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ABSTRACT

TheaimofthisarticleistoshowthattheabsolutemeasurementdifferencebetweentheKinect-based
systemand themarker-based system for the sit-to-standexercise is less importantprovided that
thedifferenceiscausedbysystematicerrorsintheKinectmeasurement.Threehealthyindividuals
participated in thisstudy.Marker trajectoriesandKinectskeletal jointdatawerecollectedwhile
eachsubjectperformedthesit-to-standexercise.Threekeyparameters,theinitial,minimum,and
maximumhipanglesobtainedfromthetwosystemsarecompared.Thispreliminarystudyshowsthat
theKinect-basedsystemhasgoodagreementwiththemarker-basedsystem,andithascomparable
between-trialreliabilityandvariabilitytothoseofthemarker-basedsystem.Thisstudyshowsthat
Kinectcanbeusedtoreliablyassessthequalityofthesit-to-standexerciseprovidedthatthesystematic
measurementerrorsarecompensated.ThisstudyestablishesthefoundationtoimplementaKinect-
basedsystemtoautomaticallymonitor,assess,andproviderealtimefeedbacktoapatientwhocarries
outthesit-to-standexercisewithorwithoutthesupervisionofaclinician.
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INTRodUCTIoN

Inpreventiveandrehabilitativehealthcare,physicalexerciseisapowerfulintervention.However,
manypeopledonotadheretotheprescribedprogram(Bassett,2003)thatmayrequireintherange
of thousands of practice repetitions (Kleim & Jones, 2008). Also, exercises may be performed
incorrectly,makingtheexerciseineffective,orevendangerous(Escamillaetal.,2009).Thecurrent
state-of-the-art for exercise instruction andmonitoring is usually limited towritten instructions,
exerciserecordinglogs,andsimplerepetitioncountingdevices.Unfortunately,thesedonotprovide
anyfeedbacktothepatientonthequalityorcorrectnessoftheexerciseperformance,andtheydonot
providetheclinicianwithareliablerecordofwhetherthepatientcarriedouttheprescribedexercises
adequatelyinquantityorquality.
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ThereleaseoftheMicrosoftKinectsensor,whichisequippedwithadepthcameracapableof
measuring3dimensionalpositionsoftheobjectsinitsview,hastriggeredtremendousinterestin
itsusetomonitorin-homephysicaltherapyexercises(Clarketal.,2012;Clarketal.,2013;Gibson
etal.,2013;Guerrero&Uribe-Quevedo,2012;Schmitzetal.,2015;Lun&Zhao,2015).Several
clinicaltrialswithKinect-basedsystemshaveaimedtocharacterizetheaccuracyoftheKinectsensor.
However,thesevalidationstudieshavefocusedondirectcomparisonofabsolutedifferencesbetween
theKinect-basedsystemandamuchmoreexpensive,marker-basedsystemforasubsetofjointsor
segments(Bonnechereetal.,2014;Clarketal.,2012;Clarketal.,2013;Galnaetal.,2014;Gibson
etal.,2013;Guerrero&Uribe-Quevedo,2012;Mobinietal.,2014;Obdržáleketal.,2012;Pfister
etal.,2014;Schmitzetal.,2015;Zannathaetal.,2013).

ThisstudytakesadifferentapproachbyfocusingonthevalidityofusingaKinect-basedsystem
toassessthecorrectnessrules(Zhaoetal.,2014a;Zhaoetal.,2014b;Zhaoetal.,2014c)forthe
sit-to-standexercise.Thesit-to-standexerciseisoftenusedasastrengtheningexerciseforthelarge
musclegroupsofthelegsoritcanbeamotorre-learningactivity,orboth.Apatientwhohasmultiple
sclerosis,forexample,maypracticesit-to-standtoimprovestrengthandcoordinatedmovementof
theglutealandquadricepsmusclesaswellaspracticingtheposturalcontrolneededthroughoutthis
task.Specifically,foranindividualclient,thedeterminedtaskrequirementsmightentailhavingboth
feetplacedevenlyontheflooratalltimes,andthehipangle,left/rightkneeangles,andleft/right
ankleanglesallatabout90degreesofflexionatthebeginningoftheexercise.Thepersonwould
thenleanforwardwithhisorhertrunk,movingintomorehipflexion,andthenstandinatypical
mannerfromthatpoint.Theexerciseisusefultotheclientonlyifthetaskrequirementsaremet,i.e.,
ifitisperformedcorrectly.

We propose that the Kinect-based system can be used to assess the sit-to-stand exercise
performanceadequatelytoassurethetaskrequirementsoftheexercisearemet.Thispreliminary
studyshowsthataslongasthekeyparametersforthecorrectnessrulesareadjustedtocompensate
forsystematicerrors,theKinect-basedsystemhasgoodagreementwiththemarker-basedsystem
withcomparablebetween-trialreliabilityandvariability.

WeshouldnotethatthisstudyisfocusedonthevalidityoftheKinect-basedsystemwithrespect
toitsmeasurementaccuracyandreliabilityforthesit-to-standrehabilitationexercise.Assuch,this
studydoesnotincludeausabilitystudyanddoesnotaddresstheconcernofitsuseforlargeamount
ofrepetitionsofrehabilitationexercises.Furthermore,thisstudydoesnotinvestigatetheapplicability
ofusing theKinect-based system tomakediagnosis andpredicationoforthopedic,muscularor
neuralabnormalities.

MeTHodS

experimental design
The human subject trials for this study were approved by the institutional re- view board (IRB
#29358-ESP-HS)atClevelandStateUniversity.Threehealthypeopleparticipatedinthisstudy(2
malesand1female,height1.65±0.1m,mass66±15kg,age25±5yrs).Amarker-basedmotion
capturesystemwasusedtoestablishthegroundtruthofthemovementofthesubjects,usingafull
HelenHayesmarkersetandCortex(version2.5)andOrthotracksoftware(version6.2) (Motion
AnalysisCorp,SantaRosa,CA).TheOrthotracksoftwarewasusedtoderivethejointcenterfrom
themarkerpositionsforlowerextremityjoints.

Morespecifically,theHelenHayesmarkersetcontains251-in(indiameter)markersthatare
placedinthefollowinglocations:topofthehead,frontofthehead,backofthehead,L/R(left/right)
shoulders,shoulderoffset,L/Relbows,L/Rwrists,L/Ranteriorpelvis,sacrum,L/Rthighs,L/R
lateralknees,L/Rshanks,L/Rlateralmalleoli,L/Rfoot,andL/Rheel.
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