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The number of channels of sensor systems such as image sensors and neural
recording systems (NRS’s) is exponentially increasing. Along with the increase in
the number of channels, data bandwidth and power consumption for wired or
wireless data transmitters is dominant part of the total power consumption in a
sensor system. To overcome this issue, on-chip low-power data compression is
requisite. To simplify such a compression circuit, it is desirable that the
compression algorithm in the multi-channel sensor system can be executed by
repeating simple operation. In particular, compressed sensing (CS) or discrete
cosine transformation (DCT), which can be realized only by repeating simple
product-sum operation, is suitable for on chip data compression. However,
conventional voltage domain analog or digital data compressors require a large
chip area and/or power.

In this study, to reduce power consumption and area, mixed-domain signal
processing architecture is proposed. It easily executes the product-sum operation
by converting voltage/current domain analog signal to other domains, such as
delay time or occurrence probability of 0/1 in bit stream. As an example of
applications of the mixed-domain signal processor, two types of sensor array
systems, an NRS and an image sensor were assumed, which have different
requirements for the signal compression circuits.

NRS measures a voltage signal generated by a nerve activity. Since the signal
bandwidth per channel is 10kHz, the high-speed signal compression circuit is also
required. For compression algorithms in NRS, CS, which can be executed by only a
matrix-vector multiplication, is effective. However, conventional implementation
requires large area and/or power. In this study, a time domain analog CS encoder,
which can efficiently execute high-speed product-sum operation owing to fine time
resolution of CMOS circuit, is proposed. A voltage-to-delay-time converter (VTC)
and a time-to-digital converter (TDC) are designed for the CS encoder. VTC is a
circuit that converts voltage into delay time. On the consideration of VTC, high
linearity on transfer function was realized by using an integrator that is composed
of capacitor and current source. TDC measures time differences of rising edge
between two pulses. On the consideration for TDC, a novel synchronous circuit
necessary for TDC is proposed, resulting in a smaller area and lower power
consumption compared with previous works. A 100-channel NRS LSI based on the
time-domain analog CS encoder using these elements is fabricated in a 180nm




CMOS process. It achieved 61% reduction in energy consumption in the entire
system and 81% in CS encoder compared with other voltage domain analog
circuits with CS.

Recently, image sensors have the enormous number of pixels ant its data
transmitter to output needs much higher speed over 10Gbps. Therefore,
increasing its power consumption becomes a bottleneck. As a compression
algorithm, JPEG compression is suitable for realizing high compression ratio.
Since JPEG compression requires massively parallel product-sum operation,
stochastic signal processor, which can execute product-sum operation by using few
logic elements, can be useful approach. However, in stochastic signal processing,
converting from an input signal to a probability requires larger power then core
circuits. In this study, a low-power voltage-to-stochastic- bit-stream converter
(VSC) using a dynamic comparator is proposed. To apply the comparator to VSC, it
is necessary to correct its offset voltage of the comparator and the nonlinearity of a
transfer function between probability and input voltage. In this study, a
time-domain and stochastic offset detection techniques are proposed. Nonlinearity
of the transfer function limits a linear input and output range. To correct the
nonlinearity of the transfer function, stochastic nonlinearity correction technique
by averaging the outputs of two comparators with intended offset voltages is
proposed. By the proposed technique, the voltage input range and the probability
output range are expanded by 4 times and by 2 times, respectively, ensuring 8 bit
linearity. The energy consumption of the proposed comparator-based VSC with the
nonlinear correction has been greatly reduced by 86.9% compared with
conventional VSC based on ADC and BSC (binary-to-stochastic-bit-stream
converter). A stochastic JPEG compressor using the proposed VSC can reduce the
total power consumption by 56.1% compared with the conventional VSC based
systems.

Through these application examples, It is considered the proposed architecture
would contribute to low-power area-efficient sensor systems.




