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Several ultrasonicparametersareknownto havetemperaturedependenceincludingthespeedof sound,attenuation,nonlinearity
parameter,etc.Local changesin tissuetemperature canbeestimatednoninvasively using diagnosticpulse-echoultrasound.A number
of temperatureestimation methods havebeenproposedsincetheearly 1990swith varying levelsof success.Onemethodthat was
investigatedby numerousgroupsis basedon minutechangesin echolocationsdueto temperature-dependentchangesin thespeed of
sound andthermalexpansion. Both in vitro andin vivo results havebeenobtained to demonstratethefeasibility of themethod.
However, several limitations have beenshownto limit theuseof this methodin practice.In this paper,we describe a truetwo-
dimensionaldisplacementtracking algorithm with robust temperatureestimation from real-time 2D pulse-echoultrasound.The
method employsa physics-basedKalmanfil ter derivedfrom thetransientbioheattransferequation(BHTE). Thefil ter is shownto be
effective in rejecting displacementartifactsfrom tissue motion aswell asthose resulting from thethermallenseffects.

This lecturewill providea description of theBHTE andthesystemapproachleadingto thedesignof theKalmanfilter for tracking the
temperaturedata basedon theobserveddisplacements in echo location in theregionof interest. Thetrackingpropertiesof thefi lter
andits abilit y to rejectartifacts from the observeddisplacementswill beill ustrated.One-dimensionalandtwo-dimensional versions
of thefilter will bepresentedandcontrastedin terms of their abilit y to rejectdisplacementartifacts. Comparisonswith previously
published algorithms wil l be givenusing in vivo andin vitro data.

We will also present results on using the Kamlan fi lter methodology in tracking changes in tissueabsorption associatedwith lesion
formationusing high intensity focusedultrasound(HIFU). This techniquemayleadto quantitativeparameterimaging for monitoring
andcontrol of HIFU treatmentsunderultrasound imageguidance.

Theeducationalobjectives:

1. Understandtheorigin of temperature-dependenceof relevantacousticparameterandtheir effectson observedpulse-echo
data.

2. Understandthelimitationsof noninvasivetemperature estimation usingpulse-echodata.
3. Understandtheconnectionbetweenthephysicalmodelfor temperatureevolution androbusttemperature andparameter

tracking in tissuemedia.


