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Abstract- This paper presents an alternative to a logarithmic Compressive Map
response CMOS imager that utilizes an in-pixel, time-based ,
compressive map for capturing scenes with wide dynamic range. 09
The imager employs a correlated double sampling technique 0.8
that significantly reduces the effects of parasitic capacitance 007
and mismatch in active-pixel circuits. An on-line adaptation > 06
technique that adjusts the parameter of the compressive map 05

J _
compensates for variable illumination conditions across different 04
scenes, achieving large dynamic range. The proposed pixel 03 pAscenes,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. 10pAarchitecture and algorithm have been implemented with relatively 021T100pA
few transistors and with a fill factor of 17%. An imager consisting 0 0 0.3 1 nA

0 0. 0.2 0.3 .4 05 0. 0.7 0.8 0.9of an array of 110 x 80 pixels has been designed and fabricated Current (A) x lo-,
using a 0.5im CMOS process. Simulation and preliminary testing
results demonstrate the functionality of the imager to adapt its Fig. 1. Compressive map used for enhancing the resolution and dynamic
response under different illumination conditions. range of the pixel.

I. INTRODUCTION
Human vision not only exceeds the performance of con- a rapid, coarse scan of the visual field to identify regions

ventional cameras in recognizing visual objects, but also of saliency. Higher-level algorithms process relatively
demonstrates a remarkable adaptability to varying illumina- slow but fine scans of the salient regions [1]. A represen-
tion conditions [1]. Several previously proposed active-pixel tative example includes face recognition in a large visual
imagers mimic some of the following features exhibited by field that requires a rapid scan for face identification and
biological vision systems: a fine scan for face recognition.

1) Large dynamic range to capture scenes with vari- In this paper, we present an architecture of a time-based
able illumination: Several proposed architectures in lit- adaptive imager which achieves large dynamic response by
erature enhance the dynamic range by either time- using a time domain compressive map. Using an on-line
encoding [6], current-mode circuits [3], address-event learning technique, the parameter of the compressive map
representation [2], or by using a compressive pixel adapts to enhance the resolution at information-bearing pixel
response [4]. intensities. A dual-slope, analog-to-digital converter (ADC)

2) Adaptation to enhance the information-bearing regions digitally encodes the warped pixel intensities. This method
of a visual scene: Existing literature contains proposals automatically performs correlated double sampling (CDS) to
for several image processing algorithms to enhance the reduce the effects of offsets and parasitics present in the pixel.
contrast and information-bearing areas [5], including Analogous to other active-pixel sensors, adjusting the inte-
histogram equalization and shadow illumination tech- gration period of the imager achieves a coarse-fine resolution
niques. Most of the algorithms are complex and require scan.
sophisticated digital signal processing cores to be im- The paper is organized as follows: Section II describes
plementable on silicon. the compressive map used in the architecture and the under-

3) Automatic Calibration to reduce the effects of imper- lying adaptation technique to enhance the resolution of the
fections and parasitics in active-pixel circuitry: Some information-bearing pixels. Section III describes the architec-
of the popular methods include the use of correlated ture and principle of operation of a single active pixel sensor.
double sampling (CDS) and peripheral compensation Section IV describes the system architecture of the proposed
circuitry [7] to reduce the effect of offsets and fixed imager. Section V describes some simulation and preliminary
pattern noise (FPN). testing results obtained using the designed prototype, and

4) Variable resolution processing: Similar to primate vi- section VI summarizes the results with some concluding
sual systems, an artificial vision system needs to perform remarks.
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