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Title: Listening to the Sound of Light with a Robot: Molecular Photoacoustic Imaging and Robotic
Instrumentation

Abstract:

The research program of the Medical FUSION lab focuses on the interface of medical
robotics, sensing, and imaging, developing robotic interventional platforms under image guidance as well as
imaging systems assisted by robot. In this talk, I will present two case studies. First, I will introduce a
molecular photoacoustic imaging approach to detect prostate tissue abnormality and its robotic
instrumentation for enhanced performance and clinical translation. Prostate cancer is the second leading
cause of cancer-related death among men in the United States. Screening and monitoring are critical to both
finding prostate cancer in its early stage, when they are easier to treat, and managing cancer treatment. The
photoacoustic-based imaging approach can be real-time, non-invasive, non-ionizing, and highly selective
and specific to depict cancer-specific targeted antigen. I will discuss the strategy of integrating imaging and
robotic platform such as a robot-assisted ultrasound imaging system to translate this concept into a clinically
practical environment. Second, I will introduce the paradigm of robot assisted ultrasound imaging enabling a
reproducible follow-up assessment and improving the identification efficacy of thyroid diseases.
Conventional ultrasound procedures require high physical and cognitive burden and yield clinical results that
are highly operator-dependent, therefore, frequently diminishing diagnostic confidence in repetitive assessment. The robotic ultrasound platform comprises a robot arm attached to an ultrasound probe that guides the
operator following the scanning path computed based on previous scans performed on the same patient.
Through the integration of computer vision, haptic sensing, robotic control, and image analysis, the proposed
system identifies the location and orientation of an ultrasound probe to be placed and maintains the optimal
tissue-contact pressure to acquire ultrasound images comparable to that of previous exams.

