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Biological sensory organs operate at performance levels set by fundamental
physical limits, under severe constraints of size, weight and energy resources; same
constraints that sensor network devices have to meet. Eyes are specialized sensory
structures in biological systems that are employed to extract information from the
intensity, polarization and spectral content of the light that is reflected or emitted by
objects in the natural environments. Reliable and timely answers to the questions: “Is
there anything out there?”, “where is it?” and eventually “what is it?” is the goal of
processing that follows the photoreceptor mosaics. This is in contrast to CCD or CMOS
video and still cameras that have been developed for the precise measurement of the
spatial-temporal light intensity and color distribution, often within a fixed time interval,
for accurate communication and reproduction in electronic or printed media.

In this talk, I discuss bio-inspired image sensor architectures that employ local
processing for data reduction and information extraction. I begin with processing at the
photon level to extract polarization information at each pixel. I then introduce circuits for
analog local pre-processing for spatial and temporal filtering and gain control, addressing
issues of noise and device mismatch. I then examine the power/rate/latency tradeoffs of
synchronous and asynchronous schemes for accessing the pixel data in the 2D arrays.
Anisochronous pulse time modulation and address event representation encoding and
processing of data in distributed architectures, is an attractive alternative to traditional
synchronous digital signal processing.
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