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Single Photon Avalanche Diode (SPAD) cameras are widely used in LIDAR-based applications. Diffuse Correlation
Spectroscopy has already been used in monitoring the cerebral blood flow with a separation of laser to optical probe of
up to 4cm. Through the addition of time domain, higher signal to noise ratio is expected.

At AQUA lab state-of-art sensors SPAD sensors are developed. One such sensor is Piccolo Gated, a Time Correlated
Single Photon Counting (TCSPC) SPAD sensor with 32 x 32 pixels and a Time to Digital Converter (TDC) resolution of
50ps. These sensors have a very promising future in close-in LIDAR applications as they form the histogram of the
detected light. Characterization of phantoms mimicking the human skull and the blood flow, followed by the monitoring
of human subjects is the step forward in the cerebral blood flow monitoring.
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Figure 1. Left : lllustration of the banana shape that the light scatters in the human brain [1] Center: Decorrelation curve resulted
from the g2 algorithm [2] Right: Piccolo Gated, a gated 32x32 TCSPC CMOS SPAD image sensor [3]

The student will update an existing FPGA design to enable the real time computation of g2 algorithm used in TD-DCS.
Furthermore, the student will implement the optical setup and conduct the experiments on a phantom mimicking the
blood flow of the human brain.

Through this project, the student will be familiarized with FPGA firmware design, laser operation and safety, light behavior
in diffusive environments, and TD-DCS.
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