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Background Applications System Design

Early ultrasound pioneers used single-element transducers and water Tissye property estimation Custom-built array using PVDF-TrFE bonded to flexible electrodes

Immersion tanks which required long acquisition times [1] Use signals transmitted through the body to obtain speed of sound Connected to custom preampllfler. array in a shielded enclosure

and attenuation coefficient maps

« May be useful as indicators of tissue health (e.g., fatty liver) / ;
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Ultrasound tomography of a healthy volunteer. Left: reflectivity image of human abdomen.
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Right: speed of sound and attenuation profiles, respectively, overlaid on the reflectivity image. PP

Ultrasound tomography of the breast or extremities [2] enables

reflectivity, speed of sound, and attenuation coefficient in soft tissue Main challenge: SNR!
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Can we extend ultrasound tomography to the Extract fat thickness around the whole body SNR enhancement ~ vTXB~20

« Useful for pharmaceutical studies, alternative to fat calipers

whole human body?

Cross-correlate with water-only signals to recover pulse response
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How to localize a biopsy needle with respect to internal anatomy?
« CT guidance biopsy: slow, radiation exposure
« Ultrasound probe: only superficial regions in soft tissue

Combine with photoacoustic and thermoacoustic tomography to
obtain additional contrast mechanisms
« Optical/microwave contrast with acoustic resolution and depth

Transmitter with
AWG diverging lens

AWG: arbitrary waveform generator
PA: power amplifier

Couple ultrasound into needle, detect scattered signal with array

Results Overlay needle emission on reflection-mode image Tissue-coupled
2D cross-sections of the entire in vivo human abdomen [3] Obtain ~7 fps video of needle location, < Tmm resolution over ~30 antenna
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Top: example slice showing several anatomical features. circle is automatically placed around the center acoustic response.

Bottom: images obtained in 1 cm increments from the rib cage to the hip.
Each image was obtained in a 10 second acquisition




