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DEFECTIVE PIXEL DETECTING CIRCUIT
OF A SOLID STATE IMAGE PICK-UP
DEVICE CAPABLE OF DETECTING

DEFECTIVE PIXELS WITH LOW POWER

CONSUMPTION AND HIGH PRECISION,
AND IMAGE PICK-UP DEVICE HAVING
SUCH DETECTING CIRCUIT

This application is a division of patent application Ser.
No. 08/693,684 filed on Aug. 12, 1996 U.S. Pat. No.
5,854,655.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a defective pixel detecting
circuit for a solid state image pick-up device and image
pick-up device including the same. More specifically, the
present invention relates to a defective pixel detecting circuit
of a solid state image pick-up device in, for example, a video
camera or an electronic still camera which is capable of
automatically detecting and correcting a defective pixel, and
to an image pick-up device including the same.

2. Description of the Background Art

In an image pick-up device such as a video camera or an
electronic still camera, a solid state image pick-up device
such as a CCD (Charge Coupled Device) is used for con-
verting an optical image to an image pick-up signal, gener-
ally. The solid state image pick-up device has two functions
of photo-electric conversion and scanning. More
specifically, the solid state image pick-up device includes
photo-electric converting elements such as MOSs or pho-
todiodes arranged two-dimensionally, forming a number of
pixels. A charge image is formed in accordance with the
intensity of light incident on each pixel, the charge images
are scanned successively, and image pickup signals are taken
in time sequentially.

Among the pixels of the solid state image pick-up device,
there is possibly a so called defective pixel, which outputs
a signal of an abnormal level without incident light. When
there is such a defective pixel, quality of the pick-up image
is degraded.

Such a defective pixel is generated not only as an initial
defects, but it is also generated because of aging, as the solid
state image pick-up device is used for a long period time.

The position of the defective pixel itself is fixed.
Therefore, generally, the image pick-up signal from the
defective pixel is corrected by storing the position thereof in
advance.

More specifically, the defective pixel is detected at the
time of delivery of the body of the image pick-up device and
thereafter periodically, the position information of the defec-
tive element is stored in a storing device, and the image
pick-up signal corresponding to the defective pixel is
replaced by interpolation, using image pick-up signals from
the pixels around the defective pixel. Such an interpolation
is performed after the image pick-up device takes in the
image signal and before processing the signal, by reading the
position information of the defective pixel from the storing
device and by interpolating the defective pixel by using the
image pick-up signals one-dimensionally or two-
dimensionally therearound.

Japanese Patent Laying-Open No. 5-260385 (HO04N5/
335), for example, discloses a method of detecting a defec-
tive pixel as follows. More specifically, the level of the
image pick-up signal from each pixel of the CCD is com-
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2

pared with a prescribed threshold value with the light not
incident on the CCD, and the position of the pixel outputting
the image pick-up signal of an abnormal level, that means,
higher than the threshold value, on the CCD, is stored in a
register. When the pixel corresponding to the position data
stored in the register does not continuously attain the abnor-
mal level for a prescribed number of times (for example, ten
times), the position data is erased from the register. Erro-
neous detection because of noise or the like can be prevented
by this structure.

However, since it is necessary to include the white level
to the black level of the CCD output in the dynamic range,
the difference in level between the output of a normal pixel
and of a defective pixel obtained at one photo-electric
conversion is not so large, when outputs of the CCD with no
incident light are considered. Therefore, if a defective pixel
is to be detected by the structure of this prior art, setting of
the threshold value is considerably difficult.

For example, if the threshold value is set too high, a
defective pixel may be erroncously determined to be a
normal pixel, and if the threshold value is set too low, the
normal pixel may be erroneously recognized as a defective
pixel.

Specially when a defective pixel cannot be recognized
unless the output therefrom exceeds the threshold value
continuously for ten times, for example, as in the above
described prior art, a defective pixel may be erroneously
determined to be normal if the output therefrom does not
exceed the threshold value only once, and the defective pixel
is overlooked.

Further, if the operation for detecting a defective pixel of
the CCD is always performed at the time of power on of the
video camera, that is, every normal image pick-up operation
as in the prior art described above, it is possible to recognize
generation of a defective pixel due to aging with high
precision. However, it is necessary to monitor the image
pick-up outputs from the CCD for a prescribed number of
times in order to prevent erronecous detection, and it is
necessary to operate the CCD and succeeding detecting
circuitry such as an image memory for a certain time period
for detection, which includes at least several frames.
Namely, the signal processing inevitably consumes consid-
erable power.

Now, aging of the CCD does not so frequently generate a
defective pixel in general. Therefore, defective pixel detect-
ing operation at every image pick-up operation is wasteful in
view of power consumption. Further, recently, a battery
having small capacity such as a dry battery is often used as
power source for a video camera or an electronic still
camera. In such a camera, frequent detecting operation
means that much power is consumed for the detecting
operation, and the time in which normal image pick-up
operation is possible becomes shorter accordingly.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a defective
pixel detecting circuit for a solid state image pick-up device
allowing detection of a defective pixel with sufficiently high
precision even when threshold value itself is set not so
precisely in the operation for comparing with the threshold
value for detecting a defective pixel.

Another object of the present invention is to provide an
image pick-up device which allows both reduction in power
necessary for detecting a defective pixel caused by aging of
the CCD and quick discovery of the defective pixel.

Astill further object of the present invention is to provide
an image pick-up device which allows both highly precise
detection of a defective pixel and reduction in power.
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In summary, the present invention provides a defective
pixel detecting circuit for a solid state image pick-up device,
including a light intercepting mechanism, an image memory
and a defective pixel specifying circuit. The light intercept-
ing mechanism intercepts incidence of light to the solid state
image pick-up device. The image memory stores image
pick-up signal of each pixel from the solid state image
pick-up device with the incident light intercepted, as image
data. The defective pixel specifying circuit specifies a defec-
tive pixel in the solid state image pick-up device based on
the image data in the image memory. The defective pixel
specifying circuit includes an operating circuit and an accu-
mulated value calculating circuit. The operating circuit reads
image data of one image plane obtained with the light
intercepted from the image memory, and compares the data
with a first threshold value pixel by pixel, to extract a
possibly defective pixel (hereinafter referred to as a candi-
date pixel). The accumulated value calculating circuit reads
image pick-up signals from the solid state image pick-up
device a prescribed number of times with the light
intercepted, and calculates accumulated value of the image
data of every candidate pixel. The operating circuit com-
pares the accumulated value of every candidate pixel with a
second threshold value, and specifies that candidate pixel of
which accumulated value exceeds the second threshold
value, as a defective pixel.

More preferably, the operating circuit calculates the sec-
ond threshold value based on a mean value of the image data
of one image plane calculated during the process of extract-
ing the candidate pixel and on a preset threshold value.

According to another aspect, the present invention pro-
vides an image pick-up device including an imaging device,
a solid state image pick-up device, a light intercepting
mechanism, an image memory, a defective pixel specifying
circuit and an interpolating circuit.

The imaging device forms an image upon reception of
light from a subject. The solid state image pick-up device
converts the optical image formed by the imaging device to
an image pick-up signal. The light intercepting mechanism
intercepts incidence of light to the solid state image pick-up
device. Image memory stores the image pick-up signal of
each pixel from the solid state image pick-up device with the
light intercepted as image data. Defective pixel specifying
circuit specifies a defective pixel in the solid state image
pick-up device based on the image data in the image
memory. The defective pixel specifying circuit includes an
operating circuit and an accumulated value calculating cir-
cuit. The operating circuit reads image data of one image
plane obtained with the light intercepted from the image
memory, and compares the data with a first threshold value
pixel by pixel to extract a possibly defective pixel (candidate
pixel). The accumulated value calculating circuit calculates,
by reading the image pick-up signal from the solid state
image pick-up device for a prescribed number of times with
the light intercepted, the accumulated value of image data of
every candidate pixel. The operating circuit compares the
accumulated value of every candidate pixel with a second
threshold value, and specifies that candidate pixel of which
accumulated value exceeds the second threshold value as the
defective pixel. The interpolating circuit interpolates the
image pick-up signal corresponding to the defective pixel,
by using image pick-up signals from the pixels therearound,
based on the data of the position of the defective pixel
specified by the operating circuit.

According to a still further aspect, the present invention
provides an image pick-up device including a light inter-
cepting mechanism, a battery, and a defective pixel detecting
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circuit. The light intercepting mechanism can be selectively
moved between two positions, that is, a light intercepting
position where the light incident on the solid state image
pick-up device is intercepted, and a non-intercepting posi-
tion. The battery is attached to a battery attaching portion
and supplies power to the body of the image pick-up device.
The defective pixel detecting circuit detects a defective pixel
of the solid state image pick-up device based on the level of
the image pick-up signal of each pixel from the solid state
image pick-up device, with the light intercepting mechanism
positioned at the intercepting position. The defective pixel
detecting circuit performs the defective pixel detecting
operation only when the light intercepting mechanism is
moved from the non-intercepting position to the light inter-
cepting position for the first time after the battery is attached
to the battery attaching portion.

Therefore, an advantage of the present invention is that
once a candidate pixel is extracted by rough thresholding
operation, and the defective pixel is specified based on the
accumulated value of each pixel accumulated by reading the
image pick-up signal a plurality of times, so that defective
pixel can be detected with sufficiently high precision as
compared with the precision in setting the threshold value.

Another advantage of the present invention is that power
consumption necessary for detecting the defective pixel
caused by aging of the CCD can be reduced while the
defective pixel can be discovered quickly as detection of the
defective pixel is performed once at every battery exchange.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram showing a structure
of a defective pixel detecting portion of an image pick-up
device 100 in accordance with a first embodiment of the
present invention.

FIG. 2 is a schematic diagram showing an example of
arrangement of defective pixels in a CCD2 shown in FIG. 1.

FIG. 3 is a flow chart showing the defective pixel detect-
ing operation in image pick-up device 100.

FIG. 4 is a flow chart showing the operation of a system
controller 50 shown in FIG. 1.

FIG. § is a schematic block diagram showing a structure
of image pick-up device 200 in accordance with the first
embodiment of the present invention.

FIG. 6 is a schematic diagram showing arrangement of
color filters provided on a light receiving surface of CCD2.

FIG. 7 is a first schematic diagram showing interpolating
operation by an interpolating circuit 40.

FIG. 8 is a second schematic diagram showing interpo-
lating operation by the interpolating circuit 40.

FIG. 9 is a schematic block diagram showing a structure
of a defective pixel detecting portion in an image pick-up
device 200 in accordance with the second embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a schematic block diagram of a main portion of
an image pick-up device 100 in accordance with the first
embodiment of the present invention. FIG. 1 shows a



























