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1. Introduction

A realization of image compression technology
having high compression capability without
degradation of image quality is demanded in order
to improve with communication and storage
efficiency of large volume image data. It is
expected that image compression efficiency
becomes high if image data are categorized by
every object which resembled closely such as a
person, natural scenery, article and character.
High quality and high functionality CMOS image
sensors have been developed [1-6], but an image
sensor that has an object categorizing capability to
achieve a high image-compression ratio has not
been reported. In this paper, a fundamental
technology of a high S/N ratio CMOS image
sensor that has an object categorizing function for
video-rate images is reported.

2. Image Sensor Device and Circuits

The unit of the CMOS image sensor photo-pixel
peripheral circuit is shown in Fig.1. This unit is
composed of a photodiode with complete charge
transfer capability, a signal readout circuit with
noise reduction and sample-hold function, a
comparator, and a two times gain amplifier. The
noise reduction operation for threshold voltage
variations of MOS transistors and thermal reset
noise at pixel floating diffusion node are achieved
by a combination with a charge transfer operation
from the photodiode to the floating diffusion and a
sample-hold operation. The operation frequency
of the sensor and amplifier are about 1MHz in
order to minimize the flicker noise due to the
interface trap state density between the silicon and
gate insulator film of MOSFET. The 6-bits
pipeline A/D conversion operations are carried out
for each about 1ms period by serially connecting
six sample-hold, comparator and amplifiers which
are shared by some pixels shown in Fig.2. The

digital signals after A/D conversion are stored in
the resistors setting at the side of pixel area and
are used n next ALU circuits for categorizing
every object which resembled closely. Fig.3 and
Fig.4 show a total circuit block diagram and a
pixel array operation time chart of the sensor,
respectively. The size of the photo-pixel unit is
30umx30um and the fill factor is 25% in
designing with 0.35mm technology. Fig.5 shows

the plane view of the pixels and peripheral circuits.

Fig.6 (a) shows before the noise reduction
characteristics of A/D conversion signal, Fig.6 (b)
shows after and the number of remaining noise
charge is reduced to about 5 electrons as an input
conversion noise.

A higher packing density circuits than above
pipeline A/D converter circuits are achieved by a
time-axis sampling A/D conversion shown in
Fig.7 and Fig.8. In this case, A/D converters are
setting each pixels, and is operated by time-axis
comparing operations in each sub-frame (~lms)
according to the time chart shown as Fig.9.

3. Real Time Object Categorizing Algorism
The object extraction algorithm is shown in
Fig.10. The color difference is calculated as 4-bits
Hue wvalue angle. The simplified transform
equation of CIE1960 uniform chromaticity scale
system is described as follows;
H =Tan™ G

where H 1s color difference.

It is difficult to implement this equation to the
hardware circuit, so the solution of Tan™ is
simplified and calculated in this sensor shown as
right hand side of Fig.10.

The texture is represented as a 4-bits difference
value between maximum and minimum data in a
reference and its neighboring eight pixels. In the
3x3 pixel block around a reference pixel, the



luminance variation is converted to the space
frequency.

The motion is calculated as a 1-bits deference
value between sub-frame signal and another
sub-frame signal. When the signal voltage
variation is lager than a threshold voltage, the
object sensing by the pixel are regarded as the
motion object.

Finally, the range information is extracted from a
deference value between two focused sub-frame
signals obtained by lens focus motion. The lens
motion is carried by manual operation in this
experiment, but will be automatically operated in
near future.

Fig.11 shows the circuit of ALU calculating the
color difference, texture, motion and range
information.

Fig.12 shows the examples of extract results of
the color difference, texture, motion and range
data and the final object categorizing result of
4-bits data.

The object categorizing operation are performed
every video frame by sampling image data every
about 1ms sub-frame. The 10-bits video signal
and the 4-bits category number for each pixel are
outputted from the sensor every 60 frame/sec.

4.Conclusion

A fundamental performance of a high S/N ratio
CMOS image sensor with real time object
categorizing function is demonstrated. The image
sensor will be utilized in a communication and
storage application field of high quality and large
volume image data.
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Fig.1 The unit of the CMOS image sensor
photo-pixel peripheral circuit diagram
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Fig.2 The serially connecting sample-hold, comparator
and amplifiers circuit diagram
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Fig.3 The total circuit block diagram
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Fig.6 The noise reduction characteristics
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Fig.5 The plane view of pixels
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Fig.7 The photo-pixel peripheral circuit diagram
of the time-axis sampling A/D conversion
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Fig.8 The plane view
of the time-axis
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Fig.9 Time chart of the time-axis sampling A/D conversion
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Fig.10 The object extraction algorithm fléwcha
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Fig.12 Result of the object extraction





