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内容の要旨 (Abstract)

Tiltmeasurementisusefulforavarietyofapplications.Inmedicalfield,thetilt

anglescanbeusedtodetermineinclinationsofthehumanbodies,anglesofhuman

joints,aswellasorientationsofsurgicaldevices.Tiltmeasurementisalsonecessary

forconsumerelectro゛ industrialelectronics,avionics,andotherapplicationsinnlcs,

bothcivilandmilitary,whichrequiretheinclinationsofanobjectwithrespectto

eitherverticalaxisorhorizontalplane.

Measuringthe tilt angles with inertial sensors is awell-known technique.An

accelerometercan sense anychangein alinearvelocity aswell as measuringthe

constant gravitational acceleration.Hence,by using a triaxial acceleration sensor

three orthogonalprojections of the gravity vector onto the sensor frame can be

determinedfor computingthe tilt angles.The calculationformulas dependonthe

definitionofthetiltangleswhichcanbeclassifiedintosomemajortypes.

Bothanaloganddigitalaccelerometersarecommonlyutilizedformeasuringthe

tiltangles.Digitalaccelerometersareagoodchoiceinmanycases,whereasananalog

accelerometer could be necessary when the system requirements are beyond the

capabilityofthedigitalsensor.However,whenusingtheanalogsensors,theeffectsof

theelectromagneticinterferencemustbetakenintoaccount.

AnotherchallengeinmeasuringthetiltanglesistheinⅡuenceofmovementand

vibration.Any linear acceleration can perturb the sensor data,and therefore can

degradethe measurementaccuracy.Consequently,additional sensorsor algorithms

shouldbeintegratedintothesystemsifthestaticorquasi-staticconditionscannotbe

guaranteed.
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The objectives of this work are to partially solve the limitations ofthe tilt

measurement technique in the medical field.The whole work is divided into four

elementalstudies.Thefirstthreestudiesareproposedbasedonthesameideathatis

theinterferencecancellationcanbeachievedbychangingthemountingorientationof

theaccelerationsensors.Ineachstudy,arotationmatrixisproposedtorotatethe

sensorframeandconvertthecalculationformulas.Thischangeallowscomputingthe

tiltanglesfromthedifferencesbetweenthevoltagesofthreesensoroutputs.Thus,an

advantageofthedifferentialsignalingtechnique,thatisinterferenceimmunity,is

takenwithinthesingle-endedsystems.Inspiteofusingthesamemechanism,each

study plays a dedicated role because they improve three major types ofthe tilt

components.

Inthelaststudy,anewsensor-fusionmethodisproposedtoreducetheeffectsof

motiononthetiltangles.Thekeyalgorithmisaspecialpredict-and-chosenprocess

whichcombinestheaccelerometerreadingsandtheoutputdataofatriaxialgyroscope.

Duringthedynamicstates,thisprocesspredictsthreegravitationalcomponentsto

estimatethetiltangles.Therefore,thedependenceofthecomputedresultsonthe

motioncanbereduced.

Ineachstudy,bothsimulationsandexperimentshavebeenperformedtovalidate

theproposedmethods.Theresultsshowedsignificantimprovementsintheoutput

angles.Althoughtherearesomeshortcomingsthatneedtobeaddressedinafurther

research,thereportedresultsmaycontributetoincreasingtheapplicabilityofthetilt

measurement technique in medical systems.Moreover,the advantages ofthefirst

threestudiescouldbeusefulforapplicationsinotherfields.


