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Abstract

CMOS image sensors are widely used in imaging applications ranging from simple
photography to scientific measurements. The parallelism followed in image sensors gen-
erates an enormous amount of data that makes the storage/processing a challenging task.
Image compression techniques ease this task by reducing the amount of data while increas-
ing the power consumption of the processing blocks. However, image compression reduces
the power consumption involved in signal transmission. Thus, the image compression in-
troduces a trade-off between the power consumption of the processing and communication
blocks of the imager. Hence, image compression schemes that lead to an overall reduction
in power consumption are highly desirable.

Transform domain algorithms represent images with fewer coefficients in an alter-
nate domain. However, the increasing spatial resolutions make the circuit-level realiza-
tions of these algorithms less energy efficient. The compressive sensing imagers help
to reduce circuit-level complexity. However, the quality of the image highly depends
on the reconstruction algorithms, which demands extensive training. Feature-based and
information-centric compression algorithms exhibit higher energy efficiency compared to
the information-theory based compressive sensing algorithms. Besides, the advances in
the focal-plane processing support bio-inspired image compression schemes emerging as
one of the energy-efficient solutions. However, many of these approaches provide specific
information and fail to ensure the complete reconstruction of images in real-time.

The power consumption of an image sensor readout depends on the spatial resolution,
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speed, and bit-depth of the sensors. Most of the works focus on reducing the spatial or
temporal resolutions to reduce the power consumption, and the compression on the depth
of the pixel is considered rarely. In this work, the photon shot noise characteristic of an
image sensor is used to achieve bit-depth compression. The photon shot noise-inspired
image sensors use increased quantization step sizes at high light conditions to accelerate
the data conversion in slope ADCs. Here, an accelerated ramp with uniform counting is
proposed to achieve bit-depth compression.

Slope ADCs using accelerated ramps result in slope-dependent nonlinearities in their
transfer characteristics. A decelerated-ramp slope ADC ensures unique digital outputs for
each analog quantization range, thus ensures nonlinearity reduction. A decelerated-ramp
slope ADC designed in a 0.18 pum CMOS process has no missing-decision-levels even
with bandwidth-limited comparators. The nonlinearities due to slope-dependent latencies
are reduced to less than 0.5 LSB. With reduced nonlinearity, a second-level compression
can be applied to the bit-depth compressed outputs.

A two-level image compression using our bit-depth compression followed by Discrete
Cosine Transform is proposed. The two-level compression achieves a PSNR of 48.9 dB
and an SSIM of 0.99 for a quality factor Q=16. The resultant PSNR and SSIM are 5.5 dB
and 0.0126 higher than the transform domain compression without bit-depth compression
for the same quality factor and equal data rate.

Depth-sensing imagers are one of the suitable applications where our bit-depth com-

pression can be used. In depth-sensing imagers, as the object moves closer to the sensor,



the signal and the photon shot noise increase. Hence, the quantization step of the ramp can
be increased during the data conversion of the object closer to the sensor. The bit-depth
compression supports a higher resolution ADC with fewer bits for its digital representa-
tion. The advantages of the proposed bit-depth compression in a depth-sensing application
are studied using the measurement results of a time-of-flight sensor fabricated in 0.35 pm
AMS OPTO process. In the analysis, a 10-bit (bit-depth compressed) digital representation
is assumed for an 11-bit (linear) pixel output. The increased ADC resolution predicts a

reduced error in the distance measurement compared to a linear 10-bit readout.
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