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Smart image sensor for high-speed well-focus judgment using multiple focal images
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Abstract: In this paper, we report about the smart image sensor with well-focus judgment. With the algorithm we propose,
the smart image sensor can create an all-focused image by detection of well-focused position from multiple focused images.
Well-focused information is also useful for the distance estimation from the sensor to objects.

A prototype CMOS sensor with 64x64 pixels has been fabricated. It has circuits for high speed well-focus judgment based
on column parallel architecture. We explain the algorithm, computer simulation, sensor fabrication and results of some test

circuits.
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Fig.1 System architecture
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(¢)”dy"= 65+interpolation (d)"d,, = 65+interpolation
Distance Image All-focused Image

Fig.4 Result of the computer simulation

Tablel PSNR of the all-focused images

PSNR[dB]
Threshold”dw”=0 (Fig.4(a) 25.4
Threshold” dw"=65 (Fig.4(d) 31.6
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Fig.5 Prototype chip

Table2 Specification of the prototype

number of pixels 64 x 64
chip size [mm’] 2.78 x 7.49
element size [umZ]
transducer 25.0x25.0
preparatory memory 62.3x25.0
ALU 99.8x25.0
analog comparator 90.5x25.0
digital comparator 106.9 x 25.0
d memory 18.5x25.0
f memory 41.6x25.0
1 memory 12.6 x 25.0
number of transistors
transducer [trs./pixel] 6
preparatory memory [trs./line] 18
ALU [trs./line] 57
analog comparator [trs./line] 12
digital comparator [trs./line] 73
d memory [trs./pixel] 6
f memory [trs./pixel] 24
i memory [trs./pixel] 5
fill factor [%] 24.06
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Fig.6 Block diagram of the prototype chip

Table3 1/0 of the prototype

1/0 Name Value or Signals
In tin Threshold for DC part cutting
In ct[0:3] Control command signals for operation
In CS Command issue for operation
In f10:5] in Focal position information signals
Out d out Evaluation value for monitor
Out PD out Raw pixel value for monitor
QOut iout Intensity for all-focused image
Out f[0:5] out information
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