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ABSTRACT

Agingcauseslossofmusclestrength,especiallyonthelowerlimbs,resultinginahigherriskofinjuries
duringfunctionalactivities.Toregainmobilityandstrengthfrominjuries,physiotherapyprescribes
rehabilitationexercisetoassistthepatients’recovery.Inthisarticle,theauthorssurveytheexisting
workinexerciseassessmentandstateidentificationwhichcontributestoinnovatingthebiofeedback
for patient home guidance. The initial study on a machine-learning-based model is proposed to
identifythe4-statemotionofrehabilitationexerciseusingwearablesensorsonthelowerlimbs.The
studyanalysestheimpactofthefeatureextractedfromthesensorsignalswhileclassifyingusingthe
linearkernelofthesupportvectormachinemethod.Theevaluationresultsshowthatthemethodhas
anaverageaccuracyof95.83%usingtherawsensorsignal,whichhasmoreimpactthanthesensor
fusedEulerand jointangles in thestatepredictionmodel.Thisstudywillbothenable real-time
biofeedbackandprovidecomplementarysupporttoclinicalassessmentandperformancetracking.
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INTRodUCTIoN

Disabilitygreatlyaffectthequalityoflifeofpeopleallovertheworld.Theworldreportondisability
statedthatthenumberofpeoplehavingadisabilitywillincreasetooveronebillionpeople(World
HealthOrganization,n.d.-b).Therisingnumberisduetothefastageingpopulation,chronichealth
conditionsandinjuries.Rehabilitationisthecompulsoryprocedureforrecoveryandpreventionfrom
furtherdisabilitiessoastoreducetheriskoffallandhospitaladmissionfortheelderly(WorldHealth
Organization,n.d.-a)aswellastopreventandtreatfunctionaldisability(Singh,2002).Lower-limb
injuriesthatneedrehabilitationincludeosteoarthritis(Musumecietal.,2014),kneeinjuries(orthoinfo,
n.d.),DynamicKneeValgus(DKV)amongalthletes(Gornitzkyetal.,2016)andpost-reconstruction
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surgery(Paterno,2015)etc.Whilerehabilitationisprovencrucial,injurypreventionduringrecovery
isoftenoverlooked.Thus,thepatientsareencouragedtohavemoreregularsupervision.

While clinical physiotherapy diagnoses and customized treatments often rely on the visual
assessment of experienced physiotherapists, technology tools such as motion tracking system
andwearablesensorshavefacilitatedquantitativeprogressreportingandbiofeedbackforpatients
practicingathome.Itiscompulsorythatthepatientrepeatstheexercisesasinstructedduringtheclinic
appointment.Ifpatientsfailtoexecutethecorrectmotionorimproperplacementofthelowerlimbs
whileexercising,itwouldslowdowntherecoveryprogressorplaceunnecessarypressureonthejoints
concerned(Draper&Ballard,1991).OneconsequentialexampleofmisimplementationisDynamic
KneeValgus(DKV)(Padua,Bell,&Clark,2012)whichisaresultofputtingpressureontheknee
jointbytwistingitinward.ItcouldescalatetoAnteriorCruciateLigament(ACL)rupture.Enabling
assistivetechnologymaximizestheaccessibilityandaffordabilityofhomerehabilitation,especially
atthecommunitylevel.Intandemwithsolvingtheissueofinadequatenumberofphysiotherapists
andcaregiversfortheageingpopulation,digitalsupervisionofphysiotherapyexercisesarefeasible
andscalablesolutions.

Wearablesensors,InternetofThings,andavailabledevicesservetodeliverclinicalandquality
health care to people at home or in a community. Realizing the importance of eHealth and the
availabilityofmotiontrackingsystem,home-basedrehabilitationhasbecomealeadingresearchtopic
inrecentyears.ThecollectiveinformationofMEMSsensorsnotonlyprovidesprogresssummaryto
thephysiotherapistbutalsohasthepotentialtoassessandtakeearliermeasurestopreventinjuries
whiletheexerciseisbeingcarriedoutinrealtime.

In thispaper,weproposeamachine learningmodel forhumanmotionassessment for state
identificationtofacilitaterehabilitationexerciseassessment.Uponproposingthe trainingmodel,
thesurveyonstate-of-artmethodsofexerciseassessmentandstaterecognitionaresummarised.The
paperwillprovidetheinsightandimpactofinputfeatures,thesignaldataandsensor-fusedangular
displacement,alignwiththeperformanceofthepatternrecognitionmodel.

Exercise Assessment
Theexerciseassessmentandscreeningaredesignedtoanalysetheposture,stabilityandmovements
todeterminewhatinjuriesthepatientisatriskofdevelopingandwhatexerciseswillbestimprove
his/herdeficienciestoachievethehealthgoals.Exerciseassessmentcanbebroadlydividedintotwo
categories,namely,learning-basedandrule-based.Rule-basedmethodsuseasetofrulestoidentify
anewrelatedactivity.Learning-basedmethodsrefertomachinelearningmodelsthattraindatausing
pre-definedlabelsandpredicttheoutcomeofthedata.

Rule-Based Approach
Rule-based approach focuses on setting rules based on the perception of correct postures and
movements.Forrehabilitationexercise,therule-basedframeworkiscommonlydefinedusingthe
jointanglesandorientationofthebodysegmenttodistinguishrulesforgesturesandrepetitivecount.

Rule-basedframeworkhasbeenintroducedasagesturerecognitionmethodusingthejointangles
(parameters)obtainedbysensordevices(equipment)inordertocreatesequencesorsetsofrules(rule
typesandmethods).Astheclinicianusesvisualassessmentfortheprognosis,visualequipmentis
frequentlyusedfortherule-basedframework.Inparticular,Kinectisusedtoextractthebodysegment
orientation(Clark,Pua,Bryant,&Hunt,2013)andjointangles(Bedregal,Costa,&Dimuro,2006;
Hachaj&Ogiela,2014)astheinputstoformrules.However,othertypesofequipmentsuchasInertial
Sensors(Bo,Hayashibe,&Poignet,2011)androbotics(Akdo˘gan,Taçgın,&Adli,2009)arealso
beenusedtoobtainsensordatatoderivethejointanglesandorientation.

Figure 1 summarises the development of rule formation. It evolves from the monatomic
configurationtotheclearlydefinedtypesofrules.Theevolutionofrule-basedmethodscouldbe
consideredtooriginatefromdefiningsequencesforfingerjointsangle(Bedregaletal.,2006).Each
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