltering.In
detail,itis mainlycomposedofthefollowing
parts.

(1)The object management container
(OMC)assignslabeldatatothecorresponding
runningcontainer(RC).
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(2)3D-medianalgorithmisusedtostabilize
thefluctuationofdata.

(3)HMMgiveslocalizationconjecture.
(4)Kalmanfilterisusedtofusethemeas-

ureddataprocessedby3D-medianfilterandthe
datapredictedbyHMM.

TheimplementationprocessofMH-Kalgo-
rithmisshowninFig.5.Thedetailedoperations
aredescribedasfollows.

Step1 UWBpositioningplatformisstarted
fromtheserviceapplicationprogramminginter-
face(API).Thedownloading,burningandrun-
ningofthebinaryfunctionblocksoflocationbase
stationarecompleted.

Step2 TheOMCinUtag(locationtagin
UWBpositioningplatform)isinitialized.Keyand
valuemappingbasedontheHashMapstructureis
usedtoregister,addressmapping,andlifecycle
controlofaninstantiatedobjectunderasetof
Utagobjects{tagid}.

Step3 Whentheupdateeventfrom the
UWBpositioningplatformisobtained,theobject
storagespacecorrespondingtothetagidisfirst
triedtoobtainfromtheOMC.Iftheaddressis
successfullyimplemented,thedataisdirectly
passedintotheRC.Ifitdoesnotexist,theRC
objectthatbindstagid valueisinstantiatedand
registeredtoOMC.

Fig.5 ImplementationprocessofMH-Kalgorithm

Step4 WhenRCacceptsincomingdata,it
formatsitinto astandard space-time packet
(SSTP),whichisintendedtobetransferredto
othercomponentinstancesintheformofa“mid-
dleware”.

Step5 Dataenters3D-mediancomponents.
3D-mediantriestodiscardanoutdatedSSTPob-
jectfromthesmallestheapofPQ.Attheinitial-
izationstage,thenumberofPQobjectsneedsto
entertheclimbingphasefirst,andtheoutputwill
seriouslydeviatefromtherealvalue,sothedata
stream (StreamMedian)willstopatthispoint.Dur-
ingthenormaloperation,3D-mediancomponents
performSortandCorrectionoperationsafteren-
queueanddequeueoperations.Thentheoutputis
packagedintoStreamMedianandtransfertoSteps6,

7respectively.
Step6 SSTP in StreamMedian flows into

HMM,whichoutputsthedisplacementpredic-
tionattimet+1relativetotimet.Theoutputis
packagedinto datastream (StreamHMM )and
transferredtothenextstep.

Step7 ThecorrespondingSSTPobjectsin
StreamMedianandStreamHMMareextracted.Kalman
filteringisusedtofusethetworesults.

Step8 Theresultistheoutput.Thestate
valueattimetissavedandRCisupdated.

4 ExperimentandAnalysis

  Inordertoverifytheproposedtargettrack-
ingmodelandlocationalgorithm,anUWB-based
positioningplatform (Ubisense7000)isconstruc-
tedinanassemblyworkshop.Arealtimepositio-
ningdataprocessingsystemisdevelopedbyusing
IntellijIDEA2017.1platform.Sourcedataand
processingresultsarestoredintextdocuments
intput.txtandoutput.txt,respectively.

TheexperimentiscarriedoutbyanAGV
withactiveUWBtags.TheAGVwalksarounda
workstationintheworkshopaccordingtothede-
signedroute.Thesamplingtargetisatotalof
2000records.Thesamplingintervalis0.1s,the
maximumspeedis2m/s,andthemaximumac-
celerationis2m2/s.Inordertofacilitatethein-
spection,theAGVrunsasstraightaspossibleat
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aconstantspeedexceptforturning.
Bysampling2000recordsofUWBtagsin

staticstate,thenoiseofmeasurementsystemis
obtainedasfollows.

Rt=
8.409964 3.509666 -1.23004
3.509666 10.34468 -0.7689
-1.23004 -0.7689 0.

é

ë

ê
ê
êê
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  Classifingthecollecteddataandextracting
thecorrespondinglabellocationdataofIDnum-
ber“020-000-192-253”,dataprocessingisimple-
mentedby3D-medianand MH-Kalgorithmre-
spectively, whose trajectories are shown in
Fig.6.

Fig.6 AGVtrajectoriesbasedonUWBpositioning

Fig.6(a)istheglobalgraphofsamplingtraj-
ectory.Theenlargedpartoftheupperleftcorner
isshowninFig.6(b).Throughtheobservation
andanalysisoftheaboveexperimentalresults,it
isfoundthat

(1)Afterusingtheproposedalgorithm,

UWBpositioningplatformgreatlyreducesthelo-
cationinstabilitycausedbythecomplexenviron-
mentoftheworkshop,andthelocationerroris

lessthan20cm.
(2)Fromtheleftsideofthepartialenlarge-

mentgraph,itcanbeseenthattheelectromag-
neticinterferencehasaneffectontheultrawide
bandsignaltransmittedbytheUWBtag.The
trajectorybeforeprocessingisobviouslydrifting,

andthemaximumerrorinthesamplingrangeis
produced.MH-Kalgorithm and3D-medianall
caneffectivelyalleviatethisphenomenon.And
thetrajectoryprocessedbyMH-Kisclosertothe
actualuniformlinearmotiontrajectory.

(3)3D-mediancouldplayagoodrolein
smoothingthetrajectory,andhasstrongprocess-
ingpowerforinstantaneous“drift”.However,it
isaffectedbythewindowsize.Thelargerthe
windowis,thebetterthesmoothingeffectis,but
thelesssensitiveitisforthedirectionchange.
Throughmultipleadjustmentattempts,thesize
ofthe windowisfinallydeterminedtobe9,

whichcanbetterbalancetrajectorysmoothingand
directionalresponsesensitivity.

Inordertofurtheranalyzetheinfluenceof

proposedalgorithmonlocationaccuracy,theex-
perimentaldataarestatisticallyanalyzed,andthe
locationerrorhistogramisplotted,asshownin
Fig.7.Thefollowingconclusionsaredrawn.

(1)Undertheconditionofgreatfluctuation,

theaveragelocationerrorofUWBpositioning
platformwithoutMH-Kalgorithmis8.82cm,

themaximumis57.89cm,andthevarianceis
76.79cm2.AfterusingMH-Kalgorithm,thelo-
cationerroris4.42cm,whichis49.89%lower
thanthatofbeforeprocessing.Themaximumis
16cm,reducedby72.36%.Thevarianceis
10.5cm2,reducedby86.32percent.

(2)AfterusingMH-Kalgorithm,71.6%of
positioningerrorislessthanthatofbeforepro-
cessing,98.3% ofpositioningerrorislessthan
10cm,and99.3% ofpositioningerrorisless
than15cm.Itcanbeseenthattheproposedalgo-
rithmgreatlyimprovesthelocationstabilityof
UWBinaircraftassemblyworkshop,andeffec-
tivelysolvesthe“drift”problem.Inconclusion,

itisabletomeetthepositioningrequirementsin
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workshop.

Fig.7 Histogramofpositioningerror

5 Conclusions

  UWBcouldeffectivelyimprovetheintelli-
gentcontrolandmanagementabilityformanufac-
turingresourcesinaircraftassemblyworkshop.
However,thecomplexenvironmentbringsthe
problemoflocationinstability,resultinginthe
“drift”phenomenon.Sothispaperproposesan
optimizationmethodwhichcombinesmedianfil-
tering,HMMandKalmanfiltering.The3Dme-
dianfilteringisusedtosmoothpositioningdata
andstabilizefluctuations.Adiscrete3Daccelera-
tiondistribution modelisconstructedbasedon
HMMforlocationprediction.Dataprovidedby
thefirsttwomethodsarefusedbyKalmanfilter,

andthefinalpositioncoordinatesareoutputted.
Thepositioningdataobtainedintherealmanufac-
turingenvironmentshowthattheproposedalgo-
rithmcaneffectivelyreducethepositioningerror
andgreatlyalleviatethepositioning“drift”prob-
lem.
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