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Purpose: The challengeof red-time visualizdion, localization, and tracking of organ motion and deformaton corcurrently with

extanal beamradation therapy (EBRT) delivery remans unmetand unattainableby existing image guidancetechnobgies We
propcseto addresshis challengein the developmentof a novel, minimally interfeiing, robotic ultrasound image guidancesysemthat
can be integrated with existing medicallinear accelerators. Method and Materials: The span of ultrasoundtransdice motion

required for trans-abdominalprostateimaging was quantified via optical tracking of a probe during freeehand acqusitions. This
information was incomporatedinto the desgn of a customized human-safe robotic manipulatorto remdely control the transducer
position and pressue while avading LINAC ganty collisions The effect of acceleratoiinducedelectomagneticinterferenceon the
robotwasinvestigated.In addition,atreatmert plan with beamdirecions restricted to sectorsthatdo nat interferewith the ultrasound
tranglucer was evaluated. Results: Prostate image integrity was sensitive to probe pitch, thus the manipulatorwas desgned to

actively cortrol abcomind pressue (0-10N) and transdice pitch (-40°-90°). Probeplacementn other direcionsremairs adjustableto

accommodatesnatomy variations Humansafey requirements translatedinto the desgn via a torque limiting friction clutch,

lightweight backdriveable links, and remotecerter of motion pitch medarism. Collision avadancewas confirmed by rotaing the
gantry360 around the robot mountedon the LINAC couchin atypical treamentsetup The control systemof the robot behaved
similarly with the LINAC beam off and on, with mean seavo cycle intervals of 1000.03ts ard 1000.06yus, respectively. For a
represerdtive prostate setup,remdely-contolled robotic ultrasourd imageacquisitionwas sucessfully denonstratedon a volunteer.

Dosevolumehistagram (DVH) for an IMRT plan with restricted se¢ors remainedvirtually identicalto a clinically employedDVH.

Conclusion: Remotely-contolled robotic ultrasoundmagingis feasibleand may offer reaktime intra-fractional soft-tissueguidance
conairrentwith EBRT delivery.



