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ABSTRACT

Inthisarticle,ahumanactionrecognitiontechniquebasedoncomplexityclassificationisproposed.
Consideringthefeaturesofhumanactionssuchascontinuity,individuality,varietyrandomness,the
demandsforrecognitionofdifferenttypesofactionsaredifferent,theproblemofactionrecognition
canbeclassifiedintosimpleactionrecognitionandcomplexactionrecognition--theclassification
criterions are given respectively. Meanwhile, the hardware design of data acquisition device is
introducedandtheanglevariationischosentorepresenttheuser’sbodystatechanges.Forsimple
actions, a real-time recognition algorithm based on template matching performed well on cost
control,andamethodbasedonBLSTM-RNNisusedforcomplexmotionrecognitiontoimprove
theaccuracyofidentification.
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INTRodUCTIoN

Humanactionrecognitionhasbeenappliedinmultiplefields,suchashumancomputerinterface,
entertainment,visualreality(Barnachonetal.,2014,Burgner-Kahrsetal.,2015,PietroCipresso
etal.,2014),andevenrehabilitation(Shengetal.,2016,Mengetal.,2015),remarkableresultsare
obtained.Itcanbedoneinvarietiesofways,includingvideo(Guptaetal.,2013,Guoetal.,2014),
depthcameras(Wangetal.,2012,Shaoetal.,2012),andbody-worninertialsensors(FengCaiet
al.,2016)whichcanbeusedtomeasureanddetecttheinclination,shock,vibration,rotation,and
multidegreeoffreedom.Sincethebody-worninertialsensorsarelessexpensiveandmoresensitive
(Zhangetal.,2011,Slamaetal.,2015),thispaperisbasedonwearableinertialsensors.

Humanactioniscontinuous,thatmeanswhenonewantstomakesomekindsofactions,various
unrelated-actionsmustexistbeforeandafter it.Besides, thebrain’scontrolof thebody is fuzzy
andsubjective, it’sdifficult tomakeexactly the sameactionsatdifferent times. If theexistence
of individualdifference is taken into account, the characterizeddifferencecanbeevenobvious.
Additionally, compared with the standard model, user actions are often not standardized and
incomplete.Undoubtedly,thesefactorswillincreasethedifficultyofactionrecognition.
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Thekeyofactionrecognitionistorepresentchangesofthebody.Sincethereareservallimited
suchasaccelerationistoosensitiveandthegeomagneticsignalissusceptibletointerference,angle
variationfusionbyaccelerometer,gyroscopeandmagnetometer ischosentorepresent theuser’s
bodystatechanges.

Besides,thedifficultyofrecognizingdifferentkindofactionscouldnotbeconfused,fortheir
requirementsfortheperformanceoftheprocessoraredifferent,thispaperdiscussestheproblems
ofmotion recognition into twocases -- thesimpleactionand thecomplexaction,andgives the
classificationcriterion.

Theremainderofthispapercanbeorganizedasfollows:Thenextsectionanalyzestherelated
literaturesandcomprehensivelydemonstratesthescopeofthepaper.Methodologyelaboratesthe
recognitionalgorithmindetail.Experimentsprovidestheexperimentstoevaluatethemethodology,
andResultsdiscussesthefindingofthisexperiment.Finally,conclusionsaredrawn.

ReLATed woRK

Z.Zhangetal(ZhangZetal.,2009,ZhangZetal.,2011)raisedahierarchicalinformationfusion
algorithm,which can estimate thehumangestures. In the analysis, the algorithmhasgeometric
constraintsonhumanbone,andtheyintroducedparticlefilteralgorithmintheinformationfusion
process.Althoughthismethodrecognitionrateishigher,itscalculationisrelativelycomplicated.
Especiallyfortheembeddedsystemswithfewresourcesandlowcomputing,itsimplementationis
difficult.Furthermore,HaoYang(Yangetal.,2011)andLuinge(Luingeetal.,2007)gainedthe
gesturerelationshipbetweenthecarriersensingcoordinateandbodycoordinatethroughhumanplace
underdifferentstatusesofpredefinedaccelerationandangularvelocityinformationinthehuman
body.Besides,HuiyuZhou(Zhouetal.,2008)adoptedbodyskeletonmodellinkedbythehuman
joint andgot the spacepositionbetweenarmelbowandwrist joints through the transformation
betweenthecoordinatesystem.Eventhoughthemethodcanlocatethejointposition,itcannotget
thecorrespondingflipAngleofarmturning.

Theprimaryworkinrecognitionistosegmentthehumanactions.Dengetal(DengLetal.,
2012)proposedamodelbasedonmotionsegmentationmethodofgeneralizeddivisionindexfigure
andthehumanbodyintermsofhumancontinuousactionsegmentation.Accordingtothespatial
locationrelations,thismethoddividedhumanskeletonintofiveparts,andthenextractedmolecular
motionfeatureofeverybodywiththeclusteringalgorithm.Afterthat,theycombinedthesefeatures
ofeachsporttrainingandsetupageneralmodel.Lastly,itistorealizemotionsegmentationusing
asimilaritymeasuremethod.Additionally,Ramakrishnan(Babuetal.,2004)proposedagesture
movementdatasegmentationmethodbasedonsupportvectormachine,andutilizedthesupportvector
machinetotrainthejointanglesaswellasthepositionsofthefingersandhandsdata,inorderto
detecttheboundariesbetweendifferenttypesandsplitdifferentgestures.Theabovemethodshave
highrequirementstotheprocessor,whileinthepracticalapplication,theembeddedoperatingsystems
aremoreextensive,whichcannotsatisfytheabovealgorithm.

Regardingtherecognition,TrungThanhNgoetal.(Ngoetal.,2015)presentedanalgorithm
torecognizesimilargaitactionswiththreeinertialsensors.Tobespecific,theyincorporatedthe
interclassrelationshipinthefeaturevectorforrecognition.Furthermore,theyadopted3Dacceleration
signaldatatodetectthegaitperiod,andusedaccelerationandrotationalvelocitydatatocalculate
thedissimilaritybetweentheactionandthegalleryaction,separately.However,thedetectionrange
ofthismethodislimitedtogait.Itdoesnothaveagoodfusionofthe6Ddataofinertialsensor.
BasedondynamictimealignmentofGaussianmixturemodelclusters,MatthewFieldetal(Field
etal.,2015)proposedamethodformatchingactionsinanunsupervisedtemporalsegmentation.
Infacilitationofthis,anextensivecorpusofcontinuousmotionsequencescomposedofeveryday
taskswasrecordedastheanalysisscenarios.Also,theyutilized17sensorstodetecthumanactions.
However,theoperationprocessiscomplexandtheflexibilityispoor.Beyondthat,therearesome
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