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Computational imaging with multi-tap CMOS image sensors and
multi-aperture optics
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Abstract. Multi-tap CMOS image sensors are equipped with multiple signal charge memory elements and readout circuits referred
to as a tap. They are mostly used in indirect time-of-flight (TOF) image sensors. Furthermore, applications for computational
imaging with exposure control and active illuminations are explored. In this talk, macro-pixel-based temporally compressive
ultrafast CMOS image sensors, which utilize lateral electric field charge modulators (LEFM) developed by Kawahito and Yasutomi
at Shizuoka University, are explained. My approach can enhance the performance and functionality of ultra-high-speed cameras
and TOF cameras. By using compressive sensing, the number of filmed images can be more than the number of memory elements
on the chip. Because the signal compression is performed in the photogenerated charge domain and there are no dedicated circuits
for compression in the pixel, the proposed sensors are suitable for speeding the frame rate. I have demonstrated frame rates faster
than 200M frames per second in ultra-high-speed imaging of single events and extension of the measurable range and signal
decomposition in multi-path interference. Multi-tap CMOS image sensors are also useful for synchronous imaging with active
illuminations. Spatial frequency domain imaging (SFDI) is a quantitative imaging method that measures absorption and reduced
scattering coefficient maps from the amplitude reflection for a projected sinusoidal pattern. However, the measurement should be
performed in the darkness and the patient have to stay still. I have solved these problems with 4- or 7-tap CMOS image sensors,
and multi-wavelength SFDI systems are being developed. With multi-aperture optics, a compact multi-modal tissue camera based
on SFDI and other optical measurement methods will be realized.
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